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8.3.3 SEAL PROGRAM
8.33.1 Overview

Scction 8.3.3 presents the performance allocation tables for the scals for shafts, ramps, and
borcholcs.

8.3.3.2  Pecrformance Allocation Tables for Seal Characteristics

This scction addresses compliance with the design criteria in 10 CFR Part 60 that relate to
scaling, specifically 60.134(a) and (b), 60.112, 60.113(a), and 60.142(a), (b), (), and (d). Scaling
components are identified in Table 8.3.3.2-1, together with their associated functions, processcs,
material propertics, performance measures, and tentative goals. Sealing-related repository design
constraints and goals are idcntified in Table 8.3.3.2-2. The site data needed to support resolution of
the scaling issue are identified in Tables 8.3.3.2-3 and 8.3.3.2-4.

8.3.3-1
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Table 8.3.3.2-1.

Sealing components and associated f

unctions, processes, material properties, performance measures, and goals (page 1 ot 4)

Step A Step B Step C Step D
Tentat ive Tt
Material Performance design Needed
Sealing component Function Process properties measure goals conf idence
SHAFT AND RAMP SEALING COMPONENTS
1. Anchor-to- Reduce amount of Water entering Permeability Quantity of 1A. Limit surface waters High
bedrock water that could the upper portion water entering shatt to
plug/seal potentially reach of the shaft or ramp 1,700 m3/yr from 0
the waste disposal to 500 yr and 23,000
rooms m3/yr at the end of
the sealing period
Reduce the potential Penetrability through To be determined Physical presence 18. Deter human entry Medium
for human intrusion sealing components through design
into the repository tradeoff studies
2. General fill Reduce the amount of Infiltration of surface Permeability of Quantity of water 2A. Restrict flow Low
water that could and subsurface waters fill
potentially reach reaching the base of
00 the waste disposal the shafts
w 100mS
W
o Reduce the air flow Air flow up through the Air permeability Percentage of gas- 28. Restrict gaseous Low
up through shafts shaft due to convec- of fill eous radionuc- releases through
tive air movement lides pre- shaft to 1% of
ferentially Environmental Protec-
exiting shafts tion Agency allowable
release limits to
accessible environment
Reduce the potential Penetrability through To be determined Physical presence 2C. Deter human entry Medium
for human intrusion sealing components through design
into the repository trade-off studies
3. Station plugs Reduce the amount of Water passage from the Permeability Quantity of water 3A. Limit surface and sub- High
water that could base of shaft to the surface waters
potentially reach waste emplacement entering the under-
the waste disposal drifts ground facility to
TO0RS 1,000 m3 per yr from
0 to 500 yr and
14,000 m? per yr at end
of the sealing period
4. Unsaturated Encourage drainage Flow through the bulk Bulk rock hydraulic Drainage capacity 4A. Ensure uninhibited flow High

Topopah

Spring Member
(TSw2) at base
of shafts

from base of shafts

rock, at base of
shaft, both lined and
unlined cases

conductivity

from the base of
exploratory shaft 1
(ES-1) and the men

and material (MM) shaft
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Table 8.3.3.2-1.

Sealing components and associated functions, processes, material properties,

performance measures, and goals (page 2 of 4)

Step A

Step B

Step C

Sealing component

Function

Material
properties

Performance

Process measure

Step D

Tentat ive
design
goals

Needed
confidence

5. Single dam or
bulkhead® in
emplacement
drifts

Single dam or
bulkhead in
perimeter and
main drifts

£-£'e8

6. Double bulkheads®
in emplacement
drifts (no
sett lement)

Double bulkheads®
in emplacement
drifts
{settlement)

Retain and drain water
entering emplacement
drifts where water
entry occurs

Retain and drain water
entering nonemplace-
ment drifts

Retain and drain water
entering emplacement
drifts where water
entry occurs

Retain and drain water
entering emplacement
drifts where water
entry occurs

UNDERGROUND FACILITY SEALING COMPONENTS

Lateral migration of Permeability Quantity of water
water in drifts

Lateral migration of Permeability Quantity of water
water in drifts

Lateral migration of Permeability Quantity of water

water in drifts

UNDERGROUND FACILITY SEALING COMPONENTS

Lateral migration of
water in drifts

Permeability Quantity of water

SA,

5B.

6A.

68.

Retain a portion of the

ground-water inflow
near source by pro-
viding adequate stor-
age volume and drainage
Capacity and limit flow
through dam to 47 m?/yr
from 0 to 300 yr and
220 m?/yr to the end

of the sealing period
(500 yr)

Promote drainage through

drift floor upgradient
from dam by limiting
leakage through the dam
or bulkhead to 10% of th
drainage capacity of the
drift floor upgradient
from the dam, i.e., <200
m3/yr

Retain inflow between two

bulkheads by providing
adequate storage volume
and drainage capacily
and limit flow through
bulkhead to 24 m3/yr per
bulkhead from 0 to 300
yr and 110 m3/yr per
bulkhead at the end of t
sealing period (500 yr)

Retain a portion of the

inflow near source by
providing adequate capa-
city and limit flow
through bulkhead to

24 m3/yr per bulkhead
from 0 to 300 yr and

110 m¥/yr per bulk-

head at the end of the
sealing period (500 yi)

Medium

High

e

Low

he

Low
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Table 8.3.3.2-1.

Sealing components and associated functions, processes, material properties, performance measures, and goals (page 3 of 4)

Step A Step B Step C ... StepD
Tentat ive
Material Performance design Needed
Sealing component Function Process properties measure goals confidence
UNDERGROUND FACILITY SEALING COMPONENTS (continued)
7. Backfilled sump® Retain and drain water Drainage through bulk Bulk permeability Quantity of water 7h.  Retain ground-water inflow Low
entering drifts rock in floor of of rock at floor near source by providing
drift of drift 25 m? temparary storage
capacity 2100 m3/yr
8. Backfilled channel® Divert water away Drainage through channel Permeability of Quantity of water BA.  Channel ground water away Low
from waste emplace- fill channel fill from waste packages at
sent areas rates sufficient to
handle inflow
9. Plug in horizontal Reduce Lhe amount of Infiltration through Permeability Quantity of water 9A. Limit flow past plug to Low
00 emplacement water entering hori- fault system 12 m3/yr from 0 to
HRS boreholes® zontal emplacement 300 yr and 56 m3/yr
W boreholes to the end of sealing
IS period
10. Drift backfill Reduce the potential Failure of rock mass Amount of fill 10A. Backfill to within 0.9 m Low
for subsidence above drifts of roof
Reduce the potential Penetrability through To be determined Physical presence 10B. Deter human entry Low
of human intrusion sealing components through design
into the repository tradeoff studies
EXPLORATORY BOREHOLE SEALING COMPONENTS
11. Exploratory
borehole seal
11A. Upper borehole Reduce the amount of Infiltration of suiface Permeability of Quantity of water 11A. Restrict flow Low
seal water that could and subsurface waters fill
potentially reach reaching the reposi-
the waste disposal tory horizon
rooms
Reduce the air flow Air flow up through the Air permeability Percentage of gas- 11B. Restrict gaseous Low

up through borehole

boreholes due to con~
vective air movement

of fill
preferentially
exiting boreholes

eous radionuclides

releases through

shaft to 1% of Envi-
ronmental Protection
Agency allowable re-
lease limits to acces-
sible environment
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Table 8.3.3.2-1. Sealing components and associated functions, processes, material properties, performance measures, and goals (page 4 of 4)

Step A

Step B

Step C

Sealing component

Function

Material
properties

Performance

Process measure

Step D

Tentative
design
goale

Needed
cont idence

118. Lower borehole
seal (includ-
ing Calico
Hills)d

Reduce the potential
for water trans-
ported radionuclides
to be preferentially
transported through
boreholes

EXPLORATORY BOREHOLE SEALING COMPONENTS (continued)

Preferential ground-
water flow through the conductivity of
repository, Calico the borehole
Hills unit and the system
saturated zone

Equivalent hydraulic Percentage of flow

Control the potential

for vertical flow
through boreholes
to 1% or less of
the potential for
vertical flow
through the entite
rock mass

Low

sAs used here a design goal applies to a specific sealing component and a performance goal applies to sealing subsystems such as the underground facility subsystem.
Tentative performance goals for the sealing subsystems are given in Table 6.3.3.2-5.

bspecific sealing components will be selected as part of the design process. ) ]

cprobably will not be used because it is most likely that no waste would be emplaced in boreholes with water inflow.

dporehole system includes the borehole seals, the interface zone, and the modified permeability zone surrounding the borehole sealing.

for sealing purposes in Table 8.3.3.2-la.

S-€£'¢8

Boreholes are categorized
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Table 8.3.3.2-la. Exploratory borehole categories for sealing?-®.¢

Category A
Within
repository Distance from edge of repository

limits 1 km 2 km 3 km 4 km 5 km Category B
USW H-5 UE-25a#4 UE-25WT#4 UE-25WT#5 UE-25WT#14 UE-25WT#15 USW H-3
USW G-4 UE-25a#5 USW WT-1 UE-25c#1 UE-25WT#13 USW G-3
UE-25a$69  UE-25a#7 UE-25p#l USW Uz-1
USwW H-4 UE-25b#l USW G-1
USW WT-2 UE-25a#1 USW H-1

acategory A boreholes represent potential pathways to the accessible environment. Category B
boreholes are not believed to be potential pathways to the accessible environment but because of their
proximity to the repository boundary are currently planned to be sealed.

bShallow boreholes that do not require sealing for repository purposes will be backfilled or sealed as

required by other regulations.
cthe zone of influence, and hence those additional holes that may need to be sealed, will be further

analyzed based on data gathered during site characterization.
dThis borehole does not penetrate the repository horizon.

6 "A3Y ‘'1100-WO/dNA
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Table 8.3.3.2-2.

program {page 1 of 3J)

General design constraints passed to Issue 1.11, configuration of underground facilities (postclosure),
for major repository features from sealing

Step A Step B Step C Step D
Ma jor Tentative

repository Performance design
feature Process measure goal

Needed
conf idence

12. Shafts and
ramps

13. Shafts

Provide entry into

Provide entry into

Water flow in shafts
and ramps

Water flow in shafts
and ramps

Retain capability for
permanent seal
installation

Limit potential for
preferential
pathway

Encourage shaft inflow
drainage at base of
shaft

Limit potential for
preferential
pathway

Location of sur-
face entry

Number of entry
points into the
repository

Ease of liner
removal

Depth of shaft

Water storage capa-
city at base of
shaft

Effective thickness
of the zeolitic
portion of the
Calico Hills unit
between the lowest
portion of the ex-
ploratory studies
facility (ESF) and
the ground-water
table

12A.

128.

13A.

13B.

13C.

13D.

Place portals of

shaft and ramps
outside of flood-
prone areas

Restrict the num-

ber of shafts
and ramps

Ensure shaft liner

can be removed,
especially at the
base of the shaft

No shafts should

penetrate into
the Calico Hills
unit. Penetra-
tion by explora-
tory shaft 1
(ES-1) is being
evaluated

150 m? (backfilled

assuming porosity
of 0.3)

The thickness

between the bot-
tom of ES-1 or
any ESF drifting
and the ground-
water table
should be greater
than the minimun
thickness of the
Calico Hills unit
above the water
table anywhere
within the reposi-
tory boundary

High

High

High

High

High

High
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Table 8.3.3.2-2.

Genetal design constrain
for major repository features from sealing program (page 2 of 3)

Ls passed Lo lIssue

1.11, configuration ot underground faciliti

Step A

Major
repository
feature

es (postclosure),

14. Underground
drifting

Step B Step C Step D B ~
Tentalive
performance design Needed
Function Process measure goal conf idence
provide access to Potential water flow prift grade 14A. Establish drainage High
waste disposal in underground pattern from
areas facility emplacement
drifts to non-
emplacement
drifts
prift grade in 14B. Establish drift High
vicinity of grade so that the
ES-1, ES-2, and drifts associated
men and material with the ESF, the
(MM) shafts waste emplacement
support shops, and
the development
support shops drain
toward the ES-1
or MM shafts
Drift grade 14C. Establish grades High
access and
emplacement drifts
so that no drain-
age occurs into
ES-1 and MM shaft
14D. Provide 10,000 m? of High

Water storage capa-
city in low point
of repository

water storage capa-
bility before any
water enters the
waste emplacement
drifts (assume
drifts are back-
filled with back-
fill having por-
osity of 0.3)
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6-£¢'8

Table 8.3.3.2-2. General design constraints passed to Issue 1.11, configquration of underground fa

for major repository features from sealing

program (page 3 of 3)

cilities (postclosure),

Step A Step B Step C Step D I
Major Tentative
repository Performance design Needed
feature Function Process measure goal conf idence
14. Underground Ease of restoring 14E. Ensure the compacted High
drifting drift floors to tuff on drift floors
{continued) enhance drainage in selected areas
can be removed and
the floor recondi-
tioned to enhance
drainage
15. Underground Prevent complication Standoff from explora- Ease in sealing 15A. Drifting should be High
facility of seals instal- tory boreholes exploratory at least 15 m
lation boreholes within from exploratory
the repository boreholes
boundary
16. Shafts and Prevent complication Limit chemical altera- Ease of emplacing 16A. No grouting should High
underground of seal evaluation tion in seal a grout curtain take place at
facility and emplacement environment in selected loca- these locations
tions where seals during the con-
are currently struction period
proposed
Limit blast-induced Ease of restoring 168. Reduce the poten- High

permeability changes

the modified per-

meability zone in

selected locations
where drift seals

are proposed

tial for fractur-
ing rock in
selected seal
locations by
exercising as

much control as
possible and prac-
tical, while exca-
vating the shaft,
ramps or drifts in
these locations

aps used here, a design goal applies to a specific sealing component an
as the shafts and ramps subsystem and Lhe underground facility

are given in Table 8.3.3.2-5.

subsystem.

d a performance goal applies to sealing subsystems such
Tentative performance goals for the sealing subsystem

t 'A%y "1100-WD/dWA
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Table 8.3.3.2-3.

Hydroloqic-xelated site p

(page 1 of 3)

arameters needed to support resolution of lIssue 1.12

(seal characteristics)

SCP section

Related
design Performance or Tentative Needed Current Expected providing
goal® design parameters Modifiers® parameter goal confidence confidence parameter values data
1A, 2A, 3A, Saturated within 75 m of 1 x 105 to Medium Low 1 x 1072 to 8.3.1.2.2
11A, 11B hydraulic con- shaft and 1 x 102 cm/s 1 x 10-2 cm/s
ductivity of borehole
alluvium locations
1A, 2A, 3A, Saturated bulk 1 x 1075 to Medium Low 1.2 x 1072 cm/s 8.3.1.2.2
11A, 118 rock hydraulic 1 x 10-2 cm/s
conductivity
of Tiva Canyon
Member
1A, 2A, 3A, Morphology of In order of Determine Medium Low Contours accurate 8.3.1.14.2
11A bedrock surface priority: down- contours to to3m
gradient and within #3 m
about 160 m from
shaft and bore-
hole locations
1A, 2A, 3A, Thickness of Within 75 m of Determine thick- Medium Low 0tol0m 8.3.1.14.2
11A, 118 alluvium shaft and bore- ness to within
hole locations +10%
1A, 2A, 3A, Quantity of water pDetermine param- Inundation maps Medium Low (see Figure 6-8) 8.3.1.16.1
11A due to surface eter at shaft, with elevation
flooding events ramp and bore- of inundated
100- and 500-yr hole locations area to within
flood & probable 2 m -
maximum flood Estimates of Low Low Not available 8.3.1.16.1
including area debris quantity
of inundation and category
and debris load Determine topog- Medium Medium Contours to 2 m 8.3.1.14.1

of flows

raphy of drainage
area using 2 m
contours
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Table 8.3.3.2-3.

{page 2 of 3)

Hydrologic-related site parameters needed to support resolution of lssue 1.12 (seal characteristics)

Related SCP section
design Performance or Tentative Needed Current Expected providing
goala design parameters Modifiers® parameter goal confidence confidence parameter values data
1A, 2A, 3A, Continuous satu- At shaft and bore- :10% of natural Medium Low To be determined 8.3.1.2.2
11A ration profile hole locations saturation every 8.3.1.14.2
of alluvium to meter
bedrock-alluvium
interface
1A, 2A, 3A, Gradation of At shaft loca- Determination Not appli- Low Soils classified 8.3.1.2.2
11A alluvium tions predomi- through stan- cable as GP to GM as 8.3.1.14.2
nantly within dard sieving per ASTM
15 m from shaft analyses D-2487-83¢
and borehole
locations
1A, 2A, 3A  Extent and MPZ in TCw and Less than or Medium Low 1 to 20 times 8.3.1.2.2
hydraulic con- TSw2 equal to undisturbed, rock
ductivity of 60 times the mass hydraulic
the modified undisturbed, conductivity
permeability rock mass
zone (MPZ) hydraulic
conductivity
(saturated),
averaged over
one radius from
the wall of the
shaft ’
1A, 2A, 3A, Unsaturated TSw2, especially x 10-¢ to Medium ~~ Low 1 x10°8 to 8.3.1.2.2
11A, 11B hydraulic, in vicinity of 1 x 10715 m/s 1 x 10715 m/s
matrix proper- shafts
ties
SA, 5B, 6A, Drainage capacity TSw2 at selected Saturated, bulk High Low 1.2 x 1072 cm/s 8.3.1.2.2
6B, A, drift floor rock hydraulic
8A locations at conductivity
repository Kgapd > 1 x 10°5
horizon cm/s
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Table 8.3.3.2-3. Hydroloqic-related site parameters needed to support resolution of Issue 1.12 (seal characteristics)
(page 3 of 3)

SCP section

Related
design performance or Tentative Needed Current Expected providing
goal® design parameters Modifiers® parameter goal confidence confidence parameter values data
4A Drainage capacity TSw2 at base of Saturated, bulk High Low 1.2 x 10-3 cm/s 8.3.1.2.2
shafts rock hydraulic
conductivity
Kgar > 1 x 107
cm/s
4A, 11C Saturated, bulk  CHnl at base of Saturated, bulk Low Low 2.4 x 1074 cm/s 8.3.1.2.2
rock hydraulic ES-1 and in rock hydraulic
conductivity boreholes conductivity
Kgap > 1 x 107%
cm/s
4A Magnitude of At ES-1, ES-2, <150 m3/yr per Low Low 0-100 m3/yr 8.3.1.2.2
waler entering MM and EE shafts shaft con-
shafts sidering
anticipated
processes
1A, 2A, 3A  Erosion potential At ES-1, ES-2, MM <1 m per 1,000 yr Low Low <40 cm per 1,000 yr 8.3.1.16.1
and EE shafts preferential preferential ero- 8.3.1.6.2
erosion at shaft sion at shaft 8.3.1.6.1
entry points entry points

apesign goals identified here are from Table 8.3.3.2-1.
brhermal /mechanical units used in the modifier column are as follows: TSw2 = Topopah Spring, welded (repository horizon):
TCw = Tiva Canyon, welded; CHnl = Calico Hills, nonwelded. Other abbreviations are as-follows: ES-1 and -2 = exploratory shafts
1 and 2; MM = man and material shaft, EE = emplacement area exhaust shaft.

cgp = poorly graded gravel; GM = silty gravel.

IKgar = Saturated hydraulic conductivity.

6 'A3¥ "T100-WO/dNA
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Table 8.3.3.2-4. Miscellaneous information needed to sup

port resolution of Issue 1.12 (page 1 of 4)

SCP section

Related
design Performance or Tentative Needed Current Expected providing
goal® design parameters Modifiers® parameter goal confidence confidence parameter values data
1A, 2A, 3A, Compressive TCw at shaft and No more restric- Medium Low See Table 6-12 8.3.1.4.2
10A, 11A strength of ramp locations tive than for 8.3.1.15.2
rock mass Issue 1.11
TSw2 No more restric- Medium Low See Table 6-12 8.3.1.4.2
tive than for
Issue 1.11
CHnl No more restric- Medium Low See Table 6-12 8.3.1.15.2
tive than for
Issue 1.11
1A, 2A, 3A, In gitu stresses In TCw, T5w2, and Vertical stress Low Low 4 to 10 MPa vertical 8.3.1.15.2
10A, 11A CHnl accurate to
11 MPa
Horizontal stress Horizontal to 8.3.1.15.2
accurate to vertical ratio
+2 MPa 0.3 to 1.0
To be determined High Low Acceleration <0.65 8.3.1.8.2

1A, 2A, 3A, Seismic response
SA, 5B, spectra
6A, 6B,
1A, 11A

At shaft and ramp
location (surface
and repository
horizon)

At selected loca-
tion in under-
ground facility

In Calico Hills
unit for bore-
holes within
boundary of the
underground
facility

through design
studies

6 A3 ‘T100-WI/dINA
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Table 8.3.3.2-4. Miscellaneous information needed to support resolution of Issue 1.12 (page 2 of 4)

Relqted SCP section
design Performance or Tentative Needed Current Expected providing
goala design parameters Modifiersb parameter goal confidence confidence parameter values data
1A Meteorological
environment
Temperature At ground surface To be determined To be deter- Low -14 to 114°F 8.3.1.12.1
variations At shaft and ramp by laboratory mined by
at ground entry points testing and laboratory
surface activities and design
activities
pH of rain- At shaft and ramp >4.5 Medium Low pH >6 8.3.1.12.1
fall location
1A Chemistry of At end upgradient
alluvium from shaft
location
Dissolved At end upgradient <0.10% soluble Low Low <15 mg/L (see 8.3.1.14
sulphates from shaft S02- in soils Table 3-3)
S02- location or surface water
<150 ppm dissolved
so2-
pH of At end upgradient >4.5 Medium Low >7 (see Table 3-3) 8.3.1.14
alluvium from shaft
location
1A, 3A, 5A, Geochemistry TCw, TSw2, CHnlv, No more restric- Medium Low See Section 4.1.1 8.3.1.3.2

5B, 6A,
6B, 7A,
11

CHnlz

tive than for
Issue 1.1

6 'A%y "1100-WD/dIN A
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Table 8.3.3.2-4.

Miscellaneous information needed to support resolution of Issue 1.12 (page 3 of 4)

Related SCP section
design Performance or Tentative Needed Current Expected providing
goal® design parameters Modifiers® parameter goal confidence confidence parameter values data
1A, 3A, S5A, Maximum tempera- Upper portion of <90°C High Low <90°C 8.3.2.2.6
58, 6A, ture at seal shaft
6B, A, locations At repository To be determined TBD® TBD <115°C 8.3.2.2.6
10A, 11A horizon around through design
shaft tradeoff studies
At selected drift To be determined TBD Low <150°C 8.3.2.2.6
locations in through design
repository tradeoff
horizon studies
Calico Hills unit <90°C High Low <90°C 8.3.2.2.6
in boreholes
below the
- repository
3A, SA, 5B, Thermal expansion, TSw2 To be determined Medium Low See Table 6-16 8.3.1.4.2
6A, 6B, heat capacity, Clinl through design 8.3.1.14.2
1A, 9A, and thermal trade-off studies
11A conductivity of
seal emplacement
environment
2A, 2B Shaft and ramp
fill properties
Saturated 1 x 10-2 cm/s High Low 1x10°2tolx 10°6 8.3.3.2.2
hydraulic cm/s 0.3.3.2.4
conductivity
Gradational To be determined High Low Not applicable 8.3.3.2.2
analyses, through design 8.3.3.2.4
angle of trade-off studies
internal
friction,
compressi-
bility
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Table 8.3.3.2-4.

Miscellaneous information needed to support res

olution of Issue 1.12 (page 4 of 4)

Related SCP section
design performance or Tentative Needed Current Expected providing
goal® design parawmeters Modifiers® parameter goal confidence confidence parameter values data
1A, 3A, SA, Fracture char- TCw <20 fractures/m High Low <20 fractures/m 8.3.1.2.2,
5B, 6A, acteristics TSw2 <40 fractures/m High Low <40 fractures/m 8.3.1.4.1,
6B, TA, CHnl at base of <S5 fractures/m High Low <5 fractures/m 8.3.1.15.1
8A, 10A ES-1
PTn <10 fractures/m High Low <10 fractures/m
’
5A, 5B, 6A, Chemistry of Elemental con- Medium Low See Table 4-6 8.3.1.3.1
6B, A, waters (if any) centration
8A, 10A in fault includ- similar to those
ing sediment contained in
content Table 4-6
5A, 5B, 6A, Grade of emplace- In repository 1-10% Not appli- High 1-10% 8.3.2.5.8,
6B, A, ment drifts and cable 8.3.2.2.1
8 drift dimensions
11A, 11B, Casing location All boreholes in Location of casing High Medium See Fernandez and 8.3.3.2.4
11C and condition categories A & to 5 m. Condi- Freshley (1984)
for exploratory B¢ tions determined
boreholes by logging and
drilling records
11A, 11B, Unit contacts All boreholes in Contact location High Low Not applicable 8.3.3.2.4
11C in exploratory 5 m

categories A &
boreholes B¢

apesign goals identified are from Tables 8.3.3.2-1 through 8.3.3.2-3.

bThermal/mechanical units used in the modifier col
(repository horizon); CHnlv = Calico Hills nonwelded, vitric; CHnlz

cTBD = to be determined.

dcategory A boreholes represent potential pathways to the a
ways to the accessible environment but because of their proximi
These boreholes are identified in Table 8.3.3.2-1la.

umn are as follows:

ccessible environment.
ty to the repository boundary are currently planned t

TCw = Tiva Canyon welded; TSw2 =
= Calico Hills nonwelded, zeolitic; PTn = Paintbrush nonwelded.

Topopah Spring welded

Category B boreholes are not potential path-
o be sealed.
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8.34 WASTE PACKAGE PROGRAM
8.34.1  Overview

Scction 8.3.4 presents the performance allocation tables that request site data for postclosure
waste package design

8.34.2  Pcrformance Allocation Tables for Waste Package Postclosure Characteristics

This section addresses compliance with the postclosure design criteria of 10 CFR 60.135(a). The
performance allocation rests upon the identification of the waste package model hierarchy and inputs
rcquired for the modcls (Table 8.3.4.2-1). The confidence nceded in the model input and the SCP
section providing the site parameter valucs are documented in this table. Tabic 8.3.4.2-2 identifies the
system clements and corresponding performance measures, goals and needed confidence in the goals
for Issue 1.10. Performance paramctcrs, and goals and needed confidence for the performance
mcasures are provided in Table 8.3.4.2-3,

Bccause one objective of the waste package program is to characterize the near-field waste
package environment, Table 8.3.4.2-4 is presented as a characterization-type allocation table. The
issues requesting values for a set of near-field performance parameters are identified, together with
corresponding characterization paramcters as defined in the wasic package program. For cach
characicrization parameter, a test basis was developed; the test basis is gencrally presented as the
maximum experimcntal uncertainty for measurements of the indicated parameter. Finally, a reference
is provided to the SCP section responsible for delivering the values for the characterization parameters.

8.3.4-1
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Table 8.3.4.2-1. Model hierarchy and model inputs for Issuc 1.10 (wastc package

characteristics--postclosure)

Necded
Modcl Model input confidence SCP scction®
Ncear-ficld For Topopah Spring Tuff at
flow and repository horizon (TSw2)":
transport
Hydraulic conductivity High 8§3.12.2
of matrix for liquid phasc
Porosity of matrix High 8.3.1.2.2
Water reicntion curves High 8.3.1.2.2
Relative permeability curves High 8.3.1.2.2,
8.34.24
Knudsen diffusion coefficients Medium 8.3.1.2.2
Fracture pcrmeabilities High 8.3.1.2.2
Fracture orientation Medium 8.3.1.22
Fracture porosity High 83.1.2.2
Fracture spacing Medium 83.12.2
Heat output of packages High 83422
Thermal conductivity of matrix High 8.3.1.15.1
Heat capacity of matrix High 8.3.1.15.1
Bulk density of matrix High 8.3.1.15.1
Radionuclide rcleases from High 8.3.5.10.4
containcer
Effective sorption coefficients High 8.3.1.34
for radionuclides released
from package
Effective solubilitics of Medium 8.3.1.35
radionuclides in vadose pore
water
Diffusion coefficients for High 83.1.3.6
radionuclides in rock matrix
Dispersivity for radio- Medium 8.3.1.3.6
nuclides in rock matrix
Distribution of recharge rates High 8.3.1.2.2
through repository horizon
in time and space
Wasle Mincralogy and chemistry of pre- High 8.34.24.1
package and postcmplaccment cnvironment
cnvironment
Near-(icld hydrology High 834242
Thcermal and mechanical pro- High 834243

pertics of the postcmplace-

ment waste package environment

8.3.4-2
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Tablic 8.3.4.2-1. Model hierarchy and model inputs for Issue 1.10 (wastc package

8.34-3

~ characteristics--postclosure) (continued)
Needed
Model Model input confidcnce SCP section®
Mincralogy Mineralogy and water quality
and Rock-walcr interaction at High 8.34.2.4.1.1
chemistry elevated temperature
Repository material-induced High 8.3424.1.2
changes in water chemistry
Vadose water composition High 8.3424.1.3
Dissolution-precipitation Medium 8342414
effccts on water chemistry
Radiation-induccd changes in High 8.34.24.15
watcer chemistry
Corrosion-induccd changes in Medium 8.3424.1.6
water chemistry
* Ncear-field Water quantity High 8.3424.2
hydrology Singlc-phase fluid flow High 8.34.24.2.1
Two-phase fluid flow High 8342422
~— Thermal Thermal loading High 834243
and Near-ficld temperature High 8.3.4243.1
mcchanical distribution
properties
Borehole stability High 8.34.2.43
Near-ficld mechanical High 8.34.2.43.2
propertics
Borehole Fracture oricntation and density
stability Average spacing within each High 8342432
borehole
Set identification High 8342432
Distribution of orientation High 8.34.2.432
Average dip of set High 8342432
Avcrage azimuth of sct High 8.34.2432
Fracture stiffncss
Apcrture Mcdium 8.3.42432
Normal stress High 8342432
Shear stress High 8.3.42432
Joint roughness coeflicient Medium 8.342432
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Table 8.3.4.2-1. Model hierarchy and model inputs for Issuc 1.10 (waste package
characteristics--postclosure) (continucd)

Needed
Modcl Modcl input confidence SCP section®
Borehole Fracture shear strength
stability Joint roughness coefficient High 8342432
(continued) Joint compressive strength Medium 8342432
Residual friction angle High 8.34.2432
Emplacement gcometry
stability Hole orientation High 8342432
(continucd) Hole dimensions Medium 8.342432
Thermal properties of rock )
Coefficient of lincar Medium 8342432
expansion
Rock temperature Medium 8342432
Mechanical and thermal stress
loading
Poisson’s ratio . Medium 8.342432
Unit wcight Medium 8342432
Principal stress magnitude Medium 8342432
Joint roughness High 8342432
Principal stress orientations Medium 8342432
Mineral alteration
Coclficient of thermal expansion Medium 8342432
Modal abundance of water- Medium 8.3424.1.1

rock interaction products

*The SCP scction references for the ncar-field flow and transport model refer to discussions on
the information need level; specific activities for these input parameters are described in the
information need discussions.

*TSw2 = welded Topopah Spring Mcmber.

8.3.4-4
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YMP/CM-0011. Rev. 9

Performance measures and goals for Issue 1.10 (waste package

characteristics--postclosure)

System Performance Tentative Necded
clement measure goal confidence
Engincered Quantity of liquid Scc Issue 1.4
cnvironment water that can (Table 8.3.5.9-1
contact the container Section 8.3.5.9)
Quality of liquid See Issue 1.4
water than can (Table 8.3.5.9-1
contact the container Scction 8.3.5.9)
Rock-induced load Containcr will not fail High
on waste package when subjected to
design basis loads
Temperature vs. See Issue 1.11
time in waste (Table 8.3.2.2-4,
package cnvironment Scction 8.3.2.2)
Tectonic processes <0.5% of containers High

Waste
package

Select wasle package
matcrial to contribute
to containment

Constrain waste-
handling operations
so as not to degrade
isolation and con-
tainment performance
of the waste package

breached

Sce Issue 1.4
(Table 8.3.5.94,
Section 8.3.5.9)

See Section 8.3.2.5

8.3.4-5
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YMP/CM-0011, Rev. 9

Performance paramcters and goals for Issue 1.10 (waste package
characteristics--posiclosure)

Pcrformance Performance Tentative Needed  Expected Current
measure parameter goal confidence parameter confidence
value
Rock-induced Load on <1,000 kg/pkg High TBD*
load on waste for 1,000 yr
waste package
package <3,000 kg/pkg
between 1,000
and 10,000 yr
Tectonic Breaching of <0.5% High See Section 8.3.1.8
processes containers containers
by tectonic brcached
processes -

*TBD = to bc dclermined.

8.3.4-6
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Table 8.3.4.2-4.

characteristics--postclosure) (page 1 of 12)

Input parameters for characterization models for Issue 1.10 (waste package

Performance Characterization SCP
Issue parameter parameter Test basis? section
Containment (Issue Water quality Vadose water 8.3.4.2.4.1.3
1.4) and Release
rate (Issue 1.5) pH +1 (1)
F-, C1- +1 mg/L (1)
3-
PO, +1 mg/L (1)
2-
NO3~, S04 +5 mg/L (1)
2-
CO3, HCOa_ +30 mg/L (1)
Anions not specified %1 mg/L (1)
Cations present at +1 mg/L (1)
<6 mg/L
Cations present at +5 mg/L (1)
6 to 40 nmg/L
Cations present at +20 mg/L (1)
>40 mg/L
Rock-water interaction 8.3.4.2.4.1.1
pH 1 (1)
F~, C1- +1 mg/L (1)
3-
PO, +1 mg/L (1)

6 "A3¥ ‘1100-WD/dINA
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Table 8.3.4.2-4.

(page 2 of 12)

Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure)

Issue

Performance
parameter

Characterization
parameter

Test basis?

SCpP
section

Containment (Issue Water quality
(continued)

1.4) and Release
rate (Issue 1.5)
(continued)

Rock-water interaction

(continued)
- 2_
NO3, SO,
2- -
CO;, HCO4
Anions not specified

Cations present at
<6 mg/L

Cations present at
6 to 40 mg/L

Cations present at
>40 mg/L

Température
Composition of solid

reactants and pro-
ducts

Reactant surface area

15 mg/L (1)

+30 mg/L (1)
+1 mg/L (1)

+1 mg/L (1)

+5 mg/L (1)

+20 mg/L (1)
t5°C

+10 wt% of elemental
abundance for those
elements that com-
prise more than
5 wt% of minerals
analyzable on the
electron microprobe

+20% for BETP surface
area measurements

6 'A3Y ‘1100-WO/dWA
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Table 8.3.4.2-4.

Input parameters for characterization models for Issue 1.10 (waste package

characteristics--postclosure) (page 3 of 12)

Issue

Characterization
parameter

Performance
parameter

SCp

Test basis2 section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Rock-water interaction
{continued)

Water quality
(continued)

Modal abundance of
solid reactants
and products

Dissolution and pre-
cipitation

pH

Mineral composition

Composition of
product fluid

Mineral structural
state

+20% for optically
identifiable phases

8.3.4.2.4.1.4

0.5 (1)

+10 wt$% of elemental
abundance for those
elements that com-
prise more than
5 wt% of minerals
analyzable on the
electron microprobe

+10% for those elements
that constitute more
than 10% (atomic) of
the mineral phase

+20% for the degree of
disorder in the
crystal lattice

6 'A3Y "1100-WD/dINA
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Table 8.3.4.2-4.

characteristics--postclosure) {(page 4 of 12)

AN

Input parameters for characterization models for Issue 1.10 (waste package

Performance Characterization SCP
Issue parameter parameter Test basis® section
Containment (Issue Water quality Repository materials 8.3.4.2.4.1.2

1.4) and Release
rate (Issue 1.5)
(continued)

effect on water
chemistry

(continued)

- 2=~
NO;, SO,

2- -
CO;3, HCO,
Anions not specified

Cations present at
<6 mg/L

Cations present at
6 to 40 mg/L

Cations present at
>40 mg/L

Temperature

1 (1)

+1 mg/L (1)

+1 mg/L (1)

+5 mg/L (1)

130 mg/L (1)
1 mg/L (1)

1 mg/L (1)

5 mg/L (1)

+20 mg/L (1)

+5°C

6 A3y '1100-WD/dNA
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Table 8.3.4.2-4.

Input parameters for characterization models for Issue 1.10 (waste package

characteristics--postclosure) (page 5 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis® section
Containment (Issue Water quality Repository materials
1.4) and Release (continued) effect on water chem-
rate (Issue 1.5) istry (continued) °
(continued)
Composition of solid 10 wt% of elemental
reactants and pro- abundance for those
ducts elements that com-
prise more than 5 wt%
minerals analyzable
on the electron
microprobe
Reactant surface +20% for BET surface
area area measurements
Modal abundance of +20% for optically
solid reactants identifiable phases
and products
8.3.4.2.4.1.5

Radiation effects
Temperature
Radiation dose rate
Degree of water sat-

uration in experi-
ment atmosphere

15°C
0-100 krad/h

+20%

6 A3 "1100-WD/dWA
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Table 8.3.4.2-4.

Input parameters for characterization models for Issue 1.10 (waste package

characteristics--postclosure) (page 6 of 12)

i

pPerformance Characterization SCP
Issue parameter parameter Test basis? section
Containment (Issue Water quality Radiation effects
1.4) and Release (continued) (continued)

rate (Issue 1.95)
(cont inued)

Nature of solid
materials

pH
F-, Cl1-
3
PO,
- 2-
NO3, SO4
2~ -
CO4, HCO3
Anions not specified

Cations present at
<6 mg/L

Cations present at
6 to 40 mg/L

Chemicals and struc-
tural characteriza-
tion of material
sufficient to allow
fluid and gas com-
position to be

experimentally
reproduced to within
+20%

+1(1)

+1 mg/L (1)

+1 mg/L (1)

+5 mg/L (1)

+30 mg/L (1)

+1 mg/L (1)

+1 mg/L (1)

+5 mg/L (1)

6 A9 '1100-IND/dNA
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Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 7 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis? section
Containment (Issue Water quality Radiation effects
1.4) and Release (continued) (continued)
rate (Issue 1.5)
(continued) Cations present at +20 mg/L (1)
>40 mg/L
Formate ions +30% (1)
Oxalate ions +30% (1)
HNO3 +20% (1)
Nitrite: nitrate +30% (1)
ratio
CO, +20% (g)
0, +20% (g)
NO,, +20% (q)
N, +20% (g)
NH4 +30% (q)
Corrosion products 8.3.4.2.4.1.6
Temperature +5°C

6 A3y ‘1100-WO/dIN A



145 2%]

Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package

characteristics--postclosure)

{page 8 of 12)

Issue

Performance
parameter

Characterization
parameter

Test basis®

SCPp
section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Water quality
(continued)

Corrosion products
(cont inued)

Composition and
mineralogy of
corrosion
products

Degree of water
saturation in
experiment
atmosphere

pH

F-" Cl-
3-

PO,
- 2=
2- -

CO5, HCO4

Anions not specified

Chemical and struc-
tural material
characterization
sufficient to allow
fluid and gas com-
position parameters
to be experimentally
reproduced to within
+20%

+20%

1 (1)

+1 mg/L (1)

+1 mg/L (1)

+5 mg/L (1)

+30 mg/L (1)
+1 mg/L (1)

6 A3 ‘1100-WO/dINA




Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package

SI-v'E8

characteristics——postclosure) {

page 9 of 12)

performance Characterization SCP
Issue parameter parameter Test basis? section
Containment (Issue Water quality Corrosion products
1.4) and Release (continued) (cont inued)
rate (Issue 1.5)
(continued) Cations present at +1 mg/L (1)
<6 mg/L
Cations present at +5 mg/L (1)
6 to 40 mg/L
Cations present at +20 mg/L (1)
>40 mg/L
8.3.4.2.4.2.1

Water quantity

single-phase fluid
Nature of fluid phase

Number of rehydration
and dehydration

Liquid or gas

Number of cycles must
be sufficient to
attain steady state

cycles
permeability
Temperature +5°C
Relative permeability +20%
Fracture permeability +20%
+50%

Degree of saturation

6 'A3Y ‘1100-WD/dNA
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Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 10 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis? section
Containment (Issue  Water quantity Single-phase fluid 8.3.4.2.4.2.1
1.4) and Release (continued) (continued)
rate (Issue 1.5)
(continued) Resistivity +15%
Magnitude of thermal  *20%
gradient
8.3.4.2.4.2.2

Two-phase fluid flow

Number of rehydration
and dehydration
cycles

Temperature

Relative permeability

Fracture permeability

Degree of saturation

Resistivity

Magnitude of thermal
gradient

Gas: liquid ratio

Number of cycles must
be sufficient to
attain steady state
permeability

+5°C

+20%

+20%

+50%

+15%

+20%

+20%

6 A3Y ‘T100-WO/dINA
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Table 8.3.4.2-4.

Input parameters f

-

TN

or characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 11 of 12)

Issue

Performance
parameter

Characterization
parameter

Test basis?®

SCP
section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Thermal loading

Rock-induced

Near-field temperature

distribution

loading

Thermal properties

(initial tempera-
ture, heat capacity,
thermal conductiv-
ity) for TSw2 as
identified in Sec-
tion 8.3.2.2
(Issue 1.11, con-
figuration of
underground
facilities
(postclosure))

Package emplacement

geometry

Package spacing

Heat output of waste

packages

Near-field stress dis-
tribution and rock
displacements

See Table 8.3.2.2-5

TBD® by repository
design

TBD by repository
design

TBD by package
design, Issue 2.6

8.3.4.2.4.4.3

8.3.2.2

8.3.2.2.6

8.3.2.2.6

8.3.5.10.1

8.3.4.2.4.3.1

6 'A3Y 'T100-WD/dNA
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Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 12 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis?® section
Containment (Issue Rock-induced Near-field stress dis-
1.4) and Release loading tribution and rock
rate (Issue 1.9) (continued) displacements
(cont inued)

{continued)

Mechanical properties See Table 8.3.2.2-5 8.3.2.2
(Young’'s modulus,
Poisson’s ratio,
compressive strength,
etc.) for TSw2 as
identified in Section
8.3.2.2 (Issue 1.11)

Fracture (joint) char- See Table 8.3.2.2-5 8.3.2.2
acteristics (shear
and normal stiffness,
orientation, fre-
quency, etc) for
TSw2 as identified
in Section 8.3.2.2
(Issue 1.11)

aynless otherwise stated, the specified percentages and plus-and-minus values are characterization
goals that indicate the maximum experimental uncertainty for measurements of the indicated parameter.
(1) indicates species in the liquid phase, (g) indicates species in the gas phase.

PBET = Brunauer-Emmett-Teller.

cTBD = to be determined.

6 'A3Y "1100-WD/dINA
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8.3.5.2 Performance Allocation Tables for Waste Rctrievability

[ssuc 2.4 addresscs compliance with the performance objective to maintain the waste retricval

option as specified in 10 CFR 60.111 (b). The pertormance allocation for this issue rests upon a

review of the current design and analyses, and the identification of the retrievability-refated functions
that must be performed. These functions are:

Provide access to the emplacement borcholes.

Provide access to the waste packages.

Rcmove waste package from the emplacement boreholes.
Transport and deliver the waste packages to the surface facilities.

bl e S e

For cach of the four functions, the system elements and processes that relate to performing the
functions were identificd and are provided in Tables 8.3.5.2-2 through 8.3.5.2-5. The performance
measurcs corresponding to the processes, and the goals and needed confidence in meeting the goals are
also provided in the tables.

To avoid repetition and duplication in the lists of data needs, the requests for both site and
design information to address the retrievability requirement was handled by definition of "input items".
"Input items" are information requests resulting from various design requirements that have been
aggregated under a single requirement, which plays the role of the monitor. Table 8.3.5.2-6 provides
the retrieval-related input items that are to be provided through activities described in SCP Section
8.3.2.5 (Issue 4.4), which plays the monitor role for the repository design activities. Retricval-related
design or performance goals (design criteria) are presented in Tables 8.3.5.2-7 for normal conditions
and Table 8.3.5.2-8 for potential abnormal retrieval conditions.

8.3.5-1
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Table 8.3.5.2-2. Performance measures, goals, and ne
access Lo the emplacement boreho

eded confidence for processes or activities involved in providing
le for retrieval (retrieval function 1) (page 1 of 2)

Process or activity

Performance measures

Needed

Tentative goals® conf idence

Design and construct the accesses
and drifts to be usable through-
out the retrievability period
for normal and credible abnormal

conditions

Develop rock support concepts
that ensure maintainability

Develop backfill removal con-

cepts (if needed)

Monitor drifts and accesses to
determine maintenance needs

Time during which the drifts
and accesses will remain
usable

Amount of spall

Opening displacement

Frequency of maintenance

Time and level of effort for
backfill removal

Localized rock and rock support
displacement

Time 284 yr High

Spall averages less High
than 3 tons per 1,000
ft of drift per year

Opening displacement High
<6 in.
Frequency of needed Low

maintenance in under-
ground openings
>$ yr average

None--the current design NAP
basis allows for back-
filling during reposi-
tory closure (i.e, after
the period of retrieva-
bility)

Monitor displacements High
>1 in.

6 ‘A3d "1100-WD/dINA
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Table 8.3.5.2-2. Performance measurces, goals, and needed confidence for processes or activilies involved in providing
- access to Lhe cuplacement borehole for retrieval (retrieval function 1) (page 2 of 2)

Al

Needed
Process or activity performance measures Tentative goals® conf idence
pesign for a specific temperature Drift temperature Temperature less than Low
and air quality environment 50°C (for 50 yr -
within the accesses and drifts emplacement drift (H)€
or access drift (V)€)
Air quality Air quality standards High
met (work areas)
verify environment for maintenance Air quality Air quality measurements High
and retrieval operations adequate for retrieval
operations to meet
standards
Modify environment (as necessary) Time required to modify the Air quality standards Medium
environment for retrieval met within 8 weeks
(unprotected)

1s from other issues in the discussion of Issue 4.4, preclosure design and
Tables 8.3.2.5-1 through 12). Site characterization related design or per-
heir confidences are also established in the Issue 4.4 discussions.

aThese goals are integrated with goa
technical feasibility (Section 8.3.2.5,
formance parameters, their goals, and t

bNA = not applicable for SCP.

cH = horizontal emplacement; V = vertical emplacement.

6 A3y 1100-WI/dNA
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performance measures, goals, and needed confidence for processes or activities involved in

Table 8.3.5.2-3.
providing access to the waste packages for retrieval (retrieval function 2) (page 1 of 2}

Necded
cont idence

Process or activity Performance measures Tentative goals®

Design waste emplacement envelope Borehole usability
to allow access to the waste
package Lhroughout the retrieva- Rockfall Average rockfall <250 lb Medium
bility period for normal and per foot of borehole

credible abnormal conditions
Displacement of borehole wall Rock displacement <2 in. Medium
Borehole liner lifetime Liner lifetime 284 yr High
Borehole liner displacement Liner displacement <2 in. High
(v)®
-~ Liner displacement <3 in. High
(H)®
Borehole liner curvature radius Liner curvature radius Medium
>110 ft (H)
Assess the condition of the Borehole liner displacement Detect displacement Medium
>0.5 in.

emplacement envelope and waste
package prior to removal (as
required)

6 'A%Y "1100-WD/dINA
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Table 8.3.5.2-3. Performance measures, goals, and needed confidence for processes oI activities involved in
kages for retrieval (retrieval function 2} (page 2 of 2)

providing access to the waste pacC

e —————

Needed

performance measures Tentative goals® _confidence

Process or activity

perform corrective actions (as Time required to perform correc- Average time <1 month Medium
tive actions per drift (normal
conditions)

required)

Timely manner considering Medium
site-specific credible
abnormal conditions.
For planning purposes,
time <1 yr is assumed
for each event.

ntegrated with goals from other issues in the discussion of Issue 4.4, preclosure design and
(Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization related design or per-

eir goals, and their confidences are also established in the Issue 4.4 discussions.
H = horizontal emplacement.

aThese goals are i
technical feasibility

formance parameters, th
by = vertical emplacement;

6 'A%y "1100-WD/dNA
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Table 8.3.5.2-4. Performance measures, goals, and needed confidence for processes or activities

waste packages from emplacement boreholes (retrieval function 3) (page 1 of 2)

Process or activity Performance measures

Tentat ive goals®

involved in removing

Needed
confidence

Design the waste package and trans- Radiation protection

porter with the option to remove
the waste for normal and credible
abnormal conditions

Time required to perform waste
removal

Removal latch and pull strength

Structural strength of the waste
package or dolly

Verify conditions of equipment and Waste package structural failure
waste package detection

Removal equipment performance

Worker dose less than
allowable dose (see
Issue 2.7 for specific
goals and needed
parameters)

Average time for removal
less than twice the
time for emplacement

These performance
measures do not require
site data and will be
addressed in the
repository design plan

These performance
measures do not require
site data and will be
addressed in the
repository design plan

These performance
measures do not require
site data and will be
addressed in the
repository design plan

These performance
measures do not require
site data and will be
addressed in the
repository design plan

High

Medium

NAP

NA

NA

NA

6 A3Y "1100-ID/dNA
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and nceded confidence for processes or activities involved in removing

Toble 8.3.5.2-4. Performance measures, goals,
rieval function 3) (page 2 of 2)

waste packages from emplacement boreholes (1et

Needed
Process or activity Performance measures Tentative goals? confidence
These performance NA

Operator competency certification
measures do not reguire

site data and will be
addressed in the
repository design plan

Verify operator training

cussion of Issue 4.4, preclosure design and
Site characterization related design or per-

aThese goals are integrated with goals from other issues in the dis
lished in the Issue 4.4 discussions.

technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12).
formance parameters, their goals, and their confidences are also estab

bNA = not applicable for SCP.

6 ‘A3 "T100-WD/dNA
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Table 8.3.5.2-5.
(page 1 of 2)

performance measures, goals, and neede
transporting and delivering the waste

d confidence for processes or activities involved in
to the surface facilities (retrieval function 4)°

Process or activity

performance measures

Needed

Tentative goalsP conf idence

Design the transporter with the
ability to transport the waste
to the surface for normal and
credible abnormal conditions

Design the surface waste-handling
building and the transporter
with the ability to unload waste
at the surface facilities for
normal and credible abnormal

conditions

Assess the ability to transport
the waste to the surface
facilities

Transporter design characteristics
{braking ability, maximum speed,
cornering ability, radiation

protection)

Time required to transport the
waste to the surface

Time required to unload waste

Radiation protection

Transporter unloading capability

Transporter drive system perform-
ance

Transporter must be able to oper- Righ

ate with anticipated rockfall
in accesses and drifts

These performance measures do NACS

not require site data and
will be discussed in the
repository design plan

These performance NA

measures do not require
site data and will be
discussed in the
repository design plan

These performance measures do NA

not require site data and
will be discussed in the
repository design plan
These performance measures do NA
not require site data and
will be discussed in the
repository design plan
These performance measures do NA
not require site data and
will be discussed in the
repository design plan

"T100-WO/dNA
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Table 8.3.5.2-5. Performance mcasures, goals,
Lransport ing and delivering t
(page 2 of 2)

and needed confidence for processes or activities involved in
he waste to the surface facilities (retrieval function 4)#

Process or activity

Performance measures

Needed
confidence

Tentative goalsP

Assess the ability to transport Operator competency certification These performance measures do NA
the waste to the surface not require site data and
facility (continued) will be discussed in the
repository design plan
Assess the ability to unload the Transporter unloading system These performance measures do NA
waste at the waste-handling not require site data and
building will be discussed in the
repository design plan
surface facility unloading system These performance measures do NA
performance not require site data and
- will be discussed in the
repository design plan
NA

Operator competency certification
waste to the surface

These performance measures do
not require site data and
will be discussed in the
repository design plan

N

apequirements for access and drift usability for transporter operation are included under function 1 (Table

8.3.5.2-1). .
bThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure design and

technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization related design or per-
formance parameters, their goals, and their confidences are also established in the Issue 4.4 discussions.

cNA = not applicable for SCP.
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Tabie 8.3.5.2-6. Retrieval-relaied input items (1o be provided by Issuc 4.4)

Information
need Input item

(S
ha
9

Drift and access design and supporting evidence

Rock support system design and supporting analyses

242 Monitoring system (rock movement) and support analyses

Drift and access maintenance program concepts and supporting cvidence

Ventilation system dcsign and supporting analyses
(for retrieval opcrations)

Basis for ensuring air quality in operational areas
and evaluating air quality in nonoperational areas

b 243 Waste emplacement envclope design and supporting analyses
Waste emplacement envelope assessment
N Corrective actions (waste emplacement envelope)
244 Wasic package removal system design and supporting analyscs

Concepts for borchole preparation for waste removal
and supporting evidence

Demonstrations of borchole preparation for waste
removal and supporting cvidence

245 Transporter design concepts and supporting analyses
Unloading equipment design (surface facility) and supporting analyses
Demonstrations for wasic transport
Demonstrations for waste unloading at the surface

246 Relcrence operations plans

Basis for cstablishing the usc of rcasonably available technology for
retricval-related cquipment

Reference design and supporting analyses

8.3.5-10



Table 8.3.5.2-7.

YMP/CM-0011. Rev. 9

Retrieval-related design or performance goals (design criteria)

Information

need Design or performance goal
242 The access and drifts will remain usable for at least 84 yr
The average amount of spall in the drifts will be less than 3 tons per 1.000 ft
of drift per year
The rock displacement in the drifts will be less than 6 in.
The monitoring system will detect rock displacements within the drifts that
exceed 1 in.
The frequency of maintenance within the underground openings will be greatcr
than 5 yr
For the vertical emplacement concept, the temperature within the access drifts
will not excced S0°C for 50 yr after waste cmplaccment
For the horizontal emplacement concept, the temperature within the
emplacement drifts will not excced 50°C for 50 yr after waste emplacement
For operational areas, all applicable air quality standards will bc met
The time required to modify the environment within closed dri fts for
unprotected workers will not exceed 8 wk
2.4.3 Rockfall within the emplaccment boreholes will avcrage less than 250 1b per

foot of borchole
Displacement of the borchole wall will be less than 2in.
The liner lifetime will be at least 84 yr

The maximum liner deflection is 2 in. (5 cm) for the vertical emplacement
concept and 3 in. (7.6 cm) for the horizontal concept

For the horizontal emplacement concept, the minimum
radius of curvature for the liner is 110 ft (33.5 m)

8.3.5-11
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Retrieval-rclated design or performance goals (design criteria) (continued)

Information
need Design or performance goal
244 The time required per container for waste removal will not exceed twice the
amount of time rcquired for emplacement of a waste container
Worker dose rate during removal operations will not exceed the allowable raote
established in Issue 2.7, rcpository radiological design criteria (preclosure)
The ability to perform boreholc preparation tasks will be demonstrated
The ability to remove the waste containers under normal and credible abnormal
conditions will be demonstrated
245 None related to site characterization
246 The design basis for the actual retrieval period is 34 yr

The ability to perform the retrieval operations using reasonably available
technology is required

8.3.5-12
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Table 8.3.5.2-8. Potential abnormal conditions for retricval

Information
nced

Potential abnormal condition

!J
ha
()

243

Rockfall within the ramp duc to a seismic event, faulting,
variability in rock strength, a maintenance error, Or corrosion-induced
rockbolt failure

Rockfall within a drift due to faulting, variability in rock strength. a
maintenance error, corrosion-induced rockbolt failure, or human error
resulting in excessive thermal loading

Rockfall within a shaft due to faulting or variability in rock strength

A ventilation system malfunction due to a seismic event, an cquipment
fabrication error, or a mainienance €rror

Loss of offsite power due to a seismic event
Rockfall in the emplacement borehole (vertical only) due to a scismic event,
faulting, variability in rock strength, or excessive thermal loading resulting

from human error

Axial movement of the wastc container (horizontal only) duc to a scismic
event

Waste container tilt (vertical only) due to a seismic event
Shicld plug jam due to a scismic event, or a fabrication error

Excessive liner deflection (horizontal only) duc to faulting, a-fabrication error,
or excessive corrosion resulting from radiolysis

A collar maifunction due to a fabrication or maintenance €rror
An auxiliary equipment malfunction due to a fabrication or maintenance error
A cask-collar bind duc to a seismic cvent

A dolly failure during rcmoval (horizontal only) due to a fabrication error or
excessive corrosion resulting from radiolysis

A waste container pintle failure (vertical only) duc to excessive corrosion
resulting from radiolysis

8.3.5-13



Table 8.3.5.2-8.
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Potential abnormal conditions for retrieval (continued)

Information
neced Potential abnormal condition
A malfunction of the transporter removal equipment due to a maintcnance
error
Unspecified failures due to operator error including errors during alignment
and waste removal
245 A transporter maifunction during transport or unloading due to a maintcnancc

CITor

A transporter collision with the ramp, a drift, auxiliary equipment, or another
transporter due to human error

Unspecified malfunctions due to operator error, including errors during
alignment and waste unloading operations

8.3.5-14
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8353 Performance Allocation Tables for Public Radiological Exposures - Normal Conditions

This issue addresses radiation exposure to the general public from the normal operation, closure,
and dccommissioning of the repository. The regulatory basis for this issue is derived from [0 CFR
60.111, 40 CFR 191, Subpart A, and 10 CFR Part 20.

The performance atlocation for this issuc specifics the system elements, the functions and
processcs or activitics related to those elements. and the corresponding performance mcasures with
tentative goals and estimates of nceded confidence in meeting the goals (Table 8.3.5.3-1).
Performance parameters corresponding to the performance mcasures, together with associated goals.
expected values and estimates of current and needed confidence are provided in Table 8.3.5.3-2. A
reference to the SCP section providing the paramcter is also provided.

8.3.5-15



91-5¢'8

Table 8.3.5.3-1. Functions, performance measures, and performance goals for Issue 2.1

condit ions)

System element

Function

Process or activity

Performance measure

Tentative
goal

Surface

Repository

Offsite
installa-
tions

Provide remoteness from
highly populated areas
and members of the
public

Provide dispersion and
transport of routine
radioactive releases
to the unrestricted
area through water
pathways, crops, and
animals

Provide transport, dis~
persion, and diffusion
of routine airborne
radioactive effluents
to the unrestricted
area

Provide containment of
potential sources of
radiation to the
unrestricted area

Verify that there are
no nuclear (uranium)
fuel cycle facilities
that need to be con-
sidered in assessing
the public dose

Locate repository in a

low population area

Analyze dilution,

transportation,
bioaccumulation of
radionuclides in
rivers, streams,
and food stuffs

Analyze atmospheric

transport by wind
and convection, in-
cluding dispersion
and diffusion

Limit releases of rou-
tine gaseous, particu-
late, and liquid radi-
oactive effluents

Locate and analyze
nearby nuclear
(uranium) fuel
cycle facilities

Population density

Radionuclides concen-
trations in environ-
mental media and
individual doses

Radionuclides concep-
trations in environ-
mental media and
individual doses

~

Radionuclides concen-
trations in environ-
mental media and
individual doses

Number of nuclear
(uranium) fuel cycle
facilities requiring
consideration in
assessing the public
dose

Population densities
less than or equal
to those required
by the qualifying
conditions of 10 CFR
Part 960

Dose limits of 40 CFR
Part 191, Subpart A
and 10 CFR Part 29
as applied to the
contribution from
radionuclides in
food chain pathways

Composite dose limits
required by 40 CFR
Part 191, Subpart A
and 10 CFR Part 20

Composite dose limits
required by 40 CFR
Part 191, Subpart A
and 10 CFR Part 20
as applied to
routine releases
from the repository

No nuclear (uranium)
fuel cycle facili-
ties requiring
consideration in
assessing the
public dose

(public radiological exposures--normal

Needed

confidence

High

High

High

High

High
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Taple 8.3.9.3-2. parameters required for Issue 2.1 (public radiological exposures—-normal conditions) (page 1 of 4)

/_/////_‘.___. e
SCP section

Related
petrformance performance or Parameter Tentative Needed Expected Current providing
goal® design parameter descriptor parameter goal confidence parametet value confidence parameter
- /____/’/ e e —_
A Distances from highly 140 km radius 25 km High About 130 km Medium 8.3.1.12, (b)
populated areas
A population located in Nye and Clark <1,000 persons High No permanent Medjum (b)
ad jacent 1-mile by counties population
1-mile area
A populat.ion density of Nye and Clark Low population High section 3.6.2 in Medium {b)
Lhe region counties density environmental
assessment
(DOE, 1986b)
B Bioaccumulation of 80 km radius (c) Medium 1 x 1028 to Medium (b)
radionuclides in 1 x 10-14
terrestrial flora Ci/kg (see
footnote d)
B Bioaccumulation of 80 km radius {c) Medium 1 x 10°2% to Medium {b)
radionuclides in 1 x 10713
terrestrial fauna Ci/kg (see
footnote €)
B Types of crops raised 80 km radius (c) Medium (f) Medium {b)
B Amounts of Crops 80 km radius {c) Medium 1 x 104 to Medium (b)
raised . 1 x 107 kg/yr
(see foot-
note g)
B Types of crops con- 80 km radius {c) Medium {h) Medium (b)
sumed
B Amounts of crops con- 80 km radius (c) Medium 1 x 104 to Medium {b}
sumed 1 x 10% kg/yr
B Types of animals 80 km radius {c) Medium (i) Medium {b)
raised

6 ‘A "1100-IWD/dNA
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Table 8.3.5.3-2. Parameters required for Issue 2.1 (public radiological exposures--normal conditions) (page 2 of 4)

Related SCP section
performance Performance or ' Parameter Tentative Needed Expected Current providing
goal® design parameter descriptor parameter goal confidence parameter value confidence parumeter
B Number of animals 80 km radius (c) Medium 1 x 10! to Medium (b}
raised 1 x 105 kg/yr
B Types of animals con- 80 km radius (c) Medium (j) Medium (b)
sumed
B Amounts of meat 80 km radius (c) Medium 1 x 104 to Medium (b)
consumed 1 x 106 kg/yr
B Animal consumption of 80 km radius (c) Medium 1 x 10! to Medium (b)
forage 1 x 104 kg/yr
B Forage storage time 80 km radius Goal is values Medium Data not Data not {b)
. given in Reg. available available
Guide 1.109
(NRC, 1977a)
B Grazing yield and 80 km radius (c) Medium 75 to 100% of High (b)
period the year
B Radius of crop and 80 km radius (c) Medium 50 km to bulk of High (b)
animal area cropland and
farms (W to SW)
B Volumetric flow of 80 xm radius Little or no sur- Medium Section 3.3.1 in Medium (b)
surface water to face runoff environmental
water bodies assessment
(DOE, 1986b)
B Population served by 80 km radius {c) Medium 1 x 102 to Medium {b)
local drinking water 1 x 104
B Volumetric flow of 80 km radius (c) Low Section 3.3.1 in Medium {b)
local drinking environmental
water assessment

(DOE, 1986b)

TN
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Table 8.3.5.3-2. Parameters required for Issue 2.1 (public radiological erposures--normal conditions) (page 3 of 4)
Related SCP section
pes formance Performance or Parameter Tentative Needed Expected Current providing
goal® design parameter descriptor parameter goal confidence parameter value confidence parameter
B Recreational uses of 80 km radius Very little High (k) (k) (b)
water bodies recreational
use of water
c,E Wind speeds 80 km radius (c) High Figures 5-3 to Medium 8.3.1.12
5-7, and
Tables 5-6
and 5-17
C,.E Wind direction 80 km radius {c) High Figures 5-3 to Medium 8.3.1.12
5-7, and
Tables 5-6
and 5-7
C,E Atmospheric stability 80 km radius {c) Medium Table 5-11 Medium 8.3.1.12
(See
foot-
note
1)
C,E Mixing layer depth 80 km radius (c) Medium (m) Medium 8.3.1.12
C,E Average ambient 80 km radius {c) - Medium Tables 5-2 and Medium 8.3.1.12
temperature 5-3
C.E Atmospheric moisture 80 km radius (c) Medium Tables 5-2 and Medium 8.3.1.12
5-5
C,E Precipitation: type, 80 km radius {c) Medium Tables 5-2 and Medium 8.3.1.12
amount, intensity, 5-4
etc.
C,E Barometric pressure 80 km radius (c) Medium Table 5-2 Medium §.3.1.12
C,E Size and distance of 80 km radius Topographic fea- Medium See U.S Geologi~ High Literature
topographic features tures beneficial cal Survey
from release points to dispersion (USGS) topo-

graphic maps

VRN
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Table 8.3.5.3-2. Parameters required for Issue 2.1 (public radiological exposures--normal conditions) {page 4 of 4)

Related SCP section
performance Performance or Parameter Tentat ive Needed Expected Current providing
goal® design parameter descriptor parameter goal confidence parameter value contidence parameter
D Radon emanation rate (TSwW2 unit)n {c) High 0.48 pCi/m?-s Low 8.3.1.15
from tuff
D Reference repository No additional site characterization data needed--see footnote o.
design and supporting .
analyses
E Location of nearby 80 km radius No nearby nuclear High No nearby nuclear Medium 8.3.1.13
uranium fuel cycle fuel cycle fuel cycle
facilities facilities facilities
E Doses from nearby 80 km radius Doses less than High Doses less than Medium 8.3.1.13
uranium fuel cycle 40 CFR 191 40 CFR 191
facilities limits limits

aThe letters in this column key the performance parameters in this table to the tentative performance goals in Table 8.3.5.3-1.
bCollection of these data is part of the environmental program planned activities and is addressed in the Radiological

Monitoring Plan discussed in Section 8.3.1.13,

and

items from Issue 4.4 (obtained through Issue 2.7) are collectively listed as a parameter.

“Tentative goal is to have further measurements of this parameter verify the range of expected values listed here.

9This range covers all flora for which data are now available; specific values are flora and radionuclide specific.

*This range covers all fauna for which data are now available; specific values are fauna and radionuclide specific.
fwheat/qrains, corn, apples, potatoes, alfalfa, alfalfa seed, hay, silage, peppers, melons, berries, pecans, leafy vegetables,
honey.

9Specific values depend on available crops, crop areas, and crop densities.

hincludes all crops listed footnote f except alfalfa, hay, and silage.

iBeef cattle, dairy cattle, goats, hogs, sheep, and poultry.

JALl of those in footnote i plus quail, freshwater fish, ducks, geese, rabbit, deer.

kvery limited use of Crystal Reservoir; swimming pool data not yet available.

IMedium confidence requirements are intended to indicate that these parameters need to be site-specific.

mSee Quiring (1968).

nTSw2 unit is the nonlithophysal Topopah Spring unit (repository horizon).

°For communicating the design information needed to evaluate worker radiological safety under normal conditions, the input
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8354 Performance Allocation Tables for Worker Radiological Exposures - Normal Conditions

This performance issue addresscs requirement [or the repository 1o be designed. constructed,
-operated, closed and decommissioncd while ensuring the radiological safcty of workers under normal
conditions. The regulatory basis for this issuc comes from 10 CFR 60.111 and 10 CFR Part 20.

The performance allocation for this issuc specifies the system clements, the functions and
processes or activilics related 10 those elements. and the corresponding performance measures with
tentative goals and cstimates of needed confidence in meeting the goals (Table 8.3.5.4-1).
Performance parameters corresponding (o the performance measures, together with associated goals,
expected values and estimates of current and needed confidence are provided in Table 8.3.54-2. A
reference to the SCP section providing the parameter is also provided.

8.3.5-21
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Table 8.3.5.4-1,

Functions, performance measures, and performance goals for Issue 2.2

conditions) {page 1 of 2)

System element Function

Process or activity

Performance measure

Tentative
goal

Provide transport, dis-
persion, and diffu-
sion of routine air-
borne radioactive
effluents within site
boundaries

Surface

Provide assurance that
doses to workers
underground are not
excessive

Subsurface

Provide containment of
radiation and limit
radiation doses to
repository workers

Repository

Analyze atmospheric
transport and disper-
sion characteristics
within the site
boundaries

Analyze worker doses
from outdoor airborne
radionuclides within
site boundaries

Analyze shielding of
workers from direct
radiation using pro-
perties of the host
rock

Analyze the natural
radiation released
in the underground
facilities

Analyze radiation levels
from miscellaneous
sources of radiation
such as calibration
and testing sources

Analyze direct radiation
levels in all areas
of the repository

Transport characteris-
tics of atmosphere
within site boundaries

Doses resulting from
airborne radionuclide
concentrations around
repository facilities

Effective attenuation
of direct radiation
by host rock

Release rates and con-
centrations of nat-
urally occurring
radionuclides

~

Direct radiation and
contamination levels
from miscellaneous
sources

Direct radiation levels
in all areas of the
repository

. Adequate atmospheric

transport charac-
teristics to assist
in meeting dose
limits

. Total doses below

limits of 10 CFR
Part 20 and ALARA®

. Significant attenua-

tion of direct
radiation using
host rock proper-
ties

. Natural radiation

levels low enough
to pose no signifi-
cant health hazard
to the workers

Insignificant levels
of direct radiation
and contamination
from miscellaneous
sources

Levels low enough to
keep doses to
workers below
limits of 10 CFR
Part 20 and ALARA

(worker radiological safety--normal

Needed
conf idence

High

High

High

High

High

High
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Table 8.3.5.4-1. Funct ions, performance measures, and performance goals for lssue 2.2 (worker radiological sately-~-normal

condit ions) (page 2 of 2)

Function Process or activity

-

Analyze high-level was
containment and han-
dling operations

System element
-

Provide containment of
radiation and limit
radiation doses to
repository workers
{cont inucd)

e e

Repository
(cont inued)

Analyze site-generated
waste containment,
handling, and treat-
ment operations

Analyze radiation levels
trom miscellaneous
sources of radiation
such as calibration
and testing sources

Analyze shielding pro-
vided by structures,
containments, equip-
ment, and waste
packages

Analyze ventilation
and filtration of
repository airstreams

-
te Doses due to worker

——— ————

performance measure

occupancy in direct
radiation areas

Doses due to worker

occupancy in direct
radiation areas

Direct radiation and
contamination levels
from miscellaneous
sources

Effective attenuation
of direct radiation
levels

Contamination and
airborne radionuclide
concentrations in
repository airstreams

apLARA - as low as reasonably achievable.

H. Total doses below

Tentative Needed
goal confidence
G. Total doses below High

Yimits of 10 CFR
part 20 and ALARA

High
limits of 10 CFR
Part 20 and ALARA

1. Insignificant levels lligh
of direct radiation
and contamination
from miscellaneous
sources

J. Significant attenua- High

tion of direct

radiation from all

sources

K. Total doses below High
1imits of 10 CFR

part 20 and ALARA

6 A%d "T100-WOD/dNA




Table 8.3.5.4-2. Parameters required for Issue 2.2 (worker radiological safety--normal conditions) (page 1 of 2)

VRN

v-se8

Related Tentat ive Expected SCP section
performance Performance or Parameter parameter Needed pardmeter Current providing
goal® design parameter descriptor goal confidence value(s) confidence parameters
A,B Wind speeds Site area (b) High Figures 5-3 Medium 8.3.1.12
to 5-7, and
Tables 5-6
and $-7
A,B Wind direction Site area (b) High Figures 5-3 Medium 8.3.1.12
to %-7, and
Tables 5-6
and 5-7
A,B Atmospheric sta- Site area (b) Medium® Table 5-11 Medium 8.3.1.12
bility
A,B Mixing layer depth Site area (b) Medium (d) Medium 8.3.1.12
A,B Average ambient Site area (b) Medium Tables 5-2 and Medium 8.3.1.12
temperature 5-3
A,B Atmospheric mois- Site area (b) Medium Tables 5-2 and Medium 8.3.1.12
ture 5-5
A, B Precipitation Site area (b) Medium Tables 5-2 and Medium 8.3.1.12
type, amount, 5-4
intensity, etc.
A,B Barometric pressure Site area {b) Medium Table 5-2 Medium 8.3.1.12
A,B Dust particle size Site area 1 to 10 micron, High Data not Data not (e)
distributions normal available available
A,B Size and distance Site area Topographic Medium See U.S Geo- High Literature
of topographic features bene- logical
features from ficial to dis- Survey top-
release points persion ographic
maps
B Routine releases (f) (f) (f) (f) (f) (f)
B Surface facilities (f) (f) (f) (f) (f) (f)

layout

6 ‘A3 'T100-WD/dIN A
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.5.4-2. Parameters required for Issu

e 2.2 (worker radiological safety--normal condit ions) (page 2 of 2)

Table 8.3
/////’tfgf-_ﬂm_m S
Related Tentative Expected SCP section
per formance performance Or parameter parameter Needed parameter Current providing
qgoal® design parameter descriptor goal conf idence value(s) conf idence parameters
R — —— S
C Elcmental composi- TSw2 unitd Normal composi- High Normal com- Medium 8.3.1.3
tion of host rock tion for tuffs position
for tuffs
C Bulk density of TSw2 unit (b) High 2.26 to 2.33 Medium §.3.1.15
host rock g/cc
C Water content of TSw2 unit {b) High 65% satura- Medium 8.3.1.16
host rock tion
D Radon emanation TSw2 unit (b) High 0.48 pCi/m?-s Low 8.3.1.1%¢°

rate from tuff

Reference reposi-
tory design,
operating plan,
and supporting
analyses

n this column key the perfor

aThe letters i
1 is to have further measure

brentative goa
cmedium confidence requiremen

dgee Quiring (1968} .
ta is part of the environmental

eCollection of these da
toring Plan discussed in Ssection 8.3.1.13.
fFor purposes of communicating the design
the input items from Is

9TSw2 uni

No additiona

mance parameters in this tab
ments of this parameter verify t

ts are intended to in

sue 4.4 (obtained through Is
t is the nonlithophysal Topopah Spring unit (re|

1 site characterization data needed--see footnote £

le to the tentative goals in Table 8.3.5.4-1.
he range of expected values listed here.
dicate that these parameters need to be site specific.

cal Moni-

program planned activities and is addressed in the Radiologi

ate worker radiological safety under normal conditions,

information needed to evalu
ed as a parameter.

sue 2.7) are collectively list
pository horizon) .
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8.3.5.5 Performance Allocation Tables for Accidental Radiological Releases

Issuc 2.3 addresses the requircment for the repository to be designed. constructed. operated,

-closed and decommissioned while ensuring that credible accidents will not result in projected

radiological cxposures of the general public or workers that are in excess of applicable limiting values.

The pertormance allocation for this issue specifics the system clements. the functions and
processes or activities related to those elements, and the corresponding performance mcasurcs with
tentative goals and estimates of needed confidence in mecting the goals (Table 8.3.5.5-1).
Pertormance parameters corresponding to the performance measurcs, together with associated goals,
cxpected values and estimates of current and needed confidence are provided in Tablc 8.3.5.5-2. A
rcference to the SCP section providing the parameter is also provided.

8.3.5-26
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Table 8.3.5.5-1. Functions, performance measures, and performance goals for Issue 2.3 (accidental radiological releases)

{page 1 of 2)

System element

Function

Process or activity

Performance measure

Tentative
goal

Needed
confidence

Site

Repository

Provide location that
assists in limiting
potential radiation
exposure to the pub-
1ic and essential
workers from
accidents

Provide prevention,
containment, and
mitigation of acci-
dent consequences
and limit radiation

exposures to essential

workers and public

Analyze remoteness of
repository location

Analyze probabilities
and consequences of
accidents caused by
natural or site-
related phenomena®

Analyze short-term
public and essential
worker radiation
exposure mitigation
features of the site

Analyze long-term
public and essential
worker radiation
exposure mitigation
features of the site

Analyze probabilities
and consequences of
design-related acci-
dents

Analyze design for vul-
nerability to effects
of natural, site-
related, and design-
related accidents

Population density of
region

Consequences of credible
site-related accidents

Quick-acting dispersion
and transport charac-
teristics of the site

Long-term dispersion,
diffusion, and bio-
accummulation char-
acteristics of the
site

Consequences of credi-
ble design-related
initiating events

Sensitivity of reposi-
tory design to possi-
ble accidents

. Resolution of Issue

2.5 (higher level
findings--preclosure
radiological saflety)

. Radiation doses well

below applicable
limiting values

. Rdequate short-term

transport character-
istics to assist in
limiting doses

. Adequate long-term

transport character-
istics to assist in
limiting doses

. Radiation doses well

below applicable
limiting values

. Repository designed
to provide desirable

responses to possi-
ble accidents

High

High

High

High

High

High
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Functions, performance measures, and performance goals for Issue 2.3 (accidental radiological releases)

Table 8.3.5.5-1.
(page 2 of 2)

Tentative Needed
System element Function Process or activity Performance measure goal conf idence
Repository Analyze design for Effectiveness of pre- G. Near total preven- High
{cont inued) effectiveness of ventive design tion of accidents
preventive features features and consequences
Analyze design for Effectiveness of H. Mitigation of High
effectiveness of mitigative design accident conse-
mitigative features features quences to well
below applicable
limiting values
Offsite Provide assurance that Analyze vulnerability of Consequences of credible I. Radiation doses well High
installa- repository and essen- repository and essen- offsite accidents that below applicable
tions tial workers are safe tial workers to could affect the limiting values
from effects of off- effects of offsite repository and the
site accidents accidents essential workers

ashort-term radiation exposures will be evaluated to assess compliance with applicable accident dose limits. Long-term

radiation exposures will be used to assess risk from credible accidents.

6 A% T100-IWD/dW A
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Related
performance
goal®

A

Table 8.3.5.5-2.

performance or
design parameter

pPopulation density of

region

frequency and magnitudes

of

Tornadoes

Cloud-to-ground
lightning strikes

sandstorms and wind-

storms

snow fall and ice

storms

Repository surface

flooding

surface and sub-
surface seismic

events

Fault movement within
the repository

prift roof fall and
collapse or failure

Landslides

parameters required for

parameter
descriptor

Nye and Clark

counties

At facility

At facility

At facility

At facility

At facility

In region

surface and
subsurface

underground

At facility

Issue 2.3 (accidental radiological r

Tentative Needed
parameter goal confidence
Low population High

density

(b) High
{b) Medium
(b) High

Rare, low magnitude High

PMFS

(b}

(b)

(f)

(f)

High

High

High

Medium

Medium

eleases) (page 1 of 5)

Expected

parameter value

Section 3.6.2 in
Environmental

Assessment
(DOE, 1986°)

Section 5.1.1.6
(see footnote C)

About 18/yr,

magnitude
unknown

Table 5-8, and
Section 5.1.1.6

Rare, low magni-

tude

pMFd

(e)

Section 1.5.2

Data not
available

pata not
available

Current
conf idence

Medium

Medium

Medium

Medium

Medium

Medium

(e}

Medium

pata not
avail-
able

Data not
avail-
able

8.3.1.10

SCP section
providing
parameter

8.3.1.12

8.3.1.12

8.3.1.12

8.3.1.12

8.3.1.16

8.3.1.17

8.3.1.17

8.3.2.4

8.3.1.14

6 'A% '1100-WD/dINA
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Table 8.3.5.5-2. Parameters required for

.//\\\

Issue 2.3 (accidental radiological releases) (page 2 of 5)

SCP section

Related
performance Performance or Parameter Tentative Needed Expected Current providing
goala design parameter descriptor parameter goal confidence parameter value confidence  parameter
Volcanic ash fall At facility (f) Medium Data not Data not 8.3.1.17
available avail-
able
Nearby brush fires Near facilities (f) Low Data not Data not 8.3.1.13
available avail-
able
Aircraft crashes At facility (f) High 1 x 1073 to Medium 8.3.1.13
1 x 1077 per
year
Criticality events In surface and Criticality events High Not credible High9 8.3.5.5
subsurface precluded .
Other potential Natural or (h) High (h) (h) PRAM
accidents site-related program!
c, 1 Wind speeds 80 km radius {b) High Figures 5-3 to Medium 8.3.1.12
5-7, and Tables
5-6 and 5-7
c,1 Wind direction 80 km radius . (b) High Figures 5-3 to Medium 8.3.1.12
5-7, and Tables
5~6 and 5-7
c,1I Atmospheric stability 80 km radius (b) Mediumd  Table 5-11 Medium 8.3.1.12
C,1 Mixing layer depth 80 km radius (b) Medium (k) Medium 8.3.1.12
c,1 Average ambient 80 km radius (b) Medium Tables 5-2 and Medium 8.3.1.12
temperature 5-3
c,1 Atmospheric moisture 80 km radius (b) Medium Tables 5-2 and Medium 8.3.1.12
5-5
C, 1 Precipitation type, 80 km radius (b) Medium Tables 5-2 and Medium 8.3.1.12
amount, intensity, etc. 5-4

6 A '1100-WD/dIKA
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Table 8.3.5.5-2. Parameters tequired tor

Related
petformance performance or Parameter
goal* design parameter descriptor
C,I Barometric pressure 80 km rdadius
c,I Size and distance of 80 km radius
topographic features
from release points
D Bioaccumulation of radio- 80 km radius
nuclides in terrestrial
flora
D Bioaccumuiation of radio- 80 km radius
nuclides in terrestrial
f auna
D Types of crops raised 80 km radius
D Amounts of crops raised 80 km radius
D Types of crops consumed 80 km radius
D amounts of crops consumed 80 km radius
D Types of animals raised 80 km radius
D q?nber of animals raised 80 km radius
D Types of animals consumed 80 km radius
D Amounts of meat consumed 80 km radius
D Animal consumption of B0 km radius
forage

Tent at ive
parameter goal

(b)
Topographic fea-
tures beneficial
to dispersion

(b)

{b)

{b)

(b}

(b)

{b)

(b)

(b)

{b)

(b}

(b)

Needed

conf idence

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium
Medium
Medium

Medium

Medium

Medium

Issue 2.3 (accidental radiological releases) (page 3 of 5)

SCP secton

Expected Cutrent providing
parameter value contidence patamcter
Table 5-2 Medum 8.3.1.12
See U.5. Geo- High Literature

logical Survey

topogrdaphic maps
1 x 10728 ¢ 1 x Medium h

10-14 Ci/kyg

{see ftootnote m)

1 x 1002% o 1 x Medium (1)

10-1% Ci/kg

(see footnote nj

(o) Medium (§9]
1 x 108 to 1 x Medium (1)
107 kg/yr
(see footnote p)
(q) Medi1um (1)
1 x 104 to Medium (1)
1 x 10°
kg/yr
(1) Medium (1)
I x 100 to 1 x Medium (1)

10% kg/yr

(s) Medium (1)
1 x 104 to 1 x Medium (1)

10% kg/yr

1 x 10 to 1 x Medium (1

104 kg/yr

N

6 'A% "1100-IWD/dINA
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Table 8.3.5.5-2. Parameters required tor Issue 2.3 (accidentdl radiological releases) (page 4 of %)

Related SUP sect ion
performance Performance or Parameter Tentative Needed Expected Current pioviding
goal® design parameter descriptor parameter goal contidence parameter value confidence  patameter
D Forage storage time 80 km radius Values given in Medium Data not Data not ()
Requlatory Guide avdllable avail-
1.109 (NRC, able
1977a)
D Grazing yield and period 80 km radius (b} Medium 15 to 100% of the High n
year
D Radius of crop and animal 80 km radius (b) Medium 50 km to bulk of High (1)
area cropland and

farms (W to SW)

D volumetric flow of sur- 80 km radius Little or no sur- Medium Environmental Medium (1)
face water to water face runoff Assessment
bodies Section 3.3.1

D population served by 80 km radius {b) Medium 1 x 102 to 1 x Medium (1)
local drinking water 104

D Volumetric flow of local 80 km radius {b) Low Section 3.3.1 in  Medium (1)
drinking water Environmental

Assessment
(DOE, 1986b)

D Recreational uses of 80 km radius Very little Low () (L) (1)
water bodies recreational
use of water

E,F,G,H,1, Reference repository No additional site characterization data needed--see footnote u.

J, K design, operating plan,
and supporting analysis

aThe letters in this column key the performance parameters on this table to the tentative performance godls in Table

8.3.5.5-1.
brentative goal is to have further measurements of this parameter verify the range of expected values listed here.

cprobability at Yucca Mountain is approximately 7.5 x 10-4 in any given year; magnitude is F-0 on Fujila tornade scale (very
weak) .

6 A%Y "[100-IWD/dNA
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Table 8.3.5.5-2. Parameters required for Issue 2.3 (accidental radiological releases) (page 9 of Y)

Footnotes (continued)

JdPMF = probable maximum flood; the PMF is still under investigation.

«{nformation on seismic events may be found in "Ground Motion Evaluation at Yucca Mountain, Nevada, with Application to
Repository Conceptual Design and Siting,” (URS/Blume, 1986).

fparameter goal to be evaluated in terms of frequency and consequence.

9Design will preclude criticality accidents per 10 CFR 60.131(b) (7).

hother accident-specific goals to be evaluated as appropriate under preclosure risk asscssment methodology.

1PRAM = preclosure 1isk assessment methodology.

IMedium confidence requirements are intended to indicate that these parameters need to be site-specific.

ksee Quiring (1968).

Icollection of these data are part of the environmental program planned activities and is addressed in the Radiological
Monitoring Plan discussed in Section 8.3.1.13.

»this range covers all flora for which data are now available; specific values are flora and radionuclide specific.

nThis range covers all fauna for which data are now available; specific values are fauna and radionuclide specific.

owheat/grains, corns, apples, potatoes, alfalfa, alfalfa seed, hay, silage, peppers, melons, berries, pecans, leafy
vegetables, and honey.

pSpecific values depend on available crops, crop areas, and crop densities.

qQlncludes all crops listed in footnote o except alfalfa, hay, and silage.

rpeef cattle, dairy cattle, goats, hogs, sheep, and poultry.

sIncludes all animals listed in footnote r plus quail, freshwater fish, ducks, geese, rabbit, and deer.

tvery limited use of Crystal Reservoir; swimming pool data not yet available.

ufPor purposes of communicating the design information needed to evaluate worker radiological safety under normal conditions,
the input items from Issue 4.4 (obtained through Issue 2.7) are collectively listed as parameter.

6 A3y "1100-WO/dNA
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8.3.5.9 Performance Allocation Tablcs for Waste Package Containment

Issue 1.4 addresses compliance with the postclosure waste package performance objective in 10
CFR 60.113. System elements, performance measures with goals and estimates of needed contidence
are provided in Table 8.3.5.9-1. One objective of the wastc nackage program is to provide adequatc
characterization of the near-field waste package environment and the water quality performance
paramcters listed in Table 8.3.5.9-2 reflects this focus. The current estimated range for cach parameter
is provided together with the current and necded confidence in the paramcter value. Table 8.3.5.9-3
provides the performance parameters for glass and spent fuel waste forms, with goals, estimated
ranges, and current and needed confidence. The performance allocation table for thc waste package
containers covers both copper based and austenitic alloys (Table 8.3.5.9-4). The last aspect of the
allocation for the containment issue is the input needed for the container degradation models, which is
presented in Table 8.3.5.9-5.

8.3.5-34
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Table 8.3.5.9-1. Performance measures and goals for Issuc 1.4 (containment by wastc package)

System Performance Tentative Needed
clement measure goal® confidence
Enginccred Quantity of liquid For t <300: High
cnvironment’ watcr that can No liquid water contact-
contact the ing the container for
container 95% of packages, <5 L

per package per year for
the remaining 5%

and

<1.0%/yr of the total High
number of emplacement

hole walls will be

initially contacted

by liquid water

For 300 < t < 1000: High
No liquid water contacting
the container for 90% of
packagces, <5 L per package
per year for the remaining
10%

and

<1.0%/yr of the total " High
number of emplaccment

hole walls will be

initially contacted

by liquid water

Quality of liquid Constrain water chemistry High
water that can to acceptablc levels
contact the for performance of
container container and wastc form
Rock-induced load Load less than design basis High
on waste package (see Tablc 8.3.4.2-3)
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Table 8.3.59-1.

Performance measures and goals for Issue 1.4 (containment by waste package)

YMP/CM-0011. Rev. 9

8.3.5-36

~— (continucd)
System Performance Tentative Necded
clement measure goal® confidence
Container Maximum traction of For containers with
containers that no liquid water
failed in any contact:
given year®
For t < 100: High
< 0.0001/yr
For 100 < t < 300: High
< 0.0005/yr
For 300 < t < 1,000: High
< 0.001/yr
For containcrs with
liquid water
N contact:
S’
For t < 300: High
< 0.0005/yr
For 300 < t < 1,000: High
< 0.001/yr
Wastc form Cumulative release For t < 300 yr: High
of radionuclides <%0 x 10% of
from the ensemble the total curie
of brcached inventory of the
packages ensemblc of
breached packagces
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Table 8.3.5.9-1. Performance measurcs and goals for Issuc 1.4 (containment by waste package)
(continued)

System Performance Tentative Needed
clement mcasure goal® conlidence
For 300 < t £ 1000: High
<l X 10* of

the total curie
inventory of the
ensemble of
breached packages

‘t = years after repository closure.
*Envelope for anticipated processes and events.
‘Failure is defined as a breach allowing air flow of 1 x 10* atm-cm’/s.

A value for the limit of cumulative failures will be determined as part of the container material studies
and will be consistent with regulatory intent.
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TN

Table 8.3.5.9-2.

Water quality performance parameters and goals for Issue 1.4 {containment by waste

package) (page 1 of 2)
Performance Tentative Needed Current Current
Performance measure parameter goals? confidence estimated range confidence
Quality of liquid pH 5.5to 9 High 6.1 to 7.7 Medium
water that can
contact the con- Cl- <20 ppm High <10 ppm Medium
tainer
F- <6 ppm High <5.4 ppm Medium
NO3 <15 ppm High 0 to 11 ppm Medium
S02- <50 ppm High 15 to 35 ppm Medium
4
2_ -
CO;, HCO, <200 ppm Medium 90 to 160 ppm Medium
Total anions <220 ppm Medium 110 to 160 ppm Medium
Organics TBDP TBD NAS NA
Colloids TBD TBD NA NA
0, 0.1 to 8 ppm High <6.5 ppm Medium
NH3 <1 ppm High <1 ppm Low
Sie >20 ppm High 20 to 550 ppm Medium
Na* <100 ppm High 30 to 80 ppm Medium
K* <50 ppm High 1 to 30 ppm Medium
Na/Ca >1 High >2 Medium

6 'A%y "1100-WO/dWA
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Table 8.3.5.9-2. Water quality performance parameters and goals for Issue 1.4 (containment by waste
package) (page 2 of 2)

Performance Tentative Needed Current Current
Performance measure parameter goals? confidence estimated range confidence
Total heavy metalsd <2 ppm High NA Low
Total other cations <50 ppm High <30 ppm ' Low

aNot all combination of the limits on the goals given will result in acceptable water chemistries; see

Section 8.3.4.2.
bTRD = to be determined.
SNA = not available.
datomic number >Fe.
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Table 8.3.5.9-4.

degradation mode® (page 1 of 4)

I TN

performance parameters and goals for containers subdivided by alloy family and

Current
performance Degradation Performance Tentative Needed estimated Current
measure modes parameter goalsP confidence range confidence
COPPER BASED ALLOYS
Fraction of con- Metallurgical and Brittle phase Phase frac- High Phase frac-  Medium
tainers that mechanical effects fraction tion tion
have failed <0.01 <0.01
Reduction in J(emb) /J High To be deter-  NAS
fracture <0.7 mined
toughness
Low temperature Oxidation rate Average rate High R=0.03 to Medium
oxidation (R) <0.1 d per 3 pm/yr
1,000 yr
General aqueous General corro- Average rate High R=0.4to Medium
corrosion sion rate (R) <0.1 d per 5 pm/yr
1,000 yr
Hydrogen effects H content [H} <0.1 Medium To be deter- NA
[H{crit)] mined
Oxide inclu- Phase frac- High Phase frac- Medium
sion phase tion tion
fraction <0.01 <0.01
Localized attack Critical E(crit) - High E{crit) - Low
potential for E(corr) E(corr)
initiation >100 mV = (100 to

800) mv

6 A3y "1100-IWD/dNA
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Tablc 8.3.5.9-4. Performance p

RN

arameters and goals for containers subdivided by alloy family and
degradation mode® (page 2 of 4)

Current
Performance Degradation Performance Tentative Needed estimated Current
measure modes parameter goalsP confidence range confidence
Stress corrosion Critical E(critscC) - High To be deter- Low
cracking (SCC) potential E(corr) mined
> 100 mV
Ammonia (NHj) [NH3) <2 High [NH3]d Medium
concentration ppm < det.
= 2 ppm
Stress inten- K < K{SCC) Medium K= (0.1 to Low
sity (K) 3) K(SCC)
Other effects To be deter- To be deter- To be NA NA
mined mined deter-
mined
AUSTENITIC ALLOYS
Metallurgical and Brittle phase Phase frac- High Fraction Medium
mechanical effects fraction tion = 0 to
<0.01 0.03
Reduction in J(emb) /J High J(emb) /J Medium
fracture <0.7 =~ 0.5 to
toughness 1.0
Low temperature Oridation rate Average rate High R =0.02 to High
oxidation (R) <0.1 d per 0.1 pm/yx
1,000 yr
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Table 8.3.5.9-4.

performance parameters and goals for container

degradation mode® (page 3 of 4)

performance Degradation performance Tentative Needed
measure modes parameter goalsb confidence
AUSTENITIC ALLOYS (continued)
General aqueous General corro-  Average rate High
corrosion sion rate <0.1 d per
(R) 1,000 yr
Intergranular attack Degree of sen- R(A) <5% High
and intergranular sitization,
stress corrosion R(A) (acti-
cracking (IGSCC) vation ratio
in EPR® test)
Stress inten- K < K(IGSCC) Medium
sity, K
Hydrogen effects H content (H] <0.1 Medium
[H(crit)]
Martensite M <0.01 by High
fraction, M volume
Localized attack Critical E(crit) - High
potential E(corr)
>100 mv
Chloride ion {C1-]1 <100 High
content ppm

s subdivided by alloy family and

Current
estimated Current
range confidence
R = 0.04 to Medium
0.3 pm/yr
R(A) = 0 to Medium
20%
K= (0.1 to Low
3} K(IGSCC)
To be deter- NA
mined
M <0.01 by Medium
volume
E(crit) - Low
E(corr)
= (0 to
900) mV
(CL™] = Medium
5 to 150

ppm
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Table £.3.5.9-41.

degradation mode® (page 4 of 4)

Performance parameters and goals for containers subdivided by alloy family and

Current
Performance Degradation Performance Tentative Needed estimated Current
measure modes parameter goalsP confidence range confidence
Transgranular stress Critical poten- E(critTGSCC) High To be deter- NA
corrosion cracking tial - E{corr) mined
(TGSCC) > 100 mV
Chloride ion [C17) <50 High {C1"] = 5 to Medium
content ppm 150 ppm
Stress K < K(TGSCC) Medium K= (0.1 to Low
intensity 3) K{TGSCC)
Other effects To be To be To be NA NA
determined determined deter-
mined

acee text discussion for explanations of degradation modes. Section 8.3.5.9.3 contains additional
material evplaining some of the interactions between the chemical, physical, metallurgical, or mechanical

properties.

bparameters not defined in table are as follows:

J(emb) = impact strength of the embrittled material;

J = normal impact strength; d = container wall thickness, 1 cm < d < 3 cm; H(crit) = critical hydrogen;

E(crit) = critical potential; E(corr) =

corrosion potential; K = stress intensity factor; K(SCC) =

critical value of K at which stress corrosion cracking takes place; K(IGSCC) = critical value of K at

which intergranular stress corrosion cracking takes place; E(critTGSCC)

= critical potential with respect

to transgranular stress corrosion; K(TGSCC) = critical value of K at which transgranular stress corrosion

cracking takes place.
©SNA = not applicable.
ddet. = detection limit.

eEPR = electrochemical potentiokinetic reactivation.
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Table 8.3.5.9-5. Container degradation model inputs

Needced
Modcl Model inputs confidence SCP section

COPPER-BASED ALLOY FAILURE MODELS

Metallurgical Temperature-time projections High 8.359.3.1.1
aging and phase Quantity of phase segregation High 8.359.3.1.1
stability Mechanical propertics of the Medium §.3.59.3.1.1

scgregation products
Electrochemical differences Medium 8.3593.1.1

between segrcgation
products and base mctal
Strain in the container body Medium 8.359.3.1.1
material and in the heat
affected zone around the

closure
Residual stress Medium 8.3.59.3.1.1
Low tcmpcrature Oxidation rate High 8.3593.1.2
oxidation Temperature ~ High 8.3.593.1.2
Radiation field intensity High 8.359.3.1.2
Identification and quantity Medium 8.3593.1.2
of radiolysis products
General aqueous General corrosion rate High 8.359.3.1.3
Composition of water High 8.3593.13
Composition of corrosion Medium 8.3.59.3.13
product layers
Idcntification and quantity Medium 8.3.59.3.1.3

of radiolysis products

Hydrogen entry and Hydrogen production rate by Medium 8359314
cmbrittlement radiolysis and corrosion
Hydrogen recombination ratc Medium 8.3593.14
Rate of hydrogen entry into Medium 8.3.59.3.1.4
the alloy
Concentration of hydrogen in High 8.3593.14
the alloy
Phasc structure of the alloy High 8.3.59.3.14
Mechanical property changes High 8359314

from hydrogen degradation
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Table 8.3.5.9-5. Container degradation model inputs (continued)

Needed
Model Model inputs confidence SCP scction
Pitting, crevice, Critical concentration of High 8.359.3.15
and other local- ions known to favor these
ized attacks modes of attack
Temperature High 8.3593.15
Solution pH High 8.359.3.1.5
Pitting. crevice, Metal microstructure High 8.3.59.3.1.5
and other local- Corrosion potential High 8.3.59.3.15
ized atlacks Pitting (and other critical High 8.3.59.3.1.5
(continucd) potentials)
Stress corrosion Concentration of ammonia High 8.3.5.9.3.1.6
cracking (and other species) known
to favor stress corrosion
cracking
Tcmperature High 8.3.59.3.1.6
Stress (and stress - Medium 8.3.59.3.1.6
cracking)
Alloy segrations Medium 8.3.59.3.1.6
Corrosion potential High 8.3.593.1.6
) Critical potential for crack High 8.3.59.3.1.6
initiation
Other potential To be determined Not appli- 8.359.3.1.7
dcgradation modes cable
AUSTENITIC ALLOY FAILURE MODELS
Mctallurgical Temperature-time projections High 8.3593.2.1
aging and phase Kinetics of phase transforma- High 8.3.59.3.2.1
transformation tion reactions
Mechanical properties of the Medium 8.3.5.9.3.2.1
transformation products
Alloy composition of the basc High 8.3.59.3.2.1
mctal and the weld mciai
Strain in the container body Mcedium 8.3.5.9.3.2.1
material and in the hcat
affected zonc around the
closure
Residual stress Medium 8.3.5.9.3.2.1

8.3.5-45



YMP/CM-0011. Rev. 9

N Table 8.3.5.9-5. Container degradation model inputs (continued)
Needed
Model Model inputs confidence SCP scction
Low tcmperature Oxidation rate loss or gain High 8.3.5.9.3.2.2
oxidation tests under relevant
conditions
Temperature High 8.3.59.32.2
Radiation field intensity High 8.3.59.32.2
Identification and quantity Medium 8.3.59.3.2.2
of radiolysis products
General aqueous General corrosion rate High 8.3.59.323
corrosion Composition of water High 8.3.59.3.23
Composition of corrosion Medium 8.3.59.32.3
product layers
. Identification and quantity Medium 8.3.59.32.3
of radiolysis products
Intcrgranular Tempcrature-time projections High 8359324
N attack and Diffusion rate of chromium ~ High 8.359.324
intcrgranular in the metal as a function
stress corrosion of temperature
cracking Diffusion mechanism for Medium 8.3.59.32.4
chromium in the metal
Strain Medium 8.3.59.3.24
Alloy composition High 8.3.59324
Effects of transformation Medium 8.3.59.3.2.4
products on diffusion rates
Composition of carbide pre- Medium 8.3.59324
cipitates formed
Amounts of sigma and chi Medium 8.3.59.3.24
phases
Hydrogen entry and Hydrogen production raic by Medium 8.3.59.3.2.5
cmbrittlement radiolysis and corrosion
Hydrogen rccombination ratc Medium 8.3.59.3.25
Rate of hydrogen entry into Medium 8.3.59.3.25
the alloy
Concentration of hydrogen High 8.3.5.9.3.2.5
in the alloy
Phase structure of the alloy High 8.3.59.3.25
Mcchanical property changes High 8.3.59.3.2.5

from hydrogen degradation
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Table 8.3.5.9-5. Container degradation modcl inputs (continued)

Needed
Modcl Model inputs confidence SCP scction
Piiting, crevice, Critical concentration of High 8.3.59.32.6
and other local- ions known to favor these
ized attack modes of attack
Temperature High 8.359.3.2.6
Solution pH High 8.359.3.2.6
Metal microstructure Medium 8.3.59.3.2.6
Corrosion potential High 8.359.3.26
Pitting potential High 8.359.3.2.6
Transgranular Chloride concentrations of High 8.359.3.2.7
stress corrosion waler
cracking Temperature High 8.3.59.3.2.7
Stress Medium 8.3.59.327
Alloy constituents Medium 8.3.59.3.2.7
Other ions in solutions Medium 8.3.59.3.2.7
Corrosion potential High 8.359.3.2.7
Other potential To be determined " Notappli-  83.59.3.2.8
degradation modes cable
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83.5.10 Performance Allocation Tablcs for Engincered Barrier System Relcase Rates

Issue 1.5 addresses compliance with the perlormance objective for the EBS rcleasc rate specified
in 10 CFR 60.113. The performance allocation for the EBS releasc ratc begins with the definition of
the input needed for predictive modeling in Table 8.3.5.10-1. System clements of the EBS,
performance measures with goals and cstimates of needed confidence arc provided in Table 8.3.4.10-2.
One objective of the engineered barrier program is to provide adequatc characterization of the
near-field environment and the list of water quality performance parameters listed in Table 8.3.5.10-3a
reflcets this focus. The current estimated range for each parameter is provided together with the
current and needed confidence in the parameter value. Table 8.3.5.10-3b provides the performance
parameters for glass and spent fucl waste forms, with goals, estimated ranges, and current and needed
confidence. The performance allocation for radionuclide migration in the near-field host rock is
provided in Tables 8.3.5.10-4 and 8.3.5.10-5.
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Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier system release rates

/"\\

(page 1 of 7)
Needed
Model Model input confidence SCP section
Scenarios parameters for nominal case and for potentially High 8.3.5.13
significant disturbed scenarios
parameters for modeling changes in geologic, Medium to 8.3.1.4, 8.3.1.5,
hydrologic, and geomechanical conditions high 8.3.1.6, 8.3.1.7,
8.3.1.8
parameters for modeling changes in geo- Medium to 8§.3.1.2, 8.3.1.3
hydrologic geochemical conditions high
Characteristics of shaft and borehole seals Medium to 8.3.3.2
high
Characteristics of repository and engineered Medium to 8.3.2.2
barriers high
Characteristics of waste package designs High 8.3.4.2.2,
8.3.4.2.3,
8.3.4.2.4
Waste package container failure modes and times High 8.3.5.9.4
Waste package Scenarios ' High 8.3.5.10.3.1
performance Waste package geometry model High 8.3.5.10.3.5
assessment Radiation attenuation model Medium 8.3.5.10.3.5
Heat transfer model High 8.3.5.10.3.5
Mechanical stress model High 8.3.5.10.3.5
Waste package environment (water movement and High 8.3.4.2.4
chemistry) model
Container corrosion and degradation model High 9.3
Waste form release model High 10.3

™ ™
™ o W w
ww o
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Table 8.3.5.10-1.

Input to predictive models for Issue 1.5,
(page 2 of 1)

TN

engineered barrier system release. rates

Needed
Model Model input confidence SCP section
Wwaste form release EQ3/6 model for glass and spent fuel High 8.3.5.10.3.5
Gas release model High 8.3.5.10.3.3
Container failure rate High 8.3.5.9.4
Container configurations after failure High 8.3.5.9.4
Temperature from heat transfer model High 8.3.5.10.3.5
water flow quantity High 8.3.4.2.4.2
Mechanism of water contact with waste package High 8.3.5.9.4,
8.3.4.2.4.2
Water quality High 8.3.4.2.4.1
EQ3/6 waste model Wwaste form degradation models 8.3.5.10.3
Spent fuel High 8.3.5.10.3.3
Hardware and cladding High 8.3.5.10.3.3
Glass High 8.3.5.10.3.4
Temperature High 8.3.5.10.3.1
Water flux contacting waste High 8.3.4.2.4.1
water chemistry contacting waste High 8.3.4.2.4.1
Thermodynamic data for solids, gases, and High 8.3.5.10.3.2.1
aqueous species resulting from waste release
Wwaste degradation scenarios High 8.3.5.10.3.1
spent fuel release water flux contacting waste 8.3.4.2.4.1
Near-field flux High 8.3.4.2.4.1
Water entering container High 8.3.5.10.3.5.3
water contact scenario High 8.3.5.10.3.1
Water chemistry contacting waste 8.3.4.2.4.1
Initial chemistry High 8.3.4.2.4.1.3
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Table £.3.5.10-1. [Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 3 of 1)

Needed
Model Model input confidence SCP section
Spent fuel release Radiation-induced changes Medium 8.3.4.2.4.1.5
{cont inued) Repository material-induced changes High 8§.3.4.2.4.1.2
Temperature-induced changes High 8.3.4.2.4.1.1
Corrosion-induced changes High 8.3.4.2.4.1.6
Temperature High 8.3.5.10.3.1
Fuel composition High 8.3.5.10.1.1.1
Fission gas release High 8.3.5.10.1.1.1
Oxidation state High 8.3.5.10.2.1.2
Cladding condition Medium 8.3.5.10.2.1.3
Fuel degradation rate constants High 8.3.5.10.2.1
Fuel dissolution rates High 8.3.5.10.2.1.1
Effect of
Burnup High 8.3.5.10.2.1.1
Oxidation state High 8.3.5.10.2.1.1
Reactor type ‘ Medium 8.3.5.10.2.1.1
Grain size ‘ High 8.3.5.10.2.1.1
Radiation field Medium 8.3.5.10.2.1.1
Radionuclide content (at time of water contact) High §.3.5.10.1.1.1
Container material Medium 8.3.5.10.1.1.1
Other waste characteristics Medium 8.3.5.10.1.1.1
Other repository characteristics Medium 8.3.5.10.1.1.3
Glass release Water flux contacting waste 8.3.4.2.4.1
Near field flux High 8.3.4.2.4.1
Water entering container High 8.3.5.10.3.5.3
Water contact scenario Medium 8.3.5.10.3.1
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Table 8.3.5.10-1.

Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 4 of 7)

Needed
Model Model input confidence SCP section
Glass release Water chemistry contacting waste 8.3.4.2.4.1
(cont inued) Initial chemistry High 8.3.4.2.4.1.3
Radiation-induced changes Medium 8.3.4.2.4.1.5
Repository material-induced changes High 8.3.4.2.4.1.2
Temperature-induced changes High 8.3.4.2.4.1.1
Corrosion-induced changes Medium 8.3.4.2.4.1.6
Temperature High 8.3.5.10.3.1
Glass composition High 8.3.5.10.1.1.2
Glass degradation rate constants High 8.3.5.10.2.2
Glass dissolution rates High 8.3.5.10.2.2.1
Effect of interactions on rates High 8.3.5.10.2.2.2
Radionuclide content (at time of water contact) High 8.3.5.10.1.1.2
Ratio of glass surface area to water volume High 8.3.5.10.3.1
Container material Medium 8.3.5.10.1.1.2
Pour canister material High 8.3.5.10.1.1.2
Glass handling history High 8.3.5.10.1.1.2
Conformation with waste acceptance specifications High 8.3.5.10.1.1.2
Other waste characteristics Medium 8.3.5.10.1.1.2
Other repository characteristics Medium 8.3.5.10.1.1.3
Hardware and Water f£lux contacting waste i 8.3.4.2.4.1
cladding release Near field flux ‘ High 8§.3.4.2.4.1
Water entering container High 8.3.5.10.3.5.3
Water contact scenario High 8.3.5.10.3.1
Water chemistry contacting waste 8.3.4.2.4.1
Initial chemistry High 8.3.4.2.4.1.3
Radiation-induced changes Medium 8.3.4.2.4.1.5
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Table 8.3.5.10-1.

Input to predictive models for Issue 1.5, engineered pbarrier system release rates

(page 5 of 7)

Needed
Model Model input confidence SCP section
Hardware and Repository material-induced changes High 8.3.4.2.4.1.2
cladding release Temperature—induced changes High 8.3.4.2.4.1.1
(cont inued) Corrosion-induced changes Medium 8.3.4.2.4.1.6
Temperature High 8.3.5.10.3.1
Hardware and cladding composition High 8.3.5.10.1.1.1
Degradation rate constants High 8.3.5.10.2.1.3,
8.3.5.10.2.1.4
Humidity Medium §.3.5.10.2.1.3,
8.3.5.10.2.1.4
Metal compatibilities High $.3.5.10.2.1.3,
8.3.5.10.2.1.4
Radiation field Medium 8.3.5.10.2.1.3,
§.3.5.10.2.1.4
Irradiation history High 8.3.5.10.2.1.3,
8.3.5.10.2.1.4
Oxide thickness on cladding High 8.3.5.10.2.1.3
Hydride content of cladding - Medium 8.3.5.10.2.1.3
Radionuclide content (at time of water content) High 8§.3.5.10.1.1.1
Container material Medium 8.3.5.10.1.1.1
Other waste characteristics Medium 8.3.5.10.1.1.1
Other repository characteristics Medium 8.3.5.10.1.1.3
Spent fuel gas Gas release scenario High $.3.5.10.3.1
release Temperature High 8.3.5.10.3.1
Fuel composition High §.3.5.10.1.1.1
cladding composition High 8.3.5.10.1.1.1
Hardware composition High 8.3.5.10.1.1.1
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Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 6 of 7)

Needed
Model Model input confidence SCP section
spent fuel gas Fuel oxidation state High 8.3.5.10.2.1.2
release Cladding condition ’ Medium 8§.3.5.10.2.1.3
(continued) Humidity Medium 8.3.5.10.2.1.3,
8.3.5.10.2.1.4
Radiation field Medium §.3.5.10.2.1.3,
§.3.5.10.2.1.4
Irradiation history High 8.3.5.10.2.1.3,
§.3.5.10.2.1.4
Oxide thickness on cladding High §.3.5.10.2.1.3
Radionuclide content High 8.3.5.10.1.1.1
Container material Medium 8.3.5.10.1.1.1
Other waste characteristics Medium 8.3.5.10.1.1.1
Other repository characteristics Medium 8.3.5.10.1.1.3
Waste package geo~ Geometry model High $.3.5.10.3.5
metry and ther- Radiation attenuation model - Medium 8.3.5.10.3.5
mal/mechanical Heat transfer model High 8.3.5.10.3.5
properties Mechanical stress model High 8.3.5.10.3.5
Geometry Borehole and waste package configuration, High 8.3.4.2.2,
dimensions 8.3.4.2.3
Waste package content
Materials High 8.3.4.2.2
Mass High 8.3.4.2.2
Elemental composition Medium 8.3.5.10.1.1,
8.3.4.2.2
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Table £.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 7 of T7)

Needed
Model Model input confidence SCP section
Geometry Isotopic composition
(continued) Important constituents High 8.3.5.10.1.1
Minor constituents Medium 8.3.5.10.1.1
Radiation Radiation source strength High 8.3.5.10.1.1
attenuation Gamma ray attenuation coefficients of materials Medium 8.3.4.2.2
Dose rate at waste form surface Medium 8.3.5.10.1.1
Dose rate at package surface Medium 8.3.4.2.2
Decay heat generation rates High 8.3.4.2.2
Heat transfer Thermal properties (heat capacity, conductivity) High 8.3.4.2.2
{thermal) of single materials
model Effective thermal properties of composite High 8.3.4.2.2
materials
Surface properties for convective and radiative Medium 8.3.4.2.2
heat transfer
Interaction with host rock heat transfer High 8.3.4.2.4.3
Decay heat generation rate High 8.3.4.2.4.3
Mechanical model Mechanical properties of single materials High 8.3.4.2.2
Mechanical properties of composite materials Medium 8.3.4.2.2
Mechanical loads High 8.3.4.2.2,
8.3.4.2.4.3
Temperature field within package Medium 8.3.4.2.4.4

6 'A34 "1100-WO/dINA



YMP/CM-0011, Rev. 9

Table 8.3.5.10-2.  Performance mcasurcs and goals for Issue 1.5 (engineered barrier system releasc

rates)
System Performance Tentative Necded
clement measure goal® conlidence
Engineered Quantity of liquid water No liquid water contacting High
environment’ that can contact the waste container forms for 90%
of packages that may be
contacted by negligible quan-
titics of water. For the
10% of the packages, <20 L of
liquid water per package per
year contacts the waste form
Rate of breached dry packages High
becoming wet <0.01/yr
Water quality Constrain water chemistry to High
acceptable levels for wastc form
performance
Rock-induced load Load lesé than design basis (see High
on waste package Table 8.3.4.2-3)
Container Fraction of containers For t >1,000 for containers with High
that have breached’ no liquid water contact.
<0.001/yr
For t >1,000 for containers with High
liquid water contact: <0.01/yr
Fractional rclease duc For t >1,000 for containers with High
to mass transfer liquid watcr contact: <0.1 (see
resistance of breached Section 8.3.5.10.3)
containers (and
cladding)

8.3.5-56



YMP/CM-0011. Rev. 9

Table 8.3.5.10-2. Performance measurcs and goals for Issue 1.5 (engineered barricr system
release rates) (continucd)

System Performance Tentative Nceded
clement measure goal® confidence
Waste Form Release fractions or Release rates from breached High
rates from waste form packages via all mechanisms,
components together with the mass transfer

resistance of packages. of

<1 part in 10,000 (of 1,000 yr
inventory) per year for each
radionuclide

% = years after repository closure.

*Envelope for anticipated processcs and events.

“Breach is defined as allowing air flow of 1 x 10% atm-cm®/s. The maximum fraction of total
failures will be determincd as part of the container material studies and will be consistent with
rcgulatory intent. '

8.3.5-57



85-¢'8

Table 6.3.5.10-3a.

performance

performance
measure

performance parameters

P

Tentative
performance

arameter goal

Water quality?®

aNot all combinati

pH
Ccl-
-
NO3
504
05, HCO3
Total anions
Organics
Colloids
02
NH;3
Si
Na
K
Na/Ca

Total heavy

metals (>Fe)

Total other cations

5.5-9
<20 ppm
<6 ppm
<15 ppm
<50 ppm
<200 ppm
<220 ppm
TBDP

TBD
0.1-8 ppm
<1 ppm
>20 ppm
<100 ppm
<50 ppm
>1
<2 ppm

<50 ppm

_(/“\

parameters and goals for water compositi
pbarrier system release rates)

on for Issue 1.5 (engineered

chemistries (See Section 8.3.4.2}.
brgD = to be determined.
cNA = not applicable.

ons of the limits on the goals given in t

he above table

Needed Current estimated Current
confidence range conf idence
High 6.1-7.1 Medium
High <10 ppm Medium
High <5.4 ppm Medium
High 0-11 ppm Medium
High 15-35 ppm Medium
Medium 90-160 ppm Medium
Medium 110-160 ppm Medium

TBD NACS NA
TBD NA NA
High <6.5 ppm Medium
High <1 ppm Low
High 20-550 ppm Medium
High 30-80 ppm Medium
High 1-30 ppm Medium
High >2 Medium
High TBD Low
Medium <30 ppm Low

will result in acceptable water

6 'A3Y "1100-WD/dNA
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Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered barrier system release rates) (page 1 of 8)

Performance goal

(Concentration of radionuclide Current
in effluent water) estimated
Performance Performance (Ci/L) Needed range Current
measure parameter (mg/L) (see note a) confidence (mg/L) confidence

SPENT FUEL WASTE FORM (see notes b and c)

(see note d) (see note e)

Release rate from c-14£ 2.06 1.80E-059 High <40 Low
bare waste form Cl1-36 5.61E-01 1.80E-05 High To be deter- Low
inside failed mined

o0 container Ca-41 1.65E-01 1.80E-05 High <20 Medium

o Ni-59 5.28E-05 High

% Ni-63 127 1.80E-05 High <4 Medium
Se-79 8.55E-01 1.80E-05 High <6.0E-3 Low
2r-93 1900 1.99E-05 High <1 High
Nb-93m 1.89E-05 High
Nb-94 7.32 1.80E-05 High <1 High
Mo-93 2890 1.80E~-05 High To be deter- Low

mined
Tc-99 7.98 1.34E-04 High <0.8 Low
Pd-107 220 1.80E-05 High <10 Low
Sn-126 88.1 1.80E-05 High <.010 High
1-129 110 1.80E-05 High <0.2 Low
Cs-135 79.3 1.80E-05 High <1.6 Low
sm-151 94.9 1.80E-05 High <1 High
Ho-166m 1.00E-02 1.80E-05 High <1 Low
Pb-210 2.22E-04 1.80E-05 High <4.0E-8 Medium
Ra-226 1.82E-02 1.80E-05 High <8.0E-2 Low
Ac-227 2.47E-04 1.80E-05 High To be Low
determined
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Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5

(engineered barrier system release rates) (page 2 of 8)

Performance goal

(Concentration of radionuclide Current
in effluent water) estimated
Performance Performance (Ci/L) Needed range Current
measure parameter {mg/L) (see note a) confidence (mg/L) confidence
SPENT FUEL WASTE FORM (continued)
Release rate from Th-230 8.91E-01 1.80E-05 High <1.0E-08
bare waste form U-233 1.80E-05
inside failed U-234 2.10E-05
container U-235 9970 1.80E-05 High <10 High
{continued) U-236 1.80E-05
U-238 1.80E-05
Np-237 25.5 1.80E-05 High To be deter- Medium
mined
Pu-238 1.80E-05
Pu-239 3.15E-03
Pu-240 77.8 4.94E-03 High <5.0E-3 High
Pu-241 1.80E-05
Pu-242 1.80E-05
Am-242m 1.80E-05
Am-243 8.08E-01 1.61E-04 High <1.0E-2 High
Cm-245 1.80E-05
Cm-246 1.28E-01 1.80E-05 High <1.0E-3 Medium
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Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5

(engineered barrier system release rates) (page 3 of 8)

/‘”\\_

Performance
measure

Performance goal

(Concentration of radionuclide Current
in effluent water) estimated
Performance (Ci/L) Needed range Current
parameter (mg/L) (see note b) confidence (mg/L) confidence

Release rate from
bare waste form
inside failed
container
(continued)

SPENT FUEL WASTE FORM (see notes b and c) (continued)

Activity of (see note f) High To be Low
l4co, determined
released
as a gas
(gaseous
release)

GLASS WASTE FORM (see notes h and i)

Ni-59 © 1.09E-05 High 3.3E-04 to Medium

Ni-63 1.4E-01 8.78E-07 4.9E-031

Se-19 8.1E-03 5.62E-07 High 1.9E-05 to Medium
2.9E-043

Rb-87 2.1E+03 1.76E-07 Low 1.1E-03 to Medium
1.6E-01k

2r-93 2.4E-00 6.22E-06 High 5.8E-03 to High
8.8E-013

Nb-93m 9.5E-04 6.22E-06 High 2.3E-06 to Medium

Nb-94 1.76E-07 3.4E-05%
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Table 8.3.5.10-3b.

Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5

(engineered barrier system release rates)

(page 4 of 8)

Performance goal

(Concentration of radionuclide Current
in effluent water) estimated
Performance Performance (Ci/L) Needed range Current
measure parameter {mg/L) (see note a) confidence (mg/L) confidence
GLASS WASTE FORM (continued)
Release rate from Tc-99 6.1E-01 1.03E-05 High .5E-03 to Low
bare waste form 2.2E-01k
inside failed
container Pd-107 3.4E-01 1.76E~-07 Medium .4E~-04 to Medium
(continued) 3.6E-03k
Sn-126 2,9E-02 8.22E-07 High .0E-05 to Medium
1.0E-033
Cs-135 5.3E-01 4.66E-07 High .3E-03 to Medium
1.9E-01)
Sm=151 1.5E-05 3.83E-07 High .5E-08 to Medium
5.3E-073
Pb-210 2.3E-06 1.76E-07 Medium .9E-10 to Medium
2.8E-09k
Ra-226 1.8E~-04 1.76E-07 Medium .9E-08 to Medium
2.9E-07k
Ac-227 2.4E-06 1.76E-07 Low .71E-12 to Low

7.1E-11%
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Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered barrier system release rates) (page 5 of 8)

Performance goal

(Concentration of radionuclide Current
in effluent water) estimated
Performance Performance (Ci/L) Needed range Current
measure parameter (mg/L) (see note a) confidence (mg/L) confidence

GLASS WASTE FORM (continued)

Releaase rate from Th-230 8.6E-03 1.76E-07 Medium 8.5E-10 to High
bare waste form 8.5E-091
inside failed
container Pa-231 3.7E-03 1.76E-07 Low 9.5E-09 to Low
(cont inued) 1.4E-07k
U-232 1.76E-07
U-233 1.76E-07
U-234 8.5E+01 4.54E-06 High 2.6E-01 to Medium
U-235 1.76E-07 2.6E-011
U-236 1.85E-07
U-238 1.76E-07
Np-237 2.5E-01 1.76E-07 Medium 3.2E-04 to Medium
4.8E-03k
Pu-238 1.20E-06
Pu-239 5.14E~05
Pu-240 1.0E-00 3.00E-05 High 1.2E-06 to Low™
pu-241 1.76E-07 1.2E-05!
Pu-242 1.76E-07

6 'A%y '1100-IWD/dNA



$9-S¢'8

N
-~ \\
L 4
AN

Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered barrier system release rates) (page 6 of 8)

Performance goal

(Concentration of radionuclide Current
in effluent water) estimated
Performance Performance (Ci/L) Needed range Current
measure parameter (mg/L) (see note a) confidence {mg/L) confidence

GLASS WASTE FORM (continued)

Release rate from Am-241 5.01E-05
bare waste form Am-242m 1.5E-02 1.76E-07 High 3.7E-05 to Low™
inside failed Am-243 1.76E-07 5.6E-043
container
(continued) Cm-245 1.0E-03 1.76E-07 Low 4_.7E-10 to Low

7.1E-09k

aThe concentrations are derived from the 1 x 10-5 per year or 0.1% calculated release rate limit
(CRRL) (1.8 x 1076) requirement for each individual radioisotope based on 20 liters per package per year
flux for up to 10 percent of the packages together with the package loading assumptions in notes c¢ and h.

bLimiting concentrations include stable isotopes of an element and were calculated assuming that all
isotopes of an element are released congruently at a level determined by the limiting concentration of the
radioisotope of that element requiring the most stringent control.

call calculations based on 33,000 MWd/MTU fuel at 1,000 yr out-of-reactor. Inventory includes
cladding and hardware. Calculations assume 62,000 MT of unoxidized spent fuel in 30,000 containers of
which 10 percent are contacted by 20 liters of liquid water per year. Issue 1.4 allocates performance to
the cladding in order to limit the quantity of oxidized fuel to less than 1 percent of the repository
inventory, thereby controlling the release of those radionuclides in the fuel that are made more available
for aqueous release by oxidation (e.g., Tc-99).

drable includes all radionuclides that have half-lives greater than 10 yr and have total inventories
per package such that, at the allowed release rate, it would take more than 10 yr to release the entire

inventory.
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Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered barrier system release rates) (page 7 of 8)

Footnotes (continued)

ecurrent estimated ranges are based on experimental results discussed in Chapter 7, Section 7.4.3.1.1,
and theoretical modeling of phase solubility. Ranges for Se, Tc, Pd, I, Cs, and Pb were estimated
assuming that 1 g of U reacts per liter of water enterlng a container. The inventory of these elements
associated with 1 g of U was then assumed to remain in solution. Note that 1 g of U per liter is far in
excess of the expected U solubility.

fThe allowed aqueous concentration of C-14 assumes that no C-14 is released as a gas. Similarly, the
allowed gaseous release was calculated assuming no C-14 is released in solution. To meet the actual
release requlrements, the sum of the aqueous plus gaseous release must total <3.6E-05 Ci/yr per package.

91.80E-05 is notation for 1.8 x 1075.
hp)llowed maximum concentration in mg/L for all the radioisotopes of each element. Note that nonradio-

active isotopes are not included.

iInventory data for Defense Waste Processing Fac111ty (DWPF) glass taken from 1,000-year inventory,
Table 7-21. Allowed effluent per container in the maximum 20 liters water per package per year for
10 percent of the packages is calculated from the allowed release; 1 part in 100,000 or 0.1% of the
calculated release rate limit (CRRL). Radionuclides whose total inventory could be released from the
waste package at the allowed rate, in less than 10 yr, have been excluded from this table (e.g., Sr-90).
Radionuclides whose half-lives are less than 10 yr (short-lived daughter products) have also been
excluded; they are controlled by controlling the parent nuclide.

JEstimated range in concentration based on the congruent breakdown of glass. The allowed total for
each radionuclide (note i) is equivalent to a silica concentration in solution of 4,150 mg/L
(approximately 50 percent of the 1,660 kg glass in each DWPF container is silica; one part in 100,000,
times the 10 percent of the containers that are contacted by water, partitioned into 20 liters, is 4,150
mg/L). Silica releases of this magnitude are not anticipated. Estimated ranges were obtained by
considering that total silica released from glass (including that recrystallized) would not exceed that
equivalent to 150 mg/L. This is the upper limit in the estimated range. The lower limit assumes that
glass dissolves slowly at long times, and an equivalent silica release of 10 mg/L was used.

kFor these radionuclides, the allowed release is 0.1 percent of the CRRL. However, the estimated
release reflects the actual inventory (see Table 7-21, 1,000-yr inventory), which may be much smaller.
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Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered barrier system release rates) (page 8 of 8)

Footnotes (continued)

1For these radionuclides, the estimated concentrations based on either (j) or (k) exceeded the
expected solubility of these elements in well J-13 water, as calculated using EQ3/6. The estimated range
given is the calculated solubility at 25C, pH 7.6, with 1 order of magnitude uncertainty.

malthough these radionuclides are at or near the current predicted solubility limit, the current
confidence is given as low because of the possibility that additional solution species (other ligands) may
be found that raise the solubility, and the possibility that colloid transport may contribute

significantly to release.
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Table 8.3.5.10-3c. Performance parameters and goals for components of spent fuel waste for Issue 1.5
(engineered barrier system release rates)

Performance Tentative Needed Current Current
measure Performance parameter goals confidence estimated range confidence
Release fractions Fraction of total < 0.02 High 0.005 to 0.04 Medium
or rates from inventory of gap
components waste and grain boundary
form elements available

for rapid release
from unoxidized
fuel

Fraction of C-14 < 0.001 High <0.002 Low
inventory available
for rapid release
as a gas under
temperatures pre-
vailing after
1,000 yr

Fraction of soluble < 0.001/yr High 0.0001 to 0.002/yr Medium
matrix radionuclides
releasable to water
within waste package

Fraction of other. <1 x10°3/yr High <1 x 1073 /yr Medium
radionuclides
releasable to water
within waste
package
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Table §.3.5.10-4. Performance allocation for radionuclide migration in near-field host rock

SCP section

requesting System Process or Performance Needed
parameter element Function condition measure Goal confidence
8.3.5.13 Topopah Spring Limit migration of Radionuclide Concentrations of Adequate to dctermine High
tuff radionuclides transport radionuclide effectiveness of
through the near- species in gas natural barriers
field host rock phase, liquid

water, and adsorbed
to solid phases
within the near-
field host rock
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Table 8.3.5.10-5. performance measures,

parameters, and parameter goals for calculating radionuclide source term for

near-field host rock (page 1 of 2)

Sections where

System performance Parameter Current Needed paramelers are
element measure Parameter goal confidence confidence developed
Topopah Spring Concentrations of Host rock hydro- properties known with Low High 8.3.1.2.2
tuff radionuclide logic properties accuracy sufficient
species in gas to calculate differ-
phase, liquid ences in flow through
water, and the near-field rock
adsorbed to solid resulting from antici-
phases within the pated and unantici-
near-field host pated events
rock
Radionuclide sorp- Properties known with Low High 8.3.1.3.4
tion properties accuracy sufficient
to calculate radio-
nuclide sorption to
the near-field rock
resulting from antici-
pated and unantici-
pated events
Radionuclide trans- pProperties known with Low High 8.3.1.3.1,
port properties accuracy sufficient 8.3.1.3.4,
to calculate transport b 8.3.1.3.5,
through the near-field 8.3.1.3.6,
8.3.1.3.7

rock resulting from
anticipated and unan-
ticipated events

Host rock thermal Properties known with Medium High 8.

properties accuracy sufficient

to calculate heat

flow and temperature

in the near-field

rock resulting from

anticipated and unan-

ticipated events
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Table 8.3.5.10-5. Performance measures,

near-ficld host rock (page 2 of 2)

parameters, and parameter goals for calculating radionuclide source temm for

Sections where

System Performance Parameter Current Needed parameters are
element measure Parameter goal conf idence confidence developed
Topopah Spring  Concent rations of
tutf radionuclide Releases from Knowledge of the Medium High 8.3.5.10.4
{cont inued) species engineered engineered barrier
(cont inued) barrier system system release rate
Anticipated and Events described in Medium High 8.3.5.10.3
unant icipated detail sufficient
processes and for resolution of
events Issues 1.1 and 1.5

(Section 8.3.5.13
and this section)
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83512 Performance Allocation Tables for Ground-Water Travel Time

Issue 1.6 addresses compliance with the performance objective lor pre-waste cmplacement
ground-water travel time in 10 CFR 60.113 (a) (2). Becausc this requirement is placed on the natural
barricrs at the site, the selection of system clements is presented as the sequence of rock units through
which the travel time will be calculated. Table 8.3.5.12-1 presents the rock units (labeled
hydrogeologic components available), an allocation of reliance on each hydrogeologic component as
primary, sccondary or auxiliary, a corresponding performance measure, with goals and confidence
nceded in the goal. The corresponding performance parametcrs arc presented in Table 8.3.5.12-2, with
their estimated range, goals and current and desired confidence. Becausc of the nced for detailed site
data to meet this rcquirement, Table 8.3.5.12-3 provides the parameters necded from the site program
to complete the analyses to be performed to assess pre-emplacement ground-water travel time.
Calculation of the ground-water travel time is to begin at the boundary of the disturbcd zone: Table
8.3.5.12-4 providcs the performance allocation for defining the boundary of the disturbcd zone.

8.3.5-71
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Table 8.3.5.12-1.

Summary

of performance allocation for Issue 1.6 (ground-

(page 1 of 2)

N

water travel time)

Hydrogeologic
components Allocation performance Performance Needed performance
available? of reliance® Process® measure goal (yr) confidenced parameters
TSw Secondary parcian flow GWTT® 1,000 Low See Table
10,000 Very low 8.3.5.12-2
CHnv Primary parcian flow GHTT 1,000 High See Table
10,000 Low 8.3.5.12-2
CHnz Primary Darcian flow GWTT 1,000 High See Table
10,000 Low 8.3.5.12-2
PPw Auxiliary parcian flow GWTT 1,000 Medium See Table
10,000 Very low §.3.5.12-2
PPn Auxiliary parcian flow GWTT 1,000 Medium See Table
10,000 Low 8.3.5.12-2
BFw Buxiliary parcian flow GWTIT 1,000 Medium See Table
10,000 Very low 8§.3.5.12-2
BFn Auxiliary Darcian flow GWTT 1,000 Medium See Table
10,000 Very low 8§.3.5.12-2
SZ Secondary pDarcian flow GWTT 1,000 Low See Table
10,000 Very Low §.3.5.12-2
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Table 8.3.5.12-1. Summary of performance allocation for Issue 1.6 (ground-water travel time)

(page 2 of 2)
Hydrogeologic
compgnents Allocation Performance Performance Needed Performance
available?® of relianceP Process® measure goal (yr) confidenced parameters
Combination Darcian flow GWTT 1,000 High

of all units 10,000 High

= Calico Hills nonwelded vitric; CHnz = Calico Hills nonwelded

aTsw = Topopah Spring welded; CHnv
zeo0litized; PPn = Prow Pass nonwelded; BFw = Bullfrog welded; BFn = Bullfrog nonwelded; SZ = saturated

zone.
bIf a significant thickness of the unit occurs along the fastest path of likely radionuclide travel.

cparcian flow (advection) with dispersion will be relied upon for matrix dominated flow; Darcian flow
with both dispersion and diffusion will be relied upon if substantial continuous fracture flow is identi-
fied during characterization.

dyigh, at least two standard deviations below the mean; medium, at least one standard deviation below
the mean; low, less than the mean; very low, less than one standard deviation above the mean (see Step 4,
performance goals). Goals and confidence levels were established to guide site studies for the hydrology

of the entire site to support resolution of Issues 1.1 and 1.6.
eGWTT = ground-water travel time along the fastest path of likely radionuclide travel.
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Table 8.3.5.12-2. Performance parameters for resolving Issue 1.6 (page 1 of 2)

Hydrogeologic Performance Current estimated performance parameter Current Desired
unit@ paramet:erb range®© goa 1d.e confidence confidence
TSw q <0.5 mm/yr <0.5 mm/yr Low Low

q/K, 0.005 to 50 <0.85 Low Low
ng 0.01 to 0.2 - >0.05 Low Low
d 0 to 60 m >10 m (100%) Medium Low
CHnv q < 0.5 mm/yr <0.5 mm/yr Low High
q/Kg 0.00005 to 5 <0.95 Medium High
N 0.15 to 0.45 >0.2 Medium High
d 0 to 160 m >2.5 m (100%) Lowf High
>25 m (80%) Lowf Medium
CHnz q <0.5 mm/yr <0.5 mm/yr Medium High
q/Kg 0.005 to 50 <0.9 Medium High
Ng 0.2 to 0.4 >0.2 Medium High
d 0 to 140 m >2.5m (100%) Lowf High
>25 m (80%) Lowf Medium
PPw q <0.5 mm/yr <0.5 mm/yr Low Medium
q/Kg 0.0005 to 0.5 <0.85 Low Medium
ng 0.015 to 0.35 >0.1 Low Medium
d 0 to 40 m >5 m (80%) Medium Medium
PPn q < 0.5 mm/yr <0.5 mm/yr Low Medium
q/Kg 0.005 to 0.5 <0.95 Low Medium
n, 0.1 to 0.45 >0.2 Low Medium
d 0 to 140 m >2.5 m (50%) Low Medium
BEFw q <0.5 mm/yr <0.5 mm/yr Low Medium
q/Kg 0.0005 to 0.05 <0.85 Low Medium
Ne 0.05 to 0.4 >0.1 Low Medium
d 0 to 710 m >5 m (20%) Low Medium
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Table 8.3.5.12-2. Performance parameters for resolving Issue 1.6 (page 2 of 2)

Hydrogeologic Performance Current estimated Performance parameter Current Desired
unit?a parameterb range® goald.e confidence confidence
BFn q <0.5 mm/yr <0.5 mm/yr Low Medium

q/Kg 0.0005 to 0.5 <0.95 Low Medium

ne 0.1 to 0.4 >0.2 Low Medium

d 0 to 50 m >2.5 m (10%) Low Medium
SZ dh/dl 0.005 <0.001 Low Low

Kg 0.1 to 1000 m/yr <10 m/yr Low Low

(N 0.0001 to 0.01 >0.01 Low Low

d 0 to 5000 m 1000 m Low Medium

aTSw = Topopah Spring welded unit; CHnv = Calico Hills nonwelded vitric unit; CHnz = Calico Hills
nonwelded zeolitized unit; PPw = Prow Pass welded unit; PPn = Prow Pass nonwelded unit; BFw = Bullfrog
welded unit; BFn = Bullfrog nonwelded unit; SZ = saturated zone.

bg = flux; K; = hydraulic conductivity of saturated matrix pores; n, = effective porosity; d =
distance along flow paths. ,

¢Based on Section 3.9, Figure 8.3.5.12-4., and Sinnock et al. (1986).

dparenthetical values for d indicate the desired percentage of the repository area underlain by the
indicated thickness.

ep thickness of greater than 10 m for 100 percent of the area below the repository is based on a
disturbed zone thickness less than 50 m.

fLow current confidence in meeting the goal is based on a moderate to high confidence that the goal
will not be met because of the absence of the units below portions of the current repository area (see
Figure 8.3.5.12-4); additional site data are unlikely to increase current confidence, relocation of the
repository facilities is probably required to achieve the desired confidence, therefore achievement of
these goals must be considered in the context of trade offs with goals for design issues (Sections 8.3.2.2
and 8.3.2.5) relating to facility siting.
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Table 8.3.5.12-3.

Supporting performance parameters

used by Issue 1.6 (ground-water travel time}* (page 1 ot 6)

SCP Section

Statistical whete current
pPerformance Material Spatial measures Needed estimate is
parameter type location Stratigraphic unit desired® conf idence® discussed
MODEL TYPE: CALCULATION OF GROUND-WATER TRAVEL TIME IN THE UNSATURATED ZONE
Inital and Boundary Conditions
Flux, percolation rate Fault zones R-area UZ, TSw2, repository level Mean Medium NAd
Fault zones R-area UZ, TSw2, repository level SCor Low NA
Fault zones R-area U2, TSw2, repository level SDev Low NA
Fractures R-area Uz, TSw2, repository level Mean Medium 3.9.3
Fractures R-area Uz, TSw2, repository level SCor Low NA
Fractures R-area Uz, TSw2, repository level SDev Low NA
Rock matrix R-area U2, TSw2, repository level Mean High 3.9.3
Rock matrix R-area Uz, 1542, repository level SCor Medium NA
Rock matrix R-area Uz, TSw2, repository level SDev Medium NA
Moisture content Fault zones R-area U2, each hydro unit below repository Mean Medium NA
{volumetric) Fault zones R-area UZ, each hydro unit below repository SCor Low NA
Fault zones R-area Uz, each hydro unit below repository SDev Low NA
Fractures R-area Uz, each hydro unit below repository Mean Medium NA
Ffractures R-area UZ, each hydro unit below repository SCor Low NA
Fractures R-area UZ, each hydro unit below repository SDev Low NA
Rock matrix R-area UZ, each hydro unit below repository Mean High 3.9.2.1
Rock matrix R-area UZ, each hydro unit below repository SCor High NA
Rock matrix R-area UZ, each hydro unit below repository SDev High NA
Pressure head (matric Fault zones R-area UZ, each hydro unit below repository Mean Medium NA
potential) Fault zones R-area UZ, each hydro unit below repository SCox Low NA
Fault zones R-area U2, each hydro unit below repository Shev Low NA
Fractures R-area UZ, each hydro unit below repository Mean Medium NA
Fractures R-area UZ, each hydro unit below repository sCor Low NA
Fractures R-area UZ, each hydro unit below repository SDev Low NA
Rock matrix R-area UZ, each hydro unit below repository Mean Medium 3.9.1.2
Rock matrix R-area UZ, each hydro unit below repository SCor Low NA
Rock matrix R-area Uz, each hydro unit below repository SDev Medium NA
Saturation Fault zones R-area UZ, each hydro unit below repository Mean Medium NA
Fault zones R-area Uz, each hydro unit below repository SCor Low NA
Fault zones R-area Uz, each hydro unit below repository SDev Low NA
Fractures R-area Uz, each hydro unit below repository Mean Medium NA
Fractures R-area UZ, each hydro unit below repository SCor Low NA
Fractures R-area vZ, each hydro unit below repository Sbev Low NA
Rock matrix R-area UZ, each hydro unit below repository Mean High 3.9.2.1
Rock matrix R-area UZ, each hydro unit below repository SCor Medium NA
Rock matrix R-area UZ, each hydro unit below repository SDhev Medium NA
Temperature, in situ Rock mass R-area Uz, below repository Mean Medium 1.6.2.2.4

Current

cont idenceY

NA
NA
Low
NA
NA
Medium
NA
NA
NA
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Table H.V.5.12-4,

Supporl ing performance patamcters used by lssue 1.6 {ground-water travel time)* (page 2 of 6)

SCP Section

Statistical where current
performance Material Spatial measures Needed estimate is
patameter Lype location Stratigraphic unit desired® conf idence® discussed
mMaterial Properties
Density, bulk Fault zones R-area vz, each hydro unit below repository Mean Medium NA
Fault zones R-area Uz, each hydro unit below repository SDev Low NA
Rock matrix R-area vz, each hydro unit below repository Mean Medium 2.4.2, 1.6.2
Rock matrix R-area UZ, each hydro unit below repository SCor Medium NA
Rock matrix R-area Uz, each hydro unit below repository SDev Medium NA
Moisture retention Fault zones R-area UZ, each hydro unit below repository Mean Low NA
curve Fault zones R-atea vz, each hydro unit below repository SDev Low NA
Fractures R-area vz, each hydro unit below repository Mean Low NA
Fractures R-area Uz, each hydro unit below repository SCor Low NA
Fractures R-area U2z, each hydro unit below repository Shev Low NA
Rock mass R-area U2, each hydro unit below repository Mean Medium NA
Rock mass R-area Uz, each hydro unit below repository SCor Low NA
oo Rock m3ss R-area Uz, each hydro unit below repository Shev Medium NA
g Rock matrix R-area Uz, each hydro unit below repository Mean Medium 3.9.2.1
W Rock matrix R-area U2, each hydro unit below repository SCor Low NA
:ll Rock matrix R-area Uz, each hydro unit below repository SDev Medium NA
permeability, rela- Fault zones R-area Uz, each hydro unit below repository Mean Low NA
tive Fault zones R-area Uz, each hydro unit below repository SDev Low NA
Fractures R-area Uz, each hydro unit below repository Mean Low NA
Fractures R-area Uz, each hydro unit below repository SCor Low NA
Fractures R-area Uz, each hydro unit below repository ~ Sbev Low NA
Rock mass R-area vz, each hydro unit below repository Mean Medium NA
Rock mass R-ares vz, each hydro unit below repository sCor Low NA
Rock mass R-area vz, each hydro unit below repository SDev Low NA
Rock matrix R-area vz, each hydro unit below repository Mean Medium NA
Rock matrix R-area vz, each hydro unit below repository SCor Low NA
Rock matrix R-area Uz, each hydro unit below repository Shev Low NA
Permeability, rela- Fault zones R-area Uz, each hydrologic unit Mean Medium NA
tive pneumatic Fractures R-area Uz, each hydrologic unit Mean Medium NA
Fractures R-area Uz, each hydrologic unit SDev Low NA
Rock matrix R-area uz, each hydrologic unit Mean Medium NA
Rock matrix R-area Uz, each hydrologic unit SDev Low NA
permeability, Fault zones R-area Uz, each hydro unit below repository Mean Medium NA
saturated Fault zones R-area vz, each hydro unit below repository SDev Low NA
Fractures R-area u2, each hydro unit below repository Mean Medium NA
Fractures R-area vz, each hydro unit below repository SCor Low NA
Fractures R-area Uz, each hydro unit below repository SDev Medium NA

Current
conf idenced
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Table 8.3.5.12-3. Supporting performance parameters used by Issue 1.6 (gqround-water travel time)® (page 3 of 6)

N

7

Statistical
Performance Material Spatial measures Needed
parameter Lype location Stratigraphic unit desired® confidence®¢
Rock mass R-area UZ, each hydro unit below repository Mean High
Rock mass R-area UZ, each hydro unit below repository SCor Low
Rock mass R-area UZ, each hydro unit below repository SDev Medium
Rock matrix R-area UZ, each hydro unit below repository Mean High
Rock matrix R-area UZ, each hydro unit below repository SCor High
Rock matrix R-area UZ, each hydro unit below repository SDev High
Porosity, effective Fault zones R-area UZ, each hydro unit below repository Mean Low
Fault zones R-area UZ, each hydro unit below repository Shev Low
Fractutes R-area UZ, each hydro unit below repository Mean Low
Fractures R-area UZ, each hydro unit below repository SCor Low
Fractures R-area UZ, each hydro unit below repository SDev Low
Rock mass R-area UZ, each hydro unit below repository Mean High
oo Rock mass R-area UZ, each hydro unit below repository SCor Medium
i Rock mass R-area UZ, each hydro unit below repository SDev Medium
N Rock matrix R-area UZ, each hydro unit below repository Mean High
K Rock matrix R-area Uz, each hydro unit below repository SCor Medium
00 Rock matrix R-area UZ, each hydro unit below repository SDev Medium
System Geometry
Contact altitude, Rock mass R-area UZ, each hydro unit below repository Mean High
hydrologic units Rock mass R-area UZ, each hydro unit below repository SCor Low
Rock mass R-area UZ, each hydro unit below repository SDev Medium
Fault displacement Fault zones R-area UZ, each hydro unit below repository Mean Medium
Fault zones R-area UZ, each hydro unit below repository SCor Low
Fault zones R-area UZ, each hydro unit below repository SDev Medium
Fault locations Fault zones R-area 02, each hydro unit below repository Mean High
Fault zones R-area Yz, each hydro unit below repository SCor Low
Fault zones R-area UZ, each hydro unit below repository SDev Medium
validation of Model Concepts
Isotopic ratios, Fault zone R-area UZ, each hydro unit below repository Mean Medium
ground-water Fault zone R-area UZ, each hydro unit below repository SDev Low
residence time Fractures R-area UZ, each hydro unit below repository Mean Medium
Fractures R-area UZ, each hydro unit below repository SDev Low
Rock matrix R-area U2, each hydro unit below repository sCor Low
Rock matrix R-area UZ, each hydro unit below repository SDev Low
Rock matrix R-area UZ, each hydro unit below repository Mean Medium

SCP Section
where cutient
estimate is Current
discussed cont idenced
NA NA
NA NA
NA NA
3.9.2.1 Low
NA NA
NA NA
NA HA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
31.9.2.1 NA
NA NA
NA NA
8.3.9.12 Medium
NA NA
NA NA
1.3.2.2 Low
NA NA
NA NA
1.3.2.2 Low
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Table 8.3.5.12-3. Supporting peiformance parameters used by Issue 1.6 (ground-water travel Lime)* (page 4 of 6)
o SCP Section
) ) Statistical whete curient
Performance Material Spatial measures Needed estimate is
parameter type location Stratigraphic uait desired® conf idence€ discussed
MODEL TYPE: CALCULATION OF GROUND-WATER TRAVEL TIME IN THE SATURATED ZONE
Inita) and Boundary Conditions
Flux, flow rate Rock mass C-area S2, upper 100 m Mean Medium 3.9.4
Pressure head Ground water (C-area S$2, upper 100 m Mean Medium 3.6.3
function of depth
Temperatusre, in situ Rock mass C-area SZ, upper 100 m Mean Medium 1.6.2
Material Properties -
Density, bulk Fault zones C-area $2, each litho unit in upper 100 m Mean Low NA
Fault zones C-area §z, each litho unit in upper 100 m SDev Low NA
oo Rock matrix C-area sz, each litho unit in upper 100 m Mean Medium 2.4.2,
w 1.6.2
ia Rock matrix C-area sz, each litho unit in upper 100 m SCor Medium NA
4 Rock matrix  C-area SZ, each litho unit in upper 100 m Shev Medium NA
o
Permeability, Fault zones C-area Sz, each litho unit in upper 100 m Mean Medium NA
saturated Fault zones C-area §2, each litho unit in upper 100 m Shev Low NA
Fractures C-area $2, each litho unit in upper 100 m Mean ' Medium 3.6.4,
3.9.2.2
Fractures C-area SZ, each litho unit in upper 100 m sCor Low NA
Fractures C-area §Z, each litho unit in upper 100 m. SDev Medium NA
Rock mass C-area §2, each litho unit in upper 100 m Mean Medium 3.6.4,
3.9.2.2
Rock mass C-area $2, each litho unit in upper 100 m SCor Low NA
Rock mass C-area s2, each litho unit in upper 100 m SDev Medium NA
Rock matrix C-area s2Z, each litho unit in upper 100 m Mean Medium 3.6.4,
3.9.2.2
Rock matrix C-area sz, each litho unit in upper 100 m Shev Low NA
porosity, effective Fault zones C-area sz, each litho unit in upper 100 m Mean Medium NA
Fault zones C-atea 52z, each litho unit in upper 100 m SDev Low NA
Fractures C-area $2, each litho unit in upper 100 m Mean Medium 3.6.4
Fractures C-area sz, each litho unit in upper 100 m SCor Low NA
Fractures C-area §Z, each litho unit in upper 100 m SDev Medium NA
Rock mass C-area $2, each litho unit in upper 100 m Mean Medium 3.9.2.2,
3.6.4
Rock mass C-area sz, each litho unit in upper 100 m SCor Low NA
Rock mass C-area $Z, each litho unit in upper 100 m SDev Medium NA
Rock matrix C-area 57, each litho unit in upper 100 m Mean Low 3.6.4,
3.9.2.2
Rock matrix C-area sz, each litho unit in upper 100 m SDev Low NA

Current
cont idenced

Low

Low

Medium

NA
NA
Medium

NA
NA

NA
NA
Low

NA
NA
Low
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Table 8. 4.4%.12-1,

Support ing peifuimance parsmeters used by Issue 1.6 {ground-water travel time)® (page 5 of &)

Statistical

Needed
conl idence®

Medium

Medium

Medium

Medium

High
Low

Medium
Low
Medium
Low
Medium
Medium
Low
Hedium
Medium
Low
Medium
Medium
Low
Medium
Medium
Medium
Medium

High
High

Medium
Low

performance Material Spatial measures
patameLer type location Stratigraphic unit degired®

System Geomelry

Muifer geometry Rock mass C-area $2, uppet 100 m Mean

Contact altitude, Rock mass C-area $2, each litho unit in upper 100 m Mean

lithologic uwnts

Fault displacement Fault 2o0nes C-area SZ, upper 100 m Mean

Fault locations Fault zones C-area $z, upper 100 m Mean

validation of Model Concepts

‘Mater table altitude Ground water C-area SZ, water table level Mean
Ground water C-area $Z, water table level Shev

MODEL TYPE: CALCULATION OF SPATIAL CORRELATION STRUCTURE

Material Pioperties

Porosity, total Fault zones C-area S2, each litho unit in upper 100 m Mean
Fault zones C-aread sz, each litho unit in upper 100 m SDev
Fault zones R-area Uz, each hydro unit below repository Mean
Fault zones R-area Uz, each hydro unit below repository SCor
Fault zones R-area Uz, each hydro unit below repository SDev
Fractures C-area §2, each litho unit in upper 100 m Mean
Fractures C-area §2, each litho unit in upper 100 = SCot
Fractures C-area $2, each litho unit in upper 100 m SDev
Fractures R-area vz, each hydro unit below repository Mean
Fractures R-area Uz, each hydro unit below repository SCor
Fractures R-area vZ, each hydro unit below repository Shev
Rock mass C-area Sz, each litho unit in upper 100 m Mean
Rock mass C-area sz, each litho unit in upper 100 m sCor
Rock mass C-area §2, each litho unit in upper 100 m Shev
Rock matrix C-area 5z, each litho unil in upper 100 m Mean
Rock matrix C-area Sz, each litho unit in upper 100 m SCor
Rock maLrix C-area sz, each litho unit in upper 100 m SDev
Rock matrix R-area Uz, each hydro unit below repository Mean
Rock matrix R-atea Uz, each hydro unit below repository sCor

MODEL TYPE: CALCULATION OF FRACTURE HYDROLOGIC CHARACTERISTICS

Material Properties

fFracture aperture Fault zones C-area sz, each litho unit in upper 100 m Medn
Fault zones C-area $2, each litho unit in upper 100 m Shev

SCP Section
where current
estimate is
discussed

3.9.1.2
NA

et
v
~
o

NA
NA

Curient
conl idence

Low

Low

NA

NA

Medium
NA

Medium

NA
NA

NA
NA
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Table 8.3.5.12-3.

Supporting performance parameters used by Issue 1.6 (ground-

water travel time)® (page 6 of &)

SCP Section

Statistical where current
Performance Material Spatial measures Needed estimate is Current
parameter type location Stratigraphic unit desjred® conf idence® discussed conf idence

Fault zones R-area UZ, each hydro unit below repository Mean Low NA NA
Fault zones R-area UZ, each hydro unjt below repository SDev Low NA NA
Fractures C-atead 52, each litho unit in upper 100 m Mean Medium NA NA
Fractures C-area $Z, each litho unit in upper 100 m Shev Low NA NA
Fractures R-area UZ, each hydro unit below repository Mean Medium NA NA
Fractures R-area VUZ, each hydro unit below repository SCor l.ow NA NA
Fractures R-area UZ, each hydro unit below repository SDev Low NA NA

Fracture frequency: Fault z0nes C-area S2, each lithe unit in upper 100 m Mean Low NA NA
Fault zones C-area SZ, each litho unit in upper 100 m SDev Low NA NA
Fault zones R-area UZ, each hydro unit below repository Mean Low NA NA
Fault zones R-area UZ, each {ydro unit below repository SDev Low NA NA
Fractures C-area §Z, each litho unit in upper 100 m Mean Medium NA NA
Fractures C-area $Z, each litho unit in upper 100 m SCor Low NA NA
Fractures C-area $Z, each litho unit in upper 100 m SDev Low NA NA
Fractures R-area UZ, each hydro unit below repository Mean Medium 3.9.2. Low
Fractures R-area UZ, each hydro unit below repository SCor Low NA NA
Fractures R-area UZ, each hydro unit below repository SDev Low NA NA

Fracture length Fault zones C-area SZ, each litho unit in upper 100 m Mean Low NA NA
Fault zones R-area UZ, each hydro unit below repository Mean Low NA NA
Fault zones R~area UZ, each hydro unit below repository SDev Low NA NA
Fractures C-area SZ, each litho unit in upper 100 m Mean Low NA NA
Fractures R-area UZ, each hydro unit below repository Hean Low NA NA
Fractures R-area V%, each hydro unit below repository SCor Low NA NA
Fractures R-area UZ, each hydro unit below repository SDev Low NA NA

System Geometry

fracture orientation Fault zones C-area 5Z, each litho unit in upper 100 m Mean Low NA NA
Fault zones R-area UZ, each hydro unit below repository Mean Low NA NA
Fault zones R-area UZ, each hydro unit below repository SDev Low NA NA
Fractures C-area SZ, each litho unit in upper 100 m Mean Low NA NA
Fractures R-31€d U2, each hydro unit below repository Mean Low NA NA
Fractures R-area UZ, each hydro unit below respository SCor Low NA NA
Fractures R-atea UZ, each hydro unit below tepository SDev Low NA NA

#52Z = saturated zone; UZ = unsaturated zone; GWIT = ground-water

hydro = hydrological.
bMean = spatially dependent mean value;
€High = high conl idence,

9NA = not available.

travel time; C-area = controlled area; R-area = repository area; litho = lithological;

Shev = spatially dependent standard deviation;
highest priority; Medium = medium confidence, medium priority; Low = low confidence, low priority.

SCor = spatial correlation coefficient.
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Table 8.3.5.12-4. Summary of pcrformance allocation for defining the boundary of the disturbed zone

Hydrologic unit

Process concern

Performance measure

Performance goal

Needed
conf idence®

Topopah Spring
welded unit

Calico Hills
nonwelded zeo-
litic unit

Calico Hills
nonwelded
vitric unit

Altered vitro-
phyre below the
Topopah Spring
welded unit

Thermomechanical proces-
ses: fracture activa-
tion caused by mining
and heating

Thermochemical processes:

alteration within the

portion of the Topopah

Spring that is con-
sidered to be the
repository horizon

Zeolite alteration below
the repository horizon

Glass alteration below

the repository horizon

Boundary of reposi-
tory induced
changes in
eftective fracture
porosity

Boundary of reposi-
tory induced
changes in
effective matrix
porosity #nd
matrix permea-
bility

Temperature

Temperature

Clay alteration below the Temperature

repository horizon

Less than a factor of 2
increase in fracture
aperture along flow
path 50 m from the
underground facilities
boundary if predomi-
nately fracture flow

Less than a factor of 2
decrease in effective
porosity or less than
an order of magnitude

increase in permeabil-

ity along the flow

path to the accessible

environment

<115°C

<115°C

<115°C

Medium

Medium

Medium

Medium

Medium

Approach

Studies are not pre-

sent ly planned because
flow is expected to be
predominately in the
matrix

Studies will be com-

pleted to determine

if mineral alteration
can cause factor of 2
decreases in effective
porosity or order of
magnitudes increases
in permeability

At the temperatures

listed as goals, min-
imal property changes
as a result of mineral
alteration are expec=-
ted. Studies will be
completed at these
temperatures to test
the position that
there will be minimal
changes in rock prop-
erties

aMedium equals a value corresponding to one standard deviation on the most d

function of the performance measure.

eleterious side of a probability distribution
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8.3.5.13 Performance Allocation Tables for Total Systcm Performance

Issuc 1.1 addresses compliance with the performance objective for total system performance
specilied in 10 CFR 60.112 and 40 CFR 191.13. To meet this requircment, the performance allocation
considers both a set of undisturbed conditions. which includes the range of likely natural cvents, and
the set of disturbed conditions that arc sufficiently credibic to warrant consideration. In order to
systematically allocatc performance over the range of disturbed conditions, scenario classcs were
defined (Table 8.3.5.13-3). The top-level performance allocation for the total system rclcase
requirements is presented in Table 8.3.5.13-8. For each release scenario class from Table 8.3.5.13-3.
the release pathways of concem, the primary barriers and the components of the primary barriers arc
defined. The primary processes and conditions, performance measures, goals and confidence for cach
scenario class are also provided in Table 8.3.5.13-8. For each scenario class from Table 8.3.5.13-5.
Tables 8.3.5.13-9 through 8.3.5.13-16, respectively, provide the performance parameters, goals and
current and needed confidence estimates, and a reference to the SCP scction providing the paramcicr
values.

Because the evaluation of undisturbed natural conditions also requires an adequatc site database,
Table 8.3.5.13-17 provides a dctailed list of supporting parameters that are nceded according to the
type of calculation to be made. The supporting parameters are defined with regard to spatial location
where data is needed, as well as estimates of the current and needed confidence in the parameter
values. References are provided to the SCP sections where the studies and activities that will obtain
the supporting parameter values are described.

8.3.5-83
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Table 8.3.5.13-3.  Categorics of scenarios delincated according to potential impacts on barriers of the
geologic repository (scenario classes)

Disturbed performance of barriers.
(A) Dircct Releases:
1) direct relcase in an extrusive magmatic event,
2) direct release associated with human intrusion
(B) Partial failure of cngineered barriers®
(C) Partial failure of unsaturated zone barriers:

1) accelerated releases to the WT attending increascd flux from sources above the
repository; -

2) accelerated releases to the WT attending a rise in the WT (foreshortening of unsaturated
zone);

3) accclerated releases to the WT attending changes in unsaturated zone rock-hydrologic
properties or geochemical properties.

(D) Panial failure of saturated zone barriers:

1) accclerated releases to the accessible environment owing to appearance of discharge
points within 5 km downgradient of controlled area (foreshortening of the saturated zone
flow path), or changes in flow direction in saturated zone.

2) accelerated relcases to the accessiblc environment owing to increased lincar water
velocity in the saturated zoncs, changed rock-hydrologic properties, ot changed
geochemical propertics.

Undisturbed and nominal performance of all barriers.
(E) Undiswrbed performance of all natural barriers:

(matrix flow predominates in unsaturated zone barriers, some carbon-14 rcleaséd in gas
phase)

*No independent, potentially significant classes have been associaled with this category.
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Table §.3.5.13-8. Preliminary performance allocation for Issue 1.1 (page 1 of 2)

§8-S't’8

Release System elements Performance
scenario ) Primary Primary processes measure Tent ative Needed
class pPathway Primary barriers barrier components or conditions (EPPM)® goal conf idence
NOMINAL CASE
E Water Unsaturated zone; Combined facies of Equivalent-porous- EPPM < 0.01 High
saturated zone, Calico Hills; media transport
EBS® as backup other units as through matrix
backup with adsorptive
retardation
Gas EBS; overburden as Container and struc- Limited rapid release EPPM < 0.2 Medium
backup tural components of carbon-14 as
carbon dioxide
DIRECT RELEASES
A-1 Direct (No allocation: see text for explanation) EPPM < 0.1 High
A-2 EPPM <90.1 Medium
FAILURE OF UNSATURATED ZONE BARRIERS
c-1 Water Repository over- Paintbrush Tuff unit Flooding-pulse delay EPPM < 0.01 High
burden and Topopah Spring times > 10,000 yr
Gas None None None High
Cc-2 Water Saturated zone; Saturated zone to Equivalent-porous- EPPM < 0.1 Medium
EBS and residual boundary of AES media transport
unsaturated zone {or discharge with adsorptive
as backup points) retardation
Gas None None None High
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Table 8.3.5.13-8.

Preliminary performance allocation for Issue 1.1 (page 2 of 2)

Release System elements Performance
scenario Primary Primary processes measure Tentative Needed
class Pathway Primary barriers barcrier components or conditions (EPPM)® goal confidence
FAILURE OF UNSATURATED ZONE BARRIERS (continued)
Cc-3 Water Saturated zone; Saturated zone to Equivalent~-porous- EPPM < 0.01 High
EBS and residual boundary of AE media transport
unsaturated zone (or discharge with adsorptive
as backup points) retardation
Gas None None None High
FAILURE OF SATURATED ZONE BARRIERS
{does not affect gas-phase releases)
D-1 Water Residual saturated zone + residual unsatu- Equivalent-porous- EPPM < 0.1 Medium
rated zone, EBS as backup media transport
with adsorptive
retardation
D-2 Water Residual saturated zone + residual unsatu- Equivalent-porous- EPPM < 0.1 High

rated zone, EBS as backup media transport
: with adsorptive
retardation

amaximum EPPM for each event/process associated with scenario/class (see subsection on discussion of

for Issue 1.1).

bERS = engineered barrier system.
c¢AE = accessible environment.

issue-resolution strategy
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Table 8.3.5.13-9. Performance parameters for scenario class E (the nominal case) (page 1 of 3)
SCP section pro-
Performance Performance Tentative viding expected Current Needed
measure? parameter® parameter goal parameter values confidence confidence
EPPM for liquid q, - average flux < 0.5 mm/yr None Medium High
pathway, unsatu- through R-area U2
rated zone (UZ) _
barrier only n, - average effective > 0.1 3.9.2.1 Low High
matriz porosity,
R-area UZ
R, - average chemical 21 4.1.3.3, 8.3.1.3 High High
retardation factor for
ith species
d, - average thickness > 100 m 8.3.5.12, 3.9.1.2 Medium High
of R-area UZ between
repository and water
table
r; - fractional mass < 10-4/yr, 8.3.5.10 Low Medium
release rate from all species®
engineered barrier
system (EBS) for ith
species
EPPM for liquid q, - average discharge < 32 mm/yr None Low Medium

pathway, satura-
ted zone (52)
barrier only9

in SZ under C-area
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Table 8.3.5.13-9.

performance paramet

ers for scenario class E (the nominal case) (page 2 of 3)

SCP section pro-

Current Needed

Performance pPerformance Tentative viding expected
measure? parameterb parameter goal parameter values confidence confidence
gpPM for liquid ng - average effective >0.1 3.9.2.1 Low Medium
pathway, satura- matrix porosity,
ted zone (S2) C-area, S2
barrier only? _ .
(cont inued) R; - average chemical z1 4.1.3.3, 8.3.1.3 High Medium
retardation factor
for ith species,
C-area, SZ2
d, - average length of > 5,000 m 3.6.4 Low Medium
flow paths through S2
from C-area to
accessible environment
boundary
r, - fractional mass < 10-4/yr, 8.3.5.10 Low Medium
release rate from all species®
EBS for ith species
Fraction < 1% 8.3.5.10 Low High

EPPM for gas path-

way

Fraction of total
carbon-14 inventory
that could be released
as carbon-14 dioxide

of inventory
at closure
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Table 8.3.5.13-9. Performance parameters for scenario class E (the nominal case) (page 3 of 3)

SCP section pro-
Needed

Performance Performance Tentative viding expected Current
measured parameter® parameter goal parameter values confidence confidence
EPPM for gas path- Mean residence time of Show resi- None Low High
way (continued) released carbon-14 dence time.
dioxide in UZ units > 10,000 yr

agppM = expected partial performance measure; see subsection on discussion of complementary cumulative

distribution functions and significant processes and events.

bRr-area = the projection of primary area and extensions onto the surface; C-area = the controlled

area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of controlled area.
cThe performance allocation for Issue 1.5 (engineered barrier system release rates, Section 8.3.5.10)
sets a goal for the fractional mass release rate from the EBS at 10-5 per yr to comply with the

performance objective in 10 CFR 60.113.

dperformance parameters and goals apply only if equivalent-porous-media transport is valid in the SZ,
otherwise, the SZ carnot act as a backup barrier to water-pathway' releases.
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Table 8.3.5.13-10. Performance parameters for scenario class A-1 (extrusive magmatic events)

SCP section pro-
Current Needed scp

pPerformance Initiating Performance Tentative viding expected
measure event or process parameter parameter goal parameter values confidence confidence section
EPPM* Volcanic eruption Annual probability of <10-¢/yr 1.5.1 Low High 8.3.1.8.1
penetrates reposi- volcanic eruption
tory and causes that penetrates the
direct releases to repository
the accessible
Given occurrence, 1.5.1 Low Medium 8.3.1.8.1

Effects of volcanic
eruption penetrating
repository, inclu-
ding area of reposi-
tory disrupted

environment
show <0.1% of

repository area
is disrupted with
a conditional
probability of

~  <0.1 of being
exceeded in
10,000 yr

see subsection on discussion of complementary cumulative distribution function

agpPM = expected partial performance measure;
and significant processes and events.
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Table 8.3.5.13-11. Performance parameters for scenario class A-2 (exploratory drilling)

SCP section pro-

Performance Initiating Performance Tentative viding expected Current Needed sce
measure event or process parameLer® parameter goal parameter values confidence confidence section
EPPMP Exploratory drilling Presence and reada- >50% chance that None Low Medium 8.3.1.9.1

intercepts a waste bility of C-area markers are read-
package and brings markers over next able over next
waste up with core 10,000 yr. 10,000 yr.
or cuttings.
Expected drilling Expected drilling None Low Low None
rate (no. of bore- rate < 3 x 10-4
holes per square boreholes per
kilometer per square kilometer
year) R-area per year
over the next
10,000 yr. ~
Distribution of No goal None Low Low None

depths of explora-
tory drillings.

Distribution of No goal None Low Low
diameters of
exploratory drill
holes.

None

*R-area = the projection of primary area and extensions onto the surface; C-area = the controlled area, i.e., the actual area
chosen according to the 10 CFR 60.2 definition of controlled area.

PEPPM = expected partial performance measure; see subsection on discussion of complementary cumulative distribution function
and significant processes and events.
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_ Table 8.3.5.13-12.

=

SCP section pro-

Performance parameters for scenario class C-1 (local or extensive increases in percolation flux through unsatursted zone) (page 1 of 2)

N

pPerformance Initiating Intermediate Performance Tentat ive viding e:pected Current Needed sce
measure event or process performance measure parameter® parameter goal parameter values contidence confidence section
EPPM® Climat ic change causes Radionuclide transport Expected magnitude of flux Flux change will 3.9.3.3 Low High 8.3.1.5.2
increase in infiltra- time thiough unsatura- change due to climatic be < 0.5 mm/yr
tion over C-area4 ted zone (UZ), given changes over next 10,000 with 67% con-
fixed UZ Lhickness, yr. quantitative confi- fidence or more
rock hydrologic pro- dence bounds on expected
perties, and geochemi- magnitude of change
cal properties
Offsct on faults cre- Radionuclide transport Probability of offset <i0-! 1.3.2.2 Low Medium 6.3.1.8
ates surface impound- time through UZ, given >2 mon a fault in the
ments, alters drain- fixed UZ thickness, C-area in 10,000 yr
age, creates perched rock hydrologic pro-
aquifers, or changes perties, and geochemi- Probability of changing <1014 per None Low Low 8.3.1.8
dip of tuff beds cal properties dip by >2* in 10,000 yr 10,000 yr
by faulting
Effect of faulting on flux Faulting will not None Low Medium 8.3.1.8
affect €lux
because of low
slip rate
Volcanic eruption Radionuclide transport Annual probability of vol- <10"%/yr 1.5.1 Low Medium 6.3.1.8
causes flows or other time through UZ, given canic events within
changes in topography fixed UZ thickness, C-area
that result in rock hydrologic pro-
impoundment or diver- perties and geochemi- Effects of a volcanic Topographic changes None Low Low 8.3.1.8
sion of drainage cal properties event on topography and are not enough
flow rates to affect flux
Igneous intrusions, Radionuclide transport Annual probability of <10"3/yr 1.5.1 Low High 8.3.1.8
such as a sill, that time through UZ, given gsignificant igneous
could result in a fixed U2 thickness, intrusions in the C-area
change in flux rock hydrologic pro-
perties and geochemi~ Effects of an igneous Igneous intrusion None Low Low 8.3.1.8
cal properties intrusion on flux will not affect
flux because of
depth, location,
- and extent of
intrusion
Tectonic folding Radionuclide transport Probability of changing <10~4 per 1.3.2 Low Low 8.3.1.8
changes dip of tuff time Lhrough UZ, given dip by >2° in 10,000 yr 10,000 yr

beds in C-area,
theteby changing flux

fixed UZ thickness,
rock hydrologic pro-
perties and geochemi-~
cal properties

by folding
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Table 8.3.5.13-12.

retformance parameters for scenario class C-1 (local or extensive increases in percolation

flux through unsaturated zone)

SCP section pro-

(page 2 of )

Pegformance Initiating Intermediate Performance Tentat ive viding expected Current Needed SCP
measure event or process performance measure parameter® parameter goal parameter values conf idence confidence section
EPPM Uplift or subsidence Radionuclide transport Probability of exceeding <10-¢ per 1.1.3.3 Low Low 8.3.1.8
(con~ changes diainage, time through UZ, given 30 m elevation change in 10,000 yr
tinued) thereby changing flux fixed UZ thickness, 10,000 yr
rock hydrologic pro~
perties and geochemi-
cal properties
Subsidence of mined Radionuclide transport Probability that contisu- <10-4 None Low Medium None
repository creates time through UZ, given ously displaced surfaces
impoundments or fixed UZ thickness, from subsidence originat-
diverts drainage rock hydrologic pro- ing at repository will
perties, and geochemi- intersect interface of
cal properties TSw and PTn units in
10,000 yr
Natural surface-water Radionuclide transport Expected magnitude of Show <25,000 m3/yr None Low Medium None
impoundments are time through UZ, given local flux change, and would pass
formed over access fixed UZ thickness, quant itative bounds on through access
shafts connecting rock hydrologic pro- magnitude of flux change, shafts
surface and reposi- perties, and geochemi- due to flooding through
tory cal properties access shafts
Expected fraction of waste Show less than None Low Medium None
containers which are sub- 0.01% of con-
ject to changed flux tainers would be
subject to more
than a 100% flux
change caused by
flooding through
access shafts.
Extensive irrigation is Radionuclide transport Expected magnitude of No goal (human None Not appli- Not appli- 8.3.1.9.3
conducted near the time through UZ, given flux change due to activity) cable cable
C-area fixed UZ thickness, extensive irrigation
rock hydrologic pro- near C-area over next
perties, and geochemi- 10,000 yr
cal properties
()
Large scale surface- Radionuclide transport Expected magnitude of flux No goal (human None Not appli-  Not appli- 8.3.1.9.3
water impoundments time through U2, given change due to presence activity) cable cable

&TSw = Topopah Spring welded unit; PTn =

are constructed near
the C-area

fixed UZ thickness,
rock hydrologic pro-
perties, and geochemi-
cal properties

of an artificial lake
near the C-area in next
10,000 yrx

definition of controlled area.
LYEPPM = expected partial performance measure; see subsection on discussion of complementary cumulative distribution functions and significant processes and events.

Paintbrush nonwelded unit; C-area =

the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2
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Table 8.3.5.13-13.

Performance parameters for scenario Class C-2 (foreshortening of

Intermediate
performance measure

Performance
parameter

Tentat ive
parameLer goal

Performance Initiating
measure event or process
EPPM® Climatic change causes
an increase in alti-
tude of water table
Igneous intrusion
causes barrier to
flow or thermal
effects that alter
water-table level
oo
)
N

Offset on fault juxta-
poses transmissive
and nont ransmissive
units, resulting in
either the creation
of a perched aquifer
or a rise in water
Lable

Radionuclide tiansport
time through unsatu-
rated zone (UZ), given
fixed U2 rock hydro-
logic and geochemical
properties

Radionuclide transport
time through UZ, given
fived UZ rock hydro-
logic and geochemical
properties

Radionuclide transport
time through Uz, given
fixed UZ rock hydro-
logic and geochemical
properties

Expected magnitude of
change in water-table
level due to climatic
changes over the next
10,000 yr

Annual probability of
significant igneous
intrusion within 0.5 km
of C-area® boundary

Barrier-to-flow effects of
igneous intrusions on
water-table levels

Thermal effects of igneotus

intrusions on water-table
levels

Probability of total off-

sets >2.0 m in 10,000
yr on faults within
C-area boundary

Effects of fault offsets

on water-table levels

the unsaturated zone) (page 1 of 2)

SCP section pro-
viding expected
parameter values

Expected magnitude
of change in
water-table alti-
Lude will not
bring water
table to within
100 m of reposi-
tory horizon in
10,000 yr

<10-3/yr

Expected magnitude
of change in
water-table alti-
tude will not
bring water
table to within
100 m of repowi-
tory horizon in
10,000 yr

Expected magnitude
of change in
water-table alti-
tude will not
bring water
table to within
100 m of reposi-
tory horizon in
10,000 yr

<10-1?

Expected magnitude
of change in
water-table alti-
tude will not
bring water
table to within
100 m of reposi-
tory horizon in
10,000 yr

3.7.4, 3.9.8

None

None

1.3.2.2

None

(
\
Current Needed sce
confidence confidence sect ion
Low High 8.3.1.5.2
Low Medium 8.3.1.8
Low Low 8.3.1.8
Low Low 8.3.1.8
Low Medium 8.3.1.8
Low Low 8.3.1.8
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Tsble 8.3.5.13-13. Pertormance parameters for scenario class C-2 (foreshortening of the unsaturated zone) (page 2 of 2)

SCP section pro-

Per {ormance Initiating Intermediate Performance Tentative viding expected Current Needed sce
measure event or process performance measure parameter® parameter goal parameter values confidence contidence section
EPPM Episodic changes in Radionuclide transport Probability that strain- <10-%/yr 1.3.2.3 Low Low 8.3.1.8

(cont inued) strain in the rock time through UZ, given induced changes increase
mass due to faulting fi..ed UZ rock hydro- potentiometric level to
causes changes in logic and geochemical >850 m mean sea level
water-table level properties
Folding, uplifl or Radionuclide transport Probability that repository <10-Y per 10,000 yr 1.1.3 Low Low 8.3.1.8
subsidence lowers time through UZ, given will be lowered by 100 m
repository with fixed UZ rock hydro- thiough action of fold-
1respect to water logic and geochemical ing, uplift, ot subsi-
table propert ies dence in 10,000 yr
Extensive irrigation Radionuclide transport Expected magnitude of No goal (human None Not appli- Not appli- 8.3.1.9.3
is conducted near time through UZ, given change in altitude of activity) cable cable
the C-area fixed V2 rock hydro- water table under C-area
logic and geochemical due to extensive irriga-
oo properties tion near C-area over
a next 10,000 yr
[}
8 Large-scale surface- Radionuclide transport Expected magnitude of No goal (human None Not appli~ Not appli- 8.3.1.9.3
water impoundments time through UZ, given change in water-table activity) cable cable
are constructed near fixed UZ rock hydro- level under C-area
the C-area logic and geochemical due to placement of
properties artificial lake near
C-area in next 10,000 yr
Extensive surface or Radionuclide transport Expected magnitude of. No goal (human None Not appli~ Not appli- 8.3.1.9.3
subsurface mining time through UZ, given change in water-table activity) cable cable
occurs near C-area fixed UZ rock hydro- level under C-area due
logic and geochemical to mine water usage or -~
properties mine dewatering near
C-area in next 10,000 yr
Extensive ground-water Radionuclide transport Expected magnitude of No goal (human 3.8.1 Not appli- Not appli- 8.3.1.9.3
withdrawal occurs time through U2, given change in water-table activity) cable cable
near C-area fixed UZ tock hydro- level under C-area due
logic and geochemical to extensive ground-water
properties withdrawal near C-area

in next 10,000 yr

aEpPM = expected partial performance measure; see subsection on discussion of complementary cumulative distribution function and significant processes and events.
be-grea = Lhe controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 gdefinition of controlled area.
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Table 8.3.5.13-14. Performance parameters for scemario class C-3 (changes in rock, hydrologic, and geoctemical properties in the unsaluiated zone) (paye 1 of 2)

Initiating

measure event or process

Intermediate
performance measure

pPerformance
parameter

SCP section pio-
viding expected
parameter values

Tentative
parameter goal

Current
conf idence

965’8

EPPM® Igneous intrusion
causes changes in
rock hydrologic pro-

perties

Igneous intrusion
causes changes in
rock geochemical pro-
perties

Episodic offset on
faults causes local
changes in rock
hydrologic proper-

ties, thereby destroy-

ing existing barriers
to flow, or creating
new conduits for
drainage

Offset on a fault
causes changes in
movement of ground
water that result in

mineralogical changes

along the fault zone

Offset on a fault
changes potential
radionuclide travel
pathway to one with

ditferent geochemical

propetties

Radionuclide transport
time through unsatu-
rated zone (UZ), given
tixed thickness of UZ

Radionuclide transport
time through UZ, given
fired thickness of UZ

Radionuclide transport
time through UZ, q{yen
fixed thickness of
vz

Radionuclide transport
time through UZ, given
fixed thickness of UZ

Radionuclide transport
time through UZ, given
fixed thickness of UZ

Annual probability of
significant igneous
intrusion within 0.5 km
of C-area® boundary

Effects of igneous intru-
sion on local permea-
bilities and effective
porosities

Annual probability of
significant igneous
intrusion within 0.5 km
of C-area boundary

Effects of igneous intru-
sions on local rock geo-
chemical properties

Annual probability of
faulting events on
Quaternary faults within
0.5 km of C-area boundary

Effects of fault motion on
local permeabilities and
effective porosities

Probability of movement
within 2 km of surface
and location of
Quaternary faults in
C-area

Degree of mineralogic
change in fault
zone in 10,000 yr

Probability of total off-
sets >2.0 m in 10,000 yr
on faults within 0.5 km
of C-area boundary

Effects of fault offsets
on travel pathway

<10-S/yr 1.5.1
No significant None
changes in
rock hydrologic
properties
<10-3/yr 1.5.1
Potential changes None

in mineralogy will
not be extensive

<10~ 4/yr 1.3.2.2
Change in fracture None
permeability is
less than a fac-
of 2 and fracture
porosity decreases
<10~4/yr per 1.3.2.2
fault
Adverse changes in None
mineralogy will
not occur
<10-1 1.3.2.2
Significant changes None

will not occur

Low

Low

Low

Low

Low

Low

Low

Low

Low

Needed SCP
confidence sect ion
Medium 8.3.1.8
Low 8.3.1.8
Medium 8.3.1.8
Low 8.3.1.8
Medium 68.3.1.8
Medium 8.3.1.8

Medium 8.3.1.8

Medium 8.3.1.8
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Table 8.3.5.13-14. Performance parameters for scenario class C-3 (changes in rock, hydrologic, and geochemical properties in the unsaturated zone) (page 2 of 2)

SCP seclion pro-

rerformance Initiating Intermediate Performance Tentative viding expected Current Needed sce
measure event or process performance measure parameter parameter goal parameter values confidence contidence section
EPFMA Changes in stress or Radionuclide transport Effects of changes of Changes in con- 1.3.2.3 Low Low 8.3.1.8
{con- strain in C-atca time through UZ, yiven stiess or strain on ductivity and
tinued) resulting from epi- fixed thickness of U2 hydrologic properties of porosity of rock
sodic faulting, fold- the rock mass mass are less
ing or uplitt causes than a factor of 2
changes in the hydro-
logic properties of
the rock mass
Tectonic processes Radionuclide transport Degree of mineralogic Mverse changes None Low Low 8.3.1.8
cause changes in time through UZ, given change in the controlled in mineralogy will
ground water table fixed thickness of UZ area resulting from not occur
or movement Lhat changes in water-table
results in minera- level or flow paths in
logic changes in 10,000 yr
C-areca
Extensive irrigation is Radionuclide transport Expected magnitude of No goal (human None Not appli- Not appli- 8.3.1.9.3,
conducted near C-area time through UZ, given changes in distribution activity) cable cable 8.3.1.3.
oo fixed thickness of UZ coefficients, solubili-
HRS ties and chemical reac-
~ . . .
in tivity of the engineered
P barrier system and U2
3 units due to extengive
irrigation near C-area
in next 10,000 yr
Large-scale surface Radionuclide transport Expected magnitude of No goal (human None Not appli- Not appli- 8.3.1.9.3
water impoundments time through UZ, given changes in distribution activity) cable cable 8.3.1.3.
are constructed near fixed thickness of UZ coefficients, solubili- ~
the C-area Lies and chemical reac-
tivity of the engineered
barrier system and U2
units due to presence of
an artifical lake near
C-area in next 10,000 yr
Extensive surface or Radionuclide transport Expected magnitude of No goal (human None Not appli- Not appli- 8.3.1.9.3
subsuirface mining time through U2, given changes in distribution activity) cable cable 8.3.1.3.
occurs near C-area fixed thickness of U2 coefficients, solubili-
ties and chemical reac-
tivity of the engineered
barrier system and UZ
units due to mining
activities near the
C-area in next 10,000 yr
“EPPM - evpected partial performance measure; see subsection on discussion of complementary cumulative distribution functions and significant processes and events.
bC-area = the controlled area, i.e., the actual area chosen accoirding to Lhe 10 CFR 60.2 definition of controlled area.
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Table 8.3.5.13-15.
(page 1 of 2)

SCP section pro-

Performance parameters for scenario class D-1 (appearance of surficial discharge points within the C-area*; foreshortening of the saturated zone)

Performance Initiating Intermediate Pecformance Tentative viding expected Current Needed sce
measure event or process performance measure parameter parameter goal parameter values confidence  contidence section
EPPMP Climate change causes Radionuclide transport Expected locations of sur- That no surficial None Low Medium 8.3.1.5.2
appearance of sur- time through UZ, ficial discharge points discharge points
ficial discharge given fixed SZ rock within C-area over next could appear
points within C-area hydrologic and geo- 10,000 yr within C-area
chemical properties given a water
table rise
<160 m
Igneous intrusion Radionuclide transport Annual probability of <10-3/yr 1.5.1 Low Medium 8.3.1.8
causes barrier to time through saturated significant igneous
flow or thermal zone (S2), given fixed intrusion within 0.5 km
effects that alter SZ rock hydrologic of C-area boundary
water-table level and geochemical
properties Barrier-to-flow effects Show water table None Low Low 8.3.1.8
of igneous intrusions will not rise
on water-table levels to within 100 m
oo of repository
o horizon in
E" 10,000 yr
e Thermal effects of igneous Show water table None Low Low 8.3.1.8
intrusions on water- will not rise
table levels to within 100 m
of repository
horizon in
10,000 yr
Offset on fault juxta- Radionuclide transport Probability of total off- <10-! 1.3.2.2 Low High 8.3.1.8
poses transmissive time through 52, given sets >1.0 m in 10,000 ~
and nontransmissive fixed SZ rock hydro- ¢ yr on faults within 0.5
units, resulting in logic and geochemical km of C-area boundary
either the creation properties
of a perched aquifer Effects of fault offset Show water table None Low High 8.3.1.8
or a rise in the on water-table levels will not rise
water table to within 100 &
of repository
horizon in
10,000 yr
Episodic changes in Radionuclide transport Probability that strain- <10™3/yr 1.3.2.3 Low Low 8.3.1.8

strain in the rock
mass due to faulting
cause changes in
water-table level

time through SZ, given
fixed SZ rock hydro~
logic and geochemical
properties

induced changes increase
potentiometric level to
greater than 850 m mean
sea level
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Table 8.3.5.13-15.

(page 2 of 2)

TN

Performance parameters for scenario class D-1 (appearance of surficial

discharge points within the C-area®; foreshortening of the saturaled zone)

SCP section pro-

Performance Initiating Intermediate Performance Tentat ive viding expected Current Needed SCP
measure event or process performance measute parameter parametet goal parameter values confidence confidence section
FPPM Folding, uplift, or Radionuclide transport Probability that reposi- <10-¢ 1.1.3.3 Low Low 8.3.1.8
(cont inued) subsidence lowers time through SZ, given tory will be lowered by
repository wilh res- fixed SZ rock hydro- 100 m through action of
pect to water table logic and geochemical folding, uplift, or sub-
properties sidence in 10,000 yr

66-5't'8

sC-area =

the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of controlled area.

bEPPM = expected partial performance measure; see subsection on discussion of complementary cumulative distribution functions and significant processes and events.
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Table 8.3.5.13-16. Performance parameters for scenario class D-2 (increased head gradients or changed rock, hydrologic, or geochemical properties in the saluiated
zone) (page 1 of 2}

SCP section pro-

Performance Initiating Intermediate pPerformance Tentat ive viding erpected Current Needed scp
measure event Ofr process performance measure parameter parameter goal parameter values conf idence cont idence section
EPPMS Climatic change causes Radionuclide transport Expected magnitude of Gradients change 3.7.1 Low Medium 8.3.1.5.2
an increase in the Lime through saturated change in water-table less than a
gradient of the water zone (S2), given fixed gradient due to climatic factor of 4
table within the distances to acces- change over the next
C-area® sible environment 10,000 yr
boundary
Igneous intrusion Radionuclide transport Annual probability of a <10-%/yr 1.5.1 Low Medium 8.3.1.8
causes barriers to time through SZ, given significant igneous
flow or thermal fixed distances to intrusion within 0.5 km
effects that alter accessible environ- C-area boundary
water-table (or ment boundary
oo hydraulic gradients) Barrier-to-flow effects Show water table None Low Low 8.3.1.8
H of igneous intrusions on will not rise
n water table level to within 100 m
. of repository
8 horizon in
10,000 yr
Thermal effects of igneous Gradients change None Low Low 8.3.1.8
intrusions on hydraulic less than a
gradients factor of 4
Offset on faults juxta- Radionuclide transport Probability of total offset <10-} 1.3.2.2 Low Medium 8.3.1.8.3
poses transmissive time through SZ, given > 2.0 m in 10,000 yr on
and nontransmissive fixed distances to faults within 0.5 km
units, resulting in accessible environ- of C-area “
either the creation sent boundary
of a perched aquifer Effects of fault offsets Show water table None Low Medium 8.3.1.8.3
or a rise in the on water-table levels will not rise
water table (or a to within 100 m
change in hydraulic of repository
gradients) horizon in
10,000 yr:
Effects of fault offsets Show gradients
on hydraulic gradients change less
than a factor of 4
Extensive irrigation Radionuclide transport Expected magnitude of No goal (human None Not appli- Not appli- 8.3.1.9.3
is conducted near time through SZ, given changes in head gradi- activity) cable cable
C-area fixed distances to ents of SZ in C-area due
accessible environment to extensjve irrigation
boundary near C-area over next

10,000 yr
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Table 8.3.5.13-16.

zone) (page 2 of 2)

perfoimance paramct

ers for scenario class D-2 {increased head gradients or changed rock,

hydrologic, or geochemical properties in Lhe saturated

performance
seasure

Initiating
event or process

Intermediate

performance measure

Performance
parameter

Tentative
parameter goal

SCP section pro-

viding expected

parameter values

EPPM

{cont inued)

101-5€'8

agppM = cospected partial performance
. the controlled area, i.e.,

bC-a1ed

Extensive irrigation

is conducted nearc
Cc-area (continued)

Large-scale surface-
water impoundments
are constructed near
the C-area

Extensive surface or
subsurface mining
occurs near C-area

Extensive ground-water
withdrawal occurs
near C-area

Radionuclide transport

time through S2, given
fixed distances to
accessible environment
boundary

Radionuclide transport
time through S2, given

fixed distances to

accessible environment

boundary

Radionuclide transport
time through SZ2, given

fixed distahces to

accessible environment

boundary

Expected magnitude of

changes in distribution
coefficients of SZ due
to extensive irrigation
near C-area over the
next 10,000 yr

Expected magnitude of

changes in head gradi-

ents of SZ in C-area due
to presence of an arti-
ficial lake near C-area
over the next 10,000 yr

Expected magnitude of

changes in distribution
coefficients of SZ units
due to presence of an
an artificial lake near
C-area in next 10,000 yr

Expected magnitude of

changes in gradients of

water table under C-area
due to extensive surface
or subsurface mining near
C-area in next 10,000 yr

Expected magnitude of

changes in distribution

coefficients of SZ units
due to extensive surface
or subsurface mining near
C-area in next 10,000 yr

Expected magnitude of

changes in gradients of
water table under C-area
due to ground-water with-
drawal near C-area in
next 10,000 yr

No goal (human
activity)

No goal (human
activity)

No goal (human
activity)

No goal (human
activity)

No goal (human
activity)

No goal (human
activity)

None

None

None

None

None

None

measure; see subsection on di
the actual area chosen accord

scussion of complementary cumulative distribution fu
ing to the 10 CFR 60.2 definition of controlled area.

Current Needed sce
contidence confidence section
Not appli- Not appli- 8.3.1.9.3,

cable cable 8.3.1.3.7
Not appli- Not appli- 8.3.1.9.3

cable cable
Not appli-  Not appli- 8.3.1.9.3,
cable cable 8.3.1.3.7
Not appli- Not appli- 8.3.1.9.3
cable cable
Not appli-  Not appli- 8.3.1.9.3,
cable cable 8.3.1.3.7
Not appli-  Not appli- 8.3.1.9.3
cable cable

nctions and significant processes and events.
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Table 8.3.5.13-17. Supporting parameters needed to evaluate Lhe nominal case and as baseline data for the disturbed cases (page 1 of 6)
Lateral spa-
1ssue 1.} tial loca- Unit SCP section pro-
calculation using Supporting parameter tion where where viding expected Characterization Current Heeded SCP
supporting parameter® Description Modifier needed® neededS  parameter vdlues goald confidence® contidence®  secLion
Specific-discharge field Saturated permeabil- Rock matrix R-area UZ-units, 3.9.2.1 m,v,a NA H,M, L 8.3.1.2.2
in UZ (Klavetter and ity ovb
Peters, 1986); wmoisture
contents of UZ units; Fracture network R-area UzZ-units, 3.9.2.1 mv,a NA H,M, L 8.3.1.2.2
hydrodynamic response Oovb
times in overburden
Relative liquid per- Rock matrix R-area UZ-units, None m,v NA M,L 8.3.1.2.2
meabilily (wetting ovb
and draining)
Fracture netwoik R-area UZ-units, Hone m,v NA L L 8.3.1.2.2
Ovb
Effective porosity! Rock matrix R-area UZ-units, 3.9.2.1 m,v,a NA H,M, L 8.3.1.2.2
ovb
Fracture network R-area Uz-units, None mv,a NA L,L,L NA
ovb
Moisture retention Rock matrix R-area UZ-units, 3.9.2.1 n,v M, M L,L 3.9.2.1
curve (wetting ovb )
and draining)
Fracture network R-area UZ-units, None m,v NA L, L NA
. Ovb
Altitudes of hydro- As a function of C-area UZ-units, 8.3.5.12 m,v MM H,M 8.3.1.4.2,
geologic unit lateral spatial Oovb 8.3.1.4.3,
contacts location 8.3.1.2.2
Altitude of water Ambient, as a C-area NA 3.9.1.2 m,v M, M H,M 8.3.1.3.1
table function of
T lateral spatial
location
specific-discharge field Location, width, and As a function of C-area UZ-units, 1.3.2.2.2 m,v L H 8.3.1.4.2,
1n fault zones in UZ; offset of fault lateral spatial Ovb 8.3.1.8.5
moisture conteat in zones location
fault zones; hydro-
dynamic response times saturated permeability Fault-zone rock- C-area Uz-units, None m,v NA ML 8.3.1.2.2
of fault zones mass Ovb
Elfective porosity . Fault-zone rock- C-area UZ-units, None m,v NA L, L 8.3.1.2.2
mass Ovb
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Table 8.3.5.13-17.

Support ing parameters needed to evaluate the

nominal case and as baseline data for the disturbed cases (page 2 of 6)

€01-5°¢'8

Lateral spa-
Issue 1.1 tial loca- Unit SCP section pro-
calculation using Suppotting parameter tion where where viding expected Characterization Current Meeded sce
supporling pacameter® Lescript ion Modifier needed® needed® parameter values goald confidence® confidence®  section
Coupling factors and Bulk density Rock matrix C-area All 1.6.2.2 ¢ m,v M,L M, M L3.1.15.1,
radionuclide retarda- units Chapter 2 8.3.1.2.2
ticn factors in U2
and SZ (Wilson and Fracture frequency Fracture networks C-area Al 3.9.2.1, m,v,a Lol L M, L, L .3.1.2.2
budley, 1987) units 1.3.2.2.2 .
Fracture frequency Fault-zone rock- C-area Al) 1.3.2.2.2 mv,a L,L,L M,L,L .3.1.4.2
mass units
Liquid constric- Rock matrix C-area All None m,v L,L M, L .3.1.2.2,
tivity/LorLuosity units 8.3.1.3
factor
Fracture networks C-area All None m, v L,L L,L .3.1.2.2,
units 8.3.1.3
Fault-zone rock- C-area All None m,v L, L L,L .3.1.2.2,
mass units 8.3.1.3
Distribution coef- Rock matrix, for C-area All 4.1.3.3, mv,a M, L, L MM, L .3.1.3.4
ficients (K48) the following units 8.3.1.3
chemical species:
st, Cs, Pu, Am,
C, U, Np, Tc,
2r, 1, Cm
specific-discharge field Effective thickness As a function of C-area SZ-units 3.6.4 ~ m L L .3.1.3.3
in Sz (ISOQUAD code, of saturated zone lateral spatial
Pinder, 1976); also location
hydiodynamic dispersion ‘
in $Z; hydrodynamic Hydraulic conduc- Rock matrix C-area SZ-units 3.6.4, mv,a M H,L,L .3.1.3.3
response times of SZ tivity 3.9.2.2
times of SZ
Fracture net- C-area SZ-units 3.9.2.2, mv,a L H,L,L .3.1.3.3
works 3.6.4
Effective porosity Rock matrix C-area SZ-units 3.9.2.2, m,v,a L,L,L M,M, L 23.1.3.3
3.6.4
Fracture net- C-area SZ-units 3.6.4 m,v,a L,L,L M,M, L .3.1.3.3
works
Fracture compressi- Fracture net- C-area All 3.9.2.1 m L L .3.1.3.3
bility works units
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Table 8.3.5.13-17.

Supporting parame

Lers needed Lo evaluate the nominal case and as baseline data for the disturbed cases (page 3 of 6)

Lateral spa-

POI-S €8

1ssue 1.1 tial loca- Unit SCP section pro-
calculation using Sugggrting parameter tion where where viding expected Characterization Current
supporling parameter® Description Modifier needed® needed® parameter values goald cont idence®
Model validation- Matriz-fracture inter- NA C-area All 4.1.3.5 Not significantly L
coupling factors in face permeabilities units different from
Uz and SZ matrix values
Matrix-fracture inter- NA C-area Al) None Not significantly L
face constrictivity units different from
(MF-CT factors) matrix factors
Gas-phase carbon-14 Relative pneumatic Rock matrix R~area Ovb None LY L, L
transport in oveiburden permeability (wetting
of UZ units and draining) Fracture net- R-area Oovb None m,v L, L
work
Effective pneumatic Rock matrix R-area ovb None mv,a L, L, L
porosity
Fracture net- R-area Ovb None nv,a L,L,L
work
profile of partial Ambient, rock R-area Uz-units, None No goal L
pressure of CO; mass ovb
pProfiles of bicar- Ambient, rock R-area UzZ-units, None No goal L
bonate concentration, ®ASS Ovb
calcium ion concen-
tration, pH, in
liquid phase ~
pProfile of temperature As a function R-area Uz-units, 1.6.2.2.4, Predict profiles L
of time, Oovb Chapter 6 where tempera-
including ture change
effects of exceeds 10% of
heat from ambient (°C)
repository
Profile of near- As a function R-area UZ-units, 2.7.2 Prediction consis- L
field saturation of time, Oovb tent with temp-
including erature profile
effects of (above)
heat from
repository

Needed
cont idence®

H

L, L L

H,L,L

3.

& W

sce
section

1.

—

.3.1.3.6

3.2
3.2

.3.2
3.2

.4.2

2.2
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Table 8.3.5.13-17.

Supporting parameters ne

eded Lo evaluate the nominal case and as baseline data for the disturbed cases {(pag

1ssue 1.1
calculation using
supporting patamctert

e 4 of 6)

—_—

Model calibration and
validation, qas-phase
caibon-14 tiansport
in overburden of UZ

SO1-S°¢'8

Source term - liquid and
gas-phase releases
from waste packages

Lateral spa-
tial loca- Unit SCP section pro-
Supporting parameter tion where where viding expected Characterization Current
Description Modifier needed® needed® parameter values guald cont idence®
profile of casbon-14 Ambient, rock R-area U2-units, None THD L
concentration mass pore ovb
spaces
Major-ion water Ambient, rock R-area UZ-units, None TBD L
chemistry (i.e. mass pore Ovb
composition, Eh, fluids
pH)
profiles of abundances Ambient, rock R-area UZ-units, None TBD L
of secondary calcite, mass ovb
carbon-14 in calcite
pProfile of Darcy Ambient, rock R-area UZ-units, None T™8D L
velocity of air flow mass pore Oovb
spaces
Geometry of waste Diameter, length NA NA 6.2.3 ! No goal {(design NA
package and proposed parameter)
orientation
with respect
to vertical
direction
Radionuclide inventory Expressed as kil- NA NA 7.4.3.2.1, m,v L, L
at closyre in waste ograms (or cur- 7.4.3.1.1~
package ies) per pack-
age for radio-
nuclides listed
in Table |
8.3.5.13-7
Areal density of kP As a function of NA NA None No goal (design NA

kind of waste pack-
age in repository

lateral spatial
location, and,
if mote than
one level,
altitude above
mean sea level

parameter)

Needed

cont idence®

NA

NA

VRN

sce
section

8.3.1.3.2

8.3.1.2.2

OQ.UJ
ww
PY)
N W

w N
-

8.3.4.2.2
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Table R.3.5.13-17. Suppoiting parameters nceded Lo evaluate the nominal case and as baseline data for the disturbed cases (page 5> of 6)

Lateral spa-
Issue 1.1 tial loca- Unit SCP section pro-
calculation using Supporting parameter rion where where viding expected Characterization Curtrent
supporling paranwter® Description Modifier needed® needed® parameter values goal® conf idence®
Source term - liquid and Containment time of As a function of R-area Host rock None m, v L,L M, M
gas-phase releases from kth kind of waste position in
waste packages package i.e., Lime repository, if
{cont inued) after closure at necessary
which liquids would
have free access to
waste form
Post-containment mass Waste form to R-area Host rock 7.4.3.1.1, m, v L L MM
1elease rate from l1iquid phase; 7.4.3.2.1 Also show mean
kth kind of waste expected con- release rates
oo package "ditions; if for C, T¢c, and
W necessary, as a I are less than
in function of: 10-5 of 1000-yr
o time since inventory
8 closure, posi-
tion in reposi-
tory, petcola-
tion flux at
repository
level
Mass release rate of Waste form to a R-area Host - rock 7.4.3.1 m v L,L H,M
carbon-14 in a gas gas phase; pre- Also show that
phase from the ktb and post- fraction of
kind of waste pack- containment ~ C-14 jnventory
age ~ periods; if that could be
necessary, as released in
a function of: gas phase is
Lime since less than 1%
closure, posi-
tion in the
repository
Degradation rates of Ambient condi- R-area Host rock 7.4.3.1.1, [ L, L M, M
waste form in the tions {i.e., 7.4.3.2.1

kth kind of waste
package

natural water
chemistry
associated with
repository host
rock)

Necded
confdence*

sCp
section

8.3.5.9.4

8.3.5.10.4

8.3.5.10.4

8.3.5.10.3
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Table 8.3.5.13-17. Supporting parameters needed to evaluate the nominal case and as baseline data for the disturbed cases (page 6 ol o)

Lateral spa-

Issue 1.1 tial loca- Unit SCP section pro-
calculation using Supporting paramcter tion where where viding expected Characterization Current Needed sce
supporting parameter® Desciiption Modifier needed® needed® paiameter values goald confidence® confidence®  section
Source term - liquid and Ma:imum concentration In gencral, for R-area Host rock None m,v L, L M,M 8.3.5.10.3
gas-phase releases of chemical species the radionu-
from waste packages associated with the clides listed
(cont inued) ith radionuclide in Table
(i.e., solubility 8.3.5.13-4,
limits) ambient condi-
tions

ay2 = unsaturated or partially saturated zone; SZ = saturated zone.

bNotation for indicating the various areas or zones around the repository: R-area = the vertical projection of primary repository area and extensions; C-area = the
controlled area, i.e., the actual area which is chosen according to the 10 CFR Part 60 definition of controlled area.

eQvb = overburden; i.e., all hydrogeologic units above repository floor; UZ-units = all hydrogeologic units below repository floor but above water table; SZ-units =
all hydrogeologic units below water table which are included in the effective thickness of the saturated zone.

dnotation for statistical descriptors: m = mean value; v = variance; a = autocorrelation length. In general, these descriptors are used for spatially varying
quantities, but m and v will also be used to indicate mean and variance of a scalar random variable; the supporting parameter being described should make clear which
usage is intended.

®L = low, M = medium, H = high, and NA = not applicable.

tgffective porosity, sometimes called the kinematic porosity (see pp. 24-25 of DeMarsily, 1986).
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8.3.5.14 Performance Allocation Tables for Individual Protection

Issue 1.2 addresses compliance with the requircment for limiting individual doses in the
accessible environment to limits cstablished in 40 CFR 191.15. Although this rcgulation has been
vacated by judicial action, the performance allocation in the SCP was complcted on the basis of the
current EPA dose limitations, and will be revised at a later date if necessary. Table 8.3.5.14-1
presents the performance allocation for Issue 1.2, with the relcase pathway, the primary barriers, the
performance measures and their goals and confidence. Table 8.3.5.14-2 provides the corresponding
performance parameters and the more detailed allocation information, with a reference to the SCP
sections providing the expected parameter values and the section supplying the ncw paramcter valucs.

8.3.5-108
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8.3.5.14-1. Performance allocatio

n for Issue 1.2 (individual protection)

Release Primary - pPerformance Tentative Needed
scenario class Pathway barriers measure goal confidence
Nominal Significant Unsaturated zone Individual dose (whole Near zero High

(expected) ground- and saturated body) (dose much

water zone less than
source standards)
Gaseous Waste container Individual dose (whole High
phase and overburden body)
External Near zero A High
Internal
Inhalation <5 mrem/yr High
Ingestion <5 mrem/yr High
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Table 8.3.5.14-2.

Performance parameters for Issue 1.2 (Individual

protection) the disturbed cases

SCP section

providing
Tentative erpected Investigat ions
System element Process or Performance Performance parameter Needed parameter Cutrent supplying
relied on Function conditions measure parameter goal conf idence values conf idence parameter
Unsaturated zone Retardation of Porous-media Individual Ground-water* >1,000 yr High 3.9.4 Low 4.3.5.12.4
and saturated radionuclide transport dose travel time
zone below the movement in through
repository ground water matrix and
{ground-water adsorpt ive
transport) retardation Retardation >1 High 4.1.2.2 Medium 8.3.1.3.4
Overburden Retardation of 1sotope Individual Residence >1,000 yr High None Low 8.3.1.3.4
(gaseous phase movement of exchange, dose time of
transport) gaseous chemical carbon-14
nuclides equilibrium in over-
and pre- burden
cipitation
Waste form Containment and Distribution Individual Inventory of >1,000 Ci Righ 7.4.3.1 Low 8.3.5.10.2
(gaseous phase controlled of radio- dose rapid
transport) release of nuclides release
gaseous and con- fraction of
nuclides Jtainment carbon-14 !

*Ground-water travel

time is used as a measure of the radionuclide transport time to the boundary of the accessible environment .
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83515 Performance Allocation Tables for Ground-Water Protection

fssuc 1.3 addresses compliance with the requirement for protection of special sources of ground
waltcr as required by 40 CFR 191.16. As was indicated for Issuc 1.2, this regulation has been vacated
by judicial action. Howcver, the performance allocation presented in the SCP is based on the current
rule. Table 8.3.5.15-1 presents the performance allocation for Issue 1.3, and indicates that the
determination of the existence of a special source of ground water is one of the performancc mcasures.
After this determination, if a special source exists, then the allocation for meeting the rcquirements of
Issue 1.3 are covered by the data and methods described in Scction 28 of this document (SCP Section
8.3.5.13; Issue 1.1). The allocated values arc presented in the bottom portion of Table 8.3.5.15-1.

8.3.5-111
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Table 8.3.5.15-1. Performance allocation for Issue 1.3 (ground-water protection)

Needed Performance Current Current Needed
Performance measure Goal confidence parameters Goal Modifier estimate confidence confidence
Existence of special No spe- High Existence of NA® valley fill (VF) Exists High High
source of ground cial aquifers Tuff (T) Exists High High
water source within 5 km Lower carbonate Exists High High
of control- (LC)
led area®
Aquifer vulner- HNot vul- VF, T, LC Not vulnerable Low Medium
ability to nerable within 20,000 yr
contamination within
10,000 yr
a. Population <substan- VF >3,000, < 5,000 High High
served tial T <1,000 Medium High
or LC ~500 Medium High
b. Baseflow to None VF None Medium High
sensitive T None Medium High
ecological LC Exists Medium High
system
population <thousands VF >3,000, <5,000 High High
served T <1,000 Medium High
LC =500 Medium High
. Existence of Exists VF Does not exist Low High
reasonable T Exists Medium High
alternative LC - Does not exist Low Medium
source
Waste concentration  <limits High Concentration <limits VF, T, ILC Meets goal Low High
in special source of of specified specified
aquifer within 40 CFR constituents in 40 CFR
1,000-yr after 191.16 as function 191.16
disposal for of time for
1,000 yr 1,000 yr

aNA = not applicable.
bControlled area is the actual area chosen according to the 40 CFR 191.12 definition of controlled area.
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8.4 Planned Site Characterization Activities and Test Controls
8.4.1 Introduction

This section provides a general description of planned testing, the ESF configuration, and controls
for construction rclated to surface-based testing, ESF testing and test-to-test interference.

8.4.2 Description and location of characterization studies

This section evaluates whether construction or operation of facilities or the conduct of tests at the
site is likely to adversely influence the results of site characterization activities. Sections 8.4.2.2 and
8.4.2.3 asscss the likelihood of tcst-to-test and construction-to-test interference for the surfacc-based
and in situ activities.

8.4.2.2 Surfacc-based activitics
Construction and testing activities are grouped in the following sections according to whether they

lic within the conceptual perimeter drift boundary (CPDB), or the conceptual boundary of the
controlied area.

8.4.2.2.1 General description of location and extent of testing and construction (cxisting and

The potential disturbance from existing and planned field activities is summarized in Tables
8.4.2-4 through 8.4.2-6. The first of these tables gives the numbers of existing and planned activities
ol various types that are located: 1) within the CPDB, 2) within the conceptual boundary of the
controlled arca but outside the CPDB, and 3) outsidc the controllcd area, The table shows that much
of the disturbance from existing and planncd activities, in tcrms of numbers of ficld activities, occurs
away from the immcdiate sitc arca. Tables 8.4.2-5 and 8.4.2-6 givc estimates for the amount of arca
disturbed by pre-site characterization activities and planned surface-based activitics, respectively. The
estimates are given in terms of acreage for dilferent categories of surface disturbance. The otal of
existing and planned disturbance to the area within the CPDB is estimated to be 132 acres, or about 10
pcreent of the arca encloscd by the CPDB.

The term "surface disturbance,” as used in this section, is defined as: 1) activities requiring site
preparation where vegetation, surface soils, and possibly cven subsoils and bedrock are removed, or 2)
activitics involving disposition of significant amounts of watcr at thc surfacc. Most off-road vehicular
access, mapping and sampling activitics, and surfacc gcophysical surveys are not included in this
delinition.

Information on watcr usc for planncd surfacc-based Lesting and construction activities is nceded

to evaluate test interference and potential site performance impacts. The amounts and locations of
planncd water usc for surface-bascd testing and construction are described in Scction 8.4.2.2.3.

8.4.2-1
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Table 8.4.2-4. Existing and planned surface-related and drilling-related field activities (page 1 of 3)

Activity type

Within the
controlled area,P
outside the CPDB

Within the conceptual
perimeter drift
boundary (CPDB)2

Qutside the
controlled area

Existing Planned FExisting Planned

Existing

Planned

Unsaturated-zone boreholes

Shallow boring (<100 ft deep)

Neutron access holes

Fortymile Wash neutron holes

Large plot rainfall simulation holes
(14 sites with 10 holes per site)

Small plot rainfall simulation holes
(23 sites with 4 holes per site)

Seismic shotholes

Deep boring
Unsaturated zone holes?
VSP/UZ prototype hole
Solitario Canyon horizontal hole
Multipurpose boreholes®

Systematic drilling program
Coreholes

Geologic and exploratory coreholes
Volcanic coreholes
Surface facility coreholes
Calcite silica coreholes
(5 slant holes and 1 vertical,
possible)

37 2 36 22

- 30 - 110
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Table 8.4.2-4. Existing and planned surface-related and drilling-related field activities (page 2.of 3)

Within the conceptual Within the
perimeter drift controlled area, Outside the
boundary (CPDB) outside the CPDB controlled area
Activity type Existing Planned Existing Planned Existing Planned
Saturated-zone and water-table boreholes
Saturated-zone holes 2 1 6 - 2 -
Water-table holes 1 - 9 5 6 3
Southern tracer complex (depends on
test results) - 4 - _—
In situ stress (1 hole planned, the need
for additional drilling depends on
test results and possible use of other
existing holes) -- 1-22
Trenchesf 5 1-2 33 <17 26 9
Pavements9 4 -- 2 2 - -
Roads (linear miles)
Unimproved (23 ft wide graded; plus
shoulders, drainage ditches, and
berms) 6 2 37 5 38 13
Trails (single lane, ungraded) 1.5 1 21 3 8 1
Other
Surface-based testing (proposed)
Large plot rainfall simulation sites 3 - 11 - -
Small plot rainfall simulation sites 8 - 15 - _—
Artificial infiltration ponding sites 17 - 33 - —
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Table 8.4.2-4. Existing and planned surface-related and drilling-related field activities (page 3 of 3)

Within the conceptual Within the

perimeter drift controlled area, Outside the
boundary (CPDB) outside the CPDB controlled area
Activity type Existing Planned Existing Planned Existing Planned
Other (continued)
Seismic surveys See Fiqgures 8.3.2-1 and 8.3.2-2 and maps in the Site Atlas

and Surface-based Investigations Plan for locations

aThe conceptual perimeter drift boundary is the projection to the surface of the perimeter drift as
defined in the conceptual design presented in Chapter 6. Perimeter drift "defines the outer limits of
mined openings at waste emplacement depths" (Rautman et al. (1987)).

bControlled area is the actual area chosen according to the 40 CFR 191.12(g) definition.

c-- = No existing or proposed activities of this type are located in this area.

drjve of the existing unsaturated zone boreholes that are less than 500 ft deep will be reentered and
drilled to penetrate the water table. These holes include UE-25 UZ#4, UE-25 UZ#5, USW UZ-7, USW UZ-8, and
USW Uz-13.

eMultipurpose boreholes MP-1 and MP-2 are described in Section 8.3.1.2.2.4.9.

fThe number of existing trenches does not include the 31 soils investigation trenches that were
excavated and reclaimed in Nye Canyon and Silver Lake. Proposed trenches include 1 or 2 trenches along
the Ghost Dance fault, which traverse the repository block and controlled area, and 3 or 4 along the Bow
Ridge fault and the Solitario Canyon fault that traverse the controlled area. The exact locations of
these trenches have not been determined. The proposed numbers of trenches do not include possible
trenching at the playas throughout the southern Great Basin (such trenching, if conducted, would be
outside the controlled area boundary).

9all the planned pavements have not yet been sited. As many as four or more additional pavements may

be sited within the CPDB.
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Table 8.4.2-5. Extent of existing surface disturbance associated with pre-site-characterization
testing (page 1 of 2)

Type of feature

Acres disturbed
within conceptual
perimeter drift

Acres disturbed
within
controlled area,b

Acres disturbed
outside the

causing disturbance boundary (CPDB)a outside of CPDB controlled areac Total
Roads
Light duty (paved, average
width of disturbance 100 ft) --d 50 52 102
Unimproved (average width of
disturbance 50 ft) 37 224 227 488
Trails (average width of
disturbance 15 ft) 3 38 15 56
Powerlines - 8 42 50
Drill pads 21 73 24 118
Trenches 1 10 5 16
Pavements 1 <1 - 1
Seismic surveys (estimate) 2 20 13 35
Disturbance associated with
drilling neutron access holes 3 3 - 6
Other disturbances (laydown
areas, turnarounds, etc.) 4 4 _10 _58
Total 72 470 388 930
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Table 8.4.2-5. Extent of existing surface disturbance associated with pre-site-characterization
testing (page 2 of 2)

Footnotes

aThe conceptual perimeter drift boundary is the projection to the surface of the perimeter drift as
defined in the conceptual design perimeter presented in Chapter 6 of the SCP. Perimeter drift "defines
the outer limits of mined openings at waste emplacement depths" (Rautman et al., 1987) .

bControlled area is the actual area chosen according to the 40 CFR 191.12(g) definition.

cNot all impacts in this area are associated with the Yucca Mountain Project. Many of the existing
roads and powerlines in the Fortymile Wash area are associated with Nevada Test Site activities. Several
roads that have been constructed in the Bare Mountain, Crater Flat and Amargosa Desert areas were not
constructed by the U.S. Department of Energy, nor were they constructed to support the Yucca Mountain

Project.
d-— = No disturbance is associated with this activity category in this area.
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Table 8.4.2-6.

Estimates of minimal or potentially significant disturbance (as discussed in
Section 8.4.2.2.2.1) associated with planned surface-based testing for site

characterization (page 1 of 2)

Type of feature
causing disturbance

Acres disturbed
within
controlled area,?®
outside of CPDB

Acres disturbed
within conceptual
perimeter drift
boundary (CPDB)?

Acres disturbed
outside the

controlled area Total

Roads

Light duty (paved)
Unimproved (average width
of disturbance 50 ft)
Trails (average width of

disturbance 15 ft)

Powerlines
Drill padsd
Trenches®

Pavements
Seismic surveys

Disturbance associated with
drilling neutron access holes

Other disturbances (laydown areas,
turnarounds, etc.)¢

ESF surface disturbances (laydown
areas, turnarounds, etc.)¢

Total

Estimate included with the exploratory studies facility (ESF)¢ category

8 30 77 115
2 6 2 10
Estimate included with the ESF category
17 75 28 120
1 : 10 4 15
<1 --e -- <1
5 30 35 70
2 3 -- 5
5 45 10 60
20 25 i 45
60 224 156 440
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Estimates of minimal or potentially significant disturbance (as discussed in
Section 8.4.2.2.2.1) associated with planned surface-based testing for site

characterization (page 2 of 2)

Table 8.4.2-6.

Footnotes

aThe conceptual perimeter drift boundary is the projection to the surface of the perimeter drift as

defined in the conceptual design perimeter presented in Chapter 6 of the SCP. Perimeter drift "defines
the outer limits of mined openings at waste emplacement depths" (Rautman et al., 1987).
bControlled area is the actual area chosen according to the 40 CFR 191.12(g) definition.
cpstimate based on extent of existing disturbance.
dEstimated using 2.5 acres maximum disturbance per drill pad,

such drill pads.
e-- = No disturbance is associated with this activity category in this area.

and with multiple boreholes or several
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8.4.2.2.2 Description of locations. operations, and construction controls for surface-based aclivitics

For implementation of the construction and testing activitics required for site characterization, an
intcgration and management control process is planncd. as described in Section 8.3.1.4.1 (development
ol an intcgrated drilling program and integration of gcophysical activitics). Baseline control will
ensure accountability for significant deviations from specifications and cnsure that field changes
respect any intcrdependence among planned activitics (c.g., shared usc of borcholes). Such control
will also ensurc that construction or testing controls arc based on interference or site-performance
impuct considerations.

Plans for surface-based testing do not include the use of high-level radioactive matcrials or the
introduction of radioactive artificial tracers. Radioactive sensors and sources will be used in planned
testing, such as borcholc geophysical logging, but are designed to be fully contained and retricvable.
Any plans 1o use high-level radioactive materials or to introduce radioactive artificial tracers at the sitc
will be included in SCP progress reports and will be subject to NRC review as specified by 10 CFR
60.18(c). Where applicablc, staic permit requirements will be met through the submittal of permit
applications or requests for waivers.

8.4.2.2.2.1  Site preparation and surface-related activities

Sitc preparation activitics include grading (i.e., access road construction), cut and fill
(construction of road cuts, drill pads, and ESF support facilitics), and excavation (trenches, pits,
borrow arcas, and pavements).

Activitics involving minimal or no disturbance

Many of the data needs for site characterization require measurements at or above the ground
surface without invasion of the subsurface. These include meteorological monitoring, radiometric
monitoring, gcodesy, scismic monitoring, evapotranspiration studics, geologic and surficial deposits
mapping, and geophysical surveys (with controls as described below). The methods to be used for
these measurements arc standard (Section 8.3.1) and so the potential for disturbance is well
understood. The following kinds of field activitics will be involved:

1. Passive monitoring equipment on the surfacc or on towcrs,

2. Construction of survey monuments, smail cdifices, etc.

3. Geophysical use of noninvasive scismic or electrical sources.

4. Decployment of ground motion detectors or other geophysical instruments.

5. Infrequent off-road vchicular travel.

Surface-related characterization activitics producing minimal or no disturbance, as summarized in
Tablc 8.4.2-7, include surface stratigraphic studics, the Southern Great Basin Seismic Network.

planned surface geophysical surveys, airborne geophysical surveys, surface stratigraphic studics, soil
studics, surfacc sampling, and meteorological monitoring. Many of thesc activities are also remote

8.4.2-9



Table 8.4.2-7. Summary of planned surface-related characterization activities in the vicinity of
Yucca Mountain--minimal or no disturbance is produced (page 1 of 3)

Activity category SBIP2 designation SCP activity , Description
Borehole, and GSB-YMATL 8.3.1.4.2.1.3 For definition of lithostratigraphic units
borehole-to sur- GSB-YMG and contacts, and the distribution of rock
face geophysical GSB-YMIPL properties within lithostratigraphic units.
surveys GSB-YMLSL
GSB-YMML
GSB-YMPS
GSB-YMRE
GSB-YMSH
GSBB-YM 8.3.1.4.2.2.5 Seismic tomography/vertical seismic
profiling.
o0
>
:f Surface geophysical GSE-YM 8.3.1.17.4.7.5 Evaluate surface geoelectric methods.
© surveys
GSE-YMCFJFADDV 8.3.1.17.4.3.1 Deep geophysical surveys in east-west
GSGI-SWYMIS transect crossing Furnace Creek fault
GSM-SWYMIS - zone, Yucca Mountain, and Walker Lane.
GSS-ISSW-1
GSS-ISSW-2
GSGI-YM 8.3.1.17.4.7.2 Detailed gravity survey.
GSM-YMAM 8.3.1.17.4.7.3 Detailed aeromagnetic survey of site area.
GSM-YMGM 8.3.1.17.4.7.4 Detailed ground magnetic survey of specific
features.

6 "A3Y "1100-WD/dINA
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Table 8.4.2-7. Summary of planned surface-related characterization activities in the vicinity of
Yucca Mountain--minimal or no disturbance is produced (page 2 of 3)

Activity category SBIP2 designation

SCP activity

Description

Surface geophysical GSP-S

surveys

(cont inued)
GSS-YMCFJF
GSRRS-YM
GBSRRS-YMM
GSP-YMR
GSS-SR

Engineering proper-  GSS-VSF
ties measurement

8.3.1.

8.3.1.

8.3.1.

8.3.1.

8.3.1.

8.3.1.

4.2.1.5

.17.4.7.8

others

17.4.7.6

17.4.7.7

17.4.3.2

17.4.4.3

14.2.3.3

Magnetic property data for stratigraphic
correlations and structural inter-
pretations.

Evaluate shallow seismic reflection (mini-
sosie) methods and if appropriate, conduct
surveys of selected structures at and near
Yucca Mountain.

Evaluation and possible application of
methods to detect buried faults using
gamma measurements.

Evaluation and possible application of
thermal infrared methods for surface
hydrologic and faulting characteristics.

Evaluate Quaternary faults within 100 km of
Yucca Mountain, of remote sensing and
surface investigation techniques.

Evaluate Stagecoach Road fault system.

Measure in situ soil and rock properties;
profile alluvium-bedrock contact; locate
discontinuities or abnormalities; and
characterize soil and rock stratigraphic
units.
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Table 8.4.2-7.
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Summary of planned surface-related characterization activities in the vicinity of
Yucca Mountain--minimal or no disturbance is produced (page 3 of 3)

Activity category

Structural and
stratigraphic
studies

Southern Great
Basin Seismic
Network

Geodetic survey

Meteorological
monitoring

SBIP® designation SCP activity Description
Geologic mapping 8.3.1.4.2.1.1 Geologic and surficial deposits mapping;
and soil studies 8.3.1.4.2.2.1 soil sampling.
8.3.1.5.1.4.2
GSB-YMCL 8.3.1.4.2.1.1 " surface and borehole stratigraphic studies
of host rock and surrounding units.

(b) 8.3.1.17.4.1.2 54-station short period, multicomponent
telemetered network; 6 stations at
Yucca Mountain.

(b) 8.3.1.17.4.10 Level lines and quadrilateral array surveyed
biannually; global positioning satellite
stations resurveyed periodically.

(b) 8§.3.1.12.2.1.1 Five monitoring stations located on towers in

the immediate vicinity of Yucca Mountain.

asBIP = Surface-Based Investigations Plan (DOE, 1988d). (See text for further discussion of plan.)
bongoing activities; not included in surface-Based Investigations Plan.
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from Yucca Mountain, including debris-flow monitoring, crosion monitoring, surficial-deposits
mapping, gecomorphic mapping, portable scismic monitoring, and radiological monitoring.

Off-road travel will be required for shallow scismic-reflection studics: for shallow

seismic-refraction studies; for other geophysical surveys. such as gravity surveys (Activity

8.3.1.4.2.1.2); and for geologic, geomorphic and surficial-deposits mapping and surface stratigraphic
studies (Activitics 8.3.1.4.2.2.1, 8.3.1.5.1.4.3, 8.3.1.6.1.1.1, 8.3.1.8.5.1.3, and 8.3.1.16.1.1.1). All thesc
planncd activitics will usc cxisting roads where possible: no new roads will be constructed for these
activitics. Off-road vehicular travel will be coordinated among thesc activities to the extent
practicable. For geophysical methods that may be introduced in the future, or for which analysis is
required before application, the extent of surface disturbance and the potential impacts to site
performance will be evaluated before implementation. For example, the surface disturbance and
potcntial impacts from intermediatc depth (2 to 3 km) seismic reflection and refraction will be
cvaluated when the objectives and methods for these surveys are determined.

Activitics involving potentially significant disturbance

Surface-related activities involving potentially significant surface disturbances arc summarized in
Table 8.4.2-8. Site performance impacts for this group are evaluated in Section 8.4.4. The group
includes natural and artificial infiltration studies, trenching of faulted surface deposits, trenches or pits
for soil and debris sampling, and surface fracture network ("pavement”) studies. Some activities in
Table 8.4.2-8 are gencrally remotc from Yucca Mountain, specifically the rcgional potentiometric-
level, evapotranspiration, and hydrochemistry studies; paleoclimate studics, paleoecology studies; and
palcohydrology studies. The following paragraphs describc these surface-related activities involving
surface disturbance, cxplain their locations, and discuss the associated construction controls. Roads
and drill pads are also discusscd, becausc they involve similar types of disturbances.

Roads

Two types of roads exist at or near the site, exclusive of the ESF: bladed, unimproved dirt
roads, and one-lane dirt tracks or trails. Bladcd roads generally are rcquircd wherc the amount of
vehicular traffic is significant or where hcavy vchicles and equipment must have access, such as many
of the borehole sites. Unimproved dirt tracks or trails may be required for bulldozer and
four-whecl-drive access to trenching, pavement, and infiltration study locations. To minimizc the
impact of roads on infiltration, each new road will bc improved to the minimum extent neeessary and
maintaincd appropriately. Special measures, such as installing tile drains and culverts, may be taken to
reduce alteration of surface runoff patterns. The linear extent of existing and new roads within the
CPDB, within the conceptual boundary of the controlled area, and outside e controlied area are
estimatcd in Table 8.4.2-4. Standard NTS road construction specifications and maintcnance
requirements have been used for existing roads; these roads have been consistently maintained since
they wcre constructed.

In general, bladed, unimproved dirt roads are surveyed before construction. Where the road is
cut into a slopc, the removed matcrial is cast off to create soft shoulders. Such roads are constructed
so Lhat minimal maintcnance is nccessary; this rcquircs that water be prevented from flowing down the
road surfacc for any significant distance. Accordingly, these roads arc usually not crowned or
super-clevated (banked); semicircles of 12 in. pipe or specd-bumps may be instalicd in the road to
divert water to the side, and culverts are installed where the road crosscs a drainage. Dcpending on

8.4.2-13



PI-TH'8

Table 8.4.2-8.

Summary of planned surface-related characterization activities that could produce
potentially significant disturbance in the vicinity of Yucca Mountain (page 1 of 4)

Activity category

SBIP2 designation

SCP activity

Description

Streamflow/runoff
and precipitation
monitoring

Natural infiltration
studies; data
collection

Natural infiltration
studies; new
drilling

Artificial infiltra-
tion studies,
new drilling

P1 through P4
$1 through S24

Neutron access
holes

N1l

N15 through N17
N16

N27

N31 through N39
N46

NS3

N53a

NS4

N57 through N59
N61 through Né64

LPRS 1A, ..., 1J

147, ..., 14J

8.3.1.2.1.2.1

8.3.1.2.2.1.2

8.3.1.2.2.1.2

8.3.1.2.2.1.3

Monitor precipitation and runoff to determine
runoff component of hydrologic cycle for
unsaturated zone investigations.

Neutron moisture logging in unsaturated zone.
Geophysical logging of 74 existing and 25
additional planned holes.

Neutron moisture logging in unsaturated zone.
(24) shallow holes up to approximately
100 ft deep.

Large-plot and small-plot rainfall simulation
rainfall simulation experiments.
(10) shallow holes at each 14 locations.
(4) shallow holes at each of 23 locations.
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Table 8.4.2-8.

Summary of planne

e
L 3
—~

d surface-related characterization activities that could produce

potentially significant disturbance in the vicinity of Yucca Mountain (page 2 of 4)

Activity category

SBIP2 designation

SCP activity Description

Artificial infil-
tration studies,
new drilling
(continued)

Artificial infiltra-
tion studies;
construction and
testing

Natural infiltra-
tion monitoring;
saturated zone
recharge studies

Faulting studies

SPRS 1A, ..., 1D
237, ..., 23D

LPRS 14, ..., 1J
14a, ..., 14J

SPRS 1A, ..., UJ

238, ..., 23D

FMN #1 through
FMN #10

Mid valley 2a
through 2d

Palechydrology

8.3.1.2.2.1.3 Large-plot and small-plot rainfall simulation
experiments; ponding and rainfall simula-

tion experiments; see text.

Monitor infiltration into Fortymile Wash
using geophysical logs. Shallow holes,
located near the conceptual boundary of the
controlled area.P

8.3.1.2.1.3.3

Locate, excavate, and map one Or more
trenches at the conceptual location of the
repository surface facilities. Located
>1 km from conceptual perimeter drift
boundary.®

8.3.1.17.4.2.1
8.3.1.17.4.2.2

Investigate origin of calcite and opaline
silica deposits.

8.3.1.5.2.1.5
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Table 8.4.2-8.

summary of planned surface-related characterization activities that could produce
potentially significant disturbance in the vicinity of Yucca Mountain (page 3 of 4)

Activity category

SBIP2 designation

SCP activity

Description

Faulting studies
(continued)

Vein deposits
investigation

Surface fracture
network studies

Terrestrial paleo-
ecology studies

Analog recharge
studies

Stagecoach Road
162

Yucca Mountain
162

Yucca Mountain 3
through 8

Trench 14

Pavement studies

8.3.1.17.4.4.3

8.3.1.17.4.6.2

8.3.1.17.4.6.2

8.3.1.5.2.1.5

8.3.1.4.2.2.2

8.3.1.5.2.1.3

8.3.1.5.1.3

8.3.1.5.2.1.4

Evaluate magnitude and nature of Quaternary
movement on Stagecoach Road fault system.
Located near conceptual boundary of con-
trolled area.

Evaluate magnitude and nature of Quaternary
fault movement in vicinity of Bow Ridge.

Evaluate magnitude and nature of Quaternary
fault movement in vicinity of Busted
Butte.

Deepen existing trench(s); investigate
origin of calcite and opaline silica
deposits.

Clean unconsolidated material from outcrop
surfaces for mapping. Outside conceptual
perimeter drift boundary and close to con-
trolled area boundary.

Mapping, sampling, and geophysical activi-
ties throughout Amargosa Valley -- Death
Valley ground-water system.

Sampling and analysis of pollen and midden
materials from throughout the Yucca
Mountain region.

Soil hydrology studies at Pahute Mesa,
Topopah, and other locations.
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Table 8.4.2-8. Summary of planned surface-related characterization activities that could produce
potentially significant disturbance in the vicinity of Yucca Mountain (page 4 of 4)

Activity category SBIP2 designation SCP activity Description

Paleoclimate study of §.3.1.5.1.2 . Sampling activities at location throughout
Lake, Playa, and the Great Basin.
Marsh deposits

Regional aquifer 8.3.1.2.1.3 Various sampling and monitoring activities
potentiometric, 8.3.11.2.1.3 throughout the Amargosa Valley -- Death
evapotranspiration Valley ground-water system.
and hydrochemistry
studies

Regional paleoflood 8.3.1.5.2.1.1 Trenching in water courses of Yucca Mountain
evaluation and vicinity.

asBIP = Surface-Based Investigations Plan (DOE, 1988d).

bThe conceptual perimeter drift boundary is the projection to the surface of the perimeter drift as
defined in the conceptual design presented in Chapter 6 of the SCP. Perimeter drift "defines the outer
limits of mined openings at waste emplacement depths" (Rautman et al., 1987).

cControlled is the actual area chosen according to the 40 CFR 191.12(g) definition.
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the amount and type of use, road maintenance involves blading and filling to level ruts aficr a storm,
and watering for dust suppression.

Water will probably be spraycd on unpaved access roads to control dust. This is the most
commonly used method of dust control at construction and mining sites and is the method that has
been used at Yucca Mountain and at the NTS. It is difficult to accurately estimate the water that will
be used for this purposc before site characterization, or to predict future usc of water for dust control,
because of the varying environmental, traffic, and road conditions. On the basis of previous
cxperience at Yucca Mountain, however, the equivalent of one water truck is cxpected to deliver
approximately 600,000 gallons per month to the sitc on a seasonal basis for dust control during site
characterization. This figure is based on onc 5,000-gallon water truck making six trips per day
between the water supply well (J-13) and the site arca during a 5-day work week. A water truck
averages about 10 mph while spraying: with spray time of 30 minutes, a 27-ft-wide road surface
receives approximately 1.4 mm of water. When three drill rigs are active during sitc characterization,
this water truck will cover the access roads at least twice a day, resulting in at least 2.8 mm per day of
waler applied to the road surface. Of the approximately 120 miles of existing and planned unpaved
access roads that could be watered during site characterization, fewer than 8 miles will be located
within the CPDB. Of the approximately 1,420 acres of surface arca within the CPDB, about 26 acres
(or less than 2 percent of the surface area) will receive this additional water.

In general, one-lane dirt tracks or trails will not be bladed. These roads will be constructed
where necessary for access to construction or iniermittent data collection. For the infiltration studies,
including natural infiliration monitoring, rainfall simulation, and ponding studies, the shortest distance
t0 a road or trail that is passable to semitrailer transport must not exceed 200 ft. For the infiltration
studies, roads and trails will be located to approach thc experiments but maintain a reasonable distance
to avoid interfering with the measured processcs.

Drill pads

Decp drilling will require construction of level, compacted dirt drill pads, which will include
area for parking and cquipment storage. For borehoics drilled in the controlled area with fluid, a lined
pit will be constructed on the pad for discharge of any recovered drilling fluid and cuttings. Borcholes
drilled outside the controlled area may be lincd, as conditions warrant. Present plans for additional
horcholcs are summarized in Table 8.4.2-4. In some cascs, such as planned boreholcs USW UZ-2 and
USW UZ-3, more than one deep borchole will be drilled at a single site, thus reducing the extent of
necessary surface preparation. Pad size will be minimized to the extent practicable; the actual size will
be determined on a location-specific basis, and will depend on the method of drilling, type of drill rig,
ctc. Becausc each pad will be level and compacted, moderate precipitation will result in puddling, and
subsequent evaporation and possible runoff. The effects of this type of surface disturbance on planned
testing arc discussed in Scction 8.4.2.2.3. Fluid components of drilling fluid residuc will be allowed to
cvaporatc from the discharge pits. Pits will be backfilled. compacted, and reclaimed after drilling is
complete. Materials such as bentonitc and polymer or detergent residucs will thus be buricd in lined
pits at the drill site where they are uscd. Special procedures will be developed to disposc of other
types ol residue, if other types of drilling fluids are uscd.

Trenches
Trenching activilies are necded for tectonic studies of faults and fault zones (Studics 8.3.1.17.4.3

and 8.3.1.17.4.4) and for paleohydrology studics (Activitics 8.3.1.5.2.1.1 and 8.3.1.5.2.1.5). Trenches
and test pits will be cxcavated by bulldozers or anticulated shovels. The matcrial removed during
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excavation will be stored at the surface next to cach trench and will be controlled in such a wiy as 1o
minimize channeling of runoff from the surrounding area into the trench. Trenches that are oricnted
approximately parallel to slope gradicnt will be constructed where practicable, so that water in the
trench can drain back to grade at the lower end to reduce puddling. Existing trenches within the
CPDB were excavated on slopes parallel to gradient. including those excavated to study the Ghost
Dance. Abandoned Wash imbricate, and Solitario Canyon (aull zones. Planned trenches will be
similarly situated and constructed where practicable. After completion of studies in the trenches. they
will be refilled and compacted using the originally removed material.

Approximately 26 new trenches are planned for tectonic studics in the Yucca Mountain region.
at features including the Bare Mountain fault zone (Activity 8.3.1.17.4.3.4), the Mine Mountain fault
system (Activity 8.3.1.17.4.4.2), the Stagecoach Road fault zone (Activity 8.3.1.17.4.4.3), the Cane
Spring fault system (Activity 8.3.1.17.4.4.4), the Paintbrush Canyon fault (Activity 8.3.1.17.4.6.2), the
Bow Ridge fault (Activity 8.3.1.17.4.6.2), the Windy Wash fault zonc (Activity 8.3.1.17.4.6.2), the
Ghost Dance fault (Activity 8.3.1.17.4.6.2), the Solitario Canyon fault (Activity 8.3.1.17.4.6.2), and the
proposed location of the repository surface facilities in Midway Valley (Study 8.3.1.17.4.2). Trench
depths will range from 10 to 20 ft, widths will be 10 to 16 ft, and lengths will be up to 1,000 ft.
Planned trenches within the CPDB or immediate vicinity will be approximately 100 ft or less in
length; the longest trenches will be in Midway Valicy, about onc milc east of the CPDB. Trenches
longer than about 100 ft may be excavated as a series of 100- to 200-ft long trenches that are parallel
but offset in both the transverse and longitudinal directions to facilitate excavation.

For the calcite-silica studies, Trench 14 will be deepened and widened for half its length and onc
new trench will be excavated 10 ft deep, 13 ft wide, and about 66 ft long. Of the planned trenches,
onc or two will be located within the CPDB, 16 or 17 within the controlled area, and 9 outside the
controlled area boundary (Table 8.4.2-4). Field reconnaissance will be necessary to determine the
exact locations of proposcd trenches. Scveral soil pits up to 5 ft deep and requiring mechanized
digging cquipment arc planncd in conjunction with surface mapping (Activitics 8.3.1.4.2.2.1 and
8.3.1.5.1.2.2); these will be refilled immediately after use.

Pavemecents

In this context, the term "pavement” refers to a bedrock surface that has little or no regolith
covering: pavements arc uncven natural surfaces and are commonly located on slopes.  Pavement
studics involve mapping and measurement of fracturc paticms in bedrock. The objective of thesc .
studics is 10 provide [racture information for cvaluating the gecomechanical responsc of strutigraphic
units at the sitc and for hydrologic modcling, as described in Activity 8.3.1.4.2.2.2. Planned pavement
studics will be undertaken only where bedrock is relatively close to the surface. In some instances,
clearing of thin layers of surficial matcrial may be required to expose a sufficient amount of bedrock
(up to 800 m? of cleared area is nceded per pavement, depending on the geologic aspects of each
pavement location). Where necessary, bedrock will be cleared by spraying water under moderate
pressurc on the surface. Water for this purpose will be hauled to the site by truck. Displaced surface
matcrial will collect adjacent to the clearcd area. Water is expected to puddle on the uneven bedrock
surface, run into fracturcs, and possibly run off into nearby drainages. Currently, four pavements cxist
within thc CPDB and two pavements within the controlled arcua. A comparable number of additional
pavements in similar locations is planncd.
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Seismic shotholes

Borcholes have been drilled to depths of 15 to 60 m (50 to 200 ft) for usc as shotholes in
previous scismic surveys. A north-south lincar array of 20 boreholes was drilled north of the site arca
lor a retlection survey (McGovern, 1983), and an east-west line of 21 boreholes was drilled cast of the
site arca for seismic rcfraction (Sutton, 1985: F&S, 1987a). In addition, some borcholes
(approximately 36) were drilled regionally for refraction cxperiments.  For scismic reflection, the
borcholcs were usced to place small charges (e.g., 10 b of dynamite), whercas for the refraction
cxperiments larger charges (up to 4.000 1b of ammonium nitratc) were used. In each instance.
mcasures were taken before shooting, such as stemming to the surface with gravel to minimize surface
disturbance.

Plans for scismic exploration in Section 8.3.1.17 are categorized according to the depth of the
objective horizons: shallow, intermediate, or deep. Shotholcs are not planned for shallow scismic
surveys. The methods to be used for intermediate and deep work arc contingent on feasibility studies
conducted away from the site arca (Activitics 8.3.1.17.4.3.1 and 8.3.1.17.4.7.1), and on a dccision (0
procecd (Section 8.4.2.1.4). If scismic surveys across the immediate site arca are proposcd that
involve the use of shothole explosive sources, then the associated impacts to other tcsts or to site
performance will bc considered in the decision to proceed. At present, no shotholes have been drilled
or uscd within thc CPDB, nor arc any planned.

Natural infiltration studies

The main purpose of the shallow infiltration studies is to define thc upper {lux-boundary
conditions for Yucca Mountain during both present and simulatcd wetter-climatic conditions.
Knowledge of flux-boundary conditions is necessary to model flow through the thick unsaturated zonc
bencath Yucca Mountain.  Field studies will be confincd mainly to the upper 30 ft of surficial rock
and alluvium. However, some activities may extend to 100 ft in the deepest of the neutron-access
borcholes.

The neutron-access boreholes (for use of neutron moisturc probes and crosshole gamma probes)
arc a principal aspcct of infiltration studies at the sitc. Currently, 74 neutron-access borcholcs exist in
the vicinily of Yucca Mountain, in which moisture logging has been conducted since July 1984. The
borcholes were drilled dry and cased using the ODEX system with air circulation. For this
application, thc ODEX 115 system (nominal 15-cm borcholc diamcter) was mounted on an all-terrain,
rubber-tired carricr systcm to minimizc the nature and extent of surface disturbancc. An air hosc
conneeled the drilling apparatus to a compressor located up to 200 ft away, where there was road or
trail access suitable for delivery of drill and compressor. The borcholes were drilled and cascd
simultaneously, and at the conclusion of drilling a small amount of cementitious grout was applied
around the casing at the ground surfacc to inhibit infiltration through the annulus. In addition, an
operable stecl closure was welded to the top of the casing, which remains closed except during
periodic logging operations. The borcholcs constructed in this manner will continuc 10 be monitored
during sitc characterization (Activity 8.3.1.2.2.1.2).

An additional 24 ncutron-access borcholes are planned using this samc mcthod.  Using existing
roads will eliminate the nced to construct additional improved roads within the CPDB or immcdiate
vicinity for Activity 8.3.1.2.2.1.2. The proposcd locations lor the ncw borcholes arc approximate. As
construction procceds, the nced will arisc for some one-lanc trails to provide access for construction,
testing, and periodic data collcction. In general, these access routes will not be bladed and will
approach the infiltration expcriment locations so as not o intcrferc with the mcasured processes.
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[nitially, ncutron-access boreholes were located with respect to two broad hydrogeologic-surficial
classifications: alluvium-colluvium in canyon bottoms. and upland bedrock typically covered by a thin
layer of unconsolidated matcrial. The first 46 borcholes were dnlled at distributed locations that
sampled both of these classifications. Evaluation of collected data indicated that diffcrent stratigraphic
units in upland bedrock locations exhibit difterent infiltration characteristics. The properties probably
arc related to fracture densities in the various units, so the hydrogeologic-surficial units in upland arcas
were redefined according to the geologic subunits defined by Scott and Bonk (1984). Since then,
these criteria have been used to site an additional 28 neutron-access borcholes. Planncd drillholes will
be sited in different topographic setlings within each hydrogeologic unit. These various locations will
be used to examine the elfects of soil thickness on infiltration within different units. Of the
ncutron-access boreholes drilled in lower canyons with alluvial-colluvial deposits, some were along
traverscs perpendicular to the canyon axis to examine the effects on infiltration of the thickness of the
deposits, proximity to the canyon walls, and proximity to the center of the most reeently formed
channels. Other borcholes were sited along traverses parallel to the main canyon axis to study the
¢lfects of increased drainage area.

A secondary usc of the neutron-access boreholes is in the artificial-infiltration studics (Activity
8.3.1.2.2.1.3). Neutron moisturc logging will be used with other monitoring techniques for ponding
cxperiments. These cxperiments will also be conducted in the various hydrogeologic units and
topographic settings to estimatc hydraulic conductivity as a function of water content.

Artificial infiltration experiments

A scrics of four different types of infiltration experiments is proposed in Activity 8.3.1.22.1.3:
doublc-ring infiltrometer mcasurements, ponding studies, small-plot rainfall simulation studies, and
large-plot rainfall simulation studies. These studies are successivcly more complex and involve
increasing amounts of water. The double-ring infiltrometry studics will be used in the vicinity of
cxisting ncutron-access boreholes in various surficial geologic scitings to characterize infiltration rates
at a small scale within approximately the upper foot of surficial material. Drilling is not required, and
insignificant amounts of water are involved.

Ponding studies will be conducted at the sites of cxisting neutron-access boreholcs, which will be
used to monitor moisture influx during the tests. A low berm will be constructed of impervious
material around a precxisting borehole or pair of holes, enclosing about 100 f&. A dye tracer will be
mixed with the ponded water to indicate pathways, and the water will be tagged with an appropriate
chemical tracer. The total water use will not be more than about 20,000 gallons per location, and may
be less, depending on the rate of wetting front advanccment. The rock mass beneath somc highly
fraclured locations may be excavated to a depth of as much as 25 ft following ponding, and flow
pathways will be mapped from tracer indications. As many as six such deep openings will be
constructed using mining methods. Shallower excavations will be constructed at the other ponding
locations, using surfacc excavation methods similar to trenching. At the conclusion of mapping and
related studies at each location, the excavation will immediatcly be back(illed and compactcd.

The small plot rainfall simulation studics will measurc unsaturatcd hydraulic conduclivity and
other flow parameters in approximatcly the upper onc meter. The plots will be about 10 ft*, and will
be instrumented to detect and samplc moisture, measurc moisture potential, and measure surface
runolf. At cach small-plot site, an array of approximatcly four shallow (5-ft) monitoring borcholes
will be drilled dry and instrumented. A waltcr distribution system similar (o irrigation systcms will be
used to simulate discretc rainfall events. Plans call for several tests at each site, with each tcst to
involve up to a fcw hundred gallons of water. Specific parameters for these tests have not been

8.4.2-21



N

YMP/CM-0011, Rev. 9

detcrmined, and may also be varied during the ficld program. The water used will contain a dyc tracer
for infiltration detection and monitoring, and will be tagged with an appropriate chemical tracer. A
control piot will be located adjacent to cach small plot rainfall simulation test plot in an equivalent
hydrogcologic setting. Control plots will be similarly instrumented but will receive only natural
rainfall.

After completion of the small plot rainfall simulation studies. more complex large plot rainfall
simulation studies will be conducted at several locations that represent the range of surficial conditions
affecting infiltration. At each site, an array of dceper monitoring boreholes (10 to 50 fi deep) will be
dniiled dry and instrumented. Surface instrumentation will also be used to monitor water distribution.
cvapotranspiration, and runoff. Water will be distributed over an area of about 100 to 300 fi*: several
tests will be conducted at cach location, cach involving a few thousand gallons of water. After the
subsurface region is sufficiently wet, the subsurface drainage of the region will be monitored.

8.4.2222  Drilling-related activities

Unsaturated-zonc boreholes, the multipurpose borehole activity, and the svstematic drilling program

The unsaturated-zone drilling program (Activity 8.3.1.2.2.3.2, site vertical boreholes study), the
multipurpose-borehole testing activity (Activity 8.3.1.2.2.4.9), and the systematic drilling program
(Activity 8.3.1.4.3.1.1) involve similar drilling methods, sampling requircments, and tcchnical objec-
lives.  Each of these activities will provide detailed information on hydrologic properties, moisture
content, and moisture potential in the unsaturated zone. Drilling and coring will be performed dry to
minimize contamination of samples, and (in support of monitoring applications associatcd with the
unsaturated zone holes and the proposed multipurpose borehole (MPBH) activity) to reduce
disturbance to the in situ hydrologic conditions.

Samples and information collected by the site vertical boreholes study and the systematic drilling
program will be of sufficient distribution and quality for characterization of the vertical variability of
matrix saturation and unsaturated matrix flow propertics at cach borchole location. In this respect, the
three activities arc basically equivalent. Afier drilling, the site vertical boreholes and the MPBHs will
be tested and the site vertical boreholes will be instrumented, whercas the boreholcs of the systcmatic
drilling program will be shut in and maintained for possible futurc usc.

Integration of vertical boreholes with the repository layout will be undertaken using an approach
based on scaling concepts. Each borehole will be located, to the extent practicable given the
prcliminary nature of the repository design, in an unexcavated pillar in the underground facility with a
minimum separation from the nearest drift opening or waste container. Scparation ensurcs that oncc a
scal is installed, it responds to environmental changes in the rock mass (c.g., temperature and stress
changes) but is undisturbed by tnc associated effects of nearby openings (c.g., stress concentration).
This integration strategy rclies on the design flexibility called for by 10 CFR 60.133(b) and would be
sensitive to concems of 10 CFR 6(.134(a) and (b), while providing the planning and coordination
stipulated in 10 CFR 60.15(c)(4).

Sitc ventical borchole studics (Activity 8.3.1.2.2.3.2)

The drilling program under this activity involvcs dry drilling and coring of 17 ventical borcholes,
within and in the immcdiate vicinity of the CPDB. At present, scven of these borcholes have been at
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lcast partially drilled. This includes a series of relatively shallow unsaturated zone borcholes designed
to penetrate only to the top of the TS welded unit. and several deeper boreholes that penctrate the
rcpository horizon and most of the unsaturatcd portion of the CH nonwelded unit. The shallow

borcholes were drilled dry using the ODEX 115 system with continuous wircline coring to depths up

to 430 ft (F&S, 1987b). Plans call for deepening of UE-25 UZ#4, UE-25 UZ#S, USW UZ-7. USW
UZ-8, and USW UZ-13 to the WT.

The balance of the unsawrated-zone program consists of 10 borcholes drilled to just above the
WT. Two of these borcholes (USW UZ-1 and USW UZ-6) have already been drilled dry using a
reverse vacuum rotary method (Whitfield, 1985). The depth of penetration attained with the reverse
vacuum method exceeded that possible with the ODEX method usec for shallow borchole drilling and
coring in the unsaturated zone. A third borehole (USW UZ-6s) has also been drilled dry ncar USW
UZ-6 to a depth of about 519 ft using the ODEX 165 system (nominal 8.5-in. borchole diameter: F&S,
1987b). Neither the reverse vacuum method nor the ODEX 165 mcthod provided core samplcs.
Accordingly, the particular drilling method that will be used for the planned UZ borcholes has not yet
becn determined.

At least two candidate drilling schemes have been considerced for planned dry drilling to the WT,
with continuous sampling suitable for hydrologic data nceds: 1) dual-tube reverse circulation rotary or
down-thc-hole hammer technology, and 2) a telcscoping ODEX concept similar to the shallow UZ
program, with provision for stepdown tool sizes to attain required depth penetration. The selection of
the drilling method for the unsaturatcd-zonc borcholes, the MPBHs, and the systematic drilling
program will bc based on prototype testing.

The oil content of circulation air will be limited to the extent practicable by filtration, unless a
down-the-hole motor or hammer is used (i.e., ODEX drilling), in which case oil will be required for
tool lubrication in amounts consistent with standard drilling practices. [f such drilling methods are
used. bench-scale (esting will be performed to evaluate the effects of oil on matrix hydrologic
properties. Similarly, the drying effects of circulating air on matrix-property measurements and in sifu
hydrologic conditions are currenty under investigation in the wet vs. dry prototype test in G-tunnel on
the NTS.

Each of the unsaturated-zone boreholcs will be pncumatically tested using straddle packers
(Activily 8.3.1.2.2.3.2). Where borcholes are closely spaced, crosshole testing will be performed. A
gascous tracer will be added to injected air. The specific intervals to be tested, test durations, and
other paramcicrs have not yet been determined. At the conclusion of pncumatic testing at cach
location or complex of boreholes, instrument packages will be installed in each of the unsaturated-zonc
borcholes. These long-term installations will be used for monitoring, similar to the instrumentation of
USW UZ-1 (Montazer et al., 1985).

Aficr the conclusion of monitoring at some future time yct TBD, watcr-injection testing is
planncd. The sampling apparatus and stcmming configuration from monitoring will bc used for
injecting moderate quantitics of watcr. These tests are tentative and have, therefore, not been included
in the test interference discussion of Section 8.4.2.2.3. The potcntial test interference and site
performance impacts of this Lype of water injection will be evaluated before its implementation, on the
basis of information acquired from the preceding parts of the study.

The primary objective of the unsaturatcd-zonc drilling program is to characterizc natural

conditions ol moisturc percolation and gascous circulation. Models will be developed, verified and
calibrated (rom the data collected. The rationales for siting the individual boreholes are bascd on the
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nced to examine the effects of faulting, topographic relicf, and surface drainage on hydrologic
conditions at depth. The two clustered sets of boreholes (USW holes UZ-6, UZ-2, and UZ-3: and
UE-25 holes UZ#9, UZ#9a, and UZ#9b) will support multihole pneumatic flow testing for vertical and
lateral flow properties, in different surface hydrologic and structural settings. The USW UZ#9
complex will also support gas tracer diffusion studics. Borcholes USW UZ-11 and USW UZ-12 will
be drilled on either side of the Solitario Canyon fauit, and USW UZ-7 and USW UZ-8 will straddle
the Ghost Dance fault, to investigate flux on either side of cach fault. Borcholes UE-25 UZ#4 and
UE-25 UZ#S5 arc located in the rclatively deeply alluvial-filled Pagany Wash. USW UZ-14 will be
ncar cxisting borchole USW UZ-1, for investigation of the apparent perching of drilling fluid from
borcholec USW G-1. USW UZ-13 will sample conditions south of the CPDB.

Multipurpose borehole activity (Activity 8.3.1.2.2.4.9)

The proposed MPBH activity would involve drilling a vertical borchole near the location of cach
shaft of the ESF to collect bascline data, which would allow the evaluation of interfcrence of ESF
shaft and drift construction with testing and the detection and characterization of possible perched
watcr. Possible interference effects include: 1) alteration of natural hydrochemistry from dilution of
other interaction with artificially introduced fluid, 2) deposition of such fluid in fractures, and 3)
deposition of such fluid in the rock matrix. The proposed MPBH activity would also dctect and
characterize possible perched water, characterize in situ hydrologic conditions, and obtain samples for
analysis before constructing the shafts. If perched water is intersected by either shaft, various practical
problems (e.g., the geometry of exposure and contamination from fluid usc in shaft construction) could
prevent adcquate characterization of the aquifer. The proposed MPBH activity would be designed to
minimize this potential problem by detecting and characterizing perched water before shalt
construction. If results warrant, a third MPBH would be drilled intermediate between the two shafts.

Tracer analysis is a component of the strategy to ensurc the representativeness of samples
obtained from the ESF for matrix hydrologic propertics, hydrochemistry, and other investigations. The
proposed MPBH activity would provide an important comparative basis for evaluating the quality of
these samples.

Each of the proposed MPBH activity boreholes would be drilled to the maximum depth of the
respective shaft. The specific location of cach hole would be determined to meet the requircment for
long-tcrm surface access for monitoring, the requirement to locate the boreholes at Icast two dnift
diameters away from any underground openings, and the requirement to not penetrate the mcchanical
zone of influence expected to occur around cach shaft. Dry drilling and coring arc necessary. The
drilling method for this application has not been selected; the sclection would be based on {casibility
testing conducted in conjunction with the unsaturated-zone drilling program. At the conclusion of
drilling, a surface casing would bc cementcd in place, and geophysical logging and pneumatic packer
testing will commence. Short-term logging and packer testing would be repeated throughout the
process ol ESF surface facilitics construction, shaft construction, and testing in the shafts. Long-term
monitoring would monitor the behavior of the rock mass between the MPBH and the shaft. Thc
borcholcs would be uncased throughout the monitoring period; the surface casing would be capped
when testing is not in progress to inhibit moisturc cfflux. The option of instrumenting the boreholes
would bc maintained.
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Systematic drilling program (Activity 8.3.1.4.3.1.1)

The systematic drilling program consists of drilling twelve boreholes within the CPDB or in its
immediate vicinity, to collect samples and data on lithostratigraphy, basic physical properties, fracture
characteristics, mineralogy, in situ moisture conditions. and other characteristics. This information will
address various information necds. particularly for the model for unsaturaied-zone flow and transport.
The systematic drilling program is also an important source of samples for geomechanical, geochemi-
cal, and geophysical studies. Seven of these borcholes are distributed across the site area, and in
conjunction with other planncd drilling will providc arcal coverage ol the site with about 3.000-ft
spacing between boreholes. The other five boreholes of the systematic drilling program arc clustered
immediately to the southeast of the CPDB to provide information on small-scale latcral variability of
matrix hydrologic propertics and other parameters. Each borehole will be drilled to approximately 200
fL below the WT. Nonwelded and partially welded intcrvals will be continuously corcd, and wclded
intervals will be continuously cored if fcasible; otherwise, they will be spot cored on a regular basis.
The boreholcs will be drilled dry to reduce disturbance to the hydrologic and hydrochemical properties
of the samples acquired. The drilling method has not been determined, and the selection will be based
on results from the feasibility testing described above.

The locations of the drillholes in the systematic drilling program will be determincd using
several criteria; 1) integration with the conceptual repository design: 2) areal coverage of the CPDB;
3) accommodation of basic geostatistical principles; and 4) integration with other boreholes, both
existing and planncd, that can provide additional supporting data for modcling spatial variability of
rock characteristics. The planned systematic drilling is based on statistical principles, and will thereby
provide a basis for evaluating represcntativencss of samples and data (Sections 8.4.2.1.5.3 and
8.3.14.3.1.1).

Solitario canyon horizontal borehole study (Activity 8.3.1.2.2.3.3). This borehole will be drilled
laterally into the TS welded unit, at the Solitario Canyon scarp wherc the upper part of this unit is
cxposcd at the site (Activity 8.3.1.2.2.3.3). The location of this borehole has been tentatively identi-
fied as about 2,000 ft north-northwest of the CPDB. The borehole will be drilled dry to provide
representative information on in situ moisture conditions. The length of the borehole will be sufficient
to penetrate the zone of fracturing or alieration associated with the fault: this could requirc a borchole
up to 1,000 ft long. Important uncertainties pertaining to this planncd borchole arc: 1) the enginecring
fcasibility of drilling, testing, and stcmming a long horizontal hole through relativcly highly fractured
conditions, and 2) the method of plugging a horizontal borchole, should this be requircd. Thesc
questions will be evaluated before drilling of the borehole.

Geologic corcholes. A series of three corcholes is planned for Activity 8.3.1.4.2.1.1, to
investigate subsurface structure and stratigraphy north and south of the sitc area. Each corchole will
be drilled using standard wireline coring methods to 5,000-ft depth. The drilling mcthod for these
corcholes will be similar to that used for existing borcholes USW G-1, USW G-2, and USW G-3
(F&S, 1987¢), in which the principal circulation medium was water with additives (bentonite mud and
other matcrials were occasionally used for circulation control). As indicated in Section 8.4.2.2.1, the
proposcd geologic corcholes USW G-5. USW G-6, and UE-2S G#7 are located outside the conceptual
boundary of the controlied arca, and outside the possiblc cxpansion areas proposed in the Yucca
Mountain environmental assessment (Figurc 3-8; DOE, 1986b). New roads are rcquircd for access to
the proposed locations: the existing road network will be used to the extent practicable, and new road
construction will be away from the CPDB and mostly outsidc the controlled area.
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The planned geologic coreholes will allow interpolation of lithologic characteristics between the
repository area, where more denscly spaced boreholes may be drilled (c.g., systematic drilling
program), and the controlled arca boundary. The objectives of these corcholes will be to better explain
inferred geologic and geophysical anomalics and to characterize large-scale lithologic variability in the
Paintbrush Tuff, tuffaceous beds of CH, and Crater Flat Tuff.

Corchole USW G-5 will be sited along the northeastern flank of Yucca Mountain to determine if
abrupt changes in lithologics of underlying units or changes in structural style within Yucca Wash arc
factors that influence the steeper gradicnt in the potentiomctric surface north of drillhole USW G-1.
The planned location of USW G-6 is on the northwest {lank of Yucca Mountain, in the vicinity of
Windy Wash and is expected to provide representative stratigraphic data for this arca and allow
correlation of thickness of key stratigraphic units across thc site area. USW G-7 will be sited about 5
km southeast of Busted Buttc in the southern part of Yucca Mountain, within the area where the
Paintbrush Tuff thins and appears to onlap an inferred high in the pre-eruptive topography. This
corchole will be used to determinc the naturc of this feature and its effect on ground-water travcl times
and potential flow paths in southern Yucca Mountain for saturated-zone flow modcling.

Saturated-zonc exploration, sampling, and testing

Eight boreholes are planned specifically for exploration and sampiing of the saturated-zone in the
vicinity of the site, in addition to the 16 such boreholes that already exist (Activity 8.3.1.2.3.1.2).
Also, a new borehole (USW H-7) is planned just within the CPDB to address multiplc objectives. A
program of sampling will bc conducted in the water-table boreholes (existing and proposcd), and a
serics of pumping tests will be performed in USW H-7 and in other boreholes in the site vicinity
{(USW H-6 and USW WT-8).

Watcr-table borcholes

The locations of the eight WT boreholes planned for Activity 8.3.1.2.3.1.2 are presented in
Section 8.4.2.2.1. Two of these boreholes, USW WT-21 and USW WT-22, will be drilled in
connection with the regional potentiometric-level evaluation discussed below. The other six (USW
WT-8, USW WT-9, USW WT-23, USW WT-24, UE-25 WT#19, and UE-25 WT#20) will bc added to
the site potentiometric-level network. Prescntly, 25 geologic, hydrologic, and watcr-table drillholes arc
part of the monitoring network near the site. The objectives of this drilling program arc to provide
data nceded to refine understanding of the configuration of the potentiometric surface, analyze the
character and magnitude of water-lcvel fluctuations to determine their causes, and measure walter-lcvel
variations with time. In addition, thc borcholes will be used to sample the upper part ol the saturated-
zone and to sample gases immedialcly above the WT.

Water-table drillholes USW WT-8 and USW WT-9 will be located near the Solitario Canyon
fault to characterize the hydrologic cffccts of that structural feature (Activily 8.3.1.2.3.1.1). Driliholes
USW WT-23 and USW WT-24 will be sitcd to the north ncar Drill Holc Wash to obtain nceded data
on the steep gradient in this arca. Drillholc WT-23 will be sited in Drill Hole Wash, northwest of
drilthoic USW UZ-1, and borehole WT-24 will be sited between drillholes USW G-2 and UE-25
WT#18. Drillholcs UE-25 WT#19 and UE-25 WT#20 will augment thc potentiometric-level
monitoring nctwork south and cast ol the repository site. Borchole WT#19 will be sited 3 km east of
waler well J-13 and borchole WT#20 will be sited 5 km southwest of well J-13.

The Solitario Canyon boreholes USW WT-8 and USW WT-9 will be drilled dry, using a method
similar to that uscd for the sysicmatic drilling program and bascd on feasibility testing performed for
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the unsaturated-zone drilling program described earlicr. The other WT boreholes are farther from the
CPDB and will be drilled using a simplc rotary method with conventional circulation and air foam.
The depth of each borehole will be 100 to 200 fi below the static water level (1,300 to 2.000 ft below
ground level). The boreholes will be uncased except for a cemented surface casing with an operable
closure, and they will have a string of small-diameter tubing hung from the surface to the WT for
water-level monitoring. Fluid use was not monitored during the construction of the 16 existing WT
borcholes; however. borchole history information (F&S, 1986) and supporting drillers’ logs may be
used to infer that aboutl 100,000 gallons of water-soap mixture was typically lost to the unsaturated
sone in cach borchole. This value was estimated from the rccorded number of barrels of detergent
used, assuming that the water-to-soap ratio was 150 to 1, and 50 percent of the injecied fluid was lost
to the unsaturated zone. Similar fluid loss is expected to occur in the proposed WT boreholes, except
in those that will be drilled dry.

Water-table borehole sampling

Since most of the WT boreholes will be drilled with air foam circulation, the hydrochemistry of
the intercepted ground water probably will be disturbed during drilling. Special methods will thercfore
bc used to obtain representative water samples (Activity 8.3.1.2.3.2.2). Present plans call for removing
the tubing string from each WT borchole, placing a small pump on a tubing string of adequate
cleantiness, and pumping for an indeterminate time period. The original tubing string will then be
rehung and water-level monitoring resumed. The pump output will be continuous at approximately 135
gpm and will be maintained for up to several weeks, or until the water composition stabilizes and
there arc other indications that the composition represents uncontaminated ground wacr. The efflucnt
water will be removed from the vicinity of the site in tank trucks, except for locations where natural
drainage tends to divert discharge from the site and from unsaturated-zone hydrologic studics,
including USW WT-1, USW WT-7, USW WT-10, USW WT-22, UE-25 WT#12, UE-25 WT#17,
UE-25 WT#19, and UE-25 WT#20. Water that is discharged to natural drainages will bc tagged with
a chemical tracer.

Saturated-zone hydrologic borehole USW H-7

A 3.000-ft vertical borchole will be drilled in Solitario Canyon to obtain polentiomctric-level
information and to test the hydrologic properties of the Solitario Canyon (ault zonc in conjunction with
existing borehole USW H-6 (Activity 8.3.1.2.3.1.1). This borehole will bc drilled about 3.000 ft east
of USW H-6, using dry drilling methods at least through the unsaturated-zone. For flow testing, a
pump with lift capacity of approximatcly 500 gpm will be installed successively in USW H-7 and
existing USW H-6. Each borehole will thus serve as a pumping and obscrvation wcll in a multi-well
testing scheme. A temporary pipeline will be constructed to conduct discharge watcr away from the
site and away from sensitive hydrologic studies. The tentative route of the pipeline will be down
Solitario Canyon to Crater Flat. Watcr discharged from the pipeline will have been tagged with a
chemical traccr.

Other saturated zone testing

A scrics of single-weil and multiplc-well pumping tests will be conducted in the cxisting C-hole
complex (UE-25c#1, UE-25c#2, and UE-25c#3). This is an cxisting sct of 3,000-ft borcholces dritled
using the rotary air foam mcthod, in a location morc than 5,000 ft southcast of the CPDB. This
location was sclected as represcntative of saturated-zonc pathways from the repository to the accessible
environment.
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About 20 pumping tests are planned, using various pumping wells, pumping intervals,
observation intervals, and tracer injection schemes (Activities 8.3.1.2.3.1.5 and 8.3.1.2.3.1.7). The
single-well pumping tests will involve installing a submersible pump in an isolated interval. pumping
from that interval at 50 to 200 gpm for about 3 days, and rccording the pressure history in sclccted
intervals during and after pumping. A 30-day pumping test is also planned, which will involve
pumping one of the C-holes at 100 to 400 gpm and monitoring the pressure decline in the other
nearby borcholes.

Water produccd during these tests will be discharged through a short pipeline into the natural
drainage system that {lows northward for about 2 km through Midway Valley, and around the northern
end of Fran Ridge into Fortymile Wash. No planncd or existing hydrologic studics are located in this
portion of Midway Valley, and the resulting infiltration is expected to occur west of Fran Ridge and
not alfect the planncd recharge studics in Fortymile Wash.

Multiple-well recircutation tests are also planned at the C-hole complex. These tests will involve
pumping from a sclected interval in one well and injecting into another interval in a different well.
Circulation will be maintained at approximately 100 to 300 gpm for several days until quasisteady
state conditions arc established. Conservative chemical tracers will be mixed with the injected water.

In addition to the pumping tests described above, about three drift-pumpback tests arc planned in
the C-hole complex. A conservative or reactive tracer solution will be placed in a test interval and
allowed to drift into the formation, then be pumped out. The pumping rate for these tests will be
approximately 50 to 150 gallons per minute. Pumping will continue for several days, or until the
tracer material is substantially recovered. One objective of the overall tracer testing program in the
C-holc complex is to determine if the variation of saturated-zone hydrologic properties across the site
can be investigated through the use of single-well tests in existing boreholes. Depending on the
outcome, additional single-well tracer testing may be performed in WT borcholes across the site area.
If the results of single-well testing lead to the conclusion that the objectives cannot be met by such a
test, a second multi-well complex for saturated-zone testing may be constructed (southern tracer
complcx), possibly ncar Busted Butte or immediately westward.

Regional potentiometric-level drillholes

A general reconnaissance will be conducted to locate previously unknown or unobserved wells,
springs, and minc shafts that are not associated with the YMP and that may yield information about
regional ground-water lcvels. Also, a commercial mining company in thc Amargosa Decscrt has
allowed the YMP 1o install piczomcters in their boreholes for water-level data collection. In addition
to these non-YMP activities, two YMP drillholes, USW WT-21 and USW WT-22, will be drilled in
Crater Flat. These boreholes will be drilled to depths nccessary to penetrate the WT. The objective of
the regional potentiometric-level activities is to obtain data on potentiometric-levels within the regional
flow system in order to rcliably estimate ground-waicr flow directions and hydraulic gradients.

Other boreholes

[n addition to those just dcscribed, scveral other borcholes arc planned. Thesc holes are
generally remole {rom the site but arc described here for completeness. A series ol five or more
shallow holes (approximatcly 200 {1 decp) will be drilled in the vicinity of Exile Hill. just cast of the
site, to explore subsurface cxpression of the Trench 14 vein deposits. Two shallow exploratory holcs
(RF-serics boreholcs) arc planncd for Midway Valley east of Exile Hill for further testing of the
proposcd location for the repository surface facilitics. Three or more boreholes to the WT and scveral
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shallow ncutron-access holes are planned for rccharge studies in Fortymile Wash, a few milcs east of
the site (FM-series boreholes). A scrics of four holes to about 1,000 ft depth are planned in Crater
Flat to investigate the buried volcanic deposits that arc the cause of acromagnetic anomalics (V-scrics
boreholes). One or two additional holes in the Yucca Mountain region are planned 1o measure in silu
stress by hydraulic fracturing; the number and locations of these boreholes is yet TBD.

8.4.2.2.3 Intentionally Omitted
8.4.2.2.2.3 Intentionally Omitted

8.4.2.3 Subsurface-based activities

The subsurface-based activitics that arc part of the site characterization program at Yucca
Mountain consist of both the testing to be performed in the ESF and the associated construction and
opcrations activities necessary to support the testing. This section briefly describes the planned testing,
the supporting facility design, opcrations, and construction activities, as well as evaluates the layout for
the operations that assess potential interference between activities.

The ESF is illustrated conceptually in Figure 8.4.2-3. The ESF consists of surface facilities and
underground excavations. The surface facilities include such items as shops, a warehouse, offices and
laboratories, an electrical substation, integratcd data system (IDS) acquisition facility, waste water
treaument systcms, and a muck-storage arca. The underground excavations consist of two ramps (one
in the north, onc in the south) constructed to the TS level, where the potential repository horizon
would be located. These ramps would be connected by a drift, and would also include some lateral
drifting. Thc MTL corc arca would also be located at the TS level for both site characlerization and
performance confirmation testing. The north and south ramps will contain two tumouts for two ramps
leading down to the CH unit, which would also be connected by a drift, including lateral drifts. An
optional shaft in the north, from the surface to the TS level, is also planned.

As shown in Figure 8.4.2-3, the ESF dcsign, construction, and testing will be conducted in
phases, to allow information from early testing to influencc construction and testing of
ongoing/following phascs. The overall strategy for ESF development is to get access to the CH level
as soon as possible, in order to obtain the information needed on the characticristics of this primary
barricr. The design prioritics and sequence which will be followed during the preparation of the
design packages tor construction and testing (shown in Figure 8.4.2-3), are as follows:

Site Preparation and Portal of North Ramp
North Ramp from Portal to TS Level

Sitc Preparation and Portal of South Ramp
South Ramp from Pontal to TS Level

North Ramp from CH Tumout to CH Level
South Ramp from CH Tumout to CH Levcl
Full Length Drift at the CH Level

NoWwhkwWN -
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8.  Full Length Drift at the TS Level
9. MTL Core Area at the TS Level
10. Shaft at North End-Surface to TS Level

Each design phase corresponds with a construction/testing phase, beginning with surface
preparation and portal development and proceeding through cxploratory drifting and MTL development
on the TS Level.

Test planning and associated test-related support of phased design elements will emphasize the
flexibility to accommodate changes in construction and testing for each phasc. For example, surface
geologic and geophysical work will be conducted to ensure that accesses arc sufficicntly removed trom
potentially adverse structures such as faults. This flexibility recognizes that data gathered from carly
construction phases may indicate the necessity to expand, or modify test program elements.
Devclopment of the phased design will proceed without interruption, but wiil be capable of
incorporating later adjustments if construction and/or testing programs requirc modification as a result
of ongoing data evaluation.

Early design cmphasis (Phases 1-4) will be on the north and south ramp accesses. Phases 1 and
3, site preparation and portal development of the north and south ramps, involve site leveling and
grading to accommodate the construction and operation of the portals. These phases include the
design of support buildings, facilities and utilities. Phases 2 and 4 (north and south ramps from
portals to TS) involve the design, construction and testing of the north and south ramps to the TS
level. Declined ramps will provide access to the TS level, including construction and test-related
utilities and support. The tests currently planned in the north ramp during construction include the
following:

1.  MPBH (may be replaced by engincering investigation boreholcs for ramp accesscs)

2. Geologic Mapping

3.  Short Radial Boreholes

4.  Hydrochemistry

5. Mincralogy/Petrology (sampling)

6. Matrix Hydrologic Properties (sampling)

7.  Chlorine-36 (sampling)

8.  Hydrologic Properties of Major Faults (Bow Ridge Fault and Drill Holc Wash Structure)

9.  Pcrched Water (if encountered).

Scveral tests proposed or planned in the ramp will be deferred until after construction and other
prioritized ESF testing activities have been completed. These delerred ramp tests are:

1. Upper Demonstration Breakout Room (DBR)

2. Hcater Experiment in TSwi
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3. Overcore Stress
4. Vertical Scismic Profiling

S.  Long Radial Boreholes Test (status and scope TBD for ramp acccesses; depends on
construction of MPBH)

6. Intact Fractures
7. Excavation Effccts (status and scope TBD for ramp accesses)
8.  Shaft Convergence (status and scope TBD for ramp accesses).

For the south ramp (Phasc 4), the only testing proposced or planned during ramp construction arc
Geologic Mapping, Perched Water (if encountered), and Hydrologic Properties of Major Faults (if
encountcred).

Phases 5 and 6 are the extensions of the north and south ramps from the CH turnouts to the CH
level. Declined ramps will be designed to provide access to the CH geologic unit, including
construction utilities and support to the rcquired tests. Tests proposed or planned during construction
of Phase 5 (north ramp) include the following:

Geologic Mapping

Shornt Radial Borcholes

Hydrochemistry

Mincralogy/Petrology (sampling)

Matrix Hydrologic Propertics (sampling)

Chlorinc-36 (sampling)

Hydrologic Properties of Major Faults (Drill Hole Wash Structure)
Perched Water (if encountered)

© NN R W=

Deferred tests proposcd or planned after construction and after other prioritized ESF tcsting activitics
havc been completed include:

1. Vertical Scismic Profiling

2. Long Radial Boreholes Tcst (status and scope TBD for ramp accesses)

3. Imact Fractures

4.  Excavation Effects (status and scope TBD for ramp accesses)
For the CH ramp extension in the south (Phasc 6), the only tests currently proposcd or planncd arc
Geologic Mapping, Pcrched Water (if encountered), and Hydrologic Propertics of Major Faults (il
encountcred).

Drilting and testing on thc CH level (Phase 7) will include a drift connecting the north and
south ramps, and lateral drifts to sclected arcas of geologic interest. The testing program for the CH

level is currently being defined. Testing will be initiated during construction, and will continue after
construction is complcte. Tests currcntly proposed or planncd include:
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Geologic Mapping

Hydrologic Properties of Major Faults
Bulk Permcability
Mineralogy/Petrology {sampling)
Matrix Hydrologic Properties (sampling)
Chlorine-36 (sampling)

Pcrched Water (if encountered)
Hvdrochemistry

Venical Scismic Profiling

Diffusion

Intact Fractures

Overcore Stress
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Other testing activitics being evaluated for inclusion in the CH test suite include geomechanical and
geochemical tests such as plate loading and migration studies. The finalization of the CH test program
is an early priority in ESF design and planning.

Phase 8 will address the full length drifting on the TS level, including drifting east and west
across the block. A drift connecting the north and south ramps at the TS will be designed, including
construction and operational utilitics to support the requircd tests. Additional drifting and associated
utilities and test support will provide east-west exposure, including a southern Ghost Dance Fault
intercept. Tests currently proposed or planned for the TS drifting phase inciude:

Geologic Mapping

Bulk Permeability

Hydrologic Properties of Major faults
Perched Water (if encountercd)
Mincralogy/Pctrology (sampling)
Matrix Hydrologic Properties (sampling)
Chlorine-36 (sampling)

Intact Fracturcs

Platc Loading

Vertical Scismic Profiling

Ground Support Monitoring
Evaluation of Mining Mcthods
Equipment/Devclopment

Rock Mass Strength

Air Quality/Ventilation

Monitoring Drift Stability
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Phase 9 includes operational dcsign and construction of those opcnings required to support the
requircd tests at the MTL core area on the TS level. Tests currcntly proposed or planncd for the MTL
corc arca include:

Lowcr DBR

Gceologic Mapping
Mincralogy/Pctrology (sampling)
Scquential Drift Mining
Canister Scale Heater

Hcated Block

N
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7. Thermal Stress

8. Heated Room

9.  Equipmecnt/Development

1. Ptate Loading

11. Rock Mass Strength

12.  Evaluation of Mining Methods
13. Ground Support Monitoring
14.  Monitoring of Drift Stability
15.  Air Quality/Ventilation

16. Enginecred Barrier

17. Seals

18. Overcore Stress

19. Matrix Hydrologic Properties (sampling)
20.  Pcreolation

21. Bulk Pcrmcability

22. Perched Water (if encountered)
23. Diffusion

24. Chlorine-36 (sampling)

The ESF design will include an optional shaft (Phase 10) which would be constructed in the north,
extending from the surface to the TS level near the MTL core area. The shaft would expose the
geologic strata overlying the TS level. The shaft will be located at the potential repository
emplacement cxhaust shaft, but will be constructed only if required for collection of tcst information to
augment characterization data obtained from the ramps.

In the next section, each of the 34 ESF test activities, including possible testing in the MPBH, is
briefly described. as are the layout-related constraints imposed on the ESF design, construction, or
opcrations. The cstimated zones of influence that must be accounted for in locating and conducting
the tests are also described. The ESF layout and operations is evaluated in Section 8.4.2.3.6 relative 10
(1) the potential for interference betwceen tests, (2) the potential for construction and operations
intcrference with testing, (3) the integration of the ESF and the repository designs, (4) the design
flexibility, and (5) the impact of safcty concems on the design and planned operations.

8.423.1 Exploratory Studics Facility testing operations, layout constraints, and zones of influence

Each of the presently planned ESF testing studies or activitics is bric(ly described in the
following sections from an operational and design perspective. These operational descriptions are
followed by a discussion of potential intcrferences (constraints and zones of influencc) that have been
considered in locating each test. The interference cvaluations were used to cstablish minimum
requircments for scparating the ESF tests from cach other and from other mining opcrations.

The extent of ESF testing could change from the tests presently identificd and described in this
document for several rcasons. The ongoing prototypc testing program, compuicr modeling, technical
reviews, and/or improvements in instrumentation may result in future modifications to the tests.  Also,
the findings or performance of some of the carly ESF tests, or the conditions cncountcred in situ will
probably result in some changes to present plans. Such changes will be approved and documenicd as
they occur through the change-control process described in Section 8.4.2.3.3.1. Signilicant changcs in
the scope of cxisting tests, or new tests (including constraints, zoncs of influcnce and potential wastce
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isolation impacts), will be described in the semiannual progress reports. Plans for testing in the ESF
do not include the use of high-level radioactive materials or the introduction of radioactive artificial
tracers.  Radioactive sensors and sources will be used in planned testing, such as borchole geophysical
logging, but are designed to be fully contained and retrievable. Any plans to use high-level
radioactive materials or to introduce radioactive artificial tracers at the site will be included in SCP
progress reports and will be subject to NRC revicw as specified by 10 CFR 60.18(c).

This scction also describes the constraints imposed on the design by cach individual test and the
potential zone of influcnce each test may have on the surrounding region. Test constraints arc
essentially requirements imposed on the ESF design that must be satistied to ensure that the test can
be fielded properly. These constraints generally arise from expcrimental requirements that the in situ
conditions (such as stress state, degree of saturation, or tcmperature in the region where the cxperiment
is to be conducted) not be significantly altered by other activities in the ESF. How test constraints and
interferences influence the ESF layout are discussed further in Scction 8.4.2.3.6. Flexibility in
choosing the final location of some experiments can be considercd an important constraint because of
local variations in geology and fracture orientation. The constraints that could impact the underground
layout can generally be catcgorized into one of three main types:

1. Sequencing constraints, which may result from a requirement that the area supporting a
particular test be developed early in the ESF construction because of the extended amount
of time required to run the test or because the data from the test may be required before
initiating other tests.

2. Physical location constraints, which may result from requirements for flexibility to choose
alternate test locations based on specific test criteria and the need to conduct some tests in
isolated areas in the MTL.

3. Construction and operational constraints, which generally arise from the requirement that
tests be isolated from construction or mining activities because of their scnsitivity to
vibration, dust, and traffic.

Table 8.4.2-13 lists the general categories of test-related constraints that could impact the
underground layout. Constraints that do not impact the layout arc not in Table 8.4.2-13. For example,
schedule constraints associated with the geologic mapping are expected to occur routinely during
rampy/shaft construction. Specific constraints and test requircments arc discusscd later in this section
on a test-by-test basis.

Each experiment also alters or influcnces a surrounding region during the time thc test is
operational. This zone of influence becomes an important consideration in designing the MTL layout
because of the requirements to separate experiments to avoid unacceptable test-to-test interfercnce and
t0 limit the zonc of construction influence as much as possiblc to the dedicated testing arca. The
extent of the zone of influence for cach test is a {unction of the time the test is operational and
principal altcration mcchanisms resulting from the test. These mechanisms include (1) mechanically
aliered regions duc to construction of drifts and alcoves [or the experiment, including additional
standoffs that may be required for instrumentation emplaced in the test drifts; (2) thermally altcred
regions duc to cmplaccment of heaters to simulatc heat loads expected from cmplaced waste or 10 tcst
thermomechanical propertics of the rock; (3) hydrologically alicred zones due to changing the in situ
saluration statc; and (4) geochemically altered zones due Lo the introduction of chemicals or by
hydrothcrmal activity resulting from tests that heat the rock mass. The zones of influcnce for each test
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Table 8.4.2-13. Principal constraints imposed on the exploratory studies facility layout by test

requirements, listed by general category of constraint (page 1 of 3)

Physical Construction, No
Test Sequencing location operations constraints

Geologic mapping of the exploratory

studies facility X
Fracture mineralogy studies X
Seismic tomography and vertical seismic

profiling X
Shaft convergence X
Demonstration breakout rooms X X X
Sequential drift mining X X X
Heater experiment in unit TSwl X
Canister-scale heater experiment ’ X X
Yucca Mountain heated block X X
Thermal stress measurements X X X
Heated room experiment X X X
Development and demonstration of

required equipment TBD? TBD
Plate loading tests X
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Table 8.4.2-13. Principal constraints imposed on the exploratory studies facility layout by test
requirements, listed by general category of constraint (page 2 of 3)

Physical Construction, No
Test Sequencing location operations constraints

Rock mass strength experiment X
Monitoring drift stability X
Air quality and ventilation X
Evaluation of mining methods X
Evaluation of ground support systems X
Seal components testing TBD TBD TBD TBD
Overcore stress experiments X X
Matrix hydrological properties testing X
Intact-fracture test X
Percolation tests X X
Bulk permeability test X X
Radial borehole tests X
Excavation effects test X
Perched water test X

X

Hydrochemistry test
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Table 8.4.2-13. Principal constraints imposed on the exploratory studies facility layout by test

requirements, listed by general category of constraint (page 3 of 3)

Physical Construction, No
Test Sequencing location operations constraints

Diffusion test X
Chloride and chlorine-36 measurements X
Engineered barrier system field test

(waste package test) X X
Laboratory tests of geoengineering

properties X
Hydrologic properties of faults X X

XC

Multipurpose boreholesP Xe

aTBD = to be determined.
bMultipurpose borehole testing is described in Section 8.3.1.2.2.4.9.
cConstraints are based on a preliminary evaluation of multipurpose borehole concepts.
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arc determined from the time the test will be operational (i.e., active data collection) and the maximum
cxtent of the principal alteration mechanism resulting from the test during the operational period.

Table 8.4.2-14 lists the principal factors (mechanism(s) considered in cstablishing a zone of
influcnce for each test. Only the dominant driving mechanism(s) are given in this table even though
some sccondary or coupled mechanisms for altering the natural state werc also considered in analyzing
cach test. For example. heating the rock mass also affects the local hydrological and stress conditions.
Muny of the tests plunncd for the ESF are designed to address coupled phenomena. For the purposcs
of cstablishing zoncs of influence for each test, however, the mechanism(s) that led to the
establishment of the most pervasive zone was considered the principal mechanism, with the influence
of secondary mechanisms falling within or coincident with the zones established by the principal
mechanism. These principal mechanisms are given in Tablc 8.4.2-13. In somc instances. no physical
mechanism was identificd that would causc additional perturbation to the natural conditions (stress,
temperature, moisture, etc.) from conducting the test. In these cases the principal mechanism in Table
8.4.2-13 is listed as nonc. The table also lists tests, such as the proposed seal components testing,
where the zone of influence is TBD. Even though concepts exist for these tests, they arc not
sufficicnily developed at this time to establish a zonc of influencc. As the designs of thesc tests pro-
gress, interferences related to them will be analyzed and zones of influence cstablished. These will be
documented in the semiannual progress reports.

In establishing the constraints and zones of influence for each test, only test-rclated alterations to
the local conditions were considered. That is, the alteration of the natural conditions due to normal
mining and construction of ESF ramps/shaft and drifts was not considercd part of the potential zone of
influence of the test. Effccts of construction are considered in the discussions of constraints rclated to
stando(f from support drifts that provide access to the experiment drifts. Only when special controls
(over and above the strict controls alrcady planned for use during construction) on the usc of water or
chemicals arc required Lo perform a test, are they listed as additional constraints to the design.

These elements of construction and operation that have potential for interference with testing are
addressed in more detail in Section 8.4.2.3.6.2. But four general points regarding these potential
cffects of construction on the ESF test program and their relationship to the test rclated zones of
influence arc noted here for completencss. First, there will be stringent controls on the construction
methods used throughout the underground excavations. For example, water use will be part of
specifications for drilling, dust control, cleaning of walls for geologic mapping, and other appropriatc
activitics. If the standard, stringent, controls planncd for usc in most arcas of the ESF are expected to
sulfice for control of water and chemical agents near a particular test, they arc not mentioned '
specifically as a test-relatcd constraint on the design. Only for those tests that may require additional
controls arc constraints noted. The effect of construction aclivitics on the ncarby rock mass has been
estimated from the preliminary evaluations of West, 1988, as summarized in 8.4.3.2. In addition,
construction water is estimated to penetralc, in gencral, less than 10 m into the formation (Section
8.4.2.3.6.2). While not spccifically mentioned in Scction 8.3 of the SCP, a significant number ol
instruments will be grouted in place. The geochemical cffects of this grout are expected to be very
localized (Femandez ct al., 1988). The potential zones of inllucnce resulting from these mechanisms
are within or approximatcly cquivalent to the zone of influcnce of the shalts and drifts established as a
result of mining induced stress alicration (Hill, 1985; Thomas, 1987; Costin and Baucr, 1988,
Zimmerman ct al., 1988). Thercfore, a two drift diamcter minimum latcral standofl was cstablished
between drifts and between the ESF and the repository drifts to preclude interfercnce duc 1o mining.
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Table 8.4.2-14. Categories of effects considered in evaluating the zone of influence for each site
characterization test (page 1 of 3)

Test Mechanical? Thermal®  Hydrologic® Chemicald effggtse

Geologic mapping of the exploratory studies

facility X
Fracture mineralogy studies X
Seismic tomography and vertical seismic

profiling X
Shaft convergence X
Demonstration breakout rooms X
Sequential drift mining X
Heater experiment in unit TSwl : X
Canister-scale heater experiment X
Yucca Mountain heated block X X
stress measurements X X
Heated room experiment X X
Development and demonstration of required

equipment X

Plate loading tests X

Rock mass strength experiment X
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Table 8.4.2-14. Categories of effects considered in evaluating
characterization test (page 2 of 3)

the zone of influence for each site

Test Mechanical? Thermal®  Hydrologic® Chemicald effzgtse

Monitoring drift stability X

Air quality and ventilation X

Evaluation of mining methods X

Evaluation of ground support systems X

Seal components testing To be determined

Overcore stress experiments X

Matrix hydrological properties testing X

Intact-fracture test X

Percolation tests X X

Bulk permeability test X X

Radial borehole tests X

Excavation effects test X

pPerched water test X
X

Hydrochemistry tests

Diffusion tests
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Table 8.4.2-14. Categories of effects considered in evaluating the zone of influence for each site
characterization test (page 3 of 3)

No
Test title Mechanicala Thermal®  Hydrologic® Chemicald effects®

Chloride and chlorine-36 measurements X
Engineered barrier system field tests

(waste package test) X X
Laboratory tests of geoengineering _

properties X
Hydrologic properties of faults X X
Multipurpose boreholesf x9

@Mechanical effects include stress alteration due to the drifting required for the test as well as due
to the test itself and potential interferences from instrumentation arrangement. The effects do not
explicitly include rock damage or stress alterations due to general construction in the exploratory
studies facility; these construction effects are considered in the discussions of constraints related to
standoff from service drifts that provide access to the testing areas.

bThermal effects include coupled effects resulting from the addition of heat; e.g., vapor movement
resulting from heating

®Hydrologic effects include only the effects from the fluids added to the formation by the test.
Fluids used in construction are not included.

dChemical effects include the effects from tracers in fluids or from chemicals used in construction.

e€No effects means no physical mechanism was identified that would cause additional perturbation to
the natural condition (stress, temperature, moisture, etc.) from conducting this test. Test may be
primarily observational or laboratory based with only sample collection activities in the underground
excavations.

fMultipurpose borehole testing is described in Section 8.3.1.2.2.4.9.

9Zone of influence is based upon a preliminary evaluation of multipurpose borehole concepts.
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Second, work is in progress to cstablish a basis for detcrmining the nccessary controls on walcr
and construction methods used in the underground cxcavations. These studics will also help determine
the cffects construction water and cxcavation activitics may have on the hydrological and chemical

tests to be performed on rock samples taken during construction.

Third, as indicated in Section 8.4.1, the early testing and obscrvations in the ESF will provide
data that can be uscd to confirm or redefine the estimates of the zones of influcnce from the principal
mechanisms discussed previously. Therefore, there should be sufficient data available carly in the
testing program and sufficient flexibility in the design layout (Section 8.4.2.3.6.4) to allow for
correction ¢f new interferences that may be identificd as construction proceeds.

Finally, while every effort is being made to ensure that the test environment in the ESF is
compatible with the experimental requircment, there are many unccrtaintics associated with
underground, in situ experimentation that designers and expcrimenters cannot control. Unlike a
laboratory sctting, an underground mine environment is inhcrently a dirty, noisy, and potentially
dangerous place to work. Rock properties and conditions arc variable and, dcspite the most careful
and complcte design and analysis effort, the complete success of each and every test planned for the
ESF cannot be guaranteed.

An example of the uncertainties of in situ testing is given by the expcrience encountered in the
prototype testing conducted in G-Tunnel on the NTS. In both the heated block test (Zimmerman et
al., 1986a) and the mining effects tests (Zimmerman et al., 1988), changes had to be made in the
testing procedures or instrument locations based upon obscrvations made during construction and
testing.

The design is developed to provide the most favorable conditions possible for conducting the
proposcd testing by satisfying the test constraints and by ensuring that the zones of influcnce ol cach
test and the ESF construction do not lead to significant interference problems. There arc, howcever,
many unccrtainties involved with in situ testing, such as those just noted, that cannot be addressed
dirccily in the design. Thus, a large amount of flexibility is included in the design, layout, and the
opcrational aspects of the ESF. Including sufficient flexibility in thc design (as discussed in Section
8.4.2.3.6.4), should allow many of the potcntial problems rcsulting from the uncertainties of in situ
testing 1o be overcome.

Following arc bricf descriptions including a discussion of the constraints to the design that have
becn identified (Table 8.4.2-13) needed to properly conduct the test. Also included arc the estimates
of the zone of influcnce of each test resulting from the mechanisms identificd in Tabic 8.4.2-14.

Thesc constraints and zones of influence form the bases for the design evaluation described in Sections
8.4.2.3.2 through 8.4.2.3.5; this evaluation is presented in Section 8.4.2.3.6.

Aclivily: Geologic mapping of the Exploratory Studies Facility (Scction 8.3.14224)

Purposc and operations

Geologic mapping and photogrammetry will be used to document lithologic and fracturc
variability throughout the vertical and horizontal extent of the underground cxcavations, to investigate
structural fcatures, and to provide siting data to confim (or modily) planncd test locations within the
underground cxcavations. A photographic record will be obtained of cxposcd surfaces in the ESF
ramps and of the walls and crown of drifts.
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Included in this activity are cleaning the ramp or drift wall arcas using minimal amounts of
water (i.., less than that used for dust control). surveying in reference points, and marking significant
structural features. Geologists will map the exposcd walls as described in Scction 8.3 and make a
permanent record of the wall rock by using twin cameras 0 obtain high-rcsolution, sterco photographs
reterenced Lo the surveyed bearings. Finally, the geologists will collect, package. and label hand
specimen samples for geologic, mineralogic, petrologic, geochemical, gecomechanical, or hydrochemical
analyses and for archival storage.

Constraints and zones of influence

This activity is primarily observational (photogrammectric manping) and will be conducted in the
underground excavations as construction proceeds. Because it is observational, no special constraints
arc required to include this activity in the ESF testing, and no additional, significant perturbation to
natural conditions (stress, temperaturc, moisture, etc.) will result from the mapping activities (that is,
there is no significant zonc of influence).

Activity: Fracturc mineralogy studics (Section 8.3.1.3.2.1.3)

Purposc and operations

The fracture mineralogy studies will be conducted to determine the distribution of minerals
within fractures in all stratigraphic rock masses that might provide transport pathways with some
componcnt of fracture flow. The studics will also cstablish the time and conditions of fracture
mincralogy deposition alteration and identify fracture-coating mincral types, sorptive characteristics,
and health hazard potential of fibrous zeolites.

In addition to mincralogic sampling of drill core and rubble collccted at the working facc in the
ramps and drifts, samples will be collected on the surface from the muck removed. The muck will be
scgregated, either in a temporary surface storage bin or at the muck storage area, and the geologists
will hand pick samples for fracture-coating mineralogy studies. The samples will be packaged and
labeled for shipment to a laboratory for dctailed analyses, including age detcrminations.

Constraints and zones ol in(luence

Stratigraphy and variability of thc rock matrix. This activity involves sample collection and
subscquent laboratory cxamination ol rock from the underground excavations where a varicty of '
geologic conditions are cxpected to be cncountercd.  Because only sample collection is involved, no
special constraints are required to conduct this activity in the ESF, and no additional perturbation to
natural conditions (stress, temperature, moisture, etc.) will result from this activity. No significant
zone of influence results from this activity.

Mincralogy of fracturcs and faults. This activity involves sample collection and subsequent
laboratory cxamination of rock from ramps, the dedicated test arca, and thc long exploratory drifts
where a varicty ol geologic conditions arc expected. Becausc only sample collection is involved, no
special constraints are required 1o include this activity in the ESF testing, and no additional
perturbation to natural conditions (stress, temperaturc, moisture, etc.) will result from this activity. No
significant zonc ol influcnce results from this activity.
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Activity: Seismic tomography and vertical scismic profiling (Section 8.3.1.4.2.2.9)

Purposc and operations

The purpose of seismic tomography and vertical seismic profiling tests is to cvaluate or devclop
a method for remote characterization of subsurface fracturc networks using the ESF tcsts as a means to
calibrate against mapped fracture networks.

boreholes will be drilled (or cxisting holes used) 1o install geophones or similar instrumentation.
When the sensor arrays are in place, seismic stimuli will be initiated by using explosives or vibrioses
techniques at surface locations selected by the investigators.

Constraints and zones of influence

This activity will use surfacc drilled boreholes and short (<3 m long) boreholes in the
underground excavations to install seismic sensors. No special constraints arc required to include this
activity in the ESF testing, and no additional perturbation to natural conditions (stress, tcmperature,
moisture, etc.) will result from this activity (i.e., no significant zone of influcnce results from this
activity).

Activity: Shaft convergence (Section 8.3.1.15.1.5.1)

The shaft convergence test is to be deferred until after construction and other prioritized ESF
Lesting activities have been completed. The status and scope of the test is currently being addressed
for ESF ramp accesscs to be consistent with the reference ESF design concept. The following
discussion provides information on this test as planned for the original ESF configuration (described in
the SCP) with two shalts in close proximity. The test, as described below, may be conducitcd in the
event that an optional shaft is constructed.

Purposc and opcrations

Shaft convergence tests will be used to monitor rock-mass deformation around the shaft opening
and mcasure in situ horizontal stress.

Using standard overcore techniques, horizontal stress measurements will be made at each of
threc test locations as the shaft is being sunk.

Rock-mass deformation around the shaft will be monitored at three measuremcnt stations
consisting of two levels separated by several meters, using multiple-point borehole cxtensometers
(MPBXs) placed at 120° intcrvals around the shaft circumfercnce. The MPBXs will be installed as
soon as practicablc after excavation of the relevant level in the shaft. Dcformations will be measured
across the shaft diameter and as a function of distance from the shaft at multiple locations in the walls.
The MPBX hcads will not be covered by the shafl liner, so that the deformations can be monitored as
a function of time. In addition to MPBX mcasurcments, deformations will be measured with rod
cxtensometers at cach of the three measurement stations.  Extensomcler measurements will be made
along diametcrs in the same planc as the MPBXs at 60° from the MPBX hcads.

Hydraulic pressure cells will be installed in the shaft liner to monitor radial stress changcs over
time as shaft sinking continues below the test location.
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Constraints and zones of influence

This experiment will be conducted during construction of the shaft. Flexibility is rcquired in
locating the tests near the three depths at which the tests are planned. Rcasonably competent rock is
required at the test horizon to ensure proper gage installation.

A mechanical zonc of influence is created because horizontal MPBX gages will be uscd at each
measurement station. These gages are anchored 15 m from the shaft wall. Care should be taken that
any vertical boreholes from the DBRs do not pass within four hole diamcters of the MPBX gauge
holes 1o ensure that the anchors remain fixed in the rock. The zone of geochemical altcration resulting
from the use of grout in the MPBX gauge holes is expected to be very small and governcd by
molecular diffusion. Analyses by Birgersson and Neretnicks (1982) indicate that this zone would be
0.3 f{t for 3 to 12 months.

Aclivity: Demonstration breakout rooms (Section 8.3.1.15.1.5.2)

Purposc and operations

Thesc tests will be uscd to demonstrate constructability and stability of drift openings in the
upper lithophysal zone of the PTn in the upper DBR and in welded fractured tuff on the MTL.

At the DBR and in the breakout room at the MTL, mined openings will be sized to be
consistent with the maximum width planncd for repository drifts. Optimum blasting mcthods in each
DBR horizon and rock stabilization requircments and techniques will be detcrmined. Rock mass
response will also be mcasured in the DBR excavations by using extensometcrs and convergence
anchors.

Constraints and zones of influcnce

Flexibility in the orientation of the rooms is required to insure that desired alignment relative 10
local geological features, such as the prevailing joint structure, is achieved. This is important becausc
one usc of the data derived from this experiment will be for evaluation of structural computer modcls.
Proper alignment of the drift is required to limit the potential for variability of the mechanical
responsc along the drift so that models can be more effectively used to represent the excavation in
computer calculations. Other constraints includc a requirement that no other mining should be allowed
within a distance of approximately SO ft from the deepest MPBX anchors installed in the drift walls
while the experiment is in progress. MPBX gagcs are anchored 50 [t into the drift walls. If other
mining takes place within 50 ft of the bottom anchor (100 ft from drift wall), the MPBX anchor
positions may be disturbed.

At the MTL-DBR (or lower DBR) bascline testing should be complictc before proposcd drifts
within the required standoff region are mined. Within the constraints of adjacent drifts, a zone of
flexibility is defined such that the stress altered zone duc to mining will not affect other drifts that may
be mined latcr. Depending on the oricntation of the lower DBR a potential zone of influcnce (stress
altered region) may exist, extending out on either side of the flexibility area (Costin and Bauer, 1988).

No zoncs of thermal or hydrological alteration will result from this test because no hcat or waicr
are used in the test. The zone of geochemical alteration resulting from the use of grout in the MPBX
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gage holes is expected to be very small and govemed by molecular diffusion. Analyscs by Birgersson
and Neretnicks (1982) indicate that this zone would be 0.3 ft for 3 to 12 months.

Activity: Scquential drift mining (Scction 8.3.1.15.1.5.3)

Purposc and operations

The purpose of sequential drift mining is to obtain deformation response data in rock
surrounding a rcpository-size drift opening as it is being mined in the dedicated test arca.

Two parallel instrumentation drifts will be mined and instrumentation holes will be drilled to
monitor above, below, and adjacent to a central third parallel drift. Borehole sensors will be installed
to monitor strcss release, bulk permeability changes, and deformation. To measure rock mass responsc
to mining, bascline data will be obtained before mining of the center parallel drift. Air and watcr
pcrmeability in boreholes adjacent to the new drift opening will be measured after mining.

Constraints and zoncs of influence

Flexibility in location and oricntation of the drifts is desired because the results of this
experiment will be used to evaluate structural computer models. Mining should be planned such that
no mining, other than construction of the center parallel drift, will be conducted within a standoff dis-
tance of approximately two drift diameters from the edge of the instrumentation drifts while the test is
in progress. This standoff distance, ensures that the construction of other drifts will not alter the
deformations and stress state near the experimental drift during the testing period (Zimmerman €t al.,
1988). Becausc long-term monitoring of ground support in the sequential drift mining test is required,
subscquent mining within the standoff zone must be avoided. '

No thermal zone of influence will result from this activity. The small amounts of air and water
that may be injected into the rock mass between the drifts for permeability testing is not expected to
altcr the hydrological conditions more than 1 to 2 m from the borcholes. The zone of geochemical
alicration resulting from using grout in the gage holes is expected to be very small and governed by
molecular diffusion. Analyses by Birgersson and Nerctnicks (1982) indicate that this zone would be
0.3 ft for 3 to 12 months.

Within the area between adjacent drilts, a zone of flexibility is defined such that the stress
altered zone due to mining will not affect other drifts that may be mined later. Drifis-may bc oricnted
within a 60 degree shaped fan (£30 degrees from thc proposcd centerline orientation) or the entire
configuration may be reoricnted to a direction paralicl to the panel access drifts (perpendicular to the
configuration shown in the Title I design layout). This results in a potential mechanical zone of
influence extending 30 ft (two access drift diameters) (o either side of the flexibility zonc (Costin and
Baucr, 1988 and Zimmerman et al., 1988). Once the drift direction is determined, the zone of
influence can be narrowed: that is, additional arca required by the nccessary flexibility is eliminated.

Activity: Heater cxperiment in unit TSwi (Scction 8.3.1.15.1.6.1)

Purposc and operations
The purposc of the heater experiment is to establish thermomechanical and thermally induced

hydrologic responses in high-lithophysal rock to verify scaling relationships nceded for rcpository
design and performance calculations.
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In the upper DBR, a heater-emplacement hole will be drilled approximately 8 ft (2.4 m) into the
drift wall. Scveral instrumentation holes parallel to the heater hole will be drilled and then heater and
instruments (multipte point borehole extensomcters (MPBX) and thermocouples) will be installed. In a

_ borchole ncar the heatcr, neutron logs will be run before, during, and after the heating cycle to monitor

moisture content changes. After the heater is started, the rock response to thermal loading, heat flow,
and moisture changes will be monitored.

Constraints and zones of influence

This test will be conducted in the uppcr DBR and is intcnded to measure rock mass thermal
propertics, in situ water content changes due to heating and thermal expansion in the lithophysae-rich
wff. Because the test is short (approximately one month) and affccts only a small amount of rock
(0.3 m") (Zimmerman et al., 1986b), no special constraints arc required. Sutficicnt flexibility cxists to
locate the test so that other activitics in the DBR are not adversely affected.

Activity: Canister-scale heater experimeat (Scction 8.3.1.15.1.6.2)

Purpose and operations

The canister-scale heater experiment will monitor thermomechanical and hydrothermal responses
in the repository host rock at canister scale for design and performance modeling, for the investigation
of retricvability, and for the monitoring of radon emanation as a function of heat loading. During the
tcsts. hcat fluxes will be increased so that .cmpcratures ncar the canister hcater exceed design limits.
This phase of the test is to aid in determining limits on waste-cmplacement borehole stability.

At a location within the dedicated area, a 13 in. (0.37 m) diameter hole will be drilled 20 ft (6.1
m) into a drift wall. Parallel small-diameter instrumentation holes will be drilled. Baseline moisture
data in neutron probe holes will be rccorded. A heater and instrumentation (thermocouples, MPBXs,
borchole deformation gages, and radon monitors) will be installed. Finally, hecating steps will be
initiated, and thermal, thermomechanical, and hydrothermal phenomena, and radon rclease rates, will
bc monitored at increasing heat loads.

Constraints and zones of influence

To limit the influence of drift openings (1) on the stresscs near the heater and (2) on the
temperatures produced in the rock formation, the heater should be located a minimum of 9 m (based
on Bauer ct al., 1988) from drifts or alcovcs running paralle! to the axis of the heater. The experiment
nceds to be located in a low traffic area becausc the rock surface near the hcater cmplacement hole
will reach temperatures in excess of 200°C and may pose a hazard 1o personnel in the area.

At 30 months, the 100°C isothcrm will be approximately 5 m radially from the center of the
canister (Bauer et al., 1988). Water within this isotherm is cxpected to be vaporized and to condensc
near the 100°C isotherm. Hence, a zonc of saturation may occur in this region. The water containcd
in this region is cxpecied 1o be imbibed into the matrix in a zone extending to a maximum of 10 m
beyond the 100°C isothcrm (Martincz, 1988). Thus, a hydrologically altered region cxtending up 0
14 m radially from the heater may be created. Becausc of the small volume of rock dehydrated, the
hydrologically altered zone is likcly to be less than the estimated 14 m maximum. Thermochemical
alteration of the tuff may occur within the hydrologically alicred region (Delany, 1985). The 35°C
isotherm (4°C above cxpected ambient tcmperature) will atlain a maximum distancc of 15 m radially
from the heater and 20 m from the emplacement drift wall along the axis of the heater (Baucr ct al.,
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1988), resulting in a thermal zone of influence of approximately 30 m by 20 m. Therefore, both the
zones of potential chemical and hydrological alteration arc expected to be contained within the zone of
thermal alteration. Thermally induced stresses arc expected within the thermal zone. In the rock mass
beyond the maximum cxtent of the thermal zone, stress should not be more than 10 pereent above the
initial in situ stress (Bauer et al., 1988).

Activity: Yucca Mountain heated block (Section 8.3.1.15.1.6.3)

Purposc and operations

The Yucca Mountain heated block experiment will (1) measure three-dimensional deformation
and temperature changes; (2) measure relationships among fracture pemeability, stress, and
tempcerature; (3) monitor moisture movement relative to temperature; and (4) cvaluatc cross-hole
measurement mcthods in large blocks of welded tuff. Results from 1, 2, and 3 will be uscd in
modeling.

At a sclected location in the dedicated test area, an alcove will be mincd and a 6 ft by 6 ft 2 m
by 2 m) area of rock will be defined within the alcove. Baseline fracture pcrmeabilitics will be
measured, reference survey pins will be established, and crosshole ultrasonic measurcments will be
made. Next, slots will be cut on each side of the block approximately 6 ft (2 m) decp and flatjacks
will be inserted. An array of heaters will be installed in holes on opposite sides of the block. Other
instrumentation holes will be drilled and instrumented with thermocouples, MPBXSs, and deformation
gages. Finally, cyclic tests will be conducted at various mechanical loads (imposed using flatjacks)
and thermal loads (imposed using heaters). The rock responses and permeability changes under
induced conditions will be monitored.

Constraints and zones of influencc

Flexibility in location of the test alcove is required to ensure that the block used contains a joint
spacing and orientation that is reasonably represcntative of the repository horizon. The experiment
should be located in a low traffic area so that dust and vibrations from other construction and testing
do not interfere with scnsitive displaccment measurcments being made as the block is loaded
(Zimmcrman et al., 1986a).

The thermal zone (within 5°C isotherm above ambicnt tempcrature) resulting from two thermal
cycles lasting a total of 100 days is calculatcd to cxtend to approximately 32.5 ft (10 m) from the
center of the block (Costin and Chen, 1988). Thus, the thermal zone will extend approximately 20 ft
(6 m) beyond the test alcove in a dircction normal to the lincs of heaters. Within the thcrmal zonc.
the 100°C isotherm will attain a maximum distancc of approximatcly 3 ft (1 m) radially from the
centerline of the heaters. Water within this isotherm is expecied to be vaporized and 1o condensc near
the 100°C isotherm. Hence, a zone of saturation may occur in this region. The walcr contained in
this region is expected to be imbibed into the matrix in a zone extending up to a maximum of
approximaicly 33 {t (10 m) beyond the 100°C isothcrm (Martincz, 1988). Thus, a hydrologically
altcred region that may cxtend to a maximum of approximatcly 36 fi (11 m) from the lincs of the
heaters is created.  Because of the small volume ol rock dehydrated, the hydrologically alicred zonc is
likely to be less than the estimated 11 m maximum. Thermochemical alteration of the tlf may occur
within thc hydrologically altered region (Dclany, 1985). Therefore, the zones of potential chemical
and hydrological alicration arc approximately coincident to the zonc of thermal alteration. Thermally
induced stresses arc cxpected within the thermal zone. In the rock mass beyond the maximum ¢xtent
of the thermal zone, stresses should not be more than 10 percent above the initial in situ stress.
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Construction of the small alcove will produce a stress-altered zone of approximately one alcove
diameter, 27 ft (8.2 m) around the experiment.

Activity: Thermal stress measurcments (Scction 8.3.1.15.1.6.4)

Purposc and operations

These tests will measure thermal stresses in a relatively large volume of jointed rock and relate
the stress changes to thermomechanical displacement for numerical modcling. The specific number
and location of thesc experiments has not yet been defined. At each experiment location, single slots
will be cut in both the back (roof) and rib (wall) 6 ft (2 m) long and 6 ft (2 m) decp after reference
pins are established on either sidc. Flatjacks will be installed in the slots, and heaters will be installed
in the holcs drilled on cither side of the slots. An insulating blanket will be installed over the test arca
of the drift to reduce heat loss. Heaters will be started and stress changes in the near-ficld volume will
bc monitored as thcrmal loading increases.

Constraints and zones of influence

Flexibility with rcgard to rock conditions and the orientation of joints is one of the constraints in
selecting the specific region of rock where the test is conducted. This test cannot begin until any other
measurements in the test area are completed. Because one objective of the test is to measure stress
changes induced in the rock mass by thermal loading, no mining should be conducted within a two
drift diameter standoff region until the test is completed, because this could affect stress measurements
in the test drift. The test should be conducted in a drift that can be isolaled from normal mine traffic
because of the high temperaturcs and stresses that will be generated in the roof of the drift.

At 90 days, for the tcst being conducted in the roof, the +5°C isotherm (above the cxpected
ambicnt icmperaturc) will be approximately 5 m horizontally from the drift wall and approximately 7
m vertically from the roof. Thermally induced stresses are expected within the thermal zone. In the
rock mass beyond the maximum extent of the thermal zonc, stresses should not be more than 10
percent above the initial in situ stress (Bauer et al., 1988). Within the 5°C isotherm, it is predicted
that the 100°C isotherm will be approximatcly 1 m radially from the centerline of the hcaters
(approximatcly 3 m horizontally from the drift centerlinc). Water within this isotherm is cxpected to
be vaporized and to condense ncar the 100°C isotherm. Hence a zone of saturation is likcly to occur
in this region. Thc water contained in this region is anticipated to be imbibed into the matrix in a
zone that may extend to approximately 10 m beyond the 100°C isotherm (Martinez, 1988). Because
of the small volume of rock dehydrated, the hydrologically altered rcgion is likely to be lcss than the
10 m estimated maximum. Thermochemical altcration of the tuff may occur within the hydrologically
altered region (Delany, 1985). Stress altcration duc to mining extcnds two drift diameters (50 ft)
laterally, which is greater than any altcration expected duc to the local heat load (Bauer et al., 1988).

Activity: Heated room cxperiment (Scction 8.3.1.15.1.6.5)

Purposc and opcrations

The heated room cxperiment is in the carly stages of design definition and is intended to
measurc thermomechanical responses in fractured welded tff at a drift-size scale to acquirc data for
cvaluating both prc- and posiclosure design. Measurements will also be used to support the validation
phasc ot both empirical and numerical dcsign methods.
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In the dedicated test area at a location TBD, a drift representative of repository-size drilts is
planned to be excavated and the rock around it heated. Either a preexisting drift will be uscd. or more
likely, a new drift may be constructed in the performance confirmation area specifically for this
cxperiment. The drift will be instrumented to provide data on rock mass dclormation. rib stress
change, thermal conductivity, heat capacity and thermal expansion coefficient, and ground-support
loading and deformation, as well as to estimate the region in which the stress state is changed by
heating. The expcriment may involve more than one drift opening so that temperatures around and
between drifts more nearly represent those expected in the repository.

Constraints and zones of influcnce

Flcxibility in location and orientation of the experiment is a constraint necessary to ensure that
the geologic conditions (rock quality. joint orientation, etc.) arc representative of and consistent with
those expected in the repository block. Because it will be approximately 2 to 3 years after heating
begins before data are available, the test should begin as soon as possible. Special doors and thermal
barriers may be required to control the ventilation and heat flow from the area.

Estimates of the potential zone of influence of the experiment were taken from preliminary
design calculations (Bauer et al., 1988) that assumed the drifts were separated by 65 ft (20 m) center
to center with the test drift being 20 ft (6.1 m) widc and the access drifts being 13 ft (4 m) wide. For
a 50 kW heat load and a 3-yr test duration, the thermal zone resulting from this experiment will
extend approximately 90 ft €28 m) laterally from the central drift. Although the thermal zone extends
slightly above and over the access drifts, the extent of the thermal zone is effectively limited by the
presence of the two access drifts. Thermally induced stresscs are expected within the thermal zone.

In the rock mass beyond the maximum extent of the thermal zone, stresses are predicted to be less
than 10 percent above the initial in situ stress (Bauer et al., 1988). The 100°C isotherm will attain a
maximum distance of approximately 7 m horizontally and 10 m vertically from the center of the line
ol heaters on each side of the central drift (Baucr et al., 1988). Water within this isotherm is cxpecied
to be vaporized and to condense near the 100°C isotherm boundary. Hence, a zone of saturation is
likely to occur in this region. The water contained in this rcgion is expected to be imbibed into the
matrix in a zone extending a maximum of approximatety 33 ft (10 m) beyond the 100° C isothcrm
(Martinez, 1988). The hcatcd region, however, is bounded by the two access drifts, which are
ventilated. Thus. the region of potential hydrologic altcration will likely not extend beyond the access
drifts. Thermochcmical altcration of the tuff may occur within the hydrologically altered region
(Dclany, 1985). Therclore, both the zones of potential chemical and hydrological altcration are
cxpected to be contained within the zone of thermal alteration. The stress-altered region resulting
from the mining of the drifts will extend laterally approximately 100 ft (31 m) from the centcrline of
the central experiment drilt (i.e., out o two drift diameters from the outsidc access drifts) and 201t
(6.1 m) (one drift diameter) from the end of the central drift. Possible changes in orientation were not
considered. If the experiment continues longer than 40 months, additional standoff distance may be
required. The layout should provide standoff distances of 150 ft (45 m) laucrally from the centerline
of the central drift and 50 ft (15 m) longitudinally from the cnd of the central drift.

Activity 4.4.6; Decvelopment and demonstration of required cquipment (Scction 8.3.2.5.6)

Purpose and operations
The purposc of this activity is to drill, line, and instrument (for convergence monitoring) two

wasic cmplacement-size holes to evaluate the horizontal boring tcchnology and equipment periormance
in thc TS welded unit.
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A development prototype boring machine (DPBM) has been designed for demonstration in
underground testing. The DPBM would be capable of drilling and installing a metal lining in long,
horizontal boreholes. Tests currently under consideration in the ESF involve the drilling and lining of
two 250-ft (76.2-m) long horizontal holes in the dedicated test area and/or the upper DBR. The
drilling of these holes will be highly instrumented so that data on drill performance can be obtained
for use in predicting drill performancc in the repository. Substantial uncertainty exists about whether
this test will be conducted. The uncertainty is because the DPBM will be developed only if the long,
horizontal borehole concept is sclected as the prefcrred option for waste emplacement. Ongoing
enginecring studies are evaluating the rclative advantages of both the vertical emplacement option and
numerous horizontal emplacement options. The test may also evaluate the proposed lincr emplacement
technique. Because of the possibility that the test may be canceled, no specilic area has been set aside
in the current design for this testing.

Constraints and zones of influence

The prototype boring machine has been designed to excavate long holes for waste emplacement.
The process of boring will not use water. Thus, the principal constraints on the ESF dcsign rcsulting
from this test are the requirements to provide adequatc area and utilities (electric power and com-
pressed air) if the test is conducted. Dust and noise must also be carefully controlled. Because of the
dry excavation method used in the test, no significant hydrological or geochemical altcration is
expected from the excavation. The stress-altered region that will result from the excavation is esti-
mated to be approximately two borehole diameters from the liner.

Activity: Plate loading tests (Section 8.3.1.15.1.7.1)

Purpose and operations

Plate-loading experiments will be performed at selected locations in the upper DBR, MTL DBR,
and in other locations on the MTL to measure the rock-mass deformation modulus and evaluate the
fracture zone adjacent to the mined openings. Rock deformations will be measured with a multipoint
borchole cxtensometer oriented paralicl to the load axis in the center of the plate arca. Deformation of
the loading column will be monitored with rod exicnsometers. Values of the rock deformation moduli
will be calculated by using the rock-dcformation and the applicd stresses. Moduli from diffcrent
stations will be compared to cvaluate spatial variability within unit TSw2 (low lithophysal TS). Thesc
data primarily will be applicablc to the matcrial around an opecning that has been affected by the
prescnce of the opening and by the excavation process. As such, the-moduli will represent lower
bounds on the modulus of the undistributed rock mass.

Constraints and zones of influence

This test will be conducted at several locations to help evaluate valucs of rock-mass modulus of
deformation. Because the test is short (approximately 2 weeks at each location) and stresscs only a
small amount of rock (approximatcly 1 m?), no special constraints arc specificd other than ensuring
that the tests are not conducted in regions altered by other testing. No permancnt alteration to the
local hydrological, checmical, or thermal conditions will result {rom this test.
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Activity: Rock-mass strength experiment (Section 8.3.1.15.1.7.2)

Purpose and operations

The obijective of this activity is to evaluate the mechanical behavior of the rock mass or its
components. Experiments will be performed to obtain information with regards to the mechanical
responsc of single joints and multiply jointed volumes of rock. It is envisaged that this cxperiment
will be conducted in several arcas that are represcntative of the range of conditions encountered in the
ESF. Thc information will be uscd to evaluate potential scale effects between laboratory and in situ
conditions, to provide data to evaluate empirical design criteria, and to provide data to evaluatc and
validatc jointed-rock models.

Experiments will be conducted in several areas on the MTL chosen to be representative of the
gcologic conditions expected in most of the repository. The experiments will be conducted in stages.
The joint shear-strength stage will be performed on samples of (ield-scalc size, where field-scale is
considercd the expected in situ joint length (up to a few meters is possible). [f random jointing is
encountcred, then the compressive strength stage of the experiment will be performed in which a
volume of randomly jointed rock will be loaded to a point beyond its maximum support capacity. The
final stage of this experiment will require a block of jointed rock (1 to 3 m’) to be carefully
characterized as to joint spacing, aperture, properties, etc., and then loaded to predetermined stress
levels. This stage of the experiment will provide information on joint loading and closure chara-
cteristics for evaluating and validating a jointed-rock model.

Constraints and zones of influcnce

This test can be conducted in any drift on the MTL where suitable rock conditions exist. Thus,
no special constraints exist other than ensuring that the tests are not conducted in regions that have
been aliered by other testing. The location of the test will be detcrmined aficr the drifts in the
dedicated test arca are mined.

The experiment will be similar to the platc loading test in that only a small region of rock
(approximately 1 to 3 m®) will be dircctly loaded and the effects of the loading will likely extend only
a distance of a fow times the width of the arca over which the load is applicd. No permanent altera-
tion to the local hydrological, chemical, or thermal conditions will result from this test. No significant
zone of influence will result from the rock-mass loading imposed in this activity.

Purpose and operations

These tests will monitor and evaluate mining mcthods for ramps and exploratory drifts, with
cmphasis on rock responscs in a varicty of lithologic and structural sctings that may be encountcred in
the long exploratory drifts. This activity will be to develop rccommendations for mining in the reposi-
tory. Mining mcthods in ramps and in the long cxploratory drifts will bc monitored. Mining investi-
gations will be concentrated in the widencd (repository-size) portions of the long drifts.

Constraints and zoncs of influence

This activity is primarily observational and will be conducted in the long exploratory drifts and
ramps where a varicty of geologic conditions are expected. Because the activity is primarily
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obscrvational, no special constraints are required to include it in the ESF testing, and no additional
perturbation to natural conditions (stress, temperature, moisture, etc.) will result from it.

Activity: Evaluation of ground-support svstems {Section 8.3.1.15.1.8.2)

Purpose and operations

The purpose ol this activity is to develop recommendations for a ground-support methodology to
be uscd in drifts in the repository, based on evaluations of the ground-support techniques used in the
underground excavations, and on cxperimentation with other ground-support configurations. This
activity will be carried out on the MTL. The selcction, instailation, and performance of the support
systems used will bc monitored. Experimentation with ground supports will include pull tests on rock
bolts. observation of unsupportcd rock, strength measurements on shotcrete cores, and trials of
alternatc ground-support configurations from those prescribed for the ESF. The effects of heat on
ground support will be considered in the hcated room experiment.

Constraints and zones of influence

These activities will be conducted in the MTL where a variety of geologic conditions are
expected. Because this activity is observational, no special constraints are required to include it in the
ESF testing, and no additional perturbation to natural conditions (stress, temperature, moisture, €Ic.)
will result from this activity other than that created by excavating the opening.

Purposc and operations

The purpose of these Lests is to monitor drift convergence throughout the ESF to understand
potential instabilities and provide data for empirical evaluations. This activity involves monitoring
drift convergences and drift maintcnance activities around the MTL. Instrumentation will be
concentrated in the long drifts, although convergence measurement stations may be set up anywhere in
the MTL drifts. In the long drifts, convergence measurements will be taken in a continuous manner, if
practical. Rock-mass relaxation will be investigated in the repository-scale portions of the long drifts
using multiple-point boreholc cxtensometers. Rock falls and maintenance activities will be
documentcd through observations and with photographs.

Constraints and zones of influence

This activity will be conducted in the MTL where a variety of geologic conditions are expected.
Because this activity is observational, no special constraints are required to include this activity in the
ESF (csting, and no additional perturbation to natural conditions (stress, temperaturc, moisture, €tc.)
will result from this activity (i.c., no significant zone of influencc).

Aclivity: Air quality and ventilation cxperiment (Section 8.3.1.15.1.8.4)

Purposc and operations
The purpose of these tests is to asscss the impact of site characteristics on ventilation

requircments to cnsure a safe working environment. This activity consists of (1) measuremcents of
radon cmanation; (2) surveys of air-flow and pressure, temperature, and humidity; (3) determinations
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of air resistance factors; and (4) dust characterization. The radon emanation measurements will be
made in a dead-end drift that has been sealed with a bulkhead at equilibrium conditions and at various
rates of airflow. Radon concentrations might also bc mcasured in a borchole. Activities 8.3.1.15.1.8.1
through 8.3.1.15.1.8.3 (discussed carlicr) will be performed with portable instruments over periods of a
few days each. They are not expected to interfere significantly with other underground activitics.

Constraints and zoncs of influence

This experiment will measure the rate of radon emanation from the TSw2 formation and will be
conducted on the MTL. Because this rcquires only periodic air sampling, no special constraints arc
rcquired to include this activity in the ESF testing, and no additional perturbation to natural conditions

{stress. temperature, moisture, etc.) will result from this activity.

Activity: In situ testing of seal components (Scction 8.3.3.2.3)

Purpose and operations

As described in more detail in Section 8.3.3.2.2.3, additional evaluations will be required before
defining appropriate field tests for seal components. The most important needs will be the
characlerization of the rcpository environment and results of laboratory studics on scal material
properties. Specifically, the occurrence or non-occurrence of water at the repository horizon will be
essential to definc an appropriate seal test. Much of the information will be obtained from other
testing (primarily hydrologic) programs conducted in thc ESF. Some laboratory testing can also aid in
developing the dctails of a ficld test, for example, (1) laboratory or bench-scale testing to determine '
the ratc of movement of fines into fractures as a function of flow volume and (2) laboratory testing to
determine index propertics for the emplacement of grout, earthen, or cementitious materiais.

Once this and other additional information is obtaincd, the nced for the following categorics of
field tests will be evaluated:

1. Verification of emplacement techniques.

2. Satwuration or infiltration tests, including the effects of fines on drainage potential.

3. Seal bchavior under in situ hydrogeological conditions.

The methodology for sclecting nceded in situ scals tests is given in Scction 8.3.3.2.2.3.
Constraints and zones of influence

While particular cxperiments arc not defined yct, the three general calegories of ficld-test
opcrations arc expected to provide some constraints on the test location. For example, il testing is
performed to verify emplacement techniqucs, this operation may involve a significant amount of
cquipment, as well as construction operations that may require physical separation from other more
scnsitive ests,

The mechanical zone of influcnce from sealing tests is likely to be within the zone created as a
result of the related excavation. Initial tests would most likely be done without heating so that no

thermal zone of influence is cxpected. Hydrologic considerations may, however, be significant. If
testing of scaling systems is nceded under simulated flooding scenarios, then a significant amount of
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water may be required. If this is required, then a hydrologic zone of influence may result. If this
zone of influence were to become unacceptably large or the test were to significantly increase
unccrtainties relative to postclosure performance, an alternative test could possibly be conducted either
in the laboratory or in an alternate field location removed from the ESF. The geochemically altered
zone would depend on the types of materials tested and upon the total amount of waler uscd in cach
test. When thesc tests are defined, test and associated constraints and performance related impacts will
be described in scmiannual progress reports.

Activity: Overcorc stress cxperimenis in the Exploratory Studies Facility (Section 8.3.1.15.2.1.2)

Purpose and operations

The overcore stress experiments will be performed to determine the in situ state of stress above
and within the rcpository horizon, to dctermine the extent of excavation-induced stress changes, and to
rclate stress paramcters to rock-mass heterogeneitics.

After access is available, small-diameter holes will be drilled to prescribed orientations and
lengths (longer than threc drift diameters). A stress sensor will then be installed. and the instrumented
center hole will be overcored in stages. Stress data will be taken as the instrumentation of cach stage
is overcored.

Constraints and zones of influence

Flexibility in location of the tests within the upper and lower DBRs 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 influcnce 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-{t-long
boreholes extending downward and horizontally from the end of the DBR. Small volumes
(approximately 1 to 2 gal) of watcr may be injected in the vertical test holes for low-volume hydraulic
fracturc stress tests, but the quantities of fluid used will be carcfully limited. Thus, this activity is not
cxpected to result in significant hydrological, chemical, or thermal disturbance to the rock mass.

Aclivity: Matrix hydrologic properties testing (Section 8.3.1.2.2.3.1

Purposc and operations

The purpose of the matrix hydrologic properties tests is to develop a comprehensive data basc
on matrix flux properties in the unsaturatcd-zone tuffs at Yucca Mountain. This activity includes
collecting bulk and corc samples, taken during ramp and drift construction and from corc holes. The
collected samples will be packaged, labeled, and scnt to a laboralory for analyses as described in
Section 8.3.1.2.2.3.

Constraints and zonces of influcnce

Rock-matrix hydraulic propertics of large rock samples taken from sclected horizons during ESF
construction will be mcasured. Because of the nature (sample collection) and location of the test, no
special constraint beyond the planned control and tagging of construction water will be imposcd on the
layout or operation of the ESF, and no additional perturbation to the natural conditions will result from
this activity.
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Activity: Intact-fracture test in the exploratory shaft facility (Section 8.3.1.2.2.4.1)

Purpose and operations

The intact-fracture test will be used to evaluate fluid-flow and chemical transport properties and
mechanisms in relatively undisturbed and variably stressed fractures to enhance undcrstanding of
physics of flow and for flow modcling.

Fracture-sampling locations will be selected at the TS and CH levels on the basis of detailed
fraclurc maps. Al about 12 locations (TBD), a small pilot hole will be drilled across a fracture, a rock
bolt anchor will be installed, the pilot hole will be overcored, and the sample will be withdrawn. The
sample will be packaged, labeled, and transported to an onsite field laboratory for intact-fracture
analyscs as described in Section 8.3.1.2.2.4.1.

Constraints and zones of influence

Flexibility in sampling location is required to locate suitable fractures. Because only sample
collection will be conducted in thc ESF, no other special constraints on the layout are required. No
hydrological, chemical, or thermal disturbance is expected from this activity.

Purpose and opcrations

This test will bc used to observe and measure fluid flow through a network of fractures under
controlled in situ conditions in order to characterize and quantify important flow processes in fractured
wclded wff. The percolation test design is not completely finalized. The test is planncd to usc a
large, isolated block of rock 6 ft (2 m) on a side. The block will be instrumented to dctect fluid flow
under physical conditions that can be mechanically controlled and systematically varied. Tracer-tagged
water will be introduced from a trickle system/sand bed on the surface of the block.

Constraints and zones of influence

Flexibility in location of the block cxcavation is required because of the need to have a high
fracture density spacing in the block. Orientation is not considered critical. Mining disturbances
should be limited so that the rock mass is not excessively damaged during excavation and preparation.
Hencee, the zone of hydrologic or geochemical influence will not extend beyond the isolated test block.
Stress redistribution around the experiment drift will extend approximately two drift diameters from
the drift boundaries.

Purpose and operations

The purpose of the bulk-permeability test activity is to asscss the fluid transport propertics in
rclatively large volumes of minimally disturbed TS wclded tuff and nonwclded CH wiff. Tests arc
planncd at multiple locations in the MTL and at the CH lcvel, sciccicd on the basis of detailed fracture
maps. AL cach location, a small-diameter hole 100 to 200 ft (30 to 60 m) deep, will be air-cored and
logged. Air permcability will then be measured in packed-off intervals. If the rock is dcemed suitable
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for the test based on the preliminary results, three additional holes subparallel (frustrum configuration)
1o the first, will be air-cored, logged, and instrumented.

Cross-hole air permeability (injcction) tests will be conducted in the formation. Pressure,

' lemperature, and humidity sensors will be installed in experiment borcholes. Selected holes will then

bc pressurized, and the air movement outward to sensors in the other holes will be monitored. The
measurements will be repeated as required by using positive or negative pressures in the boreholes.

Constraints and zones of influcnce

Constraints relative to flexibility of location and orientation are required because fracture
geometry and orientation relative te the test holes are important. Test arcas must be outside the
hydrologic zones of influence of other tests or mining activitics. The feasibility of and possible need
for ncarly "dry" mining in the vicinity of this test are being investigated.

Test holes for each test will be dry-drilled deep enough (approximately 150 ft (46 m)) into the
rock mass so that the cross-hole permeabilities will be measured in undisturbed rock (outside the
stress-altered zone of the excavations). Gas-phase pressure pulses may occur as much as 100 ft (30 m)
away from centerline of the cross-hole frustum configuration. Test holes may penetrate the rock mass
to 150 ft (46 m). Thus, a zone of influence extends along the frustum out to 150 ft (46 m)
longitudinally and radially to approximately 100 ft. The air injected for this test will contain a tracer
to allow discrimination between the natural gas in pore spaces and the injected air. Hence, no
interference caused by air injection between this test and any other test is expected. No significant
mcchanical, hydrological, thermal, or chemical alteration to the rock mass is expected to result from
this activity, that is, there is no zone of influence.

Purpose and operations

The radial borehole tests will investigate vertical and lateral movement of gas, watcr, and vapor
on and across hydrogeologic contacts and within the TS unit, and evaluate ncar-field excavation effects
on hydrologic properties. '

Radial borcholcs will be drilled at various depths. At cach depth location, two 4- to 8-in. (10.2-
to 20.3-cm) diamcter, 30-f1 (9.1-m) long coreholcs will be drilled using air as the drilling fluid.
Oricntation ol the radial boreholes at each depth location will be determined by analyzing fracture data
collected during geologic mapping of the ramps and drifts (sce Activity 8.3.1.4.2.2.4 for mapping
details). Core will be collected, packaged, labeled, and transported to an onsite laboratory for
hydrologic analyses (fracture and matrix propertics). The holcs will be logged and surveyed for
fracturc and moisture data. Nitrogen injcction tests in packed-off intcrvals will be conducted to obtain
gas pcrmeability data.  Across stratigraphic contacts, crosshole permeability tests will be run with both
gas and water. Shon-term monitoring for moisture resulting from ramp mining will be done
periodically when mining resumes. Long-term monitoring of matrix water potential, pressure, and
temperature will also be conducted; formation gases will be sampled periodically.

Constraints and zones of influence

The radial boreholes will be drillcd deep enough to be beyond the expected zone of mechanical
and hydrologic influcnce ol ramp and drift construction. The holes will be uscd to monitor the
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movement of construction water to measure the hydrologic zone of influence resulting from ramp con-
struction. These monitoring activities require no special constraints, nor do they alter the hydrologic
or geochemical state of the rock mass. However. at the stratigraphic contacts between the Tiva
Canyon welded unit and the Paintbrush non-welded unit and between the Paintbrush non-welded unit
and the TS welded unit, crosshole permeability tests will be run with both gas and water. The water
injccted under low pressure is estimated to influcnce a zone extending 10 m from the test location
(Martinez, 1988). Further, the hydrologic zone of influence is expected to be localized in a vertical
sensc near the top 10 m ot the TS welded unit. The calculations of Peters (1988) indicate that the
vertical movement of the test water will be very slow and will not be expected to cause significant dis-
turbance at the main ESF test level. Geochemical effccts are not expected to extend beyond the zone
of influence resulting from water movement. The air injected for this test will contain a tracer 10
allow discrimination between the natural gas in pore spaces and the injected air. Sincc a portion of
the hydrochemistry testing is expecicd to be performed at the same location as the radial borehole test,
the usc of an air tracer will.control the potential intcrfcrence between these tests. No thermal or
mechanical alterations to the rock mass will result from this test.

Activity: Excavation effects test in the Exploratory Studies Facility (Section 8.3.1.2.2.4.5)

The excavation effects test is to be deferred until after construction and other prioritized ESF
testing activities have been completed. The status and scope of the test is currently being addressed
for ESF ramp accesses to be consistent with the reference ESF design concept. The following
discussion provides information on the excavation effects test as planned for the original ESF
configuration with two shafts in close proximity.

Purpose and operations

The excavation elfects tests will measure stress changes in the near-ficld wall-rock as the shafl
is mined and lined, and measure air-permeability changes that result from the stress rcdistribution.

Tests are planncd at two breakout zones. At each brcakout horizon, muitiple small-diameter
holes will be drilled parallcl or subparalicl to the unexcavated shaft wall but sct back sclecied
distances from it. All holes arc planned to be air drilled/cored, logged, and survcyed; some of the
holes will be instrumcnted to monitor stress changes and somc t0 monitor permeability changes as the
shaft is advanced. Stress and permcability data will be taken in drillholes extcnded below the bottom
of the shaft from thc upper brcakout zone. Long-term permcability measurcments will be made and
tcmperature and moisturc data collected. Additional holcs may be drilled to handle the instrumeniation
packages if they arc delermined 10 be necessary during prototypc testing.

Constraints and zones of influence

Flexibility is the only significant constraint identificd for this test. It is required for locating
drill holes for tests at the two breakout horizons. The instrument holes will be drilled from thc upper
breakout zone at distances up to.49 ft from the shaft. They will extend as much as 100 ft below cach
breakout creating a zone of potential mechanical interference. No thermal, chemical, or hydrological
alteration of the rock mass is expecicd as a result of this activity.
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Activity: Perched-water test in the Exploratory Studies Facility (Section 8.3.1.2.2.4.7) (Contingency
test)

Purpose and operations

The purpose of the perched-water test is to detect the occurrence. and delineate the lateral and
vertical extent, of perched-water zones (if cncountered) during ramp construction, drifting, and testing
to identify perching mechanism(s), and to sample the watcr for chemical analyses. Bccause there is
significant uncertainty regarding the likelihood of encountering perched water, the perched-water test is
categorized as a "contingency test.”

If perched water is encountercd, one or more small-diameter hole(s) will be drilled to enhance
drainagc, facilitate collection of water samples, and allow flow and/or pressure measurements to be
made. Thehole(s) will also be instrumented and sealed during testing to obtain data on hydraulic
pressurc and water potential over time.

Constraints and zones of influence

This test will be conducted if perched-water zones are encountered. If perched water is
encountcred, small-diameter holes will be drilled into the walls for testing and sampling. Because of
its nature and location, no special constraints on the layout or operation of the ESF are imposed by

this expcriment.

Bccause this activity only involves sampling and drilling of small-diameter holcs only, no
mechanical, chemical or thermal alteration of the rock mass is expected.

Activily: Hydrochemistry tests in the Exploratory Studies Facility (Section 8.3.1.3.3.4.8)

Purpose and operations

The hydrochemistry tests will determine the chemical composition, reactive mcchanisms, and
age of water and gas in pores, fracturcs, and perched-water zones within the unsaturated tulfs
accessiblc from the ESF and/or affiliated core holes.

During ramp construction and drifting, large block (>6 in. (16 ¢m) diameter if possibic) samples
of rubble will be collccted at selected locations, packaged, labeled, and transported to a surface
laboratory for analysis of pore and fracturc-fluid chemistry. Core from sclected ramp, drift, and test
alcove drillholes will also be collected and analyzcd as described in Scction 8.3.1.2.2.4.8.

Constraints and zones of influence

Bulk-rock samples taken at various depths during construction are required for this experiment.
Because sample collcction is the only activity taking place in the ESF rclated to this experiment, no
special constraints on the layout or operation ol the ESF are imposed by this experiment, and no
additional perturbation to the natural conditions is expected to result from this activity. The methods
devcloped during prototype testing to control both influences of construction and watcer use (including
tracer tagging) arc expected to be sufticient to cnsure that the geochemical analysis conducted under
this activity will not be adversely affected by construction opcrations. Studics are in progress to assess
the cffect of by-products of blasting materials and the traccr-tagged water on the type of geochemical

8.4.2-60



YMP/CM-0011. Rev. 9

analysis proposed for this test. One of the results of this effort will be to define the construction
controls to be used in the ESF needed to successfuily complcte this test,

Swdy: Diffusion tests in the Exploratory Studies Facility (Scction 8.3.1.2.2.5)

Purpose and operations

The purposc of these tests is to determine in situ diffusivity coefficients for nonsorbing ions in
the TS welded tuff and the CH nonwclded tuff. At four locations to be selected on both the MTL and
the CH level, small-diameter holes will be air-drilled to a vertical (or horizontat) depth of 33 ft (10 m).
a suitable nonsorbing tracer will be deposited at the bottom in a packed-off zone, then the holes will
be capped and left undisturbed for periods of 3 to 12 months. Finally, the test intervals will be
overcored, and the corc will be removed to a laboratory for analysis of traccr diffusivity.

Constraints and zoncs of influence

Flexibility in cxperiment locations is a necessary constraint. Excessively fracturcd rock should
be avoided. The test will be conducted at the end of the approximately 33 ft (10 m) vertical or
horizontal boreholes. The region around the end of the boreholes must not be affected by stress
changes due to mining or other construction or by alterations in the in situ water saluration.

The mechanical zone of influence is expected to extend about 33 fi (10 m) beyond or below
the alcove duc to test hole drilling. The lateral extent of influence around the test holcs is
approximately 0.3 ft (at the end of the borcholes) which is estimated from the extent of movement of
the tracer species placed in the borehole. This estimate was taken from previous field work using a
similar techniquc (Birgersson and Neretnieks, 1982). No thermal or hydrological effects are expected
from this test.

Activity: Chloride and chlorine-36 measurements of percolation at Yucca Mountain (Section

8.3.12221)

Purposc and opcrations

These measurements will be made at various depths to determine the rate of water movement
downward through the unsaturatcd-zonc tuffs using the chlorine-36/chloridc concentration ratio. As
the ramps, drifts, and test arcas are being cxcavated, large bulk samples (from up to 30 locations) will

be periodically collected, packaged, and labeled for laboratory analysis as dcscribed in Section
8.3.1.2.2.2.1. Because of the requirement Lo extract pore water to conduct the chiorine-36 test, several
hundred pounds of rubble may be necded at each sampling location.

Constraints and zoncs of influence

Because rock samples will be collected from rubble at several depths for laboratory analysis
under this activity, no spccial constrainis on the layout or operation of the ESF arc imposcd by this
cxperiment. The methods developed to control both the influcnces of construction and use of water
(including tracer Llagging) arc expected to be sufficient to ensure that the gcochemical analysis
conducted under this activity will not be adversely affected by construction opcrations.  Studics arc in
progress 1o assess the elfect of explosion by-products and the tracer-tagged water on the typc of
geochemical analysis proposed (or this test. One of the results of this effort will be to definc the
construction controls 1o be uscd in the ESF that will allow these tests to be successfully compicied.
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Study: Engineered barrier system field tests (Section 8.3.4.2.4.4)

Purpose and operations

The EBS field tests will determine the in situ hydrologic transport properties in rock at the
repository horizon and determine the effect on water chemistry of near-field thermal perturbation.
These waste package environment tests will provide thermal. hydrologic, mechanical, and limited
chemical altcration inlormation during an abbreviated thermal cycle (of at least 1 year duration) in the
very near-field emplacement environment. In test alcoves in the dedicated test arca, horizontal and
vertical hcater emplacement holes and small-diameter parallel and perpendicular instrumentation holcs
will be typically drilled as shown in Figure 8.4.2-11. Heater canisters and associated instrumentation
packages will be inserted to monitor thermal, moisture. and stress and strain parameters during a
thermal cycle (heating and subscqucnt cooling) in cach test. In selected tests, water will be injected
during heating and cooling stages while monitoring takes place. Core from the rock mass adjacent (10
the heater hole will be recovered and petrologic, petrographic, mineralogic, and related laboratory
analyscs will be performed to identify thermally induced altcrations.

Constraints and zones of influcnce

[solation from mining opcrations and mine traffic is an essential constraint for this sct of
experiments. Isolation from mining is required to ensure that the stress state near the heater boreholes
is not influenced by excavation of other drifts once the test has begun. Also, the experiment drifts for
this arca cannot tolerate significant drying of the rock mass or temperature changes from sources other
than thc experiment hcaters. A 40 ft (12 m) standoff around the heater holcs is required to allow for
monitoring of condcnsation from the heaters. Some flexibility of orientation of the experiment drifts is
desired to ensure that {racture or joint sets are not parallel to the axis of the horizontal boreholes.
Reccent evaluations have indicated that drift separation of approximately 75 ft may be nceded to cnsure
isolation of the individual tests.

At 24 months, the zone of thermally disturbed rock around either vertical or horizontal hcater
holes is calculated to extend approximately 10 m (33 ft) radially from the heater centerlinc (based on
the expectation of 6 months of heating at maximum power, 6 months of rampdown from the
maximum power lcvel 1o zero, and 12 months with no hcat (Buscheck and Nitao, 1988)). Within the
thermally altered zonc, the 100°C isothcrm will be a maximum of approximately 2 m radially from the
centerline of the heater. Water within this isotherm is expected to be vaporized and to condensc ncar
the 100°C isotherm boundary. Hence, a zone of saturation may occur in this region. The watcr
containcd in this rcgion is expected to be imbibed into the matrix in a zone that may cxicnd to a
maximum of about 10 m beyond the 100°C isothcrm (Martincz, 1988). Thus, a hydrologically altered
rcgion that may extend to a maximum of 12 m from the heater is created. Becausc of the small
volume of rock dchydrated, the hydrologically alicred zone is likely to be less than the cstimated 12 m
maximum. Thermochemical alteration of the tuff may occur within the hydrologically altcred region
(Dclany, 1985). Thercfore, the zoncs of polential chemical ard hydrological alteration arc approxi-
matcly coincident with the zonc of thcrmal alteration. Thermally induced stresses arc also expected
within thc thermal zonc. In the rock mass beyond the maximum extent of the thermal zone, stresscs
should not be morc than 10 percent above the initial in situ stress (Butkovich and Yow, 1986). The
stressaltered region, duc to mining of the test rooms, will exiend two drilt diameters from the outer
drifts. The thermal, chemical, and hydrologic zones of influcnce arc anticipated to be contained well
within the mechanical zone resulting from drift construction.
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Activity: Laboratory tests (thermal and mechanical) using samples obtained from the Exploratory
Studics Facility (Activity 8.3.1.15.1)

Purposc and operations

The laboratory geoengineering properties tests will provide bulk, thermal, and mechanical
properties data for evaluations of opening stability and related design and performance studics and/or
modcling. Data from the laboratory tests will also support analyses of the gcomechanical and
thermomechanical field tests planned in the ESF. The ESF activities are basically the collection,
puackaging, and labeling of the sclected bulk samples taken from the ramps or drifts. The laboratory
test activities are described individually in Section 8.3.1.15.1.

Constraints and zoncs of influence
This activity involves collection of rock and core samples from the MTL for use in laboratory
testing. Because only sample collcction is to take place in the ESF, no special constraints are imposcd

by this activity, and no additional perturbation to natural conditions (stress, temperature, moisturc, ctc.)
will result from this activity.

Activity: Hydrologic properties of major faults encountered in the main test level of the Exploratory

Studics Facility (Activity 8.3.1.2.2.4.10)

Purpose and operations

This activity is designed to provide hydrologic information in parallel with a portion of Activity
8.3.1.4.2.2.4, gcologic mapping of the ESF. All faults encountered in the access ramps and in the long
cxploratory drifts on thc MTL will be characterized geologically under the geologic mapping aclivity.
Hydraulic propertics of the major faults encountered in the ramps and on the MTL will be determined
by this activity. The major faults or fault zones expected to be tested are the Ghost Dance [ault, a
suspected fault in Drill Hole Wash, and the imbricate fault zone.

Based on major fault identification determincd by the geologic mapping activity, a hydrologic
testing program will be implemented. This program will consist primarily of tests conducted in
borcholes drilled from drifts construcied through the fault zones and tests on core collcctied from the
borcholes. All borcholes will be drilled using air to minimize changes in ambient moisturc conditions.
Onsite core examination will be conducicd (or preliminary determinations of fracturc frequency,
oricntation, location and characteristics. This information will be uscd in conjunction with geophysical
and television camera logs to select test intervals. [n selected test intervals, air permcability tests will
be conducted between boreholes. Other sets of borcholes will be used for cross-hole water-injection
tests.  All water will be tagged with a tracer. In addition, some borcholes will be instrumented (0
detcrmine in situ conditions of the rock mass and monitored 10 determine any changes with time in
these conditions. Core recovered from the boreholcs will be tested to provide a watcr-content profile
across the fault zone. This profilc may provide information rclative to any recent moisture occurrence
in the fault zone.

Constraints and zoncs of influence
Constraints related to the drilling method uscd near the test arca and the location of test holes

have been identificd. Both exploration and test holes must be dry cored through the fault zonc. Some
flexibility in the location of the holes is rcquired so that the portion of the hole that interscets the fault
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zone will be far enough from the drift wall to preclude interference from drift construction (two drift
diameters minimum). The exact number of holes to be drlied and their location cannot be determined
betore construction of the drift through the fault zone.

Instrumented drillholes may exiend more than 50 {t (15.4 m) beyond the perimeter of the drift.
Because the details of this activity are still being planned. the volumes of air or water o be injected
into the fault region have not yet been determined. The injected air or water is expected to be
confined to the fault and not to permeate the surrounding region of morc competent rock because of
the greater permeability in the fault zone. No estimates of the potcntial travel distances along the
faults for injected fuids have been made on which to base a zonc of influcnce, but the potential im-
pacts and zones of influence of fluid injection will be assessed before testing. Becausc the lesting will
be done only in the extremitics of the long exploratory drifts, this activity is not expected to interfere
with tests being conducted in the dedicated test area.

Activity: Multipurposc borchole testing (Activity 8.3.1.2.2.4.9)

The following summary descriptions of the MPBH tests arc provided here with the ESF testing
because of the potential intcrrelationship between the MPBH and the ESF activities. In actuality, the
MPBH is a surface-based test that would be conducted within boreholes drilled on the ESF pad.

The MPBH test plans are being evaluated to determine if it is feasible to conduct such tests
within the reference ESF design configuration. The current plans for the MPBH test are tied to the
original ESF design configuration with two shafts in closc proximity. The test would include two
6-in. (15-cm) borcholes, air-drilled (with intcrmittent coring) to the total depth of the ESF shafts. The
borcholes can be located 46 to 60 ft (14 to 18 m) to the south-southeast (down dip) of each shaft. The
purposc of the MPBH tcst would be to (1) investigate for perched- watcr (either natural or from exist-
ing cxploratory holc USW-G4), (2) obtain stratigraphic and rock quality information before shaft
construction, (3) establish basclinc data on hydrologic propertics before shaft construction, and (4)
monitor for changes in baseline hydrological conditions during construction of the exploratory shafts.
Present plans include long-term monitoring of the proposcd MPBHs, in conjunction with other ESF
hydrologic testing activities, to determine the actual behavior of the rock mass between the proposed
MPBHSs and the shafts for comparison with the design assumption that rock mass effects are limited to
the zone of influcnce (two shaft diamcters) around the shafts. If thc MPBHs are not drilled as
currently planned, and if the information is still considcred neccssary, then equivalent information will
be acquired by altcmative testing strategies or thorough analyscs of available information. More infor-
mation about the tests is provided in Scction 8.3.1.2.2.4.9.

The MP-1 borehole would be ncar ES-1, and the MP-2 would be near ES-2. The holes are
planned to be located in a pillar at thc MTL, thereby complying with the 10 CFR 60.15 requircment
that. to the extent practical, shafts and borcholes be located where large, uncxcavated pillars arc
planncd. The holes would be at least two drift diametcrs away from any mined opcnings in the
dedicated test arca in the ESF. These borcholes would be periodically accesscd from the surface for
purposcs ol logging or instrument mainicnance while the shalts are under construction.

A third MPBH could be drilled between ES-1 and ES-2. This borehole would be used to
evaluate the cffects of fluids used during construction of ES-2 on hydrologic tests to be conducted in
ES-1. A decision on the need for a third MPBH would bc made on the basis of additional analysis
before constructing ES-2.
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Constraints and zones of influence

Location requircments for the proposed MPBHs include the requirement for long-tcrm surface
access for monitoring, the requircment to tocate the boreholes at least two drift diamcters away from
any underground openings, and the requirement to not penetrate the mechanical zone of influence
expected to occur around the shafts. A standoff of approximately 60 ft (18.5 m) from the shaft
centerline is required to accomplish this. The standoff would be based on the assumption that the
MPBH can be drilled with a maximum deviation of 1.5°, which translates to a 28 ft maximum
horizontal deviation at 1,050 ft (323 m) depth. The mcchanical zone of influence of both shafts would
be approximately 1.5 to 2.0 shaft diameters from the shaft centerline (Section 8.4.2.3.6.2). Thus, the
shaft zone of influence could reach a maximum of 28 ft (18.5 m) from the shaft. A 56-ft (17.2-m)
minimum separation distance between the centerlines of the shafts and the corresponding MPBH
would be required to preclude the MPBH from entering the zone of influence of the shaft. The
assumption of maximum drillhole deviation would be reviewed and revised as neccssary when a
drilling mcthod is successfully prototyped. In addition, the hole would be surveycd as dnilling
proceeds and the option to cease drilling could be invoked if insufficient separation from the proposed
shaft location were observed.

Because the testing in the boreholes would involve only monitoring activitics (no fluid
injection), no additional perturbation to the natural conditions (stress, temperature, moisture, €tc.)
would result from this activity. However, because of the uncertainty in the location of the drillhole
rclative to the shaft caused by the potential for deviation during drilling, a zone of mechanical
influence would be established to account for the maximum potential deviation of the hole. Thus, a
28-ft radius around the hole would be used as a standof( zone resulting from uncertainty in final
location of the hole at any depth.

Summary

These brief descriptions of the ESF testing are based on current test concepts and plans. Design
modifications and more detailed planning will undoubtcdly result in changes before the tests are
actually conducted in the ESF. The study plans for each activity will provide much morc detailed
information about all thc planned ESF tests.

It is recognized that 10 CFR 60.140(b) rcquires that a performance confirmation program shall
havc been staried during site characterization. However, Section 8.3.5.16 (performance conlirmation)
describes the DOE’s current approach to performance confirmation and explains that ccntain tests will
likcly continue after the submiutal of the licensc application. Thercfore, performance confirmation
must be considered now in ESF design, test planning, and repository design.  Specifically, allowance
for continued access to the dedicated test area during repository operations and opcrational flexibility
necessary to support follow-on performance-confirmation testing have been considercd.

8.4.2-66



YMP/CM-001 1. Rev. 9

8.42.3.2.2 Intentionally Omitted

%.4.2.3.3 Description of Exploratory Studies Facility

8.4.2.3.3.1 Introduction

This scction describes the ESF. The general arrangement of the surface facilities is presented
first. Then, the conliguration of the ramps and optional shaft is described. Finally, the general
arrangement of the MTL and lateral exploratory drifts is presented. Before this discussion, two rclated
lopics are presenicd to provide some background information on the process used by the DOE to
control the design of the ESF and on how the current ESF location and configuration were chosen.

Control of the desivn for the Exploratory Studies Facility

The design of the ESF must incorporate the nccessary features to support the tests 0 be
performed in it, and it must complement the repository design, including provisions for controls and
features to avoid a significant impact on site integrity. Consequently, the DOE has institutcd a
design-control process to ensure that the design appropriately considers thesc factors. This
design-control proccss is part of the application of the quality assurance program (SCP Scction 8.6).
Requircments and procedures are developed and implemented in accordance with the Office of
Civilian Radioactive Waste Management (OCRWM) Quality Assurance Requirements Document
(DOE/RW-0214) (DOE. 1990a) and Quality Assurance Program Description (DOE/RW-0215) (DOE,
1990b), specifically undcr ANSI NQA-1 Elcment #3--design control.

The requircments that pertain to the design of the ESF are contained in a set of requirements
documents. The rcquirements flow down in a systematic manner from the OCRWM Waste
Management System Requircments through a serics of intermediate, morc detailed documents, down to
the¢ ESFDR. Whilc 10 CFR 60 provides the primary requircments for the design, DOE orders,
policies, other applicable federal regulations and mining laws, codes, and safety regulations from the
Statcs of Nevada and California are also considered.

The ESFDR guidcs the dcsign activities as they proceed. Typically, the design consists of two
major elements: (1) the development of the facility configuration and associated studics to definc that
configuration and (2) supporting analyses to evaluate the design with respect to the requircments.
Specilic examples of these analyses are prescnted in Scctions 8.4.2.3.6 and 8.4.3 to cvaluale test
interferences and impact on the 10 CFR Pan 60 requircments to mect the postclosure performance
objectives. The design is developed using data; principally parametcrs defining rock characteristics,
design conditions, and other site-related information. These data are contained in a controlled data
basc designated the reference information base. The contents are maintained by a change control
process to reflect the current status of knowledge from site characterization activities.

At various times in the design, formal reviews will be conducted to cvaluate the adequacy of the
design in meeting the requirements. These independent reviews arc conducted during Title [
preliminary design and Title 1 detailed design, which are the major design phases. with the partici-
pation ol various program rcviewers. The revicws are open to obscrvation by the NRC and the State
ol' Nevada. Each major design phase resulls in products, principally a design report, engincering
drawings, a cost cstimate report, and construction specifications. Thesc products arc supported by
rcports of related analyses and numcrous quality assurance records. The products of Title I design,
including enginccring drawings for underground excavation, surface facilities, and support systcms
havc been used as the basis for the discussion in Scction 8.4.
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The process just described is controlled by bascline control of major clements, such as the
requirements documents, including interface control on the contents of the documents. Examples of
intcrlace control include detining the relationship of the ESF configuration to that of the potential
rcpository and defining the test requirements for cach in situ test.

The ESF test requirements are established by the principal investigators (PIs) for cach test. The
Pls identily standoff distance, space, drilling requircments, utilities, test instrumentation and data
acquisition requirements, special construction and operational control critcria, and other special or
gencral test-support requircments to limit test interference and potential impacts on postclosure
performance. These requirements, once reviewed and approved by the DOE, becomc the fundamental
bases for the ESF design and are incorporated into Appendix B or C of the ESFDR.

Application of this design control process, with specific emphasis on incorporation of testing
requircments and constraints and the requirements of 10 CFR Part 60, ensurcs a comprehensive design
that is consistent with the DOE’s objectives of conducting an effective sitc characicrization program
and not adversely affccting site integrity.

8.4.2.3.3.2 General arrangement of surface facilities

At this time, existing surface facilities consist of an access road to the ESF site that is paved on
the NTS except in washed-out arcas and a water line and 69 kV overhead power line extending to the
NTS boundary. Thc watcr is from well J-13 and the power is from the Canyon Substation; both are
locaicd in Area 25. In addition, there is a transformer to change the 69 kV power, which is underbuilt
on the same power poles. Figure 8.4.2-13 graphically illustrates the conceptual plan for the general
arrangements for the surface facilities for the potential repository. ~ Surface facilities intended to
provide full and independent service to the underground test work are shown in Figurc 8.4.2-14. A
ncw 138 kV power linc will provide power for the tunnel boring machines (TBMs) which will
excavale the ESF ramps.

The major surface facilities consist of pads and roads, buildings, electrical facilitics, water, waste
walcr, including minc water and sewer, communication and data management systems, ESF plant and
suppont facilitics, muck storage, batch plant, ramp portals, shaft collar (optional), and hoists and
headframes (optional). The facilities are designed to providc adequate spacc for construction and test-
ing for the sitc characterization.

- Pads and roads

The pads and roads will be prepared using carth moving equipment such as rippers, scrappers,
and dovers. Blasting will be required to remove the hard rock, and controlled blasting techniques will
be used to control dumage to the rocks surrounding the blasting operations. Such control blasting rc-
quires strict control on the usc of explosives (e.g., type of cxplosive to be used might be specificd),
the amount of cxplosive to be uscd, the type of initiation sysicm, and siemming and dclays. In
addition, special techniques such as angle drilling, cushion blasting, or presplitting or preshcaring can
be used to minimize potential damages to the surrounding rocks. More discussion ot the expected
cxtent of fracturing of the rock during pad construction is provided in topic 12 of Secction 8.4.3.2.3.

The blasting controls will be instituted through construction specifications. This can be

accomplished by specifying threshold limit of peak particle velocity and frequency. The actual blast
will be verified by testing and monitored when the pads and roads arc excavated
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Figure 8.4.2-13. General arrangement of surface facilities



0L-T¢'8

COYOTE ANALYSIS OF CANISTER SCALE

12 -

HEATER PLANAR

MODEL
CREATED BY COYOTE
87/09/01 14:37:15

MODIFIED BY

DRAWN BY DETOUR 01
11/17/87 15:39:35

NO MAGNIFICATION

MATERIALS ACTIVE:
30F3

-
m
=
3

wunanunn

* TMOO®E>»
HN =

[-- RS, W]

88888¢a

P Y-X-X-X-X-)

1]
o
o
[

TIME 30.00

PLANAR MODEL TEMPERATURE CONTOURS AT 30 MONTHS

Figure 8.4.2-14. Thermal analysis of canister scale heater test planar model.

6 ‘A "1100-WD/dNA



YMP/CM-0011, Rev. 9

Several leveled pads will be required to accommodate the various surface facilitics necded for
ESF construction and operations. The existing access road from Jackass Flats to the NTS boundary is
24 ft (7 m) wide with a double oil-and-chip surfacc pavement. This road will eventually be cxtended
to the ESF location. Other roads within thc ESF location will be graded dint or gravel access routes
subject to periodic surface maintenance. Access will be controlled using fences and gates as necessary
on the roadways.

Buildings

Buildings on or in proximity to the ESF pads include spacc provisions for thc YMP participants
and other related functions. A change house, shop, and an IDS building are provided. Provisions
were made to accommodate mining personnel in the change house, which will also be the location of
the first aid station, the Reynolds Electrical and Enginecring Company training room. lamp batutery
room, and the life-safety systcms pancls. A shop will be provided to support the ESF minor shop
functions and rcsponsibilities.

Surface data will be collected in a dcdicated building. The building will be a pre-engincered
metal building with appropriate fire protection. The building will be designed to accommodate and
proicct the data records.

Warehouse facilities will be located on one of the auxiliary pads. This will consist of a building
and protected storage on the pad. Other building requirements include an explosives storage arca with
bunkcrs and a pump housc to boost the water supply. Again, all buildings will be prc-cngineercd
mctal and approprialely sized to the use intended.

Tcmporary buildings will be assembled or moved onto the ESF site as they are nceded during
the construction and operations phases. The pads will accommodate only a limited numbcr of
buildings, and, as one construction phasc is complete, buildings may be converted for different use or
rcmoved from the site. Trailers will be located on the ESF pads and used for office and sample
preparation space, and a first aid station. Most functions not directly supporting construction will be
conducted from offices and laboratories in the Architect and Engineering (A&E) building, thc Sample
Management Facility, or laboratorics in other existing buildings located in Jackass Flats. The A&E
building will also scrve as a visitors’ center.

Elcctrical facilitics

A surface substation to be constructed at the ESF sitc will provide the above ground elcctrical
supply and power for the underground distribution system. The cxisting 69 kV powcr line will be
replaced with a new 138 kV power line from Canyon Substation to a ncw Yucca Mountain Substation.
The substation will be equipped with transformers (138 kV to 12.47 kV) to supply power to the Poral
Facilitics distribution system, watcr pumping stations, and batch plant facilities.

Standby diescl generators will provide electrical power to critical lifc-safety and data-collection
systems. The gencrators will be sized 1o the use and be on a demand start.  Further backup (o the
critical systems will be provided with unintcrruptable power supplics. These will be put on the lines
supplying the data-collection equipment as detcrmined by the Pls.

A ncw 138 kV power line from Ncvada Power Co. Northwest Substation, Las Vegas will

terminate at Mercury Substation, providing additional power to the NTS power transmission system.
Modifications to the NTS system will be made to improve capacity and rcliability.
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Water

According to current plans, the water supply will be distributed from well J-13 on the NTS
through an existing 6-milc-long, 6-in.-diamcter polyvinyl-chloride pipe buried about 2 L below grade.
The pipeline, which has becn constructed in the bed of the old access road to the NTS boundary, is
adjacent to the new paved road and will be extended to the ESF site. Well J-13 is located
approximately 3 miles east ot the potential rcpository boundary. One pump station is at well J-13, and
a boostcr pump station is about halfway (based on elevation) to the sitc. Water will be pumped to a
150,000-gal water tank, which will be located west of and above the site at an elevation ol
approximately 4.330 fu (1,320 m). The water distribution system from the tank will supply water tor
all nceds at the ESF, including fire protection. The fire protection system is designed to meet all
applicable codes. The watcr supply system will be designed to accommodate reasonable changes in
the surface and underground facilities. Drinking water will be separately provided to the underground
workers. The water uscd will be tagged. Water controls will be installed to ensure that failure ot the
distribution system will not be critical. The types of control planned are

1. Pressure reducing valves utilized to reduce the high pressure head present in the ramp/shaft
piping.

2. Line break valves placed at strategic locations to automatically shut in the event of excess
flow due to damaged or severed water main piping.

3. Pressure relief valves located downstream of pressure regulators for safety. These relief
valves will drain to the waste water system if ever used.

4. Manual shutoff valves located as required to provide isolation of piping sections for
maintcnance or component inspection.

5. Water hammer arrestors used to minimize hydraulic shock caused by sudden reduction of
flow in a piping system.

Waste waler

The disposal of the wastc water is divided into two systems. Sanitary waste from about an
cxpected 200 persons will be disposed of in a septic tank leach field system. The disposal point will

be offsite and downhill from thc ESF, well away from thc watcr supply and all personnel activity.

The other system is the mine waste water, which it will bc processed through a separator to remove
oils and disposcd of in a setiling pond. This system will handic the capacities of both mining watcr
and naturally occurring water expected from the ramp/shaft. Permits will be required for both sysicms
and the disposal systems will be built to code.

The setiling and evaporation pond for minc waste water will be used to contain all the wastc
fuids pumped from the underground facility. The unlined mine wastc-watcr settling pond will be
located east of the ESF 2,000 ft beyond the repository block boundary. Drilling fluids that will be
uscd underground, including air-water mist, bentonitic mud with water control agents, and polymer
foam, and any othcr no-sewage water used for construction, will be pumped (rom the underground
facility to this pond. The minc waste water will be tagged with a tracer, and treated before being
discharged into the tail end of Coyotc Wash. To support this design, an analysis will be performed (o
cnsure all concemed partics that this system will not impact sitc characterization. The design life for
the pond will bec a minimum of 25 years, and it will be able to hold approximately 375,000 gal (1.4 x
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10° L) of waste water. Top soil removed during eonstruction of the pond will be placed in a topsoil
storage area and saved for eventual reclamation of the area once the pond is no longer used.

Communications and data management svstem

The ESF communications system provides telephone communications to the outside world, a
lifc-safcty waming system, an underground paging system, intcrcoms, and a hoist operators
communication system. The system is designed as a unificd systcm to provide the maximum
flexibility to the operation. The life safety system will be centered around the supervisor’s office.
which will housc the annunciators and response controls. Both audio and visual waming will be
provided. If the optional shaft is constructed, the hoist operator will have verbal communication, the
traditional bell system, and a closed circuit TV system to provide visual indication of the landing
arcas. The system is being designed as state of the art in all respects using proven equipment built to
thc most stringent of the applicable codes. The data produced by various tests described in Section
8.3.1 will be collected by an IDS.

Shaft collar

The reference ESF design concept includes the option of constructing a shaft in the north. The
shaft collar is a structure that (1) provides a stable foundation for the headframe assembly and hoisting
sheave wheel assembly and conveyance system over the entire range of hoisting system functions,
operations, and requirements; and (2) accommodates penetrations and structural mountings for the
conveyance system, utilities, instrumcentation, and ventilation used for the underground facility. The
shaft collar would be located in bedrock, and the initial excavation will be accomplished by controlled
drill and blast techniques. The broken rock will be removed mechanically using a crane with clam-
shell bucket. -

Exploratory Studics Facility plant and support facilitics

The ESF plant and suppont facilities provide the aboveground equipment and systems to support
the subsurface construction. Major equipment provided in the plant includes ventilation fans with
ductwork through the ramp/shaft; air compressors and supply lines to the ramp/shaft; watcr-supply
piping to the ramp/shafi; and waste-water piping from the ramp/shaft to the mine wastc-waler pond.
Other equipment may also be requircd. Major construction support facilities in the Title I design
include the concrete batch plant, muck-storage arca, mine wastc-water storage pond, laydown areas for
supplics and equipment, explosive magazines, shops, warehouscs, hoists, and hcadframcs (optional).

Intake, exhaust, and distribution facilities will supply and cxhaust rcquired quantities of air to
and from underground working areas for personnel health and safety. Systcms will be provided to
continuously monitor the underground facilities for radon, methane, oxygen, carbon monoxide,
tcmperature, humidity, and air speed.

A concrele batch plant will provide for the storage and mixing of materials for concrete and
grout during thc ESF construction activitics. Concrete will be used for building foundations and for
ramp portals, shaft collars and lincrs (optional). Approximately 1 acre will be uscd for the batch
plant at a location beyond the potential repository boundary. Crushed rock, sand, and ccment will be
lemporarily stored in this arca while the ESF is being constructed.
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Hoists and headframes

The hoists, hoist house, and headframe for the optional shaft will be installed and erected
following the construction of the shaft collar. The hoist will provide the necessary hoisting capacity
for muck removal and for personnel and matcrial transport to and from the surface. The hoist will be
outfitted with standard controls, brakes, and other safety systems. If the hoist is not functional, the
ladderway provided in the shaft can also be used for emergency egress.

Ramp Portals

The ESF will contain two ramps, one in the north and one in the south (Figure 8.4.2-14). The
ramp portal is a structure that provides a stable foundation for entry into the ramp. The portal
structure is constructed of reinforced concrete and extends into the ramp for about 50 fect or that
distance dcemed necessary for ncar-portal rock support. The outside structure is essentially a building
complete with controlled entry, doors, utilities, and special construction to accommodate ventilation
and rock removal cquipment. The underground portion of the portal consists of an approximately
1-foot thick reinforced concrete liner with concrete invert. This is installed only to the depth where it
is ficld-determined that a stable subsurface rock mass has been reached and it is no longer necessary to
control a fractured rock mass associaled with the portal entrance. Beyond this area regularly scheduled
ground support is installed in the form of rockbolts and/or other methods as required.

Muck storage

The muck-storage arca location is indicated in Figure 8.4.2-14. The rock debris, removed during
the construction of the ESF will be brought to the surface and hauled to the muck-storage area. Dust
from the handling and storage operation will be controlled using appropriate dust suppression
techniques.

8.4.2.3.3.3 General arrangcment of ramps and shaft

In preparing the arrangement for the two ramps and optional shaft, as well as the subsurface
facility, adequaic considcration has been given to the design and layout of a facility that will allow for
the characterization of the site to provide nceded data and information. Various rcgulatory concems
and the requirements of DOE orders have been incorporated into the facility design, and the design
mects NRC 10 CFR 60 requirements, Mine Safcty and Health Administration (MSHA) requircments,
and State of Nevada mining rules and requiremenits.

The north ramp (which may eventually be incorporated into the potential repository as the waste
ramp) and the south ramp (futurc tuff ramp) will provide access to the TS, where the MTL dcdicated
testing arca will be located. Both of these ramps will have umouts to two additional ramps leading to
the CH level.

The north ramp has been designated as the scientific ramp.  The cxcavation cycle in the ramp
will consider the nceds of the investigators 1o ensure that the cxpected data from the planned tests arc
procurcd. As discussed in Scction 8.4.2.3, only limited testing will be conducted in the south ramp.

Both the north and south ramps are oriented to enter thc ESF MTL from the cast. Thesc ramps
arc expecled to be approximately 25 ft. (7.6 m) in diameter, with the north ramp extending with a
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slope length approximately 6,467 ft. (1,978 m) to the TS level and the south ramp having a slope
length of approximately 9,142 ft. (2,796 m). The north ramp leading down to the CH level is
cxpected to be approximately 18 ft. (5.5 m) in diameter and have a slope length of 6,738 {t. (2,060 m).
The south ramp to CH is expected to be the same diameter as the north ramp and have a siope length
of approximately 7,379 ft. (2,257 m). Thesc dimensions are discussed in DOE (1992). Thesc details
are subject to change pending Title II design decisions.

As indicated in Section 8.4.2.3, the ESF dcsign will include an optional shaft, which would be
constructed in the north, extending from the surface to the TS level ncar the MTL dedicated testing
arca. This shaft, if constructed, may eventually be incorporated in the potential repository as the
emplacement exhaust shaft. While the general arrangement for this shaft is presently being developed.
it is expected that it would be approximately 25 fi. (7.6 m) in diameter and be similar to one of the
two shafts in the previous ESF configuration described in Section 8.4.2.3.3.3 of the SCP (DOE.
1988g).

The following industrial safety related considerations are important in developing the general
arrangcments for the ramps/shaft:

1. Locate the accesses to provide rapid cmergency egress from the testing area.

2. Separate the accesses so that the refuge chamber shall be readily accessible from all
accesses.

3. Providc at least 100 ft. (30 m) of standoff distancc at the surface from thc accesses t0
flammable materials, including vegetation above the high wall.

4, Locate the accesses to minimize the size of the high walls and potential mechanical
interfcrence between the accesses.

5.  Separate the accesses so that an adequate pillar will be available.

6. Locatc the accesses such that safc terrain conditions are maintained.

8.4.2.3.3.4 Gencral arrangement of the exploratory drifts in the Topopah Spring and Calico Hills
levels

The excavations at the TS and CH levels consist of long drifts that connect the north and south
ramps. From these drifts, lateral drifts would bc constructed to features of special interest (e.g.,
Imbricate normal fault zone, Ghost Dance fault, Solitario Canyon fault). The drifts in the TS level
also includc the MTL dedicated testing area, in the north. Planned underground excavations for the
TS level arc illustrated in Figure 8.4.2-14a.

The main drift within the TS lcvel is expected to be approximately 25 ft. (7.6 m) in diamcler.
The TS cast and west drifts arc planncd to be 20 ft. (6.1 m) widc and 12 fu. (3.7 m) high. The TS
imbricate drift is planned to be 18 ft. (5.5 m) in diameter. Approximatcly 20,000 ft. (6,096 m) of
drifting is planncd for this level of the ESF (not including the MTL dedicated testing arca). The main
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drift within the CH level is expected to be approximately 18 ft. (5.5 m) in diameter. All other drifts
on the CH level are planned to be 16 ft. wide and 9 feet high. Drifting on the CH level is estimated
to total approximately 19,000 ft. (5,790 m).

The MTL dedicated testing area will contain space for the ditferent tests identified in Table
8.4.2-12. shops (including a science shop), a refuge arca, power center, and sump. The arca set aside
for this is cxpected to be approximately 4,200,000 {t* (390,193 m?), with an expansion capacity of
approximately another 3.300,000 f (306,580 m®), if needed. The gencral arrangements for the various
drifts. as wcll as the MTL dedicated testing area, are presently under development.

The following considerations are important in developing the general arrangements for the
underground excavations:

1.

o)
.

Need to separaic testing from shops, training, and operations areas.

Flexibility for experiments.

a. Required areas for expansion for future testing.

b. Location of test drifts and alcoves depend on rock conditions and joint orientation that
are uncertain until those areas are mined. Flexibility is required for experiment
locations and, in some instances, drift orientations.

MTL requirements--provide adequate isolation of tests and provide access for continued

mining and construction activities. The MTL provides facilities for the excavation of test

areas.

a. Develop MTL as necessary to provide adequate separation of experiments.

b. Certain tests, such as the infiltration test; require scparation from any wet mining or
drilling activitics.

¢. A minimum of two drift diameter standoff distancc from mains and rcpository drifts
along the ESF boundary is required.

d. Test-to-test separation requirements include considerations of possible thermal zoncs,

stress-altercd zones, hydrologically altered zoncs, extent of instrumcntation beyond the
drift or alcove, and requircments to be isolated from mining or construction aclivities.

Operational schedule: operational areas and facilities nced to be mined first before
experiment drifts. Limited amount ol mining is allowed before ramps arc connccted.

Ventilation requircments affect room layout and main drift locations.
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8.4.2.34 Description of Exploratory Studies Facility construction -operations

This section bricfly describes the various stages of construction operations for the ESF. The
construction sequence essentially consists of preparing the site and ramp portals, constructing the
ramps, and developing the exploratory drifts at the TS and CH levels. [f the optional shall is
constructed, the activities will also include constructing the shaft collar, sinking the shaft, and crecting
the headframe and hoist. As described in Section 8.4.1.1, a phased approach to implementing site
characterization in the ESF is being used by the DOE to continually evalualc the adequacy of the
testing configuration and the impacts of the testing activitics. Similarly, controls, such as those
identified in Section 8.4.2.3.3.1, will be in place to ensure that conditions cncountercd during ESF
construction are adequately reviewed and factored into the experimental program and the remaining
construction. These reviews and evaluations will also allow the opportunity to provide information to
the NRC, the State of Nevada, and other interested parties.

A summary of the construction of the site pads, ESF surface facilities and utilities; a description
of ramp portal and shaft collar construction; and a dcscription of ESF underground construction and
operations are discussed in the following sections. The details of the construction activities will be
developed as Title II design proceeds.

8.4.2.3.4.1 Site pads

The ESF surfacc pads will be constructed using standard cut and fill methods. If a particular
pad site requires controlled blasting to develop the necessary cut area, the resulting rubble will be used
for fill to build up the pad downslope. Any additional fill material will be brought to the pad from
designated borrow arcas nearby. The pad surfaces are designed to slopc away from the ramp portals
and shaft collar for runoff control. All the access roads to and from the ESF site are designed with
appropriate grade clcvations, berms, and/or culverts to handle normal expected runoff and not restrict
waler flow under conditions of a major flood event.

Exposures crcatcd by controlled blasting to develop surfuce pads will be examined and mapped
for indications of potentially adverse structures.

8.4.2.3.4.2 Exploratory Studics Facility surfacc facilitics and utilitics

Once the site pads and roads are completed, the ramp portals, shaft collars (if optional shaft is
constructed), mine plant, support buildings, and utilities will be constructed or installed.

8.4.2.3.4.3 Ramp pontal and shaft collar construction

The ramp pontals (Figurcs 8.4.2-15 and 8.4.2-16) will be constructed first by cxcavating the arca
around where the ponal will be locaied. The portal structure is constructed of reinforced concrete and
cxtends into the ramp for about SO leet or that distance deemcd necessary {or near-portal rock support.
The outside structure is essentially a building complete with controlled entry, doors, utilitics, and
special construction to accommodate ventilation and rock removal cquipment. The underground
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portion of the portal consists of an approximately -foot thick rcinforced concrete liner with concrete
invert. This is installed only to the depth where it is ticld-determined that a stable subsurface rock
mass has been reached and it is no longer neccssary to control a fractured rock mass associated with
the portal entrance. Beyond this area regularly scheduled ground support is installed in the form ol
rockbolts and/or other methods as required.

If the optional shaft is constructed, the shaft collar will be constructed by first excavating a
squarc foundation scveral fcet below the finish grade. At the center of this excavation, a circular
subfoundation will be excavated. Should ground support be required at this depth, a liner plawc with
ring bcams will be placed and grouted: once the foundation excavation is stabilized, the isolation joint
excavation can take place. The isolation joint will provide a structural discontinuity between the
collar/ headframe and the shaft liner. A liner plate with ring beam stiffeners, will be centered on the
futurc shaft. Cement grout will be placed in the bottom of the annulus between the excavation and the
platc to hold the liner plate in place. The remainder of the annulus will be filled with gravel to
complete the isolation joint. Once the joint is completed, forms can be installed for the vertical shalt
penetration, through the collar structure and the horizontal intersection of the utility tunnel.
Rcinforcing steel, cmbedded items, and any required bulkheads or blockouts are placed and secured
and the collar structurc can be completed in a continuous pour.

8.4.2.3.4.4 Exploratory Studies Facility underground construction and operations

This scction generally describes the various steps involved in constructing the underground
portion of the ESF.

The underground portion of the ESF will be constructed using mechanical mining equipment.
TBMs will be used to construct the north and south ramps from the surface to the TS level. TBMs
will also be used to construct the two ramps from the north and south ramp turnouts to the CH level.
The two ramps at the CH level will be connected by a long exploratory drift, also constructed with a
TBM. The lateral drifts to the Imbricate normal fault zone, Ghost Dance fault, and Solitario Canyon
fault will then be constructed. These drifts may be constructed with a TBM, but most likely with a
mobilc miner or road header.

As in the CH level, the two ramps leading to the TS level will be connected by a long drift,
constructcd with a TBM. The lateral drifts to thc Ghost Dance fault and Imbricate normal fault zonc
will most likcly be constructed with a mobile miner or road-header. This is also true for the
individual excavations to be constructed in the dedicated test area in the Mﬁ;on the TS level.

= —=

The last phase of construction involves the optional shaft from the surface to the TS level. If

such a shaft is constructed, it would most likcly be done using a shaft boring machinc, v-molc, or

blind bore.

Morc delails regarding the construction of the underground portion of the ESF will be availablc
as Title Il design cvolves.
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8.4.2.3.5 General description of underground support systems

The following subsections describe thc ESF underground support systems. These systems,
which all relate to the underground mine environment, arc minc ventilation, rock support, life safety
svstems, fire protection, health and safety, and mine evacuation and rescue.

Mine ventilation

The ventilation system will supply and exhaust adequate air quantitics of acceptablc quality to
and from underground working areas, 10 provide personnel safety, health and productivity in
accordance with applicable Federal, State and Local regulations.

Active drifts away from the primary airways are ventilated by appropriate auxiliary fans and
ducting to satisfy the required airflow in the drifts.

Airborne dust from roadways, muck transfer points, drilling, bolting, and blasting (if done) will
be controlled and limited to concentrations below the threshold limit values. Dust supprcssants
consisting of water and biodcgradable/nontoxic chemical additives will be apptlied regularly to
subsurfacc roadways. These dust suppressants are not expected to adversely affect mine wastc water
discharges. Where applicable, plain water spray or other wetting agents will be used to suppress dust,
in amounts consistent with goals to minimize water use to levels required for health and safety.
Appropriate stationary or mobile dust collection systems provide the means to further enhance dust
control.

A typical dust collection system consists of a series of cyclones and filters that will remove 99
percent of particles greater than 3 micrometers, and 96 percent of particles down to 1 micromcter.
Stationary dust collection units will be applicable to permanent muck transfer points such as loading
and unloading pockets and dump stations. Mobile dust collection units mounted on wheels will be
used during drilling and bolting and after blasting (if done) and mucking.

Rock support

Rock support necds are determined using several available mcthods. These methods include
both analytical and empirical approaches, which are supported by historical experiencc with
undcrground construction. Results of these analyses serve as a basis for dcveloping the flcxible
systems for reinforcement capable of accommodating various rock conditions anticipated undcrground.

Ground support requircments for each scgment of a drift may vary over relatively short
distances, depending on the local geologic conditions. Based on the visual inspection by a qualified
professional, the local ground conditions are classificd in terms of rock-mass categorics. In wrmn, the
rock-mass category is assigned a specific rock-support sysicm, including the procedures and the
hardware nccessary for its proper implementation. Thus, the rock-support system is adaptablc to local
conditions.

Depending on the rock-mass class, the rock-support system may include rock bolts, wirc mesh,
shotcrete, or the combination of those as specified for each sysicm.
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Analytical methods

Analytical methods use the analyscs of stresses and deformations around openings and include
numcrical modeling techniques, such as the finite-clement method. These methods are very uselul in
strata control because they enable comparisons of various underground cxcavation systems and scrve
as a design process. They are also very useful in forecasting the possible performance of underground
openings over extended periods of time, where such aspects as the influence of temperature and/or
time-dependent propertics of rock (c.g., crecp) arc 10 be assesscd.

Finite-element codcs, such as VISCOT, will be used to evaluate the stability of underground
openings. Scveral studics in which this code was used have been reported in the literature, and the
code certification process is currently well under way. Once the certification process is completed, the
code will serve as one of the design tools acceptable from the quality assurance point of view.

There are a number of other codes currently available, each appropriate for analysis of certain
types of problems. Other codc(s) may be uscd to analyzce the stability of underground openings.

Empirical methods

Sophisticated computer analyses inherently incorporate a number of assumptions related to the
properties of the rock mass, the state of stress anticipated in a particular underground situation, the
geometry of the opening(s), ctc. As pointed out by Hoek and Brown (1980), the combined effect of
all the factors and processcs contributing to the stability of underground openings can seldom be
determincd. Invariably, the designer is faced with the need to arrive at a number of design dccisions
in which his engineering judgment and practical experience must play an important part.

To provide a link betwecn the results of analytical studics as well as to incorporate practical
expericnce gained from operations performed under similar undcrground conditions at other sitcs, somc
form of classification system is needed. Such a system allows the results obtained from analytical
studies and cxperience to be translatcd into a series of engineering drawings, specifications, and
proccdures leading to a successful implementation of the design concepts.

Hock and Brown (1980) recommend two common classification methods for use in the
preliminary design of underground cxcavations, namely, the classification of joint rock masscs (South
African Council for Scicntific and Industrial Rescarch) proposed by Bieniawski (1974), and the
tunneling quality index (Norwegian Geotechnical Instituie) proposed by Barton et al. (1974a).

These two methods will serve as a point of departure for the development of a site-specific
rock-mass classification appropriate for the tuff formations at Yucca Mountain. As a result, a sct of
procedures, along with detailed drawings showing various rock-support systems, will be developed.
These will be simplc enough 10 use undcr ficld conditions and will contain specific information 0 help
sclect a suitable rock support system for particular rock conditions encountered underground.

Lifc safcty

The function of the lifc safcty system is to provide systcms to alert on-site personnel of danger,
cnsurc 4 timely responsc to cmergency conditions, provide safe shutdown and evacuation if necessary
and limit intcrruption to the sitc charactcrization program.
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Life Safety is a broad concept that includes other major system components. Some ol these
components are

1. Fire protection.

2. Alarm waming system.

3. Emergency communication systems.

4. Evacuation plans.

5. Awmosphcric monitoring and control systcms.

Each of these systems is engincered separately to maintain its individual integrity. In addition,
all systems are designed to function in a coordinated capacity by interfacing shared responsibilities for
overall program effectiveness.

Firc protcction

The fire protection system is a part of the life safety system. Its development is bascd on the
anticipated fire hazards, and the use and occupancy of each area. The fire protection systcm will
include

1. Automatic extinguishing systems using watcr sprinklers, halon, and foam.

2. Manual extinguishing systems such as portable dry chemical units, factory-equipped rolling
extinguisher systems, fire doors, firc dampers, and ventilation controls.

3. Automatic detection sysiem for smoke and heat (flame).
Each component of the fire protcction system is designed considering credible accident scenarios

that may be attributed to various ESF functions. Fire protection for these events is part of the total
consideration given to safety, and the system interfaces with other life salety systems involved.

Health and safety

The DOE has an established health and safcty program. The following policies arc followed by
thc YMP managcment:

—

Accident prevention.

[

Safcty promotion and training.

3. Supervisors’ health and safety inspections and reports.

4.  Resolving safety and hcalth complaints.

5. Accident and injury reporting system.

6.  Safcty awards for outstanding injury and illness prcvention achicvement.
7.  Job safcty analysis program.

8.  Construction and occupational safcty standards.
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Evacuation and rescue

The ESF organization has emergency evacuation and rescuc procedures developed to respond to
fire, flood, and other catastrophic events. These procedures detail the proper responsc and sequence of
action to be taken by subsurface personnel to various emergency calls.

A well-planned and well-rehearsed program of evacuation and rescue for ESF personnel will be
followed. Adequatc training and drilling of personnel and management in this program will be
provided, including these topics:

Early waming and alarm systems.

Use of self rescuers.

Basic ventilation circuitry.

Direction (0 emergency exits.

Use of emergency hoist (if optional shaft is constructed).
Use of refuge chambers.

Survival techniques.

Barricading.

o BN R o b e

Equipment that is important to life safety is designed with redundancy so that back-up systems
are available during an emergency.

A designated person in each shift will be responsible for initially coordinating the emergency
response until relieved by the head of the Emergency Coordinating Committee. Initial rescue response
such as mobilization of mine rescue team, planning to establish underground fresh air base, and actual
rescue and recovery work will be started as soon as possible after an emergency occurs. The head of
the Emergency Coordinating Committee may solicit the help from various organizations to carry on
the rescuc and recovery work.

8.42.3.6 Evaluation of Exploratory Studies Facility layoul and operations

This section evaluates the ESF layout and operations with respect to interferences that could
alfect the experimental program, coordination with the geologic rcpository operations area design as
required in 10 CFR 60.15(c), design ficxibility as required in 10 CFR 60.133(b), and opcrational
safety. This scction is divided into five subscctions. The first three subscctions discuss various
aspects of the interference concerns rcgarding construction and operation of the ESF, thc cxperimental
program, and the repository. The fourth subsection examines the flexibility of the ESF design and
layout in handling variable geologic conditions, in incorporating additional testing within the dedicated
tcst arca, in exploring other areas, and in reoricnting or relocating cenain experiments. The final
scction deals with operational safety concems addressed in the design and thcir consistency with the
governing regulations.

[NOTE: The interfcrence evaluations contained in Scctions 8.4.2.3.6.1 and 8.4.2.3.6.2 wcre
conducted for the ESF configuration, construction mcthod, and testing layout described in the SCP.
This evaluation still nccds to be conducted for the reference ESF design concept shown in Figure
8.4.2-16a. These sections will be revised when that evaluation is available. These sections are being
included unchanged because, while the details of the cvaluation will be different for the new design
concept, the overall methodology and considcrations for conducting the evaluation will be similar.|
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Three categories of potential interference concemns atfecting the underground design and testing
are discussed in the first three sections. In Section 8.4.2.3.6.1, the approach used to analyze the
potential for test-to-test interference is described and applied to the current design layout. In the
following section (8.4.2.3.6.2), test and construction/operations interferences are discussed. along with
the means used to mitigate those concerns. The approach used 10 plan and coordinate the ESF layout
and construction with that of the repository is discussed in Section 8.4.2.3.6.3. Within each of these
scctions, several mechanisms of potential interference were considered, principally those duc to
hydrologic, thermal, mechanical, and geochemical activity associated with the experiments (Table
8.4.2-14). Other potential sources of interference among tests or between the tests and the ESF con-
struction and operations, such as ventilation, blast vibration, instrumentation, and traffic (including
vibration), were also considercd. The means used to limit interferences are discussed and analyzed
relative to the current design. In general, potential interference probiems can be limited through the
usc of physical separation (including orientation of tests), but other means are also used and their
applications discusscd. These include the scquencing of operations and testing to limit interference,
control of operations such as blasting and fluid usage to limit the extent of changes induced in the
rock mass, and monitoring and observation before accepting the location for testing. The application
of these methods to the interfercnce problem arc discussed in the appropriate sections.

8.4.2.3.6.1 Potential for inu;rference between tests

Purpose and background

This section describes the general approach used to evaluate the potential for test-to-test
interference among the experiments planned for the ESF and the use of this methodology in evaluating
the current design layout of the ESF with respect to test-to-test interference. Each test proposed for
the ESF is bricfly described in Scction 8.4.2.3.1. This scction also discusscs the constraints imposed
on the underground layout by each experiment and the estimated zone of influence of cach experiment.
The design requirements gencrally arise from the requirement that the in situ conditions, such as stress
state, degree of saturation, and temperature in the region where the experiment is to be conducted, not
be altered by other activitics in the ESF. Flexibility in choosing the final location and orientation of
an experiment may also bc an important constraint because of local variations in geology and fracture
oricntation. The zone of influence is intended to describe the extent to which each experiment alters
or influcnces the surrounding region. In the conduct of each test, it is vital to ensurc that the data
derived [rom the test is not corrupted by the influcnce of other experiments that may be underway at
the same time. The combination of experiment descriptions, design constraints, and zones of influence
for cach test, given in Sections 8.3.1 and 8.4.2.3.1, providcs sufficicnt information to evaluate the
current ESF layout with regard to addressing concems regarding teslt-to-test interference.

Approach

The approach taken to asscss the potential for interfercnce among the ESF experiments consisted
of threc basic steps. First, each experiment was evaluated with regard to potential interfcrences and
roncs of influence (Section 8.4.2.3.1). Scvcral mechanisms for zones of influence and other potential
interference sources were considered. For cxample, regions of material potentiaily affected or alicred
by an experiment duc to heating, hydrologic alteration, geochemical rcactions, and mechanical changces
(excavation of drifts or thermally induced stress changes) were determined. Next, thesc four
interference considerations and zones of influence for each test were combined and the one that gave
thec maximum zone of influcnce was translated into a physical area (standoff) requircment that
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represents the maximum extent of the rock zone affected by the test given the expected rock proper-
tics. These regions were then superimposed onto the design layout of the ESF test area. Finally, the
overlay of zones of influence on the test locations was examined for potential interfcrences among the
cxperiments.

The criteria for determining if a potential interference existed was to determine if the zone of
influence of one experiment impinged on another experimental area to such a degree that the results of
the cxperiment could be affected. To ensure conservatism in this approach. the potential for
interference was considercd high if the zones of influence of two experiments overlapped. Where the
zones of interference for two or more experiments overlapped. the timing of the experiments and the
Lype of interference (i.e., effect) resulting from the individual expcriments were reviewed. If the tests
were separated sufficiently in time to preclude an interference problem (i.e., one test may have been
completed, with no unacceptable alteration of the rock, before the second was begun), the tests were
considered to be independent of interference effects. If potential interference effects were found
during the analysis, then adjustments to the timing or the layout of the experiments were considered.

The test-to-test interference concems were completely evaluated using this methodology only for
the experiments proposed for the MTL. Experiments and obscrvational activities planned for the
underground excavations were evaluated with regard to potential zones of influence (Scction
8.4.2.3.1). Further evaluation was not, however, considered necessary becausc the tests involved
primarily observational and sample collection, affected a limited amount of rock (see Section
8.4.2.3.1), or had large physical separations between them and other tests.

The principal mechanisms for creating zones of influence were considered to be thermal (for
cxperiments using heat sources), mechanical (for experiments requiring extensive excavation),
hydrologic (for experiments that introduced fluids to the environment) and geochemical (for
cxperiments that altercd the local in situ geochemistry). Other potential sources of interfercnce, such
as the location and extent of instrumentation (included in the mechanical catcgory in Table 8.4.2-14),
were also considered on a test-by-test basis. In general, most tests will have several zones of influence
summarized in Table 8.4.2-14 resulting from diffcrent mechanisms. The cffect of some coupling of
mechanisms was also considered. - For example, heating the rock mass also affects the local
hydrological and stress conditions. Analyses of these coupling effects arc quite complex but gencrally
dcpend on the gradient of the principal driving force. That is, hydrological and stress changes arc a
function of the thermal gradient. Thercfore, the approach taken to account for these cffects was to
cxtend the zone of influence of the principal mechanism far enough so that gradicnts were low and
sccondary coupling effects would likely be contained within the zone dcfined by the principal
mechanism. Thus, thermal zones of influencc were extended to include all material surrounding an
cxperiment whose temperature changed by more than 5°C.

The coupling of thermal and hydrologic zones of influence is also considercd by Nitao (1988).
In this investigation of thermal and hydrological behavior in the vicinity of the waste package, the
rcgion of condensed water vapor extcnds to approximatcly the same location (within 4 m) as the 80°C
isothcrm (approximately 50°C above ambicnt). As this water condcenses, it is rapidly imbibed into the
matrix (Martincz, 1988) where it rcmains rclatively immobile (Peters, 1988). Since the 80°C isotherm
is contained within the 5°C above ambient isotherm, the assignment of the 5°C isotherm as the
boundary for the experimental zone of influcnce provides a conscrvative zone that addresses coupled
thermal and hydrologic effects.

Geochemical and hydrological zones of influcnce were conservatively assumed to be identical
where clevated temperatures are not encountered. At elevated wemperatures (approximately 100°C),
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some geochemical alteration of tuff may occur (Smyth and Caporuscio, 1981; Smyth, 1982).

However, beyond the boundary of the thermal zones of influence the temperature is assumed to be less
than 5°C above ambient. This distinction between geochemical and hydrologic zones of influence
need not be made.

Thermal zones of influence were estimated from preliminary thermal analyses performed in
support of the experiment designs (for example, Bauer et al., 1988). The thermal zone of influence
was taken to be the maximum extent of the isotherm that was 5°C above ambicnt temperature because
temperature changes of less than 5°C are unlikely to have any mcasurable thermomechanical effect on
the host rock. Thus, material outside the zone of influence was subjected to less than a 5°C
temperature change. Figure 8.4.2-17 gives an example of such a thermal analysis for the canister-
scale heater experiment. The view shown is looking along the axis of the heater with the instrument
access drift shown 8 m to the left. After 30 months of operation, the 35°C isotherm (31°C is ambient)
has extended approximately 12 m from the heater. The effect of the ventilated drift on heat
conduction away from the heater-is also evident. The effects of nearby drifts were factored into the
estimation of thermal zones of influence where necessary.

Hydrologic zones of influence wcre estimated from pretest analyses, if available, or from generic
studies such as those reviewed by West (1988) and are summarized in Section 8.4.3.2. The rock
surrounding an experiment was considered to have been hydrologically altered if the in situ saturation
change was more than 0.01. Changes in saturation of less than 0.01 are not considered appreciable
and are difficult to measure with standard instrumentation.

Mcchanical interfcrences from stress-altered regions around drifts and alcoves were estimated
from preliminary structural analyses of the experiments (summarized in Section 8.4.3.2) such as those
in Costin and Bauer (1988). Figure 8.4.2-18 gives an example of the expected alteration in stresses
around the demonstration breakout drift (Costin and Bauer, 1988). In the figure, lines of constant
vertical stress arc shown as a percentage of the initial in situ stress. The figure shows that stresses
differ by less than 10 percent from the in situ stress in the region beyond approximately one drift
diamecter from the wall of the drift. For tests where such analyses were not available, the results of
generic analyses of repository size drifts were used. In general, structural analyses of underground
openings using lincar elastic (Hill, 1985; Johnson and Bauer, 1987; St. John, 1987 a,b,c) or nonlinear
jointed rock mass models (Thomas, 1987) show that beyond one drift diameter (in a horizontal
direction) from the wall of a long drift, the stresses are within 10 percent of the initial in situ stresses.
Thus, a two-drift-diamcter standoff around openings was maintaincd to account for the stress-aliered
vone around thc opening.

Most of the structural analysis calculations performed to support the design of thc ESF
underground excavations and the thermomechanical testing used a linear elastic material model to
simulate the rock mass. In many of these calculations, the elastic moduli are reduced from the
mcasured values taken from intact rock samplcs in an attempt to account for the effect of joints and
other discontinuities on the stiffness of the rock mass. But even when such efforts to account for the
discontinuous nature of jointcd rock are included in the analyscs, the results from linear elastic
calculations may not completely represent the behavior of the rock mass, especially in regions very
close (o the excavations. Very near the opening (usually within 1 to 3 meters), rock is loosened by Lhe
cxcavation process and stresses are reduced so that joints previously held intact by high normal forces
may open or shear, resulting in displacements larger than predicted from elastic theory. The scverity
of this nonlinear rock rcsponsc near mined openings depends on the nature of the rock mass. For
example, Cording (1974) found that for openings where extensive rock loosening did not take placc,
the tunnel closure displacements predicted from elastic calculations were within a factor of two of the
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Figure 8.4.2-17. Hydrologic and mechanical zones of influence of exploratory shafts 1 and 2.
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measured values. Where rock movement and loosening along joints was evident, measured
displacements ranged from 3 to 10 times the predicted elastic displacements. Farther away from the
opening, where stress gradients resulting from the excavation are low, the elastic analysis is generally
accurate in predicting both the trend and magnitude of displacements.

Based on preliminary testing, the rock is expected to be relatively competent at the repository
level. Although the rock is known to be fractured, elastic analyses will provide good cstimates of rock
behavior near excavations. However, before and during site characterization, several actions arc being
taken to ensure that the standoff rcquirements and drift stability estimates (based on elastic analyses)
are conservative and to substantiate that the results of previous analyses of the underground excava-
tions and experiments are reasonable. One ongoing effort is to look carefully at the existing mining
experience in welded tuff. Prototype testing of excavation methods and instrumentation has been
conducted in G-Tunnel on the NTS. Zimmerman et al. (1988) reported the results of a mining
experiment conducted in welded tuff. Careful measurements of rock motion and permeability were
made before mining the drift, during mining, and after an experimental drift (6.1 m wide by 40 m
high, with an arched roof) was mined. Measurements of rock motion around the drift using MPBX
gages that extended 15 m into the rock around the drift indicated that the measurable disturbance to
the rock extended approximatcly 6 m laterally from the drift. As would be expected, the disturbance
into the floor and cciling were somewhat greater. Injection tests were also conducted to measure the
hydraulic quotient of the rock in several boreholes. The hydraulic quotient is a measure of the aper-
tures of fractures that are connected with the borehole in the region tested. From this testing, the
fractures were found to be tighter after excavation than before, in most places near the excavation.
Near a large fault through which the drift was mined, some rock looscning was noted. However, the
measured hydraulic quotient only increased from the pre-mining value for 2 to 3 m into the drift wall.
In addition, displacements predicted from an elastic analysis were generally found to be within a factor
of 2 of the measured displaccments, except near the fault, which was not taken into account in the
calculations.

This preliminary evidence suggests that the results of the elastic analyses conducted so far
should reasonably predict the structural response of the ESF underground excavations. An assumption
of the acceptability of a two-drift-diameter standoff for precluding significant interference between test
drifts and other mined areas seems conscrvative. Both analyses and preliminary measurements
indicate that the stress-altercd region around a drift will extend only approximately onc drift diameter
into the rocks.

With the exception of the diffusion test, gcochemical alteration was not found to be sufficicntly
extensive as a primary mechanism to require a stando(! region. The zonc of influence duc to diffusion
of tracers in the diffusion test was estimatcd to be 0.3 m at the bottom of the borehole. This
cstimation was taken from previous field work using a similar techniquc (Birgersson and Neretnieks,
1982).

Other possible interfcrence mechanisms were considercd on a test-by-test basis. The cxtent of
instrumentation for excavation dcformation analyses was the most common reason for other
mechanical zones of influence. Deformation gauges, such as multiple point borcholc ¢xtensometers
(MPBXs), cxtend 15 m into the rock surrounding an instrumented drift. For proper interpretation of
the displacement measurcments made from such gages, the bottom anchor should remain fixcd, or
movc only as a result of displaccments induced by the instrumented drift. If other drifts are
constructed close 1o the bottom anchor during the period when measurements are becing made, the
bottom anchor may move and make intcrpretation of the displacement data more difficult. To
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preclude this, interference standoff zones for such instrumentation were included in the design so that
no drifts would be constructed closer than two drift diameters from the bottom of the gages.

In defining the constraint and estimating the zones of influence for each test it was assumed that
strict controls over water usage and blasting methods would be applied during construction of the test
arca. Therefore, the zone of hydrologically or chemically disturbed material created by these
construction activitics was not included in the zone of influence estimation for each test but rather is
included in a gencral way in Section 8.4.2.3.6.2. Hydrological or chemical zones of influcnce were
dctermined only on the basis of the fluids and chemicals used in the test itself.

The zones of influcnce estimated for each experiment are based primarily on results of
numerical analyses, results of prototype tests, and assumptions regarding the physical nature of the
rock mass. One purpose of the early testing in the ramp and on the MTL is to provide some data that
may be used to confirm or adjust the estimated zone of influence resulting from the mechanisms
described above. Specifically, radial boreholes experiments will provide data on watcr transport and
allow for monitoring of a hydrologic zone of influcnce. Similarly, the DBRs and the heater test in
TSw1 will providc thermal and mechanical data for comparison with current analyses. [f estimated
disturbed zones are found to be inadequate on the basis of early test results, needed adjustments and
redesign can be completed before the experiments arc set in place on the MTL.

Current assessment

The drifts for DBR and the scquential drift mining tests require flexibility of oricntation of the
drifts. The flexibility requirement results in having to set aside an area larger than would be required
if the orientation of the drifts could be fixed at the present time. For other experiments, the flexibility
requircment is satisficd by providing additional areas where the experiment could be conducted. This
is discussed further in Section 8.4.2.3.6.4.

The DBR experiment is intended to provide early data on rock response that will be used in the
development of later experiments. Therefore, measurements in the DBR should be completed before
any further construction takes place; and no-interference with: construction or-other testing is expected.
Additional arca for instrumentation is not required for other excavation experiments such as the
sequential drift mining experiment because the instrumentation is confined between the two outer
access drifts.

The canister-scale heater, the heated block, the thermal stress test, and the waste package
cnvironment tests are sufficicntly: separated that thermal cffects will not pose a problcm to other (Cst
areas. The canister-scalc heater test provides the most scvere thermal loading. The heater is located
in the pillar formed by the intersection of two drifts, which not only provides instrumentation access
from two directions, but also helps contain the region of elevated tempceratures to ncar the interscction.
The drilt ventilation helps block the thermal load from conducting across the drifts. This produccs the
nonsymmetric shape of the thermal front shown in Figurc 8.4.2-17. Howecver, in the near ficld of the
heater, where the principal thermal and mechanical measurements are to bc made, the thermal ficld is
axisymmetric about the canister (Bauer et al., 1988). The wasic package tests will be quite isolated
and have small zoncs of influcnce so test-to-test interfercnce should not bc a problem. Prcliminary
thermal and structural analyses have been completed for the heated room test (Baucr ct al., 1988), and
sones of influcnce have been estimated for the proposed design. With this information, designers can
tocaic the experiment with duc consideration for interterence concems.
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The zone of influence for the infiltration test is small relative to the alcove where it will be
conducted. Thus, this test should not affect other nearby experiments or potential experiments that
may be fielded in the dedicated test area. Similarly, the diffusion test affects only a narrow region
ncar the borehole drilled from the diffusion test alcove. The central portion of the pillar containing the
test should not be affected by the thermal experiments located in the northwest section of the pillar.
The bulk permeability test areas have not been agreed upon yet. Because this test potentially could
affect large areas with gas-phase pressure pulses, location relative to the longer-term, morc scnsitive
lests is of concem and will be addressed.

Like the heated room test the seal-component tests are still in the early stages of dcsign
definition.

This discussion indicates that the layout design is a dynamic and evolving process of refining
and modifying the design. Thus, the information represents a snapshot of the current state in this
cvolutionary process. New tests may be added and perhaps some of the currently defined tests may be
changed, all of which will have some effect on the planned layout. These changes will be documented
in the semiannual progress reports. Also, as the planned layout changes, the interference analysis
(described earlier) will be updated as needed and used to ensure that changes will not produce
unacceptable interference problems.

8.4.2.3.6.2 Potential for construction and operations interference with testing

Introduction and background

The ESF design is currently being revised. When the preliminary design is completed the
potential effects of construction and operation of thc underground excavations on the conduct of the
experimental program will be evaluated. In this section, the process that will be used to evaluate the
current layout and planned operations for potential interference with the testing program is described.
Such asscssments will continue to be an ongoing process and subject to frequent revicw as the design
evolves and more data become available. The assessments are expected to be refined during the final
preconstruction phase, during ramp construction when site-specific data become available, and during
mining of the MTL when data for test locations and orientations become more specific.

Approach

The approach, which consists of both a forward and a backward evaluation mecthod, will be
taken to evaluate the potential impact of construction and operations on the lesting program. The
forward evaluation will look in detail at the description of planned operations. It specifically will look
at controls placed on those operations to reduce the effcct of construction and operations on the testing
cnvironment and to determine whether thosc controls are sufficicnt to satisfy the constraints to the
design imposed by the experiment plans (discussed in Section 8.4.2.3.1). Operational controls include
such things as plans for blast control (if blasting is uscd) to limit damage (0 surrounding rock; control
of fluids introduced in the shafts and MTL from mining or other sources; control of dust, vibration,
and traffic near sensitive experimental arcas; usc of phased construction and testing; and inclusion of
sufficicnt separation distances between experiments to reduce the potential for interference.

The backward cvaluation will consist of looking at each constraint placed on the design by the
experiment plans (Scction 8.4.2.3.1) and determining whether ESF operations will satisfy that
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constraint. This part of the assessment will include an evaluation of the sensitivity of each experiment
to changes in the environment that may occur due to ESF operations. The experiments will be
evaluated with regard to their sensitivity to such opcrational considerations as ventilation changes;
traffic; potential of excess water from surface flooding; and vibration, overpressure, and dust from
ncarby mining.

Current assessment

The assessment will be done when the design is finalized for the ramps and the ESF.

8.4.2.3.6.3 Integration of the Exploratory Studies Facility with the repository design

This section describes the general objectives and specific actions taken to plan and coordinate
the ESF dcsign and layout with the repository design in a manner consistent with the governing
regulations (10 CFR 60.15(c)(3) and (4)). The specific intent of this effort is to ensure compatibility
between the ESF and the repository designs and to limit potential interference between the ESF and
the repository. The repository conceptual design was described in detail in Chapter 6 of the SCP and
supported by detailcd evaluations presented in the SCP Conceptual Design Report (SNL, 1987). The
ESF testing, layout and operations are described in Sections 8.4.2.3.1 through 8.4.2.3.5.

The ESF Altematives Study recently completed by the DOE evaluated 34 different
ESF/rcpository configurations. In that study, a configuration was defined as the combination of an
ESF configuration and associated construction methods integrated with a repository configuration so as
to provide compatible interfaces between the ESF and potential repository. That is, for each
configuration the accesses and other ESF interfaces with a potential repository were defined in the
context of a total ESF/rcpository system so that ESF accesses were compatible with and had integral
functions in the repository.

In the initial part of the study, all previous ESF and potential repository conceptual
configurations (including the one described in Chapter 6 of the SCP) were reviewed and new
ESF/repository configurations were generated. The current reference ESF design concept, shown in
Figurc 8.4.2-18a, is ditferent from the configuration discussed in thc SCP. However, the potential
rcpository undcrground layout is quite similar to the layout shown in Chapter 6 of the SCP. The
current plan {or the general layout of the potential repository is shown in Figure 8.4.2-18b.

The general approach taken to limit ESF and repository interference focused on two
compatibility concemns. First, the ESF was designed to maintain compatibility with the repository
layout and operations. Particular attcntion was paid to cnsuring that repository preclosurc performance
objectives (10 CFR 60.111), retrievability, and radiological health and safcty were not compromiscd by
any component of the ESF design. Second, steps werc taken to ensure that the ESF dcsign was
compatible with postclosure considerations, particularly with the repository sealing objectives. Specilic
steps taken in the design to meet these two compatibility objectives are discussed below.

Compatibility with the preclosure performance objectives was addressed primarily by
establishing the experiment drifts within the dedicated Lesting area at the repository Icvel. Becausc it
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is a dedicated area, no waste is planned to be stored in the test area. A minimum of a
two-drift-diameter standoff from repository drifts (resulting in an even greater standoff from waste
emplacement areas) is also maintained to isolate the dedicated test area and reduce the probability that
testing activities would interfere with or alter any part of the repository area. The dedicated test area
was planned to support both site characterization and performance confimmation testing and to locate
both close to support facilitics. In addition, requircments were set {0 incorporate the test area within
the repository block but near the boundary. This was so the test area would have a limited impact on
the usable repository area and still retain the flexibility to expand without affecting the planned
repository mains or panel access drifts (Section 8.4.2.3.3). Also, to limit the disturbance to the
repository area, the long exploratory drifts were planned to be coincident with repository drifts (and at
repository grade). These drifts will also be mined using methods and controls similar to those planned
for the repository. Indeed, experience gained in mining these drifts will provide important input to the
mining procedures used in the repository.

The ESF would support a potential repository in several ways: (1).the TS north and TS south
ramps provide access to the underground lcvels: (2) the TS north and TS south ramps and the TS main
drift provide the conduit for ventilation air to support waste emplacement operations; and (3) the
exploratory drifts on the TS level penetrate waste emplacement arcas. Pictorial represcntations that
depict how thc ESF and potential repository interface are shown in Figures 8.4.2-18b, 8.4.2-18¢, and
8.4.2-18d. Tolerances at the intcrfaces will be established during Title II design based on generally
accepted mining practices. If the site has been determined suitable, the NRC has licensed the
construction of a repository, and all other pre-construction obligations have been met, the TS north and
TS south ramps and underground drifts could reprcsent the initial construction phase of a potential

repository.

The various surface facilitics shown in Figure 8.4.2-14 provide for worker comfort, surface and
underground utilitics, storage of excavatcd materials from underground, communications, and scientific
test data collection facilitics. The underground facilitics shown in Figure 8.4.2-18a provide shop
facilitics, drifts for scientific testing, and paths for ventilation air. The most important underground
activity is conducting the scientific tests and experiments. This is true for both the TS level and the
CH level.

If Yucca Mountain is licensed by the NRC for use as a repository, the ESF shops will be used
to support initial devclopment of the repository until the pcrmancnt rcpository shops arc
commissioned. The utility systems uscd for the TS level devclopment will be used for initial
repository devclopment until the pcrmancnt repository utilities arc installcd. The dedicated main test
arca will ¢ modificd to providc space as a training arca for waste emplacement, emcrgency, and minc
rescue activities.

The ESF may also include an optional shaft. Whether the vertical shaft will be included in the
ESF design will not be determined until scicntific data from the ramps are available. The optional
shaft would not be considercd a pcrmanent item in the proposed repository, but as a pilot shail to be
cnlarged later. The 16-foot diameter presently planned is not adequate for use in a repository.

Permanent items arc items or facilitics constructed or installcd as part of the ESF that arc
converted for operational usc by the rcpository. The majority of the cxcavations between the surface
and the TS level would become permanent items in the proposed repository. These items would
include the TS north and TS south ramps and all openings and drifts at the TS

8.4.2-98
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lcvel. The exception is any lateral exploratory drifts excavated undersized. All undersized drifts
would need to be reworked to be made adequate for repository use and are therefore not considered
permanent items.

Pcrmanent items would also include: ground support items used to reinforce rock and/or control
the movement of rock, except for items of support which may be removed or replaced if the ESF is
incorporated into the repository: and operational seals. which may be defined as any engineercd
structure including the material placed in an underground opening and/or the peripheral rock for the
purpose of controlling the flow of water and/or gas during the life of the ESF and through the
preclosure phase of the repository if the site is approved.

Consistent with the design criteria in 10 CFR 60.134(b)(2) that require that seals not become
pathways that compromise meeting the postclosure objectives. compatibility with repository scaling
requircments was addressed in scveral ways. First, only a limited number of interconnections of the
dedicated test area with the repository were allowed. These interconnections include long exploratory
drifts, which will be used as repository drifts, and other drifts needed for ventilation. The standoff
area between the dedicated test arca and the repository area also provides a degree of isolation
between the dedicated test arca and the repository so that postclosure scaling questions are limited to
the few intcrconnections. Additionally, any boreholes penetrating the repository horizon will be
located in pillars to the extent practicable. Finally, a drainage plan was established that was
compatible with repository operations and postclosure sealing concems. Specifically, excess water
entering the dedicated test area either through ramp/shaft flooding or encountering perched water zones
will be expected to remain in the area and drain into the formation. The long exploratory drifts are
graded to repository grades so that if repository construction proceeds they will be consistent with the
repository drainage plan (drifts will slope away from the rooms in which waste is emplaced). The
drainage featurcs of the ESF layout and standoff between the testing and waste emplacement areas are
consistent with mecting the additional design criteria of 10 CFR 60.133, particularly criteria (a)(1),
(2)(2), (d), and (h).

8.4.2.3.6.4 Dcsign flcxibility

One of the design criteria in 10 CFR 60.133 is the requirement for flexibility of design (10 CFR
60.133(b)). That critcrion rcquires the underground facility to have sufficient design flexibility to
allow for nccessary adjustments to accommodate specific site conditions. And since the ESF con-
struction is exploratory, significant flexibility is neccssary. “A major aspect in the ESF design is to
include sufficient flexibility (1) to provide altemative locations and orientations for the various
experimental areas to ensure that geologic, hydrologic, and other constraint conditions or acceptance
criteria on the location of the test can be met; (2) to incorporalc additional tests within the dedicated
test arca; (3) to open additional areas to exploration and testing without significant impact on the
repository; (4) to accommodate uncertainties or unusual site-specific conditions that may be
encountered; and (5) to incorporate schedulc changes allowing the more rapid development of some
areas or the suspension of some activities while tests are performed. This scction discusscs the
fcatures of the design and layout of the ESF that address these flexibility concerns. The design and
operations of the ESF arc described in Scctions 8.4.2.3.2 through 8.4.2.3.5, and (est constraints and
flcxibility requirements are prescnted in Section 8.4.2.3.1.

Tests to be conducted in the ramps have flexibility in location. Specific depths at which each
test will be performed will not be determined until construction of the ramp reaches the depths where
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testing is planned. Because experiments, such as the perched-water test, will be conducted only if
specific conditions (such as perched-water zones) are encountered in the ramp, flexibility in scheduling
of activities is necessary.

The design also provides ample space for additional testing within the boundary of the dedicated
test arca. While the specific location of tests have not yet been detcrmined, the space available within
the dedicated test area is much larger than the space provided in the ESF configuration described in
the SCP. If necessary, arcas proposed for shops and training could be converted to provide additional
spacc for the experimental program. The shops and storage areas could then be relocated. possibly by
devcloping the planned repository shops area that is ncarby. Larger scale experiments can be
incorporated by additional drifting within the dedicated test area. This is an option for incorporating
the heated room experiment into the test plans.

Sufficient flexibility in the construction and operations plans to extend the scope of many of the
planncd activities and open additional regions for exploration or testing was included in the design. If
deemed necessary, shafl sinking and mining opcrations could continue into the CH horizon or
additional arcas in the TPn could be explored by mining along planned repository drifts (at repository
gradc) as far as the planned rcpository boundary. Ventilation, utilities, and other support facilities are
designed to support additional mining capability (drilling jumbos, muck haulers, etc.) so that additional
mining could be done without gready compromising the schedule.

Uncertainties in ground conditions and water flow are always part of any mining operation. The
underground design for the ESF, thercfore, provides for flexibility in ground support to ensure stable
drilts for all areas. The ground support design is based on rock quality determinations and, thus, is
tailored to the specific ground conditions encountered. Additional ground support may be required in
cxperimental arcas where severe environmental conditions may be imposed on the rock mass. In
addition, poor rock conditions or excessive water may be encountercd in planned test areas requiring
the relocation of some tests. As discussed previously, additional area is provided for this contingency.

In conclusion, evaluations indicate that the current design layout has a great deal of inhcrent
flexibility for arranging test activities. In addition, flexibility relative to changes in design,
construction schedule, and experiment requirements have been considered. Finally, provisions or
contingencics for handling changes that may be necessary during construction and expcriment ficlding
have been considered.

8.4.2.3.6.5 Design and opcrational safcty

Introduction and background

This section discusscs the impact of safety considcrations on the design and operation of the
surface facility and the undcrground cxcavations of the ESF. Safcty concems and rcgulations arc a
critical factor in the design process. All applicable codes and regulations regarding hcalth and safcty,
as delined in DOE Order 5480.4, were followed in the design of the ESF. These include (1) the
MSHA code 30 CFR 57, (2) the Siate of Ncvada Reviscd Statutes Titlc 46, (3) the Califomia
Administrative Code Tunncl Safety Order Title 8, (4) the California Administrative Code Mine Safcty
Order Title 8, and (5) the Occupational Safety and Health Administration code 29 CFR 1926. The
surface facilitics, the undcrground layout, and the ESF operations are reviewed in Scctions 8.4.2.3.2
through 8.4.2.3.5. This scction reviews thosc features of the ESF dcsign most relevant to salcty.
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Discussion

The design of the surface plan includes sufficient pad size and a general arrangement of features
to ensure compliance with the applicable regulations. Surface noise regulations are considcred in the
design of the ventilation fan systems. Finally, the road system was limited to 6 percent grades for
heavy truck traffic and 10 percent grades for other traffic to limit safety hazards associated with the
grades.

The underground excavation was designed so that adequate ground-support control could be
maintained. This is accomplished by limiting the size and shapes of the drifts and the intersections to
ensure that ground support can be designed to limit rock fall. Two independent means of cgress are
required to be available at all times while personnel are underground, except during the limited period
before the ramps are connected. For safe equipment operation, drifts and rooms are generally limited
to less than 10 percent grade.

Consideration of safety concemns is evident in the design of the support and operations systems.
Support systems include ground support, ventilation, utilities (water, electrical, and compressed air),
communications, and emergency escape systems. These are discussed in the following paragraphs.

The ground support system is based on a rock quality rating method and rock mechanics
analyses. The requirements for support vary with the observed rock quality to ensure that all drifts
will have the support necessary to maintain stability and limit the probability of rock fall in the area.

The ventilation system is designed with an overcapacity, primarily to allow for flexibility in the
underground design. This overcapacity, however, also includes a margin of safety for controlling dust
and maintaining air quality in the ESF. The ventilation fans are réversible and ventilation control is
provided so that in the event of a fire underground, the spread of the fire and the resulting smoke and
fumes can be controlled with the ventilation system.

The utility substations for electrical distribution are isolated in separate alcoves to keep them out
of the main traftic patterns and to limit exposure of personnel to high voltage equipment. In addition,
an uninterruptable power supply is uscd, with backup generators to ensure that in the event of loss of
powecr to the site, critical facilities and equipment will have backup power.

Besides the ramps and optional shaft for emergency egress, the underground design also
includes a refuge chamber. This chamber is centrally located to the operations on the MTL so
personnel will have a safc, controlled arca to wait for evacuation if needed. As the long lateral drifls
arc cxlended away from the dedicated test arca, additional refuge areas may be included for personnel
working in areas remote from the ramps. Thc refuge chambers are equipped with emergency utilitics
and communications and arc airlocked to provide a controiled atmosphere.

Operational aspects of the ESF rclated to safcty include (1) the control of the traffic patiemns (o
limit arcas wherc personnel and heavy equipment must work at the same time, (2) the control and
isolation of potcntially hazardous arcas such as the shops and equipment handling arcas, and (3) the
isolation of the shaft stations wherc dumping and mucking operations are concentrated.

As just discusscd, the design process for both the surface and underground operations has

considered safety as a paramount issuc both through enforccment of codes and regulations in the
design and through additional dcsign constraints imposed to enhance safcty of the YMP.
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