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Figure 247, Waste Package Emplacement Route—Key Locations : -
The waste package transportation irain would follow & predetermined foute selected according to the destination of
the waste package in the underground drifis. The emplacement location of each waste peckage wolld be
""" henmal management procedures and ‘operational’ considerations, ‘such as emplacement

| determined based on thennal mana
sequencing.
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controls would monitor the spead af trava! to mummize dependency on operator&

. Ifan cmplgpement dnft will be reached from face: the empfacement drift dockmg area for
the west main; ,,traiu will get ‘thére by transfer of th "‘waste-packaz,e, and 1t must face the

going around the north cnd

- The return 'trip“ to the s -will follow the
same route in the:re 'sequenice, The
transporter’s open deck: must.face: ﬂw Waste
Handling Building to_
package. Therefore, th transporter must be : '
properly oricnted before docking at the: Waste 'locauons where the nonh mmp and the noxth amp -
Handling Building. R extéension meet the east main; :
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can be summarized as follows (CRWMS M&O
200020, Section 6; CRWMS M&O 2000y, Section

6):

The waste package, loaded on an
emplacement pallet, is placed on the deck
of the transporter waiting at the receiving
dock of the Waste Handling Building.

A semirigid chain mechanism pulls the
pallet and waste package into the shielded
enclosure of the transporter via the bed
plate, which is supported on rollers.

“The shielded enclosure doors are closed to

protect the operators, and a primary loco-

“motive pulls the loaded transporter away

from the Waste Handling Building
docking area.

During a stop at a track turnout outside
the Waste Handling Building, a secondary
locomotive joins the train by coupling

itself to the transporter. Both locomotives

are driven by operators.

Both locomotives, one in front and one
behind, move the loaded transporter into
the subsurface facilities.

The train stops at the main drift, near the
predetermined emplacement drift turnout.

The locomotive at the rear of the trans-
porter is decoupled from the transporter.
The locomotive operators leave the loco-
motives and move to a designated
location to protect themselves from radia-
tion while the emplacement drift doors are

open.

The locomotive controls are turned over
to remote control operators in a control
center at the surface, and the locomotive
in front of the transporter moves the trans-
porter into the turnout and stops before
reaching the emplacement drift docking
area. :

The transporter doors are fully opened, -

and the emplacement drift isolation doors
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are also fully opened from the surface

10.

11.

12.

control center.

The locomotive docks the transporter (see
Figures 2-49 and 2-50), pushing the open
deck section of the transporter completely
inside the emplacement drift.

The semirigid chain mechanism pushes
the pallet and waste package from inside
the ‘shielded transporter enclosure to the
open deck area of the transporter via the
bed plate, which is supported on roliers.

The waste package emplacement gantry,
also riding on rails and remotely operated,

. moves from inside the emplacement drift

completely over the waste package and
pallet, straddling the transporter’s open

~ deck. The gantry lifts the waste package

by its pallet and moves back into the drift

- to the waste package emplacement

13.

14.

15.

16.

. location.

The locomotive moves the transporter
away from the emplacement drift docking
area and stops. The transporter doors and
the drift doors are completely closed.

The locomotive moves the transporter
from the tumout to the main drift and
stops to allow the second locomotive to
couple to the train.

The operators board the locomotives, the
controls are turned back to manual opera-
tion, and the train proceeds to the surface
for another cycle.

Before docking at the Waste Handling
Building, the train stops, the locomotive
in front of the transporter is decoupled
and moved away to a standby location,
and the locomotive behind the transporter
moves the transporter to the building
dock.

Some of the steps in this sequence are illustrated in
Figures 2-48, 2-49, and 2-50.
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Figure 2-49.  Locomotiva Operations at Emplacement Drift Turnout.. : '
This figure has been designed. with ‘sea-throligh drift- rock ‘walls. 50 the: maneuvenng of tha locomotives and
transporter at the emplacement: rilt fumouts can be better appreciated ocomotive (s ecoupted frcm th
transporter at the main drift, the operatars feave the locomotives and take shelt y the

- ‘other locomative is then. remoteiy aperated for tha travet into the tumoit area and delivery of the waste package.
This figure shcws one bwmtm on stmdby while the ather locomotive moves the transporter into ths turnout:

23. 4.4.2 Waste Packages and Pallets

Section 3 provides. spec:ﬁc ant‘ormation about
waste package types and sizes, ﬁlewcharactenstncs,
;and the waste forms they contai
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Figure 2-60.. Docked: Transporter with Pallet ‘and. wa,s_;ef Package on T;ansportéfs Open Deck .and
' Emplacement Gantry Approaching the Docking Area for Pickup. -

‘As the transporter is docked into the emplacement drift entrance, the waste package resting on the paliet would be

rofied out of the transporter shiglded enclosure via a bed plate mounted on roflers. The emplacement gantry, walting
inside the emplacement drift, would be moved over the waste package to straddle and pick up the paliet and the

waste package combination, The loaded gantry would then be moved into. the drift for emplacement of the waste

‘package end paliet,

of the emplacement pallet, which would ailow the

waste packages 10 be placed end 1o €nd, within

 10c¢m (4/in.). of each other, without interference
~from the pallets. - o

" The emplacement patiet would be moved :as one
unit with the waste package from fhe Waste
Handling Building to the ‘emplacement drift, and

would support thé waste package in the drift

permanently. While loaded with a-waste package,
the patlet would be lifted by lifting poins at the
support, directly ‘under the ‘upper stainless steel
" tubes, as Figure 2:52:illustrates. The pallet design
inéets the design réquirements for structural

strength (CRWMS M&O 2000ap, Section 6.2)

‘during lifting ‘under the Weight of ‘the: heaviest

waste package, as documented in Design Analysis
for thé Ex-Container Components (CRWMS M&O
2000ap, Section 6.4). Dimensions ‘and dimensional

“ clearances for the pall¢t/waste package combina-

tion are provided in Scction 2.34.5.

‘The Emplacement Drift Systers Description Docti-
ment {CRWMS M&O 2000ab, Section: 1.2.1.20)

requires that the waste packages be fetricvable for
“a period of up to 300 years. Therefore, the

emplacement pallet must remain in a condition that
can'be lifted even at the end of this period. Neces--
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Figura 2-51.. Emp!acement Pa!let lsometric View -
This ﬁgure Tlustiafeg me-conﬁguraﬁon of the pallet_ There would be two sizes. one for long packages and another for
CRWMS M0 2000ap. Sectlon B2, :

 Deawing Nk
- BO0330C. -ntr,zsm m-ao

" Figure 2.5, Emp!acemem Pallet Lcaded with Wasts Package
The emp!acemen! gantry lifing arms engage the pallet at the suppon pomu TIustrated inthe ﬁqura‘ on both: sxdes of
the pallet. The gantry during tha lifting or. emplacement operations does. not contact the waste packaga The shorter:

length'of the pallet, with respect 1 the length of the waste package; allows the gantry to emplace one 'wasta padtaga

‘close 10 another wﬂhout :merfemnca by tha pallets- Source: CRWMS MEO 2000ap, Section 6.2
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sary calculations have been done to support this
design requirement (CRWMS M&O 2000ap,

- . Section 6.4). Seismic activity could also affect the

ability of the pallet to maintain the normal waste
package position. Seismic calculations would be
incorporated "in support of license application
(CRWMS M&O 2000ap, Section 6.2).

23443 Locomotives and Waste Package
Transporter

2.3.4.43.1 Rail System

The locomotives and waste package transporter use
a track gauge of 1.44 m (56.7 in.). An American
Institute of Steel Construction standard crane rail
of 66.9 kg/m (135 Ib/yd) would be used in the
north ramp, in all the main drifis and turnouts, and
for the rail line leading to the Waste Handling

. Building (CRWMS M&O 2000a0, Sections 6 and

7). The rail system is designed to support the trans-
portation of waste packages over the life of the
system, including retrieval, for the design loads
imposed on the rail by the locomotives and trans-
porter. The bounding weight used in the
calculations for a loaded transporter is 400 metric
tons (CRWMS M&O 2000a0, Section 6.4.3.4).
This bounding weight includes component weights
listed below, in addition to an adequate design

margin:

* The heaviest loaded waste . package:
85 metric tons (includes- 12.5-metric ton
design margin)

* The paliet: 3 metric tons

* The bed plate that rolls in and out of the
shielded enclosure: 9 metric tons

» Transporter shielding and fixed equipment:
164 metric tons

* The transporter flat deck car: 136 metric tons.
The trucks and wheels for the locomotives and

transporter are designed to negotiate the 20-m
(65.6-ft) curve radius that is the design basis of the

track system. The curvature of the emplacement

drift turnouts imposes this limitation. The north

ramp and other main drifts will not have curvatures
with less than a 305-m (1,000-ft) radius (CRWMS -
M&O 200020, Section 4.2.3.4). This limitation is
not driven by the rail alignment but by the allow-
able curvature of the muck conveyor system used
during excavation to avoid transfer stations.

The steepest railroad grade for the entire waste
emplacement and transportation system is found in
the north ramp. The grade is only 2.15 percent,
which is well within the operational range of the
proposed locomotives (CRWMS M&O 2000y,
Sections 4 and 5). Rail grades in the south ramp are
steeper but are not intended for waste package
transportation. The south ramp would be used to
support repository development activities, such as
transportation of construction materials.

2.3.4.4.3.2 Locomotives

The two waste package transport locomotives
would be 50-ton, 4-axle, 8-wheel units, as Figures
2-48 through 2-50 illustrate. The locomotives use
electrical power (650-volt nominal direct current)
supplied through an overhead catenary wire and a
pantograph (a wide contactor supported by a
hinged, diamond-shaped structure mounted on the
roof). The rails act as the ground, completing the
electrical circuit. The overhead catenary wires
would be installed in all drifts and turnouts where
the locomotives would operate. Each locomotive .
has dual direct-current electric motors rated at
170 hp each (CRWMS M&O 1998e, Section 7.3).
Other functions performed by the waste transport
locomotives include:

» Transporting waste packages to the surface in
support of retrieval operations, if necessary

e Transportizig waste packages between drifts,

as needed, to support repository operations
and maintenance activities

* Transporting the emplacement gantry carrier
. from the surface to the emplacement drift
turnouts and from drift to drift

. Transportihg the inspection gantry carrier
from the surface to the emplacement drift
turnouts and from drift to drift

2-117




- +Yucea Moumum Scxence and. Engmeermg Report

- This figure illustrates the size of the wasta package transportation equipment relative to ths stze of ' '_fe main dnlt it;
also illustrates the catenary ble and pantograph system for contmuous power supp!y to tha Ioo0m ﬁves. 1

emplacementl_ gantry fmm the surface to: the

emplacement dnﬁs.

For redundancy and addcd safery. two locomouves
would be: used any ume the transponcr is mobl—
Waste Handlmg Bunldmg and at the em;ilacement
drift tumouts, where only one locomotive is used).
One locomotive would be in front of and the other
behind “the: transporter. “This train configuration

provides assurance -against the poss:b:hty of a
runaway transporter or adverse- situations ‘created
by operator error, Section-2.3,4.4.4 discusses safety.

analyses of the locomotives: and waste packagez
transport, opcrauons.

The locomotives and transport‘eiwuu‘id operate
within the space clearances in-the north ramp,:
north: ramp ‘extension; and main drifts. The main

drifts would be excavated o' tli¢ same diameter as
the ramps, 7.62m (25 ﬁ) Figure 2-53is a perspec-
tive view of the locomotives and transporter in
transit- along one. of the miain. drifts; This: fig igure

illustrates the size-of the equipment relative to the

main drift dmme(cr.

.fur the repostto '

The. maxxmum opera : g speed for the locomouves,

Sle
el wnhm safety limits estab-
lished by the industry.

234433 wssfe-Packa;g Transporter:

The waste package' 'ttans’p’ortef consists. of a flat
railcar 22 m (72.4 fY) in. length, with a waste

. package sh:e!dmg structure at oneend and an open

deck at the other end.. Anclllary equipment '
installed on the transport
for opening and closing the shielded doors: a'bed

_includes mechanisms

plate supported on m!lers, a scmmgld cham' mech-

out. of the shieldcd ( llosure Figure 2. 54 |I!us~
trates the transporter and’ its components.

This waste’ package 1ransporter desxgn with an mte—
grated transfer deck eliminates the complexnﬁes of
ahgnmg several separate componems at the. waste:

Flgm 253, Wasta Package Transporta!ion Equlpment Travellng A%ong Main Drm '
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'systems for upemng ‘the endosure doors #nd for ronmg the bed plate in and out of the’ endosure The open deck
‘pottion of the transporter extends into the emplacement drift- when docked:at the drif ‘entrance. This allows the
~emplacement gantry {0 straddle the lransponer iend be positioned right over the loaded pallet for its pick: up. The
emplacement drifi rail gauge woufd be wide enough o accommodate the lransporter between ralls. . .

. ,vpackage ‘transfer locatlons. The mtegratcd trans-
. porter design, wrth the -shielded enclosure Iocated
toward one end of the flat deck car, allows the open
deck area. to . extend adequately beyond ‘the
shte]dmg structure, - “which ‘permits the waste

- - package. and pallct to be moved together out. of the,

enclosure and ‘positioned for: access by the
cmplacement ;gantry. The waste packagc trans-
© porter. would be docked: between the rails of the
-emp!ar:ement ganm ‘in “the. emplacement dnﬂ,
enabling the cmplaccmcm gantry to straddie - the
transfer deck ‘to pick up ithe ‘waste package and
paﬂet.

A bed plate sized o comam and restrain the pallet

has four. low-proﬁle, heavyvduty tollers affixed to.
its undersnde to aid movement of the waste package

‘nut of the. sh:eided enclosure: After the. emp!nce--
‘ment gantry engages 1he pallet and raises ‘the
_loaded pal} "htgh cnough 10 clear the bed plate the

bed plite would be retracted back into the shielded
enclosure.. This transporter desugn ‘eliminates the

‘needfor. precise alignment of tracks between the

transporter- a.nd thc cmplacemcnl dnﬁ, and nt
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screw limits the maximum height the waste
package can be lifted to less than 1 m above the
deck of the transporter (CRWMS M&O 2000z,
Section 6.3). This maximum lifting height limit is
much less than the 2-m (6.6-ft) vertical lift limit
specified for protection of the waste package
(CRWMS M&O 2000ac, Section 1.2.2.1.3). To
eliminate the risk of dropping a waste package in
the docking area, the transporter remains in the
area until the loaded gantry moves back into the
emplacement drift.

Design calculations for the transporter (CRWMS
M&O 200020, Section 6.4) were done for various
static and dynamic loading conditions, which
resulted in the selection of industry standard

320 BHN (Brinnel hardness number) wheels and .‘

rails. The wheels have a diameter of 762 mm
(30 in.). The 320 BHN wheels can be used by
equipping the transporter with dual 3-axle trucks
for the rear and dual 2-axle trucks for the front.

The bed plate consists of a thick steel plate that

distributes the waste package and pallet load
through rollers (attached to the bottom of the bed
plate) to the transporter. The design uses reliable,
low-profile unitary rollers. The roller assembly
runs on an inverted channel installed on the deck of
the transporter. The channel safely and reliably
guides the bed plate rollers to a position centered
with the emplacement gantry for pickup. The bed
plate would be attached to the ends of two gear-
driven semirigid chains that run in floor-mounted
guides on each side of and parallel to the bed plate
as it rests on the transporter. The chain guides
extend from inside the shielded enclosure along the
transfer deck. The semirigid chain attached to the
bed plate pushes the bed plate out of, and draws it
back into, the shielded transporter enclosure. The
bed plate incorporates restraints and spacers to
immobilize the waste package, pallet, and bed plate
inside the transporter for safe transit to the
emplacement drit  (CRWMS M&O 200020,
Section 6.4).

The shielded enclosure is designed to meet the
radiation dose rate limit of 100 mrem/hr on the
transporter surface (CRWMS M&O 2000a0,
Section 6.7.3), which is accomplished with a very
thick A 516 steel enclosure wall. The steel wall

provides sufficient shielding for nonaccessible
areas (i.e., the deck floor below the shielded enclo-
sure) during normal operations. In addition to the
A 516 steel, the shielded enclosure has a borated
polyethylene layer for neutron shielding (CRWMS
M&O 2000a0, Section 6.7).

23.4.4.4 Waste Transfer and Transport
Safety Analyses

A safety analysis (CRWMS M&O 2000y) was
performed for the waste package transport system.
The analysis addressed scenarios for a runaway
train and derailment, tipover determinations, effec-
tiveness of impact limiters, and mitigation of
uncontrolled descents. During the development of
the analysis, several safety features were identified
and evaluated, resulting in the system components
described in the discussions that follow.

23.4.4.4.1 Transporter Safety Features

The primary brake system for the transporter
consists of an automatic, fail-safe tread-brake
system activated by a decrease in air pressure. The
application of a brake shoe against the tread of a
rail wheel is called tread braking. Although most
commercial railcar brake systems are activated by
a decrease in air pressure, the actual tread brake
application is performed with compressed air. A
pneumatic control valve responds to signals sent by
the locomotive operator; these signals are in the
form of changes in air pressure within the main air
line, or trainline. The trainline is the physical air
connection from the locomotive to each railcar air
brake system. Compressed air is supplied by the air
compressor on the locomotive and stored in air
reservoirs on each railcar. When the air pressure in
the trainline is reduced, the control valve on each
railcar mechanically senses the pressure drop and
delivers compressed air from the railcar reservoir
to the brake cylinder(s). The amount of air sent to
the brakes is proportional to the drop in brake pipe
pressure.

Although commercial railcar brake systems are
fail-safe and proven in the railroad industry, a
simpler brake system is envisioned for the trans-
porter. This brake system uses a spring-acting/air-
release brake cylinder to provide the stopping

2-120
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force. Powerful compression springs within the
cylinder apply the required brake shoe force

against the wheel, rather than using air pressure °

from the reservoir. With this system, compressed
air is used to collapse the springs, thereby releasing
the brake shoe from the transporter wheels. As air
pressure decreases in the trainline, brake shoe force
is proportionally applied by the springs. This brake
system climinates the need for the waste package

transporter to have 2 compressed air reservoir and -
control valve, resulting in a simpler fail-safe brake

system (CRWMS M&O 2000y, Section 6.1).

The secondary, or redundant, brake system for the
transporter is a hydraulically applied disk brake
- system. This brake system comprises a disk and a

caliper mounted on each axle of the transporter

trucks. The calipers are hydraulically applied and
spring released, which is not a fail-safe configura-
tion. Pressure is applied to the brake calipers
through a hydraulic connection to the locomotive
hydraulic system.

23.4.44.2 Locomotive Safety Systems

The locomotive braking system consists of four
brake systems: tread, disk, parking, and dynamic
brakes. The tread and disk brakes can each stop the
train independently. The parking brakes hold the
train in position once stopped. The dynamic
braking systems regulate the train speed as it

descends the north ramp but would not be used for

a complete stop.

The locomotive tread brakes are automatic, fail-
safe air brakes, similar to the transporter tread
brakes. Like the transporter brakes, the stopping
force of the locomotive tread brakes is provided by
powerful compression springs. Air pressure is used
to collapse the springs, thereby releasing the brake
shoes from the locomotive wheels.

The disk brakes are the backup, redundant brake
system installed within the transmissions of the
locomotive. The disk brake calipers are hydrauli-
cally applied and spring released, which is not a
fail-safe configuration.

The locomotive parking brake is a spring-applied,

manual-release disk brake. The brake consists of

an independent caliper mounted to operate on the
same disk as the redundant disk brake system.

Dynamic braking uses the locomotivé direct-

“current drive motors to typically control train

speeds on steep grades. The locomotive wheels are
allowed to transfer mechanical power opposite the
moving direction by back-driving the transmis-
sions and drive motors. Extended-range dynamic
breking may be included on the locomotive,
allowing it to be used at speeds as low as 4.8 km/hr

(3 mph).

2.3.4.4.4.3 Summary of Results of Safety
Evaluations

From the maximum operating speed of 8 km/hr

- (5 mph), the transporter and the two locomotives

will take 13.5 m (44.3 f}) to stop at a 13 percent
brake ratio, This is a ratio, expressed as a
percentage, of the total net brake shoe force

‘applied at the wheel tread to the rated gross weight

of the railcar. From the same maximum operating

*speed of 8 km/hr (5 mph), a full emergency brake

application (60 percent brake ratio) will stop the
transporter and the two locomotives in 1.58 m
(5.18 ft) (CRWMS M&O 2000y, Section 6.3.3).

The analysis also showed that the impact force
resulting from a collision at a maximum transporter
operating speed of 8 km/hr (5 mph) is less severe
than the impact from a 2-m (6.6-ft) design basis
waste package drop.

Calculations of a hypothetical runaway scenario
down the north ramp, with the runaway train (loco-
motives and transporter) reaching a maximum
velocity of 31.9 m/s (71.4 mph), concluded that the
equivalent stopping distances are 2,518 m
(8,260 ft) at & 13 percent brake ratio, and 321 m
(1,054 ft) with the emergency brake application (60
percent brake ratio)) (CRWMS M&O 2000y,
Section 6.3.3).

Calculations of various runaway scenarios show
that the runaway velocity is above the tipover

'speed. Therefore, it is possible for the loaded waste

package transporter to partially tip over during the
defined runaway scenario (CRWMS M&O 2000y,
Section 6.4.3). Impact limiters are devices attached

- 2-121
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to the waste package transporter that would help
absorb impact energy in the event of a collision. In
a worst-case runaway condition, the transporter
would most likely tip over on the north ramp curve.
Because of the size of the transporter relative to the
drift diameter, the transporter would not tip over

completely; the transporter would impact the wall |

above the deck level. Therefore, impact limiters

installed at the transporter deck level and on the

ends would provide negligible impact protection
for the tipover condition (CRWMS M&O 2000y,
Section 6.5). The analysis suggests that additional
impact protection could be provided by incorpo-
rating an energy-absorbing layer on the inside of
the radiological shield of the transporter (CRWMS
M&O 2000y, Section 6.5), although it would
increase the overall size of the shielding. Such an
energy-absorbing layer, which would present
“design and operational complexities, will be evalu-
ated further.

- An analysis for derailment showed that a wheel-
climb derailment was only possible with severely
wonn rails under full runaway conditions (CRWMS
M&O 2000y, Section 7). This condition would be
prevented by inspection and replacement of the
rails before they become severely worn. However,
other types of derailment, such as those that could
result from rail failure, would still be possible.
Periodic inspection and maintenance would help
prevent rail failure occurrences. Following derail-
ment, the transporter would hit the wall at the north
ramp curve on a course almost parallel to the wall.
For this lateral impact, the impact protection from
an impact limiter installed on the front of the trans-
porter deck would be negligible because the impact
limiter would not make contact with the drift wall.
_The top of the transporter would make contact with
the drift wall instead (CRWMS M&O 2000y,
Section 6.5).

To limit the potential for a runaway condition,
additional controls (i.e., magnetic track brakes and
car retarders) are being evaluated to mitigate an
- uncontrolled descent. In addition, automatic
controls are being evaluated. The magnetic track
brakes can provide railcar deceleration rates on the
order of 2.46 to 3.58 m/s? (8.1 to 11.7 ft/s?). Car
retarders, when used, are incorporated into the rail
system. The major types of retarders used are the

wheel clamp and the hydraulic piston-type

. retarders. The former produces friction by
-clamping to both sides of each rail wheel, while the

latter are passive energy absorption systems similar
in function to a shock absorber. :

For the safety classification of structures, systems,
and components, an event sequence impact is
considered in the design if its estimated frequency
of occurrence is 1 x 10yr or greater. The safety
analysis concluded that the occurrence of a
runaway transporter event could be reduced to a
frequency less than 1 x 10%yr. Therefore, a
runaway event could be screened out as a beyond
Category 1 or Category 2 event sequence. The
event frequency is reduced to less than 1 x 10%/yr
by enhancing the design features of the brake
control and communications system.

A primary reason for enhancing the onboard
systems is to reduce the reliance on human opera-
tors to respond properly to a runaway event. These
design features include an electronic interlock that
prevents the operator from starting the train down
the north ramp without having dynamic brakes
engaged; an alarm to alert the operators when the
speed of descent is too high; and an automatic
application of tread brakes to maintain speed
within the normal operating range (CRWMS M&O
2000y, Section 7.1). These design features imply
greater reliance on the brake control and communi-
cations system, thus creating the need for
redundancy and diversity among brake systems.
Additionally, a reliability analysis was performed
on a conceptual rail-mounted speed retarder
system. Such a system is based on proven tech-
nology and appears to be promising as a different
means of controlling the train’s speed of descent
that is redundant with the onboard brake systems
(CRWMS M&O 2000y, Sections 6.7 and 6.8.3),
2.345 Waste Package Emplacement

As described in the previous section, waste
package emplacement is a remotely controlled
operation directed from a control center at the
surface facilities. The environment inside the
emplacement drifts, due to high temperatures and
radiation, makes it unsafe for a person to enter the
drift when waste packages are present. If equip-
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ment recovery or drift maintenance becomes
necessary, human entry would be possible only
" after all the waste packages have been temporarily
relocated to a different drift and after increased
ventilation has lowered the ambient temperature of
the drift to below 50°C (122°F).

Emplacement of waste packages for the 70,000-
MTHM base case has been estimated to take a total
of 24 years (YMP 2000a, Table 3-2). The period of
time for emplacement of the 97,000-MTHM full
inventory case has not been estimated, and there
are different emplacement options. The ultimate
emplacement duration will depend on what
strategy is adopted for codisposal of DOE spent

nuclear fuel and high-level radioactive waste. The.
“maximum emplacement rate is expected to be

605 waste packages per year (CRWMS M&O
. 2000ac, Section 2.2.2.4); therefore, the capability
is available to emplace 97,000 MTHM of full
inventory waste in less than 30 years.

i Tables 2-15 through 2-19 summarize preliminary -

engineering specifications for waste package trans-
portation and emplacement system components.

Table 2-15. Summary of Waste Emplacement Track

Table 2-16. Summary Description 6f Waste Package

Transporter Components
Rem Detall
Structure Fiat railcar with partlal overhead
enclosure
Undercarriage 3-axle rear trucks, 2-axie front
: trucks, 762-mm diameter wheels of
320 standard BHN
Dimensions
< Height 43m
» Width 29m
- » Length 2m
» Weight 400 metric fons maximum when
lcaded
Waste package pallet | Alloy 22 welded plates for waste
package support, Stainless Steel
Type 316L stainless steel square
tube supports
Slandard Steel Type A 516 steel |

Shiekling

enclosure, 171.5 mm radial wall
thickness, 196.9 mm axial wall
thickness; borated polyethylene
layer

Table 2-17. Summary of Waste Emplacement

Locomotive Specifications -
ftem Detall
Unit weight S0 tons
Maximum speed { 8 km/hr (5 mph)
Undercarriage 4 axle, 8 wheel
Drive Duat! electric 170 hp motors
Power Electric 650 volt direct current
Power supply Overhead catenary wire, pantograph, and
ground rails

Table 2-18. Summary of Bounding Weights of Waste
Package Transporter Components

Specifications
- Htem Detail
Rail type AISC Standard Crane Rail
of 320 standard BHN

Rall weight 66.9 kg/m (135 Ib/yd)
Track gauge 295m
Rail support beam Two WBxE7
Transverse rail and pallet One W12x65 per 1,500 mm
support beam spacing
Longitudinal pallet support Three W12x65
beam .
Guide beam Two W6
Stiffener bracket Not specified
Design load 400 metric fons
Tum radius of curvature .

« Emplacement drift turnouts |20m

» North ramp and main drifis |305m
Maximum track grade 2.15 percent

NOTE: AISC = American Institute of Steel Construction.

Mass
Component (metric tons)

‘| Loaded transporter maximum weight 400

Transporter shielding ) 164

Flat car . 136

Largest waste package (inctudes 85

design margin) . :

Bed plate ]

Waste package pallet 3
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Table 2-13. Design Basis Summary of Waste
Package Transporter Performance

Item Detail
Waste emplacement period 24 years
Any time from the start
of emplacement up to
approximately

Operational period during which
retrieval could be initiated

100 years, with the
potential for retrieval to

start during an .
extended operational
period of 300 years
Duration of retrieval planning and
operations Up to 34 years
Number of waste packages 11,750
Maximum emplacement rats of
wasts packages €03 per year
Maximum gantry speed 2.7 km/hr
Transporter braking .
» Deceleration rata 2.46 10 3.58 m/s?

» Stopping distanca .
- 8kmi/hr speed at 13% braking | 13.2m
- 8 km/hr speed at 80% braking | 1.58 m

Radiation dose limit on transporter

surface ) 100 mremvhr
Maximum lifting height of waste im
packags )

NOTE: Al numbers ara for the base casa waste package
inventory (CRWMS M0 2000h, Table 1).

23451 Empfacemcnt Gaitry

The gantry designed to handle the waste package
and pallet is called the bottom/side lift gantry
(CRWMS M&O 2000z). The gantry illustrated in
Figure 2-55 rides on 135 Iblyd rails with a rail
centerline to rail centerline distance of 2.95 m
(8.2 it). The gantry has been designed so it will not
drop a waste package or become inoperable as a
result of a Category 1 earthquake event.

The gantry is designed to operate in the high-
temperature, high-radiation environment inside the
emplacement drifts. Its operation only involves
moving forward and backward on the rails and
moving the lifting arms up and down. This simple
operation reduces the complexity of the gantry’s
mechanical, electrical, and control systems, which
makes the gantry inherently reliable. The incorpo-
ration of high-quality hardware and software
components further enhances control system
reliability. These components mainly include
redundant programmable control computers,

instruments, and communications equipment.
Fault-tolerant operation is ensured by physically
separating . the redundant components, providing
backup electrical power and data communication
systems, and employing diverse technologies that
will not be susceptible to similar failures from a
single cause. Shielded and insulated cabinets
protect the heat- and radiation-sensitive instru-
ments, and solid-state air conditioning units
regulate the temperature. Built-in fire detection
would automatically activate fire suppression
systems if an onboard fire is detected (CRWMS
M&O 2000z, Section 6.6.6). At this point, the
gantry would be retrieved from the drift for repairs.

The primary source of electrical power for the
gantry is an electrified third rail (conductor bar)
system. The vehicle would have redundant power

~ pickup mechanisms to ensure a reliable and contin-

uous connection to the source of power. The gantry
would have an emergency backup power system
(onboard rechargeable storage batteries) with
enough power to lower and release the load and
return to the drift entrance. The locomotion system
would have four independent direct-current drive
motors, with one motor at each of the wheel assem-
blies. The maximum operating speed that the
gantry can travel when carrying an 88-metric ton
load waste package and pallet is limited to
2.7 km/hr (150 f/min or 1.7 mph). The gantry
would have independent fail-safe braking systems

“(a primary system and an emergency system). In

the event of a power or communication loss, or of a
vehicle control system malfunction, the braking
systems would engage and bring the gantry to a
stop (CRWMS M&O 2000z, Section 6.6.2). At this
point, the gantry would be retrieved from the drift
for repair.

The video system of the gantry would provide
operators at the remote control center with real-
time visual information about the operating envi-
ronment and vehicle performance. This system
would consist of several onboard high-resolution,
articulated, closed-circuit television cameras and a
series of high-intensity lights. Thermal and radio-
logical sensing instruments would provide the
remote control center with real-time status on these
two environmental conditions in the emplacement
drift (CRWMS M&O 2000z, Section 6.6.5).
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pallet to the desxred elevation, the gantry would
move the waste package to its emplacement loca-

tion: int the drift, 1t would lower the waste package

and pallet until the pallet rests directly oft the drift
invert. The gantry: would then' move slowly away.
from the: emplaced waste package until the arms
are clear. Returning: 10 3 normal Speed, the- gantry
would proceed to the drift entrance fo: await the
arrival of another loaded transportes (CRWMS
M&0 2000z, Section:6, 1)

The bottom/side lift gantryis. c”l'esi'gned: to handle 3
wide range of waste package sizes without having
to ndjust the horizontal spacing of the arms, Lack
of a need for such adjustments. reduces the
4complexaty of mechanical components;, thereby
increasing their reliability: 'Ihe hﬂmg arms- never

contact the waste package, thus elxmmatmg the

Thé emplacemcnt gantry” is desngned to operate
within the clearances inside the 5.5-m (18-ft) diam-
eter emplacement .drifts. Figure 256 shows ‘4
perspective view of the gantry insidé the emiplace-
ment dnﬁ.

The emplacement gantry would not be left inside
an emplacement .drift for extended idle periods
becatise of the potential detrimental effects of heat
and radiation"on the gantry sensors and jnstru-
‘ments: An emplacement gantry. carrier; which is a

Figure 2-58.  Bottom/Side Lift Emplacemem Gantry—-End Vlew within: Emplacement Drift
This figure iflustrates: the emplacement gantry transpoiting & loaded. pallet inside an- emplaoement drift Also
illustrated s lha sleel invert section that const:!utes the: "ﬂoor‘ or emplacemem smf_ace of lha dnl!. Relatlve size of
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flatbed railcar with on-deck rail tracks that mate
the drift tracks, moves the gantry from drift to drift,
or to a staging area.

234.6  Retrieval

23.4.6.1 Requirements for Retrievability
Retrievability at a high-level radioactive waste
repository is a requirement mandated by the
NWPA (42 U.S.C. 10101 et seq.). The NWPA, as
amended in 1987, provides the reasons for which
retrievability may be exercised. Section 122 of the
NWPA (42 U.S.C. 10142) states that any reposi-
tory to be approved as a result of the NWPA shall
‘be designed and constructed to permit the retrieval
of any or all spent nuclear fuel placed in such a
repository. It also states that such retrieval should
take place during an appropriate period of opera-
tion of the facility. Retrievability is justified under
the NWPA for reasons that include public health
and safety, environmental concerns, and recovery
of the economically valuable contents of spent
nuclear fuel.

The NRC regulation, 10 CFR Part 63 (66 FR
55732), establishes a minimum period during
which retrieval must be possible. Waste must be
retriecvable on a reasonable schedule, starting
anytime up to 50 years after the start of emplace-
ment. The DOE has developed a schedule that
would permit retrieval in about the same time taken
for construction of the Geologic Repository Opera-
tions Arca and the emplacement of wastes. The
design described in this report allows for a2 preem-
placement construction period of 5 years and a
period of repository operations and performance
confirmation testing of 50 years, including
emplacement. It should be noted that the perfor-
mance confirmation testing period started during
the site characterization and would continue until
closure of the repository. Retrieval, if needed,
would require up to 34 additional years, which
includes 10 years for planning, engineering, and
procurement and 24 years for retrieval (CRWMS
M&O 1998f).

The regulatory requirements for retrievability help

define three basic criteria for the design of the -

subsurface facilities.

Robust Infrastructure—The preclosure period
for the repository would vary, depending on deci-
sions and licensing issues that would evolve with
time. Current estimates for closure include
scenarios for no retrieval action, exercise of the
retrieval option, and an extended preclosure moni-
toring period.

» If no retrieval is deemed necessary, closure
activities could be initiated as early as
60 years after waste emplacement begins.
This period includes 50 years for emplace-

- ment and monitoring, and 10 years for
decommissioning, sealing, and closure.

o If the retrieval option is exercised, and
assuming that all waste packages are
retrieved, the preclosure period increases to
99 years (rounded to 100). This includes pre-

- emplacement construction, emplacement,
monitoring, planning, retrieval, decommis-
sioning, sealing, and closure.

» The requirements documents reflect criteria
for an extended monitoring of the repository
that would extend the preclosure period to s
long as 300 years after the last waste package
is emplaced. The decision to close the reposi-
tory would be made by future generations,
based on considerations that cannot be antici-

. pated at this time, such as the availability of
future treatment technology, the reuse of the
nuclear fuel, or the realization of a better dis-
posal alternative.

Because the potential repository may remain open
for as long as 300 years, its structures must last that
long with manageable maintenance in an environ-
ment with high radiation and high temperature.
This requirement applies to excavations, ground
support, permanent mechanical components, trans-

- portation, ventilation, and other utilities.

Selective Retrieval—Maintaining the ability to
selectively retrieve emplaced waste packages
affects the basic repository layout, mechanical
equipment, and infrastructure (to allow perfor-
mance of emplacement functions in reverse order),
as well as the flexibility of access to individual
waste packages. Section 2.3.4.6.3 discusses the
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operation of retrieval equipment to selectively
retrieve a single waste package.

Alternate Ingress and Egress Routes— Emplace-
ment drift ground control deterioration and
rockfall, progressive or sudden, could block access
and ventilation to a particular location of the repos-
itory. To maintain the capability to retrieve any
spent nuclear fuel from the repository, dual or
redundant drift access is important. The design and
operating mode described in this report has the
ventilation raise coming up in the center of each
drift, so the emplacement rails are not continuous
through the drift. This does not allow full access to
all parts of the drift from either end without tempo-
rary modifications. Design improvements are

being considered to maintain rail access across the

raise, such as a lower-profile raise collar or a venti-
lation exhaust main above the plane of the
repository emplacement drifts, which would allow
a different raise configuration. Temporary capping
or other means to span the raise if access is needed
across it are also being considered.

23.4.62 Drift Conditions during Retrieval
and Impact on Retrievability

After the emplacement drifts have been loaded
with waste packages, ventilation would continue
throughout the preclosure period. With a sustained

" .ventilation flow rate of 15 m%s (530 f%/s), air

temperatures inside the drift would remain at or
below a peak temperature of approximately 60°C
(140°F) during the first 100 years (CRWMS M&O
2000x). An increase in the ventilation rate would
lower the drift air temperatures below 50°C
(120°F), low enough for the monitoring and
retrieval gantries to operate reliably in the drift
environment. Radiation levels would be too high
for unprotected personnel access (CRWMS M&O
2000a0, Section 6.7). In cases where human incur-
sion may be necessary, some or all of the waste
packages would probably have to be removed, and
extensive preparations would have to be made for
. radiation control.

Other potential drift conditions would affect
retrievability, including:

» The structural integrity of the support pallets

* The conditions of the invert structure and
railing
» A large block rockfall

« Conditions related to the containment
integrity of the waste packages

* Any major deterioration and collapse of the
ground support and drift walls.

The unlikely presence of a potentially breached
waste package would require case-specific infor-
mation and planning before any retrieval attempt,
as would any detected adverse condition in the
emplacement drift that would force a deviation
from normal operating conditions.

23.4.63 Normal Retrieval Procedure and
Equipment

The emplacement drifts would be monitored peri-
odically, with an expected inspection frequency of
10 years. A remotcly operated inspection gantry
would be used during those inspections. Such
monitoring would provide data for a database on
drift conditions that would be used to plan mainte-
nance activities. If it were decided that emplaced
waste would be retrieved from the repository, this
database and additional case-specific monitoring
would be available for planning of retrieval activi-
ties. If drift conditions were normal, retrieval
operations would be executed using the same waste
package emplacement equipment in reverse
sequence as that used for emplacement. To main-
tain air temperatures below 50°C (120°F) during
retrieval, the ventilation flow rates may have to be

‘adjusted several weeks before the drift iricursion,

The normal retrieval sequence of operations is
illustrated in Figure 2-57 (CRWMS M&O 2000aa).
This sequence has been simplified to show key

- steps in the process. A more detailed description of

the normal retrieval sequence is:

1. The locomotive and gantry carrier travel
to the emplacement drift.

2. The emplacement drift isolation doors are
opened and the gantry carrier engages the
emplacement drift dock.
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9. The loaded gantry moves over the open
deck of the transporter, deposits the pallet
and waste package on the transporter bed
plate, and moves back into the drift.

10. The pallet and waste package are pulled
into the shielded compartment of the
transporter via the bed plate, which is sup-
ported on rollers. :

11. The primary locomotive moves the waste
package transporter away from the edge
of the emplacement drift, and the trans-
porter doors and drift doors close.

12. The primary locomotive and waste
package transporter move from the
turnout into the main drift.

13. The secondary locomotive couples to the
rear of the waste package transporter, the
operators board the locomotives, and the
train moves to the surface. (Steps S
through 13 are repeated for each waste
package to be retrieved from the drift.)

14. The locomotive moves the gantry carrier
from the main drift to the emplacement
drift turnout.

15. The drift doors are opened and the gantry
carrier engages the emplacement drift
dock.

16. The gantry is moved onto the gantry car-
rier, the locomotive pulls the carrier away
from the emplacement drift dock, and the
drift isolation doors close.

17. The locomotive and the gantry carrier
move from the turnout to the main drift
and return to a standby location.

_If the waste package to be retrieved were not
readily-available from the drift entrance, all waste
packages in front of it would have to be tempo-
rarily relocated to a standby drift or to another
emplacement drift, following a sequence of events

similar to that described above. If a condition

preventing normal retrieval is encountered, then
the sequence is interrupted, and a contingency plan

would be initiated to mitigate the problem.
Retrieved waste packages that are in good condi-
tion would be taken to the surface and staged in a
dedicated area within the surface facilities complex
(see the Potential Onsite Inventory Area in Figure
2-16). In the unlikely event that waste packages
were damaged, or if waste packages were
suspected of being damaged, they would be taken
to the surface facilities for detailed inspection,
repairs, or repackaging.

The locomotives, gantry, gantry carrier, and waste
package transporter used for normal retrieval are
the same as those described in Section 2.3.4.4.
Therefore, their characteristics and preliminary
engineering specifications are not repeated in this
section.

234.64 Off-Normal Retrieval Procedures
and Equipment

When the equipment and operating sequence
described above cannot be used, retrieval condi-
tions are considered off-normal. Off-normal
retrieval conditions, most likely due to drift wall
deterioration and the resulting blockage of the
railing system, prevent the use of the waste
package gantry. Under off-normal retrieval condi-
tions, several additional operations would be added
to the retrieval sequence. These additional steps
would most likely inctude the following:

» Monitoring and detailed characterization of
damage

"« Development of a case-specific contingency
plan

* Cleanup and removal of debris

« Stabilization of the drift (including ground
support repairs or replacement)

» Restoration of the tracks and other damaged
structures and utilities

» Repositioning of the pallet and waste pack-
age, if necessary
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» Establishment of radiation controls and other
administrative controls for retrieval, as
needed.

Off-normal retrieval procedures and equipment
would be used commensurate with the situation. A
series of event sequences that could affect normal
retrieval conditions were analyzed (CRWMS
M&O 2000aa, Section 6.2.2) to determine the
operational procedure and type of equipment that
could be used to retrieve waste packages. The two
event sequences analyzed and of particular rele-
vance to off-normal retrieval conditions in the
emplacement drifts were (1) rockfall or ground
support collapse onto a waste package from causes
other than seismic events and (2) rockfall or
ground support collapse onto a waste package
caused by a seismic event (a beyond Category 1 or
Category 2 event sequence earthquake). Other
event sequences analyzed with respect to off-
normal retrieval pertained to the mechanical failure

‘of the gantry and the derailment of the gantry at

normal speed.

The two pieces of equipment designed for removal
of the gantry, the emplacement drift gantry carrier
and the multipurpose hauler (Figure 2-58), operate
on rollers. Steel plate would have to be installed
over the drift invert to deploy this equipment. A
multipurpose vehicle (Figure 2-59) can be operated
from the multipurpose hauler to clear debris,
emplace steel plates, and cut and remove damaged
structures. This equipment would be remotely
operated. :

When & derailed or damaged gantry has to be
removed from the drift, the emplacement drift
gantry carrier can load and carry the gantry away
from the emplacement drift (Figure 2-60). The
multipurpose hauler can be used to pull and load
the pallet and waste package onto the deck of the
hauler to proceed with retrieval operations (Figure
2-58). ’

23.4.65 Summary of Retrievability

Waste package retrieval under normal conditions
uses the same subsurface equipment and facilities

‘as emplacement, but in reverse order. This provides

a built-in capability for retrieval that can be readily

implemented. Individual waste package removal
for inspection, testing, and maintenance reasons is
not considered retrieval, however, waste package
removal for these purposes, if needed, would
involve the same equipment and operational steps.

Alternative waste package retrieval equipment has
been identified for off-normal conditions when
normal retrieval procedures may be difficult or
impossible to execute. Additionally, support
equipment (i.e.,, equipment to remove obstacles,
prepare surfaces, or install temporary ground
supports) that can be used in retrieval operations
under off-normal conditions has been identified.
Various scenarios of off-normal retrieval have been

analyzed, and conceptual use of such equipment

has been demonstrated (CRWMS M&O 2000aa,
Sections 6.2 and 6.3). Proof-of-principle demon-
stra-tions of waste package retrieval may be
conducted following the license application as
another step in the series of requirements for
successful construction and operation of the

repository.

234.7 Decommissioning

The primary objective of the decommissioning of
the subsurface facilities is the removal of any
material or equipment that is not part of the perma-
nent repository installation. Decommissioning will
precede closure activities, or in some cases will be

- concurrent with them.

Subsurface decommissioning activities would
include:

1. Dismantling structures and equipment for
- removal of components from the under-
ground facilities, decontamination if
necessary, and transport to the surface for
additional decontamination, release, or
disposal.

2. Demolition of reinforced concrete struc-
tures and steel support structures after the
‘equipment and fixtures have been
removed. ’

3. Trénsporting the mrﬁoved materials and
equipment to onsite or offsite disposal
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During off-normal ratrieval, when emptaeement drift conditions: do not allow: implementation. of ‘normal. retneval
procedures, aitemative retriéval equipment can be unhzed These consist of an assortment of eqmpmem designed.
-for removal .of disabled. gamries. removal of debns, construction of temporary structures {0 suppont refrieval, and
retrieval of damaged or Lindamaged wasle packages HEPA = high-efficiency particulate air. Source: CRWMS. M3O.
2000aa, Section 8,2: ‘

facilities; depending-on type, quantity, and . 4. ldentlfymg and removing. eqmpment and

waste charactenzatmn. i’ accordance with

a preapproved DOE waste management
'plan. These materials and equipment will

include ventitation' system. components,
railroad track, tolling stock, utilities, con-
crete  and  construction  materials,
instrumentation and - communication

equipment, pumps,. Ppipelines, and any
other materials that may be considered
detrimiental- to repository performance:

after closure

: -Placcment of undexground markers, mon—
‘uments, \

materials: for salvage. _Somé -equipment
and materials may. be targeted for salvage

_.bccausc Jof their value or, because their

reuse is. am‘qipated (e.g., for site restora-
tion ‘or othet future “activities at ‘the
repository: stirface. facilities). Such equip-
ment and: materials -will be. protected. as
néeded and smged at the surface facilities:

neccssaty' before closure

actw;bes.
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6. Completionof as-bu it surveys of the sub-

surface facﬂmes before c!nsure. .

" 7. General cleanup in preparauon for closure

-actwatlcs.

Ait is likely that some- of these. acuvitxes can be.

performed gradually during’ the operahona! phase
of the repository.

2348 Closure and Sealing Structures

Closure of the repository subsurfice facilities.
requires closing. and sealing &1l openings. from the

surfacé to the underground facilitics. These open-

ings consist of the nonh and south access: ramps,
ventilation shafts, and explorafory. boreholes’

within the repository footpnm (the waste emplace-

mentarea prq;ccted vemcally to lhc surface) and m.

print boundarnes. If leR unsealed, these ‘openings
could enhance the movement of moisture from the
surface into the waste. emplaccmem ‘area, and the

larger -openings, such ‘as- the ramps and shaﬁs, _

could allow unauthorized ‘human intrusion. Open-

" ings connecting thé waste. emplaccmcm arca to the
- surface ‘could also ‘serve as conduits. for airborne.

radioactive contamination 1o migrate into the

! atmosphere. o

Regulatory mqmrcmcms imposed on the repository

des:gn to provxde praiectton agamsl human imru- '

mininize rclmse of comammatmn, creale the
nécessity. that these’ openings be scaled. durmg the
closure phase of the repository.

Tables 2-20 and 2-2) summarize the preliminary
© engineering Speciﬁcanons for closure and sealing
, components
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Rall for Roffing Surface Ganwy Carrier

Relrieyal Locomotive Derated Gantry being Placad on
Roliers Resting on Gantry Rafs
" for Transport out of Dt

Emplacoment Orit |

. i TN _ Pareld oy
Plate Ralieg Surface . Reling Suriace
Gan¥ry Recovery with Emplacement Drift Gantyv Carviar: %&“}?ﬁ&«m i
Figurs 2-60; 'Gantry Recovery wlth Emplacement Drift Gantry Cartler ‘ : .

This figure iflustrates tha. operation of 4 gantry carrier used for retneva[ gantry recovery, in casa of a disabled gantry.
Saurce: CRWMS M&O 2000aa; Section 6.2.

Table 2-20. Summary of Design Bas!s of Closure Table 2-21. Summary of Closure and Sealing
and Sea!ing COmponerm Component Materials
mm_ Property i Componant™ | ‘ :Matarial
 Low permeability } Rampandshafipligsand | . ...
« Ehemical siabiity in bulkhaads. | Concrete
thermat-hydrologic- , _ N Concrets, grout, crushed
A ' . :"““m‘“ Seals and backfil beronits, bentonite-sand,
Favorable matorial characteristics | A:;;g& nlzmvw c - |mixure.
- s‘mﬂa‘ hyd(aum . BOthQm i v Benmﬂb gmt
conductivity and
pacmeabilty 10 host
rock mass o _
A + Seismi¢ activity 2.3.4.8.1  Repositary Openings’
Concrate struct of loadi « Host rock stress relief ‘ ’
factors "9 . Hydraohc pressurg
T . g:d‘f;“ '“e:*“'a' Section 2.3.1 describes the: Jocations of-the north
oralpresaure. and south ramps, and Section. 2.3.4.3 describes the

ventilation shafts. The specnﬁe Jocations_of the
boreholes within the repository footprint, including.
the 400-m (l 300-ﬁ) buﬂ‘er zone amund the penm-_ _

documented m_thc DOE‘s sclenni' c database (BSC';, : .
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2001d, Attachment III). There are approximately

16 deep boreholes in the potential repository area,

including a 400-m (1,300-ft) buffer zone around
the potential repository perimeter.

2.3.4.82 Criteria for Selection of Seal
Locations

The geological environment and the rock structure
are central considerations in determining the
specific locations where seals would be most effec-
tive. The constructibility advantages offered by one
location over another are also considerations in
determining seal locations. For example, seal

.construction in large openings is pfeferable_: in the

straightaway rather than in curves or intersections

‘because of such issues as simplicity of design,

construction, equipment access, and materials
placement.

Two stratigraphic nomenclature systems are used
for the classification of the host rock at Yucca
Mountain: a thermomechanical nomenclature and a
lithostratigraphic nomenclature. The thermome-
chanical nomenclature is based solely on the
thermal and mechanical properties of the rock. The
lithostratigraphic nomenclature is based on
primary geologic processes (e.g., the depositional
character and assemblage of the rock) and

- secondary geologic processes (e.g., the degree of
welding, devitrification, and vapor-phase crystalli-

zation). A thermomechanical unit typically
contains several lithostratigraphic units. The ther-
momechanical units are defined by the thermal and
mechanical characteristics of the natural rock, and
they do not necessarily correspond to lithostrati-
graphic formation boundaries. The PTn and the
TCw thermomechanical units (see Sections
1.3.2.2.2 and 2.3.4.1.3 for geologic unit descrip-
tions) are important in defining the location of

~ closure seals above the emplacement block. The
TCw unit has a well-connected fracture system and -

high permeability. The PTn unit has very low
permeability. These contrasting ‘attributes can be
used advantageously by locating a seal in the more

permeable unit (the TCw) near its boundary with

the less permeable unit (the PTn). At this location,
the seal would help disperse sporadic infiltration
fluxes into the more permeable matrix of the TCw

formation, which otherwise would tend to create a
moisture buildup in the less permeable PTn unit.

- The condition of the rock immediately surrounding

a potential seal location is the most important

_ factor in deciding the locations of closure seals in

the ramps and shafts, mainly for reasons of seal
structural integrity and stability. Closure seal loca-
tions should be selected to avoid ground conditions
resulting from geologic disturbances, such as faults
and fracture zones. Therefore, developing detailed
characterizations of the rock structure at the ramps
and ventilation shaft locations is essential. The
structural geology of the north-and south ramps is
well characterized, and several candidate seal loca-
tions have been identified (CRWMS M&O 2000aj,
Appendices A and B). Detailed characterization of .

~ the ventilation shafts, however, would be possible

only afier their excavation. Therefore, detailed seal
design must also be performed after shaft
excavation.

- Faults create instability in the rock and present

potential pathways for inflow of moisture. Major
faults along the north and south access ramps are
already documented (CRWMS M&O 2000aj,
Pp. 22 and 23), and they will be avoided in
selecting closure seal locations. Similar identifica-
tion and evaluation of major faults will be
performed for the ventilation shafts after their
excavation; however, the locations of the shafis
have been selected partly by avoiding documented

- geologic hazards, such as faults or excessively

fractured rock zones.

Fractures (structural discontinuities in the rock)

-and joint sets (groups of fractures with similar

orientation) also provide an indication of rock mass

" stability. Fractures directly affect the strength of

the rock. The frequency and orientation of the frac-
tures can affect the short- and long-term stability of
the excavation. Five joint sets have been identified
in the Exploratory Studies Facility, which includes
the north and south ramps (CRWMS M&O 2000aj,
Table 6). Within the repository block, the Undiffer-
entiated Overburden and PTn thermomechanical
units have the lowest density -of fracturing, while
the nonlithophysal portions of the other three ther-

momechanical units (TCw, TSwl, and TSw2) have
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the highest fracture density (CRWMS M&O
2000aj, p. 24). ‘

23.4.83 Selection of Closure Seal Materials

Selection of seal materials must consider material
strength and the ability to slow moisture and
airflow through the repository block. Seals would

be composed of different materials, individually or-

in combination, that will effectively discourage
human intrusion and control moisture inflow.

Seal and closure system components must be
mechanically, themically, geologically, and ther-
"mally compatible with the subsurface environment.
Materials that can meet these compatibility

requirements include concrete, grout, crushed tuff,

bentonite, and bentonite—sand mixtures.

Earthen materials have been recommended for use
as backfill in ramps and shafls to prevent preferen-
tial pathways for moisture movement and
discourage human intrusion. Properties considered
desirable for backfill materials include low perme-
ability, chemical stability in the thermal and

hydrologic environment in the repository, material -

longevity, and availability. The selected backfill
material should have the approximate hydraulic
conductivity and permeability of the surrounding
rock mass. Earthen materials analyzed for use as
closure backfill include crushed tuff, clays (such as
bentonite), and combinations of bentonite and sand
(CRWMS M&O 2000ak). Crushed tuff would be
readily available as a by-product of tunnel excava-
tion; this excavated material is often called muck.
The muck material would be screened and crushed
to enhance the characteristics useful for closure
backfill. It has been determined that a bentonite—
sand mixture with 5 to 10 percent bentonite would
result in an acceptable hydraulic conductivity
range (10 to 10°7 cm/s) for use in closure backfill
or seal designs (CRWMS M&O 20002k, Figure 1).

Several grout types were analyzed as sealing media
for rock fractures and for sealing between the rock
face and the structural components of the main

closure seals. These grouts included chemical,

cementitious, and bentonite-based materials. Their
advantages and disadvantages are listed in Closure

Seal Materials and Configuration (CRWMS M&O
20002k, pp. 11 10 13). -

Concrete is recommended for ramp and shaft plugs
and bulkheads. Concrete structures can  be
designed to withstand loading from seismic
activity, host rock stress relief, and hydraulic pres-
sure, and to retain backfill material.

2.3.4.84 Closure and Sealing Structures

Conceptual seal designs and closure structure
designs have been developed from the recom-
mended materials described in Section 2.3.4.8.3.
These concepts may be expanded into preliminary
designs during the license application phase;
however, detailed designs of the shaft seals may
not be feasible until complete geologic mapping of
the excavated shafls is finished.

Repository closure operations would include place-
ment of backfill throughout the ramps, shafts, and
main drifts. Figures 2-61 and 2-62 illustrate typical
backfill placement methods for the ramps and main
drifts and for the shafts, respectively. The method
illustrated in Figure 2-61 consists of a pneumatic
conveyance system. However, more conventional
placement methods are available that use standard
underground equipment (c.g., load-haul-dump
underground haulers). Pneumatic systems provide
good placement control, but they require extensive
dust control to maintain acceptable working condi-
tions. The shaft backfill placement method
illustrated in Figure 2-62 is a conventional and
industry-proven practice that produces satisfactory
results. .

Deep boreholes would be sealed by injecting a
bentonite grout from the surface opening. Concrete
caps would be installed near the surface, closing all
openings, to prevent or discourage human intru-
sion. These caps would be covered with backfill as
part of the surface restoration work. Figure 2-63
illustrates a typical installation for a shaft concrete
cap, as well as the water dispersion structure
placed in the TCw thermomechanical unit (see
Section 2.3.4.3.3).

Seals would Ee placed in shafts and ramps at
several locations, . depending on more detailed
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 Figure 261,

rg Mot To Scale
21823 Fig-15.&

Conceptual Arrangement for Placement of Backfill in Ramps imd Main Driﬁs

Repository dosure sctivities Include ‘backfilling of the. ramps aind -‘main drifts with granufar material. This figure
portrays 2 method by which such operation could be aooomphshed Source: CRWMS M&O 2000ai, Section 6.1.2.

designs for contro! of moistute infiltration into the
-emplaccment arca. Seals would be located in rela-
tion to-major faults arid highly fractured rock zones
to improve performanoe by anenuating sudden
inflows of water and ‘promoting slow percolation
" back into' the tock matrix. Conceptual seal plug
designs have been deveiopcd for areas of high,

moderate, and low water inflow. Figure 2-64 illus-
trates the seal plug design concept fora htgh ‘water
inflow application. This. das:gn concept consists of
a combination of dual concrete plugs that “sand-
wich™ a bentonite-sand plug. The ‘concrete plugs
would provide structural support, while the bento-
nite-sand mixtare fill would. cxpand fitling voids
and fractures. Conceptual designs for moderate and
low water inflow applications would be simpler,
consisting of smgle concrete plugs “sanidwiched”
by backfill material. In all-thesc seal applications,
construction . of ‘the ‘concrete plugs would be
preceded by mtcrfac.e groutmg of the rock forma-

tion around the plug perimeter to ‘enhahce thc
‘w&tx:ﬂxghmcss of the seals

235  Phasced Conslmction—-—l)cvelopmen!

‘and Emplacement Sequence

The subsurface- components of :the. repository

woiild be built in phases to. support waste emplace-
ment 'rne ‘current. desngn assumes . that waste
24 years. (Y MP 2000a, Table. 3-2), wlnch allows 2
phased approach to complu:on of thé emplacement
drifis, This phased construction approach. is
dcscnbcd in the discussions that follow:

The construction phases-far‘me subsurfacc_ facili-
ties. will be (1) initial construction end
@) development.. ‘Subsurface: systems opcrahons
will ‘vary. during “these construction phases’ as
emplacement activities begin and continue over'a

, penod of: scveral dccades
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Figure 2-82.. COnceptual Arrangemant for Placement of Backﬁll in Shafts ’ o
Intake and exhaust shafts would also be backfilled with granulat matedal as paﬁ of the reposito:y closurs’ acttv.mes‘

. Source: CRWMS M&O 2000ai, Section 8.1.2.

23.3.1 Initial Construction
23.5.1.1 . Facilities

In the initial constructxon phase, actmnes in the

north side of the emplacement block would include
excavation of the north:-ramp ‘extension and exca-
vation of the east main, north of the north ramp-

curve (Figure 2-65). “Thésé: two: drifts would be

7.62 m (25 ft) in diameter,: cxcavated with tunne}:
boring machines. ‘After excavation of the north

ramp exiension, one of the tu | boring machines
would continué with: excavatxon of the north main
.and part of the ‘west main.. The: other- machine
would start excavating. the exhaust mam from the
north, heading south.- ‘

The: first two: dnﬂs in the emplaccmem ‘block
would ‘be" excavated: with: another tunnel borirg
machine, 5.5 m (1§ R).in: diameter, These. two
drifts; Postclosure Test Drifts #1 and 42, wou!d be
dedicated to pcrformance confirmation testing;

_ their. constructxon would be tdemlcal to the

construction of emplacement dnﬁs, The perfor- -
mance confirmation function of these: postcldsure:
test drifts is explamed in Section 2.5. After exca-
vating these first two driffs, the smaller-dxmnetcr'
tunnel boring macﬁme would excavate the first:set
of ten emplacemem drifts, progressmg fmm north_

tosouth

A second S S-m (18 ﬁ) dlameter tunne! bonng
machinc' would stan excavanou of Obsc :ano”:;-: :
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Location-of shaft plugs, another repository tlosure feature
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, would depend on ‘characteristics of the-geclogic strata:

These seals would be foceted in fractured rock strata ‘with & higher permeability than the .undérlying strata, to
‘promote dispersion of surface water inflows into the rock fonnation,—_-Sourqe: CRWMS M&O 200021, Section 6.1:1.

 Drifts #1 and #2, in sequence. These two drifts are
- also_part of the performance confirmation facili-

ties;the functions of these drifis are explained in

Section 2.5, After compleéting these two-drifis, this
tunnel boting machine would be relocated ahead of

the other 5.5-m" (18-fl) diameter- tunnel ‘boring
machine. Then it would excavaie g cross-drift for

Intake Shaft #1 and another standard emplacement
drift connecting the southernimost extension of the -

west main to the east main,

Other subsurface facilitics excavated during this

phasé: would include: Intake Shaft #1, Exhaust
-Shaft #1, and two 7.62-m (25-ft)- diameter access.
- drifts connecting the €xhaust shaft to the exhaust

main. Observation Drift #3 (Figure 2-65) would

also be excavated during this period by the second
55-m (18-f) diameter tunnel boring machine,
starting from the. ECRB CTross-Drift. The intake

and exhaust shafts ‘are 8 m (26 f) in-diameter,
- excavated from the surface down by drill-and-blast

techniques (BSC 2001d, Sections 5.2.7.2, 6.3.2.3,
and 6.3.2.5). ! .

23513 ‘Ventilation and Controls

During the initial construction period, air would be
taken in-fron the surface through the ‘north ramp

* and exhausted out to the surface through the south

ramp. This section defines. the global ventilation

system for this-phase of construction. Within the
‘global system, local ventilation systems ‘support
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Figure 284, Dual Concrets Seal Plug Design Concept. e A
Dual concrete seal plugs are one of the proposed:closura and sealing features for the:repository ramps. Source;

‘CRWMS M&0.2000aK, Section 5,

each excavation- de‘adheadiﬁg; These local systems

provide ventilation from the main drift through to-

the working face, where a mechanical excavator
extends. the: length of a drift that is a dead-end

heading. Ventilation at the excavation lieadings is

achieved in three ways: (1) intake through'a duct,
exhaust through a drift; (2) intake through a drift,

exhaust. through a.duct; and (3) intake through a.
duct, exhaust throgh another duct: Figure 2:66
illustrates the global and Tocal ventilation design

“concepts asthey apply to the:initial construction
phase. For local ventilation, the: figure only ‘illus-
trates the concept described in item 1 above, Local
dust scrubbers remové dust from exhatsted air
before the- air is retuned to' the main: drift and

~exhausted from. the. underground-to the :surfiice.
Each shaft-excavation would be ventilated by locat

 systems that ‘would: take fresh air-in from the -

surface (CRWMS M&O 2000x, Section 6.3.1):

%v‘ LA \ ‘\
GRRRNX

Plug interface arid Adjacent.
/' Disturbed Zone Sealed by .
Grauting (Typical Both Side:

. Bentonite:

&

Driwip Mok ToBomle
20030C_AIP 1S3, Fg-Z2u-

23352 'Devel'opment and E:_np!acemeni‘

Phase I
23521  Facilities Construction
As the: first: emplacenient drifts. fom the initial
construction - phase: become dvailable for waste
emplacement, transportation of waste packages to.

the subsurface would begin. This event marks the

beginning of Phase I of development and emplace-
ment.- During Phase. 1, ‘concurrent with waste:
emplacement in the first drifts, construction of new:

~ emplacement drifts.would progress.in-a southerly
 direction. Figure 2-67 illusirates the subsurface

facilities constructed. during Phase I of develop-
ment.and emplacement.

During Phase I, eight emplacement drifts would be

excavated: Excavation of the exhaust main and the

west main would continue in a southerly direction. .

After completing the excavation of the west main,




“syup jusWIace|diLS US) PUR SYUP UOHEAIISGE 93J4) SIPNL) LORINISUCD Aloysodas ey
© wogonAsUGY [eR—Inoke) doepnsqng Aioysodoy  ‘§9-Z 2inbid

23RO 2SI ANV H0cCo0
e S0 of, 1oN Buameg.

L e e

)
>

o I v B

w1}, 05 00 povanseony |

“puaba

:um%mc.ax\mca R
Moday Burasourdusy pup a0ud198 uioIunop pOINL




Yucca Mountain Science and Engmeermg Reparl

DOFJRW—0539 Rev. ‘1.:_ e

Local Dust

Vet Tube

toFace , 7~

TBM of e

Conventional -

Excavatio -

Retum A n;’,' 2

fis Drif. ..
[ et 1 &
w22 g
s ]
mzl2 12
et | |
Pl

Figure 2-66. Examples of Global and Local Ventilation

_»Vent Tube:
7 Wy Fack

Local Ventiiation: B
System Exnvaﬂon.
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Fresh Alr
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‘NORTH
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"\ Global Vertilation’

Systam kn Mains.
{Flow Throcyh Shcvm)

Drawing Nt Yo Scale .
CO0330G, ATPE1523 g 8.0k

Dust 'scrisbbers would be used at exwvaﬁon headings to control airbome partscu!ates before air is returned to the.
main airways. TBM = tunnet boring machine. Source: Modified from CRWMS M&O 2000x Section 8.3,

the 7 62-m: (25 ft) dxan;etet tmmcl bormg machme_
to-its intersection pomt wath the extstmg ¢ast main,
During this phase, excavation of the exhaust main
by the: other 7.62-m (25~ft) tunnel boring machine
would' continue to. the’ south: main; Other excava-
tions: during this phase*include Exhaust Shafy #2
and the access drifts connecting it to the exhaust
main; Intake Shaft #2 and  the cross-drift
connecting it to the east'and west mains; and the
development intake shaft.

23.522 Ven_til:';_tio':i aad Controls

The first ten drifts have: a, sepnratcs ventilation.
system to support waste cmplacemenn Air locks in
the exhaust. mam, m the east m'jd West mams north

of the tenth drift turnouts; and on the north ramp.
curve would isolate the. mma] panel (the first ten
drifts) from the pew: development area that starts
with construction..of . the thirteenth drift. The
emplacement. area air intake ‘would be drawn
through the north: ramp. and. exhausted. through
Exhaist- Shaft #1. On. the development side, air
would be:blown in through Intake Shaft #1 and

exhausted through the south ramp.

2.353 Deve!opment and Emplacement
‘Phase I}

2.3.53.1 ‘Fac'ifiﬁés:c_dzistmcﬁqn’

Figure 2-68 nllustrates Phase:1f development: and - 4

emplnccment worlc Facihtics constructed dunng'
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Figure 2-88, Repositmy Subsurfacc Layout-—bevelopmant and Emplacement for Phase H
The second phasa of deveiopment and amptacement includes tha construction of 17 emplacemam drifis while was:e
emplacement operations’ goon In tha previously built 18 drifts.
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this phase consist of Standby Drift #2, Cross-Block
Drift #2, and 17 emplacement drifts. Emplacement
operations would continue in the emplacement
drifts completed during Phase I.

 23.532 Ventilation and Controls

Air locks used to separate the emplacement area
from the development area would be relocated
southward along the exhaust main and the east and
west mains. During Phase II, intake air for the
emplacement area would be drawn in through the
north ramp and Intake Shaft #1 and exhausted
through Exhaust Shaft #1. Fresh air for the devel-
opment side would be blown in through the intake
.development shaft and Intake Shaft #2 and
exhausted through Exhaust Shaft #2 and the south
ramp. :

2354 Development and Emplacement
Phase III
2.3.5.4.1 Facilities Construction

Figure 2-69 illustrates Phase 1lI of development
and emplacement work. Development activities
during this phase consist of the following
excavations:

» Fourteen emplacement drifts

* Intake Shaft #3 and the cross-drift connecting
" ment side would be blown in through the intake

it to the east and west mains

« Exhaust Shaft #3 and access drifts connecting
~ it to the exhaust main

¢ Cross-Block Drift #3.

In Phase I, emplacement activities would
continue in emplacement drifts completed during
- PhaseIL. :

23542 Ventilation and Controls

The ventilation air locks would be relocated along
the exhaust main and the east and west mains to
isolate the development ventilation system from -
the emplacement area. Intake air for the emplace-
ment area would be drawn through Intake Shafis

#1 and #2 and the ﬁorth ramp and exhausted
through Exhaust Shafts #1 and #2. On the develop-
ment side, fresh air would be blown in through

Intake Shaft #3 and the intake development shaft

and exhausted through Exhaust Shaft #3 and the
south ramp.

2355 Development and Emplacement
Phase IV
23.5.5.1  Facilities Construction

The final development and emplacement phase for
the 70,000-MTHM repository design, Phase IV,
consists of construction of the last three emplace-

‘ment drifts and one cross-block drift (Cross-Block

Drift #4). Emplacement operations during this
phase would continue in emplacement drifts exca-
vated during Phase IIl. Figure 2-70 illustrates the
construction activities during Phase IV.

23552 Ventilation and Controls

The development side ventilation system would be

_separated from the emplacement side by relocating

air locks along the exhaust main and the east and
west mains to points immediately north of the
construction activity. The air for the emplacement
area during this phase would be drawn through
Intake Shafts #1, #2, and #3 and the north ramp.
Emplacement air would be exhausted through
Exhaust Shafis #1, #2, and #3. Air for the develop-

development shaft and exhausted through the south
main.

2.4 ENGINEERED BARRIERS

The engineered barriers include those components
within the emplacement drift that contribute to
waste containment and isolation. The design and
operating mode described in this report includes
the following components as engineered barriers:
(1) waste package, (2) emplacement drift invert,
and (3) drip shield.

Previous designs (DOE 1998, Volume 2; CRWMS
M&O 1999c; CRWMS M&O 1999d) included
other engineered barriers that were subsequently
eliminated. These include emplacement drift back-

- 2-145
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Figure 2469, Repository Subsurface Layout—Development and Emplacement for Phase il 5 }

" Construction of emplacement drifts continues: during the thind phase of development, with completion of 14 more 4
emplacement drifts. Waste emplacement operations continua in previously commissioned drifts, A
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fill material, placed either as a homogeneous fill or
as a layered system with flow capillary barrier
capabilities; chemical retardation and sorption
materials in the invert; and precast concrete
emplacement drift lining (a ground support system
* with limited barrier attributes). Discussion of the
design evolution and reasons for the elimination of
these other engineered barriers are provided in
Section 2.1.2 and documented in design assess-
ments (CRWMS M&O 1999¢; CRWMS M&O
1999d; Wilkins and Heath 1999; Dyer 2000). The
emplacement drift backfill has been retained as an
engineered barrier option (Dyer 2000).

The description of engineered barriers provided in
this section is summarized from a large set of
design descriptions and analyses, including:

o Invert Configuration and Drip Shield
Interface (CRWMS M&O 2000aq)
» Design Analysis for the Ex-Container
Components (CRWMS M&O 2000ap)
 Drip Shield Emplacement Gantry Concept
(CRWMS M&O 2000ar).
24.1 Drift Invert
The term “invert” in this design includes the struc-
tures and materials that form a platform that
supports the pallet and waste package, the drift rail
system, and the drip shield. The invert is composed
of two parts: the steel invert structure and the
ballast (fill), which is composed of granular
material.
24.1.1 Steel Invert Structure
The design of the steel invert structure must
consider construction loads, waste package
emplacement and retrieval loads, drip shield loads,
and thermal and seismic loads. In case the backfill
design option is-used in the future, the invert
design also considered any backfill loads and
related backfill emplacement loads. The invert
configuration has to accommodate the other struc-
tures inside the emplacement drifts, namely the
ground support structures, waste package pallet,
waste package emplacement gantry, inspection
gantry, drip shield emplacement gantry, and back-
fill emplacement equipment (if backfill is used).

The invert structures would support repository
preclosure operations for up to 300 years with

limited maintenance in the emplacement drift envi-

ronment. Additionally, the invert design will be
coordinated with the pallet design to fulfill the
requirement for maintaining the waste packages in
a horizontal emplacement position for 10,000 years
after closure (CRWMS M&O 2000aq, Section
4.2.1.7).

Steel materials were selected for the inverts to
avoid uncertainties associated with the use of
cementitious materials in the emplacement drifts
(CRWMS M&O 2000aq, Section 6.2). There is
some concemn with the use of steel products in the
emplacement drifts because of potential impacts on
radionuclide transport after waste packages have
degraded. The concern is rooted in the fact that
ferric-based iron colloids can transport radionu-
clide materials. Although the concern is applicable
only after the waste packages have failed, it may
affect the peak dose rate at the time beyond 10,000
years, which is the design life for the waste pack-
ages. The ferric-based iron colloids will mainly
affect solubility-limited radionuclides, such as
plutonium and americium, which have a high
affinity with iron-oxyhydroxide colloids (CRWMS
M&O 2000as, Section 3.1.2). This potential impact
has been considered in TSPA evaluations. Figure
2-71 illustrates the proposed steel invert structure
in place in the drift. It shows the relationship of the
steel invert structure with the inverf ballast, drift
wall, ground support structure, pallet and waste
package, and drip shield. Figure 2-72 provides a
perspective view of a section of an emplacement
drift, illustrating the location of the invert compo-
nents with respect to the ground support steel sets.
The steel drift invert is not part of the ground
control system. The transverse support beams for
the invert would be installed between the structural
steel ground control components, as shown in
Figure 2-72. To maintain the structural indepen-
dence of the invert, the ground control components
would not contact the steel invert components.

The transverse support beams, which are part of
the structural steel invert frame, would rest on the
drift wall in such a way that they transfer the loads
directly to the rock. Installation of the steel invert
structure would include shimming, aligning, and
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Figure 2-72.. Emplacament Dnn Psrspectivo View with Stoel Invert Structures la Placa
This’ ﬁgure shows the transverse and longitudinal beams for the invert structure and how they are positioned with
respect 1o the ground support steel sets. Source: CRWMS M&O 20009:;. chure 8.
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2000aq,. Section 6.4).. Movement of the' loaded
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strucwral s1ecl. as shown in Fugures 2-71 and 2»72
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emplacément drift invert would, bc made of ASTM
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Titanium Grade 24 (CRWMS M&O 2000ap,
Section 4.1). A structural angle of Alloy 22 would
be used as a base (at the bottom of the side plates of
the drip shield) to separate the titanium materials
from the carbon steel invert materials (CRWMS
M&O 2000aq, Section 6.5).

24.1.2 Invert Ballast

The repository subsurface layout is configured so

moisture entering the emplacement drifts during
preclosure and postclosure periods can drain
directly into the surrounding host rock without
draining along the drift. A design criterion requires
that the invert ballast material be crushed tuff
(CRWMS M&O 2000aq, Section 4.3.3). Crushed
tuff would be produced by crushing the material
removed from Yucca Mountain in the process of
excavating the emplacement drifts. Because of the
inherent resistance of crushed tuff and carbon steel
to the thermal loads expected, these materials will
not be affected by the temperatures expected in the
emplacement drifts (CRWMS M&O 2000aq,

Section 6.5). The principal function for the invert

ballast material as an engineered barrier is to
provide a layer of material below the waste pack-
ages in which the transport of radionuclides from
the emplacement drifts into the host rock is domi-
nated by diffusive transport, which is slower than
the kind of flow expected to occur in rock frac-
tures. Radionuclides would only be released into
the emplacement drifts afier deterioration of the
waste packages results in the release of radionu-
clides to the environment. It is expected that
crushed tuff ballast materials will provide such a
barrier (CRWMS M&O 2000aq, Section 6.4).
Materials and their properties are being tested and
investigated; the results of those investigations will
be incorporated into future design enhancements.

Ballast material would be placed in and around the
steel members of the invert structure to an eleva-

tion just below the top of the longitudinal and -

transverse support beams (Figures 2-71 and 2-72).

- This level of fill will ensure that the pallets and
drip shields do not rest on the ballast material, but.

are fully supported by the steel invert beams. The

ballast material would be sufficiently compacted to

consolidate it to the point where settlement of the
ballast over time would not be significant. The gap

resulting from consolidation would be small

enough that the ballast would prevent the backfill
material, if used, from migrating under the bottom
of the drip shield during placement.

242 Ground Support

The primary purpose of ground support systems is
to maintain the stability and geometry of the
emplacement drifts during preclosure. However,
some ground support systems (see Section 2.3.4.1
for a description) offer secondary benefits as engi-

" neered barriers.

" The VA design (DOE 1998, Volume 2) used a

precast concrete liner as the ground support for the
emplacement drifts. This type of ground support
system would offer some additional value as an
engineered barrier by serving as a barrier to flow
into the drift. The precast concrete liner would not
prevent water from entering the drift, but would
serve as a diversion barrier by forcing water to
follow the path of least resistance. This engineered
barrier function, however, would last only while
the concrete liner remained intact, and concrete
may raise the alkalinity in the drift, adversely
impacting ‘the containment of radioactive mate-
rials. Consequently, the concrete liner in the
emplacement drift was eliminated from the design
described in this report. ' :

The concrete liner design for the ground support
system for the emplacement drifis was replaced
with steel sets with welded-wire fabric and rock
bolts. Like the concrete liner, these types of struc-
tures support waste isolation by preventing rockfall
during preclosure. This report and its supporting
documents currently support the use of steel sets,
in addition to rock bolts and steel wire fabric, to
enhance the reliability of the no-maintenance or

‘low-maintenance design concept for the emplace-

ment drifts. However, concerns about.introduction
of man-made materials into the emplacement drifts
may cause future changes in the design. Deteriora-
tion of steel products over time results in iron-
oxide by-products that may potentially impact the

Tongevity of waste package materials and the trans-

port of radionuclides away from the drift. This
concern, if proven valid and significant, may result
in a requirement for minimization of steel products
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in the emplacement drifts, which may shift the
emphasis to a ground support design that relies
mainly on rock bolts and steel wire fabric or other
attractive design options.
24.3  Support Assembly for the Waste
Package

In accordance with project design criteria, the
invert and the emplacement pallet must maintain
the waste package in its nominal emplacement

_position for 300 years. This requirement satisfies
waste package retrieval needs, if that option is
exercised. Another design criterion for the invert
and the emplacement pallet is that they shall main-
tain the nominal horizontal emplacement position
of the waste package for 10,000 years after closure
(CRWMS M&O 2000ap, Section 4.2). This crite-
rion supports waste isolation by keeping the waste
package under the drip shield, where it is less
vulnerable to rockfall or degradation from water-
induced corrosion.

The design of the emplacement pallet fulfills these
requirements by using construction materials that
will last 10,000 years, and by providing structur-
ally sound and stable invert and pallet designs.
Horizontal movement of the waste package over
10,000 years may be caused by support beam
corrosion, ballast settlement, and seismic activity
(CRWMS M&O 2000ap, Section 6.2.2). Support
beam corrosion and ballast settlement will be eval-
uated during later design phases, as will the
seismic response of the emplacement pallet loaded
with a waste package.

2431 Pallet Design

The pallet design supports line-loading of waste
packages by allowing placement of waste packages
end to end within 10 cm (4 in.) of each other. The
pallet is shorter than the waste package (Figure
2-52), so it does not interfere with the close place-
ment requirement.

The emplacement pallets would be fabricated from
Alloy 22 plates welded together to form the waste
package supports. Alloy 22 is highly resistant to
~ corrosion. Two supports, one at each end of the
pallet, would be connected by four square stainless

steel tubes to form the completed emplacement
pallet assembly (Figure 2-51). These pallet tubes
would be fabricated from Stainless Steel Type
316L for corrosion survivability (CRWMS M&O °
2000ap, Section 4.1). The Alloy 22 supports have a
V-shaped top surface to accept all waste package
diameters (CRWMS M&O 2000ap, Section 6.2.1).
All surfaces of the emplacement pallet that contact
a waste package outer barrier would be Alloy 22,
the same material as the outer barrier (CRWMS
M&O 2000ap, Section 6.2.2).

Calculations determined the dimensions required
of emplacement pallet components to keep stresses
within the allowable limits while under static
loading. These calculations were performed for an
emplacement pallet loaded with the heaviest waste
package and resting on the invert (CRWMS M&O
2000ap, Section 6.5). Stress corrosion cracking is
not considered an issue for the emplacement pallet
because the waste package loads acting on the
supporting surfaces are compressive loads. Thus,

_ the emplacement pallet plates would not be suscep-

tible to stress corrosion cracking. Corrosion during
the first 300 years would be negligible.

In summary, the prevention of stress corrosion
cracking, in conjunction with the corrosion resis-
tance of Alloy 22 and Stainless Steel Type 316L,
will contribute to long-term pallet integrity. This,
in turn, will ensure that the pallet will maintain the

- waste package in its normal emplacement position

for a preclosure period of up to 300 years
(CRWMS M&O 2000ap, Section 6.5). The same
factors will contribute to the ability of the pallet to
maintain the waste package in its nominal hori-
zontal position for 10,000 years after closure.

2432 Pallet Interface with Invert

As explained in Section 2.4.1.1, the steel invert has
transverse support beams that rest on the rock wall.

‘Attached to these transverse support beams are

three longitudinal support beams that provide
continuous support for the emplacement pallets
(Figures 2-71 and 2-72). The transverse support
beams and longitudinal support beams thus transfer
the waste package load to the rock at the points
where the transverse beams rest on the rock wall.
The steel invert materials would be fabricated in
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panels consisting of longitudinal and transverse
support beams with attached base plates. Adjacent
panels would be attached by bolting or welding.

24.4 Drip Shield

Design requirements for the emplacement drift
system (CRWMS M&O 2000ab) state that drip
shields be installed over the waste packages before
closure. After closure, and after the heat produced
by the waste packages has dissipated, moisture
may enter the emplacement drifts in liquid form or
as water vapor. The function of the drip shields is
to divert the liquid moisture that drips from the
drift walls, as well as the water vapor that
condenses on the drip shield surface, around the
waste packages and to the drift floor, prolonging
the longevity and structural integrity of the waste
packages. The drip shields are designed to link
together, forming a single, continuous barrier for
the entire length of the emplacement drift. Table
2-22 summarizes the preliminary engineering spec-
ifications for the drip shield design.

Table 2-22. Drip Shield Design Detall

item Detall
Material
+ 15-mm water diversion surfaces | Titanium Grade 7
¢ Structura! members Tianium Grade 24
« Stands (feet) Alloy 22
Dimensions )
* Helght 2,586 mm (overlap end)
12,521 mm (butt end)
« Width 2,512 mm (overlap end)
2,505 mm (butt end)
* Length 6,105 mm
* Weight 3.087 metric tons

Source: CRWMS M&O 2000at, Attachment Ii.

The design requirements for drip shields include
corrosion resistance as well as structural strength.
Corrosion resistance is required so the drip shields

- can perform their moisture diversion function with -

high reliability for 10,000 years. Structural strength
is required so the drip shield can protect the waste
package against damage by rockfalls resulting
from degradation of the drift walls, withstanding
damage from rocks weighing up to 6 metric tons

(CRWMS M&O 2000ab, Sections 1.2.1.14 and

12.1.15).

The drip shields must also withstand the static
loads from backfill (if used) and rock from the
design basis rockfall without exceeding 20 percent
of the yield strength of the drip shield materials.

" This requirement is needed to prevent stress corro-

sion cracking (CRWMS M&O 2000ap, Section
4.2.3).

2.44.1  Drip Shield Design

Figure 2-73 illustrates the drip shield design. The
drip shicld would be fabricated from Titanium
Grade 7 plates for the water diversion surfaces,
Titanium Grade 24 for the structural members, and
Alloy 22 for the feet. The Alloy 22 feet would be
mechanically attached to the titanium drip shield
side plates, since the two materials cannot be
welded together. The Alloy 22 feet prevent direct
contact between the titanium and the carbon steel
members in the invert, which could result in
hydrogen embrittlement of the titaniom (CRWMS
M&O 2000ap, Section 6.1.1). All the drip shields
would be uniformly sized, so one design will
suffice for any waste package size. As Figure 2-74
illustrates, the drip shield sections interlock to
prevent separation between sections. The inter-
locking is accomplished by using pins and holes
and also by using an overlapping section with
connector guides.

To provide long-term protection against corrosion,

" the drip shicld would be manufactured entirely of

Titanjum (Grades 7 and 24) and Alloy 22. Calcula-
tion results have verified that the long-term static
stresses that could lead to stress corrosion cracking
will remain below 20 percent of the yield strength
of the materials in the drip shield components
(CRWMS M&O 2000ap, Section 6.1.2.7). A
Titanium Grade 7 thickness of 15 mm (0.6 in.) has
been selected for long-term corrosion resistance.
Calculations have verified the adequacy of this
thickness and material grade. Titanium Grade 24
was selected for the structural components because
of its superior strength in comparison with Tita-
nium Grade 7. The required dimensions for the
Titanium Grade 24 structural components, shown
in Figure 2-75, have been defined by structural
calculations (CRWMS M&O 2000ap, Section

6.1.2). ‘ '
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The geometry of the drip shield design will divert
dripping water around the waste package and onto
the emplacement drift floor. The interlocking
mechanisms of the drip shield include water diver-
sion rings to divert dripping water at the seams
between drip shield segments and around the waste
packages to the emplacement drift floor.

2442 Drip Shield Interface with Invert

The drip shield feet would rest on the transverse
support beams of the drift invert and alongside the
longitudinal guide beams, as Figure 2-71 illus-
trates. The guide beams are also shown in Figure

~2-72. The primary purpose of these longitudinal

guide beams is to center the emplacement pallet;
however, they also create a separation barrier
between the pallet and the drip shield.

2.4.43 = Drip Shield Emplacement

A drip shield emplacement gantry would emplace

the drip shields (CRWMS M&O 2000ar, Section
6.1). The emplacement gantry is designed specifi-
cally to emplace drip shields over emplaced waste
packages in the 5.5-m (18-ft) diameter emplace-
ment drifts. The drip shield emplacement gantry
design is based on the waste package emplacement
gantry design, with similar structural and mechan-
ical components. In addition to the drip shield
emplacement gantry, other equipment used in drip
shield emplacement operations includes: '

* A flatbed gantry carrier railcar

* A flatbed railcar for transportation of the drip
shields 7

* A locomotive to move the railcars.

The drip shield emplacement operation is similar to
the waste package emplacement operation
described in Section 2.3.4.5. The locomotive and
the gantry carrier would transport the drip shield
emplacement gantry to the emplacement drift
turnout. After following the same sequence of
events for switching to remote contro! operation of
the locomotive and opening the drift isolation
doors, the gantry carrier would dock -at the
emplacement drift. The remote control operators
would then drive the drip shield emplacement

“gantry into the drift and put the gantry on standby

inside the drift until a drip shield is delivered to the
emplacement drift entrance. After a drip shield
carrier car docks at the emplacement drift, the drip

- shield emplacement gantry would move over a drip
- shield by straddling the railcar. The gantry would

engage the drip shield using a set of four lift pins
that engage lifting plates on the shield. The gantry
would lift the drip shield off the railcar, then carry
the shield through the emplacement drift and over
the waste packages to emplace the shield (CRWMS
M&O 2000ar, Section 6.1). Figure 2-76 shows the
drip shield emplacement gantry. An insert on this
figure shows the lift plate and lift pin interface.

The weight of each drip shield unit has been esti-
mated at about 3 metric tons (CRWMS M&O
2000ar, Section 5.4), but an upper-limit bounding

value of 4 metric tons was used in the design. The -

lifting mechanism on the gantry uses ball-screw
jacks, a common form of screw jack used for
lifting heavy loads, to raise the drip shields. This
mechanism has longer duty cycles and higher effi-
ciencies than typical machine screw mechanisms.
The gantry frame is a steel structure designed to
support its own weight, the weight of the drip
shield, and any scismic loads. The gantry would be
self-propelled, using four two-wheeled trucks, with
one truck placed at each corner of the gantry frame.

A direct-current, variable-speed electric motor

would drive one wheel in each truck through a gear
reducer and chain drive. An integral brake within

_ the direct-current electric motor would provide

braking. Integral brake motors would work in a
fail-safe configuration: if the electric motor loses
power, a spring mechanism would automatically

“apply the brakes. All motors (including the

ball-screw jack motors) and any other operating
components of the gantry would be electrically
operated and controlled (CRWMS M&O 2000ar,
Sections 6.2.1 and 6.2.3).

"The frame for the drip shield emplacement gantry

would be made of ASTM A 36 steel and fabricated
following American Welding Society standards.
The selection of ASTM A 36 steel, or possibly
other high-strength steels, will be reevaluated
during final design of the gantry. The gantry frame
and lifting mechanism dimensions would be sized
to provide sufficient clearance for the drip shield
over the rail transporter and emplacement drift

2-155




Yucca Mountain Science and Engineering Report

DOE/RW-0539 Rev. 1
A R1300 Drip Shield ) ’ 8108
R1385 Drip Shield 2 Connector Plate-1 Rz r———-—g-h——-———r: Placement
Connector Plate-1 0D ob i ) ,Sea Detal B- Sheat 2 ol :;:?g:nn
R1350 Drip Shiekd - B
Connectos Plate-1 D i 15 .
A R1280 Drip Shield -
ol ; rreat &
]
[ RIMOST §
; aukw% i 5 & g
! 2
1
Aad
< LT e
- Lok T :
- e
'___ 3
i3 %Q Liting Plate Drip Shiekd Connoctos Guide
1 50 Drip Shiekd Connector Piate-1
' . Bukhead
| Internal Support Plate
i Drip Shield Connector Guide-B
1 Drip Shisid Connector Guide-A
H Poripheral Bulkhead — ] }
! Basey
g ]
]
]
1 .
!
»pC ! 4 Drip Shield Connector Plate-2
-nL ' »
g l — — Drip Shield Plate-2 Support Beam-Connector
! Note: All measurements are in mm.
t_—znl.f.-.‘mmm__l o Do not scale from drawing.
212 ] Component Name Material Thickness Massm) %‘é
W [TSB 268 Ra2408 & 38 L 33T
- SiadTaie L7 N S S
- TESTS N0e022 0| 58
[Eaidead SB263R6400 § 38 | 45
onphoral Bulkhead 58-263 R56400 48 54
- gt 1" g 1
[ intoma’ s [ 5B-769 733400 127 ‘# 3
Exti S58-265 R32400 127 10
T [~ 55263 R%6400 2 7
of Bearnbonnecr | S8-268 Re40d | 102 | 27
BesmLarge [~SE7268 R56400_| 78 37
v 3. sm.——sam«r_gg T
" cor PIste-1 58265 R32400 1 14,
L L e B
el or Gu SB-263 R52400_ 5912
Nat To Scale Conedor Gu
Drawing 355 o %ﬁ v Guide-8 | SB- R32400 Q_ -‘A‘ES

Figure 2-73. Drip Shield Structural Components
Support beams, bulkheads, and support plates give the drip shield the strength and structural rigidity required to
withstand backfill, if used, and rockfall. Al measurements are in millimeters. Do not scale from drawing. OD = outside
diameter; ID = inside diameter. Sourcs: Modified from CRWMS M&O 2000at, Attachment Il '
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Figure 2-76. Drip Shield Emptacement Gantry and Lt Pin Mechanlsm
The drip shield emplacement gantry has a lift pin. ‘mechanism to engage the shield, lift it. end safefy emplace it over
the waste packages AC = ir cond:t:omng 50urce ‘CRWMS M&O 2000ar Figures 2 and4.

structural invcn’. Thcse'dimensions dlso take into
account the vertical travel distance required for
hftmg pin dxscngagement (CRWMS M&.O 2000ar,
Section 6.2.3, Figure 3). :

The drip shield emplacement gantry: ‘is désigned to

operate -in the harsh environment inside the
emplacement drifts, taking into account the moder-
ately high temperature of 50°C (122°F), a relative
humidity ranging from 10:10. 100 percent, and high
radiation levels. Operators at -2 rémote -control
console located at the surface would: remotely

‘control the drip ‘shield - emplauement gantry -
' M&O 2000ar, Sectionﬁz 5.])

(CRWMS M&O 2000ar, Section 6.2, 3).

The primary source of electrical power for the drip
shield emplacement gantry would be an electrified
third rail (conductor bar) system. This is the same.
electrical ‘supply system' that would be-used by the
v.aste package cmplacement gantry lel: thc wastc
emplacement gamry would be supphed mth redun--
dant power pickupT mechanisms to ensure a reliable’
and continuous source of power. The: -gantry would:
also carry an emergency backup power system that
would provide a limited supply of electrical power.

This backup system would ‘provide enough- power.

for the gantry 10 lower and releasc a drlp slueld and_
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g _Q'lnstrumematmn and commls on’ the gantry would

.Econsast of high-resotunon, amculated, closed-

- circuit. te!evxsmn cameras - and. a‘senes of hxgh—
~intensity_ lights. The gantry: would be’ ‘equipped

“with thermal and radiological sensing instruments.

~  Onboard ‘cabinets and_ all temperature-Sensitive

 components would be cooled with air-conditioning.

units. mounted on each. enclosure: The gantry

would also: be equipped with' a fire protection-
system that would respond automatically if an.

onboard fire is detected. The fire detection portion

of the- systemy would: 1mmed1mely not:fy remote:
operators, through the gantry contro} computers, of

the location and nature of the fire (CRWMS M&O
2000ar, Section 6.2:5.6):

Figure 2-77 illustrates a. typical section: of an
cmplacement driff with a series of emplaced: waste
packages of ‘different . sizes and with the drip

shields in p}_gce., A; pomon of the;dr;p shlelds 1as

mterlockmg of the dr:p shields.

No. sngmf icant mc!cfall is. anﬂczpated durmg the: : s
preclosure penod 1t is ‘envisioned’ that' spccxal' ‘

equipment or 2 attachments to the was!e packagz or

“sweep”™ the matmg éurface of the emplaced drip-
shield on whlch !hg adJacem dnp sh:eld will be;

would be rcmoved or "plowed" asidc. “mesc opera-
tions’ would -océur: before or during drip shield
emplacement. The' des:gn of such: cquipment will'
be developed as needéd and as the’ detailed subsur-
face equipment. designs evolve.

Figurs 2:77. Wplcat Section of Em::lacement Drift with Wasts Packages
_ The final configurations of waste package emplacement and drip shield emplacement-
cutaway view is pmvided to better flustrate the waste packages. Tha different

for xrlustraﬂcn purposes only One size dnp shield aooommodales al! sizes of waste packages '

rip Shfeld: ln P abc
are ilustrated In mis figure. A
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2.5 PERFORMANCE CONFIRMATION
FACILITIES DESIGN

This section discusses the elements of repository
subsurface design that support the Performance
Confirmation Plan (CRWMS M&O 2000ag).
Section 4.6 summarizes the objectives and scope of
the plan. Section 5.4 outlines additional testing and
evaluation performed during the preclosure years
that will support the performance confirmation
program. The description of performance confir-
mation facilities provided in this section is based
primarily on Performance Confirmation Plan
(CRWMS M&O 2000ag). '

2.5.1 Facilities Functions and Types

The roles of the subsurface systems in support of
performance confirmation are: :

e Constructing the subsurface facilities
required for performance confirmation
program implementation

» Supporting the installation of monitoring
equipment, instrumentation, data acquisition
systems, and data communication networks

* Providing operations support and system
maintenance _

» Providing transponatibn, ventilation, and
utilities :

« Supporting planning and construction of
future facilities, as needed

» Operating and supporting specialized
emplacement drift access equipment, such as
the remote inspection gantry.

The subsurface systems provide facilities to
support monitoring of the natural and engineered
barriers, emplacement drift and main drift environ-
ments, rock temperature and moisture regimes,
water inflow into emplacement drifts, waste
package integrity, and seismic activity. The subsur-
face facilities supporting the performance

confirmation program can be grouped into the
following types:

* Postclosure test drifis
» Observation drifts

* Alcoves

* Niches

* Boreholes.

A single type or a combination of these types of
facilities can constitute a performance confirma-
tion arrangement, depending on the requirements
for access to the monitored geologic media and on
the objectives of the monitoring. For example,
monitoring the rock environment between
emplacement drifts would require a combination of
an observation drift, alcoves, and boreholes. The
observation drift would provide the main access
facility for personnel and equipment and would
serve as a ventilation airway to maintain ambient
temperatures suitable for personnel and instru-
ments. Alcoves extend away from the observation
drifis, like fingers, to provide advantageous posi-
tioning of monitoring equipment. Alcoves also
provide space for installation equipment (e.g.,
drilling rigs) and monitoring equipment away from
the observation drift transportation corridor. The
alcoves are designed such that they provide stra-
tegic platforms from which instrumentation
boreholes can be drilled. Boreholes drilled at
different angles and to different lengths can
provide monitoring access to the rock media at
many locations around the emplacement drifts. The
boreholes used in performance confirmation will
be small-diameter, precision-drilled holes that
allow remote access to monitoring locations within
the rock. They offer a less intrusive way to reach
areas around the emplacement drifis. Niches are
small, excavated areas along the walls of the main
drifts or observation drifts that would be used for
setting up specialized instruments or monitoring
equipment, such as seismometers or data commu-
nications equipment.

252 Proposed Performance Confirmation
“Facilities

Figure 2-78 illustrates the proposed locations of the
performance confirmation facilities. This figure is
a layout of the potential repository that shows how
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. ‘the pmposed pcrformance conﬁrmatxon :facnlmes
" have 'been completely: integrated ‘into- the -overall
- repository design for the best use of access, trans-

portation; and ventilation networks.

283 ‘posfeiasm swaﬁon Test Area

- :,The Postclosure S:mu!auon Test Area conststs ofa
' smgle test drift, Jocated at the edge of the emplace-
~ment horizon, with similar physical characteristics:

to:a representative emplacement drift. This test

- drift would be separated into test sections, which

would allow ﬁ)r the simulation of several different

test cases. "Within a particular test section, heaters'

| or actual waste packages would be cmplaced for a.
. prescribed time, -the postclosure “jconf iguration .

drip shields, using expected postclosure confi gum-”
. hcns. [nstmments wou!d be. plaeed in thc dnﬂ from

period long enough to alfow for heaimg and drym

effécts on the - ad_gacent 1ock: mass. ‘After

équlpped snrrogate or actual waste packagesg and

. dnft (annrc 2-19) locatcd below the emplacemem.
Jevel. The alcoves. would be- !ocmed bclow the

postclosure test dﬂﬂ 1o minimize -any potential
impact on the moisture flow around the test drift
opening (ie., the near-ficld geohydrology).

-instument Borehore rryp{caz)

mc%’_pusﬂmm ’

Flgure 2-76. COnoeptual COnﬂguraﬁon for Postclosure SImulaﬁon Tost Secﬁons

‘The initial one’or two drifis In the northern section of the: repository block ‘would be . dedicated 1o perfomance
‘confinmation actnnbes ‘gerving 8s postdosure test.drifts. Both real and dummy waste packages. wrould be used in

these facilitles to ‘collect perdormance data’ and natural bamer response during the emplacement. and monitoring
phases of preclosure to support postdosure performance assessments. For tlarity, only a portion of the Postclosure
Simulation Test Area is iqustrated and only & few borehotes are shcwn $oun:e Modtfied from CRWMS M&O

.2000ag, Figure 5-3.
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Alcoves at this location would also permit moni-
toring of the rock mass response below the drift,
where greater temperature and response may be
expected (CRWMS M&O 2000ag, Section 5.3.2).

Figure 2-79 provides a conceptual layout of the
Postclosure Simulation Test arrangement, showing
the relative locations of the test drift, observation
drift, and alcoves. Also shown is a typical pattern
of boreholes drilled into the rock from the alcoves
and reaching areas in the rock around the test drift.
2.5.2.2 Observation Drifts

Figure 2-78 illustrates the proposed observation
drifts. All are aligned parallel to the emplacement
drifts and located along the centerline of the rock
pillars but at different elevations than the emplace-
ment drifts. Observation Drift #1, located below
the emplacement drift horizon, is associated with
the Postclosure Simulation Test area discussed in
Section 2.5.2.1. Observation Drift #2 would be
located above the emplacement drift horizon,
within the first panel of emplacement drifts. Obser-
vation Drit #3, also located above the
emplacement drift horizon, would be at about the
midpoint in the repository block. Observation
Drift #4, located above the emplacement horizon,
would monitor the southern extension of the repos-
itory block. The existing ECRB Cross-Drift is also
being proposed as an observation drift from which
several emplacement drifts in the central area of
the repository can be monitored.

These observation drifts and associated alcoves
would be used to monitor the thermal-mechanical-
hydrologic coupled processes in the rock. Moni-
toring these processes, along with the changes
caused by the heat from emplaced waste and the
eventual reduction in heat from spent nuclear fuel
decay, is important in demonstrating repository
performance (CRWMS M&O 2000ag, Section
5.4.1.2). Sensors to measure process parameters
(see Section 4.6) would be installed and grouted
into the boreholes. Data acquisition and communi-
cation equipment attached to the sensors would be
located at the alcoves. The data communication
lines would be linked to a central communications
network, using fiber-optic cables leading from the
alcoves to the performance confirmation control

and data processing center at the repository surface
facilities.

Observation Drift #1 would be located approxi-
mately 10 to 15 m (35 to 50 ft) below the
emplacement drifts, while Observation Drifts #2,
#3, and #4 would be located approximately 15 to
30 m (50 to 100 ft) above the emplacement drifts
(CRWMS M&O 2000ag, Figure 5.5). These drifts
will be thermally affected by the heat of the
emplacement horizon; however, the separation will
be enough to make the observation drifts accessible
to personnel without additional ventilation. Rock
temperatures around the observation drifts have
been estimated to peak at about 46°C (115°F)
during the preclosure period for the design and
operating mode presented in this report. Therefore,
the observation drifis will be exposed to rock
temperatures within the design "conditions for
human access during the preclosure period without
the aid of additional ventilation. Airflow can be
maintained and regulated, as needed, to maintain
the drift temperatures at a more comfortable level
for human access. The pattern for ventilation of the
observation drifts would be similar to the pattemn
for ventilation of the emplacement drifts: fresh air
would be supplied at both ends of the observation
drifts from the east and west mains and exhausted
through a raise connected to the service side of the
exhaust main. Figure 2-80 illustrates a typical
layout for the ventilation system in an observation
drift. The observation drifts would be at a different
elevation plane than the east and west mains; there-
fore, ventilation raises at the ends of the
observation drifts would connect the drifts to the
main drift airways. Ventilation regulators would
control the airflow to the observation drifts, as
needed (CRWMS M&O 2000x, Figure 1).

Observation drifts may be equipped with rail for
transportation of drilling and other heavy equip-
ment into the drifts.

2523 Other Performance Confirmation
Facilitles '

The ventilation cross-drifts excavated parallel to
and between emplacement drifts, at the same
elevation plane, provide advantageous locations
from which to drill boreholes into the rock pillars.

2-162
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Ethm Mam o
Figure 2-80. Observation Drift Alrnow Concept

T\—’IGZlea

East Main

OmwingNedeBicade ..
BO03I30C_ATP 21824 Fig -034 .00

As iflustrated in this ﬁgure verlical raises are used to-connect the observation drifts (o the ventilation alr supply from
the east and west mains; another raise exhausts the gir to the service side {unhesated eir) of the exhaust main.
PC = performance ¢ confrrmatxon Source! CRWMS M&O 2000x Figure 3.

Thiese cross-drifls could t}icrcforc' be used for addi--

‘tional monitoring instizllations, as needed.

The ECRB Cmss~Dnﬁ (Flgure 2:78), Iocated
approximately 15 to 30 m:(49 t0-98 f) above the
emplacemeit drifts, also offers a: potentially suit-
.able platform for performanoe confirmation
facilities. With the use of alcoves and instrumenta-
tion borcholes, nine cmplacement drifis could be
monitored from this- position,

Figure 2-78 also shows the location of the existing
Drifi Scale Test near the north ramp curve. After
the test is completed, this. facility will’ pmbably
‘continue to serve performance confirmation func-
tions during the preclosure period. The figure also
shows the proposed location for the Seal Test'Area;
where constructibility and- perfurmance testing of
the ramp .and shaft:seals would be performed in

support of the performance conﬁrmanon program.

Several performance confmnatwn facahnes would
be located along the main drifts, in either alcoves
* or niches. Figure 2-78 shows. proposed Tocations
for two séismic alcoves to be equipped with seis-
mometers at:opposite ends of the repository block.

Seismic facilitics would moaitor the suhsurfacg

response -at the repository | hotizon- level fo seismic

events. This subsurface seismic. momtoring would

require short -alcoves, or niches, 1o house ‘and
protect a data acquisition system msta!led adjacent
to a borchole conminmg a seismic probe (CRWMS
M&O 2000ag, Section 5.4.1.3 4).

anure 2-78 plso shows the proposed locations of"
six seepage. alcoves, where percolation: from the.

rock strata above the emplacement harizon would
be monitored around the! penmeter of the emplace-

‘ment block. In situ monitoring of secpage would
‘requiré short alcoves hermetically sealed from the

venﬂlatnon system with bulkheads. .Inspection or

_‘maintenance: of ‘instrumentation insid¢ the sealed
alcoves would’ require access. through the buikhead_

seal (CRWMS M&O 2000ag, Section 5.4.1.3.2):

253 Subsurface Pcrformance Confirmation

Support Faclhtics

2531 Dats Acquisition Support Facilities

The subsurface data collection systent would

«cofisist 6f groups of instruments reporting to @
Asmg!e Iocal dam cqmsmon system The data

mtegratcd mstmmcms at set imervals, usmg;

%3

input/output’ boards. The data -acquisition systemr

would store the data localty.

“These local data acquisition systems would collect
‘and transmit data from the various repository
monitoring -areas to a surface-based. data’ control
and storage facility. Based on current. technology,

datd acquisition systems would ‘transmiit data

' through confroller boards, over fiber-optic' trunk

lines installed in access ways-and along obsérva-
tion drifts, and to the surface data control facility
(CRWMS M&O ZOOOag. Section 5 4 I 4)
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2‘.5”.3;2 Mobile Vehicle Control Systenis

fn addition to the stationary control system, mobile
_’performance confirmation: systems, such as the
remoté: inspéction “gantry (Figure: 2-81), would
collect data. Such equipment would: also bc
controlled from the surface facilitiés during moni-
toring- ificursions |into the: emplacement drifts. A
mobile vehicle operations contmt system -and an
associated communications  transmission system
wouid be requm:d to collect data from both mobile

and s’tanonary mstru_menls and o provnde real-nme' s
data to: oontroi these moving ¢ obse ation p!atfonns;_i o
accuratcly and: safely chrowavc or radio wave
transmissions: from: the gantry'would be collected

by in-drift wires and tran_smmed: through:

face network: to. an operator. control.

’ subsur~_

surface. The' opemlo‘ control st:mon_ would control'

and momtor a vanety'of _;ystcms th'rqughout the
repository, in

in: addition- to the mobile' equipment
(CRWMS;M&O&?.OOOag, Section 5.4.1.5).

’

Drawirg Nok
muc_ﬁw_zasa Sw/ﬁ

Figure 2-81. Remote !nspectlon Cam:y Used for In-Diift Performance COnﬂrmaﬂ Activities. -

~ A remotely opel ated inspection gantry would ba- used to inspect and collect

tion in the enm!aoemem drifts.

during preclosure. Lights, cameras, sensors, on-board computers, and robotic arms would bé des:gned {0 make this

gantry an efficient and safe insped»on tool: Source: CRWMS M30 2000ay; Figure: 5-
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3. DESCRIPTION OF THE WASTE FORM AND PACKAGING

Section 114(a)}1)(B) of the Nuclear Waste Policy
Act of 1982 (NWPA), as amended (42 U.S.C.
10134(a)(1)(B)), requires “a description of the
waste form or packaging proposed for use at such
repository, and an explanation of the relationship
between such waste form or packaging and the
geologic medium of the site.” This section
describes the waste forms to be disposed, along
with their packaging; Section 4 explains their rela-
tionship with the geologic medium of the site. An
explanation of the important parameters considered
in the design of the waste package is included in
this section, as is a summary of the expected
performance of the waste package design. This
section:

¢ Presents an overview of the waste forms and
the waste package designs

o Describes the waste package, its design
bases, and its functions

» Discusses in detail the waste forms, the
parameters considered in designing the waste
package (and its variations), and the evalua-
tions performed on the designs '

» Describes the material Selection and fabrica-
tion of the waste package

* Presents the resdlts of design evaluations of
the waste package.

Waste Form Overview—Waste forms to be
received and packaged for disposal include spent
nuclear fuel from commercial power reactors,
spent nuclear fuel owned by the U.S. Department
of Energy (DOE) (including naval fuel), and canis-
ters of solidified high-level radioactive waste from
prior commercial and defense fuel reprocessing
operations, some of which would contain cans of
immobilized plutonium.

Section 114(d) of the NWPA (42 U.S.C. 10134(d))
limits the first repository’s capacity to no more
than 70,000 MTHM “...until such time as a second
repository is in operation.” The types of waste that

~ would be accepted at the potential repository have

- been allocated as follows (DOE 2002, Chapter 2):

e 63,000 MTHM of commercial spent nuclear
fuel

+ 7,000 MTHM of DOE high-level radioactive
waste, commercial high-level radioactive
waste, and DOE spent nuclear fuel.

The waste forms received at 2 potential repository
will be in solid form. Materials that could ignite or
-react chemically at a level that would compromise
containment or isolation will not be accepted by
the potential repository. Neither the waste forms
nor the waste packages will contain free liquids
that could compromise waste containment. Mate-
rials that are regulated as hazardous waste under
the Resource Conservation and Recovery Act of
1976 (42 U.S.C. 6901 et seq.) will not be disposed
in the potential repository (DOE 1999¢, Section
4.2.3).

Waste Package Overview—The design of a waste
package is based on the characteristics of the waste
forms that it would hold. Because commercial and .
DOE high-level radioactive waste forms have
similar characteristics, both may be placed into &

" waste package of the same design. This has

allowed the DOE to design waste packages capable
of accommodating all the types of spent nuclear
.fuel and high-level radioactive waste currently
generated or anticipated in the United States,
whether commercial or governmental.

The waste package has been designed, in conjunc-
tion with the natural and other engineered barriers,
to ensure compliance with applicable U.S. Nuclear
Regulatory Commission (NRC) regulations, to
contribute to safe operations during the preclosure
phase, to make efficient use of the potential reposi-
tory area, and to preserve the option of retrieving
the waste. To perform its containment and isolation
functions, the waste package described in this
report has been designed to take advantage of a
location in the unsaturated zone.
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vﬁ;'f_would be placed. The inner cylinder would be
. composed of Stainless  Steel Type: 316NG: The

outer- cylmder would be made’ of a corrosion- -

__nes:stant mcke!-based al!oy (Aﬂoy 22) “The waste

. package designs’ for DOE spent nuclear: fuél and

“high-level radioactive waste are. larger in diameter

and_thicker ‘than those for ‘commercial spent .

nuclear fuel. ’Hw outer. layer of corrosion-resistant

material protects the underlying layer of structural

material from corrosion, and the structural. material
supports the th:n_ner material of the outer layer.

Each waste package design has outer. and inner
lids. The outer (c!osure) lids: would be' made of
Alloy 22. The mner llds would be made of Stain-

’ :}All the waste package des:gns'conmst of two rless'Steel 1‘ype 316NG; and:thclr hlckness wﬂl_[

-congentric cylinders in. which  the: waste forms

vary; depcndxng on the: Waste package desagn In -
addition to the inner and outer lids; an Alloy 22 lid

on the closure-end of the waste package: (flat’
'closm'e hd) would pmvnde addmonal protecuon

-we!d ares,

A titanium’ ‘drip: shield. would be placed over:the

waste package.before the wposxtoty-ts.closed This
drip shield would protect the waste package against
rockfall:and. dnppmg water. Figure:3-1 illustrates.
the waste package and dnp shield. materxals

Bcfbre the- 6dul$!e4walied waste: paéliage is sealed,
helium would be added as a fill gas. The helium
will prevent oxidation of the waste form and help

: Spent Nuclear Fuel

“SpripShield - .
foormsmeesistant
15 mm Titanium Grada 7

;;.Wasta Package
* Emplacement Pafiet
Carbon S!ee¥ - Emp
Drift e Alloy 22 and Stainless S i
h g Steei Type 316L Sl : mcnoc“:r;fzmms
Figure 3-1. Cross-secﬂonal tllustration of an Alloy. 22 and’ Staintess Stee!* Emp!acod'nuai-Meul Waste

Package

The ﬁgura fustrates a wasta package supponed on an emplacement pallat and cavered by a mamum drip shieid
showing multiple engineered barriers that: provide defense in depth: The-use. of engmeered bafrien of difterent

matexials pmiects against common mode failures.
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fer heat from the waste form toithe wall of the
inner shell of the waste package Transfemng heat

‘ .aw, Ay fmm the waste form is an. xmponant méans of

:prserve the mtegntv of thc metal claddmg on the
fuel rods, thus extending the life of an exisfing
barrier to water: infiltration.

All waste -;paékage dcsighs- will use a remote

lifting-and-handling  mechanism.- The collar-
slecve-and-trunnion’ joint -apparatus illustrated in
_ Figure 3-2 will allow the necessary handling of the -

waste package before it is placed on an

‘emplacement pallet and transferred 10 the desig-

nated drift. Each waste package would also have a

(Stainless Steel Type 316NG)
Oiter . Qhr Barrier
mm?&”g;m tk  FatClosureLid’
(Afioy 22) (Alioy 22)

A-'umque permnnent ldemlfying Iabel (CRWMS

/waste forms For example, the wastc package for

M&O 2000au, Section 1,2.1.14).

Although'they share .the fcatures described ‘previ-
ously, the waste package designs have dxﬂ‘crcnt‘i
internal components to.accommodate the different:

V. internal baskex asscmbly to suppon fuel assem-
‘blies. In other waste packages (¢.g., the h:gh-lcvel

radioactive waste and DOE spent ‘nuclear .fuel

‘waste packages), the intemal basket has a different
_desm,n, or, as is the case with naval spent nuclear
fuel, the basket is contained ‘inside ‘the canister.

Internal components are discussed in more detail in
the respective waste package desng,n sections.

(Shmstecl Type 3168G)
 Fuel Basket Tube
(Carbon Steel)

Drenving Nof To Soale -
00022DC_ATP_Z1530_ 08 a

'Figure 3-2. 21-PWR Absorber Plate Waste Package Deslgn ‘
' Components for the 21-PWR commercial spent nuclear fuel assembly with an absorber plate (to prevent criticality)

are ‘Hlustrated. Internal strength is - provided by carbon steel structural guides and fuel basket tibes. Aluminumi
thermal ghunts assist in removing heat. and p%ates made of a slainless steel’ and boron alloy assist in prevennng
triticality by absorbing neutrons: Temporary frunnion collars wolld be’ instafled on the waste package 1o facilitate
handling operations. The inner cylinder support ring holds the inner cylinder to the outer barrier. All- waste package »
designs have the same ooncept for fids, trunnions, and &. mumtayer configuration, aﬂhough internal components vary

smong. dcs:gns
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WASTE PACKAGE

3’
_package. As defined in IO CFR 632 (66 FR
55732),.a waste. package m::ludes the ‘waste: form

the waste package so tt is not consndercd part of
the waste package. Figure 3-3 illustrates the waste
package within the cmplacemem drift of the engi-
neered barrier system.

Iovert f |
s&m ‘CraneRail  Package

‘Figure 3-3, Schamaﬂc tliustration of the Emplacement Drift with’ Cutaway Views ’

. Packages |

g GENERAL’DES!GN BASIS FOR 'rm:

'uon, data. from the matc;- AP

programs have been us

'package d the clad ng_oﬁ _th spent nuclear fuel

F(TbPA) dlscussed i Section 4.

The waste packages emp!aced ‘i’ repository drifts
will be affected by the: atmosphcre that surrounds

‘them, the water-that could come in-contact with

p:
Shield

One DOE Spent
Nuclear Fuat
Canister

Drawing Not 1o Scale.
moc_»w,zimw

Ground suppon for emplacemenl dnu walls is iltustrated in the figure; which also shcws threo designa for dual-meial
" ‘waste’ packages (represernting varous’ waste fom\s) a protectsvo dnp shield. and emplawment paltels supponing

the wasto padzaga abovo tha drift ﬂoor
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them, and the movement of the host rock in which
they are emplaced. How the decay heat produced
by waste forms is managed impacts the atmosphere
surrounding the waste package. In the higher-
temperature operating mode described in this
report, fuel blending would be used to manage the
amount of thermal output from the waste packages
(i.e., how much heat they emif) to ensure that
temperatures in most of the rock between the
emplacement drifts stays below the boiling point of
water.

3.1.1 Waste Package Functions
Waste containment begins when the waste form is

sealed in the waste package. Once sealed, the waste
package ensures a dry and stable physical and

chemical environment for as long as it remains .

intact. Engineers have designed the waste package
to work with the natural environment: the material
for the outer barrier of the waste package was

‘selected because of its resistance to corrosion in an

environment such as the one expected at Yucca
Mountain (CRWMS M&O 2000av).

The waste package performs a number of other
functions. System Description Documents define
each function as the basis for a waste package
performance  specification (CRWMS M&O

2000au, Section 1.1; CRWMS M&O 2000aw, -

Section 1.1; CRWMS M&O 2000ax, Section 1.1).
The waste package, in conjunction with other

- systems, has been designed to:

» Restrict the transport of radionuclides

« Provide criticality protection during waste
packagc loading and emplacement

¢ Manage the decay heat for thc potentnal ‘

reposntory

s Provide identification (i.e, each waste

package will be uniquely labeled and 1ts con-
-tents identified)

"« Enhance the safety of personnel, equipment,
and the environment

» Prevent adverse reactions involving the waste
- form

» Maintain structural integrity during loading,
onsite transportntlon, emplacement, and
retneval A

. Resist corrosion in the emplacement drift
environment

« Provide physical and chemical stability for
the waste form '

+ Promote heat transfer between the waste
form and the outside cnvironment

 Facilitate decontamination of the waste pack-
age ’s outer surface.

The following sections discuss the general perfor-
mance specifications that apply during repository
operations (preclosure phase) and after closure of
the repository (postclosure phase). -

3.1.2 Preclosure Design Performance
Specifications

The performance specifications for the function-

‘ality of the waste package during the repository’s

preclosure phase are consistent with 10 CFR
63.112(b) (66 FR 55732). This regulation provides

-for the DOE’s analysis of the ability of the waste

. package’s structures, systems, and components to

perform their intended safety functions during an

“accident or event sequences. For the waste

package, design basis events are determined by
identifying the functions of the waste package and
evaluating the effects on its performance of given
events that could occur during normal handling of
the waste package or during a credible accident

- . scenario (i.e., events that have at least 1 chance in
10,000 of occurring before permanent closure of

the geologic repository) (CRWMS M&O 2000ay,

. Section 4.2.1).

These event sequencm and their eﬂ'ects on perfor-

" mance were defined by reviewing the Preliminary

MGDS Hazards Analysis (CRWMS M&O 19962),
studying NRC standard review plans for similar
facilities (e.g., the Standard Review Plan for Dry
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Cask Storage Systems. [NRC 1997]), and consid-
ering current surface and subsurface design infor-
mation. This review process led to the classifica-
tion of two types of event sequences that might
affect waste packages during the preclosure period:
internal (normal operations, mechanical or other
failures, and operator error) and external (natural
phenomena and man-made events not initiated by
repository operations). The results constituted a

bounding list of preclosure event sequences that

could affect the waste packages. Using this list,
- engineers performed structural, thermal, and criti-
cality analyses of the impacts such events could
have on waste package performance (CRWMS
M&O 2000ay). The event sequences were devel-
oped early in the design process and were based on

conceptual designs for commercial spent nuclear

fuel. The fuel design has evolved, but the event

sequences evaluated still represent plausible acci-

dent scenarios that can be used to evaluate the
adequacy of the waste package designs. -

Table 3-1 summarizes the complete list of event
sequences (CRWMS M&O 2000au, Section 1.2.2),
which constitute the performance specifications for
the waste package and support the waste package
function specifications. In accordance with NRC

. guidance, designers considered many other types
of events. However, because some events are either
very low probability or their consequences are not
significant, they were not included in the safety
analysis. Section 3.5 presents the results of repre-
sentative design evaluations for select waste pack-
ages.

3.1.3  Postclosure Performance Specﬁﬁcation

10 CFR 63.113(b) (66 FR 55732) requires the
entire repository system to meet specific dose
limits for 10,000 years. The waste package is one
of many barriers relied upon to meet this limit. The
DOE’s objective is to design a waste package that
works in concert with the natural environment to
meet performance standards while reducing the
uncertainty associated with the current under-
standing of natural processes at the site.

3.1.4  Design Descriptions

An analysis was undertaken to determine the
number of designs needed to handle the different
waste forms that would constitute the anticipated
waste stream in the most economical manner
(CRWMS M&O 1997b). The objective of the eval-
uation was to determine;

» The number of different waste package
designs needed

» The capacity of each waste package design
(i.e., the amount of waste it would hold)

* The limits on spent nuclear fuel properties
(e.g., age, thermal characteristics) that might
apply to each waste package design.

The complete system of waste package designs is
intended to allow reliable disposal of those waste
forms that a repository would accept while still
enhancing overall efficiencies.

To determine the most efficient set of waste
package designs for commercial spent nuclear fuel,
the DOE designed waste packages of various
assembly-holding capacities and incorporated into

- the design methods for removing decay heat and

preventing criticality. This resulted in the selection
of a set of five waste package designs as the most
efficient means of accommodating the anticipated
waste stream of commercial spent nuclear fuel. A
similar process led to three designs for DOE non-
naval spent nuclear fuel and DOE and commercial
high-level radioactive waste. Two other designs are
specific to naval spent nuclear fuel, which will
arrive presealed in canisters (CRWMS M&O
2000az, Sections 4.2 and 4.3). Some DOE non-
naval spent nuclear fuel will be loaded into waste
packages with high-level radioactive waste; this
DOE spent nuclear fuel and high-level radioactive
waste will also arrive in presealed canisters. Table
3-2 lists the waste package designs and a descrip-
tion of each. Table 3-3 provides a breakdown of the
percentage of waste packages by waste package
design and the percentage of MTHM by waste
package design. Figures 3-4 and 3-5 illustrate the
waste forms and associated waste package designs.
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Table 3-1. Bounding Event Sequences for Waste Packages

‘ Analysis Type Event Group Event Performance Speclfication
. . .o | Withstand 13-metric ton (14-ton) rock falling 3 m (10 ft). Drop
Falling Objects— R"t“"‘ﬁg "°"‘t“‘e i | height based on & 5.5-m (18-R) drift and a distance of 2.4 m
3&;’;’"‘;3;:“ o waste (8 ) between the top of the drift and the top of the waste
¢rackage  |packag package (CRWMS M&O 1695h, p. 40)*
Falling Objects~- Handling equipment | Withstand 2.3-metric ton (2.5-ton) object falling 2 m (6.6 f1).
End of Waste drop onto the waste Drop height based on the distance between the handling
Package Impact package equipment and the top of the waste package
Waste Package | Waste package Withstand 2-m (5.6-R) drop. Drop height based on the
Vertical Drops and vertical drop from the i hook height; the bottom of the waste packa
Waste Package End | disposal contalner celi | Maxmum crane egns o wasie package
cannot be Kifted higher than 2 m (6.6 i) above the floor
Collisions crane
Waste Package Side gantry drops waste Withstand 2.4-m (8-ft) drop
Collisions package ’
Wasle package falls
onto a sharp object Withstand 2-m (6.6-t) horizonta! drop onto a steel support or
Structural Puncture Hazards while being i 2.4-m (8-R) horizontal drop onto a concrete pier, whichever is
: . transported in a worse :
horizental positicn
Tipover Tipover due to vertical Withstand tipover from a vertica! position onto a flat surface
drop or seismic event
Activit Maintain structural integrity and prevent tipover during a
Selsmic Earthquake design basls earthquake
The missile identified | Withstand impact of & valve stem wejghing 0.5 kg (1.1 b), with
Missile was a valve stem 2 1-cm (0.38-in.) diameter, inside a valve with § cm (2 in.) of
being ejected at the packing and under a sysiem pressure of 2.1 MPa (305 psi),
surface facility which has become a missile with a velocity of 5.7 m/s (19 fU/s)
Failure to maintain the .
-} Transporter transporter at or below | Withstand maximum impact from a transporter runaway,
Runaway the maximum speed . | dergliment, and impact at # speed of 63 km/hr (38 mihr)
Alimit ‘
Fuel Rod : -
100% fue! rod rupture
sgm;r:al and fission gas release Withstand intemal pressure of 1 MPa (146 pst)
) ) Survive 8 fire, defined as exposure of whole waste package for
Thermal Stresses not less than 30 minutes to a heat flux not less than that of &
thermal radiation environment of 800°C (about 1,500°F) with
Shomal and o ook Waste  |Fire I disposal an emissivity coeflicient of at least 0.9. Surface absorptivity
) h Tem egr:ture . ’ must be at least 0.8. If significant, convective heat transfer
P must be considered on the basis of stil air at 800°C (about
1.500°F).
The effective mumplmtion factor (k) is Iess than or equal to
: Criticality scenario 0.85 under assumed accident conditions, considering
Criticality ‘| Criticality Safety inside a waste . | ellowance for the bias in the method of calculation and the
. package uncertainty in the experiments used to validate the method of

calcutation

NOTE: *This rock size requiremem was lowered to € metric tons (BSC 2001m) since completion of the rock fa!t analysis in
support of a potential site recommendation (CRWMS M&0 2000au, Section 2.5.2.1).
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Table 3-2. Wasts Package Design

Waste Package Design

Description

21-PWR Absorber Plate

Capacity: 21 commercial pressurized water reactor assemblies and an absorber plate for preventing
criticality.

21-PWR Control Rod

Capacity: 21 commercial pressurized water reactor assemblies with higher reactivity, requiring
additional criticality control that Is provided by the placement of control rods in all assemblies.

Capacity: 12 commercial pressurized water reactor assemblies and an absorber plate for preventing

12-PWR Long criticality; longer than the fuel assemblies placed in the 21-PWR packages. Because of its smaller
capacity, it may also be used for fuel with higher reactivity or thermal output,
Capacity: 44 commercial boiling water reactor assemblies and an absorber plate for preventing
44-BWR ;
criticality.
24-BWR Capacity: 24 commercial boiling water reactor assemblies with higher reactivity, requiring a thicker
absorber plate to prevent criticality than that used in the 44-BWR design.
Capacity: 5 short high-level radicactive waste canisters and 1 short DOE SNF canister. YWhen high-
5-DHLW/DOE SNF Short level radicactive waste includes immobilized plutonium cans, no DOE spent nuclear fuel is placed in
) the center.® ) . .
5-DHLW/DOE SNF Long Capacity: 5 long high-fevel radicactive waste canisters and 1 long DOE SNF canister.®
2-MCO/2-DHLW Long Capacity: 2 DOE multicanister overpacks and 2 long high-level radicactive waste canisters.
Naval SNF Short Capacity: 1 short naval SNF canister.
Naval SNF Long Capacity: 1 long naval SNF canister.

NOTE: *DOE non-naval spent nuclear fue)

Table 3-3. Breakdown of Waste Packages for

32 COMMERCIAL SPENT NUCLEAR

70,000 MTHM FUEL.

Approximate | Approximate .
Pe"’vz:s"g'“ Pem:%;“ . Commercial auclear fuel rods are arranged in
Wasts Packages by Wasts assemblies that range in length from about2to S m
Package Waste Package | Package (6.6 to 16 ft). These assemblies are arranged in a
Design Design Design square, cross-sectional pattern and customized to
21-PWR Absorber Plate 38% 55% meet the size and performance requirements of the
21-PWR Control Rod 1% 1% reactor they will fuel. The fuel rods are sealed
12-PWR Long % 2% metal tubes, about 6.5 to 12.7 mm (0.26 to 0.50 in.)
44-BWR 25% 32% in diameter, that contain ceramic-like fuel pellets.
24-BWR 1% <1% The fissionable material in the fuel rods is uranium
5-DHLW/DOE SNF 14% 3% dioxide. Fissionable material has the ability to
Short® sustain a controlled nuclear chain reaction and, in
S-DHLW/DOE SNF 15% 4% so doing, release energy in a controlled manner.
:nmgon T : = % Speqt nuclear fuel. contain:s .uranium-23S and
Naval SNF STt % % urann!m-238, short-hvefl fission products suc!l as
Naval SNF Lorg % P strontium-90 and cesium-137, and long-lived
transuranic isotopes (i.e., isotopes with atomic

NOTE: °DOE non-naval spent nuclear fuel

numbers greater than 92) such as plutonium-239
and americium-243.

In most nuclear fuel assemblies, the tubes
containing the fuel pellets are made of Zircaloy, a
zirconium-based material. The generic name for
the metal that the tubes are composed of is
“cladding.” Zirconium-based cladding is used for
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Figure 3-4. - ‘Waste Form’ Inventory
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_ The figure depicts the types ang quantities of waste fofms tobe dxsposed Ina first mposlto:y and their representative’
waste package designs. Until e ‘second reposﬂory isin operation, the Nudear Waste Policy Act fimits inventory in the
first repository to 70,000 MTHM. ‘Dispositioning excess plutonium from weapons programs into mixed-oxide fuel for
burnup in treactors and dlsposa! in a repository aids in lhe fight agamst nuclear proliferation.

98.5 percent of pressunzed ‘water. reactor fuel
assemblies ‘and 99:8 percent of boiling water
reactor fucl -assemblies. The. cladding on the
remainder is made of stainless steel. Future fuel
designs are pot expected to’ change from mostly
 zifconium-tased cladding (CRWMS M&O 1999a,
Section '3.1.1). Figure 3-6 illustrates a typical

commercial nuclear fuel nssemhly fora pressunzed

water reactor.

' ‘Appmx:malcly 292,000 commercial spent nuc{cm{
fuel assemblies will be gcncrated by 2040: 167, 000
from boiling water reactors and- 125,000 from pres- -

surized w‘atér reactors (CRWMS M&O 1999a,

- Section 3.1; Tables 3 and 4) Abont 220,000 of
these assemblics- woulld be emplaced in the poten-
tial repository, Up'to 33 metric tons of U.S, surplus
-ueaponsousable pintonmm ‘will be fabncated into

ummum-plutomum fuel (ca!!ed mxxed-oxtdc fuel)
and ‘irradiated’ in commerctal ‘reactors, Use of

,mlxed-oxldc fuel will be limited fo only a few

specific commercial reactors and would involve, at

most, no more ‘than 1800 assembhes (CRWMSA

M&O }999a, Appcndlx B) Maxcd—oxndc “spent
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Figure 3-3. Waste 9ackaga Destgn; with Waste Forms
*Basket is exciuded from fllustration for Clarity.
The waste package designs are depicted close: to scale, along with the wasse form configuration contained in each

design: The 21- -PWR waste package is representative of both the: 2%; PWR Absorbec Plate and 21-PWR control Rod '
designs. o
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Figure 3. Cross-Sectional lilustration of a Typical Pressurized Water Reactor Fuel Assembly
“The figure shows the spacer grids, which provide structura! strength and maintain the cross-sectional configuration of

" the aasembly; clad fuel rods, which contain fingertip-sized, ceramic-like fuel pellets that become highly redioactive in

-8 reacior; 8nd guide end instrument tubes. The aray-depicted contains 208 fuel rods, which would weigh sbout

650 kg (1,200 ), and would be 4.3 m (14 1) long.

Each mixed-oxide fuel assembly irradiated and

disposed ‘would replice an  energy-equivalent

entiched “ranium _assembly, Preliminary evalua-

tions indicate that mixed-oxide fuef can bé accom-

modated within-the suite of waste package designs -

(CRWMS M&0 2000ba, p. vii).

In addition’ to ‘standard commetcial fuel asser
blies, a small portion. (less-than 2 percent) of the
spent  nuclear fuel will “arrive “in canisters

 containing individual fuel rods, Utilities repackage
- fuel vods ‘that ‘have damaged cladding in-these

canisters to confine radioactive materials during

_handling. and shipment.. To ensure that waste
package designs have the flexibility to accommo-
- date canistered fuel, the canisters would have sizes
within the range of dimensions that qualify as stan-_
dard fuel. Thus, it will b possible to handle and

dispose canistered fuel in the same way as uncanis-

e T

tered spent nuclear fuel assemblies. (CRWMS
M&O 1999, Section 3.2). . R '

Most commercial .spent -nuclear. fuel assemblies
would arrive at the potential repository undamaged
and suitable for immediate disposal. Some of the’
fuel rods in these assemblies are expected to have
minor defects in their cladding (i.e., small cracks or

 pinholes due to .manufacturing defects or corro-
- sion). The initial condition of ‘the cladding is

considered in the TSPA “analysis :(see . Section
426). . L

Based ‘on prior experience, testing, and the design
of the system and :cquipment, transport will not
impact the integrity of spent nuclear fuel. Assem-
blies, canistered or tiot, would be placed intact into
waste packages. The entire assembly, which may
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include nonfuel hardware components (such as
control rods), would be packaged for disposal.
32.1 Commercial Spent Nuclear Fuel:
Assigning the Right Waste Package

The characteristics of spent nuclear fuel assemblies
(i.e., size, thermal output, and reactivity) will be
used to select the appropriate waste package
design. The size of assemblies is used to determine
the size and configuration of the fuel within the
waste package, and to perform structural analyses
to evaluate the integrity of the waste package
during normal handling and event sequences. The
thermal output and reactivity of the fuel is used to
determine which waste package can accommodate
each given fuel assembly.

3.2.1.1 Physical Characteristics of
Commercial Spent Nuclear Fuel

The physical characteristics of commercial spent
nuclear fuel include length, cross section, weight,

and cladding. Table 3-4 summarizes boiling water
reactor assembly dimensions and weights by
related groups; Table 3-5 provides similar informa-
tion for pressurized water reactor assemblies
(CRWMS M&O 1999a, Section B.1.1). The infor-
mation provided in Tables 3-4 and 3-5 represents
the full inventory of approximately 292,000 assem-
blies. Operating and shut down reactors are shown
in Figure 1-2 of Section 1.

Based on physical dimensions, approximately
95 percent of the fuel assemblies can be emplaced
using two waste package designs (the 21-PWR
Absorber Plate and the 44-BWR). The 12-PWR
Long is designed to accommodate assemblies from
Combustion Engineering and the South Texas
Project, which are longer than the others. Because
the 12-PWR Long holds fewer assemblies, it can
also be used to manage thermal load and criticality
concerns about fuel with higher thermal output and
reactivity.

Table 3-4. Deslgn Basls Dimenslons of Assemblles for Boiling Water Reactors

: Percent of
Length Width Weight Total BWR '| Total BWR
Assembly Group mm (In.) mm (in.) - kg {ib) Assemblies | Assemblies
2,071.6102,154.0 165.1 to 183.1 207 to 268
Big Rock Point (81.6t0 84.8) (85107.2) (458 10 591) <t 524
Humbolt Bay, Dresden 1, and | 2,413.0t03,591.5 101,810 160.0 12510 218 < 1615
LaCrosse® (55.0t0 141.4) (4.0t08.3) (276 to 431) '
General Electric BWR (8x8 4,343,410 4,521.2 132110 154.9 252 to 329 99 164.800
and 9x9) (171.0to0 178.0) (5.2t08.1) (556 to 725) ’
- NOTES: See Figure 1-2 in Section 1 for 2 map of currently operating and shut down reactors.
BWR = bailing water reactor.
Table 3-3. Design Basls Dimenslons of Assemblies for Pressurized Water Reactors
Percent of Totat
_ Length Width Welght Total PWR PWR
Assembly Group mm (in.) mm (In.) kg (Ib) Assemblies | Assemblies

Haddam Neck, Indian Point 1, San | 2,837.1t03,561.1 | 160.010218.4 198 to 731 2 2460
Onofrs 1, and Yankee Rowe® (111.7 t0 140.2) {6.2108.8) {437 t0 1,812) - *
Westinghouse, Babcock & Wilcox, | 3,708.4104,4089 | 198.1t0218.4 497 t0 773 24 105.500
and Others {148.0 1o 173.5) (7.310 8.8) (1,100 to 1,700) *
Combustion Engineering 16x16 4,490.7105,110.5 | 203.2t0215.9 649 to 882 14 16.900
and South Texas Project (176.8 to 201.2) (8.0%0 8.5) (1,430 to 1,940) .

NOTES: *See Figura 1-2 in Section 1 for a map of currently operating and shut down reactors.

PVR = pressurized water reactor.

3-12
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32.1.2 Thermal Output

Commercial spent nuclear fuel arriving at the
repository is expected to have a wide range of
thermal outputs. The waste package has been
designed to ensure that this anticipated range can
be accommodated in a way that supports the range
of thermal operating modes being considered for
the potential repository (see Section 2).

The key Jfacto:s used to determine the thermal

output of spent nuclear fuel are its age (i.e., number
of years out of the reactor), burnup (measured in

gigawatt-days per metric ton of uranium), and -

initial enrichment of fissile material (ie.,
uranium-235 or plutonium). To cover anticipated
thermal outputs, waste package designers consid-

~ ered the average characteristics provided in Table
3-6. Maximum characteristics were also evaluated

to ensure that these fuel assemblies could be placed
in the waste package.

Determining which waste package design can

accommodate & particular spent nuclear fuel
assembly thermally will require calculating the
assembly’s thermal output at the time it is
emplaced in the repository. The appropriate waste
package is chosen to ensure that the maximum
thermal output limit is not violated. In the higher-
‘temperature operating mode, this limit has been set
at 11.8 kW. :

- Of the five commercial waste package designs, the
21-PWR Absorber Plate is the most limiting in
thermal output. The characteristics of spent nuclear
fuel assemblies loaded into this waste package type
will be carefully chosen to ensure that the thermal
output limit is not violated.

The thermal output of the waste package can be
reduced, if necessary, to accommodate either a .
range of thermal operating modes or potential
changes in the characteristics of the waste stream.
Reduction can be achieved by using one or more of
the following waste package loading strategies:
(1) fuel blending (i.e., combining low heat output
fuel and high heat output fuel within a single waste
package); (2) de-rating (i.c., loading fewer assem-
blies than the waste package is designed to hold);
or (3) increasing the use of the 12-PWR Long
waste package (i.c., placing high heat output fuel in
smaller waste packages). For more information on
variables that can be modified to accommodate a
range of operating modes, see Section 2.1.

3213 Criticality Control

Waste package designs will be evaluated to ensure
that subcritical limits can be met, as well as the
thermal limits described in the previous section. As
Section 3.5.2 describes in detail, loading curves
will be developed from commercial spent nuclear
fuel parameters to determine the method of loading
waste packages. This will ensure that the reactivity
of the fuel being loaded is below the level at which
criticality could occur.

322 Commercial Spent Nuclear Fuel Waste
Package Desigas

All the waste package designs for commercial
spent nuclear fuel have similar components that
perform multiple functions. Figure 3-2 illustrates &
representative waste package design. The general
features of waste package design were described in
Section 3.1; the internal components of commer-
cial spent nuclear fuel waste package design are
described in this section, along with their func-
tions.

Table 3-6. Fuel Assembly Characteristics at Arrival

Average
» ) Average Assembly | Average Assembly | Assembly Initial Welght of
Age Burnup 85y Enrichment | Heavy Metal
. Assembly Type {yecars) (GWdA/MTHM) (wi%) (MTHM)
Boiling waler reactor 227 33.6 3.03 0.200
Pressurized water reactor 23.1 41.2 375 0475

NOTES: GWd = gigawalt day. Source: CRWMS M&0Q 2000bb, Table 5.

© 313
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32.2.1 Internal Basket Design

Baskets are composed of interlocking plates, fuel

tubes, thermal shunts, and structural guides. These

elements will displace any water that might be
present inside a breached waste package, helping
to prevent criticality. All four elements and their
functions are described below.

Interlocking Plates—The interlocking plates set
the pattern for how the fuel assemblies will be
arranged inside the waste package. The basket for
each design is customized to meet requirements for
the size, type, and number of fuel assemblies it can
hold, as well as the specific waste form being pack-
aged. The material composition and thickness of
the interlocking plates are tailored to provide
enough structural strength to maintain fuel geom-
etry during normal handling and design basis
events, and to prevent criticality. However, this
extra durability is not considered in the structural
analyses (CRWMS M&O 2000au). The inter-
locking plates are made of either Neutronit A 978
(a stainless steel and boron alloy) or SA 516
Grade 70 carbon steel and range between 5 and
10 mm (0.2 and 0.4 in.) in thickness.

The neutron absorber materials that prevent criti-
cality can be placed directly into the plates using
Neutronit A 978 or can take the form of separate
control rods. Plates that include neutron absorber
material will vary in thickness because of the
number of plates in the design. For example, the
44-BWR waste package has more plates than the
21-PWR waste package; therefore, the plates in the
44-BWR can be thinner, but the entire waste
package will still have about the same mass of
neutron absorber material as the 21-PWR.

The corrosion rate for Neutronit A 978 plates is
slow, and the plates tend to corrode by pitting.
Because of this, the plates remain in place between
the fuel assemblies even as they corrode. To avoid
processes that could accelerate stress corrosion
cracking, there will be no bends or structural welds
on the Neutronit A 978 plates. ’

Fuel Tubes—The fuel tubes are long, square
containers that line the insides of the cavities
created by the interlocking plates. They support the

3.2.2.2

internal structure created by the interlocking plates
while holding the fuel assemblies in place. The fuel
tubes provide structural strength for the internal
basket during event sequences they also help
conduct heat away from the cladding. The fuel
tubes for each waste package design are made of
SA 516 Grade 70 carbon steel that is 5§ mm (0.2 in.)
thick (CRWMS M&O 2000au, Section 2.4.1.2).

Thermal Shunts—All the waste package designs
for commercial spent nuclear fuel except the
24-BWR require thermal shunts. These shunts,
which are made of 5-mm (0.2-in.) thick SB 209
6061 T4 (an aluminum alloy), are placed alongside
the interlocking plates (CRWMS M&O 2000au,
Section 2.4.1.3). The shunts are added to help
transfer heat from the waste form to the walls of
the waste package. Adding thermal shunts is a
simple and effective method to improve heat
conduction between the center of the waste
package and the outer edge of the internal basket,
providing a reliable means of keeping the tempera-
ture of the cladding within design limits. Limiting
cladding temperatures helps protect the waste form
by minimizing damage to the fuel cladding
(CRWMS M&O 2000au, Section 2.4.1.3).

Structural Guides—The structural guides for each
waste package are made of 10-mm (0.4-in.) thick
SA 516 Grade 70 carbon steel and are placed inside
the inner layer of the waste package to hold the
basket structure in place. They help maintain fuel
geometry, which can prevent criticality during
event sequences. The structural guides also help
conduct heat from the waste form to the walls of
the waste package, where it is radiated to the
surrounding drift walls (CRWMS M&O 2000au,
Section 2.4.1.4).

Control Rods

Control rods similar to those used in reactors will
be placed in waste packages that need additional
long-term criticality control, such as those
containing highly reactive fuel assemblies from
pressurized water reactors. Control rods are made
of boron carbide and have Zircaloy cladding.
Because this is the same material used in most fuel
rod cladding, it will have similar corrosion proper-
ties and longevity. ’
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323 Preliminary Engineering Specifications

for the Commercial Spent Nuclear Fuel |

Waste Package Designs

‘The preliminary engineering speciﬁcations. for the

waste package design include the waste form char-
acteristics, the physical dimensions of the waste
package, and material specifications. Tables 3-7
and 3-8 provide preliminary engineering specifica-
tions for the waste package designs for commercial

‘'spent nuclear fuel based on the physical dimen-

sions, thermal output, and reactivity of the fuel.
Table 3-9 shows the material specifications of the
waste package components. These engineering
specifications were developed to meet the perfor-
mance specifications given in Table 3-1.

3.3 U.S.DEPARTMENT OF ENERGY
SPENT NUCLEAR FUEL, HIGH-
LEVEL RADIOACTIVE WASTE, AND
IMMOBILIZED PLUTONIUM

Ten types of canisters of DOE spent nuclear fuel
and high-level radioactive waste may be received
at the potential repository (CRWMS M&O 2000az,
Sections 4.2 and 4.3):

1. Naval spent nuclear fuel canisters, short
2. Naval spent nuclear fuel canisters, long
3. DOE spent nuclear fuel canisters, short

4. DOE spent nuclear fuel canisters, long

Table 3-7. Physlical Dimensions of Commercial Waste Package Designs

Outer Diameter | Outer Length | Mass of Empty WP | Mass of Loaded WP
No. Waste Package Design mm {in.) mm (In.) kg (Ib) kg (Ib)
1 |21PWR Absorber Plate 1,644 (64.7) 5,165 (203.3) 26,000 (57,300) 42,300 (93,300)
2 |21-PWR Contro! Rod 1,644 (64.7) 5,165 (203.3) 26,000 (57,300) 42,300 (93,300)
3 ]12-PWRLong 1,330 (52.4) 5,651 (222.5) 19,500 (43,000) 30,100 (65,400)
4 |44-BWR 1,674 (65.9) 5,165 (203.3) 28,000 (61,700) 42,500 (93,700)
§ |[24-BWR 1,318 (51.9) 5,105 (201) 19,400 (42,800) 27,300 (60,200)

NOTES: Contro! rods do not add any mass o the package because they displace the mass of nonfue! components (e.g., existing

contro! rods, in-core dete
BSC 2001n.

Table 3-8. Cbmmérclal Spent Nuclear Fuel Characteristics by Waste Package Design

ctors) included in the fuel assembly mass. WP = waste package. Source: CRWMS M&O 2000ay;

Average Waste
Package Heat
Generation Rate
Based on Assembly Assembly Average
Assembly Heat at . Average - | Average Initiat Average Assembly
Waste Package | Repository Arrival | - Number of Bumup | PSU Enrichment] MTHM per Age
Design {kw) Assemblies | (GWA/MTHM) {wt) Assembly (years)
21-PWR ; )
Absorber Plate 11.53 90.262 415 374 0.430 23.00
21-PWR Control an 1,092 196 357 0368 36.14
12-PWR Long 9.55 1,855 453 401 0.540 18.04
| $4-BWR 7.38 124,532 341 3.04 0177 2241
24-BWR 0.52 2,013 8.1 263 0.167 40.32

NOTES: Based on 63,000 MTHM. GWd = gigawatt day. Source: CRWMS M&0O 2000bb, Table 10.
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Table 3-9. Waste Package Design Component Materials

Component Materfal

Dual-layer design: :

Inner structural shell Stainless Steel Type 316NG

Outer corrosion-resistant barier Alloy 22 (SB 5§75 N06022)
WP fillgas Helium
Fuel tubes for commercial SNF WP basket design Carbon steel (SA 518 Grade 70)
Neutron absorber interlocking plates for commercial SNF WP | Neutronit A 978 (borated 318 stainless steel)
Interfocking plates for 21-PWR Control Rod design Carbon steel (SA 516 Grade 70)
Structural guides for commercial SNF WP basket design Carbon steel (SA 516 Grade 70)
Canister guide for 5-DHLW/DOE SNF designs Carbon steel (SA 518 Grade 70)
Thermal shunts for commercial SNF WP basket design Aluminum plate (SB 209 6061 T4)

. NOTES: SNF = spent nuclear fuel; WP = wasts package.

5. Larger-diameter DOE spent nuclear fuel
canisters, short

6. Larger-diameter DOE spent nuclear fuel
canisters, long

7. Solidified high-level radioactive waste
canisters, short

8. Solidified high-level radioactive waste
canisters, long

9. Solidified high-level radioactive waste
canisters containing immobilized pluto-
nium cans, short

10. Multicanister overpacks containing spent

nuclear fuel from the Hanford N Reactor.

The number of canisters of solidified high-level
radioactive waste will greatly exceed the number
of canisters of DOE spent nuclear fuel. Therefore,
the DOE has developed an efficient arrangement
for packing them together (CRWMS M&O
2000az, Section 4.2). This mixing of DOE spent
nuclear fuel and high-level radioactive waste is
called “codisposal.” Codisposal also helps main-
tain criticality control for DOE spent nuclear fuel
that contains highly enriched uranium. Naval spent
nuclear fuel canisters, which are larger in diameter,
will not be placed in codisposal waste packages;
they will be placed one canister per waste package.
Because the waste package designs being consid-
ered will contain both DOE spent nuclear fuel and

high-level radioactive wasfe, the following section
describes both waste forms, as well as the appro-
priate waste package designs.
33.1 U.S. Department of Energy Spent
Nuclear Fuel

DOE spent nuclear fuel has a wide variety of
physical, chemical, and nuclear characteristics and
represents an inventory of approximately 2,500
MTHM; 2,333 MTHM of this is included in the
waste allocation for disposal in the first repository
(DOE 1999d, Section 8.1). The waste packages
designed for DOE spent nuclear fuel will accept
fuel irradiated at DOE facilities, naval spent
nuclear fuel, and certain types of material
irradiated at commercial nuclear reactors,
including debris from the Three Mile Island-2
reactor and fuel from the Fort Saint Vrain reactor.
All DOE waste canisters will be sealed before they
are transported to the potential repository.

The largest single component of the DOE spent
nuclear fuel inventory by weight is uranium metal
fuel, at approximately 2,130 MTHM (DOE 19994,
Appendix C, Section 5.1, Table 1). Fuel from the
N Reactor at Hanford, Washington, accounts for
2,100 MTHM of this inventory. During its 20-year
life, the N Reactor produced nuclear isotopes for
defense purposes. N Reactor fuel has an initial
enrichment of less than 2 percent uranium-235. It
will be placed in. multicanister overpacks that will
both store the waste onsite and transport it to the
potential repository. The multicanister overpack is
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a stainless steel container that is slightly wider at
the top than at the bottom (DOE 1999d, Appendix
C, Section 5.1, Table 1). Although N Reactor fuel
is the largest portion of the DOE spent nuclear fuel
inventory by weight, it will be emplaced in the
repository in only one percent of the waste pack-
ages (Table 3-3).

Approximately 184 MTHM of the DOE inventory
is low-enriched uranium oxide, some of which is
standard commercial spent nuclear fuel used for
testing. Some is the fuel debris from the damaged

reactor core at Three Mile Island-2, which is

already stored in small canisters that can be placed
inside a standard DOE canister. The DOE canister
can then be inserted into a transportation cask and
transported to the potential repository (DOE
1999d, Appendix C, Section 5.1, Table 1).

~ Approximately 125 MTHM of the DOE inventory
includes uranium enriched initially to more than

20 percent uranium-23S, uranium enriched initially
to between 5 and 20 percent uranium-235, and

thorium- and plutonium-based fuels (DOE 19994,

Appendix C, Section 5.1, Table 1).

Naval nuclear fuel is designed to operate in a high-
temperature, high-pressure environment for many
years. Naval fuel is highly enriched. To ensure it
can withstand battle-shock loads, naval fuel is

made of Zircaloy. There are two canister designs
for naval fuel; both use similar materials and
mechanical arrangements. The DOE plans to
emplace about 65 MTHM of naval spent nuclear
fuel in the potential repository. This fuel will be
contained within about 300 sealed canisters, which
will be transferred directly from transport casks
into waste packages (DOE 1999d, Appendlx C,
Section 5.1, Table 1).

3311  Physical Characteristics

The canisters for DOE spent nuclear fuel will be
standardized to efficiently utilize the waste
package design (CRWMS M&O 2000aw). Table
3-10 gives the preliminary canister dimensions.

3312  Thermal Output

DOE spent nuclear fuel has a low thermal output,

with naval spent nuclear fuel being the hottest. The

maximum thermal output of a naval spent nuclear

fuel canister is 8.01 kW, which is well below the

maximum limit of 11.8 kW (CRWMS M&O-
2000ax, Section 2.5.4.2).

33.13  Criticality Control

The controlling factors in disposal criticality anal-

surrounded by large amounts of structural material

yses of DOE spent nuclear fuel are fuel matrix,

" Table 3-10. U.S. Department of Energy Waste Forms for Disposal, According to Waste Package Design

Canister Length Canister Diameter Canister Mass :
mm (in.) mm (in.) kg (b} Canisters/
Waste Package Design HLW SNF HLW SNF HLW SNF Waste Package
3,000 3,000 610 457 2,500 2,270
5-DHLW/DOE SNF Short* (118.9) (118.1) {24.0) (18.0) (5.512) (5.004) S HLW/ 1 SNF
4,500 4,570 610 457 4,200 2,721
5-DHLW/DOE SNF Long* (177.2) (179.9) (24.0) (18.0) (9,259) (6,000) 5 HLW/ 1 SNF
N/A 4,750 N/A 1,689.1 N/A 44,452
Naval SNF Short {187) {66.5) (98,000) 1
“N/A 5,385 N/A 1,689.1 N/A 44,452 .
Navat ENF Long : (212.0) (66.5) ‘ (98,000) 1
: 4,500 4,200 610 643 | 4,200 8,910 :
2-MCO/2-DHLW Long {(177.2) (165.3) (24.0) - (25. 3) (9,259) (19 ,642) 2HWW/2 SNF

NOTES: *DOE non-naval spent nuclear fuel.
HLW length and diameter are nominal; HLW mass is maximum. DHLW = defense high-leve! radioactive waste;
MCO = multicanister ovespack; SNF = spent nuclear fuel; N/A = not applicable; HLW = high-level radioactive waste.

Sources: DOE 1999¢; Naples 1999; DOE 2000d.
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primary fissile isotope, geometry, and enrichment
(DOE 1999d, Section 5.2). The 250 types of DOE
spent nuclear fuel have been divided into groups
based on these four factors to perform criticality
~ analyses.

DOE non-naval spent nuclear fuel from each of the
four groups will be analyzed in the appropriate
configuration, and data important to preventing
criticality—such as fissile loading, enrichment,
initial configuration of the basket and spent nuclear
fuel, and neutron absorber loading in the canister—
will be identified. From these results, waste accep-
tance criteria will be developed for each group.
The canister design will also control criticality by
limiting the amount of fissile material in each
waste package. If required, neutron absorbers
would be added into a canister for further criticality
control.

A separate analysis will be performed for naval
spent nuclear fuel to demonstrate that criticality
would be precluded for all credible event sequence
conditions during handling at the repository
(Mowbray 1999).

33.2 High-Level Radioactive Waste and
Immobilized Plutonium

About 22,000 canisters of high-level radioactive
waste will be generated by 2035 (DOE 1997b,
Section 1.5.4). Approximately 1.5 percent will
come from reprocessed commercial nuclear fuel;
the rest will come from treatment of materials from
the defense nuclear program. The estimated
number of high-level radioactive waste canisters to
be emplaced in the first repository is approximately
8,300, based on the total inventory limit in the
NWPA.

Liquid high-level radioactive waste will undergo a
process at its current site that yields a solid leach-
resistant material, typically a borosilicate glass.
While still liquid, the glass is poured into stainless
steel canisters. After the glass cools and solidifies,
the canisters are sealed. The potential repository
would accept solid high-level radioactive waste
generated from activities at DOE’s Savannah
River, South Carolina, and Hanford, Washington,
sites, as well as from the Idaho National Environ-

mental and Engineering Laboratory. The waste will
arrive in presealed canisters. The potential reposi-
tory would also receive, subject to the execution of
a disposal contract between the DOE and the state
of New York, commercial high-level radioactive
waste from the West Valley Demonstration Project
in New York.

Up to 17 metric tons of surplus plutonium that is
excess to national defense needs will be immobi-
lized within ceramic discs that will have neutron
absorber material evenly distributed throughout

their matrix (65 FR 1608). The ceramic will resist

the leaching of plutonium. Section 3.2 describes
the additional 33 metric tons of surplus plutonium
that will be converted into mixed-oxide fuel.

3321 Physical Characteristics

The canisters containing high-level radioactive
waste will be standardized to accommodate the
waste package design and to reduce manufacturing
costs. Table 3-10 gives the canister dimensions.
33.2.2 Thermal Output

DOE high-level radioactive waste has a low
thermal output. The total heat generation rate will
not exceed 1.5 kW per 3-m (9.8-ft) canister or
1.97 kW per 4.5-m (15-ft) canister (DOE 1999c¢,
Section 4.2.3.1). The maximum thermal output of
the hottest waste package, the 5-DHLW/DOE
short, is 9.16 kW—well below the maximum limit
of 11.8 kW (CRWMS M&O 2000aw, Section
2.5.4.2).
3323 Criticality Control

With the exception of high-level radioactive waste
canisters containing immobilized plutonium, eval-
uations have indicated that DOE high-level radio-
active waste will not contain enough fissile mate-
rial to pose a criticality risk.

A principal criticality control measure for the

_immobilized plutonium is the incorporation of

neutron absorbing miaterials (i.e., gadolinium and
hafnium) into the waste form. These materials are
an effective criticality control measure for both the
preclosure and postclosure phases. The planned
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~ loading strategy for immobilized plutonium is to

transfer it into a codisposal waste package
containing five high-level radioactive waste canis-

“ters but no DOE spent nuclear fuel canister in the
‘center. Detailed criticality analyses (CRWMS
M&O 2000ba) have shown that preclosure and. -

postclosure criticality for a waste package that

_ contains five plutonium-loaded canisters, but that

does not have a center DOE spent nuclear fuel
canister, is below the subcritical limit for criticality

'to occur. See Section 3.5.2.4 for a brief discussion
- of the criticality potential of the immobilized pluto-

nium waste form.

3.3.3 U.S.Department of Energy Waste -
Package Designs

Three waste package design configurations have
been developed for codisposal of DOE non-naval
spent nuclear fuel and high-level radioactive waste.
In two designs that differ only in length, the typical

- arrangement places a DOE spent nuclear fuel

canister in the center of & ring of five high-level
radioactive waste canisters. The exception occurs
for high-level radioactive waste canisters
containing immobilized plutonium, which will be
packaged without a DOE spent nuclear fuel
canister in the center. Structural guides will provide
support to ensure that the DOE spent nuclear fuel
canister is not damaged by an impact to the waste
package. These guides also facilitate waste

package loading. Such support is not needed for

high-level radioactive waste glass, which main-

. tains its own structural integrity (CRWMS M&O

2000aw).

The third waste package design will accept multi-
canister overpacks, which will have a diameter
larger than those of DOE spent nuclear fuel or
high-level radioactive waste canisters. To prevent
criticality, no more than two multicanister over-
packs will be put into a waste package. To improve
packaging efficiency without compromising criti-

cality prevention, two long high-level radioactive

waste canisters will be codisposed with the two
multicanister overpacks. A DOE study determined
that codisposing two multicanister overpacks with
two long DOE high-level radioactive waste canis-
ters would be the most efficient arrangement
(CRWMS M&O 2000aw).

Naval spent nuclear fuel will arrive at the potential
repository in canisters suitable for long-term
disposal. The canisters will fit one to a waste
package. Because the naval fuel will arrive in

‘canisters of two sizes (one short and one long), the

DOE has devised two waste package designs for it.
The larger of these two types will be the heaviest

‘and longest of all the waste packages. No addi-
-tional features would be necessary for structural
-support, heat transfer, and criticality control, since

these are provided by the naval spent nuclear fuel

“or the canister (CRWMS M&O 2000ax).

334 Pi'eliminary Engineering Specifications

The preliminary engineering specifications for the
waste package include the waste form, the physical
dimensions of the waste package, and material
specifications. Tebles 3-10. and 3-11 present
preliminary engineering specifications for waste
package designs for DOE spent nuclear fuel and
high-level radioactive waste, which are based on
the physical dimensions, thermal output, and criti-
cality potential of the fuel. Table 3-9 shows the
material specifications of the waste package
components. These engincering specifications
were developed to meet the performance specifica-
tions given in Table 3-1.

‘3.4 SELECTING MATERIALS AND
FABRICATING WASTE PACKAGES

The selection of materials from which reliable
waste packages could be fabricated followed a

_multistep analysis and design process. It began by
‘analyzing the critical functions of a particular

waste package and its various components. In
selecting a material for 2 component, the designers
considered both the material’s availability and the
critical functions the component would serve as
part of the waste package. They identified eight
major components and eight performance criteria
for selecting materials to fabricate them (CRWMS
M&O 1997c¢, Section 3) The cight major compo-
nents are:

. Structural shell

» Corrosion-resistant barrier

» Fill gas

* Interlocking plates for commercial designs
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Table 3-11. Physical Dimensions of Waste Packages Designed for U.S. Department of Energy Waste Forms

Outer Weight of an Empty | Welight of a Loaded
: ’ Diameter Outer Length Waste Package Waste Package

No. Waste Package Design mm {in.) mm (in.) kg (Ib) kg (Ib)

1 5-DHLW/DOE SNF Short 2,110 3,590 23400 38,100
(83.0) (141.3) (51,800) (84,000)

2 5-DHLW/DOE SNF Long 2,110 5217 32,600 58,300
(83.0) (205.4) (71,900) - (124,000)

3 Naval SNF Shorl 1,949 5,430 25,800 - 70,300
. 78.7) (213.8) (58,900) . (155,000)

4 Naval SNF Long 1,949 8,065 28,000 72,500
‘ (78.7) (238.9) (81,700) (159,000)

5 2-MCO/2-DHLW Long 1,815 5,217 21,800 48,100
(71.5) (205.4) (48,100) 108,000)

NOTES: DHLW = defenss high-level radicactive waste; MCO = mullicanister overpack; SNF = spent nuclear fuel. Source:

CRWMS M0 2000bc, Section 4.3.

Fuel tubes for commercial designs
Structural guides for commercial designs
Guide tube for codisposal designs
Thermal shunts for commercial designs.

Not every waste package design requires all of
these components; it varies according to the waste
form each will hold. However, all eight of these
components cover the major requirements of all ten
waste package designs.

The eight criteria that contribute to performance
are:

» Mechanical performance (strength)

e Chemical performance (resistance to corro-
sion and microbial attack)

o Predictability of performance (understanding
the behavior of materials)

o Compatibility with materials of the waste
package and waste form

« Ease of fabrication using the material

* Previous experience (proven performance

- record)

e Thermal performance (heat distribution
characteristics)

» Neutronic performance
shielding).

(criticality and

Reasonableness of cost was considered as a
discriminator.

3.41 Material Selection

The first step in selecting the waste package
materials was identifying the functional require-
ments for each component. Next, the character-
istics of materials that would help meet the require-
ments were selected. Candidate materials were
chosen from commonly available materials (or, in
‘the case of fill' gas, from common: gases). The
materials were then analyzed in terms of how they
would perform their intended functions. Once the
candidate materials and alternates were selected,
they were tested; the results of these tests are
summarized in Section 4.2.4.

Table 3-9 lists the component materials selected
after testing. The following sections explain the
material selection process in more detail.

34.1.1 Waste Package Materials:
Contributing to Containment

Corrosion-Resistant Materials—Corrosion per-
formance has been determined to be the most
important criterion for a long waste package life-
time. Essential performance qualities therefore
include a material’s resistance to general and local-
ized corrosion, stress corrosion cracking, and
hydrogen-assisted cracking and embrittlement. The
effects of long-term thermal aging are also impor-
tant. To address recommendations provided by the
Nuclear Waste Technical Review Board, the DOE
has initiated studies to gain a better understanding
of the processes involved in predicting the rate of

3-20




- Yucca Mountain Science and Engineering Report
DOE/RW-0539 Rev. 1

waste package material corrosion over the 10,000-
year regulatory period.

Combinations and arrangements of materials as
containment barriers were carefully considered
from several perspectives. In the process, analysts
considered such criteria as (1) material compati-
bility (e.g., galvanic/crevice corrosion effects);

. (2) the material’s ability to contribute to defense in’
depth (e.g., because it has a different failure mode

from other barriers); (3) the material’s ease of

fabrication; and (4) the potential impact of thin,

corrosion-resistant materials used as containment
barriers on a repository’s essential operations, such
as waste package loading, handling, and emplace-
ment. , A

. The major 'objectives centered on understanding

the temperature and humidity conditions that
would exist at different times for a range of thermal

“operating modes in a particular unsaturated zone,

then designing the waste packages accordingly.
Since the properties of any material selected for a
corrosion barrier would inevitably be influenced by
the temperature and humidity conditions in &
repository of a particular design at a particular site,
selecting the right corrosion-resistant material
became one of the most important priorities.

After assessing potential materials available for
waste package corrosion barriers, analysts selected

nickel- and titanium-based alloys as the most -

promising candidate materials for corrosion resis-
tance in an oxidizing environment such as Yucca
Mountain. Using a corrosion-resistant material as
the outer barrier of the waste package will signifi-
cantly lower the risk of waste package failure from
corrosion. Alloy 22 was selected as the preferred

material for the outer barrier because it has excel-

lent resistance to corrosion in the environment
expected at Yucca Mountain; it Is easier to weld
than titanium; and it has a better thermal expansion
coefficient match to Stainless Steel Type 316NG
than titanium. A structurally strong material (stain-
less steel) was chosen for the inner layer of the
waste package (CRWMS M&O 2000av, Section
7.6). '

Alloy 22 also offers benefits in the areas of

program and operating flexibility. It is extremely"

321

corrosion-resistant under conditions of high
temperature and low humidity, such as those that
would prevail for hundreds to thousands of years in
a repository designed to allow a relatively high
thermal output from the waste packages. At low
temperatures, Alloy 22 is extremely corrosion-
resistant in either low or high humidity. Thus, the
selection of Alloy 22 supports the flexibility to
operate the potential repository over a range of
thermal modes (CRWMS M&O 2000av). Uncer-
tainty about the waste package corrosion rate may
be reduced by avoiding the conservatively defined
window of corrosion susceptibility for Alloy 22,
which can be accomplished by keeping waste
package temperatures below 85°C (185°F) or
maintaining the in-drift relative humidity below 50
percent (Dunn et al. 1999, p. xvi; CRWMS M&O
2000n, Section 3.1.3.1). Table 3-12 presents the

- chemical composition of Alloy 22.

Table 3-12. Chemical Composition of Alloy 22

Element Composition (wt%)

Carbon (C) . . 0.015 (max)
Manganese (Mn) 0.50 (max)
Silicon (Si) 0.08 (max)
Chromium (Cr) 200t0 225
Molybdenum (Mo) . 125t 14.5
Cobatt (Co) 2.50 (max)
Tungsten (W) 251035
Vanadium (V) 0.35 (max)
Iron (Fe) 201t06.0
Phosphorus (P) 0.02 (max)
Sulfur (S) 0.02 (max)
Nicke! (N1) Balance

Source: ASTM B 575-97, Standard Specification for Low-
Carbon Nickel-Molybdenum-Chromium, Low-Carbon
Nickel-Chromium-Molybdenum, Low-Carbon Nickel
Chromium-Molybdenum-Copper and Low-Carbon
NickeChromlum-Molybdenum-Tungsten Alioy Plate,
Sheet, and Strip.

Structural Materials—The major functional
requirement of the structural material for the inner
layer of the waste package is to support the corro-
sion-resistant outer material. The DOE chose

Stainless Steel Type 316NG for the structural layer
(CRWMS M&O 2000av, Section 5.2). This mate-

rial provides the required strength; has a better
compatibility with Alloy 22 than carbon steel; and
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provides an economical solution to functional
requirements. Table 3-13 presents the chemical
composition of Stainless Steel Type 316NG.

Table 3-43. Chemlcal Composition of Stainless

Steel Type 316NG
Element Composition (wt%)

Carbon (C) 0.020 (max)
Phesphorus {P) 0.030 (max)
Silicon (S)) 0.75 (max)
Copper (Cu) 0.50 (max)
Titanium (Ti) 0.05 (max)
Tantalum (Ta) and Niobium (Nb) 0.05 (max)
Manganese (Mn) 2.00 (max)
Sulfur (S) 0.005 (max)
Nitrogen (N) 0.060 to 0.10
Cobalt (Co) 0.10 (max)
Boron (B) 0.002 (max)
Bismuth (Bi) + Tin (Sn) + Arsenic (As) 0.02 (max)
+ Lsad (Pb) + Antimony (Sb) +
Selenium (Se)
Chromium (Cr) 16.00 to 18.00
Molybdenum (Mo) 2.00 to 3.00
Nickel (Ni) 11.00 to 14.00
Vanadium (V) 0.1 (max)
Aluminurm (Al) 0.04 (max)
Iron (Fe) Balance

Sources: For alt elements except carbon and nitrogen, vakies

. presented are within the ranges and maximum
limits provided by ASTM A 276-91a, Standard
Specification for Stainless and Heat-Resisting Steel
Bars and Shapes. Values for carbon and nitrogen
are given by Danko (1887, p. 931).

34.1.2 Waste Package Materials: Internal

Components

The designs for commercial spent nuclear fuel and
DOE codisposal waste packages include internal
components (i.e., structural guides, interlocking
plates, fuel tubes, and thermal shunts) that must be
able to sustain the mechanical loads created by
handling, emplacement, and, if necessary, retrieval.
Thus, mechanical performance was a major selec-
tion criterion. Thermal performance was also an
important selection criterion because these compo-
nents provide an additional path for conducting
heat from the waste form to the walls of the waste
package. The fuel tubes contact both the waste

form and the basket plates. If the material selected
for the tubes causes the waste form to degrade,
release rates could be increased; if it causes the
plates to degrade, criticality control could be
compromised. Therefore, compatibility with other
materials was an important criterion. The waste
package design does not rely on these components
for postclosure performance, so corrosion-resis-
tant materials are not needed. Two grades of carbon
steel (SA 516 Grades 55 and 70) were found to be
the best choices for these internal components,
based on the criteria; the designers chose to use
Grade 70 (CRWMS M&O 2000bd, Section 4).

Neutron Absorber Interlocking Plates—The
most important function of the neutron absorber is
to reduce the potential for criticality. The neutron
absorber material is typically an additive to a
carrier material (e.g., stainless steel alloyed with a
boron compound). The neutron absorber is used in
the interlocking plates in the internal basket.
Corrosion behavior is important in keeping the
neutron absorber material in place and effective
long after emplacement, so chemical performance
in a variety of environments was an important
selection criterion. Mechanical performance was
an evaluation factor because the interlocking plates
must be able to sustain the mechanical loads
created by handling, emplacement, and, if neces-
sary, retrieval. Compatibility with other materials
was considered, since the plates must not cause the
waste form to degrade. The plates also provide an
important path for conducting heat from the waste
form to the walls of the waste package, so thermal
performance was considered. The material of
choice was Neutronit A 978. Iis selection was
based on its corrosion performance compared to
the other candidate materials, as well as its avail-
able boron concentration. The composition of
Neutronit is similar to SA 240 Stainless Steel Type
316 but with 1.6 percent boron added (CRWMS
M&O 2000be, Section 3.1.3).

Thermal Shunts—The thermal shunts provide
another important path for conducting heat from
the waste form (in this ¢ase, commercial spent
nuclear fuel) to the walls of the waste package. The
thermal conductivity of the material is very impor-
tant, The thermal shunts would be in contact with
the waste form, so compatibility with spent nuclear
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fuel was an important evaluation criterion. The
thermal shunts are only needed during the early
period of repository performance, when the decay
heat from spent nuclear fuel would be relatively
high. The material selected does not need a high
degree of corrosion resistance. The thermal shunts
must have enough structural strength to withstand
handling, emplacement, and possible retrieval
operations. However, these service loads are not
very large, so mechanical performance was not
selected as an evaluation criterion. Aluminum
alloys 6061 and 6063 were selected over copper
because of concerns that, should a waste package
be breached and water enter, copper may react with
the chloride ions in the water. This could result in
accelerated degradation of the Zircaloy cladding on
the spent nuclear fuel, which would eventually
release radionuclides from the waste (CRWMS
M&O 2000be, Section 3.2.3).

34.13 Fill Gas

The fill gas can be a significant conductor of heat

from the waste form to the internal basket, so.

thermal performance was deemed one of the most
important criteria in choosing a gas. The fill gas
should not degrade other components of the waste
package, so compatibility with other materials was
another important criterion. Helium is routinely
used as the fill gas for fuel rods, which indicates
that helium would have an excellent compatibility
with spent nuclear fuel. Based on & review of data
on thermal conductivity and the fact that helium is
chemically inert, it was chosen over other candi-
date gases, such as nitrogen, argon, and krypton
(CRWMS M&O 2000be, Sections 3.3.1 through
33.3). .

342  Waste Package Fabrication Process

This section describes the fabrication process for
the waste package, which is shown schematically
in Figures 3-7 and 3-8. The fabrication process was
based on both the design criteria and the physical

" characteristics of the selected materials.

The waste package will be fabricated, welded, and

inspected in accordance with those portions of the

ASME Boiler and Pressure Vessel Code, Section

111, Division 1, Subsection NB (Class 1 Compo-

nents) (ASME 1995) that will ensure the waste
package will perform in accordance with the
design basis. Because the largest number of waste
packages will be manufactured for commercial
spent nuclear fuel, this type will serve to illustrate
the basic fabrication process for all waste package
types. The other types would be fabricated in a
similar way, though some dimensions would vary.

The commercial fuel waste package uses Neutronit
A 978 and carbon steel interlocking plates with
carbon steel tubes (CRWMS M&O 2000bf,
Section 8.1). All waste package fabrication would
take place offsite, including the welding of the
bottom lids. The top lids, although fabricated
offsite, would be welded on in the Waste Handling
Building after the waste package had been loaded.
3421 Outer Cylinder Fabrication

Forming the outer cylinder of rolled and welded
Alloy 22 plate requires two half-length cylinders
(see Table 3-7 for completed waste package
lengths) because of the limitations of most rolling
fabricators. Initially, the plate would be approxi-
mately 5,080 mm (200 in.) long by 2,540 mm
(100 in.) wide. The thickness would permit
machining (for rounding) after welding. After
being received by the fabricator, the plate would be
inspected, laid out to establish the developed
length, and thermally cut to size. The plate would
then be rolled (CRWMS M&O 2000bf, Section
8.1.1).

The cylinder would then be adjusted to meet the
required diameter and the inner circumference,
taking into consideration the subsequent weld
shrinkage of the longitudinal seam. The long seam
weld preparations would be machined and
prepared for welding. The cylinder would be
braced to minimize the weld distortion and welded.
The braces would be removed, and the weld seam
would be prepared for nondestructive examination.
One end of the cylinder would be prepared for
circumferential seam welding. In parallel, a second
cylinder would be prepared the same way
(CRWMS M&O 2000bf, Section 8.1.1).

The two cylinders would then be joined and
circumferentially welded, with subsequent nonde-
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machine cleaned to prepare for the weld (CRWMS
M&O 2000bf, Section 8.1.3).

3424 Assembly of Support Ring

A support ring attached to the inner diameter of the
outer cylinder is required to hold the inner cylinder
in place. This ring would be made from 20-mm
(0.8-in.) thick Alloy 22 plate. A piece would be cut
100 mm (4 in.) wide and rolled into a ring, then
weld preparations would be machined. The ring
would be fit to the inside of the outer cylinder near
the bottom end, welded, and inspected (CRWMS
M&O 2000bf, Section 8.1.4). '
3425 Assembly of Lid to Cylinder

Once the inner and outer cylinders had been
completed, the inner and outer bottom lids would
be welded in place. The structures would be setin a
vertical position and the lids assembled to each
cylinder. The welding could then be done in the flat
position. After the welding had been completed,
radiographic examination, ultrasonic examination,
and liquid penetrant examination would be
performed on the inner and outer lid scams. Radio-
graphic and ultrasonic inspection would ensure that
all detectable flaws, regardless of their orientation,
were identified. Liquid penetrant inspection would
ensure that surface indications were identified
(CRWMS M&O 2000bf, Section 8.1.5). .

3.4.2.6 Annealing of Outer Cylinder
Annealing is a process in which a material is
subjected to a controlled heating and cooling cycle
to affect material properties, for example, to relieve
residual stress. Residual stresses are a common by-
product of fabrication processes, such as forming,
machining, and welding. Stress mitigation tech-
niques, such as annealing, will be applied to the
outer cylinder to minimize the potential for stress
corrosion cracking. Since the closure lids will be
welded shut after the waste has been loaded,
different mitigation techniques may be employed.
The parameters for the annealing operation are still
being developed, but the DOE expects that the
cylinder assembly will be heated in a furnace and
then quenched by water (CRWMS M&O 2000bf,
Section 8.1.7).

3427 Assembly of Commercial Spent

Nuclear Fuel Waste Package

The objective of machining is to produce a gap
ranging from 0 to 4 mm (0 to 0.16 in.) between the
inner and outer cylinders. Over time, the stainless
steel inner cylinder will expand in response to the
heat emitted by the radioactive decay of its
contents. Even with the cylinders touching, there is
enough allowance for the inner cylinder to heat up
and expand without putting excessive stress on the
Alloy 22 outer cylinder. Static loads in the outer
barrier shell will not produce tensile stresses above
10 percent of the yield strength of the outer barrier
material (CRWMS M&O 2000au, Section
1.2.1.23).

After both the outer and inner reinforcement cylin-
ders had been machined, they would be fitted
together. The outer cylinder would be heated to
about 370°C (700°F) to allow the inner cylinder to
be lowered inside. The heat would then be
removed and the cylinders allowed to cool
(CRWMS M&O 2000bf, Section 8.1.8).

3.42.3 Basket and Internal Components
Once the inner and outer cylinders and the bottom
lids had been assembled, the container would be
ready for the addition of the internal components.
The cylinder would be laid out to establish the
location of the internal comer guide assemblies and
the internal side guides. The corner guide assem-
blies and the side guides would be put in place and
welded, using manual gas tungsten arc welding.

The bottom set of plates would be installed in an
interlocking fashion, followed by three additional
sets. The tubes would be inserted and the tube tops
stitch-welded together, if required.

The waste package would then be cleaned,
wrapped, and protected for shipment to the reposi-
tory surface facility and storage until it was ready
to be loaded and sealed (CRWMS M&O 2000bf,
Section 8.1.10). The final fabrication step,
performed at the repository surface facility, would
be the annealing of the closure weld area to miti-
gate the stresses that may have been induced
during the welding of the outer closure lid. For
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more details on the process of loading the waste

package, refer to Section 2.2.4.

3.5 WASTE PACKAGE DESIGN
EVALUATIONS -

The waste package must satisfy defined perfor-
mance specifications to protect the public and
workers and to meet the performance objectives of
a repository. An example of a performance specifi-
cation is the ability of a waste package to withstand
a tipover event without breaching. Performance
specifications are discussed in  the following
sections, where they are categorized by relevant
engineering discipline (i.e., thermal, criticality,

_ structural, and shielding). Detailed discussions of

performance specifications are available in System
Description Documents (e.g, CRWMS M&O
2000au).

. Some of the performance speciﬁc:itions and

supporting evaluations depend on temperature. In
these cases, the evaluation is based on the higher-
temperature operating mode. Further evaluations
of lower-temperature operating modes are part of
ongoing engmeermg studies.

To show that waste packages can be successfully

developed for the various waste forms expected to
be received at the repository, a sensitivity analysis
was performed to determine which waste package
designs best represent the widest array of design
configurations and waste forms (CRWMS M&O
2000az). This selection was based on the number

- of waste package types expected to be needed for

the repository—for instance, the two commercial
spent nuclear fuel waste package designs chosen
for analysis represent over 95 percent of the total
required—and the relationship of a waste package
type to a limiting performance specification (e.g., a
heavier waste package would be more susceptible
to a drop event). Detailed design work was
performed for four waste package types:

* 21-PWR Absorber Plate

* 44-BWR

* 5-DHLW/DOE SNF Short
* Naval SNF Long.

3.5.1 Thefmal Evaluations Performed on the
' Waste Package Design

Thermal analyses have been performed to demon-
strate that waste form temperatures will not exceed
levels established to maintain waste form integrity.
The thermal specification for commercial spent
nuclear fuel ensures that the cladding temperature
will not compromise the integrity of the cladding, a
barrier to radionuclide release. A specification for

. DOE high-level radioactive waste ensures that the
* glass does not reach a transition temperature that
- would cause significant changes in its phase

structure or composition. Such an alteration would
increase the solubility of the glass and reduce the
time required for movement of the radionuclides

embedded inside.

With respect to these thermal functions, two
performance specifications were selected for
evaluation: (1) Zircaloy commercial spent nuclear
fuel cladding must be maintained below 350°C
(660°F) under normal conditions (CRWMS M&O

. 2000au, Section 1.2.1.6), and (2) the temperature

of DOE high-level radioactive waste must be
maintained below 400°C (750°F) under normal
conditions (CRWMS M&O 2000aw, Section
1.2.1.6). ,

Spent Nuclear Fuel Cladding
Temperature

3.5.1.1

To calculate the cladding temperature for
commercial spent nuclear fuel, time-dependent
heat generation rates of the waste packages were
adjusted to ensure that the average heat generation
rate of an emplacement drift segment was the same
as that for the repository as a whole, as discussed in
Section 2.3.1. The calculation used a representative
section of a drift containing one 21-PWR Absorber
Plate, one 44-BWR, and one 5-DHLW/DOE SNF
waste package, arranged as shown in Figure 3-3.
The 21-PWR Absorber Plate serves as the design
basis waste package, with a maximum heat gener-
ation rate of 11.8 kW. The second waste package,
the 44-BWR, is based on an average heat gener-
ation rate of 7.0 kW. The 5-DHLW/DOE SNF
waste package serves as a balancing package in
which the heat generation rate is varied to ensure
the average in the drift scgment is the same as that
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in the repository as a whole. The time-dependent
waste package surface temperatures calculated
were used to perform a two-dimensional analysis
of the internal components of the waste package.
This calculation gives the peak cladding temper-
ature for the design basis waste package (CRWMS
M&O 2000au). The peak cladding temperature for
commercial spent nuclear fuel was calculated to be
282°C (542°F), with the peak occurring 35 years
after emplacement. The waste package spacing for
the calculation was modeled as 0.1 m (0.3 ft), with
a 25-year ventilation period (CRWMS M&O
2000au, Section 2.5.1.6). Active ventilation for
25 years would provide heat removal, limiting the
heat-up of the waste package during preclosure.

Peak cladding temperature is not an issue for DOE
spent nuclear fuel because no credit is taken for the
fuel cladding in performance assessment. A
canister of naval spent nuclear fuel will have lower
heat generation than a waste package containing
commercial spent nuclear fuel. Thermal analysis
indicates that thermal limits associated with naval
spent nuclear fuel will not be exceeded in the
repository (CRWMS M&O 2000ax, Section
2.54.2).

‘High-Level Radioactive Waste
Canister Temperatures

35.1.2

The vitrified high-level radioactive waste form
could undergo devitrification at temperatures
above 400°C (750°F). A maximum peak value of
214.5°C (418°F) occurs in the glass under normal
conditions, which is well below the 400°C (750°F)
threshold (CRWMS M&O 2000aw).

352 Criticality Evaluations Performed on
Waste Package Designs
3.5.21 Preclosure Evaluations—

Commercial Spent Nuclear Fuel

This section describes the performance specifica-
tions for criticality of commercial spent nuclear
fuel. Further details on preclosure criticality
- analysis are available in the Preclosure Criticality
Analysis Process Report (CRWMS M&O 1999i).

Each specific fuel assembly or material received by
the repository has an associated fuel reactivity, or
capability of contributing to a self-sustained
nuclear fissioning process {criticality). The major
properties of fuel reactivity in available commer-
cial spent nuclear fuel are the initial enrichment
and the burnup of the fuel when it was discharged
from the reactor. Enrichment is the weight
percentage of a fissile isotope compared to the total
amount of uranium in the fuel assembly. Burnup is
a measure of the amount of energy produced by the
assembly while it was in operation. The higher the
initial enrichment of the fuel, the more it can
contribute to a critical system. The higher the
burnup, for domestic commercial nuclear fuel, the
less it can contribute to a critical system. A detailed
description of the physics of criticality is provided
in Section 4.3.3.2.1.

During the preclosure period, criticality is
prevented in waste packages by ensuring, before
loading, that the reactivity for each fuel assembly
is below the level required for criticality. This is
accomplished through the use of loading curves.
Loading curves show the minimum allowed

‘burnup as a function of initial enrichment and

provide a simple go/no-go check, using the avail-
able information, on whether a fuel assembly can
be loaded unaltered into a standard waste package
without any concern for criticality. The presence of

~ a moderator will be controlled as necessary to

ensure subcriticality.

There are two main aspects to loading curve devel-
opment: the determination of the value of reactivity
considered limiting and the determination of the
burnup/enrichment pairs that correspond to this
value.

The loading curve methodology summarized
below is described in detail in the Preclosure Criti-
cality Analysis Process Report (CRWMS M&O
1999i, Section A.1). The effective neutron multi-
plication factor (k,z) of a system is the measure of
criticality; when kg is greater than or equal to 1.0,
criticality occurs. If the effective neutron multipli-
cation is less than 1.0, the system is considered
subcritical. When designing a system (e.g., a waste
package) to be subcritical, there must be a means
for ensuring that a kg value conservatively repre-
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12-PWR and 24-BWR), making the waste pack-
ages subcritical.

In the loading curve evaluation, margin to criti-
cality is shown assuming the highly unlikely
(beyond design basis), but essential to criticality,
event of a waste package that is completely filled
with water. A loading curve evaluation has been
performed for the 21-PWR Absorber Plate model,
as documented in the 21 PWR Waste Package
Loading Curve Evaluation (CRWMS M&O
2000bg, Section 6). The 21-PWR waste package
design was chosen because more information is
available about it than about the other designs. The
21-PWR waste package is also considered to be the
design with the highest inherent reactivity
(CRWMS M&O 2000az, Table 8). The 21-PWR
loading curve evaluation is representative of calcu-
lations that will be performed for the other waste
package types. ‘

The waste package will be designed so that during
preclosure, nuclear criticality cannot be possible
unless at least two unlikely, independent, and
concurrent or sequential changes occur in the
conditions essential to nuclear criticality safety.
3.5.2.2 Postclosure Criticality Evaluation:
Commercial Spent Nuclear Fuel

The methodology that has been developed to eval-
uate potential for criticality and to ensure that
significant impacts are prevented during the post-
closure period is described in detail in Disposal
Criticality Analysis Methodology Topical Report
CYMP 2000c, Section 3). Section 4.3.3.2 summa-
rizes this methodology and the analyses conducted
using it.

Evaluations show that there is 2 very small proba--

bility that a potential critical configuration might
.result under the repository and fuel conditions
described in this report, but that if a postclosure
criticality were to occur, the cffects would not
compromise the ability of the repository to protect
public health or meet design objectives or regula-
tory limits. The evaluations were performed
assuming the most reactive combinations of such
factors as the amount of fissile uranium and pluto-
nium, the physical arrangement of the fuel, and the

presence: and amount of moderator in the waste
package. The results indicate that all applicable
limits can be met and public health protected using
the current waste package designs.

3523 Evaluations of Criticality Potential
of U.S. Department of Energy Spent
Nuclear Fuel

Analyses to demonstrate the viability of disposal
have been performed or are in process for seven
groups of DOE non-naval spent nuclear fuel. A
separate analysis is being performed for naval
spent nuclear fuel to demonstrate that criticality
will be prevented for all credible event sequence
conditions in the repository (Mowbray 1999).

In general, the amount of DOE spent nuclear fuel
allowed per canister is a function of the physical
size and weight limitations of the canister. The
limitation on the amount of fissile material per
canister provides criticality control. However,
insoluble neutron  absorbers  (gadolinium
compounds and alloys) are required for criticality
control within the canister for some DOE spent
nuclear fuel groups. To date, several items have
been identified as important to criticality (DOE
1999d, Section 5.2). The performance and distri-
bution of -the neutron absorber - material is
important in preventing criticality.

The canister shell is also important in preventing
criticality because it initially confines the fissile
elements and neutron absorber material so they
cannot be separated. The canister baskets
developed for the representative fuel types are
particularly important in cases where they provide
the distribution mechanism for neutron absorber
material.

The configurations evaluated for each fuel type
include varying degrees of degradation, resulting
in many different geometric configurations and
fissile distributions. These degraded configurations
also bound the other types of fuels in a group as
long as the limits on fissile mass, linear fissile
loading, and enrichment are not exceeded (DOE
1999d, Section 5.2). Further details on DOE spent
nuclear fuel criticality analysis are available in
completed viability evaluations (CRWMS M&O
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2000bh; CRWMS M&O 2000bi; CRWMS M&O

1999j; CRWMS M&O 2000bj; CRWMS M&O
2000bk). :

Evaluation of Criticality Potential of
the Immobilized Plutonium Waste
Package ‘

3524

The criticality potential of the immobilized pluto-

nium ceramic discs is effectively controlled by
neutron absorbers (i.e., gadolinium and hafhium),
which are fabricated into the waste form itself.
These materials are an effective criticality control
measure. During postclosure, about 50 percent of
the hafnium and about 1 percent of the gadolinium
is needed to maintain subcriticality under all dilu-
tion situations. The DOE has exhaustively exam-
ined the physical and chemical processes that

might be able to cause a separation, or removal of -

the neutron absorbers from the waste package
entirely, and concluded they are insufficient to
warrant further consideration. Detailed criticality
analyses (CRWMS M&O 2000ba, p. xii) have

shown that five plutonium-loaded canisters, -

without a center DOE spent nuclear fuel canister,
can be placed in the same waste package.

. Structural Evaluations Performed on
Waste Package Designs

353

A performance specification for the waste package
requires that it not breach during normal operations
and event sequences. To address the term “breach”

in a quantified manner, threshold limits for failure -

from the American Society of Mechanical Engi-
neers code will be used. The waste package is
designed to meet American Society of Mechanical
Engineers code requirements. For event sequences,
breach is assumed to have occurred when
90 percent of the ultimate tensile strength has been
exceeded. To demonstrate the design adequacy of
the waste package with respect to these structural
functions, several performance specifications were
selected, as documented in the Waste Package
Design Sensitivity Report (CRWMS M&O 2000az,
Section 7). These include:

- » Internal pressixrization
* Retrieval
e Rockfall
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* Vertical drop

* Tipover A

» Missile impact (i.e., from an accidental air-

borne projectile). '

3.53.1  Internal Pressurization
Pressurization of a commercial spent nuclear fuel
waste package could be caused by the rupture of a!l
the fuel rods. Evaluations have been performed
over uniform waste package temperatures, ranging
from 20° to 600°C (68° to 1,100°F). The peak
stresses at the junction of the waste package shell
and lid were then compared to the ultimate tensile
stress of the waste package materials.

The 21-PWR Absorber Plate waste package was
evaluated because it would have the maximum
internal pressure due to fuel rod failure. Detailed
calculations show that the resulting stresses for all
components of the waste package are less than
90 percent of the ultimate tensile strength of the
materials; therefore, the waste package will not
breach as a result of pressurization, and the crite-

‘rion is met (CRWMS M&O 2000au, Section

2.5.2.10).

3532 Retrieval

The waste package is being designed to allow.
retrieval up to 300 years after emplacement. The
Naval SNF Long waste package is the heaviest
waste package for retrieval. The ability of the
waste package and pallet to be lifted together as a
single unit was calculated. The results show that
the maximum stress intensities from lifting among
the emplacement pallet Alloy 22 and Stainless
Steel Type 316L components are 96 MPa (14,000

. psi) and 39 MPa (5,700 psi), respectively. These

stress intensity magnitudes are less than one-third
of the yicld strength and one-fifth of the tensile
strength for each of the corresponding materials.

_ Atmospheric corrosion penetration rates for

Alloy22 and Stainless Steel Type 316 are
0.0093 pm/yr and 0.025 pm/yr, respectively. The
calculated cumulative decrease of thickness of the
structural members of the emplacement paliet over
300 years of preclosure emplacement is 2.8 pm for
Alloy 22 and 7.5 pm for Stainless Steel Type 316.
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This negligible level of corrosion renders the waste
package retrieval calculation unnecessary, since the
consequential change of the results presented in
this calculation would be insignificant (CRWMS
M&O 2000ax, Section 2).

3.53.3 Rockfall

The 21-PWR Absorber Plate waste package design
was selected for this evaluation because it would
be the most vulnerable to rockfall. Its thinner walls

in the outer barrier and its greater sensitivity to
" internal basket deformation cause greater vulnera-
bility. It is also the most common waste package,
and hence the most likely to actually suffer a rock-
fall impact. This calculation modeled a representa-
tive rockfall from the roof of the drift onto the
unprotected waste package during preclosure. A
height of 3.1 m (10 ft) and a rock size of 13 metric
tons (14 tons), which were determined in the event
sequence hazards analysis, were modeled
(CRWMS M&O 2000au, Section 2.5.2.1). The
calculated results, presented in Table 3-14, indicate
the survivability of a 21-PWR Absorber Plate
waste package in a rockfall event (CRWMS M&O
2000au, Section 2.5.2.1). For event sequences such
as rockfall, breach has occurred analytically when
90 percent of the ultimate tensile strength has been
exceeded.

Table 3-14. Summary of Results for Eockfall

Calculation
Calculated Ultimate .
Shell Maximum Stress Tensile Percent of
Compo- Intensity Stress Ultimate
sition MPa (psi) MPa (psi) Stress
Alloy 22 563 (81,600) 690 (100,000) 82
Stainless
Steel 291 (42,200) 517 (75,000) 60
3534 Vertical Drop

The vertical drop evaluation was performed using
the Naval SNF Long waste package because it is
the heaviest design and has the highest internal
load; therefore, it will have the highest stresses in
the lids during a vertical drop. This calculation
modeled a waste package being dropped from a
distance of 2 m (6.6 ft).

Detailed calculations demonstrate the survivability
of a Naval SNF Long waste package in a vertical
drop. The results show that the maximum stresses
among the waste package (made of Alloy 22,
except for the lower trunnion collar sleeve) and
Stainless Steel Type 316NG components are
433 MPa (63,000 psi) and 275 MPa (40,000 psi),
respectively. Since these stress intensities are less
than 90 percent of the ultimate tensile strength for
each of the corresponding materials, the perfor-
mance specifications are met. The maximum stress
in the Jower trunnion collar sleeve contacting the
unyielding surface is 799 MPa (116,000 psi),
which exceeds the tensile strength of Alloy 22.
However, this does not constitute failure because
the collar sleeve is designed to protect the waste
package by acting as a crush zone at the point of
impact (CRWMS M&O 2000ax, Section 2.5.2.3).

3535 Tipover

A waste package might tip over because of a
vertical drop or a seismic event. The 21-PWR
Absorber Plate waste package was selected for the
preclosure tipover evaluation because of its thinner
walls in the outer barrier (made of Alloy 22) and its
greater sensitivity to internal basket deformation. It
is also the most common waste package. The
tipover analysis was simulated in a detailed calcu-
lation. Table 3-15 shows the results. The stresses
for all components that make up the waste package
are less than 90 percent of the ultimate tensile
strength of those materials (CRWMS M&O
2000au, Section 2.5.2.6).

Table 3-15. Summary of Results of Tipover
Calculation for 21-PWR Absorber Plate

Waste Package
Calculated Ultimate
. Maximum Tensile
Waste Package " Stress Stress
Component MPa (psi) MPa {psi)
Outer Shelland Lids | 553 (80,000) 690 (100,000)
{Inner Shell and Lids 327 (47,000) 517 (75,000)
3.5.3.6 Missile Impact

A potential internal missile event sequence could
take the form of a valve stem being ejected from
equipment operating at high pressures. The valve
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was estimated to have a mass of 0.5 kg (1.1 Ib), a
diameter of 1.0 cm (0.39 in.), and a velocity of
5.7m/s (19 fi/s). The missile impact evaluation
was performed for the 21-PWR, 44-BWR,
5-DHLW/DOE SNF, and Naval SNF waste
package designs.

The calculated minimum velocity is significantly
less that would be required to compromise the
integrity of the waste package (CRWMS M&O
2000au, Section 2.5.2.8).

3.54  Shiclding Evaluations Performed on
the Waste Package Design '

Shielding analyses evaluate the effects of ionizing
radiation on personnel, equipment, and materials.

“The primary sources for waste package radiation

are gamma rays and neutrons emitted from spent
nuclear fuel and high-level radioactive waste.
Loading, handling, and transporting of waste pack-
ages would be carried out remotely to keep
personnel exposure as low as is reasonably achiev-
able (e.g., having the human operators behind radi-
ation shield walls, using remote manipulators,
viewing operations with video cameras). Shielding
analyses were performed for waste package
designs to assess the effects of radiation on mate-
rial and equipment. These analyses provide infor-
mation used by both the subsurface and surface
design programs to determine shielding require-
ments in the surface facility, on the waste package
transporter, and in the subsurface facility.

Because they were designed to contain the waste
forms for thousands of years, the waste packages
must reduce radiation levels at their surfaces so
that radiolytically enhanced corrosion under
aqueous conditions is negligible. The shielding
analyses determined radiation exposure rates on
the surface of the waste package and evaluated
whether radiolytically induced corrosion would be
a contributing factor to the overall degradation of
the waste package. ;

Shielding analyses were also performed on equip-
ment to détermine radiation exposure during the
welding of the waste package closure lids. Various
picces of monitoring and control equipment, such

as the welding heads and camera, would be close to
radiation sources. The results of the shielding anal-
yses will be used to quantify the shielding neces-

- sary for a piece of equipment to function properly

at & given location for a required period of time.

In emergency situations, which could occur during
the transport of waste packages from the surface
facilities to the emplacement drifts or during the
emplacement of waste packages in the drifts,
personnel may have to enter areas near waste pack-
ages. Shielding analyses provide an evaluation of
the radiation environment surrounding the waste
packages so that worker safety can be ensured.

354.1 Source Term

Engineering calculations were performed to
generate source terms, which are used to evaluate
an upper limit for the surface dose rate of waste

- package. The source terms calculated for both

pressurized water reactor and boiling water reactor
spent nuclear fuel have the following characteris-
tics: 5.5 percent (by weight) initial uranium-235,
75.0 GWd/MTU, and a 5-year decay time for the
active fuel region; and 0.711 percent (by weight)
initial uranium-235, 75.0 GWd/MTU burnup, and
a 5-year decay time for the hardware regions of the
assembly. The rationale for these assumptions is
discussed in PWR Source Term Generation and

- Evaluation (CRWMS M&O 1999k) and BWR

Source Term Generation and Evaluation (CRWMS
Mé&O 19990). :

3.54.2 Results

The calculated maximum dose rate at the external
surface of a 21-PWR Absorber Plate waste
package is 1,130 rem/hr (+/-60 rem/hr) (CRWMS
M&O 2000bl). The calculated maximum dose rate
at the external surface of a 44-BWR waste package
is 1,409 rem/hr (+/-32 rem/hr) (CRWMS M&O
2000bl, Section 6.2.3). Radiolytically enhanced
corrosion is expected to be insignificant because
the gamma dose on the surface of the waste
package will not affect the corrosion properties of
the waste package (see Sections 4.2.3.1.4 and
4.2.4.3.3).
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4. DISCUSSION OF DATA RELATING TO THE POSTCLOSURE SAFETY OF THE SITE

Section 114(a)(1)C) of the Nuclear Waste Policy
Act of 1982 (NWPA), as amended (42 U.S.C.
10134(aX1)(C)), requires “a discussion of data,

obtained in site characterization activities, relating

to the safety of such site.” This report presents a
summary of the results of site investigations,
design studies, and analyses of the performance of
a potential repository at Yucca Mountain that
began in 1978. Since 1986, the U.S. Department of
Energy (DOE) has performed these studies as part

‘of a formal program of site characterization that

addresses regulations of the U.S. Nuclear Regula-

tory Commission (NRC). The program is also

‘reviewed by the Nuclear Waste Technical Review

Board, the State of Nevada, affected units of local
government, and others. This section presents a
summary of the data collected during site charac-
terization as they relate to analyses of the
postclosure safety of the site. The discussion is
divided into six major parts:

» Section 4.1 presents an overview of the post- .
closure safety assessment approach used by

the DOE to evaluate whether Yucca Moun-
tain can safely isolate nuclear waste. It

describes the methods the DOE has used to

qualitatively and quantitatively assess the
safety of the system. The information pre-
sented in this section provides a context for
understanding how the data collected are
related to safety. The discussion includes
explicit recognition of the inherent uncer-
tainty in analyses of future performance, and
the potential consequences of alternative con-
ceptual models or unexpected events.
Methods to accommodate or mitigate uncer-

| tainty are summarized. The regulatory
requirements for the performance assessment -

are also explained.

o Section 4.2 describes the data collected
‘during site characterization and explains the
DOE’s conceptual understanding of the pos-
sible future behavior of the potential
repository system, based on the data col-
lected. The description is focused on

- processes important to safety (i.e., those that
could affect a radionuclide release). The dis-

cussion is organized around the hydrologic
and geologic processes that would operate in
the repository system over time. For each
component of the system, the text describes
the data and information that form the basis
of the DOE’s understanding, and how the
physical processes have been captured, or
“gbstracted,” in the performance assessment.
The processes affecting system components
described in Section 4.2 include, for exam-
ple, flow in the unsaturated zone, coupled
thermal-hydrologic-geochemical processes
near the repository, degradation of drip
shields and waste packages, flow into and out
of the waste packages, dissolution of the
waste form, and transport of radionuclides
away from the repository.

Section 4.3 describes features, events, and

- processes (FEPs) that, if they occurred at

Yucca Mountain, could affect repository per-
formance. The discussion explains how
scenarios (i.e., combinations of FEPs used to
represent possible future conditions) have
been defined that represent possible future
conditions and behavior in the potential
repository. These scenarios are the basis for
the numerical analyses captured in the total
system performance assessment (TSPA) and

include all of the conditions and processes
. expected to operate at the repository, as well

as disruptive events that could affect perfor-
mance. Specific potentially disruptive events
relevant to Yucca Mountain are described in
detail.

Section 4.4 explains the methods used to
quantitatively assess the performance of the
potential Yucca Mountain repository and pre-
sents the quantitative results of the TSPA for
a nominal scenario (i.e., for. the 70,000-
MTHM base-case layout and higher-temper-
ature mode of operations) and disruptive

scenario (i.e., igneous activity), as well as a

human intrusion scenario.- The purpose of the
TSPA analysis is to determine whether a
Yucca Mountain repository could adequately
protect public health and safety where the
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safety standard is defined by regulations that
specify limits on allowable radiation doses to
the public over the next 10,000 years. The
effectiveness of the potential repository
system is assessed by probabilistically ana-
lyzing performance (i.e., calculating dose
rates, expressed as mrem per year) for a wide
variety of possible future behaviors. Sensitiv-
ity analyses for the various scenarios of
environmental conditions are presented to
provide insight to the processes and model
parameters that most influence TSPA results.

» Section 4.5 describes and explains qualita-
tively and quantitatively the performance
capability of the natural and engineered barri-
ers at Yucca Mountain.

» Section 4.6 describes the proposed program
of performance monitoring, testing, and site
stewardship that would be conducted at the
potential repository. This program has been

designed to provide additional confidence -

that a repository could be safely constructed
and operated. It would include a performance
confirmation program designed to monitor
repository performance during and after its
operation to verify that the technical basis for
the program is sound. It would also include
measures to maintain the ability to retrieve
any or all of the waste at any time prior to
closure.

This section emphasizes the scientific and engi-
neering data and analyses related to the safety of
the Yucca Mountain site. Most of the detailed
scientific and engineering data is presented in
Sections 4.2 and 4.3, which describe in detail the
subsystem processes and the possible disruptive
events that would control the performance of the

potential repository. Although many of the
concepts and descriptions presented are technically

complex, the discussion is, to the extent possible,
~ presented in nontechnical terms, so the information
is accessible to non-technical readers.

4-2

4.1 THE POSTCLOSURE SAFETY
ASSESSMENT METHOD

Assessing how a repository will perform over the
next 10,000 years and beyond is a challenge for
both the DOE and regulators. The limitations to the
analyses and the uncertainties inherent in future
system behavior cannot be completely eliminated
by further testing or modeling. For this reason, the
DOE has adopted an approach that relies on
multiple lines of evidence to evaluate whether or
not a repository at Yucca Mountain could
adequately isolate and contain waste during the
compliance period. This approach is documented
in the Repository Safety Strategy: Plan to Prepare
the Safety Case to Support Yucca Mountain Site
Recommendation and Licensing Considerations
(CRWMS M&O 2001a, Volume 2). The postclo-
sure safety case depends on combining sound
science and engineering practice with informed
judgment and planning. The postclosure safety
case is described here because it provides a context
for understanding how data and analyses presented
throughout the rest of this section are related to

safety.

The first element of the postclosure safety case is a
thorough and quantitative evaluation of the
possible future performance of the repository. This
element is based on a comprehensive testing
program that has evolved to address identified
uncertainties, and an engineered barrier design
developed specifically to work in combination with
the natural barriers of the site. U.S. Environmental
Protection Agency (EPA) and NRC regulations
specify the method by which the DOE will analyze
whether a repository can safely isolate spent
nuclear fuel and high-level radioactive waste (i.e.,
a TSPA). The TSPA is described briefly in Section
4.4 but in more detail in Total System Performance
Assessment for the Site Recommendation
(CRWMS M&O 2000a) and several subsequent
documents including FY0! Supplemental Science
and Performance Analyses (BSC 2001a; BSC
2001b) and Total System Performance Assess-
ment—Analyses for Disposal of Commercial and
DOE Waste Inventories at Yucca Mountain—Input
to Final Environmental Impact Statement and Site
Suitability Evaluation (Williams 2001a). These
reports include analyses of all the processes
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expecfed to operate at the repository that could -

affect its ability to isolate waste. They also explic-
itly consider both disruptive events and alternative
process models that could result in unanticipated
behavior (i.e., identifies what could go wrong).

These evaluations directly address uncertainty in .

conditions and include numerical sensitivity anal-
yses to test how the repository might perform if
current or future conditions differ from those
expected.

To capture the technical inputs used in developing
the overall TSPA system level model, a set of anal-
ysis model reports have been prepared. These

‘reports contain the detailed technical information

regarding data, analyses, models, software, and
supporting documentation that is used in the devel-
opment of the process models. The analysis model
reports provide the direct input into the TSPA anal-

yses, as well as document the abstraction of the

. both the DOE’s knowledge of the site and in future .

. Dismptfve events (i.e., seiémicity and volca-
nism) (CRWMS M&O 2000f).

The process model reports synthesize the informa-
tion contained in the individual analysis model
reports and provide an integrated perspective for
understanding each of the process level models.
This hierarchical process of documentation was
used to ensure the traceability of supporting infor-
mation from its source through the analysis model
reports and process model reports to its eventual
use in the TSPA. Supplemental analyses at both the

_process model level, and the total system level, are
.presented in FYO! Supplemental - Science and

process level models for use in the overall TSPA

system level model.

Using the analysis model reports as a basis, the
descriptions of these process level models are
documented in a suite of process model reports that
cover the following areas:

« Integrated site model (CRWMS M&O 2000i)

* Unsaturated zone flow and transport
: (CRWMS Mé&:0 2000c)

. Near-field environment (CRWMS M&O
2000al)

« Engineered barrier system degradation, flow,
and transport (CRWMS M&O 2000as) '

¢ Waste package degradatlon (CRWMS M&O.

2000n)

¢ Waste form degradation (CRWMS M&O -

2000bm)

* Saturated zone flow and transport (CRWMS
M&O 2000bn)

+ Biosphere (CRWMS M&O 2000bo)

43

Performance Analyses (BSC 2001a; BSC 2001b).

Because the DOE recognizes that uncertainty about
the future performance of the repository cannot be
completely eliminated, the postclosure safety case
includes several additional measures designed to
provide confidence and assurance that the reposi-
tory will meet postclosure performance standards.
These measures include:

¢ Qualitative (and sometimes quantitative)

- insights gained from the study of natural and
man-made analogues to the repository or to
processes that may affect repository perfor-
mance. Analogue observations are especially
useful in the analysis of processes related to
repository performance that operate over
long time frames (thousands of years) or
large spatial distances (tens of kilometers)
that cannot easily be tested.

¢ Selection and design of & repository system
that provides defense in depth and & margin
of safety compared to postclosure health and
safety requirements. The DOE has imple-
mented this approach through the selection of
a specific location in the unsaturated zone at
Yucca Mountain and the development of a
design with multiple natural and engineered
barriers to the migration of radionuclides.
The -engineered components of the site are
designed specifically to -complement the
natural attributes of the potential repository
host- rock. This multiple barrier repository
system provides defense in depth, so that the
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safety of the repository does not depend on
only one or two barriers.

A commitment to a performance confirma-
tion program and long-term management and
monitoring to ensure the integrity and secu-

ity of the repository and to ensure that the
scientific and engineering bases for the dis-
posal decision are well founded. This
commitment includes maintaining, for a
period of up to 300 years, the ability to
retrieve the spent nuclear fuel and high-level
radioactive waste before closure for any
reason, if future generations decide that
doing so would be desirable.

This approach is similar to that recommended by
many national and international professional orga-
nizations that have studied nuclear waste disposal.
As a panel of the National Academy of Sciences
observed, “Confidence in the disposal techniques
must come from a combination of remoteness,
engineering design, mathematical modeling,
performance assessment, natural analogues, and
the possibility of remedial action in the event of
unforeseen  events” (National Research Council
1990, pp. 5 to 6).

The various elements of the postclosure safety case
contribute in different ways to building confidence
in analyses of the long-term performance of the
repository. Quantitative numerical models permit
scientists to test their understanding of the site and
assess the consequences of uncertainty or assump-
tions in their models. Observations of natural or
man-made analogues can help scientists determine
whether the results of repository models are consis-
tent with the behavior of actual systems. They can
also be used to qualitatively evaluate the reliability
and uncertainties associated with modeling. Safety
margin and defense in depth provide one way to
compensate for uncertainty in analyses. Long-term
monitoring can help scientists verify that the uncer-
tainties in site and design performance have been
appropriately characterized. In total, the elements
documented in the Repository Safety Strategy:
Plan to Prepare the Safety Case to Support Yucca
Mountain Site Recommendation and Licensing
Considerations (CRWMS M&O 2001a, Volume 2)

support the postclosure safety case for the Yucca
Mountain site. The sections that follow contain
additional descriptions of each element of the
safety case. '

4.1.1 Total System Performance Assessment

Analysis of the future performance of the potential
repository is fundamental to the DOE’s under-
standing of the Yucca Mountain site. Therefore, the
first element of the safety case is a thorough anal-
ysis of how a repository at Yucca Mountain would
behave in the future. As noted previously, the
methods used and the results of the TSPA for
Yucca Mountain are described in Sections 4.3 and

44.
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Performance assessment is a method or tool
defined and provided by the EPA and the NRC (in
40 CFR Part 197 and 10 CFR Part 63 [66 FR
55732), respectively) for the evaluation of a Yucca
Mountain repository. The objective of the total
system performance assessment for site recom-
mendation (TSPA-SR) for Yucca Mountain is to
provide a basis for evaluating whether the safety of
the general public will be protected. However, the
DOE has also used the performance assessment for
broader purposes during site characterization of
Yucca Mountain. For instance, it has been used as a
tool to evaluate the effects of uncertainty on total
system performance and to identify areas where
further work is needed. This has been accom-
plished in an iterative manner. For this updated
Yucca Mountain Science and Engineering Report,
TSPA results are presented and discussed in one
comprehensive report, summarizing several addi-
tional supplemental documents that describe’
analyses performed to address specific technical
and/or regulatory issues. The key TSPA references
include:

o Total System Performance Assessment for the
Site Recommendation (CRWMS M&O
2000a). This report describes a comprehen-
sive analysis of the performance of a
repository at Yucca Mountain. It documents
the TSPA methodology and explains how
process models have been incorporated in the
TSPA-SR analysis.
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These conceptual models, the level of uncertainty
associated with each, and the essential assumptions
used in their formulation are documented in
Sections 4.2 and 4.3, as well as supporting docu-
ments describing the DOE’s understanding of the
Yucca Mountain repository system.

The conceptual models are next cast into process-
level models. These are typically numerical
computer models that range from simple to quite
complex representations designed to capture and
simulate the fundamental physical phenomena that
influence the process being modeled. The process
models, together with important uncertainties and
assumptions, are also described in Sections 4.2 and
4.3, as well as in supporting references.

Many process level models are needed to analyze
the various subsystems that could affect the perfor-
mance of the potential repository. Some of the
individual models are so complex that it is not
possible or desirable to include them in a single

linked total system model, due to computing limits -

or because simplified models of certain processes

may be equally defensible. A total system model
that depended on a single representation of a
process might overlook credible alternative
models. Therefore, the total system model is gener-
ally based on simplified (abstracted) models that
" enable assessment of the effects of alternative
representations of potentially important processes.

The process level models described in Sections 4.2

and 4.3 provide the foundation for the abstracted
" models contained in the TSPA described in Section

4.4, These abstracted models include the important
" details of the process level models, so they can be
used to simulate or bound the results of the process
level models. Scientists and engineers evaluate the
output of the detailed process level models to iden-
tify key results, uncertainties, and assumptions that
must be captured by the abstracted models. For
example, it may be determined that, of the many
processes and parameters contained within a

process level model, only a few have a significant

effect on overall behavior. Analysts use test results,
comparisons with alternative process level models,
and judgment to determine how best to incorporate
the uncertainty associated with each specific

process in the abstracted models. The complexity
of an abstracted model is governed by how sensi-
tive total system performance is to the specific
process and by how well the model incorporates
uncertainty. The abstracted TSPA models, associ-
ated uncertainties, and important assumptions are
described in Section 4.4 and in Total System
Performance Assessment for the Site Recommen-
dation (CRWMS M&O 2000a). More recent
analyses are described in FY0! Supplemental
Science and Performance Analyses (BSC 2001a;
BSC 2001b) and Zotal System Performance Assess-
ment—Analyses for Disposal of Commercial and
DOE Waste Inventories at Yucca Mountain—Input
to Final Environmental Impact Statement and Site
Suitability Evaluation (Williams 2001a).

The abstracted models are combined into a total
system model, which is used both to assess the
potential future performance of the repository and
to evaluate how uncertainty in the understanding of
FEPs might affect performance. Throughout site
characterization, the DOE has used this informa-
tion to identify and prioritize future work activities.
In this manner, the testing program has been
updated and the repository design modified to
continually improve the DOE’s confidence in
assessments of future performance. In the past
decade, the DOE completed comprehensive anal-
yses of total system performance in 1991, 1993,
1995 and 1998 (Barnard et al. 1992; Eslinger et al.
1993; Wilson, M.L. et al. 1994; CRWMS M&O
1995; DOE 1998, Volume 3). Each of these repre-
sented a significant advance in the DOE’s
understanding of how the potential Yucca Moun-
tain repository might perform, and each resulted in
modifications to the site testing program or the
repository design to address key uncertainties. This
report and the Total System Performance Assess-
ment for the Site -Recommendation (CRWMS
M&O 2000a) reflect the knowledge and insights
gained through this process. Additional -analyses
and insight are presented in FY0I Supplemental
Science and Performance Analyses (BSC 2001a;
BSC 2001b) and Total System Performance Assess-
ment—Analyses for Disposal of Commercial and
DOE Waste Inventories at Yucca Mountain—Input
to Final Environmental Impact Statement and Site
Suitability Evaluation (Williams 2001a).




