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ABSTRACT

This document presents a description of a prospective geologic repository
for high-level radioactive waste to support the development of the Site
Characterization Plan for the Yucca Mountain site. This conceptual design
has been developed for the Department of Energy's Nevada Nuclear Waste
Storage Investigations Project by Sandia National Laboratories and its
supporting contractors.

The site for the prospective repository is located at Yucca Mountain in
southwestern Nevada, and the waste emplacement area will be constructed
in the underlying volcanic tuffs. The target horizon for waste emplace-
ment is a sloping bed of densely welded tuff more than 650 ft below the
surface and typically more than 600 ft above the water table. The con-
ceptual design described-in this report is unique among repository designs
in that (1) it uses ramps in addition to shafts to gain access to the
underground facility, (2) the emplacement horizon is located above the
water table, and (3) it is possible that 300- to 400-ft-long horizontal
waste emplacement boreholes will be used.

In addition to describing the design and operations, this report summa-
rizes the design bases (site and properties of the waste package), design
and performance criteria, and the design analyses performed. The current
status of meeting the preclosure performance objectives for licensing and
of resolving the repository design and preclosure issues is presented.
The repository design presented in this report will be expanded and re-
fined during the advanced conceptual design, the license application
design, and the final procurement and construction design phases.

i - ii
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4.0 DESIGN DESCRIPTION

4.1 The Site and Its Environs

4.1.1 Location and Climate

The prospective repository site is located at Yucca Mountain in Nye
County, Nevada, approximately 85 airline miles northwest of Las Vegas
(Figure 4-1). The site is located on federal land controlled by the De-
partment of Energy (DOE), the Air Force, and the Bureau of Land Manage-
ment. The land controlled by the DOE is currently part of the Nevada Test
Site (NTS). Yucca Mountain lies in a broad range of mountains character-
ized by sparse vegetation, low precipitation, few population centers, and
varied geologic conditions. The geohydrologic system includes both open
and closed ground-water basins and a thick unsaturated zone that is
thought to have little water movement. More detailed descriptions appear
in Sections 2.2 and 2.3.

The terrain at the site is characterized by prominent north-trending
fault-block ridges and eastward-tilted volcanic rocks. Slopes are locally
steep (15 to 300) on the west side of Yucca Mountain and along some of the
valleys that cut into the more gently sloping (5 to 10°) east side of the
mountain (Section 2.2.2).

Fortymile Wash, a major drainage channel trending from north to south
in the western portion of the NTS, is a primary feature of the terrain
near the proposed repository site. Drainage washes on the east face of
Yucca Mountain trend primarily from northwest to southeast and are tribu-
tary to Fortymile Wash. The valley floors are covered by alluvium. Sandy
fans extend down from the lower slopes of the ridges (Section 2.2.6).

The arid climate of this region exhibits a wide variation in daily
and seasonal temperatures. Summer maximum and winter minimum temperatures
are 420C and -70C, respectively. Precipitation, which normally occurs as
rainfall, averages less than 8 in./yr. Annual snowfall amounts to less
than 9 in. (Section 2.3.2).

Surface runoff from rainfall and snowmelt flows to Fortymile Wash,
approximately 2 mi east of the repository site, and to Crater Flat to the
west. No lakes or rivers are located in this site area. Normal runoff
evaporates or filters into the ground; heavy runoff flows to the Amargosa
River, 30 mi to the south.

In the vicinity of the repository site, the static water table is 600
to 1,300 ft below the horizon of the proposed repository. Ground water
beneath Yucca Mountain is part of the Death Valley ground-water system.
The water table is recharged from direct precipitation and infiltration
of surface runoff (Section 2.2.4.2).

Because of the mountainous terrain, diurnal wind reversals occur in
this area from southerly (upslope) daytime directions to northerly (down-
slope) nighttime directions. Wind direction also changes according to the
season, from a predominantly southerly direction in the summer to a north-
erly direction in the winter. Although tornadoes are rare in Nevada, dust
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devils--local, extreme wind currents of a circular nature--are common
during summer months. Generally, these phenomena are small, short-lived
storms; there are instances, however, when some reach tornado proportions
(Section 2.3.2.2.1).

4.1.2 Population and Economy

Although predominantly rural, Nye County is a growing area. In
1984, the estimated population was 17,750 people, most of whom live in the
southern portion of the county (Ryan, 1984). Mining, service industries,
and government employment provide jobs for 89% of the labor force (State
of Nevada, 1984a). Nine percent of the Nye County work force was employed
by the government in 1983. The primary activities of the federal govern-
ment in Nye County are located at the NTS and the Nellis Air Force Range.
More than 500 county and state government employees in Nye County provide
education, police and fire protection, and other services (McBrien and
Jones, 1984).

It is assumed that most of the repository employees, like employees
of the ITS, will be drawn from neighboring Clark County. Currently, 87.
of the NTS work force (DOE and contractor employees) lives in Clark County
in or near Las Vegas, and the remainder lives in lye County. More than
half of the 1980 Nevada work force was employed in Clark County (State of
Nevada, 1984a). By 1983, the service industry (hotels, gaming, and recre-
ation) employed more than 130,000 individuals (48%). Other major employ-
ers in Clark County were the trade industries (20%), government (12%),
transportation and public utilities (6%), and construction (5%). The
retail trade industry depends heavily on the hotel and gaming industries
to bring customers into the region. The mining industry employed 300
workers from Clark County in 1983 (State of Nevada, 1984b).

4.1.3 Infrastructure

Existing U.S. Highway 95 connects Las Vegas to Amargosa Valley. The
prospective repository site is not visible from the highway. The existing
Lathrop Wells Road provides access from Amargosa Valley to the NTS and
connects with Drill Hole Wash Road, which runs through the proposed
repository site (Figures 4-2 and 4-3). Three railroads have existing
main or branch lines within 200 mi of the site. Union Pacific's main
line is the line closest to the repository. Dike Siding, located on the
Union Pacific main line 11 mi northeast of Las Vegas, is the primary
candidate for the spur line tie-in. A study of alternate rail routes is
provided in Appendix H-7.

Two independent electrical utilities now serve the NTS. Valley
Electrical Association connects to the existing Jackass Flats substation,
and Nevada Power Company ties in at a switchyard in Mercury. An existing
69-kV radial feeder, which extends from the Canyon Substation on the NTS
distribution loop, will provide services for the exploratory shaft
facility (ESF) and the repository.

Existing Well J-13 now serves the Nevada Research and Development
Area (NRDA) and will serve the ESF. The water requirements of the
repository will be provided by new wells drilled into the aquifer that
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supplies Well J-13. The total amount of water used during siting, con-
struction, operations, closure, and decommissioning is under investiga-
tion; however, water used by the repository is expected to cause only a
very localized drawdown of the regional water supply.

The only existing facility nearby is the NERDA, which includes the
engine maintenance, assembly, and disassembly facility. The NRDA, which
has been set aside for the research and development activities of non-
weapons programs, is located approximately 10 mi east of the repository
site. The locations of existing facilities and utilities are shown on
Figure 4-3.

4.2 Surface Facilities

4.2.1 Site Access

Rail, highway, and helicopter access serve the site for transport of
radioactive waste and personnel. Radioactive waste is shipped to the
site by either public rail or truck. Proposed highway and rail access
routes to the site are shown in Figure 4-1. The new highway originates
at U.S. Highway 95, approximately 0.5 mi west of the town of Amargosa
Valley, and extends about 16 mi north to the site. A new railroad will
originate at Dike Siding on the Union Pacific railway, about 11 ml north-
east of Las Vegas, and will extend about 98 mi to the site. A rail spur
is included to provide general rail service to Mercury, Nevada.

4.2.1.1 Railroad

The proposed railroad, which is. routed entirely on federal land,
follows the natural topography at a maximum grade of 2% and a maximum
curvature of 20. The railroad is a single-track line along which siding
tracks are provided at intervals of approximately 50 mi for emergency and
maintenance use. Drainage of upland surface runoff and potential flooding
are considered in the design of the railroad. Along the route, ditches
and culverts control drainage. Water is diverted into local arroyos and
ultimately to Fortymile Wash. Bridges built of structural steel or con-
crete are used at crossings of existing drainage channels. A new bridge
across Fortymile Wash is necessary for highway and rail access to the
site.

The railroad spur line and highway cross Fortymile Wash approximately
2 mi before reaching the repository site. Alternate routes were consid-
ered; however, the other possible routes would still cross several washes
directly downstream of Fortymile Wash and would require longer travel
distances.

The bridge that crosses Fortymile Wash is designed for alternating
use by railroad and highway traffic. The bridge (Figure 4-4) is 780 ft
long, has a maximum height of 50 ft, and is constructed of precast, pre-
stressed concrete box.girders and reinforced-concrete piers. The bridge's
design takes into account flood levels and debris flow during flooding.
The roadbed has walkways and 12-ft-wide lanes on each side, for a total
width of 29 ft. The railway is routed along the bridge centerline, and
track is embedded in the bridge roadway to provide a smooth surface for
vehicles. Vehicles will be held up when trains are on the bridge.
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4.2.1.2 HighwaY

The access highway connects with U.S. Highway 95 near Amargosa Valley
and continues north for approximately 8 mi on the upgraded Lathrop Wells
Road into the NTS (Figure 4-2). Here, the new highway runs parallel to
the railroad for the final 8 mi to the site area, crossing Fortymile Wash
on the railroad and highway bridge (Figure 4-3).

A new guard station and security fencing along Lathrop Wells Road and
the new highway control access to the NTS. The guard station is located
where the new highway and Lathrop Wells Road meet.

4.2.1.3 Helipad

A helipad is located near the parking area south of the surface fa-
cilities (Figure 4-5). The helipad permits access and emergency medical
service for the repository.

4.2.2 Overall Site Arrangement

The site plan at Yucca Mountain, based on current concepts, is shown
in Figure 4-5. In this section, the rationale for the current site
arrangement is discussed.

4.2.2.1 Location of the Underground Facility

The location and boundary of the underground facility are shown in
Figure 4-6. This area was selected after consideration of desirable rock
properties, required overburden thicknesses, depth to the water table, and
constraints imposed by underground development and operations. A discus-
sion of the procedures used to locate the underground facility is located
in Section 6.4.2.

The underground facility lies entirely within the primary area tar-
geted for waste emplacement. Based on exploratory drilling, it appears
that additional area is available for waste emplacement to the north or
southwest of the primary area.

As part of the site characterization program, efforts will be made to
determine the distribution, properties, and variability of the emplace-
ment horizon at the ESF. At present, characterization of the emplacement
horizon has been based solely on exploratory borings.

4.2.2.2 Location of the Surface Facilities and Waste Ramp

The ridges overlying the underground facility range in elevation from
4,800 to 4,900 ft. Major surface facilities cannot be located directly
over the underground facility for two primary reasons: (1) the diffi-
culty of access for waste shipments (particularly by rail) and (2) the
unreasonable costs associated with construction on bedrock in the steep
terrain overlying the underground facility. Therefore, the major surface
facilities associated with waste handling are located on the gently
sloping terrain at the eastern base of Yucca Mountain at an approximate
elevation of 3,665 ft. This location allows transport of the waste to
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the underground facility via a ramp inclined at an 8.9% grade and 6,603 ft
long. The selection of a ramp rather than a shaft is explained by Dennis
and Dravo (1985). )

A study has been conducted to select a reference location for the K
major surface facilities for the purpose of developing the conceptual
design (Neal, 1985). After an initial screening, areas located on the
alluvial fans along the eastern base of Yucca Mountain (Figure 4-7) were
selected for evaluation. The siting factors used to compare the six areas
are those given in preclosure system guidelines (preclosure radiological
safety; environmental quality; and ease and cost of construction, opera-
tion, and closure). The siting factors include air transport and diffu-
sion of ventilation exhaust, flash flooding, ramp inclination, tectonic
and fault displacement, protection of botanical and faunal species, ar-
chaeologic and cultural stability, average slope, area availability and
contiguity, structural complexity of faults, ground motion, portal access,
ramp length, and proximity to the northern area.

Numerical weighting and ranking methods were used to select the
preferred site, an area east of Exile Hill (Figure 4-7). The primary
advantages of this site are gentle slopes (necessary for railroad con-
struction), protection from flash flooding, and an unbroken area of suf-
ficient size to accommodate the central surface facilities. The site is
located adjacent to a rock outcrop, which provides a suitable foundation
for constructing the portal of the waste ramp. This location also permits
the ramp to be constructed at a grade of less than 10% and provides flexi-
bility for possible expansion of the emplacement area to the north, if
that becomes necessary.

Data obtained thus far indicate that there are no conditions that
would disqualify the area for location of the waste-handling facilities.
However, the evaluation was based only on preliminary information, and
detailed site characterization studies may lead to different conclusions
(Neal, 1985).

4.2.2.3 Location of the Tuff Ramp and Tuff Pile

A ramp, rather than a combination of a shaft and overland transport,
has been selected as the passageway for transporting excavated tuff from
the subsurface facilities to the surface. The location of the intersec-
tion of the tuff ramp with the underground facility was selected based on
the underground layout and the proximity of this intersection to the
northern area. Preliminary locations for the portal of the tuff ramp and
the tuff pile were selected based on field observations of rock outcrops,
which provide stable foundations for portal construction, and on the
terrain in the vicinity of the portal. The location of the tuff pile
results in a tuff ramp that is 4,627 ft long and has a grade of 17.9%.

During the construction and waste emplacement phases, approximately
15 million tons of tuff will be excavated and piled on the surface, assum-
ing that the vertical emplacement configuration is used and that the
underground facility is not backfilled before closure. The gently sloping
alluvial fans on the eastern base of Yucca Mountain were selected as a
site that would provide sufficient space for the tuff pile and protection
from flash flooding.
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Figure 4-7. Locations of the Six Candidate Areas for the Surface
Facilities (Modified from Neal, 1985.)
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4.2.2.4 Location of Other Entries to the Underground Facility

For purposes of worker safety, it was decided to separate the access
to the underground facility for personnel and materials from the access
for the waste. Because of construction and operating costs, a preliminary
decision was made to use a shaft rather than a ramp. However, access for
men and materials will be studied in more detail during later stages of
design. The number and location of other accesses to the underground
facility, including the emplacement area exhaust shaft, are dictated by
ventilation requirements (Section 3.4).

4.2.3 Layout of Surface Facilities

The layout and configuration of the surface facility areas are de-
scribed in this section. Individual surface facilities are described in
Section 4.2.4.

4.2.3.1 Central Surface Facilities Area

The central surface facilities area (Figure 4-5), which contains the
major waste-handling facilities and contiguous support facilities, is
located on a leveled bench at an approximate elevation of 3,665 ft. The
fenced area (Figure 4-8), which includes the general support facilities
area, the waste operations area (surface), and the waste-receiving and
inspection area, is approximately 91 acres. For the purposes of this
report, the regulatory requirements placed on the geologic repository
operations area are generally applicable to the surface and subsurface
portions of the waste operations area. The total central surface facili-
ties area, including the parking area to the south, is approximately 100
acres. Certain operating considerations influenced the design, including
(1) the provision of short distances between the waste-handling buildings
and the waste ramp over which the waste transporter must travel, (2) the
capability of isolating Stage 2 construction activities from Stage 1
operations, (3) the provision of adequate room for expansion to the east,
if necessary, and (4) the provision of level areas for truck and railcar
parking. The major surface facilities are founded on alluvial soils of
varying depths; therefore, buildings can be constructed on either mat
foundations or spread footings.

Radioactive waste delivered by truck or by rail enters the site from
Gate 3 (Figure 4-8). Personnel and materials enter the site from Gate 1.
Access to Gate 1 is from an improved existing road (Drill Hole Wash Road)
oriented in an east/west direction and connecting to the new highway
approximately 1 mi west of the bridge at Fortymile Wash. Drill Hole Wash
Road also provides access to the ESP, the men-and-materials shaft, and
the emplacement area exhaust shaft facilities. Drainage control and
flood protection for the access road will be discussed in detail in the
advanced conceptual design (ACD).

The central surface facilities area is divided into three distinct
functional areas--the waste-receiving and inspection area, the waste
operations area, and the general support facilities area (Figure 4-8).
Each area is bounded by security fencing and has sufficient room for
security patrols at its perimeter.
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The waste-receiving and inspection area, which begins at Gate 3, is
oriented parallel to the incoming railroad and highway. Railcar sidings
and a truck parking area are provided to accommodate delays in incoming
waste shipments and to provide temporary storage of empty casks awaiting
offsite transport.

The surface portions of the waste operations area include all surface
facilities in which radioactive materials are handled or stored. Host of
the area is paved to accommodate trucks and to provide easy access between
the waste-handling facilities. An unpaved railyard includes switches
between alternate tracks entering the waste-handling buildings and sidings
for storage of railcars. Parking space for 315 trucks and 70 railcars
provides storage for up to 6 wk of waste throughput. Health physics and
security stations are located at Gate 4, which borders the waste-receiving
and inspection area, and at a central entrance (Gate 2), which permits
access to and from the general support facilities area.

The general support facilities area includes the facilities in the
central surface facilities area that do not handle or treat radioactive
materials. Gate 1 is the primary access to the repository for personnel,
visitors, and nonwaste deliveries. Roads and walkways betwqen buildings
provide sufficient room for personnel and materials traffic. An unsecured
parking area for 525 cars is located parallel to the south access road
just south of Gate 1.

Outside the fenced area are a land disposal site for nonradioactive
waste, sewage treatment lagoons, water storage tanks, and other structures
associated with utility systems.

Drainage channels, berms, and swales sized for the expected amount
of precipitation are provided around all areas to divert runoff and to
prevent erosion of embankments. Culverts are used to route drainage under
railbeds and roads. Preliminary locations of these flood diversion struc-
tures are shown in Figure 4-9.

The current conceptual design, as described in Sections 2.2.6, 4.1.1,
4.2.3.1, and 4.2.3.2, provides general. provisions for the control of
surface runoff. The ACD will ensure that Environmental Protection Agency
(EPA) and State of Nevada environmental regulations are met.

4.2.3.2 Shaft and Ramp Areas

The two exploratory shafts (ES-1 and ES-2), the men-and-materials
shaft, the emplacement area exhaust shaft, and their related facilities
are located 1 to 1.5 mi west of the central surface facilities area in the
rugged terrain of Yucca Mountain. Access to these shafts is provided by
a road located in Drill Hole Wash. The road will be rerouted to provide
access to the explosives magazines, which are located approximately 0.5 mi
north of the men-and-materials shaft at an elevation of 4,240 ft. All
shaft sites are located on leveled benches and are bounded by security
fencing. Surface facilities located at the shafts are founded on soil or
rock.

The men-and-materials shaft (Figure 4-10) is located near the
junction of two washes that discharge into Drill Hole Wash. Based on
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preliminary data, the shaft collar, which is located on a leveled bench
at an elevation of 4,140 ft. is above the probable maximum flood (PHF)
level. The remaining facilities are located on a lower bench at an ele-
vation of 4,120 ft. Drainage channels sized for the PHF divert runoff
around the area (Figure 4-9).

The collar of the emplacement area exhaust shaft, the emplacement
area exhaust building, and stack are on a leveled bench at an elevation
of 3,960 ft (Figure 4-11). Dikes and drainage channels divert surface
runoff around the benched areas. The design has not yet been analyzed
for the PHF.

ES-i and ES-2 are located at an elevation of 4,160 ft on a level
embankment that is large enough to support subsurface investigations
during the site characterization phase. During emplacement operations,
the exploratory shafts are used as fresh air intakes for the emplacement
area. The grading and drainage design for conversion from the ESF to the
permanent arrangement for the emplacement area ventilation intake will be
developed at a later stage of design.

The tuff pile and tuf f-handling equipment are located 1 mi north of
the central surface facilities complex near the tuff ramp portal. The
portal area is reached by a road routed west of Exile Hill. The tuff
pile will expand eastward over a 25-yr period to a maximum size of 3,000
by 1,000 by 120 ft. Drainage dikes north of the tuff pile and near the
ramp portal provide flood protection by diverting surface runoff around
embankments.

The current conceptual design does not include details for the
removal, storage, or reuse of topsoil and cut-and-fill earthwork for the
site. The ACD will develop surface-grading designs to balance cut-and-
fill earthwork quantities and handling of topsoil to ensure compliance
with EPA and State of Nevada environmental regulations.

4.2.4 Description of Facilities

The facilities are designed to withstand the effect of natural forces
(earthquakes, wind, tornadoes, and floods) and human-induced phenomena,
such as underground nuclear explosions on the NTS. The design criteria
for each phenomenon are given in Chapter 2. Appendix H contains analyses
of the effects of wind, tornadoes, earthquakes, and PHF on the surface
element design.

In general, the buildings are low in profile and are finished with
either concrete or ribbed metal siding in tones that blend with the
natural surroundings. The buildings are arranged to allow for future
expansion, if necessary, without restricting movement through the site.
Tables 4-1 and 4-2 provide summaries of building descriptions.

The following discussion describes the surface facilities with empha-
sis on the structures in the area where waste handling occurs (Figure
4-8). This discussion addresses the waste-handling buildings, the support
facilities for repository operations, general support facilities, and
support facilities at shafts and ramps.
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TABLE 4-1

DESCRIPTIONS OF BUILDINGS IN THE WASTE OPERATIONS AREA

C

Facility
Number

Principal
Dimensions

(ft)

Total
Floor Area

(ft 2 )

Building
Volume

(1,000 ft 3 )Building Functional Areas

211 WHB-l

212 WHB-2

215-1 Waste
treatment
building

215-4 Performance
confirmation
building

Cask-receiving and
shipping bays

Unloading and waste-
packaging hot cell

Operating gallery
Remote maintenance cell
Decontamination area
Surface storage vault

Cask-receiving and
shipping bays

Cask preparation area
Cask-unloading hot cell
Consolidation hot cells
Wast-packasging hot cells
Operating gallery
Remote maintenance call
Decontamination area

Liquid radioactive
waste treatment area

Waste solidification area
Solid radioactive waste

treatment area

Unloading bay
Hot cell
Hachining chamber
Mechanicallelectrical

room

Personnel annex
* Control roo
* Change room
* Laboratories
* Health physics
* Offices

Surface atorage vault
Personnel annex
* Control room
* Change room
* Laboratories
* Health physics
* Offices

Loading and unloading
area

Office and laundry
area

Health physics

operating gallery
Laboratory
Change room
Offices

Type of Construction

High-bay, structural-steel-frame
receiving and shipping area;
multilevel, reinforced-concrete
hot cell; a steel-frame,
insulated-siding personnel nnex

High-bay, structural-steel-frame
receiving and shipping area;
multilevel reinforced-concrete
hot Cells; a steel-frame.
insulated-aiding personnel annex

Two-story reinforced-concrete
construction with a high bay;
structural-steel fram for
loading and unloading

Structural-steel frae with
insulated metal siding;
a multilevel, interior,
reinforced-concrete hot cell

315 x 360 124,000 3,863

492 x 484 300,000 10,477

bw

128 x 208

125 x 190

30,850 770

24,500 1,020

215-3 Decontamina-
tion building

215-2 Vehicle wash
facility

220-4c Waste
transporter
garage

Vehicle and cask
decontamination bay

Small component and tool
decontamination room

Drive-through vehicle-
wash area

Transporter storage
Parts storage

Health physics
rechanical/

electrical room
Offices

Hechanical roo

Change room
Offices

High-bay, structural-steel-
frame with insulated metal
siding

Single-story. metal-frame and
concrete-block-wall structure

Single-story, structural-
steel frame with insulated
metal siding

60 x 90

40 x 100

50 x 150

6,600

4,000

7,500

324

80

135



DXSGRIMIOS of BUILDINGS IN Till SUPPORT AMA

Vaculity
Nmbaer fluilding tunctienel Are"d type of Conatgucticn

two-toery, *tructal-eteel frame
with insulated metal aiding

220-3k Security Wilting roam
Static 1 Offie"e

se4tc dictribution
CcAnlctioena caster

220-38 Security Securlty check station
Station 2 Health phybics

Offices

220-3C Security malth physics
Statics 3 Office.

220-Sk AVdinitra- Officeg
tioe building Leboretorla

220-55 toeed *rvice Kitches
facility Storage

220-SC Training
u4ditorium

Record. etorage
Security adainiatra-

tios
Lockers and sabters

Principal
Diaenions

(ft)

SO x S0

85 x S0

40 x 60

Total
Floo Area

Cft 2
)

*,000

3,000

2,400

ulilding
Volmel

(1,000 ft 3 )

110

A1Single-story. *tructural-steel
frame with insulated metal siding

I.

Deta analysis
Operaties mositoring

Serving

Mechanical room

Office.
Nqul st storage
Lockeu. and shower.
Lunchroom

Single-story. otructural-stel
fr_ with inaulaotd metal siding

two-otory, *tructural-eteol fram
with insulated metal aiding

single-etory, *tructural-ateal
frame with insulated tal siding

Sinal-toy, Eteel fraes with
insulated metal 1idinas 50-set
capacity

Single-story. reinforced-cosctet
*tructure

single-story, .tructural-steel
fra with insulated metal siding

25 x 40

60 x 65

1,000

4,000

100 x 220 44,000

60 x 180 11,000

561

181

1i

105

222-22 Computer
cntetr

220-2 tire station

Cemputar roam
Offices

Apparatus room
Comenicatio er
tiren's quartets

85 x 100 7,600

220-IA Health Storage for costn-
physics inetien detecticn
building equipment

220-1l medical Examination
building X-ray

Medical law

220-7 Cestrel Storese apace
warehouse Receiving ed shipping

dock

Singla-toty. structural-steel
fre" with insulated metal siding

20 x 20 400 5

Officee
walting roa
Ambulance gaae

office.

Single-story, utructural-stal
fram with ilaulated metal idin

Single-story (clear height 23 ft)
steel fram with intulatad metal
siding

40 x 175 8,200 90

200 x 285 57,000 1,602

C_ C C_



C C

TABLM 4-2

DESCRIPTIONS OF BUILDINGS IN THE SUPPORT AURA
(concluded)

C_

Facility

mOber building

220-4A Shops

Principal
Dimanions

(ft)

Total
Floor Area

(ft
2
)Functional Areas Type of Construction

Single-story, etructural-eteel
fram with insulated metal xdin"

Building
volum

(1,000 ft 3 )

384Shop area for each craft
ore"

Ieehanical/electrical
offices
Lunchroom
First *id
Lockers

Dispatch office
Carwash are*

Central covered work
area (not included
in floor area)

120 x 120 24.000

220-48 Motor pool
end facility
earvic.
station

Fuel *torSge
Paved parking

Sinale-story, structural-steel
frau. with insulated metal siding

30 x 40 1,200 19

220-6 Mockup Migh-bay mockup room
building Claesrooma

Office. Single-story. structural-steel
fra with insulated metal siding

Single-story. structural-steel
fre with inauleted metal siding

72 x 120 9,40 432

w

220-9A main substa-
tion and
standby Sgn-
erator
building

Electrical switchgasr
Standby generators

40 x 90

S0 x 80

30 x 60

3,600

4.000

1,300

50

60

22

220-8 Visitors, Dieplay room
center Auditorium

Meeting room Sinsle-story, structural-steel
frame with insulated metal aiding

single-story, structurel-steel
frame with insulated metal siding

220-9S Standby sen-
erator at
man-and-
materials
shaft

Electrical switcbsear
Standby generators

221-10 Change house Shower and change
rooms

First aid and mine
rescue

Training area
Office.

Single-story, structural-stool
fr with insulated metal siding

80 x 100 8.000 148

230-12 Men-and-
materials
shaft hoist
house

230-83 Emplacement
area exhast
building

230-13 Development
area ventila-
tion building

Hoist control center Single-story, structural-steel
frm_ with insulated metal siding

50 x 50 2,760 71

MEPA filters
Ventilation fans
Offices

Single-story, structural-steel
fram with insulated metal siding
Reinforced-concrete plenum

219 x 410 60.130 1.870

Ventilation fans Single-story, strucutrel-eteal
frame with insulated metal siding

105 x 226 23,700 617



4.2.4.1 Waste-Handling Buildings

A two-stage approach to repository construction involves two waste-
handling buildings in the surface portion of the geologic repository
waste-handling operations area. During the first 3 yr of operations, only
Waste-Handling Building 1 (WHB-1) will operate while construction of a
full-capacity waste-handling building (WHB-2) is completed. A temporary
fence will separate operations in WHB-1 from construction activities at
WHB-2 during this period.

4.2.4.1.1 Waste-Handling Building 1

WHB-1 is designed to receive and prepare for subsurface disposal the
equivalent of 400 metric tons of uranium per year (HTU/yr) of spent fuel,
defense high-level waste (DHLW), and West Valley high-level waste (WVHLW)
(Figure 4-12). The building is scheduled to receive waste by January 31,
1998, and is designed to process only intact spent fuel assemblies through
2002. Beginning in 2003, 2 yr after the start of Stage 2, WHB-1 will
handle only DHLW and WVHLW. No major modifications are required to accom-
modate Stage 2 operations.

The overall dimensions of WHB-1 are 330 by 360 ft. The cask-
receiving and shipping area of the building is a high-bay, structural-
steel-frame building provided with a 125-ton-capacity bridge crane for
lifting the cask and a 25-ton auxiliary hoist for lifting the personnel
barrier, impact limiters, and outer cover of the cask. An airlock is
provided at each bay for carriers entering or leaving the building.

A cask preparation area is provided adjacent to the receiving and
shipping bays. This area is located on the lower level of the waste-
handling building, 25 ft below grade. Inside the cask preparation area
are four cask transfer carts, which receive casks transferred by the
bridge crane from a truck or railcar. Equipment is provided in the cask
preparation area to remove the bolts that hold down the cask's outer
cover, to perform gas-sampling and contamination surveys, and to prepare
the cask for removal of the fuel assemblies. The motorized cask transfer
cart then positions the cask under the cask-unloading hot cell, where the
top of the shipping cask interfaces with the floor port in the cask-
unloading hot cell. The conceptual design of the cask-unloading facili-
ties is described by Townes et al. (1987b).

A station adjacent to the cask preparation area is equipped with a
spray system to decontaminate casks, if necessary, and to prepare them
for shipment. At the cask decontamination station, an adjustable-height
work platform provides access around the cask. Equipment interfaces and
couplings are provided to flush the interior of all empty casks coming
back from the cask-unloading hot cell. A jib crane is provided to re-
place the cask's outer lid and to prepare the cask for outgoing shipment.
Equipment to support cask decontamination, including a 5,000-gal flush-
water tank, flush-water pump, and filter system, is located in an adjacent
room.

In the cask-unloading hot cell, one cask-unloading port is provided
for each of the four cask transfer carts. A 20-ton-capacity, bridge-
mounted crane transfers fuel assemblies from the shipping casks through C
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the unloading port into the hot cell and places them directly in disposal
containers or storage racks. Container-welding and testing stations are
provided in the cask-unloading hot cell. Transfer/storage carts are used
to transport containers to the surface storage vault adjacent to the cask-
unloading hot cell. The vault has a lag storage capacity of 50 KTU,
which corresponds to approximately 6 wk of throughput during Stage 2 op-
erations. Containers can also be transferred directly to the out-transfer
bay, where they are lifted from the transfer/storage cart to the waste
transporter for conveyance to the underground emplacement area.

The surface storage vault is ventilated by forced air convection to
ensure that container temperatures are within the required limits at all
times. Instruments are provided to monitor exhaust air continuously. If
an off-normal event in the vault results in the release of contaminants,
the vault's exhaust air is automatically diverted through high-efficency
particulate air (HEPA) filters.

The surface storage vault is equipped with a container transfer
machine (CTH) to move the containers from the storage cells to the out-
transfer bay. The CTH is equipped with a shielding cask into which
containers are lifted during transfer operations. At the loading port of
the out-transfer bay, containers are placed on a transfer/storage cart to
await transfer to the waste transporter. The conceptual design of the
container-loading ports is based on the vertical emplacement configura-
tion. The design will be changed if horizontal emplacement is selected.

An operating gallery, in which off-normal operations and maintenance
of hot cell equipment are performed, is provided at the perimeter of the
cask-unloading hot cell. Viewing ports and remote manipulators are pro-
vided in the cask-unloading hot cell to facilitate these functions.

A remote maintenance cell is located below the cask-unloading hot
cell (25 ft below grade) for the maintenance of facility equipment. This
cell has a 10-ton crane and crane-mounted manipulators, all remotely
operated. Shielded viewing windows and master/slave manipulators are
provided in the remote maintenance cell. Equipment in the cask-unloading
hot cell is modular in design, with features that facilitate decontami-
nation and removal of the equipment for replacement, maintenance, or re-
pair by remote handling. A hatch in the floor of the cask-unloading hot
cell provides direct access to the remote maintenance cell below.

An equipment decontamination room is adjacent to the remote main-
tenance cell. A rail-mounted shuttle cart transfers equipment into the
decontamination room, where equipment is decontaminated before it is
transferred to an area for contact-handled maintenance. A maintenance
area is located at the perimeter of the remote maintenance cell. A repair
shop and storage room for master/slave manipulators are also provided on
this lower level.

A. room for maintaining and decontaminating cranes is located at one
end of the cask-unloading hot cell. A shield door on the cask-unloading
hot cell allows the crane to be moved into this room for hands-on main-
tenance.
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In addition to the waste-handling areas of WHB-1, an annex is pro-
vided on the east side of the building for a control room, mechanical and
electrical equipment room, offices, laboratory, health physics room, and
change room. )

A protective coating is needed in some areas of WHB-1 to facilitate
decontamination. More protective coating must be applied to areas with a
greater potential for contamination. In areas in which fuel assemblies
are handled during Stage 1 (including the cask-unloading hot cell and the
cask transfer tunnels below the unloading cell), the floors and walls are
lined with stainless steel up to the level of the crane rails. In these
areas, a protective epoxy coating is applied to the walls above the crane
rails and to the ceilings. In the remote maintenance cell, a stainless
steel pan is provided for the floor, and a protective epoxy coating is
applied to the walls and ceiling. The decontamination rooms, including
the walls and ceilings, are treated with a protective epoxy coating. All
other operations areas in WHB-1, including truck bays, operating gal-
leries, the cask preparation area, contact maintenance areas, and con-
tainer transfer tunnels, have a protective epoxy coating on the floors
and wainscot only.

4.2.4.1.2 Waste-Handling Building 2

WHB-2 is scheduled to begin operations in 2001 and is designed to
receive, consolidate, and prepare a maximum of 3,000 MTU/yr of spent fuel
for subsurface disposal. In addition, the building is designed to package
fuel assembly hardware, which results from the consolidation process.
The overall dimensions of WHB-2 are 492 by 485 ft (Figures 4-13 and 4-14).

The cask-receiving and shipping area is similar to, although much
larger than, that in WHB-l and contains eight receiving and shipping bays.
An adjacent truck bay is provided for transfer of site-generated waste to
the waste treatment building. The cask preparation area has eight cask
transfer carts. The 125-ton bridge crane in this area can transfer a
cask from any of the receiving and shipping bays to any available cask
transfer cart. There are two cask decontamination stations in the cask
preparation area, with decontamination support equipment, similar to that
described for WHB-1.

The 'cask-unloading hot call has eight cask-unloading ports, one for
each cask transfer cart. Two 20-ton-capacity bridge-mounted cranes, each
equipped with a bridge-mounted manipulator, transfer fuel assemblies from
the shipping casks through the unloading port into the hot cell and place
the assemblies in transfer/storage carts. Approximately 2 wk of through-
put storage capacity (125 MTU) is provided on the transfer/storage carts
in the cask-unloading hot cell.

Off-normal assemblies are packaged in the cask-unloading hot cell,
bypassing consolidation operations. Two waste-packaging, weld-testing,
leak-testing, and waste container decontamination stations are provided
in the cask-unloading hot cell. A contamination barrier separates the
decontamination station from the remainder of the cask-unloading hot
cell. Two transfer/storage carts transfer spent fuel, which has been

l-

4-38







packaged in the cask-unloading hot cell, through the waste transfer
tunnel (25 ft below grade) to the surface storage vault or the out-
transfer bay.

Four fuel transfer tunnels connect the cask-unloading hot cell to the
four consolidation hot cells. In each tunnel, 2 rail-mounted transfer/
storage carts with 6 spent fuel assembly baskets on each cart, provide
about 2 wk of waste throughput storage capacity. A 10-ton bridge crane
in each consolidation hot cell removes the fuel assemblies from the racks
in the transfer/storage carts. In addition, each consolidation hot cell
has a 6-ton-capacity bridge crane and a bridge-mounted manipulator below
the 10-ton crane. A frame assembly in each consolidation hot cell removes
end fittings, extracts and collects fuel rods from the assemblies, and
then loads them into a device for collecting the rods in separate sectors
for insertion in the waste container (Section 2.1). When fully loaded,
the disposal container is rotated to a horizontal position and placed at
a transfer port in the wall that separates the consolidation hot cell and
the waste-packaging hot cell (Figure 3-8).

One waste-packaging hot cell serves two consolidation hot cells.
Two sets of waste-packaging, welding, and testing equipment are provided
in each waste-packaging hot cell, one set serving each consolidation hot
cell.'

Two transfer/storage carts carry packaged waste from the waste-
packaging hot cells to the surface storage vault or to the out-transfer
bay, adjacent to the storage vault, for transport to the underground
facility. Each cart can hold four containers. A container transfer
tunnel (25 ft below grade) connects the waste-packaging cells with the
surface storage vault. Lag time for storing containers in the reinforced-
concrete, multicelled vault equals approximately 4 wk of throughput capac-
ity (250 HTU (space for 100 containers)]. A 15-ton-capacity CTH, similar
to that described for WHB-1, is provided in the surface storage vault.
Two ports for loading the waste transporter are provided in the out-
transfer bay. The container is placed on a transfer/storage cart by the
CTH. The cart holds the container in position until it is transferred to
the waste transporter.

Operating galleries surround each processing cell. Shielded windows
for viewing remote manipulators permit remote handling in each cell and
maintenance when the cells are not in use. Remote maintenance cells are
also located below the consolidation hot cells. Maintenance hatches in
the floors of the cask-unloading hot cell, the consolidation hot cells,
and the waste-packaging hot cells, allow removal of the modular equipment.
Transfer tunnels with rail-mounted shuttle carts provide access to the
remote maintenance cells.

Other than the processing cells, which are made of reinforced con-
crete, WHB-2 is constructed of steel framing with insulated metal siding.
A personnel annex, located on the east side of WHB-2, houses offices, a
control room, change rooms, health physics, and laboratories.

Some areas in WHB-2 require a protective coating to facilitate
decontamination. The areas with a greater potential for contamination
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need more protective coating. In areas in which bare fuel is handled (in-
cluding the cask-unloading hot call, the cask transfer tunnels below the
cask-unloading hot cell, the fuel transfer tunnels, and the consolidation
hot cell), the floors and walls are lined with stainless steel up to the
level of the crane rails. In these areas, a protective epoxy coating is
applied to the walls above the rails and to the ceilings. In the remote
maintenance cell and equipment transfer tunnel, a stainless-steel pan is
provided for the floor, and a protective epoxy coating is applied to the
walls and ceiling. The floors, walls, and ceilings of the waste-packaging
hot cell and decontamination rooms are treated with a protective epoxy
coating. All other operations areas in the WHB-2, including truck bays,
operating galleries, cask preparation area, contact maintenance areas,
and container transfer tunnels, have a protective epoxy coating on the
floors and wainscot only.

4.2.4.1.3 Heating. Ventilatinn. and Air-Conditioning Systems for Waste-
Handling Buildings

The heating, ventilating, and air-conditioning (HYAC) systems provide
controlled atmospheric conditions during operations. These systems ensure
the safety and comfort of personnel, maintain the integrity and operabil-
ity of equipment and components, and restrict the spread of airborne
radioactivity in the buildings and the release of airborne radioactivity
from the buildings. The chillers for the HVAC system are described in
Section 4.2.5.2.

To control the spread of airborne contamination and to reduce the
amount of radioactivity released to the environment, HEPA filters are
provided in the ventilation systems of all potentially contaminated areas.
Areas that could contain radioactive contamination are maintained at pres-
sures lower than ambient pressure to prevent contamination from spreading.
Differential pressures are maintained between areas with different poten-
tials for contamination so that air flows from areas with less potential
for radioactive contamination to areas of progressively greater potential
for contamination. In potentially contaminated areas, ambient air is cir-
culated by once-through systems. Ventilation exhaust filter assemblies
and associated fans have sufficient redundancy to allow continuous venti-
lation during filter replacement or in the event of failure or shutdown
necessitated by maintenance of one component. In areas with no potential
for contamination, systems recirculate air to reduce heating and cooling
requirements.

Table 4-3 and Figures 4-15 and 4-16 identify preliminary pressuri-
zation zones in major areas of the waste-handling buildings. Conceptual
flow diagrams of the HVAC systems for the cask-unloading hot cells, waste-
packaging hot cells, consolidation hot cells, and surface storage vault
in WHB-2 are provided in Figures 4-17 through 4-19.

Ventilation exhaust from hot cells in which bare spent fuel is han-
dled (cask-unloading hot cells and consolidation hot cells) is directed
through a high-efficency filter bank and three HEPA filter banks before
discharge to the atmosphere. The high-efficiency filter bank and the
first bank of HEPA filters are housed in filter units located in the hot
cells to permit removal and replacement of filters by remote handling.
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TABLE 4-3

HEATING, VENTILATING AND AIR-CONDITIONING PRESSURE ZONES

Gage Pressure Ranges
Zone Contamination Level (in. w.g.*)

I Expected -0.5 to -1.5

II High potential -0.1 to -0.5

III Low potential -0.05 to -0.1

IV Not expected 0 to -0.05

*Inches water gage.

The two remaining banks of HEPA filters are housed in filter units located
in a separate filter gallery and are designed for replacement by contact
handling.

Ventilation exhaust from other potentially contaminated areas (such
as the waste-packaging hot cells, remote maintenance cells, and operating
galleries) is directed through at least two banks of HEPA filters before
release. In each building, all ventilation exhaust from contaminated and
potentially contaminated areas is combined into one common exhaust air
stream, and the air is monitored for radioactivity before being discharged
to the atmosphere.

These features of the ventilation exhaust systems ensure that air-
borne effluents do not exceed the limits specified in 10 CFR 20 (NRC,
1986a) and DOE Order 5480.1B (DOE, 1986a) for airborne radioactivity con-
centrations in restricted and unrestricted areas. In addition, the venti-
lation exhaust systems sufficiently reduce radioactive releases so that
the radiation dose limits specified in Section 2.5 are met.

In WHB-1, ventilation supply and exhaust equipment is located on the
lower level between the cask-unloading hot cell and the surface storage
vault. In WHB-2, ventilation supply and exhaust equipment, including
HEPA filters, is located on the lower level between the consolidation hot
cells. In both buildings, the ventilation air is exhausted at the roof.
Tornado dampers are provided on ventilation intake and exhaust ducts for
the operations area and storage vault.

4.2.4.1.4 Fire Protection

Based on the requirements of DOE Order 6430.1, Chapter x (DOE, 1983),
each waste-handling building includes fire protection systems consisting
of a combination of the following features:
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Figure 4-15. Heating, Ventilating, and Air-Conditioning Pressure Zones
in Waste-Handling Building 1 (Figure prepared for the SCP-
CDR.)
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Figure 4-16. Heating, Ventilating, and Air-Conditioning Pressure Zones
in Waste-Handling Building 2 (Figure prepared for the SCP-
CDR.)
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* portable fire extinguishers,
* standpipe hose system,
* fixed automatic sprinkler system,
* fire water supply and distribution system,
* fire-extinguishing system for special hazards (using Halon),
* fire detection and alarm system, and
* fire barriers and doors.

Areas in which spent fuel assemblies are handled are provided with
special fire-extinguishing equipment that uses Halon 1301 so that water is
not introduced in the event of a fire. Fixed automatic sprinkler systems
are provided in other portions of the buildings.

4.2.4.1.5 Equipment

Major pieces of waste-handling equipment are listed in Tables 3-3
and 3-4, which also identify the equipment that needs development. A
detailed equipment list for the surface facilities has been developed and
is included in Appendix D of this report. In addition to waste-handling
equipment, this equipment list includes HVAC equipment, tornado dampers,
shield valves, port plugs and maintenance hatches, cell windows, shield
doors, decontamination equipment, glove boxes, a radiation-monitoring sys-
tem, and other items.

Equipment for consolidating spent fuel is in the initial stages of
development (Townes et al., 1987a). This equipment must be reliable,
maintainable, and cost-effective, and must meet requirements for radio-
logical safety. Further design, development, and testing are needed to
prove the basic design concept, which may result in significant changes
in the current concept and may necessitate changes in facility design.

4.2.4.2 Support Facilities for Repository Operations

Support facilities located in the surface portion of the waste opera-
tions area include security stations, health physics station, vehicle
wash facility, decontamination building, waste treatment building, waste
transporter garage, and performance confirmation building. A summary of
building descriptions is given in Table 4-1.

4.2.4.2.1 Waste Treatment Building

The waste treatment building receives site-generated radioactive
wastes, both liquid and solid, and processes these wastes in preparation
for shipment offsite. The waste treatment building is located in the sur-
face portion of the waste operations area near the waste-handling build-
ings. The building is a reinforced-concrete structure, approximately
30,850 ft2 in area. Figures 4-20 and 4-21 show the general arrangement
of the waste treatment building.

The building is divided into six functional areas: (1) liquid ra-
dioactive waste treatment area, (2) waste solidification area, (3) solid
radioactive waste treatment area, (4) loading and unloading area (includ-
ing truck bay), (5) office and laundry area, and (6) mechanical and
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and electrical equipment area. The office and laundry area also includes
facilities for health physics activities.

Liquid Radioactive Waste Treatment Area

Liquid radioactive wastes are generated in the waste-handling build-
ings, in the decontamination building, and possibly in the vehicle wash
facility under off-normal conditions. Wastes that do not contain deter-
gents, decontamination solutions, or other chemicals are segregated from
those that do. A separate system of drains, sumps, piping, and tanks
segregates and transfers these latter wastes to the waste treatment build-
ing. The wastes are collected and treated so that the water can be
recycled. Cartridge filters, ion exchangers, and monitoring tanks for
sampling treated waste are located in the liquid radioactive waste
treatment area.

The wastes that contain detergents, chemicals, and spent resins from
the waste treatment system are solidified in a system that includes waste
storage tanks, recirculation and feed pumps, chemical treatment equipment,
cement storage tanks, cement transfer devices, a waste and cement mixer,
drum-capping and handling equipment, and an inspection station. A re-
motely operated 7.5-ton overhead bridge crane moves the drums and filter
transfer casks. An area is provided for interim storage of the 55-gal
drums of waste solidified in cement until they can be shipped offsite.

Solid Radioactive Waste Treatment Area

Solid radioactive wastes generated at the repository are bagged lo-
cally and brought by truck to the waste treatment building. Forklifts at
the unloading dock transfer bagged waste. A sorting table is provided in
a ventilated room so that compactible and noncompactible wastes can be
separated manually, although this operation may not be necessary if a box
compactor is used. The compactor places and compacts the solid wastes in
100-f t3 boxes. An area is provided for interim storage of the boxes
pending shipment offsite. A charging station is also provided in the
solid waste treatment area for recharging forklift batteries.

Laundry

The laundry includes space for collecting and sorting contaminated
laundry, dry cleaning equipment, respirator-cleaning equipment, and space
to store clean laundry. Washing machines and dryers are also included for
laundry not easily cleaned with dry cleaning equipment.

4.2.4.2.2 Performance Confirmation Building

It is assumed that selected disposal containers of spent fuel and
DHLW will be removed from the emplacement area as part of the repository
performance confirmation program. The performance confirmation building
(24,500 ft 2 ) is located in the surface portion of the waste operations
area near the portal of the waste ramp. The building has a shielded hot
cell constructed of reinforced concrete and equipped with remote-handling
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equipment. An operating gallery surrounds the hot cell. A laboratory
for preparation and analysis of container samples, a health physics area
with change room, a mechanical and electrical room, and an office area are
also provided. The facility receives and reopens the removed containers, X
and samples, tests, and repackages the waste for emplacement. The general
arrangement of the performance confirmation building is shown in Figures
4-22 and 4-23.

Major equipment in the hot cell includes an overhead bridge crane,
several bridge-mounted electromechanical manipulators, several master/
slave manipulators and shielded viewing windows, a container transfer-
cart, container upender, container-cutting machine, container-welding sta-
tion, and closed-circuit television viewing system. The walls of the hot
cell are provided with a coating to facilitate decontamination.

Other major equipment in the performance confirmation building in-
cludes a control panel for remote-handling equipment, glove boxes, and
other equipment used in sample preparation and analyses. HEPA filters
clean exhaust air from the hot cell and other potentially contaminated
areas.

4.2.4.2.3 Decontamination Building

The decontamination building has the capability of receiving, disas-
sembling, decontaminating, and returning to service any contaminated
components or larger equipment, including the waste transporters (in the
unusual event that they become contaminated). This high-bay building has
approximately 4,200 ft2 of work area and is equipped with a bridge
crane. The work area includes a bay for vehicle and cask decontamination
and a room for disassembling, decontaminating, and reassembling tools and
other small components. Two additional stories, each with 1,200 ft2,
house offices, health physics facilities, change room, and mechanical
equipment.

Decontamination equipment includes ultrasonic baths, electro-
polishers, chemical baths, and/or spray booths. All solid and liquid
site-generated wastes are collected before transfer to the waste treat-
ment building for treatment and eventual disposal offsite. A collection
tank and pump are used to collect liquid wastes from decontamination
processes and to pipe these wastes to the waste treatment building.

4.2.4.2.4 Security Stations

Security stations are provided at the two entrances to the surface
portion of the waste operations area. Personnel and vehicle traffic into
and out of the area is controlled at Security Station 2. Foot traffic
passes through detection devices in the security station. Vehicles are
monitored through controlled security gates adjacent to the building.
Approximately 3,000 ft2 of space is provided in Security Station 2.

Security Station 3 provides control of waste shipments entering and
carrier traffic leaving the repository. A 2,400-ft2 building houses
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offices, toilet facilities, and a health physics laboratory. Security
gates adjacent to the security building control the passage of roadway and
railroad traffic.

4.2.4.2.5 Health Physics Station

A small, 400-ft2 building houses the health physics station located
at Gate 4. Space is provided for the equipment and personnel needed to
monitor incoming shipments of waste.

4.2.4.2.6 Vehicle Wash Facility

A vehicle wash facility for waste carriers is provided just inside
Gate 4. This drive-through structure accommodates both trucks and rail-
cars. Automatic washing equipment, similar to a carwash, is housed inside
this facility, which has an overall plan of about 4,000 ft2.

4.2.4.2.7 Waste Transporter Garage

Waste transporters are stored in a garage south of the waste-handling
buildings. The waste transporter garage (7,500 ft2) has five bays for
parking waste transporters, as well as space for offices, storage of tools
and parts, and change rooms.

4.2.4.3 General Support Facilities

Buildings located in the general support facilities area include
Security Station 1, the administration building, food service and computer
buildings, the fire and medical facilities, warehouse, shops, and the
mockup building. A summary of the buildings described below is given in
Table 4-2.

In general, the service and support facilities have structural-steel
frames and insulated metal siding and roofing. Columns are supported on
reinforced-concrete spread footings. The ground floor is typically a
concrete slab on grade. Floors are elevated metal deck with concrete
topping supported by steel beams and girders. Rooms are partitioned by
metal studs with gypsum board on each side, and the ceilings are suspended
acoustical panels. As the design develops, consideration will be given
to alternate building systems, such as precast-concrete fascia panels,
precast-concrete tilt-up construction, or blockwall construction. Each
method of construction will be evaluated, considering cost effectiveness,
economy, energy efficiency, and constructibility.

4.2.4.3.1 Security Station 1

Security Station 1 is located at Gate 1, the personnel entrance to
the repository. It is a two-story building with 4,000 ft2 of floor
space at each level. On the ground level, space is provided for a waiting
room and toilet facilities. On the second level, space is provided for
supervisors' offices, records storage, security administration and commu-
nications centers, and locker and shower facilities.
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4.2.4.3.2 Administration Building

The administration building is a two-story structure with approxi-
mately 22,000 ft2 of floor area at each level. A penthouse (3,500 ft2) )
for mechanical equipment is located on the roof. On the ground floor,
there is open office space (9,000 ft2) in the center of the building; the
perimeter of the building is dedicated to individual offices. In addi-
tion, a 1,000-ft2 training auditorium provides seating for approximately
50 people on the ground level. On the second level, there is additional
open office space (4,800 ft2), with individual offices along most of the
perimeter. Laboratories and training rooms (4,800 ft2) are provided,
with additional space (1,800 ft2) for data analysis and operations
monitoring. There are two elevators, one at each end of the building.

4.2.4.3.3 Food Service Facility

The food service facility, which adjoins the administration building
to the south, provides approximately 11,000 ft2 of space for kitchen,
storage, serving, and dining facilities.

4.2.4.3.4 Computer Center

The computer center, connected to the administration building by an
enclosed corridor to the north, is a single-story, reinforced-concrete
building that provides approximately 4,000 ft2 of floor space for com-
puter hardware, tape storage, terminals, and office. A penthouse mechani-
cal room houses the HVAC equipment. The building is designed to withstand
seismic and tornado loading.

4.2.4.3.5 Fire and Medical Facilities )

The fire and medical facilities are located east of the administra-
tion building. The fire station is a single-story building with space
for the firemen's quarters, locker and shower facilities, and lunch room.
Space is also provided for a communications room, offices, and equipment
storage. A high-bay area houses the fire-fighting apparatus. The total
area of the fire station is approximately 7,600 ft2. Adjacent to the
fire station is the medical building. A total area of approximately
8,200 ft2 houses examination rooms, X-ray equipment, a medical labora-
tory, offices, and a waiting area. An enclosed garage, with space for
two ambulances, is attached to this building.

4.2.4.3.6 Central Warehouse and Shots

The central warehouse and shops are located north of the administra-
tion building. The warehouse has approximately 48,000 ft2 of storage
space with a clear height of about 23 ft. Covered shipping and receiving
docks are provided, as well as office space, lunch room, and locker rooms
for warehouse personnel (9,000 ft2 of building floor area). The central
shop has approximately 24,000 ft2 of work area, with a minimum clear
height of about 23 ft. Individual shop areas are provided for each craft,
including electrical, mechanical, instrumentation, plumbing, welding,
automotive, and machine shop. The shops provide maintenance facilities
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for noncontaminated vehicles and equipment used in the surface facilities.
Potentially contaminated equipment, including the waste transporter, will
be serviced in a separate facility in the surface portion of the waste
operations area. Tfie remaining equipment used underground will be ser-
viced underground. Space for offices, lunch room, first aid, and locker
rooms is included. An overhead crane (or monorail and hydraulic lifts)
for maintenance of vehicles is provided in the automotive shop area.

4.2.4.3.7 Mockup Building

The mockup building, in which personnel are trained to use equip-
ment and waste-handling operations are simulated, is located east of the
administration building. The building consists of an 8,640-ft2, high-
bay, mockup room equipped with a traveling bridge crane and a 1,200-ft2

low-bay area for offices and classrooms.

4.2.4.3.8 Electrical Substation

The main electrical substation is located west of the fire and medi-
cal buildings. The transformers, which provide 13.8 kV of power for site
distribution, are enclosed by a security fence. A 2,400-ft2 building at
this substation houses electrical switchgear, and a 1,200-ft2 structure
accommodates two diesel-driven generators, which provide standby power if
offsite power is lost.

4.2.4.3.9 Motor Pool and Service Station

The motor pool and service station are located west of the shops.
Carwash, vehicle parking, and refueling areas are provided. An enclosed
garage provides space for minor maintenance, parts storage, and dis-
patcher's office. The station has 1,200 ft2 of floor area.

4.2.4.3.10 Visitors' Center

A visitors' center (4,000 ft2) provides information pertaining to
the function and operation of the repository. Display rooms, auditorium,
and meeting rooms are provided.

4.2.4.4 Support Facilities at Shafts and Ramps

Facilities located outside the central surface facilities area are
described in this section. In general, these facilities are located at
the shafts and ramps to the underground facility. Building descriptions
are summarized in Table 4-2.

4.2.4.4.1 Support Facilities for the Hen-and-Materials Shaft

Facilities that provide direct support for underground activities
are located at the men-and-materials shaft, 1.5 mi west of the central
surface facilities area. (The plot plan for the men-and-materials shaft
and related support facilities is shown in Figure 4-10.) The major build-
ings located at this site are the change house for underground personnel,
the ventilation building for the development area, and the standby genera-
tor and switchgear building. Other facilities that support underground
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operations at this site include a concrete batch plant, covered storage
areas, security station, cooling tower for cooled water, and water and
fuel storage tanks. The headframe and hoist house are described in
Section 4.3.3.2.

The change house provides personnel who work underground with an
area in which to prepare for their work shift and a staging area for
arriving and departing workers. Men's and women's change rooms have
locker baskets, showers, and toilet facilities. The change house also
has a combination first aid, mine rescue, and training room, as well as
office space for shift bosses, clerks, surveyors, and mine superinten-
dents. Approximately 8,000 ft2 of floor area is provided.

The ventilation building for the development area (23,700 ft2)
houses five motors to drive five fans that have a total maximum capacity
of 411,800 ft3/min of fresh air at a pressure of 9.0 in.* of water (gage
pressure). This amount of air is delivered to the development area in
the vertical emplacement configuration. Normally, four of the fans
operate and one fan is on standby. The necessary volume of air is
281,300 ft3/min at a pressure of 4.5 in.* of water in the horizontal
emplacement configuration. The general arrangement of the ventilation
building for the development area is shown in Figure 4-24.

4.2.4.4.2 Ventilation Shafts for the Waste Emplacement Area

ES-1 and ES-2 (Section 4.2.3.2) will be used during emplacement
operations to supply ventilation air to the emplacement area, including
the shops and decontamination facility. Modifications will be made at
the shaft collars to provide the air plenum structures needed for air
supply. The shaft site will be graded, as necessary, to ensure that the
shaft openings are protected from the PHF (Appendix H).

4.2.4.4.3 Emplacement Area Exhaust Building

The exhaust building for the emplacement area (60,130 ft2) is
located at the emplacement area exhaust shaft, southeast of the men-and-
materials shaft (Figure 4-11). The motors and fans adjacent to the
building can pull a maximum of 837,200 ft3/min of air at a pressure of
13.8 in.* of water from the emplacement area in the vertical emplacement
configuration. For horizontal emplacement, the required volume of air is
reduced to 517,200 ft3/min at a pressure of 5.0 in.* of water. An ex-
haust stack and effluent-monitoring equipment (isokinetic sampler) are
located nearby. In case of a radioactive release underground, exhaust
air is filtered through HEPA filters housed in this building before it is
released to the atmosphere. The general arrangement of the emplacement
area exhaust building is shown in Figure 3-30.

4.2.4.4.4 Tuff Pile

Conveyors, a radial stacker, and mobile equipment transport the
excavated tuff from the tuff ramp portal to the tuff pile for disposal.

*The reference point for pressures is the shaft collar.
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In the conceptual design, the conveyors are 42 in. wide to provide ade-
quate capacity and the capability to handle surges in volume. Properties
of the excavated tuff, given in Table 4-4, are used to select the tuff-
handling equipment and the design of the tuff pile (Figure 3-24). Approx-
imately 3,600 linear feet of surface conveyor are needed during the later
stages of repository construction.

TABLE 4-4

PROPERTIES OF EXCAVATED TUFF USED FOR DESIGNa

Property Value

In Situ Density 145 lb/ft3

Specific Gravity 2.35

Excavated Density 96.7 lb/ft3b

Angle of Repose 35-

a. See Appendix Q.
b. Density is based on a swell ratio of 1:1.50.

The ramp that provides access to the top of the tuff pile is approx-
imately 240 ft long by 30 ft wide and has a gradient of 10%. The 42-in.-
wide conveyor on this ramp (constructed in increments of 200 linear feet)
carries the tuff to an extensible conveyor installed on the centerline of
the tuff pile. At the end of the extensible conveyor, a stacker is
installed to keep the stockpiling operation independent of the conveyor.
The stacker is portable to be compatible with the extensible conveyor and
with the construction of the tuff pile.

The tuff deposited by the conveyor is moved by a rubber-tired front-
end loader from the stacker to the end of the tuff pile, where the tuff is
dumped. The tuff pile has stable embankments and side slopes not steeper
than approximately 1.5 to 1 (horizontal to vertical distance). During
construction, drainage is provided to prevent water from collecting and
to reduce erosion of the embankments.

4.2.4.4.5 Explosives Magazine

A secured facility for the storage of explosives used in the devel-
opment of the underground facility is located in the hills at least
2,000 ft north of the men-and-materials shaft. Two concrete-block,
bullet-resistant buildings are provided, one exclusively for the storage
of explosives and the other for detonators.
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4.2.5 Utilities

The following sections describe those utilities needed for the sur-
face and subsurface facilities. Descriptions are included for power,
chilled-water systems, communications, fuel, water, sewage, and sanitary
landfill needs.

4.2.5.1 Power

Electrical power for the repository originates at the existing 138-kV
distribution loop for the HTS, which is serviced by two independent elec-
trical utility companies (Section 4.1.3). The incoming feed terminates
at the utility electrical substation. Initial voltage is stepped down at
the main substation. The main electrical substation is located west of
the central warehouse. A fence surrounds the transformers, which provide
13.8 kV power for site distribution. Two enclosed buildings are located
at this substation: one, which has approximately 2,400 ft2 of floor
space, houses electrical switchgear; the other building, which has approx-
imately 1,200 ft2 of floor space, houses two diesel-driven generators
that provide standby power.

Power cables are routed in major utility corridors to the various
facilities located in the central surface facilities area and along the
site access roads. Local transformers at the individual facilities step
voltages down to working levels. Electricity is distributed to the under-
ground facility over two independent routes: one through the tuff ramp
and the second through the men-and-materials shaft. Each system is ade-
quate to supply the entire demand of the underground facility.

Three diesel-driven generators, which provide standby power for the
underground operations support if offsite power is lost, are housed in the
standby generator and switchgear building at the men-and-materials shaft.

Uninterruptible power supplies (UPS) for communications, security,
computer, and radiation-monitoring systems are located near the systems
they serve.

4.2.5.2 Chilled-Water System

Individual chilled-water systems for HVAC are provided in the waste-
handling facilities, the support buildings, and the development area
ventilation system. Chilled-water systems comprise an evaporator, com-
pressor, condenser, cooling towers, and circulation pumps. Redundant
systems for each installation ensure continued operation during breakdown
or maintenance periods. In the surface portion of the waste operations
area, independent chilled-water systems are provided for WHB-l and WHB-2.
In the men-and-materials shaft area, a cooling tower and water storage
tank provide for cooling requirements underground.

4.2.5.3 Communications

A communications network, centered in the administration building,
includes systems for telephone, radio, public address and paging, and
alarm. The telephone system provides direct communication among the ITS



network, the offsite commercial system, and the system that connects all
parts of the repository. Radio communication is provided solely for the
use of fire, medical, security, and offsite emergency service agencies.
The radio system, before being used, must be carefully evaluated to ensure
its compatibility with the use of explosives. The public address and
paging system provides voice paging throughout the repository and serves
as an alarm system.

4.2.5.4 Fuel

Diesel fuel for vehicles and emergency generators is procured from
local suppliers and stored in underground fuel storage tanks located near
the areas they serve.

4.2.5.5 Water

New wells, two 400,000-gal storage tanks on Exile Hill that serve
the surface facilities, a 150,000-gal tank near the ESF, a 270,000-gal
tank at the men-and-materials shaft, and a booster pump station provide
an adequate and reliable water supply system for the site. The new wells
will supply the repository with its potable, fire, and process water.
Existing wells may be used as a supplemental source of water. The stor-
age capacity of the tanks on Exile Hill is equal to the total daily
domestic demand, plus fire demand for a 4-hr period. Total water use
during repository siting, construction, operation, and decommissioning is
expected to cause only very localized drawdown of the regional water
table (Section 2.2.4).

The potable and fire protection water supplies are distributed by
gravity from the storage tanks on Exile Hill. Two separate piping
networks are used. One network supplies the domestic water needs in the
buildings, and the other supplies the fire hydrants and sprinkler systems.
To provide maximum reliability, both networks are looped around the
central surface facilities area. Sectional valves, used throughout the
networks, isolate portions of the system when repair or maintenance is
needed without shutting off the entire system. Water is also needed to
operate sprinklers, inside hose streams, and fire hydrants. This water
demand is independent of the total daily demand and will only be used for
fire protection. Water reserved for fire protection is stored and will
not be used for any other purpose.

4.2.5.6 Sewage

In this conceptual design, lagoons are used for treatment of sani-
tary sewage. These lagoons are located 0.4 mi due east of the central
surface facilities and provide treatment for all nonradioactive waste
water and sewage generated at the repository. The lagoons, which are
lined with a Hypalon liner, are aerobic/anaerobic ponds, which provide
complete stabilization of organic material and removal of solids. After
an adequate detention period in the lagoons, the effluent is discharged
into an unlined evaporative pond sized to handle peak waste-water flow at
the repository. A sewage collection system is provided at the central
surface facilities area. The sewer lines for the system are routed in
the main utility corridors. Waste water from the underground operations
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area is collected in tanks, hoisted to the surface through the men-and-
materials shaft, and deposited in the sewage collection system (which
also serves the change house). From the men-and-materials shaft area, a
sewer line is routed in the utility corridor along the access road to the
sewage treatment lagoons. Local septic tanks and leach fields are pro-
vided for treatment and disposal of sewage from remote areas not served
by the collection system leading to the sewage treatment lagoons.

4.2.5.7 Sanitary Landfill

Refuse collected from personnel activities at the repository is dis-
posed of at a land disposal site in the vicinity of the tuff pile. This
site is within convenient hauling distance of the contributing facilities.
Initially, an area of approximately 22 acres will be reserved for this
use; however, there is sufficient land adjacent to the disposal site to
permit expansion, if necessary. Sanitary landfill activities involve
daily compaction of refuse and daily placement of an earth cover over the
solid waste. Ditches divert storm drainage around the landfill site
during and after filling (Figure 4-9).

4.3 Shafts and Ramps

The following description of shafts and ramps presents the current
conceptual design. Evaluation of the advantages and disadvantages of the
current design for each access is ongoing and may lead to modifications in
the design before license application.

4.3.1 Access Functions

Access between the surface facilities and the underground facility is
provided by shafts and ramps. A tradeoff study to evaluate the design of
the means of access for high-level waste, personnel, and materials is doc-
umented by Dennis and Dravo (1985) and in Appendix R. The major functions
of both shafts and ramps are to

* transfer mining equipment to the underground facility and remove
mined tuff,

* transfer bulk construction and backfill materials to the under-
ground facility,

* transfer general supplies,
* transfer explosives,
* transfer waste to the emplacement area (and possibly to retrieve

the waste),
* transfer personnel,
* intake and exhaust ventilation air for the development and waste

emplacement areas, and
* provide a route for underground utilities.

In determining the number, type, and location of the access points
needed at the Yucca Mountain repository, the following factors were con-
sidered:

* personnel and operating safety;
* efficiency and effectiveness of operations, including transpor-

tation and ventilation functions;
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* capital and operating costs;
* schedule;
* security;
* interaction with other structures, both surface and subsurface;

and
* structural considerations for entry points.

4.3.2 Description of Accesses

In both the vertical and horizontal emplacement concepts, access to
the underground facility is provided by two ramps and four shafts. All
access is designed to permit sealing and backfilling to the extent neces-
sary for closure of the subsurface facilities. The accesses to the under-
ground facility are shown in Figure 4-5. Additional discussion of the
surface characteristics and requirements is included in Section 4.2.2.2.

These accesses are also routes for either intake or exhaust of air.
The ventilation system is designed to use the shafts and ramps in a way
that ensures that the ventilation system for the waste emplacement area
is entirely separate from the system for the development area (Section
3.4). The mining and construction of accesses (shafts and ramps) are
discussed in Section 3.3.1.1. Construction methods and sequences are
closely related and interdependent; hence, mining methods and sequences
for the accesses and drifts are discussed in Sections 3.3.1.1.1 through
3.3.1.1.5.

4.3.2.1 Waste Ramp

The waste ramp (Figures 4-25 and 4-31) permits transport of the waste
from the waste-handling buildings to the emplacement area and includes a
paved roadway suitable for the safe operation of the waste transporter.
In all sections of the waste ramp that are longer than 400 ft. the slope
is less than 10%. Current design criteria allow grades of up to 15% in
segments of less than 400 ft. The location of the waste ramp is deter-
mined by these grade limitations, by the desired location of the surface
and underground entry points, and by the location of the surface facili-
ties. The portal of the waste ramp (Figure 4-25) is located in solid rock
inside the boundary of the central surface facilities area. To permit
flexibility in siting, the portal is physically separate from the waste-
handling buildings (Section 4.2.2).

The dimensions and grade of the waste ramp are shown in Table 4-5.
The ramp is ventilated by an approximate maximum of 300,000 cfm of fresh
air in the vertical emplacement configuration and 185,000 cfm in the
horizontal configuration. This amount is adequate to dilute diesel fumes
generated by the transporters operating on the ramp and to provide a part
of the intake air for the waste emplacement area. A large turning radius
is provided at the base of the ramp to facilitate entry into the under-
ground facility.

4.3.2.2 Tuff Ramp

The tuff ramp (Figures 4-26 and 4-31) is used for removing excavated
tuff and ventilation exhaust from the development area. An approximate
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TABLE 4-5

DATA FOR RAMPS AND SHAFTS

Elevation Diametera
at Portal Length Vertical Horizontal
or Collar or Depth Method Method

Opening (ft) (ft) Slope (ft) (ft)

Waste Ramp 3,687 6,603b 8.9% 23c 21
Tuff Ramp 3,914 4,627b 17.9% 25c 21
Men-and-Materials

Shaft 4 9140d 1,090 e 20f 20f
Emplacement Area

Exhaust Shaft 3,960d 1,030 e 20f 20f
ES-1 4,160d 1,480 e 12 12
ES-2 4,160d 1,020 e 6 6

a. The dimensions of the ramps are excavated dimensions; those of the
shafts are inside finished dimensions.

b. Includes the length of the portal.
c. The diameter of the ramps is larger in the vertical configuration

because the ventilation airflow needed is greater than that in the
horizontal configuration.

d. Final construction grade elevation.
e. All shafts are vertical.
f. The diameters of the shafts are controlled by operating requirements

rather than ventilation airflows.

maximum of 350,000 cfm of return air in the vertical emplacement configu-
ration and 240,000 cfm of return air in the horizontal configuration will
travel up the ramp. The location of the tuff ramp (Figure 4-5) is de-
termined by the desired entry point to the subsurface facilities, by the
location of the waste emplacement area, including its proximity to the
northern area, and by the location of the tuff pile. As currently lo-
cated, the ramp portal is in solid rock within easy access of the tuff
pile.

The dimensions and grade of the tuff ramp are shown in Table 4-5.
The ramp is large enough in cross section to permit installation of a
42-in.-wide conveyor belt for tuff removal, to provide limited access for
large machinery from the surface to the underground facility during con-
struction and operation of the underground facility, and to serve as an
exhaust route from the development area.

4.3.2.3 Exploratory Shafts

At Yucca Mountain, the ESF includes a main 12-ft-diameter exploratory
shaft (ES-1) and a second, 6-ft-diameter shaft (ES-2). Figure 4-5 shows
the locations of these shafts.
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The two exploratory shafts will be used as air intakes for the waste
emplacement area during the emplacement phase. The shafts will bring an
approximate maximum of 480,000 cfm of air in the vertical configuration
and 300,000 cfm of air in the horizontal configuration into the waste
emplacement area, the shops in the emplacement area, and the underground
decontamination facility. Figure 4-27 illustrates the general arrangement
and cross sections of each shaft. Additional data pertaining to the
shafts in the ESF are presented in Table 4-5.

Before waste emplacement begins, the exploratory shafts will be con-
verted for use as ventilation shafts. The conversion will include removal
of the hoisting equipment and fixtures from ES-1 and construction of a
surface ventilation structure.

4.3.2.4 Men-and-Materials Shaft

The men-and-materials shaft (Figure 4-28) provides access for men
and materials and serves as an air intake for the development area. An
approximate maximum of 410,000 cfm of air in the vertical case and
280,000 cfm of air in the horizontal case will enter the underground
facility through this shaft. The location of the shaft (Figure 4-34)
provides convenient access to the shops in the development area as well
as to the remainder of the underground facility. This shaft is equipped
with a large men-and-materials cage, a small service elevator (for four
to six people), and an access for utilities. Additional data pertaining
to the men-and-materials shaft are presented in Table 4-5.

4.3.2.5 Emplacement Area Exhaust Shaft

The exhaust shaft for the waste emplacement area is located near the
first panels just east of the perimeter drift (Figure 4-34), which opti-
mizes its use as an exhaust pathway. The maximum flow of air through
this shaft is 840,000 cfm in the vertical case and 510,000 cfm in the
horizontal case. The surface location (Figure 4-5) is suitable for the
exhaust filtration facilities (Section 4.2.2.4). Data pertaining to the
emplacement area exhaust shaft are presented in Table 4-5.

4.3.2.6 Seals and Linings

The water table at the Yucca Mountain site lies below the elevation
proposed for the underground facility (Section 2.2.4.2); therefore, it is
expected that seals will not be required to prevent ground water from
entering the underground facility through the shafts and ramps during
repository operations.

Shaft collars and ramp portals are constructed in a manner that pre-
vents surface runoff from entering the shaft. Surface grading and drain-
age design also direct surface water away from the shafts. The collars
and portals extend below the alluvial zone and are founded on bedrock. If
necessary, a retaining ring will be built in the bedrock to prevent water
from flowing between the shaft lining and the rock.

Final sealing of the emplacement area, which occurs just before
closure of the repository, is described in Section 5.2.
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The lining for both ramps is similar to the lining for the under-
ground drifts (Section 3.3.1.3). Ground support, consisting of rock
bolts, wire mesh, or shotcrete, is installed, depending on the ground con-
ditions in each segment of ramp. Figure 3-25 shows the general concepts
for the lining system. As a minimum, rock bolts and wire mesh are in-
stalled, and varying amounts of shotcrete and additional reinforcement up
to 6 in. thick are applied as required. A 12-in.-thick, nonreinforced
concrete liner has been included in the reference design of the waste
ramp, and a 15-in.-thick, nonreinforced concrete liner has been included
for the men-and-materials and emplacement area exhaust shafts.

4.3.3 Hoisting Arrangements

4.3.3.1 Exploratory Shafts

During site characterization, ES-1 permits removal of excavated
tuff, hoisting of men and materials, and ventilation. ES-2 provides
emergency egress and ventilation. When repository operations begin, all
the equipment and fittings will be removed from ES-1 to permit unre-
stricted intake of fresh air. Shaft inspection capability, required by
10 CFR 60 (NRC, 1986b), will be maintained in both shafts. As a safety
measure, a heavy wire-mesh grid will be placed over the openings of the
shafts.

4.3.3.2 Hen-and-Materials Shaft

The conceptual design of the men-and-materials hoist and headframe
(Figure 4-29) is determined by the estimated number of personnel to be
transported, the volume of materials and supplies transported during
development, and the space available within the 20-ft-diameter cross
section. Assumptions incorporated in the current design of the hoisting
system are described below.

The conveyance (cage) is 16 by 10 by 22 ft high and has a payload of
16 tons. Overhead winches are incorporated in the cage to handle heavy
materials. In the conceptual design, a friction hoist, mounted on the
ground rather than on the headframe, is installed in the men-and-materials
shaft. A counterweight balances the cage. All of the characteristics of
this hoist meet the requirements of 30 CFR 57 (DOL, 1985). Hoist selec-
tion studies are continuing.

The service elevator, which the user controls by pushbutton, is sepa-
rated from the main conveyance. The service elevator operates between
the surface and the emplacement level. Any structures for the elevator
drive and head rope suspension will be located adjacent to, but independ-
ent of, the main headframe. These structures will not be supported by the
main structure, nor will they extend more than 20 ft above the surface.
Independent of the operation of the main conveyance, the service elevator
provides access to and from the underground facility at any time and an
emergency access to the main cage, if necessary.
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4.3.3.3 Emplacement Area Exhaust Shaft

The emplacement area exhaust shaft will not be used to hoist either
personnel or materials on a regular basis; therefore, this shaft is not
subject to the requirements of Title 8.4.17 of the California Adminis-
trative Code (1981) or of the Safety and Health Standards for Hines
(30 CFR 57), which require routine or intermittent inspection of shafts
that serve as escape routes or as hoisting shafts for emergency evacua-
tion. Neither regulation requires inspection for hazardous conditions.

However, 10 CFR 60 requires that access for inspection, testing, and
maintenance be provided to allow the Nuclear Regulatory Commission (NRC)
to inspect the premises of the underground portion of the geologic reposi-
tory operations area (10 CFR 60.75) and to permit periodic inspection of
structures important to safety 110 CFR 60.131(b)61. Therefore, a con-
veyance has been included in the design of the emplacement area exhaust
shaft to permit inspection. A small, cage-type conveyance will be pro-
vided to meet this requirement. The hoist will be supplied as a unit
that consists of a drum hoist with safety devices, a sheave on a boom
crane, a wire rope, and a cage. The boom crane can be rotated 1800 to
move it away from the shaft centerline when not in use. The cage holds
approximately five people.

4.4 Underground Facilities

The underground facility includes all subsurface excavations except
the shafts, ramps, exploratory boreholes, and their seals. This section
describes the general layout of the facilities and provides a brief
rationale for various elements of the underground design. More detailed
discussions of the underground layout as it pertains to waste isolation
objectives appear in Section 6.4.2.

4.4.1 Design Methodology

All underground openings, for both the vertical and horizontal con-
figurations, have been designed taking the following considerations into
account:

* dimensions of the mining equipment,
* dimensions of the drilling equipment used for the emplacement

boreholes,
* dimensions of the waste transporter and emplacement equipment,
* dimensions of the waste retrieval equipment,
* ventilation requirements,
* other utility and support functions to be accommodated, and
* stability requirements.

The design of a series of drifts (i.e., panels) takes into account

* division of the usable area into approximately equal areas to
facilitate staging of construction and waste-handling operations;

* drift orientation to minimize the average drift grade;
* frequency and direction of rock-mass fractures;
* in situ stress, magnitude, and direction;
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* heat transfer and temperature constraints;
* thermal stress and opening stability;
* ventilation operations;
* ground-water control; and )
* locations of the accesses from the surface.

The design of the openings and panels is an iterative process in
which successive refinements are made until all the considerations dis-
cussed above and the functional requirements discussed in Sections 2.4,
2.5, and 2.6 have been met. The following sections describe the current
design, which has resulted from this process.

4.4.2 Description of Underxround Design

The conceptual designs for the underground layout in both the verti-
cal and horizontal waste emplacement configurations are described in this
section. The primary goal of both layouts is to provide a facility that
is both functional and efficient and that meets the postclosure design
criteria set forth in 10 CFR 60.133. Compliance with 10 CFR 60.133 is
specifically addressed in Section 8.2.1.

The overall underground facility layouts for the vertical and hori-
zontal emplacement configurations are shown in Figures 3-20 and 4-30,
respectively. The overall layout of the two emplacement configurations
is the same, although there are some differences in the emplacement
panels.

The orientation and rather irregular shape of the emplacement area
are determined primarily by the geologic characteristics of the emplace-
ment horizon. All facilities are located in the usable area of the
Topopah Springs Hember (Mansure and Ortiz, 1984).

The slopes of all drifts are designed to maintain the emplacement
panels between the interpolated surfaces that bound the low-lithophysal
zone of the target horizon (TSw2) (Figure 2-6 and Section 2.2.3.3). The
maximum grade of all drift slopes is less than the design goal of 10%.

The cross sections of the major drifts are a combination of bored
and drill-and-blast openings. The design and size of the major openings
are shown in Figures 4-31 and 4-32 for vertical and horizontal emplace-
ment, respectively.

It is not expected that ground water will infiltrate into the em-
placement area in significant quantities; however, the drifts are designed
so that any water, whether from ground water or from operations in the
underground facilities, is diverted away from active waste emplacement
areas during the operating period. Figure 4-33 illustrates the drainage
plan for the fully developed facility. Additional information pertaining
to the water-handling system is included in Section 4.4.3.4.

After excavation has been completed, all areas will drain in the
direction of a sump located near the bottom of the emplacement area
exhaust shaft, which is the lowest point in the underground facility.
Any water collected will be pumped up the exhaust shaft for disposal.
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4.4.2.1 Description of Common Features

The arrangement of the main drifts, maintenance shops, offices, ware-
houses, and radiological facilities for the vertical configuration is
shown in Figure 4-34. The layout for the horizontal configuration is
similar. The area indicated roughly approximates the extent of drifting
required as part of the initial construction phase before the first waste
is emplaced. Two special areas are set aside at the base of the waste
ramp--one for performance confirmation testing and another for training
of equipment operators. Figure 4-34 also shows the location of the ESF
with respect to initial underground development. Details for these two
special areas and the ESF will be developed for the ACD.

4.4.2.1.1 Main and Perimeter Drifts

The principal underground access is formed by three parallel main
drifts extending from the base of the ramps to the southwest end of the
emplacement area. Use of three main drifts allows complete separation of
the ventilation air for the development area from the ventilation air for
the waste emplacement area. The mains will remain operational throughout
the construction, emplacement, and caretaker phases. Table 3-11 lists
the functions of the main and perimeter drifts.

The cross sections of the major drifts and ramps are presented in
Figures 4-31 for vertical emplacement and 4-32 for horizontal emplacement.

The dimensions of the main drifts are governed by ventilation air
requirements. Rock mechanics analyses of the cross sections of the
resulting drifts are described in Section 7.1.3.1.

The perimeter drift forms the outer boundary of the underground lay-
out. The currently defined boundaries of the area usable for waste em-
placement are described in Section 6.4.2. The perimeter drift functions
as the exhaust airway for all air passing through the emplacement panels
and is sized to accommodate maximum ventilation requirements.

4.4.2.1.2 Shops and Support Facilities

Maintenance shops in the development and emplacement areas are lo-
cated near the base of the men-and-materials shaft and the two ramps. The
underground service facilities are fully equipped with tools and replace-
ment parts so that all maintenance and most repair functions can be per-
formed underground. Major rebuilding and overhauling are performed in the
maintenance facility on the surface. When such repair is necessary,
equipment is brought to the surface either through the men-and-materials
shaft or the tuff ramp.

The locations of the shops were chosen to (1) allow easy access for
personnel and supplies to and from the men-and-materials shaft, (2) ensure
a relatively fresh air supply from the shafts without elaborate ducting,
(3) minimize space requirements, and (4) allow immediate exhausting of
ventilation air from the shops.
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Several office and support areas are located in the underground
facility. A support area that contains a control room for the ventila-
tion, conveyor, water, electrical, ground-control-monitoring, and under-
ground communications systems is located near the men-and-materials shaft.
This control room is the subsurface center for all underground monitoring
and control systems; the main monitoring console for these systems is
located in the central surface facility.

Other facilities in the underground development service area include
a maintenance shop, a parking area for equipment, a storage area for bulk
materials, a warehouse for service parts, main electrical substations,
training area, and office space for administrative functions (Figure
4-35). The waste emplacement area provides maintenance, warehouse, and
administrative facilities (smaller than those in the service area on the
development side) and an area for emergency radiation decontamination and
control of waste throughput (Figure 4-36). The service area on the waste
emplacement side is ventilated by air from the exploratory shafts.

Explosives are stored on the surface at a remote location. Shortly
before use, explosives are moved underground and are stored in magazines
near the areas where they are to be used. Underground storage and trans-
portation of explosives will follow the procedures described in 30 CFR 57.

4.4.2.1.3 Exploratorv Shaft Facilities

The layout currently proposed for the ESF is indicated in Figure 4-34
by a dashed line. The elevation of the shaft station at the main ESF
level is 3,140 ft, which places it at the same elevation as that of the
future emplacement area. It is assumed in the current design that both
exploratory shafts are available for conversion to ventilation shafts
before waste emplacement begins. The remainder of the ESF is not needed
for other repository purposes; however, it is assumed that the ESF will
remain accessible and functional until closure and decommissioning of the
repository.

4.4.2.2 Description of Emplacement Panels

This section describes the waste emplacement panel designs for both
the vertical and horizontal emplacement configurations. Typical panels
for the vertical and horizontal configurations are shown in Figures 4-37
and 4-38. The panels in these two drawings have the following character-
istics in common.

• The size and areas of the panels are identical. A panel width
of 1,400 ft was selected, based on reasonable haulage distances
for tuff removal. Also, this panel width is compatible with
development and emplacement schedules. Optimum panel widths for
the two different configurations may vary slightly in future
designs.

* Each configuration has dual sets of panel access drifts that
extend the length of the panel to intersect the perimeter drift.
Two panel access drifts are needed to maintain separate ventila-
tion systems between development and emplacement operations.
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* Areal power density (APD) and, therefore, the number of waste
containers emplaced in the panels, is essentially the same in
both configurations because only slight variations result from
emplacement in the irregular areas at the perimeter drift.

* The standoff distance from the mains to the closest waste con-
tainer in the panel is approximately 200 ft. The area between
the mains and the closest waste container is not included when
calculating the APD.

* For commingling purposes (the interspersing of spent fuel and
DHLW containers in different boreholes in the same panel or even
in the same borehole in the event of use of multiple containers),
the ratio of DHLW packages to spent fuel packages is the same in
both the vertical and horizontal layouts.

A heat conduction code (SIM) was used to perform a thermal analysis
for both configurations to determine temperatures over time at the em-
placement borehole wall, at a point 3.28 ft from the borehole wall, at
the emplacement drift, and at the panel access drift (Appendix A).

Detailed descriptions of the vertical and horizontal waste emplace-
ment configurations and the design rationale are provided below.

4.4.2.2.1 Layout of the Panel in the Vertical Emplacement Configuration

The emplacement panel in the vertical configuration (Figures 4-37
and 4-39) consists of a series of equally spaced emplacement drifts that
run perpendicular to the panel access drifts and parallel to the mains.
A midpanel drift, which runs parallel to the access drift, divides the
panel into two 700-ft segments. The midpanel drift is necessary for
ventilation control.

Criteria that must be addressed in developing drift and borehole
spacing include the APD and constraints for temperatures of the borehole
wall and access drifts. An APD of 57 kW/acre, a maximum borehole wall
temperature of 2350C, and an access drift temperature limit of 500C for
50 yr were used in developing the drift layout shown. [The 2350C is 409C
less than the actual limit. This lower value is used for design purposes
to account for uncertainties in the thermal outputs of the waste and the
thermal properties of the rock (Appendix K).3 The methods used to deter-
mine the APD are described by St. John (1985). The thermal analysis pro-
gram (SIM) was used to evaluate the temperature constraints for all layout
spacings considered. The dimensions of the various drifts that make up
the vertical emplacement panel are shown in Figure 4-31. The opening of
the panel access drift is controlled by the size of the mining equipment,
the opening of the emplacement drift by the size of the waste transporter,
and the size of the midpanel drift by ventilation flow requirements.

Borehole spacing in the emplacement drift is controlled by the value
of the APD, the maximum allowable temperature of the borehole wall, and
the strength and stability of the drift floor between adjacent boreholes.
Based on equipment considerations alone, the minimum acceptable distance
between two borehole walls is equal to twice the diameter of the bore-
hole, which, for 29-in.-diameter boreholes, results in a minimum spacing
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of 7.25 ft from centerline to centerline. This value of 7.25 ft is used
in the conceptual design as a minimum value. When combined with thermal
and structural constraints, these considerations yield a borehole spacing
of 15 ft between spent fuel packages when a DHLW package is interposed.
To be conservative, in Figure 4-39, the borehole spacing is 15 ft between
spent fuel packages in all cases.

The layouts for the conceptual design are shown in Figures 4-37 and
4-39. Each full-length drift in which waste is commingled has storage
space for 75 spent fuel and 76 DHLW containers. The minimum spacing
between spent fuel and DHLW boreholes is 7.5 ft. The end sections of the
emplacement drifts adjacent to the panel access drift are left free of
boreholes to allow for (1) transporter entry, (2) an air door, and (3) a
zone in which drift height adjusts from 14 ft (in the panel access drift)
to 22 ft (in the emplacement drift) (Figure 4-40). The standoff distance
between the first emplacement borehole and the access drift is a variable
that can be adjusted to limit the temperature in the panel access drift
to below 500C for 50 yr. The standoff distance in the current design is
85 ft. Spent fuel boreholes are 25 ft deep and DHLW boreholes are 20 ft
deep so that a distance of 10 ft between the waste container and the drift
floor can be provided to maintain adequate radiation shielding and thermal
insulation.

The design receipt rate for DHLW and spent fuel containers dictates
that waste be commingled in three of every four emplacement drifts. The
fourth drift can be used for additional containers, if necessary, because
the spacing of spent fuel boreholes (15 ft) allows room for an additional
borehole in between. The cooler DHLW containers are located at the ends
of each drift in which both types of containers are emplaced. The spacing
between emplacement drift centerlines is 126 ft.

4.4.2.2.2 Layout of the Panel in the Horizontal Emplacement Configuration

The emplacement panel in the horizontal configuration is made up of
a series of widely spaced emplacement drifts into which 37-in.-diameter
horizontal boreholes are drilled. Figure 4-38 shows a conceptual design
of a panel in the horizontal emplacement configuration.

Stinebaugh and Robb (1987) have performed a cost evaluation to
determine a practical horizontal borehole length for spent fuel using an
assumed standoff of 100 ft. That report indicates that constructing
emplacement boreholes of lengths greater than 350 ft results in only a
small cost savings. The distance between the centerlines of emplacement
drifts is 748 ft.

The constraints of APD and temperatures of borehole walls and drifts
also apply to horizontal emplacement. In addition, the horizontal em-
placement drift is limited to the 50*C/50-yr goal. The spacing of hori-
zontal boreholes is constrained by the temperature at the borehole wall.
Spent fuel boreholes must be spaced at least 68 ft apart to keep the tem-
perature of the emplacement drift under 500C.
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Figure 4-40. Side View of Standoff in a Vertical Emplacement Drift in Which Waste Is
Commingled (Modified from Stinebaugh and Frostenson, 1986.)

C- C



DHLW containers are commingled with spent fuel containers by placing
18 DHLW containers in boreholes between the spent fuel boreholes (Figure
4-41). The number of boreholes and the number of containers per borehole
are determined by the layout and the ratio of DHLW to spent fuel con-
tainers. The dummy containers shown in Figure 4-41 are used to push the
waste containers into the borehole to obtain the necessary standoff. The
spacing between spent fuel and DHLW boreholes is controlled by temperature
constraints on the waste package and borehole wall.

Cross sections of the panel access drift and the emplacement drift
are shown in Figure 4-32. The size of the panel access drift is dictated
by the size of the mining equipment, and the size of the emplacement
drift is dictated by the dimensions of the transporter.

Thermal analysis indicates that a standoff of at least 130 ft is
necessary in a spent fuel borehole to ensure that the temperature in the
emplacement drift is limited to less than 500C over a period of 50 yr;
thus, the horizontal borehole for spent fuel used for the conceptual
design holds 14 waste containers and is 363 ft long. For DHLW, a 94-ft
standoff is sufficient to satisfy these temperature constraints, and a
297-ft borehole holds 18 DHLW containers. As shown in Figure 4-41, dummy
containers are used to push the waste containers into the boreholes to
create the necessary standoff. To reduce costs, an effort will be made
to eliminate the dummy containers in future designs.

The minimum allowable standoff between the first spent fuel emplace-
ment borehole and the panel access drift is determined by thermal analysis
to be about 120 ft. A borehole containing cooler DHLW packages is placed
nearest the access drift, permitting a standoff distance of 87.5 ft, as
shown in Figure 4-41. These distances will limit the temperature in the
panel access drift to the 50*C/50-yr goal.

Panel dimensions are irregular at the perimeter drift. Layout
adjustments to more effectively use these areas are available. The ad-
justments include

* reduced borehole length,
* reduced standoff,
* higher temperature allowance in emplacement drifts, and
* higher APD allowance near the perimeter zone.

In summary, emplacement drifts are spaced 748 ft from centerline to
centerline. In each full-length emplacement drift in which waste types
are commingled are 32 boreholes for spent fuel containers (16 per side)
and 18 boreholes for DHLW (9 per side). Each spent fuel borehole is
363 ft in length, has a 134-ft standoff, and holds 14 waste containers.
Each DHLW borehole is 297 ft in length, has a 94-ft standoff, and holds
18 containers. Centerline spacing between adjacent spent fuel boreholes
is 68 ft, and centerline spacing between DHLW boreholes and spent fuel
holes is 36 ft. The standoff distances from the wall of the nearest
panel access drift to the centerlines of the first DHLW borehole and the
first spent fuel borehole are 87.5 ft and 123.5 ft, respectively.
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4.4.3 Underground Systems

This section identifies and describes the major underground systems
needed to support the ongoing mining operations.

4.4.3.1 Ventilation Control System

Two ventilation systems, one for waste emplacement and one for
development, operate continuously throughout normal repository opera-
tions. The ventilation systems are designed so that controlled leakage
of air occurs from the development system, through the bulkheads and
double doors that separate the two systems, to the waste emplacement
system. To control leakage of air, a pressure differential between the
two systems (the pressure in the development area is higher than that in
the emplacement area) is continuously maintained by an exhausting ventila-
tion system for the waste emplacement area circuit and a forcing ventila-
tion system for the development area circuit. A detailed description of
the ventilation systems and their operations is provided in Section 3.4.
The key components of the ventilation system (which limit uncontrolled
leakage, direct air to the required areas, permit access between areas of
high pressure differentials, and separate development from waste emplace-
ment operations) are bulkheads, air regulators, doors, airlocks, and
auxiliary fans with ventilation dusting. Each of these components is
described below.

Bulkheads, which are also referred to as "stoppings," are wall-like
structures usually constructed of fabricated steel, concrete cinderblock,
or some combination of these materials. The purpose of a bulkhead is to
minimize air leakage across an airway in which access is not essential.
Bulkheads are used in the crosscuts that connect the waste, tuff, and
service mains, and between the panel access drifts. To separate the two
ventilation systems, temporary bulkheads are used in the waste main and
perimeter drifts. Sealants may be applied to further reduce leakage
across a bulkhead.

Air regulators control the quantity of ventilation in a particular
airway. Regulators are commonly a bulkhead with a sliding door that can
be adjusted to control the amount of airflow through the opening.

Doors in the underground facility are placed in areas where air
leakage is not desired but access to the airway is necessary. The door
size is typically governed by equipment size. These structures are
relatively permanent and require periodic maintenance. In areas of high
pressure differentials, doors are used in pairs to form airlocks to
permit passage of personnel, equipment, and supplies.

The locations of ventilation controls, such as regulators, doors,
and bulkheads, are shown in Figures 3-31, 3-32, 3-33, and 3-34.

Ventilation requirements in development headings change constantly.
Auxiliary ventilation fans provide air to the operating face by using
ventilation tubing or dusting, which is extended as the face advances.
This portable system is susceptible to leaks and must be constantly
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maintained. When the developing drift has been completed and the auxil-
iary ventilation system is no longer necessary, the system is dismantled,
moved to the next developing drift, and reinstalled.

4.4.3.2 System for Handling Hined Tuff

A conveyor haulage system is recommended for handling tuff excavated
during the development and construction of the repository because it

* provides a cost-effective alternative to using mobile equipment
and lessens the distance over which mined tuff must be hauled
using load/haul/dump (LHD) units;

* is readily adaptable for use with conventional drill-and-blast
mining methods and mechanized tunnel-boring machine (TBl)
methods;

* can easily traverse grades;

* offers the best dust control and permits continuous flow of ma-
terials while avoiding the confusion, delays, and safety hazards
inherent in mobile equipment haulage systems; and

* could be reversed with modifications and, if required, would be
usable for backfilling.

All conveyors in the system are of wire-rope, side-frame construction
and are supported by rock bolts and chains from the roofs of drifts as
shown in Figure 4-42. The conveyor structure consists of carrying or
troughing idlers, chain supports, tensioning posts (for side-frame ropes),
return idlers, and side frames, all of which are relatively lightweight
components that can be easily handled and stored. An important feature
of the conveyor is that intermediate sections are suspended from the
roofs by chains in underground drifts. The overall concept for handling
excavated tuff is depicted in a flow diagram (Figure 3-24).

Permanent conveyors and transfer points are installed in the tuff
main and tuff ramp and on the surface from the tuff ramp portal to the
tuff pile. Temporary conveyors are used only in the development areas.
An LHD hauls broken tuff from the advancing emplacement and access drifts
to a feeder/breaker, where the rock is crushed and fed onto the first
conveyor belt section. In this process, an average LHD haul is about 350
to 400 ft one way. As the haul extends to about 600 or 700 ft, the belt
and feeder/breaker are extended in 200- to 400-ft increments to maintain
the average hauling distances.

All conveyors and components are designed in accordance with criteria
and standards outlined in the Conveyor Equipment Hanufacturers Associa-
tion publication (CEHA, 1979) and in accordance with 30 CFR 57. All
conveyors are controlled at the underground control center and are powered
from the main power distribution system. The conveyor system starts and
shuts down, as necessary, to provide control and efficient operations.
Each individual unit of the system is equipped with a manually operated
emergency shut-down switch.
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4.4.3.3 Utilities

4.4.3.3.1 Electric Power

Power is delivered to subsurface operations through two separate ac- K
cesses: the men-and-materials shaft and the tuff ramp. Normal and stand-
by switchgear assemblies, located near the development area shops, are
interconnected via tie breakers to allow redundant operation of primary
and secondary sources.

Lighting load centers in the subsurface facilities are served by the
standby switchgear assemblies to ensure that the redundant system remains
energized and dry. Movable load centers for subsurface operation, fans,
and drilling equipment are served from the normal switchgear assembly.

Electrical equipment in the subsurface facilities is considered to
be located in a wet environment, subject to dripping water (not immer-
sion). The power system underground is a radial network that uses a dis-
tribution voltage of 13.8 kY. Motors above a certain size (200 hp and
larger) are powered by 4,160 V. Underground power for small motors (under
200 hp) is 480 V. Lighting and small tools use 120 V.

The electrical lines in the main access drifts are permanent. Power
in the emplacement areas is converted from temporary to permanent instal-
lation after development has been completed.

The power supply to the drifts and headings in the development area
is temporary because it will be necessary to extend the system and to vary
the electrical loads. When the large amounts of electricity are no longer
needed to develop an area, the transformers, load centers, and wire are )
retrieved and installed in another developing area.

4.4.3.3.2 Compressed Air

Compressed air is used in the maintenance shop areas and in the
development area. Compressed air in the maintenance shop areas is perma-
nently installed. Compressed air needs in the development areas are met
by portable, electrically powered compressors, which are handled as tempo-
rary installations that are moved and used as necessary.

4.4.3.3.3 Water Supply

All water piped underground is potable. A pipeline supplies water
from the central surface facilities to the water storage tank near the
men-and-materials shaft. From there, water is piped down the shaft to
the underground facilities. The water storage tank for these facilities
is sized for 24-hr potable and process demand plus 2-hr fire demand; a
single system is used for these functions.

At the underground level, pressure is reduced to normal operating
levels. To prevent contamination, potable water is supplied to the under-
ground facility by a dedicated piping system. Backflow preventers are
installed in the process water system to eliminate backflow of turbid
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water. Process water is used in the development areas f or drilling,
suppressing, and cooling equipment. Permanent process water lines are in-
stalled in the service main from which temporary lines feed the emplace-
ment panels under development.

4.4.3.3.4 Chilled Water

A chilled water system is needed to cool the air in the emplacement
drifts for the purpose of inspection, maintenance, and backfilling during
closure. Sections 3.4.2.3 and 3.4.3.3 describe air-cooling scenarios and
the overall cooling capacity of the system. The cooling needs for the
horizontal emplacement configuration are somewhat lower than those for
the vertical configuration because the standoff distances are larger and
the drifts are cooler in the horizontal configuration. A chilled-water
plant near the collar of the men-and-materials shaft supplies the neces-
sary water through pipes in the shaft and service main.

4.4.3.3.5 Sanitary Services

Toilets and sinks are provided in the shop areas as needed to serve
the personnel who work in these areas. Temporary toilets and sinks are
provided near working locations in the development area. A vacuum system,
which uses permanent piping in the shop areas and temporary piping in the
development area, collects the waste in a holding tank located near the
development area shop. This waste is brought to the surface for disposal.

4.4.3.3.6 Communications

The communications network includes telephone, radio communication,
intercom and paging, and sound-powered communication. The telephone
system provides direct communications among underground telephone instru-
ments, the DOE network at the NTS, the offsite commercial system, and the
federal telecommunications system. A four-channel radio system allows
communications among emplacement vehicles and a master base station. The
master station interfaces with the telephone system. Before being used
either on the surface or underground, the radio system must be carefully
evaluated to ensure its compatibility with the use of explosives. The
intercom and paging system allows voice paging and intercommunications
between selected areas of the repository. Critical communication systems
that require continuous power are supplied by UPS or battery-powered sys-
tems. Standby power is available for critical communication systems that
can withstand short power interruptions (up to 1 min). All hardwire com-
munications are temporary in the development areas and will become perma-
nent installations after development has been completed.

4.4.3.4 Water-Handling System

Throughout the construction, operations, and caretaker phases of the
underground facility, a water-handling system will be active for control
of water from either mining operations or natural ground water. Because
the emplacement horizon is above the water table, water inflow is expected
only if perched water is encountered; otherwise, the drainage system is
designed for handling water used for development. The main elements of
the system include
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* pump columns in the men-and-materials and emplacement area ex-
haust shafts,

* water-collecting sumps near the base of the men-and-materials
and emplacement area exhaust shafts, X

* permanent pump installations at the sumps near the men-and-
materials and emplacement area exhaust shafts, and

* permanent gathering lines in the main drifts.

Temporary water-handling facilities are envisioned for gathering and
pumping water back to the permanent installations. These facilities are
installed and removed as necessary. Water used for washdown and other
purposes in the underground service areas is collected and removed by
pumping or by tank trucks. The purpose of the water-handling system is
to collect excess process water and natural ground water as close to their
sources as possible. A passive element of the water-handling system is
the natural drainage pattern created by the designed slope of the drifts.
Although it is not expected that ground water will infiltrate the emplace-
ment area in significant quantities, the drifts are designed so that any
water, whether from ground water or from operations in the underground
facilities, is diverted away from the waste emplacement drifts. Figure
4-33 illustrates the resulting natural drainage plan for the fully devel-
oped underground facility. After excavation has been completed, all areas
will drain in the direction of a sump located near the bottom of the
emplacement area exhaust shaft, the lowest point in the underground
facility.

4.4.3.5 Data Acquisition and Monitorinz System

A data acquisition system (DAS) fulfills the functions of data acqui-
sition, monitoring, control, and alarm. The DAS for the subsurface
facilities consists of a distributed network of remote stations on the
surface and underground. , Each remote station is a self-contained unit
that is programmed to act upon data received via hardware and/or software
control. All data paths are redundant.

The DAS monitors ventilation flow for temperature, pressure differen-
tials, radioactivity, and gas content. In the event of radioactivity in
the emplacement area exhaust airstream, the monitors make a quantitative
determination, generate an alarm, and initiate the diversion of exhaust
air to the filter system at the collar of the emplacement area exhaust
shaft. The DAS also monitors the primary power supply and sets the con-
trol system automatically to start the emergency generator, to transfer
the power load, and to initiate an alarm located at a central station.
An alarm circuit displays failure of or a malfunction in the system. The
DAS is also designed to monitor other utilities, as necessary. By means
of a rock-monitoring system, the DAS helps in assessing rock stability
and rock motions in emplacement drifts and elsewhere in the subsurface
facilities, as necessary, until the end of the performance confirmation
period.
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4.5 Normal Repository Operations

4.5.1 Development of Emplacement Drifts

4.5.1.1 Drift Construction

The underground openings are constructed using both mechanical mining
and drill-and-blast methods. TBMs are used for mechanical mining, and it
is planned to use these machines for mining the waste ramp, the tuff ramp,
the waste main, and the perimeter drift. Drill-and-blast mining will be
used for the tuff main, the panel access drifts, the service main, and
the waste emplacement drifts. Drill-and-blast methods are well suited
for mining the waste emplacement drifts because these methods provide
flexibility that can be advantageous in designing the underground layout
and in the event that unanticipated conditions encountered in the develop-
ment of the underground facility dictate changes in layout.

TBMs are used for long, straight runs when a circular cross section
is desired. Drill-and-blast mining is used where the length of a straight
run is short and when it is not necessary to have a circular cross
section.

The mining methods selected for this design are subject to change as
new developments are made in mechanical mining systems. Currently,
mechanical mining systems are being developed that can mine noncircular
openings. If these systems are proven viable in rock whose properties
are similiar to those of Yucca Mountain tuff, they will be evaluated for
application in future designs.

Figures 3-22 and 3-27 depict the operations involved in mining em-
placement drifts using drill-and-blast methods. A cycle for drill-and-
blast mining involves five major operations: (1) drilling the holes for
loading explosives, (2) loading explosives, (3) detonating the explosives,
(4) removing the broken rock, and (5) installing the necessary ground
support system. (Section 3.3.1.3 contains a discussion of the ground
support systems proposed for the Yucca Mountain site.) The drill-and-
blast mining operations depicted on Figures 3-22 and 3-27 are common to
all drill-and-blast mining. A complete description of the operations
involved in drill-and-blast mining is presented in Section 3.3.1.

A typical operating cycle for a TBM is illustrated in Figure 3-21.
The cycle consists of advancing the drift the length of the stroke of the
hydraulic thrust cylinders, then releasing the gripper pads, tramming the
machine forward, resetting the gripper pads, and repeating the drilling
cycle.

In the drifts where drill-and-blast mining is being used, the tuff
is removed from the working face by LHDs. These units haul the tuff to a
conveyor that transports the tuff to the surface. The tuff removal system
is shown in Figures 3-22 and 3-27 for vertical and horizontal emplacement,
respectively. The entire tuff-handling system is shown schematically in
Figure 3-24. The tuff is transported from the TBMs to the surface
entirely by conveyor.
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When a vertical or horizontal emplacement drift is excavated using
drill-and-blast mining, the advance rate is 10 ft/day, assuming a 2-shift
operation and 6 hr of productive time per shift. The advance rate of the
TBM is estimated to be 8 ft/hr. Based on the currently projected number
of waste containers to be emplaced annually (Table 3-6), mining operations
must be under way concurrently in 10 drifts for vertical emplacement and
6 drifts for horizontal emplacement so that the emplacement drifts neces-
sary to support the stipulated disposal rates are provided. A detailed
analysis of the mining operations, including advance rates and equipment
requirements, will be included in the repository operations plan, which
is now being prepared.

The major equipment required to support drill-and-blast and TBH min-
ing operations is identified below.

4.5.1.1.1 Drill Machine

This machine (jumbo) is used to drill the loading holes for explo-
sives in drill-and-blast mining. Use of dual-boom, electric/hydraulic
drill jumbos is planned. These machines use a diesel motor for tramming
and electric motors to drive hydraulic percussion drills. Electric power
is supplied to the drill jumbo through a trailing cable connected to the
installed power source.

4.5.1.1.2 Load/Haul/Dump Unit

The LHD is a haulage vehicle adapted for underground service.
Diesel-powered LHDs are used to move the tuff from the mining areas to
the belt conveyor system. The machines planned for the repository are
equipped with buckets that have a capacity of approximately 5 yd3.

4.5.1.1.3 Rock-Boltinx Machine

The rock-bolting machine (jumbo) is a three-boom, electric/hydraulic
trailer-mounted system designed to install in a single operation the wire
mesh and rock bolts needed for tunnel support. The jumbo has a diesel-
powered tramming motor for moving from one location to another.

4.5.1.1.4 Scaling Machine

Scaling is the process of removing loose rock from the crown (back)
and walls (ribs) of a drift after blasting and during routine maintenance.
A scaling machine consists of a hydraulically powered pick mounted on an
articulated boom. The scaler is mounted on a rubber-tired, diesel-powered
carrier.

4.5.1.1.5 Tunnel-Borinx Machine

A TBH is an electrically powered, full-faces excavating machine that
cuts a circular opening in rock. Cutting action is provided by hardened
steel disks mounted on the rotating face of the machine. Forward thrust
on the rotating face is developed by hydraulic cylinders. The thrust and
torque reaction forces are achieved by hydraulically actuated gripper
pads that extend outward to the tunnel wall.
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The drifts in the repository must be inspected periodically. The
frequency of inspection will be determined as operating experience is
acquired. Initially, it is planned that the drifts will be inspected
annually. Maintenance will be done if these inspections reveal a poten-
tial problem. Based on conclusions drawn from analyses performed to date,
catastrophic failures or failures that require major maintenance are not
expected during the operating life of the repository (St. John, 1987; St.
John and Mitchell, 1987). Minor maintenance is expected, which is limited
to such things as the replacement of sections of wire mesh and the instal-
lation of additional rock bolts.

4.5.1.2 Installation of Utilities

4.5.1.2.1 Power

Three categories of power are provided in the underground facility:
normal power, standby power, and uninterruptible power.

Normal power is supplied to the underground facility by two inde-
pendent routes--one through the men-and-materials shaft and the other
through the tuff ramp. Substations are located at the bottom of the
men-and-materials shaft for stepping down voltage and controlling dis-
tribution. Normal power is distributed on permanently installed wiring
that extends through the main drifts to the entrance of the panel access
drifts. From the entrance of the panel access drift, the power is dis-
tributed to the emplacement drifts on temporarily installed cables.
Portable, temporary, voltage-reduction transformers are used at the
entrances to the emplacement drifts to supply power for development and
waste emplacement operations.

Standby power is provided by diesel-powered generators installed at
the surface. The standby power is distributed over the same system used
for normal power. The major items included in the demand for standby
power are the men-and-materials hoist and the underground ventilation
systems. The determination of standby power capacity has not been com-
pleted and will take into account the possibility of supporting systems
at less than full operating capacity during disruptions of normal power.

The main systems to be provided with uninterruptible power are the
instrumentation systems used to monitor the performance of repository
experiments, including the computer systems used for controlling experi-
ments and recording data. Uninterruptible power will also be provided
for emergency lighting and communications.

4.5.1.2.2 Water

Both potable and process water are needed underground. Potable water
is provided in insulated, refillable containers brought underground each
working day. Process water is piped underground in pipes located in the
tuff ramp or the men-and-materials shaft. Process water is supplied from
batch tanks, which are refilled as the water is used. The use of batch
tanks is necessary to limit the amount of water that can enter the under-
ground facility in the event that a water supply line ruptures.
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4.5.1.2.3 Compressed Air

The only permanently installed compressed air systems are the corn-
pressors used to supply air to the shops in the development and waste
emplacement areas. Compressed air needs at other locations are provided
by portable, electrically driven compressors.

4.5.1.3 Underxround Ventilation System

The function of the underground ventilation system is to furnish
fresh air to the working areas of the underground facility. Air quality
is provided by supplying air quantities adequate to maintain oxygen levels
and the proper working temperature, and to dilute the contaminants dumped
into the air stream by equipment or operations. Air quantities are deter-
mined by the equipment being used, the number of people at the location
being ventilated, and the type of operation being performed. A full dis-
cussion of the ventilation system is presented in Section 3.4.

The underground ventilation system is composed of two parts, one of
which provides air to support development activities. The second part
provides air for waste emplacement and retrieval operations. The two
parts of the system are functionally independent. To maintain this in-
dependence, it is necessary to construct temporary barriers (bulkheads)
between the two systems. These barriers are moved when it is necessary
to transfer a completed waste emplacement panel from the ventilation sys-
tem for development to that for waste emplacement. The barriers between
these systems are constructed in a manner that minimizes leakage from one
system to the other. To control the leakage that does occur between the
development and emplacement systems, the pressure in the waste emplacement
side is maintained at a lower level than the pressure in the development
side. Maintenance of this differential ensures that all leakage flows
from the development to the waste emplacement system.

To further enhance the independence of the two systems, each has its
own dedicated air supply and exhaust conduits. The ventilation for the
development area is supplied by the men-and-materials shaft and is ex-
hausted from the tuff ramp. The system for the waste emplacement area is
supplied by the waste ramp and the exploratory shafts. Air from the waste
emplacement area ventilation system is exhausted through the waste em-a
placement area exhaust shaft. The minimum pressure differentials between
the two systems are given on Figures 3-31, 3-32, 3-33, and 3-34. As shown
in Figure 3-31, the pressure differential between the development and
waste emplacement systems is calculated to be approximately 5.2 in. of
water (between Panels 5 and 6). These same figures identify the tempera-
tures at various junctions in the repository and at the shaft and ramp
entries.

Before waste emplacement activities are completed in a panel, the
next panel will have been completely readied for waste emplacement.
Transferring waste emplacement activities to the next panel requires only
that the emplacement area ventilation system be redirected to the next
panel and that flow regulators be balanced to provide the proper air
flows. The panel access drifts for the completed panel are closed off by
the installation of bulkheads. The bulkheads have doors that can be
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opened to reestablish ventilation flows and to admit personnel and equip-
ment for inspection and repairs.

4.5.2 Development of Emplacement Boreholes

4.5.2.1 Vertical Emplacement Boreholes

The currently planned drilling operation for vertical boreholes is a
two-step process initiated by a small-diameter pilot-hole drill and
completed by a large drill that reams the pilot hole to the specified
diameter. A detailed description of the drilling system for vertical
boreholes is provided by The Robbins Company (1984). The diameter of the
vertical borehole in the Robbins report is larger than the 29-in.-diameter
borehole in the conceptual design; this difference does not affect the
feasibility of using this approach to drill vertical boreholes. Figure
3-22 shows the two-step drilling process used in a typical emplacement
drift. The equipment needed, to develop vertical boreholes is described
below.

4.5.2.1.1 Pilot-Hole Drill

The first step consists of drilling an 1l-in.-diameter pilot hole
32 ft deep, using a standard raise drill modified to accept a 10-in.-
diameter drill stem. The raise drill is mounted on a crawler platform
for mobility. The crawler platform also carries a hydraulic power pack,
which supplies power to the rotary drive motor,' the thrust cylinders, and
other auxiliary equipment. The operator's control console is also stowed
on the crawler platform while the drill is being moved.

4.5.2.1.2 Reaming Drill

The second step in developing vertical emplacement boreholes consists
of opening the pilot hole to a 29-in. diameter and to a depth of 25 ft.
This step is performed by a crawler-mounted drill that uses a vacuum
system for removing the drill cuttings. This drill is based on currently
available components, but development will be required to ensure that
these components perform as a system. The cutting head of this drill is
held in alignment with the pilot bole by a pilot shaft mounted on the
forward end of the drill head. The drill head accommodates carbide-insert
or rolling disc cutters.

The vertical -emplacement borehole is lined with a partial liner that
(1) keeps the pintle of the waste container clear of debris (which could
impede retrieval) and (2) supports the borehole shielding plug and various
pieces of equipment used for emplacement and retrieval.

4.5.2.2 Horizontal Emplacement Boreholes

The system for boring horizontal emplacement boreholes is currently
being developed. A detailed description of the equipment currently pro-
posed for drilling horizontal emplacement boreholes is presented by The
Robbins Company (1987). The drilling system is a new design based on
currently available components and technology. The in-hole drill is a
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scaled-down version of a currently available TBM. The drill head, cutter
design, power, and thrust requirements are based on extensive experience
with TBHs and drilling blind holes. The vacuum cuttings removal system
was designed based on experience with pneumatic transport of rock cuttings
in tunnel boring and drilling. As it is currently designed, the drill
drills a 37-in.-diameter borehole to the approximate length (350 ft)
planned for horizontal emplacement boreholes. The system comprises the
major parts described below.

4.5.2.2.1 In-Hole Drill

The motor of the in-hole drill is located in the drill head. The
motor turns the drill head, which is equipped with rolling, carbide-insert
cutters. The drill is connected to the borehole liner, which provides
thrust to the drill and counteracts the drilling torque. The drill head
can be steered to maintain alignment. Steering is accomplished by hy-
draulically actuating wedges that push against the borehole wall. A
laser guidance system determines the position of the drill so that cor-
rective adjustments can be made to maintain the straightness of the
borehole.

4.5.2.2.2 Borehole Liner

The borehole is lined as it is drilled. The liner has an outside
diameter of 36 in. and a wall thickness of 0.5 in. The liner is inserted
in the borehole in 8-ft sections and welded together to form a continuous
liner. An automatic welding machine located near the drill derrick is
used for the welding operation. The drill head can be disconnected from
the liner after the borehole has been completed. Removal is accomplished
by pulling the drill head back through the liner.

4.5.2.2.3 Drill Derrick

The drill derrick provides thrust to the drill through a traversing
head driven by hydraulic cylinders. The drilling thrust and torque are
transmitted to the drift walls by reaction cylinders mounted on the
derrick.

4.5.2.2.4 Tuff-Removal System

As a consequence of the design goal of minimizing the amount of
water or other materials that enter the borehole during drilling, a
vacuum system is used to remove the cuttings. This system consists of
vacuum pumps, vacuum lines, and filter boxes. During operation, clean
air, drawn to the drill head through the liner, passes over the drill
head, where it sweeps up the cuttings. The cuttings-laden air is drawn
into the vacuum system through return pipes. The return air is routed
through filter boxes, where the cuttings are removed.

4.5.3 Waste Emplacement Operations

Waste emplacement operations involve preparing individual boreholes
for emplacement, transferring waste containers from the waste-handling

j
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buildings to the emplacement boreholes, and closing the boreholes. The
specific procedures and equipment used to perform these operations depend
on the emplacement configuration.

4.5.3.1 Vertical Configuration

The location, spacing, and diameter of emplacement boreholes for the

vertical configuration are shown in Figure 4-39.

Figure 4-43 is a schematic diagram showing the steps involved in pre-

paring a vertical borehole for emplacement. A support plate is installed

in the bottom of the borehole to support the waste container and to dis-

tribute the weight of the container over the bottom of the borehole. A
special forklift transports a temporary borehole shielding closure to the
borehole. The closure, which provides shielding during emplacement opera-

tions, is then aligned, installed, and leveled.

Figure 4-43. Preparation of Vertical Borehole for Emplacement (Stinebaugh
and Frostenson, 1986.)

Transfer of a single waste container from the surface facility to a

vertical borehole is illustrated in Figure 4-44. After the container has

been lifted from the surface storage vault into the transporter cask, the

transporter is driven underground to the emplacement borehole and posi-

tioned over a temporary shielding closure. The cask, which carries the
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Figure 4-44. Emplacement of a Waste Container in the Vertical Configura-
tion (Stinebaugh and Frostenson, 1986.)
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container and provides primary shielding for the transporter operators,
is then rotated to a vertical position, and the shield doors are opened.,
The waste container is lowered into the borehole, and the grapple ;is
disconnected from the pintle on the waste container and .retracted into
the cask. The shield doors are then closed, the cask is rotated to its
transport position, and the transporter is returned to the surface
facility.

After the waste has been emplaced, final borehole. closure is accom-
plished by replacing the temporary shielding closure with a shield plug
and borehole cover, allowing the shielding closure to *be used for waste
emplacement operations at other boreholes. Closure is accomplished using
a shielded plug installer transported by a special forklift (Figure 4-45).
The shield plug installer is positioned over the borehole 'shielding clo-
sure, the shield doors are opened, and the shield plug is lowered into the
borehole. The grapple is disconnected from the shield plug and retracted
into the shield plug installer, and the shield doors are closed. The
borehole shielding closure is then removed, and the borehole cover is
installed.

Figure 4-45. Borehole Closure Operations in the Vertical Configuration
(Stinebaugh and Frostenson, 1986.)

An isometric drawing of the waste transporter is shown in the trans-
port mode in Figure 4-46 and in the emplacement mode in Figure 4-47. The
transporter and the other equipment needed to emplace waste in the ver-
tical configuration are described in Appendix D of this report.
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Figure 4-46. Waste Transporter in the Transport Mode in the Vertical Configuration

(Stinebaugh and Frostenson, 1986.)
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Figure 4-47. Waste Transporter in the Emplacement Mode in the Vertical
Configuration (Stinebaugh and Frostenson, 1986.)
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4.5.3.2 Horizontal Confixuration

The location, spacing, and size of emplacement boreholes for the
horizontal configuration are shown in Figure 4-41.

Figure 4-48 shows the steps involved in preparing a horizontal bore-
hole for emplacement. The borehole liner is installed during drilling,
followed by installation of an entry liner and dolly release cam. An
interface plate is then installed on the entry liner flange. A special
forklift is used to transport the borehole shielding closure to the bore-
hole. The closure, which is used to provide shielding during emplacement
operations, is then aligned and bolted to the interface plate.

\_j

K)

Figure 4-48. Preparation of a Horizontal Borehole for Emplacement (Stine-
baugh et al., 1986)

Transfer of a single waste container from the surface facility to a
horizontal borehole is illustrated in Figure 4-49. In this configuration,
each waste container is carried on its side on a dolly. After trans-
ferring a single waste container and its dolly from the surface storage
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Figure 4-49. Emplacement of a Waste Container in the Horizontal Config-
uration (Stinebaugh et al., 1986.)
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vault to the transporter cask, the transporter is driven to the emplace-
ment borehole and is positioned at a temporary shielding closure. The
cask is then rotated 901, and the shielding doors are opened. The waste
container and dolly are pushed into the borehole by the extension plate
of the cask emplacement and retrieval mechanism, and the extension plate
is disconnected from the dolly and retracted into the cask. The shield
doors are then closed, the cask is rotated to its transport position, and
the transporter is returned to the surface facility. This procedure is
repeated until the borehole has been filled to design capacity.

Standoff between the last container emplaced and the emplacement
drift to delay the onset of elevated temperatures in the emplacement drift
can be accomplished in at least three ways. The first way is to use dummy
containers or empty dollies, which are emplaced in the borehole in the
same manner as that used for a waste container. The second method is to
use a pusher mechanism equipped with hydraulic cylinders and coupled
tubing to push the waste containers to the desired position. In the
third method, the last few containers emplaced in each borehole could be
filled with DHLW, which has very low thermal output. Use of the third
option would depend on whether commingling of DHLW and spent fuel in the
same borehole is acceptable.

After all waste containers for a given borehole have been emplaced
and standoff operations have been completed, final borehole closure is
accomplished by replacing the temporary borehole shielding closure with a
shield plug and borehole cover, which allows the shielding closure to be
used for waste emplacement operations at other boreholes. Closure is
accomplished using a shielded plug installer transported by a special
forklift (Figure 4-50). The shield plug installer is positioned at the
borehole shielding closure, the shield doors are opened, and the shield X

plug is inserted in the borehole. The shield doors are then closed, the
borehole shielding closure is removed, and the borehole cover is in-
stalled.

An isometric drawing of the waste transporter in the transport mode
is shown in Figure 4-51 and in the emplacement mode in Figure 4-52. The
transporter and the other equipment needed to emplace waste in the hori-
zontal configuration are described in Appendix D of this report.

4.5.4 Waste Removal Operations for Performance Confirmation

Waste emplacement equipment will be designed so that it can also be
used for removing containers for the purpose of performance confirmation.
Because of site characteristics and repository design, conditions during
waste removal operations are not generally expected to differ signifi-
cantly from emplacement conditions. Some of the differences that do exist
have been considered during development of the equipment concepts and
will be considered during future, more detailed design of the emplacement
equipment. For example, emplacement equipment will be designed to operate
normally at the elevated borehole temperatures (greater than 2000C) that
are expected during removal operations. Also, emplacement equipment will
be designed to operate in a removal mode and to have the capability of
developing the higher forces that may occur during removal.

5
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Figure 4-50. Borehole Closure Operations in the Horizontal Configuration
(Stinebaugh et al., 1986.)
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Figure 4-51. Waste Transporter in the Transport Mode in the Horizontal Configuration
(Stinebaugh et al., 1986.)
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Figure 4-52. Waste Transporter in the Emplacement
(Stinebaugh et al., 1986.)
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4.5.4.1 Vertical Configuration

In the vertical configuration, the operations involved in removing
waste under normal conditions for performance confirmation are concep-
tually the reverse of the operations performed to emplace waste, and the
equipment for waste removal is the same as that for emplacement. Removal
operations may be somewhat more difficult because of uncertainties regard-
ing the conditions of the boreholes and containers. Preparation of the
borehole for waste removal, which involves replacing the shield plug with
the temporary borehole shielding closure, is shown in Figure 4-53. Re-
moval of waste from the borehole and transport to the performance confir-
mation building are illustrated in Figure 4-54.

Figure 4-53. Preparation of the Vertical Borehole for Waste Removal
(Stinebaugh and Frostenson, 1986.)

4.5.4.2 Horizontal Configuration

Figure 4-55 shows preparation of the horizontal borehole, which
involves replacing the shield plug with the temporary borehole shielding
closure.

Two concepts are under consideration for removing waste containers
from horizontal boreholes (Section 3.2 and Appendix J). The first of
these concepts has been presented in an earlier Sandia report (Stinebaugh
et al., 1986) and is currently considered the reference design concept.
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Figure 4-54. Removal of Waste for Performance Confirmation in the Ver-
tical Configuration (Stinebaugh and Frostenson, 1986.)
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Figure 4-55. Preparation of the Horizontal Borehole for Waste Removal
(Stinebaugh et al., 1986.)
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The second is presented as an alternative design concept and is currently
under consideration'because it improves the ability to retrieve waste un-
der off-normal conditions.

4.5.4.2.1 Baseline Concept for Waste Removal

Coupled waste container dollies are used in the reference waste re-
moval concept. As each waste container and dolly unit is emplaced in the
borehole by the cask mechanism, the dolly hooks onto the dolly of the
waste container positioned at the borehole entrance, and the entire dolly
train is pushed into the borehole. Similarly, as each waste container
and dolly unit is removed from the borehole by the cask mechanism, the
entire dolly train is pulled toward the borehole entrance, and the waste
container being removed is unhooked from the train. Operations required
to remove a waste container from a borehole and transport it to the per-
formance confirmation building are illustrated in Figure 4-56.

4.5.4.2.2 Alternative Concept for Waste Removal

An alternative concept for removing waste containers from horizontal
boreholes uses a design in which the dollies are not coupled. In this
design, all containers are pushed into the borehole as each container is
emplaced; however, because the dollies are not coupled, each container to
be removed must first be pulled from its disposal position in the borehole
to the standard removal position near the borehole entrance. The concept
uses a retrieval cart to pull each container to the standard removal
position.

Design considerations related to the retrieval cart system are
described in Appendix J.

4.6 Systems. Structures, and Components Important to Safety or Waste
Isolation

Systems, structures, and components are classified in two categories
(1) items important to safety and (2) items important to waste isolation.
This section focuses on the results of the analyses that identify items
in both of these categories. This identification requires the definition
of each category and the development of logical and objective methods to
identify items in each category. The definitions of these categories are
discussed in Section 2.7; however, as each category is discussed, the
definition will be repeated. The methods used to identify items belong-
ing in each category are discussed in detail in Section 7.4 and will be
explained only briefly here.

4.6.1 Items Important to Safety

Items important to safety are defined in 10 CFR 60.2 as "those engi-
neered structures, systems, and components essential to the prevention or
mitigation of an accident that could result in a radiation dose to the
whole body, or any organ, of 0.5 rem or greater at or beyond the nearest
boundary of the unrestricted area at any time until the completion of
permanent closure." Although the definition places no qualifications on
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Figure 4-56. Baseline Concept for the Removal of Waste for Performance
Confirmation in the Horizontal Configuration (Stinebaugh
et al., 1986.)
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the accidents used to identify items important to safety, the accidents
must be credible, having a probability of occurrence of 10i5/yr *or
greater (DOE, 1986b).

The methods used to identify these items consist of seven basic
steps:

* develop facility and system models of the repository;

* identify and screen initiating events that could lead to acci-
dents that might release radionuclides into the environment;

* perform an accident scenario analysis using event and fault
trees;

* perform parallel assessments of the probability and consequences
of each accident scenario;

* use these assessments to quantify the event trees;

* screen the accident scenarios for those that lead to conditions
exceeding the criteria given in the definition of important to
safety; and

* analyze those accident scenarios that exceeded the screening
criteria to identify which systems, structures, or components
involved in the scenario are important to safety.

Section 7.4.1 explains in detail the process and analyses described above.

After performance of the first six steps of the above analysis, it
was determined that there were no accident scenarios that exceed the
screening criteria; i.e., no accident scenarios resulted in an offsite
release of radioactivity in excess of 0.5 rem that also had a probability
of occurrence greater than 10-5/yr. Because no accident scenarios
exceeded the screening criteria, no systems, structures, or components
were classified as important to safety. However, there were some systems,
structures, and components classified as "potentially important to
safety." Table 4-6 lists items potentially important to safety for the
Yucca Hountain repository.

Future work on the design of the repository will include information
and ideas developed during the analysis performed to determine items
important to safety. As the design of the repository progresses and more
details are known, this analysis will be repeated, a revised list of
items potentially important to safety will be developed, and any items on
that list that are important to safety will be identified. Information
developed in future analyses of items important to safety will be used in
improving the safety of the repository.

4.6.2 Items Important to Waste Isolation

Items important to waste isolation are defined in Section 2.7.2 as
the barriers, structures, systems, and components that are relied on to
achieve the postclosure performance objectives in 10 CFR 60, Subpart E.
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TABLE 4-6

ITEMS POTENTIALLY IMPORTANT TO SAFETY FOR THE YUCCA MOUNTAIN REPOSITORY

aItem Location initiatin_ Events

Crane, Shipping
Cask

Hot Cell Structure

Cask-receiving and
preparation area

Waste-packaging hot cell

Crane drops a shipping
cask.

Earthquake causes hot
cell structure fail-
ure.

Crane Cask-unloading hot cell
Consolidation hot cell
Waste-packaging hot cell

Earthquake causes crane
to drop on fuel as-
semblies.

Vehicle Stop

Fire Protection
System

Cask Transfer
Mechanism

Transporter Cask

Cask-receiving and
preparation area

Waste--handling buildings

Surface storage vault

Underground facility and
ramp

Vehicle with cask falls
in cask preparation
pit (detailed analy-
sis not performed).

Fire involving radioac-
tive material is a
dispersion parameter
(detailed analysis
not performed).

CTM drops container
with consolidated
fuel rods.

Transporter coasts down
the waste ramp and
strikes the wall of
the ramp or main ac-
cess drift.

The Q-List contains the engineered barriers that meet this definition.
The activities list contains the activities that might adversely affect
the natural barriers that meet the definition of "important to waste
isolation."

The process that has been used to select items for the Q-List and
the activities list is described in Section 7.4.2 of this report. The
preliminary Q-List includes the waste container. The preliminary activi-
ties list includes activities that have the potential for adversely
affecting the waste isolation capabilities of the Topopah Spring welded
unit, the Calico Hills nonwelded zeolitic unit, the Calico Hills vitric
unit, and the saturated zone.

NI
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