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ABSTRACT

The Nevada Nuclear Waste Storage Investigations project has as one of its
principal objectives the conceptual design of the buildings and facilities that
will be required at a repository for commercially generated radioactive waste.
This report has been prepared for use by the repository designers in the
conceptual design of the high-level and transuranic waste-handling facilities
and equipment. The report contains a description of the radioactive waste
expected at the repository; a description of the shipping casks and the
facility casks; and a description of the waste receiving, handling, packag-
ing, transfer, and emplacement operations. Waste retrieval operations are
also discussed.
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1.0 INTRODUCTION AND SUMMARY

Sandia National Laboratories, under the direction of the Department of

Energy (DOE) and in cooperation with Lawrence Livermore National Labora-

tory, Los Alamos National Laboratory, and the United States Geological

Survey is engaged in the conceptual design of a repository for commercially

generated radioactive waste. This repository design is being developed as

part of the National Waste Terminal Storage (NWTS) Program and as directed

by the Nuclear Waste Policy Act of 1982. If constructed, this project would

provide a repository on federally owned land at Yucca Mountain, Nye

County, Nevada.

This report describes the high-level and transuranic radioactive waste

materials the repository will be designed to accept and the major

waste-handling operations the repository will be required to perform.

Following this introduction, the report is divided into seven sections.

* Section 2 contains a description of the radioactive waste materials

that will be received at the repository and a description of the

waste packages that will be emplaced.

* Section 3 contains a description of the reference transportation

packages (shipping casks)*, conceptually designed by GA Technol-

ogies, Inc. under the direction of Sandia National Laboratories'

Transportation Technology Center (TTC), and the TRUPACT which

was designed by the TTC. These packages will be used to ship

radioactive waste materials to the repository. Section 3 also con-

tains a description of the facility casks conceptually designed by

Foster-Miller Associates, Inc., under the direction of the Nevada

Nuclear Waste Storage Investigation (NNWSI) Engineering Projects

Division, Sandia National Laboratories. These casks will be used

to transport and emplace waste at the repository site.

* At the time this study was initiated, the reference designs included
double containment. More recent designs include single containment for
spent fuel and high-level waste.
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* Sections 4 through 8 contain task descriptions which identify the

operations that must be performed to receive (Section 4), handle
(Section 5), transfer (Section 6), emplace (Section 7), and, if

necessary, retrieve (Section 8) high-level waste and transuranic

waste.

This document is intended to be used in systems studies, in the con-
ceptual design of repository facilities, and in the conceptual design of

repository waste-handling equipment. As conceptual design proceeds, this

document will be revised to reflect Sandia National Laboratories' understand-

ing of the waste characteristics, waste packaging, and planned repository

operations.
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2.0 WASTE CHARACTERISTICS, QUANTITIES, AND
CONTAINER DESCRIPTIONS

This section has been abstracted from the report "Characteristics of

Waste for a Repository at Yucca Mountain" (O'Brien, 1984) and is included

here for completeness. The waste characteristics proposed as the basis for

the conceptual design of the Yucca Mountain repository are summarized in

Table 2-1 (DOE; 1982, 1983). Brief discussions of the various waste types

are presented in Subsections 2.1 through 2.7.

2.1 Spent Fuel

Spent fuel will be shipped to the repository as intact fuel assemblies.

Although the economics of fuel rod consolidation may later prove to be un-

favorable, it is assumed here that individual fuel rods will be removed from

the assemblies and packaged in stainless steel canisters designed especially

for the Yucca Mountain repository. In this scenario, spent fuel is the only

waste type that will arrive at the repository in a configuration different from

that of the actual disposal package.

It is assumed that spent fuel will be received at the rate of 1,500 MTU/

year, divided 62/38 percent, respectively, between pressurized water reactor

(PWR) and boiling water reactor (BWR) fuel. Thus, PWR fuel will be re-

ceived at the rate of 930 MTU/year (2,016 fuel assemblies annually), and

BWR fuel will be received at the rate of 570 MTU/year (3,100 fuel assemblies

annually).

On the basis of a preliminary economic analysis, Lawrence Livermore

National Laboratory (LLNL) has proposed that different canister diameters be

used for the two fuel types (Gregg and O'Neal, 1983). The present plan is

to use a 50-cm, outside diameter, canister for the fuel rods from 6 PWR

assemblies, and a 57-cm, outside diameter, canister for the fuel rods from

18 BWR assemblies. For these canister capacities, and for the spent fuel

receival rates cited above, the number of PWR and BWR waste packages to

be emplaced are, respectively, 336 and 173/year. The nominal canister

length for both fuel types is 450 cm, but consideration is being given to
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TABLE 2-1

CHARACTERIZATION OF WASTE FOR THE YUCCA hOUNTAIN REPOSITORY

Disnosal Packare
Dimensions

Waste Type Type (cu/in)

Spent Fuel Canister 50 OD x 450
PWR 19.7 OD x 177.2

Spent Fuel Canister 57 00 x 450
BWR 22.4 OD x 177.2

Weight
(kg/lb)

4,500
9,900

5,600
12,300

Thermal Surface Dose Rate
Total Power (wrem/hr)

Packages Packages/Yr (W) Gamma Neutron

7,839

4,031

336 3,050 1.7 x 107

173 3,000 -1.3 x 107

3.9 x 103

Remarks

Canister contains fuel rods
from 6 PWR assemblies.

Canister contains fuel rods
from 18 BWR assemblies.

-2.8 X 103

1.1 x 1o8 2.7 x 104CNLW Canister 32 OD x 300
12.75 OD x 118.1

825
1,900

15,350 660 1,844
(BWR) to
2,244
(PWR)

Waste frou 2.28 HTU fuel
charged to reactors.
Waste will usually be a
blend from 8WRs and PWRs.

DHLV (DWPF) Canister 61 OD x 300
24 OD x 118.1

1,935
4,260

6,720 500 470 5.5 x to6 --o Equilibrium product with
28 weight percent waste
loadiyg.

WVHLW Canister 61 00 x 300
24 OD x 118.1

Cladding Waste Canister
l..
P~,

61 OD x 300
24 OD x 118. 1

188 x 125 x 90
74 x 49 x 36.0

tRU Waste
(Reprocessing)

T1U Waste

(Reprocessing)

TRU Waste
(Reprocessing)

TRU Waste
(HOX Fuel
Fabrication)

TRU Waste
(MOX Fuel
Fabrication)

Spent Fuel
Hardware Waste

6-packed
S5-gal
drums

SAND box 173 x 137 x 98
68 x 54 x 38.5

Canister 61 OD x 300
24 OD x 118.1

1,935
4,260

1,460
3,210

Variable
(<2,000 kg)

Variable
(<2,000 kg)

Variable
(<2,000 kg)

Variable
('2,000 kg)

Variable
(<2,000 kg)

1,975
4,350

300 T8D -300 -4.0 x K06

12,290

1,143 49 -0 <200

484

-0

-68 >5.0 x 10

Solidification process
not defined.

677 29 -O <200

-o0

-0

-o

-o

6-packed
55-gaL
drums

188 x 125 x 90
74 x 49 x 36.0

10,734

4,527

2,707

1,932

194 -0 <10 -0

460 TBD >200

Hulls compacted with 2:1
volume reduction ratio.

Compacted with 3:1
overall volume reduction.

Compacted with 3:1
overall volume reduction.

Compacted with 3:1
overall volume reduction.

Compacted with 3:1
overall volume reduction.

Compacted with 3:1
overall volume reduction.

Nozzles, spacers, etc., from
fuel rod packaging operations.

SAND box 173 x 137 x 98
68 x 54 x 38.5

Canister 61 OD x 300
24 00 x 118.1

116 -0 <10 -0

83 -O >200 -0

8WR - Boiling water reactor.
CHLW - Comeercial high-level waste.
DHLV - Defense high-level waste.
DwPr - Defense Waste Processing Facility (Savannah River).
hOX - Mixed uranium and plutonium oxide.

OD - Outside diameter.
PWR - Pressurized Water Reactor
TBD - To be determined.
TRU - Transuranic waste.
WVHLW - West Valley high-level waste.



choosing one or two other standard lengths for more efficient packaging of

the shorter fuel rods. Loaded with 10-year-old spent fuel, the PWR canister'-

has a 'thermal power of 3,050 W,.' and the 'BWR canister has a thermal power

of 3,000 W.

Since the fuel rods will be packaged at the repository, the incidence of

canister damage is likely to be lower than for waste packages shipped from

other locations. For- that' reason, there is no provision for overpacking

spent fuel -canisters; if a canister is 'damaged, it will be returned to the

receiving facility where the fuel rods will be repackaged. For all other

waste types, damaged containers will be overpacked prior to' disposal; handl-

ing equipment and transfer casks, therefore, will have to be designed for

oversized waste packages.

A significant amount of 'hardware waste, such as nozzles and spacers,

will be generated in the fuel rod consolidation operation. This is discussed

in Subsection 2.7 below.

2.2 Commercial High-Level Waste

The waste form for commerical high-level''waste' (CHLW) consists of acti-

nide and fission product 'oxides,' 30 weight percent, immobilized in

borosilicate glass, 70 weight'percent. ' Canister diameter is determined by

the thermal properties of the waste package and its geologic surroundings,

and' by the devitrification 'temperature of the glass (about 500'C). The

reference canister Is nominally 32 cm in 'outside 'diameter' (actually 12.75

inches or the outside diameter of -standard'12-inch pipe), and is 300 cm long

(Gregg and O'Neal', 1983). 'It contains the waste 'produced' in reprocessing

2.28 MTU of spent fuel. Loaded 'with 10-year-old wa'ste, it t has a thermal
power; of -between 1,844 and 2,244 W depending on the relative amounts of

PWR and BWR fuel in the feed stock.

CHLW will be received at the repository at the rate'of 1,500 MTU/year

(660 canisters annually). This corresponds to the yearly output from a

single reprocessing plant the` size' of the Barn'well Nuclear Fuel" Plant

(BNFP). ' '
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The repository will also accommodate some of the secondary wastes,

cladding hulls and TRU waste, produced during the operation of the

reprocessing plant. These are discussed in Subsections 2.5 and 2.6 below.

2.3 Defense High-Level Waste

The reference defense high-level waste (DHLW) is that which will be
produced in the proposed Savannah River Defense Waste Processing Facility
(DWPF). It is anticipated that both Hanford and Idaho National Engineering

Laboratory (INEL) will produce a colder, a lower thermal power density,
high-level waste product whose physical and chemical characteristics may be
considerably different from those of the DWPF waste.

As in the case of commercial high-level waste, the reference waste form
is actinide and fission product oxides immobilized in borosilicate glass; the

waste loading is 28 weight percent. The thermal power density of the
Savannah River waste is substantially lower than that of the reference
commercial high-level waste, and the DWPF canister diameter is

correspondingly larger, nominally 61 cm in outside diameter (actually 24

inches or the outside diameter of standard 24-in pipe). The canister length

is 300 cm, and the thermal power of the reference canister is 470 W. A total
of about 6,720 reference canisters of DWPF DHLW will be produced; these

will be delivered to the repository at the rate of 500/year.

Consideration is being given to increasing the waste loading in the

DWPF glass before the scheduled plant startup in 1989. This would result in
a proportionate decrease in the total number of canisters. It is assumed,

however, that the receival rate will remain constant at 500 canisters/year

(Baxter, 1983). Whatever the total number of canisters, the entire

Savannah River inventory of DHLW will be exhausted midway through the
lifetime of the repository.

2.4 West Valley High-Level Waste

Final decisions or commitments have not yet been made regarding the

processing and packaging of West Valley high-level waste (WVHLW), but it is
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assumed that both the waste form and canister will be similar to those

proposed for DWPF DHLW. The West Valley waste will be somewhat colder

than the Savannah River waste; a reasonable estimate is that the thermal

power of a reference canister of WVHLW will not exceed 300 W. About 300

canisters will accommodate all the West Valley waste. No delivery schedule

has been formulated, but shipments will probably be coordinated with ship-

ments of Savannah River DHLW so that the throughput capacity of the

repository receiving facility is not exceeded.

2.5 Cladding Waste

The reference cladding waste package is different in two significant

ways from one being considered by the Office of Nuclear Waste Isolation

(ONWI) for the salt repository program: (1) for the Yucca Mountain

repository, a 61-cm (outside diameter) by 300-cm (long) canister, similar to

the DWPF DHLW canister, replaces the Allied-General Nuclear Services

(AGNS) 600-gallon drum, and (2) it is assumed that the cladding hulls are

compacted with a 2:1 volume reduction ratio, whereas the ONWI

characterization assumes no compaction.

The change in canister size was made because the AGNS 600-gallon

drum is probably not transportable in a legal-weight truck cask, it was not

designed to survive an accidental drop that could occur during repository

handling operations, and its unique size is incompatible with other repository

handling equipment. Hull compaction is easily accomplished and is likely to

be cost-effective because of the smaller number of canisters to be shipped to

and emplaced in the repository. AGNS confirms that the assumed 2:1 volume

reduction ratio is achievable in practice and, in fact, may be overly

conservative.

Rockwell Hanford Operations has under development a canister for

defense remote-handled TRU waste. Its dimensions were chosen for

compatibility with the shipping cask and handling equipment for DWPF DHLW.

It is assumed here that the same canister is usable for cladding waste and

for the more radioactive commercial TRU waste. Calculations based on AGNS

data indicate that this canister will accommodate the cladding waste from
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3.1 MTU of reprocessed fuel and that it will have a thermal power of about
68 W. With a reprocessing waste receival rate of 1,500 MTU/year, the

canisters will be received at the rate of 484/year.

2.6 Transuranic Waste

Transuranic (TRU) waste is derived from two sources, spent fuel
reprocessing and mixed-oxide (MOX) fuel fabrication. The following
characterization of TRU waste from reprocessing is based on AGNS data
(Darr, 1983). The June 1983 draft of the DOE Mined Geologic Disposal
System (MGDS) planning base document provides the basis for characterizing

TRU waste from MOX fuel fabrication (DOE, 1983).

AGNS estimates TRU waste volumes and surface dose rate distributions
for six scenarios covering fuel burnup values from 25,200 to 32,000

MWd/MTU and cooling times from 180 days to 50 years. Case IV, based on
an average burnup of 28,500 MWd/MTU and a cooling time of 9 years, most

accurately describes the TRU waste from reprocessing that would be received
at a Yucca Mountain repository.

In accordance with an AGNS recommendation, it is assumed that all
compactible TRU waste is compacted at the waste generating site with a
volume reduction ratio of 4:1. For TRU waste from reprocessing, this

results in an overall volume reduction ratio of about 3:1. It is assumed,

arbitrarily, that the same overall volume reduction is attainable for TRU

waste from MOX fuel fabrication. Incineration is not considered because of
relative cost and because it produces almost no overall volume reduction due
to the anticipated need to immobilize incinerator ash, and because of the

secondary wastes produced in off-gas treatment.

AGNS data show that commercial TRU waste from reprocessing is
relatively more radioactive than defense TRU waste. Regardless of the

treatment option, only about 30 volume percent of the waste exhibits a

surface dose rate less than 200 mrem/hour. One-half to two-thirds of the

waste, depending on the treatment option, has a dose rate greater than

10,000 mrem/hour. By contrast, TRU waste from MOX fuel fabrication is
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relatively "cold," having a surface dose rate less than 10 mrem/hour when

uncompacted. Even with an assumed volume reduction ratio of 3:1, however,

the volume of MOX 'TRU waste is four times as great as the volume of

under-200-mrem/hour TRU waste from reprocessing. This suggests that the

terms "contact-handled" and "remote-handled" have no meaning for

commercial TRU waste. Virtually all TRU waste will be handled by remote or

semiremote methods to minimize the radiation exposure to workers from the

large volume of waste involved.

The practical distinction between low-activity and high-acitvity TRU

waste is in the packaging. It is assumed here that the under-200-mrem/hour

waste will be packaged in metal boxes and drums and shipped in

TRUPACT-like carriers, and that the over-200-mrem/hour waste will be

packaged in metal canisters and shipped in shielded casks. Specifically, it

is assumed that the under-200-mrem/ hour waste is divided evenly between

6-packed, 55-gallon drums and 173-cm x 137-cm x 98-cm SAND boxes, chosen

for efficient loading in a truck TRUPACT. Over-200-mrem/hour TRU waste

is assumed to be packaged in the 61-cm-diameter, 300-cm-long canister used

for cladding waste.

Calculations based on AGNS data indicate that under-200-mrem/hour

TRU waste from reprocessing will be received at the repository at the rate

of 114 m 3/year, and that over-200-mrem/hour TRU waste will be received at
the rate of 301 m 3/year. With the above assumptions for packaging, annual

receipts will total 49 6-packs, 29 SAND boxes, and 460 canisters.

About 457 m3, 194 6-packs and 116 SAND boxes, of low-activity

compacted TRU waste will be received each year from the reference MOX fuel

fabrication plant. Such a plant has a throughput of 400 MTHM/year. This

is the amount of uranium and plutonium recovered in a 1,500-MTU/year

reprocessing plant like BNFP.

2.7 Spent Fuel Hardware Waste

A surprisingly large amount of hardware waste will be produced in the

repository's spent fuel rod consolidation operation. It is estimated that
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about 37 kg of scrap metal (nozzles, spacers, etc.,) will be collected for
each PWR fuel assembly processed, and that about 16 kg will be collected for

each BWR assembly processed. The scrap is unlikely to contain as much as
100 nCi of transuranic radionuclides per gram of waste. It is, therefore,

not really TRU waste as defined by the Environmental Protection Agency
(EPA) standards (45 CFR 25, 1982). It will, nevertheless, be disposed of in

the underground TRU waste facility because the repository complex will not
include a surface burial area. Activation of the metal and crud accumulation

will undoubtedly necessitate handling by remote methods; it is assumed,

therefore, that the scrap will be packaged in the 61-cm-diameter,
300-cm-long canisters used for cladding waste and high-activity TRU waste.

In estimating hardware waste volumes, it was assumed that the thin

Zircaloy scrap can be compacted and packaged at 50 percent of theoretical
density, and that the nozzles and spacers can be packaged at 25 percent of
theoretical density. Based on these assumptions, a PWR fuel assembly
produces about 0.016 m 3 of hardware waste, and a BWR assembly produces

about 0.007 m3 . For the spent fuel receival rates cited in Subsection 2.1,
51 canisters of PWR scrap and 32 canisters of BWR scrap will be generated
during each year of repository operation.

2-8



3.0 WASTE TRANSPORTATION PACKAGING
AND FACILITY CASKS

3.1 Shipping and High-Level Waste Casks

This section describes the reference shipping packaging for transport

of SFAs, CHLW, and DHLW. These descriptions include the casks used for

transport of these waste forms by legal-weight truck (LWT) mode and by rail

mode. The material in this section has been extracted from "Reference Cask

Conceptual Description" and is included here for completeness (GA, 1983).

3.1.1 Shielding Considerations

Packaging is required to provide sufficient shielding to ensure that the

maximum dose rate at a distance of 6 ft from the outer surface of the

package does not exceed 10 mrem/hr. The casks described in this report

provide an additional 50% margin above the requirement cited (i.e., the dose

rate is limited to 6.7 mrem/hr at the 6-ft distance). The dose rates at the

surfaces 'of the casks described are less than 200 mrem/hr. As an aid in

handling the shipping casks, the dose rate at the top surface of the inner

closure heads is further limited to a maximum of 50 mremfhr.

Neutron shielding is estimated to be required on the casks designed'to
transport CHLW canisters and perhaps spent fuel. In these cases, a blanket

of Boro-Silicone is incorporated in the packaging design to provide the

necessary neutron shielding.

3.1.2 Spent Fuel Casks

3.1.2.1 LWT Cask for Spent'Fuel Assemblies

The stainless steel LWT cask can accommodate either one PWR SFA or

two BWR SFAs 10 years out-of-reactor. The cask is cylindrical and includes

an outer blanket of Boro-Siliconie''for neutron shielding.' The bottom head is

an integral part of the cask. 'The closure' heads are stainless steel and are
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secured to the cask with bolts. An impact limiter is mounted between the

waste package and the inner closure head.

This cask provides single containment and double closure for all

packages transported. Detailed specifications of the cask in the PWR SFA

mode are given in Table 3-1A. Detailed specifications of the cask in the

BWR SFA mode are given in Table 3-1B. Figure 3-1 is an illustration of a

cask that accommodates either PWR or BWR fuel.

3.1.2.2 Rail Cask for Spent Fuel Assemblies

The stainless steel rail cask can accommodate PWR or BWR SFAs. Neu-

tron shielding is provided by a blanket of Boro-Silicone attached to the

outside of the cask. An aluminum basket is used to support the waste

packages during transport and to aid in the transfer of heat from the

packages to the cask wall.

This cask accommodates 12 PWR SFAs or 32 BWR SFAs. The details of

the PWR application are given in Table 3-2A and the BWR application details

are given in Table 3-2B. An illustration of a rail cask that applies to either

application is shown in Figures 3-2A and 3-2B.

3.1.3 Commercial High-Level Waste Cask

3.1.3.1 LWT Cask for CHLW

The stainless steel LWT cask can accommodate one Pacific Northwest

Laboratories (PNL) canister (Slate, 1981). The PNL canister is enclosed in

an inner stainless steel container having a lower head that is integral with

the walls and an upper head that is bolted to the body of the containers.

The LWT cask provides double containment for the PNL canister.

Neutron shielding is provided by a blanket of Boro-Silicone installed

between the inner container and the basic shipping cask. The upper disk of

Boro-Silicone also serves as an impact limiter along with a stainless

steel/wood composite assembly installed immediately above the inner
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TABLE 3-1A

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
PWR SPENT FUEL ASSEMBLIES - TRUCK

CASK

Dimensions
Overall

OD
Length

Cavity
ID
Length

102.1 cm (40.2 in.)
562.6 cm (221.5 in.)

31.8 (12.5 in.)
449.6 cm (177.0 in.)

[1]
[1]

[2]
[2]

Weight
Empty
Full

21 274 kg (46 900 lb)
21 954 kg (48 400 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron
Thickness

Capacity

Maximum Allowable Temperature

[21

[3,4]
[3]
[3]

Stainless Steel
26.9 cm (10.6 in.)
24.4 cm (9.6 in.)
24.4 cm (9.6 in.)
Boro-Silicone
10.2 cm (4.0 in.)

1 PWR SFA

2500C [51

WASTE CONTAINER

Dimensions
Width x Height
Length

21.4 x 21.4 cm (8.43 x 8.43 in.)
406.4 cm (160.0 in.)

Weight 657.7 kg (1450 lb)

GROSS VEHICLE WEIGHT 36 288 kg (80 000 lb) [6]

NOTES: [1]
[2]
[3]
[4]
[5]
[6]

Includes 10.2-cm blanket of Boro-Silicone.
Includes inner shielding liner.
Equivalent inches of steel.
Top of inner closure.
Fuel cladding temperature.
Includes tractor, trailer, and tie-downs.
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TABLE 3-1B

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
BWR SPENT FUEL ASSEMBLIES - TRUCK

CASK

Dimensions
Overall

OD
Length

Cavity
ID
Length

102.1 cm (40.2 in.)
562.6 cm (221.5 in.)

31.8 cm (12.5 in.)
449.6 cm (177.0 in.)

Weight
Empty
Full

21 274 kg (46 900 lb)
21 909 kg (48 300 lb)

11]
[1]

(2]
[2]

[2]

13,4]
[3]
[3]

Shielding
Gamma

Top
Sides
Bottom

Neutron
Thickness

Stainless Steel
26.9 cm (10.6 in.)
24.4 cm (9.6 in.)
24.4 cm (9.6 in.)
Boro- Silicone
10.2 cm (4.0 in.)

Capacity

Maximum Allowable Temperature

2 BWR SFAs

2500C [5]

WASTE CONTAINER

Dimensions
Width x Height
Length

13.9 X 13.9 cm (5.47 x 5.47 in.)
447 cm (176.0 in.)

Weight 319.8 kg (705 lb)

GROSS VEHICLE WEIGHT 36 288 kg (80 000 lb) [6]

NOTES: [1]
[2]
[3]
[4]
[5]
[6]

Includes 10.2-cm blanket of Boro-Silicone.
Includes inner shielding liner.
Equivalent inches of steel.
Top of inner closure.
Fuel cladding temperature.
Includes tractor, trailer, and tie-downs.
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Figure 3-1. PWR or BWR SFA LWT Cask
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TABLE 3-2A

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
PWR SPENT FUEL ASSEMBLIES - RAIL

CASK

Dimensions
Overall

OD
Length

Cavity
ID

- Length

191.8 cm (75.5 in.)
562.6 cm (221.5 in.) [1]

120.7 cm (47.5 in.)
449.6 cm (177.0 in.)

Weight
Empty
Full

66 498 kg (146 600 lb)
74 390 kg (164 000 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron
Thickness

Capacity

Maximum Allowable Temperature

Stainless Steel
26.7 cm (10.5 in.)
25.4 cm (10.0 in.)
25.4 cm (10.0 in.)
Boro-Silicone
10.2 cm (4.0 in.)

12 PWR SFAs

2500C

[1,2]
[2]
[2]

[3]

WASTE CONTAINER

Dimensions
Width x Height
Length

21.4 x 21.4 cm (8.43 x 8.43 in.)
406.4 cm (160.0 in.)

Weight 657.7 kg (1450 lb)

GROSS VEHICLE WEIGHT 119 297 kg (263 000 lb) [4]

NOTES: [1]
[2]
[3]
[4]

Top of inner closure.
Equivalent inches of steel.
Fuel cladding temperature.
Includes rail car and tie-downs.
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TABLE 3-2B

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
BWR SPENT FUEL ASSEMBLIES - RAIL

CASK

Dimensions
Overall

OD
Length

Cavity
ID
Length

191.8 cm (75.5 In.)
562.6 cm (221.5 in.)

120.7 cm (47.5 in.)
449.6 cm (177.0 in.)

Weight
Empty
Full

65 681 kg (144 800 lb)
75 933 kg (167 400 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron
Thickness

Capacity

Maximum Allowable Temperature

Stainless Steel
26.7 cm (10.5 in.)
25.4 cm (10.0 in.)
25.4 cm (10.0 in.)
Boro- Silicone
10.2 cm (4.0 in.)

32 BWR SFAs

2500C

[1,2]
[21
[2]

[31

WASTE CONTAINER

Dimensions
Width x Height
Length

13.9 x 13.9 cm (5.47 x 5.47 in.)
447 cm (176.0 in.)

Weight 319.8 kg (705 lb)

GROSS VEHICLE WEIGHT 119 297 kg (263 000 lb) [4]

NOTES: [1]
[2]
[3]
[41

Top of inner closure.
Equivalent inches of steel.
Fuel cladding temperature.
Includes rail car and tie-downs.
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Figure 3-2B. PWR or BWR SFA Rail Cask (concluded)
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container. More details of this cask are provided in Table 3-3; an

illustration is given in Figure 3-3.

3.1.3.2 Rail Cask for CHLW

The stainless steel rail cask is designed to carry 12 CHLW (PNL)

canisters that contain waste that is 10 years out-of-reactor. The impact

limiter is a stainless steel/wood composite structure that also provides

additional gamma shielding at the upper portion of the cask cavity. Neutron

shielding is provided by a blanket of Boro-Silicone that surrounds the

outside steel surfaces of the cask. Details of this cask are given in

Table 3-4 with an illustration of the cask shown in Figure 3-4.

3.1.4 Defense High-Level Waste Cask

3.1.4.1 LWT Cask for DHLW

The stainless steel LWT cask provides double containment for the

canister. The cask is cylindrical, and the bottom head is an integral part of
the cask. The closure heads are stainless steel and are secured to the cask

body by bolts. An internal impact limiter is placed between the waste

package and the inner closure head. Additional gamma shielding is provided

by cylindrical stainless steel shells installed between the waste package and

the cask wall and by stainless steel disks installed above and below the

waste package. Details of this cask are provided in Table 3-5 with an

illustration, Figure 3-5.

3.1.4.2 Rail Cask for DHLW

The stainless steel rail cask is designed to accommodate a varying num-

ber of DHLW canisters, depending on the age of the waste. The version

described in Table 3-6 and illustrated in Figures 3-6A and 3-6B

accommodates 5 canisters of waste. The outer rim of the internal aluminum

support basket provides the additional gamma shielding required for this

application. This cask can accommodate up to 8 DHLW canisters if the waste

only requires the shielding provided by the cask wall. The bottom head is
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TABLE 3-3

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
COMMERCIAL HIGH-LEVEL WASTE - TRUCK

CASK

Dimensions
Overall

OD
Length

Cavity
ID
Length

115.6 cm (45.5 in.)
426.7 cm (168.0 in.)

33.5 cm (13.2 in.)
307.3 cm (121.0 in.)

[1]
[ll

Weight
Empty
Full

21 455 kg (47 300 lb)
22 317 kg (49 200 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron
Thickness

Capacity

Maximum Allowable Temperature

[l]

[2,3]
[2]
[2]

Stainless Steel
27.7 cm (10.9 in.)
26.7 cm (10.5 in.)
27.7 cm (10.5 in.)
Boro-Silicone
10.2 cm (4.0 in.)

1 canister

5000 C [4]

WASTE CONTAINER*

Dimensions
OD
Length

32.5 cm (12.8 in.)
304.8 cm (120.0 in.)

853 kg (1880 lb)Weight

GROSS VEHICLE WEIGHT 36 288 kg (80 000 lb) [5]

NOTES: [1] Includes inner shielding liner.
[2] Equivalent inches of steel.
[3] Top of inner closure.
[4] Glass centerline temperature.
[5] Includes tractor, trailer, and tie-downs.

* The waste container weight and dimensions listed in this table differ
slightly from those stated in Section 2. For conceptual design purposes,
the waste container information in Section 2 should be used.

3-11



- IMPACT LIMITER
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Figure 3-3. CHLW (PNL) LWT Cask
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TABLE 3-4

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
COMMERCIAL HIGH-LEVEL WASTE - RAIL

CASK

Dimensions
Overall

OD
Length

Cavity
ID
Length

218.7 cm (86.1 in.)
424.9 cm- (167.3 in.)

142.5 cm (56.1 in.)
307.3 cm (121.0 in.)

Weight
Empty
Full

65 591 kg (144 600 lb)
75 842 kg (167 200 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron
Thickness

Stainless Steel
28.7 cm (11.3 in.)
27.9 cm (11.0 in.)
27.9 cm (11.0 in.)
Boro-Silicone
10.2 cm (4.0 in.)

[1,2]
[1]
[1]

Capacity

Maximum Allowable Temperature

12 canisters

5000C [3]

WASTE CONTAINER*

Dimensions
OD
Length

Weight

32.5 cm (12.8 in.)
304.8 cm (120.0 in.)

10 233 kg (22 600 -lb)

GROSS VEHICLE WEIGHT 119 297 kg (263 000 lb) [4]

NOTES: [1] Equivalent inches of steel.
[2] Top of inner closure.
[3] Glass centerline temperature. -_
[4] Includes rail car and tie-downs.

* The waste container weight and dimensions listed in this table differ
slightly from those stated in Section 2. For conceptual design purposes,
the waste container information in Section 2 should be used.
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Figure 3-4A. CHLW (PNL) Rail Cask
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Figure 3-48. CHLW (PNL) Rail Cask (concluded)
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TABLE 3-5

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
DEFENSE HIGH-LEVEL WASTE - TRUCK

CASK

Dimensions
Overall

OD
Length

Cavity
ID
Length

115.6 cm (45.5 in.)
426.7 cm (168.0 in.)

62.0 cm (24.4 in.)
302.3 cm (119.0 in.)

[I]
[1]

Weight
Empty
Full

20 412 kg (45 000 lb) [1]
22 589 kg (49 800 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron

Stainless Steel
23.4 cm (9.2 in.)
22.4 cm (8.8 in.)
22.4 cm (8.8 in.)
N/A

[2,3]
[2]
[21

Capacity

Maximum Allowable Temperature

1 canister

5000C [4]

WASTE CONTAINER*

Dimensions
OD
Length

61 cm (24.0 in.)
300 cm (118.1 in.)

Weight 2155 kg (4750 lb)

GROSS VEHICLE WEIGHT 36 288 kg (80 000 lb) [5]

NOTES: [1] Includes inner shield liner.
[21 Equivalent inches of steel.
[3] Top of inner closure.
[4] Glass centerline temperature.
[5] Includes tractor, trailer, and tie-downs.
N/A - Not applicable.

* The waste container weight and dimensions listed in this table differ
slightly from those stated in Section 2. For conceptual design purposes
the waste container information in Section 2 should be used.
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Figure 3-5. DHLW LWT Cask
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TABLE 3-6

TRANSPORTATION SYSTEM CHARACTERISTICS FOR
DEFENSE HIGH-LEVEL WASTE - RAIL

CASK

Dimensions
Overall

OD
Length

Cavity
ID
Length

267.7 cm (105.4 in.)
393.2 cm (154.8 in.)

232.2 cm (91.4 in.)
302.3 cm (119.0 in.)

Weight
Empty
Full

73 937 kg (163 000 lb)
84 823 kg (187 000 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron

Stainless
25.4 cm
24.6 cm
24.6 cm
N/A

Steel/Aluminum
(10.0 in.)
(9.7 in.)
(9.7 in.)

[1,2]
[1]
[1]

Capacity

Maximum Allowable Temperature

5 canisters

5000C [3]

WASTE CONTAINER*

Dimensions
OD
Length

61 cm (24.0 in.)
300 cm (118.1 in.)

Weight 2 155 kg (4 750 lb)

GROSS VEHICLE WEIGHT 119 297 kg (263 000 lb) [4]

NOTES: [1]
[21
[3]
[4]

Equivalent inches of steel.
Top of inner closure.
Glass centerline temperature.
Includes rail car and tie-downs.

* The waste container weight;
slightly from those stated in
the waste container information

and dimensions listed in this table differ
Section 2. For conceptual design purposes
in Section 2 should be used.
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Figure 3-6B. DHLW Rail Cask (concluded)
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an integral part of the cask. The closure heads are stainless steel and are

secured to the cask body by bolts.

In addition to the shielding provided by the cask heads and wall, the

outer rim of the internal support basket serves as gamma shielding in the

radial direction. The lower portion of the internal impact limiter serves the

dual functions of supplying additional shielding in the axial direction and

spreading the concentrated loads during impact. Additional gamma shielding

at the bottom of the cask is provided by a stainless steel disk at the bottom

of the cavity.

3.1.5 West Valley High-Level Waste Cask

The waste package for WVHLW is assumed to be identical to the DHLW

package. Thus, the LWT and the rail casks described in Subsection 3.1.4.1

can also be used for transport of the WVHLW.

3.2 Transuranic Waste Cask

3.2.1 Transuranic Waste - Surface Dose Rate Greater Than 200 mrem/hr

This canistered TRU waste is assumed to be shipped in the DHLW LWT

cask or in the DHLW rail cask described in Subsection 3.1.4.2. It is

expected that the rail cask will have a capacity of eight TRU waste

canisters.

3.2.2 Transuranic Waste - Surface Dose Rate Less Than 200 mrem/hr

The reference system for shipping low activity TRU waste packages is

the TRUPACT (TRansUranic PACkage Transporter) which is currently being

developed by Sandia National Laboratories, Transportation Technology Center

(SNL/TTC) for DOE. The TRUPACT is essentially a "box within a box."

Structural foam separates the inner container from the outer protective

structure. TRUPACT protection includes Kevlar composite puncture panels

laminated with stainless, steel to protect the contents against puncture

damage and insulation to protect against fires. The details of the size and
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weight of the TRUPACT are given in Table 3-7. When the TRUPACT is

transported in the LWT mode, a single TRUPACT is shipped per flatbed

truck trailer. For rail mode transport, two TRUPACTS of the same design

can be shipped per rail car. A schematic of the TRUPACT is shown in

Figure 3-7, and a cutaway of a loaded configuration is shown in Figure 3-8.

Depending on the weight of the waste packages, a single TRUPACT has

a maximum capacity of 36 standard 55-gal drums or 6 SAND boxes. The

TRUPACT is capable of transporting a variety of waste packages; however,

the total weight transported is limited to 8300 kg (18 300 lb) per TRUPACT.

3.3 Facility Casks

3.3.1 Spent Fuel and High-Level Waste

A facility cask similar to that described in this section will be used for

surface-to-underground transfer of waste packages. The information in this

section has been extracted from "Conceptual Engineering Studies and Design

for Three Different Machines for Nuclear Waste Transporting, Emplacement,

and Retrieval," (Fisk, 1983). Three different types of facility casks will be

utilized. They are the

* CHLW cask,

* PWR and BWR consolidated spent fuel cask, and

* DHLW cask.

All three designs are based on the following assumptions:

* the total surface dose (combined gamma and neutron) must be less

than 50 mrem/hr,

* a 7.6-cm (3-in.) annulus surrounds each canister, and

* the axial clearance between canister and shielding is 7.6 cm

(3 in.) at each end.

Table 3-8 contains data on sizes and weights of the proposed facility

casks. The variation in the weight of the cask is only 5%, which allows the
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TABLE 3-7

TRANSPORTATION SYSTEM CHARACTERISTICS
FOR TRU WASTE LESS THAN 200 MREM/HR,

THE TRUPACT CONTAINER - TRUCK OR RAIL

TRUPACT - II]

Dimensions
Overall

Width x
Length

Cavity
Width x
Length

Height 244 x 274 cm (96.0 x 108.0 in.)
762 cm (300.0 in.)

Height 188 x 208 cm (74.0
584 cm (230.0 in.)

x 82.0 in.) [2]

Weight
Empty
Full

14 379 kg (31 700 lb)
22 680 kg (50 000 lb)

Shielding
Gamma

Top
Sides
Bottom

Neutron
Capacity

N/A
6 [3]

Maximum Allowable Temperature

WASTE CONTAINER

Dimensions
Width x Height
Length

125 x 90 cm (49.3
188 cm (73.9 in.)

x 35.5 in.) [4]
[4]

Weight 3900 kg (8600 lb) [5]

GROSS VEHICLE WEIGHT 36 288 kg (80 000 lb) [4]

NOTES: [1] A maximum of two TRUPACTS may be loaded per rail car.
[2] Allows 4 in. for roller floor.
[3] If weight allows, a total of 6 "six packs" or 6 SAND boxes

can be accommodated.
[4] 'Dimensions for a package of six waste drums.
[5] Maximum weight.
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TABLE 3-8

FACILITY CASK SIZES AND WEIGHTS -
PRELIMINARY CONCEPTS

Diameter Length Weight
Type of Waste cm (in.) cm (in.) kg (lb)

Spent Fuel (BWR, PWR) 104 (41) 498 (196) 25,946 (57,200)

CHLW 114 (45) 439 (173) 27,534 (60,700)

DHLW 132 (52) 439 (173) 26,626 (58,700)

use of a common transport vehicle for all three designs. The cask design
includes mechanisms for door removal and canister translation.

Each cask is a cylindrical container with a 26-cm (10.25-in.) wall

consisting of 5 concentric layers. The materials, starting from the inside,
are 2 cm (0.75 in.) of steel, 15.2 cm (6 in.) of lead, 2.5 cm (1 in.) of

steel, 3.8 cm (1.5 in.) of polyethylene, and 2.5 cm (1 in.) of steel. The
opening and closing of the cask are accomplished by using a remotely
controlled screw-drive system (power screws). In addition to the power

screws, two manually operated latches are used to hold the lid in place.

Preliminary concepts are shown in Figure 3-9.

During emplacement, the lid is removed by two power screws driven by
motors. During removal, the lid rests on rollers that are an integral part of

the cask structure. The power screws are not anchored to the lid but
transmit the axial force by means of a tongue-and-groove joint. This type

of connection allows lifting the cask lid off after it reaches the shield door.

After canister transfer has been completed, the shield door and the cask lid

are lowered, the lid tongues mate with the screw grooves, and the power
screws return the lid to the closed position.

3.3.2 Transuranic Waste-Surface Dose Rate Greater Than 200 mrem/hr

This canistered TRU waste is assumed to be transferred from the

surface to the underground emplacement area in a DHLW facility cask.
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4.0 RECEIVING OPERATIONS

4.1 Spent Fuel

Spent fuel received at the repository is assumed to be 10 years (or

more) out-of-reactor. It is also assumed that wet loading of spent fuel

assemblies will be employed by the shippers (at reactor sites) but that the

shipments will be dry and that surface temperatures of the transportation

packages will meet Nuclear Regulatory Commission/Department of Transporta-

tion (NRC/DOT) transportation requirements without forced cooling. All

repository procedures for handling spent fuel are based on dry handling

without special provisions for forced cooling. The spent fuel receiving

operations are described below.

1. The carrier arrives at the gate. Repository receiving personnel

inspect the shipping papers, take the shipper's report, check the

identification of the transported package, and perform cursory

inspection for evidence of physical damage to the security seals or

peripheral equipment. A survey for penetrating radiation is

remotely performed and is compared with the values on the shipping

papers and with DOT limits.

2. After the shipment is accepted, the carrier is moved to the desig-
nated parking location, and the commercial operator leaves the

repository with the rail engine or truck tractor. If the inspection

revealed anything unusual, the shipment is moved to the suspect

parking area. Suspect shipments are dealt with on a case-by-case

basis.

3. As directed by the waste receival officer, carriers are moved from

their parking locations to the first receiving station where a series

of high pressure steam jets is used to remove road dirt, ice, snow,

and other material, as needed. Liquid waste generated as a result

of this process is collected in a holding tank, sampled for radioacti-

vity, and treated as necessary. The solid waste (mud and road

dirt) is collected in containers, sampled, and treated as necessary.
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4. If washdown is necessary, the carrier is dried by hot air blowers

at the washdown station. It is then moved to the next station for

detailed inspection. Personnel barriers, outer shields, or any other

protective covers are removed or pulled back from the cask to

provide full access to the cask, transporter cradles, and tie-downs.

A radiological survey is performed to determine levels of

penetrating radiation and to check for levels of smearable surface

contamination. The cask and carrier are inspected for mechanical

damage.

5. The cask tie-downs are released, the lifting yoke on the overhead
crane is attached to the cask, and the cask is brought to a vertical

position and lifted from the carrier. If the radiological survey

indicates a need for decontamination (decon), the cask is moved to
the decon station for cleaning. The cleaned cask is then placed on

a transfer cart and moved into the preparation area. If decon is

not required, the cask is placed on a transfer cart and moved

directly into the preparation area.

6. After the cask is unloaded, the carrier and peripheral equipment

remaining in this area are moved to a holding area and

decontaminated if necessary. The carrier is inspected to assure

that it meets DOT, NRC, DOE, and any other pertinent regulations.

7. In the preparation area, the cask is connected to the gas-sampling

system to determine whether failed fuel is present within the cask.

The first sample is taken to measure the volatile fission products in

the cavity between the inner lid and the outer lid:

* If the gas sample shows an acceptably low level of activity,

the normal lid removal sequence continues.

* If the gas sample shows an unacceptable level of activity,

appropriate procedures for collecting fission gases are

initiated. The cask is identified as containing potentially

failed fuel, and appropriate outer lid removal procedures are

followed.
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8. Under normal conditions, the outer cask lid is removed, the lid and
bolts are inspected, and any necessary decon and/or repair is
scheduled. The gas in the main cask cavity is sampled in the same
manner as described above. Appropriate procedures for collecting
fission gases are again initiated if necessary.

9. Under normal conditions, the inner lid bolts are loosened, a
cask-to-hot-cell adapter is attached, and the cask is moved into the
hot cell unloading airlock.

10. The cask is positioned at the hot cell unloading port and is mated
to the port. The port is opened from within the hot cell, and the
inner lid is removed. The seal surface on the cask lid is
inspected, and its condition is noted. Individual fuel assemblies
are removed from the cask and placed in interim storage racks.
After all fuel assemblies are removed, the seal surface on the cask
body is cleaned, inspected, and its condition is noted.

11. The inner lid is replaced, the port is closed, and the cask is
removed from the port. The adapter is removed, and the cask is
moved to the cask return area.

12. The cask is cleaned and decontaminated as necessary. If seal
repair or replacement is required as the result of, inspection in
Step 10 above, it is done at this time. The inner and outer lids
are installed, closure bolts are torqued in the proper sequence, and
the assembled cask is released.

13. The carrier is repositioned in the cask return (loading) station to
accept the empty cask.

14. The decontaminated cask, with lids bolted in place, is reloaded onto
the carrier, and the tie-downs are secured. The personnel barrier
and other shields are reinstalled but left retracted, and the total
carrier unit is moved from the cask loading station to the inspection
area.
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15. Final radiation checks and inspections are made, the personnel

barrier is closed, and the unit is certified for shipping.

4.2 High-Level Waste

The receiving operations for HLW are essentially the same as are those

for spent fuel, Subsection 4.1.

4.3 Transuranic Waste - Surface Dose Rate Greater Than 200 mrem/hr

The receiving operations for canistered TRU waste are essentially the

same as those for spent fuel, Subsection 4.1.

4.4 Transuranic Waste - Surface Dose Rate Less Than 200 mrem/hr

It is assumed that half the TRU waste in this category will be packaged

in 55-gal drums banded into 6-packs and that the other half will be shipped

in SAND boxes. Both types of waste containers are assumed to be shipped

in the TRUPACT. The receiving procedures are:

1. The carrier arrives at the gate. Repository receiving personnel

inspect the shipping papers, take the shipper's report, check the

identification of the shipping TRUPACT, and perform cursory

inspection for evidence of physical damage to security seals or

peripheral equipment. A survey to detect penetrating radiation is

remotely performed and is compared with values on shipping

papers and with DOT limits.

2. After the shipment is accepted, the carrier is moved to the

designated parking location and the commerical operator leaves the

repository with the rail engine or truck tractor. If the inspection

revealed anything unusual, the shipment will be moved to the

suspect parking area. Suspect shipments will be dealt with on a

case-by-case basis.
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3. As directed by the waste receival officer, carriers are moved from

their parking location to the first receiving station where a series

of high pressure steam jets is used to remove road, dirt, ice,

snow, and other material, as needed. Liquid waste generated as a

result of this process is collected in a holding tank, sampled for

radioactivity, and treated as necessary. The solid waste (mud and

road dirt) is collected in containers, sampled, and treated as

necessary.

4. If washdown is necessary, the carrier is dried by hot air blowers

in the washdown station. It is then moved to the next

station for a detailed inspection. A radiological survey is

performed to determine levels of penetrating radiation and to check

for levels of smearable surface contamination. The carrier is

inspected to determine whether the TRUPACT or any of the

hardware has been damaged.

5. While the TRUPACT is still on the carrier, the cavity gas is

sampled for airborne contamination. If a sample shows

unacceptable levels of activity, the carrier and the TRUPACT are

moved to a suspect storage location, and special unloading

procedures are established on a case-by-case basis.

6. If the gas sample shows an acceptable level of activity, the normal

unloading sequence will continue.

7. The TRUPACT tiedowns are remotely released, and the TRUPACT

is placed on a facility pallet.

8. The TRUPACT is moved into the TRU container preparation area,

and the inner and outer doors are opened.

9. The drums or SAND boxes are removed from the TRUPACT and

surveyed for surface contamination and for penetrating radiation

levels.

4-5



10. The empty TRUPACT is moved forward into an inspection area

where it is decontaminated, as necessary, to meet DOT radiation

guidelines.

11. The empty, decontaminated TRUPACT, with doors bolted in place,

is reloaded onto the carrier, and the tie-downs are secured.

12. Final radiation checks and inspections are made, and the unit is

certified for shipping and moved to an outgoing parking area.
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5.0 SURFACE HANDLING AND PACKAGING OPERATIONS

5.1 Spent Fuel

It is assumed that the SFAs are in interim storage racks in the

unloading hot cell. The process described below for consolidation of spent

fuel is patterned after the work described in "Spent Fuel Disassembly and

Canning Program at the Barnwell Nuclear Fuel Plant" (Dabolt, 1981).

1. As directed by the hot cell officer, the SFAs are transferred from

the interim storage racks in the unloading hot cell to the feed end

of the fuel consolidation area.

2. An SFA is brought into the consolidation hot cell to the fuel holder

and is clamped in position, the end fitting is removed by cutting

through the control rod guide tubes, and the end fitting is

dropped into the waste chute.

3. With the ends of the fuel rods now exposed, a series of biters

grips all the fuel rods in one row, pulls these rods from the

structural hardware, and places them in a transfer trough.

Successive rows of fuel rods are pulled until the assembly has

been stripped of fuel rods. The assembly skeleton is cut into

sections and transferred to the waste chute.

4. The skeletons of the fuel assemblies are compacted and packaged

for disposal. This waste is handled in the same manner as the TRU

waste at the repository. TRU waste-handling procedures are

described in Volume II of this report.

5. The fuel rods are collected in a rod-loader trough, and the fuel

rods from several fuel assemblies are then placed in the disposal

package.
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6. Steps 2, 3, 4, and 5 are repeated until the disposal package has

been filled. According to current plans, the fuel rods from 6 PWR

assemblies or 18 BWR assemblies will be placed in a single disposal

package.

7. After a disposal package is filled, it is moved to the welding sta-

tion.

8. The top section (lid) of the disposal package is moved to the

welding station, and the mating surfaces on the disposal package

body and lid are cleaned and inspected.

9. The closure weld is made.

10. The final weld inspection is performed.

11. After the disposal package has met all acceptance requirements,

the package is transferred to the surface-surge storage facility.

12. If any acceptance requirements have not been met, the unit is

transferred to a repair line where an attempt is made to repair the

weld and to correct any other deficiencies. The disposal package

is reinspected, and, if accepted, transferred to the surface

surge-storage facility. If acceptance standards cannot be met, the

disposal package is opened, the fuel rods are transferred to a new

disposal package, and the fuel rods are again packaged as

described in steps 2 through 5. The scrap generated by these

operations is handled in the same manner as the fuel assembly

skeletons.

5.2 High-Level Waste

It is assumed that the HLW packages are in interim storage racks in the

unloading hot cell as described in Subsection 4.1. If any packages do not

meet the acceptance criteria, a separate set of procedures (similar to those

for packaging spent fuel rods) will be followed to overpack the damaged HLW

packages.

5-2



This section describes the routine handling of HLW canisters.

1. HLW packages are transferred from the unloading hot cell to the

HLW package inspection station.

2. If damaged or if required for other reasons, the packages are

overpacked; when the waste packages are acceptable for
emplacement, the packages are transferred to the surface
surge-storage facility.

5.3 Transuranic Waste - Surface Dose Rate Greater Than 200 mrem/hr

Surface handling and packaging operations are similar to those used for
HLW packages, Subsection 5.2.

5.4 Transuranic Waste - Surface Dose Rate Less Than 200 mrem/hr

1. If any drum or box shows an unacceptable level of surface con-
tamination, it is placed in an overpack, and the overpack is

sealed.

2. The clean drums or boxes and the overpacked drums or boxes are

placed on a conveyor that takes them into the surface
surge-storage warehouse.

3. In the warehouse, an aisle crane takes the drums or boxes from
the conveyor and stores them in cataloged cubicles.
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6.0 TRANSFER OF WASTE DISPOSAL PACKAGES
FROM SURFACE STORAGE AREA

TO THE DISPOSAL HORIZON

It is assumed that the waste disposal packages are in a surface surge-

storage facility awaiting transfer to the disposal horizon. Two options are

being developed for transferring the waste from surface storage to the

disposal horizon and then to the emplacement borehole: (1) use of a vertical

shaft and horizontal drift to reach the disposal horizon, and (2) use of a

ramp to reach the disposal horizon. Transfer operations and equipment for

SF, HLW, and canistered TRU wastes will be similar and, therefore, are not

discussed individually.

6.1 Shaft Access

1. A facility cask, mounted on a transfer cart, is mated to the exit

port on the surface surge-storage transfer cell. From inside the

hot cell, the port cover is removed and the facility cask is

opened.

2. On direction of the waste emplacement officer, a specific disposal

package is removed from storage and placed in the facility cask.

3. The facility cask is closed, and the hot cell port cover is

replaced. The facility cask is moved to the waste transfer shaft.

4. The hoist cage is brought to the surface level and the chairing

system* is engaged to support the cage. If the horizontal waste

emplacement method is selected, the facility cask is loaded with the

waste package in a horizontal position and the cask is then rotated

900 before it is placed on the hoist.

* Chairing is a term used by mining engineers to describe a process in
which all tension is relieved in the hoist cables, and the hoist cage is
supported by an auxiliary structure (chair). Chairing precludes the
vertical movement of the hoist cage during loading and unloading of heavy
objects.

6-1



5. The facility cask is moved into the hoist cage and secured.

6. The chairing is disengaged, and the facility cask is lowered to the

emplacement horizon.

7. At the emplacement horizon, the chairing system is engaged, and

the facility cask is removed from the hoist cage.

8. An empty facility cask on a transfer cart is moved into the hoist

cage, the chairing system is disengaged, and the hoist cage with

its payload is raised to the surface level.

9. The facility cask and transfer cart are moved to an underground

loading station. The cask is rotated 900 so that its principal axis

is horizontal.

10. A loading frame is attached to the facility cask. The cask is

raised and freed from the transfer cart. The transfer cart is

stored in a staging area to await return of an empty cask.

11. A transporter is positioned beneath the facility cask; the cask is

lowered and secured to the transporter. (Note: Umbilical cord

hookup to provide cask power and control signals is part of the

waste emplacement procedure.)

12. The transporter is released and proceeds to the emplacement bore-

hole.

6.2 Ramp Access

1. A transporter, with a shielded facility cask in place, is mated to

the exit port of the surface surge-storage hot cell. From inside

the hot cell, the port cover is removed and the facility cask is

opened.

2. On direction of the waste emplacement officer, a specific disposal

package is removed from storage and placed in the facility cask.
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3. The facility cask is closed, and the hot cell port cover is
replaced.

4. The transporter is released and is driven down the ramp to the
disposal horizon; it is then driven to the emplacement borehole.
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7.0 WASTE EMPLACEMENT

7.1 Spent Fuel and High-Level Waste

It is assumed that the following initial conditions exist in the waste
emplacement drift:

* All mining in this area has been completed. The emplacement drifts

are free of debris, and the drift floors are suitable for pedestrian

and vehicular traffic. The drift has been inspected by the mine-
safety engineer and approved for waste emplacement operations.

* The emplacement drifts are adequately ventilated, and all necessary

utilities are available at each waste emplacement location.

* The waste emplacement holes have been bored, lined (horizontal

boreholes only), and covered. In the case of the vertical bore-

holes, the covers have sufficient strength to support vehicular
traffic and to prevent damage to the borehole.

* Each borehole is prepared for the later installation of a shield door

and transporter docking/automatic alignment system. This proce-

dure includes preparing the drift wall or floor to accept the
hardware, finishing the surface of the recess so that the shield

door can be bolted in place without further surface preparation,
and installing the required fittings to allow the hardware to be
positioned and anchored in place at the borehole.

7.1.1 Vertical Boreholes

7.1.1.1 Preparations for Emplacement of Waste in Vertical Boreholes

The following operations must be completed at each vertical borehole

prior to the emplacement of a waste disposal package:
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1. The protective cover on the emplacement hole is removed.

2. The emplacement hole is inspected by a quality control inspector to

assure that it is free of debris and ready for waste emplacement.

3. The depth of the emplacement hole is measured, and the measure-

ment is compared with construction records by a quality control

inspector.

4. The emplacement hole is then certified as acceptable for waste

disposal by a quality control inspector. If the emplacement hole is

not acceptable, any deficiencies are corrected before installation of

the shield door. If the deficiencies cannot be corrected, the

borehole is abandoned.

5. The shield door is moved to the emplacement hole and positioned,

using the anchorage system already in place.

6. The shield door is bolted in place.

7. Door installation is certified by a radiation monitor.

8. The transporter positioning system is moved to the emplacement hole

and set in place.

9. The transporter positioning system is aligned and attached to the

previously installed anchor points.

10. Electric power is connected to the door drive system.

11. Proper functioning of the alignment system and shield door is

certified by a quality control inspector.

12. The waste emplacement officer is notified that the borehole is ready

to accept a waste package.
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7.1.1.2 Emplacement of Waste in Vertical Boreholes

The following procedures are used to emplace waste disposal packages in

vertical boreholes:

1. Carrying the waste package in the facility cask, the transporter is

driven to the emplacement hole.

2. The transporter is positioned over the borehole, and preparations

are made for unloading, including (1) raising and leveling the

transporter on jacks, (2) rotating the cask to a vertical position,

and (3) lowering the transporter until the cask mates with the

counterbore of the shield door.

3. The transporter's automatic control system is activated by making

the required electrical connection via the shield door umbilical cord.

At this time, all personnel move to the emplacement control station.

4. The cask closure and the shield door of the borehole are moved

horizontally until the cask-to-emplacement-hole passageway is

unrestricted.

5. Using the transporter hoist unit, the waste package is lowered until

it contacts the bottom of the hole. The grapple releases the waste
package and returns to the raised position.

6. The cask closure and the shield door are returned to a closed

position. The umbilical cord is manually disconnected from the

transporter.

7. The transporter is raised on its jack system, and the empty cask is

rotated to the horizontal position. The cask is secured, the

equipment is monitored, and the transporter is released.

8. The shielded concrete plug emplacement equipment is positioned

over the borehole. The shield door is opened, and a precast

concrete plug is lowered into the borehole.
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9. The shield door is closed, and the shielded concrete plug

emplacement equipment is monitored and removed.

10. The shield door is opened, the area is remotely monitored, and, if

acceptable conditions exist, a more thorough manual survey is

made. The hole closure is then certified by a radiation monitor.

If required, the closure is reworked until it is acceptable.

11. The transporter positioning system and the shield door are re-

moved and transferred to the next emplacement position.

12. The recess in the drift floor formerly occupied by the shield door

is filled to provide a level floor.

13. The emplacement area is monitored by a radiation monitor and is

reworked, if necessary, to meet applicable repository standards.

14. The waste emplacement officer is notified that the emplacement hole

has been closed and that the area is in compliance with applicable

repository standards.

7.1.1.3 Equipment Maintenance

1. If required, the shield door is transported to an underground

shop where it is reconditioned and readied for reuse.

2. If required, the transporter positioning system is transported to

an underground shop where it is reconditioned and readied for

reuse.

7.1.2 Horizontal Boreholes

7.1.2.1 Preparations for Emplacement of Waste in Horizontal Borehole

The following operations must be completed prior to the emplacement of

the waste disposal packages:
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1. The protective cover on the emplacement hole is removed.

2. The emplacement hole is inspected to assure that it is free of

debris and ready for waste emplacement.

3. The emplacement hole is then certified by a quality control inspec-

tor as acceptable for waste disposal. If the emplacement hole is

not acceptable, deficiencies are corrected before installation of the

shield door. If the deficiencies cannot be corrected, the borehole
is abandoned.

4. The shield door is moved to the emplacement hole and positioned,
using the anchorage system already in place.

5. The shield door is bolted in place. "

6. Door installation is certified by a radiation monitor.

7. The transporter docking/automatic alignment system is moved to
the emplacement hole.

8. The transporter docking/automatic alignment system is aligned and

attached to previously installed anchor points.

9. All utility connections are made.

10. Proper functioning of the alignment system and shield door is

certified by a quality control inspector.

11. The in-hole powered roller system is installed, and the utility

connections are made.

12. Proper operation of the in-hole powered roller system is certified

by a quality control inspector.
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13. The emplacement hardware is operated cold by the emplacement and

retrieval of a simulated high level waste package. Sufficient cold

runs are executed to ensure proper operation of all system

components.

14. The emplacement system is certified by a quality control inspector

as ready to accept high level waste.

15. The waste emplacement officer is notified that the borehole is

ready to accept waste packages.

7.1.2.2 Emplacement of Waste in Horizontal Boreholes

The following procedures will be used to emplace waste disposal
packages in horizontal boreholes:

1. Carrying the waste package in the facility cask, the transporter is
driven to the emplacement hole.

2. The transporter turns into the alcove opposite the emplacement

hole, backs up onto the docking platform, and engages with the

automatic alignment system. The driver leaves the transporter,

and the transporter is moved back by remote control until it is

mated with the emplacement door. The transporter's automatic

control system is then activated by making the required electrical

connections via the shield door umbilical cord. At this time, all

personnel move to the emplacement control station.

3. The cask lid is remotely unlocked and transferred to the shield

door lifting system. The shield door and lid are raised simul-

taneously until the cask-to-emplacement-hole passageway is

unrestricted.

4. The powered roller system in the facility cask is activated and

moves the waste package from the facility cask to a position just

inside the shield door.
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5. The door and lid are brought down, and the emplacement door is

closed.. The cask lid is automatically set in place and secured in

the facility cask. When the door and lid have been properly
positioned, the umbilical cord is disconnected, and the transporter

is monitored and released. As soon as the transporter has moved,

the face of the shield door and the face of the cask lid are

monitored.

6. The waste package is moved under remote control to its final
position by an in-hole powered roller system.

7. The position of the waste package is automatically determined and

recorded.

8. Steps 1-7 are repeated until the designated number of waste

packages have been emplaced.

9. A precast concrete plug is emplaced in the same manner as the

waste packages. This plug is positioned against the last package of

waste emplaced and serves as a primary radiation shield.

10. The in-hole powered roller system is retrieved by a shielded
retrieval machine that mates with the emplacement door. The roller
sections are monitored as they are removed from the emplacement

hole.

11. A machine designed to place the final closure plug is mated to the
shield door.

12. The shield door is opened, and a precast concrete plug is remotely

inserted to close the borehole.

13. The shield door is closed, and the plug placement machine is
monitored and removed.
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14. The shield door is opened, the radiation level at the door is moni-

tored, and, if acceptable, the hole closure is certified by a radia-

tion monitor. If necessary, the hole closure is reworked until it is

acceptable.

15. The docking/automatic alignment platform is removed; then the em-

placement door is removed. This hardware is monitored and trans-

ferred to the next borehole location. All debris is removed from

the alcove.

16. The protective hole cover is installed. The hole cover is number-

ed and color-coded to show the type of waste emplaced.

17. The alcove is monitored by a radiation monitor and is reworked, if

necessary, to meet applicable repository standards.

18. The waste emplacement officer is notified that the emplacement hole

has been closed and that the drift and alcove are in compliance

with applicable repository standards.

7.1.3 Equipment Maintenance

1. If required, the in-hole power roller system is transported to an

underground shop area where it is reconditioned and readied for
reuse.

2. If required, the transporter alignment system is transported to an

underground shop area where it is reconditioned and readied for

reuse.

3. If required, the shield door is transported to an underground

shop area where it is reconditioned and readied for reuse.

7.2 Transuranic Waste

Emplacement of transuranic waste is discussed in the document "The

Underground System for Disposal of Contact Handled Transuranic Waste at

the NNWSI Repository" (Stinebaugh, 1984).
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8.0 WASTE RETRIEVAL

8.1 Spent Fuel and High-Level Waste

It is assumed that the following initial conditions exist in the waste
retrieval area:

* All mining in this area has been completed, the backfill has been

removed, and the ground stability has been assured. The

retrieval drift floors are free of debris and suitable for pedestrian
and vehicular traffic.

* The retrieval drifts are adequately ventilated, and all necessary

utilities are available at each waste retrieval location.

* Each borehole location has been prepared for the later installation

of a shield door. (This shield door is the same unit used during
emplacement.) The preparations include re-establishing a recess

in the drift wall or floor to accept the door, finishing the surface

of the recess so that the shield door can be bolted in place

without further surface preparation, and installing the required

fittings to allow the door to be positioned and anchored in place at
the borehole.

This procedure describes the retrieval of the waste packages from the
emplacement hole. It is assumed that all of the other operational steps are
performed in reverse order until the waste package is in a shipping cask.

8.1.1 Vertical Boreholes

8.1 .1.1 Preparations for Retrieval of Waste from Vertical Boreholes

The following operations must be completed prior to the retrieval of

waste disposal packages:
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1. The recess for the shield door is reestablished. The pintle on the

concrete shield plug is inspected and repaired if necessary.

2. A retrieval shield door is moved to the emplacement hole and

positioned, using the anchorage system already in place.

3. The shield door is bolted in place.

4. Door installation is inspected and certified by a radiation monitor.

5. The transporter positioning system is moved to the emplacement

hole and set in place.

6. The transporter positioning system is aligned and attached to the

previously installed anchor points.

7. All utility connections are made.

8. Proper functioning of the alignment system and shield door is

certified by a quality control inspector.

9. A machine designed to retrieve the precast concrete plug is mated

to the shield door.

10. The shield door is opened, and the grapple is lowered and

attached to the pintle of the plug.

11. The concrete plug is pulled into the machine, and the shield door

is closed. The machine is used to transfer the concrete plug to

the surface waste-handling facilities for disposal.

8.1.1.2 Retrieval of Waste from Vertical Boreholes

The following procedures are used to retrieve waste disposal packages

from vertical boreholes:
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1. The transporter, loaded with an empty facility cask, is driven to

the emplacement hole and is positioned over the emplacement hole

in the manner previously described (Subsection 7.1.2).

2. The shield door is opened, and the grapple is lowered and

attached to the pintle of the waste package.

3. The waste package is pulled into the facility cask and the shield

door is closed. The transporter is monitored, released, and used

to deliver the retrieved waste package to a hot cell for further

retrieval process steps. In the event that the waste package

cannot be retrieved in the manner described, adverse retrieval

procedures (not included in this document) are employed.

4. The emptied emplacement borehole is radiologically surveyed to

ascertain that the radiation level is low enough to permit removal

of the emplacement shield door and still allow unrestricted use of

the drift.

5. If the radiation levels are too high, a concrete plug is installed.

6. The transporter positioning system and the shield door are re-

moved and transferred to the next retrieval location.

7. The protective cover is marked to identify the empty borehole and

is placed over the hole. The cover must have sufficient strength

to support vehicular traffic.

8. The waste emplacement officer is notified that the retrieval

operation has been completed at that borehole.

8.1.1.3 Equipment Maintenance

1. If required, the disposal borehole shield door is transported to an

underground shop where it is reconditioned and readied for reuse.
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2. If required, the transporter positioning system is transported to

an underground shop where it is reconditioned and readied for

reuse.

8.1.2 Horizontal Boreholes

8.1.2.1 Preparations for Retrieval of Waste from Horizontal Borehole

The following operations must be completed prior to the retrieval of

waste disposal packages:

1. The protective cover on the emplacement hole is removed.

2. A shield door is moved to the emplacement hole and positioned,

using the anchorage system already in place.

3. Door installation is inspected and certified by a radiation monitor.

4. The transporter docking/automatic alignment system is moved to

the emplacement hole.

5. The transporter docking/automatic alignment system is positioned

and attached to previously installed anchor points.

6. All utility connections are made.

7. Proper functioning of the docking/automatic alignment system and

shield door are certified by a quality control inspector.

8. A machine designed to remove the concrete closure plug is mated

to the shield door.

9. The shield door is opened, and the closure plug is removed. The

shield door is closed, and the machine and the closure plug are

monitored and removed from the area.
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10. The shielded machine used to install the powered roller system is

mated to the shield door.

11. The shield door is opened, and the initial section of the powered

roller system is installed in the borehole.

12. The shield door is closed, the machine used to install the powered

roller system is removed, and the equipment is monitored and

transferred out of the area.

13. The transporter, loaded with an empty facility cask, is driven to

the retrieval hole and is docked as described in step 2 of Subsec-

tion 7.2.2.

14. The in-hole conveyor is engaged, and the precast concrete plug

adjacent to the waste package is conveyed to just inside the shield

door.

15. The cask lid is unlocked and transferred to the shield door lifting

system. The door and lid are raised simultaneously until the

cask-to-retrieval-hole passageway is unrestricted,

16. The powered roller system is engaged, and the precast concrete
plug is moved into the cask.

17. The door and lid are then brought down simultaneously until the

door is closed. The cask lid is set in place and secured in the

transport cask. When the door and lid have been properly posi-

tioned, interlocks holding the transporter are released, and the

transporter is moved away from the emplacement hole.

18. The borehole is certified as ready for waste retrieval by a quality

control inspector.
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8.1.2.2 Retrieval of Waste from Horizontal Boreholes

The following procedures are used to retrieve waste disposal packages

from horizontal boreholes:

1. The powered roller installation machine is docked at the
emplacement hole, and another section of conveyor is added to the

in-hole conveyor.

2. The transporter, carrying an empty facility cask, is again docked

at the shield door.

3. The cask lid and shield door are again mated and lifted simultane-

ously to the open position.

4. The in-hole powered roller system is engaged, and a waste
package is brought out of the emplacement hole into the facility

cask.

5. The door and lid are returned to a closed position.

6. The transporter is released, and the transporter and shield door
are monitored. The retrieved waste package is delivered to a hot
cell for further retrieval process steps.

7. The cycle of extending the in-hole powered roller system and

withdrawing waste packages into the facility cask is repeated until
all waste packages have been retrieved from the horizontal
borehole. Verification is required to ensure that all the waste

disposal packages that were emplaced, have in fact been retrieved.

In the event that waste packages cannot be retrieved in the

manner described, adverse retrieval procedures (not included in

this document) will be employed.

8. The in-hole powered roller system is retrieved by a shielded

power-roller retrieval machine that mates with the emplacement

door in the same manner as the transporter.

8-6



9. The emptied emplacement borehole is surveyed to assure that the

radiation exposure level is low enough to permit unrestricted use

of the drift after the shield door has been removed.

10. If radiation levels are too high to permit unrestricted use of the

drift, a concrete plug will be installed in the borehole. The face

of the plugged hole will be monitored and decontaminated if

necessary.

11. The docking/automatic alignment platform and then the retrieval

shield door are removed and both are transferred to the next

retrieval location. All equipment is monitored before the transfers

are made.

12. The protective hole cover is marked to indicate that the hole is

empty and is then re-installed.

13. The waste emplacement officer is notified that the retrieval opera-

tion has been completed at that borehole.

8.1.2.3 Equipment Maintenance

1. If required, the in-hole powered roller system used during

retrieval is transported to an underground shop area where it is
reconditioned and readied for reuse.

2. If required, the transporter alignment system is transported to an

underground shop area where it is reconditioned and readied for

reuse.

3. If required, the shield door is transported to an underground

shop area where it is reconditioned and readied for reuse.

8.2 Transuranic Waste

Retrieval of transuranic waste is discussed in the document "The

Underground System for Disposal of Contact Handled Transuranic Waste at

the NNWSI Repository" (Stinebaugh, 1984).

8-7



9.0 REFERENCES

Baxter, R. G., "Description of DWPF Reference Waste Form and Canister,"
E. I. du Pont de Nemours & Co., Prepared for the U.S. Department of
Energy under Contract DE-AC09-76SR00001, DP-1606, June 1981.

47 CFR 25, Federal Register, "Environmental Standards for the Management
and Disposal of Spent Nuclear Fuel, High-Level, and Transuranic Waste,"
December 29, 1982 (draft).

Dabolt, R. J., et al., "Spent Fuel Dissassembly and Canning Program at
Barnwell Nuclear Fuel Plant (BNFP)," (Final Report) Allied-General Nuclear
Services, prepared for the U.S. Department of Energy Waste and Fuel Cycle
Technology Office under Contract DE-AC09-79ET47921, Modification 2,
October 1981.

Darr, D.G., "Waste Model Characterization Study: Evaluation of Reprocessing
Waste Estimates," DOE/3156/FR-01, Allied General Nuclear Services, May 1983.

DOE (U.S. Department of Energy), DOE Order 5480.1.

DOE (U.S. Department of Energy), "Planning Base for Wastes to Be Received
at an MGDS (Mined Geologic Disposal System)," 1983 (to be published).

DOE (U.S. Department of Energy), "Spent Fuel and Radioactive Waste Inven-
tories, Projections, and Characteristics as of December 31, 1981," Nuclear
Waste Management Program, DE82000307, DOE/NE-0017-1, October 1982.

DOE (U.S. Department of Energy), "Spent Fuel and Radioactive Waste Inven-
tories, Projections, and Characteristics," DOE/NE-0017/2, September 1983.

Fisk, Allan T.., et al., "Conceptual Engineering Studies and Design for
Three Different Machines for Nuclear Waste Transporting, Emplacement, and
Retrieval," (Draft) prepared by Foster-Miller, Inc., for Sandia National
Laboratories, Albuquerque, NM, SAND83-7089, May 1983.

GA Technologies, "Reference Cask Conceptual Description", prepared by
process engineering staff, 1983 (to be published).

Gregg, D., and W. O'Neal, "Initial Specifications for Nuclear Waste Package*
External Dimensions and Materials", LLNL Report UCID - 19926, Lawrence
Livermore National Laboratory, Livermore, California, September 1983.

"Nuclear Waste Policy Act of 1982," PL 97-425.

O'Brien, P. D., "Characterization of Waste for a Repository at Yucca Moun-
tain, Nevada", SAND83-1805, 1984 (to be published).

Slate, S. C., et al., "Reference Commercial High-Level Waste Glass and Can-
ister Definition," Battelle, prepared for the U.S. DOE under Contract
DE-AC06-76RLO 1830, PNL 3838, September 1981.

Stinebaugh, R. E., "The Underground System for Disposal of Contact
Handled Transuranic Waste at the NNWSI Repository," SAND83-0343, 1984 (to
be published).

9-1



DOE/TIC-4500, UC-70 (338)

DISTRIBUTION LIST

J. W. Bennett (RW-20)
Acting Associate Director
Geologic Repository Deployment
U. S. Department of Energy,
Washington, D. C. 20545

Ralph Stein (RW-21)
Acting Deputy Associate Director
Geologic Repository Deployment
U. S. Department of Energy
Washington, D. C. 20545

J. G. Vlahakis (RW-21)
Geologic Repository Deployment
U. S. Department of Energy
Washington, D.C. 20545

C. R. Cooley (RW-24)
Acting Director
Geosciences & Technology Division
Geologic Repository Deployment
U. S. Department of Energy
Washington, D.C. 20545

M. W. Frei (RW-23)
Acting Director
Engineering & Licensing Division
Geologic Repository Deployment
U.S. Department of Energy
Washington, D.C. 20545

J. J. Fiore (RW-22)
Acting Director
Program Management Division
Geologic Repository Deployment
U.S. Department of Energy
Washington, D.C. 20545

E. S. Burton (RW-25)
Acting Director
Siting Division
Geologic Repository Deployment
U.S. Department of Energy
Forrestal Building
Washington, D.C. 20585

T. P. Longo (RW-22)
Geologic Repository Deployment
U. S. Department of Energy
Washington, D. C. 20545

Cy Klingsberg (RW-24)
Geologic Repository Deployment
U. S. Department of Energy
Washington, D. C. 20545

J. E. Shaheen (RW-25)
Geologic Repository Deployment
U. S. Department of Energy
Forrestal Building -
Washington, D.C.. .20585

Chief,-High-Level Waste Technical
Development Branch

Division of Waste Management
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

XTS Project Manager
High-Level Waste Technical
Development Branch

Division of Waste Management
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Document Control Center
Division of Waste Management
U.S. Nuclear Regulatory Commission-
Washington, D.C. 20555

J. 0. Neff, Program Manager
National Waste Terminal

Storage Program Office
U.S. Department of Energy
505 King Avenue
Columbus, OH 43201:



C. H. George (RW-3)
Geologic Repository Deployment
U.S. Department of Energy
Washington, D.C. 20545

ONWI Library (5)
Battelle
Office of Nuclear Waste Isolation
505 King Avenue
Columbus, OH 43201

0. L. Olson, Project Manager
Basalt Waste Isolation Project Office
U.S. Department of Energy
Richland Operations Office
P.O. Box 550
Richland, WA 99352

E. B. Ash
Rockwell International Atomics
Rockwell Hanford Operations
Richland, WA 99352

A. A. Metry, Program Manager
Roy F. Weston, Inc.
2301 Research Blvd., 3rd Floor
Rockville, MD 20850

G. Tomsic
Utah Dept. of Community

Economic Development
Room 6290, State Office Bldg.
Salt Lake City, UT 89114

A. Johnson
414 West Ninth Street
Carson City, NV 89701

R. R. Loux, Jr.
Nuclear Waste Project Office
Office of the Governor
State of Nevada
Capitol Complex
Carson City, NV 89710

M. E. Carter
Battelle
Office of Nuclear Waste Isolation
505 King Avenue
Columbus, OH 43201

S. A. Mann, Manager
Crystalline Rock Project Office
U.S. Department of Energy
9800 S. Cass Avenue
Argonne, IL 60439

L. D. Ramspott (3)
Technical Project Officer
Lawrence Livermore National
Laboratory

P.O. Box 808
Mail Stop L-204
Livermore, CA 94550

D. C. Hoffman
Los Alamos National Laboratory
P.O. Box 1663
Mail Stop E-515
Los Alamos, NM 87545

D. T. Oakley (3)
Technical Project Officer
Los Alamos National Laboratory
P.O. Box 1663
Mail Stop F--671
Los Alamos, NM 87545

T. Hay, Executive Assistant
Office of the Governor
State of Nevada
Capitol Complex
Carson City, NV 89710

R. W. Lynch
Sandia National Laboratories
P. 0. Box 5800
Organization 6300
Albuquerque, NM 87185

T. 0. Hunter (4)
Technical Project Officer
Sandia National Laboratories
P. 0. Box 5800
Organization 6310
Albuquerque, NM 87185



K. Street, Jr.
Lawrence Livermore National
Laboratory

P.O. Box 808
Hail Stop L-209
Livermore, CA 94550

W. W. Dudley, Jr. (3)
Technical Project Officer
U.S. Geological Survey
P.O. Box 25046
Hail Stop 418
Federal Center
Denver, CO 80225

M. E. Spaeth (3)
Technical Project Officer
Science Applications, Inc.
2769 South Highland Drive
Las Vegas, NV 89109

D. L. Vieth, Director (8)
Waste Management Project Office
U.S. Department of Energy
P.O. Box 14100
Las Vegas, NV 89114

D. A. Nowack (14)
Office of Public Affairs
U.S. Department of Energy
P. 0. Box 14100
Las Vegas, NV 89114

A. E. Gurrola, General Manager
Energy Support Division
Holmes & Narver, Inc.
P.O. Box 14340
Las Vegas, NV 89114

P. T. Prestholt
NRC Site Representative
Federal Building
Room 323
300 Las Vegas Blvd. South
Las Vegas, NV 89101

A. R. Hakl, Manager
Westinghouse Electric 'Corporation
Waste Technology Services Division
Nevada Operations
P.O. Box 708
Mail Stop 703
Mercury, NV 89203

J. A. Cross, Manager
Las Vegas Branch
Fenix & Scission, Inc.
P.O. Box 15408
Las Vegas, NV 89114

W. S. Twenhofel
820 Estes Street
Lakewood, CO 80215

D. F. Miller, Director
Office of Public Affairs
U.S. Department of Energy
P.O. Box 14100
Las Vegas, NV 89114

B. W. Church, Director
Health Physics Division
U.S. Department of Energy
P.O. Box 14100 -

Las Vegas, NV 89114

H. D. Cunningham
General Manager
Reynolds Electrical &
Engineering Co.,; Inc.

P.O. Box 14400
Mail Stop 555
Las Vegas, NV 89114

J. L. Younker (50)
Science Applications, Inc.
2769 S. Highland Drive
Las Vegas, NV 89101



1500 W. Herrmann
1510 D. B. Hayes
1511 J. W. Nunziato
1520 T. B. Lane
1522 R. L. Johnson
1524 W. N. Sullivan
1524 R. K. Thomas
6300 R. W. Lynch
6310 T. 0. Hunter
6311 L. W. Scully
6311 L. Perrine (2)
6311 R. I. Brasier
6311 A. W. Dennis (25)
6311 T. W. Eglinton
6311 J. L. Jackson
6311 H. R. MacDougall
6311 J. T. Neal
6311 P. D. O'Brien
6311 C. G. Shirley
6311 V. J. Stephens
6311 K. D. Young
6312 F. W. Bingham
6312 N. K. Hayden
6312 J. K. Johnstone
6312 B. S. Langkopf
6312 Y. T. Lin
6312 R. R. Peters
6312 S. Sinnock
6312 J. G. Yeager
6313 J. R. Tillerson
6313 J. A. Fernandez
6313 F. B. Nimick
6313 R. H. Zimmerman
6314 G. K. Beall
6314 A. J. Hansure
6330 J. T. Henderson
3141-1 C. H. Ostrander (5)
3151 W. L. Garner (3)
8424 H. A. Pound



i

iJ Sandia National Laboratones


