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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 for a commercially generated radioactive waste
repository. This report has been prepared for use by the repository
designers in the conceptual design of the high-level (Volume 1) and
transuranic (Volume II) waste-handling facilities and equipment. This report
contains a listing of repository operations tasks and the anticipated worker
radiation exposure. All annual exposures are below the 5 rem permissible
dose equivalent limit with seven worker positions exceeding the design
objective of 1 rem. These worker exposures will be reduced by performing
tasks remotely.
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EXECUTIVE SUMMARY

As part of the Department of Energy's (DOE) Nevada Nuclear Waste
Storage Investigations project, an estimate of worker radiation exposure
during high-level waste receiving, handling and packaging, emplacement,
and retrieval has been made for a geologic repository In tuff. Information Is
included in this volume concerning the types of high-level waste, quantities
of waste received at the repository, waste source terms, radiation dose maps
for transport casks, anticipated facility operations, worker crew numbers,
and annual worker exposure.

The permissible 'dose equivalent limit for worker exposure is 5 rem/yr
(DOE Order 5480.1) with a prescribed design objective of I rem/yr under
normal operating conditions. It is assumed that the facilities will be
designed to reduce the annual exposure to individual workers and to the
total repository work force to the lowest level reasonably achievable.

It is assumed that four types of high-level waste (HLW) could be
shipped to a repository at the Yucca Mountain site in Nevada. They
include: spent reactor fuel (SF), commercial high-level waste (CHLW),
defense high-level waste (DHLW), and West Valley high-level waste
(WVHLW). The spent reactor fuel consists of both pressurized water reactor
fuel (PWR) and boiling water reactor fuel (SWR), currently assumed to be
10 yr or more out-of-reactor. The repository will receive a small amount of
WVHLW that Is expected to be similar to the DHLW, and therefore Is not
considered separately. The SF and HLW to be handled in the repository
have different physical characteristics and quantities. This requires a
specific radiation source term for each type of waste.

Specific operations were identified, individual tasks were listed, oper-
ations times were allotted, and crew identification numbers were assigned.
Crew member positions were assigned based on the requirements of a specific
task. The number of individual workers assigned to each crew member posi-
tion was estimated from the annual waste receipts and anticipated facility
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operation times. The annual worker exposure for each task and individual
was calculated from the anticipated operations times, the estimated worker
exposure times for each task, the radiation field in which the operation was
performed, and the annual receival and handling rates for SF and HLW.
Background radiation exposures for remote and shielded operations were
included in the total estimates.

All annual exposures are below the 5 rem permissible dose equivalent
limit with seven emplacement and eight retrieval crew member positions ex-
ceeding the design objective of 1 rem. These individuals perform tasks near
the shipping or facility cask surface and are exposed to the radiation level
associated with these tasks for the duration of an operation. The emplace-
ment and retrieval crew member positions which exceed the design objective
are

Worker
I ndividual
(rem/yr)

Exposure
Total

(man-rem/yr)Operation Worker Task

Emplacement:

Receiving; Quality control carrier inspection 2.48 4.96

Radiation monitor

Quality control

.Operator

Operator

Vertical; Operator

cask and carrier
monitoring

cask inspection

cask unloading

cask preparation.

transport and
emplacement

2.29

1.33

1.27

2.36

2.88

9.15

5.33

5.06

18.91

11.53

Horizontal; Operator transport and
emplacement 4.31 8.62

Retrieval:

Vertical; Operator retrieval and
transport 1.96 11.73

Horizontal; Operator retrieval and
transport 4.31 8.62

v.M



Operation

Ramp;

Worker

Storage officer

Task

waste package to
surge storage

Worker
Individual
(rem/yr)

1.76

Exposure
Total

(rnan-rem/yr)

1.76

Handling
and
Packaging;

Shipping;

Hot cell officer

Operator

shipping cask
loading

shipping cask
preparation

1.84

3.47

1.84

6.93

Radiation monitor

Operator

Quality control

cask and carrier
monitoring

cask loading
on carrier

cask monitoring

2.24

3.69

3.09

2.24

3.69

3.09

These levels

remotely.

will be reduced by performing near-cask-surface tasks
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1.0 INTRODUCTION

Sandia National Laboratories, under the direction of the Department of
Energy, and in cooperation with Lawrence Livermore National Laboratory,
Los Alamos National Laboratory, the United States Geological Survey, and
Science Applications, Inc., is engaged in studies supporting the Nevada
Nuclear Waste Storage Investigations (NNWSI) Project. These studies are
being conducted as part of the National Waste Terminal Storage Program -and
in accordance with the Nuclear Waste Policy Act of 1982. If constructed,
this project would provide for a repository on federally owned land at Yucca
Mountain, Nye County, Nevada.

One of Sandia's responsibilities is the conceptual design of the
repository surface and underground facilities. An Important aspect of this
conceptual design effort is assuring that the predicted radiation dose
received by the individual repository worker and the collective repository
staff is acceptable for normal repository operations.

The facility design, as it is related to worker exposure, has been
approached in the following manner:

* the waste types and quantities to be sent to the repository were
identified,

* the applicable regulations promulgated by the Department of
Transportation (DOT) were reviewed to determine allowable
transportation worker exposure,

* the conceptual designs for offsite waste transportation packaging
(shipping casks) were identified,

* radiation dose rate maps for offsite casks containing high-level
- waste were obtained,

* the annual number of shipments to the repository was estimated,
* the annual number of waste disposal packages to be emplaced in

the repository was calculated,
* the conceptual designs for onsite waste transportation packaging

(facility casks) were identified,
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* the applicable regulations promulgated by the Department of

Energy (DOE), the Nulcear Regulatory Commission (NRC), and the

Environmental Protection Agency (EPA) were reviewed to determine
allowable worker exposure,

* a preliminary operating plan for receiving, handling and

packaging, emplacing, and retrieving waste was written, and
* radiation dose rate maps for onsite transfer of casks containing

waste were estimated.

DOT regulation, 49 CFR 173, specifies that the shipping package,

canister or assembly in a cask, shall be designed and prepared so that the
radiation level does not exceed 200 mrem/hr at any point on the external
surface.

After a review of the DOE, NRC, and EPA regulations, it was assumed
that the governing criterion for the facility design is DOE Order 5480.1.
However, both NRC and EPA regulations are currently being revised. The
design criterion may change when these regulations are promulgated. DOE
Order 5480.1 states: -

... Exposure rates in work areas should be reduced as low as
reasonably achievable by proper facility design and equipment

layout. Design factors to consider are occupancy time, source
terms, spacing, processes, equipment, and shielding. Onsite

personnel exposure levels less than 1/5 of the permissible dose
equivalent limits prescribed in this chapter should be used as a
design objective..."

The permissible dose equivalent limit is 5 rem/yr; hence the prescribed

design objective is 1 rem/yr. The waste handling facilities will be designed
to limit the maximum individual worker exposure to 1 rem/yr under normal

operating conditions. Further, the facilities will be designed to reduce the

annual exposure to individual workers and to the total repository work force

to the lowest level reasonably achievable. The basis for deciding what is

reasonably achievable will be the incremental cost of dose reduction as
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discussed in "Recommendations of the International Commission on Radiol-

ogical Protection," ICRP Publication 26, adopted January 1977 and the

guidance provided by DOE/EV/1830-T5, "A Guide to Reducing Radiation

Exposure to As Low As Reasonably Achievable (ALARA)."

To meet this design guideline, extensive use of remotely controlled and

automated equipment will be required in the waste receiving and unloading

operations, in the preparation of waste packages for emplacement, and in the

waste emplacement and retrieval operations. Engineering studies are being

conducted to identify those operations for which It is cost-effective to pro-

vide the operator with a shielded cab, console, or work station and those

operations for which it is cost-effective to use remote handling and auto-

mated handling equipment.

This document is the first volume of a two-volume report. This volume

describes the worker exposure incurred during the receiving, handling and

packaging, transfer, emplacement, and retrieval of spent fuel and high-level

waste. Volume II addresses repository worker exposure from transuranic

waste.

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

* Section 2 contains a source definition of the spent fuel and

high-level waste that will be received at the repository.

* Section 3 describes the radiation environment for transportation

packaging with dose maps for both shipping and facility casks.

* Section 4 lists the operations, crew number and crew member

identifications, areas of exposure, exposure times, annual waste

receipts, number of workers, and exposures for the operations

described in NNWSI Repository Operational Procedures, Volume I

(Dennis, et al., 1983).

* Section 5 presents the estimated annual exposure for each worker

by crew member and task, with the total exposure based on annual

waste receipts.
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This document is intended to be used in system studies, in the concep-
tual design of repository facilities, and in the conceptual design of reposi-
tory waste handling equipment. All operation times and subsequent worker
exposures are estimates based on available information and are considered
approximate and conservative. As conceptual design proceeds, this
document will be revised to reflect Sandia National Laboratories' under-
standing of the waste characteristics, waste packaging, and planned
repository operations.
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2.0 SOURCE DEFINITION

It is assumed that four types of high-level waste (HLW) could be
shipped to a repository at Yucca Mountain. They include:

* spent reactor fuel (SF) as spent fuel assemblies (SFAs),
* commercial high-level waste (CHLW),
* defense high-level waste (DHLW), and
* West Valley high-level waste (WVHLW).

The spent reactor fuel consists of both pressurized water reactor (PWR)
fuel and boiling water reactor (BWR) fuel. The repository could receive a
total of 300 canisterstof WVHLW that Is expected to be similar to the DHLW,
and therefore will not be considered separately. A complete-description of
the waste with specific receipt rates for both rail and truck transportation Is
contained In forthcoming DOE guidance.

The spent fuel and high-level waste to be handled In the repository
have different physical characteristics and quantities. This, In turn,
defines a specific radiation source term for each waste form. The main
radiation sources emitted from all of these waste forms are gamma rays and
neutrons. Gamma rays come from activation products, actinides and their
decaying daughters, and fission products. Neutrons come from alpha,
neutron (c, n) reaction and spontaneous fission.

2.1 Spent Fuel

After the receiving operations, the SFAs are disassembled and the
individual fuel rods are placed In disposal packages. The PWR consolidated
fuel packages contain spent fuel rods from 6 PWR SFAs, while the BWR
consolidated fuel packages contain rods from 18 BWR SFAs (O'Brien, 1984).
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2.1.1 Spent Fuel Assemblies

PWR SFAs

The PWR SFAs received at the repository are assumed to be a 10-yr-old

Westinghouse designed assembly with a 3.2 wt% enrichment and 32,717

MWd/MTIHM burnup.

The intensities for gamma-ray and neutron sources were calculated

using the isotope generation and depletion computer code, ORIGEN2

(Personal communication, 1982). The resulting radiation sources for a PWR

SFA are listed in Tables 2-1 and 2-2.

BWR SFAs

The BWR SFAs received at the repository are assumed to be a 10-yr-old

General Electric designed assembly with a 2.75 wt% enrichment and 27,500

MWd/MTIHM burnup.

The intensities of gamma-ray and neutron sources were calculated using

the isotope generation and depletion computer code, ORIGEN2 (Personal

communication, 1983). The resulting radiation sources for a BWR SFA are

listed in Tables 2-3 and 2-4.

2.1.2 Consolidated Fuel

PWR Consolidated Fuel

The PWR consolidated fuel in the repository is assumed to be composed

of rods from 6 PWR SFAs. The radiation sources for a PWR SFA already

described can then be scaled to obtain an upper bound from radiation

sources for PWR consolidated fuel packages. The results are listed in

Tables 2-5 and 2-6.
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TABLE 2-1

GAMMA-RAY INTENSITY FROM A 10-YR-OLD PWR SFA

Gamma Energy
(MeV)

9.5
7.0
5.0
3.5
2.75
2.25
1.75:
1.25
0.85
0.575
0.375
0.225
0.125
0.085
0.0575
0.0375
0.025
0.01

Gamma-Ray Intensity
(photons/sec/assembly)

4.781 E
4.163E
3.611E
2.729E
2.206E
3.356E
1.408E
6.336E
1.202E
1.505E
4.176E
8. 520E
9.636E
1.027E
1. 750E
2.265E
1.894E
8.732E

4

4.

4.

4

4

4.

4.

4.

4.

4.

4.

4.

4.

4.

4.

04
05
06
08
09
10
12
13
14
15
13
13
13
14
14
14
14
14

TABLE 2-2

NEUTRON INTENSITY FROM A 10-YR-OLD PWR SFA

Neutron Intensity
Source (neutrons/sec/assembly)

(a, n) reaction 6.656E + 06
Spontaneous fission S. 182E + 07
Total 8.847E + 07
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TABLE 2-3

GAMMA-RAY INTENSITY FROM A 10-YR-OLD BWR SFA

Gamma Energy
(MOV)

9.5
7.0
5.0
3.5
2.75
2.25
1.75
1.25
0.85
0.575
0.375
0.225
0.125
0.085
0.0575
0.0375
0.025
0.01

Gamma-Ray Intensity
(photons/sec/assembly)

1 .330E
1.158E
1. 005E
7.927E
6.333E
9.357E
4.490E
2.294E
3.577E
4.932E
1.376E
2.787E
3.127E
3.423E
5.775E
7.437E
6.231 E
2.864E

04
05
06
07
08
09
11
13
13
14
13
13
13
13
13
13
13
14

TABLE 2-4

NEUTRON INTENSITY FROM A 10-YR-OLD BWR SFA

Neutron Intensity
Source (neutrons/sec/assembly)

(a, n) reaction 8.815E + 05
Spontaneous fission 2.273E * 07
Total 2.361E * 07
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TABLE 2-5

GAMMA-RAY INTENSITY FROM A 10-YR-OLD
PWR CONSOLIDATED FUEL

Gamma Energy
(MeV)

9.5
7.0
5.0
3.5
2.75
2.25
1.75
1.25
0.85
0.575
0.375
0.225
0.125
0.085
0.0575
0.0375
0.025
0.01

Gamma-Ray Intensity
(photons/sec/bundle)

2.869E
2.498E
2.167E
1.637E
1.324E
2.014E
8.44BE
3.802E
7.212E
9.030E
2.506E
5.112E
5.782E
6.162E
1.050E
1.359E
1.136E
5.239E

05
06
07
09
10
11
12
14
14
15
14
14
14
14
15
15
15
15

TABLE 2-6

NEUTRON INTENSITY FROM A 10-YR-OLD
PWR CONSOLIDATED FUEL

Neutron Intensity
Source (neutrons/sec/bundle)

(a, n) reaction 3.994E + 07
Spontaneous fission 4.909E * 08
Total 5.308E + 08
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BWR Consolidated Fuel

The BWR consolidated fuel in the repository is assumed to be composed

of rods from 18 BWR SFAs. The radiation sources for BWR consolidated fuel

are scaled to obtain an upper bound from the radiation sources for the BWR

SFA packages. The results are listed in Tables 2-7 and 2-8.

2.2 High-Level Waste

The HLW received and handled in the repository operations is in the

form of either CHLW or DHLW. A typical CHLW canister has a weight of

825 kg (1,815 lb). A typical DHLW canister weighs 1,950 kg (4,300 lb). A

more detailed description of HLW is presented in the document

"Characterization of Waste for a Repository at Yucca Mountain, Nevada"
(O'Brien, 1984).

2.2.1 Commercial High-Level Waste (CHLW)

The CHLW handled in the repository is assumed to be the high-level

waste resulting from the reprocessing of 10-yr-old PWR or BWR SFAs.

The intensities for gamma-ray and neutron sources were calculated

using the isotope generation and depletion computer code, ORIGEN2 (Person-

al communications, 1982 and 1983). The resulting radiation sources for PWR

high-level waste are higher than those for BWR high-level waste and, there-

fore, were used as the assumed, upper bound radiation source for CHLW.

The radiation sources for PWR high-level waste are listed In Tables 2-9 and

2-10.

2.2.2 Defense High-Level Waste (DHLW)

The DHLW handled in the repository is assumed to be the high-level

waste produced in the proposed Savannah River Defense Waste Processing

Facility (SRDWPF). The composition of SRDWPF waste is assumed to be the

5-yr-old sludge plus 15-yr-old supernate in glass waste form (O'Brien,

1984).
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TABLE 2-7

GAMMA-RAY INTENSITY FROM A 10-YR-OLD BWR
CONSOLIDATED FUEL

Gamma Energy
(MeV)

9.5
7.0
5.0
3.5
2.75
2.15
1.75
1.25
0.85
0.575
0.375
0.225
0.125
0.085
0.0575
0.0375
0.025
0.01

Gamma-Ray Intensity
(photons/sec/bundle)

2.394E
2.084E
1.809E
1.427E
1.140E
1.684E
8. 082E
4.129E
6.439E
8. 878E
2.477E
5.017E
5.629E
6.161E
1.040E
1.339E
1. 122E
5.155E

4.

4.

4.

4.

4.

4.

4.

4.

4.

4.

4

4.

4.

4.

4.

4.

05
06
07
09
10
11
12
14
14
15
14
14
14
14
15
15
15
15

TABLE 2-8

NEUTRON INTENSITY FROM A 10-YR-OLD BWR
CONSOLIDATED FUEL

Neutron Intensity
Source (neutrons/sec/bundle)

(a, n) reaction 1.587E 4 07
Spontaneous fission 4.091E + 08
Total 4.250E + 08
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TABLE 2-9

GAMMA-RAY INTENSITY FROM A TYPICAL
COMMERCIAL HIGH-LEVEL WASTE

Gamma Energy
(MOV)

9.5
7.0
5.0
3.5
2.75
2.25
1.75
1.25
0.85
0.575
0.375
0.225
0.125
0.085
0.0575
0.0375
0.025
0.01

Gamma-Ray Intensity
(photons/sec/MTIHM)

1. 01 2E
8.808E
7.638E
5.911E
4.778E
7.254E
3.050E
1. 063E
2. 604E
3.258E
8. 850E
1. 830E
2.074E
2.202E
3.746E
4.865E
4.018E
1.846E

4

4

4

4

05
05
06
08
09
10
12
14
14
15
13
14
14
14
14
14
14
15

TABLE 2-10

NEUTRON INTENSITY FROM A TYPICAL
COMMERCIAL HIGH-LEVEL WASTE

Neutron Intensity
Source (neutrons/sec/MTIHM)

(a, n) reaction 1.117E + 07
Spontaneous fission 1.740E + 08
Total 1.852E + 08
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The gamma-ray intensities for a typical DHLW are listed In Table 2-11.

The neutron intensity is very small and thus neglected.

TABLE 2-11

GAMMA-RAY INTENSITY FROM A TYPICAL
DEFENSE HIGH-LEVEL WASTE

Gamma Energy
(MeV)

3.125
2.5
2.0
1.5
1.05
0.7125
0.475
0.3
0.175
0.1125
0.085

Gamma-Ray Intensity
(photons/sec/canister)

1. 246E
8.900E
2.588E
5. BOSE
2.881 E
2.442E
1.350E
1. 189E
3.756E
5.678E
1.723E

4

4

4

4

09
09
12
11
13
13
13
13
12
13
14
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3.0 RADIATION ENVIRONMENT FOR TRANSPORTATION
PACKAGING

The spent fuel received at the repository is in the form of spent fuel

assemblies (SFAs) which are stored and transported in shipping casks. The

number of SFAs in a cask depends on the type of SFA (i.e., PWR SFA or

BWR SFA) and the transportation vehicle (i.e., truck or rail). After the

receiving and handling operations the spent fuel assemblies are disassembled

and consolidated. The consolidated fuel is then transported in facility casks

underground for emplacement.

The high-level waste either in the form of DHLW or CHLW Is immobilized

in a canister which is then placed in a shipping cask for transportation to

the repository. After the receiving and handling operations, the canister is

removed from the shipping cask, placed in surface surge-storage, and then

transported underground in a facility cask for emplacement (Dennis, et al.,

1983).

Dose rate maps were prepared (Wan and Schneringer, 1983) for the

reference PWR SFA, BWR SFA, CHLW, and DHLW waste contained in truck

and rail casks as described in "Reference Cask Conceptual Descriptions" (GA

Technologies, Inc., 1983). The number of dose rate data points from the

Wan and Schneringer study was reduced to simplify the worker exposure
calculation process and to quantify those areas where actual operations are

assumed to occur.

The area surrounding a shipping cask and a facility cask has been

divided into sub-areas as shown in Figures 3-1 and 3-2. The first zone,

designated as Area 1, is where the near-cask-surface operations occur.

Sub-areas 1.2, 1.3, 1.4, and 1.5 define different positions near the cask

surface within Area 1. Similarly, Area 2 is approximately 3 ft (1.5 ft to

4.5 ft) away from the cask surface and Area 3 is approximately 6 ft (4.5 ft

to 7.5 ft) from the cask surface. Area 4 includes those activities which

occur 7.5 ft and beyond the cask surface. Dose rates were not included for

the cask sub-areas at the corners because operations are not specified for

those sub-areas.
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Figure 3-1. Exposure Areas for a Generic Shipping Cask
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Figure 3-2. Exposure Areas for a Generic Facility Cask
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3.1 Dose Rate Maps for Shipping Casks

3.1.1 Spent Fuel

Dose rate calculations for shipping casks containing spent fuel

assemblies have been performed using the three-dimensional point kernal

computer code, PATH. The self-shield effect is considered in the PATH

calculations. Results indicate that the radiation level for a legal weight

truck (LWT) shipping cask containing a PWR assembly is the highest among

those for casks containing PWR SFAs or BWR SFAs. Consequently, the dose

map for a LWT cask containing a PWR SFA is used for worker exposure
analysis in this report (Wan and Schneringer, 1983).

Dose rates for the sub-areas around an SFA cask are shown in

Figure 3-3. For convenience in calculating worker exposure from operations

times, the unit of dose rate used in this report is mrem/min rather than the

conventional mrem/hr.

3.1.2 High-Level Waste

Dose rate calculations for shipping casks containing high-level waste
have also been performed using a computer code, PATH. Results indicate

that the radiation level for a rail shipping cask containing five DHLW cani-

sters is the highest among casks containing DHLW or CHLW. Consequently,

the dose map for a rail cask containing DHLW canisters is used for worker

exposure analysis in this report (Wan and Schneringer, 1983).

Figure 3-4 shows dose rates for HLW cask sub-areas.

3.2 Dose Rate Maps for Facility Casks

Facility casks to be used in the repository operations are currently

being designed. For the purpose of this analysis, the dose map for a

generic facility cask was estimated by combining dose maps for SFA (LWT,

PWR) and HLW (rail, DHLW).

Dose rates for the different facility cask sub-areas are shown in

Figure 3-5.
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Figure 3-3. Dose Rate Map for a Spent Fuel Assembly Cask (mrem/min)
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Figure 3-4. Dose Rate Map for a High-Level Waste Cask (mrem/min)
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Figure 3-5. Dose Rate Map for a Facility Cask (mrem/min)
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4.0 OCCUPATIONAL DOSE

The list of operations contained in this section was developed from the

"NNWSI Repository Operations -Plan, Volume I" (Dennis, et al., 1983), a

preconceptual operations description for the Yucca Mountain repository.

Individual operations are listed for spent fuel and high-level waste, shaft

and ramp access, vertical and horizontal emplacement, and vertical and

horizontal retrieval.

The operating crews for waste operations tasks include area supervisors

(e.g., recelval officer, hot cell officer, emplacement officer, and retrieval

officer) and crew members (i.e., one or more operators, a radiation monitor,

and a quality control inspector). One supervisor, one radiation monitor,

and one quality control inspector are assumed to supervise and monitor the

work of one or more operators involved in each of several phases of

individual tasks.

Table 4-1 lists the assigned crew number and crew member abbrevia-

tions and titles for each waste operation and task. Dose map sub-areas, and

times of exposure are listed for operations and crew member tasks in

Tables 4-2 through 4-11. Operations which are assumed to occur at the

same time are listed and labeled as parallel (P) operations. The estimated

exposure for crew members was developed from the dose rate maps for waste

casks and canisters presented in Section 3. It was also assumed that crew

members performing remote handling (RT) of spent fuel assemblies and

high-level waste canisters and facility transport operations (TR) for facility

casks in the repository would be exposed to dose rates of 0.01 and 0.005

mrem/min (1.0 and 0.5 rem/yr) respectively. Background (BG) exposure

for facility crew members was assumed to be 0.001 mrem/min (0.1 rem/yr).

The number of workers for each crew member task was estimated from

the annual cask and canister receiving, handling and packaging,

emplacement, and retrieval numbers (Tables 4-12 and 4-13) and their

respective operation times (Tables 4-14, 4-15, 4-16, and 4-17). It is

assumed that the workers performing crew member tasks will work 6-hr days

(8-hr days minus suit-up, travel to task site, and break time), 250 days/yr

for 1,500 hr/yr. Table 4-18 lists the crew member worker numbers.
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TABLE 4-1

OPERATIONS IDVNTIrICATION AND ABBREVIATIONS

Operationst

1.0 Receiving (R):

Crew Number

1.1 Crew RI - Recroiving Carrier at Cate

Crew Member

1.2 Crew R2 - Placing Carrirr into
Process

1.3 Crew R3 - Unloading Preparation

RIG
RIRH
R1QC
RlOP

R2RO
R20
R20P
R2QC
R2RM

R3RM
R30P

- Guard
- Radiation monitor
- Quality control
- Operator driver

- Recoivinq officer
_ Driver
- Operator
- Quality control
- Radiation monitor

- Radiation monitor
- Operator

2.0 Handling and
Packaging (HPi: 2.1 Crew HPI - Cask Unloadinq

2.7 Crew HP2 - Spent Fuel Consolidation

F4

?.3 Crew HP2 - Moving HLI to Surface
Surge Storaqe Facility

3.0 Surface Storage to
Emplacement Horizon:

3.1 Shaft Access (SA);

HPINO
HPiOP

IIPI1O
IIPOP

RMIInM
RPQC

IP2oP
HP2RM
HPPQC

SAISO
SAIOP
SAIRM

SA20P

SA30P
SA3D

RA1SO
RAIOP

RA20P
RA2RH
RAD

- Hot cell officer
- Operator

- Hot cell officer
- Operator
- Radiation monitor
- Quality control

- Operator
- Radiation monitor
- Quality control

- Storage officer
- Operator
- Radiation monitor

- Operator

- Operator
- Driver

- Storage officer
- Operator

- Operator
- Radiation monitor
- Driver

3.1.1 Crew SA1 - Surge Surface Storage

3.1.2 Crew SA2

3.1.3 Crew SA3

- Shaft Access

- Emplacement Horizon

3.2 Romp Access IRA); 3.2.1 Crew RAI - Surge Surface Storage

3.2.2 Crew RA2 - Transporter



f cont I ntid)

rti a-ft Inn. r t., utimhr pe Grevb Memblerl
-V... - - -.. -

.11i IEmplacement:

4.1 Vertical
Implacetmont IVr -:

Is.7 Horizontal
(Emplacement (11);

b)

I.1.1 Crew VII - Preparn tIon tor Waste
I MP Iacement

4.1.? Crew VE2 - Waste tmplatement

h.1.3 Crew VF1 - Umplacemviit llole
Cl ossire

De.2.1 Crew 111 - Preparation for W;,ste
Ir-placemnent

vriop

V(IQC

lit I EO
'II-lop
IIlt1Q

III-2OP

lIE lOP
HIE IBM
III I QC,

- Implacement officer
- Operator

- Operator

- Operator
- Radiation monitor
- mia lity control

- Emplacement officer
- Opetator
- QtialIty control

- Operator

- Operator
- Radiatlon monitor
- Quality control

Crew

Crew

I1E2

fir I

- Waste Emplacement

- Fmplacement llole
Olosoere

5.0 Retrieval:

5.1 Vertical
Retrieval (VR): 5.1 Crew VR1 -

5.1.2

5.1.3

Crew VR2

Crew VR1

Preparation for Waste
Retrieval

I - Waste Package Retrieval

I- Retrieval llole Closture

- Preparation for Waste
'I

2 - Waste Package Retrieval

- Retrieval Hole Clostire

VR I RO
VR1IRM
VRlOP
VRlQC

VROP

VRlOP
VR1RM
VRlQC

HR1RO

IlRlOP
IIRIQC

1fR2OP

HRlOP
HR1RM
HRIQC

- Retrieval officer
- Radiation monitor
- operator

- Quality control

- Operator

- Operator
- Radiation monitor
- Quality control

- Retrieval officer
- Radiation monitor
- Operator
- Quality control

- Operator

- Operator
- Radiation monitor
- Quality control

5.2 HorIzontal
Retrieval (HR); 5.2.1 Crew HRI

Retrieva

5.2.2

5.2.3

Crew HR2

Crew HRI



TABLE 4-1

OPURAIIONS IDrNI IICAtION AND ARBREVIAfIONS
(concluded)

Crew Niamber rrew MembhrOperations

6.0 Ramp Retrieval (HA).
Handdling and
Packaqing (I1P),
and Shippinq (S): 6.1 Crew RA? - transporter

6.2 Crew

6.3 Crew

RAI - Snrrace Surge Storage

HIP2 - Waste Packaqe In Snsrfare
Snrqe Storaqe

IIPI - Cask loading

53 - Cask Preparatlon

S? - Carrier loading

6.4

6.5

6.6

Clew

C rew

C rew

RA20
RA2RM
RA2Or

RAtSO
RAlOP

HlP2OP
IIP2Qt:

llPPI 11
lIPIIIO

S30P

SRO
S2RM
S;OP
S2QC
SD)

Slop
SR1R
SIQC
SIC

Driver
Radiation monitor
Operator

Storage of ficer
Operator

Operator
Qnality control
Radiation monitor

lint cell orricer
Operator

Operator

Receiving officer
Radiation monitor
Operator
Quality control
Driver

Operator driver
Radiation monitor
Qnality control
Gniard

-bb

6.7 Crew SI - Shipping Carrier



The total crew member exposure for spent fuel, high-level waste, and

facility operations (Tables 4-19, 4-20, 4-21, and 4-22) were calculated from

the individual crew member exposure and the number of casks or canisters

handled, emplaced, and/or retrieved.

4.1 Receiving Operations

4.1.1 Spent Fuel

It is assumed that wet loading of spent fuel assemblies will be employed

by the shippers (at reactor sites), shipments will be dry, and surface

temperatures of the transportation packages will meet NRC/DOT transporta-

tion requirements. All repository procedures for handling spent fuel are

based on dry handling without special provisions for cooling. The spent

fuel receiving procedures are listed in Table 4-2.

4.1.2 High-Level Waste

It Is assumed that dry loading of HLW canisters will be employed by the

shippers and that shipment will be on a dry basis. Surface temperatures of

the transportation packages are assumed to meet NRC/DOT transportation

requirements. All repository procedures for handling HLW are based on dry

handling without special provisions for cooling. The HLW receiving proce-

dures are listed in Table 4-3.
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P - Paralel operation
8C - Background operation
Rr - Remote operation
TR - Transport operation

TABLE 4-2

RECEIVING OPERArIUNS FOR SPENT rfuEL Note: All operation times
are estimates.

Operation Description

1.0 RECEIVING CARRIER AT GATF:
1.1 Check Shipping Papers;

1.1.1 Confirm Identity of carrier
1.1.2 conriom Idpntity of cask

1.2 Inspect for Radiation Levels:

1.2.1 Measure penetrating radiation
1.2.2 Compare with shippers' valises

and DOT limits
1.2.3 Certiry compliance

Operat ions
_tJi'n LL... Crew
lInd. Cutam. Number Member

RI

Exposure
Area

Time Area Dose Rate
Imin) Nugbep LmtmrlmI n

Crew embir DCose

I cd. ~ToaI CUPI.

5
_p

Rit 5.0 if.0 (SBC O.0t)1 0.005 0.00, 0.05

9i

t0

5
-P

RIRM 10.0 14.0) (BG 0.001 0.01 0.1)1 iirrT

I

1.3 Inspect for Physical Damaqe:

1.3.1 Carrier

1.3.2 Secnrity seals and personnel
barrier

1.3.3 Cask

1.3.4 Acceptance of shipment

1.4 Park Carrier in Incoming Parking;

1.4.1 If OK, pari in regular slot
1.4.2 If suspect, park in suspect slat
1.4.3 Notify operations manager

2.0 PLACING CARRIER INTO PROCESS:

2.1 Preparation for Cask Unloading;

2.1.1 Hove carrier to process start
station

2.1.2 Wash down exterior, dry before
moving

5

S

5

RIOC 1.O
1.0
1.0
0.5
0.5
I .(
0.5
11.5
0.5
0.5
0.5
l).5

2.1
2.3
2.4
2.1
2.3
2.4
1.2
1.4
1.5
3.1
3.3
3.4

0.002
0.38
0.28
0.002
0. 38
0.28
0.0oo5
1.06
2.46
0.001
01.23
0.n96

0.002
0.38
0.28
0.001
0.19
0.28
0.00)25
0.53
1.23
0.0005
0.115
0.0148 3.059 3.0i6

P
15

10
P

15

RIOP 5.0 4.0 (SG) 0.001 0.005 0.005 0.005

R2

RZRO 110.0 4.0 (BGJ 0.001 0.11 O.I0 .1 Ot;

10

10

R2D 5.0

R20P 1.0
1.0
1.0
1.0

4.0 (SGJ

3.1
3.2
3.3
3.4

0.001

0.001
0.08
0.23
0.096

0.005

0.001
0.08
0.23
0.096

0.005 O .005

0.41



TABLE 14-Z

RECEIVING OPERAtONS FOR SPENT FUEL
fcontinuPd)

r-n-- -ra
Crew Member DoseOverat ions

I nd. Cu.Ogeration Oescription

2.1.3 Move carrier ahead for detailed
inspection

2.1.1b Remove harrier seals

2.1.5 Pull barrier back full open

Crew
huember me,

Area
time Area Dose Rate
Iminlj mtber ItretLm inl

Crew Member Dose
Iorem I

Ind. Tota Cum.

5

10

-11;0 tin

R2OP 2.0
RQC 0.5

1.0
0.5

R20P 0.5
0.5

4.0 (80)
2. 1
2.3
2.4
2.1
2.4

0.001
0.002
0.38
0.28
0.02
01.28

0.002
0.001
0.38
0.14
0.01
0.114

0.002

0.53

0.15

2.2 inspect For Radiation Levels:

2.2.1 Measure penetrating radiation
2.2.2 Measure alpha contamination
2.2.3 remporar-ly fix alpha

30
P
P

300?

R2RM 1.0
1.0
1.0
I.e1.0
t.0
0.5
0.5
0.5

2.1
2.3
2.4
1.2
1.14
1.5
1.2

1.5

0.002
0.38
0.28
0.005
t. Oh
2.46
0.005
1.06
2.46

0.002
0.38
0.28
0. W05
1.06
2.1b6
0.003
0.53
1.23.D

-.1
5.95 B

2.3 Inspect for Physical Damage:

2.3.1 Carrier 10

2.3.2 Barrier and hardware 10

R2OC 2.0
1.0
2.0
2.t)
t.0
2.0
1.0
2.0
1.0

3.1
3.3
3.41
2. 1
2.3
2.4
2. 1
2.3
2.b4

0.00I
0.23
0.096
0.002
0.38
0.28
0.002
0.38
0.28

0.002
0.23
0.192
0.0014
0.38
0.56
0.002
0.76
0.28

2.3.3 Cask 10

2.41 F.9W
2.3.4 Certify received condition P

30 100

2.' Removal of Cask from Carrier:

2.4.1 Move carrier to trans lock
2.b.2 Release tiedowns

2.b.3 Attach yoke to cash
2.4.4 Lirt cask to vertical
2.4.5 Transfer cash to cart
2.4.6 Remove yoke

10
10

S
10
10
52

50 TWI

R20P 1.0
2.0
2.0
3.0
5.0
5.0
2.0

2.1
1.3
1.11
1.2
4.0 (8G)
14.0
1.2

0.002
0.11
1 06
0.005
0.001
0.001
0.005

0.002
0.22
2.12
0.015
0.005
0.005
0.01 2.38 M



tABLE 4-2

RECEIVING OPERATIONS FOR SPENT FUEL
Icontintied)

Operation Oescriotlon

3.0 UNLOADING PREPARATION:

3.1 Preparation for Cask Unloadinq:

3.1.1 Move cask to prep area
3.1.2 Connect gas sampler
3.1.3 Sample interspace gas
3.1.4 Remove outer lid
3.1.5 Connect gas sampler
3.1.6 Sample cavity gas
3.1.7 Vent cavity
3.1.8 Loosen bolts on inner lid
3.1.9 Attach cask-to-hot celf adapter

Operations
Fime (min) Crew
Ind. C_ n. Nu mber Member

R3

Ex wosure
Area

Time Area Dose Rate _
JWin. timber LmreRnImn) _

Crew Member Dose
. mreol

Ind. Tota I Cum,

I0
if
III
40
lo'
10
15
40

-2
160

R30P
R3RM

R30P
R3RH

2.0
3.0

35.0
3.41

2.3
1.3

1.3
1.1

0.38
0. 11

0. 11
0.11

0.76
0.33

3.85
0.33

3.85
1.1

0.76
0.33

3.85
0.33 i7 a

4.95
R30P 35.0 1.1

1o.n 1.3
0.11
0.11

16n

3.2 Attach Cask to Hot Cell;

3.2.1 Move cask to unload lock
4h 3.2.2 Position cask tinder port

3.2.3 Attach cask to port
°° 3.2.4 Veriry seal

20
10
10

45

R30P 4.0 4.0
2.0 3.3
2.0 3.3
1.0 3.3

0.01
0.23
0.23
0.23

0.04
0.46
0.46
0.23 1.19

205

3.3 Removal of Cask from Hot Cell;

3.3.1 Remove cask from port
3.3.2 Remove cask-to-hot cell adapter

10
20
30

R30P 2.0 4.0
10.0 4.0

0.001
O.0O0

0.002
0.01 0.012 10.1

4.0 RETURN OF EMPTY CASK:

4.1 Cask Assembly;

4.1.1 Move cask to return area
4.1.2 Decon cask
4.1.3 Install inner lid
4.1.4 Torque bolts
4.1.5 Install outer lid
4.1.6 Torque belts
4.1.7 RAU survey assembled cask
4.1.6 Release cask

R3

20
30
10
10
10
10
30
P

120 120

4.2 Return Cask to Carrier;

4.2.1 Move carrier to return area
4.2.2 Attach yoke to cask
4.2.3 Move cask to carrier
4.2.4 Lower cask to horizontal position
4.2.5 Attach tiedowns
4.2.6 Re-install personel barrier

(leave retracted)

R2

10
5

10
10
20

75 195



TABLE 4-2

RrCEIVING OPrRATIONS FOR SPENT FUEL
IcnnclItded)

Operations Area Crew Member Dose
rime (min) Crew Time Area Dose Rate lmreL _

Operation Description _d;_ CEm Ntimber M eer min) tnmbe mr mLm n) Irnd. otl Cum,

4.3 Transfer of transport Unit: RI

b 3.1 Hove to Inspection area 10
4.3.2 Perform final inspection 30
4.3.3 Perform final radiation survey P
tt.3.4 Close personnel barrier tO
4.3.5 Install seafs 20
4.3.6 Ceritfy release tn
4.3.7 Hove to outgoing parking 10 _

90 Z85

.u



P - Parallel operation
SG - Sockground operation
RT - Remote operation
TR - Transport operation

tABLE 4-R

RECEIVING OPrilATIONS FOR HICH-LEVEL WASTE Note: All operation times
are estimates.

L1�UUbUI U

Operation Descriution

1.0 RECEIVING CARRIER AT GATE:

1.1 Check Shipping Papers;

1.1.1 Confirm l.D. nr carrier
1.1.2 Confirm l.D. of cask

Operations
rime (minl Crew

Ind. Cs. Nmber i ember

RI

Area
TIme Area Dose Rate
(mini Number (wren/mini

Crew Member Dose
foreml

Id Toa Icum,

5
P

RIG S.0 4.0 ISGO 0.001 n.005 0.005 0.00

5

1.2 Inspect tor Radiation Levels;

1.2.1 Measure penetrating radiation
1.2.2 Compare with shippers values

and DOr limits
1.2.3 Certify compliance

1.3 Inspect for Physical Damage:

1.3.1 Security seals

1.3.2 Cask and personnel barrier

1.3.3 Carrier

10

5
P
I5

RIRH 11.0 4.0 (I1G) 0.001 0.01 0.01 7001

5

5

5

P

RIQC 1.0
1.0
1.0
0.5
0.5
1.0
0.5
t).5
0.5
0.5
0.5
0.5

2.1
2.3
2.14
2. 1
2. 3
2.4
1.2
1.14
i .5
3. 1
3. 3
3.4

0.008
0.55
0.42
0.008
0.55
0.42
O.UO7
1 .28
0.77
0.005
0.32
0.29

0.008
0.55
0.42
0.004
0.275
0.42
0. O14
0.64
0. 385
0. 0025
0.16
0. 145 3.02 3.02

1.3.4 Acceptance of shipment
35

1.4 Park Carrier In Incoming Parking;

1.4.1 If OK. park in regular slot
1.4.2 If suspect. park in suspect slog
1.4.3 Notify operations manager

2.0 PLACING CARRIER INTO PROCESS:

2.1 Preparation for Cask Unloading;

2.1.1 Move carrier to process station
2.1.2 Wash down and dry exterior

10
P

15

RIOP 5.0 4.0 (SG) 0.001 0 005 0.005 i0i0W

0.11 0.11 0.11R2 R2R0 110.0 4.0 (SG)

10
10

R2D 5.0
R20P 1.0

1.0
I.0
1.0

4. 0 (SG)
3.1
3.2
3. 3
3.4

0.001

0.001
0.005
0.092
0.32
0.29

0.005
0.005
0.092
0.32
0 29

0.005 0.005

0.71



tABLE tb-3

RECEIVING OPFRA IONS FOR HIGII-LEVEL WASTE
(continteed)

ra- xs - ee o
Operatinns
Time amin)

Operation Descriptio Ind. -Cu.. er, Mer
rime Are Dose RAte
(mini Ntpber (mrem/mint

Crew member Dose

'mem

2.1.3 Move carrier ahead for detailed
inspect Ion

2.1.1 Repmove barrier seals

2.1.5 PellI barrier back ftil open

5

10

R20P 2.0
R20C 0.5

1.0
0.5

R20P 0.5
0.5

4.0 ( BG1
2.1
2.3
2.n
2. t
2.Is.

0.001
0. 008
0.55
0.42
0. 008
0.42

0.004
0.004
0.ss
0.21
0.004
0.21

0.001

0.76

0.21
hO

2.2 Inspect for Radiation Levels;

2.2.1 Measure penetrating radiation
2.2.2 Meastere alpha contamination
2.2.3 Temporarily fix alpha

30
P
P

R2RM 1.0
1.0
1.0
1.0
1 .0
1 .*
0.5
0.5
0.5

2.1
2.3
2.11
1.2
1.1
1.5
t.2
1.4
1.5

0.008
0.55
0.112
0. (07
1.28
0.IT
0.8O07
1 .28
0. I7

0.00o
0.55
0.42
0.007
1.28
0.77
81.004
0.64
0.385

_I

4I.06 4707
7n

2.3 Inspect for Physical Damage;

2.3.1 Carrier

2.3.2 Barrier and hardware

2.3.3 Cask

2.3.1 Certify received condition

t0

to

10

p
30

R2QC 2.0
1.0
2.0
2.0
1.0
2.0
1.0
2.0
1.0

3.1
3.3
3.4
2.1
2.3
2.14
2. 1
2.3
2.b

O. 005
0.32
0.29
0.008
0.55
0.1n2
0.008
0.55
0.42

0.0?
0.32
0.58
0.016
0.55
0.84
0.008
1.1
0.42

100

2.4 Removal of Cask from Carrier;

2.14.1 Move carrier to trans lock
2.4.2 Release tiedowns

2.4.3 Attach yoke to cask
2.1.4 Lift cask to vertical
2.4.5 Transfer cask to cart
2.1.6 Remove yoke

10
10

5
10
10

50

R20P 1.0
2.0
2.0
3.0
5.0
5.0
2.0

2.1
1.3
1.4
1.2
4.0 (801
4.0
1.2

0.008
0.05
1.28
0.00?
0.00?
0.001
0. 007

0.008
0.10
2.56
0.021
0.005
0.005
0.011 2.71 ? M



TABLE 4-3

RECEIVING OPERATIONS FOR NIGH-LEVEL WASTE
(continued)

gperation Descriotion

3.0 UNLOADING PREPARATION:

3.1 Preparation for Cask Unloading:

3.1.1 Move cask to prep area
3.1.2 Connect gas sampler
3.1.3 Sample interspace gas
3.1.4 Remove outer lid
3.1.5 Connect gas sampler
3.1.6 Sample cavity gas
3.1.7 Vent cavity
3.1.8 Loosen bolts on inner lid
3.1.9 Attach cask-to-hot cell adapter

operations
Time (minI Crew

Ind. CGUM Number Member

R3

Exoosure
Area

Time Area Dose Rate
Imin) Number (urem/min)

Crev Member-Oose -
Imreml

In. ro Cum,

10
10
10
40
10
10
15
40
15
160

R30P
R3RH

R30P
R3RM

2.0
3.0

35.0
3.0

2.3
1.3

1.3
1.1

0.55
0.05

0.05
0.27

1.1
0.15

1.75
0.81

9.45
0.5

1.1
0.15

1 .75 ___

9.95
R30P 35.0 1.1

10.0 1.3
0.27
0.05

160

3.2 Attach Cask to Hot Cell;

3.2.1 Move cask to hot cell lock
3.2.2 Position cask tinder port
3.2.3 Attach cask to port
3.2.4 Verify seal

Ah

20
10
10

45

R30P 4.0 4.0
2.0 3.3
2.0 3.3
1.0 3.3

0.01
0.32
0.32
0.32

0.04
0.64
0.64
0.32 1.64

205

3.3 Removal of Cask from Not Cell;

3.3.1 Remove cask from port
3.4.5 Remove cask-to-hot cell adapter

10

30

R30P 2.0 4.0 (SG)
10.0 4.0

0.001
0.001

0.002
0.01 0.012 Tfi4t.

4.0 RETURN OF EMPTY CASK:

4.1 Cask Assembly;

4.1.1 Move cask to return area
4.1.2 Decontaminate cask
4.1.3 Replace inner lid
4.1.4 Tighten bolts
4.1.5 Replace outer lid
4.1.6 Tighten bolts
4.1.7 RAU survey assembled cask
4.1.8 Release cask

4.2 Return Cask to Carrier;

4.2.1 Move carrier to return area
4.2.2 Attach yoke to cask
4.2.3 Transfer cask to carrier
4.2.4 Lower cask to horizontal position
4.2.5 Remove yoke
4.2.6 Attach tiedowns
4.2.7 Close personnel barrier

R3

20
30
10
10
10
10
30
P

120

10
5

10
10
5

20
20
80

120
R2

200



TABLE '43

RrCEIVINC OPERATIONS FOR H"IH-LEVEL WASTE
(concluded)

Operation Description

4.3 Transfer of Carrier:

4.3.1 Move to inspection area
4.3.2 Perform final inspection
4.3.3 Perform final RAD survey
4.3.4 Attach seats
b.3.5 Certify release
b.3.6 Move to outgoing parhing

Egostire
Operations Area
Time (min) Crew rime Area Dose Rate

Ind. Cum_. fuber Member lmin Nwmbe r 1rorm/min)

RI

Crew Member Dose
(mrem)

Ind. Total ,Cum.

I0
30
P
it)
10

_Q _
70 270

-a
W.3



4.2 Handling and Packaging Operations

4.2.1 Spent Fuel

The SFAs are assumed to be in interim storage racks in the unloading
hot cell. The operations described in Table 4-4 for consolidation of spent
fuel are patterned after the work described In the Allied General Nuclear
Services report "Spent Fuel Disassembly and Canning Program at the
Barnwell Nuclear Fuel Plant," AGNS-47921-2.0-19. The spent fuel canisters
will be taken to a surface surge storage facility after consolidation.

4.2.2 High-Level Waste

The HLW packages are assumed to be in interim storage racks in the
unloading hot cell. If any packages are found to be damaged during the
unloading operations, a separate set of procedures (similar to those for
packaging spent fuel rods) will be followed to "overpack" the damaged HLW
packages. After inspection, the HLW canisters will be taken to a surface
surge-storage facility. Table 4-5 describes the handling of HLW canisters.

4-14



P - Parallel operation
RT - R#mote operation

TABLE 4-

HANDLING AND PACKAGING OPERATIONS FOR SPENT FUEL
Note: All operation times

are estimates.

Operations
Ti.e (mini
Ind. Cumit

LAUIS

QOeration Descriotion

1.0 CASK U"LOADI"G:

1.1 Waste Package Removal:

1.1.1 Open hot cell port
1.1.2 Remove inner cask lid
1.1.3 Inspect lid. seal surface
t.1.4 Inspect cask contents
1.1.5 Log pertinent facts
1.1.6 Remove rlrst waste package
1.1.7 Repeat entil cask is empty

Crew TmIme
N11mber Fibe~r (~mini

HPi

HPIlO 110.0

"PloP 10.0
10.0
10.0
10 0
11.0
10.0
30.0

Area
Area Dose Rate
"umber !mrem/min)

Crew Member Dose

Ind,. Ttal Cum.

10
1n
10
10
10
10
I0
90

b4.0 (RT

14.0 IRT)
h.0
4.0
11.0
4.0
4.0
4.0

0.01

o.ni
O.tJ
0.0)1
0.01
0.01
0.01
0.(11

1.1

0.1
0. I
0. 1
0.1
o.l
0.1
0.3

1.1 -

0.9
90

-a
'p

1.2 Cask Closure:

1.2.1 Clean cask seat surface
1.2.2 Replace inner lid
1.2.3 Close unloading port

2.0 SPENT FUEL ASSEMBLY CONSOLIDATION:

2.1 Stripping Rods from Hardware:

2.1.1 Move SFA to teed table
2.1.2 Clamp into position
2.1.3 Cut through guide tubes
2.1.4 Drop end rtating to waste chute
2.1.5 Grip one row of rods
2.1.6 Pull rods Into transfer trough
2.1.7 Repeat 2.1.5 and 2.1.6 for each row

20
10

*10

HPIOP 20.0 4.0 (PT)
10.0 Q4.0
to.0( 4.0

HP2

HP2HO

HPOP20
In
20
10
5

15

150

175.0

20.0
10.0
20.0
10.0
5.0

15.1)
70.0

4.0 (RTI

Is.0 (RT)
4.0
b1.0
b4.0
1.0
b.0
#4.0

0.01
0.011
0.01

0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.2
0. 1
0.1

1.75

0.2
0.1
0.2
0.1
0.05
0.15
0.7

0.1 T1

1.75 -I.5

1.5
150

2.2 Discarding of Hardware;

2.1.1 Cut skeleton Into sections
2.1.2 Drop sections Into waste chute
2.2.3 Compact'and package for disposal

2.3 Placing Rods Into Waste Container;

2.3.1 Move rods from transfer trough
(2.1.6) to rod trough loader

2.3.2 Place rods in waste package
2.3.3 Repeat 2.3.2 until package is

filled

40
20
P

10
10

20

HPZOP 40.0 4.0 (RT) 0.01
20.0 4.0 0.01

0.4
0.2 0.6

210

HP20P 10.0
10.0

20.0

4.0 (PT)
4.0

4.0

0.01
0.01

0.01

0.1
0.1

0.2 0.4
250



HANDLING AND PACKAGING OPERATIONS FOR SPENT FUEL
(concluded)

- _ ~~~~~~~~~~~~~~~~~~~~~~Exposure
Operations Area Crev Member Dose
Time (minl) Crew Time Area Dose Rate __ _ _re_ l

Operation DescrIption nd. Cum. Number Member [min) Number larem/mini I Jn, Total Cum,

2.4 Container Closure and Surface Surge
Storage;

2.4.1 Move filled waste package to
welding station 10 HP20P 10.0 4.0 (RTJ 0.01 0.1

2.4.2 Move lid to station 5 5.0 4.0 0.01 0.05
2.4.3 Clean and inspect mating surfaces 15 15.0 4.0 0).01 0.15
2.4.4 Perform closure weld 20 20.0 I4.0 0.01 0.2
2.4.5 Inspect weld 20 HP20C 1l0.0 4.0 0.01 0.1 0.1 6
2.4.6 Certiry weld and accept package P IIP2RH 10.0 4.0 0.01 0.1 0.1 0.
2.4.1 Move waste package to surge storage 1 _Q HP20P 10.0 4.0 0.01 0.1 0.6 3.1

80 330

4,b



P - Parallel operation
RT - Remote operation

TAOLE N 4 O5

HANOLINGC A"D PACKAGINC OPERATIONS fOR HlGHI-LEVEL WASTE
Note: All operation times

are estimates.

Operations
Tire (minn Crew

Ittd. Can. ' Ntmbr Mmber

ExPosure
Area

Time Area Dose Rate
(mini Nmtber LmREem/inl I

Crew Member Dose

nd. Total Cum,Operation Description

1.0 CASK UNLOADING:

1.1 Waste Package Removal:

1.1.1 Open hot cell port
1.1.2 Remove inner cask lid
1.1.3 Inspect lid. seal surface
1.1.4 Inspect cask contents
1.1.5 Log pertinent fxcts
1.1.6 Remove first waste package
1.1.7 Repeat until cask is empty

10
10
1(1
111

10

_0
$(I

HP1 HPIHO l1n.0

HP10P 10.0
111.0
10.0
10.0
10.0
10.0
20.0

4.0 (RT)

4.0 (RT)
11.0
4.0
14.0
4.0
1.0
1.0

0.01

0.01
0.01
0.111
0.01
0.01
0.01
0.01

1.1 . 1.1

0.1
0.1
0. 1
0.1
n.1
0. 1
0.2 0.8

T�T

a0

-d

1.2 Cask Closure;

1.2.1 Clean cask seal surface
1.2.Z Replace inner lid
1.2.3 Close unloading port

2.0 HLW TO SURFACE SURGE STORAGE:

2.1 Moving Acceptable Package;

2.1.1 Move HLW canister to inspection
station

2.1.2 Certify acceptability

2.1.3 Move disposal package to SSSF

2Z)
in
10
141

tIPop 20.0 4.0 (RT) 0.01
10.0 4.0 0.nl
10.1) 4.11 0.n1

0.2
0.1
0.1 0.14 T

Hr2

10
213

19
111

IIr20P
IIP2OC
11P2R1
uro20r

10.0 1.0 IRT)
11.0 4.0
10.0 11.0
10.0 It1fl

0.01
0.01
o.01
().()I

0.1
0. 1
0.1
0 .1

0.1 Mf
0.1 °.l
0.2 0.2

VO

-



4.3 Shaft or Ramp Access from Surface Storage to Emplacement Horizon

The waste canisters are in surface surge-storage, available for transfer
underground. Two options are being developed for material handling from
surface storage to the emplacement horizon and then to the emplacement
borehole: 1) use of a vertical shaft for transfer of the facility cask with
the waste canister to a transporter at the emplacement horizon; and 2) use
of a ramp with the waste canister moved from surface storage into a facility
cask, permanently mounted on a transporter, and transported directly to the
emplacement borehole. The transfer operations are listed for shaft access in
Table 4-6 and for ramp access in Table 4-7.
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P - Parallel operation
RT - Remote operation
SG - Rackgroond operation
TR - Transport operation

TARILE 4-6

SHAFT ACCESS rROY SIIrACE STORAGE
TO IMPL.ACE'HF r H0R!ZON

Note: All operation times
are estimates.

ExVoshare
Operations
rime Tinil Crew
nd. Clim. Ntmber Memner

Area
lime Area Dose Rate
(mini _Pu ber imrem/mini

Crew Member Dose
Tlrem m

Ind. total .Cum.Operation Oescriltion

1.0

1.t

1.2
1.3
1. b
1.5
1.6
1.7
1.8
1.9
1.10

WASTE PACkAGE LOADING:

Mount facility cask on transfer
cart
Align facility cask and attach to port
Remove port cover
Remove racility cask lid
Load waste package
Replace facility cask lid
Replace port cover
Unattach cask from port
Release facility cask
Move facility cask on transfer cart
to shaft

FACILTIY CASK SHAFT ACCESS:

Hoist at surface
Engage "chair" system
Load facility cask on hoist
Disengage "chair" system
Lover to emptacement horizon
Engage "chair" system
Unload facility cask from hoist
Move facility cask on transfer cart
to transfer station
Remove facility cash from transfer
cart, return cart to hoist and surface

SA1 SAISO 105.0 b.0 (RT) 0.n0 1.05 1.05 1.05

10
10

10

18)
10
10

12t4

SA1OP 5.0
10.0
10.0
5.tl

10.11
SA1RM 10.0)
SAlOr 11n.0

14.0 (RT)
11.0
11.0
4.0
4.0 (tn)
4..n
1.0

0.01
0.111
0.01
0.1D1
0 * 00
0. (105
0.on5

0.05
0. 1
0. 1
0.05
0.05
0.05
0.05

0.05 0
0.40 0.4n

-aID

2.0

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

2.9

SA2

IP
10
20
5
5
5

20

to

SA2OP 20.0
5.o

5.0
20.0

10.0

b.0 (TR)
48.o

11.0
11.0

11.0

0.005
0. 1015
0.0115
0.00e50.0(85

0.005

0.1
0.025

0.025
0.1

0.05 0.3 07T

P
75

3.0

3.1

3.2
3.3

TRANSPORTER AT EMPLACEMENT HORIZON:

Move transporter to transfer
station
Load facility cash on transporter
Move facility cask to emplacement
horizon access point.

SA3

10
20
20

50

SA30P 20.0 4.0 (TR)
SA3D 20.0 4.0

0.005
0.005

0.1 0.1 F
0.1 0.1 0.N7



RT - Remote operation
tR - Transport operation

RAMP ACCESS FROM SURFACE STORAGE
TO EMPLACEMENT HORIZON

Note: All operation times
are estimates.

Operations
Time (mini- Crew
Ind. Cum, Number Member

time
(min)

Ex~osure
Area

Area Dose Rate
Number (mrem/minl

Crew Member Dose
I mrem)

Ind, Total gum.pOeration Description

1.0 WASTE PACKAGE LOADING: RAI RAISO 105.0 4.0 (RT) 0.01 1.05 1.05 1.05

1. 1

1.2
1. 3
1 .14
1.5
1.6
1.7

Move transporter with facility
cask to surge storage port
Align facility cask and attach to port
Remove port cover
Remove racility cask lid
Load waste package
Replace facility cask lid
Replace port cover

20
11)
10
1l0
20
10
11M
91) 90

RAlOP 5.0
5.)

10.0
5.0
5.0

.4.0 IRT)
4.0
4.0
4.0
4.0

0.01
0.01
0.01
0.01
0.01

0.05
0.05
0. 1
0.05
0.05 0.30 0.30

2.0 TRANSPORTER RAMP ACCESS: RA2

2 .1

2.2
2.3
2.4

Unattach transporter facility cask
rrow sturge storage port
Release transporter
Proceed to ramp
Move facility cask. down ramp. to
emplacement horizon access point

9

10
10
10

20
5U

RA20P 10.0 4.0 (TR)
RA;ltM 10.0 4.0
RA?2 1n.0 4.0

20.0 4.0

0.0015
0.005
0.005

0.005

0.05
0.05
0. 05

0.05 M
0.05 0.05

0.1 O.15s O.t5



4.4 Waste Emplacement

It is assumed that all initial conditions have been met in the waste
emplacement area. These conditions include: mining in the emplacement
area has been completed, the emplacement drifts are ventilated, all necessary
utilities are available, and the emplacement holes are completed and ready for
installation of the shield door and other auxiliary equipment.

4.4.1 Vertical Emplacement

Vertical waste emplacement is assumed to require the Installation and
removal of a shield door for* each waste canister. Table 4-8 lists the
operations for vertical waste emplacement.

4.4.2 Horizontal Emplacement

Horizontal waste emplacement Is assumed to accept multiple waste
canisters before the shield door is moved to another borehole. Table 4-9
lists the operations for horizontal waste emplacement.

4-21



BG - Background operation
TR - Transport operation

TABLE 4-p

VfRFICAL EMPLACEMENT OF WASTE
Note: All operation times

sre estimates.

_~~~~~.

Operation DescrLoqtji

1.0 PREPARATION FOR WASTE CMPLACEMENT:

1.1 Emplacement Hole Inspection;

1..1 Move hole cover removal machine
to hole

1.1.2 Remove hole cover
1.1.3 Visually inspect hole
1.1.4 Measure depth
1.1.5 Compare records
1.1.6 Certify Inspection

Operations
Time (min) Crew

Ind. Clem, Nmber Me*ber

VEI VElEO

Time

110.0

Area
Neimber

4.0 11SG)

4.0 (BC)
4.0)
4.0
4.0
4.0
15.0

Area
Dose Rate
(spreal/wnJ

0.00i

0.001
0.001
0.001
0.001
0.001
O etOl

Crew Hember Oose

Ind, otal gum

0.11 0.11 0.11

10
I0
1(
5
15

60

VEIOP 10.0
141.0
10.0
5.0

15.0
VElQC 10.0

0.01
0.01
0.01
0. 005
0.0 15
0.01

0. 05
0.01

60

1.2 Shield Door Installation;

1.2.1 Position console
1.2.2 Move door to emplacement hole
1.2.3 Position for attachment
1.2.4 Attach to anchor points
1.2.5 Connect utilities to console
1.2.6 Certify installationW

20
20
10
20
10

941

VE1OP 20 0
2tl.0
10.0
20.0
10.0

VFIOC 10.0

4.0 (BGI
4.0
4.0
4. 0
4.0
4.0

0.1001
o.001
0. 01) I
0.001
0.001
0.001

0.02
0.02
0.01
0.02
0.01
0.01

0. 08
0.01

150

1.3 Alignment System Installation;

1.3.1 Move to emplacement hole
1.3.2 Position ror attachment
1.3.3 Attach to anchor points
1.3.4 Connect utilities to shield door
1.3.5 Certify Installation

10
10

21)
10

61) 210

VElor 10.0
(0.0
20.0
111.0

VEIQC 10.0

4. 0 190)
4.0
14.0
4. 0
4.0

O.o0l
0.001
0.1)111
o.nol
0.001

0.01
0.01
0.02
0.01
0.01

0.05
0.01

2.0 WASTE EMPLACEMENT:

2.1 Transporter Positioning;

2.1.1 HMve transporter to emplacement
hole from access point

2.1.2 Position over hole
2.1.3 Raise and level transporter
2.1.4 Rotate cask to vertical
2.1.5 Lower transporter to enqage

shield door
2.1.6 Connect transporter utilities

to shield door

2.2 Waste Emplacement;

2.2.1 Open shield door and cask door
2.2.2 Lower waste
2.2.3 Release grapple and raise hoist
2.2.4 Close shield door and cask door

VE2

20
10
10
10

10

65

VEZOP 20.0
10.0
10.0
10.0

10.0

5.0

4.0 (TR)
4.0
4.0
4.0

4.0

1.3

4.0 (BG)
4.0
4.0
4.0

0.005
0.005
0.105
0.005

0.005

1.28

0.001
0.001
0.001
0.001

0.1
0.05
0.05
0.05

0.05

6.40 6.7
65

5
10
10
S

VE20P 5.0
10.0
10.0
5.0

0.005
0.01
0.01
0.005



TALE 11-8

VERTICAL EVPLACMENT Of WASTE
IEnntintrd)

_ _~~~~~~~~~~~~~~~~~~~~~~~~Epsr

Operations
Tie min) Crw

Ind. Cum Nmber Member

Area Crew t4ember Dose

rle Area Dose Rate (freml
Imin) -vIfuber JMrft/t~li~nl ind, total C.Oneration Descriptlon

2.2.5 Disconnect transporter utilities
from shield door

2.2.6 Raise transporter
2.2.7. Rotate cask to horizontal
2.2.8 Move transporter to access point

5
10
10

.22
75

5.0
10.0
10.0
20.0

1. 0 (8SC)
4.0
b.0
11.0

0.001
0.001
0.001
o.no1

0. 050.01
0.01
0.002 0.075

1110

2.3 Plug Transport Positloning;

2.3.1 Move plug emplacement transport to
hoae

2.3.2. Position over hole
2.3.3 Raise and level transporter
2.3.4 Rotate cask to vertical
2.3.5 Lovwer transport to engage shield

door and connect utilities

In
10

10

10
511

VE20P 10.0
10.0
10.0
10.0

10.0

11.0
4..0
11.0
4.0

1b.0

(SC) 0.001
0. DO1
0.001
0.001

0.001

0.01
0.01
0.01
0.01

0.01 0.05
190

2.b1 Plte Emplacement:

2.b.1 Open shield door
2.I4.2 Lower cement plug
2.b.3 Release grapple and raise hoist
2.b.b Close shield door
2.1.5 Disconnect transport utilIties

from shield door
2.b.6 Raise transport
2.b.1 Rotate cask to horizontal
2.1.8 Mlove transport

3.0 EMPLACEKENT "OLE CLOSURE:

3.1 Alignment System Removal:

3.1.1 "ove transport to hole
3.1.2 Disconnect utilities
3.1.3 Unattach anchor points
3.1.b Move from hole

10
10
5

5
10
10
10

~65 21

VE20P 5.0
10.0
10.0
5.0

5.0
10.0
10.0
10.0

11.0 (SC)1
4.0
t1.0

tl1.0

1.0
4.0

0.001
0.001
0.001
0.)01

0.001
0.1011
0.001
0.001

0.005
0.01
0.01
0.005

0.005
0.01
0.01
0.01 0.065 6.89

VE1

10
10
20
ID50

VEIOP 10.010.0
20.0
10.0

11.0 (DC)
4.0
14.0
1.0

0.001
0.001
0.001
0.001

0.01
0.01
0.02
0.01 0.05

50

3.2 Shield Door Removal:

3.2.1 Disconnect utilities
3.2.2 Remove console
3.2.3 Brlng transport to hole
3.2.4 Unattach anchor points
3.2.5 Remove shield door
3.2.6 Fill door recess to floor level

10
10
10
30
30

VEIOP 10.0
10.0
10.0
30.0
30.0
20.0

4.0 (so)
1.0
4.0
4.0
b.0
b.0

0.001
0.001
0.001
0.001
0.001
0.001

0.01
0.01
0.01
0.03
0.03
0.02 S.11 0I.3

160



TABLE 4-8

VERTICAL EMPLACEMENT or WASTE
(conc i udedi

Expo sure
Operations Area Crew Member Dose
Time fling Crew Time Area Dose Rate (mreml

Operation Description Ind. Cu". Number Member loin) Number Iorem/in) _Ind. total C

3.3 Certity Closure:

3.3.1 Monitor hole 20 VEIRM 20.0 4.0 (8G) 0.001 0.02 0.02 OQ
3.3.2 Certify closure 2Q VFIOC 20.0 4.l 0.0011 0.02 0.02 0.05

'40 28)0

-bb

t4
bb



BC - Background operation
TR - transport operation
P - Parallel operation

TABLE. 14-

HORIZONTAL EMPLACEMENT OF WASTE
Note: All operation times

are estimates.

Operation Description

1.0 PREPARATION FOR WASTE EMPLACEMENT:

1.1 replacement Hole Inspection:

1.1.1 Move hole cover transport to
emplacement hole

1.1.2 Remove hole cover
1.1.3 Make visual Inspection
1.1.4 Take optical measurements
1.1.5 Record comparison
1.1.6 Certify inspection

operations
rime (mini Crew
Ind. Clj . NuKMer Member

HEl HEIEO

Time
(m in)

55.0

10.0
5.0

20.0
20.0
10.0
5.0

Area
Numbe r

1b.0 (SG)

4.0 (BG)
4.0
4.0
4.0
4.0
4.0

ExDosUre
Area

Dose Rate
Omrem/minj

0.001

0.001
0.001
O,001
0.001
0.001
0.001

Crew Member Dose
Imreml)

mnd.- Total CUm.

0.055 0.055 0.055

10
5

20
20
10

70

1H[lOP

HE 1QC

0,01
0.005
0.02
0.02
0.01
0.005

0.015

0.055
70

1.2 Console Installation;

1.2.1 Move console transport to
emplacement hole

1.2.2 Position ror attachment of
Utility lines

t.2.3 Certiry installation

10

10
10
30

IfElop 10.O 1.0 (BC)

10.0 4.0
E IOC 10.0 14.0

VIi
100

1.3 Shield Door Installation:

1.3.1 Hove shield door transport to
emplacement hole

1.3.2 Position for attachment
1.3.3 Attach to anchor points
1.3.4 Connect utilities to console
1.3.5 Certify installation

10
10
20
10
tO
60

HEIOP 10.0
10) 0
20.0
10.0

HElOC 10.0
160

1.4 Alignment System Installation:

1.4.1 Hove alignment system transport to
emplacement hole

1.4.2 Position for attachment
1.b.3 Attach to anchor points
1.4.4 Connect utilities to shield door
1.4.5 Certify Installation

1.5 Power Roller System Installation:

1.5.1 Move power roller transport to
emplacement hole

1.5.2 Back transport onto alignment system
1.5.3 Open shield door and transport door
1.5.1 Connect and move each unit Into

emplacement hole

10
10
20
10
10
60

HE1OP 10.0
10.0
20.0
101.0

HElQC 10.0

1.0 (80)
4,.0
4.0
4.0
4.0

4.0 (DC)
b.0
4.0
4.0
4.0

1.0 (80)
4.0
4.0

b.0

0.001

0.001
0.001

0.001
0.001
0.001
0.001
0.001

0.001
0.001
0.001
0.001
0.001

0.001
0.001
0.001

0.001

0.01

0.01
0.01

0.01
0.01
0.02
0.01
0.01

0.01
0.01
0.02
0.0}
0.01

0.02
0.01

0.05
0.01

0.05
0.,01

220

10
5
5

120

NElor 10.0
5.0
5.0

120.0

0.01
0.005
0.005

0.12

I



ABLE L4-9

HORIZONTAL EMPLACEMENT OF WASTE
(continued)

Operation Description

1.5.5 Position in emplacement hole
1.5.6 Attach to anchor points
1.5.7 Connect utilities to shield door
1.5.8 Certiry installation

Operations
T I ( i nil _ Crew
Ind. _u. qLumbeEr _Mem.pr

10
10
to
IoQ H CEIC

190 410

Time
-1,!in1

10.0
10.0
10.0
10.0

Area
Number

4.0
4.0
4.0
4.0

Area
Dose Rate
lmrem/mini

0.001
0.001
0.001
0.001

Crew MmbOer Dose -
forenL_-

I nd, ota I Cum,

0.01
0.01
0.01 0.18
0.01 0.01

LAUU autUU

6b

0

1.6 Emplacement System Certification
(Cold Test);

1.6.1 Move transporter to emplacement
hole

1.6.2 Back transporter on alignment
system

1.6.3 Connect transporter utilities to
shield door

1.6.4 Console operations.
1.6.4.1 Align transporter cask with

shield door
1.6.4.2 Open shield door and cask door
1.6.4.3 Hove dummy waste package onto

power rollers
1.6.4.4 Close shield door and cask door
1.6.4.5 Power waste package to back or

emplacement hole
1.6.4.6 Return waste package to front

or emplacement hole
1.6.4.7 Open shield door and cask door
1.6.4.8 Move waste package Into

transporter
1.6.4.9 Close shield door and cask door
1.6.4.10 Unalign transporter from shield

door
1.6.5 Dlsconnect transporter utilities

from shield door
1.6.6 Move transporter off alignment

system
1.6.7 Certify operation

10

5

10

5.0

10.0

4.0

4.0

0.001

0.001

HE1OP 10.0 4.0 (60) 0.001

10
5

10
5

60

60
5

10
5

10

5

10

230

10.0
5.0

10.0
5.0

60.0

60.0
5.0

10.0
5.0

10.0

5.0

10.0
HE1QC 10.0

4.0
4.0

4.0
4.0

4.0

4.0
4.0

4.0
4.0

4.0

4.0

4.0
4.0

0.001
0.001

0.001
0.001

0.001

0.001

0.001
0.001

0.001

0.001

0.001
0.001

0.01
0.005

0.01
0.005

0.06

0.06
0.005

0.01
0.005

0.01

0.005

0.01
0.01

0.01

0.005

0.01

0.22
0.01

2.0 WASTE EMPLACEMENT:

2.1 Transporter Arrival;

2.1.1 Hove transporter to emplacement
hole

2.1.2 Back transporter onto alignment
system

2.1.3 Connect transporter utilities
to shield door

Ht2

20

S

30

NE20P 20.0

5.0

4.0
1.0

4.0 (TR)

4.0

4.0
1.5

0.005

0 005

0.005
2.46

0.1

0.025

0.02
2.4630 2.61



TABLE 11-9

HORIZONTAL EMPLACEMENT OF WASTE
(contli tned)

Operations
--Time (mint, Crew
Ind. Cfmn HumFer Member

Exnosure
Area

Time Area Dose Rate
Imin) Number (mrem/min)Ooeration Description

2.2 Console Operation:

2.2.1 Align transporter cask with
shield door

2.2.2 Unlock cask door
2.2.3 Open shield door and cask door
2.2.4 Move waste package onto

power rollers
2.2.5 Close shield door and cask door
2.2.6 Power waste package to final

posi tion
2.2.r Lock cask door
2.2.8 Unalign transporter

2.3 Transporter Return;

2.3.1 Disconnect transporter utilities

2.3.2 Move transporter otf alignment
Jbb 2.3.3 Return to access point for next
F4 waste package. repeat 2.1 through 2.3

Crew Member Dose
_ mreml

I nd. Ttetl I y _u.

0.01
0.005
0.005

0.01
0.005

10
5
5

10
5

P
5
10

"SO

HE20P 10.0
.5.0
5.0

' 19.0
.0

4.0 (80)
14.0
4.0

4.0
4.0

0.001
0.001
0.001

0.001
0.001

*5.0 4.0
M0.0 4.0

0.001
0.001

0.005
0.01 0.0,

sO
HE2OP

5

5

2gO
30 llo

4.0
1.0
5.0

20.0

h.0 (80)
1.5
1.0 (SG)

4.0

0.001
2.146
O.08)1

0.001

0.004
2.146
0.005

0.02

3.0 EMPLACEMENT HOLE CLOSURE:

3.1 Concrete Plug Emplacement;

3.1.1 Transport with Concrete Plug.

3.1.1.1 Move plug transport to emplacement
hole

3.1.1.2 Bsack transport onto alignment
system

3.1.1.3 Connect transport utilitiles to
shield door

3.1.2 Console Operation,

3.1.2.1 Align transport with shield
door

3.1.2.2 Open shield door and cask door
3.1.2.3 Move plug onto power rollers
3.1.2.4 Close shield door and cask door
3.1.2.6 Power plug to final position

HE1

10

5

10

HE1OP 10.0

5.0

10.0

b.0 (8C)

4.0

4.0

18. 0 (SC)
4.0
4.0
1.0

0.001

0.001

0.001

0.001
0.001
0.001
0.001

0.01

0.005

0.01

0.01
0.005
0.01
0.005

10
5

toP

10.0
5.0

10.0
5.0



TABLE 4-9

HORIZONtAL EMPLACEMENT OF WASTE
(continued)

Exos r

Operations.
T1me (mini . Crew

_edj co Number MeHbe rOperation Description

3.1.3 Plug Transport Removal.

3.1.3.1 Disconnect transport utilities
3.1.3.2 Hove transporter orf alignment

system

TIme Area
oil!) Number

10.0 4..0 BOG)

5.0 4.0

Exposgurs-
Area

Dose Rate
Imrem/minJ

0.001

0.001

Crew Member Dose
airem _

Ind. Total Cul..

10

70

0.01

0.005 0.07
70

14Go3

3.2 Power Roller Removal;

3.2.1 Removal Transport,

3.2.1.1 Move power roller transport to
emplacement hole

3.2.1.2 back transport onto alignment
system

3.2.1.3 Connect transport utilities to
shield door

3.2.2 Console Operation.

3.2.2.1 Align transport with shield
door

3.2.2.2 Open shield door and transport
door

3.2.2.3 Unattach anchor points
3.2.2.4 Disconnect utilities from

shield door
3.2.2.5 Remove and disconnect each unit

Into transport
3.2.2.6 Monitor each unit in removal

transport
3.2.2.7 Remove each monitored unit

3.2.3 Removal Transport.

3.2.3.1 Close shield door and transport
door

3.2.3.2 Unalign transport from shield
door

3.2.3.3 Disconnect utilities from shield
door

3.2.3.4 Move transport off alignment
system

10

5

10

HFIOP 10.0

5.0

10.0

4.0 (BG1

4.0

4.0

4.0 ISGI

4.0
4.0

4.0

-4.0

0.001

0.001

0.001

0.001

0.001
O.o0t

0.001

0.001

0.01

0.005

0.01

0.01

0.005
0.01

0.01

0.2

10

5
10

10

200

P
P

10.0

5.0
10.0

10.0

200.0

5

10

10

290

5.0

10.0

10.0

5.0

4.0 (BC)

4.0

4.0

4.0

0.001

0.001

0.001

0.001

0.005

0.01

0.01

0.005 0.265
360



TABLE 4-9

HORIZONTAL EMPLACEMENT OF WASTE
(continued)

Exposure
Operations
time (mini -, Crew

Ind. Cum. Number Mamber

Area
Time Area Dose Rate
(minI Ntmbe r frem'/mln)Ooeration Descrigtion

3.3 Final Closure Plug:

3.3.1 Move pl11g transport to emplacement
hole

3.3.2 Back plg transport onto alignment
system

3.3.3 Connect plug transport utilities
to shield door

3.3.b Console Operation.

3.3.4.1 Align plug transport with
shield door

3.3.4.2 Open plug transport door and
shield door

3. 3. 4.3 Insert plug into emplacemeent
hole

3.3.b.4 Close plug transport door and
shield door

3.3.4.5 Unalign plug transport

3.3.5 Disconnect plug transport
utilities

3.3.6 Move plug transport off
alignment system

10

5

10

HElOP 10.0

5.0

10.0

h1.0 (SC)

4.0

1b.0

b.0

b.0

b.0
b .o

10

'5

10

5
10

10.0

5.0

t0.0

5.0
to.O

0.001

0.001

0.001

0.001

0.001

0.001

0.001
0.001

0.001

0.001

Crew Member Dose
I orem)

Ind, Total Cum.

0.01

0.005

0.01

0.01

o0.005

0.01

* 0.005
0.01

lbJ
?4

10

50

10.0 1.0

5.0 b.0

0.01

0.005 0.08
4110

3.1 Alignment System Removal:

3.4.1 Move removal transport to
emplacement hole

3.4.2 Disconnect utilities from
shield door

3.1b.3 Unattach anchor points
3.4.b Remove from hole

10

10
20
P

lit

HEIOP 10.0

10.0
20.0

b.0 ("G1

11.0
11.0

0.001

0.001
0.001

0.01

0.01
0.02 0.0Of

b80)

3.5 Shield Door Removal;

3.5.1 Move shield door transport to
emplacement hole

3.5.2 Disconnect shield door utilities
from console

3.5.3 Unattach anchor points
3.5.4 Remove from hole

10

10
40

60

HElOP 10.0

10.0
40.0

#8.0 (no)

11.0
18.0

0.001

0.001
0.001

0.01

0.01
0.04 0.06

5110



TABLE 4-9

HORIZONTAL EMPLACEMENT or WASTE
1conchIded)

Exjosure -
Operations Area Crew Member Dose
Time (mini Crew Time Area Dose Rate (mrem)
nd. Cum, Number Member (win) Number (mrem/min) Ind. Total Cum.Operation Description

3.6 Console Removal;

3.6.1 Move console transport to
emplacement hole

3.6.2 Remove console from hole
10
IQ
21)

HEtOP 10.0 4.0 SOG)
10.0 4.0

0.001
0.001

0.01
0.01 0.02

560

3.7 Certify Closure;

3.7.1 Move hole cover transport to
emplacement hole

3.7.2 Position emplacement hole cover
3.7.3 Install hole cover
3.7.4 Attach anchor points
3.7.5 Monitor hole
3.7.6 Certify closure

in
in
it(
10
20
20
s0

HEIOP 10.0
10.0
10.0
10.0

HEIRM 20.0
HE1OC 20.0

4.0 BCG)
4.0
4.0
4.0
4.0
4.0

0.001
0.001
0.001
0.001
0.001
0.001

0.01
0.01
0.01
0.01
0.02
0.02

0.04 i1.1
0.02 Q.02
0.02 0.12

(4
0



4.5 Waste Retrieval

It is assumed that all initial conditions for waste retrieval have been
met before operations begin. These conditions include: all mining, backfill

removal, and stabilization have been completed; retrieval drifts are venti-

lated; utilities are available; and preparations for equipment installation have
been completed. Removal of the waste packages has been detailed for ramp
access only.

4.5.1 Vertical Retrieval

Operations for vertical retrieval are presented In Table 4-10.

4.5.2 Horizontal Retrieval

Table 4-11 lists the operations for horizontal retrieval.

4-31



BG - Background operation
TR - Transporter operation
P - Parallel operation

RT - Remote operation

TABLE 4-10

VERTICAL RETRIEVAL OF WASTE
Note: All operation tImes

are estimates.

ixrsu-cira
Operations
Time (min)

Operation Description Ind. Cup_
Crew

Number Member

Area
Time Area Dose Rate
(min) Number Imrem/minl

Crev Member Dose

ITreal
Indtaa Cum,.

1.0 PREPARATION FOR WASTE RETRIEVAL:

1.1 Backrill Removal;

1.1.1 Certify hole and number records
1.1.2 Monitor hole
1.1.3 Remove fill material
1.1.4 Ascertain plug condition

VR1 VRIRO 110.0 14.0 (BG) 0.001

0.001
0.001
0.001
0.001

0.11 0.11 0.i1

10
20
20
10
60

VRIQC
VRIRH
VR1OP
VRIQC

10.0
20.0
20.0
10.0

4.0 (BG)
4.0
4.0
4.0

0.01
0.02
0.02
0.01

0.02
0.02
0.02

60

1.2 Console Installation;

1.2.1 Move console to retrieval hole
1.2.2 Position console
1.2.3 Certify installation

Wbb9..

1.3 Shield Door Installation;

1.3.1 Move door to retrieval hole
1.3.2 Position for attachment
1.3.3 Attach to anchor points
1.3.4 Connect utilities to console
1.3.5 Certify installation

10
10
M0
30

20
10
20
10

10
70

VRIOP 10.0 4.0 JBG) 0.001
10.0 4.0 0.0 0 1

VRAQC 10.0 4.0 0.001
90

0.01
0.01
0.01

0.02
0.01
0.02
0.01
0.01

0.02
0.01

0.06
0.01

VRIOP 20.0
10.0
20.0
10.0)

VR`IC 10.0

4. 0 (OG)
4.0
4.0
11.0
4.0

0.001
0.001
0.001
0.001
0. 1ol

160

1.4 Alignment System Installation;

1.4.1 Move to retrieval hole
1.4.2 Position for attachment
1.4.3 Attach to anchor points
1.4.4 Connect utilities to shield door
1.4.5 Certify installation

10
10
20
10
10
60 220

VR1OP 10.0
10.0
20.0
10.0

VR1QC 10.0

4. 0 (8G)
4. 0
4. 0
4. 0
4.0

0.001
0:001
0.001
0.001
0.001

0.01
0.01
0.02
0.01
0.01

0.05
0.01

2.0 WASTE RETRIEVAL:

2.1 Plug Transport Positioning;

2.1.1 Move plug removal transport to hole
2.1.2 Position over hole
2.1.3 Raise and level transporter
2.1.4 Rotate cask to vertical
2.1.5 Lower transport to engage shield

door and connect utilities

VR2

10
10
10
10

50

VR20P 10.0
10.0
10.0
10.0

10.0

q.0 SC)
4.0
4.0
4.0

4.0

0.001
0.001
0.001
0.001

0.001

0.01
0.01
0.01
0.01

0.01 0.05
50



TABLE l-10

VERrICAL RtRtIEVAL OF WASTE
f ontInsied)

_ _sur

Operations
Time (mini Crew

Ind. Cyu hume Reb

-- -~~EXDOSUre
Area

Time Area Dose Rate
(min) Rumbe r Imrem/minl

Crew Member Dose
laireml

Ind. Total Cum,operation Oescription

2.2 Plug Removal:

2.2.1 Open shield door
2.2.2 Lower grapple and attach to p1ug
2.2.3 Raise plug into cask
2.2.4 Close shield door
2.2.5 Disconnect transport utilities from

shield door
2.2.6 Raise transport
2.2.? Rotate cask to horizontal
2.2.0 Move transport

1
10
10
5

5
10

10
65

Vn20P 5.0
10.0
10.0
5.0

1. 0
10.0
10.0
10.0

11.0 (DC)
11.0
4.0
b1.0

b1.0
41.0
11.0
11.0

0.001
0.001
0.001
0.001

0.001
0.n01
0.001
0.001

0.005
0.01
0.01
0. 005

0.005
0.01
0.01
0.01 0.065

115

2.3 Transporter Positioning,

2.3.1 Move transporter to retrieval hole
from access point

2.3.2 Position over hole
2.3i3 Ralse and level transporter
2.3.41 Rotate cask to vertical
2.3.5 Lower transport to engage shield

door
2.3.6 Connect transporter utilities to

shield door

2.4 Waste Retrieval:

2.b.1 Open shield door and cask door
2.4.2 Lower grapple and attach waste

package
2.4.3 Raise waste package
2.4.4 Close shield door and cask door
2.4.5 Disconnect transporter utilities

rrom shield door
2.4.6 Raise transporter
2.4.7 Rotate cask to horizontal
2.4.8 Move transporter to access point

20
10
10
10

10

65

1.5

10
10
5

1
10
10
ZQ
75

VR2OP 20.0
10.0
10.0
10.0

10.0

5.0
180

11.0 JOG)
11.0
4.0
41.0

11.0

4.0

1. 0 (so)

4.0
b.0
4.0

1.3 (TR)
11.0
4.0
4.0

0.001
0.001
0.001

0.001

0.001

0.001

0.001

0.001
0.001

0.001

1.028
0.005
0.005
0.005

0.02
0.01
0.01
0.01

0.01

0.005

0.005

0.01
0.01
0.005

6.4
0.05
0.05
0.1

VR20P 5.0

10.0
10.0
5.0

5.0
10.0
10.0
20.0

0.065

6.63
255

2.5 Transport Removal;

2.5.1 Raise transporter
2.5.2 Rotate cash to horizontal
2.5.3 Move transporter to access point

10
10

-40 9

VR20P 10.0 b1.0 (TR)
10.0 b.0
20.0 4.0

0.005
0.005
0.005

0.05
0.05
0.1 0.2 T.iT



TABLE 4-10

VERTICAL RETRIEVAL OF WASTE
(continued)

-

operation Oescriotion

3.0 RETRIEVAL HOLE CLOSURE:

3.1 Alignment System Removal;

3.1.1 Move transport to hole
3.1.2 Disconnect utilities
3.1.3 Unattach anchor points
3.1.4 Hove from hole

Operations
Time (min1 C..rew
Ind. Cu.. Number Member

VR1

lime Area
(mini Number

Exposure
Area

Dose Rate
Ly1re/lijinI

0.001
0.001
0.001
0.(10

Crew Member Dose
I Orem I

Ind. Total Cum

10
10
20
10
so

VRIOP 10.0
10.0
20.0
IO.k

4.0 (BG)
4.0
4I.0
4.0

0.01
0.01
0.02
0.01 0.0O

50

3.2 Shield Door Removal:

3.2.1 Disconnect utilities
3.2.2 Remove console
3.2.3 Bring transport to hole
3.2.4 Unattach anchor points
3.2.5 Remove shield door

3.3 Hole Cover Installation;'

3.3.1 Hove hole cover to hole
3.3.2 Install hole cover
3.3.3 rmll cover recess to floor level

10
10
10
30
9309fJ

10
in
20
410

VRIOP 10.0
10.0
10.0
30.0
3.0O

41 0 (SG)
4.0
41.0
4.0
4.0

140

0.001
0.001
0.001
0.001
0.001

0.001
0.001
0.001t

0.01
0.01
0.01
0.03
0.03

0.01
0.01
0.02

0.09

0. 04 0 3

VRIOP 10.0 4.0 JBG)
10.0 41.0
20.0 4.0

180

3.4 Certify Removal;

3.4.1 Monitor hole
3.4.2 Certify closure

10
10 _
20 200

VRIRM 10.0 4.0 (BG)
VR1OC 10.O 4.0

0.001
0.1101

0.01 0.01 0.06
0.0 ol o 0.06

4.0 RAHP ACCESS:

4.1 Transporter Ramp Access;

4.1.1 Move transporter with facility cask
from retrieval access point up ramp

4.1.2 Proceed to surge storage
4.1.3 Accept transporter
4.1.4 Align facility cask and attach to

surge storage port

RA2

20
10
10

50

RA2D

RANRI

RA20P

20.0
10.0
10.0

10.0

41.0 (TRA
4.0
4.0

4.0

0.005
0.005
0.005

0.005

0.1
0.05
0. 05

0.05

0.15
0.05

0.05

0.05

0.05
50

4.2 Waste Package Unloading;

4.2.1 Remove surge storage port cover
4.2.2 Remove facility cask lid
4.2.3 Unload waste package
4.2.4 Replace facility cask lid
4.2.5 Replace port cover

RAI RAISO

RA1OP10
10
20
10
10
60 TT1

105.0

5.0
5.0
10.0

5.0
5.0

4.0 (AT)

4.0 (AT)
4.0
4.0
4.0
4.0

0.01

0.01
0.01
0.01
0.01
0.01

1.05

0.05
0.05
0. 1
0.05
0.05 0.30 03i0



TA8LE 4-10

VERTICAL RETRIEVAL OF WASTE
(continued)

E Xosure
Operations

I nd. u _A9ILA.operation Description

5.0 WASTE PACKAGE 10 SURCE SURGE STORAGE:

5.1 Moving Acceptable Weste Package:

5.1.1 Move acceptable waste package to
inspection station

5.1.2 Certify acceptablility

5.1.3 Move waste package to storage

Crew TIme
Nimber amr (mini

Area
Area Bose Rate

_umb. r Imtem/mln)

- Crew Member Dose
Imreal

Ind. Total __Gmm.

HP2

10
20

10
-Iii

Hr1,20r
IP20C
"P2Rt
Ir20P

10.0
10.0
10.0
10.0

4.0 (RTJ
b.0
41.0
4.0

0.01
0.01
0.01
0.01

0.1
0.1
0. 1
0.1

0.1 Ea
0.1 o
0.2 0.2

6.0 CASK LOADING:

6.1 Waste Package Loading;

6.1.1 Open hot cell port
6.1.2 Remove inner cask lid
6.1.3 Inspect lid. seal. and Inner cask
6.1.4 Insert first waste package
6.1.5 Repeat until cask is full
6.1.6 Log loading Information

Iln
10
10
10
20

70

HP1 IIP1HO 110.0

HP1OP 10.0
10.0
10.0
10.0
20.0
10.0

b.0 (RT)

4.0 (RTI
4.0
4.0
b.0
4.0
41.0

0.0O

0.01
0.01
0.01
0.01
0.01
0.01

1.1

0.1
0.1
0.1
0.1
0.2
0. 1

1.1 rri

0.7
(.1
U, 70

6.2 Cask Closure;

6.2.1 Replace Inner lid
6.2.2 Close loading port

10
10
20 90

HPIOP 10.0 4.0 (RT)
10.0 1.0

0.01
0.01

0.1
0.1 0.2 §

7.0 CASK PREPARATioR FOR SHIPPING:

7.1 Removal of Cask from Hot Cell;

1.1.1 Remove cask from port
7.1.2 Move cask to prep area

53

10
20
30

530P 2.0 3.3
b.0 1.0

0.32
0.01

0.614
0.014 0.68

30

7.2 Cask Preparation for Carrier Loading;

7.2.1 Remove cask-to-hot cell adaptor
7.2.2 Tighten Inner lid bolts
7.2.3 Replace outer lid
7.2.4 Tighten outer lId bolts

15
40
5

h6

53OP 10.0
35.0
2.0

35.0

1.3
1.1
2.2
1.3

0.05
0.27
0.10
0.05

0.5
9.45
0.20
.t75 11.90 rr



TABLE 4-10

VERTICAL RETRIEVAL OF WASTE
1continued)

ILAUUU r

Operations
r o riie IminT

Operation Description In. cu.
Crew Timle

Number Mem- W (lini

Area
Area Dose Rate

_Number (wrep/min)

Crew Member Dose
(Orem )

Ind. Total Cum,

8.0 CARRIER LOADING:

6.1 Inspect for Radiation Levels:

8.1.1 Measure penetrating radiation
8.1.2 Measure alpha contamination
8.1.3 Temporarily fix alpha

S2 S2RO 110.0 4.0 (901 0.001 0.11 O.11 t -TT

30
p
p

S2RM 1.0
1.0
1.0
1.0
1.0
1.0
0.5
0.5
U. 5

2. 1
2. 3
2.4
1.2
1.4
1. 5
1.2
1.4
1.5

0.008
0.55
0.42
0.007
1.26
0.77
0.00O
1 28
0.77

0.008
0.55
0.42
0.007
1.28
0.77
0.004
0.64
0.385 4.06 $7U

30 30

(.3
0

0.2 Load Cask on Carrier;

8.2.1 Move cask to trans lock
8.2.2 Attach yoke to cask
8.2.3 Transfer cask to carrier
6.2.4 Lower cask to horizontal
8.2.5 Remove yoke
8.2.6 Attach tiedowns

8.2.7 Close personnel barrier

10
10
5
20

20

80

S20P 2.0
3.0
5.0
5.0
2.0
4.0
4.0
0.5
0.5

2.3
1.2
4.0 (SC)
4.0
1.2
1.3
1.4
2.1
2.4

0.55
0.007
0.001
0.001
0.007
0.05
1.28
0.008
0.42

1.1
0.021
0.005
0.005
0.014
0.2
5.12
0.004
0.21 6.68

110

8.3 Transfer of Carrier;

8.3.1 Move to inspection area
8.3.2 Inspect carrier, barrier. and cask

0.3.3 Attach seals

8.3.4 Certify release
8.3.5 Move to outgoing parking

10
20

10

p
10
50 Mg

S2OP 1.0
520C 1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0

520 10.0

2.1
3.1
3.3
3.4
2. 1
2.3
2.4
1.2
1.4
1.5
2. 1
2. 3
2.4

4.0 (90)

0.008
0.009
0.32
0.29
0.008
0.55
0.42
0.007
1.28
0.77
0.008
0.55
0.42

0.001

0.008
0.005
0.32
0 29
0.008
0.55
0.42
0.007
1 26
0.77
0.016
1.1
0.84

0.01

0. 008 6 r6

5.61 O.Ot

0.01 I.0T



TABLE 4-10

VERTICAL RETRIEVAL OF WASTE
Iconcluded)

VFtnn*m.

Operation Description

9.0 SHIPPIRG CARRIER:

9.1 Carrier Inspection;

9.1.1 Move carrier to gate
9.1.2 Measure penetrating radiation
9.1.3 Compare with DOT limits
9.1.4 Inspect carrier

9.1.5 Inspect security seals

Operations
rime (mini Crew

Ind. Cum. Number ember

Si

Area
Time Area Dose Rate
(min) j Number (mrem/mini

Crew Member Dose
I mrem I

I 0nd. Tot. Cum.

10
10
P
5

Slop
S1RM

s1QC

10.0
10.,0

0.5
0.5
0.5
0.5
0.5
0.5

4.0 (DC)
4.0 (80)

3.1
3.3
3.4
2.1
2.2
2.3

0.001
0.001

0.005
0.32
0.29
0.008
0.55
0.42

0.01
0.01

0.025
0.16
0.145
0.004
0.275
0.21

0.01 -0.O0.01 0.0

0.80 0.80

5

30

9.2 Release Carrier;

9.2.1 Confirm shipping papers
9.2.2 Release carrier with cask

10 SIG

10 X

5.0 4.0 (BC) 0.001 0.005 0.005 0.005

(a,



SG - Background operation
IN - Transporter operation
P - Parallel operation

RI - Remote operation

tAHLE 4-11

HORIZONTAL RETRlliAr Of WASTE

Note: All operation times
are estimates.

txoUU gre

Operation Description

1.0 PREPARATION FOR WASTE RETRIEVAL:

1.1 Note Cover Removal;

1.1.1 Certify hole number and records
1.1.2 Monitor hole with cover
1.1.3 Move hole cover removal transport

to retrieval hole
1.1.4 Position removal transport
1.1.5 Unattach anchor Points
1.1.6 Remove hole cover
1.1.7 Monitor hole without cover

Operations
Time (min) Crew
_ d.~. U cum. Number Me er

HRt IIHIRO

(min$

110.0

10
20

it)
10
20
10
10
901

HRIW0 10.0
RIRH 2tU.0

HRIOP 10l.0
10 O.0
?1. 0
1(I.0

HRIRH 10.0

Area
Number

4.0 (l8G

4.0 (8SG
11.0

4.0
4.0
'8.0
t .0
4.13

Area
Dose Rate
trerm/minI

0.001

0.001
0.001

0.001
0.001
O.04)1
0.001
0.4101

Crew Member Oose
......Jcrem I

I-nd tots Cum.

0.11 0.11 0.11

0.01
0.02

0.01
0.01
0.02
0.01
0.01

0.01

0 05
0.03

90

1.2 Console Installation;

1.2.1 Move transport console to
retrieval hole

1.2.2 Position for attachment of
utility lines

1.2.3 Certiry Installation(IGo

10

10

Jo)

HRTOP 10.0 1.0 (BGI

10.0 4.0
HRIOC 10.0 1O.0

120

1.3 Shield Door Installation:

1.3.1 Move shield door transport to
retrieval hole

1.3.2 Position for attachment
1.3.3 Attach to anchor points
1.3.4 Connect utilities to console
1.3.5 Certify installation

10
10
20
10

60

HR1OP 10.0
10.0
201.0
10.0

HRIQC 10.0
180

1.4 Alignment System Installation;

1.4.1 4ove alignfent system transport to
retrieval hole

1.4.2 Position for attachment
1.4.3 Attach to anchor points
1.4.4 Connect utilities to shield door
1.4.5 Certify Installation

1.5 Final Closure Plug Removal;

1.5.1 Move closure plug transport to
retrieval hole

1.5.2 Back plug transport onto
alignment system

1.5.3 Connect plug transport utilities
to shield door

10
10
20
10

10

5

10

HRIOP 10.0
10.0
20.0
10.0

HRIOC 10.0

4. 0 OSC)
4.0
It.0
4.0
4.0

4.0 (5G)
4.0
4.0
4.0
4. 0

4.0 (SG)

4.0

4.0

0.001

0.001
0.001

0.n1t
0.001

0. U01

0.001
0.001
0.001
0.001

0.001

0.001

0.001

0.001

0.01

0.01
0.01

0.01
0.01
0.02
0.01
0.01

0.01
0.01
0.02
0.01
0.01

0.02
0.01

0.05
OUt

0. 05
0.01

240

HRIOP 10.0

5.0

10.0

0.01

0.005

0.01



TABLE b-11

HORIZONTAL RETRIEVAL OF WASTE
(cont inued)

foonelmeedA ~ ~ ~ ~ ~ Eoour

Operations
r qme minl Crew

_jndA CL Jum. Numbe r Member

E),Rosurl
Area

Time Area Dose Rate
(mini _umber (mrem/min)

e

Operation Oescrintion

1.5.4 Console operation,

1.5.-4.t Align plug transport with
shield door

1.5.b.2 Open pl9 transport door and
shield door

1.5.4.3 Remove plug from retrieval hole
1.5.4.4 Close plug transport door and

shield door
4.5.4.5 U1nelign pilg transport

1.5.5 Disconnect plug transport utilities
1.6.6 Move plug transport orf alignment

system

10

5
?0

5
10

10

80

10.0

5.0
10.0

5.0
10.0

1o.n

5.0

4.0

q4.0
4.0

1b.0
b4.0

4.0

it.0

0.001

O.001
0.001

0.001
0.001

0.001

0.001

Crew Memher Dose
( mrem t

Ind. Total Cum.

0.01

0.005
0.01

0.005
0.01

0.01

0.005 0.08
320

(U
tob

1.6. Power Roller System Installation:

1.6.1 Installation Transport,

1.6.1.1 More power roller transport to
retrieval hole

1.6.1.2 flack transport onto alignment system
1.6.1.3 Connect transport utilities to

shield door

1.6.2 Console Operation.

1.6.2.1 Align transport with shield door
1.6.2.2 Open shield door and transport door
1.6.2.3 Connect and move each power rolfer

unit into retrieval hole
1.6.2.4 Position In retrieval hole
1.6.2.5 Attach to anchor points
1.6.2.6 Connect utilities to shield door
1.6.2.7 Certify installation

1.6.3 Installation Transport,

1.6.3.1 Close shield doors and transport
door

1.6.3.2 On lign transport from shield door
1.6.3.3 Oisconnect utilities from shield

door
1.6.3.4 More transport off alignment system

10
5

10

HRIOP 10.0
5.0

10.0

10
5

120
10
l0
10
10

10.0
5.0

120.0
10.0
10.0
10.0

HR1QC 10.0

14.0 1801
14.0

4.0

14.0 IBC)
4.0

4.0
b.0
1q.0
4.0
4.0

14.0 (8a)
4.0

1b.0
bt.0

0.001
0.001

0.001

0.001
0.001

0.01
0.001
0 .001
0.001
0.001

O.O00
0.001

0.001
0.001

0.01
0.005

0.01

0.01
0.005

0.12
0.01
0.01
0.01
0.01

0.005
0.01

0.01
0.005

0.01

0.22

5
10

10

HRIOP 5.0
10.0

10.0
5.0



TABLE 4-11

HORIZONiAL RETRIEVAL OF WASTE
(cont inued )

Operation Descriotion

2.0 WASTE RETRIEVAL;

2.1 Transporter Arrival;

2.1.1 Move empty transporter to
retrieval hole

2.1.2 Back transporter onto alignment
system

2.1.3 Connect transporter utilities
to shield door

Operations
Time loin) Cre-

Ind, IN iU&m ber Hember

HR2

T ime Area
(mni Numger

Exoosu rq
Area

Dose Rate
[irem/m in)

e-
Crev Memoor Dose

ioreml
I nd, Tota I cum,

irew tIemOer Ue5e

20

5

30

HR2OP 20.0

VP.0

4.0
1.0

4.0 (SG)

4.0

4. 0
1.5

0.001

0.001

0.001
2.46

0.02

0.005

0.005
2.4630 2.49

2.2 Console Operation:

2.2.1 Align transporter cask with
shield door

2.2.2 Unlock cask door
2.2.3 Power waste package to

shield door
2.2.4 Open shield door and cask door
2.2.5 MOve waste package into cask
2.2.6 Close shield door and cask door
2.2.7 Lock cask door
2.2.8 Unalign transporter

4b
S

8

10
5

P
5

10
5
5

50

HR20P 10.0 41.0 (SG)
5.0 4.0

5.0
10.0
5.0
5.0

10.0

14.0
4.U
41.0
14.0
4.(

0.001
0.001

0.001
0.001
0.0101
0.001
0.001

0.01
0.005

0.005
0.01
0.005
0.005
0.01 0.05

8n

2.3 Transporter Return:

2.3.1 Disconnect transporter utilities

2.3.2 Move transporter orr alignment
system

2.3.3 Deliver waste package to access
point

1R20P 4.0
1.0

5.0

20.0

4.0 f1R)
1.5

4.0

4.0

0.005
2.46

0.005

0.005

0.02
2.46

0.025

0.1

5

30 TOO~i
2.61

2.4 Repeat 2.1 through 2.3 until retrieval
retrieval hole has been emptied of the
designated number of waste packages.

3.0 RETRIEVAL HOLE CLOSURE:

3.1 Concrete Plug Emplacement;

3.1.1 Transport with Concrete Plug,

3.1.1.1 Hove plug transport to retrieval
hole

HR1

10 HR1OP 10.0 4.0 (BG0 0.001 0,01



TABLE 4-11

IIORIZO1TAL RtMRIEVAL OF WASTE
-continued)

Operations
Time (min - Crew

Ind._ Cum, inumber Member

-- - Area -
Time Area Dose Rate
Amin1 Number mrTemjm-n)

4bb
a

Ooeratlon Oescriotion

3.1.1.2 Back transport onto alignment
system

3.1.1.2 Connect transport utilities to
shield door

3.1.2 Console Operation,

3.1.2.1 Align transport with shield door
3.1.2.2 Open shield door and cask door
3.1.2.3 fMove plug onto power rollers
3.1.2.1 Close shield door and cask door
3.1.2.5 Power plug to final position

3.1.3 Plug transport Removal.

3.1.3.1 DIsconnect transport utilities
3.1.3.2 Move transporter orr alignment

system

3.2 Power Roller Removal;

3.2.1 Removal Transport,

3.2.1.1 Move power roller transport to
retrieval hole

3.2.1.2 Back transport onto alignment
system

3.2.1.3 Connect transport utilities to
shield door

3.2.2 Console Operation.

3.2.2.1 Align transport with shield
door

3.2.2.2 Open shield door and transport
door

3.2.2.3 Unattach anchor points
3.2.2.4 Disconnect utilities from

shield door
3.2.2.5 Remove and disconnect each unit

into transport
3.2.2.6 Monitor each unit In removal

transport
3.2.2.7 Remove each monitored unit

3.2.3 Removal Transport,

3.2.3.1 Close shield door and transport
door

5

10

10
5

10
5
P

10.0 4.0 1t3oo
5.0 4.0

10.0 4.0
5.0 4.0

tO.0 4.0 (0GW

5.0 N. 0

10

7
70 70

5.0 b1.0

10.0 1b.0

0.001

0.001

0.'001

0. 001
0.001

0.001

0.001

0.001

0.001

0.001

0.001
0. 001

0.*001

0.001

0.01

0.005

Crew Member Dose
(mrem)

In. Ttl Cum.

0.005

0.01

0.01
0.005
0.01
0.005

0.07

10

5

10

-RlOP 10.0

5.0

10.0

1.0 (80)

41.0

b.0

11.0 180)

11.0
*1.0

4.0

41.0

0.01

0.005

0.01

0.01

0.005
0.01

0.01

0.2

10

5
10

10

200

P
P

10.0

5.0
10.0

10.0

200.0

5.0 b1.O (Do? 0.001 0.005



TABLE 4-11

HORIZONTAL REIRIFVAL Or WASTE
(continued)

operations
rime (mini Crev
Ind, _u humber Meqobr

Exposure
Area

time Area Dose Rate
Jmi"J _Kpber Imrem/mini

Crew Memoer Dose
Imreml

Ind Total CyumOperatlion Descriotion

3.2.3.2 Unalign transport from shield
door

3.2.3.3 Disconnect utilities from shield
door

3.2.3.4 Move transport off alignment
system

10

10

-5
290

10.0

10.0

5.0

4.0

4.0

4.0

0.001

0.001

0.001

0.01

0.01

0.005 0.265
360

.bb

Ib

3.3 final Closure Plug;

3.3.1 Move plug transport to retrieval hole
3.3.2 Back plug transport onto alignment

system
3.3.3 Connect plug transport utilities

to shield door

3.3.4 Console Operation.

3.3.4.1 Align plug transport with
shield door

3.3.4.2 Open plug transport door and
shield door

3.3.4.3 Insert plug into retrieval hole
3.3.4.4 Close plug transport door and

shield door
3.3.4.5 Unalign plug transport

3.3.5 Disconnect plug transport
utilities

3.3.6 Move plug transport off
alignment system

10

5

10

HNIOP 10.0

5.0

1M00

4.0 (SC)

4.0

4.0

0.001

O .001

0.001

0.01

0.005

0.01

0.01

0.005
0.01

0.005
0.01

10

5
10

10

10.0

5.0
10.0

5.0
10.0

4.0

4.0
4.0

4.0
4.0

0.001

0.001
0.001

0.001
0.001

I0

-8
80

10.0 4.0

5.0 4.0

0.001

0.001

0.01

0.005 0.08
440

3.4 Alignment System Removal;

3.4.1 Move removal transport to retrieval
hole

3.5.2 Disconnect utilities trom
shield door

3.4.3 Unattach anchor points
3.4.4 Remove from hole

10

10
20

p
-0ii 480

HRIOP 10.0

10.0
20.0

4.0 too)

4.0
4.0

0.001

0.001
0.001

0.01

0.01
0.02 0.04

3.5 Shield Door Removal:

3.5.1 Move shield door transport to
retrieval hole

3.5.2 Disconnect shield door utilities
from console

3.5.3 Unattach anchor points
3.5.4 Remove from retrieval hole

10

10
40

p

HR1OP 10.0

10.0
40.0

4.0 (BCW

4.0
4.0

0.001

0.001
0.001

0.01

0.01
0.04 0.06

540



TAOLE 4-11

HORIZO"TAL RETRIFVAL or WASTE
(continted)

Operations
Ti me mini. Crew

I ndl . Cu". Fqiier li q r

, r PJ!U rU

Area
Time Area Dose Rate
Imin) Wumber QrLtmJLinlOeration Oescrintion

3.6 Console Removal;

3.6.1 Move console transport to retrieval
hole

3.6.2 Remove console from hole

Crew Member Dose
(m eml

Ind. Total Cum,

10
10
21)

HRIOP 10.0 41.0 1RGI
10.0 1. 0

0.001
n. no

0.01
0.01 0.02

560

3.7 Certify Closure;

3.1.1 Hove hole cover transport to
retrieval hole

3.7.2 Position retrieval hole cover
3.7.3 Install hole cover
3.7.4 Attach anchor points
3.7.5 Monitor hole
3.1.6 Certify closure

10
10
10
10
20

8(1

HRIOP 10.0
10.0
10.0
10.0

IIR1RM 20.0
_140 IfRIOC 20.0

hllo,

11.0 (no)
1.0
11.0
11.0
is.0
14.0

0.001
0.001
0.1001
U.001
0.001
0.01)1

o.01
0.01
0.01
0.01
El.02
0.02

0.0Q 12
0.02 0.02
0.02 0.12

Ie
1.0 RAMP ACCESS:

4.1 Transporter Ramp Access;

4.1.1 Hove transporter with Facility cask
from retrieval access point up ramp

4.1.2 Proceed to surge storage
bt.1.3 Accept transporter
4.1.4 Align racility cask and attach to

surge storage port

RA2

20
to
10

10

RA2D

RA2RM

RA20P

20.0
10.0
10.0

10.0

b.0 (TR)
4.0
11.0

b.0

0.005
0.1)05
0.01)5

0.005

0. t
0.05
0.05

0.05

0.15
0.05

0.05

Q i3
0.05

50

1.2 Waste Packaqe Unloading:

b.2.1 Remove surge storage port cover
h.2.2 Remove facility cask lid
b.2.3 Unload waste package
1.2.4 Replace facility cask lid
4.2.5 Replace port cover

10
10
20
10
10 _
60 llo-

RA1 RAlSO 105.0

RA1OP 5.0
5.0

10.0
5.U
5.0

4.0 (RTI

11.0 IRT)
4.0
41.0
4.0
4.0

0.01

0.01
0.01
0.01
0.01
0.01

1.05

0.05
0.05
0.1
0.05
0.05

1.05 1.05

0.30 0.0

5.0 WASTE PACKAGE TO SURFCE SURGE STORAGE:

5.1 Moving Acceptable Waste Package;

5.1.1 Move acceptable waste package to
Inspection station

5.1.2 Certify acceptablility

5.1.3 Move waste package to storage

HP2

10
20

tOS

4P2OP,
lIP2QC
HP2RM
HP20P

10 0
10.0
10.0
10.0

4.0 fRT)
1.0
11.0
1.0

0.01
0.01
0.01
0.01

0.1
0.1
0. 1
0. 1

0.1 El
0.1 1I
0.2 0.2



TABLE 4-11

HORIZONrAL RETRIEVAL OF WASTE
(continued)

Operations
I i me Q.jnj _

Ind. Cum.Operation Descriotlon

6.0 CASK LOADING:

6.1 Waste Package Loading;

6.1.1 Open hot cell port
6.1.2 Remove inner cask lid
6.1.3 Inspect lid, seat. and inner cask
6.1.4 Insert first waste package
-6.1.5 Repeat until cask is full
6.1.6 Log loading information

Crew Time
Number Membe1 (!mini

HP1 HPIlHO 110.0

HPIOP 10.0
10.0
1(1.0
10.0
20.0
10.0

E XDOSUrel
Area

Area Dose Rate
Number olrem/min)

Crew Member Dose
(mrem)

I nd TotalI Cune

10
t0
lU
10
20
In
10)

4.0 IRT)

4.0 JRu
4.0
4.0
4.0
4.0
4.0

0.01

0.01
0.01
0.01
0.01
0.01
0.01

1.1

0.1
0.1
0. 1
0.1
0.2
0. 1

1.1 i

0.7
70

6.2 Cask Closure:

6.2.1 Replace inner lid
6.2.2 Close loading port

10

20

HP1OP 10.0 4.0 IRT) 0.01
10.0 4.0 0.01

0.1
0.1 0.2 O.i

.41

i
7.0 CASK PREPARATION:

7.1 Removal of Cask from Hot Cell:

7.1.1 Remove cask from pert
7.1.2 Move cask to prep area

S3

10
30
30

S30P 2.0 3.3
4.0 4.0

0.32
0.01

0.64
0 04 0.65

30

7.2 Cask Preparation for Carrier Loading;

7.2.1 Remove cask-to-hot cell adaptor
7.2.2 Tighten Inner lid bolts
7.2.3 Replace outer lid
7.2.4 Tighten outer lid bolts

6.0 CARRIER LOADING:

8.1 Inspect for Radiation Levels;

O.1.1 Measure penetrating radiation
0.1.2 Measure alpha contamination
6.1.3 Temporarily fix alpha

15
40
5

40
100

S30P 10.0
35.0
2.0
35.0

1. 3
1. 1
2.2
1.3

0. 05
0.27
0:10
0. 05

0.5
9.45
0.20
1.75 11 90 12 58

S2 S2R0 110.0 4.0 18GI 0.001 0.11 O.1 tt O l

30
P
P

-10 30

S2RM 1.0
1.0
1.0
1.0
1.0
1.0
0.5
0.5
0.5

2.1
2.3
2.4
1.2
1.4
1.5
1.2
1.4
1.5

0.008
0.55
0.42
0.007
1 28
0.77
0.00?
1 28
0.77

0.00O
0.55
0.42
0.007
1.28
0.77
0.004
0.64
0.385 4.06 lj7Z



TABLE 4-t11

HORIZONTAL RETRIEVAL OF WASTE
(concluded)

Operations
rine (min_ Crew Time Area
nd. Cum, N-ubember ember (min) NumberOperation Oescroltion

8.2 Load Cask on Carrier;

8.2.1 Move cask to trans lock
8.2.2 Attach yoke to cask
8.2.3 Transfer cask to carrier
8.2.4 Lover cask to horizontal
8.2.5 Remove yoke
8.2.6 Attach tiedowns

8.2.7 Close personnel barrier

10
5
to
10
5
20

20

80

S2OP 2.0
3.0
5.0
5.0
2.0
41.04.r
0.5
1).5

2.3
1.2
b.0 I8R)
4.0
1.2
1.3
1.11
2.1
2.4

ExRosure
Area

Dose Rate
[mrem/mln1

0.55
0.007
0.001
0.001
0.007
0.05
1.28
0.0(8
0.42

Crew Member Dose

Ind. Total -Cu,

1.1
0.021
0.005
0.005
0.014
0.2
5.12
0.0011
0.21 6.68

110

.bb

to

8.3 Transfer of Carrier;

8.3.1 Move to Inspection area
8.3.2 Inspect carrier. barrier, and cask

8.3.3 Attach seals

8.3.4 Certify release
8.3.5 Move to outgoing parking

10
20

10

p

50 160

S20P 1.0
S20C 1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0

S20 10.0

2.1
3.1
3.3
3.b
2.1
2.3
2.4
1.2
1.4
1.5
2.1
2.3
2.4

18.0 (PGC

0.008
0.005
0.32
0.29
0.008
0.55
0.142
0.007
1.28
0.77
0.008
0.55
0.42

0.001

0.008
0.005
0.32
0.29
0.008
0.55
0.42
0.007
1.28
0.77
0.016
1.1
0.8oh

0.01

0.008 0r0

5.61 37U

0.01 0Mf

9.0 SHIPPING CARRIER:

9.1 Carrier Inspection:

9.1.1 Move carrier to gate
9.1.2 Measure penetrating radiation
9.1.3 Compare with DOT limits
9.1.4 Inspect carrier

9.1.5 Inspect security seals

St

10
10
p
5

Slop
SIRM

SlOC

10.0
10.0

0.5
0.5
0.5
0.5
0.5
0.5

4.0 (5D )
b.0 (SG 3

3.1
3.3
3.4
2.1
2.2
2.3

0.001
0.001

0.005
0.32
0.29
0.008
0.55
0.b82

0.01
0.01

0.025
0.16
0.145
0.004
0.275
0.21

0.01 U.O
0.01 0.01

0.80 e

5

30h 30
9.2 Release Carrier;

9.2.1 Confirm shipping papers
9.2.2 Release carrier with cask

10
p
10

sic 5.0 b.0 (8C) 0.001 0.0053 0.m0 U.W



TABLE 4-12

ANNUAL RECEIVING NUMBERS
FOR WASTE CASKS

Annual
Assembly

oil Canister
Receipt

Cask
Assembly

or Canister
Capacity

Truck RailWaste Type
Annual

Truck
Cask
Rail

Receipt a
Total

Spent Fuel:

bPWR 2,165 1 12 653 126 779
bBWR 2,730 2 32 405 60 465

Subtotal 4,895 1,244

High-Level Waste:

DHLW 660 c 1 12 204 38 242

CHLW

Subtotal

500 c 1 5 50 90 140

1,160 382

TOTAL 1,626

a. Based on a maximum percentage of truck transport (30X) and a minimum
of rail transport (70%) yielding the highest number of annual cask
receipts (Dennis, 1983).

b. Assemblies.

c. Canisters.
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TABLE 4-13

ANNUAL HANDLING AND PACKAGING,
VERTICAL AND HORIZONTAL EMPLACEMENT,

AND RETRIEVAL NUMBERS FOR WASTE CANISTERS

Emplacement and Retrieval

Annual
Number of
Canisters

Waste
Packag

Hole

Vertical
Annual

es/ Number
of Holes

Horizontal
Waste Annual.

Packages/ Number
Hole of HolesWaste Type

Spent Fuel:

PWR

BWR

Subtotal

High-Level Waste:

CHLW

DHLW

Subtotal

TOTAL

361 1

I

361

152

37

35152

10

5

15513 513

660 1

1

660

500

53

53500

1,160

13

10

231,160

1,673 1,673 38
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TABLE 4-14

ANNUAL RECEIVING AND HANDLING AND PACKAGING TIMES
FOR SPENT FUEL AND HIGH-LEVEL WASTE CREWS

Operation
Time

Crew (min)

Annual
Number

Casks or
Canisters

Annual
Total Time

(min) (hr)Waste Form Operation

Spent Fuel

1.0 Receiving (R): R1
R2
R3

140
225
355

1,244
1,244
1,244

174,160
279,900
441,620

2,905
4,665
7,360

2.0 Handling and
Packaging (HP): HP1

HP2
130
330

1,244 161,720 2,695
1,244 410,520 6,840

High-Level
Waste

1.0 Receiving (R): R1
R2
R3

140
225
355

382
382
382

53,480
85,950

135,610

890
1,435
2,260

2.0 Handling and
Packaging (HP): HP1

HP2
120
40

1,160 139,200 2,320
1,160 46,400 775
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TABLE 4-15

ANNUAL TIMES FOR SHAFT AND RAMP ACCESS CREWS

Operation
Time

Crew (min)

Annual
Number

Canisters

Annual
Total Time

-1(min) (hr)Operation

3.0 Surface Storage to
Emplacement Horizon:

3.1 Shaft Access (SA);

3.2 Ramp Access (RA);

SAI
SA2
SA3

RA1
RA2

120
75
50

90
50

1,673
1,673
1,673

1,673
1,673

200,760
125,480
83,650

150,570
83,650

3,345
2,090
1,395

2,510
1,395
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TABLE 4-16

ANNUAL TIMES FOR VERTICAL AND HORIZONTAL
EMPLACEMENT CREWS

Operation
Time

Crew (min)

Annual
Number Annual

Emplacement Total Time
Holes (min) (hr)Operation

4.1 Vertical
Emplacement (VE); VEI

VE2
410
255

1,673
1,673

685,930
426,615

11,430
7,110

4.2 Horizontal
Emplacement (HE); HEI 1,280

HE2 110
38

1,673
48,640

184,030
810

3,065
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TABLE 4-17

ANNUAL TIMES FOR VERTICAL AND HORIZONTAL
RETRIEVAL CREWS

Operation
Time

Crew (min)

Annual
Number

Retrieval
Holes,

Canisters,
or Casks

Annual
Total Time

(min) (hr)Operation

5.0 Retrieval:

5.1 Vertical
Retrieval (VR);

5.2 Horizontal
Retrieval (HR);

6.0 Ramp Retrieval (RA),
Handling and
Packaging (HP),
and Shipping (S):

VR1 420
VR2 295

HR1 1,120
HR2 110

1,673
1,673

38
1,673

1,673
1.673
1,673
1,673

551*
551
551

702,660
493,535

42,560
184,030

83,650
100,380
66,920

150,570
71,630
88,160
22,040

11,710
8,225

710
3,070

1,395
1,675
1,115
2,510
1,195
1,470

370

RA2
RA1
HP2
HPI
S3
S2
S1

50
60
40
90

130
160
40

* Assumes 382 casks of HLW and 169 casks of consolidated spent
total of 551 casks.

fuel for a
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TABLE 4-18

CREW MEMBER WORKER NUMBERS

Operation Crew
Crew

Member
Total Number
of Workers

1.0 Receiving (R):

2.0 Handling and Packaging (HP):

3.0 Surface Storage to
Emplacement Horizon:

RI RIG
RtRM
R1QC
RIOP

2
2
2
1

R2

R3

R2RO
R2D
R2RM
R2QC
R20P

2
2
4
4
4

R3RM
R30P

4
8

HP1 HPlHO
HPIOP

4
4

HP2 HP2HO
HP2QC
HP2RM
HP20P

4
2
2
6

3.1 Shaft Access (SA);

3.2 Ramp Access (RA);

SA1 SA1SO
SA1OP
SAI RM

2
2
1

SA2

SA3

SA20P 2

SA30P
SA3D

1
1

RA1 RA1SO
RAIOP

2
2

RA2 RA20P
RA2RM
RA2D

1

1
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TABLE 4-18

CREW MEMBER WORKER NUMBERS
- (continued)

Operation Crew
Crew

Member
Total Number
of Workers

4.0 Emplacement:

4.1 Vertical Emplacement (YE);

4.2 Horizontal Emplacment (HE);

VE1

VE2

VElEO
VE1OP
VE1QC
VEIRM

VE20P

HE1EO
HE1OP
HE1QC
HE1RM

HE20P

2
B
2
2

4

1
2
1
1

2

HE1

HE2

5.0 Retrieval:.

5.1 Vertical Retrieval (VR);

5.2 Horizontal
Retrieval (HR);

6.0 Ramp Retrieval (RA),
Handling and Packaging (HP),
and Shipping (S):

VR1 VRlRO
VEIRM
VE1QC
VR1OP

VR20P

4
2
2
8

6VR2

HR1 HR1RO
HR1RM
HR1OP
HR1QC

I
1
1
1

HR2 HR20P 2

RA2 RA2D
RA2RM
RA20P

1
1
1

RA1 RAlSO
RA1OP

I
1
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TABLE 4-18

CREW MEMBER WORKER
(concluded)

NUMBERS

Operation Crew
Crew

Member
Total Number
of Workers

HP2

HPI

S3

S2

Si

HP20P
HP2QC
HP2RM

HPIHO
HP10P

S30P

1
I
1

1
2

2

S2RO
S2RM
S20P
S2QC
S2D

1
1
1
1
1

Slop
SJRM
S1QC
SIG

1
1
1
1
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TABLE 4-19

ANNUAL EXPOSURE FOR SPENT FUEL OPERATIONS

Annual
Number
Casks
or

Canisters
Crew

Number

Total
Annual

Exposure
(mrem)

Crew Exposure
Member (mrem)Operation

1.0 Receiving (R): RI RIG
RIRM
R1QC
R1OP

0.005
0.01
3.06
0.005

1,244
1,244
1,244
1,244

6
12

3,807
6

R2 R2RO
R2D
R2RM
R2QC
R20P

0.11
0.005
5.95
2.94
2.95

1,244
1,244
1,244
1,244
1,244

1,244
1,244

137
6

7,402
3,657
3,670

821
13,385

R3 R3RM 0.66
R30P 10.76

2.0 Handling and
Packaging (HP): HP1 HP1HO 1.1

HP1OP 1.3
1,244
1,244

1,368
1,617

HP2 HP2HO
HP2QC
HP2RM
HP20P

1.75
0.1
0.1
3.1

1,244
513
513

1,244

2,177
51
51

3,856
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TABLE 4-20

ANNUAL EXPOSURE FOR HIGH-LEVEL WASTE OPERATIONS

Annual
Number
Casks

or
CanistersOperation

Crew
N umber

Crew
Member

Exposure
(mrem)

Total
Annual

Exposure
(mrem)

1.0 Receiving (R): RI RIG
R1RM
R1QC
R1OP

0.005
0.01
3.02
0.005

382
382
382
382

2
4

1,154
2

R2 R2RO
R2D
R2RM
R2QC
R20P

0.11
0.005
4.06
4.37
3.64

0.96
14.45

382
382
382
382
382

382
382

42
2

1,551
1,669
1,390

367
5,520

R3 R3RM
R30P

2.0 Handling and
Packaging (HP): HP1 HP1HO 1.1

HPIOP 1.2
1,160
1,160

1,276
1,392

HP2 H P2QC
HP2RM
HP20P

0.1
0.1
0.2

1,160
1,160
1,160

116
116
232

4-56



TABLE 4-21

ANNUAL EXPOSURE FOR FACILITY OPERATIONS

Annual
N umber

Casks or
Emplacement

Holes
Crew

Number
Crew

Member
Exposure
(mrem)

Total
Annual

Exposure
(mrem)Operation

3.0 Surface Storage to
Emplacement Horizon:

3.1 Shaft Access (SA); SA1

SA2

SA3

3.2 Ramp Access (RA); RAJ

RA2

SAlSO
SAIOP
SA1RM

1.05
0.40
0.05

1,673
1,673
1,673

1,757
669
84

SA20P 0.30

SA30P 0.10
SA3D 0.10

1,673 502

1,673
1,673

167
167

RAlSO
RA1OP

RA20P
RA2RM
RA2D

1.05
0.30

0.05
0.05
0.15

1,673
1,673

1,757
502

1,673
1,673
1,673

84
84

251

4.0 Emplacement:

4.1 Vertical
Emplacement (VE):

4.2 Horizontal
Emplacement (HE);

VE1

VE2

VE1EO
VEIOP
VE1QC
VE1RM

VE20P

HE1EO
HE1OP
HE1QC
HE1RM

HE20P

0.11
0.34
0.05
0.02

6.89

0.055
1.13
0.12
0.02

5.15

1,673
1673
1,673
1,673

184
569

84
34

1,673 11,527

HE1 1,673
38
38
38

92
43

5
1

HE2 1,673 8,616
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TABLE 4-22

ANNUAL EXPOSURE FOR RETRIEVAL OPERATIONS

Annual
Number

Retrieval
Holes,

Canisters,
or CasksOperation

Crew
Number

Crew
Member

Exposure
(mrem)

Total
Annual

Exposure
(mrem)

5.0 Retrieval:

5.1 Vertical
Retrieval (VR); VR1 VR1RO

VR1RM
VRlQC
VR1OP

0.11
0.03
0.06
0.33

1,673
1,673
1,673
1,673

184
50

100
552

VR2 VR20P 7.01 1,673 11,728

5.2 Horizontal
Retrieval (HR); HR1 HRlRO

HR1RM
HR1OP
HRlQC

0.11
0.02
1.13
0.12

1,673
38
38
38

184
1

50
5

HR2 HR20P 5.15 1,673 8,616

6.0 Ramp Retrieval (RA),
Handling and
Packaging (HP),
and Shipping (S): RA2 RA2D

RA2RM
RA20P

0.15
0.05
0.05

1,673
1,673
1,673

251
84
84

RA1 RAlSO
RA1OP

HP2 HP20P
HP2QC
HP2RM

1.05
0.30

0.20
0.10
0.10

1,673
1,673

1,673
1,673
1,673

1,673
1,673

551

1,757
502

335
167
167

1,840
1,506

6,932

HP1 HP1HO 1.10
HP1OP 0.90

S3 S30P 12.58

4-58



TABLE 4-22;

ANNUAL EXPOSURE FOR RETRIEVAL OPERATIONS
(concluded)

Annual
Number

Retrieval
Holes,

Canisters,
or Casks

Total
Annual

.Exposure
(mrem)Operation

Crew
Number

Crew
Member

Exposure
(mrem)

S2 S2R0
S2RM
S20P
S2QC
S2D

Si SlOP
SIRM
S1QC
SlG

0.11
4.06
6.69
5.61
0.01

0.01
0.01
0.80
0.005

551
551
551
551
551

551
551
551
551

61
2,237
3,686
3,091

6

6
6

441
3
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5.0 CONCLUSIONS

The annual worker exposures are presented in Table 5-1. These expo-

sures were calculated from the operations times (Tables 4-2 through 4-11),

the estimated operations sub-areas and exposure times (Tables 4-2 through

4-11), the annual recelval and handling rates for spent fuel and high-level

waste casks and canisters (Tables 4-12 and 4-13), the total operations task

times (Tables 4-14, 4-15, 4-16, and 4-17), the number of workers for each

crew member task (Table 4-18), and the total annual exposure for each

crew member task (Tables 4-19, 4-20, 4-21, and 4-22).

The design guideline for annual worker exposure Is 1 rem. For em-

placement, this level is exceeded in the receiving, vertical emplacement, and

horizontal emplacement operations. In the receiving area where the total

exposure is the sum of received SF and HLW, the quality control inspectors

(R1QC) receive an exposure of 2.48 man-rem. This is due to the amount of

time spent inspecting the cask and carrier for structural damage and

possible tampering.

The R2 receiving crew radiation monitors (R2RM), quality control

Inspectors (R2QC), and operators (R20P) are exposed to 2.24, 1.33, and

1.27 man-rem respectively. The R3 crew operators (R30P) are exposed to

2.36 man-rem. The operators perform Area 1 operations (near-surface) in

the attachment and removal of cask lifting yokes and the loosening and

removal of cask lids and bolts. The quality control inspectors perform

Area 1 operations during the structural inspection of the carrier with cask

and waste package in place. The radiation monitor conducts surface

radiation smears and readings within Area 1.

Vertical emplacement (VE) requires more total time than horizontal

emplacement (HE) and a greater number of transport/emplacement operators.

Therefore, vertical emplacement with a total crew member exposure of

11.53 man-rem (VE20P) would have an exposure of 2.88 man-rem/yr for each

of 4 workers while horizontal emplacement would expose 2 workers to

4.31 man-rem/yr for a total crew member exposure of 8.62 man-rem

(HE20P).
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Waste package retrieval exceeds the 1 rem worker exposure design
guideline in the vertical retrieval, horizontal retrieval, ramp retrieval,
handling and packaging, and shipping operations. As in the emplacement
operations, vertical retrieval (VR) requires more total time and personnel
per waste package than horizontal retrieval (HR). The greater number of
vertical retrieval operators (VR20P) would receive a total crew member
exposure of 11.73 man-rem with an individual exposure of 1.96 man-rem/yr
for each of 6 workers while horizontal retrieval would expose 2 workers
(HR20P) to 4.31 man-rem/yr for a total crew member exposure of 8.62 man-
rem.

The ramp access storage officer (RA1SO) is exposed to 1.76 manrem/yr
and the handling and packaging hot cell officer is exposed to 1.84 man-
rem/yr. The two S3 shipping crew operators (S30P) are exposed to
3.47 man-rem each during the emplacement and tightening of cask lids and
bolts. The S2 crew radiation monitor (S2RM), operator (S20P), and quality
control inspector (S2QC) are exposed to 2.24, 3.69, and 3.09 man-rem/yr
respectively. These workers perform Area 1 operations on the carriers and
casks with the waste packages in place.

All annual exposures are below the 5 rem permissible dose equivalent
limit with seven emplacement and eight retrieval crew member positions
exceeding the design objective of 1 rem. These individuals perform tasks
within Area 1, the near-cask-surface exposure area, and are exposed to the
assumed radiation level for the duration of an operation. To reduce these
levels near-cask-surface tasks will be performed remotely.
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TABLE 5-1

ANNUAL WORKER EXPOSURE

Operation
Crew

Number
Crew

Member

Total
Exposure
(rem)

Total
Number

of
Workers

Annual
Worker

Exposure
(man-
rem)

1.0 Receiving (R): RI RIG
R1RM
R1QC
RIOP

R2

R3

2 r 1R2RO
R2D
R2RM
R2QC
R20P

3 R3RM
.R30P

P1 HPiHO
HPIOP

P2 HP2HO
HP2QC
HP2RM
HP20P

0.008
0.016
4.96
0.008

0.179
0.008
8.953
5.326
5.06

1.188
18.905

2.644
3.009

2.177
0.167
0.167
4.088

2
2
2
1

2
2
4
4
4

4
8

4
4

4
2
2
6

0.004
0.008
2.481
0.008

0.09
0.004
2.238
1.332
1.265

0.297
2.363

0.661
0.752

0.544
0.084
0.084
0.681

2.0 Handling
and

Packaging (HP): HF

Hi

3.0 Surface Storage to
Emplacement Horizon:

3.1 Shaft Access (SA);

3.2 Ramp Access (RA);

SA1

SA2

SA3

SA1SO
SA1OP
SA1RM

SA20P

SA30P
SA3D

RAlSO
RA1OP

RA20P
RA2RM
RA20

1.757
0.66G
0.084

0.502

0.167
0.167

1.757
0.502

0.084
0.084
0.251

2
2
1

2

1
1

2
2

1
1
1

0.879
0.335
0.084

0.251

0.167
0.167

0.879
0.251

0.084
0.084
0.251

RAI

RA2
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TABLE 5-1

ANNUAL WORKER EXPOSURE
- (continued)

Operation
Crew

Number
Crew

Member

Total
Exposure

. (rem)

Total
N umber

of
Workers

Annual
Worker

Exposure
(man-
rem)

4.0 Emplacement:

4.1 Vertical
Emplacement (VE);

4.2 Horizontal
Emplacement (HE);

5.0 Retrieval:

VE1

VE2

VE1EO
VE1OP
VE1QC
VE1RM

VE20P

HE1EO
HEl1OP
HE1QC
HEIRM

HE20P

0.184
0.569
0.084
0.034

11.527

0.92
0.043
0.005
0.001

8.616

2
8
2
2

4

1
2
1
1

2

0.092
0.071
0.042
0.017

2.882

0.92
0.022
0.005
0.001

4.308

HE1

HE2

5.1 Vertical
Retrieval (VR); VR1 VR1RO

VRIRM
VR1QC
VR1OP

0.184
0.05
0.1
0.522

VR2 VR20P 11.728

4
2
2
8

6

1
1
1
1

2

0.046
0.025
0.05
0.069

1.955

0.184
0.001
0.05
0.005

4.308

5.2 Horizontal
Retrieval (HR); HR1 HR1 RO

HR1RM
HR1OP
HR1QC

HR20P

0.184
0.001
0.05
0.005

8.616HR2
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TABLE 5-i

ANNUAL WORKER EXPOSURE
(concluded)

Operation
Crew

Number
Crew

Member

Total
Exposure

(rem)

Total
Number

of
Workers

Annual
Worker

Exposure
(man-
(rem)

6.0 Ramp Retrieval (RA),
Handling and
Packaging (HP),
and Shipping (S): RA2

RAI

HP2

HP1

S3

S2

Si

RA2D
RA2RM
RA20P

RAlSO
RAIOP

HP20P
HP2QC
HP2RM

HPIHO
HP1OP

S30P

S2R0
S2RM
S20P
S2QC
S2D

Slop
SIRM
S1QC
S1G

0.251
0.084
0.084

1.757
0.502

0.335
0.167
0.167

1.84
1.506

6.932

0.061
2.237
3.686
3.091
0.006

0.006
0.006
0.441
0.003

0.251
0.084
0.084

1.757
0.502

0.335
0.167
0.167

1.84
0.753

3.466

0.061
2.237
3.686
3.091
0.006

0.006
0.006
0.441
0.003
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