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ABSTRACT

The Nevada Nuclear Waste Storage Investigations project has as one of
its principa! 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 1) 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, anficipated facility operations, worker crew numbers,
and annual worker exposure,

The permissible :dose equivalent limit for worker exposure is $ rem/yr
(DOE Order 5480.1) with a prescribed design objective of 1 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 tybe; of high-level waste (HLW) could be
shipped to & repository at the Yucca Mountain site in Nevada. They
include: spent reactor fuel: (SF), commercial h'igh—lgvel waste (CHLW),
defense high-level waste (DHLW), and West Valley high-level waste
(WVHLW). The spent reactor fuel consists of bbth pressurized water reactor
fuel (PWR) and boiling water reactor fuel (BWR), 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, 6per-
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’wo_rkéré 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
axposure 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 retriaval crew member positions which- exceed the design objective
are

Worker Exposure

Individual Total
Operation Worker Task (Vrem/yr) (man-rem/yr)
Emplacement:
Receiving; Quality control carrier inspection 2.48 4.96
Radiation monitor cask and carrier
monitoring 2.29 9.15
Quality control cask inspection - 1.33 5.33
Operator cask unloading 1.27 5.06
Operator cask preparation 2.36 18.91
Vertical; Operator transport and
emplacement 2.88 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
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Worker Exposure

Individual Total
Operation Worker Task (rem/yr) (man-rem/yr)
Ramp; Storage officer waste package to
surge storage 1.76 1.76
Handling . J
and . |
Packaging; Hot cell officer shipping cask
loading 1.84 1.84
Shipping; Operator shipping cask
: preparation 3.47 6.93
Radiation monitor cask and carrier : .
monitoring 2.24 2.24
Operator . cask loading
' on carrier 3.69 3.69
Quality control cask monitoring 3.09 3.09

These levels will be reduced by performing near-cask-surface tasks
remotely.
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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 repdsitory 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 (NVRC), 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

J 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-desigh 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. Engineerihg 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 |l 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 sbent 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 |

(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 opearation times and subsequent worker
exposuras are estimates based on available information and are considered
approximate and conservative. As conceptual design proceaeds, this
document will be revised to reflect Sandia National Laboratories’ under-

standing of the waste characteristics, waste packaging, and planned
repository operations.



2.0 SOURCE DEFINITION

It is assumed that four types of high-level waste (HLW) could be
shipped to 2 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 canisters:of 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 Fue!l

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).



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
MWJ/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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TJABLE 2-1
GAMMA-RAY INTENSITY FROM A 10-YR-OLD PWR SFA

Gamma Energy - Gamma-Ray Intensity
-~ (MeV) {photons/sec/assembly)
8.5 4,781E + 04
7.0 4.163E + 05
5.0 3.611E + 06
3.5 2.728E + 08
2.75 2.206E + 05 .
2.25 3.356E + 10
1.75. 1.408E + 12
1.25 6.336E *+ 13
0.85 1.202E + 14
0.575 ' , 1.505€ « 15
0.375 , 4.176E + 13
0.225 8.520E + 13
0.125 : 9.636E + 13
0.085 : 1.027E + 14
0.0575 1.750E + 14
0.0375 - 2.265E + 14
0.025 1.894E + 14
0.01 8.732E + 14

TABLE 2-2
NEUTRON INTENSITY FROM A 10-YR-OLD PWR SFA

Neutron intensity

Source ' ~ {neutrons/sec/assembly)
(¢, n) reaction _ 6.656E + 06
Spontaneous fission 8.182E + 07

Total - 8.847E + 07




TABLE 2-3
GAMMA-RAY INTENSITY FROM A 10-YR-OLD BWR SFA

Gamma Energy Gamma-Ray Intensity
(MaV) : {photons/sec/assembly)
9.5 1.330E + 04
7.0 1.158E + 05
5.0 1.005E + 06
3.5 7.927 + 07
2.75 6.333E + 08
2.25 9.357E + 09
1.75 4.490E + 11
1.25 2.284E + 13
0.85 3.577E + 13
0.575 4.932E + 14
0.375 1.376E + 13
0.225 2.787E + 13
0.125 3.127E + 13
0.085 3.423E + 13
0.0575 S.7T75€ + 13
0.0375 7.437E + 13
0.025 6.231E + 13
0.01 2.864E + 14

TABLE 2-4
NEUTRON INTENSITY FROM A 10-YR-OLD BWR SFA

' Neutron 'lntensity
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 Gamma-Ray Intensity

(MeV) (photons/sec/bundle) .
9.5 2.869E + 05
7.0 2.498E + 06
5.0 ~ 2.167E + 07
3.5 1.637E + 09
2.75 1.324E + 10
2.25 2.04E + N
1.75 8.448E + 12
1.25 3.802E + 14
0.85 7.212E + 14
0.575 9.030E + 15
0.375 2.506E + 14
0.225 5.112E + 14
0.125 5.782E + 14
0.085 6.162E + 14
0.0575 1.050E + 15
0.0375 1.359E + 15
0.025 1.136E + 15

+ 15

0.01 \ 5.239E

- TABLE 2-6

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

Neutron Intensity

. Source (neutrons/sec/bundlie)
(¢, n) reaction | 3.994E + 07
Spontaneous fission ~ 4,908E ¢« 08
.. Total S .. .  5,308E + 08




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 Ib). A typical DHLW canister weighs 1,950 kg (4,300 ib). 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-Lavel Waste (CHLW)

The CHLW handled in the repository is assumed to be the high-leval
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 wasta 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 . Gamma-Ray Intensity
(MeV) (photons/sec/bundie)
9.5 2.394E + 05
7.0 2.084E + 06
5.0 1.809E + 07
3.5 1.427E + 09
2.75 1.140E + 10
2.35 1.684E + 11
1.75 8.082E + 12
1.25 4.129E + 14
0.85 ‘ 6.439E * 14
0.575 8.878E + 15
0.375 . 2.477E + 14
0.225 : S.017E + 14
0.125 , 5.629E + 14
0.085 6.161E + 14
0.0575 1.040E + 15
0.0375 1.339E + 15
0.025 1.122E + 15
0.01 5.155E + 15

TABLE 2-8

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

Neutron Intensity

So'u rce (neutrons/sec/bundle)
{(a, n) reaction : 1.587E + 07
Spontaneous fission 4,.081E + 08
Total’ V 4,250E +« 08
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TABLE 2-3

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

Gamma Energy Gamma-Ray Intensity
(MeV) (photons/sec/MTIHM)
9.5 1.012E + 05
7.0 8.808E + 05
5.0 7.638E + 06
3.5 5.911 + 08
2.75 4.778E *+ 09
2.25 7.254E + 10
1.75 3.050E + 12
1.25 1.063E *+ 14
0.85 2.604E + 14
0.575 3.258E *+ 15
0.375 8.850E + 13
0.225 1.830E *+ 14
0.125 2.074E + 14
0.085 2.202E + 14
0.0575 3.746E + 14
0.0375 4.865E *+ 14
0.025 4.018E + 14
0.01 1.846E + 15

TABLE 2-10

NEUTRON INTENSITY FROM A TYPICAL
COMMERCIAL HIGH-LEVEL WASTE

Neutron Intensity

Source (neutrons/sec/MTIHM)
(2, 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 Gamma-Ray Intensity
(MeV) (photons/sec/canister)
3.125 1.246E + 09
2.5 8.900E + 09
2.0 2.588E * 12
1.5 5.808E + N
1.05 2.881E + 13
0.7125 2.442E + 13
0.475 1.350E + 13
0.3 1.183E + 13
0.175 3.756E * 12
0.1125 5.678E + 13
0.085 1.723E + 4
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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 i'eceiving and bhandling 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 “Refe’rence Cask Conceptual Descriptions” (GA
Technologies, Inc., 1983). The number of dose rate data points from the
Wan and Schnéringer 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 coperations 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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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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4.0 OCCUPATIONAL DOSE

The list of operations contained in this section was developed from the
"NNWS! Repository Operations Plan, Volume I" (Dennis, et al., 1883), a
preconcgptuél operations description for the Yucca Mountain repository.
lndiv_idual ‘opera‘tions are listed for speht fuel ahd 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., receival officer, hot cell officer, emplacement officer, and retrieval
officer) and crew members (i.e., one or more operators, a radiation monitor,
and a quglity 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 aﬁd labeled as parallel (P) operations. The estimated
exposure foj' 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 performihg 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 refn/yr) respectively. Background (BG) iexposure
for facility crew members was assumed to be 0.001 mrem/min (0.1 rem/yr).

The number of workérs 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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JABLE uy-1

OPERATIONS 1DENTIFICATION AND ABBREVIATIONS

Operations

Crew Number

Crew Member

1.0 Receivina (R):

2.0 Handling and
Packaging (HP):

3.0 Surfasce Storage to
Emplacement Horizon:

3.1 Shaft Access (SA);

3.2 Ramp Access (RA);

Crew R1 - Receiving Carrier at Gate

Crew R2 - Placing Carrier into

Process

Crew R3 - Unloading Preparation

1.1

1.2

3

2.1 Crew HPY -
2.2 Crew HP? -
2.3 Crew HP2 -
3.1.1 Crew SAt
3.1.2 Crew SA2
'3.1.3 Crew Sa3
3.2.1 Crew RA}
3.2.2 Crew RA2

Cask Unloading

Spent Fuel Consolidation

Hoving HLW to Surface
Surge Storaqge facility

- Surge Surface Storage

Shaft Access

Emplacement Horlizon

Surge Surface Storage

Transporter

R1G6

RIRH
R1GC
R10P

R2R0O
R20

R20P
R2QC
R2RM

R3IRM
R3OP

HPI1HO
HweopP

HP2HO
Hp2op
HP2RM
Hr2ac

ne2op
HP2RM
HP2QC

SA1S0
SAIOP
SAIRM

SA20P

SA3oP
SA3D

RA1S0
RATOP

RA20P
RA2RM
RA?D

Guard

Radiation monitor
Quatity control
Operator driver

Receiving officer
Driver

Operator

Quality control
Radiation monitor

Radiation monitor
Operator

Hot cell officer
Operator

Hot cel! officer
Operator
Radiation monitor
Quality control

Operator
Radiation monitor
Quality contral

Storage officer
Operator
Radiation wmonitor

Operator

- Operator
Driver

Storage officer
Operator

Ooérator
Radiation monitor
Driver




TABLE h-1

OPERATIONS IDENTIFICATION AND ABARCVIATIONS

{continuerd)

Operations

Crew Numbhee

Crew Member

.1y Implacement:

h.! Vertical

tmplacement (VF);

h,? Horizontal :
tmptacement (NE):

Retrieval:

5.1 Vertical

Retrieval (VR):

5.2 Horizontal
Retrieval (HR); .

Crew VR2 - Waste Package Retrieval

= Preparation for Haste
fmptacement

- Waste fmplacement

= Fmplarcement Hole
Closure

- Preparation for Wnste
fmplacement
- Waste Empliacement

= Emplacement linle
Closure

Preparation for Waste
Retrieval

Crew VR ~ Retrieval Hote Closure

Crew HR1 - Preparation for Waste

Crew HR2 - Waste Package Retrieval

h.1, 1 Crew VIt
1.2 Crew VE2
B,1,3 Crew VFI
B.2.1 GCrew NE1L
§.2.2 Crew NE2
n.2.3 Crew HET
5.1 Crew VRY -
5.1.2
5.1.3
5.2.1
Retrieva)
5.2.2
5.2.3

Crew HR1 - Retrieval tole Closture

vElgo -
vitor -
vezor -
VE1OP -
VEIRM -
velqe -
NEIED - .
uLtor -
pEIQe -
ne2op -
netor -
HEIRM -
HFiQC -
VRIRO -
VRIRM -
VRIOP -
VRIQC -
VR20P -
VRIOP -
VRIRM -
VR1QC -
HRIRO -
HRIRM -
HRIOP -
HRIQC -
HR20P -
HRIOP -
HRIRM =
HRIQC -

Emplacement officer -
Operator

Operator

Operator
Radiation monitor
Quality eontrol

Emplacement officer
Operator
Quatity controfl

Operator

Operator
Radiation monitor
Quatlity control

Retrieval officer
Radiation monitor
Operator

- Quality control

Ope ra tor

operator
Radiation monitor
Quality contro}

Retrieval officer
Radiation monitor
Operator

Quality control

Operator
Operator

Radiation monitor
Quality control
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JABLE U4-1

OPERATIONS IDENTIE ICATION AND ABBREVIATIONS

{conc luded) .

gperations

Crew Number

Crew Member

6.0 Ramp Retrieval

Hand!ling and
Packaging (HP),
and Shipping (S):

(RA),

6.4

6.5
6.6

Crew

Crew

Crow

Ciew

Crew

Crew

Crevw

RA?2 ~ Transporter

RA1 - Surface Surge Starage

HP2 - Waste Package In Surface
Surge Storage

HP1 ~ Cask Loading

$3 - Cask Preparation

$?2 -~ Carrier loading

§$1 - Shipping Carrier

RA20D
RAZRM
RA20P

RA1S50
RA1OP

HP20P
Hez2ac
HPPRM

HPi1Ho
Heop

s3oe

S2R0O
S2RM
S20P
s24cC
S2D

siop
SIRM
siqc
SIG

Driver
Radiation monitor
Qperator

Storage officer
Operator

Operator
Quatity control
Radiation monitor

Hot cell officer
Operator

Operator

Receiving officer
Radiation monitor
Operator

Quatity control
Driver

Operator driver
Radiation monitor
Quality control
Guard




The total crew member exposure for spent fuel, high-level waste, and
facility operations (Tables 4-18, 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 repositdry procedures for handling spent fuel are
based on dry handling without kpecial 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 transpoi-tation
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 - Paralle! operation
BG - Background operation
RT - Remote operation
TR - Transport operation

RECEIVING OPERATIONS TOR SPENT FUEL

TABLE _4-2

Operation Description

1.0 RECEIVING CARRIER AT CATF:
1.1 Check Shipping Papers;

.1 Gonlirm tdentity of carrier
.2 Confitm tdentity of cask

1.2 Inspect for Radiation levels:

1.2.1 HMeasure penetrating radiation

1.2.2 Compare with shippers' values
and DOT timits

1.2.3 Certify compliance

1.3 inspect for Physical Damage;

1.3.V Carrier

1.3.2 Security seais and personnet
barrier

1.3.3 Cask

1.3.4 Acceptance of shipment

1.4 Park Carrier in fncoming Parking;
t.4.1 If OK, park in reguiar siot
1.4.2 |If suspect, park in suspect Siot
1.4.3

Notify operations manager

2.0 PLACING CARRIER INTO PROCESS:
2.1 Preparation for Cask Unloading;
2.1,

2.1.2

Move carrier to process start
station

Wash down exterior, dry before
wmoving

Operations
_fime (min)

od.

10

L

20

%

Crew
Mimber  Member
R1
RIG
RIRM
R1QC
RIOP
R2
R2RO
R2D
R20P

Note: All operation times
are estimates.
Exposure
Area Crew Member Dose

Time Area Dose Rate {mrem)

{min) Number (mrem/min) tad, fotal Cum,

5.0 h.0 (8GC) o.o0m 0.005 0.005 0.005
10,0 .0 (BG) 0.001 0.01 0.01% 0.01

1.0 2.1 0.002 0.002

1.0 2.3 0.38 0.8

1.0 2.4 V.28 0.28

0.5 2.1 0.002 0.00

0.% 2.3 .38 0.19

1.0 2.4 V.28 0.28

0.5 1.2 0. 00% 0.0102%

0.5 1.4 1.06 0.53

0.5 1.% 2.46 1.23

0.5 L | 0.001 0.0005

0.9 3.3 0.23 0.115

0.5 3.y 0.096 0.0u8 3.059 3.06

5.0 4.0 (BG) 0.001 0.005% 0.00% 0.005
110.0 4.0 (8G) 0.001 0.1 0.11 0.1

5.0 4.0 (8G) 0,001 0.005 0.005 0.005

1.0 3.1 0.001 0.001

1.0 3.2 0.08 0.08

1.0 3.3 0.23 0.23

1.0 3.4 0.096 0.096 0.41




Ly

TABLE -2
RECEIVING OPCRATIONS FOR SPENT FUEL

{contined)
Exposure
Operations Area Crew Member Dose
Time {min) Crew Time Area fose Rate {mrem)
Operation Osscription nd, Cum,  Number HMember _{min} Humber (mrem/min) ind, Jotal Cum,
2.1.3 Move carrier ahead for detailed .
inspection 5 rR20° 2.0 4.0 (8C) 0.00) 0.002 0.002
2.1.4 Remove harrier seals 5 R2QC 0.% 2.1 0.002 0,001
1.0 2.3 0.38 n.38
. : 0.9 2.4 0.28 0.14 0.53
2.1.% Puttl darrier back full open 10 R20P 0.5 2.1 0.02 0.01 ’
- : ‘ : n.% 2.4 0.28 0.4 0.15
“ho 4o
2.2 1nspect for Radiation Levels:
2.2.1 Meassure penetrating radiation 30 R2RM 1.0 2.t 0.002
2.2.2 Measure alpha contamination L d 1.0 2.3 0.138 i}
2.2.3 Temporarily fix aipha P 1.0 2.4 0.28 .
Co- T . . 1.0 1.2 0.00% 009
1.0 1.4 1.06 1.0
1.0 1.5 2.h6 2.
RNt . -
. n . .
0.5 1.5 2.46 1,23 5.95 535
30 {1} ‘
2.3 Inspect for Physical Damage;
2.3.1 Carrier 10 R2QC 2.0 3.1 0.00t 0.002
1.0 3.3 0.23 0.23
2.0 3.4 0.096 0.192
2.3.2 Barrier and hardware 10 2.0 2.1 0.002 0.008
. 1.0 2.3 0.38 0.38.
: 2.0 2.4 0.28 0.56
2.3.3 Cask 10 1.0 2.1 0.002 0.002
2.0 2.3 0.38 0.76
1.0 2.4 0.28 0.28 2.41 2.9%
2.3.4 Certify received condition _r .
30 100
2.4 Removal of Cask from Carrier;
2.4.1 Move carrier to trans lock 10 R20F .0 2.9 0.002 0.002
2.5.2 Release tiedowns 10 2.0 1.3 0.1 0.22
2.0 1.4 1.06 2.12
2.5.3 Attach yoke to cask 5 3.0 1.2 0.005 0.015%
2.5.8 Lift cask to verticatl 10 5.0 .0 (BG) 0.001 0.00%
. 2.8.% Transfer cask to cart 10 5.0 &,0 0.001 0.005
2.45.6 Remove yoke _5 2.0 1.2 0.00% 0.01 2.38 2,95
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TABLE Y§-2

RECEIVING OPERATIONS FOR SPENT FUEL

{continued

)

Operation Qescription
3.0 UNLOADING PREPARATION:

.1 Preparation for Cask Unloading:

Move cask to prep areas

Connect gas sampler

Sample interspace gas

Remove outer 1id

Connect gas sampler

Sample cavity gas

vent cavity

Loosen bolts on inner lid
Attach cask-to~hot cel! adapter

- - - - s -
e e v o os s
VXAV EWN -

-

Attach Cask to Hot Cell;

1 Move cask to unioad lock
2 Position cask under port
.3 Attach cask to port

4 Verify seal

.3 Removal of Cask from Hot Cell;

.3.1 Remove cask from port
.3.2 Remove cask-to~hot cell adapter

Wi

4.0 RETURN OF EMPTY CASK:
.1 Cask Assembly;

Move cask to return area
Decon cask

Install inner Iid

Torque boits

install outer |id

Torque belts

RAD survey assembled coask
Release cask

sEEPEEEE &
BNOVEWN =

- o b b b b b

Return Cask to Carrier; -

Move carrier to return area
Attach yoke to cask
Move cask to carrier

Attach tiedowns
Re-instalt personel barrier
(teave retracted)

Operations
Time {min})

1
3
.4 Llower cask to horizontgl position
5
6

ind,

20
10
10

—2
s

Gum,

160

205

N,
4o
N

120

195

Crew
Number Member
R3
R3oP
RIRM
R30P
RIRM
R30P
R3IOP
R3OP
R3
R2

Exposure
Area
Time Area Dose Rate
{min}) Number (mrem/min)
2.0 2.3 0.38
3.0 1.3 0.
35.0 1.3 0.1
3.0 1.1 on
315.0 1.1 0.1
0.0 1.3 0.1
4.0 4.0 0.01
2.0 3.3 0.23
2.0 1.3 0.23
1.0 3.3 0n.23
2.0 4.0 0.001
10.0 h.90 0.001

Crew Member Dose
(mrem)

Ind, Total Cum,
0.76 0.76

0.13 0.33

3.85 3.85

n.33 0.33 0.66
3.85

1.1 .95

0.04

0.46

0.46

0.23 1.19

0.002

0.01 0.012 10.7¢6




6-¥

YABLE b-2

RECEIVING OPERATIONS FOR SPENT FUEL
{conciuded)

Exposure

Operations Area Crew Member Dose
. . Time (min) - Crew. Time Area Dose Rate {mrem)
Operation Description ind, Cum, Number Member _{min) Number_  {mrem/min) ind, Total Cum,
‘4,3 Transfer of Transport Unit; R1 )
f.3.1 Move to inspection area 10
4.3.2 Perform finat inspection 30
.3.3 Perform finat radiation survey P
&.3.4 Close personnel barrier 10
h.3.5 (nstall seals 20
§,3.6 Ceritfy release 10
4.3.7 Move to outgoing parking o —_—

90 285
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P - Paralte! operation TABLE 4~3
8G - Background operation

RT - Remote operation RECEIVING OPERATIONS FOR HIGH-LEVEL WASTE Note: All operation times
TR = Transport operation are estimates.
Lxposure
Operations . Area Crew Member Dose
Time (min) _ Crew Time Area Dose Rate [mrem)
Operation Qescription Ind. Cum, Number Member {min} Number {wren/min) ind, Total Cum,
1.0 RECEIVING CARRIER AT GATE: R1
1.1 Check Shipping Papers;
1.9.1 Confirm 1.D. of carrier 5 R1G %.0 4.0 (BG) 0.001 0.005 0.00% Q.005
1.1.,2 Confirm 1.0. of cask _r
5 5
1.2 inspect for Radiation Levels;
1.2.1 Measure penetrating radiation 10 R1RM 10.0 4.0 (8G) 0.001 0.0 0.01 0.01
1.2.2 Comgpgare with shippers values
and DOT limits 5
1.2.3 Certify compliance _r
15 20
1.3 iInspect for Physical Damage;
1.3.1 Security seals 5 R1QC 1.0 2.1 0.008 0.008
1.0 2.3 0.55 0.55
1.0 2.4 0.42 Q.42
1.3.2 Cask and personnel barrier : 5 0.5 2.1 0.008 0.004
0.5 2.3 0.%5% 0.275%
1.0 2.4 0.42 0.42
1.3.3 Carrier 5 0.5 1.2 0.007 0.004
0.5 1.4 1.28 0.64
0.5 1.5 0.77 0.385%
0.% 3.1 0.005 0.0025%
0.5 3.3 0.32 0.16
0.5 3.4 0.29 0. 1uS 3.02 T.02
1.3.4 Acceptance of shipment r
19 35
1.4 Park Carrier in Incoming Parking;
1.4,1 f OK, park in regular slot 10 RiOP 5.0 4.0 (8BG) 0.001 0.005 0.005 0.005
1.4,2 If suspect, park in suspect slog P
1.4.3 Notify operations manager -5 -
. 5 50
2.0 PLACING CARRIER INTO PROCESS: R2 R2RO 110.0 4,0 (BG) 0.001 0.1 o.M 0.1
2.1 Preparation for Cask Unloading; .
2.1.1 Move carrier to process station 10 R2D 5.0 4.0 (BG) 0.001 0.005 0.005 0.005
2.1.2 Wash down and dry exterior 10 R20P 1.0 3.1 : 0.005 0.005%
1.0 3.2 0.092 0.092
1.0 3.3 0.32 0,32
1.0 3.4 0.29 0.29 o.Nn
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JABLE 4-3
RECEIVING OPERATIONS FOR HIGH-LEVEL WASTE

(continued}
__Cxposure .
Operations Area Crew Member Dose
Time {(min) Crow Fime Arnp Dose Rate !mrem)
Operation Deseription - ind, Cum, Number — Member (min) Number {mrem/min) ind, otal Cum,
2.1.3 Move carrier shead for detailed .
inspection : 5 R20P 2.0 5.0 (8BG) 0.0n3 0.00h 0.004
2.1.4 Remove barrier seals 5 R2QC 0.5 2.1 0n.008 0.004
1.0 2.3 0.55% 0.55
0.5 2.4 0.h2 0.21 0.76
2.1.5 Putl barrier back ful! open 10 RrR20P 0.5 2.1 0.008 0.004
. — 0.5 2.h. 0,42 0.2 .21
40 ho .
2.2 (nspect for Radiation Levels:;
2.2.1 Measure penetrating radiation 30 R2RM 1.0 2.1 0.008 0.008
2.2.2 Measure atpha contamination 4 t.0 2.3 0.55 0.55%
2.2.3 Temporarily fix alpha 4 t.0 2.n 0.h2 0.42
: 1.0 1.2 0.007 0.007
1.0 1.4 1.28 1.28
1.0 1.5 0.17 Q.77
o.g :.g ?.gg? n.ggh
0. . . 0.
ns 1.5 0.77 0.385 &.06 508
30 70
2.3 Inspect for Physical Damage;
2.3.1 Carrier 10 R20QC 2.0 3.1 0.005% 0.01
1.0 3.3 0.32 0,32
2.0 3.4 0.29 0.58
2.3.2 Barrier and hardware 10 2.0 2.1 0.008 0.016
1.0 2.3 0.55 0.55
. . - ‘2.0 2. 0.42 0,84
2.3.3 Cask 10 1.0 2.1 0.008 0.008
2.0 2.3 0.55 1.1
2.3.4 Certify received condition _°p 1.0 2.4 0.42 0.42 3.en 0037
. 30 100 .
2.8 Remova) of Cask from Carrier;
2.5,.1 Move carrier to trans lock 10 R20P 1.0 2.1 0.008 0.008
2.4,2 fmiense tiedowns 10 2.0 t.3 0.05% 0.10
2.0 1.4 1.28 2.56
2.5.3 Attach yoke to cask 5 3.0 1.2 0.007 0.021
2.4.4 Lift cask to vertical 10 5.0 4.0 (8G) 0.001t 0.005
2.4.% Transfer cask to cart 10 5.0 4.0 0.001% 0.005
2.4,6 Remove yoks 2.0 1.2 0.007 0.0t 2.7t T80
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TA -

RECEIVING OPERATIONS FOR RIGH-LEVEL WASTE
{continued)

Exposure

Operations Ares Crew Member Dose

Time_(min) Crew Time Area Dose Rate {mrem])
Opgration Description Ind. Cum, HNumber  Member Imin) Number {mrem/min) ind, fotal Cum,
3.0 UNLOADING PREPARATION: R3
3.1 Preparation for Cask Unioading:
3.1.1 Move cask to prep area 10 R30P 2.0 2.3 0.55 1.1 1.9
3.1.2 Connect gas sampler 10 R3RM 3.0 1.3 0.05 0.15 g.1%
3.1.3 Sampile interspace gas 10
3.1, 4 Remove nuter 1id 40 R30P 35.0 1.3 0.0% 1.75 1.75
3.1.9 Connect gas sampler 10 R3RM 3.0 .1 0.27 0.81 0.81 0.9
J.1.6 Sample cavity gas 10
3.1.7 Vent cavity 15
3.1.8 Loosen bolts on inner lid 40 R30P 35.0 1.1 0.27 9.45
3.1.9 Attach cask-to-hot cell adapter _15 10.0 1.3 0.05 0.5 9.95

160 160
3.2 Attach Cask to Hot Ceill;
3.2.1 Move cask to hot celt tock : 20 R30P W0 4.0 0.01 0.04
3.2.2 Position cask under port 10 2.0 3.3 0.32 0.64
3.2.3 Attach cask to port 10 2.0 3.3 0.32 0.6uU
3.2.4 Verify seal 95 1.0 3.3 0.32 0.32 1.64

s 205
3.3 Removal of Cask from Hot Cell;
3.3.1 Remgve cask from port 10 R30P 2.0 4,0 (8G) 0.001 0.002 i
3.4.9 Remove cask-to-hot celtl adapter _%g 575 10.0 4.0 0.001 0.0t 0.012 0,55
4.0 RETURN OF EMPTY CASK:
4.1 Cask assembly; R3
4.1.1 Move cask to return ares 20
4,1.2 Decontaminate cask 30
4,1.3 Replace inner lid 10
Y.1.4 Tighten bolts 10
4.1.5 Replace outer lid 10
9.1.6 Tighten bolts 10
4.1.7 RAD survey assembted cask 30
4.1.8 Reloase cask 4

120 120
4.2 Return Cask to Carrier; R2
4.2.1 Move carrier to return area 10
4.2.2 Attech yoke to cask 5
4.2.3 Transfer cask to carrier 10
4.2.4 Lower cask to horizontal position 10
4.2.5 Remove yoke 5
4.2.6 Attach tiedowns 20
4.2.7 Close paersonnel barrier _20

80 200
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TABLE 4-3

RECEIVING OPERATIONS FOR HIGH-LEVEL WASTE
(concliuded)

: Exposure

Operations Area Crew Member Dose

Time {min) Crew Time Area Dose Rate {mrem)
Operation Description ind. Cum, Number Member [min) Numher {mrem/min) ind, Tfotal Cum,
4.3  Transfer of Carrier; R1
8,3,1 Move to inspection area 10
4.3.2 Perform final inspection 30
4,3.3 Perform Fina) RAD survey P
4.3.4 Attach seals 10
4.3.5 Ceartify release 10
%.3.6 Move to outgoing parking _10 —

70 270




4.2 Handling and Packaging Operations

4.2.1 Spent Fuel

The SFAs are assumed to be in interim storage racks in the unioading
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
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TABLE b-4

P - Parallel operation Note: Al) operation ti {
RT - Remote operation HANDLING AND PACKAGING OPERATIONS FOR SPENT FUEL are e::ln:tcs.t s
. Exposure
Operations Area - Crew Member Dose
Time [(min Grew Time Ares Dose Rate : {mrem)
Operation Description Ind, cum, Rumber amber _(min) _Number mrem/min ind, Iotal cum,
1.0 CASK UNLOADING: . HPY
1.1 Waste Package Removal: HPIHO 110.0 4.0 (RT) 0.0 1.1 1.9 i
1.1.1 Oven hot cel! port 10 HPI10OP 10.0 4.0 (RT) 0.01 0.1
1.1.2 Remove inner cask lid 10 10.0 h.0 0.01 0.1
1,1.3 Inspect 1id. seal surface 10 10.0 4.0 0.01 0.1
1.1.4 (nspect cask contents 10 10,0 L) 0.01 0.1
1.1.5 Log pertinent facts . 10 10.0 8.0 0.01 0.9
1.1.6 Remove first waste package 10 10.0 h.0 0.01 0.1
1.1.7 Repeat until cask is empty 30 . .30.0 4.0 0.0t 0.3 0.9
90 90 .
1.2 Cask Closure; '
1.2.1 Clean cask seasl surface 20 HPIOP 20.0 8.0 (RT) 0.01 0.2
1.2.2 Replace inner \id 10 10.0 4.0 .01 0.9
1.2.3 Close unloading port % - 0.0 8.9 0.0 0.1 0.4 T3
) 0 .
2.0 SPENT FUEL ASSEMBLY CONSOLIDATION: He2
2.1 Stripping Rods from Hardware; HF2HO 175.0 .0 (RT) 0.01 1.7% 1.7% 1,75
2.1.1 Move SFA to feed table 20 : HP20P 20.0 b,0 (RT) 0.01 0.2
2.1.2 Clamp into position 10 10.0 1.9 0.0} 0.1
2.1.3 Cut throuwgh guide tubes 20 20,0 4,0 0.01 0.2
2.1.4 DOrop end Fitting to waste chute 10 : 10,0 4.0 0.0% 0.1
2.1.5 Grip one row of rods 5 5.0 u.0 0.01 0.05
2.1.6 Pull rods into transfer trough 15 . 15.0 8.0 - 0.01 0.15
2.1.7 Repeat 2.1.5 and 2.1.6 for each row 10 70.0 4.0 0.01 0.7 1.%
: ’ 150 150
2.2 Discarding of Hardware:
2.1.1 Cut skefeton into sections L] HP20P N80.0 H.0 (RT) 0.01 0.4
2.1.2 Drop sections into waste chute 0 20.0 &,0 0.01 0.2 0.6
2.2.3 Compact and package for disposal P
: 60 210 .

2.3 Placing Rods into Waste Container;
2.3.1 Move rods from transfer trough .

(2.1.6) to rod trough {(oader 10 HP20P 10.0 4.0 (RT) 0.01 0.1
2.3.2 Place rods in waste package 10 10.0 4.0 0.0% 0.
2.3.3 Repeat 2.3.2 until package i3

fitled 20 ) 20,0 b0 0.01 0.2 0.4

20 250



Sil-v

TABLE U-y
HANDLING AND PACKAGING DPERATIONS FOR SPENT FUEL

{concluded)
Exposure
Operations Area Crew Member Dose
. Timeg (min}) Crew Time Area Dose Rate {mrem)
Operation Description Ind, Cum, Number Member (min) Humber (mrem/min) ind, Jotal Cum,
2.4 Container Closure and Surface Surge
Storage;
2.4, HMove filled waste package to
welding station 10 He2oe 10.0 4.0 [RT) 0.0 0.1
2.4.2 Move tid to station 5 5.0 4.0 0.01 0.05
2.4.3 Clean and inspect mating surfaces 15 15.0 6.0 o.M 0.15
2.4.4 Perform closure weld 20 20.0 AH.0 0.01 0.2 —_—
2.4.5 Inspect weld 20 HP2QC 10.0 4.0 Q.01 0.1 0.1 0.1
2.4.6 Certify weld and accept package P HPZRM 10,0 4.0 0.0t 0.1 0.1 Q.
2.4.7 Move waste package to surge storage _10 —_— HP20P 10.0 4.0 0.01 0.1 0.6 3.1
80 130
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TABLE b-5

P - Paraliel operstion Note: All operation times
RY - Remote operation HANDLING AND PACKAGING OPERATIONS FOR HIGH=-LEVEL WASTE are astimstes,
. Exposure
Operations Area Crew Member Dose
Time {min) rew Time Area Dose Rate : {mrem
Operation Description nd, Cum, Number ambe r {min) Number (mrem/min) ind, Total Cum,
1.0 CASK UNLOADING: '
1.1 Waste Package Removal:; HP1 HPIHO 110.0 4.0 (RY) 0.01 1.1 1.1 1.1
1.1.1 Open hot cell port , 10 HP10P 10,0 h.0 (RT) 0.01 0.1
1.1.2 Remove inner cask (id 10 10.0 4.0 0.01 0.1
1.1.3 Inspect )id, seal surface 10 tn.o 4.0 0.0t 0.1
1.1.4 tinspect cask contents 10 10.0 h.0 0.01 0.t
1.1.9 Log pertinent facts 10 10.0 4,0 - 0.0V 0.1
1.1.6 Remove first waste package 10 10.0 4.0 0.01% 0.1
1.1.7 Repeat until cask is empty _20 20.0 4.0 ‘ 0.01 0.2 0.8
. ' 80 80
1.2 Cask Closure;
1.2.1 Ctlean cask seal surface 20 HPIOP 20.0 4.0 (RT) 0.01 0.2
§1.2.2 Replace inner {id . n 0.0 4.0 a.01 0.1
1.2.3 Close unloading port }Q —_ mno a0 0.0 ‘0.1 0.4 1.2
: ) 120 . .

2.0 MHLW TO SURFACE SURGE STORAGE: HP2
2.1 Moving Acceptabie Package;
2.1.1 HMove HLW canister to inspection

station 10 He2or 10.0 8.0 (RT) o.0 0.1
2.1.2 certify acceptability 20 wp20C 1.0 K0 0.01 0.1 0.1 [}

HP2RM .0 8.0 0.01 a.1 0. - 0
2.1.3 Move disposal package to SSSF ﬁg 5 ne2opP 10,0 n.0 0.01 .1 0.2 0.2
’ 0 0




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 canistar moved from surface storage into a facility
cask, permanently mounted on a transporter, and transpbrted 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.

4-18
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P - Paratlel operation TABLE 4-6
RT - Remote operation
8G - Background operation SHAFT ACCESS FROM SURFACE STORAGE Note: All operstion times
TR « Transport operation TO FMPLACEMINT HOR!ZON are astimates,
Exposure
. Operations Area Crew Member Dose
lime (min) Crew Time Area Dose Rate {mrem)
Operation Oescription _ind, _Cum,  Number Member (min) _Number (mrem/min) ind, Totat Cum,
1.0 WASTE PACKAGE LOADING: SA1 SA1S0 h.0 (RT) 0.01% 1.05 1.05
1.1 Mount facility cask on transfer
cart 20
1.2 Align facitity cask and attach to port 10
1.3 Remove port cover 10 .
1.4 Remove facility cask lid 0 SAIDP h.0 (RT) 0.01 .0.05
1.% Load waste package 20 4.0 0.1 0.1
1.6 Replace facility cask }id 10 4.0 0.0} 0.1
1.7 Replace port cover 10 h.o 0n.01 0.05%
1.8 Unattach cask from port m 4.0 (TR) 0,00% 0.0%
1.9 Retease facility cask 10 SATRM h.0 0.005 0.05 0.05
1.10 Move facility cask on transfer cart 10 SAtOP LN 0.005 0.05 0.40
to shaft — —
120 120
2.0 FACILTIY CASK SHAFT ACCESS: SA2
2.1 Hoist at surface - P
2.2 Engage "chair" system 10
2.3 Load fFaciltity cask on hoist 20 SAZ0P k.0 (TR) 0. 005 0.1
2.4 Disengage "chair" system 5 h.o a,005 0.025%
2.9 Lower to emplacement horizon S
2.6 Engage "chair" system 5 h.0 0.00% 0.025
2.7 Unload facility cask from hoist 20 h.0 0,005 0.1
2.8 Move facility cask on transfer cart
to transfer station 10 h.0 0.005 0.05% 0.3
2.9 Remove facility cask from transfer
cart, return cart to hoist and surface _r
S 75 75
3.0 TRANSPORTER AT EMPLACEMENT HORIZON: SA3
3.1 Move transporter to transfer i
station ’ 10
3.2 Load facility cask on transporter 20 SA30P 5.0 (TR) 0.005 0.1 0.1 QTTT
3.3 Move facility cask to emplacement 20 SA3D 8.0 0.00% 0.1 0.1 0.
horizon access point . %5 5
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JABLE 4-~7

RT - Remote operstion RAMP ACCESS FROM SURFACE STORAGE Note: All operation times
TR = Transport operation YO EMPLACEMENT HORIZON are estimates,
Exposure
Operations Area Crew Member Dose
lime _(min}) Crew Time Area Dose Rate {mrem)

Qperation Description _ind, Cum, Number Member (min) Number {mrem/min} nd, Jotal Cum,
1.0 WASTE PACKAGE LOADING: RAY RAISO 105.0 4.0 (RT) 0.01 .05 1.05 1.0
t.1 Mave transporter with facility

cask to surge storage port 20
1.2 Align facility cask and attach to port 10
1.3 Remove port cover 10 RAVOP 5.0 4.0 (RT) 0.01 0.05
1.4 Remove facility cask |id 11) 5.0 4.0 0.00 0.05
1.5 Load waste packasge 20 10.0 4.0 0.01 0.1
1.6 Replace facility cask {id 10 5.0 4.,u 0.01 0.05 e
1.7 Replace port cover o 5.0 4.0 0.0V 0.05% 0.30 0.30

90 90

2.0 TRANSPORTER RAMP ACCESS: RAZ2
2.1 Unattach transporter facility cask

rrom surge storage port 10 RAZOP 10,0 4.0 (TR) 0.00% 0.05 0.05 Q.05
2.2 Release transporter 10 RAZRM 10,0 4.0 0.00% 0.05 0.05 0.05
2.3 Proceed to ramp 10 RA2D .0 4.0 0.005 Q.05
2.4 Move facility cask, down ramp, to

emplacement horiZon access point _%g -5 20.0 4.0 0.005 0.1 0.15 0.15

[}) 0




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 auxillary equipment.

4.4.1 Vertical Emplacement

Vertical waste emp]acement 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 multi'ple waste
canisters before the shield door is moved to another borehole. Table 4-9
lists the operations for horizontal waste emplacement.
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JABLE u4-8

BG - Background operstion Kote: All operstion times
TR = Transport operation VERTICAL EMPLACEMENT OF VWASTE are estimates,
Exposure
Operations Area Crew Member Dose
Time (min) Crew Time Area Nose Rate {mrem)
Operation Description ind, Com, Number Member _{(min) Number (mrem/min) ind, Total Cum,
1.0 PREPARATION FOR WASTE EMPLACEMENT: VEI? VE1EQ 110.0 “.9 {8G) 0.001 0.1 o.M 0.11

1.1 Emplacement Hole inspection;

1.1.1 Hove hole cover removal machine

to hole 10 VE1OP 10,0 4.0 {8G) 0.001 0.01
1.1.2 Remove hole cover 10 10.0 9.0 0.001 0.01
1.1.3 Visually inspect hole 0 10.0 4.0 0.001 0.01
1.1.4 Measure depth 9 5.0 4.0 0.001 0.005
1.1.5 Compare records 15 15.0 4.0 0.001 0.015 0.05
1.1.6 Certify inspection _%Q 6 VEI1GC 10.0 u.0 0.00t 0.01 0.01
0 0
1.2 Shield Door Installation;
1.2.1 Position console 20 VEVOP 20.0 4.0 (BG) 0.001 0.02
1.2.2 Move door to emplacement hole 20 20.0 u. 0 0.00% 0.02
1.2.3 Position for attachment 10 10.0 u.0 0. 001 0.01
1.2.4 Attach to anchor points 20 20.0 4,0 0.001 0.02
1.2.9 Connect utilities to console 10 0.0 &.0 0.001 0.0t 0.08
1.2.6 Certify instatlation 19 vETIQG 1.0 4.0 0.0014 0.01 0.01
- 90 150
1.3 Alignment System Installation;
1.3.1 Move to emplacement hole 10 vEtoP 10.0 4.0 (BG) 0.001 0.01
1.3.2 Position for attachment 10 10.0 .0 0.u01 .01
1.3.3 Attach to anchor points 20 20.0 4.0 0.0m 0.02
1.3.4 Connect utilities to shield door 10 19,0 4.0 0.001 0.01 0.05
1.3.95 Certify installation 19 _ VEIQC 10.0 4.0 0.001 0.0t 0.01
. 60 210
2.0 WASTE EMPLACEMENT: vE2
2.1 Transporter Positioning;
2.1.1 Mave trensporter to emplacement
hole from access point 20 VE20P 20.0 4.0 (TR) 0.005% 0.1
2.1.2 Position over hole 10 10.0 4.0 0.005 0.05
2.1.3 Raise and ltevel transporter 10 10,0 4.0 0.005 0.05
2.9.4 Rotate cask to verticat 10 10.0 4.0 0.005 0.05
2.1.9 Lower transporter to engage
shield door 10 . 10.0 4.0 0.00% 0.05
2.1.6 Connect transporter utitities
to shield door -5 5.0 1.3 1.28 6.40 6.7
65 65
2.2 Waste Emplacement;
2.2.1 Open shietd door and cask door 5 VE20P 5.0 4.0 (8G) 0.001 0.005%
2.2.2 Lower waste 10 10.0 4.0 0.001 0.01
2.2.3 Relesse grapple and raise hoist 10 16.0 4.9 0.001 0.0
2.2.4 Close shield door and cask door 5 5.0 4.0 0.001 0.00%
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JABLE 4u-8
VERTICAL EMPLACEMENT OF WASTE

NN NNNRN N

{continued)
_txposure
Operations Area Crew Member Dose
Time {(min) crew Time Ares Dose Rate mrem)
Operation Description ind, Cum, Number Member _(min) _Number (mrem/min) Ind, lotal_  _Cum,
2.2.9 Disconnect transporter utilities
from shietd door 5 5.0 8.0 (8C) 0.001 0.005%
2.2.6 Rsise transporter : . 10 10,0 u.0 0.001 0.0t
2.2.7. Rotate cask to horizontal 10 10.0 h.0 0.001 0.01
2.2.8 Mgve transporter to access point _%g ' 20.0 4.0 0,001 0.002 0.07%
5 0
2.3 Plug Yransport Positioning;
2.3.1 Move plug emplacement transport to : )
hotle 10 ve20r 10.0 4.0 (BG) 0.001 0.01
2.3.2 Position over hole 10 10.0 1.0 0.001 0.01
2.3.3 Rnise and fevel transporter 10 10.0 h.0 0.001 0.01
2.3.4 Rotate cask to vertical 10 10.0 4.0 0.001 0.01
2.3.% Llower transport to engage shield
door and connect utilities 0 10,0 4.0 0.001 0.01 0.05
50 190
.4 Plug Emplacement;
.4.1 Open shield door 5 VE20P 5.0 4,0 (8G) 0.001 0.00%
0.2 Lower cement plug 10 10.0 4.0 0.001 .01
.5.3 Release grappte and raise hoist 10 10.0 8.0 0.001 0.01
.. Close shield door 5 5.0 u.0 0.001 0.005
1.5 Disconnect transport uwtilities
from shield door 5 5.0 &0 0.001% 0.005
.8,6 Raise transport 10 10.0 k.0 0.001 0.01
.5.7 Rotate cask to horizontal 10 10.0 b0 0.001 0.0"
.5.8 Move transport Jo 10.0 4,0 0.001 0.01% 0.065 &.89
65 255
3.0 EMPLACEMENT MOLE CLOSURE: VE1
3.1 Atignment System Removal: ‘
3.1.1 Move tfansport to hole 10 VEIOP 10.0 h.0 (BO) 0.001% 0.01
3.1.2 Disconnect utilities 10 10.0 h.0 0.001 0.01
3.1.3 Unattach anchor points 20 ‘ 20.0 4.0 0.001 0.02
3.1.4 Move from hole 10 10.0 4.0 : 0.001 0.01 0.0%
50 50
3.2 Shieid Door Removal: , _
3.2.1 Disconnect utilities 0 vEIOr 10.0 4.0 (BG) 0.00Y 0.01
3.2.2 Remove console 10 10.0 4.0 0.001 .01
3.2.3 Bring transport to hole .10 10.0 4.0 0.001 0.01
3.2.4 Unattach anchor points : 30 30.0 h,0 0.001 0.03
3.2.% Remove shield door 30 30.0 4.0 0.001 .03
3.2.6 .0 0.001 0.02 0.11 0.308

Fil) door recess to floor lavel T%g 160 20.0
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TABLE 4-8

VERTICAL EMPLACEMENT OF WASTE
fconc lded)

Exposure
Operations Area Crew Member Dose
Time {min) crew Time Area Dose Rate {(mrem)
Qpgration Description Ind, Cum, Number Member _{(min] _Number (wrem/min) Ind, Total Cum,
3.3 Certify Closure;
3.3.1 Monitor hole 20 VEIRM 20.0 4.0 (BG) 0.001 0.02 0.02 0,02
3J.3.2 Certify closure .2Q — VFIQC 20,0  b.0 0.0n1 0.02 0.92 0.05
u0 200
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BG - Background operation

IABLE -9

TR - Transport operstion Note: All operation times
P - Paraltle! operation HORIZONTAL EMPLACEMENT OF WASTE are estimates,
, Exposure
Operations Area Crew Member Dose
) Time {min) Crew Time Area Dose Rate {mrem)
Operation Description Ind. Cum, Number - Member {min) Number_ (mrem/min) ind, Total cum,
1.0 PREPARATION FOR WASTE EMPLACEMENT: HEN HETEO 55.0 &.0 (BG) 0.001 0.055 0.05% 0.055
1.1 Cmptacement Hole Inspection;
1.1.1 Move hole cover transport to
emplacement hole 10 HeE10P 10.0 4.0 (BG) 0.001 0.01
1.1.2 Remove hole cover 5 5.0 &.,0 0.001 0.005 0.015%
1.1.3 Make visual inspection 20 HEI1QC 20.0 4.0 0,001 0.02
1.1.4 Take optical measurements 20 ) . 20.0 5.0 0.001 0.02
1.1.5 Record comparison 10 10,0 6.0 0.001 0.01
1.1.6 Certify inspection - . 5.0 &.0 0.001 0.005 0.05%
70 0
1.2 Console instailation;
1.2.1 Move console transport to
emplacement hole 10 HE1O0P 10.0 8.0 (BG) 0.001% 0.01
1.2.2 Position for attachment of
utility tines: 10 10,0 4.0 0.001Y. 0.01 0.02
t.2.3 Certify instaliation _Jo HETQC 10.0 u.0 0.001 0.0V 0.01
: ' : ' 30 100
1.3 Shieid Door lhstallatlon;
1.3.) Move shield door transport to
‘ emplacement hole 10 HE1OP 10.0 h.0 (8G) 0.001 0.01
1.3.2 Position for attachment - 10 10,0 4,0 0.001 0.01
1.3.3 Attsch to anchor points 20 20.0 8.0 0.001 0,02
1.3.4 Connect utilities to console 10 10,0 4.0 0.001 0.01 0.05
1.3.5 Certify instatiation 10 HE10C 0.0 . 4.0 0.001 .01 0.01
60 160
1.4 Alignment System Installiation;
t.5.1 Move alignment system transport to ’
emp iacement hole 10 - HETOP 10,0 4.0 (BG) 0.001 .01
1.4.2 Position for attachment 10 10.0 8.0 0.001 0.01
1.5.3 Attach to anchor points 20 20.0. K0 0.001 .02
1.4, Connect utilities to shietd door 10 10.0 4.0 0.001 g.01 0.0%
1.4.5 Certify instafiation o 1] HEI1QC 10.0 4.0 0.009Y .0 0.01
) 60 220
1.% Power Roller System Instalfation; N
1.5.1 Move power roller transport to )
emplacement hole 10 HE1OP 10.0 4.0 (BG) 0.001 0.0V
1.5.2 Back transport onto alignment system 5 5.0 1.0 0.001 ( 0.005%
1.9.3 Open shield door and transport door 5 5.0 #.0 0.001 0.005%
1.5.4 Connect and move each unit into
emplacement hole 120 » 120.0 4.0 0.001 0.12
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TABLE u-

HORIZONTAL EMPLACEMENT OF WASTE
(continued)

Exposure
Operations Area Crew Mamber Dose
Time_(min) _ Crew Time Area Dose Rate {mrem)
Operation Description ind, _Cum, Number _Member _(win) Number (mrem/min) ind, Jotal Cum,
1.5.5 Position in emplacement hole 10 10,0 4.0 0.001 0.01
1.5.6 Attach to anchor points 10 0.0 4.0 0.001 g.01
1.5.7 Connect utilities to shield door 10 10.0 4.0 0.001 0.01 0.18
1.5.8 Certify installation 10 HEIQC 0.0 §.0 0.001 0.01 0.01%
190 4to
1.6 Ewmplacement System Certification
{Cold Test);
1.6.1 Move transporter to esplacement
hole 10 HEIOP 10.0 4.0 (8G) 0.001 0.01
1.6.2 Back transporter on atlignment
system 5 5.0 &.0 0.001 0.005%
1.6.3 Connect transporter utilities to
shield door : 10 10.0 4.0 0.001 0.01
1.6.4 Console operations,
1.6.4,.1 Align transporter cask with
shieid door 10 10.0 4.0 0.001 0.01
1.6.4.2 Open shield door and cask daor 5 5.0 4.0 0.001 0.00%
1.6.4.3 Move dummy waste package onto
power rollers 10 10.0 4.0 0.001 0.01
1.6.4.4 Ciose shieid door and cask door 5 5.0 4.0 0.001 0.00%
1.6.4.5 Power waste package to back of
emplacement hole 60 60.0 4.0 0.001 0.06
1.6.4.6 Return wvaste package to front
of emplacement hole 60 60.0 4.0 0.001 0.06
1.6.4.7 Open shieid door and cask door 5 5.0 4.0 0,001 0.005
1.6.4.8 Move waste package into
transporter 10 10.0 4.0 0.001 0.01
6.4.9 Close shield door and cask door 5 5.0 uW.,0 0.001 0.00%
+6.4.10 Unetign transporter from shield
door 10 10.0 4.0 0.00% 0.01
1.6.5 Disconnect transporter utifities .
from shield door 5 5.0 4.0 0.001 0.00%
1.6.6 Move transporter off alignaent
system 10 10,0 4.0 0.001 0.01 0.22
1.6.7 Certify operation _10 _— HE1QC 10.0 4.0 0.001 0.01 0.01
230 640
2.0 WASTE EMPLACEMENT:
2.1 Transporter Arrival; HE2
2.1.1 Move transporter to emplacement
hole 20 . HE20P 20.0 .0 (TR) 0.005 0.1
2.1.2 Bsck transporter onto alignment
system % 5.0 &, 0.005 0.025
2.1.3 Connect trsnsporter utilities
to shield door -5 4.0 .0 0.005 0.02
30 30 1.0 1.5 2.46 2.46 2.61
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IA B

HORIZONTAL EMPLACEMENT OF WASTE

{continued)
Exposure —
Operations Arean Crew Member Dose
. YTime (min)- Crew Time Area Dose Rate {mrem)
Operation Description ind, Cum, Number ~ Member {min) Number {mrem/min) ind, Jatal Cum,
2.2 Console Operation;
2.2.17 AVign transporter cask with
shield door 10 HE20P 10.0 4.0 (8G) 0.001 0.01
2.2.2 uUntock cask door 5 5.0 &0 0.001 0.005%
2.2.3 Open shieid door and cask door 5 5.0 W0 0.001 0.005
2.2.4 Move waste package onto
powver rolters 10 '!g.o 4.0 0.001 0.01
2.2.5 Close shield door and cask door 5 .0 &40 0.001 0.00%
2.2.6 Power waste package to final
position p
2.2.7 Lock cask door 5 -5.0 4.0 0.001 0.005%
2.2.8 Unalign transporter _%g 60 t16.0 4.0 0.001 0.01 0.0%
0 B
2.3 Yransporter Return; HE20P
2.3.1 Disconnect transporter utilities 5.0 4.0 (BG) 0.001 0.004
. 1.0 1.% 2.46 2.46
2.3.2 Move transporter off atigmment 5 5.0 h.0 (8G) 0.001 0.00%
2.3.3 Return to access point for next : L
waste package, repeat 2.1 through 2.3 _%g 7% 20.0 &4.0 0.001 0.02 B9 535
3.0 EMPLACEMENT HOLE CLOSURE:
3.1 Concrete Plug Emplacement; HEY
3.1.1 Transport with Concrete Plug,
3.1.1.1 Move plug transport to emplacement
hole 10 HE10P 10.0 4.0 (BG) 0.001 0.01
3.1.1,2 B8ack transport onto alignment
system 5 5.0 hK.0 0.001 0.005
3.1.1.3 Connect transport utilitifes to
shietd door 10 0.0 &.0 0.001 0.01
3.1.2 Consota Operation,
3.1.2.1 Atign transport with shield
door . 10 10,0 4.0 (BG) 0.001 .01
3.1.2.2 Open shield door and cask door 5 5.0 4.0 0.001 0.005
3.1.2.3 Move plug onto power rollers 10 10.0 4.0 0.001 - .0
3.1.2.4 Close shield door and cask door g 5.0 &.0 0.001 .008
3.1.2.6 .

Power plug to finaf position
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TABLE U-9

HORIZONTAL EMPLACEMENT OF WASTE

(continued)

Expasure
Operations. Arca Crew Member Dose
Time (min Crew Time Area Dose Rate {mrem}
Opgration De { on _Ind, _Cum, Number Hember _{min) Number (mrem/min) ind, Jotal cum,
3.1.3 Plug Transport Removal,
3.1.3.1 Disconnect transport utilities 10 10.0 4.0 (BG) 0.001 0.01
3.1.3.2 Move transporter off alignment
system 5.0 4.0 0.001 0.005 0.07
70 70
3.2 Power Roller Removal;
3.2.) Removal Transport,
3.2.1.)Y Move power roller transport to
: emp lacement hole 10 HFIOP 10.0 4.0 (BG) 0.001 0.01
3.2.1.2 Bachk transport onto alignment
system 5 5.0 4.0 0.001 0.005
3.2.1.3 Connect transport utilities to
shield door 10 10.0 4.0 0.001 0.01
3.2.2 Consoie Operation,
3.2.2.1 Align transport with shield
door 10 10.0 4.0 (BG) 0.001 0.01
3.2.2.2 Open shield door and transport d
door 5 5.0 4.0 0.001 0.005
3.2.2.3 Unattach anchar points 10 10. 9.0 0.001 0.01
3.2.2.4 Disconnect utitlities from
shield doar 10 10.0 4.0 0.001 0.01
3.2.2.5 Remove and disconnect each unit
into transport 200 200.0 4.0 0.001 0.2
3.2.2.6 HMonitor each unit in removal
transport P
3.2.2.7 Remove each monitored unit P
3.2.3 Removal Transport,
3.2.3.% Clase shield door and transport
door 5 5.0 4.0 (8G) 0.001 0.005
3.2.3.2 Unslign transport from shield
door 10 10.0 4.0 0.001 0.01
3.2.3.3 Disconnect utilities from shield
door 10 0.0 4.0 0.001 0.01
3.2.3.4 Move transport off alignment
system Eﬁg 360 5.0 4,0 0.001 0.005 0.265




6T-Y

JABLE 4-9

HORIZONTAL EMPLACEMENT OF WASTE

fcontinuved)

Exposure
Operations Area Crew Member Dose
Time (min) Crew Tion Area Dose Rate {mrem)
Operation Description ind, Cum, Number Member _({min} Number {mrem/min) Ind, Total Cum,
3.3 Final Closure Piug;
3.3.17 Move piug transport to emplacement
hote 10 HE10OP 10.0 8.0 (BG) 0.001 0.01
3.3.2 8Back pliug transport onto alignnont
system 5 5.0 &.0 0.001 0.005
3.3.3 Connect plug transport utilltles
to shield door 10 10.0 h.0 0.001 0.01
3.3.4 Console Operation,
3.3.4.1 Atign plug transport with
shield door 10 10.0 4.0 0.001 0.01
3.3.4.2 Open plug transport door and
shield. door 5 5.0 h.0 0.001 0.005
3.3.4.3 1insert plug into emplacement
. hole 10 10.0 5.0 0.001 0.0
3.3.4.4 Close plug transport door and ,
shieid door 5 %.0 &0 0.001 - 0.00%
3.3.4.5 Unatign plug transport 10 10.0 h.0 0.001 0.01
3.3.% DODisconnect piug transport
utitities 10 10.0 H.0 0.001 0.01
3.3.6 Move pilug transport off
alignment system 5.0 &.0 0.001 0.005 0.08
. 80 o
3.5 Alignment System Removal;
3.5.1 Move removal transport to
empiacement hole 10 HEIOP 10.0 4.0 {BG) 0.001 0.0t
3.5.2 Disconnect utilities from
shield door 10 10.0 4.0 0.001 0.01
3.8.3 Unattach anchor points 20 20.0 HK.0 0.001 0.02 0.08
3.h.4 Remove from hole _r
w0 hgo
3.5 Shield Door Removal;
3.5.1 Move shield door transport to
empliacement hole 10 HE10P 10.0 4.0 (BG) 0.001 0.01
3.%.2 Disconnect shield door utilities
from console 10 10.0 . 0.001 0.0%
3.5.3 Unsttach anchor points 40 40.0 h.0 0.001 0.04 0.06
31.5.4 Remove from hole _r
60 540
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HORIZONTAL EMPLACEMENT OF WASTE
{concinded)

Exposure
Operations ¢ . Ares Crew Member Dose
Time (min) rew Time Area Dose Rate {mrem)
Qperation Description ind, Cum,  Number Member _(wmin) Number (mrem/min) ind, Total Cum,
1.6 Console Removal;
3.6.1 Move consgle transport to
emplacement hole 10 HEWOP 10.0 4.0 {8BG) 0.001 0.01
31.6.2 Remove console From hole 10 10,0 4.0 0.001 0.01 0.02
20 560
3.7 Certify Closure;
3.7.1 Move hole cover transport to
emplacement hole 10 HE1QP 10 4.0 {BG) 0.00V 0.0t
3,7.2 Position emplacement hole cover 10 10 4.0 0.001 0.01
3.7.3 Install hole cover 10 10, 4.0 0.001 0.01 .
3.7.4 Attach anchor points 10 10.0 4.0 0.001 o.M 0.04 i.13
3.7.5 Monitor hole 20 HEIRM 20.0 4.0 0.001 0.02 0.02 0,02
3.7.6 Certify closure _2u &5 HEIQC 20.0 4.0 0.001 0.02 0.02 0.1
80 O




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 oper'ati'ons for horizontal retrieval.

4-31
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B8G - Background operation

TR = Transporter operation JABLE 4-1Q
P - Parallel operation Note: All operstion times
RT - Remote operation VERTICAL RETRIEVAL OF WASTE are estimates.
Expisure }
Qperations - Area Crew Member Dose
Time {min) Crew Time Area Dose Rate jmrem)
Operation Description ind, _Cum,  Number Member (min) _Number (mrem/min) ind, Jotal  _Cua,
1.0 PREPARATION FOR WASTE RETRIEVAL: VR1 VRIRO 110.0 .0.0 {BG) 0.001 0.11 0.11 0.1%
1.1 Backfiil Removal;
1.1.1 Certify hole and number records 10 VR1QC 10.0 4.0 (8G) 0.001 0.01
1.,1.2 HMonitor hole 20 VRIRM 20.0. 4.0 0.001 0.02 .02
$1.1.3 Remove fill material 20 VRI1OP 20.0 4.0 0.001 0.02 0.02
1.1.4 Ascertain plug condition 10 VRIQC 10.0 4.0 0.001 0.0 .02
: 60 60
1.2 Console Installation;
1.2.1 Move console to retrieval hole 10 vRi0P 10,0 §&.0 {BG) 0.001 0.0
1.2.2 Position console 10 10.0 4.0 0.001 Q.01 0.02
1.2.3 Certify instatiation _10 VRIGC 10.0 4.0 0.001 0.01 0.01
30 90
1.3 Shield Daor Instatiation;
1.3.1 Move door to retrieval hole 20 VRI10P 20.0 4.0 (BG) 0.001 0.02
1.3.2 Position for attachment 10 10.0 4.0 0.001 0.01
1.3.3 Attach to anchor points 20 20.0 4.0 0.001 .02
1.3.4 Connect utilities to console 10 10.0 4.0 0.001 0.01 0.06
1.3.5 Certify installation 10 VRIGC 10.0 8.0 0.001 0.01 0.0
70 160
1.4 Alignment System Installation;
t.4.1 Move to retrieval hole 10 VR10P 10.0 4.0 (8G) 0.001 0.01
1.4.2 Position for attachment 10 10.0 4.0 0,001} 0.01
1.4.3 Attach to anchor points 20 20.0 4.0 0.001 .
1.4.4 Connect utilities to shield door 10 10,0 4.0 " 0.001 o 0.01 0.05
1.4.% Certify installation 10 - VR1QC 10.0 4.0 0.001 0.01 0.01
60 220
2.0 WASTE RETRIEVAL: VR2
2.1 Plug Transport Positioning;
2.1.1 Wove plug removal transport to hole 10 VR20P 10.0 4.0 (8BG) 0.007 0.01
2.1.,2 Position gver hole 10 10.0 4.0 0.001 0.01
2.1.3 Raise and tevel transporter 10 10.0 4.0 0.001 0.01
2.1.4 Rotate cask to vertical 10 10.0 4.3 0.001 0.01
2.1.5 Lower transport to engage shield -
door and connect utilities 10 10.0 4.0 0.001 0.01 0.0%




TABLE 4-10

VERTICAL RETRIEVAL OF WASTE
{cont inued)

Exposiure
Operations Area Crew Member Dose
‘ . Time {(min) Crew Tine Area Dnse Rate __{(mrem)
Operation Description tnd, _Cum,  Number Member _{[min} _MNumber (mrem/min} ind, Jotal Cum,
2.2 Ptlug Removal: .
2.2.1 Open shield door 5 vR20p 5.0 4.0 (8G) 0.001 0.00%
2.2.2 Lower grapple and attach to plug 10 10.0 4.0 0.001 0.01
2.2.3 Raise plug into cask 10 10.0 4.0 0.001 0.0%
2.2.4 Close shield door 5 5.0 u.0 0.001 0.00%
2.2.5 Disconnect transport utilities rrom
shieid door - 5 %0 8.0 0.001 0.005
2.2.6 Raise transport 10 10.0 4.0 0.001 0.01
2.2.7 Rotate cask to horizonta!l 10 10.0 4.0 0.001 0.0V
2.2.8 Move transport _1% "s 10.0 4.0 0.001 0.01 0.065
2.3 Transporter Positioning;
2.3.1 Move transporter to retrieval hole
from access point 20 vR20P 20.0 4.0 {BG) 0.001 0.02
2.3.2 Position over hote 10 . ' 10.0 .0 0.001 . 0,01
2.3.3 Raise and level transporter 10 10.0 u,0 0.001 - 0.0V
2.3.4 ' Rotate cask to vertical 10 10.0 4,0 0.001 0.01
'2.3.5 Lower transport to engage shield
door 10 .0 4.0 0.001 0.0V
2.3.6 Connect transporter utilities to
shieid door 5 . 5.0 8.0 0.001 0.00% 0.065
' ‘ . 65 180
‘2.4 Waste Retrieval; _
. 2.8.1 Open shietd door and cask door ) VR20P %0 h.,0 {BC) 0.009 0.005
2.4,2 Lower grapple and attach waste
package 10 10.0 4.0 0.001 0.01
2.4.3 Raise waste pachage 10 10.0 4.0 0.001 0.01
2.4.4 Close shield door and cask door 5 5.0 4.0 0.001 0.005%
2.4.5 Disconnect transporter utilities
from shield door 5 5.0 1.3 (TR) 1.28 6.4
2.84,6 Raise transporter 10 10.0 4.0 0.00% 0.0%
2.4.7 Rotate cask to horizontal 10 10.0 4,0 0.005 0.0%
2.4.,8 Move transporter to access point _%g 255 20.0 1.0 0.005 0.1 6.63
2.% TVransport Removal;
2.%9.1 Raise transporter - 10 " VR20P 10.0 4.0 {TR) 0.00% 0.0%
2.5.2 Rotate cask to horizontal 10 10.0 &.0 0.005. 0.05
2 5.0 0.005 0.1 0.2 T.o01

.5.3 Move transporter to access point -29 - 20.0
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VERTICAL RETRIEVAL OF WASTE

(continued}
Exposure
Operations - Area Crew Member Dose
Time (win} _Crew Time Area Dose Rate {mrem)
Opgration Description Ind, Cum, Number Hember min Number (mrem/min} Ind, Jotal Cum.
3.0 RETRIEVAL HOLE CLOSURE: VR1
3.1 Alignment System Removal;
3.1.1 Move transport to hole 10 VR10P 0. 4.0 (8G) 0.001 0.01
3.1.2 Oisconnect utilities 10 0.0 4.0 0.001 0.0
3.1.3 Unattach anchor points 20 20.0 4.0 0.001 0.02
3.1.4 Move from hole 10 . 10.0, 4,0 0.00% 0.01 0.05%
: : : 50 50
3.2 sShield Ooor Removal:;
3.2.1 Disconnect utilities 10 VR1COP 10.0 4.0 {(8G) 0.0M 0.01
3.2.2 Remove console 10 10,0 &.0 0.001% 0.0%
3.2.3 Bring transport to hole 10 10.0 8.0 0.00" 0.01
3.2.4 Unattach anchor points 30 3n.0 4.0 0.001 0.03
3.2.5 Remove shield door {1 4 0.0 §.0 0.001? 0.03 0.09
90 140
3.3 Hole Cover Installation;’
1.3.1 Move hole cover to hole 10 VRIOP 10.0 4.0 (BG) 0.001 0.01
3.3.2 1install hole cover 10 10.0 4.0 0.0 0.0t
3.3.3 Fill cover recess to floor level _%Q 20.0 4.0 0.001 0.02 0.04 0.3
. 0 180
3.4 Certify Removal;
3.4.1 Monitor hole 10 VRIRH 10.0 4.0 {BG) 0.001 0.01 0.01
3. 4.2 Certify closure 10 — VR1QC 10,0 b.0 0.001 0.01 0.01 0.06
20 200
4.0 RAMP ACCESS:
4,1 Transporter Ramp AcCCess; RA2
4.1.1 Move transpor(er witﬁ fecitity cask
from retrievgl access point up ramp 20 RA2D 20.0 4.0 (TR) 0.005 0.1
4.1.2 Proceed to surge storage 10 10.0 - 4.0 0.005 0.0% 0.1% 0,19
4.1.3 Accept transporter 10 RAZRM 10.0 4.0 ) 0.005 0.05 0.05 0.05
4.1.4 Align facility cask and attach to —
surge storage port _%% %0 RA20P 10.0 4.0 0.005 0.05% 0.0%5 0.05
4.2 Maste Package Unloading; . RA1 RA1SO 105.0 4.0 (RT) 0.01 1.05 1.05 1.05
4.2.1 Remove surge storage port cover 10 RA10P 5.0 4.0 (RT) 0.0 0.05
4.2.2 Remove facility cask tid 10 5.0 4.0 0.0% 0.05
4.2.3 Unload waste package 20 10.0 4.0 0.0 0.1
4.2.4 Replace facility cask tid 10 5.0 4.0 0.01 0.05 s
4.2.5 Replace port cover 10 5.0 4.0 0.01 0.05 0.30 0.30
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YABLE -1

VERTICAL RETRIEVAL OF WASTE

{continued)
Exposure
Operations Area Crew Member Dose
Time {min) - Crew Time Area Dose Rate _{mrem)
Operation Description ind, _Cum,__ HNumber tember _(min} _Number [mrem/min) ind._  Jlotal Cum,
5.0 WASTE PACKAGE 10 SURFCE SURGE STORAGE:
5.1 Moving Acceptable Waste Package: He2
$.1.1 Move acceptable waste package to : . . -
inspection station 10 HP20P 10.0 41,0 {(RT) 0.0t 0.1
5.1.2 Certify acceptablitlity 20 we2qCc 10.0 5.0 0.01 0.1 0.1 [l
< HP2ZRM  10.0 4.0 n.01 0.1 0.1 o
%.1.3 Move waste package to storage 10 Hr2o¢ 10.0 8.0 .01 0.1 0.2 0.2
. 0 "o
6.0 CASK LOADING:
6.1 Waste Package Loading; HP1 NPIHD 110.0 ©.0 (RT) 0.01 1.1 1.1 i
6.1.1 Open hot cell poft 10 HPIOP 10.0 4.0 (RT) 0.01 0.1
6.1.2 Remove inner cask tid 10 10.0 4.0 0.01 0.1
6.1.3 inspect 1id, seal, and inner cask 10 10.0 h.0 0.01 0.1
6.1.4 Insert first waste package 10 10.0 4.0 0.0} 0,1
6.1.5 Repeat until cask is futl 20 20.0 5.0 0.01 0.2
6.1.6 Log loading information _%g 10 10,0 b.0 0.01 0.1 0.7
: L T : [1]
6.2 Cask Closure; .
6.2.1 Reptisce inner tid 10 HPiOP 10.0 5K.0 (RT) 0.01 0.1
6.2.2 Close loading port _10 — 10.0 8.0 0.01 0.1 0.2 0.9
20 90
7.0 CASK PREPARATION FOR SHIPPING:
7.1 Removal of Cask from Mot Cefl; S3
7.1.1 Remove cask from port 10 siop 2.0 3.3 0.32 0.6%
7.1.2 Move cask to prep ares ‘%% 10 - 5.0 1.0 0.01 0.0h 0.68
1.2 Cask Preporbtlon for Carrier Loading;
7.2.1 Remove cask-to-hot cel!l adaptor 15 si0P 10.0 1.3 0.0% 0.5
7.2.2 Tighten inner ::g bolts hg 33.8 ;.; g.%; g.gg
7.2.3 Replace outer . . . .
7.2.4 Tighten outer |id boits Tﬂn 35.0 1.3 .05 1.7% 11,90 12.58
00 130 .

e A
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JABLE 4-10
VERTICAL RETRIEVAL OF WASTE

{cont inued)
Exposure
Operations Area Crew Member Dose
Jime (wmin Crew Time Ares Dose Rate {mrem)
ration Descripti tnd, Cum. Number Hember _(min) Number fmrem/min) Ind, Total cum,
8.0 CARRIER LOADING: s2 S2R0 110.0 4.0 (BG) 0.001 0.1 0.1t 0.1
8.1 Inspect for Radiation Levels:;
8.1.1 Measure penetrating repdiation 30 S2RM 1.0 2.1 0.008 0.008
8.1.2 Measure aipha contamination P 1.0 2.3 0.5% 0.55
8.1.3 Tewmporarily fix atpha p 1.0 2.4 Q.42 0.42
. 1.0 1.2 0.007 0.007
1.0 1.4 1.28 1.28
1.0 1.5 0.77 0.77
RS A Ly
0. . . .
0.5 1.5 0.77 0.385 4.06 G.06
30 30
8.2 Load Cask on Carrier;
8.2.1 Move cask to trans lock 10 s20°p 2.0 2.3 0.55% 1.1
8.2.2 Attach yoke to cask 5 3.0 1.2 0.007 0.021
8.2.3 Transfer cask to carrier 10 5.0 4.0 (8G) 0.00V 0.005
8.2.4 Lower cask to harizZontal 10 5.0 4.0 0.001 0.005
8.2.5 Remove yoke . 5 2.0 1.2 0.007 0.014
8.2.6 Attach tiedowns 20 4.0 1.3 0.05 0.2
4.0 1.4 1.28 5.12
8.2.7 Close personne! barrier 20 0.5 2.1 0.008 0.004
—_— 0.5 2.4 0.42 0.2% 6.68
80 110
8.3 Transfer of Carrier;
8.3.1 Move to inspection area 10 s20p 1.0 2.1 0.008 0.008 0.008 §.69
8.3.2 Inspect carrier, barrier, and cask 20 S24QC 1.0 3.1 0.00% 0.005
1.0 1.3 0,12 0.32
1.0 3.4 0.29 0.29
1.0 2.1 0.008 0.008
1.0 2.3 0.55 0.59%
1.0 2.4 0.42 0.42
1.0 1.2 0.007 0.007
1.0 1.4 1.28 1.28
1.0 1.5 0.77 0.77
8.3.3 Attach seals 10 2.0 2.9 0.008 0.016 ,
2.0 2.3 0.55 1.
b 2.0 2.4 0.42 0.84 .61 5,67
8.3.4 Certify release
8.3.5 Move to cutgoing parking _%g 45 $20 10.0 4.0 (8BG) 0.001% 0.01 0.01 @.01
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JABLE 8-10
VERTICAL RETRIEVAL OF WASTE

{concluded)
Exposure
Operations Area. Crew Member Dose
Time (min) Crew Time Area Oose Rate {mrem)
Operation Description ind, cum, Number Memﬁéf {min) Number [mrem/min) Ind, Tota Cum,
9.0 SHIPPING CARRIER: s1 '
9.1 Carrier inspection;
9.1.1 Move carrier to gate : 10 stop 10.0 4.0 (BG) 0.001% 0.01 0.01 ﬁ:ﬁ!
9.1.2 Measure penetrating radiation 10 S1RM 10.0 4.0 (BG) 0.001% 0.0 . 0.00 0.0
9.1.3 Compare with 0OT timits . ) P
9.1.4 {inspect carrier ] 5 s1ac 0.5 3.1 0.005% 0.025
. 0.5 3.3 0.32 0.16

0.5 3.4 0.29 0.14%

9.1.5 Inspect security seais 5 0.5 2.1 0.008 0.004
‘ 0.5 2.2 0.55 0.27%
0.% 2.3 0.42 0.21 0.80 0.80
. 30 30

9.2 Rslease'carrler: .
9.2.1 Confirm shipping papers 10 SIG- 5.0 #.0(8G) 0.001 0.005 0.005 0.005
9.2.2 Release carrier with cask ‘T% %
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B8G -

Background operation

1R - Transporter operation

TABLE_4-11

Note:

All operation tiwmeas

P - Parallel operation gre estimates.
RT - Remote operation HORIZONTAL RETRIFZAL OF WASTE
Expgsire
Operations Arce Crew Member Dose
Time (min) Crew Time Ares Dose Rate (mrem)
Operation Description Ind, _Cum, Number Member _{min) Number [mrem/min) Ind, Totat Cum,
1.0 PREPARATION FOR WASTE RETRIEVAL: HR1Y HRIRO 190.0 4.0 (BG) 0.00% 0.1 0.11 o.M
1.1 Hote Cover Removal;
1.1.1 Certify hole nuaber and records 10 HRIQC 10.0 4.0 (BG) 0.001 0.01 0.01
1.1.2 Monitor hote with cover 20 HRIRM 20,0 k.0 0.001 0.02
1.1.3 Move hole cover removal transport
to retrieval hole 10 HR1OP 10.0 4.0 0.001 0.01
1.%.4 Position removal transport 10 10,0 4.0 0.001 0.01
1.1.9 Unattach anchor points 20 20.0 h.0 0.001 0.02
1.1.6 Remove hole cover 10 10,0 0.0 0.001 0.01 0.05
1.1.7 Monitor hole without cover o HRIRM 0.0 4.0 0.001 0.01 0.03
90 90
1.2 Console Installation;
1.2.1 Move transport console to
retrieval hole 10 HR1OP n.Q ({8G) 0.001% 0.01
1.2.2 Position for attachment of
utility lines 10 . 10.0 4.0 0.001 0.01 0.02
1.2.3 Certify installation _10 HRIQC 10.0 4.0 0.001 0.0 n.01
Ju 120
1.3. Shield Door Instatlation;
1.3.1 Move shield door transport to
retrieval hole 10 HR10P 10.0 4.0 {8BG) 0.0Mm .01
1.3.2 Position for attachment 10 10.0 4.0 0.001 0.00
1.3.3 Attach tgo anchor points 20 20,0 4.0 0.001 0.02
1.3.4 Connect utilities to console 10 1.0 4.0 0.0U1 0.0% 0.05
1.3.5 Certify installation 10 HRIQC 0.0 &4.0 Q.001 .01 0.01
60 180
1.4 Atignment System Instaltation;
1.4.1 Move aligmment system transport to
retrieval hole 10 HRYOP 10 4.0 (BG) 0.001 0.01
1.4.2 Poggition for attachment 10 10. 4.0 0.001 0.01
1.4.3 Attach to anchor points 20 20. u.0 0.001 6.02
1.4.4 Connect utilities to shield door 10 10.0 4.0 Q.001 0.01 0.05
1.4.9 Certify installation _%8 HRIGC 10.0 L.0 0.001 .01 0.01
- 240
1.9 Final Closure Plug Removal;
1.9.1 Move closure plug transport to
retrieval hole 10 HRIOP 10.0 4.0 (BG) 0.001 0.01
1.5.2 Back plug transport onto
alignment system 5 5.0 u.0 0.001 0.005
1.%.3 Connect plug transport utitities
to shield door 10 10.0 4.0 0.001 0.01
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TABLE b-11t
HORIZONTAL RETRIEVAL OF WASTE

{continued)
Lrposure
Operations Area Crew Memher Dose
Time (min) Crew Time Aren Dose Rate {mrem}
Operation Description ind, Cum, Number  Member {min) _Number {(mrem/min} ind, fota) Cum,
1.5.4 Console operation, ‘ '
1.5.4.1 Altign plug transport with
shield door . 10 10.0 8.0 a.001 0.0
1.5.4.2 Open plug transport door and
shield door ] 5.0 &0 0.001 0.005
1.5.4.3 Remove plug from retrieval hole 10 ‘10,0 &u.0 0.001 0.01
1.5.4. 4 Close piug transport door and -
shield door 5 5.0 H.0 0.001 0.005
1.5.4.9 Unalign plug transport 10 to.0 f#.0 0.001 0.01
1.5.5 Disconnect plug transport utilities 10 10.0 #&.0 0.0 0.01
1.6.6 Move plug transport off alignment
system . 5.0 4.0 0.001 0.005 0,08
80 120
1.6 Power Roller System instafliation: )
1.6.1 Instailation rrgﬂspurt.
1.6.1.1 More power rolfer transport to ,
retrieval hole . . 10 HRIOP 10.0 4.0 (RG) 0.001 0.01
1.6.1.2 Back transport onto siignment system 5 5. 4.0 . 0.001 0.005%
1.6.1.3 Connect transport utifities to
shield door 10 10.0 4.0 0.001 0.01
1.6.2 Console Operation,
1.6.2.1 Align cransport with shietld door 10 10.0 1.0 (BG) 0.001 0.01
1.6.2.2 Open shield door and transport door 5 5.0 h.0 0.001 0.005
1.6.2.3 Connect and move each power roller ]
unit into retrieval hole 120 120.0 1.0 0.00 0.12
,6.2.8 Position in retrieval hole 10 10,0 1,0 0.001 0.01
.6.2.% Attach to anchor points 10 10.0 4,0 0,001 0.0t
.6.2.6 Connect - utilities to shield door 10 10.0 4.0 0.001 0.0
.6.2.7 Certify instaliation 10 Hr10C 0.0 1.0 0.001 0.01 0.01
1.6.3 tnstalistion Transport,
1,6.3.1 Close shieid doors and transport
door 5 HR1DP 5.0 4.0 (BGC) 0.001 0.005%
1.6.3.2 Unalign transport from shield door 10 10.0 4.0 0.001 0.01
1.6.3.3 Oisconnect utilities from shield
door 10 . 10.0 4.0 0.001 0.01
1.6.3.8 More transport off slignment system 55 5.0 h,0 0.001 0.005 0.22
[1]
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HORIZONTAL RETRIEVAL QOF WASTE

{continued)
Exposure —
Operations Area Crew Member Dose
Time {(@in Crew Time Area Dose Rate (mrem)
ration ri n Jdnd. . _Cum,  Number Member wmin Number (wrem/min} Ind, TJotal cum,
2.0 WASTE RETRIEVAL; HR2
2.1 Transporter Arrival;
2.1.1 Move empty transporter to
retrieval hole 20 - HRZ2OP 20,0 4.0 (8G) 0.001% 0.02
2.1.2 Back transporter onto atlignaent
system 5 5.0 4.0 0.001 0.005
2.1.3 Connect transporter utilities .
to shield door 4.0 4.0 0.001 0.005
30 30 1.0 1.5 2.46 2.46 2.49
2.2 <Console Operation;
2.2.1 Align transporter cask with
shietd door 10 HR20P 10.0 4.0 (8BG) 0.001 0.01
2.2.2 uUnilock cask door 5 5.0 4.0 3.00Y 0.005
2.2.3 Power waste package to
shield door [ d
2.2.4 Open shieid door and cask door S 5.0 4.0 0.001% 0.005%
2.2.5 Move waste package into cask 10 10.0 4.0 0.001 0.01
2.2.6 Close shield door and cask door 5 5.0 4.0 0.001 0.005%
2.2.7 Lock cask door 5 5.0 0.0 0.001 0.005
2.2.8 Unalign transporter _10 0.0  b.0 0.001 q.01 0.05
50 80
2.3 Transporter Return;
2.3.1 Disconnect transporter utilities % HR20P 4.0 4.0 (IR) 0.00% 0.02
1.0 1.5 2.46 2.46
2.3.2 HMove transporter off alignment .
system 5 5.0 4.0 0.005 0.02%
2.3.3 Deliver wvaste package to access
point 20 —_— 20.0 4.0 0.005 0.1 2.61 515
30 110
2.4 Repest 2.1 through 2.3 untit retrieval
retrieval hole has been emptied of the
designated number of waste packages.
3.0 RETRIEVAL HOLE CLOSURE: HRY
3.1 Concrete Ptug Emplacement;
3}1.1 Transport with Concrete Plug,
3.1.1.1 Move plug transport to retrieval N
hole 10 HR10P 10.0 4.0 (BG) 0.001 0.01
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TJABLE b-11
HORIZONTAL RETRIEVAL OF WASTE

Operation Description

3.1.1.2 Back transport onto alignment
system

3.1.1.2 Connect transport utilities to
shietd door

O

onsole Operation,

1

2 Open shield door and cask door
.3 Move piug onto power rollers
.4 Close shield door and cask door
5 Power plug to final position

« e o o o

Plug Transport Removal,

.1 Disconnect transport utilities
.2 Move transporter -off alignment
system : .

G W W W

3.2 Power Rofier Removs);
3.2.1 Remova! Trbnsport,
3.2.1.1 M
3.2.1.2
3.2.1.3

Move power roller transport to
retrieval hole

Back transport onto alignment
system

Connect transport utilities to
shield door

3.2.2 Console Operation,

3.2.2.1t 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

: shieid door

3.2.2.5 Remove and discommect each unit
into transport

3.2.2.6 Monitor each unit in remova)
transport

3.2.2.7 Remove esch monitored unit

3.2.3 Removal Transport,

3.2.3.1 Cilose shield door and transport
door

Align transport with shield door

{continued)
Operations A Fnosure Memb
: rea Crew Member Dose

Time (min) Crew Time Area Dose Rate {mrem)
ind. Cum, Number Hember {min) Mumber  (mrem/min) ind, Tota) Cum,

5 5,0 h.O. 0.001 © 0,005

10 10,0 &0 0,001 0,01

10 10.0 1.0 (BG)  0.001 .01

5 5.0 8.0 0.001 0.005

10 10.0 h.0 0.001 .0

2 5.0 4.0 0.00% .005

10 10.0 4,0 (8G)  0.001 0.01
-5 ~ s.0 a0 0.001 0. 0.07

70 70 095 0

10 HR1OP 10.0 1.0 (B8G) 0.001 o.0m

5 5.0 h.0 0.00% 0.00%

10 o 10.0 8.0 0.001 0.01

10 ' 10.0 1.0 (BG)  0.001 0.01

5 5.0 4.0 0.001 0.00%

10 10. 5.0 0,001 0.01

10 0.0 4.0 0.001 0.01
200 200.0 4.0 0.001 0.2

P

P

5 5. H.0 (BG) 0.001 0.00%
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YABLE 4-11
HORIZONTAL RETRIFVAL OF WASTE

{cont inued)
A Expo
Oparations Area ‘igz:A_érev Member Dose
Iime {min crew Time Area Oose Rate {mrem)
ion ription ind, _Cum, Number Member _(min) Number (wmrem/min) Ind, Total Cum,
3.2.3.2 Unalign transport from shield
dogr 10 10.0 §4.0 0.001 0.01
3.2.3.3 ODisconnect utilities from shield .
door 10 10.0 4.0 0.001 0.01
3.2.3.4 Maove ctransport off alignment
system -5 5.0 4.0 0.001 0.005 0.265
: 290 360 .
3.3 finat Closure Plug;
3.3.1 Move plug transport to retrieval hole 10 HRI1OP 10.0 4.0 (BG) 0.001 0.01
3.3.2 Back plug transport onto alignment ,
system 5 5.0 4.0 0.001 0.00%
3.3.31 Connect piug transport utifities
to shield door 10 inN.0o u.0 0.001 0.01
3.3.4 Console Operation,
3.3.4.1 Align plug transport with
shield door 10 10,0 4.0 0.001 0.01
3.3.4.2 Open plug transport door and
shield door 5 5.0 4.0 0.001 0.009
3.3.4.3 Insert plug into retrieval hole 0 10.0 4.0 0.001 0.01
3.3.4.4 Close plug transport doar snd
shield door 5 5.0 4.0 0.001% 0.00%
3.3.4.95 uUnatign plug transport 10 10.0 4.0 0.001 0.M
3.3.5 DODisconnect pliug transport
utitities 0 10.0 4.0 0.001 0.01
3.3.6 Move plug transport off
slignment system 5.0 u.0 0.001 0.00% 0.08
80 440
3.4 Alignment System Rewmoval;
3.4.1 Move removal transpart to retrievas)
hole 10 HRTOP 10.0 4.0 (8G) 0.001% .01
3.4.2 Disconnect utilities from
shield doar 10 10.0 4.0 0.001 0.01
3.4.3 Unattach anchor points 20 20.0 4.0 0.001 0.02 0.04
3.4.4 Rewmove from hole P
: o 480
3.% Shield Door Removal:
3.9.1 Move shield door transport to
retrievesl hole 10 HR10P 10.0 0 (BG) 0.001 0.01
3.5.2 Disconnect shietd door utilities
from console 10 10.0 4.0 0.001 0.01
3.5.3 Unattach anchor points ) 40.0 4.0 0.001 0.04 0.06
3.5.4 Remove from retrieval hole P
) 540




JABLE he11
HORIZONTAL RETRIEVAL OF WASTE

{cont inuted)
: Exposure
Operations Area Crew Member Dose
Time {min) —_Crew Time Area Dose Rate {mrem)
Operation Description _ind, Lum, Number Member (min) _Number (mrem/min} ind, Total| cum,
3.6 Consote Removal; ' ' ' |
3.6.' Move consofe transport to retrieval
hole 10 HR10OP 10.0 4.0 (8G) 0.001 0.01%
3.6.2 Remove console from hole _lo o 10.0 6.0 a.om n.o 0.02
n 560
3.7 Certify Closure;
3.7.1 ™Move hole cover transport to .
retrieval hole - 10 HRIOP 10.0 1,0 (BG) 0.001 0.01
3.7.2 Position retrieval hole cover . \[)] . 0,0 8.0 0.001 0.01
3.7.3 tnstatl! hole cover 10 . 1.0 5.0 0.001 0.01
3.7.4 Attach anchor points ' 10 10.0 8.0 0.001 0.01 0.0% .13
3,.7.%5 Monitor hole 20 HRIRM  20.0 h.O 0.001 €0.02 0.02 02
3.7.6 Certify closure _20 P HRIQC 20.0 “hK.0 0.001 t.02 0,02 0.12
: ' o 80 [0} : )
8.0 RAMP ACCESS:
4.1 Transporter. Ramp AcCess: ] AA2
B.1.1 Move transporter with facility cask
from retrieval access point up ramp 20 RA2D 20.0 84,0 (TR) 0.00% 0.1
4.1.2 Proceed to surge storage 10 - 10.0 ».0 S 0,005 0.05 0.15 0,15
8,1.3 Accept transporter 10 RAZRM 10.0 h.0 0,00% 0.05 0.05 0.05
. 1.8 Atign facllity cask and attach to
surge storage port _1% 50 RA20P 10.0 K.0 0.005 0.05 0.0 0.0
.2 Waste Packaqe Unloading; RA1 RAISO 105.0 4.0 (RT) 0.01 - 1.05 1.0% 1.0
5.2.1 Remove surge storage port cover 10 - RAtLOP 5.0 §H,0 (RY) 0.01 0.05
8.2.2 Remove facility cask lid 10 5.0 b,0 0.01 0.05
%.2.3 Untoad waste package 20 10.0 bu,0 0.01 0.1
4.2.4 Replace facility cask lid 10 5.0 b.0 0.01 0.05
8.2.5 Replace part cover 10 T 5.0 b0 0.01 0.05 0.30 0.30
60
5.0 WASTE PACKAGE 10 SURFCE SURGE STORAGE:
5.1 Moving Accentablie Waste Package; . He2
5.7.1 Move acceptable waste package to :
inspection station 10 _ HP20P 10,0 B.0 (RT) 0.0t 0.1
%.1.2 Certify acceptablility 20 : HP2QC 10.0 H.0 0.01 0.1 0.1 [
: HP2RM 10.0 4.0 0.01 0.1 0.1 [T
8.0 0. 0.t 0.2 0.2

5.1.3 Move waste pachkage to storage _%% HrP20P 10.0

g
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TABLE u4-11
HORI1ZONTAL RETRIEVAL OF WASTE

{contimied)
Exposure
Operations Area Crew Member Dose
lime (min) Crew Time Area Dose Rate (mrem)
Operation Description And, ~ Cum._ Number Member _(min) _Number_ (mrem/min) ind, Total cum,
6.0 CASK LOADING:
6.1 Waste Package Loading; HP1 HPIHO 110.0 4,0 (RT) 0.0 1.1 1.1 T
6.1.1 Open hot cell port 10 RP1OP 0.0 0,0 (RT) 0.01 0.1
6.1.2 Remove inner cask |id 10 0.0 u.0 0.0 0.1
6.1.3 iInspect lid, seal, and inner cask J1) 10,0 4.0 0.01 0.1
6.1.4 Insaert first waste package 10 10.0 4.0 0.01 0.1
‘6.1.9 Reperat until cask is fuil 20 20.0 4.0 0.0t 0.2
6.1.6 Log loading information _1o 0.0 4.0 0.01 0.1 0.7
70 70
6.2 cCask Closure;
6.2.1 Replace inner tid 10 HPI1OP 10.0 4.0 (RT) 0.0} 0.1
6.2.2 Close loading port _1 S ) 10,0 4.0 0.01 9.1 0.2 0.9
20 90
7.0 CASK PREPARATION:
7.1 Removal of Cask from Hot Cell: ‘ s3
7.1.1 Remove cask from port 10 siop 2.0 3.3 0.32 0.64
7.1.2 Move cask to prep area _20 4.0 4.0 0.0t 0.04 0.68
30 3o
7.2 Cask Preparstion for Carrier Loading;
7.2.1 Remove cask-to-hot cell adaptor 15 s30P 0.0 1.3 0.05 0.5
7.2.2 Tighten inner lid bolts 4o 35.0 1.1 0.27 9.45
7.2.3 Replace outer |id 5 2.0 2.2 0: 10 0.20
7.2.4 Tighten outer 1id bolts _uo — 35.0 1.3 0.05 1.75 11.90 T72.%8
100 130
8.0 CARRIER LOADING: 82 S$2RO 110.0 4.0 (BG) 0.001 0.1 0.1 0.1
8.1 Inspect for Radiation Levels; '
6.1.1 Measure penetrating radiation 30 S2RM 1.0 2.1 0.008 0.008
8.1.2 Measure alpha contamination 4 1.0 2.3 0.55 0.55%
8.1.3 TYemporarily fix atpha 1 4 1.0 2.4 0.42 0.u2
: 1.0 1.2 0.007 0.007
1.0 1.4 1.28 1.28
1.0 1.9 0.77 0.77
0.% 1.2 0.007 0.004
0.5 1.4 1.28 0.64
0.% 1.5 0.77 0.385 4.06 UL.08
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TABLE =11

HORI1ZONTAL RETRIEVAL OfF WASTE

(conctuded)
Exposure
Operations Area Crew Member Dose
Time (min) Ccrew Time Area Dose Rate {mrem}
Operation Oescription ind. Cum, Number Member _{(min) Number (mrem/min} ind, Yotal Cum,
8.2 Load Cask on Carrier; '
8.2.1 Move cask to trans lock 10 s2oP 2.0 2.3 0.55 1.1
8.2.2 Attach yoke to cask 5 3.0 1.2 0.007 0.021
8.2.3 Transfer cask to carrier 10 5.0 4.0 (8G) 0.001 0.005%
8.2.4 Lowar cask to horizontal . 10 5.0 4.0 0.001 0.005
8.2.5 Remove yoke 5 2.0 1.2 . 0.007 0.01Y
8.2.6 Attach tiedowns 20 4.0 1.3 0.05 0.2
8.0 1.4 1.28 5.12
8.2.7 Close personnel barrier 20 0.% 2.1 0.008 0.004
' ___ 0.5 2.4 0.42 0.21 6.68
80 10 :
8.3 Transfer of Carrier;
8.3.1 Move to inspection area 10 s2oP 1.0 2.1 0.008 0.008 0.008 &.60
8.3.2 Inspect carrier, barrier, and cask 20 S2QC 1.0 3.1 0.005 0.005
1.0 3.3 0.32 0.32
1.0 3.4 0.29 0.29
1.0 2.1 0.008 0.008
1.0 2.3 0.55 0.55
1.0 2.4 0.42 0.42
1.0 1.2 0.007 0.007
1.0 1.4 1.28 1.28
1.0 1.9 0.77 0.77
8.3.3 Attach seals 10 2.0 2.1 0,008 0.016
2.0 2.3 0.55 1.1
2.0 2.4 0.42 0.8% 5.6 5.61
8.3.4 Certify release p
8.3.5 Move to outgoing parking Jo s20 10.0 4.0 (BG) 0.001 0.01 0.0V 0.01
50 160
9.0 SHIPPING CARRIER: S1
9.1 Carrier Inspection;
9.1.1 Move carrier to gate 10 stoP 10.0 4.0 {B8G) 0.001 0.01 0.01 0,01
9.1.2 Measure penetrating radiation 10 S1AM 10.0 4.0 (8G) 0.001 0.01% 0.00 0.01
9.1.3 Compare with'DOT timits ; s10¢ 0.5 3.1 0.005 0.02%
.1, Inspect carrier : . . . .
9_‘ N pect 0.5 3.3 0.32 0.16
5 08 2 0.508 0008
. 1. Inspect security seals . . . .
9.1.3 Inspect Y 0.5 2.2 0.55 0.275
0.5 2.3 0.42 0.21 0.80 0.8
30 30 .
9.2 Release Carrier:
9.2.1 Confirm shipping papers 10 , S16 5.0 4.0 {(BG)  0.001 0.00%5 0.005 0,005
9,2.2 Release carrier with cask _Tg 3




TABLE 4-12

ANNUAL RECEIVING NUMBERS
FOR WASTE CASKS

Cask
Annual Assembly
Assembly or Canister 3
of Canister Capacity _Annual Cask Receipt
Waste Type Receipt Truck Rail Truck  Rail Total
Spent Fuel:
PWR 2,165 P 112 653 126 779
BWR 2,730 © 2 32 405 60 465
Subtotal 4,895 1,244
High-Level Waste:
DHLW 60 © 112 204 38 242
CHLW 500 © 1 5 50 50 140
Subtotal 1,160 382
TOTAL 1,626

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

b. Assemblies.

¢. Canisters.
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TABLE 4-13

- ANNUAL HANDLING AND P‘ACKAGING,
VERTICAL AND HORIZONTAL EMPLACEMENT,
AND RETRIEVAL NUMBERS FOR WASTE CANISTERS

Emplacement and Retrieval

Vertical Horizontal
‘Annual Waste Annual Waste Annual .
- Number of Packages/ Number Packages/ Number
Waste Type Canisters Hole ‘of Holes Hole of Holes
Spent Fuel: ,
PWR 361 1 361 37 10
BWR 152 1 | 152 | 35 S
Subtotal 513 ' 513 15
Righ-Level Waste:
CHLW 660 ] 660 53 13
DHLW =~ 500 1 500 53 10
Subtotal - 1,160 | 1,160 23
TOTAL 1,673 E 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

Annual
Operation Number Annual
Time Casks or Total Time
Waste Form Operation Crew (min) Canisters (min) (hr)
Spent Fuel
1.0 Receiving (R): R1 140 1,244 174,160 2,905
R2 225 1,244 279,900 4,665
R3 355 1,244 441,620 7,360
2.0 Handling and
Packaging (HP): HP1 130 1,244 161,720 2,695
HP2 330 1,244 410,520 6,840
High-Level
Waste
1.0 Receiving (R): R1 140 382 53,480 890
R2 225 382 85,950 1,435
R3 355 382 135,610 2,260
2.0 Handling and
Packaging (HP): HP1 120 1,160 139,200 2,320
HP2 40 1,160 46,400 775
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ANNUAL TIMES FOR SHAFT AND RAMP ACCESS CREWS

TABLE 4-15

Operation Annual Annual
Time Number Total Time
Operation Crew (min) Canisters (min) (hr)
3.0 Surface Storage to
Emplacement Horizon: '

3.1 Shaft Access (SA): SA1l 120 1,673 200,760 3,345
SA2 75 1,673 125,480 2,090

SA3 50 1,673 83,650 1,395

3.2 Ramp Access (RA); RA1 90 1,673 150,570 2,510
RA2 - 50 1,673 83,650 1,385
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TABLE 4-16

ANNUAL TIMES FOR VERTICAL AND HORIZONTAL
EMPLACEMENT CREWS

Annual
Operation Number Annual
Time Emplacement Total Time
Operation Crew (min) Holes {min) (hr)
4.1 Vertical

Emplacement (VE); VE1 110 1,673 €85,930 11,430
VE2 255 1,673 426,615 7,110

4.2 Horizontal
Emplacement (HE); HE1 1,280 38 48,640 810
HE2 110 1,673 184,030 3,065
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TABLE 4-17

ANNUAL TIMES FOR VERTICAL AND HORIZONTAL
RETRIEVAL CREWS

Annual
Number
Retrieval Annual
Operation Holes, Total Time
Time Canisters,
Operation Crew (min) or Casks (min) (hr)
5.0 Retrieval:
5.1 Vertical o
Retrieval (VR); VR1 420 1,673 702,660 11,710
VR2 285 1,673 493,535 8,225
5.2 Horizontal
Retrieval (HR); HR1 1,120 38 42,560 - 710
' HR2 110 1,673 184,030 3,070
6.0 Ramp Retrieval (RA),
Handling and
Packaging (HP),
and Shipping (S): RA2 50 1,673 83,650 1,395
RA1 60 1,673 100,380 1,675
HP2 40 1,673 66,920 1,115
HP1 90 1,673 150,570 2,510
s3 130 551% 71,630 1,185
S2 160 551 88,160 1,470
S 40 551 22,040 370

* Assumes 382 casks of HLW and 169 casks of consolidated spent fuel for a
total of 551 casks.
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TABLE 4-18 |
CREW MEMBER WORKER NUMBERS

Opaeration

1.0 Receiving (R):

2.0 Handling and Packaging (HP):

3.0 Surface Storage to
Emplacement Horizon:

3.1 Shaft Access (SA);

3.2 Ramp Access (RA);

Crew

4-52

R1

R2

R3

HP1

HP2

SA1

SA2

SA3

RA1

RA2

Craw
Member

Total Number
of Workers

R1G

" R1RM

R1QC
R10P

R2RO
R2D

R2RM
R2QC
R20P

R3RM
R30OP

HP1HO
HP10OP

HP2HO
HP2QC
HP2RM
HP20P

SA1SO
SA10P
SAIRM

SA20P

SA30P
SA3D

RA1SO
RA1OP

RA20P
RA2RM
RA2D

- NN

ONNDLE b OLH bW
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TABLE 4-18

CREW MEMBER WORKER NUMBERS
- {continued)

Operation

4.0 Emplacement:

4.1 Vertical Emplacement (VE);

4.2 Horizontal Emplacment (HE);

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):

Crew

VE1

VE2
HE1

HE2 .

VR1

VR2

HR1

HR2

RA2

RA1

Crew
Member

VE1EO
VE10P
VE1QC
VEIRM

VE20P

HE1EO
HE10P
HE1QC
HE1RM

HE20P

VRIRO
VE1RM
VE1QC

VR10P

VR20P

HR1RO
HR1RM
HR10P
HR1QC

HR20P

RA2D
RA2RM
RA20P

RA1SO
RAIOP

Total Number
of Workers

H NN N

-t el D) b

N bt ad ot D ONNDM [ X
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TABLE 4

-18

CREW MEMBER WORKER NUMBERS
(concluded)

Operation Crew

HP2

HP1

S3
S2

S1

Craw
Membaear

HP20P
HP2QC
HP2RM

HPTIHO
HP10OP

S30°P

S2RO
S2RM
Ss20°P
s2QC
S2D

S10P
S1RM
s1QC
S1G

Total Number
of Workers

b e mnd aed b N N = -=d oud wd

b cnd enl amb
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TABLE 4-19
ANNUAL EXPOSURE FOR SPENT FUEL OPERATIONS

Annual
Number Total
Casks Annual

Crew Crew Exposure or Exposure
Operation Number Member (mrem) Canisters (mrem)
1.0 Receiving (R): R1 R1G 0.005 1,244 6
R1RM 0.0 1,244 12
R1QC 3.06 1,244 3,807
R1OP 0.005 1,244 6
R2 R2RO 0. 1,244 137
R2D 0.005 1,244 6
R2RM 5.95 1,244 7,402
R2QC 2.94 1,244 3,657
R20P 2.95 1,244 3,670
R3 R3RM 0.66 1,244 821
R30°P 10.76 1,244 13,385
2.0 Handling and

Packaging (HP): HP1 HPIHO 1.1 1,244 1,368
HPI1OP 1.3 1,244 1,617
HP2 HP2HO 1.75 1,244 2,177
HP2QC 0.1 513 51
HP2RM 0.1 513 51
HP20P 3.1 1,244 3,856
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TABLE 4-20
ANNUAL EXPOSURE FOR HIGH-LEVEL WASTE OPERATIONS

Annual

Number Total

. Casks Annual
Crew Crew Exposure or Exposure

Operation Number Member (mrem) Canisters (mrem)

1.0 Receiving (R): R1 R1G 0.C005 382 2
R1RM 0.01 382 4

R1QC 3.02 382 1,154

R1OP 0.005 382 2

R2 R2RO 0.1 382 42

R2D 0.005 382 2

R2RM 4.06 382 1,551

R2QC 4.37 382 1,669

R20P 3.64 382 1,390

R3 R3RM 0.96 382 367

R30P 14.45 382 5,520

2.0 Handling and

Packaging (HP): HP1 HP1HO 1.1 1,160 1,276
HP1OP 1.2 1,160 1,392

HP2 HP2QC 0.1 1,160 116

HP2ZRM 0.1 1,160 116

HP20P 0.2 1,160 232
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TABLE 4-21
ANNUAL E’XPOSURE FOR FACILITY OPERATIONS

Annual
Number Total
= Casks or Annual
Crew Crew Exposure Emplacement Exposure
Operation Number Member (mrem) Holes {mrem)
3.0 Surface Storége to |
Emplacement Horizon:
3.1 Shaft Access (SA); SA1 SA1S0O 1.05 1,673 1,757 '
L SATOP 0.40 1,673 669
SAIRM. 0.05 1,673 84
SA2 SA20P 0.30 1,673 502
SA3 SA30P 0.10 1,673 167
SA3D 0.10 1,673 167
3.2 Ramp Access (RA): RA1 RA1SO 1.05 1,673 1,757
' ' R_AIOP 0.30 1,673 502
RA2 RA20P 0.05 1,673 84
: RA2RM 0.05 1,673 84
RA2D 0.15 1,673 251
4.0 Emplacement:
4.1 Vertical _ .
Emplacement (VE): VEI1 VE1EO o.M 1,673 - 184
VE10P 0.34 1,673 568
VE1QC 0.05 1,673 - 84
VE1RM 0.02 1,673 34
VE2 VE20P 6.89 1,673 11,527
4.'2 Horizontal )
Emplacement (HE); HE1 " HE1EO 0.055 1,673 92
HE10P 1.13 38 43
HE1QC 0.12 38 5
HE1RM 0.02 38 1
HE2 _!HEZOP 5.15 1,673 8,616

4-57



TABLE 4-22 |
ANNUAL EXPOSURE FOR RETRIEVAL OPERATIONS

Annual
Number
Retrieval Total
Holes, Annual
Crew Crew Exposure Canisters, Exposura
Operation Number Member (mrem) or Casks (mrem)

5.0 Retriaval:

5.1 Vertical ‘
Retrieval (VR); VR1 VRIRO 0.1 1,673 i11:%)
VYR1IRM 0.03 1,673 50
VRIQC 0.08 1,673 100
VRIOP 0.33 1,673 552
VR2 VR20P 7.01 1,673 11,728
5.2 Horizontal _
Retrieval (HR); HR1 HR1IRO O.MNM 1,673 184
HRIRM  0.02 38 1
HR10P 1.13 38 50
HR1IQC 0.12 38 5
HR2 HR20P 5.15 1,673 8,616
6.0 Ramp Retrieval (RA),
Handling and

Packaging (HP),
and Shipping (S): RA2 RA2D 0.15 1,673 251
RA2RM  0.05 1,673 84
RA20P 0.05 1,673 84
RA1 RA1SO 1.05 1,673 1,757
RA10P 0.30 1,673 502
HP2 HP20OP 0.20 1,673 335
HP2QC 0.10 1,673 167
HP2RM 0.10 1,673 167
HP1 HPIHO 1.10 1,673 1,840

o.
o
©

HP10OP 1,673 1,506

S3 s30p 12.58 551 6,932
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TABLE 4-22

ANNUAL EXPOSURE FOR RETRIEVAL OPERATIONS
(concluded) .

Annual

Number '

Retrieval Total

Holes, Annual
Crew Crew Exposure Canisters, Exposure

Operation Number Member (mrem) or Casks (mrem)

S2 S2RO 0.1 551 61

S2RM 4.06 551 2,237

S20P 6.69 551 3,686

s2QcC 5.61 551 3,091

$2D 0.01 551 6

S1 S10P 0.01 551 : 6

" SIRM - 0.01 551 6

s1QC 0.80 551 411

S1G 0.005 551 3
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5.0 CONCLUSIONS

" The annual wo_rker 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 receival 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 contro! 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-rém
(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 retriaval (VR) requires more total time and personnel
per waste package than horizontal retrieval (HR). The greater number of
vertical ratrieval operators (VR20P)} would receive a total crew member
axposure 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 axposure 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 eprsed 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
iimit with seven emplacement and eight retriaval crew member positions
exceeding the design objective of 1 rem. These individuals parform 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.



 TABLE 5-1
ANNUAL WORKER EXPOSURE

: Annual
Total Worker
‘ _ Total Number Exposure
_ Crew Crew Exposure of (man-
Operation N umber Member (rem) Workers rem)
1.0 Receiving (R): R1 RIG  0.008 2 . 0.004
R1RM 0.016 2 0.008
RiIQC 4.96 2 2.481
' - R10P 0.008 1 0.008
R2 - R2RO 0.179 2 0.03
N R2D ~ 0.008 2 0.004
R2RM 8.953 4 2.238
R2QC 5.326 4 1.332
R20P 5.06 4 1.265
R3 °  R3RM - 1.188 4 0.297
. . R30OP 18.905 8 2.363
2.0 Handling
and ‘ ‘
Packaging (HP): = HP1 HP1HO - 2.644 4 0.661
HP1OP 3.009 4 0.752
HP2  HP2HO 2.177 4 0.544
HP2QC 0.167 2 -0.084
HP2RM 0.167 2 0.084
, HP20P 4.088 6 0.681
3.0 Surface Storage to
Emplacement Horizon:
3.1 Shaft Access (SA); SA1 SA1SO 1.757 2 0.879
SA10P 0.669 2 0.335
SAIRM 0.084 1 0.084
SA2  SA20P . 0.502 2 0.251
SA3  SA30P 0.167 1 0.167
v SA3D 0.167 1 0.167
3.2 Ramp Access (RA); RA1 RA1SO 1.757 2 0.879 -
‘ : RA10P 0.502 2 0.251
RA2 RA20P 0.084 i 0.084
RA2RM 0.084 1 0.084
] 0.251

RA2D 0.251



TABLE 5-1
ANNUAL WORKER EXPOSURE

(continued)
Annual
Total Worker
Total Number Exposure
Crew Crew Exposure of (man-
Operation ~ Number Member . (rem) Workers rem)
4.0 Emplacement: B
4.1 Vertical
Emplacement (VE); VE1 VE1EO 0.184 2 0.092
VE1IOP - 0.569 8 0.07
VE1QC 0.084 2 0.042
VEIRM 0.034 2 0.017
VE2 VE20P  11.527 4 2.882
4.2 Horizontal '
Emplacement (HE): = HE1 HE1EO 0.92 1 0.92
HE10P 0.043 2 0.022
HE1QC 0.005 1 0.005
HE1RM 0.001 1 0.001
HE2 HE20P 8.616 2 4.308
5.0 Retrieval:
5.1 Vertical
Retrieval (VR); VR1 VR1RO 0.184 4 0.046
VRIRM 0.05 2 0.025
VR1IQC 0.1 2 0.05
VR10P 0.522 8 0.069
VR2 VR20P 11.728 6 1.955
5.2 Horizontal
Retrieval (HR); HR1 HR1RO 0.184 1 0.184
HR1RM 0.001 1 0.001
HR10P 0.05 1 0.05
HR1QC 0.005 1 0.005
HR2 HR20P 8.616 2 4.308



TABLE 5-1

ANNUAL WORKER EXPOSURE
{concluded)

Annual
Total Worker
| Total Number Exposure
Crew Crew Exposure of (man-
Operation Number Member (rem) Workers (rem)
6.0 Ramp Retrieval (RA),
Handling and
Packaging (HP),
and Shipping (S): RA2 RA2D 0.25] 3 0.251
S RA2RM 0.084 1 0.084
RA20P 0.084 1 0.084
RA1  RAISO 1.757 1 1.757
- RA10P 0.502 1 0.502
HP2 HP20P 0.335 1 0.335
HP2QC 0.167 ) | 0.167
HP2RM 0.167 1 0.167
HP1  HPIHO 1.84 1 1.84
HP10P 1.506 - 2 0.753
s3 S30°P 6.932 2 3.466
s2 S2RO 0.061 1 0.061
S2RM 2.237 1 2.237
S20P 3.686 1 3.686
s2QcC 3.091 1 3.09
S2D 0.006 1 0.006
S1 S10P 0.006 1 0.006
S1RM 0.006 1 0.006
s$1QC 0.441 1 0.441
SlG 0.003 1 0.003
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