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ACRONYMNS AND ABBREVIATIONS 

ALARA as low as reasonably achievable 
  
BSC Bechtel SAIC Company, LLC 
  
CD compact disc 
CEDE committed effective dose equivalent 
CFR Code of Federal Regulations 
CHF Canister Handling Facility 
  
DDE deep dose equivalent 
DOE U.S. Department of Energy 
DTF-1 Dry Transfer Facility #1 
  
GA General Atomic 
  
HP Health Physics 
  
MGR monitored geologic repository 
  
NRC U.S Nuclear Regulatory Commission 
  
PWR Pressurized Water Reactor 
  
SNF spent nuclear fuel 
  
TEDE total effective dose equivalent 
TRB Transporter Receipt Building 
  
WP waste package 
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UNITS OF MEASURE 

Bq bequerel 
  
Ci curie 
cm centimeter 
  
hr hour 
  
m meter 
min minute 
mrem millirem 
µCi microcurie 
  
s second 
Sv sievert 
  
yr year 
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1 PURPOSE 

The purpose of this calculation is to estimate radiation doses received by personnel working in 
the Dry Transfer Facility #1 (DTF-1) performing operations to receive transportation casks, 
transfer wastes, prepare waste packages, and ship out loaded waste packages and empty casks.  
Doses received by workers due to maintenance operations are also included in this revision.  The 
specific scope of work contained in this calculation covers both collective doses and individual 
worker group doses on an annual basis, and includes the contributions due to external and 
internal radiation from normal operation, excluding the remediation area of the building.  The 
results of this calculation will be used to support the design of the DTF-1 and to provide 
occupational dose estimates for the License Application. 

The calculations contained in this document were developed by Environmental and Nuclear 
Engineering of the Design and Engineering Organization and are intended solely for the use of 
the Design and Engineering Organization in its work regarding facility operation.  Yucca 
Mountain Project personnel from the Environmental and Nuclear Engineering should be 
consulted before use of the calculations for purposes other than those stated herein or use by 
individuals other than authorized personnel in the Environmental and Nuclear Engineering. 

2 QUALITY ASSURANCE 

This document was prepared in accordance with AP-3.12Q, Design Calculations and Analyses 
[DIRS 168413].  The results of this calculation will be used to support Preclosure Safety 
Analysis relative to radiological safety of the repository, and the structure Dry Transfer Facility 
is classified as a Safety Category structure in BSC [Bechtel SAIC Company] 2004 ([DIRS 
168361], p. A-3).  Therefore, this calculation is subject to the requirements of the Quality 
Assurance Requirements and Description (DOE [U.S. Department of Energy] 2004 
[DIRS 171539]).   

3 METHODOLOGY 

This dose assessment involves the calculation of annual individual worker group doses and 
annual collective worker doses due to normal operations and maintenance operations in the DTF-
1.  The calculated doses include the contributions from external radiation and from inhalation of 
airborne radioactivity.  The methodology for calculating direct external radiation doses is 
described in section 3.1.  The methodology for calculating inhalation and immersion doses is 
described in section 3.2.  The total effective dose equivalent (TEDE) is calculated by summing 
the component doses from inhalation, immersion and direct external radiation dose. 

The dose assessment is performed for each individual in each worker group, using time-motion 
information and dose rates calculated for worker locations.  Dose calculations are made on a per-
unit-operation basis, i.e. per transportation cask received and per waste package (WP) delivered, 
and then multiplied by the annual number of casks received and WPs delivered to determine the 
annual individual dose for a worker in each worker group.  The calculated annual individual dose 
is compared with the “As low as is reasonably achievable” (ALARA) design goal specified in 
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the Project Design Criteria Document (PDC) (Doraswamy 2004 [DIRS 167101], Section 
4.9.3.3). 

Each worker group consists of a number of crews (i.e., teams of operators) that provide support 
for all three shifts of the 24/7 (24 hours a day and 7 days a week) DTF-1 operations.   

Because a detailed work breakdown with numbers of workers for each operation and sub-task is 
not available at this DTF-1 design stage, this methodology is conservatively based on an 
individual worker in each work group performing all of the cask and waste package processing 
activities for that group.  Such a model is reasonable for estimating average individual doses on 
an annual basis with a large number of casks and waste packages to be processed because over 
that time period individual workers will most likely have been involved in multiple activities. 

3.1 EXTERNAL DOSE CALCULATION 
The direct external dose, EDk, received by a worker in group g per operation task, k, is calculated 
as follows:   

dist
k

k EDRtED ×=
60

 Equation 1

 
where 

EDk = External dose to a worker in group g per operation task k (mrem/task) 
tk = Duration of exposure per operation task k (minutes) 
EDRdist = External dose rate at the worker’s distance dist from the source (mrem/hr) 
60 =  Units conversion (minutes/hr) 

 
The dose rates at the locations of each operation task due to external radiation from the contained 
radiation sources are obtained from shielding calculations and described in Section 4.1.  The 
external dose per operation, EDo, to a worker in group g for a series of N different tasks per 
operation (e.g., cask handling operations) performed in the DTF-1 is calculated as follows: 

∑
=

=
N

k
ko EDED

1
 Equation 2

where 
EDo = External dose to a worker in group g per operation consisting of N different 

tasks (mrem/operation) 

Per Assumption 5.5, when not performing manual operations on a waste package or cask, the 
individual in a work-group is assumed to remain inside the DTF-1 doing support activities in 
lower radiation areas.  This support-only time, Tn, is determined from the time available, i.e., 40 
hrs/week x 50 week/year = 2000 hrs, minus the time performing cask or waste package 
operations, To. 
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where 
To = Time performing cask or waste package operations for a worker in group g 

(hrs/year) 
Tn = Support-only time for a worker in worker group g (hrs/year) 
NPC = Annual number of casks processed per crew (casks/crew-year) = OPC / crewsg 
OPC = Number of casks processed per year (casks/year) 
NC = Number of different tasks per cask operation (unitless) 
NPW = Annual number of waste packages processed per crew (waste packages /crew-

year) = OPW / crewsg 
OPW = Number of waste packages processed per year (waste packages/year). 
NW = Number of different tasks per waste package operation (unitless) 
crewsg = Number of work-crews in worker group g 
60 =  Units conversion (minutes/hr) 

The total annual external dose, EDg, to a worker in a work-crew within group g for all cask and 
waste package operations including support-only time is calculated as: 

DRTNPEDNPEDED nWWCCg ×+×+×=  Equation 4

where 
EDg = External dose to a worker in a work-crew within group g (mrem/year) 
EDC = External dose to a worker in a work-crew within group g per cask during cask 

processing operations (mrem/cask) 
EDW = External dose to a worker in a work-crew within group g per waste package 

during waste package processing operations (mrem/waste package) 
DR = Dose rate in intermittent access lower radiation areas (mrem/hr) 
 

3.2 INHALATION AND SUBMERSION DOSE CALCULATION 
The annual maximum internal and external doses to a DTF-1 worker due to resuspension of 
surface contamination on a transportation cask in the DTF-1 are assumed to be those for the 
transporter receipt building (TRB) (Assumption 5.9).  The annual inhalation and submersion 
doses due to potential airborne releases from surface facilities during normal operations were 
calculated in BSC 2004 ([DIRS 170681], Table 4).   

Therefore, the total annual inhalation and submersion dose to a DTF-1 worker in group g from 
all sources is the sum of the two components above and is designated as ID.  The inhalation and 
submersion dose to a worker in group g is then 

 ID =  IDg  + AR                                                                                                                                                               Equation 5 

where 
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ID = Total inhalation and submersion dose (mrem/year) 
IDg = Resuspension inhalation and submersion dose to a worker in group g 

(mrem/year) 
AR = Annual inhalation + submersion doses due to airborne releases from other on-

site facilities (mrem/yr) 
 

3.3 TEDE DOSE CALCULATION  
The annual TEDE for a worker in group, g, is calculated by summing the component doses from 
inhalation, submersion and direct external radiation doses.  

The total annual effective dose equivalent, TEDEg, to a worker in group g for all operations is 
calculated as: 

ARIDEDTEDE ggg ++=  Equation 6

where 
TEDEg = Annual effective dose equivalent (TEDE) to a worker in group g (mrem/year) 

3.4 ANNUAL CASK AND WASTE PACKAGE OPERATIONS  

3.4.1 Annual Number of Transportation Casks Processed  
The number of transportation casks processed per year, OPC, is determined from minimum of the 
projected annual number of casks delivered to the DTF-1 (Assumption 5.6) and the estimated 
DTF-1 cask processing capacity based on the “expected” task durations (Assumption 5.2).  The 
lower of these two determines the limiting number of transportation cask processed per year. 

[ ] ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×= A

P
TCASKOP
cask

yC ,min  Equation 7

where 
CASKy  = Total casks delivered per year (Assumption 5.6) 

caskP   = Throughput period for a cask (minutes/cask) 
T  = Units conversion (minutes/year) 
A  = DTF-1 availability factor (Assumption 5.7) (unitless) 
 

The cask throughput period is the duration for a cask to be processed through the DTF-1 and is 
equal to the time duration of the longest process step for cask operation. 

3.4.2 Annual Number of Waste Packages Processed 
The number of waste packages processed per year, OPW, is determined from the waste package 
throughput period, which is equal to the time of the longest process step for waste package 
operations (Assumption 5.2).  This latter value is then multiplied by the facility availability 
factor (Assumption 5.7). 

A
P
TOP
wp

W ×=  Equation 8
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where 

wpP   = Throughput period for a waste package (minutes/WP) 
T  = Units conversion (minutes/year) 
A  = DTF-1 availability factor (Assumption 5.7) (unitless) 

 
The waste package throughput period is the duration for a waste package to be processed through 
the DTF-1 and is equal to the time duration of the longest process step for waste package 
operation. 

3.5 CONSTANTS 

The following constants are used in this calculation: 

1 Sv = 100 rem (10 CFR [Code of Federal Regulations] 20.1004(a) [DIRS 127393]) 

1 Ci = 3.7 x 1010 Bq (10 CFR 20.1005(b) [DIRS 127393]) 

3.6 ELECTRONIC MANAGEMENT OF INFORMATION 
Electronic management of information generated from this calculation is controlled in 
accordance with AP-3.13Q, Design Control.  The spreadsheet file developed for this calculation 
is stored on a compact disc (CD) and submitted as an attachment to this document 
(Attachment III). 

4 DESIGN INPUTS 

4.1 DOSE RATES NEAR TRANSPORTATION CASK 
Per Assumption 5.1, the dose rates received by DTF-1 workers at various distance from a 
transportation cask are estimated using the 2-m dose rates of the Universal Transport Cask (NAC 
International 2002 [DIRS 164612], Table 5.1-1) and the radial dose distance factors derived from 
the TN-32 cask.  Per Assumption 5.3, workers are modeled to be at 1, 5, and 10 m from the 
exterior surfaces of a loaded transportation cask.  Dose rates at 1, 5, and 10 m are estimated and 
described in Assumption 5.1.  The average dose rates at the three distances are 9.10, 1.66 and 
0.51 mrem/hr, respectively.  These dose rates are used in worker dose assessment of the DTF-1. 

Tables 1 and 2 summarize the DTF-1 worker dose rates versus distance described in Assumption 
5.1. 
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Table 1.  2-m Dose Rates (mrem/hr) of Universal Transport Cask 

 Dose Rate 
[A] 

Bounding Dose Rate 
[B] 

Radial [C] 9.6 10.00 
Top Axial [D] 0.1 0.10 

Bottom Axial [E] 1.3 1.35 
Weighted Average [F] 5.15 5.36 

Column [A]: From NAC International 2002 [DIRS 164612], Table 5.1-1 
Column [B] = Column [A] x 10.0 / 9.6. Bounding dose rate is discussed in Assumption 5.1. 
Row [F] = 0.5 x Row [C] + 0.25 x Row [D] + 0.25 x Row [E] 

 

Table 2.  Radial Dose Distance Factor for TN-32 Cask and Estimated Dose Rates 

Distance from  
Radial Surface 

Distance Factor 
[A] 

Dose Rate (mrem/hr) 
[B] 

1 m 1.66 8.90 
2 m 1.0 5.36 
5 m 0.32 1.72 
10 m 0.099 0.53 

Column [A]: From Table I-5 
Column [B] = Column [A] x 5.36 
 

4.2 PROCESS TASKS AND DURATIONS 
Process task definitions for transportation cask and waste package operations within the DTF-1 
and their corresponding task durations are presented in Assumption 5.2.  Per Assumption 5.2, 
generally the “expected” durations are used for the workers’ exposure times.  These process 
tasks and corresponding task durations are reproduced in the “External” worksheet of Excel file 
DTF-ProcessStep-00B.xls, which is included on the CD attached to this calculation 
(Attachment III). 

4.3 STAFFING AND WORKER GROUP CATEGORIES 

The staffing requirements and worker group categories are presented in Assumptions 5.4 and 5.5.  
The worker groups include the following: 

• Cask and Waste Receipt 
• Transfer Bay Operation 
• Health Physics 

Excluding maintenance operations workers, it is assumed (Assumption 5.8) that there will be at 
least 5 work-crews for each of these worker groups. 

Although radiation protection (Health Physics) personnel are in a support role and do not 
perform hands-on activities, per Assumption 5.4, a Health Physics (HP) Technician is assumed 
to be present whenever DTF-1 personnel are performing operations involving exposure to 
radiation. 
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In addition, Assumption 5.5 identifies other support worker groups (excluding maintenance 
operations workers) as “Not Hands-On”: 

• Operations management 
• Administrative personnel 

Per Assumption 5.5, doses to the other worker groups (excluding maintenance operations 
workers) will be bounded by the doses received by the Cask and Waste Receipt, Transfer Bay 
Operator, and Health Physics worker groups; therefore, the annual doses to these worker groups 
will not be calculated.  Radiation exposures by maintenance operations workers are addressed in 
Section 4.6 

4.4 INHALATION AND SUBMERSION DOSES DUE TO CASK SURFACE 
CONTAMINATION 

The annual maximum internal and external doses to a worker due to resuspension of 
contamination on a transportation cask in the TRB are used for a worker in the DTF-1 
(Assumption 5.9).  These doses are presented in the table below in committed effective dose 
equivalent (CEDE), deep dose equivalent (DDE), and TEDE. 

Table 3.  Annual TEDE to a Worker from Resuspension 
 

Dose Component 
Annual Dose 

(mrem/yr) 
Inhalation dose (CEDE) 0.132 
Submersion dose (DDE) 0.0009 
Total dose (TEDE) 0.133 
  

4.5 DOSES DUE TO FACILITY AIRBORNE RELEASES 
The annual doses to a DTF-1 worker due to potential airborne releases from other surface 
facilities during normal operations are calculated in BSC 2004 ([DIRS 170681], Table 4).  The 
annual TEDEs are 0.48 mrem/yr to a DTF-1 worker and 0.53 mrem/yr to a DTF-2 worker.  The 
average TEDE to a DTF worker is 0.51 mrem/yr. 
 

Table 4.  Annual TEDE to a Worker from Surface Facilities Release 
 

Facility 
Annual TEDE 

(mrem/yr) 
DTF-1 0.48 
DTF-2 0.53 

Average 0.51 
 
This dose represents the contribution to DTF-1 worker doses due to exposure to airborne 
radioactive releases from all facilities.  

4.6 NORMAL MAINTENANCE OPERATIONS  
Per Assumption 5.10, the duration for each type of maintenance operation is shown in Table 5.  
There are two workers per crew to perform each maintenance and three crews to cover the 24/7 
operation. 
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Table 5.  Exposure Duration for Maintenance Operations 

Maintenance Operation 
[A] 

Duration 
(hr/event) 

[B] 

Frequency 
(events/yr) 

[C] 

Total 
(hr/yr) 

[D] 
Electrical 2 26 52 

Mechanical 2 26 52 
HVAC 2 26 52 
Utilities 2 26 52 

General Facility 8 26 208 
 Radiation Monitoring 8 26 208 

Column [D] = [B] x [C] 
 

4.7 REGULATIONS 
The regulation applicable to worker doses is contained in 10 CFR 20.1201 [DIRS 127393], 
Occupational Dose Limits for Adults:   
 
The licensee shall control the occupational dose to individual adults to the following dose limits: 
 

(1) An annual limit, which is the more limiting of:  

(i) The total effective dose equivalent being equal to 5 rems; or 

(ii) The sum of the deep-dose equivalent and the committed dose equivalent to any 
individual organ or tissue other than the lens of the eye being equal to 50 rems. 

(2) The annual limits to the lens of the eye, to the skin, and to the extremities, which are: 

(i) A lens dose equivalent of 15 rems, and 

(ii) A shallow-dose equivalent of 50 rems to the skin or to any extremity. 

4.8 ALARA DESIGN GOALS 
ALARA design goals (Doraswamy 2004 [DIRS 167101], Section 4.9.3.3) for occupational 
workers ensure that both individual and collective annual doses are maintained at ALARA levels 
during normal operations and as a result of Category 1 event sequences.  The following ALARA 
design goals are established for the design process. 

(1) Individual Dose: 
 

“The ALARA design goal for individual radiation worker doses is to minimize the 
number of individuals that have the potential of receiving more than 500 mrem/yr total 
effective dose equivalent (TEDE).  That goal is 10% of the annual TEDE limit in 10 CFR 
20.1201, and includes both internal and external exposures.”  
 

(2) Collective Dose: 
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“The ALARA design goal for collective doses is to maintain the average annual dose for 
workers at less than 500 mrem/yr TEDE.  That goal is 10% of the annual TEDE limit for 
individuals in 10 CFR 20.1201 [DIRS 127393], and includes internal and external 
exposures.” 

5 ASSUMPTIONS 

5.1 The dose rates in the vicinity of the Universal Transport Cask (NAC International 2002 
[DIRS 164612], Table 5.1-1) are used to estimate dose rates received by workers while 
processing a transportation cask in the DTF-1.  It is assumed that the 2-m dose rates of 
the Universal Transport Cask and the radial dose distance factor computed for the TN-32 
cask (Table I-5) can be used to estimate dose rates received by workers at various 
distances from the exterior surfaces of a transportation cask.  The 2-m dose rates from the 
radial, top, and bottom surfaces of the Universal Transport Cask are 9.6, 0.1, and 1.3 
mrem/hr respectively (NAC International 2002 [DIRS 164612], Table 5.1-1).  These dose 
rates are scaled up to 10.0, 0.1, and 1.35 mrem/hr so that the 10 mrem/hr at 2 m from the 
surface represents the bounding case for cask external radiation level limits specified by 
10 CFR 71.47 ([DIRS 144736]).   
 
It is also assumed that the dose rate received by DTF-1 workers at 2 m is the weighted 
average value of the bounding radial, top, and bottom dose rates, or (50%) (10.0) + (25%) 
(0.1) + (25%) (1.35) = 5.36 mrem/hr.  The dose rates for DTF-1 workers at 1, 5, and 10 m 
are then estimated using this 2-m dose rate and the radial dose distance factors derived 
from the TN-32 cask in Table I-5.   
 
Tables 1 and 2 summarize the determination of the DTF-1 worker dose rates versus 
distance described in this assumption. 
 
Rationale: The Universal Transport Cask is designed to meet 10 CFR 71 licensing 
requirements for radioactive material transport packages (NAC International 2002 [DIRS 
164612], Section 1.1) and is capable of transporting 24 intact PWR spent fuel assemblies, 
56 intact BWR spent fuel assemblies, or Greater Than Class C waste.  The radial dose 
distance factor computed for the TN-32 cask is representative of rail transportation casks 
such as the Universal Transport Cask because all rail casks have similar exterior 
dimensions.  Furthermore, since the limiting dose rate criterion is used, the derived 
worker dose rates have an extra conservative factor.  
 
Usage: This assumption is used in Sections 4.1 and 7.1.1. 
 

5.2 The assumed operation process steps and durations that the DTF-1 workers are exposed 
to radiation while working are generally based on the “expected” durations listed in the 
report by Williams (2003 [DIRS 166771], Table C-1).  For some cask preparation steps, 
the durations have been adjusted to be in line with those for the Canister Handling 
Facility in Williams (2003 [DIRS 166771], Table C-5).  Since the steps and durations for 
processing empty casks in the DTF-1 are missing in Table C-1, the steps and durations 
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for processing empty casks in the CHF in Williams (2003 [DIRS 166771], Table C-5) are 
assumed for the DTF-1. 
 
Rationale: The operation process steps and durations are necessary information for 
determination of external and internal doses in the DTF-1.  This information on waste 
handling steps and durations in the CHF represents reasonable estimates and is suitable 
for this preliminary calculation of an early design of the DTF-1. 
 

One other adjustment relates to the assumed duration for hands-on activity involved in 
the process, “Vent Cask/Analyze”, in Table C-1 of Williams (2003 [DIRS 166771]).  The 
“expected” duration for this processing task is given as 90 minutes.  It is assumed that 
only 10 minutes of this duration involves hands-on activity; and that for the remaining 80 
minutes, the worker is assumed to have vacated to a continuous-access, lower radiation 
area. 

Rationale: The actual process of gas sampling of the cask cavity is conducted from the 
shielded Gas Sampling room.  Hands-on activity is required only for making and 
breaking sample line connections, etc.  Therefore, 10 minutes is a reasonable assumption 
for the hands-on duration of this processing task. 
 
Usage: This assumption is used in Sections 3.4.1, 3.4.2, 4.2, 7, and 7.1.3. 

 
5.3 Worker locations for cask preparation operations in the DTF-1 are categorized in terms of 

distances from the transportation cask surface.  The distances are estimated from the most 
likely worker locations to perform the specific tasks for the cask preparation operations.  
In general, for hands-on activities (e.g., swipes for surface contamination sampling), the 
worker is assumed to be 1 meter from the cask.  For processing tasks that are not hands-
on but require the worker’s presence in the area, the worker is assumed to be standing a 
reasonable distance from the cask.  For processing transportation casks in the DTF-1, 
workers are assumed to be at one of the three distances: 1 m, 5 m, and 10 m, from the 
exterior surfaces of a transportation cask. 

 
Rationale:  Based on ALARA principles it is expected that workers will use distance as 
much as possible to reduce their radiation doses.  As such they are expected to move to a 
reasonably distant location when not specifically required by a job function to be 
proximate to the cask.  The approximate worker locations for the required cask 
preparation operations in the DTF-1 are selected from the applicable DTF-1 arrangement 
sketches included in Attachment II.   
 
Usage: This assumption is used in Section 4.1. 

 
5.4 A HP Technician is assumed to be present whenever DTF-1 workers are performing 

operations involving exposure to radiation. 
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Rationale: The report by Mouette (2003 [DIRS 167067], Section 2.3) states: “HP 
personnel support the day-to-day operation and processing activities.  HP’s are within 
close proximity to operators and work side-by-side.  Every activity is surveyed and 
analyzed for radiological monitoring.” 
 
Usage: This assumption is used in Section 4.3. 

 
5.5 It is assumed that the doses to other worker groups, such as operations management, 

administrative personnel, etc. will be bounded by the doses received by the Cask and 
Waste Receipt, Transfer Bay Operator, and Health Physics worker groups.  It is also 
assumed that when not performing manual operations on a waste package or cask, an 
individual in a work-group is assumed to remain inside the DTF-1 doing support 
activities in lower radiation areas. 

 
Rationale:  The report by Mouette (2003 [DIRS 167067], Section 2.3) identifies these 
other worker groups as being support personnel that are “Not Hands-On”.  The personnel 
will generally be located outside the building or in continuously accessible, low radiation 
areas that are well shielded from the major radiation sources.  
 
Usage: This assumption is used in Sections 3.1, 4.3 and 8.1. 

 
5.6 The total number of transportation casks and fuel assemblies that will be shipped to the 

repository annually is assumed to be 507 and 11,200, respectively, (BSC 2003 [DIRS 
165990], Tables 16 and 18) and that the DTF-1 will process half of the number of casks, 
254, because two dry transfer facilities have been planned for the repository (Williams 
2003 [DIRS 166771], Figure 6-1).   
 
Rationale:  This annual cask arrival represents a realistic and reasonable number of 
commercial transportation casks that the DTF-1 will have to process.  The number of fuel 
assemblies is consistent with the number of casks delivered and is equivalent to an 
average of 22 assemblies per cask, i.e., 11,200 / 507. 
 
Usage: This assumption is used in Sections 3.4.1 and 7.2.1. 

 
5.7 The DTF-1 is assumed to be in operations 24 hours a day, 7 days a week, except when 

off-line.  The assumed availability factor for the DTF-1 is 60%. 
 

Rationale:  Both the 24/7 operations and 60% availability assumptions are obtained from 
the study by Williams (2003 [DIRS 166771], p. 2).  As noted therein, a 60 percent 
availability factor was determined to be reasonable for a first-of-a-kind design.   
 
Usage: This assumption is used in Sections 3.4.1, 3.4.2, 7.2.1, and 7.2.2. 
 

5.8 For purposes of determining the annual throughput of transportation casks and waste 
packages per work-shift, it is assumed that there will be 5 crews of Cask & Waste 
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Receipt Operators, Transfer Bay Operators, and Health Physics Technicians.  
Furthermore, each crew is composed of three Cask & Waste Receipt Operators, one 
Transfer Bay Operator, and one Health Physics Technician. 

 
Rationale: At least three crews are needed to support a 24/7 schedule.  However, three 
crews would not allow for days off, holidays, vacation or sick leave.  Five crews, each 
working 2,000 hours per year, would provide 10,000 hours per year coverage, which 
covers the number of hours per year required (8,760). This assumption is also consistent 
with shift coverage practices at facilities operating under 24/7 schedules.    
 
Usage: This assumption is used in Sections 4.3, 7.2.1, 7.2.2, and 7.5. 
 

5.9 The annual maximum internal and external doses to a DTF-1 worker due to resuspension 
of contamination on a transportation cask are assumed to be those for the TRB (BSC 
2003 [DIRS 162620], p. 56). 

 
Rationale:  The annual maximum total dose due to resuspension is 0.133 mrem.  It is 
appropriate to use the TRB results because they are based on a conservative model for 
resuspension of surface contamination at the regulatory limit for transportation casks. 
 
Usage: This assumption is used in Sections 3.2 and 4.4. 
 

5.10 Table 5 in Section 4.6 shows the assumed duration for each type of maintenance 
operation that may be performed at the DTF-1.  The frequency of each maintenance 
operation is assumed to be bi-weekly (26 per year). Each maintenance crew is assumed to 
consist of two members.  It is assumed that only three maintenance crews are needed to 
cover all three shifts for the 24/7 operations.  A different group of workers is assumed to 
conduct each type of maintenance operation (i.e., electricians would not perform 
maintenance on the HVAC system).  These workers may conduct maintenance operations 
at other facilities.  However, the dose incurred from maintenance operations conducted in 
other facilities is outside the scope of this calculation.  For conservatism, it is assumed 
that all maintenance operations are conducted in areas with an average dose rate of 0.5 
mrem/hr.   
 
Rationale: No documented staffing or plans for the DTF-1 maintenance operations was 
available at the time of preparing this report. Thus, the number of workers and exposure 
times for normal maintenance operations have been developed using engineering 
judgement derived from maintenance at other facilities.  As a result, no detailed 
worker/task breakdown of each of the major activities shown in the table is provided.  
The average dose rate of 0.5 mrem/hr for maintenance operations workers is derived from 
the design-basis dose rate of 2.5 mrem/hr (Assumption 5.11), which is the upper limit of 
a support area where contained sources are not present, per Table 4.9.1-2 of the Project 
Design Criteria Document (Doraswamy 2004 [DIRS 167101]).   
 
Usage: This assumption is used in Sections 4.6 and 7.1.6. 
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5.11 The annual average dose rate behind shield barriers is assumed to be a factor of 5 below 

the design-basis dose rate for such areas. 
 
Rationale:  Shield barriers are designed for design-basis sources in a given area and 
design criteria based on the instantaneous dose rates through the barrier.  However, dose 
assessments are performed on an annual basis.  During the year dose rates through shield 
barriers will vary with the actual sources being processed.  The annual average dose rates 
behind the shield barriers will be less than the design basis values and dose rates based on 
average sources are more representative and appropriate for dose assessment.  Based on 
results in Tables I-2 and I-4 in Attachment I, the dose rate reduction factor from the 
design-basis SNF (spent nuclear fuel) to the average SNF is greater than 5.  Hence, using 
the reduction factor of 5 should lead to conservative (higher) average doses for annual 
dose assessment. 
 
Usage: This assumption is used in Sections 5.10, 7.1.2, 7.1.4, and 7.1.5. 
 

6 USE OF COMPUTER SOFTWARE 

6.1 BASELINED SOFTWARE 
SCALE, Version 4.4a, modular code system (CRWMS M&O 2000 [DIRS 154394]) was used to 
perform dose rate calculations.  The module of the SCALE code system used in calculations is 
SAS1.  The software specifications are as follows: 
 
• Program Name:  SCALE 
• Version/Revision Number:  Version 4.4A 
• Status/Operating System:  Qualified/ Hewlett Packard-UX B.10.20 
• Software Tracking Number:  10129-4.4A-00 
• Computer Type:  Hewlett Packard 9000 Series Workstations 
• Computer Processing Unit Number:  700887 
 
The SAS1 sequence is used in Attachment I to calculate dose rate reduction factors between a 
shielded waste package loaded with the design-basis PWR (pressurized water reactor) SNF and 
one with the average PWR SNF.  The input and output files for the SAS1 calculations are 
contained on a compact disc (Attachment III) with the files’ attributes documented in Section 10.  
 
The SCALE software was: (a) appropriate for dose rate evaluations, (b) used only within the 
range of validation as documented in CRWMS M&O (2000 [DIRS 153872]) and CRWMS 
M&O (2000 [DIRS 153871]), and (c) obtained from Software Configuration Management in 
accordance with appropriate procedures. 

6.2 COMMERCIAL OFF-THE-SHELF SOFTWARE 
Microsoft® Excel 97 SR-2, a spreadsheet program, is used in this calculation.  Excel was used to 
generate tables listing the receipt, processing and loading tasks for each operation, the dose rates 
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at the worker locations, and the time spent by the workers in the radiation field at each location. 
User-defined formulas (derived in Section 3), design inputs and assumptions (discussed in 
Sections 4 and 5), and results are documented in sufficient detail in Section 7 to allow for 
independent duplication of the various computations without recourse to the originator. 
Microsoft Excel is an exempt software product according to the line procedure LP-SI.11Q-BSC, 
Software Management ([DIRS 168412], Sections 2.1.2 and 2.1.6).   
 
The electronic file (DTF-ProcessStep-00B.xls) for the Excel tables and calculations is contained 
on a CD (Attachment III) and the files are listed in Table 9. 
 

7 CALCULATIONS 

Dose assessment calculations are performed using time-motion inputs and dose rates calculated 
at DTF-1 worker locations for cask and waste package processing operations.  Dose calculations 
are made per unit operation, i.e., per transportation cask received and per waste package 
delivered, and then multiplied by the annual number of casks received and waste package 
delivered.  Doses are determined for sub-tasks that require hands-on activities or local 
observations identified in Assumption 5.2.  Doses for other sub-tasks that are remotely 
performed are only estimated from average dose rates at shielded locations. The dose assessment 
calculates annual individual worker doses including contributions from external (i.e., direct) 
radiation and from inhalation of airborne radioactivity. 

External radiation doses are calculated in Sections 7.1 through 7.3.  Section 7.1 covers the 
calculation of external doses to DTF-1 workers by task of the operation process.  Section 7.2 
determines the numbers of annual casks and waste packages processed by each work crew.  
Section 7.3 determines the annual external dose of each work crew.  Section 7.4 determines the 
annual inhalation and submersion doses due to resuspension of radioactive contamination on 
transportation casks and potential airborne releases from surface facilities.  The TEDE is 
calculated in Section 7.5 by summing the component doses from inhalation, submersion and 
direct external radiation doses. 

7.1 EXTERNAL RADIATION DOSE BY TASK 
This section discusses the calculation of doses to DTF-1 workers due to external radiation during 
operations to process a single transportation cask and a single waste package on a task-by-task 
basis. 

7.1.1 Dose Rates Near Loaded Transportation Cask 
Dose rates received by DTF-1 workers at 1, 5, and 10 m from a loaded transportation cask are 
described in Section 4.1 and summarized in Table 2.  The average dose rates at the three 
distances are 8.90, 1.72, and 0.53 mrem/hr.  The average distance from the cask surface of each 
worker performing each task is estimated to be one of the three values, and the corresponding 
dose rate is assigned.  The worksheet “External” of Excel file DTF-ProcessStep-00B.xls, which 
is included in the CD attached to this calculation (Attachment III), provides the detail of the 
process steps and durations and their associated dose rates calculated for each worker. 
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7.1.2 Doses Due to Loaded Cask Operations 
Cask & Waste Receipt Operators and Health Physics personnel will be present during handling 
of loaded casks.  The basic activity of a Cask & Waste Receipt Operator is hands-on operation 
while the basic activity of Health Physics personnel is local observation, except for vent gas 
sampling and survey of cask surface. 

External doses to workers engaged in manual loaded cask handling operations are calculated in 
the “External” worksheet of Excel file DTF-ProcessStep-00B.xls at each process task using 
Equation 1. 

External doses to workers during remote cask handling operations are based on the dose rate 
criteria for a continuous-access area, less than 0.25 mrem/hr, per Table 4.9.1-2 of the Project 
Design Criteria Document (Doraswamy 2004 [DIRS 167101]).  Since this is a maximum dose 
rate for such areas, a value of 0.05 mrem/hr is used as the average dose rate, based on the factor 
of 5 discussed in Assumption 5.11. 

The calculated external doses for processing a loaded cask are 38.83 and 11.63 mrem for a Cask 
& Waste Receipt Operator and a Health Physics Technician, respectively.  The time to process a 
loaded cask is 845 min.  The calculation is performed in the “External” worksheet of Excel file 
DTF-ProcessStep-00B.xls. 

7.1.3 Doses Due to Empty Cask Handling Operations 
Removal of the spent fuel assemblies from the cask and transfer to the waste package is 
conducted remotely; therefore, the Cask & Waste Receipt Operators and Health Physics 
Technicians will not be present in the DTF-1 cask areas, so no direct dose will be incurred.  
Following spent fuel assembly transfer to the waste package, additional hands-on activities will 
be conducted associated with closure of the empty cask and removal of the cask from the DTF-1 
building. 

Per Assumption 5.2, the steps and durations for processing empty casks in the CHF are assumed 
for the DTF-1.  The steps and durations for processing an empty cask and the dose calculation 
are provided in the worksheet “EmptyCask” of the Excel file DTF-ProcessStep-00B.xls.  The 
external doses for processing an empty cask are 3.60 mrem for both Cask & Waste Receipt 
Operators and Health Physics personnel.  The time for processing an empty cask is 580 min. 

7.1.4 Doses Due to Handling of Empty Waste Package 
The manual operations to receive and prepare an empty waste package for waste transfer are 
carried out without any contained sources in the vicinity.  This area is classified as a support 
room.  Thus, the applicable dose rate criterion for this area is 2.5 mrem/hr (Doraswamy 2004 
[DIRS 167101], Section 4.9.1.2).  Since this is a maximum dose rate for such areas, a value of 
0.5 mrem/hr is used as the average dose rate, based on the factor of 5 discussed in 
Assumption 5.11.  Therefore, the dose rate to which the Cask & Waste Receipt Operator and 
Health Physics Technician would be exposed during these manual operations is taken to be 0.5 
mrem/hr.   
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External doses to workers during remote waste package handling operations are based on the 
dose rate criteria for normal continuous access of 0.25 mrem/hr, per Section 4.9.1.2 of the 
Project Design Criteria Document (Doraswamy 2004 [DIRS 167101]).  Since this is a maximum 
dose rate for such areas, a value of 0.05 mrem/hr is used as the average dose rate, based on the 
factor of 5 discussed in Assumption 5.11.  The steps and durations for processing an empty waste 
package and dose calculation are provided in the worksheet “External” of the Excel file DTF-
ProcessStep-00B.xls.  The external dose for processing an empty waste package is 4.03 mrem 
for both the Cask & Waste Receipt Operator and Health Physics personnel.  The time for 
processing an empty waste package is 610 min. 

7.1.5 Doses to Transfer Bay Operators 
The Transfer Bay Operators are defined as the operators working in the Operating Gallery and 
Gas Sampling Station.  This worker group is responsible for conducting and observing remote 
operations in the Transfer Bay, Closure Cell, and other processing areas.  They are generally 
located in continuously accessible, low radiation areas that are well shielded from the major 
radiation sources. 

The annual dose to the Remote Operators is based on continuous occupancy, 2000 hrs/year, in 
the low radiation operating galleries.  The shielding for these areas have been designed to meet 
the design dose rate for normal continuous access of 0.25 mrem/hr (Doraswamy 2004 [DIRS 
167101], Section 4.9.1.2).  Since this is a maximum dose rate for such areas, a value of 0.05 
mrem/hr is used as the average dose rate, based on the factor of 5 discussed in Assumption 5.11.  
Thus the annual dose to a Transfer Bay operator is estimated as 2000 hrs/year x 0.05 mrem/hr = 
100 mrem/year. 

7.1.6 Doses to Maintenance Workers 
Table 6 presents individual and collective external doses per crew to maintenance workers as a 
result of two workers in each crew and a total of three crews each performing 26 maintenance 
operations per year (Assumption 5.10). 

Table 6.  Individual and Collective Doses Per Crew to Maintenance Workers  
Maintenance 

Operation 
[A] 

Duration 
(hr/operation) 

[B] 

Frequenc
y per year 

[C] 

Dose Rate 
(mrem/hr) 

[D] 

Individual Dose 
(mrem/yr-crew) 

[E] 

Collective Dose 
(person-rem/yr-crew) 

[F] 
Electrical 2 26 0.5 26 0.052 

Mechanical 2 26 0.5 26 0.052 
HVAC 2 26 0.5 26 0.052 
Utilities 2 26 0.5 26 0.052 

General Facility 8 26 0.5 104 0.208 
Radiation Monitoring 8 26 0.5 104 0.208 

Total (All Maintenance 
Workers) N/A 26 0.5 N/A 0.624 
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Column [A]: Table 5, Column [A]. 
Column [B]: Table 5, Column [B]. 
Column [C]: Table 5, Column [C]. 
Column [D]: Assumption 5.10. 
Column [E] = [B] x [C] x [D]. 
Column [F] = 2 workers per crew x [E]/1000, except Total = sum of all maintenance worker collective doses in 
Column [F]. 
N/A: Not Applicable 

7.2 ANNUAL CASKS AND WASTE PACKAGES PROCESSED 

7.2.1 Annual Number of Transportation Casks Processed per Work-Crew 
The average number of transportation casks processed annually by each work-crew is the total 
number of transportation casks that will be handled annually in the DTF-1 divided by the number 
of work-crews performing those operations. 

• Annual Number of Transportation Casks Processed 

The number of transporation casks processed, OPC, per year is determined from the methodology 
in Section 3.4.1 based on the minimum of the number of casks delivered and the maximum DTF-
1 cask processing rate per year. 
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where 
CASKy  = Total casks delivered per year (Assumption 5.6) 

caskP   = Throughput period for a cask (minutes/cask) 
T  = Units conversion (minutes/year) 
A  = DTF-1 availability factor (Assumption 5.7) (unitless) 

Per Assumption 5.6, the maximum annual number of casks delivered is 254. 

The cask throughput period is the duration for a cask to be processed through the DTF-1 and is 
equal to the time duration of the longest process step.  For cask processing, the longest 
processing step is transfer of spent fuel assemblies from a cask into a waste package, which is 
1650 (75 x 22) minutes. 

This throughput period for a cask is divided into the number of minutes in a year (60 x 24 x 365) 
to obtain the total number of casks that could be processed at a 100% facility availability factor.  
That value is multiplied by the facility availability factor of 60 percent (Assumption 5.7) to 
obtain the maximum cask processed in DTF-1 per year. 
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Therefore, the maximum number of transportation casks processed per year, OPC , is 192, i.e., 
the minimum of 254 and 192. 
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• Annual Number of Transportation Casks Processed per Work-Crew 
The annual number of transportation casks processed per work-crew is OPC divided by the 
number of work crews (5 crews, per Assumption 5.8).  Thus, a work-crew will process an 
estimated annual average of 39 casks (i.e., 192 / 5). 

7.2.2 Annual Number of Waste Packages Processed per Work-Crew  
The average number of waste packages processed annually by each work-crew is the total 
number of waste packages that will be handled annually in the DTF-1 divided by the number of 
work-crews performing those operations. 

• Annual Number of Waste Packages Processed 
The number of waste packages processed, OPW, per year is determined from the methodology in 
Section 3.4.2 based on the waste package throughput period.   

A
P
TOP
wp

W ×=  Equation 8

where 
wpP   = Throughput period for a waste package (minutes/WP) 

T  = Units conversion (minutes/year) 
A  = DTF-1 availability factor (Assumption 5.7) (unitless) 

 
The waste package throughput period is the duration for a waste package to be processed through 
the DTF-1 and is equal to the time duration of the longest process step in the waste package 
process.  For waste package processing, the longest processing step is the transfer of spent fuel 
assemblies from a cask into a waste package, which is 1575 (75 x 21) minutes.  Although the 
welding process is 2516 minutes, there are four well cells in DTF-1, which effectively reduces 
the welding process time to 629 (2516/4) minutes. 

This throughput period for a waste package is divided into the number of minutes in a year (60 x 
24 x 365) to obtain the total number of waste package that could be processed at a 100% facility 
availability factor.  That value is multiplied by the facility availability factor of 60 percent 
(Assumption 5.7) to obtain the maximum waste package processed in DTF-1 per year. 
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Therefore, the maximum number of waste packages processed per year, OPW , is 201.  

• Annual Number of Waste Packages Processed per Work-Crew 
The annual number of waste packages processed per work-crew is OPW divided by the number 
of work crews (5 crews, per Assumption 5.8).  Thus, a work-crew will process an estimated 
annual average of 41 waste packages (i.e., 201 / 5). 
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7.3 ANNUAL EXTERNAL RADIATION DOSES 
The doses incurred by the worker groups – Cask & Waste Receipt Operator and Health Physics 
Technician – includes exposure during manual cask and waste package processing activities and 
exposure during periods between processing tasks. When not performing manual operations on a 
waste package or cask, the work-crew will remain inside the DTF-1 doing support activities in 
continuous-access low radiation areas. 

7.3.1 Worker Time In Continuous-Access Low Radiation Areas 

The time in continuous-access low radiation areas, Tn, is the annual time available, i.e., 40 
hrs/week x 50 week/year = 2000 hrs, minus the time performing hand-on operations of cask and 
waste package, To.  Thus, from Equation 3 
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7.3.2 Annual External Dose per Work Crew 

The total annual external dose, EDg, to a worker in a work-crew within group g for all cask and 
waste package operations including support only time is from Equation 4: 

DRTNPEDNPEDED nWWCCg ×+×+×=  

The resulting annual doses for each worker group, Cask & Waste Receipt Operators and Health 
Physics Technicians, are given in Table 7.  The detail of the calculations for Table 7 is provided 
in the worksheet “External” of the Excel file DTF-ProcessStep-00B.xls. 
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Table 7.  Annual External Radiation Doses to Workers (mrem) 
 

Parameter 
 

Symbol 
 

Units 
Cask & Waste 

Receipt 
Operator 

Health Physics 
Technician 

Dose per cask EDC mrem/cask 41.98 15.39 
Annual casks per crew NPC cask/crew-yr 39 39 
Annual dose from cask processing   mrem/yr 1637.2 600.3 
Dose per WP EDW  mrem/WP 4.03 4.03 
Annual WP throughput per shift NPW WP/crew-yr 41 41 
Annual dose from WP processing  mrem/yr 165.4 165.4 
Time in low radiation areas Tn hrs/yr 657 657 
Dose rate in low radiation areas DR mrem/hr 0.05 0.05 
Annual dose in low radiation areas  mrem/yr 32.8 32.8 
Total Annual External Dose EDg mrem/yr 1835.4 798.6 

7.4 ANNUAL INHALATION AND SUBMERSION DOSES  
The annual maximum internal and external doses to a worker due to resuspension of cask surface 
contamination is addressed in Section 4.4.  The annual total dose to a worker due to resuspension 
is 0.133 mrem/yr, which is presented in Table 3.  The annual dose to a worker due to potential 
airborne releases from other surface facilities during normal operations is presented in Section 
4.5.  The annual total dose of this component is 0.51 mrem/yr and is provided in Table 4. 

7.5 TEDE DOSE CALCULATION 
The annual TEDE for each worker category is calculated by summing the component doses from 
inhalation, submersion, and direct external radiation exposure over all sources.  The inhalation 
dose component is the sum of the dose due to resuspension of radioactive contamination from 
transportation casks and the dose due to intake of airborne radioactivity from normal airborne 
releases via the exhaust vents of surface facilities.  Equation 6 in Section 3.3 describes this 
calculation.  Both dose components are given in Section 7.4. 

The annual individual and collective TEDE doses by worker category are calculated in Table 8 
below. 

Table 8.  Annual TEDE Doses by Worker Category (mrem/yr Unless Otherwise Noted) 
  

Symbol 
Cask & 
Waste 

Receipt 

Health 
Physics 

Transfer 
Bay 

Operator 

All 
Maintenance 

Workers 
Doses from DTF-1 Operations - - - - - 
External Dose EDg 1835.4 798.6 - - 
Inhalation Dose (CEDE) + Submersion (DDE) IDg 0.133 0.133 - - 
Doses from Normal Operation Airborne Releases - - - - - 
Inhalation (CEDE) + Submersion Dose (DDE) AR 0.51 0.51 - - 
Total Annual Inividual Doses by Worker Group TEDEg 1836.0 799.2 100 - 
Total Annual Collective Doses Per worker Crewa 
(person-rem/yr) 

- 5.51 0.80 0.1 0.624 

Facility Annual Collective Dose for All Workers, 
FCDb (person-rem/yr) 33.9 
aPer Assumption 5.8, each crew consists of 3 Cask & Waste Receipt Operators, 1 Health Physics Technician, and 1 
Transfer Bay Operator. For maintenance workers, the collective dose is for a crew of 12 workers performing 6 types 
of maintenance operations (see column [F] of Table 6). 

bFCD = 5 (5.51 + 0.80 + 0.1) + 3 (0.624), since there are 3 crews of maintenance workers and 5 crews of other 
workers. 
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8 RESULTS AND CONCLUSIONS 

The results of this dose assessment calculation are summarized in Table 8.  The parameters used 
in the dose calculations are supported by appropriate and conservative input data and 
assumptions.  The calculated worker doses in Table 8 represent reasonable maximum results 
compared with the input used to derive them.  The results are therefore suitable for the intended 
use.  The uncertainties in the results are identified primarily by the worker locations and the dose 
rates they will receive, and by the duration of operations, which are currently not easily 
quantifiable.  However, the selected inputs are judged to be representative of conservative 
conditions. 

Table 8 summarizes the results of the dose assessments by worker group and includes dose 
contributions from contained radiation sources in the transportation cask, waste package, and 
spent fuel assemblies during processing as well as airborne sources from resuspension of surface 
contamination and releases from adjacent facilities. 

8.1 COMPARISON TO REGULATIONS AND DESIGN GOALS 

The estimated doses to individual Cask and Waste Receipt Operators is 1800 mrem per year 
and to Health Physics Technicians is 800 mrem per year.  The annual dose to an individual 
Remote Operator in continuously accessible, low radiation areas is 100 mrem per year from 
Section 7.1.5.  Doses to the Cask and Waste Receipt Operators and Health Physics Technicians 
bound those of any other worker groups, such as operations management and administrative 
personnel worker groups, per Assumption 5.5.   

These doses are in compliance with the requirements of 10 CFR 20.1201(a)(1)(i) [DIRS 127393] 
limit of 5000 mrem per year for occupational workers in Section 4.7.  However, individual 
worker doses for the cask operators and the health physicists exceed the ALARA goal to 
minimize the number of individuals that receive more than 500 mrem per year in Section 4.8. 

The estimated collective annual doses for each worker crew and for maintenance worker crew 
are summarized in Table 8.  The collective dose per crew to the Cask and Waste Receipt 
Operators crew is 6 person-rem per year and to Health Physics Technicians crew is 1 person-
rem per year.  The collective dose per crew to maintenance workers is 1 person-rem per year.  
The total facility annual collective dose to all workers, operations and maintenance, is 34 
person-rem/yr. 

8.2 DISCUSSION 

This dose assessment calculation is based on the DTF-1 general arrangement (Attachment II) and 
best available estimates or projections of annual cask and waste package processing rates with 
the current simulated DTF-1 throughput model.  Dose rates are based on a representative 
transportation cask with dose rate distribution normalized to the bounding case for cask external 
radiation level limits.  
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One of the secondary uses of the dose assessment is to identify and prioritize DTF-1 design areas 
that should consider additional ALARA design features to reduce individual and collective 
worker doses in order to achieve the ALARA goals.  The transportation cask processing tasks 
were identified as the major contributors to the Cask and Waste Receipt Operator and Health 
Physics Technician doses.  In fact, the direct external dose due to cask processing constitutes 
89% of the total annual dose received by the Cask and Waste Receipt Operator and 75% of the 
total annual dose received by the Health Physics Technician. 

8.3 RECOMMENDATIONS 

The results of the dose assessment presented in this document lead to the following conclusions 
and recommendations: 

The principal contributor to the worker dose is from the contained source in the transportation 
cask.  The contribution from the airborne source is negligible. The cask operator and health 
physicist worker groups will receive the highest dose, because of their proximity to the cask 
during cask processing in the DTF-1.  The doses to the cask operator and health physicist worker 
group exceed the ALARA goal of 500 mrem per year per worker.  It is recommended that further 
ALARA design considerations be included in the final design to achieve the ALARA goal. 
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10 ATTACHMENTS 

Three attachments are in this calculation, Attachments I, II, and III.  Attachment I provides dose 
rate reduction factors due to radial distance and SNF characteristics of a shielded 21-PWR waste 
package and of the TN-32 cask.  Attachment II provides layouts of the DTF-1.  Attachment III is 
a CD that contains electronic files of Excel spreadsheets and SAS1 input and output files.  The 
listing and attributes of the electronic files in the CD are presented in Table 9. 

Table 9.  List of Electronic Files in Attachment III 

File Name Description Size (bytes) Date Time 

DTF-ProcessStep-00B-
00B.xls 

Excel spreadsheets for DTF-1 process and duration 
108,032 09/23/2004 06:35a 

mcnp_rad_inputs.xls Excel spreadsheets for source terms and atom densities 94,720 02/26/2004  10:07a 
Directory: Bottom (SAS1 files) 

B-EF-AV-p.i Input file for average SNF end-fitting gamma source 3,190 2/14/2004 10:38a 
B-EF-AV-p.output Output file for average SNF end-fitting gamma source 455,185 2/14/2004 10:38a 

B-EF-DB-p.i Input file for design-basis SNF end-fitting gamma source 3,192 2/14/2004 10:36a 
B-EF-DB-p.output Output file for design-basis SNF end-fitting gamma 455,185 2/14/2004 10:36a 

B-Fuel-AV-p.i Input file for average SNF fuel-region gamma source 3,244 2/14/2004 10:38a 
B-Fuel-AV-p.output Output file for average SNF fuel-region gamma source 454,406 2/14/2004 10:38a 

B-Fuel-DB-n.i Input file for design-basis SNF fuel-region neutron source 3,095 2/14/2004 10:36a 
B-Fuel-DB-n.output Output file for design-basis SNF fuel-region neutron 455,016 2/14/2004 10:37a 

B-Fuel-DB-p.i Input file for design-basis SNF fuel-region gamma source 3,230 2/14/2004 10:37a 
B-Fuel-DB-p.output Output file for design-basis SNF fuel-region gamma 455,208 2/14/2004 10:37a 

Bottom-Total.xls Excel spreadsheets for bottom dose rates comparison 19,456 2/15/2004 10:20a 
Directory: Radial (SAS1 files) 

R-AV-n.i Input file for average SNF fuel-region neutron source 2,780 2/14/2004 10.34a 
R-AV-n.output Output file for average SNF fuel-region neutron source 441,244 2/14/2004 10.35a 

R-AV-p.i Input file for average SNF fuel-region gamma source 2,928 2/14/2004 10.34a 
R-AV-p.output Output file for average SNF fuel-region gamma source 441,606 2/14/2004 10.35a 

R-DB-n.i Input file for design-basis SNF fuel-region neutron source 2,775 2/14/2004 10.33a 
R-DB-n.output Output file for design-basis SNF fuel-region neutron 441,244 2/14/2004 10.33a 

R-DB-p.i Input file for design-basis SNF fuel-region gamma source 2,907 2/14/2004 10.33a 
R-DB-p.output Output file for design-basis SNF fuel-region gamma 441,606 2/14/2004 10.33a 

Total-R-Fuel.xls Excel spreadsheets for radial dose rates comparison 32,768 9/09/2004 10:31a 
Directory: TN32 

TN32-R-AV-n.i Input file for average neutron source in TN32 cask 1,408 9/12/2004 04:24p 
TN32-R-AV-n.output Output file for average neutron source in TN32 cask 345,672 9/12/2004 04:25p 

TN32-R-AV-p.i Input file for average gamma source in TN32 cask 1,509 9/12/2004 04:24p 
TN32-R-AV-p.output Output file for average gamma source in TN32 cask 345,638 9/12/2004 04:25p 

TN32-R-DB-n.i Input file for D-B neutron source in TN32 cask 1,403 9/12/2004 04:24p 
TN32-R-DB-n.output Output file for D-B neutron source in TN32 cask 345,672 9/12/2004 04:25p 

TN32-R-DB-p.i Input file for D-B gamma source in TN32 cask 1,512 9/12/2004 04:24p 
TN32-R-DB-p.output Output file for D-B gamma source in TN32 cask 345,760 9/12/2004 04:25p 
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TN32-SARsource-n.i Input file for TN32-SAR neutron source in TN32 cask 1,410 9/12/2004 04:24p 
TN32-SARsource-

n.output Output file for TN32-SAR neutron source in TN32 cask 345,672 9/12/2004 04:25p 
TN32-SARsource-p.i Input file for TN32-SAR gamma source in TN32 cask 1,501 9/12/2004 04:25p 
TN32-SARsource-

p.output Output file for TN32-SAR gamma source in TN32 cask 345,726 9/12/2004 04:25p 
DoseRateSummary.xls Excel spreadsheets for TN32 dose rates comparison 55,832  9/22/2004 10:13a 
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ATTACHMENT I 

Dose-Rate Reduction Factors due to Distance and Spent Fuel Characteristics 
This attachment presents an estimation of dose-rate reduction factors between the design-basis 
PWR SNF and the average PWR SNF for a shielded 21-PWR waste package and for the TN-32 
cask (Hunter 2002 [DIRS 168464]).  Cask radial dose rate distance factors are also calculated 
using the TN-32 cask loaded with the TN-32 Safety Analysis Report design-basis PWR SNF.  
The dose rates outside a shielded 21-PWR waste package and the TN-32 cask are obtained from 
SAS1 calculations.  SAS1 employs one-dimensional discrete ordinates transport method to 
perform radiation shielding calculations.  For radial dose rate, an infinite cylindrical model is 
used.  For dose rates outside the bottom surface, a one-dimensional infinite slab transport 
calculation is performed.  Then, dose rates at points beyond the radial or bottom surface are 
determined by integrating the angular flux from the radial or bottom surface area that reaches the 
points. 

The SAS1 radial geometry of the shielded waste package consists of concentric infinite 
cylinders.  The model begins with a homogenized fuel region of 67.9-cm radius, a carbon steel 
region of 71.2-cm radius, a stainless steel region of 76.2-cm radius, an Alloy 22 region of 78.2-
cm radius, a void region of 105.41-cm radius, a stainless steel region of 105.91-cm radius, a 
carbon steel region of 121.15-cm radius, a neutron shield (NS-4-FR) region of 133.85-cm radius, 
and a stainless steel region of 134.35-cm radius.  The dimensions and materials of the radial 
model are chosen such that the radial surface dose rate of the shielded waste package is 
approximately 100 mrem/hr. 

The SAS1 bottom geometry of the shielded waste package consists of a homogenized fuel region 
of 100 cm in height, a bottom end-fitting region of 110.16 cm in height, a stainless steel region 
of 115.16 cm in height, a void region of 122.16 cm in height, an alloy 22 region of 124.70 cm in 
height, a neutron shield (NS-4-FR) region of 139.94 cm in height, and a carbon steel region of 
165.34 cm in height.  Similar to the radial model, the dimensions and materials of the bottom 
model are chosen such that the bottom surface dose rate of the shielded waste package is 
approximately 100 mrem/hr. 

The source term for the design-basis SNF and the atom densities of the materials are obtained 
from the calculation in BSC (2003 [DIRS 163936], Attachment III, file: mcnp_rad_inputs.xls, 
worksheets: source_term and atom_den).  The two worksheets are included in Attachment III of 
this calculation under the file name mcnp_rad_inputs.xls.  The source terms for the average SNF 
are obtained from BSC (2004 [DIRS 169593], Table 5.1-6) and are listed in the worksheet 
source_ave_pwr, which is also included in the mcnp_rad_inputs.xls file. 

Tables I-1 and I-2 summarize radial dose rate and dose-rate reduction factors of a shielded 21-
PWR waste package.  Results in Table I-2, along with those in Table I-5, are used to justify the 
dose-rate reduction factor of 5 between the design-basis SNF and the average SNF.  The Excel 
file Total-R-Fuel.xls in  Attachment III contains the information in Tables I-1 and I-2. 

Tables I-3 and I-4 present similar information for the bottom geometry, and the information is 
included in the Excel file Bottom-Total.xls, which is in Attachment III. 
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Table I-1.  Radial Dose Rates and Distance Reduction Factors of a Shielded 21-PWR Waste Package 

Design-Basis SNF 

Dose Rate (mrem/hr) Distance from 
Radial Surface 

(m) Primary 
Gammas 

Neutrons Capture Gammas Total 

Distance 
Reduction 

Factor 

0 92.12 14.76 13.59 120.48 1.000 
1 44.74 6.41 5.94 57.10 0.474 
2 27.42 3.71 3.24 34.37 0.285 
3 17.99 2.32 1.94 22.25 0.185 
4 12.41 1.56 1.27 15.24 0.126 
5 8.94 1.11 0.89 10.93 0.091 

Average SNF 

Dose Rate (mrem/hr) Distance from 
Radial Surface 

(m) Primary 
Gammas 

Neutrons Capture Gammas Total 

Distance 
Reduction 

Factor 

0 16.61 3.55 3.26 23.42 1.000 
1 8.01 1.54 1.43 10.98 0.469 
2 4.89 0.89 0.78 6.56 0.280 
3 3.20 0.56 0.47 4.22 0.180 
4 2.20 0.38 0.30 2.88 0.123 
5 1.58 0.27 0.21 2.06 0.088 

 

Table I-2.  Radial Dose Rate Reduction Factors between the Design-Basis SNF and the Average SNF 
Distance from Surface (m) Dose Rate Reduction Factor 

(Design-Basis/Average) 
0 5.14 
1 5.20 
2 5.24 
3 5.27 
4 5.29 
5 5.30 

Average 5.24 
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Table I-3.  Bottom Dose Rates and Distance Reduction Factors of a Shielded 21-PWR Waste Package 
Design-Basis SNF 

Dose Rate (mrem/hr) Distance 
from Radial 
Surface (m) 

End-Fitting 
Source 

Fuel Gamma 
Source 

Fuel Neutron 
Sourcea 

Fuel Capture 
Gamma 
Sourcea Total 

Distance 
Reduction 

Factor 

0 15.32 3.64 22.70 0.13 41.79 1.000 
1 8.07 1.91 5.89 0.06 15.93 0.381 
2 3.49 0.83 1.93 0.02 6.28 0.150 
3 1.69 0.40 0.91 0.01 3.01 0.072 
4 0.97 0.23 0.52 0.01 1.72 0.041 
5 0.62 0.15 0.33 0.00 1.11 0.027 

Average SNF 

Dose Rate (mrem/hr) Distance 
from Bottom 
Surface (m) 

End-Fitting 
Source 

Fuel Gamma 
Source 

Fuel Neutron 
Sourcea 

Fuel Capture 
Gamma 
Sourcea Total 

Distance 
Reduction 

Factor 

0 1.74 0.53 5.46 0.03 7.76 1.000 
1 0.92 0.28 1.42 0.01 2.62 0.338 
2 0.40 0.12 0.46 0.01 0.99 0.127 
3 0.19 0.06 0.22 0.00 0.47 0.061 
4 0.11 0.03 0.12 0.00 0.27 0.035 
5 0.07 0.02 0.08 0.00 0.17 0.022 

a Dose rates due to neutrons in the fuel region of the average SNF are derived from those of the design-basis SNF by 
dividing the design-basis dose rates by the factor 4.16.  This factor is the ratio between the neutron intensity of the 
design-basis SNF and that of the average SNF.  This approach is valid because the neutron spectra of the two 
SNFs are identical, as shown in the worksheet source_ave_pwr of the mcnp_rad_inputs.xls file in Attachment III. 

Table I-4  Bottom Dose Rate Reduction Factors between the Design-Basis SNF and the Average SNF 

Distance from Surface (m) Dose Rate Reduction Factor 

(Design-Basis/Average) 
0 5.39 
1 6.07 
2 6.36 
3 6.39 
4 6.39 
5 6.39 

Average 6.17 
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The SAS1 radial geometry of the TN-32 cask consists of concentric infinite cylinders.  The 
model begins with a homogenized fuel region of 87.31-cm radius, a carbon steel region of 
111.44-cm radius, a resin/aluminum region of 122.87-cm radius, and a carbon steel region of 
124.14-cm radius.  The dimensions and materials of the radial model are obtained directly from 
the TN-32 Safety Analysis Report (Hunter 2002 [DIRS 168464], p. 5.5-9). 

Radial dose rates at the mid plane of the SNF were calculated for distances extending from the 
surface to 1000 m.  The TN-32 cask were separately loaded with the average, design-basis PWR 
SNFs, and the TN-32 Safety Analysis Report design-basis PWR SNF.  The TN-32 SNFs are the 
Westinghouse 17x17 standard assemblies with 3.5 wt% U-235, 45,000 MWD/MTU, and 7 years 
cooling time.  The gamma and neutron source terms for the TN-32 SNF are obtained from the 
TN-32 Safety Analysis Report (Hunter 2002 [DIRS 168464], Tables 5.2-4, 5.2-8, and 5.2-12).  

Table I-5 summaries the dose rate results, the dose rate reduction factors between the design-
basis SNFs, and the TN-32 cask radial dose distance factors.  The radial dose distance factors are 
relative to the 2-m dose rate.  It is clear that a dose rate reduction factor of 5 between the design-
basis SNF and the average SNF is evident.  

Table I-5  TN-32 Cask Dose Rate Reduction Factors and Radial Distance Factors 
 Total Dose Rate (rem/hr) Dose Rate Reduction Factors 

TN-32 Radial Dose 
Radial 

Distance (m) 
Average 

SNF 
Design-

Basis SNF 
TN-32 SNF (Design-Basis 

/Average) 
(TN-32 SNF 
/Average) 

Distance Factors 

0.005 2.93E-02 1.44E-01 1.35E-01 4.91E+00 4.60E+00 3.59E+00 
0.5 1.80E-02 8.89E-02 8.50E-02 4.95E+00 4.74E+00 2.26E+00 
1 1.30E-02 6.45E-02 6.23E-02 4.97E+00 4.80E+00 1.66E+00 
2 7.65E-03 3.83E-02 3.76E-02 5.01E+00 4.92E+00 1.00E+00 
3 4.87E-03 2.45E-02 2.44E-02 5.03E+00 5.01E+00 6.48E-01 
4 3.30E-03 1.67E-02 1.67E-02 5.05E+00 5.06E+00 4.44E-01 
5 2.37E-03 1.20E-02 1.20E-02 5.06E+00 5.09E+00 3.20E-01 
6 1.75E-03 8.89E-03 8.95E-03 5.07E+00 5.10E+00 2.38E-01 
7 1.35E-03 6.86E-03 6.92E-03 5.07E+00 5.11E+00 1.84E-01 
8 1.08E-03 5.47E-03 5.53E-03 5.07E+00 5.12E+00 1.47E-01 
9 8.84E-04 4.49E-03 4.54E-03 5.08E+00 5.14E+00 1.21E-01 
10 7.30E-04 3.71E-03 3.75E-03 5.08E+00 5.14E+00 9.98E-02 
20 1.97E-04 9.98E-04 1.01E-03 5.08E+00 5.14E+00 2.69E-02 
50 3.28E-05 1.67E-04 1.69E-04 5.08E+00 5.14E+00 4.48E-03 
70 1.69E-05 8.57E-05 8.67E-05 5.08E+00 5.14E+00 2.31E-03 

100 8.32E-06 4.22E-05 4.28E-05 5.08E+00 5.14E+00 1.14E-03 
150 3.71E-06 1.89E-05 1.91E-05 5.08E+00 5.14E+00 5.07E-04 
200 2.09E-06 1.06E-05 1.08E-05 5.08E+00 5.14E+00 2.86E-04 
300 9.33E-07 4.74E-06 4.79E-06 5.08E+00 5.14E+00 1.27E-04 
500 3.37E-07 1.71E-06 1.73E-06 5.08E+00 5.14E+00 4.60E-05 
700 1.72E-07 8.72E-07 8.83E-07 5.08E+00 5.14E+00 2.35E-05 

1000 8.43E-08 4.28E-07 4.33E-07 5.08E+00 5.14E+00 1.15E-05 
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