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EIS COMMITMENT RESOLUTION LETTER #1
DOCKET NO. 72-22 / TAC NO. L22462
PRIVATE FUEL STORAGE FACILITY
PRIVATE FUEL STORAGE L.L.C.
References: 1. U.S.NRC letter, Flanders to Parkyn, Request For Additional Information
For The Environmental Impact Statement (TAC No. L22462), dated
August 19, 1999
2. PFS letter, Parkyn to U.S. NRC, Responses To Second Round EIS
Request For Additional Information, dated October 19, 1999
During our November 5, 1999 conference call, the NRC/ORNL requested clarification
and additional information regarding several RAI responses provided by Private Fuel
Storage (PFS) in Reference 2. The NRC/ORNL questions and comments are
documented below along with the PFS response.
NRC Questions and Comments
EIS RAI No. 2, Question 2-5
The NRC asked for further clarification on the sources of private water referred to in this
response, amount of water available, and potential impacts from trucking this water.
RESPONSE: PFS will provide additional information explaining the conclusion that the
required quantity of water is available from private water sources. PFS will also verify
that previously provided information on air pollutant emissions, truck traffic, and noise
considerations include the impacts from trucking these quantities of water. PFS will
provide the requested information by November 19, 1999 in a separate letter.
EIS RAI No. 2, Question 2-7
The NRC asked for additional clarification on how the 60-ft width permanently affected
by the Low Corridor heavy haul road alternative was determined. NRC also requested
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that PFS provide a comparison, between the rail line and the heavy haul road, of the
potential for initiating wildfires.
RESPONSE: The width of land permanently affected by the alternative Low Corridor
heavy haul road was determined to be approximately 60-ft. The asphalt portion of the
road is about 34-ft wide, consisting of two 12-ft wide lanes and a 5-ft wide paved
shoulder on each side of the road. The alternative road would require numerous 4-ft
diameter culverts that would pass under the road so that it does not interfere with natural
drainage. Allowing for 2-ft of cover over the top of the culverts, much of the road would
be approximately 6-ft above grade. A 2-to-1 (horizontal to vertical) side slope of the
embankment along the sides of the road was used, resulting in 12-ft horizontal on each
side of the road. This results in a total average permanently affected width of 34 + 24 =
58-ft, which was rounded off to 60-ft. This is consistent with the methodology used to
assess the average width of the Low Corridor rail line, in which a 40-ft width was
determined to be permanently affected.
PFS has performed a search on the National Transportation Safety Board web site for
information regarding the probabilities of wildfires associated with rail and heavy haul
transport. While the search revealed numerous documents that discuss fires, these fires
were determined to be associated with severe accidents such as collisions rather than
grass or brush fires initiated by a passing vehicle. Since insufficient data was found on
which to base a quantitative assessment of the differences in probabilities of wildfires
initiated by rail versus heavy haul transportation, the following is a qualitative
assessment.
PFS will own (lease) and maintain the rail equipment used for delivery of Spent Nuclear
Fuel to the storage facility. This equipment will utilize the latest design innovations
(train monitoring, breaking systems, etc.) to reduce the risk of wildfires due to rail
transport. It is inherent in the design of rail equipment that sparks can be produced by the
steel wheels of railroad trains in contact with the steel rails. Unlike cars and trucks, the
axles on a train do not have differentials that permit the two wheels on one axle to rotate
at different rates around curves. When a train moves around a curve, one of the wheels
on the same axle slides along the rail to some extent, and this has a tendency to generate
sparks. Sparks can also be generated when the locomotive wheels slip while pulling a
train uphill. There will be very few curves (no sharp curves) and no steep grades along
the Low Corridor rail line. Nevertheless, the possibility exists of sparks being produced
by rail transport. In the case of a heavy haul truck, sparks are unlikely to be produced
since only the rubber tires contact the asphalt surface under normal driving conditions.
Sparks can be produced by vehicle transport if a metal part of the undercarriage, such as
exhaust piping, becomes partially disconnected and drags along the asphalt. However,
with routine preventive maintenance on the heavy haul vehicles, such an occurrence
would be unlikely. If a driver were to toss a lighted cigarette out the window of the
vehicle, it is possible that a wildfire could start. This could occur whether the vehicle is a
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heavy haul truck or train, with similar likelihood of starting a fire. Since trains can
produce sparks during normal operating conditions due to the metal wheels contacting the
metal rails, a condition that does not exist with the heavy haul option, it is considered that
rail transport would have a slightly higher probability of creating sparks that could lead to
wildfires than heavy haul transport. However, as noted above, the Low Corridor rail line
with its minimum number of curves, no steep grades, and use of the latest equipment
design innovations will minimize the risk of sparks which could lead to wildfires.
EIS RAI No. 2, Question 4-8
NRC requested clarification on some of the air emission data provided. What are the
units for stack height, diameter, and for temperature in the spreadsheet provided by Utah
DEQ?
RESPONSE: PFS contacted Deborah McMurtrie, Environmental Scientist with the State
of Utah DEQ, who had provided the data on the stacks that was included in the response
to this question. Ms. McMurtrie indicated that the stack heights and diameters are in
units of feet, and temperatures are in units of degrees Fahrenheit.
EIS RAI No. 2, Question 4-14
The NRC requested clarification on the dose rates used in this response. They appear to
differ from the dose rates presented in SAR Table 4.2-2 and 4.2-5.
RESPONSE: The dose rates specified in PFSF SAR Tables 4.2-2 (HI-STORM storage
cask) and 4.2-5 (TranStor storage cask) were from previous revisions of the vendor
Topical Safety Analysis Reports (TSARs), and are based on the assumption that the
storage cask contains design basis fuel. These tables (and corresponding tables in PFSF
SAR Chapter 7) will be revised in an upcoming amendment to the PFSF License
Application to agree with the latest vendor TSAR dose rate information for the vendors'
design basis fuel.
The dose rates on contact with storage casks presented in the response to EIS RAI No. 2,
Question 4-14 were calculated in Stone & Webster Calculation No. 05996.02-UR (D)
008, Revision 0, Dose Rate Calculations at PFSF Locations Potentially Accessible to
Wildlife and Estimates of Annual Doses to Individual Animals. The calculation uses the
most recently updated contact dose rates in the vendors' TSARs. However, the
calculation does not assume that the storage casks contain the vendor's design basis fuel,
since this fuel is too "hot" to be transported to the PFSF in the respective vendor shipping
casks. It was assumed in the calculation that the storage casks contain either spent PWR
fuel having 40 GWd/MTU burnup and 10 years cooling time (as discussed in PFSF SAR
Section 7.3.3.5), or spent BWR fuel having 35 GWd/MTU burnup and 10 years cooling
time. Gamma and neutron dose rates were scaled accordingly. As stated in the response
to EIS RAI No. 2, Question 4-14, dose rates presented in this response are total dose rates
which include not only the dose rates from contact with a storage cask, but also include
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the contribution from nearby casks. The calculation assumed that nearby casks are the
same model (HI-STORM or TranStor) as the contact cask, and are loaded with average or
typical PFSF spent fuel, represented by PWR fuel having 35,000 MWdiMTU burnup and
20 years cooling time (as discussed in PFSF SAR Section 7.4).
The details of this methodology are explained in S&W Calculation No. 05996.02-UR(D)
008, Rev. 0, which is attached to this response.
EIS RAI No. 2, Question 4-15
The NRC asked if PFS had received the requested information on protected species from
the Wyoming Natural Diversity Database or the U.S. Fish & Wildlife Service?
RESPONSE: PFS has not received the requested information to date. PFS continues to
pursue this information and will provide it to the NRC as soon as it is received.
EIS RAI No. 2, Question 4-29
PFS should provide a brief description of the equipment used to take the photographs and
explain the technique used to size the facilities. The NRC requested clarification on
Figure 9. They need an explanation as to where this photograph was taken from
(description and distance from the site) and why this vantage point was chosen. PFS
should provide an additional artist's sketch using a photograph taken with a non
telephoto lens similar to the other photographs provided. Figure 9 appears to show light
poles along the access road however the access road does not appear to be lighted in the
corresponding night time photograph (Figure 10).
RESPONSE: All background photos except Figure 15 (16 night) were taken with an
Olympus Stylus Zoom 115 DLX, 38-115 mm, compact camera using the 38-mm lens
setting (not magnified) with the exception of Figure 9. Figure 9 was taken in a previous
year (10/7/98) as part of a unrelated field survey in the Stansbury Mountains. The Skull
Valley Band of Goshute granted permission for a PFS survey team to cross the eastern
side of the reservation into the Stansbury Mountains. The photo used for Figure 9 was
extracted from a multi-picture view of the Skull Valley taken for reference during this
survey. The shot was taken from the mouth of Antelope Canyon located at the
approximate center of the SW ¼ of Section 30, T4S R7W on the western flank of Deseret
Peak. Because this photo was taken for reference purposes, the shot used the full zoom
feature of the Olympus camera (115-mm setting) to bring up the detail at the location of
the PFS siting area. For this reason the two views of the site area (Figure 9 and Figure
11) give a different perspective of distance. However, the artist did compensate for this
effect in his work on Figure 9.
The photo background used for Figure 15 (16) was taken with a Minolta SLR Zoom, 35
80 mm camera owned by the artist using the 35-mm setting (not magnified). This
figure(s) was originally created for the first RAI submittal of Artist Sketches (February
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18, 1999, Question 14-1) to provide the closest and clearest viewing perspective of the
site area from Skull Valley road. For this reason, the photo background was reused for
this submittal. It should be noted that the viewpoint for Figure 13 (PFS Facility from the
Pony Express Store) is also physically located adjacent to the Skull Valley Road but at a
1/2 mile greater distance to the site area and subject to a more obscured viewing
perspective.
To create the artist sketches, an initial photo survey was conducted based on the locations
identified in the NRC question (4-29) by PFS with a skilled graphic artist. The proposed
view using the initial backgrounds was then discussed in a meeting with the NRC in Salt
Lake City on September 1, 1999 to verify their acceptability. A second photographic
survey was then conducted to verify the appropriateness of the final background views
and to also finalize in the field with the artist what would be seen from the vantage point
contained within each view. The in-field verification process following the two photo
survey efforts directly supported the subsequent artistry used in adding overlays to the
background photos to complete the final sketches.
The artistry itself is based on the engineering drawings of the storage area, Intermodal
Transfer Point, Low rail siding area, and rail equipment; topographic maps of the
respective areas to identify physical reference points and features; and the
aforementioned field surveys to visually review the area and generate additional
reference points. In addition, the artist for this submission was the same person who took
the aerial photos using the Minolta SLR camera and generated the first submission of
artist sketches submitted to the NRC. The unique visual perspective from the air allowed
the artist to identify key ground reference points that were used in locating and scaling
the various scenic additions to the photo backgrounds. These same reference points were
used in the generation of this second submission.
To supplement the use of physical mapped or observed field references to locate and size
PFS features at the storage area, a photo scale created from the first series of artist
sketches was reused. This scale was created by photographing buildings of a known size
and spacing in downtown Salt Lake City at a known distance. The same Minolta SLR
camera and settings used in the aerial photography were used for the reference photo. A
graphic scale was then created to provide relative dimensions from known reference
points originating from topographic maps or observable on the background photos (e.g.
seismic test lines across the site north/south, east/west). This provided a means of scaling
the PFS features to fit a known area in a specific view. Ultimately all of the above
reference information coupled with the skill of the artist contributed to the completion of
the overlays which were then added to the photo backgrounds.
Figure 9 and 10, the day and night view of the PFS site from Deseret Peak includes all of
the NRC desired requested features (buildings, berms, batch plant, access road, rail road,
and light poles) and the 35 foot high power poles along the access road. There are no
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plans to illuminate the access road from Skull Valley road to the PFS siting area.
Therefore, in the night view of the site area (Figure 10), the access road will not be
visible.
New artists sketches of the facility from Deseret Peak have been provided and are
attached as Figure 17 and 18. These photographs were taken with the same camera as the
other photographs (Olympus Stylus Zoom 115 DLX, 38-115 mm, compact camera using
the 38-mm lens setting, not magnified). Descriptions of the Figures are provided below:
FIGURE 17: PFS Facility from West of Deseret Peak - Looking west from the
highest accessible point near Deseret Peak (at the entrance to Antelope Canyon
located at the approximate center of the SW ¼ of Section 30, T4S R7W) in the
Stansbury Mountains 6 miles east of the PFS site, one can see the general layout of
the facility and buildings. At this distance, little detail of the facility can be
discerned.
FIGURE 18: PFS Facility from West of Deseret Peak at Night - From the same
vantage-point as Figure 17, this is how the PFS Facility will appear with nighttime
illumination.
As requested we have included a CDROM of Figures 1 though 18 in .jpg format.
EIS RAI No. 2, Question 5-1
The NRC requested clarification on several items in the cost benefit analysis. They
requested a year by year breakdown in constant dollars of the cost components used by
PFS (hard copy and electronic version). The basis for assumptions used in the analysis
needs to be provided along with documented sources for data used. PFS needs to explain
the differences between this analysis and the analysis presented in the business plan.
RESPONSE: PFS will provide the requested information by November 19, 1999 in a
separate letter.
If you have any questions regarding this response, please contact me at 303-741-7009.
Sincerely

John L. Donnell
Project Director
Private Fuel Storage L.L.C.

U.S. NRC

Copy to (with enclosure):
Mark Delligatti
Scott Flanders (8 copies)
John Parkyn
Jay Silberg
Sherwin Turk
Murray Wade
Scott Northard
Denise Chancellor
Richard E. Condit
John Paul Kennedy
Joro Walker
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ENCLOSURE
EIS Commitment Resolution Letter #1
November 12, 1999
The following 4 items are included with this enclosure:
1. Stone & Webster Calculation No. 05996.02-UR (D)-008, Revision 0, "Dose Rate
Calculations at PFSF Locations Potentially Accessible to Wildlife and Estimates of
Annual Doses to Individual Animals"
2. FIGURE 17: PFS Facility From West Of Deseret Peak
3. FIGURE 18: PFS Facility From West Of Deseret Peak At Night
4. CDROM: Figures 1 Through 18 in .jpg Format
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1.0 OBJECTIVE
The purpose of this calculation is to:
* Calculate dose rates at various locations at the Private Fuel Storage Facility (PFSF)
that could be accessed by wildlife, and estimate annual doses to individual animals.
* Evaluate dose rates and annual doses to animals that live outside the nuisance
fence.
* Calculate dose rates in contact with storage casks at the PFSF, where it is
considered possible for certain wildlife to access. Assume animals are located in
contact with the inlet ducts at the bottom of a storage cask, and on contact with the
top of a storage cask. In addition to dose rates from the cask that the animal is
assumed to be in contact with, the dose rate contribution from nearby casks in the
PFSF storage cask array is included.
• Based on the calculated dose rates, estimate annual doses to animals assumed to
spend a considerable fraction of their time on contact with a storage cask, including
the dose contribution from nearby casks in the array.

2.0

METHODOLOGY

Dose rate information is obtained from the Holtec International (Holtec) HI-STORM
Storage Cask SAR (Reference 1) and the BNFL Fuel Solutions, Corp. (BNFL, also
known as Sierra Nuclear Corporation, SNC) TranStor Storage Cask SAR (Reference 2)
for each of the locations of interest on contact with a storage cask. These dose rates
are based on the assumption that the storage casks contain their vendor's design basis
fuel. Neither HI-STORM nor TranStor design basis fuel used in the vendors' storage
cask shielding analyses will be stored at the PFSF, since this design basis fuel is too
"hot" to transport in the vendors' shipping casks as discussed in Section 7.3.3.5 of the
PFSF SAR (Reference 3). Therefore, scaling factors are calculated that can be applied
to storage cask dose rates with design basis fuel to estimate dose rates associated with
storage casks containing fuel having burnup and cooling time characteristics
representative of spent fuel that will be stored at the PFSF. Scaling factors are
calculated for both "average" PFSF spent fuel and "relatively hot" spent fuel to be
stored at the PFSF. The scaling factors are calculated using gamma and neutron
source data obtained from the OCRWM LWR Radiological Database (Reference 4),
using the methodology that was previously described in Revision B of the TranStor
Storage Cask SAR, Section 5.4.1. Using the scaling factors, dose rates are calculated
on contact with PFSF storage casks containing PFSF representative fuel at the
locations of interest. The contribution from nearby casks is added to the contact dose
rate of the cask where the animal is assumed to be located, resulting in a total dose
rate. The dose rate is multiplied by the time the animal is assumed to be on contact
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with the cask over the course of a year to determine an estimated annual dose.
Holtec and SNC had previously calculated dose rates at the PFSF security fence
(restricted area boundary), as discussed in PFSF SAR Section 7.3.3.5, assuming 4,000
storage casks at the PFSF loaded with relatively hot PWR spent fuel (40 GWd/MTU
burnup and 10 year cooling time). In addition to the security fence dose rate, SNC's
calculation (Reference 5) evaluated dose rates at several distances beyond the security
fence (50 ft, 100 ft, 200 ft, etc.). Since Holtec calculated higher dose rates at the
security fence than SNC, the results of the SNC calculation are applied to scale the
Holtec security fence dose rate out to 50 and 200 ft to conservatively estimate an
average dose rate in the intervening 50 yard strip of land beyond the perimeter road
that runs along the nuisance fence. This average dose rate was then used to calculate
an annual dose to wildlife that could live in this area beyond the nuisance fence.
3.0

INPUT DATA

1.

Dose rates on contact with the inlet ducts and top of a HI-STORM storage cask
assumed to contain the Holtec PWR design basis fuel having 45 GWd/MTU
burnup, 5 years cooling time, and 3.6% enrichment (Section 5.2.2 and Table
5.2.24 of Reference 1), are from Table 5.1.2 of Reference 1.

2.

Dose rates on contact with the inlet ducts and top of a TranStor storage cask
containing the BNFL PWR design basis fuel having 40 GWd/MTU burnup, 5 years
cooling time, and 3.02% enrichment (Tables 5.2-1 and 5.2-5 of Reference 2), are
taken from Table 5.1-1 of Reference 2.

3.

Dose rates on contact with the top of a TranStor storage cask containing the SNC
BWR design basis fuel having 40 GWd/MTU burnup, 6 years cooling time, and
2.95% enrichment (Tables 5.2-2 and 5.2-6 of Reference 2), are taken from Table
5.1-1 of Reference 2.

4.

Placement of storage casks on the pads at the PFSF is in accordance with the
arrangement shown in Figure 1.2-1 of the PFSF SAR (Reference 3).

5.

The direct dose rate at a point near the inside center of a centrally located storage
cask on a pad, contributed from nearby casks, was calculated to be 41.5 mrem/hr
assuming that the nearby casks are HI-STORM storage casks loaded with design
basis PWR spent fuel having 45 GWd/MTU burnup, 5 years cooling time, and
3.6% enrichment. The direct dose rate at a point near the inside center of a
centrally located storage cask on a pad, contributed from nearby casks, was
calculated to be 95.7 mrem/hr assuming that the nearby casks are TranStor
I
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storage casks loaded with design basis PWR spent fuel having 40 GWd/MTU
burnup, 5 years cooling time, and 3.02% enrichment. These dose rates were
calculated in Reference 6.
6.

SNC calculated dose rates at the security fence and at distances of 50 ft, 100 ft,
200 ft, etc. beyond the security fence in Reference 5, assuming there are 4,000
-TranStor storage casks at the PFSF loaded with relatively hot
PWR spent fuel (40
GWd/MTU burnup and 10 year cooling time), as discussed in Section 7.3.3.5 of
the PFSF SAR. Holtec performed a similar calculation assuming 4,000 HI-STORM
storage casks at the PFSF loaded with the same relatively hot PWR spent fuel,
except Holtec only determined dose rates at the security fence, discussed in PFSF
SAR Section 7.3.3.5.

4.0 ASSUMPTIONS
1.

2.

Spent fuel with burnup and cooling time characteristics used by the vendors for
storage cask shielding analysis, such as PWR fuel with 45 GWd/MTU burnup and
5 year cooling time for the HI-STORM storage system and PWR fuel with 40
GWd/MTU burnup and 5 year cooling time for the TranStor storage system, will
not be stored at the PFSF since the vendors' shipping casks are not analyzed nor
permitted to transport fuel this "hot". This calculation assumes that where animals
could be attracted to storage casks because of the cask temperatures being
higher than ambient, the spent fuel in the cask that the animal contacts is
assumed to be relatively hot (PWR fuel with 40 GWd/MTU burnup, 10 year cooling
time, or BWR fuel with 35 GWd/MTU burnup, 10 year cooling time). These
represent fuels that are hotter than average for spent fuel that will be stored at the
PFSF. Surrounding casks are assumed to contain representative average fuel
(PWR fuel with 35 GWd/MTU burnup and 20 year cooling time), discussed in
PFSF SAR Sections 7.3.3.5 and 7.4.
Two locations on contact with storage casks were assumed for calculation of dose
rates to wildlife, at the bottom of a cask on contact with the cooling air inlet ducts,
and on top of the cask in the center of the lid. The only dose point identified in the
vendor SARs at the bottom of the storage casks is at the inlet ducts. Dose rates
were not analyzed at the concrete at the base of the casks. Both vendors present
dose rates along the side of the casks near the midpoint of the fuel assemblies
where maximum side dose rates would be expected to occur, but it is considered
that wildlife would not be located along the vertical sides of the cask for any
significant times. Dose rates on contact with the inlet ducts represent the
maximum dose rates at the bottom of the casks due to scattered radiation paths
through the cooling air ducts, which minimize the thickness of concrete through
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which the radiation must travel. Therefore, it is conservatively
assumed that
animals on contact with the base of a storage cask are
on contact with the inlet
ducts, thus maximizing calculated dose rates. The dose
point identified in the
vendor SARs at the top of the storage casks is at the center
of the cask lid.
Therefore, it is assumed that birds that perch on top of
a storage cask are located
in the center, on contact with the lid.
3.

4.

5.

It is assumed that animals are in contact with the outer
surfaces of the inlet ducts
and do not enter the inlet ducts. This is reasonable since
the design of both the
HI-STORM and TranStor storage casks calls for screens
over the inlet and outlet
air ducts for the purpose of preventing entry of debris or
small animals, which
could restrict the natural convection cooling airways. HI-STORM
inlet/outlet duct
screens are shown in Holtec drawing no. 1561, sheet
5 of 5, Revision 5, entitled
"Misellaneous Details of HI-STORM", included in Chapter
1 of the HI-STORM
SAR. TranStor inlet duct screens are shown on SNC drawing
no. TCC-001, sheet
2 of 2, Revision 1, "TranStor Storage Cask Assembly";
and TranStor outlet duct
screens are shown on SNC drawing no. TCC-004, sheet
1 of 1, Revision 1,
"TranStor Storage Cask Air Outlet Assembly", included
in Volume III of the
TranStor SAR. As a result of the screens covering the
outlet ducts, it is assumed
that wildlife does not spend significant time at these locations
near the tops of the
vertical sides of the casks.
In calculating the dose rate contribution from casks near
the cask that the animal
is assumed to be contacting, dose rates at grade elevation
and at the top of a cask
are calculated based on dose rates generated from the
sides of the nearby casks
near the fuel midpoint, and distances from this maximum
side dose rate location.
This is a conservative assumption, since radiation from
the spent fuel would in
general have to travel a longer distance through the concrete
to reach a receptor
point at the bottom or tops of nearby casks (slant path),
and attenuation of both
neutron and gamma radiation would be greater than that
associated with a
receptor at the height of the fuel midpoint. This is especially
conservative for the
dose receptor point on contact with the center of the lid,
where the dose rate
contribution from nearby casks is based on the maximum
cask side dose rate,
near the height of the fuel midpoint. In actuality, the center
of the lid would be
substantially shielded by concrete of the underlying cask
from much of the fuel in
adjacent casks.
In order to estimate annual doses to animals that could
be in close proximity to
storage casks at the PFSF, it is assumed that the animal
spends one-half the time
(4,380 hours per year) on contact with the cask at the location
of interest, and the
remainder of its time at a location where dose rates are
insignificant by
comparison. For wildlife in the strip of land beyond the
perimeter road, it is
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assumed that they are exposed to radiation from storage casks at the PFSF 3/4
of
the time (6,570 hours per year).
6.

-

It is considered that units of mrem or rem are appropriate units for assessing the
effects of radiation to wildlife. Literature that has been reviewed on the effects
of
radiation exposure to animals generally identifies doses in terms of mrad or rad.
However, these sources evaluate the effects of gamma radiation on animals,
for
which the units of mrad and mrem are interchangeable. In this calculation,
neutron radiation comprises a significant fraction of the total doses, and the major
fraction to birds that could perch on top of TranStor storage casks. To convert
from rad (measure of the energy absorbed) to rem (measure of biological damage
to soft body tissue), the rad dose is multiplied by a quality factor which is
dependent on the type of radiation and energy level of radiation, to quantify the
biological damage resulting from the radiation absorbed. While the quality factor
for gamma radiation is 1 (Table 1004(b).1 of 10 CFR 20, Reference 7), quality
factors for neutron radiation vary from 2 for low energy neutrons less than or
equal
to 1 E-3 MeV to 11 for higher energy neutrons with energies ranging up to 20
MeV
(Table 1004(b).2 of 10 CFR 20). Tables 5.2-5 (PWR spent fuel) and 5.2-6 (BWR
spent fuel) of the TranStor Storage Cask System SAR (Reference 2) identify
neutron source strengths for design basis fuel of each applicable neutron energy
ranging from 0.1 to 20 MeV. These tables apply to the energy of neutrons emitted
from the fuel, and not to neutron energies on the outer surfaces of the storage
cask. However, since the only shield material above the top of the fuel assemblies
in the TranStor storage cask is steel, and since steel tends to scatter and does
not
appreciably moderate (decrease energy level) neutrons, it is judged that the
neutron source strengths from the fuel would apply to those on top of the storage
cask lid. Over the neutron energy range of interest, a quality factor of
approximately 10 is representative of the average quality factors given in Table
1004(b).2 of 10 CFR 20. Therefore, doses in units of mrad could be estimated
by
dividing the mrem doses for neutrons given in this calculation by a factor of 10.
However, presenting doses to animals in mrad could be misleading, since
biological effects of neutrons would not be accounted for. This calculation only
specifies doses in units of mrem, since these units account for the greater
biological damage to soft body tissue produced by neutron vs. gamma radiation
and are thus more informative than mrad units for the purpose of evaluating the
effects of radiation on wildlife.
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5.0 CALCULATION I RESULTS
Determination of Scaling Factors
Dose rates associated with storage casks are provided in the vendor storage cask
SARs,
based on the assumption that the canister housed in the storage cask is loaded
with the
vendor's design basis PWR or BWR spent fuel. However, as discussed in Section
7.3.3.5
of the PFSF SAR, no canister at the PFSF of either vendor will contain the design
basis
fuel used in shielding analyses for the storage casks, since the vendor's shipping
casks
are not permitted to transport fuel this "hot" to the PFSF. PFSF SAR Section
7.3.3.5
discusses the conservative bases for the PFSF cask array shielding analysis
which
assumed that all 4,000 casks at the PFSF contain PWR fuel having 40 GWd/MTU
burnup
and 10 years cooling time. This same relatively hot fuel is used in this calculation
for
estimating doses to wildlife in cases where the wildlife could be attracted to
a cask
containing PWR fuel due to its warm temperature. The enrichment used for this
fuel is
3.02%, based on Tables 5.2-1 and 5.2-5 of Reference 2 for PWR fuel
having 40
GWd/MTU burnup.
PFSF SAR Section 7.4, "Estimated Onsite Collective Dose
Assessment", states "Dose rate values include both gamma and neutron
flux
components, and are based on PWR fuel with 35 GWd/MTU burnup and 20 year
cooling
time. Fuel with these characteristics is considered to be representative of typical
fuel that
will be contained in canisters handled at the PFSF and dose estimates based on
fuel with
these characteristics are considered to be realistic." Fuel having these characteristics
is
used in this calculation to represent average fuel in storage casks.
The following is extracted from PFSF SAR Section 7.3.3.5:
"DOE's Energy Information Administration's Service Report entitled "Spent Nuclear
Fuel Discharges from U.S. Reactors - 1994" (Reference 19), provides information
regarding characteristics of spent fuel in the U.S. This report was reviewed to
evaluate average burnups and cooling time associated with the spent fuel inventory
at the end of 1994. At this time, the spent fuel inventory from PWRs was
approximately 19,000 MTU, and the inventory from BWRs approximately 11,000
MTU, for a total inventory of approximately 30,000 MTU (Table 5 of Reference
19).
This spent fuel inventory represents 75% of the capacity of the PFSF. While it
is
recognized that provisions already exist for storage of some of this spent fuel and
the PFSF will not furnish storage for this entire inventory, data associated with
this
spent fuel is considered representative of fuel that the PFSF could be expected
to
receive. The weighted average burnup (weighted by MTU) for the BWR spent
fuel
inventory in the U.S. was calculated from Table 6 of Reference 19 to be
approximately 23.8 GWd/MTU, and the weighted average burnup for the PWR
spent
fuel inventory in the U.S. was calculated from Table 7 of Reference 19 to be
approximately 32.4 GWd/MTU (Reference 20).
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Weighted average cooling times were also calculated from the data presented in
Tables 6 and 7 of Reference 19, conservatively assuming that the PFSF receives
2,000 MTU of spent fuel each year, beginning in the year 2002, until all 30,000 MTU
have been received (in year 2016). It was assumed that the older spent fuel,
whether BWR or PWR, is received first. Based on these assumptions, the weighted
average cooling time for spent fuel assumed to be received at the PFSF was
calculated to be 23.0 years (Reference 20).
Because of the large inventory of spent fuel taken into account (approximately
30,000 MTU), this is considered to be a reasonable representation of typical fuel
that will be received at the PFSF. Based on this evaluation of the spent fuel
inventory in existence in the U.S. at the end of 1994, it is determined that use of the
40 GWd/MTU burnup and 10-year cooled PWR fuel assumed in the shielding
analyses to evaluate dose rates at the RA fence and OCA boundary from the array
of 4,000 casks is conservative."
Based on the above, it is considered that, on average, BWR spent fuel has lower bumup
than PWR spent fuel, and BWR fuel having 35 GWd/MTU burnup and 10 years cooling
time is considered to represent relatively hot BWR spent fuel at the PFSF. The
enrichment used for this fuel is 2.60%, based on Tables 5.2-2 and 5.2-6 of Reference 2
for BWR fuel having 35 GWd/MTU burnup.
Following is a summary of characteristics of spent fuel evaluated in this calculation:
Design Basis for HI-STORM storage cask, PWR
(Table 5.1.2 of Reference 1)

45 GWd/MTU burnup, 5-yr cooled
3.6% enrichment

Design Basis for TranStor storage cask, PWR
(Table 5.1-1 of Reference 2)

40 GWd/MTU burnup, 5-yr cooled
3.02% enrichment

Design Basis for TranStor storage cask, BWR
(Table 5.1-1 of Reference 2)

40 GWd/MTU burnup, 6-yr cooled
2.95% enrichment

Relatively Hot PFSF fuel, PWR
(PFSF SAR Section 7.3.3.5)

40 GWd/MTU burnup, 10-yr cooled
3.02% enrichment

Relatively Hot PFSF fuel, BWR
(above paragraphs in this calculation)

35 GWd/MTU burnup, 10-yr cooled
2.60% enrichment

Representative Average PFSF fuel, PWR
(PFSF SAR Section 7.4)

35 GWd/MTU bumup, 20-yr cooled
3.43% enrichment

Scaling factors are applied to assess gamma and neutron dose rates assuming casks
contain either relatively hot or representative average PFSF fuel rather than design
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basis fuel. These scaling factors are calculated using source data obtained from the
OCRWM LWR Radiological Database (Reference 4) using the scaling method that
was
previously described by Sierra Nuclear Corporation in Revision B of the TranStor
Storage Cask SAR, Section 5.4.1.
The following table compares a key portion of the gamma source energy spectrum
associated with HI-STORM design basis PWR fuel having 45 GWd/MTU burnup
and 5
year cooling time with that associated with PFSF typical fuel assumed to have 35
GWd/MTU burnup and 20 year cooling time. Gamma energy spectra are compared,
and not simply the total gamma production rate, since the fraction of total energy
contributed by each energy bin varies significantly with burnup and cooling time.
Table 5-1

Average
Energy

Determination of Gamma Scaling Factor from 45 GWd/MTU Burnup and
5-Year Cooled HI-STORM PWR Design Basis Fuel to 35 GWd/MTU
Burnup and 20-Year Cooled Representative Average PFSF PWR Fuel

(MeV)
0.575
0.850
1.250
1.750
2.250

45 GWd/MTU, 5-yr cooled,
3.6% enrichment
(photons/sec per metric ton
heavy metal)
7.249E+15
1.843E+15
7.632E+14
1.094E+13
4.555E+12

2.750
3.50

1.666E+1 1
2.139E+10

35 GWd/MTU, 20-yr cooled,
3.43% enrichment
(photons/sec per metric ton
heavy metal)
2.524 E+15
5.149 E+13
9.075 E+13
1.412 E+12
3.513 E+8
4.001 E+8
1.828 E+7

Ratio of
photons/sec
35 GWd/45 GWd
3.482
2.794
1.189
1.291
7.712
2.402
8.546

E-01
E-02
E-01
E-01
E-05
E-03
E-04

The highest ratio of the gamma source strengths is 3.482 E-1 photons/sec, associated
with the relatively low average energy of 0.575 MeV. Section 9.4.2.1 of NRC NUREG
1567 (Reference 8), states "In general, only gamma sources with energies
from
approximately 0.8 to 2.5 MeV will contribute significantly to the dose rate through
typical
types of shielding, however all energy ranges should be included in shielding
calculations." Based on this, the highest gamma energy ratio for the energy
ranges
between 0.8 and 2.5 MeV is conservatively used to scale the total gamma dose
rate
provided for the design basis fuels. Considering that the 0.575 MeV average energy
bin
will not contribute significantly to dose rates outside the storage casks, the highest
ratio
of the 35 GWd/45 GWd sources is associated with the 1.750 MeV energy bin, having
a
ratio of 1.291 E-1. This ratio (scaling factor) is conservatively applied to the
total
gamma dose rate to scale dose rates from all gamma energies from those associated
with 45 GWd/MTU 5-year cooled fuel to those applying to 35 GWd/MTU 20-year
cooled
fuel.

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
J.O. OR W.O. NO.

05996.02

CALCULATION IDENTIFICATION NUMBER
DIVISION & GROUP [ CALCULATION NO.
OPTIONAL TASK CODE

Radiation Protection

UR(D)-008

PAGE 12 of 2.

NA

In order to assess dose rates associated with neutrons, it is not necessary to compare
neutron source energy spectra, since the fraction of total energy contributed from
each
energy bin does not change significantly with variations in burnup or cooling
time
(Sections 5.2.2 and 5.4.1 of Reference 2). For this reason, only the total
neutron
source strengths extracted from the OCRWM LWR Radiological Database for
fuel
having the two different characteristics are compared. The database indicates
that
PW.R fuel having 45 GWd/MTU 5-year cooled fuel emits 8.904 E8 neutrons/sec
per
metric ton heavy metal, while the 35 GWd/MTU 20-year cooled fuel emits 1.786
E8
neutrons/sec per metric ton heavy metal, resulting in a 35 GWd/45 GWd neutron
source
ratio of 2.006 E-1. This factor is conservatively applied to the total neutron dose
rate
associated with HI-STORM storage casks containing design basis fuel to scale neutron
dose rates from those associated with 45 GWd/MTU 5-year cooled fuel to
those
applying to 35 GWd/MTU 20-year cooled fuel.
The same methodology was applied to calculate scaling factors for the other design
basis
fuels, as follows:
Table 5-2 Determination of Gamma Scaling Factor from 45 GWd/MTU Burnup and
5
Year Cooled HI-STORM PWR Design Basis Fuel to 40 GWd/MTU Burnup
and 10-Year Cooled Relatively Hot PFSF PWR Fuel
Average
Energy
(MeV)
0.575
0.850
1.250
1.750
2.250
2.750
3.50

45 GWd/MTU, 5-yr cooled,
3.6% enrichment
(photons/sec per metric ton
heavy metal)
7.249 E+15
1.843 E+15
7.632 E+14
1.094 E+13
4.555 E+12
1.666 E+1 1
2.139 E+10

40 GWd/MTU, 10-yr cooled, Ratio of
3.02% enrichment
photons/sec
(photons/sec per metric ton 40 GWd/45 GWd
heavy metal)
4.019 E+15
5.544 E-01
3.859 E+14
2.094 E-01
3.574 E+14
4.683 E-01
4.151 E+12
3.794 E-01
7.575E+10
1.663 E-02
5.893 E+9
3.537 E-02
7.530 E+8
3.520 E-02

Considering that the 0.575 MeV average energy bin will not contribute significantly
to
dose rates outside the shipping cask, the highest gamma ratio of the 40 GWd/45
GWd
sources is associated with the 1.250 MeV energy bin, having a ratio of 4.683 E-1.
The
database indicates that PWR fuel having 45 GWd/MTU 5-year cooled fuel emits
8.904
E8 neutrons/sec per metric ton heavy metal, while the 40 GWd/MTU 10-year
cooled
fuel emits 6.757 E8 neutrons/sec per metric ton heavy metal, resulting in a 40
GWd/45
GWd neutron source ratio of 7.59 E-1.
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Determination of Gamma Scaling Factor from 40 GWd/MTU Burnup and 5Year Cooled TranStor PWR Design Basis Fuel to 40 GWd/MTU Burnup
and 10-Year Cooled Relatively Hot PFSF PWR Fuel
I

Average
Energy

(MeV)
0.575
0.850
1.250
1.750
2.250
2.750
3.50

40 GWd/MTU, 5-yr cooled,
3.02% enrichment
(photons/sec per metric ton
heavy metal)
6.450 E+15
1.605 E+15
7.145 E+14
1.015 E+13
4.436 E+12
1.666 E+1 1
2.140 E+10

40 GWd/MTU, 10-yr cooled, Ratio of
3.02% enrichment
photons/sec
(photons/sec per metric ton 40 GWd/45 GWd
heavy metal)
4.019 E+15
6.231 E-01
3.859 E+14
2.404 E-01
3.574 E+14
5.002 E-01
4.151 E+12
4.090 E-01
7.575 E+10
1.708 E-02
5.893 E+9
3.537 E-02
7.530 E+8
3.519 E-02

Considering that the 0.575 MeV average energy bin will not contribute significantly to
dose rates outside the storage cask or transfer casks, the highest gamma ratio of the
40 GWd burnup and 5-yr vs. 10 yr cooled sources is associated with the 1.250 MeV
energy bin, having a ratio of 5.002 E-1. The database indicates that PWR fuel having
40 GWd/MTU 5-year cooled fuel emits 8.142 E+8 neutrons/sec per metric ton heavy
metal, while the 40 GWd/MTU 10-year cooled fuel emits 6.757 E+8 neutrons/sec per
metric ton heavy metal, resulting in a neutron source ratio of 8.299 E-1.
Table 5-4

Determination of Gamma Scaling Factor from 40 GWd/MTU Burnup and 5Year Cooled TranStor PWR Design Basis Fuel to 35 GWd/MTU Burnup
and 20-Year Cooled Representative Averaqe PFSF PWR Fuel
I

Average
Energy
(MeV)
0.575
0.850
1.250
1.750
2.250
2.750
3.50

40 GWd/MTU, 5-yr cooled,
3.02% enrichment
(photons/sec per metric ton
heavy metal)
6.450 E+15
1.605 E+15
7.145 E+14
1.015 E+13
4.436 E+12
1.666 E+1 1
2.140 E+10

35 GWd/MTU, 20-yr cooled, Ratio of
3.43% enrichment
photons/sec
(photons/sec per metric ton 35 GWd/45 GWd
heavy metal)
2.524 E+15
3.913 E-01
5.149 E+13
3.208 E-02
9.075 E+13
1.270 E-01
1.412 E+12
1.391 E-01
3.513 E+8
7.919 E-05
4.001 E+8
2.402 E-03
1.828 E+7
j 8.542 E-04
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Considering that the 0.575 MeV average energy bin will not contribute significantly to
dose rates outside the storage cask or transfer casks, the highest gamma ratio of the
35 GWd/40 GWd sources is associated with the 1.750 MeV energy bin, having a ratio
of 1.391 E-1. The database indicates that PWR fuel having 40 GWd/MTU 5-year
cooled fuel emits 8.142 E+8 neutrons/sec per metric ton heavy metal, while the 35
GWd/MTU 20-year cooled fuel emits 1.786 E+8 neutrons/sec per metric ton heavy
metal, resulting in a 35 GWd/40 GWd neutron source ratio of 2.194 E-1.
Table 5-5

Average
Energy
(MeV)
0.575
0.850
1.250
1.750
2.250
2.750
3.50

Determination of Gamma Scaling Factor from 40 GWd/MTU Burnup and 6
Year Cooled TranStor BWR Design Basis Fuel to 35 GWd/MTU Burnup
and 10-Year Cooled Relatively Hot PFSF BWR Fuel
40 GWd/MTU, 6-yr cooled,
2.95% enrichment
(photons/sec per metric ton
heavy metal)
6.262 E+15
1.421 E+15
5.987 E+14
8.591 E+12
1.686 E+12
8.182 E+10
1.062 E+10

35 GWd/MTU, 10-yr cooled, Ratio of
2.60% enrichment
photons/sec
(photons/sec per metric ton 35 GWd/40 GWd
heavy metal)
3.678 E+15
5.874 E-01
3.504 E+14
2.466 E-01
2.965 E+14
4.952 E-01
3.842 E+12
4.472 E-01
6.215 E+10
3.686 E-02
5.160 E+09
6.307 E-02
6.783 E+08
6.387 E-02

Considering that the 0.575 MeV average energy bin will not contribute significantly to
dose rates outside the shipping cask, the highest ratio of the 35 GWd/40 GWd sources
is associated with the 1.250 MeV energy bin, having a gamma ratio of 4.952 E-01. The
database indicates that BWR fuel having 40 GWd/MTU 6-year cooled emits 1.550 E+9
neutrons/sec per metric ton heavy metal, while the 35 GWd/MTU burnup 10-year
cooled BWR fuel emits 7.956 E+8 neutrons/sec per metric ton heavy metal, resulting in
a 35 GWd/40 GWd neutron source ratio of 5.133 E-1.
The following table summarizes the scaling factors used in this calculation:
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Table 5-6 Summary of Scaling Factors for Scaling Dose Rates Associated with Desiqn
Basis Fuels to Those Representative of Average and Relatively Hot PFSF Fuel
Applicable Cask(s) and Spent Fuel
Characteristics
Scale from HI-STORM design basis PWR fuel having 45
GWd/MTU bumup, 5-yr cooled, relatively low
enrichment; to PFSF average PWR fuel having 35
GWd/MTU burnup, 20-yr cooled, average enrichment
Scale from HI-STORM design basis PWR fuel having 45
GWd/MTU burnup, 5-yr cooled, relatively low
enrichment; to PFSF relatively hot PWR fuel having 40
GWd/MTU burnup, 10-yr cooled, low enrichment
Scale from TranStor design basis PWR fuel having
40 GWd/MTU burnup, 5-yr cooled, low enrichment; to
PFSF relatively hot PWR fuel having 40 GWd/MTU
burnup, 10-yr cooled, low enrichment
Scale from TranStor design basis PWR fuel having
40 GWd/MTU burnup, 5-yr cooled, low enrichment; to
PFSF average PWR fuel having 35 GWd/MTU burnup,
20-yr cooled, average enrichment
Scale from TranStor design basis BWR fuel having 40
GWd/MTU burnup, 6-yr cooled, low enrichment; to
PFSF relatively hot BWR fuel having 35 GWd/MTU
burnup, 10-yr cooled, low enrichment

Gamma
Scaling Factor
0.129

Neutron
Scaling Factor
0.201

0.468

0.759

0.500

0.830

0.139

0.219

0.495

0.513

Contribution of Dose Rates from Casks Adjacent to and Nearby the Cask where the
Animal is Assumed to be Located
m

I

In addition to the cask that the animal is assumed to be in contact with, Stone &
Webster Calculation 05996.02-UR-5 (Reference 6) calculated dose rates from adjacent
and nearby casks, conservatively assuming the dose receptor is located near the
center of a storage pad where it is in line-of-sight with portions of canisters of 7 other
nearby casks. This calculation evaluated dose rates for two cases: 1) where the nearby
casks in the array are assumed to be HI-STORM storage casks, and 2) where the
nearby casks in the array are assumed to be TranStor storage casks. For both cases,
the receptor point was located approximately 9 inches away from the cask of interest,
toward the pad centerline, placing it approximately 1 meter from the nearest cask in the
opposite column on the same storage pad. For conservatism, self shielding of adjacent
casks whose canisters were partially blocked from the receptor point was neglected and
it was assumed that all of the radiation emitted from the partially blocked canisters has
a direct path to the receptor point. Following are dose rates from nearby casks for each
of the two cases evaluated.
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Neighboring Casks Assumed to be HI-STORM Storage Casks
The Reference 6 calculation determined that the dose rate from canisters
in nearby
casks having some line-of-sight to the receptor point was 41.5 mrem/hr,
assuming
nearby casks to be HI-STORM storage casks containing design basis
PWR fuel having
45 GWd/MTU burnup, 5-yr cooled, and relatively low enrichment for the
bumup (3.6%).
In order to account for radiation from storage casks whose canisters are
completely
shielded from the receptor point, it was assumed in Reference 6 that scattered
radiation
contributes an additional 25%, which increases the dose rate from adjacent
casks to
(41.5 mrem/hr) (1.25) = 51.9 mrem/hr.
For purposes of this calculation, it is assumed that casks adjacent to
and nearby the
cask that the animal is assumed to be in contact with contain average
or typical PFSF
fuel, assumed to be PWR spent fuel having 35 GWd/MTU burnup, 20
years cooling
time, and average enrichment, as discussed above. The dose rates
at 1 meter from the
side of a HI-STORM storage cask containing design basis PWR fuel
having 45
GWd/MTU burnup, 5-yr cooled, and relatively low enrichment for the burnup
(3.6%) are
provided in HI-STORM SAR Table 5.1.5, and total 17.42 mrem/hr, consisting
of 16.64
mrem/hr gamma (95.5%) and 0.78 mrem/hr neutron (4.5%). Applying
this breakdown
to the 51.9 mrem/hr dose rate from nearby casks results in 49.6 mrem/hr
gamma and
2.34 mrem/hr neutron. Next, these values are multiplied by the appropriate
scaling
factors from Table 5-6 to reduce the dose rates to those representative
of casks
containing PWR spent fuel having 35 GWd/MTU burnup, 20 years cooling
time, and
average enrichment:
gamma
neutron
total

(49.6 mrem/hr) (0.129) = 6.40 mrem/hr
(2.34 mrem/hr) (0.201) = 0.47 mrem/hr
= 6.87 mrem/hr

Based on the above, the following paragraphs use 6.87 mrem/hr as
the dose rate
contribution from HI-STORM neighboring casks, which assumes the
nearby casks
contain average PFSF spent fuel.
Neighboring Casks Assumed to be TranStor Storage Casks
The Reference 6 calculation determined that the dose rate from canisters
in nearby
casks having some line-of-sight to the receptor point was 95.7 mrem/hr,
assuming
nearby casks to be TranStor storage casks containing design basis
PWR fuel having 40
GWd/MTU burnup, 5-yr cooled, and low enrichment for the burnup (3.02%).
In order to
account for radiation from storage casks whose canisters are completely
shielded from
the receptor point, it was assumed in Reference 6 that scattered radiation
contributes an
additional 25%, which increases the dose rate from adjacent casks to
(95.7 mrem/hr)
(1.25) = 119.6 mrem/hr.
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For purposes of this calculation, it is assumed that casks adjacent to and nearby the
cask that the animal is assumed to be in contact with contain average or typical PFSF
fuel, assumed to be PWR spent fuel having 35 GWd/MTU burnup, 20-years cooling
time, and average enrichment, as discussed above. The dose rates at 1 meter from the
side of a TranStor storage cask containing design basis PWR fuel having 40 GWd/MTU
burnup, 5-yr cooled, and relatively low enrichment for the burnup (3.02%) are provided in
TranStor SAR Table 5.1-1, and total 42.95 mrem/hr, consisting of 40.38 mrem/hr
gamma (94.0%) and 2.57 mrem/hr neutron (6.0%). Applying this breakdown to the
119.6 mrem/hr dose rate from nearby casks results in 112.4 mrem/hr gamma and 7.18
mrem/hr neutron. Next, these values are multiplied by the appropriate scaling factors
from Table 5-6 to reduce the dose rates to those representative of casks containing
PWR spent fuel having 35 GWd/MTU burnup, 20-years cooling time, and average
enrichment:
gamma
neutron
total

(112.4 mrem/hr) (0.139) = 15.6 mrem/hr
(7.18 mrem/hr)(0.219) = 1.57 mrem/hr
= 17.2 mrem/hr

Based on the above, the following paragraphs use 17.2 mrem/hr as the dose rate
contribution from TranStor neighboring casks, which assumes the nearby casks contain
average PFSF spent fuel.
Dose Estimate to Animals Outside the Perimeter Fences
Animals could find reasonably good habitat beyond the perimeter road that runs along
the outside of the nuisance fence and surrounds the PFSF, shown in PFSF SAR Figure
1.1-2. Dose rates at the security fence produced by the PFSF cask array assumed to
contain 4,000 casks have been calculated and are discussed in PFSF SAR Section
7.3.3.5. Holtec's analysis of 4,000 HI-STORM casks estimated dose rates at the north
security fence (maximum dose rates) of 1.19 mrem/hr. SNC's analysis of 4,000
TranStor casks estimated dose rates at the north security fence of 0.4549 mrem/hr
(Reference 5). For reasons discussed in Section 7.3.3.5 of the PFSF SAR, the dose
rates calculated by the vendors from the array of 4,000 casks are considered to be
conservative. As shown in PFSF SAR Figure 1.2-1, the nuisance fence is 20 ft from the
security fence; there is a 10 ft wide strip of land between the nuisance fence and the
perimeter road; and the perimeter road is 20 ft wide (also surfaced with compacted
crushed rock). Therefore, the distance from the security fence to the outside of the
perimeter road is 50 ft. It is considered that a strip of land 50 yards wide beyond the
perimeter road would provide a reasonable habitat for animals living near the PFSF, so
an average dose rate is calculated for this area in the following paragraph:
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SNC calculated dose rates at 50 ft, 100 ft, and 200 ft distances
from the PFSF north
security fence in Reference 5. Doses are seen to decrease
rapidly with distance from
the security fence. The total dose rates at 50 ft, 100 ft,
and 200 ft are 0.324, 0.266 and
0.177 mrem/hr, respectively. The dose rates at 50 and
200 ft are factors of (0.324 /
0.455) 0.712 and (0.177 / 0.455) 0.389 of the 0.455 mrem/hr
dose at the security fence.
Applying these reduction factors to the higher dose rate
calculated at the security fence
by.Holtec results in estimates of (1.19 X 0.712) 0.847
mrem/hr at 50 ft and (1.19 X
0.389) 0.463 mrem/hr at 200 ft from the north security
fence for 4,000 HI-STORM
storage casks. An average dose rate from the outer edge
of the perimeter road (50 ft
from security fence) out 50 yards (200 ft from security
fence) is estimated to be:
(0.847 mrem/hr + 0.463 mrem/hr) / 2 = 0.655 mrem/hr
While animals such as rodents or snakes are underground
in the area beyond the
perimeter road, it is considered that dose rates from storage
casks at the PFSF would
be negligible. Assuming the animal spends 75% of the
time above ground in this
general location, the dose received over a 1 year period
would be:
(0.655 mrem/hr) (8,760 hrs/yr) (0.75) (1 rem / 1000 mrem)
= 4.3 rem
Dose Rates to Wildlife Inside the Restricted Area
Based on HI-STORM Storage
Casks
Dose On Coniract with HI-STORM Cask Air Inlet Duct
Dose rates of 13.51 mrem/hr (consisting of 10.75 mrem/hr
gamma and 2.76 mrem/hr
neutron) are calculated to occur on contact with an inlet
duct of a HI-STORM storage
cask containing design basis PWR fuel having 45 GWd/MTU
burnup and 5 -year
cooling time (HI-STORM SAR Table 5.1.2). It is assumed
that the animal is on contact
with an inlet duct of a cask containing relatively hot PWR
spent fuel assumed to have
40 GWd/MTU burnup and 10 years cooling time (PFSF
SAR Section 7.3.3.5), and is
surrounded by casks that contain average PFSF fuel,
assumed to have 35 GWd/MTU
burnup and 20 years cooling time (PFSF SAR Section
7.4). It is conservative to
assume the animal is on contact with the inlet duct of
a cask containing relatively hot
PFSF fuel, since dose rates at the inlet ducts are higher
than dose rates at the concrete
at the base of the cask away from the inlet ducts due to
scattered radiation paths
through the cooling air ducts. The temperature at the
inlet duct is the same as ambient
due to ambient air being drawn into the duct. An animal
trying to warm itself would be
more likely to contact the concrete at the base of the
cask which would be at a higher
temperature than the air inlet, but have lower dose rates.
Applying the appropriate
scaling factors from Table 5-6 to calculate the dose rate
from contact with the inlet
ducts:
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(10.75 mrem/hr) (0.468) = 5.03 mrem/hr
(2.76 mrem/hr) (0.759) = 2.09 mrem/hr
= 7.12 mrem/hr

These assumptions result in dose rates of 7.12 mrem/hr to the animal on contact with
the-inlet duct from the contact cask and 6.87 mrem/hr from adjacent casks, for a total
dose rate of 14.0 mrem/hr (11.43 mrem/hr gamma and 2.56 mrem/hr neutron).
Assuming that the animal spends 50% of its time in contact with the inlet duct, and the
remainder of its time at a location where dose rates are insignificant by comparison, its
dose over the course of a year would be:
(14.0 mrem/hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 61.3 rem
Dose On Contact with Top of HI-STORM Storage Cask
Dose rates of 4.91 mrem/hr (consisting of 1.31 mrem/hr gamma and 3.60 mrem/hr
neutron) are calculated to occur on contact with the center of the lid of a HI-STORM
storage cask containing design basis PWR fuel having 45 GWd/MTU burnup and 5
year cooling time (HI-STORM SAR Table 5.1.2). It is assumed that a bird is on contact
with the lid of a HI-STORM cask containing relatively hot PWR spent fuel assumed to
have 40 GWd/MTU burnup and 10 years cooling time (PFSF SAR Section 7.3.3.5), and
is surrounded by casks that contain average PFSF fuel, assumed to have 35 GWd/MTU
burnup and 20 years cooling time (PFSF SAR Section 7.4). Applying the appropriate
scaling factors from Table 5-6 to calculate the top contact dose rate from the underlying
cask:
gamma
neutron
total

(1.31 mrem/hr) (0.468) = 0.613 mrem/hr
(3.60 mrem/hr) (0.759) = 2.73 mrem/hr
= 3.34 mrem/hr

It is conservative to add the 6.87 mrem/hr from adjacent casks (6.40 mrem/hr gamma
and 0.47 mrem/hr neutron) that applies near cask mid-height at the cask periphery,
since radial radiation emitted from the sides at mid-height of nearby casks would be
shielded from the lid by concrete of the cask upon which the bird is assumed to perch).
In addition, radiation would have to travel at a "slant path" from the fuel assemblies in
nearby casks to reach the receptor point on top of the cask of interest, resulting in
radiation traveling through greater distances of concrete to escape the nearby casks
than considered in using the dose rate at the side of a cask near the midpoint of the
fuel. Conservatively adding the 6.87 from nearby casks to the contact top dose rate
results in a total dose rate of 10.21 mrem/hr on top of the cask (consisting of 0.61 +
6.40 = 7.01 mrem/hr gamma and 2.73 + 0.47 = 3.20 mrem/hr neutron).
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of a year,
Assuming that the bird spends 50% of its time at this location over the course
and the remainder of its time at a location where dose rates are insignificant by
comparison, its dose would be:
(10.2 mrem /hr) (8,760 hrs/yr) (0.50) (1 rem /1000 mrem) = 44.7 rem
Storage
Dose Rates to Wildlife Inside the Restricted Area Based on TranStor
Casks
Dose On Contact with TranStor Cask Air Inlet Duct
mrem/hr
Dose rates of 16.58 mrem/hr (consisting of 12.75 mrem/hr gamma and 3.83
storage cask
neutron) are calculated to occur on contact with an inlet duct of a TranStor
5-year cooling time
containing design basis PWR fuel having 40 GWd/MTU burnup and
above, it is
(TranStor SAR Table 5.1-1). As was done for the HI-STORM storage cask,
relatively
assumed that the animal is on contact with an inlet duct of a cask containing
cooling time
hot PWR spent fuel assumed to have 40 GWd/MTU burnup and 10-years
average PFSF
(PFSF SAR Section 7.3.3.5), and is surrounded by casks that contain
(PFSF SAR
fuel, assumed to have 35 GWd/MTU burnup and 20-years cooling time
calculate the
Section 7.4). Applying the appropriate scaling factors from Table 5-6 to
dose rate from contact with the inlet ducts:
gamma
neutron
total

(12.75 mrem/hr) (0.500) = 6.38 mrem/hr
(3.83 mrem/hr) (0.830) = 3.18 mrem/hr
= 9.56 mrem/hr

contact with
These assumptions result in dose rates of 9.56 mrem/hr to the animal on
for a total
the inlet duct from the contact cask and 17.2 mrem/hr from adjacent casks,
and 3.18 +
dose rate of 26.8 mrem/hr (consisting of 6.38 + 15.6 = 22.0 mrem/hr gamma
time in
1.57 = 4.75 mrem/hr neutron). Assuming that the animal spends 50% of its
dose rates
contact with the inlet duct, and the remainder of its time at a location where
are insignificant by comparison, its dose over the course of a year would be:
(26.8 mrem/hr) (8,760 hrs/yr) (0.50) (1 rem/ 1000 mrem) = 117 rem
Dose On Contact with Top of TranStor Storage Cask Containing PWR Fuel
Dose rates of 129.18 mrem/hr (consisting of 12.29 mrem/hr gamma and 116.89
of a
mrem/hr neutron) are calculated to occur on contact with the center of the lid
TranStor storage cask containing design basis PWR fuel having 40 GWd/MTU burnup,
It is assumed
5-year cooling time, and 3.02% enrichment (TranStor SAR Table 5.1-1).
PWR
that a bird is on contact with the lid of TranStor cask containing relatively hot
(PFSF
spent fuel assumed to have 40 GWd/MTU burnup and 10-years cooling time
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SAR Section 7.3.3.5), and is surrounded by casks that contain average PFSF fuel,
assumed to have 35 GWd/MTU burnup and 20 years cooling time (PFSF SAR Section
7.4). Applying the appropriate scaling factors from Table 5-6 to calculate the top
contact dose rate from the underlying cask:
gamma
neutron
total

(12.29 mrem/hr) (0.500) = 6.15 mrem/hr
(116.89 mrem/hr) (0.830) = 97.02 mrem/hr
= 103.2 mrem/hr
It is conservative to add the 17.2 mrem/hr from adjacent casks (15.6 mrem/hr gamma
and 1.57 mrem/hr neutron) that applies near cask mid-height at the cask periphery,
since radial radiation emitted from the sides at mid-height of nearby casks would be
shielded from the lid by concrete of the cask upon which the bird is assumed to perch).
In addition, radiation would have to travel at a "slant path" from the fuel assemblies
in
nearby casks to reach the receptor point on top of the cask of interest, resulting in
radiation traveling through greater distances of concrete to escape the nearby casks
than considered in using the dose rate at the side of a cask near the midpoint of the
fuel. Conservatively adding the 17.2 mrem/hr from nearby casks to the contact top
dose rate results in a total dose rate of 120 mrem/hr on top of the cask (consisting
of
6.15 + 15.6 = 21.8 mrem/hr gamma and 97.02 + 1.57 = 98.6 mrem/hr neutron).
Assuming that the bird spends 50% of its time at this location over the course of a
year,
and the remainder of its time at a location where dose rates are insignificant by
comparison, its annual dose would be:
(120 mrem /hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 526 rem
Dose On Contact with Top of TranStor Storage Cask Containing BWR Fuel
Dose rates of 256.28 mrem/hr (consisting of 15.33 mrem/hr gamma and 240.95
mrem/hr neutron) are calculated to occur on contact with the center of the lid of a
TranStor storage cask containing design basis BWR fuel having 40 GWd/MTU burnup,
6 -year cooling time, and 2.95% enrichment (TranStor SAR Table 5.1-1). It is assumed
that a bird is on contact with the lid of TranStor cask containing relatively hot BWR
spent fuel assumed to have 35 GWd/MTU burnup and 10 years cooling time (refer
to
above Section entitled Determination of Scaling Factors). This cask is assumed to
be
surrounded by casks that contain average PFSF fuel (PWR fuel, which produces
a
higher side dose rate than a cask containing BWR fuel), with 35 GWd/MTU burnup
and
20 years cooling time (PFSF SAR Section 7.4). Applying the appropriate scaling
factors from Table 5-6 to calculate the top contact dose rate from the underlying cask:
gamma
neutron
total

(15.33 mrem/hr) (0.495) =
7.59 mrem/hr
(240.95 mrem/hr) (0.513) = 123.61 mrem/hr
= 131.2 mrem/hr
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Conservatively adding the 17.2 mrem/hr from nearby casks to the contact top dose rate
results in a total dose rate of 148 mrem/hr on top of the cask (consisting of 7.59 + 15.6
= 23.2 mrem/hr gamma and 123.61 + 1.57 = 125.2 mrem/hr neutron).
Assuming that the bird spends 50% of its time at this location over the course of a year,
and the remainder of its time at a location where dose rates are insignificant by
cornparison, its annual dose would be:
(148 mrem /hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 648 rem
6.0 CONCLUSION
In order to assess doses to animals living outside the perimeter road that runs along the
perimeter of the facility security fences, an average dose rate was calculated in a strip of
land 50 yards wide that is just beyond the perimeter road and borders the security fences,
determined to be 0.655 mrem/hr. While animals such as rodents, lizards or snakes are
underground in the area beyond the perimeter road, it is considered that dose rates
from storage casks at the PFSF would be negligible. Assuming that the animal spends
75% of the time above ground in this general location, the dose received over a 1 year
period was calculated to be 4.3 rem.
Following is a compilation of dose rates and annual doses assuming the animal is on
contact with a storage cask 50% of the time, as calculated above:
Table 6-1

Summary of Dose Rates and Annual Doses at Locations of Interest in
Contact with Storage Casks at the PFSF

Receptor Point
Location

Gamma
Dose Rate
(mrem/hr)

Neutron
Dose Rate
(mrem/hr)

Contact with Air Inlet Duct of
HI-STORM cask, PWR fuel
Contact with Top of HISTORM cask (center lid),
PWR fuel
Contact with Air Inlet Duct of
TranStor cask, PWR fuel
Contact with Top of TranStor
cask (center lid), PWR fuel
Contact with Top of TranStor
cask (center lid), BWR fuel

11.43

2.56

7.01

3.20

10.2

44.7

22.0

4.75

26.8

117

21.8

98.6

120

526

23.2

125.2

148

648

Total
Annual Dose Assuming
Dose Rate Animal Spends 1/2 Year
(mrem/hr)
in Contact with Cask
(Rem/year)
14.0
61.3
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ATTACHMENT A
LWR Radiological

DATABASE
PHOTONS REPORT
REACTOR TYPE & BURNUP:
PWR 45000
ENRICHMENT:
3.60%
DECAY TIME:
5 YEARS
The data is shown in Photons per second/MTIHM

ENERGY

(MeV)

1. OOOE-02
2.500E-02
3. 750E-02
5.750E-02
8. 500E-02
1.250E-01
2.250E-01
3. 750E-01
5. 750E-01
8.500E-01
1. 250E+00
1. 750E+00
2.250E+00
2.750E+00
3. 500E+00
5. OOOE+00

7 . OOOE+00
9. 500E+00
TOTAL

PHO/SEC

3.967E+15
9. 380E+14
1. 027E+15
7. 849E+14
5.150E+14
5.331E+14
4.264E+14
2. 54 4E+14
7.249E+15
1. 843E+15
7. 632E÷ 14
1.094E+13
4.555E+12
1. 666E+11
2.139E+10
3. 845E+07
4.434E+06
5.094E+05
*1-832E+16

% TOTAL

21. 64%
5.12%
5.60%
4.28%
2.81%
2.91%
2. 33%
1.39%
39. 55%
10.05%
4.16%
0.06%
0. 02%
0.00%
0.00%
0.00%
0.00%
0.00%
99.93%*

*This value was obtained by interpolating TOTALS values from ORIGEN2 runs
to the specific burnup/enrichment/decay time combination you specified.
Percentages have been calculated from this interpolated value and may
not add up to 100 percent in all
cases.
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DATABASE
RADIOLOGICAL TOTALS REPORT
REACTOR TYPE & BURNUP:
PWR 45000
ENRICHMENT:
3.60%
DECAY TIME:
5 YEARS

CURIES/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

8.268E+03
1 . 462E+05
5. 839E+05
7.388E+05

WATTS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

8. 939E+01
5.072E+02
2. 087E+03
2. 689E+03

GRAMS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

4.403E+05
9.535E+05
4. 624E+04
1.440E+06

NEUTRONS/MTIHM
ALPHA,N NEUTRONS
SPONTANEOUS FISSION NEUTRONS
TOTAL NEUTRONS

1. 518E+07
8.751E+08
8. 904E+08

PHOTONS per Second/MTIHM
TOTAL PHOTONS/SEC

1. 833E+16

*Some of the above values were obtained by interpolating TOTALS values from
ORIGEN2 runs to the specific burnup/enrichment/decay
time combination you
specified.

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
CALCULATION IDENTIFICATION NUMBER
J.O. OR W.O. NO.

05996.02

DIVISION & GROUP

CALCULATION NO.

Radiation Protection

OPTIONAL TASK

UR(D)-008

I
LWR Radiological

(MeV)

1. OOOE-02
2.500E-02
3. 750E-02
5. 750E-02
8. 500E-02
1.250E-01
2.250E-01
3. 750E-01
5. 750E-01
8.500E-01
1.250E+00
1.750E+00
2. 250E+00
2. 750E+00
3. 500E+00
5. OOOE+00

7 . OOOE+00
9. 500E+00
TOTAL

DATABASE
PHOTONS REPORT
REACTOR TYPE & BURNUP:
PWR 35000
ENRICHMENT:
3.43%
DECAY TIME:
20 YEARS
The data is shown in Photons per second/MTIHM

.

ENERGY

NA
NA

PHO/SEC

1.541E+15
3. 098E+14
3. 752E+14
3.239E+14
1. 709E+14
1. 388E+14
1. 435E+14
6.044E+13
2. 524E+15
5. 149E+13
9. 075E+13
1. 412E+12
3.513E+08
4.001E+08
1.828E+07
7. 547E+06
8. 698E+05
9. 989E+04

"*5.731E+15

% TOTAL

26.88%
5.40%
6.55%
5.65%
2.98%
2.42%
2.50%
1.05%

44.03%
0.90%

1.58%
0. 02%
0.00%

0.00%
0.00%
0.00%
0.00%

0.00%
99.99%*

*This value was obtained by interpolating TOTALS values from ORIGEN2 runs
to the specific burnup/enrichment/decay time combination you specified.
Percentages have been calculated from this interpolated value and may
not add up to 100 percent in all
cases.
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DATABASE
RADIOLOGICAL TOTALS REPORT
REACTOR TYPE & BURNUP:
PWR 35000
ENRICHMENT:
3.43%
DECAY TIME:
20 YEARS

CURIES/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

1. 14 6E+03
6. 022E+04
2.355E+05
2.968E+05

WATTS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

1. 005E+01
2.632E+02
6.752E+02
9.505E+02

GRAMS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

4.403E+05
9. 636E+05
3. 604E+04
1.440E+06

NEUTRONS/MTIHM
ALPHA,N NEUTRONS
SPONTANEOUS FISSION NEUTRONS
TOTAL NEUTRONS

7.770E+06
708E+08
1. 796E+08

PHOTONS per Second/MTIHM
TOTAL PHOTONS/SEC

5. 732E+15

*Some of the above values were obtained by interpolating TOTALS values from
ORIGEN2 runs to the specific burnup/enrichment/decay
time combination you
specified.
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DATABASE
PHOTONS REPORT
REACTOR TYPE & BURNUP:
PWR 40000
ENRICHMENT:
3.02%
DECAY TIME:
10 YEARS
The data is shown in Photons per second/MTIHM

ENERGY

(MeV)

PHO/SEC

1.000E-02
2. 500E-02
3.750E-02
5. 750E-02
8. 500E-02
1.250E-01
2. 250E-01
3.750E-01
5. 750E-01
8.500E-01
1. 250E+00
1.750E+00
2.250E+00
2.750E+00
3.500E+00
5. 000E+00
7. 000E+00
9.500E+00

2.179E+15
4.669E+14
5.846E+14
4.362E+14
2.577E+14
2.568E+14
2.100E+14
1.032E+14
4.019E+15
3.859E+14
3.574E+14
4.151E+12
7.575E+!0
5.893E-09
7.530E+08
2.913E+07
3.359E+06
3.859E+05

TOTAL

9.261E+15

% TOTAL

23.53%
5.04%
6.31%
4.71%
2.78%
2.77%
2.27%
1.11%
43.40%
4.17%
3.86%
0.04%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
100.00%

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
CALCULATION IDENTIFICATION NUMBER

I
J.O. ORW.O. NO.

I

05996.02

DIVISION & GROUP

Radiation Protection

I CALCULATION NO.

OPTIONAL TASK CODE

UR(D)-008
I

LWR Radiological

NA

DATABASE
RADIOLOGICAL TOTALS REPORT
REACTOR TYPE & BURNUP:
PWR 40000
ENRICHMENT:
3.02%
DECAY TIME:
10 YEARS

CURIES/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

3. 999E+03
1. 180E+05
3.515E+05
4.735E+05

WATTS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

4.476E+01
4. 360E+02
1 . 058E+03
1.539E+03

GRAMS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

4 .403E+05
9. 589E+05
4.111E+04
1. 440E+06

NEUTRONS/MTIHM
ALPHA,N NEUTRONS
SPONTANEOUS FISSION NEUTRONS
TOTAL NEUTRONS

1.295E+07
6. 627E+08
6.757E+08

PHOTONS per Second/MTIHM
TOTAL PHOTONS/SEC

9.261E+15

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
J.O. OR W.O. NO.

05996.02

CALCULATION IDENTIFICATION NUMBER
DIVISION & GROUP
CALCULATION NO.
OPTIONAL TASK CODE

Radiation Protection

LWR Radiological

UR(D)-008

NA

DATABASE
PHOTONS REPORT
REACTOR TYPE & BURNUP:
PWR 40000
ENRICHMENT:
3.02%
DECAY TIME:
5 YEARS
The data is shown in Photons per second/MTIHM

ENERGY

(MeV)

PHO/SEC

% TOTAL

1.OOOE-02
2.500E-02
3.750E-02
5.750E-02
8.500E-02
1.250E-01
2.250E-01
3.750E-01
5.750E-01
8.500E-01
1.250E+00
1. 7 50E+00
2.250E+00
2.750E+00
3.500E+00
5.OOOE+00
7.OOOE+00
9.500E+00

3.573E+15
8.556E+14
9.276E+14
7.107E+14
4.658E+14
4.825E+14
3.878E+14
2.368E+14
6.450E+15
1.605E+15
7.145E+14
1.015E+13
4.436E+12
1.666E+11
2.140E+10
3.519E+07
4.058E+06
4.662E+05

21.75%
5.21%
5.65%
4.33%
2.84%
2.94%
2.36%
1.44%
39.26%
9.77%
4.35%
0.06%
0.03%
0.00%
0.00%
0.00%
0.00%
0.00%

TOTAL

1.642E+16

99.96%
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STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
I
CALCULATION IDENTIFICATION NUMBER

J.O. ORW.O. NO. I

05996.02

DIVISION&GROUP

Radiation Protection

LWR Radiological

CALCULATIONNO.

UR(D)-008

j

OPTIONALTASI

NA

DATABASE
RADIOLOGICAL TOTALS REPORT
REACTOR TYPE & BURNUP:
PWR 40000
ENRICHMENT:
3.02%
DECAY TIME:
5 YEARS

CURIES/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

8 .083E+03
1.469E+05
5.24 3E+05
6. 793E+05

WATTS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

8. 736E+01
4.482E+02
1. 864E+03
2.400E+03

GRAMS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

4 .403E+05
9.589E+05
4. 111E+04
1. 440E+06

NEUTRONS/MTIHM
ALPHA,N NEUTRONS
SPONTANEOUS FISSION NEUTRONS
TOTAL NEUTRONS

-

342E+07

*.008E+08
R. 142E+08

PHOTONS per Second/MTIHM
TOTAL PHOTONS/SEC

1. 643E+16

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
J.O. OR W.O. NO.
05996.02

CALCULATION IDENTIFICATION NUMBER
DIVISION & GROUP
CALCULATION NO.
OPTIONAL TASK CODE
Radiation Protection
UR(D)-008
NA

LWR Radiological
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DATABASE
PHOTONS REPORT
REACTOR TYPE & BURNUP:
BWR 40000
ENRICHMENT:
2.95%
DECAY TIME:
The data is shown in Photons 6 YEARS
per second/MTIHM

ENERGY

(MeV)

1. OOOE-02
2. 500E-02
3. 750E-02
5.750E-02
8.500E-02
1.250E-01
2.250E-01
3. 750E-01
5.750E-01
8.SO0E-01
1.250E+00
1.750E+00
2.250E+00
2. 750E+00
3. 500E+00
5. 000E+00
7. 000E+00
9.500E+00
TOTAL

PHO/SEC

3.082E+15
7.206E+14
8.419E+14
6.037E+14
3.930E+14
4.206E+14
3.165E+14
1.893E+14
6.262E+15
1.421E*15
5.987E+14
8.591E+12
1.686E+12
8.182E+!0
1.062E+10
6.706E+07
7.733E+06
8.884E+05
*1.486E+16

% TOTAL

20.81%
4.87%
5.68%
4.08%
2.65%
2.84%
2.14%
1.28%
42.280
9.593
4.04'
0.063
0.01q
0.00%
0.00s
0.00%
0.00%
0.00%
100.33%*

*This value was obtained by interpolating TOTALS values from ORIGEN2 runs
to the specific burnup/enrichmentýidecay
time combination you specified.
Percentages have been calculated
from this interpolated value and
may
not add up to 100 percent in all
cases.

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
J''0. ORW.O. NO.
05996.02

CALCULATION IDENTIFICATION NUMBER
DIVISION & GROUP j CALCULATION NO.
OPTIONAL TASK CODE
Protection
UR(D)-008
NA

IRadiation

LWR Radiological
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DATABASE
RADIOLOGICAL TOTALS REPORT
REACTOR TYPE & BURNUP:
BWR 40000
ENRICHMENT:
2.95%
DECAY TIME:
6 YEARS

CURIES/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL
I

6.54 6E+03
1. 586E+05
4 .84 6E+05
6.4 98E+05

WATTS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

6. 565E+01
7.197E+02
1. 671E+03
2.458E+03

GRAMS/MTIHM

S....

=

===

ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

7.258E+05
9. 547E+05
4.542E+04
1. 726E+06

NEUTRONS/MTIHM
ALPHA,N NEUTRONS
SPONTANEOUS FISSION NEUTRONS
TOTAL NEUTRONS

2.187E+07
1. 528E+09
1.550E+09

PHOTONS per Second/MTIHM

-OTA==
==PH-----/

TOTAL PHOTONS/SEC
1. 481E+16
*Some of the above values were obtained by interpolating
TOTALS values from
ORIGEN2 runs to the specific burnup/enrichment/decay
time combination you
specified.

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
J.O. OR W.O. NO.

05996.02

CALCULATION IDENTIFICATION NUMBER
DIVISION & GROUP
CALCULATION NO.
OPTIONAL TASK CODE

Radiation Protection

LWR Radiological

UR(D)-008

PAGE All ofA12

NA

DATABASE
REPORT
REACTOR TYPE PHOTONS
& BURNUP:
BWR 35000
ENRICHMENT:
2.60%
DECAY TIME:
The data is shown in Photons 10 YEARS
per second/MTIHM

ENERGY (MeV)
1.OOOE-02
2.500E-02
3.750E-02
5.750E-02
8.500E-02
1.250E-01
2.250E-01
3.750E-01
5.750E-01
8.500E-01
1.250E+00
1.750E+00
2.250E+00
2.750E+00
3.500E+00
5.OOOE+00
7.000E+00
9.500E+00

PHO/SEC

% TOTAL

1.955E+15
4.190E+14
5.304E+14
3.906E+14
2.309E+14
2.335E+14
1.872E+14
9.360E+13
3.678E+15
3.504E+14
2.965E+14
3.842E+12
6.215E+10
5.160E+09
6.783E+08
3.433E+07
3
.960E+06
4.550E+05

23.35%
5.00%
6.34%
4.67%
2.76%
2.79%
2.24%
1.12%
43.93%
4.19%
3.54%
0.05%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

TOTAL
* 8 -369E+15
99.96%*
*This value was obtained by interpolating
TOTALS values from ORIGEN2 runs
to the specific burnuo/enrichment/decay
time
combination you
Percentages have been calculated
from this interpolated value specified
and may
not add up to 100 percent in
all cases.

STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
CALCULATION IDENTIFICATION NUMBER
J.O. OR W.O. NO.

05996.02

DIVISION & GROUP

Radiation Protection

CALCULATION NO.

UR(D)-OO8

UR(D)-008

LWR Radiological

I

OPTIONAL TASK CODE
I
NA

NA

DATABASE
RADIOLOGICAL TOTALS REPORT
REACTOR TYPE & BURNUP:
BWR 35000
ENRICHMENT:
2.60%
DECAY TIME:
10 YEARS

CURIES/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

3.294E+03
1. 160E+05
3. 172E+05
4. 366E+05

WATTS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

3. 480E+01
4.670E+02
9. 534E+02
1.468E+03

GRAMS/MTIHM
ACTIVATION PRODUCTS
ACTINIDES AND DAUGHTERS
FISSION PRODUCTS
TOTAL

7.258E+05
9. 614E+05
3. 794E+04
1. 726E+06

NEUTRONS/MTIHM
ALPHA,N NEUTRONS
SPONTANEOUS FISSION NEUTRONS
TOTAL NEUTRONS

1.397E+07
.816E+08
7.956E+08

PHOTONS per Second/MTIHM
TOTAL PHOTONS/SEC

8. 372E+15

*Some of the above values were obtained by interpolating TOTALS values from
ORIGEN2 runs to the specific burnuQ/enrichment/decay
time combination you
specified.
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Figure 18
PFS Facility from West of Deseret Peak at Night

