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3.3 Technical Specifications for Components

The heat rejection capability of the NAC-STC is the result of passive heat transfer within the
cask and from the cask surface. Heat is transferred from the fuel assemblies to the fuel basket
tubes, and through the tubes and steel support disks and aluminum heat transfer disks to the fuel
basket surface, by conduction, convection and radiation. The steel support disks are considered to
be the structural member, and the aluminum heat transfer disks are supported by the steel
structure and were added to enhance the heat rejection capacity of the basket. Heat is transferred
from the basket surface to the cavity wall, or from the basket surface to the canister wall, and
then to the cavity wall, primarily by conduction and radiation. Heat is then transferred by
conduction through the cask wall to the inside of the neutron shield. For the gap considered to be
present between the lead and the outer shell or inner shell, radiation is also considered to be
active. There are 24 explosively bonded copper/stainless steel heat transfer fins. The stainless
steel portion of the fin is primarily a structural member supporting the neutron shield and the
copper is explosively bonded to it to aid in heat transfer through the neutron shield. The solid
neutron shield region that covers the majority of the length of the cask transfers the heat by
conduction to the shield tank surface. Because of the presence of the impact limiters, no heat is
transferred to the environment through the ends of the cask. From the radial surfaces, heat is
rejected to the environment by radiation and convection. The NAC-STC heat rejection
components are analyzed for normal transport conditions in Section 3.4 and for hypothetical

accident conditions in Section 3.5.

3.3.1 Radiation Protection Components

Radiation protection is provided by the NAC-STC gamma and neutron shielding. The primary
gamma radiation shielding components are the materials used in fabricating the multiwall body,
the end forgings of the cask body, the inner lid and the outer lid. The multiwall body consists of
the cast lead enclosed between the inner and outer stainless steel shells. The lead is cast in place
between the cylindrical cask body shells. Neutron shielding is provided by a radial solid neutron
shield and 2-inch thick disks in the bottom of the cask and the inner lid. The neutron shields are
borated to suppress secondary gamma generation. The capture of neutrons by many materials
produces a secondary gamma ray that must also be shielded; however, when boron-10 absorbs a
neutron, an alpha particle is emitted that is stopped locally. Thus, the secondary gamma dose rate
is minimized. The radiation protection components are analyzed for normal transport conditions

in Section 3.4 and for hypothetical accident event conditions in Section 3.5.

3.3-1
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332 Safe Operating Ranges

There are four major components that must be maintained within their safe operating temperature
ranges; the o-rings in the inner lid and inner lid port coverplate, the lead gamma shield, the
NS-4-FR solid neutron shield, and the aluminum heat transfer disks.

The safe operating ranges for the o-rings, lead gamma shield, solid neutron shield and aluminum
heat transfer disks are:

Component Safe Operating Range
Lead gamma shield - 40°F to + 600°F
Radial NS-4-FR neutron shield - 40°F to + 300°F
Aluminum Heat Transfer Disks - 40°F to + 600°F
Metallic o-rings - 40°F to + 500°F
Viton o-rings - 40°F to + 400°F
EPDM o-rings - 65°F to + 300°F

(Short-term allowable + 375°F)

The safe operating range of the o-rings is obtained from the technical information presented in
Section 4.5, and ensures that the contents are contained within the cask and are not released to
the atmosphere due to thermal failure of the o-rings. As shown in the EPDM o-ring technical
information, a temperature of +375°F for up to 10 hours is acceptable in the accident condition.
The analyses of Sections 3.4 and 3.5 show that the temperatures of the o-rings are maintained

within the safe operating range during normal transport and hypothetical accident conditions.

The safe operating range of the lead gamma shield is based on preventing the lead from reaching
its melting point of 620°F (Baumeister). To preclude localized lead temperatures from exceeding
their safe operating range, FPC (fireblock silicone foam) is used to insulate the lead from the
high temperatures that occur during the 10 CFR 71 hypothetical fire accident. The fire accident
analysis in Section 3.5 shows that the lead temperature is maintained in its safe operating range
even without the presence of the FPC. This foam is included for extra assurance of safety. A
0.125-inch layer of the material is located around the top and bottom corners of the lead gamma
shield above and below the coverage provided by the radial neutron shield.

The maximum operating temperature limit of the NS-4-FR solid neutron shield material to
ensure sufficient neutron shielding capacity was determined by the product developer to be
338°F, as shown in Figure 3.3-1. Test 2 of Figure 3.3-1 was conducted to evaluate the long-term
stability of the NS-4-FR material at high temperatures. The test results were based on placing a

3.3-2
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Figure 3.4-24 Two Dimensional Reconfigured Fuel Assembly Model
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Table 3.4-1 Maximum Component Temperatures - Normal Transport Conditions, Maximum Decay
Heat, Maximum Ambient Temperature - Directly Loaded and Canistered Configurations

Conditions: 100°F Ambient Temperature, Full Solar Insolation Decay Heat Load: 22.1 kW for
Uncanistered Fuel; 12.5 kW for Canistered Fuel

Directly Loaded (Uncanistered) Fuel Canistered Fuel
Cavity Gas Helium Cavity Gas Helium

Component Air (°F) (°F) Note (°F) Note
QOuter Lid O-Ring 178 176 (1) 176 4)
BTFE O-Rings 211 210 (1) 210 4

Metallic or Non-Metallic O-Rings 190 189 (1) 189 4) (6)
Cask Radial Outer Surface 241 243 (2) 243 (5)
Top Neutron Shield 181 175 1) 175 4)
Radial Neutron Shield 284 285 2) 270 (5)
Lead Gamma Shield 314 315 2) 281 (5)
Aluminum Disk Exterior 338 337 (2) - -
Aluminum Disk Interior 491 487 2) 536 (5)
Steel Support Disk Exterior 356 344 (2) — ---
Steel Support Disk Interior 498 495 (2) 539 (5)
Canister Shell - - - 338 (5)
Canister Lid - - -—- 209 (5)
Canister Bottom Plate --- - --- 255 (%)
Maximum Fuel Rod Cladding 588 (309°C) 544 (284°C) 575 (5)

Notes: (1) Temperatures are determined from the analysis of the three dimensional quarter symmetry model of

the entire cask.

(2) Temperatures are determined from the analysis of the three dimensional 180-degree section model
of the entire cask.

(3) Temperatures are determined from the analysis of the two dimensional detailed model of the fuel
assembly.

(4) Component not explicitly modeled in the 3-D model for canistered fuel. Temperature results from
the helium case of the directly loaded fuel used (conservative).

(5) Temperatures are determined from the 3-D model for canistered fuel.
(6) Non-metallic o-rings may be either EPDM or Viton.
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Table 3.4-2 Maximum Component Temperatures - Normal Transport Conditions, Maximum
Decay Heat, Minimum Ambient Temperature - Directly Loaded and Canistered
Configurations
Conditions:  -40°F Ambient Temperature, 22.1 kW Decay Heat Load, 12.5 kW

for Canistered Fuel, No Insolation
Directly Loaded Fuel Canistered Fuel
Component Temperature (°F) Temperature (°F) | Notes
Outer Lid O-Ring 125 125 (1) (2)
PTFE O-Rings 125 125 (2)
Metallic or Non-Metallic O-Rings 129 129 (2) (4)
Cask Radial Outer Surface 144 116 (2) (3)
Top Neutron Shield 131 131 (2)
Radial Neutron Shield 181 142 (3)
Lead Gamma Shield 215 154 (3)
Fuel Basket Exterior 256 --- 3)
Maximum Basket Web 399 431 (3)
Canister Shell --- 215 (3)
Canister Lid -- 71 (3)
Canister Bottom Plate - 121 3)
Maximum Fuel Rod Cladding 488 473 (3)

. Component not explicitly modeled in the 3-D model for canistered fuel. Temperatures from the

directly loaded fuel are conservatively used.

the cavity (Table 3.4-1).

Non-metallic o-rings may be either EPDM or Viton.

3.4-63

Temperatures are determined from the 3-D model for canistered fuel.
Basket and fuel rod cladding temperatures are defined by adding the gradient result between the
lead gamma shield and point of interest obtained from the 3-D finite element analysis with air in



NAC-STC SAR November 2001
Docket No. 71-9235 Revision STC-01A

Table 3.4-3  Maximum Component Temperatures - Normal Transport Conditions,
Maximum Decay Heat, Low Ambient, for Directly Loaded Fuel

Conditions:-20°F Ambient Temperature 22.1 kW Decay Heat Load No Insolance

Component Temperature (°F)
Outer Lid O-Ring 161
| PTFE O-Rings 165
y Metallic, EPDM or Viton O-Rings 165
Cask Radial Outer Surface 173
Top Neutron Shield 168
Radial Neutron Shield 211
Lead Gamma Shield 245
Fuel Basket Exterior’ 286
Maximum Basket Web' 429
Maximum Fuel Rod Cladding' 518

' Basket and fuel rod cladding temperatures are defined by adding the gradient result between

the lead gamma shield and point of interest obtained from the 3-D finite element analysis
with air in the cavity (Table 3.4-1).
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Table 3.4-4 NAC-STC Thermal Performance Summary for Normal Conditions of Transport

Uncanistered Fuel | Canistered Fuel Criterion
Maximum Fuel Rod Cladding 309°C 302°C <380°C—Uncanistered
Temperature <340°C—LCanistered
Component Safe Operating
Temperature Ranges
Metallic O-Rings -40 to 190°F -40 to 190°F -40 to 500°F
EPDM O-Rings -40 to 190°F -40 to 190°F -65 to 300°F'
Viton O-Rings -40 to 190°F -40 to 190°F -40 to 400°F
Radial NS-4-FR Neutron Shield -40 to 285°F -40 to 270°F -40 to 300°F
Lead Gamma Shield -40 to 315°F -40 to 281°F -40 to 600°F
Aluminum Heat Transfer Disk -40 to 491°F -40 to 536°F -40 to 600°F

1 +375°F for up to 10 hours in the accident condition.
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Table 3.4-5 Maximum Cask Component Temperatures
Directly Loaded (Uncanistered) Fuel Canistered Fuel
Component Component Cavity Gas Cavity Gas
ID Description Air (°F) Helium (°F) Note Helium (°F) Note
1 Bottom Plate 350 333 (1) 333 3)
2 Bottom Forging 417 393 (1) 393 3)
3 Transition Shell 300 300 (D) 300 (3)
4 Inner Shell 331 331 (2) 311 4)
5 Outer Shell 292 293 (2) 276 4)
6 Top Forging 211 210 (1) 210 3)
7 Inner Lid 223 210 (1) 210 3)
8 Outer Lid 178 176 1 176 (3)
9 Inner Lid Bolt 190 189 1 189 3)
10 Outer Lid Bolt 178 176 (1) 176 (3)
Notes: (1) Temperatures are determined from the analysis of the three-dimensional quarter

symmetry model of the entire cask.

(2) Temperatures are determined from the analysis of the three-dimensional 180-

degree section model of the entire cask.

(3) Component not explicitly modeled in the 3-D model for canistered fuel.

Temperature results from the helium case of the directly loaded fuel used

(conservatively).

(4) Temperatures are determined from the 3-D model for canistered fuel.
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Table 3.5-1 Maximum Component Temperatures - Hypothetical Accident
Conditions Fire Transient
Conditions: 30 minute, 1475°F Fire 22.1 kW decay heat for Directly Loaded
Fuel 12.5 kW decay heat for Canistered Fuel
Allowable
Temperature Time Temperature

Component (°F) (hours) (°F)
Inner Lid Bolt' 335° 0.9 -
Metallic O-Rings' 314 1.1 500
EPDM O-Rings"’ 314 1.1 375
Viton O-Rings' 314 1.1 400
Cask Radial Outer Surface' 1347 0.5 --
Radial Neutron Shield"* -- -- --
Lead Gamma Shield' 455 3.6 600
Support Disk Interior

Directly Loaded Fuel 639

" Canictorod R i A I,

Heat Transfer Disk Interior

Directly Loaded Fuel 632 800

Canistered Fuel 710 800
Maximum Fuel Rod Cladding

Directly Loaded Fuel 729 1058

 Camistered Fuel | T T ks

BOW N

Maximum temperature limit for a duration of 10 hours or less is 375°F.

The maximum temperature is based on the decay heat value of 22.1 kW for Directly Loaded Fuel.
The maximum temperature is used to determine the allowable stress in the structural analyses.

The radial neutron shield is assumed to be lost at the end of the fire for conservatism. The axial neutron

shields are not components important to safety as discussed in Section 3.3.2.
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4.0 CONTAINMENT
4.1 Containment Boundary

The NAC-STC transport containment boundary is designed and analyzed to ensure the
containment of the cask contents in accordance with 10 CFR 71.51. The containment boundary
is designed, fabricated and inspected in accordance with ASME Code Section II, Subsection
NB, with the exception of code stamping.

The components of the containment boundary are described in Table 4.1-1 as a function of the

containment condition and the contents. The containment conditions are:

* Containment Condition A: The containment boundary for the transport of directly
loaded (i.e., no canister) intact PWR spent fuel
assemblies following extended storage of the cask at an
ISFSI licensed in accordance with 10 CFR 72.

* Containment Condition B: The containment boundary for the transport of: (1)
directly loaded intact PWR spent fuel assemblies loaded
immediately prior to transport using either metallic or ‘
non-metallic o-rings; or (2) canistered Yankee Class
spent fuel assemblies, Reconfigured Fuel Assemblies or
GTCC waste loaded into the NAC-STC immediately
prior to transport using metallic o-rings. ‘

The transportable storage canister is designed and analyzed to demonstrate that it maintains its
structural integrity in accordance with the 10 CFR 71.63(b) requirement for a separate inner
container for the Reconfigured Fuel Assembly (i.e., damaged fuel or fuel debris), which may
contain more than 20 curies of plutonium.

The canister is leak tested at the time of loading to demonstrate that it satisfies the leaktight
criteria of ANSIN14.5-1997 and the release limits of 10 CFR 71.63(b).

The NAC-STC containment boundary is designed to permit leak testing of the cask containment
boundary penetrations prior to transport to confirm the leaktight integrity of the cask. The leak
test criteria, mimimum test sensitivity and leak test methods and locations for each containment
condition are described in Table 4.1-1.

4.1-1
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4.1.1 Containment Vessel

The primary containment vessel for the NAC-STC consists of a 71.0-inch inside diameter,
1.5-inch thick inner shell, two 1.5-inch to 2.0-inch thick transition sections, a 6.2-inch thick
bottom inner forging, and a 7.85-inch thick top forging. The containment vessel components,
except for the transition sections, are fabricated from ASME Boiler and Pressure Vessel Code,
Type 304 stainless steel nuclear pressure vessel material. The two transition sections are ASME

Boiler and Pressure Vessel Code, Type XM-19 stainless steel nuclear pressure vessel material.

The canister, which satisfies the requirements for a separate inner container, is a right circular
cylinder constructed of 5/8-inch thick, Type 304L stainless steel plate. It is closed on the bottom
end by a 1-inch thick Type 304L stainless steel plate, and at the top by a 5-inch thick, Type 304
stainless steel plate (shield lid) and by a 3-inch thick Type 304L stainless steel structural lid.

The canister shell welds are full penetration welds, which are radiographed. The bottom plate is
Joined to the canister shell by a full penetration groove weld and adjacent fillet weld, which are
ultrasonically and liquid penetrant examined. The stainless steel material is selected to be
compatible with the DOE MPC program guidelines for future disposal and to minimize the
potential for any adverse chemical reactions in the spent fuel pool. The design of the shield lid
and structural lid provides a redundant confinement boundary at the top of the canister.

The weld examination requirements for both the cask body and the transportable storage canister
are defined in Table 4.1-2 and are shown on the License Drawings.

4.1.2 Containment Penetrations

The physical penetrations in the NAC-STC primary containment vessel are the inner lid and the
vent and drain ports in the inner lid. The penetrations are designed to ensure sealing of the
containment boundary and to ensure that the leakage from the boundary does not exceed 1 x 107
ref cm’/sec using metallic o-rings and 3.1 x 107 ref cm®/sec using non-metallic (EPDM or Viton)
o-rings. The quick-disconnect fittings installed in the vent and drain openings and in the
interseal test port in the inner lid are not considered to be part of the containment boundary.

The separate inner container (i.e., the transportable storage canister) is a completely welded
vessel that has no operable penetrations.
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4,13 Seals and Welds
4.1.3.1 Seals

The o-rings of the inner lid, the vent port coverplate, and the drain port coverplate are the seals
that provide primary containment, as described in Section 4.1 and as shown in Table 4.1-1.
Section 4.5 contains the specifications that describe the PTFE o-rings of the interlid and pressure
port covers and the metallic or non-metallic (EPDM or Viton) o-rings used in the containment
boundary and outer lid. Also included in Section 4.5 are the manufacturer’s technical data
bulletins for the expansion foam and the Fireblock Protective Coating (FPC) used in the
NAC-STC. Leak testing of the cask is performed prior to acceptance from the manufacturer.
Leak testing is also performed following fuel loading for either immediate transport or for
transport following a storage period. Technical information for EPDM and Viton o-rings is
provided in Sections 4.5.5 and 4.5.6, respectively.

4.1.3.1.1 Containment System Fabrication Verification

Upon completion of fabrication, a Containment System Fabrication Verification shall be
performed on the cask containment boundary as described in Section 8.1.3. These leak tests
verify that the leakage rate of the assembled containment does not exceed the maximum
allowable leakage rate of 1x 107 ref cm?/sec using metallic o-rings or 3.1 x 10” ref cm’/sec
using EPDM or Viton o-rings. The allowable leak test shall conform to the o-ring design, since
the inner and outer lids, and the vent and drain port coverplates must be fabricated using the
o-ring groove appropriate to the o-ring design. Metallic o-rings and non-metallic o-rings cannot
be used interchangeably.

4.1.3.1.2 Containment System Verification

The Containment System Verification shall be performed on the NAC-STC package containment
boundary seals and components prior to each shipment, in accordance with the leak test
acceptance criteria established for the Containment System Fabrication Verification. For cask
transport immediately after loading, the leak test shall be performed in accordance with the
procedures and acceptance criteria described in Section 7.4.1. For cask shipments following
storage, the verification leak test shall be performed in accordance with the procedures and
acceptance criteria described in Section 7.4.2.

Whenever a containment seal or component is replaced, the o-ring or containment component
shall be leak tested following replacement using the Containment System Verification (Section

4.1-3
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8.2.2.2). This test will verify that the replacement seal or component has been properly installed
and that the leakage rate meets acceptance criteria.

4.13.2 Welds

The NAC-STC containment vessel and the transportable storage canister (separate inner
container) are assembled by welding. A list of containment vessel and canister welds, the
examinations and tests performed on the welds, and the applicable ASME Code acceptance
criteria is provided in Table 4.1-2. The acceptance tests for the NAC-STC and for the
transportable storage canister are provided in Section 8.1.

4.1.4 Closure

The primary closure assembly for the NAC-STC for transport consists of the inner lid, bolts, and
o-rings. The inner lid is recessed and bolted into the top forging of the cask body. The 9.0-inch
thick, 79.00-inch diameter inner lid is made of SA-336, Type 304 stainless steel. The inner lid is
retained by 42 inner lid bolts that are 1 1/2 - 8 UN socket head cap screws fabricated from
SB-637, Grade NO7718 nickel alloy steel bolting material. The initial torque for installation of
the inner lid bolts is specified in Table 7-1.

The vent port and the drain port are recessed into the inner lid. The vent and drain port
coverplates are secured by four 1/2 - 13 UNC bolts fabricated from SA-193, Grade B6, Type 410
stainless steel. Each coverplate is sealed to the inner lid by a metallic or non-metallic o-ring,
with a second, concentric o-ring of the same material, providing an annulus to test the seal.

A secondary closure is provided by the outer lid, which provides puncture protection to the
primary closure assembly. The 5.25-inch thick, 86.7-inch diameter outer lid is made of SA-705,
Type 630, H1150, 17-4 PH stainless steel. The outer lid is retained by 36 outer lid bolts that are
1 - 8 UNC socket head cap screws fabricated from SA-564, Type 630, H1150, 17-4 PH stainless
steel. The initial torque for installation of the outer lid bolts is specified in Table 7-1. The
bottom surface of the outer lid is sealed to the top forging of the cask body by a metallic or non-
metallic o-ring.

Port covers protect the interlid and pressure ports, which are located in the top forging and access
the region between the inner and outer lids. For transport operations, solid port covers with no
penetrations are installed in the interlid and pressure ports. These port covers are secured by three
3/8 - 16 UNC bolts, fabricated from SA-193,.Grade B6, Type 410 stainless steel material. Each
cover is sealed to the cask body by two “piston-type” (bore seal) PTFE o-rings, with a test port
located between the o-rings.
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Table 4.1-1 NAC-STC Containment Boundaries
Allowable Test
Containment Content Leakage Test
Condition Condition Containment Components Rate/Sensitivity Location/Method Remarks
A (Primary) Up to 26 o Inner shell e  Allowable e Vent port outer These series of leak
: . | directly loaded : leakage rate is o-ring usin tests are performed
Using metallic | | e Upper and lower shell rings g I INg using
o-rings. intact PWR (transition sections) < 23x 10 helium sniffer on thc? NAC-STC
spent fuel e Bottomm i forei cm’/sec probe method containment
assemblies ottom 1.rmer orgmg (helium) (i.e., with helium in boundary following
following e Top forging leaktight) interseal region directly loaded fuel
storage e Inner lid e Minimum test | e Drain port outer | StOrage operations.
Operations per | o 1 her lid outer metallic o-ring sensitivity is o-ring using The outer o-rings
tOCFR 72. o Inner lid interseal test port =Ix 107 em’/s | helium sniffer are the designated
threaded plug with metallic (helium) probe method boundary as access

o-ring

e Vent port coverplate

¢ Vent port outer metallic
o-ring

e Vent port interseal port
threaded plug with metallic
o-ring

e Drain port coverplate

¢ Drain port coverplate outer
metallic o-ring

e Drain port coverplate
interseal test port plug with
metallic o-ring

with helium in
interseal region

¢ Innper lid outer
o-ring using
evacuated
envelope method
(envelope
provided by outer
lid with test
performed
through the
interlid port) with
helium in
interseal region

to the cask cavity to
verify helium
backfill conditions
is not planned.

Testing is
performed in
accordance with
ANSINI14.5
requirements
immediately prior to
transport.

4.1-5
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Table 4.1-1 NAC-STC Containment Boundaries (Continued)
Allowable Test
Containment Content Leakage Test
Condition Condition Containment Components Rate/Sensitivity Location/Method Remarks
B (Primary) | Upto 26 Inner shell o Allowable * Inner lid inner g:rsg;i :1 in
. directly loaded ' : o-ring using
Using EPDM | | l: ect I}’I\A(/)Ii © Uppef .and lowef shell rings fikfge fgtSe 18 helium mass accordance with
or Viton 1sn act fuel transitional sections 3 / xh i spectrometer ANSINI14.5
: ent fue . : g
O-Tngs. ars)sembuli es for Bottom inner forging crr.1 ,S (helium) leak detector requirements
immediate Top forging ¢ ISveI;r:rt?\‘:lT tiZSt (MSLD) immediately prior to
transport. Inner lid A 1(3)'_5 connected to the | transport.
o S&VX AU interseal test
Inper lid inner EPDM or cm’/s (helium) port with
Viton o-ring pressurized
Vent port coverplate helium in cask.

Vent port coverplate inner
EPDM or Viton o-ring

Drain port coverplate

Drain port coverplate inner
EPDM or Viton o-ring

e Vent port inner
o-ring using the
MSLD at the
interseal test port
with helium in
the cask.

e Drain port inner

o-ring using the
MSLD at the
interseal test port
with helium in
the cask.
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Table 4.1-1 NAC-STC Containment Boundaries (Continued)
Allowable Test
Containment Content Leakage Test
Condition Condition Containment Components Rate/Sensitivity Location/Method Remarks
B (Primary) Up to 26 Inner shell e Allowable . Innc?r lid ipner Tes;mg 1sd .

. . | directly loaded . k te i O-TINg USIng pertormed i
U31.ng metallic ntact I)DIWR Uppe_r .and lower. shell rings l<ea; igle()gd cerr? /s helium mass accordance with
o-rings. spent fuel transmo.nal SCCUO.“S (_helium) Qe. spectrometer ANSI N14.5

assemblies for Bottom inner forging leaktight) ’ leak detector .requ1re.ments -
immediate Top forging o Minimum test (MSLD) immediately prior to
transport, or Inner lid sensitivity is .connected to the | transport.
canistered o o v, interseal test

Inner lid inner metallic o-ring <1x10" ecm’/s ort with
Yankee Class (helium) p ;
spent fuel Vent port coverplate pre'ssurl.zcd

| assemblies, Vent port coverplate outer helium m.cask.
Reconfigured metallic o-ring . Vept por.t inner
Fuel ' Vent port coverplate interseal K/-[gr]f)ustntl}% the
Assemblies or port plug with metallic o- : at the
GTCC waste. ring interseal test port
i with helium in
Drain port coverplate the cask.

Drain port coverplate outer
metallic o-ring

Drain port coverplate
interseal port plug with
metallic o-ring

Drain port inner
o-ring using the
MSLD at the
interseal test port
with helium in
the cask.
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Table 4.1-1 NAC-STC Containment Boundaries (Continued)
Allowable Test
Containment Content Leakage Test
Condition Condition Containment Components Rate/Sensitivity Location/Method Remarks

Separate Inner | Up to 36 e Canister shell e Allowable The separate inner This test is

Container Yankee-class | 4 (apister bottom leakage rate is containment performed during
. _8 3 . . 1

Tra rtable | Intact or ) . ) <8x 10" cm’/s proylded by the . the car}lster closure

(St;rggzo anle damaged * Canfster shield lid (helium) (i.e., canister assembly is | operations

Canister) (including fuel | ® Canister vent port cover leaktight) leak tested using a described in
debris) spent e Canister drain port cover Minimum test helium leak detector | Section 7.6.1.
fuel assemblies | , Ccapister structural lid sensitivity is at the shield lid to Subsequently, the
loaded in a ' <4x10% cm®/s | canister shell weld. drain port is
transportable alelium) welded to the
storage shield lid and the
canister. The structural lid is
canister welded to the

provides the
separate inner
container
required for
transport
operations per
10 CFR 71.63

(b

canister shell,
thereby providing
the redundant
sealing required by
10 CFR 72.236(e).
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Table 4.1-2 NAC-STC Containment Boundary Welds, Examinations and Tests
Primary Containment Boundary

Weld Location Weld Type ASME Code Category | Inspections/Tests ASME Acceptance Criteria
Inner shell Full Penetration A VT on Tack Welds NB-4424 and NB-4427
longitudinal Double Groove VT Final Pass NB-5350
and inner shell rings PT Final Pass NB-4424 and NB-4427
longitudinal RT Final Weld NB-5320

Hydrostatic Test NB-6000

Post Hydrostatic Test — PT NB-5350

Helium Leak Test Section V, Art. 10 and

ANSIN14.5

Inner shell Full Penetration B VT on Tack Welds NB-4424 and NB-4427
circumferential Double Groove VT Final Pass NB-5350

PT Final Pass NB-4424 and NB-4427

RT Final Weld NB-5320

Hydrostatic Test NB-6000

Post Hydrostatic Test — PT NB-5350

Helium Leakage Test Section V, Art. 10 and

ANSIN14.5

Inner shell to top Full Penetration B VT on Tack Welds NB-4424 and NB-4427
and bottom mner Double Groove VT Final Pass NB-5350
shell rings PT Final Pass NB-4424 and NB-4427
circumferential RT Final Weld NB-5320

Hydrostatic Test
Post Hydrostatic Test — PT
Helium Leakage Test

NB-6000

NB-5350

Section V, Art. 10; and
ANSINI14.5
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Table 4.1-2

NAC-STC Containment Boundary Welds, Examinations and Tests (Continued)

Primary Containment Boundary

Weld Location Weld Type ASME Code Category Inspections/Tests ASME Acceptance Criteria
Top inner shell ring | Full Penetration C VT on Tack Welds NB-4424 and NB-4427
to upper forging and | Double Groove VT Final Pass NB-5350

bottom inner shell
ring to bottom inner
forging

PT Final Pass

RT Final Weld
Hydrostatic Test

Post Hydrostatic Test — PT
Helium Leak Test

NB-4424 and NB-4427
NB-5320

NB-6000

NB-5350

Section V, Art. 10 and
ANSIN14.5

Separate Inner Container

Weld Location Weld Type ASME Code Category Inspections/Tests ASME Acceptance Criteria
Canisfer shell Full Penetration A VT on Tack Welds NB-4424 and NB-4427
longitudinal Double Groove VT Final Pass NB-5350

PT Final Pass NB-4424 and NB-4427
RT Final Weld NB-5320

Post-Loading Pneumatic (air-

over-water) Pressure Test NB-6000
Helium Leak Test Section V, Art. 10 and
ANSI N14.5
Canister shell Full Penetration B VT on Tack Welds NB-4424 and NB-4427
circumferential Double Groove VT Final Pass NB-5350
PT Final Pass NB-4424 and NB-4427
RT Final Weld NB-5320

Post-Loading Pneumatic
Pressure Test
Helium Leak Test

NB-6000
Section V. Art. 10; and
ANSINI14.5

4.1-10
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Table 4.1-2

NAC-STC Containment Boundary Welds, Examinations and Tests (Continued)

Separate Inner Container

shell

Groove (Field Weld)

Volumetric Examination (UT)
or Multi-Pass PT
VT Final Pass

Weld Location Weld Type ASME Code Category Inspections/Tests ASME Acceptance Criteria
Bottom plate to Full Penetration C VT on Tack Welds NB-4424 and NB-4427
shell Double Groove with VT Final Pass NB-5350

Fillet Back Weld PT Final Pass NB-4424 and NB-4427
UT Final Weld NB-5330
Post-Loading Pneumatic
Pressure Test NB-6000
Helium Leak Test Section V, Art 10 and
ANSIN14.5
Shield 1id to shell Partial Penetration C VT on Root Pass NB-4424 and NB-4427
Groove (Field Weld) PT Root Pass NB-5350
VT Final Pass NB-5350
PT Final Pass NB-4424 and NB-4427
Post-Loading Pneumatic Test NB-6000
Post-Pneumatic Test PT NB-5350
Helium Leak Test Section V, Art. 10 and
ANSINI14.5
Vent and drain port | Partial Penetration D VT on Root Pass NB-4424 and NB-4427
covers to shield lid | Groove (Field Weld) PT Root Pass NB-5350
VT Final Pass NB-5350
PT Final Pass NB-4424 and NB-4427
Structural lid to Partial Penetration C VT on Root Pass NB-4424 and NB-4427

NB-5330 (UT) or
NB-5350 (PT)
NB-4424 and NB-4427

4.1-11
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4.2 Containment Requirements for Normal Conditions of Transport

The NAC-STC has been designed to safely transport spent fuel assemblies in either of two
configurations. The spent fuel assemblies may be sealed in a transportable storage canister
(canistered), or loaded directly into a fuel basket installed in the cask cavity. In the canistered
configuration, the NAC-STC can transport up to 36 fuel assemblies, depending on the mix of
fuel assembly types within the canister, or up to 24 containers of GTCC waste. The NAC-STC is
designed and tested to meet the requirements of 10 CFR 71.51 for containment of radioactive

materials.

For directly loaded fuel, a reference 17x 17 fuel assembly having a burnup of 60,000
MWD/MTU, an enrichment of 3.5 wt % 2>°U and a cool time of 5 years is used to establish the
source term for the containment analysis. The reference fuel assembly is also used in the
shielding analysis and is described in Section 5.1.2. The source term of the reference fuel
assembly bounds the licensed inventory as described in Chapter 5. For direct loading for
immediate transport using metallic o-rings in the containment boundary, the containment
boundary is tested to a leaktight condition as defined in ANSIN14.5-1997. For direct loading for
immediate transport using EPDM or Viton o-rings, the containment boundary is tested to 3.1 x

107 ref cm*/sec, or 4.1 x 107 cm®/sec (helium).

For canistered fuel, the Combustion Engineering Type A fuel assembly has the highest burnup
and, therefore, represents the limiting assembly for the design basis Yankee Class fuels. The
source term for Reconfigured Fuel Assemblies is also bounded by the source term for the
Combustion Engineering Type A fuel assemblies. While the releasable curie content of the
32,000 MWD/MTU CE (7.0-year cooled) fuel assemblies is higher than that of the design basis
8.1-year cooled and 36,000 MWD/MTU burned CE Type A fuel assembly, the A; value of the
nuclide mixture is higher for the 32,000 MWD/MTU fuel assemblies. The higher A; value
offsets the higher volumetric activity, so the CE 36,000 MWD/MTU burned (8.1-year cooled)
fuel assembly has the bounding allowable release rate. While the 32,000 MWD/MTU
Westinghouse fuel assembly at 19.0-years cooled has an A, value lower than that of the 36,000
MWD/MTU burned (8.1-year cooled) CE Type A fuel assembly, it also has a significantly lower
releasable activity inventory, and is thus, bounded by the higher burned assembly.

The canistered GTCC waste consists primarily of irradiated and surface contaminated, stainless

steel hardware and core components. The waste is separately enclosed in containers having the

4.2-1
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same external dimensions as the Yankee Class fuel. There are no radioactive gases associated
with the GTCC waste.

The structural and thermal evaluations provided in Chapters 2 and 3 demonstrate that cask
containment is maintained during normal conditions of transport. Therefore, the package

satisfies the containment requirement of 10 CFR 71.51.

421 Containment of Radioactive Material

The NAC-STC uses one of two o-ring configurations based on the loading condition. For
directly loading of fuel for transport without interim storage, the o-rings may be either metallic or
non-metallic. For direct fuel loading for storage, the o-rings must be metallic. For loading of
canistered fuel or GTCC waste for transport without interim storage, the o-rings must also be
metallic. For configurations using metallic o-rings, the containment boundary is designed and
tested to leaktight conditions as defined by ANSI N14.5-1997. For direct fuel loading for
transport without interim storage using non-metallic (EPDM or Viton) o-rings, the allowable leak
rate is calculated using the methodology of NUREG/CR-6487. Consequently, the cask meets the
requirements of 10 CFR 71.51 and IAEA Safety Standard Series TS-R-1 (Paragraph 656) for
directly loaded and for canistered fuel or GTCC waste. During final assembly, the canister
closure is tested to leaktight conditions. Consequently, the canister provides the separate inner
container (double containment) for the transport of Reconfigured Fuel Assemblies containing
damaged fuel or fuel debris as required by 10 CFR 71.63.

42.2 Pressurization of Containment Vessel

The maximum normal operating pressure (MNOP) in the cask during normal transport conditions
is calculated, based on 100 percent failure of the fuel rods, using the methodology presented in
Section 3.4.4. The cask cavity under normal transport conditions is backfilled to one atmosphere
with 99.9 percent pure helium gas. To determine the limiting temperature conditions, it has been
assumed that the helium gas could possibly be replaced by air. Therefore, the normal operating
pressure is determined for both gas conditions. From Section 3.4.4, the free gas volume, fuel fill
gas volume, and fuel fission gas volumes for the two spent fuel configurations are presented
below. The GTCC waste does not release any gas. The Reconfigured Fuel Assemblies contain

failed fuel. The initial charge gas and any significant fission product gases have already been
released from the Reconfigured Fuel Assemblies. }
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For normal transport conditions, 100 percent of the fuel rods are assumed to fail over a period of
one year in transport in accordance with Regulatory Guide 7.8. Regulatory Guide 1.25 suggests
that 10 percent of the tritium and 30 percent of the krypton-85 should be assumed to be available
to escape each failed fuel rod. It is conservatively assumed that 30 percent of both tritium and
krypton-85 escape each failed fuel rod. Other radiologically important gaseous nuclides are
present only in negligible amounts after the 8.1-year minimum cooling period for the design basis
canistered Yankee Class fuel and the 5-year minimum cooling period for directly loaded fuel.
The postulated release of other radionuclides, including volatiles, fines, particulates and crud,

does not contribute to an increase in internal pressure.

The calculated curie content of the fission gases in the design basis directly loaded PWR and
Yankee Class canistered fuel for both normal and hypothetical accident conditions are:

Fission Inventory - Directly Loaded Fuel Inventory - Canistered Fuel
Gas Curies/Assembly | Curies/ Cask Curies/Assembly | Curies/ Cask
Tritium 302 7,852 80.3 2,890
Krypton-85 4,540 118,040 1,390 50,000
lodine-129 0.03 0.71 0.0 0.0

The directly loaded fuel inventory is based on fuel having a 3.5 wt % 25(J initial enrichment,
60,000 MWD/MTU burnup, and S-year cool time, and the canistered fuel inventory is based on
fuel having a 3.7 wt % *>*U initial enrichment, 36,000 MWD/MTU burnup and 8-year cool time.

4221 Containment Pressurization Due to Directly Loaded Fuel

An increase in pressure within the containment boundary results from an increase in the cask
cavity temperature and the postulated failure of 100 percent of the fuel rods in normal conditions
of transport (MNOP).

Based on a bulk average gas temperature of 450°F when air is in the cavity (Section 3.4.4), the
pressure within the cask cavity is 4.3 atm (63.2 psia = 48.5 psig). Based on a bulk average gas
temperature of 401°F when helium is the cover gas, the pressure in the cask cavity is:

P, = (43(—:—3—?—) =4.07atm=59.8 psia=45.1psig

This is less than the containment boundary design pressure of 75 psig.
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4222 Pressurization of Containment Due to Canistered Fuel

The MNOP during transport conditions in the transportable storage canister is calculated in
Section 3.4.4, and found to be 3.23 atmospheres, or 32.8 psig. This pressure is conservatively
calculated at 450°F, compared to the calculated maximum normal conditions of transport bulk
gas temperature of 442°F. This pressure assumes the rupture of 100 percent of the fuel rods. The
MNOP for the transportable storage canister is below the design pressure of 55 psig. As
described above, the GTCC waste and Reconfigured Fuel Assemblies do not release gases to the
canister cavity due to failures. Consequently, there is no increase in canister internal pressure
due to these contents.

Since the canister does not fail in any of the evaluated normal transport or accident conditions,
this pressure increase occurs within the canister. There is no increase in pressure in the cask

cavity except that due to the increase in cavity temperature.

4273 Containment Criterion for Normal Conditions of Transport

The NAC-STC is designed and tested to meet the containment criteria of 10 CFR 71.51 and
IAEA Safety Standard Series Ts-R-1. The 10 CFR 71 limit for the release of radioactive material
under normal conditions of transport is 10® A, per hour. This condition is met for the metallic o-
ring configuration by testing the NAC-STC to leak tight conditions, 1 x 107 ref cm’/ sec (air),
which is equivalent to 2 x 107 cm*/sec (helium) as defined by ANSI N14.5-1997. The leak test
sensitivity is 1 x 107 cm*/sec (helium), or less. This condition is met for the EPDM and Viton
o-ring configurations by testing the NAC-STC to 3.1 x 107 ref cm’/ sec (air), which is equivalent
to 4.1 x 10° cm’/sec (helium). The calculation of the allowable leak rate for the EPDM and
Viton o-ring configurations is provided in Section 4.2.3.3. The leak test sensitivity is one-half of
the allowable leak rate, or less, as recommended by ANSI N14.5-1997.

Correlation to Air Standard Conditions

The air standard leak rate is 1 x 107 ref cm®/ sec, the leaktight condition as defined by Section
2.1 of ANSI N14.5-1997. Leak testing of the NAC-STC cask and the transportable storage
canister is performed using helium gas. The NAC-STC cask leak test is performed using an
allowable leak rate of 2 x 107 cm’/sec (helium) with a detection sensitivity of 1 x 107 cm*/sec
(helium). The canister leak test is performed using an allowable leak rate of 8 x 10" cm®/sec
(helium) with a detection sensitivity of 4 x 10 cm®/sec (helium).
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4.2.3.1 Permissible Release Rate for the NAC-STC with Metallic O-Rings

Metallic o-rings must be used in the containment boundary when the cask is directly loaded for
long-term storage and when the cask is loaded with a transportable storage canister for transport
without interim storage. Metallic o-rings may also be used in the containment boundary when
the cask is directly loaded for transport without interim storage. For the metallic o-ring
configuration, the containment boundary is tested to leaktight conditions as defined by ANSI
N14.5-1997 and, therefore, meets the requirements of 10 CFR 71.51 for containment of the

radioactive contents.

Since the cask containment boundary is tested to demonstrate a leaktight condition, an allowable
release rate, based on gases, fines, volatiles and particulates that are available for release from the
directly loaded spent fuel or GTCC waste in the transportable storage canister, is not calculated.

4.23.2 Permissible Release Rate for the Transportable Storage Canister

The transportable storage canister welded closure is leak tested at final assembly to leak tight
conditions, 1 x 107 ref cm®/ sec, as defined by ANSI N14.5-1997. To meet this requirement, the
allowable leak rate is 8 x 10 cm®/sec (helium). The leak test sensitivity applied in testing the
canister at the time it is closed is 4 x 107 cm’/sec (helium), or less, to account for a test pressure
difference of less than 1 atmosphere. Consequently, the canister provides adequate containment
for the fuel or GTCC waste.

As shown in Section 2.6.13, the canister does not fail in any of the evaluated normal conditions
of transport. Consequently, the canister and cask provide leak tight containment for
Reconfigured Fuel Assemblies containing damaged fuel or fuel debris. This configuration meets
the requirement of 10 CFR 71.63(b) for a separate inner container (double containment) for

radioactive material containing more than 20 curies of plutonium.

4.2.3.3 Permissible Release Rate for the NAC-STC with EPDM or Viton O-Rings

EPDM or Viton non-metallic o-rings may be used in the containment boundary when the cask is
directly loaded for transport without interim storage. For the EPDM and Viton o-Ting
configurations, the containment boundary is tested to 3.1 x 10”° ref cm®/sec. As described in this

4.2-5




NAC-STC SAR November 2001
Docket No. 71-9235 Revision STC-01A

section, this leak rate meets the requirements of 10 CFR 71.51 for containment of the radioactive
contents.

The 10 CFR 71.51 limit for the release of radioactive material under normal conditions of
transport is 10° A/hr. In this analysis, A, for a mixed gas is determined by using the method
described in 10 CFR 71, Appendix A. The release fractions for the various radionuclides
transported in the NAC-STC are obtained from NUREG/CR-6487 and summarized in Table
4.2-1. The curie content for gases, volatiles, fines and particulates for the directly loaded 5-year
cooled PWR reference fuel assembly is provided in Tables 4.2-6 through 4.2-8.

In addition to the radionuclides produced by the fuel material, fuel assemblies develop a coating
of impurities deposited by cooling water during power generation. This coating is known as
crud. Crud contains mostly non-radioactive elements but also contains a significant amount of
®Co. NUREG/CR-6487 lists the maximum “’Co concentrations on spent fuel assemblies to be
140 pCi/cm® for PWR assemblies at initial discharge. The surface area of the reference 17 x 17
PWR assembly is calculated to be 3.54 x 10° cm?, based on the assembly characteristics provided
in Table 5.2-2.

The maximum permissible leak rate from the cask under normal conditions of transport is
determined from the 10 CFR 71 limit of 107 Ay/hr.

Ry =L,Cy €A, x1x10°hr or
Ry =L,Cy <A, x-2.78x10"sec™
where:
Ly = Volumetric gas leakage rate [cm?/s]
Cn = Curies per unit volume (termed “activity density”) of the radioactive

material that passes through the leak path [Ci/cm?)

RN Release rate for normal transport conditions [Ci/sec]

Activity Density of Radioactive Material (Cy)

The total inventories of fission product gases, volatiles, fines and crud are shown in Table 4.2-6
through Table 4.2-8. These inventories are calculated by using the source terms produced by the
SAS2H sequence, the release fractions and the postulated crud (60Co). The *°Co content is
decayed 5 years from discharge.

C,=C.u+C +C +C

Volaties FissionGas Fines
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where:

and,

where:

and,

fM, - feScN, (NgSyr)

Cona = v v
Cerud Activity density inside containment vessel resulting from crud
spallation [Ci/cm3 ]
Mt = Total crud activity inventory [Ci]
f, Crud spallation factor
\% Free volume inside containment vessel [cms]
Sc Crud surface activity [Ci/cm?]
Nr Number of fuel rods per assembly
Na = Number of assemblies
SAr = Surface area per rod [cmz]
Cﬁnes — fF‘NYRIAxRNRIQAfB
Vv
Cine = Activity concentration inside containment vessel resulting from fines
released from cladding breaches [Ci/cm’]
fr = Fraction of fuel rod mass released as fines resulting from cladding breach
fs = Fraction of fuel rods that develop cladding breach
Wr =  Mass of the fuel in fuel rod [g]
Nr Number of fuel rods per assembly
Ng4 = Number of assemblies
AR =  Specific activity of fines emitted from cladding breach in fuel rod [Ci/g]
\% = Containment vessel void volume [cm’]
C =C . +C_ = NN, fzWe (A fy +Agf5)
vg vol gas v
Cyg = Releasable activity concentration inside the containment vessel resulting
from gases and volatiles released from cladding breaches [Ci/cm”]
Cyal = Releasable activity concentration inside the containment vessel resulting
from volatiles released from cladding breaches [Ci/cm’]
Coas = Releasable activity concentration inside the containment vessel resulting
from gases released from cladding breaches [Ci/cm’]
Wr = Mass of the fuel in a fuel rod [g]
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Nr = Number fuel rods per assembly
Na = Number of assemblies
fs = Fraction of rods that develop cladding breaches
Ay = Specific activity of volatiles in fuel rod [Ci/g]
fv = Fraction of volatiles in fuel rod released if rod develops cladding breach
Ag = Specific activity of gas in fuel rod [Ci/g] '
fs = Fraction of gas that would escape from fuel rod that develops cladding
breach
v = Void volume inside containment vessel [cm’]

Activity Values for Radionuclides

A; values used in this analysis (based on 10 CFR 71 Appendix A) are listed in Tables 4.2-6
through 4.2-8 for all radionuclides produced by the SAS2H analysis (plus ®*Co). The mixture A,
value is shown in Table 4.2-2. For those isotopes for which no specific A, values are given in 10
CFR 71 Appendix A, the generic values listed in Table A.2 of Appendix A are applied. A,
values for mixed isotopes are calculated from the following:

where:

and
E, = Fraction of isotope i with respect to the entire mixture
S; = Activity of isotopei [Ci]
S, = Total group activity [Ci]

Mixture A; values are determined for gas, volatile, fine and crud mixtures and are then combined

for a total cask mixture A, value. Table 4.2-2 provides the source term and A2 values per group
for directly loaded PWR fuel release rate calculations.

Maximum Allowable Leak Rate for EPDM and Viton O-Rings

On the basis of the methodology described, the maximum allowable leak rate for PWR fuel

directly loaded for immediate transport in normal conditions of transport is calculated to be 3.1 x
10” cm?/sec (Table 4.2-3).
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Correlation of Allowable Leak Rates to Air Standard

The volumetric gas leak rate, L is independent of cask pressure and temperature. The maximum
allowable release must be correlated with air standard leak rates, which depend on gas
temperatures, pressures, and leakage path length and diameter. This correlation requires
calculation of the capillary opening diameter through which the flow occurs. Depending on
pressure and condition of the flow, a combination of continuum and molecular flow occurs.

Continuum flow and molecular flow equations are obtained from NUREG/CR-6487, Section 2,
which are adjusted to upstream flow rate in accordance with NUREG/CR-6487 and ANSI
N14.5-1997. The continuum volumetric flow rate of the gas (cm>/sec), L., is given by:

LU VL L P
ap P, P,
where:
F. = Coefficient for continuum flow [cm’/atm-s]
D = Capillary diameter [cm] 4
a = Capillary length [cm]
n = Fluid viscosity [cP]
P, = Upstream pressure [atm] — pressure inside containment
Py = Downstream pressure [atm] — pressure outside containment
P, = Average pressure (P +Pg)/2 [atm]

and, the molecular volumetric flow rate of the gas (cm’/sec), L, is given by:

3.81x10°D’ L
M P, P
L, = (Pu—Pd)*P—=Fm*(Pu—Pd)*P—a

" aP, g :
where:

Ln = Volumetric flow rate of gas at P, [cm’/sec]

Fm Coefficient for molecular flow [cm*/atm-s]

D = Capillary diameter [cm]

T Gas temperature [K]

M Gas molecular weight [g/mole]

P, Average pressure (P, +Pg)/2 [atm]

P, = Upstream pressure [atm]

Ps = Downstream pressure [atm].

a = (Capillary diameter [cm]
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For this analysis, the gas temperature used for molecular flow analysis is identical to the
upstream temperature. Pressure and temperature at normal operating conditions are summarized
in Table 4.2-4. Based on the pressure, temperature and allowable leakage rate (Ly), the capillary
diameter of the leak is determined. The calculated capillary diameter is then used to determine
the air standard leak rate and helium test leak rate. Air standard condition leak rates are
determined for air leaking from 1 atmosphere to 0.01 atmosphere at a temperature of 298°K. The
test gas is helium leaking from 1 atmosphere (0 psig) to a vacuum. Table 4.2-3 provides the
reference and test leak rates. The sensitivity for these tests is one-half the air reference leak rate

as recommended by ANSI-N14.5-1997. Key containment analysis parameters are summarized in
Table 4.2-5.

This analysis is conservative, since a higher upstream pressure, which could result from a higher
average gas temperature based on decay heat, results in a higher allowable leak rate assuming
that the leak path length and the leak path diameter (calculated based on the reference air
condition) are held constant. Since the test condition pressure cannot be less than 1 atmosphere
and the average gas temperature does not have a first order effect on calculated leak rate, the

helium test condition is conservative with respect to the allowable reference leak rate.
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Table 4.2-1 Release Fractions: Normal and Accident Conditions
Fraction: Fraction:
Normal Accident
Radionuclide Origin Conditions Conditions

Volatiles releasable 2.00E-04 2.00E-04

Fission gas releasable 0.3 0.3
Rod mass released 3.00E-05 3.00E-05

Crud spallation factor 0.15 1.0

Fraction of fuel that fails 0.03 1.0

Table 4.2-2  Allowable Release Rate Source and A, Values for Directly Loaded PWR Fuel:

Normal Conditions

Reference 17 x 17 PWR Fuel' Crud Gas Volatiles Fines Total
Total Activity per Assembly (Ci) N/C? 4.84E+03 | 1.76E+05 | 2.70E+05 | 4.51E+05
Releasable Activity per Cask (Ci) | 1.00E+02 | 1.13E+03 | 2.75E+01 | 6.32E+00 | 1.27E+03
Cask Volumetric Activity (Ci/em’)| 1.35E-05 | 1.52E-04 | 3.69E-06 | 8.49E-07 | 1.70E-04
A, Value (Ci) 10.80 283.25 6.08 0.13 300.26
Fraction of Activity 0.079 0.894 0.022 0.005 1.000
Fraction of Activity / A, (1/Ci) 0.0073 0.0032 0.0036 0.0391 0.0532
Mixture A, Value (Ci) 18.80

1. Based on 3% rod failure.

2. Not explicitly calculated.
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Table 4.2-3  Leak Rate and Leak Test Sensitivity: Normal Conditions
Leak Rate (cm’/sec)
Vol. Activity | Volumetric| Air Reference Test
Contents O-Rings (Ci/cm3) (L) (Lgr) Sensitivity
Directly Loaded EPDM
Reference 17 x 17 or
PWR Fuel Viton 1.7E-04 3.1E-05 3.1E-05' 1.6E-05'

1. The corresponding helium test leak rates and leak test sensitivities for the directly loaded

PWR fuel configuration are 4.1 x 10” cm®/sec and 2.0 x 10~ cm® /sec, respectively, at

standard conditions.

Table 4.2-4  Cask Free Volumes and Pressures: Normal and Accident Conditions
Contents Directly Loaded Reference PWR Fuel
Cask Operating Condition Normal Accident’
Free Gas Volume (liters)’ 7440 7540
Pressure (atm)z 1.80 5.72
Average Gas Temperature (K) 505.0 675.0

1. The accident condition for this analysis is 100% rod failure in combination with a

fire accident that raises the cask temperature.

This hypothetical dual-failure

accident conservatively maximizes both available releasable material and cask

pressure.

conservatively minimizes free volume and capillary diameter.

4.2-12
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Table 4.2-5 Containment Parameters for Non-Metallic O-Rings in Normal Conditions of
Transport
Crud
Surface | Containment | Capillary | Capillary | Upstream Gas
Activity | Free Volume | Length | Diameter | Pressure | Temperature
Contents | (Ci/cm?) (cm3) (cm) (cm) (atm) (K)
Reference
17x 17
PWR Fuel | 7.3E-5 7.44E+6 0.597 6.9E-4 1.80 505

Note: Based on 3% of the fuel rods failing in normal transport conditions.

Table 4.2-6 17x17 Reference Fuel SAS2H Output and Group A; Values — Gases
Fraction Composite
Isotope Curies of Source | A; Value | Frac/A; Az
H 3 3.02E+02 6.24E-02 1080 5.775E-05
1129 2.73E-02 5.64E-06 1E+60 | 5.638E-66
KR 85 4.54E+03 9.38E-01 270 | 3.473E-03
Total 4.84E+03 3.53E-03 | 283.252
Table 4.2-7  17x17 Reference Fuel SAS2H Output and Group A, Values — Volatiles
Fraction Composite
Isotope Curies of Source | A; Value | Frac/A; A,
CS134 3.32E+04 1.89E-01 13.5 1.397E-02
CS135 3.35E-01 1.90E-06 243 7.833E-08
CS137 7.96E+04 4.52E-01 13.5 3.350E-02
RU106 1.51E+04 8.58E-02 541 1.586E-02
SR 90 4.81E+04 2.73E-01 2.7 1.012E-01
Total 1.76E+05 1.65E-01 6.077
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Table 4.2-8  17x17 Reference Fuel SAS2H Output and Group A, Values — Fines

Fraction Composite

Isotope Curies of Source A; Value Frac/A; Ay
AGI108 1.19E-03 4.41E-09 0.5 8.82E-09
AG108M 1.36E-02 5.04E-08 16.2 3.11E-09
AG109M 1.22E-04 4.52E-10 0.5 9.04E-10
AG110 4.80E-01 1.78E-06 0.5 3.56E-06
AGI110M 3.53E+01 1.31E-04 10.8 1.21E-05
AM241 6.97E+02 2.58E-03 0.00541 4.77E-01
AM?242 6.67E+00 2.47E-05 0.5 4.94E-05
AM242M 6.70E+00 2.48E-05 0.00541 4.59E-03
AM?243 4.18E+01 1.55E-04 0.00541 2.86E-02
BA137M 7.51E+04 2.78E-01 0.5 5.56E-01
BI212 5.01E-02 1.86E-07 8.11 2.29E-08
BK249 5.88E-03 2.18E-08 2.16 1.01E-08
Cl4 9.81E-05 3.63E-10 54.1 6.72E-12
CD109 1.22E-04 4.52E-10 27 1.67E-11
CD113M 2.75E+01 1.02E-04 2.43 4.19E-05
CE144 7.0SE+03 2.61E-02 5.41 4.83E-03
CF249 8.42E-04 3.12E-09 0.00541 5.77E-07
CF250 3.38E-03 1.25E-08 0.0135 9.27E-07
CF251 4.18E-05 1.55E-10 0.00541 2.86E-08
CF252 5.19E-03 1.92E-08 0.027 7.12E-07
CM242 2.73E+01 1.01E-04 0.27 3.75E-04
CM243 3.20E+01 1.19E-04 0.00811 1.46E-02
CM244 7.77E+03 2.88E-02 0.0108 2.67E+00
CM245 9.51E-01 3.52E-06 0.00541 6.51E-04
CM246 5.93E-01 2.20E-06 0.00541 4.06E-04
CM248 3.94E-05 1.46E-10 0.00135 1.08E-07
EU152 2.36E+00 8.74E-06 243 3.60E-07
EU154 8.15E+03 3.02E-02 13.5 2.24E-03
EU155 3.88E+03 1.44E-02 54.1 2.66E-04
GD153 1.11E-01 4.11E-07 135 3.05E-09
HO166M 1.68E-03 6.22E-09 8.11 7.67E-10
NB 93M 2.45E-01 9.08E-07 162 5.60E-09
NB 94 8.06E-05 2.99E-10 16.2 1.84E-11
NB 95 4.30E-03 1.59E-08 27 5.90E-10
NP235 1.90E-03 7.04E-09 1080 6.52E-12
NP236 5.62E-05 2.08E-10 0.027 7.71E-09
NP237 2.82E-01 1.04E-06 0.00541 1.93E-04
NP238 3.01E-02 1.12E-07 0.5 2.23E-07
NP239 4.18E+01 1.55E-04 13.5 1.15E-05
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Table 4.2-8  17x17 Reference Fuel SAS2H Output and Group A, Values — Fines (Continued)
Fraction Composite

Isotope Curies of Source A; Value Frac/A; A,
PA233 2.82E-01 1.04E-06 24.3 4.30E-08
PA234 1.86E-04 6.89E-10 0.5 1.38E-09
PA234M 1.43E-01 5.30E-07 0.5 1.06E-06
PB212 5.01E-02 | " 1.86E-07 8.11 2.29E-08
PD107 1.27E-01 4.70E-07 1E+60 4.70E-67
PM145 1.32E-01 4.89E-07 189 2.59E-09
PM146 2.37E+00 8.78E-06 0.5 1.76E-05
PM147 2.17E+04 8.04E-02 243 3.31E-03
PO212 3.21E-02 1.19E-07 0.000541 2.20E-04
- PO216 5.01E-02 1.86E-07 0.000541 3.43E-04
PR144 7.05E+03 2.61E-02 0.5 5.22E-02
PR144M 9.86E+01 3.65E-04 0.5 7.31E-04
PU236 6.02E-01 2.23E-06 0.0189 1.18E-04
PU238 3.84E+03 1.42E-02 0.00541 2.63E+00
PU239 1.54E+02 5.70E-04 0.00541 1.05E-01
PU240 3.22E+02 1.19E-03 0.00541 2.20E-01
PU241 6.82E+04 2.53E-01 0.27 9.36E-01
PU242 2.52E+00 9.34E-06 0.00541 1.73E-03
RA224 5.01E-02 1.86E-07 1.62 1.15E-07
RH102 5.61E-01 2.08E-06 13.5 1.54E-07
RH106 1.51E+04 5.59E-02 0.5 1.12E-01
RN220 5.01E-02 1.86E-07 0.000541 3.43E-04
SB125 1.81E+03 6.71E-03 243 2.76E-04
SB126 7.40E-02 2.74E-07 10.8 2.54E-08
SB126M 5.29E-01 1.96E-06 0.5 3.92E-06
SE 79 5.39E-02 2.00E-07 54.1 3.69E-09
SM145 3.34E-02 1.24E-07 541 2.29E-10
SM151 2.33E+02 8.63E-04 108 7.99E-06
SN11SM 6.58E-01 2.44E-06 1080 2.26E-09
SN121 1.64E+00 6.08E-06 0.5 1.22E-05
SN121M 2.11E+00 7.82E-06 243 3.22E-07
SN123 1.84E-02 6.82E-08 13.5 5.05E-09
SN126 5.29E-01 1.96E-06 8.11 2.42E-07
TC 99 1.00E+01 3.70E-05 24.3 1.52E-06
TE123M 3.99E-04 1.48E-09 189 7.82E-12
TE125M 4.42E+02 1.64E-03 243 6.74E-06
TE127 8.06E-02 2.99E-07 13.5 2.21E-08
TE127M 8.23E-02 3.05E-07 13.5 2.26E-08
TH228 4.99E-02 1.85E-07 0.0108 1.71E-05
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Table 4.2-8  17x17 Reference Fuel SAS2H Output and Group A, Values — Fines (Continued)

Fraction Composite

Isotope Curies of Source Az Value Frac/A; Ay
TH231 2.32E-03 8.59E-09 24.3 3.54E-10

TH234 1.43E-01 5.30E-07 5.41 9.79E-08

TL208 1.80E-02 6.67E-08 0.5 1.33E-07
T™171 5.13E-04 1.90E-09 270 7.04E-12

U232 7.30E-02 2.70E-07 0.00811 3.33E-05

U233 9.82E-06 3.64E-11 0.027 1.35E-09

U234 6.91E-02 2.56E-07 0.027 9.48E-06

U235 2.32E-03 8.59E-09 1E+60 8.59E-69

U236 | 1.45E-01 5.37E-07 0.027 1.99E-05

U237 1.63E+00 6.04E-06 0.5 1.21E-05

U238 1.43E-01 5.30E-07 1E+60 5.30E-67

Y 90 4.81E+04 1.78E-01 5.41 3.29E-02

Y 91 1.79E-04 6.63E-10 8.11 8.18E-11

ZR 93 8.99E-01 - 3.33E-06 5.41 6.16E-07

ZR 95 1.89E-03 7.00E-09 243 2.88E-10

Total 2.70E+05 7.85E+00 0.127
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4.3 Containment Requirements For Hypothetical Accident Conditions

The NAC-STC has been designed to safely transport 26 directly loaded PWR fuel assemblies, or in
the canister configuration, up to 36 Yankee Class fuel assemblies or 24 containers of GTCC waste.
The structural integrity of the cask containment during hypothetical accident conditions is
demonstrated in Section 2.7. Therefore, the cask containment is maintained under hypothetical
accident conditions. As described in Section 2.7.11, the transportable storage canister does not fail
in any of the evaluated transport accident conditions defined in 10 CFR 71.73. Consequently, for
the configurations using metallic o-rings, the leaktight condition is maintained in the hypothetical
accident conditions. As described in Section 4.1, metallic o-rings must be used for the direct
loading of fuel for long-term storage and for the transportable storage canister loaded into the cask
for transport without interim storage. Either metallic or non-metallic (EPDM or Viton) o-rings may
be used for spent fuel that is directly loaded for transport without interim storage.

For direct loading for transport without interim storage using EPDM or Viton o-rings, the
containment boundary requirement under hypothetical accident conditions is met by ensuring that
a leak rate limit of 1.5 x 107 ref.cm®/sec is not exceeded. Calculation of this limit is provided in
Section 4.3.2.

Assuming a simultaneous occurrence of a fire accident and a 100% rod failure, and on the basis
of a bulk average gas temperature of 675K resulting from air in the cavity, the pressure within the
cask cavity is calculated to be 5.72 atm. The hypothetical presence of air in the cask provides an
upper bound on the gas temperature. This pressure represents the maximum possible cask
internal pressure.

43.1 Fission Gas Products

The calculated amounts of fission gases contained by the design basis directly loaded and
canistered PWR fuel assemblies for both normal and hypothetical accident conditions are
reported in Section 4.2.2. The accident conditions assume a 100% fuel rod failure with 30% of
the available tritium and 30% of the available krypton-85 being released to the cask cavity or to
the canister. These gases contribute to an increase in the cask cavity pressure due to the
postulated failure of the directly loaded, intact, fuel and to an increase in the canister pressure due
to the postulated failure of the canistered fuel.

Other released radionuclides, including crud, volatiles, fines and particulates, are not assumed to
contribute to an increase in internal pressure of either transport configuration. The GTCC waste
does not contain any gaseous products and does not have a failure mode in the hypothetical
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accident conditions. Consequently, there is no increase in pressure due to the GTCC contents.
The Reconfigured Fuel Assemblies contain fuel already classified as failed. Consequently, the
initial charge gas and the fission product gases have already been released. There is no additional
release of gases in the hypothetical accident events due to the Reconfigured Fuel Assembly
contents.

432 Containment of Radioactive Material

For directly loaded fuel intended for transport without interim storage using metallic o-rings, the
containment boundary is tested to a leaktight condition as defined in ANSI N14.5-1997. As
shown in Section 2.7 for the NAC-STC cask and in Section 2.7.11 for the transportable storage
canister, the containment boundary of the cask and canister do not fail during the hypothetical
accident events. Consequently, leaktight containment is maintained by both the cask and the
canister in the hypothetical accident events. For the EPDM or Viton o-ring configurations, the
allowable leak rate in the hypothetical accident condition is 1.5 x 107 cm3/sec, as shown in
Section 4.3.3. The curie content of the reference PWR fuel assembly used for the analysis is
provided in Section 4.2.3.

433 Calculation of Allowable Leak Rate

The allowable leak rates under hypothetical accident conditions are calculated by using the
method described in Section 4.2.1.1 for normal conditions of transport. The total inventories of
fission product gases, volatiles, fines and crud are calculated by using the source terms generated
by SAS2H, using the release fractions. Using the A, values from 10 CFR 71, Appendix A (Table
4.3-1), the mixture A, values are determined for gas, volatile, fine and crud mixtures. Finally,
the maximum allowable release rates are calculated by using the hypothetical accident conditions
allowable release limit:

R,=L,C, <A, perweek
or
R, =L,C, <1.65x10° A, persec

where:
La = Volumetric gas leakage rate [cm’/sec]
Ca = Curies per unit volume (termed “act1v1ty density”) of the radioactive material
that passes through the leak path [Ci/cm®]
Ra = Release rate for accident transport conditions
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The assumptions applied to the calculations for the hypothetical accident conditions are that
100% of the fuel rods fail and that 100% of the assumed crud is released. The gas, volatile, fine
and crud mixture A, is not affected by the change in the magnitude of releasable material.
However, the combined A; changes based on the change in activity fraction in each group.

The calculated maximum permissible release rate for the reference directly loaded PWR fuel
under hypothetical accident conditions using either EPDM or Viton o-rings is tabulated in Table

4.3-2.

Correlation of Allowable Leak Rates to Air Standard

The maximum allowable leak rate for the hypothetical accident conditions is correlated with the
standard leak rate by using the methodology described in Section 4.2.1.2. The results for the
reference PWR fuel loaded for transport without interim storage, using either EPDM or Viton o-
rings, are shown in Table 4.3-2.

434 Containment Criterion for Accident Conditions

The containment criteria of 10 CFR 71 limits the release rate in accident conditions to A; per
week. The NAC-STC cask using metallic o-rings and the transportable storage canister are
designed and tested to leaktight conditions as defined in Section 2.1 of ANSI-N14.5-1997. The
allowable leak rate calculated for the EPDM or Viton o-ring configurations in the hypothetical
accident conditions is much greater than that required for the normal conditions of transport.
Consequently, the cask meets the regulatory containment criterion for the hypothetical accident
conditions in either the metallic o-ring or non-metallic o-ring configuration.

4.3-3
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Table 4.3-1

Allowable Release Rate Source and A, Values for Directly Loaded PWR Fuel:
Accident Conditions Using Non-Metallic O-Rings

17 x 17 Hybrid Crud Gas Volatiles Fines Total
Total Activity per Assembly (Ci) N/C! 4.84E+03 | 1.76E+05 | 2.70E+05 | 4.51E+05
Releasable Activity per Cask (Ci) | 6.68E+02 | 3.78E+04 | 9.15E+02 | 2.11E+02 | 3.96E+04
Cask Volumetric Activity (Ci/cm’)| 8.86E-05 | 5.01E-03 | 1.21E-04 | 2.79E-05 | 5.25E-03
A, Value (Ci) 10.80 283.25 6.08 0.13 300.26
Fraction of Activity 0.017 0.955 0.023 0.005 1.000
Fraction of Activity / A; (1/Ci) 0.0016 0.0034 0.0038 0.0418 0.0505
Mixture A, Value (Ci) 19.79
1 Not explicitly calculated.
Table 4.3-2  Standard Leak Rate for the Accident Condition
Leak Rate (cm3/sec)
Vol. Activity | Volumetric | Air Reference
Contents O-Rings | (Ci/em®) (L) (Lg)
Directly Loaded
Reference 17 x 17
PWR Fuel EPDM 5.2E-03 6.2E-03 1.5E-03

Table 4.3-3 Containment Parameters for Non-Metallic O-Rings in the Accident Condition
Crud

Surface | Containment | Capillary | Capillary | Upstream Gas
Activity | Free Volume | Length Diameter | Pressure | Temperature

Contents | (Ci/cm?) (em?) (cm) (cm) (atm) (4:9)

Reference

17x 17
PWR Fuel 7.3E-5 7.54E+6 0.597 3.0E-4 5.72 675

Note: 100 % of the fuel rods are postulated to fail in the accident condition.
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How to SpeCify O-Rings

Denotes Tubing OD : . Wall Thickness
Metallic O-Ring {Thirty-Secands) | {Thousanghs)

f -
BEEB T E
¢ - L . t

|
i

Type
Materisls BE~Self-anergized
1—Alioy T8 7 —Stainiess Metallic O-Ring CD onlD
2—Suintess Stee] 304 (inches) (Thousandths) PF~Pressure filled
Stee! 321 8-—-Stainiags . NF—Not sali-
- 3—Aluminum Bteel 318 snsrgized, not
4~ Copper 0-Stiniess pressure filled
5= Alioy 800 Steel 347 So—gnlg-snlmizod
B=Alloy %750 X~As Spacifi
o As fied 8X—8elf-enargized
asspec.
Exampls; )
Costings H
U2312-03625SEA A—Silver .001/.002{0.03/0.05] N—None !
The above wxnmpls, UZ312-038258EA, Indicates B—Sliver 0027003 (0.05/0.08) P-lesd .001/,002(0.03/0.05) ,
& type 321 sainless atsel O-Ring, 3," (2,32 mm) D—Tetion® ,001/.003(0.03/0.08) RA~indium .001/.002 (0.03/0.05) |
e O ST ST S | Eoraen Sm/ootiomiotn Tocwl oorim ooy |
(0.03/0.05 mm) shiver galing Hand L-Copper .001/.002(0,03/0.05) V-Gold . 7.001 {0.02/0.03) |
A " X~-As Spectfiad l

Fiuorocarbon Metallic C-Rings

Fluorocarbon Metallic C-Rings (cesignated MCR) are designed
for static sealing on machinery ot squipment and are avaliabie
for intemal pressure, extamal pressure, or axial pressure
ID/0D applications. Because C-Rings are designed with an
opan side on ihe pressure sige of the INswllation, the seal is
seli-energizing. Fluorocarbon C-Rings sre offersd in round
Or Irregular shapes in & broad rangs O! sizes trom 1267
{32 mm) OD x 032" (0,51 mm) tree height to over 300” (7620
mm) QD x 2 (50,50 mm) free height. Thay are availabie in a
wide variety of metal alioys and metallic or Tetlon coatings.
Sealing appiication emperaiure range is from cryogenic to
3.000° F. (1650°C.); pressurs tolerances are trom 10 torr to
100000 psi (6804 atm). Where customer requiremenis are
inrge, the C-Ring provides the iowest unit pnce of any high
partormance saa! on the markel.

SYotion 13 DuPonts Regmuered Trademern.

(O) Halicofiex
Components Division Telephone (803) 783-1880

P.0. Box 9889 FAX (803) 783-427%
Colwmbis. South Carolina 28290

Praowe M0 30s0ROMONS SUINAct 1) CNNOS wihout newns. © 1983 The Fa, G FCE200 Prwaps s U.B.A
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452 Blended Polvtetrafluoroethylene (PTFE) O-Rings

This section contains applicable technical data from a typical manufacturer of blended
polytetrafluoroethylene (PTFE) o-rings. The PTFE o-rings used in the NAC-STC port covers are
manufactured from virgin (unreprocessed) polytetrafluoroethylene base material filled with
plastic. One product that satisfies the design requirements is the Fluoroloy K o-ring
manufactured by the Furon Company, which has an operating temperature range of -450°F to
+650°F.
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4.5.5 EPDM O-Rings

This appendix contains the manufacturer’s technical bulletins for EPDM O-rings and seals.
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mmnommumm
ypical Names:
i Troe uwmummca

vm.....................mmwco.usa\
EDOYR o covcscsncse Copolymer Rubber & Chemical Corp.
wmmmuhmwm from
mmmm(mpwa-
mwcmm-mmdlMM
omer (sthylene Propylans terpolymers). It was introduced
to the rubber incustry in 1981 and quickly won brosd 8t~
mmnmmmummm
w»wummmmrww
tluids.

Ethwyiens propylene has & lemperswre range of -85 o
+300°F (=54 10 +149°C) for most applications.

EP is recommendied lor:

Phosphate estsr base hydrauiic fuids (Skyorol, quﬂl.

Pydraul).
Steam (to 400°F) {204°C).
Water,
Sllicons oiis and greases.
Dilute acids.
Oilute alikalins.
Ketones (MEK, acstone).
Alcohols.
Automotive braks fiuids.
EP is not recommended for:
Petroleum oiis.
Di-aster base lubncants.
FLUOROCARBON RUBBER (FXNM)
Typical Trads Names:
FIUOMBE + . eivinnneriorersanenoroosannessasncons <}
Keirez (mghtemp) . ..... E.I. auPont de Nemours Company
L M {formeny Kellog)
71 T E.| ayPomt de Nemours Company
Fluorocarbon elastomers were hrst introduced mn me mid
1850's. Since then they have Grown 10 MAa O MDOAANCe In
ine seal industry. Due 10 its wmoe specirum chemical Com-
patbiiity and temperaiure range and s Iow COMPressIDN
sel. HuoroCaroon rudber 13 the Most sIgmiicant Bngle eias-
lomer gevelopment in 1eCent Mstory
Its working temperaiure range 13 consiered 10 be =15 10
+400°F (~29 10 +204°C). bu! it wall take IemMDerBlures WD 1O
600°F (316°C) for short psnoas of tme. and Du Poms
Karez 15 v Ny vo $0 500°F (260°C) On
the tow temperature end, Parner's compound VB15.75 wii
382l down 10 ~40°F (—40°C) = 3 suuc seai Thougn the
Slanoard compounds have Deen known 10 sed' 8! -€5°F
{=54°C) in some speciai S18UC ADDLCALIONS. Ihe NOrMal low
temperature hmit s = 15°F (-26°C).
Specisi formulations having extrs chemica! resistance sre
8130 avaiable. and new Iypes are oein) Geveloped
conswntly.
Fivorocarbon O-nngs should be considered 101 se8! use In
Srceafl. automobile and oihet MECNSNICS! OeviCes requinng
MAnMUM ESISIINCE 10 ¢lovaled temperature nd 10 many
tuncuonal uios

XM is recommeanded lor:

Petroleum oils.

Di-aster base tubricants (MiL-L-7308, MIL-L-6085).

Sliicate ester base lubricants (MLO 8200, MLO 8515,
05-45.)

Silicons fluids and greases.

Halopensted hyGrocarbons (Crbon wetrachiorias. tnchioro-
athylene).

Selecied phosphate ester fiuids.

PLUOROSILICONE (PSI)

Typical Trade Name:

Puoresiiicons combings the good high- and low-iempers-
ture properties of siiicone with basic tuel snd oil resistancs.
The primary uses of fluorcsilicones are in fuel systems st
temperatures U 0 3S0°F (177°C). and In applications
whers tha dry-twat resistancs of silicons is tequired, et the
seal may be exposed to petroleum oiis snd /or hycdro-carbon
tuels. in.some fueis and oils, however, the high temperature
Hmit is more conservative DECSUSS temperatures Spproach-
ing 350°F may degrade the fluid, producing acids which
attack fluorosliicone siastomers.

On the other end of the empersture scale, fluorosiiicones
typically sea! at temperatures as low as ~100°F {(—=73°C).
High strength type fuarosilicones are availabie. Cenain of
thess exhibit much improved resistance to CoOmpression sel.

ISOPRENE RUBBER-SYNTHETIC (IR)
Typical Trade Namaes:
NEISYR ....ovcvnevncas ....Goodyear Tire & Rubber Co

Poiniscprene has the distinction of being 8 synthetic slas-
tomer which has tha samg chemical COmposition as natura!
rubbet. For 8 guite to its chemica! snd physical properies.
reder 10 Natral Rubber below,

NATURAL RUBSER —NATURAL POLYISOPRENE (NR)
Crude naturat rubber is tound in the juices of many plants,
nciuding the shrud guayuie, Russian danadelion, goldenrod
ana gozens of other shrubs, vines and trees. The principal
source 15 the tree Hevea Brasiiiensis which is native 10
Brazil, Petroisum olis are the grealest enemy of naturs! rub-
ber compounds. The syrshetics have all but compisiety re~
piaced natural rubber for ses! use. .
MR o recommended for;

Automotive brake fluid.

MR ls not recommanded for;

Petroleum products.
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,.gnnlmmmm
Tende Nems:
Mw;twumm

.” .Qc'."00'0...-|.0CD.-0¢-OOG..o..c.w
ars nomopolymers ol chioroprene (chiombute-
gione) and were among the ssrisst of the synthelic nubd-
m.men-um
mmumumnm
of =851 +300°F (—54 10 +149°C). Most slasiomern e
“wumwom
MUWLMthmm
resistance 10 both. This, combined with broad WMPSERNG
ronge SAG MOTerats Cost accounts for its desirabliity in
muany 908! spplicstions.
Chisroprene Is resemmended for:
Refrigersnts (Freons, ammonis)

NITRILE OR BUNA N (NBR)

Typcsl Trage Names:

ChemIgUmM «..oocevse.....GOOOYsRr Tire & Rubber Co.
Paractil ..... vesssnssssenes eressssacsenaene Uniroyel
HYCBY ceocenvacnnnes ceresesane Goodrich Chemica! Co
KIYRBE . ceveravovrarnenas sessaseessnsens Polyssr, Lid.
Ny SYm oovvnavonneae Copotymer Rubber & Chemn. Comp

Nilrilg, chemically, is 8 copolymer of butadiens and scry-
lontnie. ACrylonitrile Content is vaned in commercist prod-

ucts from 18% 1o 48%. As the nitrile Coment INCIeases,
resistance 10 PETOlOUM base Oils snd NYSrocarbon fuels

Increasas., but low lemperature Hexidility cecresses.

Due 1o 1ts excellent! resisiance 10 peiroieum progducts. and

113 abihity 10 be compounded 10r service Ovar g Iempers-
wre range of —85 10 + 275°F (~54 10 +135°C). mtnie is

Ine most widsly usat elastomer in the seal mdustry lodsy.
Most miltary rubber specitications for fue! anc ol resisi-
ant MS ang AN O-nngs require mtrile base compounas N

should De MeMionad, howeve!, Tha! 10 CDIaIn goas remst-
ance 10 Ow eMPETSie wilh Nitrile COMDOUNOING, il IS Bl
most always Necessary 10 sacrihice some Nign temperstule

fuel ano oil resistancs.

Nitrile COMPOUNGS B8 SUPENO! 10 MOS! Slasiomers with

regarnd 10 COMPression §at Or COIC fiow, 1687 and aDTaNON

resistance. inherentty, they 00 Ret POSSEES HOOd resIStance

10 OzONS, SUNKONT O7 wWeRNeT DUt this can be sudsiantially

IMProved KWough COMPOUNING. HOWeve!. 31CE BIONe AN

WesIhe! resiStance 8re N0t Biways built in. seals trom nitrile
bases should net be stored Nesr electnc motors Of other
SQUIDMENt which may Qenersie Gzone, o in direct BUnight.
Nitrile lo recommended fer:

Genersl purpose ssaiing.

Petroleum ouis and fiuids.

Coid Walet.

EYPELF ... iiiiiiiriniaiaeiiasiaees Etyt Corp.
EYPEL-F siastomer shouid eflectively soive many difhcult
sealing probiems cue to 28 Combunahon of physcal prop-
The bsse polymer was develioped tor the U.S. Army by
Firestons Tire and Rubber Company, and it has much the
same temperature range (-85 10 +325/350°F) and liud
renstance (especislly petrolaum products) as Hiuorosili-
cone SIaSIOMers but physicat properiies are gefinitely
better — anough so that polyphosphazens Compounds
have peftormed acequitly it CYNBIMIC 2Nd SxtrusIOn ests.
Maor GISAOVENTAGE 1§ RS PESIBIENCSE 10 WRiSr Winch I8 Only
fanr 0 pooX.

POLYACRYLATE RUBSSER (ACM)
Typca! Trace Names:
Cysnacryl ..... vevsossrenns «» .American Cyanamid Co.

Tius mewnal has OUtsiandng fesisiance 10 petroleum tuel
and ol In acdition, 1 POSISSIES COMPiste resistance 10
ORIGANON, OZONE, SN SUNKONL, COMDINSY with sn ability
10 resst Rex crackng  Compoundas irom ius base polymer
Nove Deen OeveioPed wiuch 810 SAEDIabIe 1Or CONNUOUS
s9rnce W ROt Ol over he wmpsTsture renge 0”10 +350°F
{=18"10 +177°C). Remstancs 10 hot 8 18 shphtly supenor
10 ANie PONYTETS. DUt Sirength, COMDIaSSION 81 BNnd waler
TRMTNCS B WHISNOr 10 Many O tha OISt DO,
Thete are several potyacryiats types svaiadie commer-
cially, Dt 8l are POWymenzastion Prooucts ol atrylic acld
ostery

Greatest usage of POWECTYINe 18 Dy The SUOMOtive indus-
17y I JUIOMSNE WENSMMMONE N0 POWS! BleSring Doer
veng Tyoe A flug
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TEMPLBATUNE . DEGREES FANRENHEIT

The high temperature limits assignad 10 compounds in this
Nanchook 816 CONSETVALive esumales Of the MaXIMum iem-
ummlwmnummmmm,
the compounds are most chien caliad on 10 ssal. Since the
temperaturs kmit for many compounds is shown &3 & range
miher than a single tigure. This rangs may be reduced or
extended in unusua! fiuids.

Since some flukis decomposs &t a temperature lower than
the maximum emperature limit of the elastomar, the lam-
persturs limits of both the seal and the fiuid must bs con-
sidered in detenmining fimits for & system.

Low tempersturs service ratings in the past have been
bassd on values obtained by ASTM test methods D738 and
D746. The present ASTM D2000/SAE 200 specification still
calis for the ASTM D748 low tempersiure test (ASTM DTS
is obsolets). For O-rings snd other comprassion seals, how-
sver, the TR-10 vaive per ASTM D1414 provides a better
means of approximating the low temperature capability of
an siastomer COMPression sesl, the iow temperature seai-
ing mit being genaerally about 15°F below the TR-10 velue.
This is the formula that has been used, with a tew excep-
tions, 1O asiablish the recommendcad iow \ampsrature kmits
for Parker Seal Group compounds in tables A3-13, 85,
and B10.

This s 1he lowest temperature normaliy recommenced for

SIBtC s0Ris. in dynamic use, Or SIRtC applications with puis-
ing pressure, sealing may not be accoOMDlished Delow e
TRI0 temperature, or 15°F higher than the low kmit recom.
mendation in the Handbook.

These recormmendations are based on Parier tests. Some
manuisCiurers use a jess consefvative method to srmve st
fow temperature recommendations. but similar compounds
with the same TR10 emperature would be sxpecied 10 have
the same actus! low temperature kmit regardiess of catalog
recommencations.

A few degress may sometimes De g3ined by increasing the
squeezs on he O-ring section, while insutficlent squesze
may cause O-ring lsakage betors the recommended low
temperature limit is reached.

The low temperature kimit on an O-ring seal may be com-
promised if the seal is previously axposed 10 extra high
emperaturs or 8 fluict 1hat causes it O take & set. Or 10 8 fuid
that causes the seal compound 10 shrink. Conversety, the
Simit may be lowered significantly H she fiuid swelis the
compound.

With decreasing temperature, siasiomers shrink gpproxi-
Mmately ten times as much as surrounding metal parns. In 8
rod type assembily, whether static or dynemic, this efiect
causes the sealing slement 10 hug the rod more firmly as
the temperature goes down. Thereiore, an O-ring may seal
betow the recommended low temperature kmit when used
as & rod type seal.
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This appendix provides a description of the leak testing performed using the Viton o-rings at
temperatures exceeding the manufacturer’s elevated temperature limit. In addition, it also

contains the o-ring manufacturer’s material report on the Viton material.

NAC, with the aid of an independent laboratory, performed leak testing in excess of 550°F to
demonstrate the capability of Viton to perform at the elevated temperature and to determine the
leak rate of the alternate port cover design at the elevated temperature. It was determined that the
alternate port cover o-ring maintains its sealing capability at a temperature of 575°F after
prolonged heating above 400°F. Testing was done in accordance with NAC Specifications. Two
fixtures were put into a thermal test chamber. All the fittings attached to the test assemblies were
checked and confirmed leaktight. The assemblies were heated in a manner that conservatively
approximates the fire-transient analysis and one fixture was held at a temperature above 550°F
for more than 4 hours, 37 minutes. The region inside the port cover was evacuated to below 2
psia, backfilled with helium at 0 psig, evacuated and backfilled again and then leak checked. The
leak test procedure emulates the testing of the o-ring with one atmosphere of pressure acting on
the o-ring during the test. The data pertinent to the test is:

Test Assembly 16 | Test Assembly 64 Fire-Transient
Time Above 400°F ~6:32 hours ~5:52 hours 4:37 hours
Time Above 550°F ~5:05 hours ~4:25 hours 0 hours
Maximum Seal Temperature ~575°F ~575°F 547°F

The test temperature of 550°F was selected because it approximates the maximum calculated
o-ring temperature in the fire-transient analysis. The duration was selected because it is the
calculated duration that the o-ring is above the manufacturer’s maximum recommended o-ring
temperature of 400°F. This results in a conservative test due to the slower heat-up rate of the
oven compared to the heat-up rate of the port cover in the fire-transient analysis. |

Each test assembly was leak checked after the temperature test, while at a temperature of
approximately 575°F. The measured leak rate for each of the assemblies was less than 4.0 x 10°®
atm-cc/sec. In conclusion, the Viton o-rings can provide a leaktight seal, in accordance with
ANSI N14.5-1997, at an elevated temperature.
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Customer Identification
Company:

Contact:

Project Nama:

Address: ’

City:

State:

Telephone No.:

Date/Time:

Ordering Specificati

Application:
Compound Number:
Size:

Compound Information
Search Parameter
Material Selection Method:
Contained Media:
Desired Temperature Range
High:
Low:
Selected Material Information
Duromaeter (Shore A):
Polymaer:
Temperature
Normal High:
Extended High:
Normal Low:
Color:
Static Application Only:
Military Spec.:
AMS NAS Spec.:
SAE/ASTM Spec.:

Seal Size Inf H

Sizing Selection Method:

NAC International
George Carver

770-447-1797 fax
9-17-1989 15:27

O-ring Only
V0835-75

Compound Search

9/17/98

Zip Code:

75
Fluorocarbon GLT - (owWimémP  Cormround.

400 °F

400 °F

-40 °F

Black

No
MiL-R-83485
None

None

Known: O-ring P/N.  Search for: O-ring dimensions.
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Compound Data Sheet
O-Ring Dlvision United States

MATERIAL REPORT

REPORT NUMBER: KJ0835
DATE: 10/10/89

TITLE: Test of Parker Compound V0835-75 to MIL-R-83485, Type [.

PURPOSE: To determine if V0835-75 meets MIL-R-83485, Type l.

CONCLUSION: V0835-75 meets the above specification.

Parker O-Ring Division
2380 Palumbo Drive
Lexington, Kentucky 40509
(606) 269-2351
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Specific Gravity

Hardness points

Tensile Strength, psi. min.
Elongation, % min.
Temperature Retraction, 10%
(TR-10), °F. max.

AFTER AIR AGING, 70 HRS.@
75° + §°F, Compression Set

% of original deflection, max.

AFTER AGING, 70 HRS. @ 75°F IN
TT-S:735, TYPE Il

Hardness Change, pts.

Tensile Strength decrease, %, max.
Elongation decrease, %, max.
Volums change, %, max.

AFTER AIR AGING, 70 HRS. @
52§° I EBE

Hardness change, pts.

Tensile Strength decrsase, % max.
Elongation decrease, %, max.
Weight loss, %, max.

AFTER AIR AGING, 166 HRS @
347° £ 5'F, COMPRESS|ON SET

% of original deflection, max.
18 hrs. cooling

AFTER AIR AGING, 22 HRS @
392° x 5°F, COMPRESSION SET

% of original deflection, max.

REPORT DATA
Report Number: KJ0835

MIL-R-83485

TYPE 1, O-RINGS &
COMPRESSION SEALS
As determined

7515

1600

120

-20

25

+5
30

1to 10

+5
35

12

25

20

4.5-38

V0835-75
ACTUAL VALUES
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78
1708
180

-22

~ (14)

77 (-1)
1662 (-3)
165 (-8)
)

78 (0)
1136 {-33)
235 (+31)
- (-7

- {15)
- (24)
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AFTER AGING, 70 HRS.
@ 347°MIL-R-83485
+5°F in AMS-3021

Hardness change, pts

Tensile Strength decrease, %, max.

Elongation decrease, %, max.
Volume change, %
Compression set, % of
original deflection, max.

18 hr. cooling

MIL-R-83485
TYPE 1, O-RINGS %
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1406 (-18)
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5.0 SHIELDING EVALUATION

The NAC-STC uses an optimized multiwall design to provide the most efficient shielding
arrangement possible, and to comply with 10 CFR 71 limits. This chapter provides a description
of the NAC-STC shield design, design basis contents, and the conservative shielding analyses

used to determine the transport dose rates.

The NAC-STC is designed to safely transport intact spent fuel assemblies in two configurations:
directly loaded and canistered. In the directly loaded configuration, standard PWR fuel
assemblies are placed directly into a fuel basket installed in the cask cavity. In the canistered
configuration, a sealed transportable storage canister loaded with fuel assemblies is placed in an
empty cask cavity with top and bottom spacers. In the directly loaded configuration, the
NAC-STC can transport up to 26 standard PWR fuel assemblies. In the canistered configuration,
the NAC-STC can transport up to 36 Yankee Class fuel assemblies.

For directly loaded fuel, the shielding evaluation considers reference fuel assemblies in 14 x 14,
15x 15,16 x 16 and 17 x 17 array sizes. The reference fuel assemblies have parameters selected
from all of the fuel assemblies of the same array size to maximize the shielding source terms.
The design basis fuel for the canistered configuration is the Yankee Class, Combustion
Engineering, Type A, 16 x 16 PWR fuel assembly.

The NAC-STC can also safely transport Greater Than Class C (GTCC) waste in a canistered
configuration. The GTCC waste, consisting of activated steel, is placed in a container (see
Figure 5.1-4) that is the same size as a Yankee Class fuel assembly. Up to 24 GTCC containers
can be loaded into the GTCC canister.

The NAC-STC is assigned a nominal Transport Index for shielding of 21 (TI = 21) based on the
requirement of 10 CFR 71.4 and the analysis of Section 5.1.4. The maximum dose rate at 1
meter from the NAC-STC in normal conditions of transport is 20.3 mrem per hour, based on the
directly loaded reference fuel. The actual measured dose rate is expected to be less.

The shielding evaluation for directly loaded fuel, canistered fuel and GTCC waste demonstrates
compliance with 10 CFR 71 limits. The dose rates for the canistered Yankee Class fuel and
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fuel and GTCC waste dose rates are shown to be significantly less than those for the directly
loaded fuel configuration for both normal and accident conditions.

The shielding evaluation of the directly loaded configuration is performed using the SAS2H
sequence (Hermann, 1995) of the SCALE-4.3 package for the PC (ORNL, 1995). This sequence
uses the computer code ORIGEN-S (Hermann, 1989) to calculate the source terms. The
MCBEND (AEA Technology, 2000) computer code is used to calculate the cask dose rates for
normal transport and hypothetical accident conditions. The shielding analyses show that the dose

rates are below regulatory limits.

The shielding evaluation of the Yankee Class canister fuel and GTCC waste is performed using
SCALE 4.3 for the PC (ORNL, 1995). This code uses SAS2H (Herman, 1995) to calculate
source terms. 1D shielding evaluations were performed using SAS1 (Knight, 1995). The
shielding analyses show that the dose rates are well below the regulatory limits stated in 10 CFR

71 and are well below the dose rates reported for the directly loaded fuel.

Directly Loaded Fuel

The directly loaded basket construction is based on a tube and disk design. PWR fuel is loaded
into 26 fuel tubes fabricated from Type 304 stainless steel sheets. BORAL neutron absorber is
encased in stainless steel on the outside face of the fuel tube. Twenty 5/8-inch thick aluminum
disks are spaced between thirty-three 1/2-inch thick Type 17-4 PH stainless steel support disks to
provide heat transfer. Radial shielding of PWR fuel in the directly loaded basket is provided by
the multi-wall design of the NAC-STC cask body. Axial shielding is provided by the cask body
closure lids and end forgings and the impact limiters.

Canistered Fuel and GTCC Waste

The canister containing Yankee Class fuel or GTCC waste is placed in the NAC-STC cavity with
top and bottom spacers. The placement of the canister between the top and bottom spacers
cffectively precludes the source regions from streaming through areas above and below the
neutron shield and tapered regions of the lead. In addition to the radial and axial shielding
provided by the cask body and lids, radial and axial shielding is provided by the canister 5/8 inch
shell, the 8 inches of stainless steel from the canister lids and 1 inch of steel from the canister
bottom.
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The Yankee-MPC fuel basket is of the same design as the steel/aluminum directly loaded basket.
It has a shorter overall length to accommodate the dimensions of the design basis Yankee Class
fuel, and a smaller diameter to accommodate the inside dimension of the canister. Consistent
with these smaller dimensions, the Yankee-MPC basket also has fewer support plates and heat
transfer disks than the directly loaded basket.

The Yankee-MPC GTCC basket is a simplified tube and disk design. The steel tubes holding the
GTCC waste containers are surrounded by a 2.5-inch steel basket support wall, and are held in

place by steel support disks. Aluminum heat transfer disks are not used.
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5.1 Discussion and Results

The radiation protection provided by the NAC-STC is in the form of solid multi-walled shielding
materials, which totally surround the fuel. These shielding materials include steel and lead for
gamma shielding and a borated polymer (NS-4-FR) for neutron shielding. The multi-walled
arrangement of steel and lead in the NAC-STC provides optimal weight for gamma attenuation.
The NS-4-FR neutron shielding material has a hydrogen density close to that of water and serves
to moderate fast neutrons, which are then captured in the boron. Boron capture in the neutron

shield minimizes the contribution of secondary capture gammas to surface dose rates.

The NAC-STC uses a multi-walled arrangement for both radial and axial shields. The
arrangement of the radial gamma shielding in the cask body is a 1.5-inch thick stainless steel
mner shell and a 2.65-inch thick stainless steel outer shell with a 3.70-inch thick lead filled
annulus between them. The radial neutron shield is arranged around the outer steel shell with a
5.5-inch thick NS-4-FR layer, covered by a 0.25-inch (6 mm) thick neutron shield shell. The
bottom of the cask contains a steel/NS-4-FR/steel shield arrangement with the two stainless steel
components providing 11.65 inches of gamma shielding and 2 inches of NS-4-FR neutron
shielding. The top of the cask has shields in the form of two closure lids. The inner lid also has a
steel/NS-4-FR/steel arrangement with 6.0 inches of steel below 2 inches of NS-4-FR and 1.0 inch
of steel above it. The outer lid is a 5.25-inch thick steel disk.

5.1.1 Design Criteria

The shielding design criteria for the NAC-STC meets the requirements of 10 CFR 71 and IAEA
Safety Standard Series No. ST-1. For normal conditions, the dose rate limits specified in 10 CFR
71.47 and paragraph 572 of JAEA Safety Standard Series No. ST-1 for consignments under
exclusive use are: 1,000 mrem/hour on the surface of the enclosed package, 200 mrem/hour on
the outer surfaces of transport vehicle and 10 mrem/hour at 2 meters from the vertical planes
represented by the outer lateral surfaces of the transport vehicle. The cask surface dose rate is
less than 200 mrem/hour, except at the gap between the neutron shield and the upper impact
limiter and at the rotation trunnions, where the maximum dose rate is 366 mrem/hr. The
maximum dose rate at the personnel barrier, which is the accessible surface of the package,
adjacent to the gap between the neutron shield and upper impact limiter, is significantly less than
200 mrem/hr. Note: The cask tie-down structure that is present at this location is conservatively
not considered. The 10 mrem/hr criterion has also been met at all locations 2 meters from the
railcar. Under hypothetical accident conditions, 10 CFR 71.51 and IAEA Safety Standard Series
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No. ST-1, paragraph 656, specify a dose rate limit of 1,000 mrem/hour at 1 meter from the
surface of the cask. This criterion has also been met at all locations.

The accessible surface of the package is defined as a personnel barrier that will be on the same
plane as the outer radial surface of the top half of the impact limiters. The personnel barrier will
attach to the edge of the railcar between the impact limiters. The personnel barrier location is

shown in Drawing 423-901.

512 Design Basis Fuel

The NAC-STC has two configurations for transport of design basis fuel: directly loaded and
canistered. The design basis fuel for the directly loaded configuration is described in Section
5.1.2.1. The second configuration is for canistered Yankee Class fuel and GTCC waste. The
design basis fuel for shielding for this configuration is described in Section 5.1.2.2.

5.1.2.1 Design Basis Directly Loaded Fuel

The NAC-STC can transport up to 26 directly loaded, intact PWR fuel assemblies over a range of
burnups, initial By enrichments, and minimum allowable cool times. Reference fuel assemblies
have been developed and analyzed to envelope PWR fuel for 14x14, 15x15, 16x16, and 17x17
array sizes. These assemblies are constructed by surveying assembly data for assemblies less
than 165 inches in length (the length of the STC cavity) and using bounding fuel parameters to
maximize fuel mass (MTU) and hardware source terms, Decay heats and dose rates have been
calculated for a finite range of burnups, initial *°U enrichments, and cool times to generate an
allowable loading table, or minimum cool timetable. Adherence to the cool timetable ensures that
heat load and dose rate limits will not be exceeded.

Three-dimensional dose rates are calculated using a response function methodology. Each of the
four fuel assembly array sizes is analyzed over a range of source regions and source types with
unit source in each relevant energy group. Source types considered are fuel neutron, fuel gamma,
fuel secondary gamma (n-gamma), in-core fuel hardware (grid spacers, steel guide tubes, etc.),
plenum, and end fitting hardware. These sources are analyzed in a finite number of energy
groups with a unit source in each group. The scalar product of source term and response function
allows for the creation of large arrays of dose rate results, whether they are for a single detector,
or the maximum or average over a detector surface. In this analysis, detector maximum
responses have been used exclusively to generate minimum cool timetables.
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5.1.2.2 Design Basis Yankee Class Canistered Fuel and GTCC Waste

The design basis fuel for the Yankee Class canistered configuration for shielding purposes is the
Combustion Engineering (CE), Type A, 16 x 16 PWR assembly with an initial enrichment of 3.7
wt % 2*°U, a uranium mass of 239.4 kilograms, a burnup of 36,000 MWD/MTU and 8.0-year
cooling time. To meet maximum cask decay heat limits, an 8.1-year cool time is required. The
8.0-year cooled source terms are conservatively used as the shielding design basis. The dose rates
resulting from this assembly are higher than those of the other Yankee Class fuels: CE Type B,
and Westinghouse, Exxon, and United Nuclear Type A and B fuel assemblies. The design basis |
Yankee Class fuel characteristics are given in Table 5.1-1. The design basis Yankee Class fuel
physical parameters are presented in Table 5.1-2. The design basis canister fuel assembly source
terms are presented in Table 5.1-3, and a sketch of the fuel assembly is shown in Figure 5.1-3.

Source terms and dose rate evaluations concluded that for the Westinghouse, United Nuclear, and
CE Yankee Class fuel assemblies at 32,000 MWD/MTU require minimum cooling times of 19,
11 and 7 years, respectively. The minimum enrichments for these assemblies are 4.94, 4.0 and
3.5 wt %, respectively. Exxon fuel, with a burnup of 36,000 MWD/MTU and a minimum initial
enrichment of 3.5 wt %, requires a minimum cooling time of 16 years for assemblies containing
steel hardware in the active fuel region, and 9 years for assemblies with Zircaloy hardware.
Combustion Engineering fuel with an initial enrichment of 3.5 wt % is limited to 15,000
MWD/MTU at 6.8 years cooling time.

The NAC-STC can also safely transport Yankee GTCC waste. The GTCC waste, consisting of
activated steel, is placed in a container (see Drawing 455-888 and Figure 5.1-4) that is the same
size as a Yankee Class fuel assembly. Up to 24 GTCC containers can be loaded into the GTCC
canister basket. The GTCC canister is loaded in the NAC-STC for transport.

The design basis gamma source for Yankee GTCC waste is determined from dose rate
measurements and chemical assay of the GTCC waste. This gamma source is primarily due to
the activation of the core baffle from 30 years of neutron flux exposure and to a lesser extent
from surface contamination. The design basis source term for the GTCC waste canister is 9.493
x 10'* photon/s, which is equivalent to 125,000 curies of ®Co. The design basis thermal output
is 1.93 kW.

The transportable storage canister may contain one or more Reconfigured Fuel Assemblies. The
Reconfigured Fuel Assembly is designed to confine Yankee Class spent fuel rods, or portions
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thereof, which have been classified as failed. Each assembly can accommodate up to a total of
64 fuel rods. Due to the low number of rods, the reconfigured assembly fuel mass is significantly
less than the fuel mass contained in the design basis fuel assemblies. Because source term
(neutron and gamma) is directly proportional to fuel mass, for a given burnup, the reconfigured
assembly source term is bounded by that of the design basis Yankee Class fuel assemblies. The
lower source term of the 64 rod reconfigured assembly more than offsets any reduced self
shielding associated with its lower mass. In addition, each Reconfigured Fuel Assembly fuel rod
is placed within a steel enveloping rod. Consequently, a rigorous shielding analysis is not

required for the Reconfigured Fuel Assembly.

5.1.3 Shielding Materials

The shielding materials are selected and arranged to minimize cask weight while maintaining
overall shield effectiveness. Lead and steel are chosen as effective gamma radiation shields, and
NS-4-FR is provided to efficiently moderate and absorb the neutron radiation, while minimizing

the generation of secondary gamma radiation.
5.1.4 Results

For both the directly loaded and the canistered transport configurations, this section demonstrates
that the NAC-STC satisfies the regulatory criteria of 10 CFR 71.47 and paragraph 572 of IAEA
Safety Standard Series No. ST-1 under normal transport conditions; and 10 CFR 71.51(a) and
paragraph 656 of IAEA Safety Standard Series No. ST-1 for hypothetical accident conditions.
Specifically, for an exclusive use shipment in an enclosed transport vehicle, the dose rates remain
less than 1,000 mrem/hour on the surface of the package, less than 200 mrem/hour at all
locations on the surface of the personnel barrier and less than 10 mrem/hour at all locations 2
meters from the edge of the railcar (any point 2 meters from the vertical planes projected from
the outer edges of the conveyance). Also, under hypothetical accident conditions, the dose rate is
less than 1,000 mrenvhr at 1-meter from the surface of the package. Therefore, the NAC-STC
satisfies the shielding criteria of 10 CFR 71 and IAEA Safety Standard Series No. ST-1.

5.1.4.1 Results of the Shielding Evaluation for Directly Loaded Fuel

The maximum dose rates calculated for the normal transport conditions are shown in Table 5.1-4,
with locations of the maximum dose rates shown in Figure 5.1-2. Cask surface dose rates do not

exceed the regulatory limit for a closed transport vehicle of 1,000 mrem/hour at the surface of the
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package. The dose rates at 2 meters from the railcar comply with the 10 mrem/hour regulatory

limit.

The maximum normal conditions surface dose rate at the cask radial midplane is 41 mrem/hour.
The highest dose rate, occurring on the surface of the cask at the gap between the radial neutron
shield and the upper impact limiter, is 366.4 mrem/hour. All cask surface dose rates are much
less than 1,000 mremv/hour. Ducting of neutrons through the copper/stainless steel fins is
considered in Section 5.4.1.1. The results of the ducting evaluation show that this phenomenon
has a very small effect on the total cask dose rate. Azimuthal variations in the calculated dose
rate are considered in the explicit heat fin and neutron shield model. The neutron dose rate
increase resulting from the ducting is offset by the reduction of the gamma dose rate resulting

from the additional shielding provided by the fins.

Table 5.1-5 provides accident dose rates that could occur in the event of the loss of all gaseous
elements in the neutron shield combined with radial and axial lead slumps due to cask side and
end drops. Although the neutron shield material exceeds its safe operating temperature limits in
the fire accident, a complete loss of neutron shielding is not credible for the NAC-STC. Some of
the neutron shielding capability may be lost, however, as a result of the fire accident. Therefore,
the accident shielding calculations conservatively assume a complete loss of gaseous elements in
the neutron shielding. In the event of a cask end drop, it is possible for the lead gamma shielding
to slump and fill the annular gap (if one exists) created by the cooling of the lead after
fabrication. For worst case conditions, this accident could create a 2.35-inch gap at the top of the
lead annulus. If the cask is subject to a side drop, the lead gamma shielding could slump and
create a void on the upper side of the cask. An evaluation of this accident shows the lead
thickness may be reduced by a maximum of 0.928-inch. The dose rates shown in Table 5.1-5
show that neither the loss of the neutron shielding nor the slumping of the lead will result in a
dose rate that exceeds the hypothetical accident dose rate limit of 1,000 mrem/hour at 1 meter

from the cask surface.

Therefore, the NAC-STC fulfills the design criteria of Chapter 1 in that under normal transport
conditions, the maximum dose rates are less than 1,000 mrem/hour on the surface of the package,
less than 200 mrem/hour at all locations at the surface of the personnel barrier, and less than 10
mrem/hour at all locations 2 meters from the personnel barrier. The cask also satisfies the

hypothetical accident criteria of 1,000 mrem/hour at 1 meter from the cask surface.
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5.1.4.2 Shielding Evaluaﬁon for Yankee Class Canistered Fuel and GTCC Waste

A 1-D radial and axial shielding analysis was performed for both the canistered Yankee Class
fuel and GTCC waste under normal and hypothetical accident conditions. The dose rates for
canistered fuel (Combustion Engineering, 36,000 MWD/MTU, 8-year cooled) are provided in
Tables 5.1-7 and 5.1-8. These dose rates are provided in Tables 5.1-9 and 5.1-10 for GTCC
waste. Under normal conditions, the canister is positioned in the cavity with top and bottom
spacers, and the impact limiters are in place on the cask. Under accident conditions (i.e., 30-foot
drop and fire accident), the radial midplane results assume loss of neutron shielding. A complete
loss of neutron shielding is not credible for the NAC-STC. However, because of the elevated fire
accident temperatures, the neutron shields exceed their safe operating limits and some neutron
shielding capability may be lost. Also, in the axial models, it is assumed that the cavity spacers
are crushed, the impact limiters are lost, and the canister is positioned at either the top or the

bottom of the cavity.

The maximum calculated dose at the surface of the cask centerline when loaded with canistered
Yankee Class fuel in normal conditions of transport is 10.25 mrem/hour. This is much less than
the 41 mrem/hour for the same location with the directly loaded reference fuel in the cask. In the
accident condition involving a loss of neutron shielding and lead slump, a maximum dose rate of
262.76 mrem/hour is calculated at 1 meter from the radial midplane of the NAC-STC. This is
also much less than the directly loaded reference fuel accident dose rates shown in Table 5.1-5

and 1s well below 10 CFR 71 regulatory limits.

The maximum calculated dose at the surface of the cask centerline when loaded with GTCC
waste under normal conditions of transport is 7.03 mrem/hour. This is much less than the 41
mrem/hour calculated for the same location with the directly loaded design basis fuel in the cask.
In the accident condition, a maximum dose rate of 55.77 mrem/hour is calculated at 1 meter from
the radial surface of the NAC-STC. This is also much less than the directly loaded design basis
fuel accident dose rates shown in Table 5.1-5 and is well below 10 CFR 71 regulatory limits.

T
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Figure 5.1-1 Detector Locations
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Figure 5.1-2 Maximum Dose Rate Locations for the Three-Dimensional Directly Loaded
Fuel Analysis in Normal Conditions
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Figure 5.1-3 Design Basis "Yankee Class' Combustion Engineering Fuel Assembly
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Figure 5.1-4 GTCC Waste Container
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Table 5.1-1  Type, Form, Quantity and Potential Sources of the Fuel Used for Design Basis
Directly Loaded and Canistered Fuel
Design Basis Directly Loaded Fuel Design Basis Canistered Fuel
Fuel Type e PWR,14x14,15x 15,16 x 16 |e Yankee Class PWR Combustion
and 17 x 17 Engineering, 16x16 Type A
¢ Armay-dependent maximum e 239.4 kg maximum uranium mass
uranium mass e 3.7 wt % maximum initial 2°U
e Variable minimum initial ***U enrichment’
enrichment e 36,000 MWD/MTU maximum
e 45,000 MWD/MTU maximum burnup’
burnup’ o 0.347 kW per assembly maximum
e 0.85 kW per assembly decay heat, 12.5 kW per cask for 36
maximum decay heat, 22.1 kW assemblies
per cask for 26 assemblies e 8.1 years (or more) decay time after
e Variable minimum cool time reactor discharge®
Fuel form Intact assemblies Intact assemblies
Quantity 26 design basis fuel assemblies 36 design basis fuel assemblies
Heat Load 22.1 kilowatts, thermal per cask 12.5 kilowatts, thermal per cask
Sources of | Commercial PWR nuclear power Commercial Yankee Class nuclear
Fuel reactors power reactors

1. 3.7 wt % U is used for the 36,000 MWD/MTU fuel assembly shielding source terms. It yields higher source terms than the I

3.9 wt % used in the criticality analysis.

2. Source term and shielding evaluations were conservatively performed at burnups up to 60,000 MWD/MTU.

3. Yankee Class Westinghouse, United Nuclear and Combustion Engineering (3.5 wt % ***U) fuel assemblies with burnups up to
32,000 MWD/MTU require minimum cool times of 19, 11 and 7 years, respectively. Exxon assemblies with burnups up to
36,000 MWD/MTU require a minimum cool time of 16 years for assemblies containing steel hardware in the active fuel

region and 9 years for assemblies with Zircaloy hardware.
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Table 5.1-2  Design Basis Yankee-MPC Canistered Fuel - Physical Parameters

PARAMETER VALUE
Assembly Rod Array 16 x 16
Assembly Weight, Ib 776
Assembly Length, in 111.79
Active Fuel Length, in 91
No. of Fuel Rods 231
Rod Pitch, in 0.472
Cladding Material Zircaloy-4
Rod Diameter, in 0.365
Cladding Thickness, in 0.024
Pellet Diameter, in 0.3105
Pellet Material UO; (sintered)
Maximum Fuel Rod Pressure, psig 315
Theoretical Density, percent 95
Maximum Initial Enrichment, wt % 2>°U 3.9
Design Basis Burnup, MWD/MTU 36,000
Weight of U, kg (typical) 2394
Weight of UO,, kg (typical) 271.6
Upper End-Fitting, kg/assembly 5.5
Lower End-Fitting, kg/assembly 5.18
Upper Plenum Springs, kg/assembly 0.762
Upper Plenum Grid Grid/assembly 0.590
Lower Plenum Grid/assembly NA
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Table 5.1-3  Nuclear and Thermal Parameters of the Design Basis Yankee Class
Fuels and GTCC Waste

Parameter Fuel GTCC!

No. of Fuel Assemblies or Containers 36 24
Burnup, MWD/MTU 36,000 N/A
Cooling Time, years g . N/A
Decay Heat, kW 12.5 2.5
Gamma Source, MeV/s 2.856 x 10'¢ 1.16 x 10'®

, photons/s 6.423 x 10' 9.493 x 10"
Neutron Source 2.415x 10° N/A
Core Grids, neutrons/s 0.0 N/A
Upper end-fitting ®°Co Source, photons/s 8.330 x 10" N/A
Lower end-fitting ®°Co Source, photons/s 7.876 x 10" N/A
Upper Plenum Hardware ®°Co Source, photons/s 2.309 x 10" N/A
Lower Plenum *°Co Source, photons/s Hardware 5.242x 10" N/A

1 Includes depleted Sb-Be source vanes and core baffle steel.
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Table 5.1-4  Directly Loaded Fuel Maximum Dose Rates for Normal Conditions of Transport

Surface 2 meter’
Detector Source mrem/hr RSD mrem/hr’ RSD
Top Axial Neutron 0.5 0.2% 0.2 0.2%
Gamma 5.7 0.4% 1.2 0.4%
Total 6.2 0.3% 1.4 0.3%
Radial Neutron 152.2 0.3% 2.9 0.3%
Gamma 214.2 0.3% 6.6 0.4%
Total 366.4 0.2% 9.5 0.3%
Bottom Axial Neutron 4.0 0.3% 0.8 0.2%
Gamma 10.4 0.6% 1.9 0.9%
Total 14.4 0.4% 2.7 0.7%

1. Dose rates are rounded to the indicated precision.

2. Dose rates at 2 meter locations radially are 2 meters from the railcar. Dose rates at 2 meter locations axially

are measured from the ends of the impact limiters.
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Table 5.1-5  Directly Loaded Fuel Maximum Dose Rates for Hypothetical Accident Conditions

Surface' 1 meter’
Detector Source mrem/hr’ RSD mrem/hr’ RSD
Top Axial Neutron 31.3 0.5% 23.4 0.9%
Gamma 20.5 0.8% 10.9 2.7%
Total 51.8 0.5% 34.3 1.1%
Radial’ Neutron 1880 0.2% 685 0.2%
Gamma 47 8.6% 23 7.3%
Total 1927 0.3% 708 0.3%
Bottom Axial Neutron 139.9 0.3% 60.1 6.3%
Gamma 44.7 1.0% 11.9 1.0%
Total 184.6 0.3% 72.0 5.3%

1. The hypothetical accident conditions include a loss of all oxygen, hydrogen, and nitrogen in the radial neutron
shield material and radial and axial lead slumps.

2. Dose rates are rounded to the indicated precision.
3. The azimuthal maximum radial dose rates are 2012 (1.9%) and 771 (4.5%) mrem/hr at the surface and at 1

meter from the surface, respectively.
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Table 5.1-6 ~ Combined Top, Radial Midplane and Bottom Dose Rates for Canistered Yankee
Class Fuel in Normal Conditions of Transport
Location Detector 1.D. Radiation Dose Rate (mremvhr)
Radial Surface, fuel 1 Fuel Gamma 3.89
midplane Fuel Neutron 3.46
(n,y) 2.90
TOTAL 10.25
Radial, Im from cask 2 Fuel Gamma 1.73
surface, fuel midplane Fuel Neutron 1.29
(n,y) 1.09
TOTAL 4.11
Radial, 2m from 3 Fuel Gamma 0.79
transport vehicle, fuel Fuel Neutron 0.52
midplane’ (n,y) 0.41
TOTAL 1.72
Bottom impact limiter 4 Fuel Gamma 0.09
surface, axial Upper Plenum Gamma 0.13
centerline Top Endfitting Gamma 0.37
Fuel Neutron 0.01
(n,y) 0.04
TOTAL 0.64
Bottom, 2m from 5 Fuel Gamma 0.05
surface of impact Upper Plenum Gamma 0.07
limiter, axial Top Endfitting Gamma 0.00*
centerline Fuel Neutron 0.00*
(n,y) 0.02
TOTAL 0.14
Top impact limiter 6 Fuel Gamma 0.00*
surface, axial Upper Plenum Gamma 0.00*
centerline Top Endfitting Gamma 0.00*
Fuel Neutron 0.00*
(n,y) 0.00*
TOTAL 0.00
Top, 2m from surface 7 Fuel Gamma 0.00*
of impact limiter, Upper Plenum Gamma 0.00*
axial centerline Top Endfitting Gamma 0.00*
Fuel Neutron 0.00*
(n,y) 0.00*
TOTAL 0.00

*values are less than 0.005.
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Table 5.1-7  Combined Top, Radial Midplane and Bottom Dose Rates for Canistered Yankee
Class Fuel in Accident Conditions

Location Detector I.D. Radiation Dose Rate (mrem/hr)

Radial, Im from cask 2a Fuel Gamma 32.11°

surface, fuel midplane Fuel Neutron 230.14

without neutron (n,y) _ 049

shield' TOTAL 262.78

Bottom, 1m from 4 Fuel Gamma 0.81

cask surface, axial Upper Plenum Gamma 1.35

centerline, without Top Endfitting Gamma 4.04

neutron shield Fuel Neutron 5.35

(assumes loss of (ny) 0.10

impact limiter) ' TOTAL 11.65

Top, 1m from cask 6 Fuel Gamma 0.00°

surface, axial Upper Plenum Gamma 0.00°

centerline, without Top Endfitting Gamma 0.00°

neutron shield Fuel Neutron 18.20

(assumes loss of (n,y) _0.01

impact limiter) > TOTAL 18.25

1. Assumes complete loss of neutron shielding material.

2. Assumes loss of impact limiters and positioning of the canister in either the top or bottom of cavity.

3. Values are less than 0.005.

4. Assumes 0.88 reduction in lead shielding due to side drop lead slump.
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| Table5.1-8  Canistered Yankee GTCC Waste Dose Rates in Normal Conditions of Transport

Location Detector 1.D. Radiation Dose Rate(mrem/hr)
Radial Surface, fuel 1 Neutron 0.00
midplane Gamma 7.03
Total 7.03
Radial, 1m from cask 2 Neutron 0.00
surface, fuel midplane Gamma 3.17
Total 3.17
Radial, 2m from transport 3 Neutron 0.00
vehicle, midplane Gamma 1.49
Total 1.49
Top impact limiter surface, 6 Neutron 0.00
axial centerline Gamma 0.00
Total 0.0
Top 2m from impact limiter 7 Neutron 0.00
surface, axial centerline Gamma 0.00
Total 0.0
Bottom impact limiter 4 Neutron 0.0
surface, axial centerline Gamma 2.54
Total 2.54
Bottom, 2m from cask 5 Neutron 0.00
surface, axial centerline Gamma 0.46
Total 0.46
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Table 5.1-9  Canistered Yankee GTCC Waste Dose Rates in Accident Conditions

Location Detector 1.D. Dose Rate (mrem/hr)

. Radial, 1m from cask surface, fuel
midplane, without neutron shielding' 2a 55.77

Top surface 1m from cask surface,

axial centerline? 6 ' 0.01

Bottom, 1m from cask
surface, axial centerline,
without neutron shield*? 4 22.88

1 Assumes complete loss of neutron shielding material and lead slump. Loss of neutron shielding alone results in
a dose of 12.15 mremv/hr. This dose is increased by a factor of 4.59 to account for a 0.88 inch reduction in lead
thickness due to lead slump.

Assumes loss of impact limiters and positioning of the canister in either the top or bottom of the cavity.

3 Assumes complete loss of neutron shielding material.
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52 Source Specification

This section presents the source specifications for the directly loaded fuel and for the
Yankee-MPC fuel and GTCC waste configurations.

5.2.1 Directly Loaded Fuel Source Specification

The directly loaded NAC-STC is designed to safely transport a range of 14x14, 15x15, 16x16,
and 17x17 fuel assemblies. The analyzed fuel assemblies are reference fuel assemblies, with
assembly geometry and activated hardware masses chosen to maximum uranium loading (MTU)
and activated hardware source term.

In order to generate a minimum cool time table for directly loaded fuel, each fuel assembly is
analyzed over a range of burnups, initial 2*°U enrichments and cool times. Fuel assembly burnup
is evaluated from 30,000 MWD/MTU to 60,000 MWD/MTU in 5,000 MWD/MTU increments.

Initial *°U enrichments are evaluated from 1.7 to 4.9 wt % *°U in 0.2 wt % increments. Cool
times range from 5 to 40 years with varying increments. This matrix creates a total of 2,142
source terms for each assembly (7 burnups x 17 enrichments x 18 cool times). A maximum of
60,000 MWD/MTU was conservatively evaluated. The limiting assembly burnup of the
NAC-STC directly loaded configuration is 45,000 MWD/MTU.

Neutron and gamma source terms for the directly loaded design basis fuel are calculated with the
ORIGEN-S computer code (Hermann, 1989) as part of the SAS2H sequence (Hermann, 1995) in
the SCALE 4.3 code package for the PC (ORNL, 1995). ORIGEN-S also calculates the gamma
spectrum, the neutron spectrum, and the concentration of radiologically important isotopes such
as 3H, 13 ]Xe, 129I, 85Kr, 134Cs, 137Cs and ®°Co. Reactor operating conditions assumed for the
analysis are shown in Table 5.2-3. The SAS2H-generated source spectra are rebinned onto the
standard 28 group neutron and 22 group gamma scheme used in MCBEND as shown in Tables
5.2-8 and 5.2-9, respectively. Source terms are generated for the fuel and fuel assembly
hardware. The hardware activation is calculated by light element transmutation using the in-core

neutron flux spectrum produced by the SAS2H neutronics model.

The fuel-dependent input data for the shielding and source term evaluations of directly loaded
design basis PWR assemblies are given in Table 5.2-2. Fuel assembly parameters have been
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selected to maximize fuel mass and, therefore, fuel source terms. Fuel assembly hardware

masses have likewise been selected to maximize hardware source term.

Fuel assembly parameters used in the SAS2H source term analysis and the MCBEND shielding
analysis are identical. Parameters necessary to generate SAS2H input are shown in Table 5.2-4.

Fuel neutron, fuel gamma, and hardware gamma radiation contribute at varying levels to cask
dose rates due to significant changes in the material composition of the cask shields at different
radial and axial locations. As such, no single source term produces a bounding set of dose rates
at all locations. For example, the radial maximum surface dose rate of 366 mrem/hr is produced
by a 40,000 MWD/MTU, 2.3 wt % U, 10-year cooled source term. Top axial maximum dose
rates are produced by a 30,000 MWD/MTU, 2.3 wt % 2*°U, 6-year cooled source term. By
employing the response function method to calculate maximum dose rates, the limiting source
term becomes a result of the analysis, rather than an input, and the limiting source term and dose
rate are captured for radial and axial detectors and normal and accident conditions.

The end-fitting, plenum spring and grid spacer activations are calculated by ORIGEN-S using the
same burnup cycle as the fuel. The fuel hardware masses activated are provided in Table 5.2-2
for the directly loaded fuel. The grid spacers and other fuel hardware in the core region are
conservatively assumed to be exposed to 100 percent of the flux in the core. For the plenum
springs, the grid spacers in the plenum region, and the bottom end-fittings, 20 percent of the flux
in the core is used for irradiation purposes. For the top end-fittings, 10 percent of the flux in the
core 1s used for irradiation purposes. These irradiation values are taken from Luksic. The amount
of *Co present in the grid spacers and end-fittings was taken as 1.2 gram per kilogram of
material, irrespective of being Inconel or Type 304 stainless steel. However, the value is
conservative for both stainless steel and Inconel, as most nuclear-grade material specifications
require less than 1 gram of *Co per kilogram of metal. It is conservatively assumed that all of the
cobalt is *?Co. When *Co absorbs a neutron, it becomes *°Co.

5.2.1.1 Directly Loaded Fuel Neutron Source

As described in Section 5.2.1, a total of 2,142 neutron source terms have been calculated for each
directly loaded fuel assembly. Neutron source terms have been rebinned onto the MCBEND 28
group structure, shown in Table 5.2-8. The neutron source results from actinide spontaneous

fission and from (a,n) reactions with oxygen in UQ,. The isotopes *Cm and 2**Cm
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characteristically produce all but a few percent of the spontaneous fission neutrons and (ct,n)
source in light water reactor fuel. The next largest contribution is from (o,n) reactions of ***Pu
with oxygen. The neutron spectrum from spontaneous fission is based on fission spectrum
measurements of *°U and *’Cf. Neutron spectra from (a,n) reactions are based on Po-a-O
source measurements. These spectra are included in the ORIGEN-S nuclear data libraries of the
SCALE 4.3 code package. The spectra are automatically collapsed from the energy group
structure of the data library into that of the standard MCBEND 28 group structure.

The effect of subcritical neutron multiplication is not directly computed in the MCBEND
analysis conducted for directly loaded fuel, due to difficulties in adequately biasing the
calculation. Instead, neutron source rates are scaled by a subcritical multiplication factor based

on the system multiplication factor, K

Scale Factor =

eff

For the dry cask conditions of transport, the system ke is taken as 0.4, with a resulting scale
factor of 1.67. This scale factor is input as a scaling factor on the source strength input in
MCBEND.

52.1.2 Directly Loaded Fuel Gamma Sources

As described in Section 5.2.1, 2,142 gamma source terms have been calculated for each directly
loaded fuel assembly. Gamma source terms have been rebinned onto the MCBEND 22 group
structure, shown in Table 5.2-9. The hardware gamma spectrum for directly loaded fuel contains
contributions primarily from *®Co due to the activation of Type 304 stainless steel with 1.2 g/kg
%Co impurity and with some minor contributions from ®Ni and *®Fe. The magnitude of these
spectra is based on the irradiation of 1 kg of stainless steel in the in-core flux spectrum produced
by the SAS2H neutronics calculation.

The activated fuel assembly hardware source terms are found by multiplying the source strength
from 1 kilogram by the kilograms of steel or inconel material in the plenum, upper end fitting or
lower end fitting regions, and by multiplying by a regional flux ratio. The regional flux ratio
accounts for the effects of both magnitude and spectrum variation on hardware activation. These
ratios are based on empirical data (Luksic). A flux ratio of 0.2 is applied to hardware regions
directly adjacent to the active core region (i.e., upper and lower plenum) and a flux ratio of 0.1 is
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applied to hardware regions once removed from the active core region (i.e., upper and lower end
fitting region). Activated mass in each region and the corresponding flux factor are summarized
in Table 5.2-10 for each array size. In the case of CE 16x16 fuel, which has a longer plenum, the
upper end fitting (upper nozzle) flux factor is reduced to 0.05 (Luksic).

52.1.3 Directly Loaded Fuel Source Axial Profiles

The design basis axial burnup profile used in the directly loaded fuel shielding evaluations is
shown in Figure 5.2-1. Neutron and gamma source profiles are computed based on the relation
between burnup, B, and source strength, S, in the form:

S=aB’

where parameters a and b are determined based on fits to SAS2H computed source rates at
various fuel burnups. The parameter a is simply a scaling factor and is not relevant to the
analysis. For neutron sources, parameter b is 4.22. For gamma sources, the relation between
burnup and source rate is linear and b is 1.0. Table 5.2-11 gives the resulting neutron and
gamma source rate profiles for directly loaded fuel. The relative source strength in each axial
interval is shown, and these values are used directly in the MCBEND source strength description
by defining an axial source mesh within the fuel region at the indicated elevations for each fuel
type. A plot of the axial source profiles is shown in Figure 5.2-4.

522 Yankee Class Fuel and GTCC Waste Source Specification

The canistered fuel design basis source terms are based on the CE 16 x 16 Yankee Class fuel
assembly with a burnup of 36,000 MWD/MTU and 8.1 years cooling time. An enrichment of 3.7
wt % 2°U is selected to maximize the neutron source for this type of fuel. Dose rates associated
with the Yankee Class Westinghouse, United Nuclear, and CE (3.5 wt % **°U) fuel types at
32,000 MWD/MTU are bounded by the canister fuel design basis for cooling times of 19, 11 and
7 years, respectively. Exxon fuel at 36,000 MWD/MTU with steel or Zircaloy fuel hardware is
bounded by the canister fuel design basis for cooling times of 16 and 9 years, respectively.

Neutron and gamma source terms for the canistered design basis fuel are calculated with the
SAS2H code sequence of the SCALE 4.3 code package for the PC. SAS2H includes an
XSDRNPM neutronics model of the fuel assembly and ORIGEN-S fuel depletion/source term
calculations. The canister fuel assembly input data for SAS2H is summarized in Table 5.2-1.
Source terms are generated for both UQ, fuel and fuel assembly hardware. The hardware

5.2-4



NAC-STC SAR November 2001
Docket No. 71-9235 Revision STC-01A

activation is calculated by light element transmutation using the in-core neutron flux spectrum
produced by the SAS2H neutronics model. The hardware is assumed to be Type 304 stainless
steel with 1.2 g/kg of *Co impurity. The effects of axial flux spectrum and magnitude variation

on hardware activation are estimated by flux ratios based on empirical data (Luksic).

52.2.1 Yankee Class Fuel Neutron Source

The Yankee Class canistered fuel neutron spectrum is shown in Table 5.2-5. The neutron source
results from actinide spontaneous fission and from (a,n) reactions with oxygen in UQO,. The
isotopes 2**Cm and ***Cm characteristically produce all but a few percent of the spontaneous
fission neutrons and (c,n) source in light water reactor fuel. The next largest contribution is from
(o,n) reactions of **Pu with oxygen. The neutron spectrum from spontaneous fission is based on
fission spectrum measurements of >>>U and *>’Cf. Neutron spectra from (o,n) reactions are based
on Po-a-O source measurements. These spectra are included in the ORIGEN-S nuclear data
libraries of the SCALE 4.3 code package. The spectra are automatically collapsed from the
energy group structure of the data library into that of the SCALE 27 group neutron cross-section

library.

5222 Yankee Class Fuel and Yankee GTCC Waste Gamma Sources

The design basis gamma spectrum for Yankee Class canistered fuel is shown in Table 5.2-6. The
fuel gamma radiation source consists primarily of decay gammas from fission products.
Actinides also emit a significant amount of gamma radiation. The gamma  source strength

depends on the irradiation period and the cooling time after discharge from the reactor core.

An additional source of gamma radiation is from *°Co activation in the fuel hardware materials.
The fuel hardware gamma spectrum for canistered fuel is shown in Table 5.2-7. The gamma
spectrum for the decay of ®’Co in the activated hardware was calculated using ORIGEN-S. The
total source in each hardware region depends on the flux used to irradiate the region and the mass
of material in that region. The default gamma energy group spectrum of the ORIGEN-S code
differs from that of the standard 18-group gamma library of the SCALE-4.0 package. To account
for the differences in the energy groups, the source spectra from the fuel and hardware gamma
sources were rebinned to the SCALE-4.0 18-group structure using ORIGEN-S. This method
regroups the source based on the actual energy spectrum of each specific nuclide, yielding more
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accurate results than those achieved by simply multiplying the individual energy group source
strength by the ratio of the old to new mean energies of each respective group.

The hardware gamma spectra contains contributions primarily from *°Co due to the activation of
Type 304 stainless steel with 1.2 g/kg **Co impurity and with some minor contributions from
*Ni and **Fe. The magnitude of these spectra is based on the irradiation of 1 kg of stainless steel
in the in-core flux spectrum produced by the SAS2H neutronics calculation. This activated
hardware spectra is used for the design basis GTCC waste spectra, but the magnitude is scaled up
from 103 curies of ®Co in the 1 kg of activated hardware to 1.25x10° curies *°Co in the GTCC

waste.

The activated fuel assembly hardware source terms are found by multiplying the source strength
from 1 kilogram by the kilograms of steel or inconel material in the plenum, upper end fitting or
lower end fitting regions, and by multiplying by a regional flux ratio. The regional flux ratio
accounts for the effects of both magnitude and spectrum variation on hardware activation. These
ratios are based on empirical data (Luksic). A flux ratio of 0.2 is applied to hardware regions
directly adjacent to the active core region (i.e., upper and lower plenum) and a flux ratio of 0.1 is
applied to hardware regions once removed from the active core region (i.e., upper and lower end
fitting region).

5223 Yankee Class Fuel Source Axial Profiles

The Yankee Class fuel axial burnup profile used in the shielding evaluations is shown in Figure
5.2-2. This is based on core calculations of Yankee Class fuel in the range of 30,000 to 36,000
MWD/MTU of burnup. This burnup profile has a peaking factor of 1.15. Thus, a peaking factor
of 1.15 is applied to the radial midplane gamma dose rates and a peaking factor of (1.15)*2 =
1.80 is applied to the radial midplane neutron dose rates reported in Tables 5.1-6 and 5.1-7.

The design basis gamma source profile for Yankee GTCC waste (activated stainless steel core
baffle) is shown in Figure 5.2-3. A GTCC gamma source peaking factor of 1.23 is determined
from actual dose rate measurements of the GTCC waste containers. This peaking factor is due to
the activation of the core baffle from 30 years of neutron flux exposure. This neutron flux
exposure produces an activation profile similar to the chopped cosine axial shape of the neutron
flux during reactor operation. The GTCC source term includes an estimated contribution from
crud (as surface contamination).
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Figure 5.2-1 Directly Loaded Fuel Design Basis Burnup Profile
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Figure 5.2-2 Yankee-MPC Fuel Burnup Profile
1.200
1.100 \\‘
1.0 %
00 \
o 0.900 7 A \
] 7 Average \\\‘ A\
5 0.800 A Rt Maximum \\\ \
g j T \
E 0.700 J{/// — — —-Minimum \\ \\
£ 0.600 4 \L \
5 / \Q\ ‘ \‘,,,,
0.500 -
e I\ ~
0.400 \ ' )
0.300 l '
0.200 ‘ :
0 0.2 0.4 0.6 0.8 1 1.2
Bottom Fraction Active Fuel Height Top

5.2-8



NAC-STC SAR
Docket No. 71-9235

November 2001
Revision STC-01A

Figure 5.2-3

Normalized Dose Rate
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Figure 5.2-4  Directly Loaded Fuel Neutron and Gamma Source Profiles
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Table 5.2-1  Design Basis Yankee Class Fuel Input Parameters for SAS2H

Parameter Value
Basket Configuration Canistered
Fuel assembly type CE 16x16 Yankee Class
Weight of U, kg/assembly 239.4
In core grids, kg/assembly 2.36 (4 Zirc)
Plenum spring, kg/assembly - 0.762
Grids in plenum springs, kg/assembly 0.590 (Zirc)
Upper end fittings, kg/assembly 55
Lower end fittings, kg/assembly 52
Lower Plenum Hardware, kg/assembly 1.73
Fuel enrichment, wt.% *°U 3.7
Fuel burnup, MWD/MTU 36,000
Cooling time 8
Burnup cycle, power cycles, 2 cycles of 496 days
down cycles 1 of 60 days
Burnup, MWD/assembly 8,618
Irradiation power, MW 8.486
*Co concentration in steel hardware, g/kg 1.2
Irradiation flux, grid spacers in core region 100%
grid spacers in plenum region 20%
upper plenum springs 20%
upper end-fittings 10%
lower end-fittings 10%
lower plenum hardware 20%
Fuel temperature, K 787
Clad temperature, K 600
Coolant temperature, K 551
Boron content in coolant, ppm (by weight) 800
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Table 5.2-2  Directly Loaded Three-Dimensional PWR Reference Fuel Assembly Descriptions
Reference Fuel Assembly
Parameter Description 14x14 15x15 16x16 17x17
Fuel Rod Height [inch] 152.360 | 152.756 | 146.499 | 152.300
Top End-Cap Height [inch] 0.685 0.685 0.750 0.685
Bottom End-Cap Height [inch] 0.685 0.685 0.891 0.895
Active Fuel Region Height [inch] 145.2 144.0 136.7 144.0
Fuel Rod Diameter [inch] 0.422 0.422 0.382 0.374
Fuel Clad Thickness [inch] 0.023 0.024 0.025 0.022
Fuel Pellet Diameter [inch] 0.367 0.367 0.325 0.323
Array 14 15 16 17
Fuel Rod Pitch [inch] 0.556 0.563 0.506 0.496
Number of Guide Tubes 16 20 4 24
Guide Tube OD [inch] 0.481 0.484 1.115 0.474
Guide Tube Thickness [inch] 0.034 0.015 0.026 0.015
Number of Instrument Tubes 1 1 1 1
Instrument Tube OD [inch] 0.481 0.484 1.115 0.474
Instrument Tube Thickness [inch] 0.034 0.015 0.026 0.015
Fuel Assembly Height [inch] 161.100 | 160.100 | 158.129 | 161.693
Fuel Assembly Width [inch] 7.763 8.449 8.100 8.430
Lower Nozzle Height [inch] 2.738 2.738 3.821 2.421
Upper Nozzle Height [inch] 3.500 3.480 6.821 3.480
Gap Fuel Rod to Bottom Nozzle [inch] 0.000 0.813 0.000 0.791
Gap Fuel Rod to Top Nozzle [inch] 2.502 0.313 0.988 2.701
Upper Plenum Region Height [inch] 5.790 7.386 8.158 6.720
Number of Fuel Rods 179 204 236 264
Calculated MTU [MTU] 0.4144 0.4671 0.4025 0.4636
Lower Nozzle Hardware Mass [kg] 7.893 5.680 5.400 6.307
In-core Hardware Mass [kg]' 14.880 17.450 1.360 5.440
Upper Plenum Hardware Mass [kg] 8.050 4.120 10.700 5.410
Upper Nozzle Hardware Mass [kg] 9.890 11.840 9.500 7.850

1. Increased hardware mass in 14x14 and 15x15 assemblies due to steel guide/instrument tubes

in reference fuel models.
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Table 5.2-3  PWR Fuel Reactor Operating Conditions for Directly Loaded Fuel

Reference Assembly Parameter 14x14 15x15 16x16 17x17
Assembly Power, MW 13.72 16.33 16.62 18.55
Fuel Temperature, K 900 900 900 900
Clad Temperature, K 620 620 620 620
Moderator Temperature, K 580 580 580 580
Moderator Density, g/cc 0.725 0.725 0.725 0.725
Boron, ppm 550 550 550 550
Down Time, days 60 60 60 60
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Table 5.2-4  PWR Cycle Length Calculation for Directly Loaded Fuel Source Terms

Reference Burnup Pellet OD |Active Length| Number of | Volume MTU Assy Power | Number of |Cycle Length

Fuel Type | [MWD/MTU]| % TD {em] [em] Rods [em’) [MTU] [MW] Cycles [days]

14x14 30000 0.95 0.9332 368.808 179 4.52E+04 0.4144 13.065 2 453.14

35000 0.95 0.9332 368.808 179 4.52E+04 0.4144 13.065 3 352.45

40000 0.95 0.9332 368.808 179 4.52E+04 0.4144 13.065 3 402.80

45000 0.95 0.9332 368.808 179 4.52E+04 0.4144 13.065 3 453.14

50000 0.95 0.9332 368.808 179 4.52E+04 0.4144 13.065 3 503.49

55000 0.95 0.9332 368.808 179 4.52E+04 0.4144 13.065 3 553.84

60000 0.95 0.9332 368.808 179 4.52E+04 0.4144 13.065 3 604.19

1515 30000 0.95 0.9319 365.76 204 5.09E+04 0.4671 15.55 2 429.15

35000 0.95 0.9319 365.76 204 5.09E+04 0.4671 15.55 3 333.78

40000 0.95 0.9319 365.76 204 5.09E+04 0.4671 15.55 3 381.46

45000 0.95 0.9319 365.76 204 5.09E+04 0.4671 15.55 3 429.15

50000 0.95 0.9319 365.76 204 5.09E+04 0.4671 15.55 3 476.83

55000 0.95 0.9319 365.76 204 5.09E+04 0.4671 15.55 3 524.51

60000 0.95 0.9319 365.76 204 5.09E+04 0.4671 15.55 3 572.20

16x16 30000 0.95 0.8255 347.218 236 4.39E+04 0.4025 15.83 2 363.26

35000 0.95 0.8255 347.218 236 4 39E+04 0.4025 15.83 3 282.53

40000 0.95 0.8255 347.218 236 4.39E+04 0.4025 15.83 3 322.90

45000 0.95 0.8255 347.218 236 4.39E+04 0.4025 15.83 3 363.26

50000 0.95 0.8255 347.218 236 4.39E+04 0.4025 15.83 3 403.62

55000 0.95 0.8255 347.218 236 4.39E+04 0.4025 15.83 3 443.98

60000 0.95 0.8255 347.218 236 4.39E+04 0.4025 15.83 3 484.34

17x17 30000 0.943 0.8192 365.76 264 5.09E+04 0.4636 17.67 2 374.82

35000 0.943 0.8192 365.76 264 5.09E+04 0.4636 17.67 3 291.53

40000 0.943 0.8192 365.76 264 5.09E+04 0.4636 17.67 3 333.18

45000 0.943 0.8192 365.76 264 5.09E+04 0.4636 17.67 3 374.82

50000 0.943 0.8192 365.76 264 5.09E+04 0.4636 17.67 3 416.47

55000 0.943 0.8192 365.76 264 5.09E+04 0.4636 17.67 3 458.12

60000 0.943 0.8192 365.76 264 5.09E+04 0.4636 17.67 3 499.76
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Table 5.2-5  Design Basis Yankee Class Fuel Neutron Source Spectra at 36,000 MWD/MTU
and 8 Years Cooling

GROUP Eyi (MeV) EpLow (MeV) | Neutrons/Sec-Assembly
1 2.00E+01 6.43E+00 1.2290E+06
2 6.43E+00 3.00E+00 1.4080E+07
3 3.00E+00 1.85E+00 1.5760E+07
4 1.85E+00 1.40E+00 8.7930E+06
5 1.40E+00 9.00E-01 1.1840E+07
6 9.00E-01 4.00E-01 1.2870E+07
7 4.00E-01 1.00E-01 2.5190E+06
8 1.00E-01 1.70E-02 0.0000E+00
9 1.70E-02 3.00E-03 0.0000E+00

10 3.00E-03 5.50E-04 0.0000E+00
11 5.50E-04 1.00E-04 0.0000E+00
12 1.00E-04 3.00E-05 0.0000E+00
13 3.00E-05 1.00E-05 0.0000E+00
14 1.00E-05 3.05E-06 0.0000E+00
15 3.05E-06 1.77E-06 0.0000E+00
16 1.77E-06 1.30E-06 0.0000E+00
17 1.30E-06 1.13E-06 0.0000E+00
18 1.13E-06 1.00E-06 0.0000E+00
19 1.00E-06 8.00E-07 0.0000E+00
20 8.00E-07 4.00E-07 0.0000E+00
21 4.00E-07 3.25E-07 0.0000E+00
22 3.25E-07 2.25E-07 0.0000E+00
23 2.25E-07 1.00E-07 0.0000E+00
24 1.00E-07 5.00E-08 0.0000E+00
25 5.00E-08 3.00E-08 0.0000E+00
26 3.00E-08 1.00E-08 0.0000E+00
27 1.00E-08 1.00E-11 0.0000E+00
TOTAL 6.7090E+07
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Table 5.2-6  Design Basis Cani.stered Fuel Gamma Source Spectra at 36,000 MWD/MTU and
8 Years Cooling

ELow
GROUP | Ey; (MeV) (MeV) Photons/Sec-Assembly
1 1.00E+01 8.00E+00 3.7701E+04
2 8.00E+00 6.50E+00 1.7759E+05
3 6.50E+00 5.00E+00 5.0547E+05
4 5.00E+00 4.00E+00 2.2566E+06
5 4.00E+00 3.00E+00 6.2676E+08
6 3.00E+00 2.50E+00 5.1211E+09
7 2.50E+00 2.00E+00 1.0789E+11
8 2.00E+00 1.66E+00 9.9933E+10
9 1.66E+00 1.33E+00 4.8070E+12
10 1.33E+00 1.00E+00 3.4718E+13
11 1.00E+00 8.00E-01 6.3503E+13
12 8.00E-01 6.00E-01 8.2333E+14
13 6.00E-01 4.00E-01 1.1897E+14
14 4.00E-01 3.00E-01 1.7831E+13
15 3.00E-01 2.00E-01 2.8386E+13
16 2.00E-01 1.00E-01 1.0201E+14
17 1.00E-01 5.00E-02 1.3136E+14
18 5.00E-02 1.00E-02 4.5899E+14
Total 1.7842E+15
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Table 5.2-7  Design Basis Yankee Canistered Fuel Hardware and GTCC Waste Gamma

Spectra
GROUP Eyr (MeV) ELow (MeV) Photons/Sec-kg
1 1.00E+01 8.00E+00 0.0000E+00
2 8.00E+00 6.50E+00 0.0000E+00
3 6.50E+00 5.00E+00 0.0000E+00
4 5.00E+00 4.00E+00 0.0000E+00
5 4.00E+00 3.00E+00 1.0141E-15
6 3.00E+00 2.50E+00 3.3511E+04
7 2.50E+00 2.00E+00 2.1611E+07
8 2.00E+00 1.66E+00 9.5163E-03
9 1.66E+00 1.33E+00 9.1066E+11
10 1.33E+00 1.00E+00 3.2247E+12
11 1.00E+00 8.00E-01 4.3841E+09
12 8.00E-01 6.00E-01 3.8100E+06
13 6.00E-01 4.00E-01 1.0971E+07
14 4.00E-01 3.00E-01 1.7359E+08
15 3.00E-01 2.00E-01 1.3230E+08
16 2.00E-01 1.00E-01 2.6645E+09
17 1.00E-01 5.00E-02 1.1044E+10
18 5.00E-02 1.00E-02 5.5673E+10
TOTAL 4.2095E+12
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Table 5.2-8  MCBEND Standard 28 Group Neutron Boundaries
E Lower E Upper E Average
Group [MeV] [MeV] [MeV]

1 1.360E+01 1.460E+01 1.410E+01
2 1.250E+01 1.360E+01 1.305E+01
3 1.125E+01 1.250E+01 1.188E+01
4 1.000E+01 1.125E+01 1.063E+01
5 8.250E+00 1.000E+01 9.125E+00
6 7.000E+00 8.250E+00 7.625E+00
7 6.070E+00 7.000E+00 6.535E+00
8 4.720E+00 6.070E+00 5.395E+00
9 3.680E+00 4.720E+00 4.200E+00
10 2.870E+00 3.680E+00 3.275E+00
11 1.740E+00 2.870E+00 2.305E+00
12 6.400E-01 1.740E+00 1.190E+00
13 3.900E-01 6.400E-01 5.150E-01
14 1.100E-01 3.900E-01 2.500E-01
15 6.740E-02 1.100E-01 8.870E-02
16 2.480E-02 6.740E-02 4.610E-02
17 9.120E-03 2.480E-02 1.696E-02
18 2.950E-03 5.120E-03 6.035E-03
19 9.610E-04 2.950E-03 1.956E-03
20 3.540E-04 9.610E-04 6.575E-04
21 1.660E-04 3.540E-04 2.600E-04
22 4.810E-05 1.660E-04 1.071E-04
23 1.600E-05 4.810E-05 3.205E-05
24 4.000E-06 1.600E-05 1.000E-05
25 1.500E-06 4.000E-06 2.750E-06
26 5.500E-07 1.500E-06 1.025E-06
27 7.090E-08 5.500E-07 3.105E-07
28 1.000E-11 7.090E-08 3.546E-08
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Table 5.2-9 MCBEND Standard 22 Group Gamma Boundaries
E Lower E Upper E Average
Group [MeV] [MeV] [MeV]

1 1.200E+01 1.400E+01 1.300E+01
2 1.000E+01 1.200E+01 1.100E+01
3 8.000E+00 1.000E+01 9.000E+00
4 6.500E+00 8.000E+00 7.250E+00
5 5.000E+00 6.500E+00 5.750E+00
6 4.000E+00 5.000E+00 4.500E+00
7 3.000E+00 4.000E+00 3.500E+00
8 2.500E+00 3.000E+00 2.750E+00
9 2.000E+00 2.500E+00 2.250E+00
10 1.660E+00 2.000E+00 1.830E+00
11 1.440E+00 1.660E+00 1.550E+00
12 1.220E+00 1.440E+00 1.330E+00
13 1.000E+00 1.220E+00 1.110E+00
14 8.000E-01 1.000E+00 9.000E-01
15 6.000E-01 8.000E-01 7.000E-01
16 4.000E-01 6.000E-01 5.000E-01
17 3.000E-01 4.000E-01 3.500E-01
18 2.000E-01 3.000E-01 2.500E-01
19 1.000E-01 2.000E-01 1.500E-01
20 5.000E-02. 1.000E-01 7.500E-02
21 2.000E-02 5.000E-02 3.500E-02
22 1.000E-02 2.000E-02 1.500E-02
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Table 5.2-10 Directly Loaded PWR Fuel Assembly Hardware Mass and Activation Scale
Factors by Source Region

Reference Activated Mass | Flux
Fuel Type Region [kg/assy] Factor

14x14 Lower Nozzle 7.89 0.20

Fuel 14.88 1.00

Upper Plenum 8.05 0.20

Upper Nozzle 9.89 0.10

15x15 Lower Nozzle 5.68 0.20

Fuel 17.45 1.00

Upper Plenum 4.12 0.20

Upper Nozzle 11.84 0.10

16x16 Lower Nozzle 5.40 0.20

Fuel 1.36 1.00

Upper Plenum 10.70 0.20

Upper Nozzle 9.50 0.05

17x17 Lower Nozzle 6.31 0.20

Fuel 5.44 1.00

Upper Plenum 5.41 0.20

Upper Nozzle 7.85 0.10
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Table 5.2-11 Directly Loaded Fuel Axial Gamma and Neutron Source Profiles

% Core Burnup Gamma Neutron
Height Profile Interval Interval
0.0 0.30 -- --
2.5 0.55 4.250E-01 4.322E-02
5.0 0.80 6.750E-01 2.351E-01
10.0 1.00 9.000E-01 6.950E-01
20.0 1.20 1.100E+00 1.579E+00
40.0 1.20 1.200E+00 2.158E+00
60.0 1.10 1.150E+00 1.827E+00
70.0 1.05 1.07SE+00 1.362E+00
80.0 0.95 1.000E+00 1.017E+00
90.0 0.78 8.650E-01 5.779E-01
92.5 0.70 7.400E-01 2.862E-01
95.0 0.60 6.500E-01 1.689E-01
97.5 0.50 5.500E-01 8.474E-02
100.0 0.40 4.500E-01 3.729E-02
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53 Model Specification

The radiation protection provided by the NAC-STC is in the form of solid multi-walled shielding
materials, which totally surround the fuel. These shielding materials include steel and lead for
gamma shielding and a borated polymer (NS-4-FR) for neutron shielding. The multi-walled
arrangement of steel and lead in the NAC-STC provides optimal weight for gamma attenuation.
The NS-4-FR neutron shielding material has a hydrogen density close to that of water and serves
to moderate fast neutrons, which are then captured in the boron. Boron capture in the neutron

shield minimizes the contribution of secondary capture gammas to surface dose rates.

The NAC-STC uses a multi-walled arrangement for both radial and axial shields. The
arrangement of the radial gamma shielding in the cask body is a 1.5-inch thick stainless steel
inner shell and a 2.65-inch thick stainless steel outer shell with a 3.70-inch lead annulus between
them. The radial neutron shield is arranged around the outer steel shell with a 5.5-inch minimum,
5.925-inch maximum thickness of NS-4-FR that is covered by a 0.236-inch (6 mm) thick neutron
shield shell. The bottom of the cask contains a steel/NS-4-FR/steel shield arrangement with the
two stainless steel components providing 11.65 inches of gamma shielding and 2 inches of
NS-4-FR neutron shielding. The top of the cask has shields in the form of two closure lids. The
inner lid also has a steel/NS-4-FR/steel arrangement with 6.0 inches of steel below 2 inches of
NS-4-FR and 1.0 inch of steel above it. The outer lid is a 5.25-inch thick steel disk.

5.3.1 Directly Loaded Fuel Model

MCBEND three-dimensional shielding analysis allows detailed modeling of fuel assemblies,
basket, and cask shield configuration, including streaming paths. For fuel assembly sources,
some fuel assembly detail is homogenized in the model to simplify model input and improve
computational efficiency. Thus, the three-dimensional models represent the various fuel
assembly source regions as homogenized zones within the fuel tubes in the basket, but explicitly
model the axial extent of the source regions. The fuel and hardware source regions of each
assembly are therefore homogenized within the volumes defined by the periphery of the fuel
assembly and the source region axial extents. The basket details, including support disks, heat
transfer disks, and top and bottom weldments are explicitly modeled. Cask body details include
the axial extent of the cask shield as described by the License Drawings.
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The geometric description of a MCBEND model is based on the combinatorial geometry system
embedded in the code. In this system, bodies such as cylinders and rectangular parallelpipeds,
and their logical intersections and unions, are used to describe the extent of material zones.

MCBEND employs an automated biasing technique for the Monte Carlo calculation based on a
three-dimensional adjoint diffusion calculation. Mesh cells for the adjoint solution are selected
based on half value thicknesses for each material.

MCBEND Monte Carlo calculations are performed for each source type present in each source
region. This approach entails seven separate analyses, encompassing fuel neutron, fuel gamma,
fuel n-gamma (secondary gammas arising from neutron interaction in the shield), fuel region
hardware, upper plenum, and upper and lower end-fitting gamma sources. Typically, a total of 5
to 20 million histories are tracked to yield dose rate profiles for each model. These cases are
analyzed for both radial and axial detector locations and for normal and hypothetical accident

conditions.

5.3.1.1 Directly Loaded Fuel Assembly Model

Based on the fuel parameters provided in Table 5.2-2, homogenized treatments of fuel assembly
source regions are developed. The homogenized fuel assembly is represented in the model as a
stack of boxes with width equal to the fuel assembly width. The height of each box corresponds
to the modeled height of the corresponding assembly region.

The active fuel region homogenizations for the four design basis assemblies are shown in Table
5.3-1. The interstitial material is void under the dry canister conditions of transport. The clad
region is Zircaloy (density 6.55 g/cm?®) for all four design basis assemblies. The resulting
regional compositions on an atom/barn-cm basis are shown in Table 5.3-2.

Fuel assembly non-fuel regions are homogenized as shown in Tables 5.3-3 and 5.3-4 for stainless
steel and Zircaloy materials, respectively. The only material included in the homogenized region
is stainless steel for the upper end fitting and combinations of Zircaloy and stainless steel in the
upper plenum and lower end fitting regions. Zircaloy in these regions is due to end caps and the
portion of the fuel rod cladding in the upper plenum. Volume fractions of material are based on
the modeled regional volume and the volume of stainless steel or Zircaloy present as computed
from the modeled mass and density (7.92 g/em’ for stainless steel and 6.55 g/em® for Zircaloy).
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53.1.2 Directly Loaded Basket Model

For a given fuel type, the MCBEND description of the basket elements forms a common sub-
model employed in the transport cask analysis. The key features of the model are the detailed
representation of fuel tubes, basket support and heat transfer disks, and weldment structures.

5.3.1.3 Description of MCBEND NAC-STC Model

The three-dimensional model of the NAC-STC cask containing design basis fuel assemblies is

based on the following features:

Normal conditions:
¢ Radial neutron shield and shield shell (includes heat fins in the neutron shield)
e All balsa upper and lower impact limiters (100% balsa chosen for
conservatism)
Accident conditions:
e Top axial lead slump
e Bottom axial lead slump
¢ Radial lead slump
e Radial neutron shield and shield shell with removal of oxygen, hydrogen, and
nitrogen from NS-4-FR material definition

e Loss of upper and lower impact limiters

Features common to both the normal and accident conditions models are the inner lid vent and
drain ports, the inner lid neutron shield, the bottom forging neutron shield, the annular expansion
foam region below the neutron shield (modeled conservatively as void), radial neutron shield

heat fins, and the lower rotating trunnions.

Detailed model parameters used in creating the three-dimensional model are taken directly from
the License Drawings. Elevations associated with the transport cask three-dimensional features
are established with respect to the center bottom of the NAC-STC cavity for the MCBEND
combinatorial model. The three-dimensional NAC-STC model is shown in Figure 5.3-1.

53.14 Directly Loaded Configuration Shield Regional Densities

Based on the homogenization described in Section 5.3.1.1, the resulting active fuel regional
densities are shown in Table 5.3-2 for the design basis directly loaded fuel assemblies. Material
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compositions for remaining structural and shield materials are shown in Table 5.3-5.
Compositions for fuel assembly non-fuel regions are equivalent to the stainless steel and Zircaloy
compositions in Table 5.3-5 scaled by the material volume fractions shown in Tables 5.3-3 and
5.3-4.

5.3.2 Yankee-MPC Fuel and GTCC Waste Models

This section provides the radial and axial shielding models used for the Yankee-MPC canistered
fuel and GTCC waste.

5.3.2.1 Yankee-MPC Fuel and GTCC Waste Radial Shielding Model

One-dimensional cylindrical SAS1 models are used to evaluate radial midplane dose rates for the
NAC-STC containing design basis canister fuel and GTCC waste. In both cases, the source
region is transformed into an equivalent cylindrical volume. In the case of the canister fuel
region, this volume is based on the periphery of the fuel basket tubes and has an equivalent
radius of 30.63 inches (77.80 cm). The fuel assembly source regions are homogenized into the
volumes defined by the fuel/basket equivalent radius and the fuel regional elevations defined in
Figure 5.1-3. Since the canister basket contains an explicit heat transfer region with aluminum
heat transfer disks, an additional middle fuel region is defined with this material for the radial
midplane evaluation. The remaining cask body regions are modeled using the exact dimensions
of the cask except for the radial neutron shield. Its thickness varies as a result of its polygon
shape. An equivalent thickness of 5.52 inches (14.02 ¢m) is modeled to conserve the actual
neutron shield volume (see Figure 5.3-10). To account for axial leakage, an axial buckling
equivalent to the active fuel height is applied. In the accident situation, the neutron shield
material, NS-4-FR, is voided. An axial peaking factor of 1.15 and 1.80 is applied to the radial
midplane gamma and neutron results, respectively, to account for the axial burnup profile as
described in Section 5.2.3.

Radial models are also constructed for the Westinghouse, United Nuclear and Exxon fuel types
to determine minimum cool time based on shielding constraints. By performing shielding
analysis rather than source term magnitude comparisons, spectrum differences are taken into
account. Shielding analysis of the Exxon assembly at 10 years cooling is not required, since its
neutron and gamma source is lower in each energy group and its mass (and therefore its
self-shielding) is identical to the design basis assembly.
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In the case of the GTCC waste, the volume is based on the interior periphery of the GTCC basket
support wall and has an equivalent radius of 23.47 inches (59.61 cm). The GTCC source region
is homogenized into the volume defined by the GTCC basket interior periphery and the container
height of 98.25 inches (249.56 cm [See Figure 5.1-4]). This gives a GTCC source volume of
170,023 inches® (2.786 x 10° cm®). The GTCC basket support wall is also cylindrical with a 2.5-
inch (6.35-cm) thickness. The remaining cask body regions are modeled using the exact
dimensions of the cask, except for the radial neutron shield that is again modeled with an
equivalent thickness of 5.52 inches (14.02 cm [See Figure 5.3-13]). To account for axial leakage,
an axial buckling equivalent to the container height of 98.35 inches is applied. In the accident
situation, the neutron shield material, NS-4-FR, is voided. An axial peaking factor of 1.23 is
applied to the radial midplane results to account for gamma source peaking as described in
Section 5.2.3.

5.3.2.2 Yankee-MPC Fuel and GTCC Waste Axial Shielding Models

One-dimensional slab SAS1 models are used to evaluate top and bottom dose rates for the NAC-
STC containing design basis canister fuel and GTCC waste. The top axial model begins at either
the active fuel or homogenized GTCC waste canister source midplane and proceeds along the
cask centerline to the surface of the top impact limiter. Similarly, the NAC-STC bottom axial
model begins at either the canistered fuel or homogenized GTCC waste canister center and ends
at the bottom impact limiter. See Figures 5.3-11 and 5.3-12 for the canister fuel axial shielding
model and Figures 5.3-14 and 5.3-15 for the canister GTCC waste axial shielding models. To
account for transverse radial leakage, radial bucklings equal to the equivalent diameter of the
source regions are applied. In the accident situation, the impact limiters are lost, the canister is
positioned on either the top or bottom cavity surface, and the NS-4-FR neutron shield material,

including that in the bottom forging, is considered to be lost.

5.3.2.3 Cask Regional Material Compositions — Yankee Class Fuel and GTCC Waste

The densities of the materials used in the shielding evaluations for canister fuel and GTCC waste
are calculated using the effective fuel radius and source regional elevation. See Figure 5.1-3 for
the design basis canistered fuel source zones and elevations. In the case of the canistered Yankee
Class fuel, the homogenized source regions include a top fuel, middle fuel (heat transfer zone),
bottom fuel, top plenum, bottom plenum, and the top and bottom end-fittings. The structural and
heat transfer disks exterior to the fuel/basket region are also homogenized in the one-dimensional
radial models. Similarly, the GTCC waste density is based on homogenizing the mass of GTCC

5.3-5



NAC-STC SAR November 2001
Docket No. 71-9235 Revision STC-01A

waste mto the volume defined by the equivalent radius and the height of the container. The

homogenized densities and nuclide concentrations are shown in Table 5.3-4.
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Figure 5.3-1 Three-Dimensiona MCBEND Model for Directly Loaded Fuel

FIGURE WITHHELD AS SENSITIVE
UNCLASSIFIED INFORMATION
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Figure 5.3-2 One-Dimensional Radial Shielding Model for Canistered Fuel

FIGURE WITHHELD AS SENSITIVE
UNCLASSIFIED INFORMATION
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Figure 5.3-3 One-Dimensional Axial Shielding Model for Canistered Fuel

FIGURE WITHHELD AS SENSITIVE
UNCLASSIFIED INFORMATION

5.3-9



NAC-STC SAR November 2001
Docket No. 71-9235 Revision STC-0lA

Figure 5.3-4 One-Dimensional Top Axia Model for Canistered Fuel
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Figure 5.3-5 One-Dimensional Radial Shielding Model for Canistered GTCC Waste
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Figure 5.3-6 One-Dimensional Bottom Axial Model for Canistered GTCC Waste
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Figure 5.3-7 One-Dimensional Top Axial Model for Canistered GTCC Waste
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Table 5.3-1 Directly Loaded Fuel Region Homogenization
Reference Volume Fraction of Components
Fuel Type Component U0, Void Clad Interstitial
14x14 Fuel 3.1489E-01 -- -- -~
Gap -- 1.6671E-02 - --
Clad -- -- 8.3877E-02 -
Guide Tube -- -- 1.2662E-02 --
Instrument Tube -- -- 7.9139E-04 --
Inside Tubes -- -- -- 3.7699E-02
Interstitial -- -- -- 5.3341E-01
Total 3.1489E-01 | 1.6671E-02 | 9.7331E-02 5.7111E-01
15%x15 Fuel 3.0214E-01 -- -- --
Gap -- 1.1135E-02 -- --
Clad - -- 8.6427E-02 --
Guide Tube -- -- 6.1920E-03 --
Instrument Tube -- -- 3.0960E-04 -~
Inside Tubes - -- -- 4.7622E-02
Interstitial -- -- -- 5.4618E-01
Total 3.0214E-01 | 1.1135E-02 | 9.2929E-02 5.9380E-01
16x16 Fuel 2.9840E-01 -- - --
Gap - 1.2993E-02 -- --
Clad - -- 1.0086E-01 -
Guide Tube -- -- 5.4230E-03 -
Instrument Tube - -- 1.3558E-03 --
Inside Tubes -- -- -- 6.7633E-02
Interstitial - -- -~ 5.1334E-01
Total 2.9840E-01 | 1.2993E-02 | 1.0763E-01 5.8097E-01
17x17 Fuel 3.0346E-01 -- - -
Gap - 1.2613E-02 - --
Clad -- -- 9.2078E-02 -
Guide Tube -- -- 7.3113E-03 --
Instrument Tube - -- 3.0464E-04 -
Inside Tubes -- -- -- 5.4568E-02
Interstitial - - -- 5.2967E-01
Total 3.0346E-01 | 1.2613E-02 | 9.9694E-02 5.8424E-01
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Table 5.3-2 Directly Loaded Homogenized Fuel Elemental Densities
Density [atom/b-cm]
Element 14x14 15x15 16x16 17x17
Cr 7.38366E-06 7.04970E-06 8.16503E-06 7.56288E-06
Fe 1.37490E-05 1.31272E-05 1.52040E-05 1.40828E-05
Hf 2.15094E-07 2.05366E-07 2.37856E-07 2.20315E-07
Ni 6.54113E-07 6.24528E-07 7.23334E-07 6.69990E-07
O 1.46478E-02 1.40545E-02 1.38846E-02 1.40137E-02
Sn 4.85117E-05 4.63175E-05 5.36454E-05 4.96892E-05
8] 7.31477E-03 7.01858E-03 6.93178E-03 6.99729E-03
Zr 4.12775E-03 3.94106E-03 4.56457E-03 4.22794E-03
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Table 5.3-3  Directly Loaded Fuel Assembly Activated Hardware Region Homogenization
Reference Mass SS | SS Volume | Height Volume Volume
Fuel Type Region [kg/assy] [cm3/assy] [em] [cm3/assy] Fraction

14x14 Lower Nozzle 7.89 9.9659E+02 | 8.6944 | 3.3804E+03 | 2.9482E-01
Upper Plenum 8.05 1.0164E+03 | 22.8016 | 8.8653E+03 | 1.1465E-01
Upper Nozzle 9.89 1.2487E+03 | 8.8900 | 3.4564E+03 | 3.6128E-01
15x15 Lower Nozzle 5.68 7.17T17E+02 | 10.7607 | 4.9559E+03 | 1.4471E-01
Upper Plenum 4.12 5.2020E+02 | 21.2941 | 9.8070E+03 | 5.3044E-02
Upper Nozzle 11.84 1.4949E+03 | 8.8392 | 4.0709E+03 | 3.6723E-01
16x16 Lower Nozzle 5.40 6.8182E+02 | 11.9685 | 5.0661E+03 | 1.3458E-01
Upper Plenum 10.70 1.3510E+03 | 25.1358 | 1.0640E+04 | 1.2698E-01
Upper Nozzle |  9.50 1.1995E+03 | 17.3253 | 7.3336E+03 | 1.6356E-01
17x17 Lower Nozzle 6.31 7.9634E+02 | 10.4324 | 4.7831E+03 | 1.6649E-01
Upper Plenum 5.41 6.8308E+02 | 25.6684 | 1.1768E+04 | 5.8043E-02
Upper Nozzle 7.85 9.9116E+02 | 8.8392 | 4.0526E+03 | 2.4457E-01

Table 5.3-4  Directly Loaded Fuel Assembly Zircaloy Hardware Region Homogenization
Reference Mass Zirc | Zirc Volume | Height Volume Volume
Fuel Type Region [kg/assy] [cm3/assy] fem] [cm3/assy] Fraction

14x14 Lower Nozzle 1.84 2.8103E+02 | 8.6944 | 3.3804E+03 | 8.3137E-02
Upper Plenum 4.98 7.6064E+02 | 22.8016 | 8.8653E+03 | 8.5800E-02
15x15 Lower Nozzle 2.10 3.2029E+02 | 10.7607 | 4.9559E+03 | 6.4628E-02
Upper Plenum 6.99 1.0670E+03 | 21.2941 | 9.8070E+03 | 1.0880E-01
16x16 Lower Nozzle 2.59 3.9492E+02 | 11.9685 | 5.0661E+03 | 7.7953E-02
Upper Plenum 7.97 1.2170E+03 | 25.1358 | 1.0640E+04 | 1.1439E-01
17x17 Lower Nozzle 2.79 4.2540E+02 | 10.4324 | 4.7831E+03 | 8.8938E-02
Upper Plenum 6.85 1.0462E+03 | 25.6684 | 1.1768E+04 | 8.8896E-02

5.3-16




NAC-STC SAR
Docket No. 71-9235

November 2001

Revision STC-01A

Table 5.3-5

Density
Material Element [atom/b-cm]
Stainless Steel Cr 1.65112E-02
Fe 6.31986E-02
Ni 6.50094E-03
Zircaloy Cr 7.58615E-05
Fe 1.41261E-04
Hf 2.20993E-06
Ni 6.72052E-06
O 2.46540E-04
Sn 4.98421E-04
Zr 4.24095E-02
Aluminum Al 6.02626E-02
Lead Pb 3.20871E-02
NS-4-FR Al 7.80000E-03
B 4.27500E-04
C 2.26000E-02
H 5.85000E-02
N 1.39000E-03
0 2.61000E-02
Heat Fin Cu 3.62309E-02
Fe 3.61117E-02
Cr 9.43448E-03
Ni 3.71464E-03
Balsa C 2.78553E-03
H 4.64261E-03
0 2.32135E-03
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I Table 5.3-6  Canistered Fuel aﬁd GTCC Material Compositions

Zone/Material Density (g/cc) Nuclides Density (atom/b-cm)
Middle Fuel Zone
U0, 2.2769 o 2.79304E-07
33y 3.65635E-05
238 5.04141E-03
0 1.01565E-02
Zircaloy 0.6417 Zr 4.23638E-03
SS304 0.3420 Cr 7.52598E-04
Mn 7.49779E-05
Fe 2.56318E-03
Ni 3.33394E-04
Aluminum 0.1091 » Al 2.43503E-03
B.C 0.0101 '°B 8.76394E-05
B 3.52760E-04
C 1.10100E-04
Middle Basket/Disk
Zone :
SS304 0.9543 Cr 2.10001E-03
Mn 2.09215E-04
Fe 7.15218E-03
Ni 9.30286E-04
Aluminum 0.2920 Al 6.51722E-03
Top Fuel/Basket Zone
U0, 2.2769 B4y 2.79304E-07
3y 3.65635E-05
38y 5.04141E-03
6] 1.01565E-02
Zircaloy ' Zr 4.04558E-03
SS304 0.3084 Cr 6.78658E-04
Mn 6.76116E-05
Fe 2.31136E-03
Ni 3.00639E-04
Aluminum 0.0622 Al 1.38826E-03
B,C 0.0101 g 8.76394E-05
'B 3.52760E-04
C 1.10100E-04
Top Plenum Zone
Zircaloy 0.5718 Zr 3.77491E-03
$S304 .04821 Cr 1.48517E-03
Mn 1.05692E-04
Fe 3.61319E-03
Ni 4.69968E-04
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Table 5.3-6  Canistered Fuel and GTCC Material Compositions (Continued)

Material/Zone Density (g/cc) Nuclides Density (atom/b-cm)
Top End Fitting Zone
SS304 0.6749 Cr 1.74286E-02
Mn 1.47961E-04
Fe 5.05816E-03
Ni 6.57917E-04
Bottom Fuel/Basket
Zone
U0, 2.2769 34y 2.79304E-07
33y 3.65635E-05
22y 5.04141E-03
0 1.01565E-02
Zircaloy 0.6128 Zr 4.04558E-03
SS304 0.2350 Cr 6.49170E-04
Mn 6.46739E-05
Fe 2.21093E-03
Ni 2.87577E-04
Aluminum 0.0622 Al 1.38826E-03
B4C 0.0101 ) 8.76394E-05
"B 3.52760E-04
C 1.10100E-04

Bottom Plenum Zone

Zircaloy 0.6128 Zr 4.0455E-03
SS304 1.0529 Cr 2.31699E-03
Mn 2.30831E-03
Fe 7.89115E-03
Ni 1.02640E-03

Bottom Endfitting

Zone

SS304 0.9664 Cr 2.12664E-03
Mn 2.11867E-04
Fe 7.24287E-03
Ni 9.42082E-04

GTCC Waste and

Container

SS304 3.29 Cr 7.2399E-03
Mn 7.2128E-04
Fe 2.4658E-02
Ni 3.2072E-03
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