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Table 3.4-1 Maximum Component Temperatures - Normal Transport Conditions, Maximum Decay Heat, Maximum Ambient
‘empmmq“;‘ Yr‘- : ; pyreps L o i ol ndn S ”
Conditions:  100°F Ambient Temperature Full"Solai <Ins
Cavrty Gas A B LB s
Component Air (°F) Helium (°F) Note
Outer Lid O-Ring 178 176 )]
BTFE O-Rings 211 210 ¢))
Metallic O-Rings 190 189 (1)
Cask Radial Outer Surface 241 243 2)
Top Neutron Shield 181 175 )]
Bottom Neutron Shield 403 379 6))
Radial Neutron Shield 284 285 @
Lead Gamma Shield 314 315 (3}
Aluminum DisK Exterior 338 337 @
Aluminum f’lslq Interior 491 487 (¥)
Steel Support Disk Exterior 356 344 2
Steel Support Disk Interior 498 495 @)
Canister Shell - —
Canister Lid -- -
Canister Bottom Plate - —
Maximum Fuel Rod Cladding 588 (309°C) 544 (284°C) (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) Temperatures are determined from the analysis of the two dimensional detailed model of the fuel assembly.

@
&)

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).

Temperatures are determined from the 3-D model for canistered fuel.
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3.5 Hypothetical Accident Thermal Evaluation

The objective of the thermal analysis of the NAC-STC under hypothetical accident conditions is
to demonstrate that the cask containment boundary structural components are maintained within
their safe operating temperature ranges.

Since the fire accident is considered to be at short duration, the limits for maximum cladding
temperature are higher. A cladding temperature limit of 1200°F is established based on
experimental work by Gwenther (PN[-4555). Similarly for the 6061-T6 aluminum comprising
the aluminum peat transfer disk, the temperature limit is considered to be 800°F. The tests
specified in 10 CFR 71.73 are to be performed or analyzed in sequence, to determine their
cumulative effect on the package. Thus, the NAC-STC is analyzed for the fire transient, specified
in 10 CFR 71.73(c){f}), assuming that the package is in a form consistent with the damage
sustained in the free drop and puncture tests of 10 CFR 71.73.

3.5.1 Thermal Model

The NAC-STC is analyzed for the hypothetical accident conditions using the ANSYS finite
element computer code. An"axisymetrical-model of the cask- body .was:generated using the
ANSYS code, as shown in Figure 3.5-1. Material properties used for the cask components are
listed in Tables 3.2-1 to 3.2-7.

described in Section 2.10.6 demonstrates that the impact llmlters remain on the cask aﬁer the @
foot drop imposed by the hypothetical accident condition.

The decay heat of P2.1 kilowatts from the contents is applied along the radial inner surface of the
cask, with an axial distribution as shown in Figure 3.4-2. [t also bounds the heat:Joad 0f:12.5.
kilowatts’ for the canistéred fuel'configuration. The average heat generation rate is multiplied by
the values derived from Figure 3.4-2 for each node along the active fuel region of the model.
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exphcltly n the hypothetlcal acc1dent condltlon analy51s ]

for the fue vc nig-and- basket somponents or the: fire

stainless. steel mntamers .whose: contents are: stamless steel“as:‘ ntly, - th
temperatures are not limited by . comp0nent,aﬁawablegtemperatmerang‘es,; (See Sectio

35102  Multiwall Body

The body of the cask is modeled as three concentric shells: the inner stainless steel shell, the
lead shielding, and the outer stainless steel shell. Due to contraction in the lead after the lead
pour operation, a gap may occur, most likely forming between the lead and the outer shell. In the
thermal analysis, this gap is 6} modeled {0 permit-maximum exposure of ihe;lead to the fire,;
condition: The portions of the lead region which extend above and below the neutron shield are
protected by a layer of BISCO FPC "fireblock" material. The fireblock is a very low conductivity
material which effectively insulates the lead from the heat of the fire.

Heat transfer across the region consists of conduction through the inner shell, the*1€ad, and
conduction through the outer shell. Heat transfer from the surface of the body consists of
conduction into the neutron shield, and convection and radiation to the environment, at locations
on the body of the cask above and below the neutron shield.

3.5.1{1.3 Radial Neutron Shield

A synthetic borated solid material used to absorb neutrons covers most of the outer shell. The
composition of the neutron shield region is discussed fully in Section 3.4.1.1.1.3. The effective
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conductivity of the radial neutron shield is calculated to be 0.339 Btw/hr-in-°F. At the end of the
fire transient, the neutron shield is considered to be voided of NS4FR, leaving only the stainless
steel/copper fins and stainless steel shell. The effective conductivity for this arrangement can be
calculated as in Section 3.4.1.1.1.3, substituting-air for the NS4FR material. The effective
conductivity for the voided radial neutron shield is calculated to be 0.237 Btu/hr-in-°F.

The heat transfer mechanisms for the radial neutron shield are conduction through the shield
itself, and radiation and convection from the surface of the neutron shield shell to the
environment.

3.5.1f 4 Top and Bottom Ends

The top end of the cask consists of the inner and outer lids, with a small gap between the lids.
The inner lid consists of two stainless steel plates with NS4FR neutron shielding material
between them. The outer lid is made solely of stainless steel. '

The bottom end of the cask consists of two stainless steel plates, with a plate of NS4FR between
them.

Heat transfer in the ends of the cask consists of conduction through the stainless steel and
NS4FR. {:- The ends are covered by the limiters and prevent heat transfer into or out of the ends

of the cask.

3.5.1.2 Test Model

prior transport licensing and are sufficient to show that the NAC-STC meets the criteria set forth
in Section 3.5.

3.5.2 Package Conditions and Environment

The NAC-STC sustains no major damage as a result of the free drop and puncture tests.

3.53
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The emissivity of stainless steel is 0.36. However, during the fire transient, the emissivity is
assumed to be @, as reqmred by 10 CFR 71 73(0)@ Also, the emlsswlty of the ﬁre is assumed

At the end of the fire, the NS4FR in the neutron shield is assumed to be lost, resulting in a lower
conductivity, and thus a greater resistance to heat leaving the cask. The emissivity of stainless
steel is again assumed to be 0.36, also providing a greater resistance to heat leaving the cask. The
cooldown period is analyzed for a period of [[§ hours after the end of the fire. At this time, all
cask components have reached their maximum temperatures and have begun the cooldown to
their postfire, steady state temperatures.

3.5.3 Package Temperatures

The NAC-STC is evaluated for the hypothetical accident fire using the ANSYS computer code.
A steady state initial temperature profile is calculated and used as input for the 30 minute fire
transient. This is followed by an 18-hour cooldown period.

The safe: operating temperature range of the components specified in Section 3.3.2 are also
evaluated for the fire accident. These components include the seals, lead gamma shielding, and
the radial neutron shield. The radial neutron shield temperature is not considered to be
significant, as its loss is assumed in this accident. The shielding consequences of the loss of the
radial neutron shield are evaluated in Section 5.1.4.

The maximum component temperatures during the hypothetical fire accident and cooldown
period for the. direstl§ 1oaded fuel, and’ the  canisiersTiTi6] arc listed in Table 3.5-1. The
temperature histories of major cask components for ditEcilyz1oadediTig] are shown in Figure 3.5-
2. None of the safety-related components, with the exception of the radial neutron shield as
described above, exceed their safe operating temperature as a result of the fire accident.

R T . AA‘

finite: element: analysis’results:usifig a heat load o si?f;?;?

The Temperature. resulis for: the cask components: as sBown i Table:3 4] ﬁaréki)'Bt”amedéﬁomﬂh&

W (e haE T )
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descnbed in: Sectlon 3 4 l 2 4, &Tl - maximum, céiculate‘&%temp’é'r”é"cﬁ’r"es dfér&the reconfigured. fuel-
pssembly shell casing, fuel:tubé and the fuel clad for:the fire:accident Condition: are TR ks 794°F -
and 734°F, respectively.
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3.54 Maximum Internal Pressure

From Section 3.4.4, it is known that the maximum pressure in the cask cavity is 60.0 psia, for a
cavity gas temperature of 232°C. The maximum fuel rod cladding temperature during the fire
transient is 402°C, as listed in Table 3.5-1. Thus, the maximum hypothetical accident pressure
can be calculated based on the ratio of these temperatures as follows:

(36,000 MWD/MTU):The

e i W N LS

presswgan 5 ufgases C
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3.5.5 Maximum Thermal Stresses

The maximum thermal stresses in the cask resulting from the hypothetical accident fire are
reported in Section 2.7.3.

[}

3.5.6 Evaluation of Package Performance for Hypothetical Accident Thermal Conditions

The NAC-STC thermal performance has been assessed for the hypothetical accident fire ~
transient, as specified in 10 CFR 71. All cask components important to safety remain within their
safe operating ranges except the radial neutron shield, which is assumed to be lost, whenever this
assumption results in higher temperatures. The ability of the cask to safely contain its radioactive
contents is not compromised.

N
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Figure 3.5-1 NAC-STC Hypothetical Accident Conditions ANSYS Model [ofiDitecilyzE08080
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Figure 3.5-2 NAC-STC Hypothe

1. Maximum temperature of the lead gamma shield
2. Maximum temperature of the inner surface of the inner shell
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Figure 3.5-2 NAC-STC Hypotheucal Accident Conditions Temperature History forthe

1. Maximum temperature of the lead gamma shield
2. Maximum temperature of the inner surface of the inner shell
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Figure 3.5-2 NAC-STC Hypothetlcal Accident Conditions Temperature History forfhe]
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1. Maximum temperature of the inner lid bolts
2. Maximum temperature of the outer lid bolts
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Table 3.5-1 Maximum Component Temperatures - Hypothetical Accident
Conditions Fire Transient

Conditions: 30 minute 1475°F Fire

Temperature Temperature
Component (6] Limit °F)

Inner Lid Bolt 335

Metallic O-rings 314 500
Cask Radial Outer Surface -
Radial Neutron Shield" < |
Lead Gamma Shield 604
Steel Disk Interior

bxrecﬂy Loaﬂed ‘Fuel

800

c ed Fu 80d
Maximum Fuel Rod Cladding

Ditecily Eoaded Fe) 725 1200

Cariistered Fuel ™ 1200

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.

The maximum temperature is used to determine the allowable stress in the structural analyses.

3.5-14
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4.0 CONTAINMENT

4.1 Containment Boun

The NAC-STC transport containment boundary is defined by the following components: (1)
Inner shell, and upper and lower inner shell rings (transition sections); (2) Bottom inner forging;
(3) Top forging; (4) Inner lid, inner lid bolts and inner lid outer metallic o-ring; (5) Inner lid
interseal test port threaded plug with metallic o-ring; (6) Vent port coverplate, vent port
coverplate bolts, and vent port coverplate outer metallic o-ring; (7) Vent port coverplate interseal
test hole threaded plug with metallic o-ring; (8) Drain port coverplate, drain port coverplate bolts,
and drain port coverplate outer metallic o-ring; and (9) Drain port coverplate interseal test hole
threaded plug with metallic o-ring.

Referring to NAC Drawing No. 423-800 for design details, the three possible paths for the
escape of radioactive material from the NAC-STC during transport operation and the
containment components for each are: (1) past the inner metallic o-ring in the inner lid where
containment is provided by the outer metallic o-ring in the inner lid and the interseal test port
plug; (2) through the inner metallic o-ring on the vent port coverplate where containment is
provided by the outer metallic o-ring in the vent port coverplate and the vent port coverplate
interseal test plug; and (3) through the inner metallic o-ring on the drain port coverplate where
containment is provided by the outer metallic o-ring in the drain port coverplate and the drain
port coverplate interseal test plug. The NAC-STC dual lid design permits periodic verification of
the inner lid containment boundary after loading and prior to transport by removing the outer lid
and pressurizing the inner lid interseal region with helium through the interseal test port. A Jeak
fetector is used to verify leakage less than F:27X-T0% std cm®/second at the circumference of the
inner lid. Similarly, the interseal region of the vent and drain port coverplates is pressurized with
helium and the J¢ak detector used to verify leakage less than [;2.x-107; std cm*/second. Following
containment verification, the outer lid o-ring is replaced and the outer lid is reinstalled. This is a
summary of the process used to verify the cask containment for transport.

For: the “canistered; fuel”or  canistered . GTCC; Waste.- contigurations. of - the. NAC-S
Fontainment credit 15:taken for. the. transporiable Storage . canistet, QUring transport, - LHis s, 8;
Eonservative assumption: since. the canister.is welded closed.and 1S verified 10 b6 Jeak fipht when

[f3s imtially closed: The canister wWill-not leak-under any. ol the notmal CORAitons Of ANSPOTt O
¢ hypothetical ‘accident conditions:
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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 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.

4.1.2 Containment Penetrations

The NAC-STC primary containment boundary is described in Section 4.1. The penetrations in
the NAC-STC primary containment vessel are the vent and drain ports in the inner lid (including
bolts, o-rings, and o-ring test plugs). The inner lid (including bolts, o-ring, and o-ring test plug)
also is a penetration in the primary containment boundary. The penetrations are designed to seal
the boundary and to ensure that the leakage from the cavity does not exceed T3 [
cm’/second. The quick-disconnect valved nipples installed in the vent and drain opemngs and in
the interseal test port in the inner lid are not considered to be part of the containment boundary.
The vent and drain port coverplates are fabricated from SA-240, Type 304 stainless steel.

4.1.3 Seals and Welds
4.1.3.1 Seals

The metallic 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. Section 4.5 contains the
specifications that describe the BTFE o-rings and the metallic o-rings. 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. Leakage testing of the cask is performed prior
to acceptance from the manufacturer. Leakage testing is also performed following fuel loading.
These tests are described in the following sections. A

4.1-2
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41.3.1.1 Containment System Fabrication Verification

Upon completion of fabrication, a Containment System Fabrication Verification shall be
performed on the cask containment as described in Section 8.1.3. This leak test verifies that the
leakage rate of the assembled containment does not exceed the maximum allowable leakage rate

2x:10zstd cm’/second. The maximum allowable leakage rate, and the corresponding test
sensxtmty, are discussed in Section 4.2.3.1.

4.13.1.2 Containment System Periodic Verification

The Containment System Periodic 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 leakage test shall be performed in accordance with
the procedures and acceptance criteria described in Section 7.2.1. For cask shipments following
storage, the verification leak test shall be performed in accordance with the procedures and
acceptance criteria described in Section 7.2.2,

Whenever a containment seal or component is replaced, the o-ring or containment component
shall be leak tested following replacement using the Containment System Periodic Verification
(Section 8.2.2.2). This test will verify that the replacement seal or component has been properly
installed and that the leakage rate is less than the allowable leak rate established for the
Containment System Fabrication Verification specified in Section 4.2.3.2.

4.1.3.2 Welds

A limited number of circumferential and longitudinal welds will be used to fabricate the inner
shell and to attach it to the inner shell rings, which are also attached to the top forging and to the
bottom inner forging. The longitudinal welds in the cylindrical sections will be staggered
circumferentially by 90 degrees or 180 degrees. Containment vessel welds shall be full
penetration bevel or groove welds to ensure structural integrity. Upon completion of the inner
shell welds, the welds will be radiograph inspected and accepted per ASME Section III Code
Article 5320 requirements.

4.1-3
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Upon completion of containment vessel fabrication, the NAC-STC containment boundary will be
hydrostatically tested in accordance with ASME Code requirements to ensure the integrity of the
welds and containment components (Section 8.1.2.3).. Following hydrostatic testing, all
containment vessel welds will be visually inspected by the dye penetrant examination method
and evaluated in accordance with ASME Code requirements. Following visual inspection, the
containment cavity vessel welds shall be helium leak tested to verify the integrity of the welds to
a leakage rate less than T27x"104 std cm*/second. Test equipment and methods shall be selected
to assure a minimum test sensitivity of 6.0.x:104 std cm*/second.

4.14 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 N07718 nickel alloy steel bolting material. The initial torque for installation of
the inner lid bolts is specified in Table.7.0-1. 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.7.0-1. The bottom surface of the outer lid is sealed to the top forging of the cask body by a
metallic o-ring.

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 o-ring, with a second,
concentric metallic o-ring, providing an annulus to test the seal.

The interlid and pressure ports, which are located in the top forging, are protected by port covers.
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) BTFE o-rings, with a test port located between the o-rings.

4.14
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o Ty.-Ioaded Tuel, the Westinghouse 17 x 17 fuel assembly is E limiting assembly,
because 1t w111 result in a higher cavity pressure due to its relatively large gas volume. Thus, the
17x 17 assembly is used in the leakage calculations. For a given burnup, the 3.7 w/o
uranium-235 results in more limiting source terms than occur with an initial enrichment of 4.2
w/0. A burnup of 40,000 MWD/MTU is not likely to be achieved with an initial enrichment
lower than 3.7 weight percent. Therefore, the 3.7 w/o initial enrichment source terms are used in
this analysis for directly Toaded fuel.

For.canistered fuel; the Combustion Engineéring 1ype A fuel assembly has the highest burnup:
Brid; therefore, represents the. Imiting. assermbly. 1ot ke, design basis  Yankee Class Tucls, As;
previously noted; for the -piirposes of the ‘containment evaluation, no credit is taken for. the.
presence of 'the” welded ! canister,. Consequently; fission and. fill- pas. within the Canister. are.
gsstmed fo acton the NAC-STC Eontainment boundary;

The canistered GTCC waste consists primarily. of.irradiated and. e -contz ]
Eteel bardwere and 'core. components. 1 e, Waste 1s; sepa.rately enclosed in contamers havmg~the;
Fame; external dimensions ‘as’thecyankee Glass:Tuell There are no radioactive -gases.associated

Hiththe GTCC waste.

The NAC-STC must maintain a radxoactwnty release rate of not more than 10‘ A2 per hour Eﬁ
Ehown in. Section 4. 2:, 5 the] eak tate ot dn ; 3 R
td.cm/isec, € H"’ Zi

2102 S¢ ‘the-calculated le: "g s for.; ‘e,i
E;an stered,ﬁél conﬁguraﬁons 5 The leak rate senmtmty,;s 6.0x107.cm’7sec
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42.1 Containment of Radioactive Material

The NAC-STC is designed to maintain a release rate of less than 10 A, per hour under the
normal conditions of transport, as required by 10 CFR 71.51 and IAEA Safety Series No. 6
(paragraph 548). SEHURIRNINECHONSDFHDRION] this corresponds to a maximum leakage rate

aDAstd cm’/second. &2 |

=R S e

4.2.2 Pressurization of Containment Vessel

The maximum pressure in the cask during normal transport conditions is calculated, based on 3
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 one atmosphere of 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 volume§ for<theitwosspentsIuch; 3t

below.

V,, =Free Gas Volume in Cask Cavity
=461,128 in®

Vi =Fuel Fill Gas Volume
=300,417 in’

Vs, = Fuel Fission Gas Volume
=328,917 in’

Assuming a 3 percent fuel rod failure resulting in the release of the fill gas and fission gas from
the failed fuel, the total gas volume can be calculated.

V,, =Total Gas Volume
=V, +0.03V, +0.03V,,
= 480,008 in’

L 3

4.2-2



NAC-STC SAR April 1997
Docket No. 71-9235 ’ Revision 9A

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:

480,008 \( 505
461,128/\293
=1.79 atm = 26.39 psia

Based on a bulk average gas temperature of 401°F when helium is the cover gas (Section 3.4.4),
the pressure within the cask cavity is:

(480,008)(478)
P, =1
461,128/\293

= 1.70 atm = 25.0 psia

ey o ey

{Phe Faaxmim’ nonnabcon?ﬁtr onspre
Ealculated to-also;be. 177 atmospheres; ot

The NAC-STC is designed to meet the containment criteria of 10 CFR 71 and IAEA Safety
Series No. 6. The 10 CFR 71 limit for the release of radioactive material under normal conditions
of transport is 10° A, per hour. {The A, value for fhe mixture pETEITORTCHdes Bssumed avanable;
forireledse is determined using the method described in [0TCFR: 71, Appendit AL,

For normal transport conditions, 3 percent of the fuel fods are assumed to fail. 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. [t Is conservafively assumed that 30 percent of both
tritium and krypton-85}escape; each failed fuel rod. [ Other radiologically important gaseous
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nuchdes are present only in negligible amounts after the B0 eataminimunTzco
Canisteredean ReenG assiieliandsng 6.5-year minimum cooling period [ORgirecty

from 0 l to 140 ECI/square centimeter at initial discharge. For conservatism, this analysis {01
ew?’ﬁeﬂ’ ﬁl.,assumes the cobalt-60 concentration to be the maximum of that range,

I ‘e.—.,WshngEouseﬂﬁsv -;fl‘ﬁﬁ%i assembly, is calculated to be 3 5 X 10’ square centlmeters

Based on the surface area of 26 Hircétly:oadeéd design basis fuel assemblies, the cobalt-60
inventory at discharge is 1274 curies. After a 6.5-year decay time, the cobalt inventory is

estimated to be 541 curies. The:c8responding.valtiesdor the:36 canisiered. fiel assembiies: cooleds
8:i0:years. are? 1023 Cil af; discharge dnd: 373  CRAller. 8¢

JiScharge FR0Rycars] ‘Under normal conditions of
transport, 15 percent of this cobalt-60 is assumed to be released from the fuel assemblies
(NUREG/CR-3285) and is conservatively assumed to be in aerosol form.

fgfislﬁxth“"eaea?affan T

R “gas;‘yol"afifexon‘crﬁ?f*%esgosuﬂateﬁeﬁasemhcnfaﬁﬁésmsbxr; SToE0003%;

e tamt L d v s W iaa

bfitheTemainmpiradionuclide:inyentory.

B and oo

G/ICR26487..also; sﬁﬁfaieswiheﬁefeaséo’ﬁriﬂ}émﬁa‘ésscaté‘go 176d-38:fihed: frori:thé

The fotal inventory of the/principal fission product gases, Volalilesi fifiesand-eriidi for difecily;
loadErI and caﬁlstered"sg‘ent»ﬁxel is shown in Table 4 2-1. 'ﬂi‘eﬁ’s“sm‘n«ga’s,,w; IR a'im%
inyento W@ﬁtﬁ%”?
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K X ‘FE,L’UW i&ﬁ.u.n

g T

. »2*‘5‘3 XT b ctmeslthour

oo pg,

red fuel; thep

L A Dk L phacietrtorint. S oreds

Raci: 222 % 10 ctiries/ hotie=

7.3 T0%cureslSec

g

[Ttie aflowable volumetric leak tateor ¢itficr.¢o

fion:s:

4o,

valdfie o the ea'wty,v"

The total activity concentrafions Gy, is:

Al A
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Aty con@enﬁaﬁbnz_;gresent m&ec’ao%

wheike:

THe

S a9, e

S b S P

o

{ ﬁ ,aa‘; “,‘J

ofradionuclides; S;; 1§'the; sur;of. the radionuc &Wéﬁ?ﬁm"m Wk

PromTable 4205 SoisTound 1obe 003, curies: Thererord

4.2-6

’-vol‘umeaﬁffa, ol‘tﬁécasﬁ cdvity.is given i Section. 3:3,4:45 o0k T07 i




NAC-STC SAR April 1997
Docket No. 71-9235 ; Revision 9A

Tom Section 4.2.3, the allowable telease rate is:

REE222X 107 curies/ Hotir, = 6,17 X102 curies/ 560

-3 Permissiblé Release Rate for Canistered GGG,
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; 'j ﬁ.ti_fg?im?f ﬂdsE"'i%iﬁBT

L’:w..c REofeuy b &mm’:»m

This is much less than the 902, curiés. of total:activity; (Sect 6n*zT,-2:3 o) -;

for release in normal conditions; even:if alf-of’ tHefT rude(Co:

Consequently, the maximum permissible leakage rate:for
by the canistered fuel configuration.

4:2.34 Correlation to Air Standard Conditions
The evaluation of permissible leakage rate in Sections 4:2:3:1,;: 423972 d‘ff 553' 35h 7'"“3';‘5'5{' ?ﬁe

smallést permissible.feak rate_Sccurs. for. ¢anistered - fuell: -FHiS [eakirat
established as the,bounding leak rate for correlation:to air: stanaa.rcﬁon&i"' an,

The maximum: permissible_reléase- must be:correlated’ts 15 0zan: equivalent:air;1eak- rate: aLstanﬂ

R e

conditions,: which- depend. on’ gas. temperatures;.pressures;; andz1€ak ge p' j& '

fequires’. calculatxd;fof’?the' capﬂlary dlameter through: i hlgg tﬁey
Depending;on pressurs. aid physical paratmeter: of ~

continuum, molecular 6t a combination of Both.

4.2-8



NAC-STC SAR April 1997
Docket No. 71-9235 - e Revision 9A

‘he.molec

r: EOETiCIent for molecular Hlow [om /atois] ]
Espillary diameter G
Eastemperatiire; 305 K-
pasmolechlar Weight; 4 g/molc?

EYetage pressure (Prrlq)V2; 138 st

S
wlulaligs

or :this7analys iS5 he 7 pas rafure . tised - for- molecalar HOW. analysis. 1S .ihe. upstream.
oW
Eemﬁerafﬁ;

gnyen by the pressure dlﬂ"erence thal exists between the. msxde of the cainster oncask P, and‘
Bfmosphere (Py)-Consequently:
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ureference air leak rate of 1-2 X510, 'std em’/ se¢ 15 Selected as the design basis fest1eak rate
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Table 4.2-1

Constituent . ; Y.L Fiells
Gases Curies/Assembly Curies/ Cask
Tritium 212 5,512
Krypton-85 3,390 88,140
Iodine-129 0.02 0.5

Crud

20.87)

Europmm-154 3 5,630
Europium=1357 [330° 30,780
Eromeﬂnmn-uz., L,jﬂ“’ 338,000
RS 15280
372,007
B8;5005
VEEEE A S

[fﬁ%’&m?f'ﬁ?&’ﬁ?ﬁa"f”ﬁ'n?hm’entﬂomm 106

(?.)"’S‘é’&ﬁ'é'ﬁ'ﬁ"?'f
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43 Containment Requirements For Hypothetical Accident Conditions

kex £y

denie .Qgé‘fijﬁ(,a t{g‘(ﬁ*'\‘@ G The structural mtegnty of the cask contamment dunng hypothencal
accident condmons is demonstated in Chapter 2. Therefore the cask contamment is mamtamed
s TS0 BT R R S ] }“‘! 3} 3 S NG 2

s _,..}

s *..nu

4.3.1 Fission Gas Products

The calculated amounts of fission gases contained by the design basis fiféctly loaded

assembly for both normal and hypothetical accident conditions are reported in THbIe 42515 Th
alculated values: are reported:in' Table 4 25T for. the:dESigh basis. canistered Juek; The accldent

o duriy e

conditions for maximum fission gas release assume 100-percent fuel rod failure with 30 percent
of the tritium and 30 percent of the krypton-85 available being released to the cask cavity. In
addition, it is conservatively assumed that 100 percent of the cobalt-60 in the crud on the fuel

assemblies is available for release as an aerosol. [FHEZanal
radionuclides.categorized as volaiﬂes and_ fission-gas products.

4.3.2 Containment of Radioactive Material

The NAC-STC is designed to maintain a release rate of less than one A,/week for the

hypothencal accndent condmons as requlred by 10 CFR 71 St éﬁdrahniké&g‘és is:determined

o TS N B 3 Tl

As PACrelease: rate: oF A0 A Cliries/week-of:
,’J'.."'fbn"R”S 4s'’ alfbw _IVGFR 71:51(1(2}53“ ggid'iﬁ'bm%v e :o”rherzx?&’&f’"éﬁvve
However; fio cret tl&@!@.@-f%@l:s;p,mm%

156topes::
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'L..Jl«'

COnNSEEv:

V"Iﬁﬁl"e‘%"t"el’é“aﬁﬁﬁl&ﬂ
Rission:g aS~rel‘e‘§§abJ§§
ROdTines releaseds
CAloT

’e EE‘E“ fx"}‘o’r?ﬂﬁec_ AR

THe Ay valuefor:the postulatedimixture of gases; VOIaBIEs, finés-and;cradascalculatedsin Fab
4:3:T:for directly. loaded-fuel; and'in. Table 42.3 or”‘é’*v T TR e A
2.933;@& *f-or BOtB MYT o‘.‘.- = :a,n d |

ACh KO S o eyt gy xm-c-uu"

Sinck from:10 GFR 71351 (2)(2); the maximum:permissiblérleakageTatesfor dccident-conditons;v.

(R 155 A; pet videk; the allowable reledse rate o7 dirdcty: Igadbd an e SiErad el

R.i=R.:=298%curigs/ week:= 4.9-x:10! curiés/'see
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43.3.1

T Permisuible Relekse Rate for Canistered Fuel

efiScalculated usmg the same method as was. used 1ot
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factvity density. mszde "containment Yessel resulting from crud:spa
’total crud’ actm, y.inventory. |Cila

wwww

Efree vofﬁme msule contamment vessel: [cm3]
ﬂ;g Wﬁa oS P AsembId
2 THumber of assembliess

i)

n

mw

[surface areaperzod: (com]3

'a
u. iie»:f‘:!i:ffé“ }

fraction of %ﬁa}mp c,'
mass of the. fuel in fuel rod (13

ggmm
BRI El ER ER

number of Tuelrods per assembly
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g;achon of volatﬂ&%iﬁ fuel rod released1f rod develops cladding breach”
Epecific actmfy"of ‘gasin fuel»rod [@Vgix
frattion of pas that would. At develops cladding breach |

isthe’ vmd wolumc mside ¢ c‘:onfamment Vesse'i fem):

K valuesused-m this anal)fsfs"(based on 10 CFRTTA]
@monc]'despr" 1ced: 2H an:
RS
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5.0 SHIELDING EVALUATION

@e NACSTC can also. safely [ETE T Greater"i‘hant@ I . .
Is:contained in’a canister (sée Drawing 455-888 Section. ‘-%3 =
[6'53ed camster ”’ﬁms, the GTCC‘caﬁ'ié"ter may ‘be Ioaaed EEET

The NAC-STC is assigned a nominal; 20 (TL=2

of-10,CFR 714 and 1he analysis of Sectlon .14, As shown 1n Table 5.1-10, the maximum dose.
rate:at 1' meter from the NAC-STCin normal conditions of transport is 19:5 mremm per hour.. This:
dose rate is based ‘on the design Basis fuel and the actual measured dose rate 15 eXpected o, be'

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 and the conservative shielding analyses used to determine the
transport dose rates. [This analysis is based on the transport of 26 ditectly loaded (uncanisteredy
fuel assemblies; " The analysis for canistered. fuel demonstrates, that the fadiation SOUrce Aerm Tor.
fhecanistered ‘configuration.is less than that fof the. directly Joaded A(uncanistered) configuration:
Consequently, the canistered configuration shiclding evaluation is.bounded by the. "uncamstewd4
fuel évaluation.:. This bounding shielding.evaluaion does Hot. consider.the a :
from . the canister shell, Tids, and botiom plate, and the additional self-=shielding due to the more |
Compact array: of the canistered " configuration: ‘Alsc, the - dose . rates for_the canistered O10C

oot
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The shielding analyses use the SAS2H sequence (Hermann, 1990) of the SCALE4 package
(SCALE) to calculate radiation sources. This sequence uses the computer code ORIGEN-S
(Hermann, 1989) to calculate the source terms. The QAD-CGGP (QAD-CGGP), XSDRNPM

5.0-1a
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(Greene, 1983), XSDOSE (Bucholz, 1981) and MORSE (West) computer codes are used to
calculate the cask dose rates for normal transport and hypothetical accident conditions. The
shielding analyses show that the dose rates are below the regulatory limits stated in 10 CFR 71
and IAEA Safety Series No. 6.

The shielding calculation dose rate results for a large array of detector points are presented in
Tables 5.1-f0 through 5.1f2 for the all-aluminum [ECHyEIbadeq basket with JBE borated
aluminum tube design models presented in this chapter. As described in Chapter 1, and as shown
on the License Drawings in Section 1.3.2, the NAC-STC HitecilyiToaded basket has been
modified to incorporate Type 17-4 PH stainless steel disks and rods as the structural components
of the basket. In addition, the 26 borated aluminum tubes have been replaced with fuel tubes
manufactured from Type 304 stainless steel sheets encasing 0.075-inch thick BORAL sheets.
Twenty 5/8-inch thick aluminum disks are located between the 0.5-inch thick Type 17-4 PH
stainless steel disks in the central axial region of the basket to provide improved heat transfer.
Therefore, the overall basket design concept of solid tubes supported by diSks is maintained The
allalummum rectly.-loade

allows a reasonable comparative analysis to be performed to evaluate the shielding effectiveness
of the two Hifectly-loaded basket designs. In addition, the minimum cool time for the design
basis PWR fuel assembly has been increased from 5 years to 6.5 years, which results in reduced
neutron and gamma source terms. The new source terms for the longer cooled design basis fuel

assembly are provided in Table 5.1-5. Comparison of 5 and 6.5 years cooled source terms shows
a 15 percent reduction in heat load, approximately 22 percent reduction in fission product source,
a 5 percent reduction in neutron source and a 27 percent reduction in hardware activation source.
All of these reductions in source terms will lead to lower dose rates relative to the 5-year cooled
source terms.

Evaluations have been performed to allow conclusions to be made that the calculated dose rates
reported in Tables 5.1-f0 through 5.1-J2 for the all-aluminum Hirectly loaded basket containing
26 design basis PWR fuel assemblies cooled for 5 years are representatlve of or envelopmg for
the dose rates of the NAC-STC with the stainless steel/aluminum irectly:.Toade
containing 26 design basis fuel assemblies cooled 6.5 years. It should also be noted that the
gamma radiation is shielded primarily by the stainless steel/lead/stainless steel cask body, and

5.0-2
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51 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 (BISCO NS4FR) for neutron shielding. The multi-
walled arrangement of steel and lead in the NAC-STC provides optimal weight for gamma
attenuation. The NS4FR 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 [HitK lead filled
annulus between them. The radial neutron shield is arranged around the outer steel shell with a
5.5-inch thick NS4FR layer which is covered by a 0.25-inch (6 mm) thick neutron shield shell.
The bottom of the cask contains a steel/NS4FR/steel shield arrangement with the two stainless
steel components providing 11.65 inches of gamma shielding and 2 inches of NS4FR neutron
shielding. The top of the cask has shields in the form of two closure lids. The inner lid also has a
steel/NS4FR/steel arrangement with 6.0 inches of steel below 2 inches of NS4FR 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 meet the requirements of 10 CFR 71 and IAEA
Safety Series No. 6. The dose rate limits specified in 10 CFR 71.47 and paragraph 469 of IAEA
Safety Series No. 6 for normal transport conditions are 200 mrem/hour on the surface of the
package and 10 mrem/hour at 2 meters from the vertical planes represented by the outer lateral
surfaces of the transport vehicle. The design objective for the NAC-STC limits the radial surface
dose rate to 50 mrem/hour. This design objective has been achieved at all radial surfaces except
at the port covers and at small areas near the top and bottom of the neutron shield. The surface
dose rates at all locations except the port covers are less than 200 mrem/hour. The dose rate at the
personnel barrier, which is the accessible surface of the package, adjacent to the port cover
region, is significantly less than 200 mrem/hr. The 10 mrem/hour criterion has also been met at
all locations 2 meters from the railcar. The 10 CFR 71.51 and IAEA Safety Series No. 6
(paragraph 542) dose rate limits for the hypothetical accident conditions are 1000 mrem/hour at 1
meter from the surface of the cask. This criterion has also been met at all locations.

5.1-1
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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 NAC Drawing No. 423-901 (Section 1.3.2).

FEORREeT I
ihereoﬂ thch? Eave E'een cfa?sm'éd ‘as faxl

SiS IS not required. for the

s fuel assemblies.. Consequently; a ngorou& nielding a

Yankee Class 1
reconfigured ﬁlef'*assemblﬂ

5.1.2 Design Basis Fuel

he NAC-STC: n basis.

Joaded directly’ mfo abaskef“m the cask cavxty& referre& foas the uncamstered 5355
dé"s:@ basis fuel for: tﬁé"ﬁ‘n’éamstegedconﬁgmatxonls descnbed n bechnm5 L2
configuration 1§ for. canistered ¥ g =The design “fiiel for: shie
Configuration is described:in Section

by
poibylr dnctraming Lo h oo

The design basis fuel in the NAC-STC for shielding purposes is the Westinghouse 17 x 17 PWR
assembly with an initial enrichment of 3.7 percent, a uranium mass of 469 kilograms, a burnup of
40,000 MWD/MTU and 50 years cooling time. The source terms for this Westinghouse 17 x 17
PWR assembly are higher than the other Westinghouse PWR assemblies and the Combustion
Engineering and Babcock & Wilcox fuel assemblies to be shipped in the NAC-STC.
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The NAC-STC can transport up to 26 intact PWR fuel assemblies. The 5-year cooled, esign;

asis fuel Eharacteristics are given in Table 5.1-1. The design basis fuel Fharac
6.5-year cool time are given in Table 5.1-f. The design basis fuel Bhysmal parameters are
presented in Table 5.1-f.

For fuel assemblies with a burnup of 40,000 MWD/MTU, the fuel requires a minimum of § years
of cooling after discharge to meet the neutron and gamma source, and the decay heat limits
specified in Table 5.1-&. Table 5.1-f contains the source terms for the design basis fuel with a
burnup of 40,000 MWD/MTU and a 6.5-year cool time. Fuel assemblies with burnups of 45,000
MWD/MTU and 10 years cooling time can also be accommodated in the NAC-STC. The source
characteristics of this fuel are given in Table 5.1-f. These source terms were calculated for an
initial enrichment of 4.0 w/o, the minimum expected value of enrichment that will achieve a
burnup of 45,000 MWD/MTU.
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Table 5.1-@ Combined Dose Rates for Normal Transport Conditions (26 PWR assemblies,
40,000 MWD/MTU, 5-year cool time)

Radiation

Location Detector 1.D. Normal Dose Rate
Radial Surface, fuel 1 Neutron
midplane§ Fuel Gamma
Grid Spacer Gamma
TOTAL
Radial, 1m from cask 2 Neutron
surface, fuel Fuel Gamma
midplane} | Grid Spacer Gamma
TOTAL
Radial, 2m from 3 Neutron ng
transport vehicle, fuel | Fuel Gamma 543
midplane} Grid Spacer Gamma 133
TOTAL @3
Bottom impact limiter 4 Neutron 0.01
surface, axial Fuel Gamma 0.94
centerline Grid Spacer Gamma 0.15
End-Fitting Gamma 2.09
TOTAL 3.19
Bottom, 2m from 5 Neutron 0.003
surface of impact Fuel Gamma 0.37
limiter, axial Grid Spacer Gamma 0.06
centerline End-Fitting Gamma 0.82
TOTAL 1.25
! A tiuiron peaking faciot Of (12).2 =. 2,15 5 8pplied to the GLector 1ocations af or niar the adial midpIans of
the fuel region. -
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Table 5.1- f] Combined Dose Rates for Normal Transport Conditions (continued) (26 PWR
assemblies, 40,000 MWD/MTU, S-year cool time)

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

Top impact  limiter 6 Neutron 0.003
surface, axial centerline Fuel Gamma 0.11
Grid Spacer Gamma 0.009
End-Fitting Gamma 0.23
Plenum Spring Gamma 0.13
TOTAL 0.48
Top, 2m from surface of 7 Neutron 0.001
impact limiter, axial Fuel Gamma 0.04
centerline Grid Space Gamma 0.003
End-Fitting Gamma 0.05
Plenum Spring Gamma 0.09
TOTAL 0.18
Top end fitting 8 Neutron 0.63
midplane, radial surface Fuel Gamma 2.07
Grid Spacer Gamma 0.89
End-Fitting Gamma 5.86
Plenum Spring Gamma 9.77
TOTAL 19.22
Radial surface, above 9 Neutron 97.62
the neutron and gamma Fuel Gamma 1.36
shields Grid Spacer Gamma 0.20
End-Fitting Gamma 17§76
Plenum Spring Gamma _79.24
TOTAL 196.18
Surface of the interlid 9a Neutron 75.84
and pressure port covers Fuel Gamma 0.17
Grid Spacer Gamma 0.19
End-Fitting Gamma 258.03
Plenum Spring Gamma _1.36
TOTAL 341.59
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Table 5.1- ] Combined Dose Rates for Normal Transport Conditions (continued) (26 PWR

assemblies, 40,000 MWD/MTU, 5-year cool time)

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

Surface of personnel 9 Neutron 14.76
barrier (32cm from port Fuel Gamma 1.87
cover surfaces) at Grid Spacer Gamma 0.40
interlid and pressure port End-Fitting Gamma 22.32
covers Plenum Spring Gamma 4.48
TOTAL 43.83
Radial surface, midplane 10 Neutron 9.27
of the bottom end- Fuel Gamma 3.02
fittings Grid Spacer Gamma 1.04
End-Fitting Gamma _5.86
TOTAL 19.19
Radial surface above 10a Neutron 48.93
rotation trunnion recess Fuel Gamma 0.64
Grid Spacer Gamma 0.18
End-Fitting Gamma _0.15
TOTAL 49.90
Radial, above the 11 Neutron 1.02
neutron and gamma Fuel Gamma 2.64
shields, 2m from the Grid Spacer Gamma 0.57
transport vehicle End-Fitting Gamma 0.77
Plenum Spring Gamma _0.69
TOTAL 5.69
Radial, below the 12 Neutron 0.52
neutron and gamma Fuel Gamma 2.07
shields, 2m from the Grid Spacer Gamma 0.60
transport vehicle End-Fitting Gamma _0.36
TOTAL 3.55
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Table S.I-B Hypothetical Accident - Loss of Neutron Shielding (26 PWR assemblies, 40,000

MWD/MTU, 5-year cool time) W,
Location Detector 1.D. Radiation Normal Dose Rate
(mrem/hr)
Radial, 1m from cask 2a Neutron 48572
surface, fuel midplane, Fuel Gamma 37.33
without neutron shieldﬁ Grid Spacer Gamma _1049
TOTAL
Bottom, 1m from cask 4 Neutron 112.30
surface, axial centerline, Fuel Gamma 9.66
without neutron shield] Grid Spacer Gamma 3.02
(assumes loss of impact End-Fitting Gamma 42.11
limiter) TOTAL 167.09
Top, 1m from cask 6 Neutron 52.88
surface, axial centerline, Fuel Gamma 1.24
without neutron shield} Grid Spacer Gamma 0.18
(assumes loss of impact End-Fitting Gamma 423
limiter) Plenum Spring Gamma 221
TOTAL 60.74
Radial, 1m from cask 2 Neutron 2.63
surface, fuel midplane Fuel Gamma 62.10
(side drop) Grid Spacer Gamma 15.06
TOTAL 7933
Radial, 1m from cask 13 Neutron 7.21
surface, top end-fitting Fuel Gamma 2.77
(end drop) Grid Spacer Gamma 0.80
End-Fitting Gamma 173.15
Plenum Spring Gamma _8.62
TOTAL 192.55

{ 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.

| & oo i R OERI) T

ihé & fuel region!
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Table 5.142 Hypothetical Accident - Lead Slump

(26 PWR assemblies, 40,000 MWD/MTU, 5-year cool time)

Location Detector 1.D. Radiation Normal Dose Rate
(mrem/hr)
Radial, 1m from cask 2 Neutron picz
surface, fuel midplane Fuel Gamma 62.10
(side drop)f Grid Spacer Gamma 15.06
TOTAL {9.83
Radial, 1m from cask 13 Neutron 7.21
surface, top end-fitting Fuel Gamma 2.77
(end drop) Grid Spacer Gamma 0.80
End-Fitting Gamma 173.15
Plenum Spring Gamma _862
TOTAL | 192.55
! K netitron peaking Tactor of (1:2) . 2:15; Js AppLied 6 the detecior Iocations t of hear fhe fadial myidpiane of
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regions considered in these radial calculations must be homogeneous. The one-dimensional
radial geometry used with XSDRNPM is described in Section 5.3-1. The material densities used
are described in Section 5.3-3. The cavity is modeled as two regions: the fuel region, using the
effective fuel radius; and the homogenized basket-disk region, comprising the annulus between
the fuel region and the inner shell. Separate runs are needed for the fuel neutrons and gammas
and for the grid spacer gammas. Dose rates are calculated on the surface of the cask, at one meter
away from the surface (Locations 1 and 2 in Figure 5.1-1) and at two meters from the personnel
barrier (Location 3 in FigureS.1-1). In actuality, the fuel source has an axial cosine distribution,
with the peak around the fuel midplane, as shown in Figure 5.3-5 and detailed in Table5.4-1.
This axial peaking results in higher dose rates near the cask midplane which can be accounted for
by a correction factor. These factors can be determined by the use of a three-dimensional code.
The QAD-CGGP code is used for this purpose by calculating homogeneous-to-heterogeneous
geometry and axial peaking-to-flat flux correction factors which are used to correct the
XSDRNPM/XSDOSE results. The iron buildup factor was used in all of the QAD-CGGP
calculations. Two QAD-CGGP runs are performed. The first run is performed using a flat axial
source distribution and homogeneous modeling of the basket disk region. The second run is
performed with a discrete axial source distribution and heterogeneous modeling of the basket
disk region. The correction factors are determined by dividing the heterogeneous peaked source
dose rates, by the homogeneous flat source dose rates. The previously calculated
XSDRNPM/XSDOSE dose rate contributions from fuel neutrons, fuel gammas, and grid spacer
gammas are multiplied by these source-specific correction factors to calculate conservative dose
rates at locations along the midplane of the cask.

The loss of neutron shield radial calculations were performed using the same one-dimensional
radial model and methodology described for normal transport conditions but with the radial
neutron shield region voided. The higher neutron dose rates that resulted from this calculation are
shown in Table 5.1-11.

The radial transition region dose rate calculations are performed using the three-dimensional
MORSE computer code. An explicitly detailed three-dimensional model of the NAC-STC is
developed, including the port cover void in the upper transition region, and the rotation trunnion
recess in the lower transition region. The basket disks are modeled explicitly in the basket disk
region of the model, and the fuel source region is conservatively assumed to have a flat axial
distribution. Two series of runs are performed to determine the dose rates around the upper and
lower transition regions. For the dose points near the upper transition regions, five separate runs
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are performed. The runs performed are for the fuel neutron, fuel gamma, grid spacer gamma,
plenum spring gamma, and upper end-fitting gamma source terms. The results of each of these
runs are summed to determine the total dose rate at each detector location. For the lower
transition region calculation, four runs were needed. The runs modeled the fuel neutron, fuel
. gamma, grid spacer gamma, and lower end-fitting gamma source terms. Additional detectors are
located along the cask midplane. These dose locations were used to compare the MORSE dose
rates with the corrected XSDRNPM/XSDOSE dose rates to verify consistency in the
calculational techniques. The dose rates calculated by the different methods agreed well, with
differences typically less than five percent. The end drop lead slump accident was also analyzed
using the MORSE computer code and the three-dimensional model described in Section 5.3.1
(Figure 5.3-8). The results are presented in Table 5.1-13.

5.4.3 Axial Shielding Calculations

The one-dimensional XSDRNPM computer code was used to calculate fluxes in the axial
directions. The top and bottom geometry models and the densities used are described in Sections
5.3.2 and 5.3.3, respectively. A buckling factor, equal to the diameter of the cask, is used in the
XSDRNPM input to account for the particle leakage associated with the finite radial dimensions
of the cask not described in an infinite slab model. For the top axial model, separate runs are
performed for the fuel neutron, fuel gamma, grid spacer gamma, plenum spring gamma, and
upper end-fitting gamma source terms. For the bottom axial model, separate runs are performed
for the fuel neutron, fuel gamma, grid spacer gamma, and lower end-fitting gamma source terms.
The fuel region sources in both models are conservatively assumed to have a flat axial profile.

The fluxes calculated by XSDRNPM are then used in XSDOSE to calculate dose rates at the
surface, and two meters away from the surface of the top and bottom 1mpact limiters (positions 4
through 7 of Figure 5.1-1 and Table 5.1- fO) Asindicated in-Tables 5. 1-10, 5. 1-1 Llgand 5. 1512,

fleutron, peaking :factor. of :2:15 ((T:2)!%) . is”applied” m;radlal m&me dése Taf ‘Iéafculatlon?
XSDOSE uses a circular disk source for both the top end and bottom end calculations, with the
actual diameter of the cask as the diameter of the disk source. The results obtained from these
calculations were compared to results calculated by the QAD-CGGP and MORSE three-
dimensional codes. The results of these three-dimensional calculations showed good agreement
with those calculated using XSDRNPM/XSDOSE. In all cases, as would be expected, the one-
dimensional analyses resulted in higher dose rates than those calculated using the three-
dimensional codes.
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6.0 CRITICALITY EVALUATION

6.1 Discussion and Results

Westinghouse, 'and” similar - Babc vilc
&s_gmﬁ"es. ’In the uncamster,jf[ nfiguration, 1l

mre a crxtlcahty evaluahon

This chapter demonstrates that the NAC-STC with the design basis payload§ meets the criticality
requirements of 10 CFR 71 Section§ 71.55 pnd F1:39, and IAEA Safety Series No. 6. As
demonstrated by the criticality analyses presented in Section 6.4 and summarized belowl the,
NAC-STC:is subcritical under all conditions and is assiphied & NUCIGAT cAcality COToL tranSport
[ndex of 0:(N=0) in accordance with 10 CER .71:59(b);

b:1.1": Directly Loaded Uricénistéred Fuel

The NAC-STC is designed to transport 26 design basis PWR fuel assemblies with an initial
enrichment of 4.2 w/o uranium-235} thaf dre’directly [oaded info a basket within the NAC-STC.
Eavify: Criticality control in the NAC-STC is achieved using a flux trap principle. Each of the
basket tubes in the NAC-STC are surrounded by four BORAL sheets which are held in place by
steel cladding. The BORAL sheets have a minimum 0.01 g B'%cm? loading in the core. The
spacing of the basket tubes is maintained by the steel support disks. These disks provide water
gap spacings between tubes of 1.64 inch and 3.46 inch. When the cask is flooded with water, fast
neutrons leaking from the fuel assemblies are thermalized in the water gaps, and are absorbed in
the BORAL sheets before causing a fission in an adjacent fuel assembly.

The SCALE CSAS25 (Landers and Petrie) calculational sequence is used to perform the NAC-
STC criticality analysis. This sequence includes KENO-Va (Petrie) Monte Carlo analysis to
determine the NAC-STC effective neutron multiplication factor (k) under normal and accident
conditions. The 27 group neutron library is used in all calculations, including those used to
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evaluate the sensitivity of the package to a range of moderator density and center-to-center
spacing. The analyses yielded the following maximum results:

Condition - keto k,
Normal Conditions:
Loading - Moderator inside and outside 0.92658 +0.00223  0.9457
Transport - Dry Inside and moderator outside 0.44743 + 0.0017 0.4662
Hypothetical Accident Conditions:
Dry inside and moderator outside 0.50321 £ 0.00139  0.5219

Conservatisms contained in these analyses included: (1) most reactive PWR fuel assembly class
with maximum U loading; (2) 75 percent of the nominal B" loading in the BORAL; (3) infinite
array of casks in the X-Y plane; (4) infinite fuel length with no inclusion of end leakage effects;
(5) no structural material present in the assembly; (6) no dissolved boron in the cask cavity or
surrounding loading or storage area; and (7) no credit taken for fuel burnup or for the buildup of
fission product neutron poisons.

715 36 desTon. basis)
' Cnticauty contgmg

: Al s eets wlncﬁ “are. héld in place by”wsf'ééﬁ

thermahzeq mthe ‘Water'gaps;: atid are, absorb ed'in

Do iimaiiiing.

an adjacent.fuel assembly
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6.4  Criticality Calculation

Edditional requirements imposed mclide the Teduction in  poison plate. B . from_ 100,

inodelmg an undamaged casIc surrounded by water.- ﬁ”eqmrements >of paragraphs (a) ﬂn'ough (c)

10 CFR 71.59 ‘are satisfied by providmg-a-value of - equal to infinity and & crticality;
fransport index’ of {0 by imposing reflecting boundary: conditions -on ‘the sides . of. the 1odel;
simulating an infinite array: of undamaged. casks:* Opfimum INtetior and exterior. moderation ;.
Including exterior full 'i’e'ﬂéétibn*bY'éjr'x’ibre:ﬂianﬁ20f’cm§iiﬁWaicr;§sli§g’§i‘cbfﬁpﬁahc'é":tivit]i\?lQ‘ CFR|
95 paragraphs " (b)(2), (b)(3) and’ (d)(3).% Normal operating conditions for. the {ransport cask.
include a dry canister cavity.- 'I'he ‘canisteris loaded; dried; and:seal welded inside d fransfer;

ask” Only after the canister iS dried and sealed is it.placed into the tansport cask. AL Sett

of: exterior, moderator -density. and cask: pitch- criticality evaluations Show - oomphance thh
CER: 71 under dry cavity conditions.

Compliance. with. the Tequirements.of paragraph (),01.10, CER 715515 Shown by, modeling &
Ramaged, cask- surrounded by L Wter, . Compliance. with, 10_ CER 71,50 s, antomatcally’

ol

flemonstrated by imposing reflection boundary conditions on the sides of the model to simulate]
an- miinite array- of- damaged-casks, - thereby resulting in-a cnticality fransport. index. o1..0.

Pptimum 1nterior and exterior moderation, including exterior fall reflection by more than 20 cm|
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.\ p sowswcgm ce;»wl ie i .m-,, e Yo T .v o {;V o _‘ ‘f
T = —

analyses presented show that the maximum ﬁJel loadmg along w1th the most reactlve
configuration have been analyzed for éach configurationy I he configurat

cask under water with no dissolved boron, and with the cask surrounded by water, is assumed to
ensure that the maximum credible reactivity is simulated.

Results 157 DirSely [oaded Untamisiesd I

6.4.2.1 Most Reactive Assembly

A simplified KENO-Va calculation of the two design basis assemblies for: the directly -loadeds
uncanistered. fuel'condition deScribed in Table 6.2-1, is performed to determine the most reactive.
In this simplified model, a unit cell of the NAC-STC basket with the steel and aluminum
webbing properly spaced axially is described. Reflecting boundary conditions are imposed on the
sides, top and bottom simulating an infinite array of basket cells. In one case, the 15x15 fuel
assembly is modelled, and in the other, the 17x17 fuel assembly is modelled. Both fuel
assemblies are at the same fuel density, 95i9% of theoretical and af 4.2 w/o U™ initial
enrichment. The k-infinity of the 15x15 fuel assembly in the NAC-STC basket is 0.9526 +
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0.0024, and the k-infinity of the 17x17 fuel assembly in thé: NAC-STC basket is 0.9455 +
0.0025. Thus, the 15x15 is the most limiting assembly of the two design basis assemblies and is
used in subsequent cask criticality analysis.

An additional evaluation of the Westinghouse 17x17 OFA assembly loaded into the NAC-STC
basket gave a k-infinity of 0.9575 + .0024. Lowering the enrichment of the OFA design to 4.1
w/o U™ gave a k-infinity of 0.9504 + .0024 which is below the 15x15 fuel assembly design at
4.2 w/o U* initial enrichment. Thus, in the case of the OFA fuel assembly, the maximum
allowable enrichment to allow placement in the NAC-STC is 4.1 w/o U**.
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6.4.2.2 Normal Conditions

Criticality results under normal conditions include variations in moderator density from 1.0 g/cc
to 0.0001 g/cc (dry) and cask center-to-center spacing from 249.36 cm (touching) to 400 cm. The
results are shown in Tables 6.4-1 and 6.4-2. Table 6.4-1 shows the expected reactivity conditions
during loading, i.e. wet inside and outside, as well as variation in moderator density due to
draining and drying. Also, shown in Table 6.4-1 is the reactivity penalty from assuming 75% of
nominal boron. This is approximately a 2% Ak penalty. Table 6.4-1 shows that cask reactivity is
insensitive to variations in cask center-to-center spacing, but that the touching condition is the
most reactive. This results in a k4 of 0.9266 + 0.0023. The CSAS25 input and output for this
case is shown in Figures 6.p-1 and 6J-2, respectively. Simultaneous variation in moderator
density inside and outside the cask shows a monotonic decrease in reactivity. There appears to be
no optimum at low density conditions. The k., in the dry situation is 0.4420 + 0.0009.

Table 6.4-2 shows the expected reactivity conditions during normal transport, i.e. dry inside and
possibly wet outside. When the cask cavity is dry, k. of the package is very low and is
insensitive to variations of moderator density outside and cask center-to-center spacing. The
maximum k. for this situation is 0.4470 £ 0.0014.

Including statistical and method uncertainties, all results for the normal condition are below the
10.95 NRC criticality safety limit. Thus, compliance with 10 CFR 71.55 (b) and (d) as well as 10
CFR 71.75 (a) is demonstrated.

6.4.2.3 Hypothetical Accident Conditions

Criticality results under hypothetical accident conditions include variations in EXiErior moderator
density from 1.0 g/cc to 0.0001 g/cc (dry) as well as cask center-to-center spacing from 249.36
cm (touching) to 300 cm. The results are shown in Table 6.4-3. Under accident conditions,
moderator is allowed in the neutron shield region and outside the cask. Again, with the cask
cavity dry, the k4 of the package is very low and is insensitive to moderator density and cask
spacing variation. The maximum k. for this situation is 0.5032 = 0.0014. The CSAS25 input and
output for this case is shown in Figure 6. §-3 and 6. f-4, respectively.

Including statistical and method uncertainties, all results for the accident condition are well
below the 0.95 NRC criticality safety limit. Thus, compliance with 10 CFR 71.55 (e) as well as

6.4-3



NAC-STC SAR April 1997
Docket No. 71-9235 Revision 9A

10 CFR 71.75 (b) is demonstrated. Additionally, the results of both normal and accident
conditions satisfy the requirements for a Fissile Class I package.

Combusnon E’ﬁémeenng*‘l‘ype AT
Combustion Engineerng LypeB;

~and: B-assem blg the most hmmng;

Mmaﬁon‘mdoﬁmgpmwm; T
T Inoluding, uncertamtes 15, 10w 10.8002): Criticality. resul

-
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ditions Include vananons m moderator Jens:ty
1.0 glwto 51 gfcc (dry) as_we ascas ‘center-to-center “spacing from 250.008 . ¢

[totching 10-300 cm. The resulis’are showr in Table 6.4-5. Waccldent condxtmns, the cas‘k;

Bod Tl is considered 1o be Fully moderated: as describéd in Section 6.1.2.. The maximumm K.g:

Including uncertainties, for this sttuation is 0.8974, The COA

Ehowm in Figures 6.6-7.and 6.6-8; respectively.

below. the0.95” NRC crificality  safety - Bt 1hus, compliance with: 10 CER. 71,55 (e} 15!
demonsfratéd:
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Table 6.4-1
Cask H,0 H,0 Neutron | BY i | s k,
Pitch Inside Outside Shield ~
300cm 1.0 1.0 Yes 100% 0.90777 0.00251 0.92702
249.36 1.0 1.0 Yes 75% 0.92658 0.00227 0.94568
279.36 1.0 1.0 Yes 75% 0.921%94 0.00230 0.94106
300cm 1.0 1.0 Yes 75% 0.92063 0.00246 0.93985
350cm 1.0 1.0 Yes 75% 0.92450 0.00245 0.94371
400cm 1.0 1.0 Yes 75% 0.92239 0.00228 0.94149
300cm 0.7 0.7 Yes 75% 0.83797 0.00241 0.35716
300cm 0.5 0.5 Yes 75% 0.76677 0.00229 0.78588
300cm 02 0.2 Yes 75% 0.62643 0.00174 0.64524
300cm 0.1 0.1 Yes 75% 0.56786 0.00137 0.58652
300cm 0.05 0.05 Yes 75% 0.53165 0.00118 0.55024
300cm 0.0001 0.0001 Yes 75% 0.44195 0.00093 0.46047

6.4-6



NAC-STC SAR
Docket No. 71-9235

December 1996
Revision 9A

red Fuel Normal Conditions Criticality Analysis

=CSAS25

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH = 250.698 cm) (EXT. MOD. VF = 0.6}
.

THIS I8 A MODEL OF THE NAC-NPC BASKET

LOADED WITH 36 UNITED NUCLEAR TYPE A ASSEMBLIES

INTERIOR MODERATOR VOLUME FRACTION = 0.0001

CASK TO CASK PITCH » 250.698 cm

27GROUPNDF4 LATTICECELL

1 0.93

LIRCALIOY 2 1.0 293.0
H20 3 0.0001 293.0
AL 4 1.0 293.0
85304 -] 1.0 293.0
B-10 6 DEN=2,6226 0.0450 293.0
B-11 6 DEN=2.6226 0.2736 293.0
[~ 6 DEN=2.6226 0.0927 293.0
AL 6 DEN=2.6226 0.5737 293.0
PB 7 1.0 293.0
H 8 DEN~1.6291 0.060 293.0
o ® DEN=1.6291 0.425 293.0
c @ DEN=1,6291 0.277 293.0
N 8 DEN=1.£291 0,020 293.0
AL 8 DEN=1.6291 0.214 293.0
B-10 8 DEN«1.6291 0.00F1 293.0
B-11 8 DENe1.6291 0.004 293.0
H20 ] 0.6 293.0
END COMP

SQUAREPITCH 1.1687 0.7887 1 3 0.9271 2 0.8052 O END

EXTERIOR MODERATOR VOLUME FRACTION « 0.6

293.0 92235 4.0 92238 96.0

TRANSPORT CRITICALITY:; NORMAL CONDITIONS (PITCH = 250.698 cm) (EXT. MOD. VF = 0.6)

READ PARAM RUN=YES PLT=NO GEN=203 NPG=1000 TME=500 END PARAM

READ GEOM

.

* WATER LEVEL UNIT CELLS

L]

UNIT 1

COMe'FUEL PIN CELL - BETWEEN DISKsS'
CYLINDER 1 1 0.3943  2P2.1400
CYLINDER 0 1 0.4026  2P2.1400
CYLINDER 2 1 0.4635  2P2.1400
CUBOID 3 1 4P0.5944 2P2.1400
UNIT 2

COM="WATER CELL - BETWEEN DISKS'

CUBOID 31 4P0.5944 2P2.1400

UNIT 3

COM=°*DISPLACEMENT CELL - BETWEEN DISKS'
CYLINDER 2 1 0.463§ 2P2.1400

CUBOID 31 4P0.5944 2P2.1400

UNIT 4

COM="INSTRUMENT TUBE CELL - BETWEEN DISKS'®
CYLINDER 3 1 0.4998 2P2.1400

CYLINDER S5 1 0.5442 2P2.1400

CUBOID 3 1 dP0,.5944 2P2.1400

L}

' DISK LEVEL UNIT CELLS (BOTH SS AND AL}
0

UNIT §

COM="FUEL PIN CELL - WITH S5 DISK®
CYLINDER 1 1 0.3943 2P0. 6604
CYLINDER 0 1 0.4026 2P0.6604
CYLINDER 2 1 0.4635 2P0, 6604
CUBOID 3 1 4P0.5944 2P0.6604

UNIT 6

COM=°*WATER CELL - WITH SS DISK'
CUBOID 3 1 4P0.5944 2P0.6604

ONIT 7

COM="DISPLACEMENT CELL - WITH S5 DISK®
CYLINDER 2 1 0.4635 2P0.6604
curold 3 1 4P0.5944 2P0.6604

URIT @

COM="INSTRUMENT TUBE CELL - WITH SS DISK'
CYLINDER 3 1 0.4998 2P0.6604
CYLINDER S 1 0.5442 2P0, 6604
CUBOID 31 4P0.5944 2P0.6604

.

' WATER LEVEL BORAL SHEETS

'

UNIT 14

COM="X-X BORAL SHEET BETWEEN DISKS®

CUBOID 6 1 2P9.144 2P0.0318 2P2.1400
CUBOID 4 1 2P9.144 2P0.0953 2P2.1400
UNIT 15

COM='Y-Y BORAL SHEET BETWEEN DISKS®

CUBOID 6 1 2P0.0318 2P9.144 2P2.1400
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CUBOID 4 1 2P0.0953 2P9.144 2P2.1400
.

* DISX LEVEL BORAL SHEETS (AL AND SS)
.

UNIT 16

COM='X-X BORAL SHEET WITH S8 DISK'
CUBOID 6 1 2P9.144 2P0.0318 2P0.6604
CUBOID 4 1 2P9.144 2P0.0953 2P0.6604
UNIT 17

CCM=*Y-Y BORAL SHEET WITH SS DISK®
CUBOID 6 1 2P0.0318 2P9.144 2P0.6604
CUBOID 4 1 2P0.0953 2P9.144 2P0,.6604
.

* WATER LEVEL WEB MATERIAL
.

UNIT 20

COM=*NATER LEVEL WEB MATERIAL (SMALL) X-X*
CUBOID 3 1 2P10.4635 2P0.9716 2P2.1400
UNIT 21

COM="WATER LEVEL WEB MATERIAL (MEDIUM) X-X'
CUBOID 3 1 2P10.4635 2P1.0478 2P2.1400
UNIT 22

CCM="WATER LEVEL WEB MATERIAL (LARGE) X-X'
CUBOID 3 1 2P10.4635 2P1.1208 2P2.1400
UNIT 23

COM='WATER LEVEL WEB MATERIAL (LONG) Y-Y'
CUBOID 3 1 2P1.1208 2P79.5249 2P2.1400
.

' SUPPORT DISK WEB MATERIAL
'

UNIT 30

COM="SUPPORT DISK WEB MATERIAL (SMALL) X-X'
CUBOID S 1 2P10.4635 2P0.9716 2P0.6604
UNIT 31

CCM='SUPPORT DISK WEB MATERIAL (MEDIUM) X-X'
CUBOID 5 1 2P10.4635 2P1.0478 2P0.6604
UNIT 32

COM="'SUPPORT DISK WEB MATERIAL (LARGE) X-X'
CUBQID $ 1 2P10.4635 2P1.1208 2P0.6604
UNIT 33

COM="'SUPPORT DISK WEB MATERIAL {LONG} Y-¥*
CUBOID $ 1 2P1.1208 2P79.5249 2P0.6604

.

* HEAT TRANSFER DISK WEB MATERIAL ~/
.

UNIT 40

COMe'HEAT TRANSFER DISK WEB MATERIAL (SMALL) X-X'
CUBOID 4 1 2P10.4635 2P0.9716 2PO0.6604

UNIT 41

COM="HEAT TRANSFER DISK WEB MATERIAL (MEDIUM) X-X'
CUBOID 4 1 2P10.4635 2P1.0478 2P0.6604

UNIT 42

COM="HEAT TRANSFER DISK WEB MATERIAL (LARGE) X-X'
CUBOID 4 1 2P10.4635 2P1.1208 2PO0.6604

UNIT 43

COMe *HEAT TRANSFER DISK WEB MATERIAL (LONG) Y-Y°
CUBOID 4 1 2P1.1208 2P79.5249 2P0.6604

.

* WATER LEVEL ASSEMBLY ARRAYS

,

UNIT 50

COM="FUEL TUBE AND ASSEMBLY - WATER LEVEL'

ARRAY 1 =-9.5104 -9.5104 -2.1400

CUBOID 3 1 4P9.9441 2P2.1400
CUBOID 5 1 4P10.0661 2P2.1400
CUBOID 3 1 4P10.25681 2P2.3400
HOLE 14 0.0 10.1615 0.0

HOLE 14 0.0 ~10.1615 0.0

KOLE 15 10.1615 0.0 0.0

HOLE 15 ~10.161% 0.0 0.0

CUBOID S 1 4P10.3051 2P2.1400
URIT 51

COM='ASSEMBLY CELL WITH 4 BORAL SHEETS -Y'

CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.0 -0.1584 0.0

UNIT 52

COM=*ASSEMBLY CELL WITH 4 BORAL SHEETS Y'

CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.0 0.1584 0.0

UNIT 53

COM='ASSEMBLY CELL WITH 4 BORAL SHEETS -X'

CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 -0.1584 0.0 6.0
UNIT 54

COM=*ASSEMBLY CELL WITH 4 BORAL SHEETS X
CUBOID 3 1 4P10.4635 2P2.1400

HOLE 50 0.1584 0.0 0.0

UNIT 55

COM="ASSEMBLY CELL WITR 4 BORAL SHEETS X Y°*

CUBOID 3 1 4P10.463S 2P2.1400

HOLE SO 0.1584 0.1584 0.0

UNIT 56 S~
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COM="ASSENBLY CELL WITH 4 BORAL SHEETS -X ¥'

CUBOID 3 1 4P10.4633 2P2.1400 N
HOLE S0 -0,1584 0.1584 0.0

UNIT 57

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y'

CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.1584 -0,1584 0.0

UNIT 58

COM='ASSEMBLY CELL WITH 4 BORAL SHEETS -X -Y*

CUBOID 3 1 4P10.4635 2P2.1400
HOLE S0 -0.1584 -0.1584 0.0

UNIT 59

COM='CENTRAL HOLE'

CUBOID 3 1 4P10.4636 2P2.1400
v

* SUPPORT DISK LEVEL ASSEMBLY ARRAYS
.

UNIT 60
COM='FUEL TUBE AND ASSEMBLY - SUPPORT DISK LEVEL'
ARRAY 2 -9.5104 -9.5104 -0,6604

CUBOID 3 1 4P9.9441 2P0.6604
CUBOID 5 1 4P10.0661 2P0.6604
CUBOID 3 1 4P10.25681 2P0. 6604
HOLE 16 0.0 10.1615 ©
HOLE 16 0.0 -10.1615 0
HOLE 17 10.161S 0.0 °
HOLE 17 -10.1615 0.0 0
CUBOID 5 1 4P10.30S51 2P0. 6604
UNIT 61

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -Y'

CUBOID 3 1 4P10.463% 2P0, 6604
HOLE 60 0.0 -0.1584 0.0

UNIT 62

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS Y'

CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 0.0 0.1584 0.0

UNIT 63

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -X'

CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 =-0.1584 0.0 0.0

UNIT 64

COM=*ASSEMBLY CELL WITH 4 BORAL SHEETS X'

CUBOID 3 1 4P10.4635 2P0. 6604
HOLE 60 0.1584 0.0 0.0

UNIT 65

COM~='ASSEMBLY CELL WITH 4 BORAL SHEETS X Y*

CUBOID 3 1 4P10.463S 2P0. 6604
HOLE €0 ©0.1584 0.1584 0.0

UNIT 66

COM=*ASSEMBLY CELL WITH 4 BORAL SHEETS -X Y°

CUBOID 3 1 4P10.4635 2P0. 6604
HOLE 60 -0.1584 0.1584 0.0

UNIT 67

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y°

CUBOID 3 1 4P10.463S 2P0. 6604
HOLE 60 0.1584 -0.1584 0.0

UNIT 68 )

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -X -Y’

CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 -0.1584 ~0.1584 0.0

UNIT 69

COMe *CENTRAL HOLE®

CUBOID 3 1 4P10.4636  2P0.6604

L

' HEAT TRANSFER DISK LEVEL ASSEMBLY ARRAYS
'

UNIT 70

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS'
ARRAY 2 ~9.5104 -9.5104 -0.6604

CUBOID 3 1 4P9.9%441 2P0. 6604
CUBOID 5 1 4P10.0661 2P0. 6604
CUBOID 3 1 4P10.25681 2P0. 6604
HOLE 16 0.0 10.1615 o.¢
HOLE 16 0.0 ~10.1615 0.0
BOLE 17 10.1615 0.0 0.0
HOLE 17 -10.1615 0.0 0.0

CUBOID $ 1 4P10.30%1 2P0. 6604
UNIT 71

COM=°"ASSEMBLY CELL WITH 4 BORAL SHEETS -Y*

CUBOID 3 1 4P10.4635 2P0. 6604
HOLE 70 0.0 ~0.1504 0.0

UNIT 72

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS Y*

CUBOID 3 1 4P10.4635 2P0. 6604
HOLE 70 0.0 0.1534 0.0

UNIT 73

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -X'

CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 .-0.1584 0.0 0.0

UNIT 74

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS X'

CUBOID 3 1 4P10.4635 2P0, 6604
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HOLE 70 ©0.1584 0.0 0.0

UNIT 75 °
COM='ASSEMBLY CELL WITH 4 BORAL SHEETS X Y*

CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.1584 0.1534 0.0

UNIT 76

COM='ASSEMBLY CELL WITH 4 BORAL SHEETS -X Y*

CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 -0.1584 0.1584 0.0

UNIT 77

COM='ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y°

CUBOID 3 1 4P10.4635 2P0. 6604
HOLE 70 0.1584¢ -0.1584 0.0

UNIT 78

CCOM="ASSENBLY CELL WITH 4 BORAL SHEETS -X -Y'

CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 -0.1584 -0.1584 0.0

UNIT 79

COM='CENTRAL HOLE'

CUBOID 3 1 4P10.4636 2P0.6604
'

' WATER LEVEL BASKET ARRAYS
.

UNIT 80

COM=*5X1 WATER LEVEL ARRAY (SMALL ARRAY -X}*
ARRAY 20 -10.4636 -33.6323 -2.1400

UNIT 61

COM="'5X1 WATER LEVEL ARRAY (SMALL ARRAY X}°*
ARRAY 21 -10.4636 -33.6323 -2.1400

UNIT 82

COM=*9X1 WATER LEVEL ARRAY (MEDIUM ARRAY -X)*
ARRAY 22 -10.4636 -56.6549 -2.1400

UNIT 83

COM=*9X1 WATER LEVEL ARRAY (MEDIUM ARRAY X)*
ARRAY 23 -10.4636 ~56.6549 -2.1400

UNIT B4

COM="13X1 WATER LEVEL ARRAY (LARGE ARRAY-X)'
ARRAY 24 -10.4636 -79.5251 -2.1400

UNIT 85

COM=*13X1 WATER LEVEL ARRAY (MIDDLE LARGE ARRAY)'
ARRAY 25 -10.4636 -79.5251 -2.1400

UNIT 86

COM=*13X1 WATER LEVEL ARRAY (LARGE ARRAY X)'
ARRAY 26 -10.4636 -79.5251 ~2.1400

D

' SUPPORT DISK LEVEL BASKET ARRAYS
.

UNIT 90

COM="5X1 SUPPORT DISK LEVEL ARRAY (SMALL ARRAY -X)°*
ARRAY 30 -10.4636 -33.6323 -0.6604

UNIT 91

COM=*5X1 SUPPORT DISK LEVEL ARRAY (SMALL ARRAY X)'
ARRAY 31 -10.4636 -33.6323 -0.6604

UNIT 92

CCM=°9X1 WATER LEVEL ARRAY {MEDIUM ARRAY -X)°

ARRAY 32 -10.4636 -56.6549 -0.6604

UNIT 93

COM=*9X1 WATER LEVEL ARRAY (MEDIUM ARRAY X)'

ARRAY 33 -10.4636 -56.6549 -0.6604

UNIT 94

COM="'13X1 SUPPORT DISK LEVEL ARRAY (LARGE ARRAY -X}*
ARRAY 34 -10.4636 -79.5251 -0.6604

UNIT 95

COM='13X1 SUPPORT DISK LEVEL ARRAY {MIDDLE LARGE ARRAY)*®
ARRAY 35 ~10.4636 -79.5251 -0.6604

UNIT 96

COM="13X] SUPPORT DISK LEVEL ARRAY (LARGE ARRAY -X)°
ARRAY 36 -10.4636 -79.5251 -0.6604

.

* HEAT TRANSFER DISK LEVEL BASKET ARRAYS

.

UNIT 100

COMe"SX1 HEAT TRANSFER DISK LEVEL ARRAY (SMALL ARRAY -X}’
ARRAY 40 -10.4636 -33.6323 -0.6604

UNIT 101

COM=*SX1 HEAT TRANSFER DISK LEVEL ARRAY (SMALL ARRAY X)°
ARRAY 41 -10.4636 -33.6323 -0.6604

UNIT 102

COMe'9X1 HEAT TRANSFER DISK LEVEL ARRAY {MEDIUM ARRAY -X)°
ARRAY 42 -10.4636 -56.6549 -0.6604

UNIT 103

COM='9X1 HEAT TRANSFER DISK LEVEL ARRAY (MEDIUM ARRAY X)'
ARRAY 43 -10.4636 -56.6549 ~0.6604

UNIT 104

COM="13X1 HEAT TRANSFER DISK LEVEL ARRAY (LARGE ARRAY -X)°
ARRAY 44 -10.4636 -79.5251 -0.6604

UNIT 105

COM=*13X1 HEAT TRANSFER DISK LEVEL ARRAY (MIDDLE LARGE ARRAY)'
ARRAY 45 -10.4636 -79.5251 -0.6604

UNIT 106

COMe'13X1 HEAT TRANSFER DISK LEVEL ARRAY (LARGE ARRAY X)'
ARRAY 46 -10.4636 -79.5251 -0.6604
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' BASKET ARRAY IN TRANSPORT CASK OVERPACK (LEVEL CONSTRUCTION) N
.

UNIT 110
COM="BASKET ARRAY IN TRANSPORT CASK OVERPACK - WATER LEVEL'
ARRAY 50 =33,632) -79.5251 -2.1400

CYLINDER 3 1 88.1253 2P2,1400
HOLE 80 -69.0614 0.0 0.0
ROLE 82 -46.1912 0.0 0.0
HOLE 81 69.0614 0.0 0.0
HOLE 83 46,1912 0.0 0.0
CYLINDER 5 1 89.7128 2P2.1400
CYLINDER 3 1 90.170 2P2.1400
CYLINDER 5 1 93.98 2P2.1400
CYLINDER 7 1 103.4288 2P2.1400
CYLINDER 5 1 110.109 2P2.1400
CYLINDER 8 1 124.714 2P2.1400
CYLINDER S 1 125.349 2P2.1400
CUBOID 9 1 4P125.349 2P2,1400

UNIT 111
COM="BASKET ARRAY IN TRANSPORT CASK OVERPACK - SUPPORT DISK LEVEL'
ARRAY 51 -33.6323 -79.5251 -0,6604

CYLINDER 5 1 87.6046 2P0.6604
HOLE S0 -69.0614 0.0 0.0

ROLE 92 -46.1912 0.0 0.0

HOLE 91 69.0614 0.0 0.0

HOLE 93 46.15912 0.0 0.0

CYLINDER 3 1 68.1253 2P0.6604
CYLINDER 5 1 89.7128 2P0.6604
CYLINDER 3 1 $0.170 2P0.6604
CYLINDER 5 1 93.98 2P0.6604
CYLINDER 7 1 103.4288 2P0.6604
CYLINDER 5 1 110.109 2P0.6604
CYLINDER 8 1 124.714 2P0.6604
CYLINDER 5 1 125.349 2P0. 6604
CUBOID 9 1 4P125.349  2P0.6604

UNIT 112
COM="BASKET ARRAY IN TRANSPORT CASK OVERPACK - HEAT TRANSFER DISK LEVEL'
ARRAY 52 -33.6323 -79.5251 -0.6604

CYLINDER 4 1 87.2490 2P0.6604
HOLE 100 -69.0614 0.0 0.0

HOLE 102 -46.1912 0.0 0.0

HOLE 101 69.0614 0.0 0.0

HOLE 103 46.1912 0.0 0.0

CYLINDER 3 1 88.1253 2P0.6604
CYLINDER 5 1 89.7128 2P0 . 6604
CYLINDER 3 1 90.170 2P0.6604
CYLINDER 5 1 93.98 2P0.6604
CYLINDER 7 1 103.4288 2P0. 6604
CYLINDER 5 1 110.109 2P0.6604
CYLINDER 8 1 124.714 2P0.6604
CYLINDER 5 1 125.349 2P0.6604
CUBOID 9 1 4P125.349 2P0, 6604

' GLOBAL UNIT
.

GLOBAL UNIT 120
ARRAY 60 -175,349 -175.349 0.0

END GEOM

READ ARRAY

ARA=1 NUX=16 NUY=16 NUZ~1 FILL
1111111322222222
11111111111111121
1111131111111111
11111211111111111%
1111111111111111
1111111111111111
1111111111111111
3111111111111111
2111111141111111
21111111111111113
2111111111111111
2111111111111111
2111111111111 111
2111111111111111
2111111111111111
2111111111111%1111
END FILL

ARA=2 NUX=16 NUY=16 NUZel FPILL
555555576666¢66¢6¢6
$5555555555555855sS5S
555535555555595%8s%5S
55558555555585s8sS
555555555555838sSs
5555585555555858sS
$555553555555555S
75555%$5855555556588S
655555558555555°5
6555555S5S5555585S
65555555%8$5555555S
65555555855555555
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WATER LEVEL ARRAYS

ARA=20 NUX=1 NUY=5 NUZ=1

ARA=21 NUX=1 NUYa$S NUZ=1

END FILL

END FILL

END FILL
ARA=24 NUX=1 NUY=13 NUZ=l
FILL

END FILL

FILL

END FILL
ARA=26 NUX=1 NUY=13 NUZ=1
FILL
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END FILL
ARA=31 NUX=1 NUY=$ NUZ=1

END FILL
ARA=32 NUX=1 NUY=9 NUZ~1
FILL

END FILL
ARA=33 NUX=1 NUYe9 NUZ=1

END FILL
ARA=34 NUXel NUY=13 NUZ=1
FILL

END FILL
ARA=35 NUX=1 NUY=13 NUZ=1
rILL

END FILL
ARA=3§ NUXel NUY=13 NUZ=l
rILL
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' HEAT TRANSFER DISK LEVEL ARRAYS
*
ARA=40 NUX=1 NUY=$ NUZ=~1

END FILL
FILL

ARA=42 NUX=1 NUY=9 NUZ=l

END FILL

FILL

END FILL

ARA=44 NUX=1 NUY=13 NUZ=1
FILL

15

40

K]

41

END FILL
ARA=45 NUX=1 NUY=13 NUZ~1
FILL

END FILL
ARA=46 NUX=1 NUY=13 NUZ=1
FILL
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‘Normal Conditions Criticality Analysis,

28
END FILL N
.

* MAJOR ARRAYS
.

ARA=50 NUX=5 NUY=1 NUZ=1
FILL

84 23 85 23 es

END FILL

ARA=51 NUX=5 NUY=1 NUZ=1
FILL

$4 33 85 33 %¢

END FILL

ARA=52 NUX=5 NUY=1 RUZ~1
FILL

104 43 105 43 106

END FILL

1

' GLOBAL ARRAY
Al

ARA=60 NUX=1 NUY=1 NUZ=4

FILL

12

110

11

110

END FILL

END ARRAY

READ BOUNDS ZFC=PER YXF=MIR END BOUNDS
READ PLOT

SCR=YES PIC-MAT LPI=10

UAX=1.0 VDN=-1.0 NAX=1500

’

* WHOLE BASKET HORIZONTAL SLICES
.

TTL="BASKET X-Y CROSS SECTION AT 2Z= 0.635 HEAT TRANSFER DISK LEVEL®
XUL= <-130 YUL= 130 ZUL= 0.635

XLR= 130 YLR= -130 2LR= 0.635

UAX=1.0 VDN=-1.0 NAX=1500 END

TTL="BASKET X-Y CROSS SECTION AT 2= 3.44 WATER LEVEL'
XUL= -130 YUL= 130 ZUL= 3.44

XLR= 130 YLR= =130 2ZLR= 3.44

UAX=1,0 VDN=~1.0 NAX=1500 END

TTL="BASKET X-Y CROSS SECTION AT 2= 6.236 SS DISK LEVEL'
XUL= -130 YUL= 130 2UL=- 6.236

XLR= 130 YLR= ~130 ZLR= 6.236

UAX=1.0 VDN=-1.0 NAX=1500 END

.

* HEAT TRANSFER DISK LEVEL BASKET QUADRANTS
.

TTL='BASKET X-Y QUADRANTD I HEAT TRANSFER DISK'
XUL= 12, YUL= 80 ZUL= 0.635

XLR= 80.0 YLR= 12.0 ZLR= 0.633

UAX=1.0 VDN=-1.0 NAX=1500 END

TTL="BASKET X-Y QUADRANT I1 HEAT TRANSFER DISK'
XUL= 12.0 YUL= -12.0 2ULe 0,635

XLR= 80 YLR= 80 ZLR= 0.633

UAX=1.0 VDN=-1.0 NAX=1500 END

TTL='BASKET X-Y QUADRANT IIl HEAT TRANSFER DISK'
XUL= -80.0 YUL= -12.0 2UL= 0.635

XLR= -12.0 YLR~ -80.0 ZLR= 0.635

UAX=1.0 VDN=-1,0 NAX=1500 END

TTL="BASKET X-Y QUADRANT IV HEAT TRANSFER DISK'
XUL= -80.0 YUL= 80.0 2UL~ 0.635

XLR= =12.0 YLRe 12.0 ZLR= 0.639%

UAX=1.0 VDNe-1.0 NAX=1500 END

.

' WATER LEVEL BASKET QUADRANTS
.

TTL="BASKET X-Y QUADRANT 1 WATER LEVEL®
XUL= 12, YUL= 00 ZUL= 3.44
XLR= 80.0 YLR=- 12.0 ILR= 13.44
UAX=1.0 VDN=-1.0 NAX=1500 END
TTL="BASKET X-Y QUADRANT II MATER LEVEL®
XUL= 12.0 YUL= -12.0 ZUL= 3.44
XLR= 80 YLR= =080 ZLR= J3.44
UAXel.0 VDN=-1.0 NAX=1500 END
TTL="BASKET X-Y QUADRANT III WATER LEVEL®
XUL~ -80.0 YUL= -12.0 ZUL= 3.44
XLR= -12.0 YLR= -80.0 2ZLR= 3.44
UAX=1.0 VDN=-1.0 NAX=1500 END
TTL="BASKET X-Y QUADRANT 1V WATER LEVEL®
XUL= =-80.0 YUL= 80.0 ZULe 3.44
XLR= ~12.0 YLR= 12.0 ZLR= 3.44
UAX=1.0 VDN=-1.0 NAX~1500 END

.

' VERTICAL SLICES

.

TTL="BASKET X-Z CROSS SECTICN ALUMINUM LEVEL (MIDDLE OF FUEL PIN)®
XUL= -90 YUL=0.4 ZUL= 1.27

XLR= 90 YLR=0.4 ZLR= -.1

UAX=1.0 WDN=-1.0 NAX=1500 END
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TTL='BASKET X-Z CROSS SECTION WATER LEVEL (MIDDLE OF FUEL PIN)*
XUL= -390 YUL=0.4 ZUL= 4.318

XLR= 90 YLR=0.4 2LR= 1.27

UAX=1.0 WDN=-1.0 NAX=1500 END

TTL="BASKET X-2 CROSS SECTION SS LEVEL (MIDDLE OF FUEL PIN)'
XUL= -90 YUL=0.4 ZUL= 6.858

XLRe S0 YLR=0.4 ZLR= 5,588

UAX=1.0 WDN=-1.0 NAX=1500 END

TTL='BASKET X-23 CROSS SECTION ENTIRE MODEL (MIDDLE OF FUEL PIN)'
XUL= -90 YUL=0.4 2UL= 12

XLR= 90 YLR=0.4 ZLR= 0

UAX=1.0 WDN=-1.0 NAX=1500 END

END PLOT

END DATA

END
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PROGRAM VERIFICATION INFORMATION

CODE SYSTEM: SCALE~PC VERSION:

4.3

bbb
I
LI T
tonee
P22 1)

(T2 T

PROGRAM:
CREATION DATE:

VOLUME :

LIBRARY:

PRODUCTION CODE:
VERSION:

JOBNAME :

DATE OF EXECUTION:
TIME OF EXECUTION:

CSAS
03-08-96
ENG

G:\scaledd\exe

CSAS

3.1
SCALE-PC
11/13/96
00:51:47

T3y

[T

3
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TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH = 250.698 CM)

* ol it

bt for. Ganistered Fuiel.Normal

e+es PROBLEM PARAMETERS *+**

LIB 27GROUPNDF4 LIBRARY
MxXX

MSC
1M

9

MIXTURES

18 COMPOSITION SPECIFICATIONS

MATERIAL ZONES

GE LATTICECELL GEOMETRY
MORE 0 0/1 DO NOT READ/READ OPTIONAL PARAMETER DATA

MSLN

(1]

FUEL SOLUTIONS

444+ PROBLEM COMPOSITION DESCRIPTION **++¢

SC Uuo2
M

vr

ROTH
NEL

icep
TEMP

END

SC ZIRCALLOY
MX

vr
ROTH
NEL
Ice
TEMP

TEMP

Ice
TEMP

END

SC sS04
MX

vr

ROTH

NEL

ice

TEMP

END
sC B-10
ROTH
NEL
Ice
TEMP
END
sC B-11
ROTH
NEL
Icp
TEMP

END

1
0.9500

10.9600

2
1
293.0
92000

B016

1.0000
6.5600
1

1
293.0
40302

0.0001
0.9982

LY

293.0
1001
8016

1.0000
2.7020

-

293.0
13027

1.0000
7.9200

o

293.0
24304
25055
26304
28304

0.0450
2.6226

-

293.0
5010

0.2736
2.6226

-

293.0
5011

STANDARD COMPOSITION

MIXTURE NO.
VOLUME FRACTION

THEORETICAL DENSITY

NO. ELEMENTS

0/1 MIXTURE/COMPOUND

DEG KELVIN

1.00 ATOM/MOLECULE

9223%
92238

4.000 WT%
96.000 WT%

2.00 ATCMS/MOLECULE

STANDARD COMPOSIT

2 MIXTURE NO.

VOLUME FRACTION

ION

THEORETICAL DENSITY

NO. ELEMENTS

0/1 MIXTURE/COMPOUND

DEG KELVIN

1.00 ATOM/MOLECULE

STANDARD COMPOSIT
MIXTURE NO.
VOLUME FRACTION

10N

THEORETICAL DENSITY

NO. ELEMENTS

0/1 M1IXTURE/CCMPOUND

DEG KELVIN

2.00 ATOMS/MOLECULE
1.00 ATOM/MOLECULE

STANDARD COMPOSIT
MIXTURE NO.
VOLUME FRACTION

ION

THEORETICAL DENSITY

NO. ELEMENTS

0/1 MIXTURE/COMPOUND

DEG KELVIN

1.00 ATOM/MOLECULE

STANDARD CCMPOSITION

MIXTURE NO.
VOLUME FRACTION

THEORETICAL DENSITY

NO. ELEMENTS

0/1 MIXTURE/COMPOUND

DEG KELVIN
19.000 WTY
2.000 WTY
69.500 WTY
9.500 MT%

STANDARD COMPOSIT
MIXTURE NO.
VOLUME FRACTION
SPECIFIED DENSITY
NO. ELEMENTS

ION

0/1 MIXTURE/COMPOUND

DEG KELVIN

1.00 ATOM/MOLECULE

STANDARD COMPOSIT!
MIXTURE NO.
VOLUME FRACTION
SPECIFIED DENSITY
NO. ELEMENT:

ION

S
0/1 MIXTURE/COMPOUND

DEG KELVIN

1.00 ATOM/MOLECULE
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:Conditions. Criticality. Analysis:

STANDARD COMPOSITION

6 MIXTURE NO.
vr 0.0927 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS -
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
6012 1.00 ATOM/MOLECULE
END
SC AL STANDARD COMPOSITION
M 6 MIXTURZ NO.
vr 0.5737 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
Icp 1 0/1 NIXTURE/COMPOUND
TENMP 293.0 DEG KELVIN
13027 1.00 ATOM/MOLECULE
END
8C PB STANDARD COMPOSITION
|29 7 MIXTURE NO.
vr 1.0000 VOLUME FRACTION
ROTH 11.3440 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
Icp 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
82000 1.00 ATOM/MOLECULE
END
SC K STANDARD COMPOSITION
MX 8 MIXTURE NO.
vF 0.0600 VOLUME FRACTION
ROTH 1.6291 SPECIPIED DENSITY
NEL 1 NO. ELEMENTS
ce 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
1001 1.00 ATOM/MOLECULE
END
8C © STANDARD COMPOSITION
MX 8 MIXTURE NO.
vr 0.4250 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
8016 1.00 ATOM/MOLECULE
END
§ C STANDARD COMPOSITION
MX 8 MIXTURE NO.
VF 0.2770 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
Icp 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
6012 1.00 ATOM/MOLECULE
END :
SC N STANDARD COMPOSITION
X 8 MIXTURE NO.
vr 0.0200 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
I1CP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
1014 1.00 ATOM/MOLECULE
END
SC AL STANDARD COMPOSITION
o 8 MIXTURE NO.
vrF 0.2140 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
Icp 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
13027 1.00 ATOM/MOLECULE
END
$C B-10 STANDARD COMPOSITION
M 8 MIXTURE NO.
VF 0.0010 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ice 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
5010 1.00 ATOM/MOLECULE
END
SC B-11 STANDARD COMPOSITION
M 8 MIXTURE NO.
vF 0.0040 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
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0/1 MIXTURE/COMPOUND
DEG KELVIN
1.00 ATOM/MOLECULE

STANDARD COMPOSITION
9 MIXTURE NO.

vr 0.6000 VOLUME FRACTION
ROTH 0.9982 THECRETICAL DENSITY
NEL 2 NO. ELEMENTS
Icp 1 0/1 MIXTURE/CCMPOUND
TEXP 293.0 DEG KELVIN
1001 2.00 ATOMS/MOLECULE
8016 1.00 ATOM/MOLECULE
END

#e¢s PROBLEM GEOMETRY ***+

CTP SQUAREPITCH CELL TYPE

PITCH 1.1887 CX CENTER TO CENTER SPACING
FUELOD 0.7887 CM FUEL DIAMETER OR SLAB THICKNESS
MFUEL 1 MIXTURE NO. OF FUEL

MMOD 3 MIXTURE NO. OF MODERATOR

CLADOD 0.9271 CN CLAD OUTER DIAMETER

MCLAD 2 NIXTURE NO. OF CLAD

GAPOD 0.8052 CM GAP OUTER DIAMETER

MGAP 0 MIXTURE NO. OF GAP

ZONE SPECIFICATIONS FOR LATTICECELL GECMETRY

ZONE 1 IS FUEL
ZONE 2 IS GAP
ZONE 3 IS CLAD
ZONE 4 IS MOD
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PROGRAM VERIFICATION INFORMATION

T
ey
L2 T2
cenee

sesea CODE SYSTEM: SCALE-PC VERSION: 4.3 seeve
hddd Laa s ald
LE 24 "hd A Al A R R R R R Y Y I eI e Yy
LA A L4l LA Xl ]
L& 4 0]
LA 442 ]
PROGRAM: 000002 sesve
Al 44
CREATION DATE: 09-28-95 teree
VOLUME: ENG
LIBRARY: G:\scaledi\exe
PRODUCTION CODE: NITAWL
VERSION: 3.0
JOBNAME: SCALE-PC
DATE OF EXECUTION: 11/13/96
TIME OF EXECUTION: 00:51:51
L) thne
LAl A
=1Q ARRAY HAS 1 ENTRIES.
0Q ARRAY HAS 9 ENTRIES.
1Q ARRAY HAS 12 ENTRIES.
SELECT 25 NUCLIDES FROM THE MASTER LIBRARY ON LOGICAL 1
0 NUCLIDES FROM THE WORKING LIBRARY ON LOGICAL 2
0 NUCLIDES FROM THE WORKING LIBRARY ON LOGICAL 3
TO CREATE THE NEW WORKING LIBRARY ON LOGICAL ¢
4 RESONANCE CALCULATIONS KRAVE BEEN REQUESTED
=1 OUTPUT OPTION FOR AMPX FORMATTED CROSS SECTION DATA
2001 MAXIMUM NUMBER OF RESONANCE MESH INTERVALS
2 ORDER OF RESONANCE LEVEL PROCESSING
THE STORAGE ALLOCATED FOR THIS CASE IS 100000 WORDS
2Q ARRAY HAS 25 ENTRIES.
30 ARRAY HAS 60 ENTRIES.
4Q ARRAY HAS 25 ENTRIES.
GENERAL INFORMATION CONCERNING CROSS SECTION LIBRARY
TAPE IDENTIFICATION NUMBER 4321
NUMBER OF NUCLIDES ON TAPE 26
NUMBER OF NEUTRON ENERGY GROUPS 27
FIRST THERMAL NEUTRON ENERGY GROUP 15
NUMBER OF GAMMA ENERGY GROUPS 0
DIRECT ACCESS UNIT NUMBER 9 REQUIRES 117 BLOCKS OF LENGTH 1680 WORDS
XSDRN TAPE 4321
SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY
BASED ON ENDF-B VERSION 4 DATA
COMPILED FOR NRC 1/27/89%
LAST UPDATED 08/12/94
L.M.PETRIE - ORNL
NUCLIDES FROM XSDRN TAPE
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 3001001
2 HYDROGEN ENDF/B-1IV MAT 1269/THRM1002 UPDATED 08/12/94 8001001
3 HYDROGEN ENDF/B-1IV MAT 1269/THRM1002 UPDATED 08/12/94 9001001
4 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 6005010
5 B-10 1273 21BNGP 042375 P-3 293K UPDATED 08/12/94 8005010
6 BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 6005011
7 BORON-11 ENDF/B-1IV MAT 1160 UPDATED 08/12/94 3005011
8 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 £€006012
9 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 8006012
10 NITROGEN-14 ENDF/B-IV MAT 1275 UPDATED 08/12/94 2007014
11 OXYGEN-16 ENDF/B~1IV MAT 1276 UPDATED 06/12/94 1008016
12 OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/94 3008016
13 OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/94 8008016
14 OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 9008016
15 AL-27 1193 218 GP 040375(S) UPDATED 08/12/94 4013027
16 AL-27 1193 218 GP 040375(S3) UPDATED 08/12/94 6013027
17 AL-27 1193 218 GP 040375(S5) UPDATED 08/12/94 8013027
18 CR 1191 WT $5-304(1/EST) P-3 293K SP=5+4{42375)" UPDATED 08/12/94 5024304
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\/

19 MANGANESE-5S  ENDF/B-IV MAT 1197 UPDATED 08/12/94 5025055

20 FE 1192 WT SS-304(1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 5026304
21 NI 1190 WT SS-304(1/EST) P-3 293K SPw5+4(42375)" UPDATED 08/12/94 5028304
22 ZIRCALLOY ENDE/B-IV MAT 1284 UPDATED 08/12/94 2040302
23 PB 1208 218NGP 042375 P-3 293K UPDATED 08/12/94 7082000
24 URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 00/12/94 1092235
235 URANIUN-238 ENDF/B-IV MAT 1262 UPDATED 08/12/94 1092238

HYDROGEN ENDF/B~IV MAT 1269/THRM1002 UPDATED 08/12/94 3001001 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TENPERATURE= 293.00

HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 8001001 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 9001001 TEMPERATURE= 293,00

PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 6005010 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 8005010 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

BORON-11 ENDF/B~IV MAT 1160 UPDATED 08/12/94 6005011 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 8005011 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS5 AT TEMPERATURE=  233.00

CARBON-12 ENDF/B~IV MAT 12T74/THRM1065 UPDATED 08/12/94 6006012 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

CARBON-12 ENDF/B-IV MAT 1274/THRM106S UPDATED 08/12/94 8006012 TEMPERATURE= 293,00

PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

NITROGEN-14 ENDF/B~IV MAT 1275 UPDATED 08/12/94 8007014 TEMPERATURE= 293,00

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 1008016 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 3008016 TENPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

OXYGEN-16 ENDF/B~-1IV MAT 1276 UPDATED 08/12/94 8008016 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TENPERATURE=  293.00 \_/
OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 9008016 TEMPERATURE=  293.00

PROCESS NUMBER 1007 1S AT TEMPERATURE= 293.00

AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 4013027 TEMPERATURE= 293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

AL-27 1193 218 GP 040375(S) UPDATED 08/12/94 6013027 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

AL-27 1193 218 GP 040375(S} UPDATED 08/12/94 8013027 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

CR 1191 WT SS-304(1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 5024304 TEMPERATURE=~ 293,00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

MANGANESE-SS ENDF/B-IV MAT 1197 UPDATED 08/12/9¢ 5025055 TEMPERATURE= 293.00
GEOMETRY HAS BEEN SET TO HOMOGENEOUS AS LBAR IS 0.0000E+00

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A} - 54.466 TEMPERATURE (KELVIN) = 293,000
POTENTIAL SCATTER SIGMA = 2.590 LUNPED NUCLEAR DENSITY = 1.7363295E-03
SPIN FACTOR (G) - 14.440 LUMP DIMENSION (A-BAR) = 0,0000000E+00
INNER RADIUS = 0.00000002+00 DANCOFF CORRECTION (C} « 0.0000000E+00
THE ABSORBER WNILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-1 - 55.845 SIGMA (PER ABSORBER ATOM)= 3.46630222+402
MODERATOR~-1 WILL BE TREATED BY THE NORDHEIM INTEGRAL METROD.

MASS OF MODERATOR-2 - 55,925 SIGMA{PER ABSORBER ATOM)= 1.2557598E+02

MODERATOR-2 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.
THIS RESONANCE MATERIAL WILL BE TREATED AS A O-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING=1.00000

GROUP RES ABS RES FiSsS RES SCAT
] ~5.510788E-04 0.000000E+00  -3,944190E-01
9 -2.797993E-03 0.0000002400  -2.293471E+00
10 ~3.291452E-01 0.000000£+00 ~-3.820862E+01 \/
11 -2.680562E+00 0.000000E+00  -1.159996E+02

6.6-60



NAC-STC SAR December 1996
Docket No. 71-9235 7 Revision 9A

Fuel Normal Conditions Criticality, Analysis:

EXCESS RESONANCE INTEGRALS

RESOLVED .
ABSORPTION 3.33719E+00
FISSION 0.00000E+00
PROCESS NUMBER 1007 I8 AT TEMPERATURE=  293.00
FE 1192 WT 85-304{1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 5026304 TEMPERATURE=  293.00
: PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00
NI 1180 WT 8S-304(1/EST) P-3 293K SP=5+4(42375)"' UPDATED 08/12/94 5028304 TEMPERATURE=  293.00
PROCESS KUMBER 1007 IS AT TEMPERATURE=  293.00
ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 2040302 TEMPERATURE=  293.00

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 90.436 TEMPERATURE (KELVIN) = 293.000

POTENTIAL SCATTER SIGMA = 6.385 LUMPED NUCLEAR DENSITY = 4.3307818E-02
SPIN FACTOR {G) - 1.079 LUMP DIMENSION (A-BAR) = 4.6355000E-01
IRNER RADIUS = 4.0259999E-01 DANCOFF CORRECTION (C) = 8.4757560E-01

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.
THIS RESONANCE MATERIAL WILL BE TREATED AS A 2-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING=1.00000

GROUP RES ABS RES FISS RES SCAT
8 -8.795965E-04 0.000000E+00 -6.970308E~-01
9 -4.269687£-02 0.000000E+00 ~1.011447E+00
10 -4.6213732-02 0.000000E+00 -1.0328S6E+00
11 =-1.360111E-01 0.000000E+00  -6.097271E-01

EXCESS RESONANCE INTEGRALS

RESOLVED
ABSORPTION 3.93040E-01
FISSION 0.00000E+00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00
PB 1288 218NGP 042375 P-3 293K UPDATED 08/12/94 7082000 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00
URANIUM-235 ENDF/B-1V MAT 1261 UPDATED 08/12/94 109223% TEMPERATURE=  293.00

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 233.02% TEMPERATURE {KELVIN) - 293.000

POTENTIAL SCATTER SIGMA = 11.5%00 LUMPED NUCLEAR DENSITY = 9.4064139E-04
SPIN FACTOR (G) = 15171.100 LUMP DIMENSION (A-BAR) = 3.943499%9E-01
INNER RADIUS = 0.0000000E+00 DANCOFF CORRECTION (C) = 9.5688901E-01

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-1 - 15.991 SIGMA(PER ABSORBER ATOM)= 1.9199110E+402
MODERATOR-1 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-~2 = 238.051 SIGMA(PER ABSORBER ATOM)= 2.9209552E+02
MODERATOR-~2 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

THIS RESONANCE MATERIAL WILL BE TREATED AS A 2-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING=1.00000

GROUP RES ABS RES FISS RES SCAT
12 =1.115460E+01 ~6.910128E+00 ~1.682605E-01
13 =2.679944E+01 ~1.404006E+01 =-4.031183E-01
14 ~2.298467E401 =1.317284E+01  -4.264960E-02
15 =3.215079E-03  -2.431171E-03 3.0082847£-05

EXCESS RESONANCE INTEGRALS

RESOLVED
ABSORPTION 1.49929E+02
FISSION 9.24167E+01
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00
URANIUM-238 ENDF/B-1IV MAT 1262 UPDATED 08/12/94 1092238 TEMPERATURE=  293.00

RESONANCE DATA FOR THIS NUCLIDE
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MASS NUMBER {(A) = 236.006 TEMPERATURE (KELVIN) = 293.000

POTENTIAL SCATTER SIGMA = 10.599 LUMPED NUCLEAR DENSITY - 2,2290209E-02
SPIN FACTCR (G) - 656.527 LUMP DIMENSION (A-BAR} = 3,94349992-01
INNER RADIUS = 0.0000000E+00 DANCOFF CORRECTION (C) « 9.56889012-01

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR~1 - 15.991 SIGMA(PER ABSCREER ATCM)= 8.1019773E+00
MODERATOR-1 WILI, BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-2 = 2353.044 SIGMA (PER ABSORBER ATCM)= 5.0228214E-01
MODERATOR-2 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

THIS RESONANCE MATERIAL WILL BE TREATED AS A 2-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING=1.00000

GRQUP RES ABS RES FISS RES SCAT
9 -8.035530E-02 0.000000E+00 -7.473816E-01
10 -1.5069418400 -6.7506858-05 -8.777449E+00
1 ~1.070745E+01 0.000000E+00  -2.894283E+01
12 -4.478590E+01 0.000000E+00  -3.118077E+01
13 -5.544063E+01 0.000000E+00 -1.758312E+01
14 -1.076790E+02 0.000000E+00  -5.655300E+00
13 ~6.314348E-05 0.000000E+00 1.227986E-04

EXCESS RESONANCE INTEGRALS

RESOLVED
ABSORPTION 7.05643E+00

FISSION 4.17667E-04
) PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00
THIS XSDRN WORKING TAPE WAS CREATED 11/13/96 AT 00:51:51
THE TITLE OF THE PARENT CASE IS AS FOLLONS
SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY
BASED ON ENDF-B VERSION 4 DATA

COMPILED FOR NRC 1/27/89
TAPE ID 44321 NUMBER OF NUCLIDES 25
NUMBER OF NEUTRON GROUPS 27 NUMBER OF GAMMA GROUPS 0
FIRST THERMAL GROUP 15 LOGICAL UNIT 4
TABLE OF CONTENTS
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 ID 3001001
HYDROGEN ENDF/B-IV MAT 1269/TERM1002 UPDATED 08/12/94 ID 8001001
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 ID 9001001
B-10 1273 21BNGP 042375 P-3 293K UPDATED 08/12/94 ID 6005010
B-10 1273 21BNGP 042375 P-3 293K UPDATED 08/12/94 1D 8005010
BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 ID 6005011
BORON-11 ENDF/B-1IV MAT 1160 UPDATED 08/12/94 ID B00SO11
CARBON-12 ENDF/B~IV MAT 1274/THRM1065 UPDATED 08/12/94 ID 6006012
CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 ID 8006012
NITROGEN-14 ENDF/B-IV MAT 1275 UPDATED 08/12/94 ID 8007014
OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 ID 1008016
OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/94 ID 3008016
OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 ID 8008016
OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 ID 9008016
AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 D 4013027
AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 ID 6013027
AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 ID 8013027
CR 1191 WT SS-304(1/EST) P-3 293K SP=5+4(42373)" UPDATED 08/12/94 ID 5024304
MANGANESE-55  ENDF/B-IV MAT 1197 UPDATED 08/12/94 ID 5025085
FE 1192 WT SS-304(1/EST) P-3 293K SPe5+4(42375)° UPDATED 08/12/94 ID 5026304
NI 1190 WT SS-304 (1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 1D 5028304
ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 ID 2040302
PR 1288 210NGP 042375 P-3 293K UPDATED 08/12/94 1D 7082000
URANIUM-235 ENDF/B-1IV MAT 1261 UPDATED 08/12/94 ID 1092235
URANIUN-238 ENDF/B-1V MAT 1262 UPDATED 08/12/94 ID 1092238
TAPE COPY USED 0 I/0'S, AND TOOK 0.33 SECONDS
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hhdad CODE SYSTEM: SCALE-PC VERSION: 4.3 Aokl
cseer hbae

PROGRAM: 000009
CREATION DATE: 03-08-96
VOLUME: ENG

LIBRARY: G:\scaled3d\exe

PRODUCTION CODE: KENGOVA
VERSION: 3.1
JOBNAME: SCALE-PC
DATE OF EXECUTION: 11/13/96
TIME OF EXECUTION: 00:52:03
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bbb i NUMERIC PARAMETERS

MAXIMUM PROBLEM TIME (MIN)

TIME PER GENERATION (MIN}

NUMBER OF GENERATIONS

NUMBER PER GENERATION

NUMBER OF GENERATIONS TO BE SKIPPED
BEGINNING GENERATION NUMBER
GENERATIONS BETWEEN CHECKPOIRTS
NUMBER OF EXTRA 1-D CROSS SECTIONS
NEUTRON BANK SIZE

EXTRA POSITIONS IN NEUTRON BANK
FISSION BANK SI1ZE

EXTRA POSITIONS IN FISSION BANK
DEFAULT VALUE OF WEIGHT AVERAGE
WEIGHT HIGH FOR SPLITTING

WEIGHT LOW FOR RUSSIAN ROULETTE
STARTING RANDOM NUMBER

NUMBER OF D.A. BLOCKS ON UNIT 8
LENGTH OF D.A. BLOCKS ON UNIT 8
MODE OF CALCULATION

INPUT DATA WRITTEN ON RESTART UNIT

BINARY DATA INTERFACE

snesee

$00.00
0.50
203
1000

1025

1000

0
0.5000
3.0000
0.3333
BB827100001
200

512
FORWARD
NO

YES

‘e [T
‘ae
aw
cae
1Yy
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TRANSPORT CRITICALITY: NORMAL CONDITIONS {PITCH = 250.698 €M) (EXT. MOD. VF = 0, de+

LOGICAL PARAMETERS

eestee

ave

AR d A A A Ty Y T T S TR T Ty

LT

EEE RUN EXECUTE PROBLEM AFTER CHECKING DATA YES PLT PLOT PICTURE MAP(S) NO ::E
::: FLX COMPUTE FLUX | o] FDN COMPUTE FISSION DENSITIES NO ::‘
::: SMU COMPUTE AVG UNIT SELF-MULTIPLICATION No NUB COMPUTE KU-BAR & AVG FISSION GROUP YES :::
::: MKU COMPUTE MATRIX K-EFF BY UNIT NUMBER No MKP COMPUTE MATRIX K-EFF BY UNIT LOCATION %o EEE
::: CKU COMPUTE COFACTOR K-EFF BY UNIT NUMBER XNO CKP COMPUTE COFACTOR K-EFF BY UNIT LOCATION
::: FMU PRINT FISS PROD MATRIX BY UNIT NUMBER NO FMP  PRINT FISS PROD MATRIX BY UNIT LOCATION NO ::'
::: MKH COMPUTE MATRIX K-EFT BY HOLE NUMBER NO MKA COMPUTE MATRIX K-EFF BY ARRAY NUMBER NO ::E
::: CXH COMPUTE COFACTOR K-EIT BY HOLE NUMBER NO CKA COMPUTE COFACTOR K-EFF BY ARRAY NUMBER NO :::
::: FMH  PRINT FISS PROD MATRIX BY HOLE NUMBER NO FMA  PRINT FISS PROD MATRIX BY ARRAY NUMBER KO :::
::: HHL COLLECT MATRIX BY HIGHEST HOLE LEVEL wO HAL COLLECT MATRIX BY HIGHEST ARRAY LEVEL RO :::
::: AMX PRINT ALL MIXED CROSS SECTIONS No FAR PRINT FIS. AND ABS. BY REGION WO '::
::: XS1 PRINT 1-D MIXTURE X-SECTIONS NO GAS PRINT FAR BY GROUP ] E::
::: XS2 PRINT 2-D MIXTURE X-SECTIONS NO PAX PRINT XSEC-ALBEDO CORRELATION TABLES ¥o ::‘
::: XAP PRINT MIXTURE ANGLES & PROBABILITIES ¥o PNT PRINT WEIGHT AVERAGE ARRAY (o] ::E
**¢ PKI PRINT FISSION SPECTRUM NO PGM PRINT INPUT GEOMETRY NO #¢+
cee o
*¢¢ PI1D PRINT EXTRA 1-D CROSS SECTIONS NO BUG PRINT DEBUG INFORMATION NO :::
TRK PRINT TRACKING INFORMATION NQ *¢»
ol
e Ty

20000 eSERbRERES hhe (LI T LR e T T

LAA A2 RS 212 LA AA A A XA A A R R R R R Y Y Y Y Y Y Y R I I L2222 2] (222
PARAMETER INPUT COMPLETED
TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH = 250.698 CM) (EXT. MOD. VF = O,
MIXING TABLE
NUMBER OF SCATTERING ANGLES = 2
CROSS SECTION MESSAGE THRESHOLD «3.0E-05

MIXTURE = 1 DENSITY(G/CC) = 10.412

NUCLIDE  ATOM-DENS. NGT. FRAC. IA ANT NUCLIDE TITLE

1008016 4.64617E-02 1.18487E-01 8016 15.9904 OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED
08/12/94

1092235 9.40641E-04 3.52606E-02 92233  235.0441 URANIUM-235 ENDF/B-IV MAT 1261 UPDATED
08/12/94

1092238 2.22902E-02 8.46253E-01 92238 238.0510 URANIUM-238 ENDF/B-IV MAT 1262 UPDATED
08/12/94
MIXTURE = 2 DENSITY{G/CC) = 6.5600

NUCLIDE  ATOM-DENS. WGT. FRAC. ZA ANT NUCLIDE TITLE

2040302 4.33079E-02 1.00000E+00 40000 91.2196 ZIRCALLOY ENDF/B-1IV MAT 1284 UPDATED
08/12/94
MIXTURE = 3 DENSITY(G/CC) = 0.99817E2-04

NUCLIDE  ATOM-DENS. WGT. FRAC. A ANT NUCLIDE TITLE

3001001 6.67692E~06 1.11927E-01 1001 1.0077 HYDROGEN ENDF/B-1V MAT 1269/THRM1002 UPDATED
08/12/94

3008016 3.33846E-06 8.8B074E-01 8016 15.9904 OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED
08/12/94
MIXTURE = 4 DENSITY(G/CC} = 2.7020

NUCLIDE  ATOM-DENS. WGT. FRAC. IA ANT NUCLIDE TITLE

4013027 6.03066E-02 - 1.00000E+00 13027 26,9818 AL-27 1193 218 GP 040375(5) UPDATED
08/12/94
MIXTURE = S DENSITY(G/CC) = 7.9200

NUCLIDE  ATOM-DENS. WGT. FRAC. A AWT NUCLIDE TITLE

5024304 1.74286£-02 1.90000E-01 24000 51.9957 CR 1191 WT SS-304(1/EST) P-3 293K SP=5+4(42375)" UPDATED
08/12/94

5025055 1.73633£-03 1.999992-02 25055 54.9379 MANGANESE-SS5  ENDF/B-IV MAT 1197 UPDATED
08/12/94

5026304 $.93579E-02 6.95000E-01 26000 55.0447 FE 1192 NT SS-304 (1/EST} P-3 293K SP=5+4(42375)" UPDATED
08/12/94

5028304 - 7.72070E-03 9,.50001E-02 28000 $8.6872 NI 1180 WT SS-304 (1/EST} P-3 293K SP=5+4(42375)* UPDATED
08/12/94
MIXTURE 13 DENSITY(G/CC) = 2.5833
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NUCLIDE  ATOM-DENS. WGT. FRAC. ZA AWT NUCLIDE TITLE

6005010 7.09799E~03 4.56855E-02 5010 10.0130 B-10 1273 218NGP 042375 P-3 293K UPDATED
08/12/94 .

6005011 3,.92499E-02 2.77771E-01 5011 11.0096 BORON-11 ENDF/B-IV MAT 1160 UPDATED
08/12/94 .

6006012 1.22006E-02 9.41116E-02 6000 12.0001 CARBON-12 ENDF/B-IV MAT 1274/THRM106S UPDATED
08/12/94

6013027 3.35012B-02 5.82432E-01 13027 26.9818 AL-27 1193 218 GP 040375(S5) UPDATED
08/12/3%4
MIXTURE = 7 DENSITY(G/CC) = 11.344

NUCLIDE  ATOM-DENS. . FRAC. ZA ANT NUCLIDE TITLE

7082000 3.29690E-02 1.00000E+00 82000 207.2100 PB 1298 219NGP 042375 P-3 293K UPDATED
08/12/94
NIXTURE = 8 DENSITY{G/CC} = 1.6307

NUCLIDE  ATCM-DENS. WGT. FRAC. ZA AWT NUCLIDE TITLE

8001001 $.84084E-02 $.99323E-02 1001 1.0077 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED
08/12/94

8005010 9.79802E-0% 9.99025E-04 5010 10.0130 B-10 1273 21BNGP 042375 P-3 293K UPDATED
08/12/94

8005011 3.56450E-04 3.99615£-03 5011 11.0096 BORON-11 ENDF/B-1IV MAT 1160 UPDATED
08/12/94

8006012 2.26463E-02 2.767298-01 6000 12.0001 CARBON-12 ENDF/B-1V MAT 1274/THRM1065 UPDATED
08/12/94

8007014 1.40121E-03 1.99805E-02 7014 14.0033 NITROGEN-14 ENDF/B-1IV MAT 1275 UPDATED
08/12/94

8008016 2.60749E-02 4.24574E-01 8016 15.9904 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED
08/12/94

8013027 7.78110E-03 2.13799E-01 13027 26.9818 AL-27 1193 218 GP 040375(5) UPDATED
08/12/%4
MIXTURE = 9 DENSITY (G/CC) = 0.598390

NUCLIDE  ATCM~DENS. WGT. FRAC. ZA ANWT NUCLIDE TITLE

9001001 4.00615E-02 1.11927E-01 1001 1.0077 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED
08/12/94

9008016 2.00308E-02 8.88074E-01 8016 15.9904 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED
08/12/94

3001001 HYDROGEN ENDF/B~IV MAT 1269/THRM1002 UPDATED 08/12/94
8001001 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94
9001001 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94
6005010 B-10 1273 21BNGP 042375 P-3 293K UPDATED 08/12/94 .
8003010 B-10 1273 218NGP 042373 P-3 293K ' UPDATED 08/12/94
6005011 BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94
8005011 BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94
6006012 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94
8006012 CARBON-12 ENDY/B-1IV MAT 1274/THRM1065 UPDATED 08/12/94
8007014 NITROGEN-14 ENDF/B-1IV MAT 1275 UPDATED 08/12/94
1008016 OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/94
3008016 OXYGEN-16 ENDP/B-IV MAT 1276 UPDATED 08/12/94
8008016 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94
9008016 OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 09/12/94
4013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94
6013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94
80123027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94
5024304 CR 1191 WT 55-304(1/EST) P-3 293K SP=5+4{42373)" UPDATED 08/12/94
5025055 MANGANESE-SS  ENDF/B-1V MAT 1197 UPDATED 08/12/94
5026304 FE 1192 WT SS-304(1/EST) P-3 293K SP=5+44(42375)" UPDATED 08/12/94
5028304 NI 1190 WT SS-304(1/EST) P-3 293K SP=S5+4(42375)" UPDATED 08/12/94
2040302 ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94
7082000 PB 1288 218NGP 042375 pP-3 293X UPDATED 08/12/94
1092235 URANIUM-235% ENDF/B-1V MAT 1261 UPDATED 08/12/94
1092238 URANIUM-238 ENDF/B-1V MAT 1262 UPDATED 08/12/94
- .o 0 I0'S WERE USED MIXING CROSS~SECTIONS = ...... .o

1-D CROSS SECTION ARRAY 1D NUMBERS

1

faee

2002

1452 27

18 1018

PPN 0 10'S WERE USED PREPARING THE CROSS SECTIONS EEEEEEE)
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#eese+ ADDITIONAL INFORMATION eeeses

WUMBER OF ENERGY GROUPS 27
RO. OF FISSION SPECTRUM SOURCE GROUP 1
NO. OF SCATTERING ANGLES IN XSECS 2
ENTRIES/NEUTRON IN THE NEUTRON BANK 33
ENTRIES/NEUTRON IN THE FISSION BANK 26
NUMBER OF MIXTURES USED 9
NUMBER OF BIAS ID'S USED 1
NUMBER OF DIFFERENTIAL ALBEDOS USED 0©

TOTAL INPUT GEOMETRY REGIONS 136
NUMBER OF GEOMETRY REGIONS USED 136
LARGEST GECMETRY UNIT NUMBER 120
LARGEST ARRAY NUMBER 60
+X BOUNDARY CONDITION MIR
+Y BOUNDARY CONDITION MIR
+Z BOUNDARY CONDITION PER

USE LATTICE GEOMETRY

GLOBAL ARRAY NUMBER

NUMBER OF UNITS IN THE GLOBAL X DIR.
NUMBER OF UNITS IN THE GLOBAL Y DIR.
NUMBER OF UNITS IN THE GLOBAL I DIR.
USE A GLOBAL REFLECTOR

USE NESTED HOLES

NUMBER OF HOLES

MAXIMUM HOLE NESTING LEVEL

USE NESTED ARRAYS

NUMBER OF ARRAYS USED

MAXIMUM ARRAY NESTING LEVEL

~X BOUNDARY CONDITION
=Y BOUNDARY CONDITION
=Z BOUNDARY CONDITION
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[T
cen
‘o
tae
e
oe
*ee
ETYS

MIR oo
‘ae
PER #4ee
see
A A A A A e e T T Y I T L L L L Y Yy Y YT O DU




NAC-STC SAR "~ December 1996
Docket No. 71-9235 Revision 9A

N

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH = 250.698 CM) (EXT. MOD. VF = 0.

GENERATION ELAPSED TIME AVERAGE AVG K-EFP MATRIX MATRIX K-EFP
GENERATION  K-EFFECTIVE MINUTES K-EFFECTIVE DEVIATION K-EFFECTIVE DEVIATION
KENO MESSAGE NUMBER K5-132 WARNING....ONLY 494 INDEPENDENT FISSION POINTS WERE GENERATED
1 4.48332E-01 3.85500E-01 1.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
KENO MESSAGE NUMBER K$-132 WARNING....ONLY 477 INDEPENDENT FISSION POINTS WERE GENERATED
2 4.432%32-01 7.19500E-01 1.00000E+00 0.00000E+00 0.00000E+00 0.00000£+00
KENO MESSAGE NUMBER KS$-132 WARNING....ONLY 534 INDEPENDENT FISSIOM POINTS WERE GENERATED
3 4.51460E-01 1.054672+00 4.51460E-01 0.00000E+00 0.00000E+00 0.00000E+00
4 4.67077E-01 1.39517E+00 4.59269E-01 7.80828E-03 0.00000E+00 0.00000E+00
S 4.55744E-01 1.73850E+00 4.58094E-01 4.65870E-03 0.00000E+00 0.00000E+00
6 4.51320E-01 2.085338+00 4.56400E-01 3.70404E-03 0. 00 0. 00
7 4.57700E-01 2.43050B+00 4.56660E-01 2.68088E-03 0.00000E+0 0.00000E+00
8 4.67890E-01 2.77283E+00 4.58532E-01 3.006032-03 0.00000E+00 0.00000E+00
9 4.63798E-01 3.12433E+00 4.59284E-01 2.64962E-03 - 0.00000E+00 0.00000E+00
10 4.455282-01 3.46400E+00 4.575658-01 2.867432-03 0.00000E+00 0.00000E+00
11 4.615342-01 3.79817E+00 4.58006E-01 2.56700E-03 0.00000E+00 0.00000E+00
12 4.704752-01 4.141508+00 4.59253E-01 2.612752-03 0.00000E+00 0.00000E+00
13 4.53302E-01 4.47733E+00 4.58712E-01 2.424452-03 0.00000E+00 0.00000E+00
14 4.402432-01 4.814332+00 4.571173E-01 2.69573E-03 0.00000E+00 0.00000E+00
15 4.57565E-01 5.15667E+00 4.57203E-01 2.47989E-03 0.00000E+00 0.00000E+00
16 4.61519£-01 5.50267E+00 4.57511E-01 2.31654E-03 0.00000E+00 0.00000E+00
17 4.64866E-01 5.94050E+00 4.58001E-01 2.21162E~03 0.00000B+00 0.00000E+00
18 4.69900E-01 6.19100E+00 4.58745E-01 2.19839E-03 0.00000E+00 0.00000E+00
19 4.5081538-01 6.52993E+00 4.58710E-01 2.06532E~03 0.00000E+00 0.00000E+00
20 4.61944E-01 6.87117E+00 4.58890E-01 1.95547E-03 0.00000E+00 0.00000E+00
21 4.59987E-01 7.207172+00 4.58948E-01 1.85059E-03 0.00000E+00 0.00000E+00
22 4.518372-01 7.55317E+00 4.58592E-01 1.79126E-03 0.00000E+00 0.00000E+00
23 4.57642E-01 7.89467E+00 4.58547E-01 1.704432-03 0.00000E+00 0.00000E+00
24 4.41768E-01 8.24533E+00 4.577042-01 1.79517E-03 0.00000E+00 0.00000E+00
25 4.50166E-01 8.58950E+00 4.57453e-01 1,74703E-03 0.00000E+00 0.00000E+00
26 4.82646E-01 8.93367E+00 4.58503E-01 1.974762-03 0.00000E+00 0.000002+00
27 4.68136E-01 9.280672+00 4.58888E-01 1.932928-03 0.00000E+00 0.00000E+00
28 4.56009E-01 9.62200E+00 4.587772-01 1.86039E-03 0.00000E+00 0.00000E+00
29 4.56370E-01 9.95800E+00 4.58600E-01 1.79238E-03 0.00000E+00 0.00000E+00
30 4.55737E-01 1.0310SE+01 4.585838-01 1.73039E-03 0.00000E+00 0.00000E+00
3l 4.59285E-01 1.06557E+01 4.58607E-01 1.66984E-03 0.00000E+00 0.00000E+00
32 4.50980E-01 1.09878E+01 4.58353E-01 1.63312E-03 0.00000E+00 0.00000E+00
33 4.538S0E-01 1.13348E+01 4.58209E-01 1.50611E-03 0.00000E+00 0.00000E+00
34 4.61455E-01 1.16790E+01 4.58310E-01 1.53909E-03 0.00000E+00 0.00000E+00
35 4.45631E-01 1.20068E+01 4.57926E-01 1.540412-03 0.00000E+00 0.00000E+00
36 4.61928E-01 1.23408E+01 4.58044E-01 1.49905E-03 0.00000E+00 0.00000E+00
37 4.65105E-01 1.26797E+01 4.50246E-01 1.46950E-03 0.00000E400 0.00000E+00
38 4.50275£-01 1.30202E+01 4.58024E-01 1.44516E-03 0.00000E+00 0.00000E+00
39 4.51914E-01 1.33652E+01 4.57859E-01 1.41523E-03 0.00000E+00 0.00000E+00
410 4.66734E-01 1.37077E+01 4.58093E-01 1.397142-03 0.00000E+00 0.00000E+00
41 4.53626E-01 1.40500E+401 4.57978E-01 1.365658-03 0.00000E+00 0.00000E+00
42 4.45578E-01 1.43942E+401 4.57668E-01 1.36669E-03 0.00000E+00 0.00000E+00
43 4.59431E-01 1.47430E+01 4.57711E-01 1.33364E-03 0.00000E+00 0.00000E+00
LL] 4.68701E-01 1.50898E+01 4.57973E-01 1.32754E-03 0.00000E+00 0.00000E+00
45 4.61495E-01 1.54313E+01 4.58055E-01 1.298892-03 0.00000E+00 0.00000E+00
46 4.44256E-01 1.57773E+01 4.57741E-01 1.30720E-03 0.00000E+400 0.00000E+00
47 4.47966E-01 1.6111SE+01 4.57524E-01 1,29615E-03 0.00000E+00 0.00000E+00
48 4.55078E-01 1.64502E401 4.57471E-01 1.26870E-03 0.00000E+00 0.00000E+00
49 4.57880E-01 1.67862E+01 4.57479E-01 1.24152E-03 0.00000E+00 0.00000E+00
50 4.66583E-01 1.71303E+01 4.57669E-01 1.23009E-03 0.00000E+00 0.00000E+00
51 4.54401£-01 1.74692E+01 4.57602£-01 1.20656E-03 0.00000E+00 0.00000E+00
52 4.65092E-01 1.78160E+01 4.57752E-01 1.19164E-03 0.00000E+00 0.00000E+00
53 4.56241E-01 1.81685E+01 4.57722£-01 1.16842E-03 0.00000E+00 0.00000E+00
54 4.60041E-01 1.85090E+01 4.57767E-01 1.146598-03 0.00000E+00 0.00000E400
E1) 4.73428E-01 1.88587E+01 4.58063E-01 1.16292E-03 0.00000E+00 0.00000E+00
56 4.72201£-01 1.92002E+01 4.58324E-01 1.17083E-03 0.00000E+00 0.00000E+00
57 4.33760E-01 1.952782+01 4.57878E-01 1.233072-03 0.000002+00 0.00000E+00
58 4.541762-01 1.98675E+01 4.570152-01 1.21247E-03 0.00000E+00 0.00000E400
S$9 4.64330E-01 2.02080E+01 4.57930E-01 1,19648E-03 0.00000E+00 0.00000E+00
60 4.61638E-01 2.05503E+01 4.37992E-01 1.17740E-03 0.00000E+00 - 0.00000E+00
61 4.68476E-01 2.08965E401 4.58171E-01 1.17084E-03 0.00000E+00 0.00000E+00
62 4.61480E-01 2.12370E+01 4.58226E-01 1.15248E-03 0.00000E+00 0.00000E+00
63 4.57134E-01 2,157T48E+01 4.58208E-01 1.13357€-03 0.00000E+00 0.00000E+00
64 4.69332E-01 2.19190E+01 4.583802-01 1.12947E-03 0.00000E+00 0.00000E+00
65 4.43979E-01 2.22577E401 4.58159E-01 1.13469E-03 0.00000E+00 0.00000E4+00
66 4.59447E-01 2.26000E+01 4.58179E-01 1.11700E-0) 0.00000E+00 0.00000E+00
67 4.46618E-01 2.29360E+01 4.58001E-01 1.11397E-02 0.00000E+00 0.00000E+00
68 4.487262-01 2.32775E+01 4.578612-01 1.105932-03 0.00000E+00 0.00000E+00
69 4.542012-01 2.36207E+01 4.578062-01 1,09067E-03 0.00000E+00 0.00000E+00
70 4.588052-01 2.39622E+01 4.57021E-01 1.07461E-03 0.00000E+00 0.00000E+00
n 4.48634E-01 2.43137E+01 4.57688E-01 1.06726E-03 0.00000E+00 0.00000E+00
72 4.60830E-01 2.46515E+01 4.57733E-01 1.05286E-03 0.00000E+00 0.00000E+00
73 4.62452E-01 2.49938E+01 4.57799E-01 1.04005E-03 0.00000E+00 0.00000E+00
4 4.58161E-01 2.53490E+01 4.57004E-01 1.02551E-03 0.00000E+00 0.00000E+00
5 4.50480E-01 2.56942E+01 4.57813E-01 1.011412-03 0.000002+00 0.00000E+00
76 4.67372E-01 2.60365E+01 4.57943E-01 1.00598E-03 0.00000E+00 0.00000E+00
17 4.58135E-01 2.63917E+01 4.57945£-01 9.92477E-04 0.00000E+00 0.00000E+00
78 4.34600E-01 2.67258E+01 4,.57638E-01 1.026372-03 0.00000E+00 0.00000E+00
79 4.509012-01 2.70792E+01 4.57551z-01 1.01673E-03 0.00000E+00 0.00000E4+00
a0 4.64665E-01 2.74243E+01 4.57642E-01 1.00775E-03 0.00000E+00 0.00000E+00
-3 4.59790E-01 2.77703E+01 4.57669E-01 9.95279E~04 0.000002+00 0.00000E4+00
82 4.55906E-01 2.91082E+01 4.57647E-01 9.93006E-04 0.00000E+00 0.00000E+00
83 4.65838E-01 2.94542E+01 4.577482-01 9.76047E-04 0.00000E+00 0.00000E+00
a 4.69348E-01 2.880752+01 4.57890E-01 9.74393E-04 0.00000E+00 0.00000E+00
a5 4.61978E-01 2.91472E+01 4.57939E-01 9.63841E-04 0.00000E+00 0.00000E+00
86 4.66666E-01 2.94868E+01 4.58043E-01 9.57948E-04 0.00000E+00 0.00000E400
87 4.588313E-01 2.99300E+01 4.58052E-01 9.46655E-04 0.00000E+00 0.00000E+00
88 4.66602E-01 3.01743E+02 4.58151E-01 9.40850E~04 0.00000E+00 0.000002+00
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4.56168E-01
4.620122-01
4.61616E-01
4.423852-01
4.454412-01
4.42622E-01
4.48923E-01
4.69889E-01
4.65123E-01
4.68931E-01
4.32937E-01
4.75083E-01
4.51684E-01
4.762492-01
4.43920E-01
4.6539%4z-01
4.56583E-01
4.584772-01
4.46813E-01
4.614662-01
4.568232-01
4.64921E-01
4.68324E-01
4.64874E-01
4.56108E-~01
4.60073E-01
4.67658E-01
4.45389E-01
4.61144E-01
4.67560E-01
4.534822-01
4.66085£-01
4.57045E-01
4.589422-01
4.54475E-01
4.492652-01
4.782562-01
4.584932-01
4.63676E-01
4.52209e-01
4.77728E-01
4.59576E-01
4.57866E-01
4.53502e-01
4.450382-01
4.51782E-01
4.60021E-01
4.66765E-01
4.63688E-01
4.49183E-01
4.57541E-01
4.63069E-01
4.60385E-01
4.68164E-01
4.668074E-01
4.577252-01
4.56155£-01
4.60930E-01
4.46704E-01
4.49969E-01
4.55845E-01
4.49922E-01
4.44525E-01
4.49503E-01
4.57337E-01
4.52312E-01
4.51315E-01
4.70381E-01
4.51343E-01
4.51194E-01
4.58894£-01
4.63779E-01
4.72445E-01
4.40802E-01
4.57398E-01
4.598612-01
4.47229E-01
4.520142-01
4.57747£-01
4.73331E-01
4.565562-01
4.38701E-01
4.66030E-01
4.50684E-01
4.63556£-01
4.55825E-01
4.49008E-01
4.52091E-01
4.64346E-01
4.59222£-01
4.52591e-01
4.57701E-01
4.66480E-01
4.42807E-01
4.449152-01

3.05083E+01
3.0B490E+01
3.11867E+01
3.15282E+01
3,18705E+01
3.220758+01
3.25360E+01
3.28830E+01
3.32318E+01
3.35797E2+01
3.39102E+01
3.42525E+01
3.45930E+01
3.49455E+401
3.52805E+01
3.56302E+01
3.59707E+01
3.63203E+01
3.66582E+01
3.69933E+01
3.73412E+01
3.76817E+01
3.80305E+01
3.83655E+01
3.871432+01
3.906402+401
3.94118E401
3.97478E401
4.01012E401
4.04380E401
4.07840E+01
4.11273E+01
4.14623E+01
4.18112E+01
4.21535E+01
4.24932E+01
4.28447E+01
4.31962E+01
4.35458E+01
4.38865E+01
4.42352E+01
4.45895E+01
4.49337E+01
4.52733E+01
4.56128E+01
4.59590E+01
4.62948E+01
4.66465E+01
4.69907E+01
4.73285E+01
4.76772E+01
4.80250E+01
4.03603E+01
4.87190E+01
4.90695E+01
4.94092E+01
4.97525E+01
5.01022E+01
5.04390E+01
5.07787E+01
5.11183E+01
5.14633E+01
$.1804082+01
5.21362E+01
$.24750£+01
5.280632+01
$.314648E+01
$.34938E+01
5.38380E+01
5.41758E+01
5.45337E+01
5.48770E+01
5.523402+01
5.55672E+01
5.59087£+01
5.62483E+01
5.658152+01
5.69183E+01
5.72490E+01
5.76050E+01
$.79520E+01
5.820972+01
5.86367E+01
5.89753E+01
5.93242E+01
5.965832+01
5.99952E+01
6.03338E+01
6.06863E+01
6.102132401
6.13738E+01
6.17180E+01
€.20687E+01
6.24008E+01
6.27470E+01

4.58128E-01
4.56173E-01
4.58211E-01
4.58035E-01
4.57897E-01
4.577312-01
4.57636E-01
4.57767E-01
4.578442-01
4.57960E-01
4.57702E-01
4.57079E-01
4.57816E-01
4.58001E-01
4.57861E-01
4.57935E-01
4.579228~01
4.57927E-01
4.57822E-01
4.57856E-01
4.578462-01
4.57912E-01
4.58007E-01
4.58070E-01
4.50052E-01
4.58070E-01
4.581552-01
4.58043E-01
4.58070E-01
4.58152E-01
4.58112E-01
4.58179E-01
4.58170E-01
4.58176E-01
4.58146E-01
4.58073E-01
4.58237E-01
4.58239E-01
4.58283E-01
4.50234E-01
4.58368E-01
4.58397E-01
4.58393E-01
4.503552-01
4.58254E-01
4.58205E-01
4.38218E-01
4.58282E-01
4.56322E-01
4.58255€-01
4.58250E~01
4.58285E-01
4.58300E-01
4.58370E-01
4.50431E-01
4.50426£-01
4.58410E-01
4.58427E-01
4.58360E-01
4.58303E-01
4.582862-01
4.58229£-01
4.30138£-01
4.500002-01
4.59075£-01
4.50037£-01
4.57993E-01
4.%50074E-01
4.580J0E-01
4.57964E-01
4.579922-01
4.50029E-01
4.58119£-01
4.500612-01
4.500572-01
4.38068E-01
4.50002£-01
4.579%652-01
4.579642-01
4.58056E-01
4.5800472-01
4.57933E-01
4.57991E-01
4.57939E-01
4.57971£-01
4.57958E-01
4.579062-01
4.57873£-01
4.57910E-01
4.579172-01
4.37887£-01
4.578862-01
4.57924E-01
4.57850E-01
4.571719E~-01

9.30252E-04
9.20678E-04
9.11097E-04
9.17919E-04
5.18265E-04
9,.23280E-04
9.18196E-04
9.17680E-04
9.11264E-04
9.09088Z-04
9.35920E-04
9.431478-04
9.35667E-04
9.44425E-04
9.45364E-04
9.38958E-04
9.29890E~04
9.20921E-04
9.162302-04
9,.10176E-04
9.01681E-04
8.95692E-04
8.92563E-04
8,86612E-04
8.79766E-04
8.71071E-04
8.67488E-04
0. 67106E-04
8.59956E-04
8.56426E-04
8.50012E-04
8.45483E-04
8.38402E-04
8.31411E-04¢
8.25078E-04
8.215192-04
8.31171E-04
8.24443E-04
8.18977E-04
8.13879E-04
8.21906E-04
8.155122-04
8.09176E-04
8.03908E-04
8.04101E-04
7.99490E~04
7.93574E-04
7.90207E-04
7.85353E-04
7.82448E-04
7.76734E-04
7.71975E-04
7.66451E-04
7.64212E-04
7.61165E-04
7.55802E-04
7.50666E-04
7.45641E-04
7.43511E-04
7.40634E-04
7.35769E-04
7.32962E-04
7.33813E-04
7.31174E-04
7.26332E-04
7.22534E-04
7.19139E-04
7.18968E-04
7.15633E-04
7.12380E-04
7.07852E-04
7.043112-04
7.05715E-04
7.03705E-04
6.99332E-04
6.950912-04
6.94007E-04
6.90728E-04
6.86530E-04
6.88632E-04
6.84555E-04
6.900642-04
€.87640E-04
€.84929E-04
€.81704E~04
6.778442-04
6.7589962-04
6.72832E-04
6.69999E-04
6.66223E-04
6.63131E-04
6.59396E-04
6.5T4STE-04
6.59173E-04
6.59405E-04
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; Analysis:

0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00C 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
©0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.000002+00 0.00000E+00
0.000002+00 0.00000E+00
0. 00 0. +00
0.00000E+00 0.00000E+00

. +00 0. +00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0. 00 B +00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.000002+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.000002+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E2+00
0.00000E+00 0.00000E+00
0.00000E+00 .0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0. 00 0. +00
0. 00 0. 00
0. 00 0. 00
0. 00 0. +00
0.00000E+00 0,00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.000002+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.000002+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.000002+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
©0.00000E+00
0.00000E+00
0.00000E+00C
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
©.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0. +00

o, 00
0.00000E+00
0.00000E+00

0. 00
0.00000E+00
0.00000E+00
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4.63822E~-01 6.30893E+01 4.57012E-01 6.56613E-04 0.00000E+00 0.00000E+00

185 4.54129E-01 6.34280E+01 4.577928-01 6.533252-04 0.00000E+00 0.00000E+00
186 4.60407E-01 6.37667E+01 4.579062-01 6.49920E-04 0.00000E+00 0.00000E+00
107 4.52227E-01 6.41145E+01 4.57T776E-01 §.47100E-04 0.000002+00 0.00000E+00
168 4.77262E-01 6.44597E+01 4.578818-01 6.52082E-04 0.00000E+00 0.00000E+00
108 4.725612-01 6.4814024+01 4.57959E-01 6.53320E-04 0.00000E+00 0.00000E+00
190 4.347125-01 6.514808+01 4.57836E-01 6.61497K-04 0.00000E+00 0.00000E+00
191 4.515452-01 6.54877E+01 4.57802E-01 6.588292-04 0.00000E+00 0.00000E+00
192 4.76042E-01 6.584022+01 4.57998E-01 6.623462-04 0.00000E+00 0.00000E+00
193 4.72495E-01 6.619532+01 4.57975E~01 6.63286E-04 0.00000E+00 0.00000E+00
194 4.47260E-01 6.653402+01 4.57919E-01 6.62175E-04 0.00000E+00 0.00000E+00
198 4.605272-01 6.687552+01 4.57932E-01 6.58874E-04 0.00000E+00 0.00000E+00
196 4.63248E-01 6.72142E+01 4.57960B-01 6.560418-04 0.00000E+00 0.00000E+00
197 4.55099E-01 6.755658+01 4.57945E-01 6.52833E-04 0.00000E+00 0.00000E+00
198 4.59402E-01 6.790172+01 4.579538-01 6.49536E-04 0. 00 0. 00
199 4.60671E-01 6.02450E+01 4.57966E-01 6.46378E-04 0.00000E+00 0.00000E+00
200 4.59900E-01 6.85882E+01 4.57976E-01 6.43179E-04 0.00000E+00 0.00000E+00
201 4.65762E-01 6.89398E+01 4.59015E-01 6.41134E-04 0.00000E+00 0.00000E+00
202 4.41512E-01 6.92738E+01 4.57933g-01 6.43235E-04 0.00000E+00 0.00000E+00
203 4.63288E-01 6.96208E4+01 4.579592-01 6.40581E-04 0.00000E+00 0.00000E+00
KENO MESSAGE NUMBER K5-123 EXECUTION TERMINATED DUE TO COMPLETION OF THE SPECIFIED NUMBER OF GENERATIONS.

6.6-70



NAC-STC SAR December 1996
Docket No. 71-9235 ' ‘ Revision 9A

5 Output for Canistered Fuel No.

ditions Criticality Analysis;

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH = 250.698 CM) (EXT. MOD. VF = 0O,
LIFETIME = 9.45512E-06 + OR - 5.089972-08 GENERATION TIME = 1.85503E-06 ¢+ OR ~ 1.01955E-08
NU BAR = 2,54494E+00 + OR ~ 4.16575E-04 AVERAGE FISSION GROUP = §.01874E+00 + OR ~ 6.06833E-03
ENERGY {EV) OF THE AVERAGE LETHARGY CAUSING FISSION = 6.68650E+04 ¢ OR - 4.50944E+02

KO, OF INITIAL

GENERATIONS AVERAGE 67 PER CENT $3 PER CENT 99 PER CENT NUMBER OF
SKIPPED K-EFFECTIVE DEVIATION CONFIDENCE INTERVAL CONFIDENCE INTERVAL CONFIDENCE INTERVAL HISTORIES

3 0.45799 + OR - 0.00064 0.45735 TO 0.43863 0.45671 TO 0.45928 0.45606 TO 0.45992 200000
4 0.45795 + OR - 0.00064 0.45730 TO 0.4%5859 0.45666 TO 0.45924 0.45601 TO 0.45988 199000
5 0.45796 + OR - 0.00065 0.45731 TO 0.45861 0.45666 TO 0.45925 0.45601 TO 0.45990 158000
6 0.45799 + OR - 0.00065 0.45734 TO 0.45864 0.45669 TO 0.45929 0.45604 TO 0.45994 197000
7 0.45799 + OR - 0.00065 0.45734 TO 0.45865 0.45669 T0 0.45930 0.45603 TO 0.45995 196000
8 0.45794 + OR - 0.000635 0.45729 T0 0.45860 0.45663 TO 0.45925 0.45598 TO 0.45%991 195000
9 0.45791 + OR - 0.00066 0.45725 TO 0.45857 0.45660 TO 0.45923 0.45594 TO 0.45%988 194000
10 0.45798 + OR - 0.00066 0.45732 TO 0.45863 0.45666 TO 0.45929 0.45600 TO 0.45995 193000
11 0.45796 + OR - 0.00066 0.45730 TO 0.45862 0.45664 TO 0.45928 0.45597 TO 0.45994 152000
12 0.45789 + OR - 0.00066 0.45723 TO 0.45855 0.45657 T0 0.45921 0.45591 TO 0.45988 191000
17 0.45796 + OR - 0.00067 0.45729 TO 0.45863 0.45662 TO 0.45930 0.45594 TO 0.45997 186000
22 0.45789 + OR - 0.00068 0.45720 70 0.45857 0.45652 TO 0.45926 0.45584 TO 0.45994 181000
27 0.45783 4+ OR - 0.00068 0.45715 TO 0.45851 0.45647 TO 0.45919 0.45579 TO 0.45987 176000
32 0.45789 + OR - 0.00070 0.45719 TO 0.45859 0.45649 TO 0.45929 0.45580 TO 0.45998 171000
37 0.45790 + OR - 0.00071 0.4571% TO 0.45861 0.45647 TO 0.45933 0.45576 TO 0.46004 166000
42 0.45803 + OR - 0.00073 0.45731 TO 0.45876 0.45658 TO 0.45948 0.45585 TO 0.46021 161000
17 0.45809 + OR - 0.00074 0.45735 TO 0.45882 0.45661 TO 0.45956 0.45587 TO 0.46030 156000
52 0.45803 + OR - 0.00076 0.45727 TO 0.45879 0.45651 TO 0.45954 0.45575 TO 0.46030 151000
57 0.45799 + OR - 0.00075 0.45724 TO 0.45874 0.45649 TO 0.459%49 0.45573 TO 0.46025 146000
62 0.45785 4+ OR - 0,00077 0.45707 TO 0.45862 0.45630 TO 0.45939 0.45553 TO 0.46016 141000
67 0.45794 + OR - 0,00079 0.45715 TO 0.45873 0.43637 TO 0.45951 0.45558 TO 0.46030 136000
72 0.45808 + OR - 0.00081 0.45727 TO 0.45889 0.45646 TO 0.45370 0.45565 TO 0.46051 131000
17 0.45797 + OR - 0.00084 0.45713 TO 0.45880 0.45629 TO 0.45%64 0.45546 TO 0.46048 126000
82 0.45817 + OR - 0.00085 0.45732 TO 0.45901 0.45648 TO 0.45986 0.45563 TO 0.46070 121000
87 0.45789 + OR - 0.00087 0.45702 TO 0.45876 0.45615 TO 0.45963 0.45528 TO 0.46050 116000
92 0.45790 + OR - 0.00089 0.45700 TO 0.45879 0.45611 TO 0.45968 0.45522 TO 0.46058 111000
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. Qutput for Canis

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH = 250.698 CM) (EXT, MOD. VF = 0.

NO. OF INITIAL

GENERATIONS AVERAGE 67 PER CENT 95 PER CENT 99 PER CENT NUMBER OF
SKIPPED K-EFFECTIVE DEVIATION CONFIDENCE INTERVAL CONFIDENCE INTERVAL CONFIDENCE INTERVAL HISTORIES

97 0.45806 + OR - 0.00090 0.45716 TO 0.45997 0.45626 TO 0.45987 0.45535 TO 0.46077 106000
102 0.45792 + OR - 0,00087 0.45705 TO 0.45879% 0.45618 TO 0.45966 0.45531 TO 0.460S3 101000
107 0.45811 + OR - 0.00089 0.45722 TO 0.45900 0.45632 TO 0.45990 0.45543 TO 0.46079 96000
112 0.45783 + OR - 0.00093 0.456%90 TO 0.45876 0.45597 TO 0.45968 0.45504 TO 0.46061 91000
117 0.45781 + OR - 0.00096 0.45685 TO 0.45878 0.45588 TO 0.4597¢ 0.45492 70 0.46070 86000
122 0.45764 + OR - 0.00101 0.45663 TO 0.45865 0.45562 TO 0.45966 0.45461 TO 0.46067 81000
127 0.45743 + OR - 0.00103 0.45640 TO 0.45846 0.45536 TO 0.45949 0.45433 TO 0.46052 76000
132 0.45723 + OR - 0.00106 0.45617 TO 0.45830 0.45511 TO 0.45936 0.45405 TO 0.46042 71000
137 0.45722 + OR - 0.00111 0.45611 TO 0.45833 0.45500 TO 0.45544 0.45389 TO 0.460SS 66000
142 0.45702 + OR - 0,00117 0.45584 T0 0.45819 0.45467 TO 0.45937 0.45349 TO 0.46054 61000
147 0.45692 + OR - 0.00126 0.45566 TO 0.45818 0.45441 TO 0.45944 0.45315 TO 0.46069 56000
152 0.45760 + OR - 0.00133 0.45627 TO 0.45894 0.45494 TO 0.46027 0.45360 TO 0.46161 $1000
187 0.45772 + OR - 0.00144 0.45629 TO 0.45916 0.45485 TO 0.46059 0.45341 TO 0.46203 46000
162 0.45756 + OR - 0.00154 0.45602 TO 0.45510 0.45448 TO 0.46064 0.45294 TO 0.46218 41000
167 0.45794 + OR - 0.00172 0.45622 TO 0.45966 0.45449 TO 0.4613% 0.45277 TO 0.46311 36000
172 0.45808 + OR - 0.00180 0.45628 TO 0.45988 0.45448 TO 0.46169 0.45267 TO 0.46348 31000
177 0.45829 + OR - 0.00209 0.45621 TO 0.46038 0.45412 TO 0.46246 0.45204 TO 0.46454 26000
182 0.45890 + OR - 0.00243 0.45647 TO 0.46132 0.45404 T0 0.46375 0.45161 TO 0.46618 21000
187 0.46008 + OR - 0.00300 0.45708 TO 0.46308 0.45408 TO 0.46609 0.45107 TO 0.46909 16000
192 0.45902 + OR - 0.00257 0.45644 TO 0.4615% 0.45387 TO 0.46416 0.45129 TO 0.46674 11000
197 0.45842 + OR - 0.00352 0.45490 TO 0.46194 0.45138 TO 0.46546 0.44786 TO 0.46898 6000

RANDOM NUMBER= 51564689044D
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Conditions Criticality Analysis,

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH = 250.698 CM) (EXT. MOD. VF = 0.
FREQUENCY FOR GENERATIONS 4 T0 203

0.4208 TO 0.4334 « N
0.4334 70O 0.4461
0.4461 TO 0.4587 * eese
0.4587 TO 0.4714 v .
0.4714 TO 0.4840 hhGt bR RO E
FREQUENCY FOR GENERATIONS 5S4 TO 203
0.4208 TO 0.4334 *
0.4334 TO 0.4461 Iy
0.4461 TO 0.4587 . theated
0.4587 TO 0.4714 sesoe
0.4714 TO 0.4840 haddd 22 LI

FREQUENCY FOR GENERATIONS 104 TO 203
0.4208 TO 0.4334

0.4334 TO 0.4461 bbb bbb
0.4461 TO 0.4587 o
0.4587 TO 0.4714 bbb *
0.4714 TO 0.4840 bbbl b
FREQUENCY FOR GENERATIONS 154 TO 203
0.4208 0.4334

TO
0.4334 TO 0.4461
TO

0.4461 0.4587 D NI I
0.4587 TO 0.4714 E R YT YT Y YT
0.4714 TO 0.4840 bbb
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=CSAS23

TRANSPORT CRITICALITY: ACCIDENT CCNDITIONS (PITCH = 300 cm) (IVF = 1.0) (EVF = 1.0) (NOTE TITLE WAS CORRECTED FOR CORDITION)

THIS IS A MODEL OF THE YNPS RAC-MPC BASKET
LOADED WITH 36 UNITED NUCLEAR TYPE A ASSEMBLIES

STC LICENSE AMENDMENT

INTERIOR MODERATOR VOLUME FRACTION = 1.0
EXTERIOR MODERATOR VOLUME FRACTION = 1.0
CASK TO CASK PITCH = 300 cm
FLOODED PELLET CLAD GAP
NEUTRCN SHIELD REMOVED

P R

27GROUPNDF4 LATTICECELL

Vo2 1 0.95 293.0 92235 4.0 92238 96.0 END
ZIRCALLOY 2 1.0 293.0 END
H20 3 1.0 293.0 END
AL 4 1.0 293.0 END
$8304 5 1.0 293.0 END
B-10 6 DEN=2.6226 0.0450 293.0 END
B-11 6 DEN=2,6226 0.2736 293.0 END
c 6 DEN=2.6226 0.0927 293.0 END
AL 6 DEN=2,6226 0.5737 283.0 END
PB 7 1.0 293.0 END
H 8 DEN=1,6291 0.060 293.0 END
(4] 8 DEN=1.6291 0.425 293.0 END
c 8 DEN=1.6291 0.277 293.0 END
N 8 DEN-1.6291 0.020 293.0 END
AL 8 DEN=1.6291 0.214 293.0 END
B-10 8 DENw1.6291 0.001 293.0 END
B-11 8 DEN=1.6291 0.004 293.0 END
H20 ] 1.0 293.0 END
H20 10 1.0 293.0 END
END COMP

SQUAREPITCH 1.1887 0.7887 1 3 0.9271 2 0.8052 10 END
TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 cm} (IVF =« 1.0) (EVF = 1.0) (NOTE TITLE WAS CCRRECTED FOR CONDITION)

READ PARAM RUN=YES PLT=NO GEN=1003 NPG=1000 TME=500 END PARAM
READ GEOM
-

* MWATER LEVEL UNIT CELLS

.

UNIT 1

COM='FUEL PIN CELL - BETWEEN DISKS'
CYLINDER 1 1 0.3943  2P2.1400
CYLINDER 10 1 0.4026  2P2.1400

CYLINDER 2 1 0.4635 2P2.1400 e
CUBOID 31 4P0.5944 2P2.1400
UNIT 2

COM="WATER CELL - BETWEEN DISKS'
€UBOID 31 4P0.5944 2P2.1400

UNIT 3

COM=*DISPLACEMENT CELL - BETWEEN DISKS'
CYLINDER 2 1 0.4635 2P2.1400
CUBOID 31 4P0.5944 2P2.1400

UNIT 4

COM=* INSTRUMENT TUBE CELL - BETWEEN DISKS®
CYLINDER 3 1 0.4998 2P2.1400
CYLINDER S 1 0.5442 2P2.1400
CUBOID 31 4P0.5944 2P2.1400

'

' DISK LEVEL UNIT CELLS (BOTH SS AND AL}
0

URIT §

COM=°*FUEL PIN CELL - WITH 55 DISK®
CYLINDER 1 1 0.3543 2P0.6604
CYLINDER 10 1 0.4026 2P0.6604
CYLINDER 2 1 0.4635 2P0. 6604
CUBOLID 3 1 4P0.5944 2P0.6604

UNIT ¢

COM='WATER CELL - WITH SS DISK®
CUBOID 3 1 4P0.5944 2P0.6604

UNIT 7

COM='DISPLACEMENT CELL - WITH S5 DISK®
CYLINDER 2 1 0.4635 2P0. 6604
CUBOID 31 4P0.5944 2P0.6604

UNIT @

CCM="'INSTRUMENT TUBE CELL - WITH SS DISX®
CYLINDER 3 1 0.4998 2P0.6604
CYLINDER 5 1 0.5442 2P0. 6604
CUBOID 3 1 4P0.5944 2P0.6604

.

* WATER LEVEL BORAL SHEETS
.

UNIT 14

COM='X-X BORAL SHEET BETWEEN DISKS'
CUBOID € 1 2P9.144 2P0.0318 2P2.1400
CUBOID 4 1 2P9.144 2P0.0953 2P2.1400
UNIT 15

CCM="Y-Y BORAL SHEET BETWEEN DISKS'®
CUBOID 6 1 2P0.0318 2P9.144 2P2.1400
CUBOID 4 1 2P0.0953 2P9.144 2P2.1400

6.6-74



NAC-STC SAR December 1996
Docket No. 71-9235 Revision 9A

' DISK LEVEL BORAL SHEETS (AL AND 8S)
.

UNIT 16

COM="X-X BORAL SHEET WITH SS DISK'
CUBOID 6 1 2P9.144 2P0.0318 2P0, 6604
CUBOID 4 1 2P9.144 2P0.0953 2P0.6604
UNIT 17

COM="Y-Y BORAL SHEET WITH 85 DISK'
CUBOID € 1 2P0.0318 2P9,.144 2P0.6604
CUBOID 4 1 2P0.0953 2P9.144 2P0.6604
.

* WATER LEVEL WEB MATERIAL
.

UNIT 20

COM="WATER LEVEL WEB MATERIAL (SMALL) X-X'
CUBOID 3 1 2P10.463S 2P0.9716 2P2.1400
URIT 21

COM="WATER LEVEL WEB MATERIAL (MEDIUM) X-X'
CUBOID 3 1 2P10.4635 2P1.0478 2P2.1400
UNIT 22

COM="WATER LEVEL WEB MATERIAL (LARGE) X-X*
CUBOID 3 1 2P10.4635 2P1.1208 2P2.1400
UNIT 23

COM='WATER LEVEL WEB MATERIAL (LONG) Y-Y'
CUBOID 3 1 2P1.1208 2P79.5249 2P2.1400
.

' SUPPORT DISK WEB MATERIAL
'

UNIT 30

COM="'SUPPORT DISK WEB MATERIAL (SMALL) X-X'
CUBO1D 5 1 2P10.4635 2P0.9716 2P0, 6604
UNIT 31

COM="SUPPORT DISK WED MATERIAL (MEDIUM) X-X'
CUBOID S 1 2P10.4635 2P1.0478 2P0.6604
UNIT 32

COM='SUPPORT DISK WEB MATERIAL (LARGE) X-X°*
CUBOLID S 1 2P10.4635 2P1.1208 2P0.6604
UNIT 33

COM='SUPPORT DISK WEB MATERIAL (LONG} Y-Y*
CUBOID 5 1 2P1.1208 2P79.5249 2P0, 6604

.

* HEAT TRANSFER DISK WEB MATERIAL
.

UNIT 40

COM=*HEAT TRANSFER DISK WEB MATERIAL (SMALL) X-X'
CUBOID 4 1 2P10.4635 2P0.9716 2P0.6604

UNIT 41

COM="HEAT TRANSFER DISK WEB MATERIAL (MEDIUM) X-X'
CUBOID 4 1 2P10.4635 2P1.0478 2P0.6604

UNIT 42

COM="HEAT TRANSFER DISK MEB MATERIAL (LARGE) X-X'
CUBOID 4 1 2P10.4635 2P1.1208 2P0.6604

UNIT 43

COM="'HEAT TRANSFER DISK WEB MATERIAL (LONG) Y-Y*
CUBOID 4 1 2P1.1208 2P79.5249 2P0.6604

’

' WATER LEVEL ASSEMBLY ARRAYS
.

UNIT S0

COM='FUEL TUBE AND ASSEMBLY - WATER LEVEL®

ARRAY 1 -9.5104 -9.5104 -2.1400

CUBOID 3 1 4P9.9441 2P2.1400
CUBOID 5 1 4P10.0661 2P2.1400
CUBOID 3 1 4P10.25681 2P2.1400
HOLE 14 0.0 10.1615 o,
HOLE 14 0.0 -10.1615 0.
HOLE 15 10.1615 0.0 0.
ROLE 15 -10.1615 0.0 0.
CUBOID § 1 4P10.3081 2P2.1400

UNIT 51

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -Y*

CUBOID 3 1 4P10.4635 2P2.1400

HOLE 50 0.0 ~0.1584 0.0

UNIT 52

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS Y*

CUBOID 3 1 4P10.4635 2P2.1400

HOLE 30 0.0 0.1584 0.0

UNIT 33

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -X°

CUBOID 3 1 4P10.463% 2P2.1400

HOLE 30 -0.1584 0.0 0.0

UNIT 54

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS X*

CUBOID 3 1 4P10.463% 2P2.1400

HOLE 50 0.1564 0.0 0.0

UNIT $5

COM='ASSEMBLY CELL WITH 4 BORAL SHEETS X Y’

CUBOID 3 1 4P10.4635 2P2.1400

HOLE SO0  0.1584 0.1584 0.0

URIT S6

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -X Y*

CUBOID 3 1 4P10.4635 2p2.1400

HOLE S0 -0.1584 0.1584 0.0
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COM=*ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y°

CUBOID 3 1 4P10.4635 2P2.

HOLE 50 0.1584 -0.1584 0.0
URIT 58
COM='ASSEMBLY CELL WITH 4 BORAL SHEETS -X -Y*

CUBOID 3 1 4P10.4635 2p2.

HOLE SO -0.13584 -0.1584 0.0
UNIT 59
COMe=*CENTRAL HROLE*

CUBOID 3 1 4P10.4636 2p2.
L)

N SUPPORT DISK LEVEL ASSEMBLY ARRAYS

'

UNIT 60

COM=*FUEL TUBE AND ASSEMBLY - SUPPORT DISK LEVEL®
ARRAY 2 -9.5104 -9.5104 -0.6604

CUBOID 3 1 4P95.9441 2PO.
CUBOID 5 1 4P10.0661 2P0.
CUBOID 3 1 4P10.25681 2p0.

HOLE 16 0.0 10.1615 0.0
HOLE 16 0.0 -10.1615 0.0
HOLE 17 10.1615 0.0 0.0
HOLE 17 -10.1615 0.0 0.0

CUBOID S5 1 4P10.3051 2P0.

UNIT 61
COM=*ASSEMBLY CELL WITH 4 BORAL SHEETS -Y'

CUBOID 3 1 4P10.4635 2p0.

HOLE 60 0.0 -0.1584 0.0
UNIT 62
COM='ASSEMBLY CELL WITH 4 BORAL SHEETS Y'

CUBOID 3 1 4P10.4635 2P0.

HOLE 60 0.0 0.1584 0.0
UNIT 63
COM='ASSEMBLY CELL WITH 4 BORAL SHEE?S -X*

CUBOID 3 1 4P10.4635 2P0O.

HOLE 60 -0.1584 0.0 0.0
UNIT 64
COMe'ASSEMBLY CELL WITH 4 BORAL SHEETS X'

CUBOID 3 1 4P10.4635 2P0.

HOLE 60 0.1584 0.0 0.0
UNIT 65
COM="ASSEMBLY CELL WITH 4 BORAL SHEETS X Y'

CUBOID 3 1 4P10.4635 2P0.

HOLE 60 0.1584 0.1584 0.0
UNIT 66
COM=*ASSEMBLY CELL WITH 4 BORAL SHEETS -X Y'

CUBOID 3 1 4P10.4635 2P0.

HOLE 60 -0.1584 0.158e4 0.0
UNIT 67
COM='ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y°

CUBOID 3 1 4P10.4635 2P0.

HOLE 60 0.1584 -0.1584 0.0
UNIT €8
COM='ASSEMBLY CELL WITHR 4 BORAL SHEETS -X -Y*

CUBOID 3 1 4P10.463S 2P0.

HOLE 60 -0.1584 -0.1584 0.0
UNIT 69

COM=*CENTRAL HOLE®

CUBOID 3 1 4P10.4636 2P0.6604

.

' HEAT TRANSFER DISK LEVEL ASSEMBLY ARRAYS
.

UNIT 70

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS'
ARRAY 2 ~9.5104 -9.5104 -0.6604

CUBOID 3 1 4P9.9%441 2p0.
CUBOID S 1 4P10.0661 2P0,
CUBOID 3 1 4P10.25681 2r0.

HOLE 16 0.0 10.1615 0.
HOLE 16 0.0 ~-10.1615 0.
HOLE 17 10.1615 0.0 0.
HOLE 17 =-10.1615 0.0 0.

CUBCID $ 1 4P10.3051 2P0,

UNIT 71
COM='ASSEMBLY CELL WITH 4 BORAL SHEETS -Y*

CUBOID 3 1 4P10.463S 2P0.

HOLE 70 0.0 . -0.1584 0.0
UNIT 72
COMe='ASSEMBLY CELL WITH 4 BORAL SHEETS Y*

CUBOID 3 1 4P10.4635 2P0.

HOLE 70 0.0 0.1584 0.0
UNIT 73
COM='ASSEMBLY CELL WITH 4 BORAL SHEETS -X'

CUBOID 3 1 4P10.4635 2r0.

HOLEZ 70 -0.1584 0.0 0.0
UNIT 74
COM="ASSEMBLY CELL WITH 4 BORAL SHEETS X

CUBOID 3 1 4P10.4635 2P0.

HOLE 70 0.1504 0.0 0.0
UNIT 75
COM='ASSEMBLY CELL WITH 4 BORAL SHEETS X Y'

CUBOID 3 1 4P10.4635 2P0,

HOLE 70 0.1584 0.1584 0.0
UNIT 76

1400

1400

1400

6604

6604
6604

6604

6604

6604

6604

6604

6604

6604

€604

6604

6604
6604
6604

6604

6604

€604

6604

6604

6604
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CUBOID 3 1 4P10.4635
HOLE 70 =~0.1584
UNIT 77
COM="ASSEMBLY CELL WITK 4 B
CUBOID 3 1 4P10.463%
HOLE 70 0.1584
UNIT 78

0.1584

-0.1584

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -X Y°

COM="ASSEMBLY CELL WITH 4 BORAL SHEETS -X -Y°

CUBOID 3 1 4P10.4635
HOLE 70 -0.1584
UNIT 79
CQM="CENTRAL HOLE®
CUBOID 3 1 4P10.4636
.

=-0.158

2P0. 6604
0.0
ORAL SHEETS X -Y° .
2P0.6604
0.0
2P0. 6604
4 0.0
2P0. 6604

' MATER LEVEL BASKET ARRAYS
v

UNIT 80
COM="'5X1 WATER LEVEL ARRAY
ARRAY 20 -10.4636 -33.6323
UNIT 81
COM='5X1 WATER LEVEL ARRAY
ARRAY 21 -10.4636 -33.6323
UNIT 82
COM='9X1 WATER LEVEL ARRAY
ARRAY 22 -10.4636 -56.6549
UNIT 03
COM="9X1 WATER LEVEL ARRAY
ARRAY 23 -10.4636 -56.6549

{SMALL ARRAY -~X)}*
-2.1400

{SMALL ARRAY X)°*
-2.1400

(MEDIUM ARRAY -X)*
-2.1400

{MEDIUM ARRAY X)'
-2.1400

UNIT 84

COM="13X1 WATER LEVEL ARRAY (LARGE ARRAY-X)'
ARRAY 24 -10.4636 -79.5251 -2.1400

UNIT 85

COM="13X1 WATER LEVEL ARRAY (MIDDLE LARGE ARRAY)*
ARRAY 25 -10.4636 -79.5251 -2.1400

UNIT 86

COM='13X1 WATER LEVEL ARRAY (LARGE ARRAY X}°®
ARRAY 26 ~10.4636 -79.5251 -2.1400

.

* SUPPORT DISK LEVEL BASKET ARRAYS
.

UNIT 90

COM="S5X1 SUPPORT DISK LEVEL ARRAY (SMALL ARRAY -X}'
ARRAY 30 -10.4636 -33.6323 -0.6604

UNIT 91

COM="5X1 SUPPORT DISK LEVEL ARRAY (SMALL ARRAY X)'
ARRAY 31 -10.4636 -33.6323 ~0.6604

UNIT 92

COM="9X1 WATER LEVEL ARRAY (MEDIUM ARRAY -X)'

ARRAY 32 -10.4636 -56.6549 ~0.6604

UNIT 93

COM="9X1 WATER LEVEL ARRAY (MEDIUM ARRAY X)*

ARRAY 33 -10.4636 -56.6549 -0.6604

UNIT 94

COM='13X1 SUPPORT DISK LEVEL ARRAY (LARGE ARRAY -X}*
ARRAY 34 -10.4636 -79,5251 -0.6604

UNIT 95

COM="'13X1 SUPPORT DISK LEVEL ARRAY (MIDDLE LARGE ARRAY)'®
ARRAY 35 -10.4636 -79.5251 -0.6604

UNIT 96

COM='13X1 SUPPORT DISK LEVEL ARRAY (LARGE ARRAY -X)°’
ARRAY 36 -10.4636 -79.5251 -0.6604

D

' HEAT TRANSFER DISK LEVEL BASKET ARRAYS
.

UNIT 100

COM="SX1 HEAT TRANSFER DISK LEVEL ARRAY (SMALL ARRAY -X)'
ARRAY 40 -10.4636 -33.6323 -0.6604

UNIT 101

COM="5X1 HEAT TRANSFER DISK LEVEL ARRAY (SMALL ARRAY X)°
ARRAY 41 -10.4636 -33.6323 -0.6604

UNIT 102

COM='9X1 HEAT TRANSFER DISK LEVEL ARRAY (MEDIUM ARRAY -X)°
ARRAY 42 -10.4636 -56.6549 -0.6604

UNIT 103

COM='9X1 MEAT TRANSFER DISK LEVEL ARRAY (MEDIUM ARRAY X)°
ARRAY 43 ~10.4636 -56.6549 -0.6604

UNIT 104

COM="13X1 HEAT TRANSFER DISK LEVEL ARRAY {LARGE ARRAY -X)°
ARRAY 44 -10.4636 -79.5251 -0.6604

UNIT 105

COM="13X1 HEAT TRANSFER DISK LEVEL ARRAY (MIDDLE LARGE ARRAY)®
ARRAY 45 -10.4636 -79.5251 -0.6604

UNIT 106

COM="13X1 HEAT TRANSFER DISK LEVEL ARRAY (LARGE ARRAY X)'
ARRAY 46 -10.4636 -79.5251 -0.6604

)

' BASKET ARRAY IN TRANSPORT CASK OVERPACK (LEVEL CONSTRUCTION)
»

UNIT 110

COM="BASKET ARRAY IN TRANSPORT CASK OVERPACK ~ WATER LEVEL'
ARRAY S0 -33.6323 -79.5251 -2,1400

CYLINDER 3 1 80.1253 2P2.1400

HOLE 80 -69.0614 0.0 0.0

HOLE B2 -46.1912 0.0 0.0
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HOLE 81 69.0614 0.0 0.0

HOLE B3 46.1912 0.0 0.0

CYLINDER S 1 89,7128 2P2.1400

CYLINDER 3 1 90.170 2P2.1400

CYLINDER 5 1 93.98 2P2.1400 *
CYLINDER 7 1 103.4288 2P2.1400

CYLINDER 5 1 110.109 2P2.1400

CYLINDER 9 1 124.714 2P2.1400

CYLINDER 9 1 125.349 2P2.1400

CUBOID 9 1 4P150 2P2.1400

uNI? 111

COM="BASKET ARRAY IM TRANSPORT CASK OVERPACK - SUPPORT DISK LEVEL'
ARRAY 51 -33.6323 ~79.5251 -0,6604

CYLINDEN S 1 87,6046 2P0.6604
HOLE 90 -69.0614 0.0 0.0
HOLE 92 -46.1912 0.0 0.0
HOLE 91 69.0614 0.0 0.0
HOLE 93 46.1912 0.0 0.0
CYLINDER 3 1 89.1253 2P0.6604
CYLINDER S 1 89,7128 2P0. 6604
CYLINDER 3 1 90.170 2P0. 6604
CYLINDER 5 1 93.98 2P0.6604
CYLINDER 7 1 103.4288 2P0. 6604
CYLINDER $ 1 110.109 2P0. 6604
CYLINDER 9 1 124.714 2P0.6604
CYLINDER 9 1 125.349 2P0.6604
CUBOID 9 1 4P150 2P0. 6604
URIT 112

COMw='BASKET ARRAY IN TRANSPORT CASK OVERPACK - HEAT TRANSFER DISK LEVEL'
ARRAY 52 -33.6323 -79.5251 -0.6604

CYLINDER 4 1 87.2490 2P0.6604
HOLE 100 -69.0614 0.0 0.0
HOLE 102 -46.1912 0.0 0.0

HOLE 101 €9.0614 0.0 0.0
ROLE 103 46.1912 0.0 0.0
CYLINDER 3 1 88.1253 2P0. 6604
CYLINDER S 1 £9.7128 2PQ.5604
CYLINDER 3 1 90.170 2P0, 6604
CYLINDER § 1 93.98 2P0. 6604
CYLINDER 7 1 103.4288 2P0.6604
CYLINDER 5 1 110.109 2P0.6604
CYLINDER 9 1 124.714 2P0. 6604
CYLINDER 9 1 125,349 2P0.6604
CUBOID 9 1 4P150 2P0.6604
.

* GLOBAL UNIT

.

GLOBAL UNIT 120

ARRAY 60 -175.349 -175.349 0.0
END GEOM

READ ARRAY

NUX=16 NUY=16
1
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ARA®20 NUX=1l NUY=S NUZ=l
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ccidént Conditions Criticality Analysis,

22

$7

END FILL

ARA=21 RUXel NUY=5 NUZ=1
FILL

END FILL
FILL

END FILL
ARA=23 NUX=1 NUY=9 KUZ=1
FILL

END FILL
ARA=24 NUX=1 NUY=13 NUZ~-1
FILL

END FILL
ARA=25 NUX=1 NUY=1) NUZ=1
FILL

END FILL
ARA=26 NUX=l NUY=13 NUZel
FILL

END FILL
]
* SUPPOR DISK LEVEL ARRAYS

.

ARA=30 NUX=1 NUY=5 NUZ=1
FILL

65

END FILL
ARA=31 NUX=1 NUY=5 NUZ~1
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END FILL

END FILL
FILL

END FILL

END FILL
ARA=35 NUX=1 NUY=13 NUZ=1
FILL

ARA=36 NUX=1 NUY=13 NUZ=l

END FILL
’

* HEAT TRANSFER DISK LEVEL ARRAYS
.

ARA=40 NUX=1 NUY=5 NUZ=l

FILL

END FILL

ARA=41 NUX=1 NUY=$ NUZ=1
FILL .

16

42

I
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‘Conditions Criticality Analysis:

END FILL
ARA=43 NUX=1 NUY=9 NUZ=1
FILL

END FILL
ARA=45 NUX=1 NUY=13 NUZel
FILL

END FILL
ARA=46 NUX=1 NUY=13 NUZ=sl
FILL

END FILL

.

* MAJOR ARRAYS
‘.

ARA=50 NUX=$S KUYel NUZ=l
FILL

84 23 85 23 8¢

END FILL

ARA=51 KUX=$ NUY=1l NUZs}
FILL

94 33 95 33 9¢

END FILL

ARA=52 NUX=5 NUY=1 NUZ=1
FILL

104 43 105 43 106

END FILL

.

‘ GLOBAL ARRAY

ARA=60 NUX=1 NUY=l NUZ~4
FILL
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END FILL

END ARRAY

READ BOUNDS IFC=PER YXF~NIR END BOUNDS
READ PLOT

SCReYES PIC=MAT LPI=10

UAX=1.0 VDN==1.0 NAX=1500

.

* WHOLE BASKET HORIZONTAL SLICES
.

TTL='BASKET X-Y CROSS SECTICN AT Z= 0,635 HEAT TRANSFER DISK LEVEL'
XUL= ~130 YUL= 130 2ZULe 0.635

XLR= 130 YLR= -130 ZLR= 0.635

UAX=1.0 VDN=-1.Q0 NAX=13500 END

TTL='BASKET X-Y CROSS SECTION AT 2= 3.44 WATER LEVEL'
XUL= -130 YUL= 130 2ZUL= 3.44

XLR= 130 YLR= -130 ZLR= 3.44

UAX=1.0 VDN=-1.0 NAX=1500 END

TTL='BASKET X-Y CROSS SECTION AT 2= 6.236 SS DISK LEVEL'
XUL= =130 YUL= 130 2UL= 6.236

XLR= 130 YLR= -130 ZLR= 6.236

UAX=1.0 VDN=-1.0 NAX=1500 END

'

' HEAT TRANSFER DISK LEVEL BASKET QUADRANTS
0

TTL=*BASKET X-Y QUADRANTD I HEAT TRANSFER DISK®
XUL= 12. YUL= 80 ZUL= 0.635

XLR= 60.0 YLR= 12.0 ZLR= 0.635

UAX=1.0 VDN=-1.0 NAX=1500 END

TTL="BASKET X-Y QUADRANT II HEAT TRANSFER DISK’
XUL= 12.0 YUL= ~-12.0 ZUL= 0,635

XLR= 80 YLR= -80 ZLR= 0.635

UAX=1.0 VDN=-1.0 NAX=1500 END

TTL='BASKET X-Y QUADRANT III HEAT TRANSFER DISK'®
XUL= -80.0 YUL= -12.0 2UL= 0.635

XLR= -12,0 YLR= -80.0 ZLR= 0.635

UAX=1.0 VDN=-1.0 NAX=1500 END

TTL='BASKET X-Y QUADRANT IV HEAT TRANSFER DISK®
XUL= -80.0 YUL= 80.0 2UL= 0.635

XLR= -12.0 YLR= 12.0 ZLR= 0.63%

UAX=1.0 VDN=-1.0 NAX=1500 END

.

' WATER LEVEL BASKET QUADRANTS
.

TTL="BASKET X-¥Y QUADRANT I WATER LEVEL'
XUL= 12. YUL= B0 ZUL= 3.44
XLR= 80.0 YLR= 12.0 ZLR= 3.44
UAX*1.0 VDNe=-1.0 NAX=1500 END
TTL="BASKET X-Y QUADRANT Il WATER LEVEL'
XUL= 12.0 YUL= -12.0 2UL= 3.44
XLR= B0 YLR= -80 ZLR= 3.44
UAX=1.0 VDNe=-1.0 NAX=1500 END
TTL="BASKET X~Y QUADRANT IIIl WATER LEVEL'
XUL= -80.0 YUL= -12.0 ZUL= 3.44
XLR= -12.0 YLR= -80.0 ZLR= 3.44
UAX~1.0 VDNw-1.0 NAX=1500 END
TTL="BASKET X-Y QUADRANT IV WATER LEVEL'
XUL= -80.0 YUL= 80.0 ZUL= 3.44
XLRe -12.0 YLR= 12.0 ZLR= 3.44
UAX=1.0 VDNe-1.0 NAX=1500 END

.

* VERTICAL SLICES

.

TTL='BASKET X-2 CROSS SECTION ALUMINUM LEVEL (MIDDLE OF FUEL PIN)'
XUL= -90 YUL=0.4 2ZUL= 1.27

XLR= 90 YLR=0.4 ZLR= -.1

UAX=1.0 WDN«-1.0 NAX=1500 END

TTL="BASKET X-Z CROSS SECTION WATER LEVEL (NIDDLE OF FUEL PIN}'
XULe -90 YUL=0.4 ZUL= 4.318

XLR= 90 YLR=0.4 ZLR= 1.27

UAX=1.0 WDN=-1.0 NAX=1500 END

TTL='BASKET X-Z CROSS SECTION SS LEVEL (MIDDLE OF FUEL PIN)®
XUL= -90 YUL=0.4 ZUL= 6.858

XLR= 90 YLR=0.4 ZLR= 5.588

UAX=1.0 WDN=-1.0 NAX=1500 END

TTL='BASKET X-2 CROSS SECTION ENTIRE MODEL (MIDDLE OF FUEL PIN}'
XUL= -90 YUL=0.4 ZUL= 12

XLR= 90 YLR=0.4 ZILR= 0

UAX=1.0 WDN=-1.0 NAX=1500 END

END PLOT

END DATA

END
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T YY)

et PROGRAM VERIFICATION INFORMATION

bl CODE SYSTEM:

(12 (2T T 2

PROGRAM: CSAS

VOLUME : ENG

PRODUCTION CODE: CSAS

VERSION: 3.1

ey
rooan
L Y T YT YTy

SCALE-PC VERSION:

[T T
LT TY 23
ekt
LT T
(22T}
[T}

CREATION DATE: 03-08-96

LIBRARY: G:\scaled3\exe

JOBNAME: SCALE-PC
DATE OF EXECUTION: 11/12/96
TIME OF EXECUTION: 16:53:43

L T T T T T Y

LTI T Y

P T T .

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1.0) (EVF = 1.0

#¢¢¢+ PROBLEM PARAMETERS ***+

LIB 27GROUPNDF4 LIBRARY

MXX 10 MIXTURES

MsC 19 COMPOSITION SPECIFICATIONS

I 4 MATERIAL ZONES

GE LATTICECELL GEOMETRY

MORE 0 0/1 DO NOT READ/READ OPTIONAL PARAMETER DATA
MSLN 0 FUEL SOLUTIONS

4¢++ PROBLEM COMPOSITION DESCRIPTION **++¢

§C U0O2 STANDARD COMPOSITION
MX 1 MIXTURE NO.
VF 0.9500 VOLUME FRACTION
ROTH 10.9600 THEORETICAL DENSITY
NEL 2 NO, ELEMENTS
Ice 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
92000 1.00 ATOM/MOLECULE
92235 4.000 WTY
92238 96.000 WTH
8016 2.00 ATOMS/MOLECULE
END

SC ZIIRCALLOY STANDARD COMPOSITION
M 2 MIXTURE NO.

VF 1.0000 VOLUME FRACTION
ROTH 6.5600 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
Ice 1 0/1 MIXTURE/COMPOUND
TIMP 293.0 DEG KELVIN
40302 1.00 ATOM/MOLECULE
END
8C H20 STANDARD COMPOSITION
MX 3 MIXTURE NO.
vr 1.0000 VOLUME FRACTION
ROTH 0.9982 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ce 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
1001 2.00 ATOMS/MOLECULE
8016 1.00 ATOM/MOLECULE
END
§C AL STANDARD COMPOSITION
MX 4 MIXTURE NO.
vr 1.0000 VOLUME TRACTION
ROTH 2.7020 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ce . 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
13027 1.00 ATOM/MOLECULE
END
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SC $8304 STANDARD COMPOSITION
X $ MIXTURE NO.
vr 1.0000 VOLUME FRACTION
ROTH 7.9200 THEORETICAL DENSITY
NEL 4 NO. ELEMENTS
Ice 0 0/1 MIXTURE/COMPOUND
TEXP 293.0 DEG KELVIN
24304 19.000 wWT%
25053 2.000 WTY
26304 €9.500 wTrs
28304 9.500 wTS
END
s§C B-10 STANDARD COMPOSITION
MX 6 MIXTURE NO.
vr 0.0450 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ICcp 1 0/1 MIXTURE/CCMPOUND
TEMP 293.0 DEG KELVIN
5010 1.00 ATOM/MOLECULE
END
sC B-11 STANDARD CCMPOSITION
MX 6 MIXTURE NO.
vr 0.2736 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
Icp 1 0/1 MIXTURE/COMPOUND
TIMNP 293.0 DEG KELVIN
5011 1.00 ATCOM/MOLECULE
END
sC ¢ STANDARD COMPOSITION
MX €& MIXTURE RO.
vr 0.0927 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
Ice 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
6012 1.00 ATOM/MOLECULE
END
SC AL STANDARD COMPOSITION
MX 6 MIXTURE NO.
A\ 0.5737 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ICcp 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
13027 1.00 ATCM/MOLECULE
END
SC PB STANDARD COMPOSITION
MxX 7 MIXTURE NO.
vF 1.0000 VOLUME FRACTION
ROTH 11.3440 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ce 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
82000 1.00 ATOM/MOLECULE
END
SC H STANDARD COMPOSITION
MX 8 MIXTURE NO.
vr 0.0600 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
Icep 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
1001 1.00 ATCM/MOLECULE
END
sC © STANDARD COMPOSITION
MX 8 MIXTURE NO.
vr 0.4250 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
Ice 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
8016 1.00 ATOM/MOLECULE
END
sC C STANDARD COMPOSITION
M 8 MIXTURE NO.
vr 0.2770 VOLUME FRACTION
ROTH 1.6291 SPECITIED DENSITY
NEL 1 NO. ELIMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN
6012 1.00 ATOM/MOLECULE
END
SC N STANDARD CCMPOSITION
MX 8 MIXTURE NO.
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CSAS25 Outpit for Canistered Ficl Accident Condmions

Crticality Analysis:

EEE 608

END
SC H20

ROTH
NEL
Ice
TEMP

END

SC H20
vr

ROTH
NEL

ice
TEMP

END

1.6291
1

1
293.0
7014

0.2140
1.6291

- -

293.0
13027

0.0010
1.6291

e

293.0
5010

0.0040
1.6291

-

293.0
5011

1.0000
0.9982

N

293.0
1001
8016

10
1.0000
0.9982

=N

293.0
1001
8016

VOLUME FRACTION
SPECIFIED DENSITY
NO. ELEMENTS
0/1 MIXTURE/COMPOUND
DEG KELVIN

1.00 ATOM/MOLECULE

STANDARD COMPOSITION
MIXTURE NO.
VOLUME FRACTION
SPECIFIED DENSITY
RO. ELEMENTS
0/1 MIXTURE/COMPOUND
DEG KELVIN

1.00 ATOM/MOLECULE

STANDARD COMPOSITION
MIXTURE NO.
VOLUME FRACTION
SPECIFIED DENSITY
NO. ELEMENTS
0/1 MIXTURE/COMPOUND
DEG KELVIN

-1.00 ATOM/MOLECULE

STANDARD COMPOSITION
MIXTURE NO.
VOLUME FRACTION
SPECIFIED DENSITY
NO. ELEMENTS
0/1 MIXTURE/COMPOUND
DEG KELVIN

1.00 ATOM/MOLECULE

STANDARD COMPOSITION
MIXTURE NO.
VOLUME FRACTION
THEORETICAL DENSITY
NO. ELEMENTS
0/1 MIXTURE/COMPOUND
DEG KELVIN
2.00 ATOMS/MOLECULE
1.00 ATOM/MOLECULE

STANDARD COMPOSITION
MIXTURE NO.
VOLUME FRACTION
THEORETICAL DENSITY
NO. ELEMENTS
0/1 MIXTURE/COMPOUND
DEG KELVIN
2.00 ATOMS/MOLECULE
1.00 ATOM/MOLECULE

+#44¢ PROBLEM GEOMETRY *¢+¢

CTP SQUAREPITCH CELL TYPE

PITCH
FUELOD
MFUEL
MMOD
CLADOD
MCLAD
GAPOD
MGAP

ZONE SPECIFICATIONS

1.1887 CM CENTER TO CENTER SPACING
0.7887 CM FUEL DIAMETER OR SLAB THICKNESS

1

3
0.9271
2
0.8052
10

MIXTURE NO. OF FUEL
MIXTURE NO. OF MODERATOR
CM CLAD OUTER DIAMETER
MIXTURE NO. OF CLAD

CM GAP OUTER DIAMETER
MIXTURE NO. OF GAP

ZONE 1 1S FUEL
ZONE 2 IS GAP
ZONE 3 IS CLAD
ZONE 4 IS MOD

FOR LATTICECELL GEOMETRY
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bkl PROGRAN VERIFICATION INFORMATION
ateee

At CODE SYSTEM: SCALE-PC VERSION: 4.3
by

- ITTIITIITY

33

PROGRAM: 000002
CREATICHN DATE: 09-28-95

VOLUME : ENG

LIBRARY: G:\scaledl\exe

deiedohd PRODUCTION CODE: NITANL
(22222

b ddd VERSION: 3.0
hhes

heehedd JOBNAME: SCALE-PC

hbddd DATE OF EXECUTION: 11/12/96
b A TIME OF EXECUTION: 16:53:48

. hbad Iy TR TIT T A L2 23
R e e L 2]
P R T R R R R 22 2 22 2

=1Q ARRAY HAS 1 ENTRIES.
0Q ARRAY HAS 9 ERTRIES.
1Q ARRAY HAS 12 ENTRIES.

SELECT 27 NUCLIDES FROM THE MASTER LIBRARY ON LOGICAL
0 NUCLIDES FROM THE WORKING LIBRARY ON LOGICAL

0 NUCLIDES FROM THE WORKING LIBRARY ON LOGICAL

TO CREATE THE NEW WORKING LIBRARY ON LOGICAL

- W N

4 RESONANCE CALCULATIONS HAVE BEEN REQUESTED

-1 OUTPUT OPTION FOR AMPX FORMATTED CROSS SECTION DATA
2001 MAXIMUM NUMBER OF RESONANCE MESH INTERVALS

2 ORDER OF RESONANCE LEVEL PROCESSING

THE STORAGE ALLOCATED FPOR THIS CASE IS 100000 WORDS

2Q ARRAY HAS 27 ENTRIES.
3Q ARRAY HAS 60 ENTRIES.
40 ARRAY HAS 27 ENTRIES.

GENERAL INFORMATION CONCERNING CROSS SECTION LIBRARY
TAPE IDENTIFICATION NUMBER 4321
NUMBER OF NUCLIDES ON TAPE 27
NUMBER OF NEUTRON ENERGY GROUPS 27
FIRST THERMAL NEUTRON ENERGY GROUP 15
NUMBER OF GAMMA ENERGY GROUPS 0

DIRECT ACCESS UNIT NUMBER 9 REQUIRES 117 BLOCKS OF LENGTH 1680 WORDS
XSDRN TAPE 4321
SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY
BASED ON ENDF-B VERSION 4 DATA

COMPILED FOR NRC 1/2170%
LAST UPDATED 08/12/94
L.M.PETRIE -  ORNL
NUCLIDES FRCM XSDRN TAPE
1 HYDROGEN ENDF/B-1V MAT 1269/THRM1002 UPDATED 08/12/94 3001001
2 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 8001001
3 HYDROGEN ENDF/B~1IV MAT 1269/THRM1002 UPDATED 08/12/94 9001001
4 HYDROGEN ENDF/B-1V MAT 1269/THRM1002 UPDATED 08/12/94 10001001
-] B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 6005010
6 8-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 8005010
? BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 6005011
L] BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 8005011
] CARBON-12 ERDEF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94 6006012
10 CARBON-12 ENDF/B~IV MAT 1274/THRM1065 UPDATED 08/12/94 8006012
11 NITROGEN-14 ENDF/B-1V MAT 1275 UPDATED 08/12/94 8007014
12 OXYGEN-16 ENDF/B~IV MAT 1276 UPDATED 08/12/94 1000016
13 OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/54 3008016
14 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 8008016
15 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 9008016
16 OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 10008016
17 AL-27 1193 218 GP 040375(S) UPDATED 08/12/94 4013027
18 AL-27 1193 218 GP 040375(S) UPDATED 08/12/94 6013027
19 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 8013027
20 CR 1191 NT SS-304(1/EST) P-3 293K SP=5+4{42375)" UPDATED 08/12/94 5024304
21 MANGANESE-SS  ENDF/B-IV MAT 1197 UPDATED 08/12/94 502505%
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ted);

22 FE 1192 WT 8S-304 (1/EST) P-3 293K SP=5+4(42375)"' UPDATED 08/12/94 5026304

23 NI 1190 WT 85S-304(1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 5028304
24 ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 2040302
25 PB 1288 218NGP 042375 P-3 293K UPDATED 08/12/94 7082000
26 URANIUN-235 ENDF/B~IV MAT 1261 UPDATED 08/12/94 1092235
27 URANRIUM-238 ENDF/B-IV MAT 1262 UPDATED 08/12/94 1092238
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 3001001 TEMPERATURE=  293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

HYDROGEN ENDF/B-1IV MAT 126%/THRM1002 UPDATED 08/12/94 8001001 TEMPERATURE=  2$3.00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 9001001 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00

HYDROGEN ENDF/B-1IV MAT 1269/THRM1002 UPDATED 08/12/94 10001001 TEMPERATURE= 293,00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

B-10 1273 21BNGP 042375 P-3 293K UPDATED 08/12/94 6005010 TEMPERATURE=  293.00
PROCESS KUMBER 1007 IS AT TEMPERATURE= 293,00

B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 8005010 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 6005011 TEMPERATURE=  293.00
PROCESS NUMBER 1007 1S AT TEMPERATURE= 293,00

BORON-11 ENDF/B~-1V MAT 1160 UPDATED 08/12/94 8005011 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00

CARBON-12 ENDF/B~-1IV MAT 1274/THRM1065 UPDATED 08/12/94 6006012 TEMPERATURE= 293,00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

CARBON-12 ENDF/B-1IV MAT 1274/THRM1065 UPDATED 08/12/94 ' 8006012 TEMPERATURE= 293,00
PROCESS NUMBER 1007 1S AT TEMPERATURE= 293,00

NITROGEN-14 ENDF/B-IV MAT 1275 UPDATED 08/12/94 8007014 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/94 1008016 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00

OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 3008016 TEMPERATURE=  293.00
PROCESS NUMBER 1007 15 AT TEMPERATURE= 293.00

OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 8008016 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

OXYGEN-16 ENDF/B~IV MAT 1276 UPDATED 08/12/94 9008016 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00

OXYGEN-16 ENDF/B~-1IV MAT 1276 UPDATED 08/12/94 10008016 TEMPERATURE= 293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

AL-27 1193 2

-

8 GP 040375(5) UPDATED 08/12/94 4013027 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00

AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 6013027 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

AL-27 1193 218 GP 040375(S) UPDATED 08/12/94 8013027 TEMPERATURE= 293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00

CR 1191 NT §S-304(1/EST) P-3 293K SP=5+4(42375)" WPDATED 08/12/94 5024304 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPEZRATURE= 293.00

MANGANESE-55  ENDF/B-IV MAT 1197 UPDATED 08/12/94 $02508S TEMPERATURE= 293,00
GEOMETRY HAS BEEN SET TO HOMOGENEOUS AS LBAR 1S 0.0000E+00
RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER ({A) - 54.466 TEMPERATURE (KELVIN} = 293.000

POTENTIAL SCATTER SIGMA = 2.%90 LUMPED NUCLEAR DENSITY = 1.73632952-03
SPIN FACTOR (G} - 14.448 LUMP DIMENSION (A-BAR) = 0,0000000E+00
INNER RADIUS = 0.0000000E+00 DANCOFF CORRECTION (C) = 0.0000000E+00

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL NETHOD.

MASS OF MODERATOR-1 - 55.045 SIGMA (PER ABSORBER ATOM)= 3.4663022E402
MODERATOR-1 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-~2 - 55.925 SIGMA(PER ABSORBER ATOM)= 1.2557598E+02
MODERATOR~-2 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

THIS RESONANCE MATERIAL WILL BE TREATED AS A O-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELP-SHIELDING=1.00000
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"Conditions Cricalty ATalysig)

GROUP RES ABS RES FISS RES SCAT

] -5.518798E-04 0.000000E+00  -3.944130E-01

9 =-2.797993E-03 0.000000E+00  -2.293471E+00
10 -3.291452E-01 0.000000E+00  ~3.820862E+01 .

11 -2.680562E+00 0.000000E4+00  ~1.159996E+02

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 3.33719E+00

FISSION 0.00000E+00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00
FE 1192 WT SS-304 (1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 5026304 TENPERATUREe  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00
NI 1190 WT SS5-304(1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 5028304 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00
ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 2040302 TEMPERATURE=  293.00

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 90.436 TEMPERATURE (KELVIN} = 293.000

POTENTIAL SCATTER SIGMA = 6,385 LUMPED NUCLEAR DENSITY = 4.3307818E-02
SPIN FACTOR (G) - 1.078 LUMP DIMENSION (A-BAR) = 4.6355000E-01
INNER RADIUS = 4.0259999E-01 DANCOFF CORRECTION (C} - 4.8012701£-01

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.
THIS RESONANCE MATERIAL WILL BE TREATED AS A 2-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING=1.00000

GROUP RES ABS RES FISS RES SCAT
8 -3.660543E-04 0.000000E+00 ~-2.908784E-01
S -2.489563E-02 0.000000E+00  -1.0278392E+00
10 -2.529998E-02 0.000000E8+00 ~5.793766E-01
11 -8.583183E-02 0.000000E+00 -4.082697E-01

EXCESS RESONANCE INTEGRALS

RESOLVED
ABSORPTION 5.46203E-01
FISSION 0.00000E+00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293.00
PB 1288 218NGP 042375 P-3 293K UPDATED 08/12/94 7082000 TEMPERATURE=  293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00
URANIUM-235 ENDF/B-1IV MAT 1261 UPDATED 08/12/94 1092235 TEMPERATURE= 293.00

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 233.025% TEMPERATURE {KELVIN) = 293.000

POTENTIAL SCATTER SIGMA = 11.500 LUMPED NUCLEAR DENSITY = 9.4064139E-04
SPIN FACTOR (G) = 15171.100 LUMP DIMENSION (A-BAR) = 3,.94349992-01
INNER RADIUS = 0.0000000E+00 DANCOF? CORRECTION (C) = 2.9500756E-01

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF NODERATOR-1 - 15.991 S1GMA(PER ABSORBER ATOM}= 1.9199110E+02
MODERATOR-1 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-2 - 238.051 SIGMA {PER ABSORBER ATOM)= 2.9209552E+02
MODERATOR-2 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

THIS RESONANCE MATERIAL WILL BE TREATED AS A 2-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING=1.00000

GROUP RES ABS RES F1ISS RES SCAT
12 -4.040891E+00 -2.484752E+00 ~9.599491£-02
13 -1.26074SE+01 -6.154013E+00 ~2.681050E-01
14 -9.467398E+00 -5.597835E+00 ~6.275433E-02
15 =5.487491E-04 ~4.169921E-04 5.016608E-06

EXCESS RESONANCE INTEGRALS

RESOLVED
ABSORPTION 1.97633E+02
FISSION 1.18625E+02

PROCESS NUMBER 1007 IS AT TEMPERATURE= 293,00
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UPDATED 08/12/94 1092238 TEMPERATURE= 293,00

RESONANCE DATA FOR THIS NUCLIDE

MASS MUMBER (A) = 236.006 TEMPERATURE (KELVIN) = 2893.000

POTENTIAL SCATTER SIGMA = 10.599 LUMPED NUCLEAR DENSITY = 2.22902092-02
SPIN FACTOR (G) = 656.527 LUMP DIMENSION (A-BAR) = 3.9434999E-01
INNER RADIUS = 0.0000000E+00 DANCOFF CORRECTION (C) = 2.9500736E-01

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-1 - 15.991 SIGMA{PER ABSORBER ATOM)= 8.10197732+00
MODERATOR-1 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

NMASS OF MODERATOR-2 = 235,044 SIGMA (PER ABSORBER ATOM)= $.0228214E-01
MODERATOR-2 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

THIS RESONANCE MATERIAL WILL BE TREATED AS A 2-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUMP IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING=1.00000

GROUP RES ABS RES FISs RES SCAT
9 ~4.868848E~02 0.000000E+00  ~4.793465E-01
10 =1.166066E+00 -2.527089E-05 -7.025325E+00
11 =9,951198E+00 0.000000E+00 ~2.725808E+01
12 -4.311383£+01 0.000000E400 -5.006018E+01
13 ~5.391320E+01 0.000000E+00 -1.768690E+01
14 ~1.043868E+02 0.000000E+00 -6.064470E+00
15 ~9.692318E-07 0.000000E+00 1.880502E-06

EXCESS RESONANCE INTEGRALS

RESOLVED
ABSORPTION 1.80430E+01
FISSION 4.90718E-04
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PROCESS NUMBER 1007 IS AT TEMPERATURE=  293.00
THIS XSDRN NORKING TAPE WAS CREATED 11/12/96 AT 16:53:48
THE TITLE OF THE PARENT CASE IS AS FOLLOWS
SCALE 4.2 - 27 GROUP NEUTRON GROUP LIBRARY
BASED ON ENDF-B VERSION 4 DATA

COMPILED FOR NRC 1/27/89
TAPE ID 4321 NUMBER OF NUCLIDES 27
NUMBER OF NEUTRON GROUPS 27 NUMBER OF GAMMA GROUPS 0
FIRST THERMAL GROUP 15 LOGICAL UNIT 4
TABLE OF CONTENTS
HYDROGEN ENDF/B~1IV MAT 1269/THRM1002 UPDATED 08/12/94 ID 3001001
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 ID 8001001
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 ID 95001001
HYDROGEN ENDP/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 ID 10001001
B-10 1273 21BNGP 042373 P-3 293K UPDATED 08/12/94 ID 6005010
B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 1D 8005010
BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 ID 6005011
BORON-11 ENDF/B-IV MAT 1160 UPDATED 08/12/94 Ip 8005011
CARBON-12 ENDF/B-IV MAT 1274/THRM106€5 UPDATED 08/12/94 ID 6006012
CARBON-12 ENDF/B-1IV MAT 1274/THRM1065 UPDATED 08/12/94 ID 8006012
NITROGEN-14 ENDF/B-1IV MAT 1275 UPDATED 08/12/94 ID 9007014
OXYGEN-16 ENDY/B-IV MAT 1276 UPDATED 08/12/94 ID 1008016
OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/94 IdD 3008016
OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94 ID 8008016
OXYGEN-16 ERDF/B-1V MAT 1276 UPDATED 08/12/94 ID 9008016
OXYGEN-16 ENDF/B-1V MAT 1276 UPDATED 08/12/94 ID 10008016
AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 ID 4013027
AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 ID 6013027
AL-27 1193 218 GP 040375(S) UPDATED 08/12/94 ID 8013027
CR 1191 WT SS-304(1/EST) P-3 293K SP=5+4(42375)° UPDATED 08/12/94 ID 5024304
MANGANESE-S5  ENDF/B-IV MAT 1197 UPDATED 08/12/94 ID 5025055
FE 1192 WY SS-304 (1/EST) P-3 293K SP=3+4(42375)" UPDATED 08/12/94 ID 5026304
NI 1190 WT SS5-304(1/EST) P-3 293K SP=5+4(42375)" UPDATED 08/12/94 ID 5028304
ZIRCALLOY ENDF/B~-IV MAT 1284 UPDATED 08/12/94 ID 2040302
PB 1288 218NGP 042375 P-3 293K UPDATED 08/12/94 ID 7082000
URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 ID  109223%
URANIUM-238 ENDF/B-1V MAT 1262 UPDATED 08/12/94 ID 1092238
TAPE COPY USED 0 I/0°S, AND TOOK 0.33 SECONDS
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TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1.0) (EVE = 1.0%**

e

sessee NUMERIC PARAMETERS

MAXIMUM PROBLEM TIME (MIN)

TIME PER GENERATION (MIN)

NUMBER OF GENERATIONS

NUMBER PER GENERATION

NUMBER OF GENERATIONS TO BE SKIPPED
BEGINNING GENERATION NUMBER
GENERATIONS BETWEEN CHECKPOINTS
NUMBER OF EXTRA 1-D CROSS SECTICNS
NEUTRON BANK SIZE

EXTRA POSITIONS IN NEUTRON BANK
FISSION BANK SIZE

EXTRA POSITIONS IN FISSION BANK
DEFAULT VALUE OF WEIGHT AVERAGE
WEIGHT HIGH FOR SPLITTING

WEIGHT LOW FOR RUSSIAN ROULETTE
STARTING RANDOM NUMBER

NUMBER OF D.A. BLOCKS ON UNIT 8
LENGTH OF D.A. BLOCKS ON UNIT 8
MODE OF CALCULATION

INPUT DATA WRITTEN ON RESTART UNIT

BINARY DATA INTERFACE
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for Canistered Fuel’Accident Conditions. Criticality Analysts.

* . sesatdee
hw

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM} (IVF = 1.0) (EVF = 1,0%%¢
e

L2y L dbanw . 4 chedhe [T
Yy rrane LOGICAL PARAMETERS LXTYT Y ke
e ae
::: RUN EXECUTE PROBLEM AFTER CHECKING DATA YES PLT PLOT PICTURE MAP(S) NO :::
::: FLX COMPUTE FLUX NO FDK  COMPUTE FISSION DENSITIES NO ¢+
::: SMU COMPUTE AVG UNIT SELFP-MULTIPLICATION WO KUB COMPUTE NU-BAR & AVG FISSION GROUP YES EEE
::: KKU COMPUTE MATRIX K-EFF BY UNIT NUMBER NO NXP COMPUTE MATRIX K-EFF BY UNIT LOCATION RQ ¢*e
::: CKU COMPUTE COFACTOR K-EFF BY UNIT NUMBER NO CKP COMPUTE COFACTOR K-EFT BY UNIT LOCATION NO EE:
::: FMU  PRINT PISS PROD MATRIX BY UNIT NUMBER NO FMP  PRINT FISS PROD MATRIX BY UNIT LOCATION NO ::E
::: MKH COMPUTE MATRIX K-EFF BY HOLE NUMBER NO MEA COMPUTE MATRIX K-EFF BY ARRAY NUMBER NO :::
::: CKH COMPUTE COFACTOR K-EFF BY HOLE NUMBER NO CKA COMPUTE COFACTOR K-EFF BY ARRAY NUMBER NO :::
::: FMH PRINT FISS PROD MATRIX BY HOLE NUMBER NO FMA  PRINT FISS PROD MATRIX BY ARRAY NUMBER NO :::
::: HHL COLLECT MATRIX BY HIGHEST HOLE LEVEL NO HAL COLLECT MATRIX BY HIGHEST ARRAY LEVEL NO :::
::: AMX PRINT ALL MIXED CROSS SECTIONS NO FAR PRINT FIS. AND ABS. BY REGION NO :::
::: XS1 PRINT 1-D MIXTURE X-SECTIONS NO GAS PRINT FAR BY GROUP NO :::
::: XS2 PRINT 2-D MIXTURE X-SECTIONS NO PAX PRINT XSEC-ALBEDO CORRELATION TABLES NO :::
::: XAP PRINT MIXTURE ANGLES & PROBABILITIES RO PNT PRINT WEIGHT AVERAGE ARRAY NO :':
::: PKI PRINT FISSION SPECTRUM NO PGM PRINT INPUT GEOMETRY L] :E:
::: P1D PRINT EXTRA 1-D CROSS SECTIONS NO BUG PRINT DEBUG INFORMATION NO :::
e TRK PRINT TRACKING INFORMATION RO ¢+
LA A Y I R Y LRI T T I Yy .. [T
PARAMETER INPUT COMPLETED
cerenens 0 10's 'ER!ZUS!DREA.DIHGTHEPMTERDATA vesseens

CROSS SECTIONS READ FROM THE AMPX WORKING LIBRARY ON UNIT 4
TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1.0) (EVF = 1.0
MIXING TABLE

NUMBER OF SCATTERING ANGLES = 2
CROSS SECTION MESSAGE THRESHOLD «3.0E-05

MIXTURE = 1 DENSITY({G/CC) = 10.412

NRUCLIDE  ATOM-DENS. WGT. FRAC. ZA ANT RUCLIDE TITLE

1008016 4.64617E-02 1.18487E-01 8016 15.9904 OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED
08/12/94

1092235 9.40641E-04 3.52606E-02 92235  235.044) URANIUM-235 ENDF/B-1V MAT 1261 UPDATED
08/12/94

1092238 2.22902E~02 8.46253E-01 92238 238.0510 URANIUM-238 ENDF/B-1V MAT 1262 UPDATED
08/12/94
MIXTURE = 2 DENSITY(G/CC) = 6.5600

NUCLIDE  ATOM-DENS. WGT. FRAC. A AWT NUCLIDE TITLE

2040302 4.33078E-02 1.00000E+00 40000 91.219¢ ZIRCALLOY ENDF/B-1V MAT 1284 UPDATED
08/12/94
MIXTURE = 3 DENSITY(G/CC) = 0.99817

NUCLIDE  ATOM-DENS. WGT. FRAC. A AWT NUCLIDE TITLE

3001001 6.67692E-02 1.11927£-01 1001 1.0077 NYDROGEN ENDF/B-1V MAT 1269/THRM1002 UPDATED
08/12/94

3008016 3.33B46E-02 8.88074E-01 2016 15.9904 OXYGEN~16 ENDF/B-1IV MAT 1276 UPDATED
08/12/94
MIXTURE = L} DENSITY(G/CC) = 2.7020

NUCLIDE  ATOM-DENS. MGT. FRAC. ZA ANT NUCLIDE TITLE

4013027 6.03066E-02 1.00000E+00 13027 26.9810 AL-27 1193 218 GP 040375(S} UPDATED
08/12/94
MIXTURE = $ DENSITY{G/CC} = 7.9200

NUCLIDE  ATOM-DENS, WGT. FRAC. ZA ANT NUCLIDE TITLE

5024304 1.74286E£-02 1.90000E-01 24000 51.9957 CR 1191 WT 5S-304{1/EST) P-3 293K SP=5+4(42375)" UPDATED
08/12/94

5025055 1.73633E-03 1.99999E-02 25055 54.9379 MANGANESE-55  ENDF/B-IV MAT 1197 UPDATED
08/12/94

5026304 5.93579E-02 6.95000E-01 26000 $5.8447 FZ 1192 WT $5-304{1/EST) P-3 293K BP=5+4({42375)" UPDATED
08/12/94

5028304 7.72070E-03 9,50001E-02 28000 58.6872 NI 1190 WT SS-304(1/EST) P-3 293K SP=5+4(42375)" UPDATED
08/12/94 -
MIXTURE = 6 DENSITY(G/CC) = 2.5833

NUCLIDE  ATOM-DENS. WGT. FRAC. A AWT NUCLIDE TITLE

6.6-93



NAC-STC SAR December 1996
Docket No. 71-9235 Revision 9A

for Canistered Fiicl Accident Conditions Criticality Analyst

6005010 7.09799E-03 4.56855E-02 5010 10.0130 B-10 1273 21BNGP 042375 P-3 293K UPDATED
08/12/94
6005011 3.92499E-02 2.77771E-01 5011 11.0096 BORON-11 ENDF/B-IV MAT 1160 UPDATED
08/12/94
6006012 1.22006E-02 9.41116E-02 6000 12.0001 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED
08/12/94
6013027 3.35012E-02 5.82432E-01 13027 26.9818 AL-27 1193 218 GP 040375($%) UPDATED
08/12/9%4
MIXTURE = 7 DENSITY(G/CC) = 11.344
NUCLIDE  ATOM-DENS. NGT. FRAC. ZA ANT NUCLIDE TITLE
7082000 3.29690E-02 1.00000E+00 82000 207.2100 PB 1288 218NGP 042375 P-3 293K UPDATED
08/12/94
MIXTURE = ] DENSITY(G/CC) = 1.6307
NUCLIDE ATOM-DENS. WGT. FRAC. ZA AWT NUCLIDE TITLE
8001001 5.84084E-02 5,.99323E-02 1001 1.0077 HYDROGEN ENDF/B-IV MAT 1269/TRRM1002 UPDATED
08/12/94
8005010 9.79802E-05 9.99025E-04 5010 10.0130 B-10 1273 21BNGP 04237% P-3 293K UPDATED
08/12/94
8005011 3.564508-04 3.9961SE-03 5011 11.0096 BORON-11 ENDF/B-1V MAT 1160 UPDATED
08/12/94
8006012 2.26463E-02 2.76729E-01 6000 12.0001 CARBON-12 ENDF/B-1V MAT 1274/THRM1065 UPDATED
08/12/94 .
8007014 1.40121E-03 1.99805E-02 7014 14.0033 NITROGEN-14 ENDF/B-IV MAT 1275 UPDATED
08/12/94
8008016 2.60749E-02 4.245742-01 8016 15.9904 OXYGEX-16 ENDF/B-IV MAT 1276 UPDATED
08/12/94
8013027 7.78110E-03 2.13789E-01 13027 26,9818 AL-27 1193 218 GP 040375(5) UPDATED
08/12/94
MIXTURE = 9 DENSITY(G/CC) = 0.99817
NUCLIDE  ATCM-DENS. WGT. FRAC. ZA AWT NUCLIDE TITLE
9001001 6.67692E-02 1.11927E-01 1001 1.0077 HYDROGEN ENDF/B-1IV MAT 1263/THRM1002 UPDATED
08/12/94
9008016 3.33846E-02 8.88074E-01 8016 15.9904 OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED
08/12/94
MIXTURE = 10 DENSITY(G/CC) =« 0.99817
NUCLIDE  ATOM-DENS. WGT. FRAC. AWT NUCLIDE TITLE
10001001 6.67692E-02 1.11927E-01 1001 1.0077 HYDROGEN ENDF/B~1V MAT 1269/THRM1002 UPDATED
08/12/94
10008016 3.33846E-02 8.88074E-01 8016 15.9904 OXYGEN-16 ENDF/B~IV MAT 1276 UPDATED
08/12/94
3001001 HYDROGEN ENDF/B-1V MAT 1269/THRM1002 UPDATED 08/12/94
8001001 HYDROGEN ENDF/B~IV MAT 1269/THRM1002 UPDATED 08/12/94
9001001 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94
10001001 HYDROGEN ENDF/B-1V MAT 1269/THRM1002 UPDATED 08/12/94
6005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/54
8005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94
6005011 BORON-11 ENDF/B~1IV MAT 1160 UPDATED 08/12/94
8005011 BORON-11 ENDF/B-1IV MAT 1160 UPDATED 08/12/94
6006012 CARBON-12 ENDF/B-IV MAT 1274/THRM1065 UPDATED 08/12/94
8006012 CARBON-12 ENDF/B-1V MAT 1274/THRM1065 UPDATED 08/12/94
8007014 NITROGEN-14 ENDF/B-1IV MAT 1275 UPDATED 08/12/94
1008016 OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94
3008016 OXYGEN-16 ENDY/B-IV MAT 1276 UPDATED 08/12/94
8008016 OXYGEN-16 ENDF/B~1IV MAT 1276 UPDATED 08/12/94
9008016 OXYGEN-16 ENDF/B~IV MAT 1276 UPDATED 08/12/94
10008016 OXYGEN-16 ENDF/B-1IV MAT 1276 UPDATED 08/12/94
4013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94
6013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94
8013027 AL-27 1193 218 GP 0403753(5) UPDATED 08/12/94
5024304 CR 1191 WT SS-304(1/EST) P-3 293K SP=5+4{42375)" UPDATED 08/12/94
5025055 MANGANESE-5S  ENDF/B-1V MAT 1197 UPDATED 08/12/94
5026304 FE 1192 WD SS-304{1/EST} P-) 293K SPuS5+4{42375)" UPDATED 08/12/94
5028304 NI 1190 WT SS-304(1/EST} P-) 293K SP=5+4(42375)" UPDATED 08/12/94
2040302 ZIRCALLOY ENDF/B-1V MAT 1284 UPDATED 08/12/94
7082000 PB 1288 218NGP 042375 P-3 293K UPDATED 08/12/94
1092235 URANIUN-2135 ENDF/B-IV MAT 1261 UPDATED 08/12/94
1092238 URANIUM-238 ENDF/B-1V MAT 1262 UPDATED 08/12/94
vaaaas .o 0 10'S WERE USED MIXING CROSS-SECTIONS ceaasns

1-D CROSS SECTION ARRAY 1D NUMBERS
1 2002 1452 27 18 1018

ceceeenn 0 10'S WERE USED PREPARING THE CROSS SECTIONS cevsanes
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TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1,0) (EVF = 1.0
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e
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44e4te ADDITIONAL INFORMATION séesee

NUMBER OF ENERGY GROUPS 27
WO. OF FISSION SPECTRUM SOURCE GROUP 1
¥O. OF SCATTERING ANGLES IN XSECS 2
ENTRIES/NEUTRON IN THE WEUTRON BANK 33
ENTRIES/NEUTRON IN THE FISSION BANK 26
NUMBER OF MIXTURES USED 9
NUMBER OF BIAS ID'S USED 1
NUMBER OF DIFFERENTIAL ALBEDOS USED 0

TOTAL INPUT GEOMETRY REGIONS 136
. NUMBER OF GEOMETRY REGIONS USED 13¢
LARGEST GEOMETRY UNIT NUMBER 120
LARGEST ARRAY NUMBER 60
+X BOUNDARY CONDITION MIR
+Y BOUNDARY CONDITION MIR
+Z BOUNDARY CONDITION PER

USE LATTICE GEOMETRY

GLOBAL ARRAY NUMBER

NUMBER OF UNITS IN THE GLOBAL X DIR.
NUMBER OF UNITS IN THE GLOBAL Y DIR.
NUMBER OF UNITS IN THE GLOBAL I DIR.
USE A GLOBAL REFLECTOR

USE RESTED HOLES

NUMBER OF HOLES

MAXIMUM ROLE NESTING LEVEL

USE MESTED ARRAYS

NUMBER OF ARRAYS USED

MAXIMUM ARRAY NESTING LEVEL

~X BOUNDARY CONDITION
=¥ BOUNDARY CONDITION
=% BOUNDARY CONDITION

MIR
PER

L g L L T N Y YL e T T )
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5. Qutput for Canistered Fuel Acci

START TYPE O WAS USED.
THE NEUTRONS WERE STARTED WITH A FLAT DISTRIBUTION IN A CUBOID DEFINED BY:
+X= 1,24651E402 ~X=-1.753492402 +Y= 1.24651E+02 <-Ye-1.75349E402 +2= 1.12016E401 -~Z= 0.00000E+00
THE FLAG TO START NEUTRONS IN THE REFLECTOR WAS TURNED OFF
0.04183 MINUTES WERE REQUIRED FOR STARTING. TOTAL ELAPSED TIME IS 0,06400 MINUTES.

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCR = 300 CM) (IVF = 1.0) (EVF « 1.0

GENERATION ELAPSED TIME AVERAGE AVG K-EFF MATRIX MATRIX K-EFF
GENERATION K-EFFECTIVE MINUTES K-EFFECTIVE DEVIATION K-EFFECTIVE DEVIATION
KENO MESSAGE NUMBER KX5-132 MARNING....ONLY 920 INDEPENDENT FISSION POINTS WERE GENERATED
1 8.45260E-01 1.03500E-01 1.00000E+00 0.00000E+00 0. 00 0. 00
KENO MESSAGE NUMBER K3-132 WARNING....ONLY 9548 INDEPENDENT PISSICN POINTS WERE GENERATED
2 8.75995E-01 1.43033E-01 1.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
KENO MESSAGE NUMBER K5-132 WARNING....ONLY 952 INDEPENDENT FISSION POINTS WERE GENERATED
3 8.44310E-01 1.82333E-01 8.442310B-01 0.00000E+00 0.00000E+00 0.00000E+00
4 9.03824E-01 2.21667E-01 8.74067E-01 2.97569E-02 0. 00 . +00
5 9.25732E-01 2.60000E-01 8.91289E-01 2.43257E-02 0.00000E+00 0.00000E+00
6 8.52908E-01 2.99500E-01 8.81693E-01 1.969618-02 0.00000E+00 0.00000E4+00
7 9.20506E-01 3.39667E-01 9.994562-01 1.711782~-02 0.00000E+00 0.00000E+00
8 8.749987E-01 3.78167E-01 8.870442-01 1.41832E-02 0.00000E+00 0.00000E+00
9 9.096452-01 4.19333E-01 8.90273E-01 1.24142E-02 0.00000E+00 0.00000E+00
10 8.48362E-01 4.58667E~-01 8.85034E-01 1.19595E-02 0.00000E+00 0.00000E+00
11 $.01759E-01 4.99000E-01 8.86893E-01 1.07097E~02 0.00000E+00 0.00000E+00
12 8.91590E-01 5.38333E-01 8.87362E-01 9.59060E~03 0.000002+00 0.00000E+00
13 8.26485E-01 5.77667E-01 8.81828E-01 1.029002-02 0.00000E+00 0.00000E+00
14 8.67572E-01 6.188332-01 8.80640E-01 9.46828E-03 0.00000E+00 0.00000E+00
15 8.70696E-01 6.59167E-01 8.798758~01 8.74308E-03 0. 00 0. 00
16 98.80601E-01 6.97667E-01 8.79927e-01 8.09469E-03 0.00000E+00 0.00000E+00
17 9.89377E-01 7.37000E-01 8.80557E-02 7.56203E-03 0. 00 0. +00
18 4.758358-01 7.75500E-01 8.80262E-01 7.07979E-03 0.00000E+00 0.00000E+00
19 8.89648E-01 8.14833E-01 8.80814E-01 6.67318£-03 0.00000E+00 0.00000E+00
20 8.78751E-01 8.54167E-01 8.80699E-01 6.29258E-02 0.00000E+00 0.00000E+00
21 8.87345E-01 8.92667E-01 8.81049E-01 5.962458-03 0. 00 . 00
22 8.89040E-01 9.32833E-01 8.61449E-01 5.670572-03 0.000002+00 0,.00000E+00
23 9.61826E-01 9.73167E-01 8.80514E-01 $.47413E-03 0.00000E+00 0.00000E+00
24 8.76392E-01 1.01350E+00 8.80327E-01 5.22274E-03 0.00000E+00 0.00000E+00
25 8.47984E-01 1.05367E+00 8.78921E-01 5.18483E-03 0.00000E+00 0.00000E+00
26 8.31805E-01 1.09217E+00 8.76958E-01 5.339192-03 0. 00 0. +00
27 8.803342-01 1.131S0E+00 8.77093E-01 5.121998-03 0.00000E+00 0.00000E+00
28 8.70337E-01 1.17083E+00 8.76833E-01 4.927912-03 0.00000E+00 0.00000E+00
29 8.58137E-01 1.20933E+00 8.76140E-01 4.79217E-03 0.00000E+00 0.00000E+00
30 8.61912E-01 1.24967E+00 8.75632E-01 4.64572E-03 0.00000E+00 0.00000E+00
31 8.89233E-01 1.28983E+00 8.76101E-01 4.507132-03 0.00000E+00 0.00000E+00
a2 8.58432E-01 1.33017E+00 8.75512E-01 4.39395E-03 0.00000E+00 0.00000E+00
3 9.98718E-01 1.37050E+00 8.76261E-01 4.31527E-02 0.000008+00 0.00000E+00
k1) €.43359€-01 1.40983E+00 8.75233E-01 4.30289E-03 0.00000E+00 0.00000E+00
35 8.82459E-01 1.44917E+00 8.75452E-01 4.17621E-03 0.00000E+00 0.00000E+00
36 8.73248E-01 1.48950E+00 8.75387E-01 4.05203E-03 0.00000E+00 0.00000E+00
37 8.42016E-01 1.52983E+00 8.74433E-01 4.04844E-03 0.00000E+00 0.00000E4+00
38 8.60546E~01 1.57000E+00 B8.74048E-01 3.95324E-03 0.00000E+00 0.00000E+00
39 8.86106E-01 1,60933E+00 8.74373E-01 3.85870E-03 0. 00 0. +00
40 8.82359£-01 1.64883E+00 8.74584E-01 3.76166E-03 0.00000E+00 0.00000E+00
41 9.16518E-01 1.68817E+00 8.75659E-01 3.81845£-03 0.00000E+00 0.00000E+00
42 8.75414E-01 1.72833E+00 8.75653E-01 3.72177E-03 0.00000E+00 0.00000E+00
43 8.84311E-01 1.76867E+00 8.75864E-01 3,63599£-03 0.00000E+00 0.00000E+00
44 8.32141E-01 1.80717E+00 8.74823E-01 3.69792E-03 0.00000E+00 0.00000E+00
45 $.00927E-01 1.84650E+00 8.75430E-01 3.66158E-03 0.00000E+00 0.00000E+00
46 8.35074E-01 1.88583E+00 8.74513E-01 3.69309E-03 0.00000E+00 0.00000£400
7 8.67602E-01 1.92517E£+00 8.74359E-01 3.61336E-01 0.00000E400 0.00000E+00
48 8.73287E-01 1.96450E+00 8.74336E-01 3.53401E-03 0.00000E+00 0.00000E+00
49 8.54860E-01 2.003002+00 8.73922£-01 3.48274£-03 0.00000E+00 0.00000E+00
50 9.77829£-01 2.044172+00 8.74003E-01 3.41038E-03 0.00000E+00 0.00000E+00
51 9.55167E-01 2.085502+00 9.73619£-01 3.36211E-03 0.00000E+00 0.00000E+00
$2 8.59312E-01 2.1256724+00 8.733312E-01 3.30658E-03 0.00000E+00 0.00000E4+00
53 8.91143E-01 2.16800E+00 8.73682E-01 3.25986E-03 0.00000E+00 0.00000E+00
54 8.9603BE-01 2.20633E+00 8.74112E-01 3.22534E-03 0.00000E+00 0.00000E+00
55 8.71498E-01 2.24567E+00 8.740622-01 3.16428E-03 0.00000E+00 0.00000E+00
56 8.65457E-01 2.28500E+00 8.73903E-01 3.10922E-02 0.00000E+00 0.00000E+00
57 8.91218E-01 2.32%33E+00 0.74210£-01 3.06836£-03 0.00000E+00 0.00000E+00
58 8.54651E-01 2.36467E+00 8.73068E-01 3.03326E-03 0.,00000E+00 0.00000E4+00
59 8.85337E-01 2.40483E400 9.740692-01 2.986352-03 0.00000E+00 0.00000E+00
60 8.80429E-01 2.443517E+00 8.74179£-01 2.93646E-03 0.00000E+00 0.00000E+00
61 9.00667E-01 2.48550E+00 8.74620£-01 2.92097E-03 0.00000E+00 0.00000E4+00
62 9.14575£-01 2.526672+00 8.75294E-01 2.94803E-03 0.00000E+00 0.00000E+00
63 08.76602E~-01 2.56700E+00 8.75315¢E-01 2.99938E-03 0.00000E+00 0.00000E+00
64 0.67834E-01 2.60633E¢00 9.75195E-01 2.85478E-03 0.00000E+00 0.00000E+00
€5 9.14123E-01 2.645672+00 9.750132-01 2.87626E~03 0.00000E+00 0.00000E+00
66 8.65798E-01 2.60600L+00 8.75656E-01 2.83528E-03 0.00000E+00 0.00000E+00
67 8.52004E-01 2.72617E+00 8.75305E-01 2.81338€-03 0.00000E+00 0.00000E+00
8 8.47717E-01 2.76550E+00 8.74807E-01 2.80178E-03 0.00000E+00 0.00000E+00
€9 8.91544E-01 2.80500E+00 8.75135E-01 2.77082E-03 0.00000E+00 0.00000E+00
10 9.18735E-01 2.84517E+00 8.75776E-01 2.80406E-03 0.00000E+00 0.00000E+00
1 8.49792E-01 2.88467£+00 8.75400£-01 2.79867E-03 0.00000E+00 0.00000E+00
12 9.00198E-01 2.92300E+00 8.75754E-01 2.771282-03 0.00000E+00 0.00000E+00
73 9.02772E-01 2.96333E+00 8.76135£-01 2.758342-03 0.00000E+00 0.00000E+00
" 8.58968E-01 3.00267E+00 8.75896E-01 2.730192-03 0.000002+00 0.00000E+00
1% 0.91546E-01 3.04200E+00 8.75974E-01 2.693642-03 0.00000E+00 0.00000E+00
76 8.79696E-01 3.08233E+00 8.76024E-01 2,65747E-03 0.00000E2+00 0.00000E+00
17 9.05634E-01 3.122672+00 8.76419E-01 2.65135E-03 0.00000E+00 0.00000E+00
78 8.53695E~01 3.16200E+00 8,.76120E-01 2.63327E-03 0.00000E+00 0.00000E+00
79 7.91697E-01 3.20133E+00 8.75023E-01 2.82065£-03 0.00000E+00 0.00000E+00
8o 8.51839E-01 3.240672+00 8.74726E-01 2.80007E~03 0.00000E+00 0.00000E+00
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8.92243E-01
8.30263E-01
8.86753E-01
8.832752-01
8.65620E-01
9.94753E-01
0.83441E-01
0.992522-01
0.966172-01
8.961992-01
8.351352-01
8.69912E-01
8.48029E-01
8.53762E-01
9.00097E-01
8.58107E-01
9.35373E-01
8.57543E-01
9.569992-01
8.58730E-01

. 8.67060E-01

8.554322-01
8.67743E-01
9.087242E-01
9.384392-01
8.70252E-01
8.82507E-01
$.133642-01
8.98171£-01
9.562802-01
9.00160E-01
8.48352E-01
8.33516E-01
8.74828E-01
0.72743E-01
8,31336E-01
8.95066E-01
8.41890E-01
8.88804E-01
8.95311g-01
8.68667E-01
8.32125¢-01
8.086974E-01
8.71056E-01
9.01007E-01
0.725442-01
8.846402-01
8.76852£-01
8.63361E-01
8.94987E-01
9.08787E-01
8.63356£-01
8.90286E-01
9.04771E-01
9.26312E-01
9.01390E-01
9,32573E-01
8.335606E-01
8.92799E-01
8.79671E-01
8.37348E-01
8.78282E-01
8.88879E-01
0.88779E-01
8.73420E-01
8.87679E-01
8.83991E-01
8.63863E-01
8.91174£-01
8.819472-01
9.01951E-01
9.16983E-01
8.64412E-01
8.93949E-01
9.015152-01
8.95357£-01
9.13528E-01
8.58517E-01
9.21723e-01
8.86235E-01
8.565642-01
9.09129E-01
9.03646E-01
8.81791E-01
8.92335E-01
8.53030E-01
8.79323E-01
8.67184E-01
8.69610E-01
9.55339£-01
8.95872E-01
8.574112-01
9.013622-01
8.8908822-01
8.82664E-01

3.28100E+00
3.32033E+00
3.35967E400
3.39817E+00
3.43750E+00
3.477832+00
3.516172+00
3.555672+00
3.59400E+00
3.633332+00
3.67367E+00
3.71300E+00
3.75233E+00
3.79183E+00
3.832002+00
3.87050E+00
3.91083E+00
3.95017E+00
3.99133E+00
4.03067E+00
4.07000E+00
4.10950E+00
4.14967E+00
4.18817E+00
4.22830E+00
4.26967E+00
4.30993E+00
4.34933E+00
4.38867E+00
4.42800E+00
4.46917E+00
4.50950E+00
4.547832+00
4.580733£+00
4.62567E+00
4.66600E+00
4.70533E+00
4.74567E+00
4.78500E+00
4.82533E+00
4.86367E+00
4.90217E+00
4.94250E+00
4.98183E+00
5.02217E+00
5.06150E+00
$.101672+00
5.14117E+00
$.18133E+00
$.22250E+00
5.26200E+00
5.30217£+00
5.34250E+00
5.38283E+00
5.42400E+00
5.46433E+00
$.50550E+00
$.54483E+00
S5.38417E+00
5.62267E+00
5.66461E+00
$.70417E+00
5.74533E+00
5.78467E+00
5.82400E+00
$.863332+00
5.90450E+00
$.944832+00
5.98517E+00
6.02450E+00
6.063832+00
6.10417E+00
6.14433E+00
6.18383E+00
6.22317E+00
6.26250E+00
6.30367E+00
6.344002+00
6.38333E+00
6.42183E+00
6.46200E+00
6.501502+00
6.54083£+00
6.57917E+00
6.616672+00
6.65700E+00
€.69613E+00
6.73667E+00
6.77700E+00
6.81733E+00
6.85667E+00
6.89500E+00
6.93533E+00
6.97467E+00
7.013583E+00

8.74949E-01
8.743892-01
8.745428-01
0.74648E-01
8.745408-01
8.74780E-01
8.74882E-01
8.75165E-01
8.754122-01
8.75648E~-01
8.751932-01
8.75134E-01
8.74836£-01
8.74607E-01
8,.74881E-01
8.747032-01
8.75342E-01
8.751562-01
8.76000E-01
9.75824E-01
0.75735E-01
0.75532E-01
8.75455E-01
8.75571E-01
8.76181E-01
8.76124E-01
8.76183E-01
8.76535E-01
8.76738E-01
8.77474£-01
8,77682E-01
8.774162-01
8.77020E-01
8.770012-01
8.769632-01
8.76563E-01
9.767242-01
8.76423E-01
9.76529£-01
8.76688E-01
8.276621£-01
8.76250E-01
8.76339E-01
8.76295E-01
B.76496E-01
8.76464E-01
9.76530E-01
8.76548E-01
8.76492E-01
8.76636E-01
8.76885E-01
0.76781E-01
8.76864E-01
8.77096E-01
8.77466E-01
8.77644£-01
84.780512-01
9.777392-01
8.77049E-01
0.77%622-01
€.77571E-01
0.77576E-01
8.77656E-01
8.77734E-01
8.77704E-01
8.77773L-01
8.778162-01
8,777212-01
8.778122-01
0.778402-01

_.8.78002E-01
8.702622-01

0.781702-01
0.78274E-01
8.70426£-01
8.78536E-01
0.78774E-01
0.78645E-01
8.76519£-01
8.789652-01
8.78824E-01
8.790142-01
8.79167E-01
6.79103E-01
0.79264E-01
€.79104£-01
8.79105E-01
0.790332-01
0.78977£-01
8.78836E-01
8.783837E-01
8.78810E~01
8.78942E-01
8.79006E-01
8.79027E~01

2.77328E-03
2.79478E-03
2.76428E-03
2.73244E-03
2.701518-03
2.67998E-03
2.65022E-03
2.634502-03
2.615692-03
2.59657E-03
2.607272-03
2.57881E-03
2.56765E-03
2.549892-03
2.53717E-03
2.51637E-03
2.57034£-03
2.55010E-03
2.66102E-03
2.63962E-03
2.61432E-03
2.59599£-03
2.57132E-03
2.54861E-03
2.59650E-03
2.57205E-03
2.54816E-03
2,54826E~03
2,53242E-03
2.61473£-03
2.59898E-03
2.589012-03
2.59588E-03
2.57267E-03
2.55008E-03
2.55911E-03
2.54185E-03
2.53768E-03
2.51812£-03
2.50176E-03
2.48156E-03
2.48857E-03
2.46951E-03
2.44957E-03
2.43786E-03
2.41833E-03
2.39980E-03
2.3807SE-03
2.36261E-03
2,34853E-03
2.343542-03
2.327772-03
2,31223£-03
2.304352-03
2.31671E-03
2.30627E-03
2.32501E-03
2.32085-03
2.31440£-03
2.29761E-03
2.29957E-03
2.26309£-03
2.26826E-03
2.253%9E-03
2.23798E-03
2.22346£-03
2.20849E-03
2.19539E-03
2,18232E-03
2.16771E-03
2.15918E~03
2.16043E-03
2.14803£-03
2.13638E-03
2.12780£-03
2.11679E-03
2.11659E-03
2.10698E-03
2.111422-03
2,098532-03
2,090042-03

- 2.08556E-03

2.07820E-03
2.06540E-02
2.05427E-03
2.04797£-03
2.03552E-03
2.02449E-03
2.01312E-03
2.00604E-03
1.99669E-03
1.98894E-03
1.98167E-03
1.971142-03
1.95983E-03
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0.00000E+00 0.00000E+00
0.00000E+00 ©0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
'0,00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.000002+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0. 00 0. 00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000£+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0. 00 0. 00
0.00000E+00 0.00000E+00

. 00 . +00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E2+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000£+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.0000CE+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0. a0 0. +00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0,.00000E+00 0.00000E+00
0,00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000Z+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
-0.00000E+00 0.00000E+00
0.000002+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.000002+00 0.00000E+00
0.00000£+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0. +00 Q. +00
0.00000E+00 0.00000E+00

. 00 0. E+00
0.00000E+00 0.00000E+00

. 00 [ 8 +00
0.00000E+00C 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
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8.97747E~01 T7.05617E+00 8.781342-01 1.935150E-03 0.00000E+00 0.00000E+00
8.40107E-01 7.095S0E+00 8.78912E-01 1,9%304E-03 0.00000E+00 0.00000E+00
8.70747E-01 " 7.13483E+00 8.78866E-01 1.94246E-03 0.00000E+00 0.00000E+00
8.71556E-01 7.17433E400 8.78824E-01 1.93190E-03 0.00000E+00 0.00000E+00
9.362372-01 7.214508+00 8.79147E-01 1.94790E~-03 0.00000E+00 0.00000E+00
9.06304E-01 7.25483E+00 8.792992-01 1.94292E-03 0.00000E+00 0.00000E+00
9.06124E-01 7.295178+00 8.79448E-01 1.93784E-03 0.00000E+00 0.00000E+00
9.04520E-01 7.33450E+00 8.79476E-01 1.92731E-03 0.00000E+00 0.00000E+00
9.03656E-01 7.373832+00 8.79609E-01 1.92129E-03 0.00000E+00 0.00000E+00
8.52782E-01 7.413172+00 8.794628-01 1.91638E-03 0.0000CE+00 0.000002+00
8.90962E-01 T7.45250E+00 8.79524E-01 1.90696E-03 0.00000E+00 0.00000E+00
8.75557E-01 T7.49283E+00 8.79503E-01 1.89674E-03 0.00000E+00 0.00000E+00
8.63271E-01 7.53217E+00 8.79416E-01 1.88853E-03 0.00000E+00 0.000008+00
8.61642E-01 7.57250E+00 8.793212-01 1.88081E-03 0.00000E+00 ©0.00000E+00
8.69610E-01 7.61183E+00 8.79269E-01 1.87149E-03 0.00000E+00 0.00000E+00
8.739272-01 7.65217E+00 8.792418-01 1.861762-03 0.00000E+00 0.00000E+00
8.84263E-01 7.692338+00 8.79267E-01 1.85214E-03 0.00000E+00 0.00000E+00
8.76541E-01 7.73183E+00 8.79253E~01 1.04248E-03 0.00000E+00 0.00000E+00
9.97996E-01 7.77117E+00 9.79350E-01 1.03545E-03 0.00000E+00 0.00000E+00
8,88123E-01 7.81133E+00 9.79396E-01 1.82648E-03 0.00000E+00 0.00000E+00
8.93078E-01 7.85167E+00 8.79466E-01 1.81841E-03 0.00000E+00 0.00000E+00
8.512258-01 7.89200E+00 9.79322E-01 1.814852-03 0.00000E+00 0.00000E+00
$.15090E-01 7.93217E+00 8.79504E-01 1.81477E-03 0.00000E+00 0.00000E+00
9.087S5E-01 T7.97167E+00 8.79653E-01 1.81163E-03 0.00000E+00 0.00000E+00

200 $.10498E-01 8.01100E+00 8.79808E-01 1.80917E-03 0.000002+00 0.00000E+00
950 9.75947E-01 3.94778E+01 8.831048-01 7.71055E-04 0.00000E+00 0.00000E+00
951 8.75460E-01 3.95190E+01 8.83096E-01 7.70285E-04 0.00000E+00 0.00000E+00
952 4.95944E-01 3.95575E+01 8.831108-01 7.695928-04 0.00000E+00 0.00000E+00
953 8.96105E-01 3.95968E+01 8.83123E-01 7.68305E-04 0.00000E+00 0.00000E+00
954 8.74146E-01 3,96352E+01 8.83114E-01 7.68155E-04 0.00000E+00 0.00000E+00
955 9.05963E-01 3.96755E+01 8.683138E-01 7.67723E-04 0.000002+00 0.00000E+00
956 9.06859E~01 3.97140E+01 8.83163E-01 7.67321R-04 0.00000E+00 0.00000E+00
957 8.83999E-01 3.97542E+01 8.83164E-01 7.66510E-04 0.00000E+00 0.00000E+00
958 9.09150E-01 3.97937E+01 8.83191E-01 7.66198E-04 0.00000E+00 0.00000E+00
959 8.574738-01 3.98338E+01 8.83164E-01 7.65868R-04 0.00000E+00 0.00000E+00
960 B.94787E-01 3.98732E401 8.83176£-01 7.651658-04 0.00000E+00 0.00000E+00
961 8.97012E-01 3.991352+01 8.83190E-01 7.645028-04 0.00000E+00 0.00000E+00
962 9.30624E-01 3.99538E+01 8.83240E-01 7.65302E-04 0.00000E+00 0.00000E+00
963 8.89713E-01 3.99940E+01 8.83247E-01 7.64535E-04 0.000008+00 0.00000E+00
964 8.49902E-01 4.00335E+01 8,83212E-01 7.64526E-04 0.00000E+00 0.00000E+00
965 8.76986E-01 4.00728E+01 8.83205E-01 7.63759E-04 0.00000E+00 0.00000E+00
966 9.78277E-01 4.01122E+01 8.83200E-01 7.62984E-04 0.00000E+00 0.00000E+00
967 8.85869E-01 4.01507E401 8.83203E-01 7.62198BE-04 0.00000E+00 0.00000E+00
968 8.07499E-01 4.01900E+01 8.83208E-01 7.61421B-D4 0.00000E+00 0.00000E+00
969 8.49915E-01 4.02293E+01 8.83173E-01 7.61412E-04 0.00000E+00 0.00000E+00
970 8.78878E-01 4.02687E+01 8.83169E-01 7.606388-04 ° 0.00000E+00 0.000002+00
971 9.67161E-01 4.03072E+01 8.83152E-01 7.60032E~-04 0.00000E+00 0.00000E+00
972 8.86124E-01 4.03483E+01 8.83155E-01 7.59255E-04 0.00000E+00 0.00000E+00
973 8.91461E-01 4.03877E+01 8.83164E-01 7.58521E-04 0.00000E+00 0.00000E+00
974 9.034332-01 4.04262€+01 8.831852-01 7.580272-04 0.00000E+00 0.00000E+00
978 8.74918E-01 4.04665E+01 8.831762-01 7.57295E-04 0.00000E+00 0.00000E+00
976 8.61610E-01 4.05067E+01 8.831542-01 7.56841E-04 0.00000E+00 0.00000E+00
977 9.49750E-01 4.0S470E401 8.83222E-01 7.591432-04 0.00000E+00 0.00000E+00
978 0.64457E-01 4.05073£+01 8.83203E-01 7.58609E-04 0.00000E+00 0.00000E+00
979 8.95833E-01 4.06275E+01 8.63216E-01 7.57942E-04 0.00000E+00 0.00000E+00
980 9.00901E-01 4.06678E+01 9.63234E-01 7.57383E-04 0.00000E+00 0.00000E+00
981 9.08891E-01 4.07063E+01 8.83260E-01 7.57062E-04 0.00000E+00 0.00000E+00
982 8.83295E-01 4.07457E+01 8.83260E-01 7.56290E-04 0.00000E+00 0.00000E+00
983 8.70552E-01 4.07960E2+01 8.832472-01 7.55629E-04 0.00000E+00 0.00000E+00
984 9.07649E-01 4.00262E+01 8.83272E-01 7.55268E-04 0.00000E+00 0.00000E+00
983 9.11443E-01 4.08655E+01 8.83301E-01 T7.5S044E-04 0.00000E+00 0.00000E+00
986 6.71276E-01 4.09050E+01 0.83289E-01 7.543758-04 0.00000E+00 0.00000E+00
987 8.49950E-01 4.09443E+01 $325S5E-01 T7.54368E-04 0.00000E+00 0.00000E+00
988 8.96020E-01 4.09837E+01 03268E-01 7.53714E-04 0.00000E+00 0.00000E+00
989 8.92620E-01 4,.10248E+01 83277E-01 7.53010E-04 0.00000E+00 0.00000E+00
990 9.06863E-01 4.10660E+01 93301E-01 7.52626E~04 0.00000E+00 0.00000E+00
991 0.86281E-01 4.11063E+01 4.83)04E-01 7.518712-04 0.00000E+00 0.00000E+00
992 8.75118E-01 4.114672+01 8.83296E-01 7.51157E-04 0.00000E+00 0.00000E+00
993 €.924302-01 4.11860E+01 8.033052-01 7.50455E-04 0.00000E+00 0.00000E+00
994 9.04477E-01 4.12262E+01 0.03326E-01 7.50002E-04 0.00000E+00 0.00000E+00
995 9.64342E-01 4.12665E+01 9.83307E-01 7.49490E-04 0.00000E+00 0.00000E+00
996 8.91975E-01 4.13068E+01 8.833162-01 7.48786E-04 0.00000E+00 0.00000E+00
997 9.12615E-01 4.13462E+01 8.083345E-01 7.48613E-04 0.00000E+00 0.00000E+00
998 8.506308E-01 4.13855E+01 8.83313E-01 7.48581E-04 0.00000E+00 0.00000E+00
999 9.06102E-01 4.14258£+01 0.833)6E-01 7.40180E-04 0.00000E+00 0.00000E+00
1000 8.96657E-01 4.14652E+01 89.01349E-01 7.47549E-04 0.00000E+00 0.00000E+00
1001 8.77960E-01 4.15055E+01 9.832432-01 7.468192-04 0.00000E+00 0.00000E+00
1002 9.06259E-01 4.15457€+01 0.933662-01 7.46424E-04 0.00000E+00 0.00000E+00
1003 0.59517E-01 4.15052E+01 8.03343E-01 7.46059E-04 0.00000E+00 0.00000E+00
KENO MESSAGE NUMBER X5-123 EXECUTION TERMINATED DUE TO COMPLETION OF THE SPECIFIED NUMBER OF GENERATIONS.
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> Output for Canistered Fuel Accident Conditions Criticality Analysis|

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM)} (IVF = 1.0} (EVF = 1.0
LIFETIME = 3,40455E-05 + OR ~ 6.934362-08 GENERATION TIME = 2.47240E-05 + OR - 3.63739E-08
NU BAR = 2,44275E+400 # OR -~ 6.92320E-05 AVERAGE FISSION GROUP = 2.16236E+01 ¢ OR - 3.91568E-03
ENERGY (EV) OF THE AVERAGE LETHARGY CAUSING FISSION = 3,01215E-01 ¢ OR ~ 9.58153E-04

NO. OF INITIAL

GENERATIONS AVERAGE 67 PER CENT 95 PER CENT 99 PER CENT NUMBER OF
SKIPPED K-EFFECTIVE DEVIATION CONFIDENCE INTERVAL CONFIDENCE INTERVAL CONFIDENCE INTERVAL HISTORIES
3 0.68338 4+ OR - 0.00075 0.88264 TO 0.88413 0.098189 TO 0.88487 0.88114 TO 0.88562 1000000
4 0.88336 + OR - 0,00075 0.88261 TO 0.88411 0.88187 TO 0.8848S 0.88112 TO 0,88560 999000
L] 0.88332 + OR - 0.00075 0.88257 TO 0.88406 0.08183 TO 0.98481 0.88108 TO 0.88556 998000
6 0.08335 + OR - 0.0007S 0.688260 TO 0.88410 v 0.88186 TO 0.68484 0.88111 TO 0,08559 957000
7 0.88331 + OR - 0.0007S 0.88257 TO 0.88406 0.88182 TO 0.88480 0.68107 TO 0.88555 996000
8 0.88332 + OR ~ 0.00075 0.88257 TO 0.88407 0.88183 TO 0.88461 0.88108 TO 0.88556 995000
9 0.08329 + OR - 0.00075 0.88255 TO 0.88404 0.88180 TO 0.08479 0.88105 TO 0.08553 994000
10 0.88333 + OR ~ 0.00075 0.88258 TO 0.88408 0.88184 TO 0.88482 0.80109 TO 0.88557 993000
1 0.88331 + OR - 0.00075 0.88256 TO 0.88406 0.88182 T0 0.88480 0.88107 TO 0,88585 992000
12 0.88330 ¢+ OR - 0.00075 0.88255 TO 0.88405 0.68181 TO 0.88480 0.88106 TO 0.8855%5 991000
17 0.88338 + OR - 0.00075 0.88264 TO 0.88413 0.88188 TO 0.88486 0.88114 TO 0.88363 986000
22 0.88338 + OR - 0.00075 0.88263 TO 0.88413 0.88188 TO 0.88489 0.88112 TO 0.88564 981000
27 0.88350 + OR - 0.00075 0.8827S TO 0.868426 0.88200 TO 0.88501 0.88124 TO 0.88576 976000
3z 0.88358 + OR - 0.00076 0.88283 TO 0.88434 0.88207 TO 0.88510 0.88132 TO 0.88585 971000
37 0.88367 + OR - 0.00076 0.88291 TO 0.88442 0.88215 TO 0.88518 0.88139 TO 0.88594 966000
12 0.88366 + OR - 0.00076 0.88290 TO 0.88442 0.88214 TO 0.89518 0.88138 TO 0.88594 961000
47 0.88377 + OR - 0.00076 0.88301 70 0.8845%53 0.88225 TO 0.88529 0.88149 TO 0,.88605 956000
52 0.88387 + OR - 0.00076 0.88311 TO 0.88463 0.88234 TO 0.88539 0.88138 TO 0.088616 951000
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NO. OF INITIAL
GERERATIONS
SKIPPED

907
912
917
922
927
932
937
942
947
952
957
962
967
972
97
982

992
997

AVERAGE

December 1996
Revision 9A

e

Jonditions Criticality-Analysis]

K-EFFECTIVE

0.8871%
0.88006
0.88840
0.88737
0.88714
0.88723
0.88755
0.88802
0.88793
0.98768
0.88706
0.88575
0.88708
0.88920
0.88785
0.88718
0.68874
0.88754
0.88286

+

+

2 288 %

$888%8$%

g

OR

OR

OR

DEVIATION
0.00219%
0.00224
0.00235
0.00241
0.00247
0.00258
0.00266
0.00257
0.00273
0.0029%
0.00320
0.00329
0.00359
0.00391
0.00379
0.00439
0.00462
0.00641
0.00981

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM)} (IVF = 1.0) (EVF = 1.0

67 PER
CONFIDENCE

0.88496
0.88582
0.8860S
0.08496
0.88467
0.88465
0.88489
0.88545
0.88520
0.88473
0.98386
0.88246
0.88349
0.88529
0.88406
0.688279
0.088413
0.88114
0.8730%

TO
TO

TO

TO
TO
TO
TO
TO

TO
TO

TO

CENT
INTERVAL

0.88934
0.89030
0.89075
0.88978
0.88961
0.898981
0.89021
0.89059
0.89066
0.89063
0.89026
0.88903
0.89067
0.89311
0.89164
0.89157
0.89336
0.8939%
0.89266

. 95 PER
CONFIDENCE

0.88277
0.68358
0.688370
0.88255
0.88220
0.88207
0.88223
¢.88207
0.88247
0.88178
0.88066
0.87918
0.87991
0.88138
0.88027
0.87841
0.87951
0.87473

0.86324

6.6-100

TO
TO
TO
TO
TO
T0
TO
TO

TO

TO

TO

TO

TO

TO

CENT
INTERVAL

0.89152
0.89254
0.89311
0.89218
0.89208
0.89239
0.89286
0.89316
0.89339
0.89358
0.89346
0.89232
0.89423%
0.89702
0.89543
0.89595%
0.89798
0.90036
0.90247

99 PER
CONFIDENCE

0.88058
0.88134
0.88135
0.88014
0.87973
0.87949
0.87957
0.88030
0.87974
0.87983
0.87746
0.87589
0.87632
0.87747
0.87648
0.87402
0.87489
0.86832
0.85344

T
TO
TO
TO
TO

TO

TO
T0
TO
TO

TO
TO
TO
TO

TO

TO

CENT NUMBER OF
INTERVAL HISTORIES
0.89371 96000
0.85478 91000
0.89546 86000
0.89459 #1000
0.89455 76000
0.89497 71000
0.89552 66000
0.89573 61000
0.89612 56000
0.89653 51000
0.89666 46000
0.89560 41000
0.89784 36000
0.50094 31000
0.89922 26000
0.90034 21000
0.90260 16000
0.90676 11000
0.91228 6000

-/
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AS25 Output for Canistered Fuel Accident Conditions Crtcality Analysis,

RANDCM NUMBER= 4BC7185F6126

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1.0) (EVP = 1.0
FREQUENCY FOR GENERATIONS 4 T0 100

0.7895 TO 0.792% .

0.7925 T0 0.7954

0.795¢ TO 0.7964

0.7984 TO 0.8014

0.8014 TO 0.8043

0.8043 TO 0.8073

0.8073 TC 0.8103

0.8103 TO 0.8132 .

0.0132 T0 0.8162

0.8162 TO 0.8152 *

0.8192 T0 0.8221

0.8221 TO 0.8251 .

0.8251 TO 0.8281 e

0.8281 TO 0.0310 had

0.8310 TO 0.8340 reeesses

0.8340 TO 0.82369 reesees

0.8369 TO 0.8399 s

0.8399 TO 0.8429 sesessesee

0.8429 TO 0.8458 deeRPOEETSTE

0.8458 TO 0.8488 ttsrassecestose

0.8488 TO 0.8518 SEREELEEBECISGERIEISS

0.8518 TO 0.8547 Ceersrsrteteesestine

0,.8547 TO 0.8577 F L L T e Y Y

0.8577 TO 0.8607

0.8607 TO 0.8636 tssandae

0.8636 TO 0.8666 sesossautid

0.8666 TO 0.8695 PHRNLVL 2222000004

0.8695 TO 0.872% R R R e LT R ) kbbb bbb L]

0.8725 TO 0.98755 AR AR AL A A L Y Y YT YT Y
0.8755 TO 0.878¢ B Y N
0.8784 TO 0.8814 Laa A A AR R4 a2 22 R Rl L L L s Y YT T Yy
0.8814 TO 0.8844 . ey PEEEIREAGEEEEEO0000004

0.8844 TO 0.8873 trsseantene sseee -

0.8873 TO 0.8903 Csseevenis CHOEENROANOINNGGIELPOERIIIIFIINIISIIIISS
0.8903 TO 0.8933 thbee et NN OS A A A R T P Y Y Y Y Y Y 2 Y
0.8933 TO 0.8962 LR 222 222 2] LA P T T P Y Y 2
0.8962 TO 0.8992 I Ty T Y N L LT Ty yperesy

0.8992 TO 0.9022 LA a4 a R X X R T T Ty P T PR Y e
0,9022 TO 0,9051 SesRteesettetbbte

0.9051 TO 0.95081 sesrsrcecseveses

0.9081 TO 0.9110 VR ICE SIS S GG S0 DOIO RS

0.9110 TO 0.9140 srsscnnteccecesisee

0.9140 TO 0.9170 I s

0.9170 TO 0.9199 sebeersee

0.9199 TO 0.9229
0.9229 TO 0.925%9
0.925% TO 0.9288
0.9288 TO 0.9318
0.9318 TO 0.9348
0.9348 TO 0.9377
0.9377 TO 0.9407
0.9407 TO 0,9437
0.9437 TO 0.9466

0.9466 TO 0.9496 b
0.9496 TO 0.9525 *
0.9525 TO 0.95%5S

0.9555 TO 0.958S bt
0.9585 TO 0.9614

0.9614 TO 0.9644 bt
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TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1.0) (EVF = 1.0

FREQUENCY FOR GENERATIONS 254 TO 1003

0.7895 TO 0.7925
0.7925 T0O 0.79%4
0.7954 TO 0.7984
0.7984 TO 0.8014
0.80314 TO 0.8043
0.8043 TO 0.8073
0.8073 TO 0.8103

0.8103 TO 0.8132 hd

0.8132 TO 0.8162

0.8162 TO 0.8192 hd

0.8192 TO 0.8221

0.8221 TO 0.8251 bhd

0.8251 TO 0.8281 .

0.68281 TO 0.8310 .

0.68310 TO 0.08340 ik

0.6340 TO 0.8369 ok

0.8369 TO 0.8399 bbb i A A A

0.8399 TO 0.8429 b bl

0.8429 TO 0.8458 resdbadodd

0.0458 TO 0.8488 bbb d b

0.8488 TO 0.8518 - AAAA A

0.8518 TO 0.8547 bAd A b bbbl dad

0.8547 TO 0.8577 SROGRENODDOTOSS

0.8577 TO 0.8607 AR RSO C O NSO b bk

0.8607 TO 0.B636 CAAGE NGOG G A I RO R b b A oL bbb

0.8636 TO 0.8666 . ' Ty

0.8666 TO 0.8695 T TR ST S 2 L L1 LT T2 2

0.8969% TO 0.8725% P T T R L e g

0.8725 TO 0.8755 L4 hbe

0.875%5% TO 0.8784 P T R R e e et et
0.8784 TO 0.8814 P R R LR e L LA a s a e d s
0.8814 TO 0.8844 R e e e R g

0.8644 TO 0.8873 resasbeed ssshsassetses
0.8873 TO 0.8903 askdbas sesssane
0.8903 TO 0.8933 P T 22 e e d s sessenes
0.8933 TO 0.8962 X R R R R a2 X X2 22 dlddd

0.8962 TO 0.899%92 PERE R GG EE PR B G0N bbb bbbt bban
0.8992 TO 0.9022 I e P A e e R ]
0.9022 TO 0.9051 bbb AAA A ad

0.9051 TO 0.9081 rerretee

0.9081 TO 0.9110
0.9110 TO 0.9140
0.9140 TO 0.9170 vesssesssssacee
0.9170 TO 0.9199 hbhdhddd

0.9199 TO 0.9229 hhddehebdd

0.9229 TO 0.9259 bl
0.9259 TO 0.9288

0.9288 TO 0.9318 sssssecee
0.9318 TO 0.9348 v
0.9348 TO 0.9377 d
0.9377 TO 0.9407 rae
0.9407 TO 0.9437 e
0.9437 TO 0.9466

0.9466 TO 0.9496 ee
0.9496 TO 0.9525 .

0.9525 TO 0.9555
0.9555 TO 0.9585
0.9585 TO 0.9614
0.9614 TO 0.9644 b
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25 Otitputfor Canistered Fuel Accident CONJIRONS Criticality Analysis;

TRANSPORT

0.7895
0.7925
0.7954
0.7984
0.8014
0.8043
0.8073
0.6103
0.8132
0.8162
0.8192
0.8221
0.8251
0.8281
0.8310
0.8340
0.8369
0.8399
0.0429
0.0458
0.8488
0.8518
0.8547
0.8577
0.8607
0.8636
0.8666
0.68695
0.8725
0.8755
0.6784
0.8814
0.8844
0.8873
0.8903
0.8933
0.8962
0.8992
0.9022
0.9051
0.5081
0.5110
0.9140
0.5170
0.9519%
0.9229
0.9259
0.9288
0.9318
0.9348
0.9377
0.9407
0.9437
0.9466
0.949%6
0.9525%
0.95355
0.9585
0.9614

T0
T0

TO0
TO
TO
TO
TO
TO0
TO
T0
T0
T0
TO
TO
TO

TO
TO
T0
T0
T0
T0
TO
TO
T0
T0
T0
T0
TO
T0
TO
T0
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO

CRITICALITY:

0.7925
0.795¢
0.7984
0.8014
0.8043
0.8073
C.8103
0.8132
0.8162
0.8192
0.8221
0.68251
0.8281
0.0310
0.8340
0.08369
0.8399
0.8429
0.8458
0.8480
0.8518
0.8547
0.8577
0.8607
0.0636
0.08666
0.0695
0.8725
0.8758
0.8784
0.8814
0.8844
0.8873
0.6903
0.08933
0.0962
0.8992
0.9022
0.9051
0.9081
0.9110
0.9140
0.9170
0.9199
0.9229
0.9259
0.9298
0.9318
0.9348
0.9377
0.9407
0.9437
0.9466
0.9496
0.9525
0.95355
0.9585
0.9614
0.9644

ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1.0) (EVF = 1.0

FREQUENCY FOR GENERATIONS 504 TO 1003
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TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH = 300 CM) (IVF = 1.0) (EVF = 1.0
FREQUENCY FOR GENERATIONS 754 TO 1003

0.7895 TO 0.7925%
0.7925 TO 0.7954
0.79%4 TO 0.7384
0.7984 TO 0.8014
0.8014 TO 0.8043
0.8043 TO 0.8073
0.8073 TO 0.8103
0.8103 TO 0.8132
0.8132 TO 0.8162
0.8162 TO 0.8192
0.8192 T0 0.8221
0.8221 TO 0.8251
0.8251 TO 0.8281
0.8281 TO 0.8310
0.8310 TO 0.8340

0.8340 TO 0.8369 e

0.836% TO 0.8399 b

0.8399 TO 0.0429 TS

0.8429 TO 0.8458 -

0.8458 TO 0.8488 e

0.8488 TO 0.8518 anessiiboe
0.8518 TO 0.8547 -

0.8547 TO 0.8577 A

0.8577 TO 0.8607 srbhde

0.8607 TO 0.8636 T

0.8636 TO 0.8666

0.8666 TO 0.8695

0.8695 TO 0.8725 T2 22 23
0.8725 TO 0.875S bhesaarees
0.8755 TO 0.8784 shatEsstssres
0.8784 TO 0.8814 NN NGONOIEEEI S
0.8814 TO 0.B844 trehwrsee
0.8844 TO 0.8873 oy
0.8673 TO 0.8903 ChetRae bbb s
0.8903 TO 0.891313 POV YeTY
0.8933 TO 0.8962 eeeREORESEBIIS
0.8962 TO 0.98992 tesvssesen
0.8992 TO 0.%9022 PP TP Y YTy
0.9022 TO 0.9051 sesssese

0.9051 TO 0.9081 sssesseiaee
0.9081 TO 0.9110 srssee

0.9110 TO 0.9140 sesetns

0.9140 TO 0.9170 ssssense

0.9170 TO 0.9199 .

0.9199 TO 0.9229 .

0.9229 TO 0.9259 seee

0.9259 TO 0.9288

0.9288 TO 0.9318 ceeee

0.9318 TO 0.9348 ..

0.9348 TO 0.9377
0.9377 TO 0.9407
0.9407 TO 0.9437 *
0.9437 TO 0.9466
0.9466 TO 0.9496
0.9496 TO 0.952% .
0.9525 T0 0.955%
0.9555 TO 0.9585%
0.9585 TO 0.9614
0.9614 TO 0.9644 b

6.6-104



NAC-STC SAR April 1997
Docket No. 71-9235 Revision 9A

List of Tables

Table 7.0-1  Torque Table.........ccccerverrerrerrresenercreseseseseessssserssseressessssessssssesssessassssasesseseses 7.0-3

7-iii



This Page Intentionally Left Blank



NAC-STC SAR April 1997
Docket No. 71-9235 Revision 9A
Table 7.0-1 Torque Table
Component No.Used Fastener Torque Value*
Outer Lid Bolt** 36 1-8 UNC - Socket 270 +20 fi.-Jb
Head Cap Screw (366 £ 27 N-m)
Inner Lid Bolt** 42 11/2 - 8 UN - Socket 2540 + [0 fi-Ib
Head cap Screw (3444 £ 14 N-m)
Port Cover Bolt** 9 3/8 - 16 UNC - Socket 140 £ 10 in-Ib
Head Cap Screw (16 £ 1 N-m)
Eoverplate Bolt** 8 1/2 - 13 UNC - Socket 300 = 20 in-Ib
Head Cap Screw (34+2N-m)
Test Plug 1 Part No. 423-803-13 3013 fi-Ib
(41 £ 4 N-m)
Test Plug 2 Part No. 423-806-3 705 in-1b
(8 £ 0.6 N-m)
Test Plug 2 Part No. 423-807-8 70+ 5 in-Ib
(8 £ 0.6 N-m)
Impact Limiter 32 Part No. 423-811-7 755 fi-Ib
Retaining Rods** (100 = 8 N-m)
Impact Limiter Nut** 32 1-8UNC-2A 352 fi-lb
Retaining Rods (47 £ 3 N-m)
Impact Limiter 32 1-8UN-2B 75 £5 fi-Ib
Jam Nut** (100 + 8 N-m)
BEpferPleBols®®'T  §  [FRUNCTSER

ol i Mg

Torque values not shown in this table are provided on the appropriate license drawings in Section 1.3.2
All bolts shall be lightly lubricated u§in_g Nuclear Grade Pure Nicket NEVER-SEEZ or equivalent.

Duter lid bolts may be used for this &pplication.

7.0-3



This Page Intentionally Left Blank



‘NAC-STC SAR

April 1997
Docket No. 71-9235

Revision 9A

33. Perform final external decontamination and perform survey to verify acceptable level
of removable contamination (220 dpm/100 cm® B,y and 22 dpm/100 cm? a). Perform
final radiation survey. Record the survey results in the cask loading report.

34. Perform final visual inspection to verify assembly of the NAC-STC in accordance with

the COC. Verify that the loading procedure and checklist have been appropriately
completed and signed off. :

~STC. This procedure assumes the Sealed canister. confonns tO“the < eszgnf \
ETC ‘that the canister 1s already.in the. h'ansfer cask, and

Bpacer is installed in the cask cavity. 1he NAC-

Hesignated Tor dry canister loading. |

i

[ Install the adapter plate on the fop of the cask]

B-"Bolt the'adapter platé 1o the cask using four (4) socket head cap SCIews (1-8.

B 7 Attach the transfer cask yoke 10 the cask handling crane Rook.

K. Engape the fransfer cask yoke {0 the trunnion ol the transter cask.

5: 7 Raise the transfer. cask -over.ihe NAC-S1C cask and.Jower it until it rests.on. the.
fransfer cask adapter plate:- Remove and store the transier Cask HIGNg yoKe:

v Attach the hydranlic System to the transfer cask doors.

;- Remove the transfer, cask canisfer retaining ring:

B Attachthe two (2) canister lifting Slings {0 the lifing rings m the canister id. Attach.

¢ opposite end" of the’Slings 10 the’crane hook and raise the canister just enough {0

Iake The canister weight Off of the fransfer cask bottorn doors:
P-:“ Remove the transfer cask door locking pins and open the doors,

7.1-9
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19.

20.

21.

22.

23.

24,

onentauon. 1SU;

Dlsconne.ct the B iffing device from the ams

Estall”ifleast 10 mmer id Bolts equally spaced on the Bolt oire
th& inner. hd ahgnment pmg

1ﬁ, i 1: WT "TE'E"BOR torqumg*sequence W

operating procedure;

Connect the vacuum pump to-the cask Vent port. and evacuate the cask camtgito‘ a stable;
vacuum pressure of. 4. mbar (3 mm.of Hg) for 30 minutes:; * :
enter the cask, backhill the:cavity. o090 % pure hq
pressure; Disconnect the heliunt supply]

Remove the metallic.o-nngs in the coverplates and clean and inspect the 0-rNg grooveq
Install iew: metallic. G.rmgs, in: the ~vent. and; drain; port.coverplates, and install ikie]
coV: gglates -onto; the inner’lid: Torque: the: coverplate :bolts. 1o, the.value. spemﬂéﬁ?nj
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14. Purge the water from the cask by pressurizing to 60'{ 75 psig and hold until all water
. is removed (observed when no water is coming from the drain lme)

15. Remove the lines from the drain and the vent port fuick diSconnec

16. Install the port coverplates over the vent and drain ports in the inner lid. Torque the
coverplate bolts to the value specified in Table 7.0-1.

17. Decontaminate the surfaces of the inner lid and the inner surfaces of the top forging.

18. Install the outer lid alignment pins. Using the outer lid lifting device, install the outer
lid using the alignment pins to assist in proper seating. Remove the lid lifting device,
lid lifting eyebolts, and the outer lid alignment pins.

19. Install the outer lid bolts and torque them to the value specified in Table 7.0-1.

20. Install the interlid port cover and torque the bolts to the value specified in Table 7.0-1.

[ Iostall the lift Ting§ in (he Canister id:
Nofe: The canister lid may-be thermally ot
E. " Attach the canister Iifting sling 10 the [iting rings in ihe canister lid. Position the SHng.
§o that the free end of'the sling can be engaged by the cask handling crane hook,
B::<" Insfall the transfer ¢ask’adapter plate:
#: 77 Attach the transfer cask lifting yoke To the cask handlinp crane hook. Engage the yoke:

PRy

Eg_ﬁxé’ﬁﬁiﬁémm”fthe transfer cask,

5.%'Lift the transfer cask'and move it oyer the NAC-S1C cask. L
Eggage the transfer, Cask” adapter""lﬁte’""@ncef ¢ transfer cask 15T
Cask lifung he designated location;

6.5 Ins'iall the transter. casE Bottom door hydrauhc operating 'system and open the transfer-

§ask bottom doors:

‘handling crarie hook' through the transfer cask and engape the canister,
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in proper seahnE
36 Dlsconnect me'mn&ﬁXMe and'remove the guide ping|

197 Decontammate the T of the"m%ﬁ'&"’and tﬁe ¢ er surfaces*'of“ fﬁ'e fﬁgﬁm

20" Install the outer lid: “alignment, pins. \Jsing the outer 1id. it g device,” ter
lid using the alignment pins. {0 aSSiStin. proger Seating emo
lid lifting’ eyebqlt'si a'ﬁ'd‘the, mﬂer lxd:g; p@

7.3.4 Preparation of Empty Cask for Transport

1. Decontaminate all surfaces of the cask to acceptable release limits as defined in 49
CFR 173.

2. Attach the lifting yoke to a crane hook and engage the yoke arms with the lifting
trunnions. Lift the cask onto the transport vehicle and lower to the horizontal position.
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‘ ." ‘concrete cask:ls p051ﬁoned ona. heavyﬁhaul‘ﬁ"é’ﬁs“"oﬁer chask recemng
The st ould be within the handling "footprmt 0

onloglcal shleldmg when?lt contams a loaded came; "The transfer ca
fransfer of the canister between work stations and the. storage ortransport casksz

‘container positions to. ensure: that they are

177 Visually-inspect the basket'1
imobstructed and free of debns:
g- Flood theé canister with clean water until the wafer ‘is-about 4 inches ‘from_ the:top  of the:
Eanister.:. ‘
Rote: Do not fill: the . canister..completely in order 1o avoid spilling water_during the.,
ifansfer fo the spentiuel pool:. '
L -Attach a clean water, Tine'to.the transter cask. |
SIf itis ot y attached; attach the:h transfer cask Tifting yoke 10 the cask handling crane,|
mengage the transfer cask Iifting Grunnions:; |
5. “Raise the fransfer cask and move it over the pool, following the prescribed travelpath
B. - Tower the fransfer cask tothe pool surface and turn on the clean water lme-1o 110od the
pnnulus bétween the transfer cask and canister.

or.waste,
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gross contammatmn:*

ﬂomto tbe annulus and allow the a annulus water to dram to. the pool Detach the:water supply]

lines:: Move the cask to the decontamination area or -Othenmtaﬁc:woﬂgks,tam
need 10 be erected.: '
15 Décontaminate the top of the ransfer cask and shield 1id &

Note: Supplemental shielding may be lised for activ tlvmes arou”ﬁaf d the'shield
16/ Install the drain fube fiv the7drain port of the; shield Tidv; Tnstall 4 mating quick-discontect;
fitting in the vent line to open the. vént.; Remove.the hoist rings from the shield lid.
J;Attach: the”suction’ pummp to the drain”port. " Verify that the vent port is- open. | Removel
approximately. 50, gallons of water from the canister.. Disconnect and remove the pumpa]
187 Install the automated weld Equipment;
197 Attach'the vacuum drying equipment {0 the vent port.,
for 3.0 5 minufes to;clear any gases. |
Note:*At'the end of the gas clearing period;.a small vacuum may.exist:on the under sides
of the shield i -Thig'will tésult in an in-rush of air.when the vent port 150 eneds-*~

20: Operate the welding equipment to complete the réot weld joining the shield 11d to the car
shells

Operate the vacuum drying equipment]
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Eo: Prepare ’ihe Weld and perfonn aizqmdpenetranf examination of the vent port cover weld.

B0 Atfach the vacuum equipment {0 the dram port line. |

P17 Operate the vacuun equipment until a vacuum of 3 {0 5 mim Of mercury exists. |

B2 Verify that no water remains in the canister by holding the vacuum for 20 minutes. 1f water’
Exists in the cavity, the pressure Will TiSe as the - waler vaporizes. .Continue the vacuum/hold
Eycle until there 1s no indicated Tise 10 pressure after 20 minutes. |

B3.Backhill the canister cavity with helium ¥

B84 Restari the vacuum equipment and- evacuate-the'%é‘afnfstcr:tos ‘to 3:mm of mercury. |

§5; Backfill the canister cavity with helium; pressurizing it 1022 psia.t .

B86. Using a helium Ieak detector, check for Ieaks at the shield Tid welds:":

57. Vent the canister hehum p_r_essure fo one (1) atmos "Beref absolutev B

‘perform a ﬁ"q’ﬁxd penetrant €xamination of the arain port cover weld. |
52., Remove any suppleme“ntaﬁﬁrﬁlmg;used ‘during shield 1id closure activities,.

K" "Helium must be of hospital; 1aboratory or industrial grade with & certificate of analysis for the:
Epecific batchused; :
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49 Remove ‘&weldmg “gglpm_g_@

30. Prepare the weld and perform a lquid. xamination
5T, Decontaminate the external surface of 1 transter casgj
52. Install the fransfer cask refaining ringj

At this point; the loaded canister may be loaded mto the NAC-S1C ,
71227 but will- more likely. be mstalled 1n the vertcal Concrete. sf”orage casky
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ALIGNMENT MARKS
TRANSFER CASK

UFT HOIST
ATTACHMENT POINT
(3 LOCATIONS)

CANISTER

RETAINING RING
ATTACHMENT POINT
(16 LOCATIONS)
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recorded for identification. A reference BORAL standard for the appropriate B-10 aerial density
shall be used as the test acceptance standard.

8.1.7.3 Radiographic Test Performance .

An approved facility with a neutron beam capability shall be selected to perform the described
tests. For system calibration, a camera shall be placed in the neutron beam path and the reference
BORAL standard plate is placed in a stationary, fixed location between the camera and
beamport. A luminance level is then determined at a location near the center of the specimen.
The BORAL standard is then replaced by the BORAL test specimen and a luminance level is
determined at a location near the center of the specimen.

8.1.7.4 Acceptance Criteria

The test shall be considered acceptable if the luminance level determined for each test specimen
is equal to or less than that of the BORAL standard. The minimum acrial density for BORAL B-
10 loading shall be;: 0.01g/cm’ B-10.

Any specimen not meeting the acceptance criteria of 0.01g/cm? B-10 shall be rejected and the
sheets from that pour shall be similarly rejected.

8.1.8; - Transportable Storage CaniSter

'I"lie' transp‘ orfabl'e‘ st‘bragé”camst’ Inis erxsconsiru S _ggecf‘_ofBOEL"sﬁnﬂ” éé'é‘"fii’é’e’ﬁ"fﬁé‘i'""""'Ei’e"r*ﬁiié’il‘»’iéi

o T AR Y

ihc cylmder is: closed b “'-a{ﬁcld' mstalled cu:cular plate ¢lded

ol P L i LB e A

time it is loaded with fuel.

EI'he ool o= 2t bk i i adicivioh At .

f.ransported in the NAC-STC However, 5.11-_"_ “the structiiral seém welds ofithe-canister ;
radiographically examined:in accordance with ASME Gode, ‘Section: Vi K‘Ecle rfﬁé?e";v—fds
khallhave the same accéptance ¢riteria as the NAC-STC primary:edntdinment.boundary we dsids’

Hesciibed iri Section §:1.1-bove: The canister bottom Weld Sl be TrasOrToAlly examIned, per
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ACCOTdANCa. Wi

5
m~w TR PP P ST

s e

Each selected fabticator. for. the canister will establish 4 detaile:
accordance’ with: an approved/Qumlity:- Assurance: Am a1, OF;

ultrasonic. (UT) and radiographic.(RT). weld examination
prior. to acceptarice of! the: ca e

RN 'nr

examined, the sequence of the exaxmnatlons ; the type‘ ‘of'exammah
criteria for acceptance of the weld in accordance with the applicable::
and Bressure Vessel Code (ASME Code),

.Subssquenﬂy lcak t':st.esl
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Luksic, A., "Spent Fuel Assembly Hardware: Characterization and 10 CFR 61
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June 1989.
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Merritt, F.S., Standard Handbook for Civil Engineers, New York, McGraw-Hill Book
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NUREG/CR-0497, "A Handbook of Materials Properties for Use in the Analysis of Light Water
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1280, August 1981
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Plastic Analysis of Shipping Containers," H.J. Rack and G.A. Knorovsky, Sandia Laboratories,
SAND77-1872, September 1978.

NUREG/CR-0796, PNL-2827, "Criticality Experiments with Sub-Critical Clusters of 2.35 and
4.29 w/o U™ Enriched UO, Rods in Water with Uranium or Lead Reflecting Walls,” S.R.
Bierman, B.M. Durst, E.D. Clayton, Battelle Pacific Northwest Laboratories, April 1979.
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for Neutron and Gamma-Ray Shielding Calculations using the GP Buildup Factor,"
CCC-493/QAD-CGGP, Radiation Shielding Information Center, December 1988.

Regulatory Guide 1.13, "Spent Fuel Storage Facility Design Basis," Division 1, U.S. Nuclear
Regulatory Commission, December 1981. (Proposed Revision 2)

Regulatory Guide 1.25, "Assumptions Used for Evaluating the Potential Radiological
Consequences of a Fuel Handling Accident in the Fuel Handling and Storage Facility for Boiling
and Pressurizing Water Reactions,” U.S. Atomic Energy Commission, March 1972. (Safety
Guide 25)

9.0-9



NAC-STC SAR December 1996
Docket No. 71-9235 Revision 9

Regulatory Guide 1.109, "Calculation of Annual Doses to Man From Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix L," U.S. Nuclear Regulatory Commission, October 1977.

Regulatory Guide 1.145, "Atmospheric Dispersement Models for Potential Accident

Consequence Assessments at Nuclear Power Plants,” U.S. Nuclear Regulatory Commission,
November 1982.

Regulatory Guide 7.6, "Design Criteria for the Structural Analysis of Shipping Cask
Containment Vessels,” U.S. Nuclear Regulatory Commission, March 1978.

Regulatory Guide 7.8, "Load Combinations for the Structural Analysis of Shipping Casks,”
U.S. Nuclear Regulatory Commission, May 1977.

Regulatory Guide 7.11, "Fracture Toughness Criteria of Base Material for Ferritic Steel
Shipping Cask Containment Vessels with a Maximum Wall Thickness of 4 Inches (0.1 m),"
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