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Table 3.4-1 Maximum Component Temperatures - Normal Transport Conditions, Maximum Decay Heat, Maximum Ambient

Conditions: 1000F Ambient Temperature, Fu o o
E a Tr ! _

517CMV n iU r e

Component
Outer Lid O-Ring
BTFE O-Rings
Metallic O-Rings
Cask Radial Outer Surface
Top Neutron Shield
Bottom Neutron Shield
Radial Neutron Shield
Lead Gamma Shield
Aluminum m Exterior
Aluminum g Interior
Steel Support Disk Exterior
Steel Support Disk Interior
Canister Shell
Canister Lid
Canister Bottom Plate
Maximum Fuel Rod Cladding

Cavity Gas
Air (OF) Helium (fF)

178 176
211 210
190 189
241 243
181 175
403 379
284 285
314 315
338 337
491 487
356 344
498 495

Note
(1)
(1)
(1)
(2)
(1)
(1)
(2)
(2)
(2)
(2)
(2)
(2)

(3)

176
210
189
243
175
379
270
281

536

539
338
209
255
575

(4)
(4)
(4)
(4)(5)
(4)
(4)
(5)
(5)

(5)

(5)
(5)
(5)
(5)
(5)588 (3090C) 544 (284-C)

Notes: (1)
(2)
(3)
(4)

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

(5) 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 (PNE-4555). Similarly for the 6061-T6 aluminum comprising
the aluminum ersTC the temperature limit is considered to be 8000F. 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)(1), 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. -
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.

The impact limiters are included in the model for the fire analysis. The cae dder
rtc d in Section 2.10.6 demonstrates that the impact limiters remain on the cask after the K

_s shypothetical accident condition.

The decay heat of 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. Is n

Eows tFtefi c lgEfatb l 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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3.5.13.1 ra Fuel andGT Baske

The uec fuel baske4 a not modeled
explicitly in the hypothetical accident condition analysis.

_otle fue =ktcmoet f th _

3.5.15.2 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 nj1 modeled mt

condftioni 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, a, 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 Btu/br-in-0 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-0F.

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.

3.5.1[.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. [E

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. r I 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

NAC diid ot create a thermal test model. The methods previously described have been used in
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.

3.5-3
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The emissivity of stainless steel is 0.36. However, during the fire transient, the emissivity is

assumed to be n, as required by 10 CFR 71.73(c)(. Also, the emissivity of the fire is assumed

to be 1.0.

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 P 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. lodeed.cfu La4 dtie c6sa- erej are listed in Table 3.5-1. The
temperature histories of major cask components for if 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.

pesu1Iis ci components. as s w..i .sih

~djelement analysis resiiltslisifig a heat load of 22 _______
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3.5.4 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 2321C. The maximum fuel rod cladding temperature during the fire
transient is 4020C, 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:

T

P2 = 6iT

P2 = 80.2 psia

____ e

'S 4

A__ g

K" =me 7
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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 Hvyothetical 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.

3.5-8
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Figure 3.5-1 NAC-STC Hypothetical Accident Conditions ANSYS Model e
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Figure 3.5-2 NAC-STC Hypothetical Accident Conditions Temperature History

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 Hypothetical Accident Conditions Temperature History e

1. Maximum temperature of the lead gamma shield
2. Maximum temperature of the inner surface of the inner shell

ANSYS
APR 15
20:46:5
PLOT NO.
7R T

L-

0

a)

E
w

20
2 6 20 14 la

Ti me ( h r-)

3.5-11



.NAC-STC SAR
Docket No. 71-9235

April 1997
Revision 9A

Figure 3.5-2 NAC-STC Hypothetical Accident Conditions Temperature History
o as(continued)

1. Maximum temperature of the radial port cover seals
2. Maximum temperature of the inner lid seals
3. Maximum temperature of the outer lid seals
4. Maximum temperature of the inner lid port cover seals
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Figure 3.5-2 NAC-STC Hypothetical Accident Conditions Temperature History
vas Ct (continued)

1. Maximum temperature of the inner lid bolts
2. Maximum temperature of the outer lid bolts

ANSYS
APR 15
2046:5
PLOT NO.
TRD T

LjL

()

L

£

C-

C-

0)

20
2 6 10 14 is

Ti mne ( hr)

3.5-13



NAC-STC SAR
Docket No. 71-9235

April 1997
Revision 9A

Table 3.5-1 Maximum Component Temperatures - Hypothetical Accident

Conditions Fire Transient

Conditions: 30 minute, 14750F Fire

m kW decay heat e

2.5 ueB

Component
Inner Lid Bolt
Metallic O-rings

Cask Radial Outer Surface
Radial Neutron Shield'
Lead Gamma Shield
Steel Disk Interior

Aluminum P Interior

Maximum Fuel Rod Cladding
ICt.IAJ

Temperature
(aF)

1

3

Time
(hours)

0.5

3

Temperature
Limit (OF)

500

0

79

800

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.

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

4.1 Containment Boundary

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 [eak
Detector is used to verify leakage less than F2J std cm3/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 e r used to verify leakage less than FZ std cm3/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.

~ stoage aniser d oge j wq
t~~is~ keon-,~noa since~ S. i=S> verifie foeiatih hn

__~y~be.Tehieiho a ne nyo-h omlcniirsotasbto
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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 I std
cm3/second. The quick-disconnect valved nipples installed in the vent and drain openings and in
the interseal test port in the inner lid are not considered to be part of the containment boundary.
The 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 0-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.

4.1-2
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4.1.3.1.1 Containment System Fabrication Verification

Upon completion of fabrication, a Containment System Fabrication Verification shall be
performed on the cask containment 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
of J std cm3/second. The maximum allowable leakage rate, and the corresponding test
sensitivity, are discussed in Section 4.2.3.1.

4.1.3.1.2 Containment Svstem 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 std cm3/second. Test equipment and methods shall be selected

to assure a minimum test sensitivity of ~ std cm3/second.

4.1.4 Closure

The primary closure assembly for the NAC-STC for transport consists of the inner lid, bolts, and

o-rings. The inner lid is recessed and bolted into the top forging of the cask body. The 9.0-inch
thick, 79.00-inch diameter inner lid is made of SA-336, Type 304 stainless steel. The inner lid is

retained by 42 inner lid bolts that are 1 1/2 - 8 UN socket head cap screws fabricated from
SB-637, Grade 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, HI 150, 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, HI 150,
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 0-rings.

4.14



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

4.2 gn Requirements for Normal Conditions of Transport

The NAC-STC has been designed to safely transport E fuel assemblies M o c

e se s e n . .. e as..ns or

o e e the Westinghouse 17 x 17 fuel assembly is E limiting assembly,
because it will result in a higher cavity pressure due to its relatively large gas volume. Thus, the
17 x 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/o. 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 [or iuI
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4.2.1 Containment of Radioactive Material

The NAC-STC is designed to maintain a release rate of less than 10' A2 per hour under the
normal conditions of transport, as required by 10 CFR 71.51 and LAEA Safety Series No. 6
(paragraph 548). I= this corresponds to a maximum leakage rate
of std cm3/second. i

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 volumneiA are presented
below.

VgV = Free Gas Volume in Cask Cavity
= 461,128 in3

Vfr = Fuel Fill Gas Volume
= 300,417 in3

Vrp = Fuel Fission Gas Volume
= 328,917 in3

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

= VV + 0.03Vf, + 0.03Vfp
= 480,008 in3
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Based on a bulk average gas temperature of 450TF when air is in the cavity (Section 3.4.4), the
pressure within the cask cavity is:

P =1(480,008)(505)
(461,'128,1k 93)

= 1.79 atm = 26.39 psia

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

p _l480,008)(478)
P2 = 461,120 t293)

= 1.70 atm = 25.0 psia

4.2.3 Containment Criterion

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 10-6 A,. per hour. t 2 h h for ihe mixture __________

r ~ eis determined using the method described in 1A hdiA

For normal transport conditions, 3 percent of the fuel FI~ 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. PI assumed that 30 percent of both
tritium and krypton-85[ escapep each failed fuel rod. [Z Other radiologically important gaseous

AI
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nuclides are present only in negligible amounts after the -

I 6.5-year minimum cooling period o= .

I I- 'ee IM R_IME9 =- -" W

Fuel assemblies develop a coating of impurities o deposited by cooling water
during power generation. Crud contains mostly non-radioactive elements, but does contain a

significant amount of cobalt-60. A study
has estimated the range of cobalt-60 concentrations on spent fuel assemblies to be

from 0.1 to 140 gCi/square centimeter at initial discharge. For conservatism, this analysis

o e the cobalt-60 concentration to be the maximum of that range,
adjusted for a fuel cool time of 6.5 years. The surface area of the design basis

}. assembly, is calculated to be 3.5 x 105 square centimeters.

Based on the surface area of 26 _ 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.

M a lor t.4 - 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.

The total inventory of ii~ili fission product gases,

lbiff&1uld c~f is shown in Table 4.2-1. >
*adJ~iudlde AX at_ att;.d_~bis
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Table 4.2-1 ou eInventory - Design Basis Fuel

Constituent

Gases
Tritium
Krypton-85
Iodine-129
Crud

Cobalt-60

Ed
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A. LA

~oa e

V.

ur- 7 1'~;
erurn-1..2!
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Ed 2~4~

rEum

yfien-b rec Ke ei
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212
3,390
0.02

Curies/ Cask
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88,140
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4.3 Containment Requirements For Hynothetical Accident Conditions

The NAC-STC has been designed to safely transport 26 design basis PWR fuel
assemblies, X _s_

The structural integrity of the cask containment during hypothetical
accident conditions is demonstrated in Chapter 2. Therefore, the cask containment is maintained
under hypothetical accident conditions. _ Bs

ye_' o e ~r wo Ao=

4.3.1 Fission Gas Products

The calculated amounts of fission gases contained by the design basis . PWR fuel
assembly for both normal and hypothetical accident conditions are reported in E d

4 daes.are ieportdT 4abk 4NT: The accident
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. y& i

kiff u esDcatgizedas vfoll es n ETo&j

4.3.2 Containment of Radioactive Material

The NAC-STC is designed to maintain a release rate of less than one A2/week for the
hypothetical accident conditions, as required by 10 CFR 71.51.

~I n s ;--lli- m Ae-arm5 as - A d X weio n
_vr*h __ltl .ten o u rvii

edts . . on air. .L
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4.3.3 Containment Criterion
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4.3.3.1 Permissible Leakage Rate or IS rEgM 00
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5.0 SHIELDING EVALUATION
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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. 2 2 ~ __ _ _

___ ax so5Listeredel g

ca ste! _juant
__ W_ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _
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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-la



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

(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{- through 5.1-[ for the all-aluminum e basket with E 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 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

all-aluminum basket design and corresponding shielding analysis model

contained 27 aluminum disks while the stainless steel/aluminum basket utilizes 33 Type 17-4 PH
stainless steel disks and 20 6061-T6 aluminum E d . The overall design similarity
allows a reasonable comparative analysis to be performed to evaluate the shielding effectiveness
of the two Sli'4d 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-f. 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 - through 5.1- for the all-aluminum 7 basket containing
26 design basis PWR fuel assemblies cooled for 5 years are representative of, or enveloping for

the dose rates of the NAC-STC with the stainless steel/aluminum irect basket
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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5.1 Discussion and Results

The radiation protection provided by the NAC-STC is in the form of solid multi-walled shielding
materials which totally surround the fuel. These shielding materials include steel and lead for
gamma shielding and a borated polymer (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 E 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
steelINS4FR/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.
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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).
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5.1.2 Design Basis Fuel

-ie -~- 0 si ss e 1 s

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 gg 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 cooledi E
F fuel @ir are given in Table 5.1-1. The design basis fuel @ for the
6.5-year cool time are given in Table 5.1{. The design basis fuel i are
presented in Table 5. 1 .

For fuel assemblies with a burnup of 40,000 MWD/MTU, the fuel requires a minimum of 5 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 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-E. 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 5.170 Combined Dose Rates for Normal Transport Conditions
40,000 MWD/MTU, 5-year cool time)

(26 PWR assemblies,

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

Radial Surface, fuel 1 Neutron 5
midplan4 Fuel Gamma 29.15

Grid Spacer Gamma 7.04

TOTAL F
Radial, Im from cask 2 Neutron L
surface, fuel Fuel Gamma 13.53
midplanel Grid Spacer Gamma 3.28

TOTAL
Radial, 2m from 3 Neutron
transport vehicle, fuel Fuel Gamma 5.43
midplaneq Grid Spacer Gamma 1.33

TOTAL M
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

raegion.
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Table 5.1- a 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)

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 17J76
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 7.36

TOTAL 341.59
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Table 5.1- IM Combined Dose Rates for Normal Transport Conditions
assemblies, 40,000 MWD/MTU, 5-year cool time)

(continued) (26 PWR

Location Detector I.D. Radiation Normal Dose Rate

(mrem/hr)
Surface of personnel 9b 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

5.1-21



NAC-STC SAR
Docket No. 71-9235

April 1997
Revision 9A

Table 5.1-1 Hypothetical Accident - Loss of Neutron Shielding (26 PWR assemblies, 40,000
MWD/MTU, 5-year cool time)

Location Detector I.D. Radiation Normal Dose Rate

(mrem/hr)

Radial, 1m from cask 2a Neutron

surface, fuel midplane, Fuel Gamma 37.33

without neutron shield!J Grid Spacer Gamma 10.49

TOTAL

Bottom, Im from cask 4 Neutron 112.30

surface, axial centerline, Fuel Gamma 9.66

without neutron shieldi Grid Spacer Gamma 3.02
(assumes loss of impact End-Fitting Gamma 42.11

limiter) TOTAL 167.09

Top, Im 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 4.23
limiter) Plenum Spring Gamma 2.21

TOTAL 60.74

Radial, Im from cask 2 Neutron M

surface, fuel midplane Fuel Gamma 62.10

(side drop) Grid Spacer Gamma 15.06

TOTAL
Radial, lm 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

I 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.

I __ ~~~ 04
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Table 5.1 - ~ Hypothetical Accident - Lead Slump

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

Location Detector I.D. Radiation Normal Dose Rate

(mrem/hr)
Radial, Im rom cask 2 Neutron
surface, fuel midplane Fuel Gamma 62.10
(side drop): Grid Spacer Gamma 15.06

TOTAL E

Radial, Im 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

neutron ~ Ik g7 - di&IiIRjiISbf
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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 Figure5.1-1). 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 TableS.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
XSDRNPMfXSDOSE 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-.MA

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].

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 impact limiters (positions 4

through 7 of Figure 5.1-1 and Table 5.1- 4). A
_ .25()9'j. Id1

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

o eC cn ot t ee las e _se Eea

This chapter demonstrates that the NAC-STC with the design basis payload[ meets the criticality
requirements of 10 CFR 71 Sectiong 71.55 i [ , and IAEA Safety Series No. 6. As
demonstrated by the criticality analyses R in Section 6.4 and summarized below[

The NAC-STC is designed to transport 26 design basis PWR fuel assemblies with an initial
enrichment of 4.2 w/o uranium-235

1 "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'0 /cm2 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 (kff) 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 -k_

Normal Conditions:

Loading - Moderator inside and outside 0.92658 i 0. 0.9457
Transport - Dry Inside and moderator outside 0.44743 + 0.g7 0.4662

Hvpothetical Accident Conditions:

Dry inside and moderator outside 0.50321 4 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'0 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.
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6.4 Criticality Calculation
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6.4.1 Fuel Loading Optimization

Th e NAC-STC cask is designed to tr o esign as PWR ba assemblies W6&

_=_ The
analyses presented show that the maximum fuel loading along with the most reactive
configuration have been analyzed chofl3 coni = of fresh fuel into the

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.

6.4.2 Criticality Results Oi It&LU antrdFJ

6.4.2.1 Most Reactive Assembly

A simplified KENO-Va calculation of the two design basis assemblies
rianfi'&o ~crf;ii d 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, 95O% of theoretical and a 4.2 w/o U2 initial

enrichment. The k-infinity of the 15xl5 fuel assembly in the NAC-STC basket is 0.9526 ±

6.4-2



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

0.0024, and the k-infinity of the 17x17 fuel assembly in the 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 U2" gave a k-infinity of 0.9504 i .0024 which is below the 15x15 fuel assembly design at
4.2 w/o UM5 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 2 " .
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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 kff of 0.9266 ± 0.0023. The CSAS25 input and output for this
case is shown in Figures 6.E-1 and 6.E-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 kff in the dry situation is 0.4420 4 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, kff of the package is very low and is
insensitive to variations of moderator density outside and cask center-to-center spacing. The
maximum kff for this situation is 0.4470 i 0.0014.

Including statistical and method uncertainties, all results for the normal condition are below the
0.95 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 erio 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 kff of the package is very low and is insensitive to moderator density and cask
spacing variation. The maximum kff for this situation is 0.5032 ± 0.0014. The CSAS25 input and
output for this case is shown in Figure 6. ~-3 and 6. 1-4, 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
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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.
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Table 6.4-1 Criticalitv Results for Normal Conditions of t e Loading

Cask H20 H20 Neutron | B10  | 1k s k.

Pitch Inside Outside Shield l

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% 0.92194 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 0.85716

300cm 0.5 0.5 Yes 75% 0.76677 0.00229 0.78588

300cm 0.2 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
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CSAS25
SRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH - 250.690 cm) (EXT. MOD. VP - 0.6

ETHIS IS A MODEL OF THE NAC-MPC BASKET
LOADED WITH 36 UNITED NUCLEAR TYPE A ASSEMBLIES

* INTERIOR MODERATOR VOLUME FRACTION 0.0001
* EXTERIOR MODERATOR VOLUME FRACTION - 0.6
* CASK TO CASE PITCH - 250.698 Cm

27GROUPNDr4 LATTICZCZLL
U02 1 0.95 293.0 92235 4.0 92238 96.0 END
ZIRCALLOY 2 1.0 293.0 END
E20 3 0.0001 293.0 END
AL 4 1.0 293.0 END

S304 1.0 293.0 END
B-10 6 DEN-2.6226 0.0450 293.0 END
3-11 6 DEN-2.6226 0.2736 293.0 END
C C DEN-2.6226 0.0927 293.0 END
AL 6 DEN-2.6226 0.5737 293.0 END
PB 7 1.0 293.0 END
H e DEN-:.6291 0.060 293.0 END
0 e DEN-1. 291 0.425 293.0 END
C e DEN-1 6291 0.277 293.0 END
N e DEN-1.6291 0.020 293.0 END
AL a DEN-1.6291 0.214 293.0 END
3-10 8 DEN-1.6291 0.001 293.0 END
3-11 B DEN-1.6291 0.004 293.0 END
320 9 0.6 293.0 END
END CQMP
SQUAPEPITCH 1.1987 0.7887 1 3 0.9271 2 0.8052 0 END
TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH - 250.698 cm) (EXT. HOD. VP - 0.6)
READ PARAM RUN-YZS PLS-NO GEN-203 NPG-1000 THE-SOD END PARAM
READ GECM

* WATER LEVEL UNIT CELLS

UNIT 1
CON-'rUEL PIN CELL - BETWEEN DISKS'
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
CON-'NATER CELL - BETWEEN DISKS'
CUBOID 3 1 4PO.5944 2P2.1400
UNIT 3
COH-DISPLACEMENT CELL - BETWEEN DISKS'

CYLINDER 2 1 0.4635 2P2.1400
CUBOID 3 1 4P0.5944 2P2.1400
UNIT 4
CON- ' INSTRUMENT TUBE CELL - BETWEEN DISKS'
CYLINDER 3 1 0.4998 2P2.1400
CYLINDER s 1 0.5442 2P2.1400
CUBOID 3 1 4PO.5944 2P2.1400

* DISK LEVEL UNIT CELLS (BOTH SS AND AL)

UNIT S
CON-'FUEL PIN CELL - WITH SS DISK'
CYLINDER I 1 0.3943 2PO.6604
CYLINDER 0 1 0.4026 2P0.6604
CYLINDER 2 1 0.4635 2P0.6604
CUBOID 3 1 4P0.5944 2P0.6604
UNIT 6
COK-'KATER CELL - WITH SS DISK'
CUBOID 3 1 4P0.5944 2P0.6604
UNIT 7
CON- DISPLACEMENT CELL - WITH S5 DISK'
CYLINDER 2 1 0.4635 2P0.6604
CUDOID 3 1 4P0.5944 2P0.6604
UNITaS
CON-'INSTRUMENT TUBE CELL - WITH SS DISK'
CYLINDER 3 1 0.4998 2P0.6604
CYLINDER 5 1 0.5442 2P0.6604
CUBOID 3 1 4PO.5944 2PO.6604

W KATER LEVEL WORAL SHEETS

UNIT 14
COH-'X-X BORAL SHEET BETWEEN DISKS'
CUWCID 6 1 2P9.144 2P0.0318 2P2.1400
CUBOID 4 1 2P9.144 2P0.0953 2P2.1400
UNIT 15
CON-'Y-Y WORAL SHEET BETWEEN DISKS'
CUBOID 6 1 2P0.0318 2P9.144 2P2.1400

6.6-45



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

CUBOID 4 1 2PO.0953 2P9.144 2P2.1400

* DISK LEVEL BORAL SHEETS (AL AND SS5

UNIT 16
CON-X-X BORAL SHEET WITH SS DISK
CUWOID 6 1 2P9.144 2P0.0318 2P0.4604
CU.OID 4 1 219.144 210.0953 210.6604
UNIT 17
Ca4.-Y-Y BORAL SHEET WITH ss DISK
CUBOID 6 1 210.038l 2P9.144 2P0.6604
CUBOID 4 1 210.0953 2P9.144 210.6604

* WATER LEVEL WEB MATERIAL

UNIT 20
CC4'IIATER LEVEL NED MATERIAL (SMALL) X-XV
CUBOID 3 1 2P10.4635 2PO.9716 2P2.1400
UNIT 21
CON-WATER LEVEL WEB MATERIAL (MEDIUM) X-XI
CUWOID 3 1 2P10.4635 2P1.0478 2P2.1400
UNIT 22
COt-.WATER LEVEL WEB MATERIAL (LARGE) X-X'
CUBOID 3 1 2P10.4635 2P1.1208 2P2.1400
UNIT 23
COM- WATER LEVEL WED MATERIAL (LONG) Y-Y'
CUBOID 3 1 2P1.1208 2P79.5249 2P2.1400

* SUPPORT DISK WED MATERIAL

UNIT 30
CON 'SUPPORT DISK WEB MATERIAL (SNALL) K-K.
CUBOID 5 1 2P10.4635 2P0.9716 2P0.6604
UNIT 31
CCK- SUPPORT DISK WEB MATERIAL (MEDIUM) X-X'
CUWOID 5 1 2P10.4635 2P1.0478 2P0.6604
UNIT 32
COM- SUPPORT DISK WEB MATERIAL (LARGE) X-XV
CUWOID 5 1 2P10.4635 2P1.1208 2P0.6604
UNIT 33
CON- SUPPORT DISK WEB MATERIAL (LONG) Y-Y'
CUWOID 5 1 2P1.1208 2P79.5249 2P0.6604

HEAT TRANSFER DISK WEB MATERIAL

UNIT 40
COM'HEAT TRANSFER DISK WEB MATERIAL (SMALL) X-XK
CUBOID 4 1 2P10.4635 2P0.9716 2P0.6604
UNIT 41
CON-HEAT TRANSFER DISK WEB MATERIAL (MEDIUM) X-XV
CUBOID 4 1 2P10.4635 2P1.0478 2P0.6604
UNIT 42
COM-HEAT TRANSFER DISK WEB MATERIAL (LARGE) X-XK
CUBOID 4 1 2P10.4635 2PI.1208 2P0.6604
UNIT 43
COa-lHEAT TRANSFER DISK WED MATERIAL (LONG) Y-Y'
CUWOID 4 1 2P1.1208 2P79.5249 2PO.6604

* WATER LEVEL ASSEMBLY ARRAYS

UNIT 50
COQ- FUEL TUBE AND ASSEMBLY - WATER LEVEL
ARRAY 1 -9.5104 -9.5104 -2.1400
CUBOID 3 1 4P9.9441 2P2.1400
CUBOID 5 1 410.0661 2P2.1400
CUBOID 3 1 4P10.25681 2P2.1400
HOLE 14 0.0 10.1615 0.0
HOLZ 14 0.0 -10.1615 0.0
HOLZ 15 10.1615 0.0 0.0
HOLE 15 -10.1615 0.0 0.0
CUBOID 5 1 4P10.3051 2P2.1400
UNIT 51
CON-'ASSEMBLY CELL WITH 4 BORAL SHEETS -Y
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.0 -0.1584 0.0
UNIT 52
CON-ASSEXBLY CELL WITH 4 BORAL SHEETS YV
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.0 0.1584 0.0
UNIT 53
COM-ASSEMELY CELL WITH 4 BORAL SHEETS -XK
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 -0.1584 0.0 0.0
UNIT 54
CON-'ASSEMBLY CELL WITH 4 BORAL SHEETS XV
CUWOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.1584 0.0 0.0
UNIT 55
COt-ASSEMBLY CELL WITH 4 BORAL SHEETS X Y'
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.1584 0.1584 0.0
UNIT 56
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CUN-'ASSEXSLY CELL WITH 4 BORAL SHEETS -X Y'
CUHOID 3 1 4P10.4635 212.1400
HOLE 50 -0.1564 0.1584 0.0
UNIT 57
CCN-'ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y'
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.1584 -0.1584 0.0
UNIT 55
C04-'ASSEMBLY CELL WITSH 4 BORAL SHEETS -X -Y'
CUBOID 3 1 4110.4S35 2P2.1400
HOLE 50 -0.1584 -0.1S54 0.0
UNIT 59
CCM' CENTRAL HOLE'
CUBOID 3 1 4P10.4636 2P2.1400

* SUPPORT DISK LEVEL ASSEMBLY ARRAYS

UNIT 60
Ct- I FUEL TUBE AND ASSEMBLY - SUPPORT DISK LEVEL'
ARRAY 2 -9.5104 -9.5104 -0.6604
CUBOID 3 1 4P9.9441 2P0.6604
CUHOID 5 1 4P10.0661 2P0.6604
CUHOID 3 1 4P10.25681 2P0.6604
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 5 1 4110.3051 2P0.6604
UNIT 61
CCU-'ASSEMBLY CELL WITH 4 BORAL SHEETS -Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 0.0 -0.1584 0.0
UNIT 62
CO- 'ASSEMBLY CELL WITH 4 BORAL SHEETS Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 0.0 0.1584 0.0
UNIT 63
Ca4. 'ASSEMBLY CELL WITH 4 BORAL SHZZTS -X'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 -0.1584 0.0 0.0
UNIT 64
CG1-'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 CZLL WITH 4 BORAL SHEETS H Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 0.1584 0.1584 0.0
UNIT 66
CCt-'ASSEMBLY CELL WITH 4 BORAL SHEZTS -X Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 -0.1584 0.1584 0.0
UNIT 67
CCO-'ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y
CUBOID 3 1 4P10.4635 2P0.6604
HOLZ 60 0.1584 -0.1584 0.0
UNIT 68
CCat-'ASSZMBLY CELL WITH 4 BOtAL SHEETS -X -Y'
CUBOID 3 1 4P10.4635 2PO.6604
HOLE 60 -0.1584 -0.1584 0.0
UNIT 69
CON-'CZNTRAL HOLE'
CUHOID 3 1 4P10.4636 2P0.6604

HEAT TRANSFER DISK LEVEL ASSEMBLY ARRAYS

UNIT 70
COH- 'ASSZMBLY CELL WITH 4 BORAL SHEETS'
ARRAY 2 -9.5104 -9.5104 -0.6604
CUBOID 3 1 4P9.9441 2PO.6604
CUBOID 5 1 4P10.0661 2P0.6604
CUBOID 3 1 4110.25681 2P0.6604
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 5 1 4P10.3051 2P0.6604
UNIT 71
CUH-'ASSZMBLY CELL WITH 4 BORAL SHEETS -Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.0 -0.1584 0.0
UNIT 72
CUH-'ASSZMBLY CELL WITH 4 BORAL SHEETS Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.0 0.1584 0.0
UNIT 73
CUN-'ASSEMBLY CELL WITH 4 BORAL SHEETS -X'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 -0.1584 0.0 0.0
UNIT 74
COH- '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
CONI-ASSEMBLY CELL WITH 4 BORAL SHEETS X Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.1584 0.1584 0.0
UNIT 76
CCN-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
CM- 'ASSEMBLY CZLL WITH 4 BORAL SHZETS X -Y'
CUDOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.1584 -0.1584 0.0
UNIT 78
COM-'ASSEMBLY CELL WITH 4 BORAL SHEETS -X -Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 -0.1584 -0.15S4 0.0
UNIT 79
Ct-' CENTRAL HOLZ'
CUBOID 3 1 4P10.4636 2P0.6604

* WATER LEVEL BASKET ARRAYS

UNIT 80
CON-' SXI WATER LEVEL ARRAY (SWILL ARRAY -X)'
ARRAY 20 -10.4636 -33.6323 -2.1400
UNIT 81
CQI- 5X1 WATER LEVEL ARRAY (SMALL ARRAY X'
ARRAY 21 -10.4636 -33.6323 -2.1400
UNIT 82
COC-'9X1 WATER LEVEL ARRAY ((4EDIUM ARRAY -X)'
ARRAY 22 -10.4636 -56.6549 -2.1400
UNIT 83
CON-.9X1 WATER LEVEL ARRAY (MEDIUM ARRAY X'
ARRAY 23 -10.4636 -56.6549 -2.1400
UNIT 84
C0M-'13X1 WATER LEVEL ARRAY tLARGE 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
COUt-' 13X1 WATER LEVEL ARRAY (LARGE ARRAY X1'
ARRAY 26 -10.4636 -79.5251 -2.1400

: SUPPORT DISK LEVEL BASKET ARRAYS

UNIT 90
CC*-SXi SUPPORT DISK LEVEL ARRAY (SMALL ARRAY -X)'
ARRAY 30 -10.4636 -33.6323 -0.6604
UNIT 91
COM-'SX1 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
CCM-' 9X1 WATER LEVEL ARRAY (MEDIUM ARRAY X)
ARRAY 33 -10.4636 -56.6549 -0.6604
UNIT 94
Ca4'13X1 SUPPORT DISK LEVEL ARRAY (LARGE ARRAY -Xl'
ARRAY 34 -10.4636 -79.5251 -0.6604
UNIT 95
C4'-13X1 SUPPORT DISK LEVEL ARRAY (MIDDLE LARGE ARRAY)-
ARRAY 35 -10.4636 -79.5251 -0.6604
UNIT 96
CUM-'13X1 SUPPORT DISK LEVEL ARRAY (LARGE ARRAY -X)'
ARRAY 36 -10.4636 -79.5251 -0.6604

HEAT TRANSFER DISK LEVEL BASKET ARRAYS

UNIT 100
COM-'5X1 HEAT TRANSFER DISK LEVEL ARRAY (SMALL ARRAY -X)
ARRAY 40 -10.4636 -33.6323 -0.6604
UNIT 101
CCI4-' SX1 HEAT TRANSFER DISK LEVEL ARRAY tSHALL ARRAY XI'
ARRAY 41 -10.4636 -33.6323 -0.6604
UNIT 102
COM-'9XI HEAT TRANSFER DISK LEVEL ARRAY (MEDIUM ARRAY -X)'
ARRAY 42 -10.4636 -56.6549 -0.6604
UNIT 103
CUM-'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 -Xl'
ARRAY 44 -10.4636 -79.5251 -0.6604
UNIT 105
CO-' 13X1 HEAT TRANSFER DISK LEVEL ARRAY (MIDDLE LARGE ARRAY)'
ARRAY 45 -10.4636 -79.5251 -0.6604
UNIT 106
CCH' 13X1 HEAT TRANSFER DISK LEVEL ARRAY (LARGE ARRAY X)
ARRAY 46 -10.4636 -79.5251 -0.6604
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BASXET ARRAY IN TRANSPORT CASK OVERPACK (LEVEL CONSTRUCTION)

UNIT 110
COt-'8ASKET ARRAY IN TRANSPORT CASK OVERPACK - WATER LEVEL'
ARRAY 50 -33.S323 -79.5251 -2.1400
CYLINDER 3 1 88.1253 2P2.1400
HOLE 80 -S9.0614 0.0 0.0
"OLE 32 -46.1912 0.0 0.0
HOLZ 81 *9.0614 0.0 0.0
HOLZ 83 46.1912 0.0 0.0
CYLINDER 5 1 89.7126 2P2.1400
CYlNDER 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 5 1 125.349 2P2.1400
CUBOID 9 1 4P125.349 2P2.1400
UNIT Ill
CUM-'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 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 28.1253 2P0.6604
CYLINDER 5 1 09.7128 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
UNIT 112
CCH-'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
HOLZ 103 46.1912 0.0 0.0
CYLINDER 3 1 88.1253 2P0.6604
CYLINDER 5 1 *9.7128 210.6604
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

CLOBAL UNIT 120
ARRAY 60 -175.349 -175.349 0.0
END CECM
READ ARRAY
ARA-1 NUX-16 NUY-16 NUZ-1 FILL
I I I I I I 1 3 2 2 2 2 2 2 2 2

11111 1 I I I I I I I I I

I I I I I 1 2 1 1 I 1
3 1 1 I I I 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 I 1 4 1 1 1 I I I 1
2 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1
2 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 I I I I I 1

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 I I 1 1 1 1
2 1 1 I I I I I I I I I I I I I

END FILL
ARA-2 NUX-16 NUY-16 NUZ-1 FILL
S S 5 5 5 5 5 7 6 6 6 G 6 6 6 6
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
S 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
5 S S S 5 5 5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 S S S S S S S
7 S S S 5 5 5 5 5 5 5 5 5 S 5 5
6 5 5 5 5 5 5 5 e s s s 5 5 s s
6 5 5 5 5 5 5 5 5 S S S S 5 5 5
6 5 5 5 5 5 S 5 5 5 5 5 5 5 5 S
6 5 S S S S S S 5 5 5 5 5 5 5 5
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F S 5 - C 5 S S S S S 5 5 5 5 5
65S S 5 5 5 5 5 5 5 5 5 5 5 5
6 5 5 55 555 5 5 5 5 5 55
6 S S 5 5 S S S 5 5 5 S S S S S
END FILL

' HATER LEVEL ARRAYS

ABA.20 NUX-I NUY-S NUZ-1
FILL
55
22
54
22
57
END FILL
ARA-21 NUX-1 HUY-5 NUZH-
FILL
56
22
53
22
58
END FILL
ARA-22 NUX-i HUY-9 NutZ-1
FILL
55
21
55
22
54
22
57
21
57
END FILL
ARA-23 NUX-I NUY-9 NUZ-t
FILL
56
21
56
22
53
22
58
21
58
END FILL
ARA-24 )IUX-I NUY-13 NUZ-1
FILL
55
20
55
21
55
22
54
22
57
21
57
20
57
END FILL
APA-25 NUX-i NUY-13 NUZ-1
FILL
52
20
52
21
52
22
59
22
51
21
51
20
51
END FILL
ARA-26 NHX-I NUY.13 - WZ-1
FILL
56
20
56
21
56
22
53
22
58
21
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S8
20
58
!ND FILL

' SUPPOR DISK LEEL AR.YS

APA-30 IUX-1 NUY-S MIU2-1
TILL
65
32
64
32
67
LND FILL
ARA-31 NUX-1 NUY-S IIUZ-1
FILL
66
32
63
32
68
END FILL
ARA-32 NUX-1 NUY-9 NIUZ-I
FILL
65
31
65
32
64
32
67
31
67
END FILL
AMA-33 NUX-I NHY-9 MUlZ-i
FILL
66
31
65
32
63
32
68
31
6B
END FILL
ARA-34 NUX-I NUY-13 NUZ-1
FILL
65
30
65
31
65
32
64
32
67
31
67
30
67
END FILL
ASA-35 NUX-I NUY-13 lltZ-I
FILL
62
30
62
31
62
32
9B
32
61
31
61
30
1
END FILL
ARA-36 NUX-I NilY-13 NUZH 1
FILL
66
30
66
31
66
32
63
32
68
31
68
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30
69
END FILL

* HEAT TRANSFR DISK LEVEL ARRAYS

AIA-40 NUX-1 NUY-5 NUZ-1
FILL
75
42
74
42
77
EnD FILL
ARA-41 NUX-2 NUY-S NUZ-1
FILL
76
42
73

42
79
END FILL
ARA-42 NUX-1 NUY-9 NUZ-1
FILL
75
41
75
42
74
42
77
41
77
END FILL
ARA-43 NUX-1 NUY-9 NUZ-1
FILL
76
41
76
42
73
42
78
41
78
END FILL
ARA-44 NUX-1 NUY-13 NUZ-1
FILL
75
40
75
41
75
42
74
42
77
41
77
40
77
END FILL
ARA-45 NUX-1 NUY-13 NUZ-1
FILL
72
40
72
41
72
42
79
42
71
41
71
40
71
END FILL
ARA-46 NUX-I NUY-13 NUZ-1
FILL
76
40
76
41
76
42
73
42
78
1
78
40
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.78
END FILL

* MAJOR ARRAYS

ARA-50 NUX-5 NUY-I NUZ-1
FILL
U4 23 US 23 86
END FILL
ARA-S1 NUX-S NUT-i IUZ-1
FILL
94 33 95 33 96
END FILL
ARA-52 NUX-5 NU-1 NaUZ-1
FILL
104 43 105 43 106
END FILL

* GLOBAL ARRAY

ARA-60 NlUX-1 NUY-1 NUZ-4
FILL
1i2
110
111
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

' UHOLE BASKET HORIZONTAL SLICES

TTL-'SASKET X-Y CROSS SECTION AT Z- 0.635 NEAT TRANSFER DISK LEVCL'
XUL- -130 YUL- 130 ZUL- 0.635
XLR- 130 YLR- -130 ZLR- 0.635
UAX-1.0 VDN--1.0 NAX-1500 END
TTL-'BASKET X-Y CROSS SECTION AT 2- 3.44 HATER LEVEL'
XUL- -130 YULI- 130 ZUL- 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 Z- 6.236 SS DISK LEVEL'
XUL- -130 YUL- 130 ZUL- 6.236
XLR- 130 YLR- -130 ZLR- 6.236
UAX-1.0 VDN--1.0 NAX-1S00 END

HEAT TRANSFER DISK LEVEL BASKET QUADRANTS

TTL-'BASKET X-Y OUADRANTD I NEAT TRANSFER DISK'
XUL- 12. YUL- 80 ZUL,- 0.635
XLR- 80.0 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- -S0 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 ZUL- 0.635
XLR- -12.0 YLR- -80.0 ZLR- 0.635
UAX-1.0 VDN--1.0 NAX-S100 END
TTL-'BASKET X-Y QUADRANT IV HEAT TRANSFER DISK'
XUL- -80.0 YUL- 60.0 ZUL- 0.635
XLR- -12.0 YLR- 12.0 ZLR- 0.635
UAX-1.0 VDN--1.0 NAX-1S00 END

N WATER LEVEL BASKET QUADRANTS

TTL-'BASKET X-Y QUADRANT I MATER LEVEL'
XUL- 12. YUL- g0 ZUL- 3.44
XLR- 60.0 YLR- 12.0 ZLR- 3.44
UAX-1.0 VDN--1.0 NAX-1500 END
TTL-'BASKET X-Y QUADRANT IS WATER LEVEL'
XUL- 12.0 YUL- -12.0 ZUL- 3.44
XLR- 80 YLR- -60 ZLR- 3.44
UAX-1.0 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- -60.0 ZLR- 3.44
UAX-1.0 VDN--1.0 NAX-1500 END
TTL-'BASKET X-Y QUADRANT IV MATER LEVEL'
XUL- -80.0 YUL- 60.0 ZUL- 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 SECTION ALUMINUM LEVEL 4tIDDLE 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- -90 YUL-0.4 ZUL- 4.318
XLR- 90 YLR-O.4 ZLR- 1.27
UAX-1.0 WDN--1.0 NAX.1500 END
STL- BASKET X-Z CROSS SECTION SS LEVEL (MIDDLE OF FUEL PIN)'
XUL- -90 YUL-0.4 ZUL- 6.H58
XLR- 90 YLR-0. 4 ZLLR- 5.588
UAX-1.0 NDW-1.0 NAX-1500 END
TTL.- BASXZS X-Z CROSS SECTION ENTIRE MODEL (MIDDLE OF FUEL PIN)
X11- -90 YUL-0. 4 ZUL- 12
XLR.- 90 YLR-O. 4 ZLR- 0
UAX-1.0 WDN--1.0 NAX-1500 END
END PLOT
END DATA
END
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* . .........* * * * ******* ... ........ ................ ........
*--** . *. ** **... * -*** *. *.. **** ..*. **.

PROGRAM VERIFICATION INFOIUCATION

CODE SYSTEM: SCALE-PC VERSION: 4.3

***.. *............... ...................

. *..* ..... . . ...

PROGRAM: CSAS

CREATION DATE: 03-08-96
*.

... - -VOLUME: ING

LIBRARY: G:\sca1e43\exe

PRODUCTION CODE: CSAS

VERSION: 3.1

.. *JOBNAIE: SCALE-PC

DATE OF EXECUTION: 11/13/96

... -- TIME OF EXECUTION: 00:51:47

...............
................. .... ** ........ **..

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

* .. PROBLEM PARAZETERS ....

LID 27GROUPNDF4 LIBRARY
MXX 9 MIXTURES
MSC 18 COMPOSITION SPECIFICATIONS
IZ2 4 MATERIAL ZONES
GM LATTICZCZLL GZONETRY
MORE 0 0/1 DO NOT READ/READ OPTIONAL PARAMETER DATA
MSLN 0 FUEL SOLUTIONS

*--- PROBLEM COMPOSITION DESCRIPTION ....

SC V02 STANDARD COMPOSITION
MX 1 MIXTURE NO.
VT 0.9500 VOLUME FRACTION
ROTH 10.9600 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE/CCHPOUND
TEMP 293.0 DEG KELVIN

92000 1.00 ATOM/MOLECULE
92235 4.000 NT%
92238 96.000 WTI

8016 2.00 ATOHS/MOLZCULE
END

SC ZIRCALLOY STANDARD COMPOSITION
MX 2 MIXTURE NO.
VT 1.0000 VOLUME FRACTION
ROTH 6.5600 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

40302 1.00 ATOM/MOLECULE
END

SC N20
MX
VT
ROTH
MEL
ICP
TEMP

END

SC AL
HX
VT
ROTH
MEL

ICP
TEMP

END

SC SS304
MX
VT
ROTH
MEL
ICP
TEMP

END

SC B-10
HX
VT
ROTH
MEL
ICP
TEMP

END

SC D-11
HX
VT
ROTH
MEL
ICP
TEMP

END

STANDARD COMPOSITION
3 MIXTURE NO.

0.0001 VOLUME FRACTION

0.9982 THEORETICAL DENSITY
2 NO. ELEMENTS
1 0/1 MIXTURE/CC9POUND

293.0 DEG KELVIN
1001 2.00 ATONS/MOLECULE
8016 1.00 ATOH/MOLECULE

STANDARD COMPOSITION
4 MIXTURE NO.

1.0000 VOLUME FRACTION
2.7020 THEORETICAL DENSITY

1 NO. ELEMENTS

1 0/1 MIXTURE/COMPOUND
293.0 DEG KELVIN
13027 1.00 ATOH/MOLECULE

STANDARD COMPOSITION
5 MIXTURE NO.

1.0000 VOLUME FRACTION
7.9200 THEORETICAL DENSITY

4 NO. ELEMENTS
0 0/1 MIXTURE/COMPOUND

293.0 DEG KELVIN
24304 19.000 NT%
25055 2.000 UTV
26304 69.500 UT%
28304 9.500 NTI

STANDARD COMPOSITION
6 MIXTURE NO.

0.0450 VOLUME FRACTION
2.6226 SPECIFIED DENSITY

1 NO. ELEMENTS
1 0/1 MIXTURE/COMPOUND

293.0 DEG KELVIN
5010 1.00 ATON/MOLECULZ

STANDARD COMPOSITION
6 MIXTURE NO.

0.2736 VOLUME FRACTION
2.6226 SPECIFIED DENSITY

1 NO. ELEMENTS
1 0/1 MIXTURE/CONPOUND

293.0 DEG KELVIN
5011 1.00 ATCN/MOLECULE
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Sc c STANDARD COMPOSITION
HX 6 MIXTURE NO.
Vr 0.0927 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
MEL 1 NO. ZLEMENTS
ICP 1 0/1 NIXTURR/CCMPOUND
TEMP 293.0 DEG KELVIN

6012 1.00 ATO/XMoLECULS
END

SC AL STANDARD COMPOSITION
HX 6 MIXTURE NO.
Vr 0.5737 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
MEL 1 NO. ELEMENTS
ICP 1 0/1 nIXTURE/CcMPOUND
TEMP 293.0 DEG KELVIN

13027 1.00 ATOC/MOLECULE
END

SC Pe STANDARD COMPOSITION
HX 7 MIXTURE NO.
VY 1.0000 VOLUME FRACTION
ROTH 11.3440 THEORETICAL DENSITY
MEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

62000 1.00 ATOM/MOLECULE
END

SC H STANDARD CCOPOSITION
MX a MIXTURE NO.
vr 0.0600 VOLUME FRACTION
ROTN 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COHPOUND
TEMP 293.0 DEG KELVIN

1001 1.00 ATCO/MOLECULE
END

SC 0 STANDARD COMPOSITION
MX a MIXTURE NO.
VF 0.4250 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
MEL 1 NO. ELEMENTS
ICP 1 /1 MIXTURE/CCHPOUND
TEMP 293.0 DEG KELVIN

6016 1.00 ATOHK/OLECULE
END

SC C STANDARD COMPOSITION
NX e MIXTURE NO.
VT 0.2770 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
MEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

6012 1.00 ATON/MOLECULE
END

SC N STANDARD COMPOSITION
Mx 8 MIXTURE NO.
VT 0.0200 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ICP 1 I0/1 MIXTURE/COPOUND
TEMP 293.0 DEG KELVIN

7014 1.00 ATOK/MOLECULE
EIND

SC AL STANDARD COMPOSITION
MX * NIXTURE NO.
Vr 0.2140 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
MEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMFOUND
TEMP 293.0 DEG KELVIN

13027 1.00 ATCK/NOLECULE
END

SC 8-10 STANDARD COMPOSITION
MX 6 MIXTURE NO.
VT 0.0010 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
MEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/CONPOUND
TEMP 293.0 DEG XELVIN

5010 1.00 ATMWHOLECULE
END

SC B-li STANDARD COMPOSITION
MX t MIXTURE NO.
vr 0.0040 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
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ICP 1 0/1 NIXTURE/C9PWOUND
TEMP 293.0 D KELVIN

5011 1.00 ATS4/MOLECULE
END

SC H20 STANDARD COMPOSITION
MX 9 MIXTURE NO.
VF 0.6000 VOLUffE FRACTION
ROTH 0.9982 THEORETICAL DENSITY
NHL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE/CC4POUND
TEXT 293.0 DEG KELVIN

1001 2.00 ATOHS/MOLECULZ
8016 1.00 ATOM/MOLECULE

END

.... PROBLEM GEOMETRY -

CTP SQUARlPITCH CELL TYPE
PITCH 1.1887 C4 CENTER TO CENTER SPACING
FUELOD 0.7887 C4 FUEL DIAMETER OR SLAB THICKNESS
MIUEL 1 MIXTURE NO. OF FUEL
MMOD 3 MIXTURE NO. OF MODERATOR
CLADOD 0.9271 C0 CLAD OUTER DIAMETER
MCLAD 2 MIXTURE NO. OF CLAD
GAPOD 0.8052 C0 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 IUFORMAIION

CODE SYSTER: SCALE-PC VERSION: 4.3

......................... . . ............

PROGRAM: 000002

..... CREATION DATE: 09-28-95

VOLUME: ENG

LIBRARY: G:\acale43d\x

PRODUCTION CODE: NITAXL

*---- VERSION: 3.0

... JOBNAME: SCALE-PC

DATE OF EXECUTION: 11/13/96

..... -TIME OF EXECUTION: 00:51:51

.................... .........................................

-10 ARRAY HAS I ENTRIES.

00 ARRAY HAS 9 ENTRIES.

10 ARRAY HAS 12 ENTRIES.

SELECT 25 NUCLIDES FROM THE MASTER LIBRARY ON LOGICAL 1
0 NUCLIDES FRCH THE WORKING LIBRARY ON LOGICAL 2
0 NUCLIDES FROM THE WORKING LIBRARY ON LOGICAL 3

TO CREATE THE NEN WORKING LIBRARY ON LOGICAL 4

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 FOR THIS CASE IS 100000 WORDS

20 ARRAY HAS 25 ENTRIES.

30 ARRAY HAS 60 ENTRIES.

40 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 GAHMA 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 ZNDF-B VERSION 4 DATA

CONPILED FOR NRC 1/27/89
LAST UPDATED 08/12/94

L.M.PETRIE - ORNL

NUCLIDES FRON XSDRN TAPE
I HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 06/12/94 3001001
2 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 8001001
3 HYDROGEN ZNDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 9001001
4 8-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 6005010
S B-10 1273 21SNGP 042375 P-3 293K UPDATED 08/12/94 8005010
6 BORON-II END/B-IV MAT 1160 UPDATED 08/12/94 6005011
7 BORON-Il ENDF/B-IV MAT 1160 UPDATED 08/12/94 8005011
* CARBON-12 ZNDF/B-IV MAT 1274/TNR1065 UPDATED 08/12/94 6006012
9 CARBON-12 ZNDF/B-IV MAT 1274/TNRM1065 UPDATED 08/12/94 8006012

10 NITROGEN-14 ZNDF/B-IV MAT 1275 UPDATED 08/12/94 8007014
11 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 1006016
12 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 3008016
13 OXYGEN-16 ENDr/B-IV MAT 1276 UPDATED 08/12/94 8008016
14 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 9008016
15 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 4013027
16 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 6013027
17 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 8013027
18 CR 1191 NT 55-304(1/2ST) P-3 293K SP-5+4(42375) UPDATED 08/12/94 5024304
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19 KMNGRNESE-55 ZNDF/B-IV ILT 1197 UPDATED 08/12/94 5025055
20 FZ 1192 VT SS-304(1/EST) P-3 293X SP-5+4(42375)' UPDATED 08/12/94 5026304
21 NI 1190 VT 55-304(1/ZST) P-3 2931 SP-5+4(42375) UPDATED 08/12/94 5028304
22 ZIRCALLOY ENDrF/-Iv NAT 1284 UPDATED 08/12/94 2040302
23 PB 1288 218NGP 042375 r-3 293X UPDATED 08/12/94 7082000
24 URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 1092235
25 URANIUM-238 ZNDr/B-IV NAT 1262 UPDATED 08/12/94 1092238

HYDROGEN ENDP/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 3001001 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

HYDROGEN zNDr/B-IV MIT 1269/THR11002 UPDATED 08/12/94 8001001 TEMPERATURE
PROCESS NUMBER 1007 IS AT TEMPERATURE-

HYDROGEN ZNDF/B-IV NAT 1269/THRP1002 UPDATED 08/12/94 9001001 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

B-10 1273 218NGP 042375 P-3 2931 UPDATED 08/12/94 6005010 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

B-10 1273 218NG? 042375 P-3 293X UPDATED O0/12/94 8005010 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

BORON-li ENDF/B-IV MAT 1160 UPDATED 08/12/94 6005011 TEMPERNtURZ-
PROCESS NHUBER 1007 IS AT TEMPERATURE-

BORON-il ENDF/B-IV MAT 1160 UPDATED 08/12/94 8005011 TEHPERIATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

CARBON-12 ENDF/B-IV MAT 1274/THRM1O6S UPDATED 08/12/94 6006012 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

CARBON-12 ENDF/B-IV MAT 1274/THRHlO6s UPDATED 08/12/94 8006012 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

NITROGEN-14 ENDF/B-IV fAT 1275 UPDATED 08/12/94 8007014 TEMPERATURE-
PROCESS NUGBER 1007 IS AT TEMPERATURE-

OXYGEN-16 ENDF/B-IV fAt 1276 UPDATED 08/12/94 1008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

OXYGEN-16 ENDFIB-IV MAT 1276 UPDATED 08/12/94 3008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

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

OXYGEN-16 ENDF/B-IV IAT 1276 UPDATED 08/12/94 9008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 4013027 TEMPERATURE-
PROCESS NUMBER 1007 I5 AT TEMPERATURE-

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

AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 8013027 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

CR 1191 NT SS-304(1/EST) P-3 293K SP-5+4j42375) UPDATED 08/12/94 5024304 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

HMANGANESE-SS ENDF/B-IV MAT 1197 UPDATED 08/12/94 5025055 TEMPERATURE-

GEOHETRY HAS BZEN SET TO HONCOGENEOUS AS LBAR IS o.OOOOE.00

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 54.466 TEHPERATURE(KELVIN) - 293.000

POTENTIAL SCATTER SIGMA - 2.590 LUMPED NUCLEAR DENSITY - 1.736329SE-03

SPIN FACTOR (G) - 14.448 LUMP DIMENSION (A-BAR) - 0.OOOOOOOE+00

INNER RADIUS - .OOOOOOOoz00 DANcoFr CORRECTION (C) - 0.OOOOOOOE+00

THE ABSORBER MILL BE TREATED BY THE NORDHEIN INTEGRAL METHOD.

MASS or MODERATOR-1 - 55.845 SIGQA(PER ABSORBER ATONI- 3.4663022E+02

MODERATOR-i MILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS or MODERATOR-2 - 55.925 SIGMAIPZR ABSORBER ATOM9)- 1.2557598E+02

HODERATOR-2 MILL BE TREATED BY THE NORDREIM INTEGRAL METHOD.

THIS RESONANCE MATERIAL MILL BE TREATED AS A a-DIMENSIONAL OBJECT.

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

GROUP RES ABS RES FISS RES SCAT
S -5.51878sE-04 0..OOOOOOZOO -3.944190C-01
9 -2.797993E-03 o.OOOOOOZ+00 -2.293471E+00
10 -3.291452z-01 0.OOOOOOOO -3.820562E+01
11 -2.680562z+00 0.OOOOOOE+00 -1.159996E+02

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00

'.J ..
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EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 3. 33719E+00

FISSION 0.00000Z+00

FZ 1192 1T SS-304(1/ZST) P-3 293X BP-5+4442375)1

NI 1190 NT JS-304(1/ZST) P-3 293X SP-5+4 (42375)'

PROCESS NUMBER 1007 IS AT TEMPZRATURZ- 293.00

UPDATED 08/12/94 5026304 TEMPERATURE- 293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

UPDATED 08/12/94 5028304 TEMPERATURE- 293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

ZIRCALLOY ZNDF/B-IV MAT 1284 UPDATED 08/12/94 2040302

RESONANCE DATA FOR THIS NUCLIDE

NASS NUMBER (A) - 90.436 TEMPERATURE(KELVIN) - 25

POTENTIAL SCATTER SIGMA - 6.305 LUMPED NUCLEAR DENSITY - 4.3:

SPIN FACTOR IG) - 1.079 LUMP DIMENSION (A-BAR) - 4.6:

INNER RADIUS - 4.0259999E-01 DANCOFF CORRECTION 9C) - 8.45

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
B -e.795965Z-04 0.000000E+00 -6.9703081-01
9 -4.269687Z-02 0.000000E+00 -1.8114471+00

10 -4.621373Z-02 0.000000E+00 -1.032856E+00
11 -1.360111Z-01 0.000000E+00 -6.097271E-01

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 3.93040Z-01
FISSION 0.000001+00

TEMPERATURE- 293.00

23.000

3078181-02

355000Z-01

157560E-01

PB 1288 218NGP 042375 P-3 293N

PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

UPDATED 08/12/94 7082000 TZEPERATURE- 293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

URANIUM-235 ENDF/B-IV HAT 1261 UPDATED 08/12/94 1092235 TI

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 233.025 TEMPERATUREIKELVIN) - 293.000

POTENTIAL SCATTER SIGMA - 11.500 LUMPED NUCLEAR DENSITY - 9.4064139E

SPIN FACTOR (G) - 15171.100 LUMP DIMENSION (A-BAR) - 3.9434999E

INNER RADIUS - 0.0000000E+00 DANcoFr CORRECTION 4C) - 9.5888901Z

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-1 - 15.991 SIGHAIPER ABSORBER ATONI- 1.9199110Z+02

MODERATOR-1 WILL BE TREATED BY THE NORDHEIN INTEGRAL METHOD.

MASS OF MODERATOR-2 - 238.051 SIGHAIPER ABSORBER ATONM)- 2.9209552Z+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 RMS SCAT
12 -1.1154601+01 -6.910128Z+00 -1.6826051-01
13 -2.8799441+01 -1.4040064101 -4.0311881-01
14 -2.298467Z+01 -1.3172841+01 -4.2649601-02
15 -3.215079E-03 -2.431171Z-03 3.882847Z-05

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 1.49929Z+02
FISSION 9.24167E+01

aMPERATURZ- 293.00

l-04

E-01

Z-01

PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

UPDATED 08/12/94 1092238 TEMPERATURE- 293.00URANIUM-238 ZNDF/B-IV MAT 1262

RESONANCE DATA FOR THIS NUCLIDE

6.6-61



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

Fi 6 16 CA2 OtufrCnstrdFe oin1Cniin CHItciy nl

MASS NUMBER (A) - 236.006 TEMPERATURE (KZLVIN) - 293.000

POTENTIAL SCATTER SIGMA - 10.599 LUMPED NUCLEAR DENSITY - 2.2290209E-02

SPIN FACTOR (G) - 656.527 LUMP DIMENSION IABAR) - 3.9434999z-01

INNER RADIUS - 0.0000000Z+00 DANCOFF CORRECTION (C) - 9.5889013z-o0

TNE ABSORBER WILL BE TREATED BS THE NORDHEIN INTEGRAL METHOD.

MASS Or MODERATOR-i - 15.991 SWGMAfPZR ABSORBER ATOa)- 8.10197738+00

MODERATOR-1 WILL BZ TREATED BY THE NORDHZIN INTEGRAL METHOD.

MASS OF MODERATOR-2 . 235.044 SIGNA(PZR ABSORBER ATCM)- 5.0228214z-o1

MODERATOR-2 WILL BZ TREATED By THE NORDHZIN INTEGRAL METHOD.

THIS RESONANCE MATERIAL WILL BZ TREATED AS A 2-DIMZNSIONAL OBJECT.

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

GROUP RES ABS RES FIBS RES SCAT
9 -8.035530z-02 0.000000E+00 -7.473816Z-01

10 -1.506941z+00 -6.750685z-05 -8.7774493+00
11 -1.070745E+01 0.000000Z+00 -2.894283E+01
12 -4.4785903+01 0.000000Z+00 -5.1180773+01
13 -5.544063z+01 0.000000Z+00 -1.758312Z+01
14 -1.076790E+02 0.000000Z+00 -5.655300E+00
15 -6.3143483-05 0.000000z+00 1.227886E-04

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 7.05643z+00
FISSION 4.176673-04

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 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 25

NUMBER OF NEUTRON GROUPS 27 NUMBER OF GA3MKA GROUPS 0

FIRST THERMAL GROUP 15 LOGICAL UNIT 4
TABLE OF CONTENTS

HYDROGEN ENDF/B-IV MAT 1269/T7RM1002 UPDATED 08/12/94 ID 3001001

HYDROGEN ZNDF/B-IV MAT 1269/THRNM1002 UPDATED 08/12/94 ID 8001001
HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 ID 9001001

8-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 ID 6005010
B-10 1273 21SNGP 042375 P-3 293l UPDATED 08/12/94 ID 8001010

BORON-li ENDF/B-IV MAT 1160 UPDATED 08/12/94 ID 6005011

BORON-li ENDF/B-IV MAT 1160 UPDATED 08/12/94 ID 8005011

CARBON-12 ENDF/B-IV MAT 1274/THRMlO6s UPDATED 08/12/94 ID 6006012
CARBON-12 ENDF/B-IV MAT 1274/THMN1065 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-IV MAT 1276 UPDATED O0/12/94 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 ID 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 NT SS-304(1/EST) P-3 293K SP-5+4(42375) UPDATED 08/12/94 ID 5024304
MANGANESE-55 ENDr/B-Iv MAT 1197 UPDATED 08/12/94 ID 5025055

FE 1192 NT 55-304(1/EST) P-3 293K SP-5+4(423751 UPDATED 08/12/94 ID 5026304
NI 1190 NT 55-30441/EST) P-3 293x SP-5+4(42375P UPDATED 08/12/94 ID 5028304

ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 ID 2040302

PB 1288 2l1NGP 042375 P-3 2933 UPDATED 08/12/94 ID 7082000
URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 ID 1092235

URANIUM-23S ZNDF/B-IV MAT 1262 UPDATED 08/12/94 ID 1092238

TAPE COPY USED 0 I/O'S, AND TOOK 0.33 SECONDS
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.................................................. ............... .........

...............................
- PROGRAM V0 RIFICATION INFORMATIO

***-* ~CODE SYSTEM: SCALE-PC VERSION: 4.3 --

CREATION DATE: 03-00-96

VOLUME: 3MG

..... LIBRARY: G:\cae43\.

.... PROUCTION CODE: KENOVA

VERSION: 3.1

JOBNAME: SCALE-PC

DATE OF EXECUTION: 11113196

*...... .................

......... ........ *.......... *...

....... ...... An*.....

TINEOF VEXECUION: 0

* ~~.6-63 ...
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...................................... .........................................................................

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

--------.--.- .............. . ....... ........................... . *. .... ...

... .... ** NUMERIC PARAMETERS *-----

THE MAXIMUM PROBLE TIME (MINII) 500.00

T-- TBA TIME PER GENERATION (MIN) 0.50

GEN NUMBER OF GENERATIONS 203

MPG NUMBER PER GENERATION 1000

NSK NUMBER or GENERATIONS TO Be SKIPPED - 3

... BEG BEGINNING GENERATION NUMBER 1 ...

'RS GENERATIONS BETWEEN CHECKPOINTS 0

XID NUMBER OF EXTRA 1-D CROSS SECTIONS 1

''' NBK NEUTRON BANK SIZE 1025

XNB EXTRA POSITIONS IN NEUTRON BANK 0

YBm FISSION BANK SIZE 1000

''' XFB EXTRA POSITIONS IN FISSION BANK 0

WTA DEFAULT VALUE OF WEIGHT AVERAGE 0.5000

WTNH WEIGHT HIGH FOR SPLITTING 3.0000

*NL NEIGHT LOW FOR RUSSIAN ROULETTE 0.3333

*-- RND STARTING RANWMH NUMBER BB827100001

NBB NUMBER OF D.A. BLOCKS ON UNIT 8 200

NLS LENGTH OF D.A. BLOCKS ON UNIT 8 512

ADJ mODE or CALCULATION FORWARD

INPUT DATA WRITTEN ON RESTART UNIT NO

BINARY DATA INTERFACE YES

....................................................................................... 4......
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,4****. 44*444----........******4...*.**.............**... .*.****4* **-***4 4444-..... **t.*. . ***4--**

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH - 250.698 CH) (ZXT. MOD. VP - o.

*- *. LOGICAL PARAMETERS ......

*..

...

...

...

*-.

*..

...

...

...

...

...

...

..-

*--

...

.-.

..-

...

...

...

...

RUN

ILX

SMU
ram

'mm

CXU

FHH

HHL

AMX

XS1

XS2

XAP

PXI

EXECUTE PROBLEM AFTER CHECKING DATA

COePUTZ FLUX

CONMUTE AVG UNIT SELF-MULTIPLICATION

CONPUTE MATRIX Kr-ZrF BY UNIT NUMBER

COMPUTE COFACTOR x-Err BY UNIT NUMBER

PRINT FISS PROD MATRIX BY UNIT NUMBER

COMPUTE MATRIX K-En BY HOLE NUGBER

COMPUTE COFACTOR K-EFF BY HOLE NUMBER

PRINT FISS PROD MATRIX BY HOLE NUMBER

COLLECT MATRIX BY HIGHEST HOLE LEVEL

PRINT ALL MIXED CROSS SECTIONS

PRINT 1-D MIXTURE X-SECTIONS

PRINT 2-D MIXTURE X-SECTIONS

PRINT MIXTURE ANGLES 8 PROBABILITIES

PRINT FISSION SPECTRUM

YES

No

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

PLT

rDN

NUB

MEP

CKp

rNr

HXEACXA

FHA

HAL

FAR

GAS

PAX

PNT

PGN

PLOT PICTURE MAP(S)

CONPUTE FISSION DENSITIES

CONPUTE NU-BAR & AVG FISSION GROUP

COHPUTE MATRIX -Ezrr BY UNIT LOCATION

COMPUTE COFACTOR K-zrr BY UNIT LOCATION

PRINT FISs PROD MATRIX BY UNIT LOCATION

CONPUTE MATRIX K-Enf BY ARRAY NUMBER

COQPUTE COFACTOR K-EFr BY ARRAY NUMBER

PRINT nISs PROD MATRIX BY ARRAY NUMBER

COLLECT MATRIX BY HIGHEST ARRAY LEVEL

PRINT FIS. AND ABS. BY REGION

PRINT FAR BY GROUP

PRINT XSZC-ALBEDO CORRELATION TABLES

PRINT WEIGHT AVERAGE ARRAY

PRINT INPUT GEGEETRY

*..

NO ***

NO ***

YZS ***

NO ...
...

NO ...

NO *--

NO *--

*0 ***NO ..

o*...
NO *--

NO *-*

NO*-

NO *

P1D PRINT EXTRA 1-D CROSS SECTIONS NO BUG PRINT DEBUG INFORMATION

TRK PRINT TRACKING INFORMATION

... 44 .4.............................................................................................................

....... ....................... ............... ................ ** .................. 4.................

...... ................................. .................................................................

PARAMETER INPUT COMPLETED

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH - 250.698 CH) (EXT. MOD. VP - 0.

MIXING TABLE

NUMBER OF SCATTERING ANGLES - 2
CROSS SECTION MESSAGE THRESHOLD -3.0K-OS

MIXTURE -
NUCLIDE
1008016

o0/12/94
1092235

08/12/94
1092238

08/12/94

MIXTURE -
NUCLIDE
2040302

08/12/94

MIXTURE -
NUCLIDE
3001001

08/12/94
3008015

08/12/94

MIXTURE -
NUCLIDE
4013027

08/12/94

MIXTURE -
NUCLIDE
5024304

08/12/94
5025055

08/12/94
5026304

08/12/94
5028304

08/12/94

1
ATON-DENS.

4.64617Z-02

9.40641K-04

2.22 902Z-02

DENSITY(G/CC) - 10.412
MGT. FRAC.

1.18487E-01

3. 52606E-02

8.46253E-01

ZA
8016

92235

92238

ANT
15. 9904

235.0441

238.0510

2 DENSITY(G/CC) - 6.5600
ATOM-DENS. NGT. FRAC. EA ANT

4.33078E-02 1.00000E+00 40000 91.2196

3
ATOM-DENS.

6. 67692E-06

3.33846E-06

DENSITY(G/CC)
NGT. FRAC.

1.11927K-01

8.880741-01

- 0.99817E-04
ZA ANT

1001 1.0077

8016 15.9904

NUCLIDE TITLE
OXYGEN-16 KNDT/B-XV MAT 1276

URANIUM-235 KNDF/B-IV MAT 1261

URANIUM-238 ZNDF/B-IV MAT 1262

NUCLIDE TITLE
2IRCALLOY ENDF/B-IV MAT 1284

NUCLIDE TITLE
HYDROGEN ZNDF/B-IV MAT 1269/THRM1002

OXYGEN-16 ENDF/B-IV MAT 1276

NUCLIDE TITLE
AL-27 1193 218 GP 040375(S)

NUCLIDE TITLE
CR 1191 NT SS-304(l/EST) P-3 293K SP-5+4(42375p

MANGANESE-SS ENDT/B-IV MAT 1197

FE 1192 NT SS-304 Ci/EST) P-3 293K SP-5+4 (42375)

NI 1190 NT 55-304(1/EST) P-3 293K SP-5+4(42375)'

UPDATED

UPDATED

UPDATED

UPDATED

4 DZNSITY(G/CC) - 2.7020
ATOM-DZNS. NGT. FRAC. BA ANT

6.03066K-02 1.00000+00 13027 26.9818

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

S
ATOM-DENS.

1. 74286E-02

1.73633E-03

5. 93579z-02

7.72070E-03

DENSITY(G/CC)
NGT. FRAC.

1.90000Z-Cl

1.99999E-02

6. 95000E-01

9.50001E-02

- 7.9200
zE ANT

24000 51.9957

25055 54.9379

26000 55.8447

28000 58.6872

MIXTURE - 6 DENSITY4G/CC) - 2.5833
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S iU.o~nseeuo o tonf iN

NUCLIDE ATC-DENS3.
6005010 7.097399-03

08/12/94
6005011 3.92499Z-02

08/12/94
6006012 1.220063-02

08/12/94
6013027 3.358121-02

08/12/94

MIXTURE - 7
NUCLIDZ ATOt-DENS.
7082000 3.29690Z-02

08/12/94

MIXTURE - 8
NUCLIDE ATCH-DENS.
8001001 5.84084Z-02

08/12/94
8005010 9.798023-05

08/12/94
8005011 3.564501-04

08/12/94
8006012 2.26463E-02

08/12/94
8007014 1.40121Z-03

08/12/94
8008016 2.60749E-02

08/12/94
8013027 7.781103-03

08/12/94

MIXTURE - 9
NUCLIDZ ATON-DZNS.
9001001 4.00615Z-02

08/12/94
9008016 2.00308Z-02

08/12/94

WGT. FRAC.
4. 56855Z-02

2.777713-01

9. 411163-02

5.824323-01

2A
5010

5011

6000

13027

AWT
10. 0130

11. 0096

12.0001

26. 9818

DZNSITY(G/CC) - 11.344
MGT. "Mac. ZA ANT
1.00000l+00 82000 207.2100

DENSITY (G/CC)
MGT. FRAC.

5. 993233-02

9. 990253-04

3.996153-03

2.767293-01

1.998051-02

4.24574Z-01

2.13789Z-01

DENSITY (G/CC)
WGT. FRAC.

1.11927Z-01

8.88074Z-01

- 1. 6307
ZA AWT

1001 1.0077

5010 10.0130

5011 11.0096

6000 12.0001

7014 14.0033

8016 15.9904

13027 26.9818

- 0.59890
IA ANT

1001 1.0077

8016 15.9904

NUCLIDE TITLE
B-10 1273 218NGP 042375 P-3 293X

BORON-11 ENDF/B-I? MAT 1160

CARBON-12 ENDF/B-IV MAT 1274/THRM1065

AL-27 1193 218 GP 040375(5)

NUCLIDE TITLE
PB 1288 218NG? 042375 P-3 293X

NUCLIDE TITLE
HYDROGEN zNDF/B-IV MAT 1269/THRF2002

B-10 1273 218NGP 042375 P-3 293K

BORON-ll ZNDr/B-IV NAS 1160

CARBON-12 ZNDF/B-IV MAT 1274/THRN1065

NITROGEN-14 ENDF/B-IV MAT 1275

OXYGE6-16 ENDF/B-IV MAT 1276

AL-27 1193 218 GP 040375(5)

NUCLIDE TITLE
HYDROGEN ENDF/B-IV MAT 1269/THRN1002

OXYGEN-16 EHDF/B-IV MAT 1276

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

3001001
8001001
9001001
6005010

8005010
6005011
8005011
6006012
8006012
8007014
1008016
3008016
8008016
9008016
4013027
6013027
8013027
5024304
5025055
5026304
5028304
2040302
7082000
1092235
1092238

HYDROGEN ENDF/B-IV MAT 1269/THRM1002
HYDROGEN ENDF/B-IV MAT 1269/THR816002
HYDROGEN ENDF/B-IV HAT 1269/THRN1002

B-10 1273 218NGP 042375 P-3 2933

B-10 1273 218NGP 042375 P-3 2933
BORON-1l ENDF/B-IV HAT 1160
BORON-11 ENDF/B-IV HAT 1160
CARBON-12 ENDF/B-IV HAT 1274/THRI1065
CARBON-12 ENDF/B-IV HAT 1274/THRMO065
HITROGEN-14 ENDF/B-IV MAT 1275
OXYGZN-16 ENDr/B-IV HAT 1276
OXYGEN-16 ErDF/B-IV MAT 1276
OXYGEN-16 EmDF/B-IV MAT 1276
OXYGEN-16 ENDF/B-IV HAT 1276

AL-27 1193 218 GP 040375(51
AL-27 1193 218 GP 040375(51
AL-27 1193 218 GP 040375451
CR 1191 NT SS-30441/EST) P-3 2933 SP-5+4442375P

MANGANESE-55 ENDF/8-iV HAT 1197
rE 1192 MT SS-30411/EST) P-3 293K SP-5+4(42375)
MI 1190 VT 55-304t1/ESTI P-3 293X SP-5+4(42375)1

ZIRCALLOY ENDF/B-IV HAT 1284
P8 1288 218NGP 042375 P-3 293X

URANIUN-235 ENDF/B-IV MAT 1261
URANIUHE-238 ENDF/B-IV MAT 1262

UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94

UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 09/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94

0 IO1S WERE USED MIXING CROSS-SECTIONS

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

0 IO'S wERE USED PREPARING THE CROSS SECTIONS
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.*...44...4
TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH - 250.698 CH) (EXT. MOD. v - 0.

44444444..4.*.* . . * † 4...... *........*.
4.. *-.......... ....... 4 ........-......

.*- *----- ADDITIONAL INrORMATION .

*--

*...

*..

*--

...

...

...

*..

*-.

...

...

...

..-

*..

*...

..-

...

...

...

*...

...

NUMBER OF ENERGY GROUPS

NO. OF FISSION SPECTRUM SOURCE GROUP

NO. Or SCATTERING ANGLES IN XSECS

ENTRIES/NZUTRON IN THE NEUTRON SANK

ENTRIZS/NEUTRON IN THE FISSION BANK

NUMBER oF MIXTURZS USED

NUMBER OF BIAS IDS USED

NUMBER OF DIFFERENTIAL ALBEDOS USED

TOTAL INPUT GEONETRY REGIONS

NUMBER Or GEONETRY REGIONS USED

LARGEST GEONETRY UNIT NUMBER

LARGEST ARRAY NUMBER

27 USE LATTICE GEONETRY

1 GLOBAL ARRAY NUMBER

2 NUMBER oF UNITS IN THE GLOBAL X DIR.

33 NUMBER Or UNITS IN TNE GLOBAL Y DIR.

26 NUMBER Or WNITS IN THE GLOBAL Z DIR.

9 USE A GLOBAL REFLECTOR

1 USE NESTED BOLES

0 NUMBER OF HOLES

136 MAXIMUM HOLE NESTING LEVEL

36 USE NESTED ARRAYS

20 NUMBER OF ARRAYS USED

60 MAXIMUM ARRAY NESTING LEVEL

YES

60

I

1

4

YES

YES

48

3

YES

27

4

MIR

MIR

PER

*..

*..

*..

...

*..

*...

*..

*...

*...

*...

*...

*...

...

*...

...

...

...

*...

...

*...

...

*...

...

...

4X BOUNDARY CONDITION

*Y BOUNDARY CONDITION

+Z BOUNDARY CONDITION

NIR

MIR

PER

-X BOUNDARY CONDITION

-Y BOUNDARY CONDITION

-z BOUNDARY CONDITION
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TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH - 250.698 CH) (EXT. MOD. Vr - 0.

GENERATION ELAPSED TLYZ AVERAGE AVG K-EFF MATRIX MATRIX K-EFF
GENERATIOY K-EFFECTIVE MINUTES K-EFFECTIVE DEVIATION K-FFCTIV DEVIATION

KENO MESSAGE NUMBER K5-132 NRNING .... ONLY 494 INDEPENDENT FISSION POINTS WERE GENERATED
1 4.483325-01 3.855005-01 1.00000Z+00 0.00000Z+00 0.000005+00 0.000005+00

XIN0 MESSAGE NUMBER K5-132 NING.... ONLY 477 INDEPENDENT Fission POINTS WERE GENERATED
2 4.43293Z-01 7.195003-01 1.000005+00 0.00000Z+00 0.00000Z+00 0.00000Z+00

IENO MESSAGE NUMBER r5-132 WARNING . ONLY 534 INDEPENDENT FISSION POINTS W3 GENERATED

3 4.514603-01 1.05467Z+00 4.514605-01 0.00000S+00 0.000005+00 0.000003+00

4 4.67077Z-01 1.395171+00 4.59269F-01 7.808283-03 0.000001+00 0.00000Z+00

5 4.557443-01 1.738503+00 4.580943-01 4.65870Z-03 0.000003+00 0.00000Z+00
6 4.513205-01 2.085333+00 4.564001-01 3.704043-03 0.000003+00 O.000001+00

7 4.577005-01 2.430503+00 4.566605-01 2.e8088c-03 0.000005+00 0.000005+00
8 4.678905-01 2.772833+00 4.585325-01 3.006031-03 0.000001+00 0.000005+00
9 4.637985-01 3.124335+00 4.592845-01 2.649625-03 -- 0.00000Z+00 0.000005+00

10 4.455285-01 3.464003+00 4.575655-01 2.86743Z-03 0.000003+00 0.000003+00

11 6.61534Z-01 3.79817E+00 4.580065-01 2.567005-03 0.00000Z+00 0.000005+00

12 4.704755-01 4.141505+00 4.592533-01 2.612755-03 0.000003+00 0.000005+00

13 4.53302Z-01 4.47733Z+00 4.587125-01 2.42445Z-03 0.00000Z+00 0.000005+00

14 4.402435-01 4.814335+00 4.571735-01 2.69573Z-03 0.000003+00 0.00000Z+00
15 4.575655-01 5.156675+00 4.572035-01 2.47989Z-03 0.000005+00 0.000003+00

16 4.61519Z-01 5.502675+00 4.57511Z-01 2.316543-03 0.000005+00 0.00000Z+00

17 4.64866Z-01 5.84050Z+00 4.58001Z-01 2.211623-03 0.000005+00 O.000005+00
18 4.699003-01 6.19100Z+00 4.58745Z-01 2.198395-03 0.000003+00 0.000005+00

19 4.581533-01 6.52983Z+00 4.587105-01 2.065325-03 0.000005+00 0.000005+00
20 4.61944E-01 6.87117Z+00 4.588905-01 1.95547Z-03 0.000005+00 0.000005+00

21 4.599873-01 7.20717Z+00 4.589485-01 1.850595-03 0.000005+00 0.000005+00
22 4.518375-01 7.553173+00 4.585925-01 1.79126Z-03 0.000005+00 0.00000Z+00

23 4.57642Z-01 7.894673+00 4.58547Z-01 1.70443Z-03 0.000005+00 0.000005+00
24 4.417685-01 8.245335+00 4.577845-01 1.795175-03 0.00000Z+00 0.000005+00

25 4.501661-01 8.589505+00 4.574535-01 1.74703F-03 0.00000Z+00 0.00000E+00
26 4.826465-01 8.93367E+00 4.585035-01 1.974763-03 0.000003+00 0.00000Z+00

27 4.68136Z-01 9.280675+00 4.588885-01 1.93292Z-03 0.000005+00 0.00000Z+00
28 4.56009Z-01 9.622005+00 4.58777Z-01 1.860391-03 0.00000Z+00 0.00000Z+00

29 4.56370Z-01 9.958001+00 4.58688E-01 1.79238Z-03 0.000001+00 0.000001+00
30 4.557373-01 1.03105E+01 4.585833-01 1.730395-03 0.000003+00 0.000003+00

31 4.592895-01 1.065571+01 4.58607E-01 1.669843-03 0.000005+00 0.000005+00
32 4.509805-01 1.09878Z+01 4.58353E-01 1.633125-03 0.000005+00 0.00000Z+00

33 4.538905-01 1.133485+01 4.582093-01 1.58611Z-03 0.000005+00 0.000005+00
34 4.614555-01 1.167901+01 4.583105-01 1.539095-03 0.000005+00 0.00000Z+00
35 4.45631Z-01 1.200685+01 4.579265-01 1.54041Z-03 0.000005+00 0.000005+00

36 4.619281-01 1.234085+01 4.580443-01 1.499053-03 0.000005+00 0.000005+00

37 4.651051-01 1.267973+01 4.582461-01 1.46950Z-03 0.000001+00 0.00000Z+00

38 4.50275E-01 1.302025+01 4.58024Z-01 1.445161-03 0.000005+00 0.000005+00

39 4.519145-01 1.336521+01 4.578591-01 1.415235-03 0.000005+00 0.000003+00
40 4.667345-01 1.370771+01 4.580935-01 1.39714Z-03 0.000003+00 0.000005+00

41 4.53626E-01 1.405005+01 4.579781-01 1.365652-03 0.00000Z+00 0.000001+00
42 4.455781-01 1.43942Z+01 4.57668E-01 1.366691-03 0.000001+00 0.000005+00
43 4.594311-01 1.47430E+01 4.577111-01 1.333641-03 0.000001+00 0.000001+00
44 4.687015-01 1.508985+01 4.57973Z-01 1.327545-03 0.000005+00 0.000001+00

45 4.614955-01 1.54313Z+01 4.58055E-01 1.29889Z-03 0.000005+00 0.00000E+00
46 4.44256Z-01 1.577735+01 4.577411-01 1.307205-03 0.00000Z+00 0.000001+00

47 4.47966E-01 1.611151+01 4.575241-01 1.296155-03 0.000001+00 0.000001+00
48 4.550781-01 1.645025+01 4.574711-01 1.268781-03 0.000001+00 0.000005+00

49 4.57880E-01 1.678625+01 4.574795-01 1.24152Z-03 0.00000o+00 o.ooooo0+00
50 4.665831-01 1.71303E+01 4.57669E-01 1.230091-03 0.000005+00 0.000001+00
51 4.544015-01 1.746925+01 4.57602E-01 1.206561-03 0.00000o+00 o.ooooo0+00

52 4.650923-01 1.781601+01 4.577525-01 1.19164E-03 0.00000Z+00 0.000001+00

53 4.562415-01 1.816851+01 4.577225-01 1.168423-03 0.000001+00 o.oooooe+00

54 4.60041Z-01 1.850905+01 4.577673-01 1.146593-03 0.000001+00 0.000001+00
55 4.734285-01 1.88587C+01 4.580631-01 1.162925-03 0.00000C+00 0.00000Z+00
56 4.722015-01 1.920025+01 4.583245-01 1.17083E-03 0.000005+00 0.000005+00

57 4.337601-01 1.952785+01 4.578785-01 1.233071-03 0.000003+00 0.000003+00
58 4.54376Z-01 1.986755+01 4.578155-01 1.212475-03 0.000001+00 0.000001+00

59 4.643305-01 2.02080E+01 4.579305-01 1.19648E-03 0.000005+00 0.00000C+00

60 4.616385-01 2.055035+01 4.57993Z-01 1.177401-03 0.000001+00 0.000005+00

61 4.68476E-01 2.08965E+01 4.581711-01 1.170841-03 0.000001+00 0.000005+00
62 4.61480Z-01 2.123785401 4.58226C-01 1.152485-03 0.000001+00 0.000001+00
63 4.571341-01 2.157485+01 4.582085-01 1.133571-03 0.000001+00 0.000001+00
64 4.693323-01 2.191901+01 4.583881-01 1.129471-03 0.000001+00 0.000001+00
65 4.439793-01 2.225773+01 4.581595-01 1.134695-03 0.000005+00 0.00000C+00
66 4.594475-01 2.26000C+01 4.581795-01 1.117005-03 0.000005+00 0.000005+00

67 4.466181-01 2.293601+01 4.580015-01 1.113975-03 0.000001+00 0.00000Z+00
68 4.487265-01 2.327751-01 4.578615-01 1.105931-03 0.000001+00 0.000001+00

69 4.542015-01 2.362071+01 4.578061-01 1.090675-03 0.000001+00 0.000001+00
70 4.58805Z-01 2.396225+01 4.578215-01 1.074615-03 0.000001+00 0.000005+00

71 4.48634Z-01 2.431375+01 4.57688C-01 1.067261-03 0.00000Z+00 0.000001+00

72 4.608301-01 2.465155+01 4.577331-01 1.05286E-03 0.000001+00 0.000001+00
73 4.624525-01 2.499385+01 4.577995-01 1.04005Z-03 0.000005+00 0.00000z+00

74 4.581615-01 2.534905+01 4.578045-01 1.025511-03 0.000001+00 0.000001+00
75 4.584801-01 2.569421+01 4.578131-01 1.011413-03 0.00000C+00 0.00000Z+00
76 4.673721-01 2.603651+01 4.579435-01 1.005985-03 0.000001+00 0.00000C+00

77 4.5B155E-01 2.639171+01 4.57945C-01 9.924771-04 0.000001+00 0.000003+00
78 4.346005-01 2.672581+01 4.57638E-01 1.026375-03 0.00000Z+00 0.000003+00

79 4.509011-01 2.707921+01 4.575511-01 1.01673E-03 0.00000Z+00 0.000001+00
80 4.646655-01 2.74243Z+01 4.576425-01 1.007751-03 0.000001+00 0.000001+00

81 4.597905-01 2.777031+01 4.576695-01 9.952791-04 0.000001+00 0.000005+00
82 4.55906Z-01 2.81082Z+01 4.57647E-01 9.83006Z-04 0.000005+00 0.000005+00

83 4.65838Z-01 2.84542Z+01 4.577485-01 9.76047Z-04 0.000003+00 0.000005+00

84 4.693485-01 2.880755+01 4.578903-01 9.743935-04 0.000003+00 0.00000Z+00
85 4.619785-01 2.914725+01 4.579395-01 9.63841Z-04 0.000001+00 0.000001+00
86 4.666665-01 2.948685+01 4.58043E-01 9.579485-04 0.00000Z+00 0.00000Z+00
87 4.588135-01 2.983005+01 4.580525-01 9.466553-04 0.000003+00 0.000005+00
88 4.666025-01 3.017435+01 4.581511-01 9.408501-04 0.000005+00 0.000001+00
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89 4.56166-01 3.0050633+01 4.581283-01 .302523E-04 0000003+00 0000003+00
90 4602-1 308490301 4.581733-01 9268-04 0.000003+00 0.000003+00

91 4.666-01 3.118673+01 4.532113-01 9.110973-04 0.000003+00 0.000003+0092 4435-01 3.15 282+01 4.580353-01 9.179193-04 0.000003+00 0.000003+00
93 4441-1 3.1677053+01 4.578973-01 p.182653-04 0.000003+00 0.000003+00

94 4'.426223-01 3.41I220753+01 4.77313-01 9:.232803-04 0.000003+00 0.000003+00
95 4493-01 3.253603+01 4.76363-01 9181963-04 0.000003E+00 0.000003+00
96 4.9889E-01 3.288303.01 4.57767-01 9.176803-04: 0.000003+00 0.000003+00

97 4.651233-0 3.323183+01 4.578443 -01 91264-0 0.0000+0 0.000003+00
98 .689313-001 3.357973+01l 4.579603Y-011 9.0190883-04 0.000003+00 0.0000+00
99 4.329373-01 3.391023+01 4.577023-01 9.359203-04 0.000003+00 0.000030

100 4.750833-01 3.425253+01 4.578793-01 9.431473-04 0.000003+00 0.00 0003+00
101 4.516843-01 3.459303.01 4.578163-01 9.356673-04 0.000003+00 0.000003+00
102 4.7629-1 3445+1 4.50130 9444253-04 0.0030 .0030

10 . 439203-0 3.528053+1 4.7601 1 .43430 0.000003+00 0.000003+00
104 4.6343-01 3.563023+01 4.5793531-021 9.888-04 0.000003+00 0.000003+0010 .5653301 .9030 .7230 9.298903-04 0.000003+00 0.000003+00106 4.584730 3625+1 4.57923-01l 9.2923-0 .0030 .0030107 4.483-1 3.658323+01 .7230 .8330 .0030 .0030

10 .146-1 3.69933+1 4.7530 .016-4 000030 .003010 4.568233-01 3742+01 4.578463-01 9.016813-04 0.000003+00 0.000003+00
10 4691-1 3.76817+01 4.7130 .593-04 0000+0 00003O+0111 4.68343-E01 13.835+1 4.58073-0E1 8.2563-0 0.000003+00 000030

112 4.648743-01 3.86553Z+01 4.587032-001 8.86123Z-04 0.000030 0.0030
13 4518-01 : 3.743+0 .8523-01 8763-04 0.00300 0.00:0003+00114 4.600733-01 3. 90643+01 4.7580030 8701-4 0.000003+00 0.003015 4663-1 3918+1 451501 8.674883-04 0.0000031+00 0.000003+00

116 4.450389301 3.97783+01 4.580433-01 8.67106-0 0.000+0 0.000+00
117 4.611443-01 4.0012+01 458703-E01 8596-4 0.000+0 0.000003+00

11 .7630 .4830 .85301 8.564263-04 0.000003+00 0.0030
119 4.532482-01 4.08403+01 4.581123-01 850130 0.0003+00 0.000003+00
1120 64.6853-01 4.11233+01 458179301 8.5830 .000003+00 0.000003+00
121 4.570453-01 4.714623+01l 4.581032-01 8.380236-04 0.000003+00 0.000003+00
122 4.58942-01 4.:O18012+01 4.876-1 7.14713-04 0.:00:0003+0 0.000003+00
123 4.547:53-01 425330 4. 58146-01 8208-4 0.0030 0000+0

12 .925-1 4.433+1 450730 .215193-04 0.00300 0 .0000030
15 4.78563-01 4.284473:+01 4.582373-01 8.1713-4 0.000003+00 0.000003+00

126 4.5493-0 4392+0 4.8330I.4430 0000+0 0.0030127 4.63676-01 4.354583 +01 4.582833-01 8.189773-04 0.000003+00 0.000003+00
128 4.65220930 4.038865301 4.58l234-01 8.138793-04 0.000003+00 0.000003+00

19 4778-1 4432+1 4538-01 8.10304 0.000003+00 0.0 0030130 4.5973-8Z001 4.458953+01l 4.5583973-E01 8.155123-4 000030 0.000003+00
131 4.57663:5-01 4.493373E+01 4.589339-01 8.091763-04 0.000003+00 0.000003+00
132 4.535023-01 4.527333+01 4.58355301 8.3808-04 0.000003+00 0.000003+00
133 4.45083-0Z1 4.581283+01 4.582543-01 8.041013-04 0.000003+00 0.O00000+00
134 4.517823-01 4.259590+01 4:.58205-01 7.99403S-04 0.000003+00 0.000003+00
135 4.600213-01 4.2943+01 4.8183E-01 7.935743-04 0.000003+00 0.000003+00
136 4.6702653-01 42 .64653+01 4.5828237-01 7.302073-04 0.000003+00 0.000003+00

138 4.549133-01 4.731285+01 4.582539-01 7.824483Z-04 0.000003+00 0.000003+00
139 4.575413-01 4.767723+01 4.582503-01 7.:76734-04 0.:00:000+00 0.000003+00
140 4.830693-0 4.0531 458285-01 7.18753-0 0.0000+0 0.0030

14 7.085-1 483830 4530-01 7.6530z.0030 0003+00142 4.681643-01 4.871903+01 4.58370-0 7.6212304ZO 0.000003+00 0.000:003+00

144 4.597725301 4.940923+01 4.584263-001 7.558023-:04 0.100000+00 0.000003+00
145 4.56155-01 4.937525+01 4.58413E-01 7.091666-4 0000003+0 0000003+0
146 4.603503-01 500230 4.5 84271l:::3:-01 7.456413-04 0.000003+00 0.000003+400
147 4474-03.493 4.4.583603-011287.43511-04 0003+0 0.000003+0014 .496301 50773 IE+01 4.5303-0 7.0330 0000+0 0.000301344918EO 4.5585-1 5.1183+01 4.582863-01 7.357693-04 0.000003+009+ 0.000003+00
1350 4.499223-01 5.1248333.0 4.582293-01 7.396354-04 0.000003+00 0.000003+00
151 4.447525-01 5.180483.01 4.581383-01 7.338133-04 0.000003+00 0.000003+00
152 4.49503-01 5.213623+01 4.580803-01 7:3.31174-04: 0.000003+00 :0.000003+00

14 4532-01 5.280763301 458037-0 7.254-0 0.00300 0000+00155 4.51353-1 5.31448301 4.579933-0I 7.19139304 0.0000+0 0.000003+00
16 4731-01 5034938+01 4.582074-0 7.198-0 0.000003+00 0.0030147 4.513433-0 5.8300 4.5033-3 7.715633-4 0000003+00 0.000003+00

158 4.511943-01 5.417583.01 4.579843-03 7.:123803-004 0.000003+00 0.000003+00
15 4.588943-01 .5330 4.8 53702-02l 7.0823'-0 0.000030 0.000+00

16 .3730 .487039:+03 s 4.809-01 7.04311-0 0000003+00 0.000003+001613 4.72445-0 5.2401 1 4.529-06.515304 0.000003+00 0.g00030
162 4.488023E-01 5.5623+01 4.58061-01 7.037053-04 0.000003+00 0.0000+00

16 .538-0 5.9830 4.8530 6932-4 0.0003+0 0:.0000030
1645 4.59613- 01 5.6124833.0 4.580683 -01 6.950913- 04 0.000003+00 0.0000+00
165 4.472930-01 5.601532.01 4.580023-01 6.940073-04 0.000003+00 0.000003+00
167 4.577473-01 5.724983+01 4.579643-01 6.865303-04 0.000003+00 0.000003+00
168 4.733313-01 5.760503.01 4.580563-01 6.88632-4 0000003+00: 0.000003+000
169 4.56556301 5.719523Z01 4.580430 6 .845553E-04 0.000003+0 0.000003+00

17 43881-0 5.828973+01 4.7330 6.00430 0.000003+00 0.000003+00171 4.660303-0 5837+1 4.572981-01 6.876403-04 0.0030 0000+0
12 4564-1 58733:+01 4.579383-01 6.849293-04 0.000003+00 0.000030173 4.6556-01 5.92423.1 4579713-01 6.817043-04 0.0003+0 00000+0

17 .5230 .6830 4.75301 .7430 0.000003+00 0.00030
175 4.490037-01 5.9923.S01 4.57030 1 76.78932-04 0003+0 000000300173.5013-01 6.03330 4583-01 6.728253- 04 0.000003+00 0.000030177 4.6446-0 6. 06833.01 4.59:79130 6993-4 0003+0 0.00000300

19 4 5251-01 6.137330 4.787-1 6.61313-4 0003+00 0.000003+00180 4.57713-1 617148 030 4.578863-01 6.93963-0 0.000003+0 0.0030
181 4.66403I-01 6.206873.01 4.507943091 6.574573-04: :0.000003+00 0.000003E+00
182 4.42803-01 6.408301 4.7803-0 71 6.973-0 0000003+00 0.0000+00
183 4.449153-01 6.27473+1 4.779-0O6540304 0.000030 0.0 000030

159 4.9 4Z 151TO 7"2-1 752 0 O.OO6E.6-69OO 0
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184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

4.63822K-01 6.308931+01 4.57812Z-01 6.566131-04 0.000001+00 0.000001+00
4.54129K-01 6.342801+01 4.577921-01 6.533251-04 0.00000Z+00 0.00000Z+00
4.60407K-01 6.37667K+01 4.57806Z-Cl 6.499201-04 0.00000Z+00 0.00000Z+00
4.52227Z-01 6.41145K+01 4.57776K-01 9.47100K-04 O.00000Z+00 0.00000z+00
4.77262Z-01 6.44597K+01 4.57881K-01 6.52082z-04 0.O000OZ+00 0.000001+00
4.72561Z-01 6.481401+01 4.57959Z-C1 6.53320Z-04 0.00000Z+00 0.000001+00
4.347121-01 6.514801+01 4.57836K-01 6.61497Z-04 0.00000Z+00 0.00000Z+00
4.51545Z-01 6.54877K+C1 4.57802K-01 6.58829Z-04 0.00000Z+00 0.00000z+00
4.76042Z-01 6.584021+01 4.578981-01 6.623461-04 0.000001+00 0.000001+00
4.72495-01 6.619531+01 4.579751-01 6.632863-04 0.000001+00 0.00000E+00
4.47268Z-01 6.653401+01 4.579191-01 6.621751-04 0.000001+00 0.00000Z+00
4.60527Z-01 6.687551+01 4.579321-01 6.58874Z-04 0.00000Z+00 0.000001+00
4.632481-01 6.72142Z+01 4.57960Z-01 6.560411-04 0.00000z+00 0.00000Z+00
4.550991-01 6.755651+01 4.579451-01 6.528331-04 0.000001+00 0.000001+00
4.594021-01 6.79017Z+01 4.579531-01 6.49536S-04 0.000001+00 0.00000Z+00
4.606711-01 6.82458Z+01 4.579461-01 6.463781-04 0.000001+00 0.000001+00
4.599001-01 6.858821+01 4.57976K-01 6.431791-04 0.00000Z+00 0.OOO00z+00
4.657621-01 6.893986+01 4.58015Z-al 6.41134K-04 0.000001+00 0.000001+00
4.415121-01 6.92738Z+01 4.579331-01 4.43235K-04 0.00000Z+00 0.000001+00
4.63288Z-01 6.96208e+01 4.579591-01 6.405811-04 0.000001+00 0.000001+00

REMO HZSSAGL NUHBER KS-123 EXECUTION TRMIIKATED DUZ TO CC4PLKTION OF THll SPICIFIED NUMBER Of GENERATIONS.
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E-....

TRANSPORT CRITICALITY: NORMAL CONDITIONS (PITCH - 250.698 CM} (EXT. MOD. Vr - 0.

LIFETINE - 9.455121-06 + OR - 5.08997G-06 GENERATION TIME - 1.855033-06 + OR - 1.01955E-08
mU BAR - 2.54494Z300 + OR - 4.165753-04 AVERAGE FISSION ROUP .- 6.81874E400 + OR - 6.06833Z-03

ENERGYIZ(V or THE AVERAGE LETHAIGY CAUSING FISSION - 6.68650E404 * OR - 4.509441+02

NO. OF INITIAL
GENERATIONS

SKIPPED

3

4

5

6

7

8

9

10

11

12

17

22

27

32

37

42

47

52

57

62

67

72

77

82

87

92

AVERAGE
K-ZEFECTIVE DEVIATION

0.45799 + OR - 0.00064

0.45795 + OR - 0.00064

0.45796 + OR - 0.00065

0.45799 4 OR - 0.00065

0.45799 4 OR - 0.00065

0.45794 4 OR - 0.00065

0.45791 + OR - 0.00066

0.45798 + OR - 0.00066

0.45796 * OR - 0.00066

0.45789 4 OR - 0.00066

0.45796 4 OR - 0.00067

0.45789 4 Oft - 0.00068

0.45783 4 OR - 0.00068

0.45789 + OR - 0.00070

0.45790 + OR - 0.00071

0.45803 + OR - 0.00073

0.45809 + OR - 0.00074

0.45803 + OR - 0.00076

0.45799 4 OR - 0.00075

0.45785 + OR - 0.00077

0.45794 + OR - 0.00079

0.45808 4 OR - 0.00081

0.45797 4 OR - 0.00084

0.45817 4 OR - 0.00085

0.45789 4 OR - 0.00087

0.45790 4 OR - 0.00089

67 P3R CENT
CONFIDENCz INTERVAL

0.45735 TO 0.45863

0.45730 TO 0.45859

0.45731 TO 0.45861

0.45734 TO 0.45864

0.45734 TO 0.45865

0.45729 TO 0.45860

0.45725 TO 0.45857

0.45732 TO 0.45863

0.45730 TO 0.45862

0.45723 TO 0.45855

0.45729 TO 0.45863

0.45720 TO 0.45857

0.45715 TO 0.45851

0.45719 TO 0.45859

0.45719 TO 0.45861

0.45731 TO 0.45876

0.45735 TO 0.45882

0.45727 TO 0.45879

0.45724 TO 0.45874

0.45707 TO 0.45862

0.45715 TO 0.45873

0.45727 TO 0.45889

0.45713 TO 0.45880

0.45732 TO 0.45901

0.45702 TO 0.45876

0.45700 TO 0.45879

95 P3R CENT
CONFIDENCE INTERVAL

0.45671 TO 0.45928

0.45666 TO 0.45924

0.45666 TO 0.45925

0.45669 TO 0.45929

0.45669 TO 0.45930

0.45663 TO 0.45925

0.45660 TO 0.45923

0.45666 TO 0.45929

0.45664 TO 0.45928

0.45657 TO 0.45921

0.45662 TO 0.45930

0.45652 TO 0.45926

0.45647 TO 0.45919

0.45649 TO 0.45929

0.45647 TO 0.45933

0.45658 TO 0.45948

0.45661 TO 0.45956

0.45651 TO 0.45954

0.45649 TO 0.45949

0.45630 TO 0.45939

0.45637 TO 0.45951

0.45646 TO 0.45970

0.45629 TO 0.45964

0.45648 TO 0.45986

0.45615 TO 0.45963

0.45611 TO 0.45968

99 PER CENT NUMSER OF
CONFIDENCE INTERVAL HISTORIES

0.45606 TO 0.45992 200000

0.45601 TO 0.45988 199000

0.45601 TO 0.45990 198000

0.45604 TO 0.45994 197000

0.45603 TO 0.45995 196000

0.45598 TO 0.45991 195000

0.45594 TO 0.45988 194000

0.45600 TO 0.45995 193000

0.45597 TO 0.45994 192000

0.45591 TO 0.45988 191000

0.45594 TO 0.45997 186000

0.45584 TO 0.45994 181000

0.45579 TO 0.45987 176000

0.45580 TO 0.45998 171000

0.45576 TO 0.46004 166000

0.45585 TO 0.46021 161000

0.45587 TO 0.46030 156000

0.45575 TO 0.46030 151000

0.45573 TO 0.46025 146000

0.45553 TO 0.46016 141000

0.45558 TO 0.46030 136000

0.45565 TO 0.46051 131000

0.45546 TO 0.46048 126000

0.45563 TO 0.46070 121000

0.45528 TO 0.46050 116000

0.45522 TO 0.46058 111000
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Fig~~e.~CSAS5 Outnt for

NO. OF INITIAL
GENERATIONS

SKIPPED I

97

102

107

112

117

122

127

132

137

142

147

152

157

162

167

172

177

182

187

192

197

RANDOc NUMBER-

TRANSPORT CRITICALITY: NORM4AL CONDITIONS

AVERAGE
K-EFFECTIVE

0.45806 4

0.45792 4

0.45811 4

0.45703 4

0.45781 4

0.45764 4

0.45743 4

0.45723 4

0.45722 4

0.45702 4

0.45692 4

0.45760 4

0.45772

0.45756

0.45794

0.45808

0.45829

0.45890

0.46008

0.45902

0.45842

OR

IOR

IOR

+ OR

+ OR

+OR

IOR

+OR

+OR

IOR

+OR

+OR

IOR

+ OR

+OR

+ OR

+ OR

+ OR

+ OR

+ OR

67 PER CENT
DEVIATION CONFIDENCE INTERVAL

- 0.00090 0.45716 TO 0.45897

- 0.00087 0.45705 TO 0.45879

- 0.00089 0.45722 TO 0.45900

- 0.00093 0.45690 TO 0.45876

- 0.00096 0.45685 TO 0.45878

- 0.00101 0.45663 TO 0.45865

- 0.00103 0.45640 TO 0.45846

- 0.00106 0.45617 TO 0.45830

- 0.00111 0.45611 TO 0.45833

- 0.00117 0.45584 TO 0.45819

- 0.00126 0.45566 TO 0.45818

- 0.00133 0.45627 TO 0.45894

- 0.00144 0.45629 TO 0.45916

- 0.00154 0.45602 TO 0.45910

- 0.00172 0.45622 TO 0.45966

- 0.00180 0.45628 TO 0.45988

- 0.00200 0.45621 TO 0.46038

- 0.00243 0.45647 TO 0.46132

- 0.00300 0.45708 TO 0.46308

- 0.00257 0.45644 TO 0.46159

95 PCR CZNT
qOfIDENCZ INTERVAL

0.45626 TO 0.45987

0.45618 TO 0.45966

0.45632 TO 0.45990

0.45597 TO 0.45968

0.45588 TO 0.45974

0.45562 TO 0.45966

0.45536 TO 0.45949

0.45511 TO 0.45936

0.45500 TO 0.45944

0.45467 TO 0.45937

0.45441 TO 0.45944

0.45494 TO 0.46027

0.45485 TO 0.46059

0.45448 TO 0.46064

0.45449 TO 0.46139

0.45448 TO 0.46168

0.45412 TO 0.46246

0.45404 TO 0.46375

0.45408 TO 0.46609

0.45387 TO 0.46416

0.45138 TO 0.46546

(PITCH - 250.698 CM}

99 PER CENT
CONFIDENCE INTERVAL

0.45535 TO 0.46077

0.45531 TO 0.46053

0.45543 TO 0.46079

0.45504 TO 0.46061

0.45492 TO 0.46070

0.45461 TO 0.46067

0.45433 TO 0.46052

0.45405 TO 0.46042

0.45389 TO 0.46055

0.45349 TO 0.46054

0.45315 TO 0.46069

0.45360 TO 0.46161

0.45341 TO 0.46203

0.45294 TO 0.46218

0.45277 TO 0.46311

0.45267 TO 0.46348

0.45204 TO 0.46454

0.45161 TO 0.46618

0.45107 TO 0.46909

0.45129 TO 0.46674

0.44786 TO 0.46898

(EXT. MOD. VF - 0.

NUMBER OF
HISTORIES

106000

101000

96000

91000

86000

81000

76000

71000

66000

61000

56000

51000

46000

41000

36000

31000

26000

21000

16000

11000

6000+ OR - 0.00352 0.45490 TO 0.46194

51564689044D
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TRANSPORT CRITICALITY: NORMAL CCNDITIONS (PITCH - 250.698 Ct4) (ZXT. NOD. VF - 0.

FREQUENCY FOR GENERATIONS 4 TO 203
0.4208 TO 0.4334
0.4334 TO 0.4461 *..... . * **-
0.4461 TO 0.4587 ........... *.....*.................................. ....... ..........
0.4587 TO 0.4714 * ................... ................................... ...........
0.4714 TO 0.4640

FREQUENCY FOR GENERATIoNS 54 TO 203
0.4208: TO 0.4:334
0.4334 TO 0.4461 ...........
0.4461 TO 0.4587 .. ...............................
0.4587 TO 0.4714 *------.........---.........................
0.4714 TO 0.4640 *-.---------

FREQUENCY FOR GENERATIONS 104 TO 203
0.4208 TO 0.4334
0.4334 TO 0.4461 **......
0.4461 To 0.4587 .... ........................ *..... . .....
0.4567 TO 0.4714 ............. .................
0.4714 TO 0.4840 *

FREQUENCY FOR GENERATIONS 154 TO 203
0.4208 TO 0.4334
0.4334 TO 0.4461 ..
0.4461 TO 0.4587 ....................

0.4587 TO 0.4714 * - - - -
0.4714 TO 0.4840 ....
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Em__
-CSA525
TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 cm) (WVF - 1.0) (V - 1.02 (NOTE TITLE WAS CORRECTED FR CONDITION)

* THIS IS A MODEL OF THE YWPS NAC-HPC BASKET
* LOADED WITH 36 UNITED NUCLEAR TYPE A ASSEMBLIES

STC LICENSE AMENDMENT

* INTERIOR MODERATOR VOLUME FRACTION - 1.
* EXTERIOR MODERATOR VOLUME FRACTION - 1.0
* CASK TO CASK PITCH - 300 cm
* FLOODED PELLET CLAD GAP
* NEUTRON SHIELD REMOVED

27GROUPNDF4 LATTICECELL
U02 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
S5304 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 293.0 END
PB 7 1.0 293.0 END
e B DEN-1.6291 0.060 293.0 END
o 8 DEN-1.6291 0.425 293.0 END
C a DEN-1.6291 0.277 293.0 END
N a DEN-1.6291 0.020 293.0 END
AL a DEN-1.6291 0.214 293.0 END
B-10 8 DEN-1.6291 0.001 293.0 END
B-li 8 DEN-1 6291 0.004 293.0 END
N20 9 1.0 293.0 END
H20 10 1.0 293.0 END
END CONP
SQUAREPITCH 1.1887 0.7887 1 3 0.9271 2 0.8052 10 END
TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 (IVF - 1.0) (EY? - 1.0) (MOTSE TITLE WAS CORRECTED FOR CONDITION)

READ PARAH RUN-YES PLT-NO GEN-1003 NPG-1000 TME-500 END PARAH
READ GEON

H WATER LEVEL UNIT CELLS

UNIT 1
CON-'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
CUBOID 3 1 4PO.5944 2P2.1400
UNIT 2
CON-'WATER CELL - BETWEEN DISKS'
CUBOID 3 1 4PO.5944 2P2.1400
UNIT 3
CON-'DISPLACEMENT CELL - BETWEEN DISKS'
CYLINDER 2 1 0.4635 2P2.1400
CUBOID 3 1 4PO.5944 2P2.1400
UNIT 4
Ctl- INSTRUMENT TUBE CELL - BETWEEN DISKS'
CYLINDER 3 1 0.4998 2P2.1400
CYLINDER 5 1 0.5442 2P2.1400
CUBOID 3 1 4PO.5944 2P2.1400

* DISK LEVEL UNIT CELLS (BOTH SS AND AL)

UNIT S
CON-nFUEL PIN CELL - WITH SS DISK'
CYLINDER 1 1 0.3943 2P0.6604
CYLINDER 10 1 0.4026 2P0.6604
CYLINDER 2 1 0.4635 2P0.6604
CUBOID 3 1 4PO.5944 2P0.6604
UNIT 6
COM-'WATER CELL - WITH ss DISK'
CUBOID 3 1 4PO.5944 2P0.6604
UNIT 7
CON-'DISPLACEMNT CELL - WITH Ss DISK'
CYLINDER 2 1 0.4635 2P0.6604
CUBOID 3 1 4PO.5944 2P0.6604
UNIT e
COW-INSTRUXENT TUBE CELL - WITH ss DISK'
CYLINDER 3 1 0.4998 2P0.6604
CYLINDER 5 1 0.5442 2P0.6604
CUBOID 3 1 4PO.5944 2P0.6604

W WATER LEVEL BORAL SHEETS

UNIT 14
CCa-'X-X DORAL SHEET BETWEEN DISKS'
CUBOID 6 1 2P9.144 2P0.0318 2P2.1400
CUBOID 4 1 2P9.144 2PO.0953 2P2.1400
UNIT 15
CCS-'Y-Y BORAL SHEET BETWEEN DISKS'
CUBOID 6 1 2PO.0318 2P9.144 2P2.1400
CUBOID 4 1 2PO.0953 2P9.144 2P2.1400
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DISK LEVEL DORAL SHEETS (AL AND SS)

UNIT 16
CON-'X-X JORAL SHEZT WITH S5 DISK'
CUBOID 6 1 2P9.144 210.0318 210.6604
CUBOID 4 1 2P9.144 2P0.0953 2P0.6604
UNIT 17
CON-'Y-Y JORAL SHEET WITH SS DISK'
CUBOID 6 1 210.031l 219.144 2ro.6604
CUBOID 4 1 210.0953 2P9.14 2o0.660o

HATER LEVEL HES MATERIAL

UNIT 20
CON- 'WATER LEVEL WE NATERIAL (SMALL) X-X'
CUBOID 3 1 2no.4635 2Po.9716 2P2.1400
UNIT 21
CON- 'WATER LEVEL WEB MATERIAL (MEDIUM) X-X'
CUSOID 3 1 2P10.4635 211.0476 2P2.1400
UNIT 22
CON-'HATZR LEVEL WEB MATERIAL (LARGE) X-X'
CUBOID 3 1 2P10.4635 211.1208 212.1400
UNIT 23
COMN- ATER LEVEL WEB MATERIAL (LONG) Y-Y'
CUBOID 3 1 211.1208 2179.5249 212.1400

: SUPPORT DISK WEB MATERIAL

UNIT 30
COK-'SUPPORT DISK WEB MATERIAL (SMALL) X-X'
CUBOID 5 1 2P10.4635 21o.9716 2ro.6604
UNIT 31
CON-'SUPPORT DISK WEB MATERIAL (MEDIUM) X-X'
CUSOID 5 1 2P10.4635 21P.0478 2P0.6604
UNIT 32
CC4-'SUPPORT DISK WEB MATERIAL (LARGE) X-X'
CUBOID 5 1 2P10.4635 2P1.1208 2P0.6604
UNIT 33
CON- 'SUPPORT DISK WEB MATERIAL (LONG) Y-Y'
CUSOID 5 1 2P1.12oe 2P79.5249 2P0.6604

HEAT TRANSFER DISK WEB MATERIAL

UNIT 40
Cam-'HEAT TRANSFER DISK WEB MATERIAL (SMALL) X-X'
CUBOID 4 1 2P10.4635 21o.9716 2P0.6604
UNIT 41
CN-'HEAT TRANSFER DISK WEB MATERIAL (MEDIUM) X-X'
CUBOID 4 1 2P10.4635 2P1.0478 2P0.6604
UNIT 42
CON-'HEAT TRANSFER DISK WEB MATERIAL (LARGE) X-XH
CUBOID 4 1 2P10.4635 2P1.1208 2P0.6604
UNIT 43
CON- 'HEAT TRANSFER DISK WEB MATERIAL (LONG) Y-Y'
CUBOID 4 1 2P1.1208 2P79.5249 2P0.6604

HATER LEVEL ASSEMBLY ARRAYS

UNIT 50
COM-.FUEL TUBE AND ASSEMBLY - HATER LEVEL'
ARRAY 1 -9.5104 -9.5104 -2.1400
CUBOID 3 1 4P9.9441 2P2.1400
CUBOID 5 1 4110.0661 212.1400
CUBOID 3 1 4P10.25681 2P2.1400
HOLE 14 0.0 10.1615 0.0
HOLE 14 0.0 -10.1615 0.0
HOLE 15 10.1615 0.0 0.0
HOLE 15 -10.1615 0.0 0.0
CUWOID 5 1 4P10.3051 2P2.1400
UNIT 51
CON-'ASSMsLY CELL WITH 4 DORAL SHEETS -Y'
CUWOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.0 -0.1584 0.0
UNIT 52
CON-'ASSEMBLY CELL WITH 4 DORAL SHEETS Y'
CUBOID 3 1 4110.4635 2P2.1400
HOLE 50 0.0 0.1584 0.0
UNIT 53
CON- ASSEMBLY CELL WITH 4 DURAL SHEETS -X'
CUWOID 3 1 4110.4635 2P2.1400
HOLZ 50 -0.1584 0.0 0.0
UNIT 54
CO- 'ASSEMBLY CELL WITH 4 DORAL SHEETS X

CUWOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.1584 0.0 0.0
UNIT 55
CON-'ASSEMBLY CELL WITH 4 JORAL SHEETS X Y'
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 0.1584 0.1584 0.0
UNIT 56
CON-'ASSEMBLY CELL SITH 4 JORAL SHEETS -X Y'
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 -0.1584 0.1584 0.0
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UNIT 57
CM- 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-'ASSEHBLY CELL WITH 4 BOBAL SHEETS -X -Y'
CUBOID 3 1 4P10.4635 2P2.1400
HOLE 50 -0.1584 -0.1584 0.0
UNIT 59
C- . CENTRAL BOLE'
CUBOID 3 1 4P10.4636 2P2.1400

* SUPPORT DISK LEVEL ASSEMBLY ARRAYS

UNIT 60
CQI-'FUEL TUBE AND ASSEMBLY - SUPPORT DISH 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 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 5 1 4P10.3051 2P0.6604
UNIT 61
C1N-'ASSEMBLY CZLL WITH 4 MORAL SHEETS -Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 0.0 -0.1584 0.0
UNIT 62
C4-'ASSEMBLY CELL WITH 4 WORAL SHEETS Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 0.0 0.1584 0.0
UNIT 63
CQ4 'ASSEMBLY CELL WITH 4 BORAL SHEETS -X'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 -0.1584 0.0 0.0
UNIT 64
CCM-'ASSEMHBLY CELL WITH 4 BORAL SHEETS X'
CUSOID 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 4P10.4635 2P0.6604
HOLE 60 0.1584 0.1584 0.0
UNIT 66
COM-'ASSEMHBLY CELL WITH 4 BORAL SHEETS -X Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 -0.1584 0.1584 0.0
UNIT 67
CCH-'ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 0.1584 -0.1584 0.0
UNIT 68
COH-'ASSEHBLY CELL WITH 4 BORAL SHEETS -X -Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 60 -0.1584 -0.1584 0.0
UNIT 69
CON- 'CENTRAL HOLE'
CUBOID 3 1 4P10.4636 2P0.6604

* HEAT TRANSFER DISK LEVEL ASSEMBLY ARRAYS

UNIT 70
CCH-'ASSEHBLY CELL WITH 4 BORAL SHEETS'
ARRAY 2 -9.5104 -9.5104 -0.6604
CUBOID 3 1 4P9.9441 2PO.6604
CUBOID 5 1 4P10.0661 2P0.6604
CUBOID 3 1 4P10.25681 2P0.6604
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 5 1 4P10.3051 2PO.6604
UNIT 71
CCH-'ASSEMBLY CELL WITH 4 BORAL SHEETS -Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLZ 70 0.0 . -0.1584 0.0
UNIT 72
CON-'ASSEMBLY CELL WITH 4 BORAL SHEETS Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.0 0.1584 0.0
UNIT 73
CQI-'ASSEMBLY CELL WITH 4 BORAL SHEETS -X'
CUBOID 3 1 4P10.4635 2PO.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
HOLZ 70 0.1584 0.0 0.0
UNIT 75
CO4-'ASSEHBLY CELL WITH 4 BORAL SHEETS X Y'
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.1584 0.1584 0.0
UNIT 76
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COM-'ASSZMBLY CELL WITH 4 tORAL SHEETS -X Y
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 -0.1584 0.1584 0.0
UNIT 77
CN- ASSEMBLY CELL WITH 4 BORAL SHEETS X -Y
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 0.1584 -0.154 4 0.0
UNIT 78
CCH- ASSEZBLY CELL WITH 4 BORAL SHEETS -X -Y
CUBOID 3 1 4P10.4635 2P0.6604
HOLE 70 -0.1584 -0.1584 0.0
UNIT 79
CQS- .CENTRAL HOLE
CUBOID 3 1 4P10.4636 2P0.6604

WATER LEVEL BASKET ARRAYS

UNIT 80
COM- 5X1 WATER LEVEL AMAY ISMALL ARRAY -X)
ARRAY 20 -10.4636 -33.6323 -2.1400
UNIT 81
CON- "X1 WATER LEVEL ARRAY ISHALL 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
CON- 9X1 WATER LEVEL ARRAY (MEDIUM ARRAY X)
ARRAY 23 -10.4636 -56.6549 -2.1400
UNIT 84
CON- 13X1 WATER LEVEL ARRAY (LARGE ARRAY-X)
ARRAY 24 -10.4636 -79.5251 -2.1400
UNIT 85
CON- * 13X1 WATER LEVEL ARRAY (MIDDLE LARGE ARRAY)'
ARRAY 25 -10.4636 -79.5251 -2.1400
UNIT 86
CON- * 13X1 WATER LEVEL ARRAY MLARGE ARRAY XP
ARMAY 26 -10.4636 -79.5251 -2.1400

SUPPORT DISK LEVEL BASKET ARRAYS

UNIT 90
CON- 5X1 SUPPORT DISK LEVEL ARRAY (SMALL ARRAY -X)l
ARRAY 30 -10.4636 -33.6323 -0.6604
UNIT 91
CON- 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
CQI- 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-' 131 SUPPORT DISK LEVEL ARRAY (MIDDLE LARGE ARRAYI
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

HEAT TRANSFER DISK LEVEL BASKET ARRAYS

UNIT 100
CON- 5XI HEAT TRANSFER DISK LEVEL ARRAY (SMALL ARRAY -X)'
ARRAY 40 -10.4636 -33.6323 -0.6604
UNIT 101
COM- 5XI HEAT TRANSFER DISK LEVEL ARRAY (SMALL ARRAY X)
ARRAY 41 -10.4636 -33.6323 -0.6604
UNIT 102
CO- 9X1 HEAT TRANSFER DISK LEVEL ARRAY (MEDIUM ARRAY -X)
ARRAY 42 -10.4636 -56.6549 -0.6604
UNIT 103
CON-' 9X1 HEAT TRANSFER DISK LEVEL ARRAY (MEDIUM ARRAY XP
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 IMIDDLE LARGE ARRAY)
ARRAY 45 -10.4636 -79.5251 -0.6604
UNIT 106
CON- 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
CON- BASKET ARRAY IN TRANSPORT CASK OVERPACK - WATER LEVEL'
ARRAY 50 -33.6323 -79.5251 -2.1400
CYLINDER 3 1 88.1253 2P2.1400
HOLE t0 -69.0614 0.0 0.0
HOLE 82 -46.1912 0.0 0.0
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H0LA 81 69.0614 0.0 0.0
NOLE 63 46.1912 0.0 0.0
CYLINDER 5 1 89.7128 2P2.1400
CYLINDER 3 1 90.170 2P2.1400
CYLINDER 5 1 93.98 212.1400
CYLINDER 7 1 103.4288 212.1400
CYLIND R 5 1 110.109 2P2.1400
CYLINDER 9 1 124.714 2P2.1400
CYLINDER 9 1 125.349 2P2.1400
CUSOID 9 1 4P150 2P2.1400
UNIT 111
COI-BASKET ARRAY IN TRANSPORT CASR OVERPACK - SUPPORT DISK LEVEL'
ARMY 51 -33.6323 -79.5251 -_0.6604
CYLINDER 5 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 88.1253 2P0.6604
CYLINDER 5 1 89.7128 210.6604
CYLINDER 3 1 90.170 210.6604
CYLINDER 5 1 93.99 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 2PO.6604
CUBOID 9 1 4P150 2P0.6604
UNIT 112
CON-'BASKET ARRAY IN TRANSPORT CASK OVERPACK - HEAT TRANSFER DISK LEVEL'
ARRAY 52 -33.6323 -79.5251 -O.6604
cYLINDER 4 1 87.24s9 210.6604
HOLE 100 -69.0614 O.0 0.0
HOLE 102 -46.1912 0.0 0.O
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 9 1 124.714 210.6604
CYLINDER 9 1 125.349 210.6604
CUBOID 9 1 4P11O 2P0 .6604

GLOBAL UNIT

GLOBAL UNIT 120
ARRAY 60 -175.349 -175.349 0.0
END GEGE
READ ARRAY
ARA-I NUX16-16 NuY-16 NUZ-1 FILL
I I 1 1 1 1 1 3 22 2 2 Z2 2

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 I I 1 1 1 1 1 1 1 1 1

1 I I I I I I I I I I 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 I I I I I I I I I 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

END FILL
ARA-2 NUX-16 NUY-16 MUZ-1 FILL
5 5 5 5 5 5 5 7 ; 6 6 6 6 6 6 6
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
s 5 51 555 5 6 6 s s s 6 s6

5 551 15 5555555 5S5 555

5 5 5 s s s s s s s s s s s s s

7 s s s s s s s s s s s s 5 s s
6sssssssesssssssS

6 5 5 s s s s s s s s s s s s s
6 s s s 5 5 s s s 5 s 5 5 5 5 5
6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 s

6 s 5 s s s s s s s s s s s s s6 7 5 5 5 5 5 5 5 s 5555 5 . .

6 5 5 5 5 5 5 5 5 55 5 5 5 5 5

END FILL

' WATER LEVEL ARYS

MA.20 NUX-I NUY-S NUZ-1

rI LL
55

54
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22
57
END FILL
ARA-21 1x-i NaY-S NUZ-I
FILL
56
22
53
22
58
END FILL
ARA-22 MNX-i NUY-S HIUZ-1
FILL
55
21
55
22
54
22
57
21
57
END FILL
ARA-23 NUX-1 NUY-9 NtZ-i
FILL
56
21
56
22
53
22
58
21
58
END FILL
ARA-24 NUX-1 NUY-13 NUZ-1
FILL
55
20
55
21
55
22
54
22
57
21
57
20
57
END FILL
ARA-25 NUX-1 NUY-13 NUZ-1
FILL
52
20
52
21
52
22
59
22
51
21
51
20
51
END FILL
ARA-26 NUX-1 NUY-13 NUZ-1
FILL
56
20
56
21
56
22
53
22
58
21
5S
20
56
END FILL

*SUPPOR DISK LEVEL ARRAYS

ARA-30 NUX-i NUY-S NUZ-i
FILL
65
32
64
32
67
ZND FILL
ARA-31 NUN- NUY-S NUZ-1

6.6-79



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

FILL
66
32
63
32
68
END FILL
ARA-32 NUX-1 NUY-9 NUZ-1
FILL
65
31
65
32
64
32
67
31
67
END FILL
ARA-33 NUX-i NUY-9 NUZ-1
FILL
66
31
66
32
63
32
68
31
6B
END FILL
ARA-34 NUX-1 NUY-13 NUZ-1
FILL
65
30
65
31
65
32
64
32
67
31
67
30

END FILL
ARA-35 NUX-1 NUY-13 NUZ-1
FILL
62
30
62
31
62
32
69
32
61
31
61
30
61
EID FILL
ARA-36 NUX-I NUY-13 NUZ-1
FILL
66
30
66
31
66
32
63
32
66
31

6830
68
END FILL

* HEAT TRANSFER DISX LEVEL ABBAYS

AA-40 NUX-1 NUY-S NUZ-1
FILL
75
42
74
42
77
END FILL
ARA-41 HUX-i NUTY-5 HUZ-
FILL
76
42
73
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42
7e
FND FILL
ARA-42 flUX-I 3I1-9 ItVZ-1
FILL
75
41
75
42
74
42
77
41
77
END FILL
ARlA-43 flUX-1 NUY-9 NU7Z-1
FILL
7C
41
7'
42
73
42
78
41
78
IND FILL
hAP-44 NUX-I NUY-13 NUZ-1
FILL
75
40
75
41
75
42
74
42
77
41
77
40
77
END FILL
ARA-45 NtUX-i NUY-13 NUZ-1
FILL
72
40
72
41
72
42
79
42
71
41
71
40
71
END FILL
ARA-46 NUX-1 N3Y-13 NUZ-1
FILL
76
40
7'
41
76
42
73
42
78
41
78
40
78
FND FILL

' MAJOR ARRAYS

AMR-SO NUX-S NUY-1 NUZ-1
FILL
84 23 85 23 86
END FILL
ARM-Si fUX-S IIUY-1 NUZ-1
FILL
94 33 95 33 96
END FILL
ARR -52 NVX-S NUY-1 NI1Z-1
FILL
104 43 105 43 106
END FILL

* GLOBAL ARRAY

ARA-60 IUX-1 NUY-1 Nt1Z-4
FILL
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cotm

112
110
111
110
END FILL
END ARRAY
READ BOUNDS ZFC-PER YXF-MIR END BOUNDS
READ PLOT
SCR.EZS PIC-MAT LPI-10
UAX1.0 VDN--1.0 NAX-1500

W WHOLE BASKET HORIZONTAL SLICES

TTL-'BaSKET X-Y CROSS SECTION AT Z- 0.635 HEAT TRANSFER DISK LEVEL'
XUL. -130 YL- 130 ZVL. 0.635
XLR- 130 YLR- -130 ZLR- 0.635
UAX.1.0 VDN--1.0 NAX-1500 END
TTL-'BASXKT X-Y CROSS SECTION AT Z- 3.44 WATER LEVEL'
XUL- -130 YVL- 130 ZUL- 3.44
XLR- 130 YLR- -130 ZLR- 3.44
UAX-1.0 VDN--1.O NAX-1500 END
TTL-'lBASKET X-Y CROSS SECTION AT 2- 6.236 SS DISK LEVEL'
XUL. -130 YVL- 130 ZUL- 6.236
XLR- 130 YLR- -130 ZLR- 6.236
UAX-1.o VDN--1.o NAX-1500 END

' HEAT TRANSFER DISK LEVEL BASKET QUADRANTS

TTL.'BA5KZT X-Y OVADRANTD I HEAT TRANSFER DISK'
XUL.- 12. YVL- 80 ZUL- 0.635
XLR- 60.o YLR- 12.0 ZLR- 0.635
UAX-l.o VDN-1I.0 o AX-1500 END
TTL-'BASKET X-Y QUADRANT II HEAT TRANSFER DISK'
XUL- 12.0 YVL- -12.0 ZUL- 0.635
XLR- 80 YLR- -80 ZLR- 0.635
UAX-1.0 VDN--1.o NAX-1SO0 END
TTL-'BASKET X-Y QUADRANT III HEAT TRANSFER DISK'
XU.- -60.0 YVL- -12.0 ZUL- 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 ZUL- 0.635
XLR- -12.0 YLR- 12.0 ZLR- 0.635
UAX-1.0 VDN--1.0 NAX-1500 END

W WATER LEVEL BASKET QUADRANTS

TTL-'RASKET X-Y QUADRANT I WATER LEVEL'
XU.- 12. YUL- 80 ZUL- 3.44
XLR- 60.0 YLR- 12.0 ZLR- 3.44
UAX-1.0 VDN--1.0 NAX-1500 END
TTL-.BASKET X-Y QUADRANT II WATER LEVEL'
XUL- 12.0 YUL- -12.0 ZUL- 3.44
XLR- So YLR- -80 ZLR- 3.44
UAX-1.0 VDN--1.0 NAX-15so END
TTL-'BASKET X-Y QUADRANT III WATER LEVEL'
XUL. -60.0 YUL- -12.0 ZUL- 3.44
XLR- -12.0 YLR- -80.0 ZLR- 3.44
UAX1.0 VDN--1.0 NAX-15so END
TTL-'BASKET X-Y QUADRANT IV WATER LEVEL'
XUL. -80.0 YUL- 80.0 ZUL- 3.44
XLR- -12.0 YLR- 12.0 ZLR- 3.44
UAX-1.O VDN--1.0 NAX-1500 END

VERTICAL SLICES

TTL-'RASKET X-Z CROSS SECTION ALUMINUM LEVEL (MIDDLE or FUEL PIN('
XUL- -90 YVL-0.4 10L- 1.27
XLR- 90 YLR-o.4 ZLR- -.1
UAX.1.0 WDN--1.0 NAX-1s5O END
TTL-'BASKZT X-Z CROSS SECTION WATER LEVEL (MIDDLE Of FUEL PIN)'
XUL.- -90 YUL-0.4 ZUL- 4.318
XLR- 90 YLR-0.4 ZLR- 1.27
UAX-1.0 IDN--1.0 NAX-1500 END
TTL-'BASKET X-Z CROSS SECTION SS LEVEL (MIDDLE OF FUEL PIN)'
XUL.- -90 YUL-o0.4 ZUL- 6.856
XLR- 90 YLR-0.4 ZLR- 5.58e
UAX-1.0 WDN--1.0 NAX-1500 END
TsL-'BASKET X-Z CROSS SECTION ENTIRE MODEL (MIDDLE Or FUEL PIN!'
XUL- -90 YUL-0.4 ZUL- 12
XLR- 90 YLR-O.4 ZLR- 0
UAX-1.0 WDN--1.0 NAX-1so0 END
END PLOT
END DATA
END
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.............
444*4 PROGRAM VERIFICATION INFORMATION

44444 CODE SYSTEM: SCALE-PC VERSION: 4.3

44*------444444 ** 4444 . *4*4*4* *4 *444* *44.**44444 4................................. .....

* --4 .....

*---- PROGRAM: CSAS

..... CREATION DATE: 03-08-96
4..... 44.... .*

.4.4. VOLUME: ENG

.... LIBRARY: G:\acale43\exe .

4.... .4.... -*

PRODUCTION CODE: CSAS

VERSION: 3.1

JOBNAHME: SCALE-PC ...

DATE OF EXECUTION: 11/12/96

TIME OF EXECUTION: 16:53:43
4...*. .4.. *-

..... ........ .............. .................................................................................

4..*. 4 .4..4** *. . .. 44.444 ..*.* * *..........*................-................-* ..... -...................

..............................................................................

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 CM) (WVF - 1.0) (EVF - 1.0

*-- PROBLEM PARAMETERS *

LID 27GROUPNDF4 LIBRARY
HXX 10 MIXTURES
MSC 19 CGMPOSITION SPECIFICATIONS
IZH 4 MATERIAL Z0NES
GE LATTICECELL GEOMETRY
MORE 0 0/1 DO NOT READ/READ OPTIONAL PARAMETER DATA
HSLN 0 FUEL SOLUTIONS

*--- PROBLEM COMPOSITION DESCRIPTION -

SC U02 STANDARD COMPOSITION
HX 1 MIXTURE NO.
VF O09SOO VOLUME FRACTION
ROTH 10.9600 THEORETICAL DENSITY
MEL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

92000 1.00 ATOH/MOLECULE
92235 4 000 NTI
92238 96.000 UT%

8016 2.00 ATOMS/MOLECULE
END

SC ZIRCALLOY STANDARD COIPOSITION
t4X 2 MIXTURE NO.
Vr 1.0000 VOLUME FRACTION
ROTH 6.5600 THEORETICAL DENSITY
NEL 1 NO ELEMENTS
ICP I O/ MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

40302 1.00 ATOM/MOLECULE
END

SC H20 STANDARD COMPOSITION
HX 3 MIXTURE NO.
VT 1.0000 VOLUME FRACTION
ROTH 0.9982 THEORETICAL DENSITY
NEL 2 NO ELEMENTS
ICP 1 0/1 MIXTUR/COCMPOUND
TEMP 293.0 DEG KELVIN

1001 2.00 ATOMS/NOLECULE
8016 1.00 ATOI/HOLECULE

END

SC AL STANDARD COMPOSITION
HX 4 MIXTURE NO.
VF 1.0000 VOLUME FRACTION
ROTH 2.7020 THEORETICAL DENSITY
MEL I NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

13027 1.00 ATGI/MOLECULE
END

6.6-83



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

SC S8304 STANDARD COMPOSITION
xS ItIXTURI NO.

Vr 1.0000 VOLUME FRACTION
ROTH 7.9200 THEORETICAL DENSISY
NCL 4 NO. ELEMENTS
ICP 0 0/1 XIXTURZ/CONPOUND
TEMP 293.0 DEG KELVIN

24304 19.000 NTA
25055 2.000 NT
26304 69.500 wr%
26304 9.500 NT%

END

SC B-10 STANDARD COHPOSITION
ME 6 MIXTURE NO.
Vr 0.0450 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NCL 1 NO. ELEMENTS
ICP 1 0/1 HIXTURE/COHPOUND
TEMP 293.0 DEG KELVIN

5010 1.00 ATCK/MOLECULE
END

SC B-li STANDARD COMPOSITION
MX 6 MIXTURE NO.
Vr 0.2736 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NIL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COHPOUND
TEMP 293.0 DEG KELVIN

5011 1.00 ATOH/MOLECULE
END

Sc C STANDARD COHPOSITION
HX 6 MIXTURE NO.
VT 0.0927 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELETENTS
ICP 10/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

6012 1.00 ATOt/MOLECULE
END

SC AL STANDARD COHPOSITION
HX 6 MIXTURE NO.
VF 0.5737 VOLUME FRACTION
ROTH 2.6226 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ICP 1 Oil MIXTURE/COIPOUND
TEMP 293.0 DEG KELVIN

13027 1.00 ATON/NOLECULE
END

SC PB STANDARD COHPOSITION
YX 7 MIXTURE NO.
VF 1.0000 VOLUME FRACTION
ROTH 11.3440 THEORETICAL DENSITY
NFL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COHPOUND
TEMP 293.0 DIG KELVIN

62000 1.00 ATCM/MOLECULE
END

SC N STANDARD COMPOSITION
HX S MIXTURE NO.
VF 0.0600 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NCL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/CCOPOUND
TEMP 293.0 DECG KELVIN

1001 1.00 ATM/M1OLECULE
END
SC 0 STANDARD COHPOSITION
MX 6 MIXTURE NO.
VF 0.4250 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NIL 1 NO. ELEMENTS
ICP 10/1 MIXT7UREtCOHPOUND
TEMP 293.0 DIG KELVIN

8016 1.00 ATSQD/OLCCULF
END

SC C STANDARD COMPOSITION
HX 6 MIXTURE NO.
vr 0.2770 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
MEL I NO. ELEMENTS
ICP I0/1 MIXTSREtCOHPOUND
TEMP 293.0 DIG KELVIN

6012 1.00 ATCtM/OLECULE
END

SC N STANDARD COHPOSISION
HX s MIXTURE NO.
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VF 0.0200 VOLUHE FRACTION
ROTH 1.6291 SPECIFIZD DENSITY
MEL 1 NO. ZLZMENTS
ICP 1 0/1 MIXTURE/COCPOUND
TEMP 293.0 DEG KELVIN

7014 1.00 ATOCMMOLECULE
ZND

SC AL STANDARD CCMPOSITION
X 8 MIXTURE NO.

VF 0.2140 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
MEL 1 NO. ELEMENTS
ICP 1 0/1 HIXTURE/COHPOUND
TEMP 293.0 DEG KELVIN

13027 1.00 ATCH/MOLECULE
END

SC B-10 STANDARD COMPOSITION
MX S MIXTURE NO.
Vr 0.0010 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

5010 .1.00 ATOK/MOLECULE
END

SC B-11 STANDARD COMPOSITION
0X S MIXTURE NO.

VP 0.0040 VOLUME FRACTION
ROTH 1.6291 SPECIFIED DENSITY
MEL 1 NO. ELENENTS
ICP 10/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

5011 1.00 ATOM/MOLECULE
END

Sc H20 STANDARD COMPOSITION
MX 9 MIXTURE NO.
Vr 1.0000 VOLUME FRACTION
ROTH 0.9982 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE/CUHPOUND
TEHP 293.0 DEG KELVIN

1001 2.00 ATONS/MOLECULE
8016 1.00 ATaHIHOLECULE

END

SC H20 STANDARD CONPOSITION
MX 10 MIXTURE NO.
vr 1.0000 VOLUME FRACTION
ROTH 0.9982 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP I 0/1 MIXTURE/COMPOUND
TEMP 293.0 DEG KELVIN

1001 2.00 ATOMS/MOLECULE
8016 1.00 ATCM/MOLECULE

END

. PROBLEM GEOMETRY

CTP SWUAREPITCI CELL TYPE
PITCH 1.1887 CM CENTER TO CENTER SPACING
FUELOD 0.7887 CM FUEL DIAMETER OR SLAB THICKNESS
MFUEL I MIXTURE NO. OF FUEL
MMOD4 3 MIXTURE NO. Of MODERATOR
CLADOD 0.9271 CM CLAD OUTER DIAMETER
MCLAD 2 MIXTURE NO. OF CLAD
GAPOD 0.8052 CM GAP OUTER DIAMETER
MGAP 10 MIXTURE NO. Or GAP

ZONE SPECIrIcATIoNs FOR LATTICEcELL GEOMETRY

ZONE 1 IS FUEL
ZONE 2 15 GAP
ZONE 3 IS CLAD
ZON! 4 IS MOD
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a S

4.4.. PROGRAM VERIFICATION INFORMATION

~~..... ...... .....
**--- ~CODE SYSTl4: SCALE-PC VERSION: 4.3 --

.... .. 44.44. 444. 4. .4. 4.4...44.4.44.....

*---- PROGRAM: 000002 .4

..... CREATION DA7Z: 09-26-95
4.444 .....

..... VOLUME: G .....

..... LIBRARY: G:\acale43\exe

PRODUCTION CODE: NITAWL~~~~~...........
* *--VERSION: 3.0

JOBNAME: SCALE-PC

* DATE OF EXECUTION: 11/12/96

..... TIME OF EXECUTION: 16:53:48

.. 4...*..4.4444444444*-

44 . . 44.. . ....... 4.........

*.. 4. . . . 4..44..4444....... *.*............................. ...........................

-10 ARRAY HAS I ENTRIES.

00 ARRAY HAS 9 ENTRIES.

10 ARRAY HAS 12 ENTRIES.

SELECT 27 NUCLIDES rRC4 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

4 RESONANCE CALCULATIONS HAVE BEEN REQUESTED
-1 OUTPUT OPTION FOR AMPX FORMATTED CROSS SECTION DATA

2001 MAXIHUM NUMBER OF RESONANCE MESH INTERVALS
2 ORDER Of RESONANCE LEVEL PROCESSING

THE STORAGE ALLOCATED FOR THIS CASE IS 100000 WORDS

20 ARRAY HAS 27 ENTRIES.

30 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 GAHMA 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
1 HYDROGEN ENDF/B-IV HAT 1269/THRM1OO2 UPDATED 08/12/94 3001001
2 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 6001001
3 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 06/12/94 9001001
4 HYDROGEN ENDF/B-IV MAT 1269/THRM1002 UPDATED 08/12/94 10001001
s B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 6005010
6 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94 8005010

7 BORON-1l ENDr/B-IV MAT 1160 UPDATED 08/12/94 6005011
8 BORON-lI ENDF/B-IV MAT 1160 UPDATED 08/12/94 8005011

9 CARBON-12 ENDF/B-IV MAT I274/THRMlO6S UPDATED 08/12/94 6006012
10 CARBON-12 ENDr/B-IV MAT 1274/THRM1O65 UPDATED 08/12/94 8006012
i1 NITROGEN-14 ENDF/B-IV MAT 1275 UPDATED 08/12/94 8007014

12 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 1008016

13 OXYGEN-iC ENDF/B-IV HAT 1276 UPDATED 08/12/94 3008016
14 OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 B008016
15 OXYGEN-16 ENDr/B-Iv MAT 1276 UPDATED 08/12/94 9008016
16 OXYGEN-16 ENDr/B-Iv MAT 1276 UPDATED 08/12/94 10008016
17 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 4013027
18 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 6013027
19 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94 8013027
20 CR 1191 WT SS-304(1/ZST) P-3 293K 5P-5+4(423753' UPDATED 08/12/94 5024304
21 MANGANESZ-55 ENDP/B-IV MAT 1197 UPDATED 08/12/94 5025055
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22 FE 119Z MT 55-304(1/1ST) P-3 293K SP-5+
23 NI 1190 MT SS-304(1/eST) P-3 293K SP-5s
24 ZIRCALLOY rNDF/B-IV MAT 1204
25 PB 1268 21BNGP 042375 P-3 293K
26 URANIUM-235 ENDF/B-NV NAT 1261
27 URANIUM-238 ENDF/B-IV NAT 1262

HYDROGEN EHDF/B-IV MAT 1269/THRM1002

HYDROGZN ENDF/B-IV NAT 1269/TNRM1002

BYDROGEN ENDr/D-Iv MAT 1269/HERP(1002

HYDROGEN ENDF/B-IV MAT 1269/THRMNOO2

B-10 1273 21NGP 042375 P-3 293X

3-10 1273 218NGP 042375 P-3 293K

BORON-l2 ENDF/B-IV MAT 1160

BORON-li ENDF/B-IV MAT 1160

CARBON-12 ENDF/B-Iv MAT 1274/THRM1065

CARBON-12 ENDF/B-IV MAT 1274/THRM1065

NITROGEN-14 ZNDF/B-IV MAT 1275

OXYGEN-l1 ENDF/B-IV MAT 1276

OXYGErN-16 ZNDFIB-IV MAT 1276

OXYGEN-16 ENDF/B-IV MAT 1276

OXYGEN-16 ENDF/B-IV MAT 1276

OXYGEN-16 ENDF/B-IV MAT 1276

AL-27 1193 218 GP 040375(5)

AL-27 1193 218 GP 040375(5)

AL-27 1193 218 GP 040375(5)

CR 1191 UT SS-304(1/EST) P-3 293K sP-544(42375)'

4(42375)' UPDATED 08/12/94 5026304
4(423753' UPDATED 08/12/94 5028304

UPDATED 08/12/94 2040302
UPDATED 08/12/94 7082000
UPDATED 08/12/94 1092235
UPDATED 08/12/94 1092238

UPDATED 08/12/94 3001001 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 8001001 TEMPERATURE.
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 06/12/94 9001001 TEMPERATURE-
PROCESS NSUNER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 10001001 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 6005010 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TENPERATURE-

UPDATED 08/12/94 8005010 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 6005011 TEMPERATURE-
PROCESS SUMDER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 8005011 TEMPERATURE-
PROCESS SUNDER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 6006012 TEMPERATURE-
PROCESS UNUBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 8006012 TEMPERATURE-
PROCESS NUOBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 0007014 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 1008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 3008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 8008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 9008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 10008016 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 4013027 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 6013027 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 08/12/94 8013027 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

bPDATED 08/12/94 5024304 TEMPERATURE-
PROCESS NUMBER 1007 IS AT TEMPERATURE-

UPDATED 06/12/94 5025055 TEMPERATURE-

0.0000C.00

293.00
293.00

293.00
293.00

293.00
293. 00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00
293.00

293.00MANGANESE-55 ENDF/B-IV MAT 1197

GECOETRY HAS BEEN SET TO HONOGENEOUS AS LsAR IS

RESONANCE DATA FOR TSIS NUCLIDE

MASS NUMBER (A) 54.466 TENPERATUREIRELVIN) - 293.000

POTENTIAL SCATTER SIGMA 2.590 LUMPED NUCLEAR DENSITY - 1.73632951

SPIN rACTOR (G) - 14.446 LUMP DIMENSION (A-BAR) - 0.00000001

INNER RADIUS - 0.0ooooooo*00 DANcorF CORRECTION ic) - 0.00000001

THE ABSORBER WILL BE TREATED BY THE NORDREIN INTEGRAL METHOD.

MASS OF MODERATOR-1 55.045 SIGMAIPER ABSORBER ATCON- 3.46630221+02

MODERATOR-i NILL BE TREATED BY THE NORDNEIM INTEGRAL METHOD.

MASS OF MODERATOR-2 * 55.925 SIGKA(PER ABSORBER ATON)- 1.25575981+02

MODERATOR-2 WILL BE TREATED BY THE NORDREIN INTEGRAL METHOD.

THIS RESONANCE MATERIAL WILL BE TREATED AS A 0-DIMENSIONAL OBJECT.

VOLUME FRACTION OF LUM4P IN CELL USED TO ACCOUNT FOR SPATIAL SELF-SHIELDING-1.00000

c-03

t+00

:+00
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GROUP RMS ABS RES FISS RMS SCAT
8 -5.518788Z-04 0.0000002+00 -3.9441903-01
9 -2.7979933-03 0.0000005+00 -2.2 93471Z300

10 -3.2914523-01 0. 000000+00 -3.8208 623+01
11 -2 .605623+00 0.000000+00 -1 .1599963+02

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 3.337193+00
FISSIOn 0.00000.+00

FE 1192 VT 5-30441/EST) P-3 2933 SP-5+4(42375)

NI 1190 VT SS-304(1/VST) P-3 293X SP-5+4(42375)

PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

UPDATED 08/12/94 5026304 TEMPERATURE- 293.00
PROCESS NUMBER 1007 IS AT TEMPERSTURE- 293.00

UPDATED 08/12/94 5028304 TEMPERATURE- 293.00
PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

ZIRCALLOY ENDF/B-IV NAT 1284 UPDATED 08/12/94 2040302

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 90.436 TEMPERATURZ(KZLVIN) - 29

POTENTIAL SCATTER SIGMA - 6.385 LUMPED NUCLEAR DENSITY - 4.33

SPIN FACTOR (G) - 1.079 LUMP DIMENSION IA-BAR) - 4.63

INNER RADIUS - 4.0259999Z-01 DANCOrF CORRECTION (Cl - 4.80

THE ABSORBER WILL BE TREATED BY THE NORDHEM£ 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 RMS ABS RES FISS RES SCAT
8 -3.660543E-04 0. 000000+00 -2.9087843-01
9 -2.489563Z-02 0.0000004+00 -1.0278921+00

10 -2.5299883-02 0.0000001-00 -5.7937663-01
11 -8.583183E-02 0.OOOOOOZ+00 -4.082697E-01

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 5.46203E-01
FISSION 0.000003+00

SlHPlRATURI- 293.00

3.000

07818-02

550003-01

12701Z-01

-- ~ ~ -- -

PB 1288 218NGP 042375 P-3 293X

PROCESS NUMBER 1007 IS AT TEHPERATUMB- ZJ.UU

UPDATED 08/12/94 7082000 TEMPERATURE- 293.00

PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

URANIUM-235 ENDF/B-IV HAT 1261 UPDATED 08/12/94 1092235 TE

RESONANCE DATA FOR THIS NUCLIDE

MASS NUMBER (A) - 233.025 TEMPERATUREIRELVIN) - 293.000

POTENTIAL SCATTER SIGMA - 11.500 LUMPED NUCLEAR DENSITY - 9.40641391

SPIN FACTOR (G) - 15171.100 LUMP DIMENSION (A-BAR) - 3.94349991

INNER RADIUS - 0.00000003+00 DANCOrF CORRECION (C) - 2.95007561

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS Of MODERATOR-1 - 15.991 SIGMAIPER ABSORBER ATCHI- 1.91991103+02

MODERATOR-1 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS Of MODERATOR-2 - 238.051 SIGMAIPER ABSORBER ATC84- 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-SHI[LDING-1.00000

GROUP RMS ABS RES FISS RES SCAT

12 -4.0408913+00 -2.4847523+00 -9.5994913-02

13 -1.2607453+01 -6.1540133+00 -2.6610503-01

14 -9.4673983+00 -5.597835E+00 -6.2754331-02

15 -5.4874913-04 -4.1699213-04 5.0166083-06

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 1.976333+02

FISSION 1.180625+02

PEHPRATURE- 293.00

I-04

1-01

i-01

PROCESS NUHBER 1007 IS AT TULMITUIZ V Y.
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conAnd

URANIVU-23F ZNDF/D-IV MAT 1262 UPDATED 08/12/94 1092238 TEHPZRATURE- 293.00

RESONANCE DATA FOR THIS NUCLIDE

MASS HUMBER (A) - 236.006 TEMPERATURE(KELvik) . 293.000

POTENTIAL SCATTER SIGMA - 10.599 LUMPED NUCLEAR DENSITY - 2.22902092-02

SPIN FACTOR (G) - 656.527 LUMP DIMINSION (A-BAR) - 3.9434999E-01

INNER RADIUS - 0.oooooooz+00 DANCOFF CORRECTION CC) - 2.9500756E-01

THE ABSORBER WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS Or MODERATOR-1 - 15.991 SIGHAIPER ABSORBER ATCK)- 8.1019773Z+00

MODERATOR-1 WILL BE TREATED BY THE NORDHEIM INTEGRAL METHOD.

MASS OF MODERATOR-2 - 235.044 SIGHALPER ABSORBER ATOK)- 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

GROUP RES ABS RES PISS RES SCAT
9 -4.868048Z-02 0.000000E+00 -4.793465Z-01

10 -1.166066E+00 -2.527089E-05 -7.025325E+00
11 -9.951198E+00 0.000000Z+00 -2.725808E+01
12 -4.311383Z+01 0.000000E+00 -5.006018E+01
13 -5.391320E+01 0.000000E00 -1.768698E+01
14 -1.043868E+02 0.000000C+00 -6.064470E+00
1S -9.692318E-07 0.000000C+00 1.880502C-06

EXCESS RESONANCE INTEGRALS

RESOLVED

ABSORPTION 1.50430E+01
FISSION 4.90718E-04
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PROCESS NUMBER 1007 IS AT TEMPERATURE- 293.00

THIS XSDRN NORKING TAPE NAS 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
COEPILED FOR NRC 1/27/69

TAPE ID 4321
NUMBER Or NEUTRON GROUPS 27
FIRST THEUXAL GROUP 15

TABLE or CONTENTS
HYDROGEN ENDF/B-IV MAT 1269/THRMM002
HYDROGEN ENDr/B-IV MAT I269/THRX1f002
HYDROGEN ENDF/B-IV NAT 1269/THRF1002
HYDROGEN ENDE/B-IV MAT 1269/THRXI002

B-10 1273 218NGP 042375 P-3 293K
B-10 1273 218NGP 042375 P-3 293K

BORON-il zNDrF/-Iv NAT 1160
BORON-il ENDF/B-rV NAT 1160
CARBON-12 ENDT/B-IV NAT 1274/THRt41065
CARBON-12 zNDr/B-IV NAT 1274/TNRMIO6s
NITROGEN-14 ENDF/8-IV NAT 1275
OXYGEN-16 ENDF/B-IV NAT 1276
OXYGEN-16 ENDF/B-IV NAT 1276
OXYGEN-16 ZNDr/B-IV NAT 1276
OXYGZN-1S ENDF/B-IV MAT 1276
OXYGZE-16 ENDr/B-IV MAT 1276

AL-27 1193 216 GP 040375(5)
AL-27 1193 218 GP 040375(5)
AL-27 1193 216 GP 040375(5)
CR 1191 NT SS-304(1/ZST) P-3 293K SP-5+4 (42375)'

MANGANESE-55 ENDF/B-IV NAT 1197
FE 1192 NT 55-304(1/ESTi P-3 2931 SP-5+4(42375)
NI 1190 NT 55-30441/EST) P-3 293X SP-5+4442375)'

ZIRCALLOY ENDF/s-IV NAT 1284
PB 1288 21SNGP 042375 P-3 293K
URANIUM-235 ENDr/B-Iv MAT 1261
URANIUM-238 ENDF/B-IV NAT 1262

NUMBER Of NUCLIDES
NUMBER of GAM)A GROUPS
LOGICAL UNIT

UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 06/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94
UPDATED 08/12/94

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID

27
0
4

3001001
8001001
9001001

10001001
6005010
8005010
6005011
8005011
6006012
8006012
8007014
1008016
3008016
8008016
9008016

10008016
4013027
6013027
8013027
5024304
5025055
5026304
5028304
2040302
7082000
1092235
1092238

TAPE COPY USED 0 I/O'S, AND TOOK 0.33 SECONDS
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................................
............................. . . .* ..............

......................... ................. 1....... ........ .. ......

PROGRAM VERIFICATION INFOMATION

CODE SYSTUb: SCALE-PC VERSION: 4.3

*--- ~~.... --... **... *-.....-. .. ****. ...... _*...*.... *.

*------...--............*.. ... ..

PROGRAM: 000009

CREATION DATE: 03-06-96

VOLUME: ENG

LIBRARY: G:\ucmle43\exe

A*. ..... .....

* PRODUCTION CODE: KENOVA

VERSION: 3.1
..... ...... ..

JOBNAME: SCALE-PC

* DATE OF EXECUTION: 11/12/96

TIME OF EXECUTION: 16:54:00

*.*-. *..... .... .
.......................................................................

..................................................................
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...............................................................................

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 CH) (IV? - 1.0) (IEV - 1

... .. . .......................... ....... *...................

*..... NUMERIC PARAMETERS ......

ETHE MAXIMUM PROBLEM TIMt (KIN) 500.00

TBA TIME PER GENERnTION (KN) 0.50

... GEN NUMBER OF GENERATIONS 1003

MPG NUMBER PER GENERATION 1000

NSE NUMBER OF GENERATIONS TO BE SKIPPED 3

-- BEG BEGINNING GENERATION NUMBER 1

RES GENERATIONS BETWEEN CHECKPOINTS 0

*-- XiD NUMBER OF EXTRA 1-D CROSS SECTIONS 1

... NBX NEUTRON BANE SIZE 1025

XNB EXTRA POSITIONS IN NEUTRON BANE 0

NrB FISSION BANK SIZE 1000

XEB EXTRA POSITIONS IN FISSION BANE 0

WTA DEFAULT VALUE OF HEIGHT AvERABz 0.5000

-NTH WEIGHT NIGH FOR SPLITTING 3.0000

WTL HEIGHT LOW FOR RUSSIAN ROULETTE 0.3333

RND STARTING RANDOH NUMBER BBS2710000I

NB8 NUMBER or D.A. BLOCKS ON UNIT S 200

*NL LENGTH OF D.A. BLOCKS ON UNIT 8 512

- ADJ NODE OF CALCULATION FORWARD
... ...

INPUT DATA WRITTEN ON RESTART UNIT NO

BINARY DATA INTERFACE YES
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. ......

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH * 300 CM) (IVT - 1.0) (IV - 1.0-..
****....

*** ............ *....... *** .... ........ *. ...........- *..... *....... 4 **** ........... **** ..... -*... *

*..

*-.

*--

*.-

*--

*--

*--

*--

*--

*--

...

*..

*...

...

*-.

...

...

...

...

*..

.-.

*--

...

* ** * * LOGICAL PARAMETERS

RUN EXECUTE PROBLEM AFTER CHECKING DATA

FLX CONPUTE FLUX

SMU COMPUTE AVG UNIT SELF-MULTIPLICATION

KXU COMPUTE MATRIX K-Enr BY UNIT NUMBER

CKU COMPUTE COFACTOR K-Err mY UNIT NUMBER

rMU PRINT FIBS PROD MATRIX BY UNIT NUMBER

Mm COMPUTE MATRIX K-zrr ay HOLE NUMBER

CKH COMPUTE COFACTOR K-zr? BY BOLE NUMBER

FMH PRINT FIBS PROD MATRIX BY HOLE NUMBER

HHL COLLECT MATRIX BY HIGHEST HOLE LEVEL

AMX PRINT ALL MIXED CROSS SECTIONS

XSI PRINT 1-0 MIXTURE X-SECTIONS

XS2 PRINT 2-D MIXTURE X-SECTIONS

XAP PRINT MIXTURE ANGLES A PROBAHILITIES

PKI PRINT rISSION SPECTRUM

PID PRINT EXTRA 1-D CROSS SECTIONS

YUS

NO

NO

no

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

PLY

FDN

NUB

laP

CKP

YMP

CKA

FMA

HAL

FAR

GAS

PAX

PWs

PCH

BUG

.* 4**

PLOT PICTURE MAP(S) NO

CCMPUTE FISSION DENSITIES NO *

COMPUTE NU-BAR A AVG FISSION GROUP YUS

COMPUTE MATRIX K-zFr BY UNIT LOCATION NO

COUPUTE COFACTOR K-Enr BY UNIT LOCATION No

PRINT FISS PROD MATRIX BY UNIT LOCATION NO

CoCPUTZ MATRIX K-zrr BY ARRAY NUMBER NO

CONPUTE COFACmOR R-zr? BY ARRAY NUMBER NO

PRINT FISS PROD MATRIX BY ARRAY NUMBER NO

COLLECT MATRIX BY HIGHEST ARRAY LEVEL NO

PRINT FIS. AND ABS. BY REGION NO *

PRINT FAR BY GROUP NO

PRINT XSEC-ALsEDO CORRELATION TABLES NO -

PRINT HErGHT AVERAGE ARRAY NO *

PRINT INPUT GEOMETRY NO

PRINT DEBUG INFORMATION NO

TRX PRINT TRACKING INFORMATION NO ...
................................................................................... ............

PARAMETER INPUT CONPLETED

........ . 0 IO'S HERE USED READING THE PARAMETER DATA ........

CROSS SECTIONS READ FROM THE ANPX NORXING LIBRARY ON UNIT 4

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 CM) (IVr - 1.0) (KVF - 1.0

MIXING TABLE

NUMBER OF SCATTERING ANGLES - 2
CROSS SECTION MESSAGE THRESHOLD -3.01-Us

MIXTURE -
NUCLIDE
1008016

08/12/94
1092235

08/12/94
1092238

08/12/94

MIXTURE -
NUCLIDE
2040302

08/12/94

MIXTURE -
NUCLIDE
3001001

08/12/94
3008016

08/12/94

MIXTURE -
NUCLIDE
4013027

08/12/94

MIXTURE -
NUCLIDE
5024304

08/12/94
5025055

08/12/94
5026304

08/12/94
5028304

08/12/94

MIXTURE -
NUCLIDE

1
ATCH-DENS.

4.64617E-02

9.406411-04

2.229021-02

DENSITY4G/CC)
HGT. FRAC.

1.18487E-ol

3.52606E-02

8.46253E-01

- 10.412
ZA ANT

8016 15.9904

92235 235.0441

92238 238.0510

NUCLIDE
OXYCEN-16

URANIUM-235

URANIUM-238

TITLE
ENDF/B-Iv MAT 1276

ENDF/B-IV MAT 1261

ZNDF/B-IV MAT 1262

UPDATED

UPDATED

UPDATED

2 DENSITY(G/CC) - 6.5600
ATOM-DENS. NGT. FRAC. A ANT

4.33078E-02 1.00000Z+00 40000 91.2196

3
ATCH-DENS.
6. 67692Z-02

3. 33846E-02

DENSITY(G/CC)
NGT. FRAC.

1. 11927C-01

8.880741-01

. 0.99el7
XA ANT

1001 1.0077

8016 15.9904

4 DENSITYIG/CC) * 2.7020
ATOM-DENS. UGT. FRAC. ZA ANT

6.03066C-02 1.000001+00 13027 26.9818

NUCLIDC TITLE
ZIRCALLOY EMDF/B-IV MAT 1284

NUCLIDE TITLE
HYDROGEN ENDF/B-IV MAT 1269/THNM1002

OXYGEN-16 ENDF/B-IV MAT 1276

NUCLIDE TITLE
AL-27 1193 218 GP 040375(5)

NUCLIDE TITLE
CR 1191 NT 55-30441/EST) P-3 293K SP-5+4(42375)

MANGANESE-55 ENDF/B-IV MAT 1197

FE 1192 NT 35-30441/1ST) P-3 293K SP-5+4(42375)

NI 1190 NT 55-304(1/ZST) P-3 293K SP-5+4(42375)'

NUCLIDE TITLE

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

S
ATSN-DENS.
1. 74286E-02

1. 73633E-03

5.935791-02

7 .72070E-03

DENSITY(G/CC)
HGT. FRAC.

1.90000Z-01

1.99999E-02

6.95000E-01

9.50001E-02

* 7.9200
EA ANT

24000 51.9957

25055 54.9379

26000 55.8447

28000 58.6872

6 DENSITY(G/CC) - 2.5833
ATON-DENS. NGT. FRAC. EA ANT
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F r .Ii o t e i

=sfltr

6005010
08/12/94

6005011
08/12/94

6006012
08/12/94

6013027
08/12/94

MIXTURZ -
NUCLIDZ
7082000

08/12/94

MIXTURE -
NUCLIDE
8001001

08/12/94
8005010

08/12/94
8005011

08/12/94
8006012

08/12/94
8007014

08/12/94
8008016

08/12/94
8013027

08/12/94

HIXTURE -
NUCLIDE
9001001

08/12/94
9008016

08/12/94

MIXTURE -
NUCLIDE

10001001
08/12/94

10008016
08/12/94

7.09799s-03

3.92499E-02

1.220065-02

3. 35812z-02

4.56855z-02

2.777713-01

9.4 11165-02

5. 82432Z-01

5010 10.0130 B-10 1273 21SNGP 042375 P-3 293K

5011 11.0096 BORON-11 ENDF/3-IV HAT 1160

6000 12.0001 CARBON-12 ENDr/B-IV MAT 1274/THRO1O6s

13027 26.9810 AL-27 1193 218 GP 04037545)

7 DENSITY(G/CC) - 11.344
ATSN-DENS. NVT. FRAC. IA ANT

3.29690Z-02 1.000004+00 82000 207.2100

ATCK-DZNS.
5.84084z-02

9.798023-05

3.56450Z-04

2.26463Z-02

1.401213-03

2. 60749z-02

7.781103-03

9
ATCH-DENS.

6. 676923-02

3.33846E-02

10
ATOM-DENS.

6.67692Z-02

3.3384 6Z-02

DENSITY (G/CC)
MGT. FRAC.

5. 99323Z-02

9. 9902sz-04

3. 99615Z-03

2.7672 9-01

1. 998051-02

4.24574Z-01

2.137893-01

DENSITY(G/CC)
MGT. FRAC.

1.119275-01

8.880743-01

DENSITY(O/CC)
NGT. FRAC.

1.119273-01

8.e8074E-Ol

- 1.6307
EA ANT

1001 1.0077

5010 10.0130

5011 11.0096

6000 12.0001

7014 14.0033

8016 15.9904

13027 26.9818

- 0.99817
ZA ANT

1001 1.0077

8016 15.9904

- 0.99817
ZA ANT

1001 1.0077

8016 15.9904

NUCLIDZ TITLE
PS 1228 218NGP 042375 P-3 293K

NUCLIDE TITLE
HYDROGEN ENDF/S-IV MAT 1269/THRM1002

B-10 1273 218NGP 042375 r-3 293K

BORON-il ENDF/B-IV MAT 1160

CARBON-12 ENDr/B-IV NAT 1274/THRP1O6s

NITROGZN-14 ENDF/B-IV MAT 1275

OXYGEN-16 ENDF/B-IV MAT 1276

AL-27 1193 218 GP 040375(5)

NUCLIDE TITLE
HYDROGEN ENDr/B-IV MAT 1269/THRM1002

OXYGEN-16 ENDr/B-IV MAT 1276

NUCLIDE TITLE
HYDROGEN ENDF/B-IV HAT 1269/THRK1002

OXYGEN-16 ENDF/B-IV HAT 1276

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

UPDATED

3001001 HYDROGEN ENDrfe-Iv HAT 1269/THPM1002 UPDATED O8/12/94
8001001 HYDROGEN ENDr/B-Iv MAT 2269/THRM1002 UPDATED 08/12/94

9001001 HYDROGEN ENDr/B-IV MAT 1269/THRNM002 UPDATED 08/12/94
10001001 HYDROGEN ENDF/B-IV NAT 1269/THRI1002 UPDATED 08/12/94
6005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94
8005010 B-10 1273 218NGP 042375 P-3 293K UPDATED 08/12/94
6005011 BORON-11 ZNDF/S-IV HAT 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/THRM1O6s UPDATED 08/12/94
8006012 CARBON-12 ENDr/B-1V HAT 1274/THRH1o6s UPDATED 08/12/94
8007014 NITROGEN-14 ENDrFB-IV MAT 1275 UPDATED 08/12/94
1008016 OXYGEN-16 zNDrF/-Iv MAT 1276 UPDATED 06/12/94
3008016 OXYGEN-14 ENDr/B-IV MAT 1276 UPDATED 08/12/94
8008016 OXYGEN-16 ENDr/B-IV HAT 1276 UPDATED 08/12/94
9008016 OXYGEN-16 ENDr/B-iv MAT 1276 UPDATED 08/12/94

100o0016 OXYGEN-16 ENDF2B-IV MAT 1276 UPDATED 08/12/94
4013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94
6013027 AL-27 1193 218 GP 0403755) UPDATED 08/12/94
8013027 AL-27 1193 218 GP 040375(5) UPDATED 08/12/94
5024304 CR 1191 NT SS-304421/ST) P-3 293K SP-5+4442375) UPDATED 08/12/94
5025055 MANGANCSE-SS zNDrFB-tv MAT 1197 UPDATED 08/12/94
5026304 FE 1192 NT SS-30441/EST) P-3 293K SP-5+4(4237S)' UPDATED 08/12/94
5028304 NI 1190 NT SS-304t1/ESTI P-3 293K SP-5.4(42375P UPDATED 08/12/94
2040302 ZIRCALLOY ENDr/8-Iv MAT 1284 UPDATED 08/12/94
7082000 PS 1288 218NGP 042375 P-3 293K UPDATED 08/12/94
1092235 URANIUK-235 ENDr/B-Iv HAT 1261 UPDATED 08/12/94
1092238 URANIUM-238 ZNDF/8-IV MAT 1262 UPDATED 08/12/94

........ . 10 50'S tERE USED MIXING CROSS-SECTIONS ........

1-D CROSS SECTION ARAY ID NUMBERS
1 2002 1452 27 i8 1018

........ o0 10IS WERE USED PREPARING THE CROSS SECTIONS .
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.... ...66666*.6.*

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 CH) (IVF - 1.0) EM - 1.0 ...

*-- *-6

*6* .ADDITIG4AL INFORMATI*.......
** ***ADDITIONAL INSOMAION ...... ...

*.* NUMBER OF ENERGY GROUPS
...

...

...

*..

...

*..

...

...

..-

...

*--

..-

..-

...

*..

...

...

..-

...

...

*..

*...

...

...

NO. OF FISSION SPECTRUM SOURCE GROUP 1

No. or SCATTERING ANGLES IN XSECS 2

ENTRIES/NEUTRON IN THE NEUTRON BANK 33

ZNTRIZS/NEUTRON IN THE FISSION BANK 26

NUMBER OF MIXTURES USED 9

NUMBER OF BIAS ID'S USED 1

NUMBZR OF DIFFERENTIAL ALBZDOS USED 0

TOTAL INPUT GEZMETRY REGIONS 136

NUMBER OF GECMETRY REGIONS USED 136

LARGEST GECNETRY UNIT NUMBER 120

LARGEST ARRAY NUMBER 60

USE LATTICE GEZMETRY

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 Z DIR.

USE A GLOBAL REFLECTOR

USE NESTED BOLES

NUMBER Of HOLES

MAXIMUM HOLE NESTING LEVEL

USE NESTED ARRAYS

NUMBER OF ARRAYS USED

NAXIMUM ARRAY NESTING LEVEL

YES

so

1
1

4

YES

YES

48

3

YES

27

4

*...

*..

*...

*--

*...

*--

*...

*--

*...

*..

*...

*..

*..

*...

...

*...

...

*..

*..

*..

...

*...

*...

*..

...

+X BOUNDARY CONDITION

+Y BOUNDARY CONDITION

+Z BOUNDARY CONDITION

MIR

MIR

PER

-X BOUNDARY CONDITION

-Y BOUNDARY CONDITION

-Z BOUNDARY CONDITION

MIR

MIR

PER

........................ ............................................ -********X**........................... *.**--..
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START TYPE 0 WAS USED.

THE NEUTRONS WERE STARTED WITH A FLAT DISTR8BUTION IN A CUBOID DEFINED BY:
*X- 1.246513+02 -X--1.75349Z+02 +Y- 1.24651Z402 -Y--1.75349E+02 +Z- 1.12016Z+01 -Z- 0.000OOE+00

TIE FLAG TO START NEUTRONS IN THE REFLECTOR WAS TURNED OFF

0.04103 MINUTES WERE REQUIRED FOR STARTING. TOTAL ELAPSED TIME IS 0.06400 MINUTES.

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 CH) (IVF - 1.0) (EV? - 1.0

GENERATION ELAPSED TIME AVERAGE AVG 3-ZFF MATRIX MATRIX K-ZFF
GENERATION K-EFFrCTIVE MINUTES K-EFFECTIVE DEVIATION X-EFFECTIVE DEVIATION

KENO MESSAGE NUBNER K5-132 IWWING... ONLY 920 INDEPENDENT FISSION POINTS WERE GENERATED
1 8.45260Z-01 1.03500Z-01 1.00000Z+00 0.000003+00 0.00000Z+00 0.00000+Z00

KENO MESSAGE NUMBER X5-132 RNIN.... ONLY 948 INDEPENDENT FISSION POINTS WERE GENERATED
2 8.75995Z-01 1.43633K-01 1.000003+00 0.000003+00 0.00000Z+00 0.00000E+00

KENO MESSAGE NUMBER X5-132 WARNING... ONLY 952 INDEPENDENT FISSION POINTS HERE GENERATED
3 8.443103-01 1.62333Z-01 8.443103-01 0.00000Z+00 0.000003+00 0.00000+00
4 9.03824E-01 2.21667Z-01 8.74067Z-01 2.97569Z-02 0.00000Z+00 0.00000+00
5 9.25732E-01 2.600003-01 8.912893-01 2.43257E-02 0.00000Z+00 0.000003+00
6 8.52908Z-01 2.9950OZ-01 8.816933-01 1.96961Z-02 0.000003+00 0.000003+00
7 9.205063-01 3.396673-01 8.89456Z-01 1.711783-02 0.00000Z+00 0.000003+00
8 8.74987Z-01 3.781673-01 8.870443-01 1.418323-02 0.00000Z+00 0.00000E+00
9 9.09645Z-01 4.193333-01 8.902733-01 1.24142Z-02 0.000003+00 0.00000Z+00

10 8.483623-01 4.586673-01 8.850343-01 1.19595Z-02 O.00000Z+00 0.000004+00
11 9.01759Z-O1 4.990008-01 8.86893Z-01 1.07097Z-02 0.00000Z+00 0.00000Z+00
12 8.91590Z-01 5.383333-01 8.87362Z-01 9.590603-03 0.00000Z+00 0.000003+00
13 8.264853-01 5.776673-01 8.81828Z-01 1.02900Z-02 0.000001+00 0.00000Z+00
14 8.67572Z-01 6.18833Z-01 8.80640Z-01 9.468283-03 0.00000Z+00 0.00000Z+00
15 8.70696E-01 6.59167Z-01 8.79875E-01 8.74308Z-03 0.000003+00 0.00000Z+00
16 8.80601Z-01 6.97667Z-01 8.79927Z-01 B.09469Z-03 0.00000Z+00 0.000003+00
17 8.893773-01 7.370003-01 8.805573-01 7.56203Z-03 0.000003+00 0.000004+00
18 8.75835Z-01 7.75500Z-01 8.80262E-01 7.079793-03 0.OOOOOE+00 O.00000+Z00
19 8.89648Z-01 8.14833E-01 B.80814Z-01 6.67318Z-03 0.000003+00 0.000003.00
20 8.78751E-01 8.541673-01 8.806995-01 6.29258Z-03 0.00000Z+00 0.00000Z+00
21 8.873453-01 8.92667E-01 8.810493-01 5.96245Z-03 0.000003+00 0.000003400
22 8.890403-01 9.32833Z-01 8.814493-01 5.670573-03 0.000003+00 0.000003+00
23 8.618263-01 9.73167E-01 8.805143-01 5.47413Z-03 0.000004+00 0.000003+00
24 8.763923-01 1.013503+00 8.80327E-01 5.22274Z-03 0.000003+00 0.00000Z+00
25 8.479843-01 1.053673+00 8.789213-01 5.184833-03 0.00000Z+00 0.000003+00
26 8.318053-01 1.092173+00 8.76958Z-01 5.338193-03 0.000003+00 0.000003+00
27 8.803343-01 1.131503+00 8.770933-01 5.121993-03 0.00000Z+00 0.000003+00
28 8.703373-01 1.170833+00 8.768333-01 4.92791Z-03 0.00000Z+00 0.000003+00
29 8.58137E-01 1.20933E+00 8.761403-01 4.792171-03 0.000003+00 0.000003+00
30 8.619123-01 1.249673+00 8.75632E-01 4.64572Z-03 0.000003+00 0.00000Z+00
31 8.89233E-01 1.289833+00 8.761015-01 4.50713Z-03 0.000003+00 0.000003+00
32 8.584323-01 1.330173+00 8.75512Z-01 4.393953-03 0.000003+00 0.00000Z+00
33 8.987183-01 1.370503+00 8.76261E-01 4.315273-03 0.00000Z+00 0.000003+00
34 8.43359E-01 1.40983Z+00 8.75233t-01 4.302893-03 0.000003+00 0.00000Z+00
35 8.824593-01 1.44917E+00 8.75452E-01 4.17621Z-03 0.00000E+00 0.00000E+00
36 8.732485-01 1.48950E+00 8.75387E-01 4.05203Z-03 0.00000E+00 0.00000E+00
37 8.420163-01 1.529833+00 8.744333-01 4.04844Z-03 0.000003+00 0.000003+00
38 8.605463-01 1.57000E+00 8.740483-01 3.953243-03 0.00000Z+00 0.000003+00
39 8.86106E-01 1.60933E+00 8.74373Z-01 3.858703-03 0.000003+00 0.00000+E00
40 8.823593-01 1.648833+00 8.74584E-01 3.761663-03 0.000003+00 0.00000E+00
41 9.16518E-01 1.688173+00 8.75659E-01 3.818453-03 0.000003+00 0.00000E+00
42 8.754143-01 1.728333+00 8.75653Z-01 3.721773-03 0.000003+00 0.00000Z+00
43 8.843113-01 1.768673+00 8.75864Z-01 3.635993-03 0.000001+00 0.000003+00
44 8.321413-01 1.807173+00 8.748233-01 3.69792Z-03 0.00000z+00 0.000003+00
45 9.00927Z-01 1.84650Z+00 8.754303-01 3.661583-03 0.000003+00 0.000003+00
46 8.350743-01 1.885835+00 8.745133-01 3.693093-03 0.000003+00 0.000003+00
47 8.676023-01 1.925173+00 8.74359Z-01 3.61336Z-03 0.000003+00 0.000003+00
48 8.73287E-01 1.964503+00 8.74336E-01 3.534013-03 0.000003+00 0.00000E+00
49 8.548603-01 2.003003+00 8.739223-01 3.48274E-03 0.000001+00 0.000003+00
50 8.77829E-01 2.044173+00 8.74003C-01 3.41038E-03 0.000003+00 0.00000Z+00
51 8.551673-01 2.085503+00 8.736193-01 3.362113-03 0.00000Z+00 0.00000Z+00
52 8.593123-01 2.12567Z300 8.733323-01 3.306583-03 0.000003+00 0.00000Z+00
53 8.911433-01 2.166005+00 8.736823-01 3.259863-03 0.000003+00 0.000003+00
54 8.960383-01 2.206333+00 8.741123-01 3.225343-03 0.000003+00 0.000003+00
55 8.714983-01 2.245673+00 8.740423-01 3.164283-03 0.000003+00 0.000003+00
56 8.654573-01 2.28500Z+00 8.739033-01 3.109223-03 0.000003+00 0.000003+00
57 8.912183-01 2.325333+00 8.74218E-01 3.068363-03 0.000003+00 0.000003+00
58 8.546513-01 2.364673.00 8.738988-01 3.033283-03 0.000003+00 0.00000Z+00
59 8.85337Z-01 2.404833-00 8.740693-01 2.98635Z-03 0.000003+00 0.000003+00
60 8.80429Z-01 2.445173+00 8.741793-01 2.93646Z-03 0.000003+00 0.000003+00
61 9.006673-01 2.485503+00 8.746283-01 2.92097Z-03 0.000005+00 0.000003+00
62 9.145755-01 2.526673+00 8.75294E-01 2.948033-03 0.000003+00 0.000003+00
63 8.766023-01 2.567003+00 8.75315C-01 2.89938E-03 0.00000+E00 0.00000Z+00
64 8.67834E-01 2.606333+00 8.751953-01 2.85478E-03 0.000003+00 0.00000Z+00
65 9.14123Z-01 2.64567Z.+00 8.758133-01 2.876263-03 0.000003+00 0.00000Z+00
66 8.657983-01 2.68600t+00 8.756563-01 2.835283-03 0.000003+00 0.000003+00
67 8.528043-01 2.72617Z+00 8.753053-01 2.813383-03 0.000003+00 0.000003+00
68 8.477173-01 2.765503+00 8.748873-01 2.801783-03 0.000003+00 0.00000Z+00
69 8.915443-01 2.80500Z+00 8.751353-01 2.770823-03 0.000003+00 0.00000Z+00
70 9.187353-01 2.845173+00 8.757763-01 2.804063-03 0.000003+00 0.000003+00
71 8.497923-01 2.884673.00 8.754003-01 2.788673-03 0.000003+00 0.000003+00
72 9.001983-01 2.923003+00 8.75754Z-01 2.771283-03 0.00000Z+00 0.000003+00
73 9.027723-01 2.963333+00 8.761353-01 2.758343-03 0.000003+00 0.000003+00
74 8.58968Z-01 3.002673+00 8.758963-01 2.73019Z-03 0.00000Z+00 0.000003+00
75 8.815463-01 3.042003+00 8.759743-01 2.69364Z-03 0.000003+00 0.00000Z300
76 8.796963-01 3.082333+00 8.760241-01 2.65747Z-03 0.000003+00 0.000003+00
77 9.056343-01 3.122673+00 8.76419Z-01 2.65135Z-03 0.000003+00 0.000003+00
78 8.536953-01 3.162003+00 8.761205-01 2.633273-03 0.00000Z+00 0.000004+00
79 7.916973-01 3.201333+00 8.75023Z-01 2.820653-03 0.00000Z+00 0.000003+00
80 8.518393-01 3.240673+00 8.747263-01 2.80007Z-03 0.000003+00 0.000003+00
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81 8.2243E-01 3.261003+00 8.749483-01 2.773281-03 0.00000E400 0.000003+00
82 .302633-01 3.32033E.00 1.743893E-01 2.794783-03 0.000003400 0.0030

83 .87533-01 3.359673.00 67542-01 2.764283-03 0.00300 0.000003+00
84 8.832753-01 3.39817E+00 8.746483-01 2.732443-03 0.000003.00 0.00:000300
85 0.65620EO 3.437503+0 8.7745403-0 2.01512-03 0.00000*+0 0.000:003400

86 .94753E-01 3.477833+00 S.747S03-0 2.678983-03 0.000003+00 0.000003+00
876 8.834413-01 3.516173.00 8.748823-01 2.65022Z-03 0.000003+00 0.000003+00

68 .99252E-01 3.5550673+00 8.515-01 2.634503-03 0.000:003+00 00003089E961301 3594003+00 875412E-1 .15930 0.000+0 0000 03:::+00
90 .96198E-01 3.63333Z+00 8.7564830 2.59657E-03 0.000003+00 0.000:003+00

901 8.351353-01l 3.67367E+00 8.751933E-011 2.60727Z-03 0.000003+00 0.000003400
92 8.699123-01 3.713003+00 8.751343-01 2.578813-03 0.000003+00 0.000003400
93 8.829-01 3.752333+00 .748363-01 2.56765E-03 0.000003.00 0.000003+00

94 8.537623-01 3.791833+00 6.74607-01 2.549893-03 0.000003+00 0.000003,00
95 9.:00079730 3.8320030 8.7488131-01 2.537173-03 0.000003+00 0.000003+00
96 8.51073-01 3.870503400: 8747033-1 2.516373-03 0.000003400 0.000003+00
97 9.353733-01 3.910833+00 8.753423-01 2.570343-03 0.000003400 0.000003+00
98 8.75E-01 3.950173400 8.751563-01 2.550183,-03 0.000003400 0.000003+00
99 9.569893-1 3.99133300 .760003-01 2.661023-03 0.0000300 0.000003+00

100 8.5873031-01 4.00306:73.00 8.758243-01 2.639623-03 :0.000003+00 0.0030
101 8.67060-01 4.70003+00 8757353-01 2.614323-03 0.0000+0 0.000003+00
102 8.554323-01 4.109503+00 8.755323-01 2.595993-3 0.000003+00 0.00000+00
103 8.677433-01 4.149673+00 6.754553-01 2.571323-03 0.000003+00 0.000003+00
104 8.072423'-01 4.188173+00 0.755713-01 2.548613-03 0.000003+00 0.000003+00
105 9.364393E-011 4.228503+00 8.761813-01 2.596503-03 0.000003+00 0.000003+00
106 8.702523-01 4269673+00 8.76124E-01 2.572053-03 0.000003+00 0.000003+00

10 .2030 .08300 8.7618353-001 2.5548163-03 0.000003+00 0.000003+00
106 9.133643-01 4.349333+0 876535-01 2.4263-03 0.000003+00 0.00000300
109 8.981713-01 4.388673+00 8.767383-01 2.532423-03 0.000003+00 0.000003400
2110 9.52803-01 4.428003400 8.774743-01 2.614733-03 0.000003400 0.000003400
111 I.0010-01 4469173+00 8.7830 2.9833 0000+0 0000+011 .8530 .05300 8.774163-01 2.569013-003 0.0010003400 0.000003+00

113 8.335163-01 4.547833z+00 6.770203-01 2.5958-3E.00340 000030
114 8.748283-01 4.587333400 .770013-01 2.572673-03 0.000003400 0.000003+00
115 8.727433-01 4.6256730 8.769633-01 2.55:0083-03 0.000003400 0.000003+00

14 8.313363-01l 4.666003400 6.765633-01 2.559113-03 0.00000300 0.000003+00
117 8.95066E-01 4.705333+00 6.767243-01 2.541853-03 0.000003400 0.000003+00
118 8.180-01 4.745673,+00 8.76233-01 2.537,683-03 0.0000039+00 0.000003+00
119 6.:888043-01 4.785003+00 8.765293-01 2.5181L23-03 0.000003+00 0.0 0000+0010 .911-01 4.2533+0 8766883-01 2.501763E-03 0000003+00 0.000003+00
121 8.686673-01 4.63730 8.7621-01 2.481563-03 0.000003+00 0.00000+00
122 8.321253-01 .92173+00 .762503-01 2.488573-03 0.00003+0 0 000+0
123 8.8619743-01 4.42503+00 .763359E-01 2.49513-03 0.00003+00 0.000003+00
124 8.10563-01 4.981833+00 8.762953-01 2.449573-03 0.000003+00 0.000003+00
125 9.010073-01 5.02217E+00 8.764963-01 2.437863-03 0.000003+00 0.000003+00
126 8.725443-01 5.06150E+00 8.764643-01 2.418333-03 0.000003+00 0.000003+00
127 8.46403-01 5.101673+00 .765303-01 2.399803-003 0.00000+00 0.000003+00
128 8.88523-01 5.141173+0 6.765483- 01 2.380753-03 0.000+0 0.0030
129 8.693613-01 5181133E+00 8.76492E-01 2.362613-03 0000030 0.0000+03010 899873-01 5.222503+00 .666-1 2.348533-03 0003+00 0.00000300::
131 9.88300.6030 .768653-01 2.3454303 .000+0 0.0030

132 8.633563-01 5.3021I73+00 .767813-01 2.32777-03 0.000+0 0000003+0
133 8.902863-01 5.342503+00 S. 7684-01 2.312233-03 0.000003+00 0.000003400
134 9.04771E-01 5.382833+0 8.770963-01 2.304353-03 0.000003+00 0.000003.00
135 9.263123-01 5.424003+00 8.774663-01 2.316713-03 0.000003+00 0.000003.00
136 9.013903-0 5.464333400 8.776443-01 2306273-03 0.000003+00 0.000+0
137 9.325733-01 5.505503.00 6.780513-01 2.325013:-03 0.000003+00 0.000003+00
138 8.356063-01 5.544633.00 6.777393-01 2.32865E-03 0.000003+00 0.000003+00
139 8.92719930 5.584173.00 8.776493-01 2314403-03 0.00000340 0.00003+0

14 0.796713-1 5.267+0 .762-01 2297613-03 0.000003.0 0.0000030
141I S.373483-01 5.464673+00 8.77571-0 229957E-03 0.0000030 0.00+0
142 6.78282E-01 5.704173*+00 8.7756-1 2.283093-03 0.000003+.00 0.000003+00
143 8.888793-01 5.745333+00. 8.776563-01 2.268263E-03 0.000003+00 0.000003+00
144 6.8793-01 5.784673+00 877734-01 2.253593-03 0.000003+00 0.00000+00145 8.734203-01 5.824003+00 8.777043- 01 2.237983-03 0.000003E+00 0.0030
146 8.876793-01 58333+00 8777733-01 2.22346-3 0.00030 000003+0
17 8.83991-01 5.9050.0 .778113-01 2.208493-03 0.0000+0 0000003+00
148 8.636633-01 5.944833.00 8772101 2.19539E-03 0.0900003+00 0. 00000+0
149 8.911743-01 5.985173.00 8.778123-01 2.182323-03 0.000003+00 0.000003+00
150 8.819473-01 6.024503+ 00 8. 778403-01 2.167713-03 0.000003+00 0.000003+00
151 9.019513-01 6.063833. 00 8.780023-01 2.159163-03 0.000003+00 0.000003+00
152 9.169633-01 6.104173+00 8.762621-:01 2.160433-03 O0.00000+00: :0.00000+00
153 8.644123-01 6.144333+ 00 .78170301 2.14803303 0.00000+0 0.00000+0
154 8.939493-01 6.18383E+ 00 8.782743-01 2.13 6383-03 0 OOOOOE+00 0.000003400
155 9.015153-01 6.223173+ 00 8.764263-01 2.127803 -03 0.000003+00 0.000003+00
156 8.953573-01 6.262503+00 8.78536-1 2.116783-03 0.000003+00 0.000003400
157 9.155283-01l 6.303673+400 6.787743-01 2.116593-03 0.000003+0 0.000003+00
156 8.585173-01 6.344003+00 8.786453-01 2.106983-03 0.000003+00 0.000003400
159 9.21723E-01 6.383333+00 6.789193-01 2.111423-03 0.0O00003+00 0.000003+00
160 862353-01 6.421833+00 6.769653-01I 2.09853E-03 0.000003+.00 0.000003400
161 8.565643-01 6.62003+00 .7884-01 2.0043-03 0.0000+0 00000040
162 9.091293-01 6.501503+00 8.790143-01 12.085563-03 0.000003+00 0.000003+00
163 9.036463-01 6.540833+00 8.791673-01 2.078203-03 0.0000039+00 0.000003+00

14 .891-1 679700 .71E33-0 2.065403.-003 0.0000300 0.00030
165 8.923393-:001 6.616739+00 8.79:2643-1 2.054273-03 0.000030 0.0030
166 6.530303-01 6.657003+00 6.7191043-1 2.047973-03 0.000003+00 0.00:0003+000
167 8.793233-01 6.696333+00 8.791053-0 1 2.035523-03 0.000003+00 0.000003+00

168 8.71843-01 6.736673+00 6.790333Z-01 2.024493-03 0.000003+000 0.000003+00
169 8.96103-01 6777003+00 .789773-01 2.013123-03 0.000003+00 0.00 0030
170 6.55339-0 6.133+0 8.786363-0 2.006043-03 0.000003+00 0.000003+00
11 8.95873-01 6.856733+00 .7373-1 1969-3 0000+00 0.000003+00
172 8541-1 6.95003+00 8.788103-0 1.988943-03 0.000003+00 0.000003+00
173 9.013623-01 6.935333+00 8.789423-01 1.98167-03 0.000003+00 0.000003+00
174 8.890623-01 6.874673+00 8.790063-01 1.971143-03 0.000003+00 0.000003+00
175 8.826643-01 7.015833+00 8.790273-01 1.959833-03 0.000003+00 0.000003+00o
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176 0.177475-01 7.056175+00 8.791313-01 1.93150 -03 0.00000Z+00 0.000003+00
177 8.401873-01 7.095505+00 6.789123-01 1.953042-03 0.000005400 0.000005+00
178 8.707473-01 7.13483a+00 8.798865-01 1.9426-03 0.00000Z+00 0.000005+00
179 8.71556Z-01 7.174333+00 8.788245-01 1.93190z-03 0.00000+00 0.000005+00
180 9.362375-01 7.214503+00 8.79147Z-01 1.947905-03 0.00000Z+00 0.000005+00
181 9.06304Z-01 7.254835+00 8.79299Z-01 1.94292Z-03 0.00000Z+00 0.00000+00
162 9.06124Z-01 7.295171+00 8.794481-01 1.93784Z-03 0.000001+00 O.OOOOO+00
183 8.845205-01 7.33450Z+00 6.79476z-01 1.92731Z-03 0.000005+00 0.000005+00
184 9.03656Z-01 7.37383Z+00 8.796085-01 1.921293-03 0.000005+00 0.00003+00

185 8.52782Z-01 7.413171+00 8.79462Z-01 1.91638Z-03 O.OOOO0+00 0.0000Z+00
186 8.90962Z-01 7.452505+00 8.79524Z-01 1.90696Z-03 0.000005+00 0.000003+00
187 8.75557Z-01 7.49283Z+00 8.79503Z-01 1.89674Z-03 0.000005400 0.00000Z+00
188 8.63271Z-01 7.532175+00 8.794163-01 1.888533-03 0.000005400 0.00000Z+00

189 8.61642Z-01 7.57250Z+00 8.79321Z-01 1.880813-03 0.000003+00 0.000005+00
190 8.696105-01 7.61183Z+00 8.79269Z-01 1.87149Z-03 0.00000+00 0.000005+00
191 8.739275-01 7.65217Z+00 8.792415-01 1.861783-03 0.00000Z+00 0.00000Z+00
192 8.842635-01 7.69233z+00 8.792675-01 1.852143-03 0.000003+00 0.000003+00
193 6.76541Z-01 7.73183z+00 8.79253Z-01 1.642483-03 0.00005400 0.000003+00
194 8.979965-01 7.771173+00 8.793505-01 1.835455-03 0.000005+00 0.000005+00
195 8.881235-01 7.811335+00 8.793965-01 1.826483-03 0.00000Z+00 0.000005+00

196 8.930785-01 7.85167z+00 8.794663-01 1.818413-03 0.000005+00 0.00000Z+00
197 8.512253-01 7.892005+00 8.793223-01 1.814853-03 0.000005+00 0.00000Z+00
198 9.50903-01 7.932173Z+00 8.795043-01 1.814775-03 0.000005+00 0.000005+00
199 9.087553-01 7.97167Z+00 8.796535-01 1.811635-03 0.000005Z00 0.000005+00
200 9.104985-01 8.01100Z+00 8.798083-01 1.80917Z-03 0.000005+00 0.00000Z+00

950 8.759470-01 3.94778Z+01 8.83104Z-01 7.710553-04 0.00000z+00 0.00000Z+00
951 8.754603-01 3.9519 8. 601 7.702855-04 0.000003+00 0.000003+00
952 8.959443-01 3.95575Z+01 8.83110Z-01 7.695923-04 0.000003+00 0.000003+00
953 8.96185Z-01 3.959683+01 8.831233-01 7.689053-04 0.000003+00 0.000005+00
954 8.741463-01 3.963521+01 8.831143-01 7.681555-04 0.000005+00 0.000003+00
955 9.059631-01 3.96755Z+01 8.831383-01 7.677235-04 0.000003+00 0.000003+00
958 9.068593-01 3.971405+01 8.831633-01 7.67321Z-04 0.000003+00 0.000001+00
957 8.83999Z-01 3.97542Z+01 8.83184Z-01 7.665185-04 0.000003+00 0.000003+00
958 9.09150Z-01 3.97937+01 8.83191Z-01 7.661985Z-04 0.00000Z+00 0.00005+00
959 8.574733-01 3.983385+01 8.831645-01 7.658685-04 0.000005+00 0.000003+00
960 8.94787Z-01 3.987325+01 8.831761-01 7.65165Z-04 0.00000z+00 0.00000z+00
961 8.97012Z-01 3.991351+01 8.83190E-01 7.645021-04 0.00000Z+00 0.000003+00
962 9.306245-01 3.975383+01 8.832405-01 7.653025-04 0.000005+00 0.000005+00
963 8.897135-01 3.999403+01 8.832475-01 7.64535Z-04 0.000003+00 0.000005+00
964 8.499025-01 4.003355+01 8.832129-01 7.645265-04 0.00000Z+00 0.000005+00
965 8.76986E-01 4.007285+01 8.83205E-01 7.637595-04 O.OOOOOZ+00 0.000005+00
966 8.782771-01 4.011225+01 8.832001-01 7.62984Z-04 0.000005+00 0.000001+00
967 8.858695-01 4.015071+01 8.832035-01 7.621983-04 0.000003+00 0.000005+00
968 8.87499E-01 4.019005+01 8.832083-01 7.614211-04 0.000005+00 0.000005+00
969 8.499155-01 4.02293E+01 8.831735-01 7.614125-04 0.000003+00 O.OOOOOZ+00
970 8.788783-01 4.026871+01 8.83169Z-01 7.606383-04 0.000005+00 0.000001+00
971 8.671613-01 4.030725+01 8.831525-01 7.600325-04 0.000005+00 0.000005+00
972 8.861243-01 4.034835+01 8.831555-01 7.59255Z-04 0.000003+00 0.000005+00
973 8.914615-01 4.038775+01 8.83164E-01 7.585215-04 0.000003+00 0.000003+00
974 9.034335-01 4.042625+01 8.831853-01 7.580273-04 0.00000Z+00 0.000000+00
975 8.749185-01 4.04665Z+01 8.831765-01 7.572955-04 0.000005+00 0.000003+00
976 8.616101-01 4.050673+01 8.831541-01 7.568411-04 0.000005+00 0.000003+00
977 9.497505-01 4.054703+01 8.832225-01 7.59143z-04 0.000005+00 0.000003+00
978 8.044571-01 4.058735+01 8.83203E-01 7.586095-04 0.000005+00 0.000001+00
979 8.958331-01 4.062755+01 8.83216E-01 7.579421-04 0.000005+00 0.000005+00
980 9.0090e1-01 4.066785+01 8.83234E-01 7.573831-04 0.000005+00 0.000005+00
981 9.088915-01 4.070631+01 8.832605-01 7.57062Z-04 0.000005+00 0.000001+00
982 8.832955-01 4.074571+01 8.832605-01 7.562903-04 0.00000Z+00 0.000001+00
983 8.705525-01 4.078605+01 8.832475-01 7.556293-04 0.000003+00 0.000005+00
984 9.076493-01 4.082625+01 8.832721-01 7.55268-04 0.000003+00 0.000005+00
985 9.114435-01 4.08655E+01 8.833015-01 7.550443-04 0.000003+00 0.000005+00
986 8.71276E-01 4.090501+01 8.832893-01 7.543753-04 0.000003+00 0.000005+00
987 8.49956o-01 4.094433+01 8.832553-01 7.543685-04 0.000001+00 0.000005+00
988 8.960205-01 4.098375+01 8.832685-01 7.53714E-04 0.000003+00 0.000005+00
989 8.926203-01 4.102485+01 8.832773-01 7.530103-04 0.000005+00 0.000003+00
990 9.068835-01 4.106605+01 8.833011-01 7.526265-04 0.000005+00 0.000005+00
991 8.862815-01 4.11063E+01 8.833045-01 7.518711-04 0.000005+00 0.000003+00
992 8. 75118-01 4.114675.01 8.832961-01 7.511571-04 0.00000E+00 O.OOOOO+00
993 8.924305-01 4.11860Z+01 8.833055-01 7.504555-04 0.000005+00 0.000005+00
994 9.044773-01 4.122621+01 8.833265-01 7.500025-04 0.000003+00 0.000005+00
995 8.643425-01 4.126655+01 8.83307E-01 7.494905-04 0.000005+00 0.000001+00
996 8.919755-01 4.130681+01 8.833163-01 7.487865-04 0.000005+00 0.000005+00

997 9.12615E-01 4.13462+01 8.U33451-01 7.486131-04 0.000003+00 0.000001+00
998 8.506383-01 4.138555+01 8.833135-01 7.485815-04 0.00000o+00 0.000005+00
999 9.061027-01 4.142580+01 8.833369-01 7.481803-04 0.00000z+00 0.000001+00

1000 8.966575-01 4.146525+01 8.833493-01 7.475493-04 0.000005+00 0.000005+00
1001 8.779605-01 4.150553+01 8.833433-01 7.468195-04 0.000001+00 0.000001+00
1002 9.062591-01 4.15457e+01 8.833665-01 7.464241-04 0.000001+00 0.000003+00
1003 *.59571-01 4.158521+01 8.8343-01 7.4605915-04 0.000005+00 0.00003+00

KENO MESSAGE NUMBER K5-123 EXECUTION TERMINATED DUE TO COMPLETION OF THE SPECIFIED NUMBER OF GENERATIONS.
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TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 CH) (I1v - 1.O( (1vr - 1.0

LIFZTE - 3.484551s05 4 O - 6.s3436z-0 ZGENERATION TINE - 2.47240E-05 4 OR - 3.63759E-08
NU BAR - 2.44275Z+00 + OR - 6.s2320z-0s AVRaGE FISSION GROuP - 2.16236Z+01 + OR - 3.91568E-03

ZNERGY(EV) OF THE AVERAGE LETHARGY CAUSING FISSION - 3.012151-01 + OR - 9.58153Z-04

NO. OF INITIAL
GENERATIONS

SXIPPED

3

4

5

6

7

8

9

10

11

12

17

22

27

32

37

42

47

52

AVERAGE
K-EFFECTIV

0. e8330

0. 88336

0.88332

0. e8335

0.88331

0.e8332

0.08329

0. 88333

0.88331

0. 88330

0.88338

0.s8338

0.e8350

0. 88350

0.88367

0.88366

0. 88377

0.88387

VZ

+ OR -

+ OR -

+ OR -

+ OR -

+ OR -

+ OR .

+ OR -

+Olt -

+ OR -

+ OR -

+ OR -

+ OR -

+ OR -

+ OR -

+Oft -

+ OR -
+ OR -

+ OR_

67 PER CENT
DEVIATION CONFIDENCE INTERVAL

- 0.00075 0.88264 TO 0.88413

- 0.00075 0.88261 TO 0.88411

- 0.00075 0.88257 TO 0.88406

- 0.00075 0.80260 TO 0.88410

- 0.00075 0.88257 TO 0.88406

- 0.00075 0.88257 TO 0.8e407

0.00075 0.88255 TO 0.88404

0.00075 0.88258 TO 0.88408

0.00075 0.88256 TO o.e8406

0.00075 0.88255 TO 0.88405

0.00075 0.88264 TO 0.88413

0.00075 o.e8263 TO 0.88413

0.00075 o.ss275 TO 0.88426

- 0.00076 o.s8283 TO 0.08434

- 0.00076 0.88291 TO 0.88442

- 0.00076 0.88290 TO 0.80442

- 0.00076 0.88301 TO 0.88453

- 0.00076 0.88311 TO 0.08463

95 PER CENT
CONFIDENCE INTERVAL

0.88189 TO 0.88487

0.88187 TO 0.88485

0.88183 TO 0.00481

0.88186 TO 0.88484

o.8S812 TO 0.88480

0.88183 TO 0.88481

0.88180 TO 0.88479

0.88184 TO 0.88482

0.88182 TO 0.88480

0.88181 TO 0.88480

0.88189 TO 0.08488

0.88188 TO o.8e489

0.88200 TO 0.88501

0.88207 TO 0.88510

0.88215 TO 0.88518

0.80214 TO 0.88510

0.88225 TO 0.88529

0.08234 TO 0.88539

99 PER CENT
CONFIDENCE INTERVAL

0.88114 TO 0.88562

0.88112 TO 0.88560

0.08108 TO 0.88556

0.08111 TO 0.88559

0.88107 TO 0.88555

0.8e810 TO 0.88556

0.88105 TO 0.88553

0.88109 TO 0.88557

0.88107 TO 0.88555

0.08106 TO 0.88555

0.88114 TO 0.88563

0.e8ll2 TO o.S8564

0.88124 TO 0.88576

0.88132 TO 0.88585

0.88139 TO 0.88594

0.88138 TO o.8e594

0.88149 TO 0.88605

0.88158 TO 0.88616

NUMBER OF
HISTORIES

1000000

999000

998000

997000

996000

995000

994000

993000

992000

991000

906000

981000

976000

971000

966000

961000

956000

951000
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TRANSPORT CRITICALIY: ACCIDENT CONDITIONS {PITCH - 300 CH) (IvB - 1.0) (EVY - 1.0

NO. OF INITIAL
GENERATIONS AVERAGE

SKIPPED K-EFFICTIVE

907

912

917

922

927

932

937

942

947

952

957

962

967

972

977

982

987

992

997

0.88715

0.88606

0.86840

0.88737

0.88714

0.88723

0.88755

0.88802

0. 88793

0.88768

0.88706

0.88575

0.88708

0.88920

0.88785

0.8 8718

0.88874

0.88754

0.88286

+ OR

* OR

* OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

+ OR

67 PER CENT
DEVIATION CONFIDENCE INTERVAL

- 0.00219 0.88496 TO 0.88934

- 0.00224 0.88582 TO 0.89030

- 0.00235 0.88605 TO 0.89075

- 0.00241 0.88496 TO 0.88978

- 0.00247 0.88467 TO 0.88961

- 0.00258 0.88465 TO 0.88981

- 0.00266 0.88489 TO 0.89021

- 0.00257 0.88545 TO 0.89059

- 0.00273 0.88520 TO 0.89066

- 0.00295 0.88473 TO 0.89063

- 0.00320 0.88386 TO 0.89026

- 0.00329 0.88246 TO 0.88903

- 0.00359 0.88349 TO 0.B9067

- 0.00391 0.88529 TO 0.89311

- 0.00379 0.88406 TO 0.89164

- 0.00439 0.88279 TO 0.89157

- 0.00462 0.88413 TO 0.89336

- 0.00641 0.88114 TO 0.89395

- 0.00981 0.87305 TO 0.89266

95 PER CENT
CONFIDzNcz INTERW.L

0.88277 TO 0.89152

0.88358 TO 0.89254

0.88370 TO 0.89311

0.88255 TO 0.89218

0.88220 TO 0.89208

0.88207 TO 0.89239

0.88223 TO 0.89286

0.88287 TO 0.89316

0.88247 TO 0.89339

0.88178 TO O.B9358

0.88066 TO 0.89346

0.87918 TO 0.89232

0.87991 TO 0.89425

0.88138 TO 0.89702

0.88027 TO 0.89543

0.87841 TO 0.89595

0.87951 TO 0.89798

0.B7473 TO 0.90036

0.86324 TO 0.90247

99 PER CENT NOUMER OF
CONFIDENCE INTERVAL HISTORIES

0.88058 TO 0.89371 96000

0.88134 TO 0.89478 91000

0.88135 TO 0.89546 86000

0.88014 TO 0.89459 81000

0.87973 TO 0.89455 76000

0.87949 TO 0.89497 71000

0.87957 TO 0.89552 66000

0.88030 TO 0.89573 61000

0.87974 TO 0.89612 56000

0.87883 TO 0.89653 51000

0.87746 TO 0.89666 46000

0.87589 TO 0.89560 41000

0.87632 TO 0.89784 36000

0.87747 TO 0.90094 31000

0.87648 TO 0.89922 26000

0.87402 TO 0.90034 21000

0.87489 TO 0.90260 16000

0.86832 TO 0.90676 11000

0.85344 TO 0.91228 6000
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BANDOO NUMBER- 4BC718516126
TRANSPORT CRITICALITY: ACCIDENT CONDITIONS (PITCH - 300 C4) (IVY - 1.0) MPV? - 1.0

FREOUENCY FOR GENERATIONS 4 SO 1003
0.7895 TO 0.7925
0.7925 TO 0.7954
0.7954 TO 0.7904
0.7984 TO 0.8014
0.8014 TO 0.3043
0.8043 TO 0.3073
0.6073 TO 0.8103
0.9103 TO 0.6132
0.6132 TO 0.8162
0.8162 TO 0.8192
0.6192 TO 0.8221
0.8221 TO 0.8251
0.8251 TO 0.8281
0.8281 TO 0.8310
0.3310 TO 0.8340
0.8340 TO 0.8369
0.8369 TO 0.8399
0.8399 TO 0.8429
0.8429 TO 0.8458
0.8458 TO 0.8488
0.8488 TO 0.8518
0.8518 TO 0.8547
0.8547 TO 0.8577
0.8577 TO 0.8607
0.8607 TO 0.8636
0.8636 TO 0.8666
0.8666 TO 0.8695
0.8695 TO 0.8725
0.8725 TO 0.8755
0.8755 TO 0.8784
0.8784 TO 0.8814
0.8814 TO 0.8844
0.8844 TO 0.8873
0.8873 TO 0.8903
0.8903 TO 0.8933
0.8933 TO 0.8962
0.8962 TO 0.8992
0.8992 TO 0.9022
0.9022 TO 0.9051
0.9051 TO 0.9081
0.9081 TO 0.9110
0.9110 TO 0.9140
0.9140 TO 0.9170
0.9170 TO 0.9199
0.9199 TO 0.9229
0.9229 TO 0.9259
0.9259 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
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

_ - -- ----

....

........

.......

.............--
. ..........

.....................
*......................

... *.......................
**-.*............. ............. .......
.....................................
*.X ...... .* -A.......................

* **..... . ... .*...................
****........ .......................
.............. * ...............................

..............................................
............. ...................... -.......... ... -***.......... *.
.........................................................
.................. .................................-
........................ .................................
..........................................
.............................................
............ .................. ........
.............................

........................

...................

....................

...........

............

...

..

6.6-101



NAC-STC SAR
Docket No. 71-9235

December 1996
Revision 9A

TRANSPORT CRITICALITY: ACCIDENT CONDITIONS {PITCE - 300 C00 (IVf - 1.0 CZEY - 1.0
FREQUENCY FOR GENERATIONS 254 TO 1003

0.7895 TO 0.7925
0.7925 TO 0.7954
0.7954 TO 0.7984
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 TO 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
0.8369 TO 0.8399
0.8399 TO 0.8429
0.8429 TO 0.8458
0.8458 TO 0.8488
0.8488 TO 0.8518
0.8518 TO O.8547
0.8547 TO 0.8577
0.8577 TO 0.8607
0.8607 TO 0.8636
0.8636 TO 0.8666
0.8666 TO 0.8695
0.8695 TO 0.8725
0.8725 TO 0.8755
0.8755 TO 0.8784
0.8784 TO 0.8814
0.8814 TO 0.8844
0.8844 TO 0.8873
0.8873 TO 0.8903
0.8903 TO 0.8933
0.8933 TO 0.8962
0.8962 TO 0.8992
0.8992 TO 0.9022
0.9022 TO 0.9051
0.9051 TO 0.9081
0.9081 TO 0.9110
0.9110 TO 0.9140
0.9140 TO 0.9170
0.9170 TO 0.9199
0.9199 TO 0.9229
0.9229 TO 0.9259
0.9259 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
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

*. ...

.4.*

.

*..

..

.-. **

....

......

'-
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TRANSPORT CRITICALITY: ACCIDENT CONODITIONS (PITCH - 300 CH) (IV? - 1.0) (KY? - 1.0
3REOEUNCY FOR GENERATICKS 504 TO 1003

0.7395 TO 0.7925
0.7925 TO 0.7954
0.7954 TO 0.7994
0.7984 TO 0.8014
0.8014 TO 0.8043
0.6043 TO 0.0073
0.6073 TO 0.3103
0.6103 TO 0.8132
0.3132 TO 0.6162
0.8162 TO 0.8192
0.3192 TO 0.8221
0.3221 TO 0.8251
0.6251 TO 0.8281
0.8281 TO 0.3310
0.8310 TO 0.3340
0.8340 TO 0.0369
0.3369 TO 0.8399
0.8399 TO 0.8429
0.3429 TO 0.3453
0.3458 TO 0.8463
0.8648 TO 0.3518
0.6513 TO 0.8547
0.6547 TO 0.3577
0.8577 TO 0.6607
0.8607 TO 0.3636
0.8636 TO 0.3666
0.8666 TO 0.3695
0.6695 TO 0.3725
0.6725 TO 0.3755
0.0755 TO 0.8784
0.6734 TO 0.8814
0.3614 TO 0.3B44
0.8844 TO 0.8873
0.8373 TO 0.8903
0.3903 TO 0.3933
0.3933 TO 0.3962
0.3962 TO 0.8992
0.3992 TO 0.9022
0.9022 TO 0.9051
0.9051 TO 0.9081
0.9081 TO 0.9110
0.9110 TO 0.9140
0.9140 TO 0.9170
0.9170 TO 0.9199
0.9199 TO 0.9229
0.9229 TO 0.9259
0.9259 TO 0.9288
0.9283 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
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
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TRANSPORT CRITICALITY: ACCIDENT CONDITIONS 4PITCH - 300 C0) CIVB - 1.0) (ZVW - 1.0
FREQUENCY FOR GENERATIONS 754 TO 1003

0.7895 TO 0.7925
0.7925 TO 0.7954
0.7954 TO 0.7984
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.B132 TO 0.8162
0.8162 TO 0.8192
0.8192 TO 0.8221
0.8221 TO 0.8251
0.8251 TO 0.B281
0.8281 TO 0.B310
0.8310 TO 0.8340
0.8340 TO 0.8369
0.8369 TO 0.8399
0.8399 TO 0.8429
0.8429 TO 0.8458
0.8458 TO 0.8480
0.8488 TO 0.8518
0.8518 TO 0.8547
0.8547 TO 0.8577
0.8577 TO 0.8607
0.8607 TO 0.8636
0.8636 TO 0.8666
0.8666 TO 0.8695
0.B695 TO 0.8725
0.8725 TO 0.8755
0.8755 TO 0.8784
0.8784 TO 0.8814
0.8814 TO 0.8844
0.8844 TO 0.8873
0.8873 TO 0.8903
0.8903 TO 0.8933
0.8933 TO 0.8962
0.8962 TO 0.0992
0.8992 TO 0.9022
0.9022 TO 0.9051
0.9051 TO 0.9081
0.9081 TO 0.9110
0.9110 TO 0.9140
0.9140 TO 0.9170
0.9170 TO 0.9199
0.9199 TO 0.9229
0.9229 TO 0.9259
0.9259 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
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
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Table 7.0-1 Torque Table

Component No. Used Fastener Torque Value*

Outer Lid Bolt"

Inner Lid Bolt**

Port Cover Bolt**

[overplate Bolt"

36 1-8 UNC - Socket
Head Cap Screw

42 1 1/2 - 8 UN- Socket
Head cap Screw

9 3/8 - 16 UNC - Socket
Head Cap Screw

8 l/2- 13 UNC- Socket
Head Cap Screw

270 ± 20 ft.-lb
(366 ± 27 N-m)

2540 A E ft-lb
(3444*4 14 N-m)

140*k 10 in-lb
(16 k 1 N-m)

300* 20 in-lb
(34 * 2 N-m)

Test Plug

Test Plug

1 Part No. 423-803-13

2 Part No. 423-806-3

2 Part No. 423-807-8

30 ±3 ft-lb
(41 ± 4 N-m)

70 4* 5 in-lb
(8 * 0.6 N-m)

70 * 5 in-lb
(8 ± 0.6 N-rn)

Test Plug

Impact Limiter
Retaining Rods"

Impact Limiter Nut**

Impact Limiter
Jam Nut**

32 Part No. 423-811-7

32 1 - 8 UNC - 2A
Retaining Rods

32 1-8UN-2B

75* 5 ft-lb
(100 + 8 N-rn)

35 * 2 ft-lb
(47* 3 N-rn)

75 * 5 ft-lb
(100 * 8 N-m)

Ied'a ce r *xfN-fF

**

A*

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 using Nuclear Grade Pure Nicket NEVER-SEEZ or equivalent.

Q.ri d l t y .e .e f .. t is a p p i c. a t nO!H i isWor 0 4
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33. Perform final external decontamination and perform survey to verify acceptable level

of removable contamination (220 dpm/100 cm2 qy and 22 dpm/l00 cm2 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.
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14. Purge the water Efm the cask by pressurizing to 60`i 75 psig and hold until all water

is removed (observed when no water is coming from the drain line).

15. Remove the lines from the drain and the vent port nn.

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.
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7.3.4 Preparation of Emvtvr 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.

7.3-6



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

,~ reur~r 0 -

~~~~~~~s~~~~~ ~ ons esn eo- o 8 ~ Ccme~> ecmtr
Qn ; eCss n: asri sr t

[e- Bec _ er _i t tasr

e o ert~s ar e e _ ceans

s i w . neo y n W m ge

. r ~ iin I cno rao rS o sal a

ria U _etclciceeckspstoe n ev-aIfaipitrnteiakrciii ra

[ are sod e'tiitebn n o rn!the

_ a _

cak ued_ tov ~i~e~ssm~~ad4rv

__o~hii&

cas ~ e r 1 _ __ _ __ _ __ _ __ _ _

JwlI~ no .;
.4Q.&_~

ehQhkfc'_diiKof h ceniIiezfl_ h

7.7-1



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

#- __Nr

.L

W~uX!

oaausrie

e ehs _

r-' e oei cou¢o rase1 t eaasseKesr c esm cn

Feoyd-'o t __ toF _a th _ s

uo I UStW to ieai uuan lofianuu a btottoo -,ve~c.h t h eatersuopjj

t_ 1 requfrL ;
c_ r4 _f_ gmay a¢ rouJi.a esi ____F-1-

neiea y tobn and rec6oa,-
i i t w elWe __ _ _ _ _ _ _ _ _ _ _ _ _ _

T- t 4 ~~a _______.____

~~rw w thrnde -{..-Tr- sid-

lnA oW-n- .A
giirlT0

M<..t~~Leht".3

Lnth~fi etm oote Qt~mv n os nt-rmtk ~lni

7.7-2



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

_n orva in _w 0'_ _r
e o I eo nr

move e matind cofthectm eet * v-n wtrm e

en~~,I o avmuvetertsvr_________ _ h~inj vauu fOs_

E- to 2 p
.eia.ty

s2. VnS~fft oftcale emtn astsnl~~uxtruunue~swlr
-E t

cocleu cove w

,e. 2 1,

Vi~i ~vt~eilmreo~aijsi o h

7.7-3



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

_ _c__

ote e. enesAiqn ooen1jare o

A g o_ eW~trot _~ e . w'cgn_
aes e' li'

v eeaui m "a
_cmsi IS 'an 'rm

enE e _*S
eAaot umnm

* mee 4ow ,oznin . ce.ase

47Krpr th wel an ~Erf a fhr|e&
.Cmee rnan{r w

3I9ReEV t1ew~igqimn~
50 rpr h edadpromalqi eern &cniiaion6t~ ii=Fed'~~~

_
52 Isal h3trnfe ;:s itnRg

_ _~~~ise oae inoteNGST iacdneihSci

H122He~n m e'et coceer a

_ is

7.7-4



NAC-STC SAR
Docket No. 71-9235

April 1997
Revision 9A

CEl

ALIGNMENT MARKS-

LIFT HOIST -
ATTACHMENT POINT

(3 LOCATIONS)

7.7-5



This Page Intentionally Left Blank



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

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 aerial density for BORAL B-

10 loading shall be K,- O.Olg/cm2 B-10.

Any specimen not meeting the acceptance criteria of 0.Olg/cm2 B-10 shall be rejected and the

sheets from that pour shall be similarly rejected.
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