10.7 Criticality Evaluation for MARK 22 Fuel

A Mark 22 fuel assembly consists of two concentric fuel tubes with
uranium-aluminum cores cdntaining a total of 3.2 kilograms of uranium-235 as
shown in Figure X-14. The cores are clad with Type 8001 aluminum and the
assembly previously included inner and outer targets, which have been
removed. The uranium was initially enriched to contain 66-80 w/o uranium-
235. An enrichment of 80 w/o uranium-235 was used in the criticality
analysis as a bounding case. The densities used in the analyses were
obtained directly from the manufacturer and are listed in Tsble X-10.

Table X-10
Mark 22 Fuel Densities

Inner Core Outer Core
S0tO toms /parn-cm oms a -Cm
U-235 1.9887-3 2.0288-3
U-236 2.3300-4 2.3275-4
U-238 2.1426-4 2.1391-4
Aluminum 5.6357-2 5.6363-2

Cross-section sets were prepared by NITAWL using infinite dilution.
Dancoff factors are not applicable for this assembly because of the annular
cylinder geometry and resonance calculations were conservatively ignored in
these analyses. The cross-section set used for these analyses is the 27
group version of the ENDF-B/IV library. These cross-sections were not
collapsed or weighted, and were passed directly from NITAWL to KENO-IV. The
output for NITAWL is given in Appendix E. Oak Ridge National Laboratory has
validated the codes and cross-section set used in the analyses and shows
that SCALE is conservative for reflected, highly enriched uranium systems.

Two Mark 22 assemblies or one Mark 22 assembly with the two cores
separated will be transported in the NLI-1/2 cask; therefore, two quadrants
of the four-quadrant "Rockwell basket® will contain fuel. The criticsality
analyses were performed for the bounding case of two adjacent intact fuel
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assemblies as shown in Figure X-15. The cask geometry that was modeled in
KENO-IV i3 shown in Figure X-16. This analysis resulted in a keff of 0.533.
Values for k_  were calculated for the Mark 22 assembly at different pitches.
The assembly was assumed to be moderated by heavy water as it is in the
reactor. The most reactive pitch is approximately 25 centimeters, which
cannot be achieved by two Mark 22 assemblies in the NLI-1/2 cask. The low
keff of 0.533 is then understandable when it is realized that the fuel was
analyzed in a light water, under moderated and poisoned configuration. The
. input and output for this case are given in Appendix D. Table X-12
demonstrates that the loaded cask meets the criteria established for Fissile
Class I packages, as determined by 10 CFR 71.57.

An alternate configuration of the fuel was also modeled to simulate a
hypothetical accident scenario. The fuel was evaluated as two cylinders
centered in adjacent quadrants as shown in Figure X-17. The accident
configuration yielded a keff lower than 0.533. This analysis shows that
the initial annular configuration of the Mark 22 fual assembly {s the most
reactive one as was the case for the Mark 42 assembly. The criticality
results for the different cases are presented in Table X-11.. Table X-12
demonstrates that the loaded cask meets the criteria established for Fissile
Class I packages, as determined by 10 CFR 71.57. The results of the
criticality evaluation for the NLI-1/2 cask containing two Mark 22 fuel
assemblies show that keff does not exceed 0,533,

Table X-11
Mark 22 Fuel Criticality Results Sunmary

Case _ff_ke
Normal Operation 0.533
Hypothetical Accident 0.363
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Table X-12
SUMMARY OF CRITICALITY EVALUATION FOR MARK 22 FUEL ASSEMBLIES
FISSILE CIASS 1

NORMAL CONDITIONS

Number of undamaged packages calculated to be Infinite
subcriticel (Fissile Class I must be infinite)

Optimum interspersed hydrogenous moderation . Yes
(required for Fissile Class I)

Closely reflected by water (required for Fissilé yes
Class II and III) |

Package §ize. cm> : : 60,240

ACCIDENT CONDITIONS

Number of damaged packages calculated to be Infinite
. suberitical

Optimum interspersed hydrogenous moderation, yes

full water reflection

Package size, cm | ) ~ | 60,240
Other Transport Index Not applicable
Page Added

- X-220 February 19%0



Figurs X-14
MARK 22 ASSEMBLY CROSS SECTION

TARGET OR FUEL

Dizensions (inches) and Characteristics:

Vatvacsal Fuel Tubee

Slaeve- Outer Targst Qucer laney lnneg Tar

housing |[Cladding | Corce € Claddizg « Core Joch | Cladding Cors Seth | Cladding e Joth
Macertal Al Al Li-al - Al Ny - Al 3. - Al Li-Al -
Langen 251.58% |170.30 159 - 163.00 130 - 161.350 150 .. - 178,44 | 183 -
[P 8] 4.120 J3.700 .643 - 3.200 J.140 - 2.38) 2.29) - 1.590 1.3 -
W 4.010 3.380 3.600 - 2.892 2.952 - 1.998 2.058 - 1.233 1.298 -
10 circle dia .70 3.250 - - - - - 2.862. - - 1.983 - -
Thicxasss® 0.0350 O.OZJ:: 0.02¢ | 0.080 0.030 0.09¢ | 0.154 0.0 0.119| 0.1y 0.0 | 0.118 | 0.172

0.0
detgnt, 1 33.8¢ - - 1.1 - - 2.9 - - 2.1 - - 14.2
1Yy, 5 - - - - - 1600 - - 1820 - - - -
PYi L3 - - - - - 1384 - - 121.% - - - -
e T - - 1193 | - - - - - - - - 33.83 | -
s/te - - 0.90 - - - - - - - - 2.48 -
Crosa-sectional
arsa, ta.l 0.870 0.828 0.342 | 0.9720 0.574 0.900 | 1.474 0,488 0.3 1.0 9.250 0.538 | 0.83%
Queter Oucer Middle Inner Middles 1Ionse Dasd Space
Channel flov aces, ta.d 1.840 1.760 2.142 1,092 1,198
Total assemaly
Yolums displacemant, ia.l® 1148
weigne, 1b® 118.3
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Figure X-15
MARK 22 ACTUAL CASK LOADED

Stainless
7Steel

Depleted
Uranium

Water
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Figure X-16
MARK 22 Model

Specular
Reflector
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Figure X-17
MARK 22 KENO Model
Hypothetical Accident

Specular
Reflector

Fuel
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10.8

CRITICALITY EVALUATION FOR FERMI-1 AND EBR-II FUELS

Introduction

The AMPX/KENO-1V computer system was used 1in conjunction with a 27 energy
group SCALE nuclear data library to calculate k-effectives for both -fuel types
in normal operation and hypothetical accident scenarios. The NULIF computer
code maintained by Babcock and Wilcox was used to determine the optimum
pitches of the fuel types within the cans containing them. NULIF also
calculates the Dancoff coefficient and effective moderator cross-section
required by the NITANL module of AMPX. The fuel region was “homogenized"
using the XDRNPM module of AMPX and the resulting fuel was modeled using the
KENO-IV mixed box geometry. The NLI-1/2 cask was modeled as concentric
cylinders of Uranium (depleted), lead, steel, water, and steel using the
actual cask dimensions except for the inner Uranium layer. This layer
intersects with the core boundary of the mixed box representation and the
inside Uranium radius was adjusted accordingly. This results in excess water
at the outside corners of the core region and a small reduction in the
depleted Uranium shield of the cask. All ‘analyses were performed with an
"infinite" fuel length. The longest actual active fuel length (156.8 fnches
for the EBRII) is less than the Boral plate length (167 inches), so that the
four fuel regions are separated by Boral at any axial location.
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FERMI-1 FUEL PARAMETERS

1. Fuel assemdbly consists of 140 roas arranged in a 2.4" by 2.4" array,
Outer channel is 2.593" square. Some assemdblies are in cans that are
2.928" squara. They are stored in a water pool so that all Na has peen
removed.,

2. The rods are U/Mo alloy (10% Molybdenum) with 25.6% U-235 enrichment.
They are clad with Zr 5 mils thick, metalurgically bonded to the roa.

Per Rod
Unirragtfated Irradiateqd
Total U 133.99 1329
w/o 25.7 25.5
Burnup 0 1600 max., 410 avg,
MWO/MTU

Per Assembly (Unirradfated)

u 18.746 kgU
U-235 4.816 kgu-235

3. Each rod ts 0.158" 0.D. with a 5 mil cladding

R fuel = 0,.1880cm
R roa = 0,2007cm

Length of Assembly = 36.62"
Active fual length = 30.50"

4. Densities
The alloy density is 17.3 g/cm3 with 90 w/o U and 10 w/o Molybdenum
Nx 'ﬁNO / Ax 'W/Ox .

Nup3g = (17.3)(6.028 x 1023) x 0.90 x (1-0.256) = 2.932 x 1022 atom/cm3
238

N2gs = 1.0218-2 atoms/barn-cm
u==::u23 2 2.932-2

Nmo * 1.087-2 (Amo = 95.9)

Also Cs(Mo) = 6 parns; for NITAWL, ?;t-NNA'G,'(Mo) s 2,22 Barns
2

5. Rod Arrangement

Assuming a 3" square hole for the asemdly, the rods would have a square
pitch of 0.635 cm. This equally allocates the water area to a 12 by 12
square lattice. Including the 4 water rod locations (distributing the
area equally to each of the 140 rods) yielas a slignhtly larger pitch of
0.644 cm. The roa cell on this case has a radius of 0.3633 cm. This
pitch is used for the normal operation analysis, the no-moderator analy-
sis and the boral sensitivity analysis. [n the Hypothetical Accicent
scenario the fuel separates to a pitch of 0.856 cm, the optimum pitch.
Page Added
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The 0.856 cm optimum pitch is the maximum pitch permitted by the struc-
tural tudes containing the fuel, which have & 4.,5" [.D. Using the B ¢ W
NULIF program, the optimum pitch of the rods is found By computing koo
versus pitch.

Pitch k
Mot 4%

0.600 1.5389
0.644 1.5702 (Maximum Hypothetical Attainable)
0.700 1.6068 in 3" can
0.800 1.6591
0.856 1.6803
0.500 1.6932
1.000 1.7113
1.100 1.7162
1.200 1.7102
1.300 1.6955
6. . Data (from NULIF) for AMPX/KENO A
Normal Operation: Hypothetical Accident
= 0,4879 T = 0,5753 oo = 0.4879 T= 0.4553
0 0
z(.&).‘; 76.34 ¢ = 0.3464 &)z, 92.06 ¢ = 01741
“Homogenized" Fuel Densities
Normal Operation: Hypothetical Accident
Nu235 = 2.146-3 Nu235 = 1,.5484-3
Nu238 = 6.157-3 ) Nu238 = 4.4430-3
Nmo = 2.286-3 Nmo = 1.6472-3
Nzr = 1,242-3 Nzr = 8,9465-4
Ng = 5.089-2 ' Ny = 5.5379-2
No = 2,545-2 No = 2,7690-2
7. KENO Model

The geometry of the KENO Model is illustrated in Figures X-18 and X-19.
Four different fuel locations were investigated: a normal operation
case (Figure X-20) with the fuel located by the non-structural aluminum
tube of the basket, and a hypothetical accident scenario (Figure X-21)
in which the tubes vanish and the fuel is free to cluster at the center
of the basket. In this scenario, the Boral at the very center of the
basket is assumed to disappear because it is not supported by the steel
of the basket. An additional calculation was performed for the normal
operation geometry in which all moderator was removed from the fuel
region. This case is necessary to demonstrate that the fuel is sub-
critical for the fast spectrum present during dry shipment. This
unmoderated case used the cross-sections without the cell-weighing
performed by XSDRNPM. The sensitivity of the basket to neutron
channeling between boron carbide grains was evaluated by re-performing
the normal operation case with 75% of the boron concentration.

Assumptions for Rockwell Basket Geometry (see Figure X-19)

Page}Added
X-25 Oct. 1990



A. Boral Locations:

1. Treat all 4 legs of cruciform the same. The Boral plates extend
6.3" to the outer part of the cruciform legs except on the sidge
with the drain line channel, which extenas 4.81" from the
center. The Boral has been extended to 6" for conservation.

B. The Total cruciform thickness is:

T = Boral plate thickness + 2t = 0.2882 cm + 1.27 cm
(0.1135%)  (0.50*)

> 1,5582 cm
The half width is thus 0.7791 cm.
C. Fuel Locations:

1. Fermi-1: The Fermi fuel is a 2.936" squaréAcentered in 2 5" 0D
tube. The center of the fuel square is thus 2.5* (6.35cm) from
the surface of the stainless steel cruciform. The tube around
the fuel is not part of the license arawings and is treated as
water for the criticality analysis, it just centers the fuel in
normal oparation. :

2. EBR II fuel: The fuel is a 4.875" 0D can that is free to contact
the cruciform walls. :

KENO GEOMETRY

Materials

1-Fuel BOXES :

2-Boral : 0.7791 wide

J-Water { .
 4-S§

5-A1

6-Pb 5 7{3 1

7-depleted U 0.7791 cm

6 8] 2 o/ thick
€0.7791 square
38 Box Types
Box Type 1 ~ Fermi, Normal Operation (Al Tube Ignored)

cusoID 1 7.62 0.00 7.62 0.00 1000.-1000. 27*0.5
CUBOXD 3 10.15 -2054 10016 .2354 "
5‘
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Box Type 2

CueoID 2 13.015 0.00 0.1441 0.00 1000.-1000. 27x0.S
CusOID 4 %g;?1s 0.00 0.7791 0.00 .

Box Type 3

CuUBOID 2 0.1441 0,00 13.015 0.00

CUBOID 4 0.7791 0.00 13.015 0.00

Box Type &
cusoID 4 0.00 «0.635 0.00 -0.635
CuBoID 2 0.00 -0.7791 0.00 -0.7791

Box Type §
CuBOID 1 7.62 0.00 7.62 0.00 "
CUBOID'3 10.16 -2.54 10.16 -2,54

Box Type 6
cusolp 2 0.00 -13.015 0.1441 0.00 -
CuBOID 4 0.00 -13.015 0.7791 0.00 .
Box Type 7

cusolD 2 0.00 -0.1441 13.015 0.00
cCusoID 4 0.00 = -0.7791 13.015 0.00

Box Type 8
CuBoID 4 0.635 0.0 0.00 -0.635
CusoID 2 0.7791 0.0 0.00 -0.7791

Computer Results

The computer inputs and outputs are provided in Appendix F. The results
for the AMPX/KENO analyses are provided below. The results of the
analyses are summarized here along with the results corrected for bias
and uncertainties (k).

Case ‘ -~ Calculated Ke kg
Normal Operation, 0.80637£0.00480 0.827
fuel centered 1n tubes
Hypothetical Accident 0.93662£0.00313 0.956

' 0.93720£0.00397

Boron Sensitivity: 0.8194920,00492 0.841 (4;ks- 1.7%)
75% of 8-10
No Moderator | 0.65500£0.00477 0.676

ks = kcalculated + 0.00981 + 0.001711 + (1.645C°2 « 0.007222 )12
‘ (btas) (experimental (calculation (Uncertainty of
uncertainty) uncertainty) benchmark calcs)
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FIGURE X-18
NLT 1/2 KENO MODEL (FERMI-1 FUEL SHOMWN)
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FIGURE X-19
KENO GEOMETRY
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FIGURE X-20

FERNI-|
NORMAL OPERATION

FIGURE WITHHELD UNDER 10 CFR 2.390
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FIGURE X-21

FERHI-|
HYPOTHETICAL ACCIDENT

FIGURE WITHHELD UNDER 10 CFR 2.390
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EBRII FUEL PARAMETERS

1. Fuel consists of a circular canister containing 41 rods. Tha arrangement
of these rods is random so the optimum spacing is determinea (via the
NULIF program) and the can is treated as 1f it contained fue! all of
which is at the optimum spacing. The can itself is not considered in the
criticality analysis except to define the boundary of the fuel,

2. The fuel slugs are of depleted Uranium plus Plutonium. The canister
contains 3,876 kg Pu and 287.9 kgU (0.21% U-235). The fuel density is
19.3 g/em3. A1l Pu is tresated as Pu-239, given its fissile natura.

3, Rod Dimensions ‘

Rroa = 0.79375 ecm  Aluminum clad
Active Fuel Length = 156.8 inches
4. Densities '
The alloy is 0.01328 w/o Pu in Uranium.
Ny = 19.3 x No_(1-0.01328) = 4.820-2 atoms/barn-cm
238
N2g = 4.810-2
N2s = 1.025-4
Npu = 6.460-4
For NITAWL, the U-238 is treated without a scattering nuclide present,
The Pu-239 is affected by the U-238 (even though the energy transfar for
a neutron colliding with U-238 is small), so the G; for the Pu-239
resonance calcuylation is:
Cs (U-238) = 12 parns; Us = 893.5 varns per Pu atom.
5. The optimum pitch is determined by the NULIF program:
Pitch gcmz ko
1.805 1.2504
1.918 1.3061
2.031 1.3385
2.144 1.3548
2.200 1.3583
2.257 1.3595 Optimum C = 0.07323 for NITAWL
2,400 1.3535 (a:‘)e? 28.09 for Uz3g
2.600 1.3293 ( 2091.6 for Puz3g
2.800 1.2928 ¥ ‘
3.000 1.2485
3.200 1.1991
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6.

7.

"Homogenized" Fuel Densitfes

N2g = 8.9701-3 atom / barn-cm
N2s = 1.9115-5
Ngg = 1.2047-4 Pu-239
N4a1 = 1.2180-2
N" = 4.0927'2
Ne = 2.0463-2
KENO Models

The cask and basket models used to analyze the Fermi-1 fuel were used to
analyze the EBRII fuel. A normal operation case and hypothetical acci-
dent case that assumes that the fuel clusters in the center of the basket
were analyzed. ' :

Computer Results
The input and results for the AMPX/KENO calculations are provided below.

The results of the analyses are summarized here along with the results
corrected for bias and uncertainties (kg).

Case k calculated _ kg
Normal Operation, - 0.68167%0.00378 | 0.702
(See Figure X-22) _ '

Hypothetical Accident, 0.67571%0.00385 0.696

fuel clustered in center
of basket (See Figure X-23)
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EBR-II
NORMAL OPERATION
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FIGURE X-23

EBR-II
HYPOTHETICAL ACCIDENT
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1.0 XX '-.'RCDUC'.'ZCZC

This repcmt zrovides acditional informatiza confirming the validity of
the criticality analysis of the NLI 1/2 Skipping Cask. Soecificany
provided .-.:e the detc.;ls cf an an2lysis ci a cntica. experimen: and of
‘the cask wiu. the ccde ’(:.\IO(I) , comparison of the results with those
obtzined with the ccce Al\xISN(Z) anc the actual number densities of the
fuel reglon for both the 1 FWR and 2 BWR cask loadings.

L4

2.0 SUMMARY AND CONCLUSIONS - g .

The KENO Monte Carlo criticality code with the Hansen and Roach®
cross sections has been used to czlculate the reactivity of a Yankee
critical experiment and of the NLI 1/2 cask with the 1 PWR fuel loading '
described {n the NLI 1/2 SAR.W The results of these enalyses yield

2 £5% confidence level k i of 0.929 + .014 for 2 single isolated cask

- with water m the cz2n, in the can to cask gzp and {n the shield jacket.
Note tha t:e can in the cask was conservatively assumed to be filled
with wa.*er even though the cask an d can are designed so .that even
under hyvpothetical accident conditions, no water woulc. enter the can.
The above value includes 2 con'ec;.ion for the difference between the
XENO results for the critical e:tpéﬂme::t and the measured value.

The standard deviation of each XENO run was aprroximately 0 .005. The
above result compares favorably with the eyg'uivalent ANISN result of
0.944.

Additional analyses were performed to show that for & large array of
undamaged casks (but with can filled with water) there is no essential
change in reactivity. Analyses were 2lso performed to show that the
reactivity of a single cask is insensitive to the amount of external water
moderzstion. The maximum reactivity for a single cask under accident
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Sonditicns is eszanually he same 25 ui: for acrmal corditions

or £.92¢ = .J14.

avars

Trom the zbova and tha rasults Sor a2 WX leading prasentzd a2 tha
3AR, it is concludad that the NLI 1/2 skisping cask maets the criticalisy
raquiramants ¢f 10 CTR 71.33 thru 71.37 and 71.40 for Fissile Class IrI.

shiprenss.

3.0 MZETZODS OF ANALVSIS
3.1 Tha XEN0 Coaza

:"-‘NOTS 3 multigroup Monta Carlo progman for calculating the criticality
o a nucliear systam, Tha coda traats tha neutron moticn in the systen

UsSing a staiistics mathcd. In this mathod, the life historias of a larga -
numser of nautrons as spacifiad ia t=a izput ars followed as they travel

from on2 point to ansther in the systarm.

Tha nectron scé.tte:i::g as traated in XEXC assumes that tha diffarantial
scattaring cross saction can ba rep?:esented by tha Pl Legandre poly-
nominal. Absorption of nautrons is nct allowad. Instead, the weaight of
2 nautwon at each csllision point is raducec by the abscrption probability.
I ;he' ragion in which the collisilon occurs contai;:s fissile material, a
 fission waight is generated. Tracking of a nautron is continued un4l
the nautron leaks from the system or until its weight is reduced balow
a SpeFifiéd valua for tha ragion in.which the collision occurrad. At
that time, Russian roulacta is played to determine if tha neutron
swvives or is killed. Information basad on collision of thesa neutrons
with tha materials in the systam is used to detarmine the criticality

condition cf tha system.
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the systam plus an sssimats of its stamcso=d devietion, In addision
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and fissicot'are inclucad in the output.

3.2 Cress Sesctiors

The XENO calculetion was pe=Sarmed using the sixteen group Xright-

- . S
modifies Eansen and Roach cross sectiens .( ) Tae neutron energy group

sTucture Zor this set of cross sectiers is given in Teble 1.

Tre Hznsen and Reack cross secticrns were compiled for fast angd
intermediate neutran citical assemblies. For a well moderated,
hydregenzous system containing slightly enriched urznium fuel pins
such &s the one in our case , some adjustments of the cross secﬁons

&re reguired in the thermezl and resonance exergy regions.

3.2.1 Rescnance Razipn

<ae preger resonance absorber crass sections were chosen from the
Xnight-mcdified Hansen and Roack data on tha basis of & potential
scattering Cross section value (9 p*), which mciudas a&n “escape" cross
section cerived from an equivalence relation as discussed in Reference 6.
The poterntial scattenng'Cross section is given by:

*
. o T _ (1)

3
. PP ETR
. O

where Ip is the homcgeneous potential scattering for the pellet

.composition; No 1s the ztom density of the resonance absorber, and

¥ oz, all-e) ’ @
e e l+(a=l) ¢ :
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: = —b— 3\
e 4V = &
. 0
c = 1-% --/3'*(1-7,.; . (4)
:‘l
Y%, = 'z -: (5)
P 1 ¥ e,
and s ' -
3 '=§;§L ‘ » | (6)
e, 1 .

Iin eguation 3, 5, axd 6, 1 is the totzl cross section of the outer regicn
\aomogsnizad cle--coozent) andé S ’ Vc, and Vl are respectively the
pelict susface, sellet vol'.:-:.e and volume ¢f the cuter regicn. EZcuation 4
is & medified 3ell azpreximetion (7) for the Danccif factor suggestied by
Zummel (3). Reference 6 suggested 1.35 as & typical value for "a®

in ec.:a:.o:: 2.

The fuel pin cells were reoresez:ted in the KENO ceomeiry as a
homogernized mixture of pellet, clzd z=d moderator. The thermal neutron
flux in & heterogeneous fuel pin cell is depressed in the ebsorbing fuel aad
zeaks in the moderator region. To account {for this variation across & fuel
pin cell thermel cross sections mus‘.: be adjusted by thermal disadvan- -
tage facoo's before these cross sections can oe accepted for homogeneous
calculations. The thermal disedven.age fac.o Sor the fuel pin cells

~were evaluated using the THERMOS © code. TEZRMOS solves the one-~
dimensional multigroup integral trens ,.ort ecuation with isotropic
scattering. The code computes the scalar thermal neutron flux as a

functiorn. of position in e lattice. The cell everage flux and regionwise
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The I.EC?ARD"O) Cocza was dascrmided in tha SAR, Amandment 1, pagas
X-3, X-3 an2 X-11. 3s iad:icatad, LICF2RD was usad in the cask

analvsis only to datarmine tha aifact of varving the fuel pin pitch and

the wator tamzeratuss in ordar 49 $8.3C% 2 most reactive water to

huv uu W RSB BEuMIE <t Wim

el ratio Icr the n.e... region. Nezrly all the cross sacticns compiled

in tha ccde ara from MUFT and SOTOCATE Lbraries. The coda has been
_tested by Wastinghousa against 49 t?O2 critical experiments and 20
vranium matal ex:orential lattices. The anrichment varied from

::-rox‘.:::a:ely 1, 3 t5 4.0%, the W/U ratio varied from approximataly 2
to ‘0 boron concentrations in the medarator ware from zero to 3500 ppm
and light watarto 78% DZO sarvad as mcdarator, 3are, s;eel and
aluminum clad fusl weare siudied as well as both sguar 3 and hexagonal
lattice armays. A comrpariscn of axperimantal and calculatad rasults is

aporiad iz Referenca il. The calculaticrns for 49 UO2 casas rasult in

(4]

a2 mean ke:‘f =0.9907 =.0392. ¥ cases containing DZO in the mcderator
ara exclucdagd, than X aze = 0.9933 =.007: for 4l UO:Z casas. For the

10 axpamiments, parlcrmed by Wastinghousa, which hava the most
compler2 physical parameters of the experimental asse.-:'.bly the mean
kefz‘ is 0.9364 =.0032. A bias factor of 0.35% was bu.lt into tha code.
Usa of the code was later extended to Zircaloy coras. Good agreament

of calculated and maasured values was also reported.uz’

4.0 3ENCHMARK PROBLEM

A benchmark prodlam is included in this r_epoit to demonstrate the
validity of tha mathcd and tha neutron cross section data which were
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32 in the Criticality enalysis of the cask. The bemcamesk X cziculasion
was ;3:-.':.-::-.ed using the IENC anc 2.CTT7 z(13) ccces, &nc the Hansen
NSZoN CToss section processed as d_esc ided in the previou: seciizca.

; sn2 Yankee cnitical experi:nen:s 14 was chosen &s & denchmark
problem Iz its similarnity in the type of fuel and the water-to-urznivm

ratio &s compared with the design aasis fuel used in the cask calculatiens.

The Yankee criticzl assembly was mounted in a stamless steel tank § &
in diamezerand 7 ft high with a ¢ £: bottom extension to accommodate
the lollzwer sections of the centrol rods. The fuel reds used irn the

core were slightl ly enriched DO (2.7w/0) pellets, cled in AiSI-304
s:ainless s:eel and with a t.a’O2 ce‘zsi..y of 10.2 gm/cc. The pellet
cizmeter was 0.3000 inch. The inside dxameter of the stainless steel
tuding was 0.3062 inch with & wall thickness of 0.0161 inch. The
acilve luel length was 48 inches. The pi:ch of fuel rods was 0.47J i{nch
wihich ccrresponds to 3 water-to-m'an_ium volume ratio of 3.87:1 at

solm temperature,

<he {uel rods were not grouped into bundles, but uniformly loaded in
e core. Figure 1 shows the fuel loading diégram fo.r the case chosen fer
this caiculation. Only the outer ring of rods is shown, the center of
't.":e load:ing diagram being filled with fuel rods. There were 4488 fuel

s plus 289 additional unit cells occupied by contral rods. Control
of the core reactivity was provided by nine silver-cadmium control rods
\69.83% Ag, 30.15% Cd and 0.02% Zn) located in the core as shown in
Figure 2. The control rods had a span of 7.812 inches and a blade
thickness of 0.285. The poisoned portion of the control rod was 4§
inches long with 53 inches of aluminum follower below the acive section.

Revised
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FIGURE 1
LOADING DIAGRAM YANKEE CRITICAL EXPERIMENT 3.9:1 CORE
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FIGURE WITHHELD UNDER 10 CFR 2.390

FIGURE 2
YANKEE CRITICAL ASSEMBLY CORE PLATE MATRIX.
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78 Sankad a1 13,35 inches {ar 26.37 c=) from besiem of tze

Lignt watar served ot as moderater anc reflector, Tha axgeriman:
was ::::;:::.;.;:2 ‘f"i:h waler maintainad as ar near the room :empe:;:m-e.
Scric aci< dissolved in water srovidad an alternate control of the cora
curing k2 zrocass of @easuring the reactivity worth of tha csnirel reds,
Tre zeron ceacantrasion in this casa was measurag at 12.5 ppm cf

waser as reported on paga 82 of Refarenca 14,
4.2 Inout Informatigag
\

“ne seomalry which raprasants the Yankae crizical axperiment as usad
<% e XENO caleulation is shown in Figures 3 and 4. The fuel ragicn
was waatad as a homoganaous mixture of ’Joz, clad ard moderator. The
aguivalan: diémate: of tha core 13 92.91 cm. Conirol rods and wasar
Siots adjacent to control rods wera explicitly represanted as shown in
Figura 4 and wera located as shown in Figure 2. Bacause of complaxity
S tais §eslatly, the core was dascribad using a spacial subroutira
Suili iz the coda and known as the generalized gaometry packag:
IGZ0M) . The generalized geometry allows any system which can hg
described by a combination of Planes ard/or quadric surfaces , arbirarily
orientad and intarsecting in any arbitrary fashion. T:a gecmetry input
cards wara chacked out with the use of the PICTURE code prior to usa
iz e KENO prodlem. .

Thzre wera altogether five matarial mixtures in the KENO problem,
namaly:

Mixtura De_sc:'intion
1 - fuel
2 water slots
3 follower
Revised . X-A10

Oct. 1950



FIGURE WITHHELD UNDER 10 CFR 2.390

FIG. 3 KENO GEOMETRY DESCRIPTION OF THE YANKEE CRITICAL ASSEMBLY
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FIGURE WITHHELD UNDER 10 CFR 2.390

FIGURE 4
KENO GEOMETRY FOR CONTROL RODS
YANKEE CRITICAL EXPERIMENT
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Mixture De sgﬁntion
4 "control rod
S reflector -

Table 2 presents the nuclides anc; atom densities in each mixture. The
mixture No. 1 corresponds to medium 1 in GEOM, mixture No. 2 to

medium 2, and so oa.

~ Neutron cross sections.f.or U-235 and U-238 were selected from the
| Hansen and Roach library on basis of the potential scattering cross
~section of a heterogeneous fuel pin cell. Following the procedures
described in Section 3.2, O p* for the Yankee fuel is 75.6 and 2690
barns for U-238 and U-235 respectively.

Thermel disadvantage factors for the Yankee‘fuel pin cell obtained from
TEERMOS are as follows: )

" Group 18 - Group 16
‘Pellet 0.831 0.876
. Clad - 0.879 - 0,857

Moderator 1,040 1,073

The apiaropnate group 15 and 16 fuel region Hansen and Roach cross
sections were multiplied by these factors for fnput into KENO.

Since silver is not included in the Hansen and Roach library, cross
sections of silver were generated from GAM-II and THBRMOS.. (See
_the NLI 1/2 SAR} These cross sections were weighted over the fuel

spectrum.
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The effective neutron multiplication factor obtained from this KENO
calculation {s:0.977 = 0.011 at 35% conlidence level. Detailed KENO
output is prasented in Table 3. The above result yields a bias factor

of 0.023 as compared with unity in the critical experiment.

Similar expariment-theory discrepancies, whara Monte Carlo calculations
with Hansen and Roach cross sactions were used, have been raported
by Dickinson( 5) and Carter(ls) . Monte Carlo calculations with
ENDEF/B-II and ENDF/3-1II cross sections also rasult in discrepancy .
as reported by Blemfan and Clayton. (1 7

ter reviewing a large ‘number and variety of comparisons batween
critical experiment data and the cozresnondj.nq calculated results, -

(8) concluded with the following comments:

Crume

"For our purposes, neutron multiplication factor
valuas of 0.98 from ANISN and DOT calculations
and 0.97 from KENO calculations using Hansen-
Roach cross sactions ara considered to ccrrespend
to actual criticality for systems containing highly
enriched uranium. Tha corresponding values for
low enriched systems may have to be taken ’
somewhat smaller. . —
It should be pointed out that differences from unity such
as thesa are usually quita acceptabla for criticality
safety purposes whereas they might not be nearly
~ S0 acceptabla for purposes of reactor design. This
acceptability occurs for the following reason. If
a system is analyzed using extrapolations of
experimental criticality data or lass sophisticated
calculational techniques than thosa just discussed
it may be necessary to use considerabla conservatism
in applying the results of the analysis. Often,
the amount of consarvatism required will ba so great
~ as to be equivalent to taking a much smaller value
for the critical multiplication factor than the 0.98
or 0.97 indicated abova”.
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In light of the above discussioas, & computation bias factor of +0.023
was estzblished and later was tntroducec into the criticality calculation

of the cask (Se.cticn: 5.2).
5.0 CASK ANALYSIS

Tae me;hods of analysis as described m Section 3.0 were followed in
determining the neutron multiplication factor of the cask ustng KENO.
Additional ANISN analyses were also performed using the methods des~

cribed in the SAR.

5.1 Inout Information . . ) .

S.1.1 KENO Analysis

Figure S shows the 1 PWR cask as modeled in KENO. The actuzl geometry
input for KENO is presented in Table 4. There are altogether six mixtures

representing explicitly the following regions: _ ' .
Mix;:ure ) ' Desecription .
1 . ' Homogenized fuel with the
- mostraactive water/fuel ratio
2 Déepleted uranium -~
3 95% aluminum and S% water:
4 Stainless steel
- 5 Lead ’
6 Water

A reflection boundu.y was imposed at the top and bottom of the fuel and,
therefore, any neutron leakagein the axial direction was neglected.

The atom density of nuclides appearing in various mixtures are given in
Téble S. The depleted uranium is present in the cask to serve 2s one of
the shielding materials. The U-23S content of the depleted uranium was
taken as 0.22% ) .

Revised
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FIGURE 5
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ALTHOUGH A FISSION SPECTRU
A FISSIUN SPECTRUM WILL WE READ FROM CARDS b

TABLE:S .
" KENO CASK ATOM DENSITIES

NEMELTY
3,6ALANERQ2
1} .93“2“({"03
1,40000E~04
3,37611En03
2,10032E=04
5,9%U621,40%
1,20101E402
5:05930103
2.5?';('1."El'03
2,063350Em05
P BOTLAESDY
ToA33IS?E=NN
ToH2876E~07
31005100y
§1,058:800»0¢
Ue172%0E-02
3.32120E~03
1.60060F-03
SebHI00E~02
1,67433E»02
L1o7H140E0%
6b,00150E~02
A,366065E-07%
3.%00900E~02
6,59230L 1002
3.32119E-02

M MAY HAVE NEEN AS

AY

H In moderator
O In modcrator
N1 in modcrator -
Zr

U-235

U-230

O in UO

Hin nOnz-lattlce
O in non-lattice
Fe in non-lattice
Ni in non-lattice

- Cr in non-lattica

Ma in hon-lattice
Zr-in non-lattice
U-235

U-238

H

(o]

. Al

Cr
Mn
Fe
Ni
Pb
H

(0]

. 2
SUCIATED WITH ONE OR MORE INPUT NUCLIDES,
ECAUSE ALL NUCLIDE 10S ARE POSITIVE




The potential scattering cross sections for U-235 and U-2232 in the most
reactive fuel pin cell were found to be 1920 and €9.8 barns respectively
for the PWR'f.,t.\el. Based on these potential scalienng cross sections,

a proper set of cross sections was chosen for U~235 and U-238 from
the Hansen and Roach library. The therr.nal disadvantage faciars for
:*.He'hfuel pin cell determined from THERMOS are:

‘ Group 1§ Group 16
Pellet 0.888, - .. 0.837"
Cled - 7 0.982 ** 0.962
Moderator . v 1.058 ~1.086

These were applied to the thermal cross sections for nuclides appearing
in the fuel region. For nuclides which appear in regions other than the
ho’rnogé::ize:.' fuel, cross sections were taken directly from the Hanser
and Raach library. Infinite dilution cross sections were chosen for
U=-235 ané U-238 in the region of depleted uranium,

.- §.1.2 ANISN Analyses

To examine the expected small effect of cask boundary conditions and
external reflector thickness several ANISN prob:lems were run.- These
were run usihg the methods described in the SAR. The atom densities
used in the analyses are given in Table 6.

'§.2 Results

§.2.1 Single Isolated Undamag.ed Cask

This calculation was for the cask filled with 100°F water, the neutron
shield jacket filled with water, and no neutrons returning from outside

Revised
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PWR fuel:

o

SS
Ni

U=235
U-238

BWR fuel:
H
o
" ss
Zr
U-235
U-238

Revised
Oct. 1990

TABLE §

ATCM DENSITY OF NUCLIDES U
' (atoms/ba:rn - cm)

0.041985
0.033413
0.000039150

0.00016112

0.0037078
0.00021061
0.005393§

0.040761
0.034404
0.00032531
0.0035589
0.00018811
0.0068234

X-A22

SED

N ANI

4

SN CALCUIATIONS

95% A2 Plus 5% Water:

H 0.0033212
0.0016508

—  +.95681

o

)
)

Stainless Stéel
SS 0.08807 '

Depleted Uranium
U-235 0.00010523
U-23‘8 -0.047725

Lead
Pb 0.0330
Water
-H 0.08622
O 0.03311



of the shield jacket. Table 7 presants the XENO output. Ata 95%
cor.fide:z:e: level the effective neutron multiplication factor is

'0.906 +.008. To this 2 computation bizs faector of 6.022 + 0.011 which
was es:abliskec in Section 4.3 from a direct comperison of experiment

and calculated keff ve.lues‘shoul.d be applied. TRhus the corrected effective
multiplication factor of the PWR cask is 0,929 + .014 at 95% confidence
level. The uncertainty is the combined value for the two (critical

-experiment and cask) KENO anzalyses.

$.2.2 An Infinite Arrav of Undamaced Casks

To conservatively déte:mine the rea.ctivity of two adjacent casks,an
ANISN ‘problem similar to those described in the NLI 1/2 SAR was run
with full reflection at the outer edge of the filled neutron shield jacket.
The result is 0,944 which is the same 2s that for 8 single isclated

cask with the shield jacket fuil of water. The ANISN result shows that
the adove KENO result for & single cask is also zpplicable to an '

iafinite array of undamaged casks.

§.2.3 Sincgle Damaged Cask

The only efiect of the hypothetical accident conditiohs on the cask as

far as criticality is concerned is the pofential loss of the extemal

“neutron shield water. The effect of varying the amount of water

~external to the cask shell has been examined with a series of ANISN
calculations assuming the can is filled wi!:h water and zero neutron retumn
at the outer surface of several differént th.tckn_eéses of water surrounéing

. the cask. The results of the analyses are given in Table 8,

" Revised
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TABLE 7

om ~ . * KENO ki OF LI 1 PWR GASK /
~s . .
g8 | - ' | ’ \ . o
S  MIC PWR Ew3,39, ACCIOENY PIVCH ,5949 INCH, §00F - o, ) L .
NO, UF INITIAL X . : T
GENERATIONS . AVERAGE : . 67 PEN CENY 99.PER CENT .. ., . 99 PER.CENT NUHOER 0!
SKIPPED KeEFFECTIVE DEVIATION ©  CONFIDENCE INTERVAL  CONFIOENCE INT2AVAL  CORPIOBHCE INTEAVALI HISTORIE:
3 . 0490813 ¢ OR » 0,00398 0,9021% T0 0,78018¢ 0409047 fﬁ 0493009 | 0409019 YU O ed0Y velde
] 0,90658 ¢ OR « 0400402 0.96253 TO 0,94037 0,0945) TO 0,9105%0 ‘ 0,89449 YO 0,91000 1960‘0
L 0,90615 ¢ OR = 0,000 0,90209 10 0,91024 0,0980% 10 0,91427 0,69397 Y0 0,91034 19530
6 0,90639 ¢ DR » 0,00812 0,90227 10 0,9105¢ 0,09615 YO 0,91463  0,89404 TO 0,91874 192069
7 0,90829 ¢ DR = 0,00418 = 0,90211 YO 0,93047 0,09793 TO 0,914066 0,89574 T0 0,91084 12964
. ] 0,90607 ¢ UR = 0,00424 0,90103 YO 0,91032 0,09750 10 0,91450 0,0933u 1O 0,91881 - §I53¢
> 9 0,90554 ¢ OR « 0,00429  0,90225 TD 0,91003 0,69797 TO 0,91512  0,89360 Y0 0,9394) 16330
EE 10 0,90508 ¢ OR e 0,00433 0,9017§ TU 0,91037 0,89230 10 0,91474 0,09305 10 0,91904 16000
1" " 0490704 ¢ DR « 0,00429 0,90275 JU 0,98132 0,09046 YO 0,91564 0,09437 TO 0,91990 17709
12, 0490612 ¢ OR =« 0,00426 0,90186 YO 0,93038  0,09760 0 0,93465 0,0933% 10 0,9189¢ $7400
17 0,90336 ¢ OR < 0,00437 0,09900 Y0 0,90773 0,09463 TO 0,91210  0,09026 10 0,91647 15900
22 10,9031 ¢ OR = p.ooaab 0,69045 10 0,90702 0;09316 10 0,91251 0,009G7 Y0 0,91720 14400
L}  0,90304 ¢ DR w 0,00504 0,07000 10 0,90006 ° 0,09295 10 0,913)2 04,0079} Y0 0,91616 $2900
1 0.90592 ¢ UH » 0,00531 0,9006% T0 o,%4123 0,09550 10 0,91654 0,80999 10 0,Y2105 11600
TR 0,90098 ¢ OR = 0,00921 E 0,90477 YU 0,94549 0,699%0 10 0,v2039  0,89436 ¥O 0,93940 . 9900
a2 093145 ¢ DR ® 0,00970 \\«0.90515 10 °.9i1|s 0490003 YO 0,92205 0,6943% YO 0,9285S , 8400
a7 0.93131' ¢ OR = 0,00602 0,90530 10 0.51113 0,099:8 T0 0,92335 0,09326 Y0 0,92937 6900
52 0,90697 ¢ OR » 0,00706  0,09991 YU 0,v1404 0,0923% YO 0,92110 0,00570 YO 0,92847 Sudo
5y 0,90907 ¢ OR © 0,00003 0.90024 ¥9 0,91790 0,09141 Y0 0,92674 0,00257 Y0 0,93557 - 3900
62 0.91209 ¢ OR » 0,01209 09,0999 TO 0,%2413  0,007A7 TO 0,95622 ' 0,47970 10 0,94831 2400
sy 0.90569 ¢ OH w 0,002395 0,90343 090624 0,90050 TO 0,81079 0,0930% 10 0,91} 000

( C . | C




ur

TASLE 3

keff OF AN ISCIATZD FWR CASK
VERSUS THICKNESS OF WATER REFLECTOR

k

Thickness of Water eff
Reflector, inch KENO. ANISN
' _0 . ‘  — 0.5438
5 {(desicn thickness=- '

shield jacket full) 0.929 + .014  0.8442

7 e 0.9443
Revised
X-A25 - Oct. 1990



8.0 DiSCUSSION OF RZSULTS

The parzinent }esul:s of the criticality analysis of the NLI 1/2 srent
fuel shizping cask for tha raferance PWR fual loading are summarized
in Table 9. Rasults for both.KIENO and ~XNISN analyses are inclucded,
The XENO rasults were obtained using the Hansen and Roach cross
sactions arcd includa the calculational bias obtainad from the benchmark
problem. The ANISN rasults are all rom a P1-S8 calculation using
Cross se;:tions Zrom G.&.ﬁ-II and TEERMOS. The cask reactivities
daterminad by tha two independant mathods ara in good agreement.

The diffarence may ba 2asily acecounted for by differences in cress
sectidns ahd differencas due to tha 3 dimensional treatment in KENO
versus th2 1 dimensional treatment in ANISN. The comparisca between
tha benchmarked KENO resulis and the ANISN results indicata the
validity of tha ANISN rasults in the SAR. .

The A&ISN results fcr an isclated cask and for an infinita amray of casks
(zero leakage) indicate that there is no diffarence in reactivity between
the two conditions; hence, the isolated cask KENO result is 2lso
applicable to the array of casks. The -raximum reactivity of an amay

of undamaged casks {s therefora less than 0.929 + .014 with 95%

confidanca.

The ANISN results for different amounts of watar external to a single
cask indicata that the cask body effactively isolatas the fuel ragion
from thermal nautron effacts external to the cask. The reactivity of the
-single cask under hypothatical accident condition is therefora no mers

than that given above for normal conditions.

Revised :
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TABLE ¢
SUMMARY OF RESULTS OF CRITICALITY ANALYSIS
NLI 1/2 CASK 1 PWR LOADING

-,

KENO ANISN

Undamaced Cask

Single Cask " .929 + .014%*  0.944
Infinite Array of Casks ) - - 0.944
Dameged Cask . - .

Single Cask
0" Surrounding Water . - - 0.944
$* Surrounding Water

[Neutron shield full) .928 +0.014  0.944.
7" Surrounding Water ' - 0.944

*95% confidence level

. Revised
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10ALP .
10:40) 1988 Nov 14 Wed 1138333

NLI=1/23 ROCKWELL BASKET: mamxs2 rusLs
mooj¢ m‘sw. « 272718 7271941 8 4 2 1
o) «f = Re

NO POISON OR AL3 INF ARRAY
=15 1 0 2000 0 1 32

94241 3.08033 1 3018 2.733=3
13827 1.0-20

1 794238 2T061-6 1 -04239 1.07153 1
1 94240 1.0=20 1 93242 1.0-20 “1 9
2 “n“o u.wnqmuu uu oo‘mo“.ouumw».w 13027 3.01322
3 6 3.3481= 1001 4.43223
” w.“mw “.wwum“ & 28000 1.31553 & 26000 5.99422
3 [ -
§ 32000 3.29932
? “nuu- “.qeun~ ? 292233 1.032:4
BOX Tyt
CYLINDER 3 2,182 1000. =1000. 27+0.5
CTLINBER S 2.284 7000. S1000. 2740.3
CTLINDER 1 2,570 1000 51000. 27¢0.5
CYLINDER 3 2,547 1000. 21000. 27+0.3
CTYLINDER 3 3,239 1000. =1000. 27+0.3
CYLINDER 3 3.366 1000. 51000« 27+0.3
CYLINDER 1 3,453 1000. =1000. 27+0.5
CYLINDER 3 3.729 1000. =1000. 27+0.3
CYLINDER 3 4.341 1000. 21000, 27+0.3
CYLINDER S 4,437 1000. 31000. 27+0.5
CYLINDER 1 4.623 1000. 31000« 27+0.3
CYLINDER S 4.699 1000, 31000 27¢0.3
CYLINDER 3 3,093 1000. 21000. 27¢0.5
CYLINDER § 5.220 1000. “¢DQ°O 27%0,.3
CYLINBER 3 3.715 J000. 31000, 27+0.3
CYLINDER 5 4.191 1000. =1000. 2720.5

CUBOID 3 4.5075 =4.5075" 6.3073 =5.307%
BOX TYPE 2 ’

cusord 2 13.013 0,000 0.1%41 0.000
CudolId & 13.015 0.000 0.7791 0.000
80X TVYPE 3

CUsold 2 0.1441 °0.000 13.01S 0.000
CUSOId & 0.7791 0.000 13.01S 0.000

BOX TYPE &

cuBoId & 0,000 20.433  0.000 =0.833
cusor» 2 0.000 =0.779¢ 3.000 “Ocﬂﬂdd
BoXx yrre S

CYLINDER 3 35.713 1000. =1000. 27+0.5
CYLINOER 3 64.191 1700. =1000. 27+0.3
CUBOID 3 4.30737-3.35075" 4.5075 =6.507%
BOX TYrE §

CusoId 2 0.000 u.uoa.u D.1441 0,000
Cusold 4 0,000 313.015 O.779f 0.000
20X YYPE 7

cusord 2 0.000 ua.‘r»‘ 13.01s 0.000
cusord 4 0.000 S0.7791 13.013 0.000
80X TYPE 8

cunoty 4 0.433 0.000 0.000 20.4833
cusaote 2 n.ﬁﬂom 0.000 0000 =0.7791
CORE 8DY O 13.73%¢

31000. 27+0.
- QQQO 270,93
<1000, 27+0.3

IHENICYLSY 3 19,.309"1000.
ZHEMICYLSY & 9.400 1000.
NZNIN”#F.‘ ? N“.Maﬁ ‘DQO.

4000. 31000.

- 1000.

*1000.

1000. 21000. 27¢0.5

27+0.3
270,53

2740.3
2740.3

1000, 3Y000,
S1000.
1000. =1000.
1000,
1000+

31000.
={000.

270,53
27+0,.3

1000. =1000. 2729.5

1000, 31000 2790.3
1000. 31000, 27+0.5

1000. “nOOOO 27+0.3
1000. “MOQOD 270,83

31000, 27+0.5

1000, “.DOO. 27+0,3

1 313.7981 13.9941 0.00 1000. 51000, 27¢0.3
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!L!é'l!l ROCKVWELL BASKET: RARKAZ PUELZY NO POLISON OR ALZ INF ARRAY

NURBER OF SENERATIONS s "START TYPR 1
NUNBER PER GENEAATION 426 ) 7 " SENERATIONS DETVELW CNECIPOINTS °
NURSER OF GENERATIONS TO BE SKIPPED . "LIST INPUT XISECTIONS Rgap sROM Tare wo
NURSER OF INERGY SROUPS 14 LIST I5B RISTURE X SECTIons o
RA%. NURSER OF EINERSY TRANSFIRS 27 ) L1sT 259 mIzTURE 33sEcTIONS no
RUNBER OF INPUT NUCLINES 1 LIST FISS. AND ABS. BY RESION ne
NunsER oF mITTURES ? _ USE BZSECTIONS FROM PREYIOUS CASE "
" RURBER OF RIIING TABLE ENTAILS 1 : USS CEORETRY FROW PREVIOUS Case "o
NURBER 0F GLOAETRY CARSS g t USE VELOCITILS FRON PREVIOUS CASE ']
nURBER OF ROX TYPRS ’ [ CONPUTE RATRIX KIEFFECTIVE BY URIY 1 1)
NURBER OF UNITS IN & 3IRECTION s o= ConpuTE MATRIZ KIEFFECTIVE BY BOX TIPE WO
NURSER OF UXITS IN T BERECTION T2 LI3T FI3S PROS RATRIN BY UN1T no
NURSER OF UNITS IN T DIRECTION j . ADISINT CALCULATION %0
NURBER OF NUCLIDES READ FROR TAPE ;'C . use nnnunh. TRANSFORR N o
TR 1 eALCULATE FLUX s
SEAREH TYPE L) . CALCULATE PI3SION BENSITIES res

THI3 PROBLEN WILL BE AUN WITH SPECULARLY REFLECTING BOUNBARY CONBITION
THE ALBEDOS ARE X = 1.000000000 =X = 1.000000000 ¢ = $.00000¢000 2¥ = 1.000000000 2 = 1.000000000 at = 1.2

RARINUN TINE = 200.0000 mInuvis \.../
- STORAGE LOCATIONS RESUIRED FOR TNIS JOOD = 29421
RERAINING AVALILABLE LOCATIONSs 40379 -
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MLIz1723 ROCKWELL BASKET: RARKAZ FUEL: RO POISON OR AL3Z INF ARRAY

ARRAY DESCRIPTION
3K 1
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13 ARRAY 12 ENTRIES READ

or

nsen
ANT
nut
nXT
neR
nxXxX
ns
IRES
1eM
178
1PP
176G

NUPRER OF EXTRA CROSS SECTIONS
NUMBER OF NUCLIDES FRON MASTER LIBRARY

NUMBER OF NUCLIDES FROM X~SECT LIBRARY (LOG 2)
NUMBER OF NUCLIDES FROM X<SECT LIBRARY (LOG ™)
ANISN/DOT/MORSE OUTPUT TRIGGER

TOTAL CROSS SECTION POSITION

VITHIN-GROUP SCATTERING CROSS SECTION POSITION
NUMBER OF RESONANCE CALCULATIONS

TABLE LENGTH FOR CROSS SECTIONS

1S AN OLD ANISN LIBRARY NOUNTED ? (O/1:NO/YES)
OUTPUT OPTION TRIGGER .

PRINT CONTROL - ANISN OUTPUT

THE STORAGE ALLOCATED FOR THIS CASE IS 13000 WORDS

23 ARRAY 16 ENTRIES READ
oy
SENERAL INFORMATION CONCERNING CROSS SECTION LISRARY
TAPE IDENTIFICATION NUMBER 6321
NUMPER OF NUCLIDES ON TAPE 22
NUMRER OF NEUTRON ENERGY GROUPS 27
FIRST THERMAL NEUTRON ENERGY GROUP 18
NUMRER OF GAMMA ENERGY GROUPS 0
XSDAN TAPE 4321

27 NEUTRON GROUP LIBRARY
BASED ON ENDF/BD VERSION & DATA
COMPILED FOR NRC
873781
LeM.PETRIE ORNL

NUCLIDES FROM XSDRM TAPE

1 H 1287 F, 1002 T 217 GP 03247°¢2)

2 B=1C 1273 213NGP 042375 p-3 203

3 €C=12 12T4F,1065T 212 GP D3ID476(™)

4 0=16 1276 218 GP 03C476(7)

5 AL=27 1193 218 GP 040375(S)

' CR™ 1171 212NGP WT 1/E P-3 293K SIGP=S+& RE(C42375)

? FE 212GP RE 5-17-73(Y)

3 NI 1190 213NGP WT 1/ P=3 293K SIGP=S+4 RE(D42375)

o PR 1228 218NGP 042375 P-3 203Kk

10 U=-275 1261 S1GP=S+44 NEWILACS 21NGP P=3 203x(Y)

1 U-278 2138GP RE 5=17-78(1)

12 PU-23% 1050 SIGCO=S+4 NEWXLACS P=Y 293K F=1/E=M(1,¢$)

13 PU=-237 1264 SIGP=S+4 NEWXLACS 21INGP P=X 293k

14 PUZ24C 1265 SIGP=Se4 NEWXLACS 212NGP P=3 273x
Page added } X-C2
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0000000 OGKO

41001

5010

4012

801s
13027
24000
28000
28000
32000
92233
922338
94238
94239
94240



1° PU-Z41 1266 SIGP=Se& MEVXLACS 218MGP P-3 293K
1¢ PU=242 1161 SIGP=Se4{ NEUXLACS 218NGP P=3 297k

W 1269 F, 1002 T 218 6P 032475(2) 1001
B-10 1273 218NGP 042175 P-3 293K 5010
€=12 1274F,1065T 218 GP 03C4~6(7) 6012
0-16 1276 213 GP 030476(7) : 016
ALS2™ 1193 218 GP 04CI7S(S) 13027
CR 1191 213NGP WT 1/€ P=-Y 293K SIGP=Se4 RE(04237T) 24000
FE 218GP RE S=17-78(1) 26000

'f't".'O""'..."'t.".i'.‘.."t.""t.....'..t.."‘..".t'.'."‘..."..i"..'

NORESONANCE DATA SUPPLIED FOR 2600C

IKFINITE DILUTION VALUES WILL BE USED
PERE R RGN ORI IO NR AN ORI R OO N U RGNS NERRCE IR NN RERE L0 RERREOSaCEdeeeatencedotaedse

NI 1190 21ENGP WT 1/E P-3 207x SIGP=Sed REC0L2I7S) 28000
PE 12E3 21ENGP 04275 P=X 203K ' 82000
U=23% 1261 SIGP=S+4 KEWXLACS 21ZNGP P-T 293K(3) 92235

'.Q""."'..".""'....'ﬁ.'....'......I..'Q."..."'....'...Q'.'Q".....‘...Q.

NORESONANCE DATA SUPPLIED FOR 2238

INFINITE CILUTION VALUES VWILL BE USED
S N s h e N rIee ittt sitettssttereetntetertrictettttestdtacenne

| U=238 217GP RE S=-17=7R(1) 92238

."."'.."'..'.'."'0.".'.'...’......0'I...."...'.0;"'....'.""'...C.....'.

NORESONANCE DATA SUPPLIED FOR e223L

INFINITE DILUTION VALUES WILL OF USED
bdd A A A4 A A Al A S At A A d il I T Y T Y T Ty T R T s T T rrvwes

PU=2ZR 1N50 SICO=S+4L NEWXLACS P=T 293K F=1/E=-4(1.45) 94228

...'..'.".'.0....'......"......".‘...".'.Q'...'....'..0"..‘..'."...0...".

NORESONANCE DATA SUPPLIED FOR 84238

INFINITE DILUTION VALUES WILL BE USED - :
SRS R E NS RN e N O PR S et RO e N IR OO NN Rt AN O RER PR RO E RS RGO etiNeNittnersetasantttedttand

PU=23C 1764 SIGP=S+4 NEVXLACS 218NGP P=3 203K 94239

B RO PN 0RO e et RRattiNttotttateRenttetetntatesesontectotdssettttesanentaetens
NORESONANCE DATA SUPPLIED FOR 0423°

INFINITE DILUTION VALUES VILL BE USED
P EE RO IER00 RN NE Sttt ittt e0eentttetneedtetttetectetottetdeonstsotattesetdetede

PU=240 1265 SIGP=S5e4 NEWXLACS 21RNGP P=3 273K 94240

.'.'t'.'.'.""'.'..".'..."t.'...".'.".....'..."....Q...l.‘...'.....'......

X-C3 Page added
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NORESCHAKCF DATA SUPFLIED FOR e424C

INFINITE DILUTION VALUES WILL NE USED
AT R R R L L LT L 2 T L e Y Y P R T T TR T T P T P P PP TP PP VTV TP P PPPN

PU=241 10466 SIGP=SeL MEUWXLACS 21ENGP P=3 203K ) 94241

AL AR 2 A AT 22 Al g Al il Il it I P Y P Y R S SR R X s sy

NORESONANCE DATA SUPPL1ED FOR 94241

INFINITE DILUTION VALUES WILL PE USED
R LI L A LAl Il Al L i eI i TR AT T2y Ty O T T T TY T TY TF LY T SO PP PP PDPpyrs

PU~242 1161 SICP=5+4L NENXLACS 21°NGP P=3 203K 94242

BRNNEEN LA ROP RIS ANCI RN UL CORRNAR R RO SN TN AIRER O SARNOSCPACRORGCOPNNRLLORNCRSARTOISOES

NORESOMANCE DATA SUPPLIED FOR 24242

INFINITE DILUTIOMN VALUES WILL BE USED
EE AR A A A A A A A R Al A Al I I L e Y Y I s L L L L T T T Yoy v

ELAPSED TIME 13.39664995 NIN,

Page added X-C4
December 1983



THIS XSDRM WORKING TAPE WAS CREATED
THE TITLE OF THE PARENT CASE IS AS FOLLOWS
2T NEUTRON GROUP LIPRARY

BASED ON ENDF/R VERSION & DATA

COMPILED FOR NRC

TAPE 10 - 4321 NUFBER OF NUCLIDES 16

NUMDER OF NEUTRON GROUPS 27 NUMBER OF GARMA GROUPS o

FIRST THERMAL GROUP 1s

: , TABLE OF CONTENTS
H 1267 F, 1002 T 218 GP 032475(2) . I 1009
B=1C 12°3 213x6P (42375 P=-3 203k Ie so10
C=12 1274F, 10657 218 6P 030476(7) 10 6012
0-16 1276 218 ep 030476(7) 10 e0t6
AL=27 1193 218 GP 040I75(S) ID 13027
CR 1171 298NGP WT 1/E€ P-3 203K SIGP=Se4 RE(DLII?S) : 1 24000
FE 217%6P RE S-17-78(1) 1w 26000
NI 1190 218KGP WT 1/E P=3 203K SIGP=Se4 RE(IL2375) b { 28000
PR 1278 218NGP 042375 P=3 203k . 10 82000
U=235 1261 SI1GP=Se4{ NEVUXLACS 21ENGP P-3 203k(3) . 10 92238
U=-238 218GP RE S5~-17-78(1) 10 92233
PU=23" 1050 SIG0=S+4 NEUXLACS P=3 203K F=1/E=M(1.45) 10 94238
PU=239 1264 SIGP=54&4 KEWXLACS 21BNGP P-2 203k Ip 94239
PU=CLN 1265 SIGPaTe4 MEWXLACS 218NGP P 273k I 94240
PI=241 1266 SIGP=S+4 NEUXLACS 21ENGP P-3 293k ’ b { . 94241
TPUS242 1161 S16P=5e4 NEWXLACS 218NGP P=X 293K 10 94242
X-C5 Page added
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APPENDIX D
SECTION X

Mark 22 Fuel Assenbly KENO Input and Output
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X-pl February 1990



SELT,L STE*MARK22.KENL]

ELT 8R28 (871020 0900:40) 1990 Jan 28 Fri 1315:13

1. 05 NLI-1/2: ROCKWELL BASKETV: MARK22 FUEL: KO POISON : INF ARRAY
2. 05 200. 51 626 52727 12832051 %663 1-121020000 %32
3. o5 6R-1
4. 03 1 -92235 1.9887-3 1 92235 2.33-4 1 92238 2.1426-4 1 13027 5.6357-2
5. o3 2 -92235 2.0283-3 2 92238 2.3275-4 2 92238 2.1391-4 2 13027 5.6343-2
S. 03 3 5010 8.351-3 3 4012 1.083-2 3 13027 3.013-2
7. 05 & 8018 3.3456-2 & 1001 6.6912-2
8. 05 S 24000 1.821-2 5 26000 6.140-2 3 28000 7.773-3
9. 03 &6 13027 6.051-2 .
10. 05 7 82000 3.296-2
". 05 8 92238 4.773-2 3 -92235 1.052-4
12. 05 BOX TYPE 1
13. 05 CYLINDER 4 2.53365 1000. -1000. 27%0.5
14, 05 CYLINDER & 2.60985 1000. -1000, 27+0.5
15. 05 CYLINDER 1 2.9121% 1000. -1000. 27*0.3
16. 05 CYLINDER & 2.9883% 1000. -1000. 27+0.5
17. 05 CYLINDER 4 3.57286 1000. -1000. 27*0.5
18. 05 CYLINDER & 3.74904 1000. -1000. 27*0.5
20. 05 CYLINDER & 4.06400 1000. -1000. 27*0.5
21. 08 CYLINDER 4 4.44500 1000. -1000. 27*0.3
2. 0% CYLINDER & 5.08000 1000. -1000, 27*0.5
23. 0s cuBoId 4 5.512 -5.612 5.5812 -5.612 1000. -1000. 27*0.5
24. 05 BOX TYPE 2 ’
25. o5 cusold 5 0.000 -0.435 0.000 -0.5835 1000. -1000. 27*0.5
26. 05 cusold 3 0,000 -0.787%4 0.000 -0.7874 1000. -1000. 27*0.5
27. 05 BOX TYPE 3
28. oS cusold 3 11.224 0.000 0.1524 0.000 1000. -1000. 27*0.5
29. os CUBOID 5 11.226 0.000 0.7374 0.000 1000. -1000. 27%0.5
30. s BOX TYPE & )
3. as CUBDID 3 4.752 0.000 0.15264 0.000 1000. -1000. 27*0.5
32. 05 CUBOID 5 4.752 0.000 0.7874 0.000 1000. -1000. 27*0.5
33. oS BOX TYPE 5 . :
34. o5 cusold 3 0.1526 0.000 11.224 0.000 1000. -1000. 27*0.5
35. 05 CusBdID S 0.7874 0.000 11.224 0.000 1000. -1000. 27+0.5
36. 05 BOX TYPE &
37. 05 CUBOID 8 0.000 -1.7447 0.000 -3,.489% 1000. -1000. 27*0.5
38. a5 CUBOID 5 0.000 -2.3134 0.000 -5.5270 1000. -1000. 27*0.5
39. 05 CUBOID & 0.000 -4.7520 0.000 -11.224 1000, -1000. 27*0.5
40. 05 BOX TYPE 7
41, oS CUBOID 3 0.1524 0.000 4.7520 0.000 1000. -1000, 27%0.S
L2. 05 CUBOID S 0.7876 0.000 4.7520 0,000 1000. -1000. 27*0.5
43. 03 BOX TYPE B8
4. 05 cusold 8 0.000 -1.5140 0.000 -1.5140 1000. -1000. 27+0.5
45, 1] CUsdId S 0.000 -2.4700 0.000 -2.4700 1000. -1000. 27*0.5
46. 05 Cusold 4 0.000 -11.224 0.000 -4.7520 1000, -1000. 27*0.5
47. as BOX TYPE 9
48. 05 cusotd 5 1.2580 0.000 1.2580 0,000 1000. -1000. 27*0.5
49. 0s CUBOID 8 4.7520 0.000 4.7520 0.000 1000. -1000. 27*0.5
So0. oS 80X TYPE 10
51. 05 CUBOID 4 5.5812 -5.512 5.512 -5.612 1000. -1000, 27*0.5
52. os BOX TYPE 11
53. o5 cusold 5 0.5835 0.000 0.000 -0.435 1000, -1000. 27*0.5
54. os CuBOID 3 0.7874 0.000 0.000 -0.7374 1000. -1000. 27*0.5
55. 05 BOX TYPE 12
s6. 05 cuscld 3 0.000 -0.1524 11.224 0.000 1000, -1000. 27*0.5
57. 0s cusold S5 0.000 -0.7876 11.226 0.000 1000. -1000. 27+0.5
s8. 05 BOX TYPE 13
59. 05 CUBOID 8 1.7447 0.000 0,000 -3.48% 1000. -1000. 27*0.5
60. oS cUsOID 3  2.3134 0.000 0.000 -5.6270 1000. -1000. 27%0.5
8. 0s CUSOID & 4.7520 0.000 0.000 -11.224 1000. -1000. 27*0.5
sa. oS BOX TYPE 14
&3. 0s CUscID 3 0.000 -0.1524 4.7520 0.000 1000. -1000. 27*0.5
64, 05 cUsoId S5 0.000 -0.78764 4.7520 0.000 1000. -1000. 27*0.5
&5. 05 BOX TYPE 15
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“y J o

é6. s cuUsolD & 1.5140 0.000 0.000 -1.5140 1000. -1000. 27*0.5
67. 1] CUsol0 §  2.4700 0.000 0.000 -2.4700 1000, -1000. 27*0.5
68, 05 cusold & 11.22% 0.000 0.000 -4.7520 1000. -1000. 27*0.5
69. 13 BOX TYPE 16
70. s CusolD S5 0.000 -1.2580 1.2580 0.000 1000. -1000. 27*0.5
n. s cusold 8 0.000 -4.7520 4.7520 0.000 1000. -1000. 27*0.S
2. 05 CORE BDY O 16.7634 -16.7634 16.7634 0.00 1000. -1000. 27*0.5
3. 05 ZHEMICYLeY & 25.309 1000. -1000. 27*0.5
T4, 05 ZHEMICYLeY T 30.706 1000. -1000. 27*0.5
5. 05 ZHENICYLSY S5 32,929 1000. -1000. 27*0.5
76. 05 ZHERICYLeY & 45.629 1000. -1000. 27*0.5
7. s ZUEMICYLSY S 46.254 1000. -1000. 27*0.5
78. 05 CUBOID 4 46.27 -46.27 46.27 0.00 1000. -1000. 27*0.5
L 05 & 111 111 113 0
20. 05 3221 111 111 0
81. o 1M331 111 1110 '
&2, o 2 641 111 111 0
&3. s 3551 111 111 0
8. -] 46 661 111 111 0
&s. 05 1111221 111 ¢
8s. ] w221 221 111 0
87. 05 12331 221 111 0
&s. 05 S 649 221 11%v ¢
&9. 05 1 551 221 111 0
$0. 05 6 661 221 111 0
91. 65 %t11 331 111 0
$2. 05 15221 331 111 ¢
3. 05 %331 331 1110
9. 05 7 441 331 111 0
$s. 05 g 551 331 111 0
$6. ] $ 661 331 111 1
97. 05 END KENO.
END ELT. ERRORS: NONE. TIME: 1.777 SEC. IMAGE COUNT: §7

axgr B 421000*KENOC.KENO

Page Added
X-D3 February 1990



NLI-1/2: ROCKWELL BASKET: MARK22 FUEL: NO POISON : INF ARRAY

NUMBER OF GENERATIONS 5N START TYPE 1
NUMBER PER GENERATION . 626 GENERATIONS BETWEEM CHECKPOINTS 0
NUMBER OF GENERATIONS TO BE SKIPPED s LIST INPUT X-SECTIONS READ FROM TAPE NO
NUMBER OF ENERGY GROUPS 27 LIST 1-D NIXTURE X SECTIONS NO
MAX. NUMBER OF ENERGY TRANSFERS 27 LIST 2-D MIXTURE X-SECTIONS NO
NUMBER OF INPUT NUCLIDES 12 ’ LIST FISS. AND ABS. BY REGION NO
NUMBER OF MIXTURES ] USE X-SECTIONS FROM PREVIOUS CASE N0
NUMBER OF MIXING TABLE ENTRIES 20 USE GEOMETRY FROM PREVIOUS CASE NO
NUMBER OF GEOMETRY CARDS 51 USE VELOCITIES FROM PREVIOUS CASE KO
NUMBER OF BOX TYPES 15 COMPUTE MATRIX K-EFFECTIVE BY UNIT NO
NUMBER OF UNITS IN X DIRECTION ] ’ COMPUTE MATRIX X-EFFECTIVE BY BOX TYPE MO
NUMBER OF UNITS IN Y DIRECTION 3 LIST FISS PROB MATRIX BY UNIT RO
NUMBER OF UNITS IN Z DIRECTION 1 ADJOINT CALCULATION NO
NUMBER OF NUCLIDES READ FROM TAPE -12 USE EXPONENTIAL TRANSFORM RO
ALBEDO TYPE 1 CALCULATE FLUX YES
SEARCH TYPE 0 CALCULATE nssxou DENSITIES YES

" THIS PROBLEM WILL BE RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITION

THE ALBEDOS ARE +X = 1.00000+000 -X = 1.00000+000 +¥ = 1.00000¢000 -Y = 1.000004000 +Z = 1. 00000+0C0 -Z = 1.00000+000
MAXIMUM TIME = 200.0000 MINUTES

STORAGE LOCATIONS REQUIRED FOR THIS JOB = 37083

REMAINING AVAILABLE LOCATIONS= 3297

Page Added
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NL1-1/2: ROCKWELL BASKET: MARK2Z FUEL: NO PCISON : INF ARRAY

MIXTURE NUCLIDE

NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
KUCLIDE
KUCLIDE
KUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE

OONOVAVANUWWNNNN - cd oo

-92235
922356
92238
13027

-§2235
92236
92238
13027

$010
6012
13027
8016
1001
24000
26000
28000
13027
82000
92238
~92235

1001
5010
6012
8016
13027
24000
26000
28000
82000
92235
92236
92238

DENSITY
1.98870-003
2.33000-004
2.14260-004
5.63570-002

- 2.02880-003

2.32750-004
2.13910-004
5.635830-002
8.36100-003
1.08300-002
3.01300-002
3.34560-002
6.69120-002
1.82100-002
6.14000-002
7.m°0‘°03
6.05100-002
3.29600-002
4.77300-002
1.05200-004

- CROSS SECTIONS READ FROM TAPE

K 1269 F, 1002 T 218 GP 032475(2)

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

C-12 1274F,1065T 218 GP 030476(7)

0-16 1276 218 GP 030476(7)

AL-27 1193.218 GP 040375(5)

CR 1191 218NGP WT 1/E P-3 293K S1GPs5+4 RE(042375)
FE 218GP RE S-17-78(1)

N1 1190 218NGP WT 1/E P-3 293K SICPuS+4 RE(042375)
P8 1288 218NGP 042375 P-3 293k

U-235 1261 SIGP=5+4{ NEWALACS 218NGP P-3 293K(3)
U-236 1163 SIGO=5+4 NEWXLACS P-3 293K F-1/E-N(1.+5)
u-238 218GP RE 5-17-78(1)
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NL1-1/2: ROCKWELL BASKET: MARK22 FUEL: NO POISON : INF ARRAY
ARRAY DESCRIPTION
Z= 1

1 15 1% 7
13 10 12

8
5 1
& 311 2 3

»r o0
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NL1-1/2: ROCKWELL BASKET: MARK22 FUEL: NO POISON : INF ARRAY
1.07850-004 + OR -
NO. OF INITIAL

LIFETINE =

GEMERATIONS

SKIPPED
é
7
g
¢

10
1"
12
13
14
15
20
25
30
35
40
45

AVERAGE

K-EFFECTIVE

53257
53257
53186
S323
53151
'nm
53220
53118
53242
.53193
.53289
53443
53689
~53354
53186
.53520

* OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR
+ OR

7.38088-007

.00373
.00382
.00384
.00388
.00397
00402
00389
.00385
00375
.00382
00434
.00507
00565
00671
.00903
.01370

GENERATION TIME = 5.89191-005 ¢« OR -

67 PER CENT
CEVIATION CONFIDENCE

.52884 Y0
.52875 10
.52802 10
.52735 T0
52755 10
52686 T0
52831 10
52733 T0
.52867 10
.52810 10
52856 10
.52936 10
53124 10
.52277 10
.52150 10

INTERVAL

53631
-smg
535714
53512
.53548
53489
53609
53504
53517

53575

53723
53950
54254
54026
".54094
54890

X-D7

$.07176-007
95 PER CENT 99 PER CENT NUMBER OF
CONFIDENCE INTERVAL  CONFIDENCE INTERVAL  HISTORIES
.5251% 70 .54004 .52137 10 54378 28080
52493 TO0 54021 S2111 T0 54403 27456
52418 TO 53955 52034 70 .5433% 26832
52347 TO 53900 51959 10 .S54288 26208
.52358 10 .53945 S1961 10 54342 25584
52285 10 53891 51883 10 .54292 24960
52442 TO 53998 .52053 10 54387 24338
52347 10 53889 51962 10 54275 3712
52492 T0 53992 52117 1O 54367 23088
.52428 10 53958 52046 T0 54340 22484
52422 T0 54156 .51988 10 54590 19344
.52430 TO .54457 51923 T0 54964 16224
52559 10 .5481% 51994 TO0 55384 13104
52012 TO 54697 51340 10 55348 9984
51359 10 .55002 .50461 TO .55910 6864
.S0780 10 .56240 49410 TO 57630 3744
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APPERDIX E
SECTION X

Mark 22 Fuel Assenmbly NITAWL Output
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SADD,P STE*MARK22.NITINDUL
18 ARRAY 12 ENTRIES READ

or
NSCM NUMBER OF EXTRA CROSS SECTIONS 0
MuT NUMBER OF NUCLIDES FROM MASTER LIBRARY 12
L1 NUMBER OF RUCLIDES FROM X-SECT LIBRARY (LOG 2) 0
MY NUMBER OF NUCLIDES FROM X-SECT LIBRARY (LOG 3) 0
MCR ANISN/DOT/MORSE OUTPUT TRIGGER 0
Lo TOTAL CROSS SECTION POSITION 0
NS WITHIN-GROUP SCATTERING CROSS SECTION POSITION 0
IRES NUMBER OF RESONANCE CALCULATIONS 0
104 TABLE LENGTH FOR CROSS SECTIONS 0
PN IS AN OLD ANISM LIBRARY MOUNTED ? (0/1:NO/YES) 0
PP OUTPUT OPTION TRIGGER -1
1FG PRINT CONTROL - ANISN OUTPUT 0
THE STORAGE ALLOCATED FOR THIS CASE IS 13000 WORDS
28 ARRAY 12 ENTRIES READ.
or
GENERAL INFORMATION CONCERNING CROSS SECTION LIBRARY
TAPE IDENTIFICATION NUMBER 4321
NUMBER OF NUCLIDES ON TAPE a2
NUMBER OF NEUTRON ENERGY GROUPS 27
FIRST THERMAL NEUTRON ENERGY GROUP 13
RUMBER OF GAMMA ENERGY GROUPS 0
XSORN TAPE 4321
27 NEUTRON GROUP LIBRARY
BASED ON ENDF/B VERSION & DATA
COMPILED FOR NRC
8/3/81
L.M.PETRIE  ORNL
NUCLIDES FROM XSDRN TAPE .
1 M 1269 F, 1002 T 218 GP 032475(2) 1001
2 B-10 1273 218NGP 042375 P-3 293X 5010
3 C-12 1274F 10657 218 GP 030475(7) 5012
4 0-16 1276 218 GP 030478(7) 8018
S AL-27 1193 218 GP 040375(5) 13027
] CR 1191 21BNGP WT 1/E P-3 293K SIGP=5e& RE(042375) 24000
7 FE 218GP RE 5-17-78(1) 26000
8 NI 1190 218RGP WT 1/E P-3 293K SIGPsS5+4 RE(042375) 28000
9 PB 1288 21BNGP 042375 P-3 293K 82000
10 U-233 12561 SI1GPa5+4 NEWXLACS 21BKGP P-3 293K(3) 92235
1 U-236 1163 SIGO=5+4 NEWXLACS P-3 293K F-1/E-N(1.+5) 92235
12 U-233 218GP RE 5-17-75(1) 92238
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H 3269 F, 1002 ¥ 218 GP 032475(2) 1001
8-10 1273 213NGP 042375 P-3 293K } o $010
€-12 1274F, 10657 218 GP 030476(7) 6012
0-16 1276 218 GP 030476(7) 8016
AL-27 1193 218 GP 040375(5) 13027
CR 1191 21BNGP MT 1/E P-3 293K S1GP=5+4 RE(042373) 24000
FE 218GP RE 5-17-78(1) 256000

AR AR AANRNR LA LR RS SRS EAREANRAN LA R AR IR ENERRANSL LR R R ARANE RO RANNACERANAV AR CERAS

MORESONANCE OATA SUPPLIED FOR 25000
INFINITE DILUTION VALUES WILL BE USED

BREENRE RN EREA RN EREARRNCEATARN S BRRN SRR AR R LSRR R RN RARRANEA AR RANCCE RN TARSRNRANES

KL 1190 218NGP WT 1/E P-3 293K $1GP=5+4 RE(042375) ' 28000
PB 1283 218NGP 042375 p-3 293K ’ . 82000
U-235 1261 SIGP=S5+4 NEWXLACS 21BNGP P-3 293K(3) 92235

VEEAR RN AN E RN R RRRN SN LR AN AR B LL LSRN SRS NE AR ROR SN F R AR A A AN R TR RN T AN LA ARV OOIY

NORESONANCE DATA SUPPLIED FOR 92235
INFINITE DILUTION VALUES WILL BE USED

P sy

U-236 1163 S1G0=S+4 NEWXLACS P-3 293K F-1/E-M(1.45) 92236
AL RNERAR RN RRRERECC AN AR AR AN E AR AN AN R LR R RN AR A ERL AR A AANESRE R RN AR E AR ONSORES
NORESONANCE DATA SUPPLIED FOR 92236

INFINITE DILUTION VALUES WILL BE USED

t‘.!."..t'.."'.t'tt.'.it.ttt..t.‘".t‘t".*.'.".tt.t.ﬁ.."'.t‘l"'l.t'l.‘.’t'

U-233 218GP RE 5-17-7B(1)

RAERERECE LR R RN R RN RN AR R NN EN AN R AN IR RN R AR R RN R RNERRA NN R A RN RS AAARNER RN AR RRAEST

NORESONANCE .DATA SUPPLIED FOR 92238
INFINITE DILUTION VALUES WILL BE USED

VEALEEEERAEARRNES AT EADARNAE AL AR AASNCRER AR ERN VR CRANANA NSRSV E SN RN RAAARARCEERANER

ELAPSED TIME  10.13243330 MIN.
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THIS XSORN WORKING TAPE WAS CREATED

THE TITLE OF THE PARENT CASE 13 AS FOLLOWS

27 NEUTRON GROUP LIBRARY .
BASED ON ENDF/B VERSION 4 DATA
COMPILED FOR NRC

TAPE 1D 4321 NUMBER OF NUCLIDES 12
NUMBER OF NEUTRON GROUPS r 14 NUMBER OF GAMMA GROUPS 0
FIRST THERMAL GROUP 15

TABLE OF CONTENTS

N 1269 F, 1002 T 218 GP 032473(2) 10 1001
B-10 1273 218NGP 042373 P-3 293K 10 5010
C-12 1274F,1065T 218 GP 030475¢7) 10 6012
0-16 1276 218 GP 030475¢7) 10 8018
AL-27 1193 2138 GP 040375(S) : L+ 13027
CR 3191 218NGP WT 1/E P-3 293K SICPaS+4 RE(042375) 1D 24000
FE 213GP RE 5-17-78(1) . 10 25000
NI 1190 21BNGP WY 1/E P-3 293K SI1GPs5+4 RE(042375) 10 28000
PB 1283 218NGP 042375 P-3 293k 10 82000
U-235 1261 SIGP=5+4 NEWXLACS 21BNGP P-3 293K(3) : b 92235
U-236 1163 S1GO=5+4 NEWXLACS P-3 293K F-1/E-M(1.45) 10 92235
U-238 218GP RE 5-17-78(1) 10 92238
2BRKPT FRINTS '
Page Added

February 1990 . X-E4



APPENDIX F
SECTION X

Computer Input and Output for
Fermi-1 Fuel and EBR-1I Blanket Fuel
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NITAWL - FERMI-1 NORMAL OPERATION

Q'KE.HO 0“27
1C S7/717736 1G:258:17 (22)
19 138 Q1?7 S22 22 -1 231
19 2SS 92238 =592233 92235 =592235 30146 =555031 1001 =-5%5Q011 13027
13 40C00 24C00 22003 26c0C 82500 5010 6912 62300
el 3es 92238 294, 2 o1880 34646 70436 2.932=2 1 93 2422 1 32 1.5
19 592233 294. 2 Sel SeCJ 2C.D 47732 1 32 32 1.2 7
RQRS: NONE. TIME: CJ.3CZ SECe IMAGE COUNT: S
- iN CONTROL MODg
“ITAWLMNITANL : N

Page Added
Oct. 1990 X-F2



NITAWL - FERMI-1 NORMAL OPERATION (Continued)

THIS XSDRN WORKING TAPE wWAS CREATED
THE TITLE OF THE PARENT CASE IS AS FOLLONS
<7 NEUTRON GROUP LIERARY

BASED ON ENDF/B VERSION & DATA

COSMPILEC FOR NRC S |
TAPE IO 4321 : NUMBER OF NUCLIDES

NUMBER OF NEUTRON GROUPS 27 RUMBER OF GAMMA GROUPS
FIRST THERMAL GROUP 15

TA3LE OF CONTENTS
H 1269 F, 1002 T 212 6P 032475(2)
H 1269 F, 1002 T 218 GP 532475(2)
5=13 1273 213NGP (42375 P=3 293k
C=12 1274F,1065T 218 GP 0Q30476(7)
d=1¢ 1276 218 6P 0Q30476(7)
0=1¢6 1276 218 Gp 030476(7)
AL=27 1193 218 GP §40375(S)
CR 1191 Z18RGP WT 1/E P=2 292K S1GP=5+4 RE(D4L2375)
FE Z1EGP RE 5=17=78(1)
N1 119C 21ENGP WT 1/E P=2 293K S1GP=5+4 RE(J42375)
IRC(NAT) 7141 21 NGP WT FISC0,1T020)=1/E~MAX P=3
MO (1237) SIGP=5+4 NEWXLACS Z1ENGP F=1/E=M P=3 293X
P& 1423 <128NGP 042375 P=3 293k
L=2X% 1261 SIGP=5+4 NEWXLACS 218NGP P=3 Z93K(3)
5-23. 1261 31GP=5+4 NEWXLACS C18NGP P=3 293k(3)
u=23¢ 218GP RE 5=17-78(1)
u=22C Z13GP RE 5=17=-78(1)

KPT PRINTS

' Page Added
X-F3 : “Oct. 1990



XSDRNPM - FERMI-1 NORMAL OPERATION -

ENO.X27
0217736 11219219 (139)
15 XSORNPM FOR FERMI=1 METAL FUEL
17 138 2 3 20 13 3 39 83 3 1 2R10 FO
15 238 -2 FO
13 3ss 1 32 1000 22 1 F2
15 438 =1 27 0 =2 ET
17 1353 3R1 2 2R3 11RT 11R2 11R3

13 1633
15

17

19 15%»
15 33s»
16 35»
15 35638
12 230
1$ 39ss
13 40ss
12 5183
15

-2 NCNE. TIME:

<NPMJXSDRNPM

Page Added
Oct. 1990

92235 92238 42CCO 4C000 555081 555011
3016 1001 82000 24CQJ 28000 24CQ0

13027 5010 6012 592238 592235 2a11
1;0518-2 2e?32=2 1.087=2 40227=2 3346612 8.5922=2 F1.=15 T
Flead T
9100 138 .139 71,2207 3633

10R1 2R2 3R3

1CR1.J3 C.0 f1.0

12132 '

F2 ’
123456789 10 11 12 13 14 15 16 17
13 19 20 21 22.22 24 25 28 27 71

30278 SECe IMAGE COUNT: 13

X-F4



'XSDRNPM - FERMI-1 NORMAL OPERATION (Continued)

SALDOEP 998CC4L*KENO.X27
XSDRNPM FOR FERM1=1 METAL FUEL

1S ARRAY 15 ENTRIES READ
| 2% ARRAY 10 ENTRIES READ
IS ARRAY 12 ENTRIES READ
43 ARRAY 9 ENTRIES READ
o1 '
OIRECT ACCESS FILES ASSIGNED ~ )
1GC6 =OR0S PER RECORD ON UNIT 8 1 PHYSICAL RECORDS PER LOGICAL
EEC WORDS PER RECORD ON UNIT ¢ 10 PHYSICAL RECORDS PER LOGICAL
1500 wORDS PER RECORD ON UNIT 10 1 PHYSICAL RECORDS PER LOGICAL

GENERAL PROBLEM CESCRIPTION DATA BLOCK
GENERAL PROBLEM DATA

IGE 1/70/2 = PLANE/CYLINDER/SPHERE 2 ISN GQUADRATURE ORDER

IZM  NUMBER OF CZONES 3 ISCT OROER OF SCATTERING

M NUMEER OF SPACIAL INTERVALS 23 IEVTY Q7172737415763 /K/ALPHA
IBL C/1/27/3 = VACUUM/REFL/PER/WHITE 1 IIM  INNER ITERATION WAXINUM
IBR RIGHT BOUNGARY CONDITION 3 1CM  OUTER ITERATION “AXIMUM
MXX NUMBER OF MIXTURES 3 ICLC =1/C/N==FLAT RES/SN/QPT
S . MIXING TABLE LENGTH 37 ITH 0/1 = FORWARD/ADJOINT
IGM NUMBER OF ENERGY GROUPS 27 IFLU C/1727374m =S/ 1S dll=N
NNG NUMBER OF NEUTRON GROUPS 27 IPRT =c/=1/C/N=MIXTJURE XSEC

ID1 QO/71/273=N0/PRT ND/PCH N
IPET =1/3/71=NONE/FINEZALL 2A

NGG NUMBER OF GAMMA GROUFS
IFTG NUMEBER OF FIRST THERMAL GROUP

(VRS

-h

SPECIAL JPTIJNS

IFG C/1 = NONE/WEIGHTING CALCULATION 1 IPN DUMMY PARANETER

IQM VOLUMETRIC SCURCES (J/NSNO/YES) . IDFM J/1 = NONE/DENSITY FACT
.IPM ZOUNDARY SOURCES (O/N=NO/YES) J 1AZ G/N = NONE/N ACTIVITIES
IFN /2172 = INPUT 33«/242/UYSE LAST b IAI J/1=NONE/ACTIVITIES SY
ITMX MAXIMUM TIME (RMINUTES) 10032 IFCT J/1=NCG/YES UPSCATTER SC

IDTY G/173/73=N0/XSECT/SRCE/FLUX==QUT J IPVYT J7172=NO/K/ALPHA PARAME
' «EIGHTING DATA (IFG=1)

ICOK =1/071=CELL/IONE/REGION WEIGHT =1 IRTF TOTAL XSECT PSN IN 8RO

IGMF NUMBER OF BROAD GROUPS 27 NDSF PSK G=G OR FILE NUMEER
ITP  3710720720/40 Q/C/S/7AC/A 3 NUSF TABLE LENGTH OR MAX QRO
IPP =2/=1/0/N=WGTED XSECT PRINT =2 2SCM EXTRA 1=D X=SECT POSITI
IAP  =1/N ANISN XSECT PRINT =1

FLOATING POINT PARAMETERS

Page Added
X-F5 Oct. 1990
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9120-60001° 252266
910-C0001* 2109
916-C0008° 010
%172-00001° 22051
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%1C-2000L° €oce?
912-£0001° €20%2
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"1 C=C00D1° 1001
%10-00001L° 108
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»1£-00001° gs226¢
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XSDRNPM - FERMI-1 NORMAL OPERATION (Continued)

QUTER INNER BALANCE UPSCATTER RATIO EIGENVALUE

1 254 1.6300026+0C0 Te7662534~301 1.1301459+300

- 431 1.200C027+C00 1.C707040+000 1662947424300

2 701 1.CCoCC28+000 1.0299312+200 1.5103499+30C

4 E764  1.0000029+00C 1.5113186+230C 1.5285615+300

s $6s 1.20C0C22+60C 1.0033013+200 1.5323223+30C

& 1CSE 1.000CC2e+5CC 1.0006782+000 1.5326419+000

7 1Gée 1.3000C<8+C00 1.0000592+2300 1.532752C+3J08
GRP. 1 REQUIRED 1 ITERATIONS. MFD OF E.30392=005 OCCURRED
GRP. 2 REQUIRED 1 ITERATIONS. MFD OF 6464391=005S OCCURRED
GRP, I REQUIRED 1 ITERATIONS. MFD OF 4.649530-~005 OCCURRED
GRPs & REQUIRED 1 ITERATIONS. MFD OF 6+77308=005 OCCURRED
GRP. S REQUIRED 1 ITERATIONS. NFD OF S.856760-005 OCCURRED
GRP. 6 REQUIRED 1 ITERATIONS. MFD OF S.87569-005 OCCURRED
GRP, ? REQUIRED 1 ITERATIONS. MFD OF 4.78808=C05 OCCURRED
GRP. S REGUIRED - 1 ITERATIONS. MNFD OF &.52717«G0S OCCURRED
GRP. 9 REQUIRED 1 ITERATIONS. MFD OF 5.06186=C05 OCCURRED
GRP. 10 REQUIRED T ITERATIONS. MFD OF 5.31321=005 OCCURRED
GRP. 11 REQUIRED 1 ITERATIONS. MFD OF 4,.,89183«G05 OCCURRED
GRP. 12 REQUIRED 1 ITERATIONS. MFD OF S.86715-005 OCCURRED
GRP. 13 REQUIRED 1 ITERATIONS. MFD OF S.63124=005 OCCURRED
GRP. 14 REQUIRED 1 ITERATIONS. MFD OF 5.10950-005 OCCURRED
GRPe 15 REQUIRED 1 ITERATIONS. MFD OF 1.91663=005 OCCURRED
GRP. 106 REQULRED 1 ITERATIONS. MFD OF <C.11288~00S OCCURRED
GRPe 17 REGUIRED 1 ITERATIONS. MFD OF 2.56110=00S5 OQCCURRED
GRP. 13 REQUIRED 1 ITERATIONS. MFD OF 2.64325=0CS OCCURRED
GRP., 19 REQUIRED 1 ITERATIONS. MFD OF 2.36228=00S QCCURRED
GRP. 20 REQUIRED 1 ITERATIONS. MFD OF 2.44632=C0S CCCURRED
GRP. 1 REQUIRED 1 ITERATIONS. MFD OF 3.77428=005 CCCURRED
GRP. ¢ REGQUIRED 1 ITERATIONS. MFD OF 2.8650C=0CS OCCURRED
GRP. &3 REQUIRED" 1 ITERATIONS. MFD OF 1.86630=005 OCCURRED
GRP. 24 REQUIRED 1 ITERATIONS. WFD OF 3.30656=005 OCCURRED
GRP. 25 REQUIRED 1 ITERATIONS. MFD OF 5.13642=005 OCCURRED
GRP., o REQUIRED 1 ITERATIONS. MFD OF . 2.20517=C0S OCCURRED
GRP, 27 REQUIRED 1 ITERATIONS. MFD OF 1.7%842-00S5 OCCURRED

< 1112 1..000C28+003 1.0000474+20C 1.53285C7+309

FINAL MINITOR LAMBDA 1.532%8135+0G0
ELAPZZID TIME

£49021832% mING

X-F7

LANEBDAY
1.0788429+0C0
132765724000
1.3552144+0C0
1.3115772+200

eolc2511+0CC
1.,JCG1417+0C3
1.J00CS75+0C0
IN INT. 20
IN INT. 2C
IN INT, <O
IN INT., 20
IN INT. 20
IN INT. 20
IN INT., <O
IN INT, 0
IN INT. 17
IN INT. 16
IX INT., 1%
IN INT. 15
IN INT. 1§
IN INT, 1§
IN INT, 1
IN INT. 1
IN INT 1
IN INT. 1
IN INT. )
IN INT., 1
IN INT. 1
IN INT,. 1
IN INT, 1
IN INT. 2C
IN INT. ¢
IN INT. 2C
IN INT. 17
1.3000511+3C2

€co:
€0

. CO¢#

co:
co»
co:
(o o]
€os
co.
cc.
co.
ce.
co.
co.
€S
co.
co.
ca.
co.
Co¢
co.
co.
€9,
(¥
co,
co.
€O

ANGULAR FLUX ON
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KENO - FERMI-1 NORMAL OPERATION (Continued)

FOUR ASBL SASKET FOR FERMI=1 FUEL, 040 30RON

NUMBER OF GENERATIONS 56 ‘ START TYpg

NUMBER PER GENERATION 403 GENERATIONS BE
NUMBER OF GENERATIONS TO BE SKIPPED s ‘ LIST INPUT Xx=§
NUMBER OF ENERGY GROUPS 27 LIST 1-p MIXTU
MAXe NUMBER OF ENERGY TRANSFERS .27 LIST 2=0 “IXTUY
NUMBER OF INPUT NUCLIDES ‘ 17 _LIST FISS. ANC
NUMBER OF MIXTURES r , USE X=SECTIONS
NUMBER OF MIXING TABLE ENTRIES 1 USE GEOMETRY F
NUMBER OF GEOMETRY CARDS 2s USE VELOCITIES
NUMBER OF BOX TYPES 8 COMPUTE MATRIX
NUMBER OF UNITS IN X DIRECTION ‘ COMPUTE MATRIX
NUMBER OF UNITS IN 'Y DIRECTION 2 LIST FISS PROS
NUFBER OF UNITS IN Z DIRECTION | 1 ~ ADJIINT CALCUL
NUMEER OF NUCLIDES READ FROM TAPE - -17 , USE SXPONENTIA
ALBEDO TYPE 1 CALCULATE FLUX
SEARCH TYPE ' 3 CALCULATE FISS

THIS PPOBLEM WILL EE RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITION
THE ALEEDOS ARE ¢x = 1,000004000 =X = .33C02 Y = ,302C0 -y £ 1,0320%+
WAXIMUM TIME = 200.0000 MINUTES ’

STORAGE LOCATIONS REQUIRED FOR THIS J08 = 2¢76%
REMAINING AVAILABLE LOCATIONS= = 375237

Page Added -
- X-F9 Oct. 1990



KENO - FERMI-1 NORMAL OPERATION (Continued) ~

FOUR ASBL BASKET FOR FERMI=! FUEL, .040 30ROY

MIXTURE

CROSS SECTIONS READ FROM TAPE

NUCLIDE
NUCLIDE
NUCLIDE
MUCLIDE
NUCLIDE
NUCLIDE
NMUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE

Page Added
Oct. 1990

NNOCOUNE P HUWNNP - b b b ad -

NUCLIDE

~92235
92223

© 420CC0
4CC00
$55C1
5550281
5c10
6C12
13027
8016
1001
240C0
¢8Ca0
260CC
13027
82900
592238
=592235

1801
3501
5010
6012
2016
55021
13527
24C00
26000
23Gco
43C0C
423CC
320co
92235
$92235
92223
592233

DENSITY
2.73620-003
7.34910-003

- 291000~0C3

1.58060-003
4465150-002
2.22580-002
8.36100-002
1.02300-002
3.01300-002
3.3461C-002
6.569220-002
1.839C0-002

"1.81500-0C3

5.99400-002
6.02600-002
2.29900-002
«773C0=002
1.05200-004

H 1289 F; 1202 T 213 6P 032675(2)

H 1289 F, 1032 T 2138 6P 032475(2)

B=10 1273 213NGP 242375 pe3 293k

C=12 1274F,1045T 212 6P 02046786C7)

0=16 1276 218 GP 03C475¢(7)

0=18 1276 218 5P 2330475¢C7)

AL=27 1193 212 GP 342375(S)

CR 1191 218NGP WT 1/8 P=3 293x SIGP35+4 RE(D4237S)
FE 213GP RE S=17-73(1)

NI 1190 218NGP WT 1/ P=3 293k S1GP=5+4 RE(J42375)
IR(NAT) 7141 21 NGP WT FIS(2.1T7020)=T/E=4ax P=}

MO (1287 SIGP=S5+4 NZWXLACS 213NGP Fel1/E=m P=X 231y
1] 1238 213INGP 042375 p=3 293K

U=235 1261 SIGP35+4 NEJXLACS 21aNGP P=l 3% ()
U=235 1261 SIGP=5+4 NEJXLACS 218NGP P=3 293Ix(3)
U=233 213GP RE S5=17-72(1)

U=223 293GP RE S=17=73(1)

X-F10 ~.



Koot

KENO - FERMI-1 NORMAL OPERATION (Continued)

FOUR ASBL BASKET FOR rgnnx-1 FUELs +040 30RON

ARRAY DESCRIPTION
1= 1

~ Page Added
- X-F11 Oct. 1990



KENO - FERMI 1 NORMAL OPERATION (Continued)

) N
FOUR ASBL BASKET FOR FERMI=1 FUEL, .040 30RO
LIFETI®E = 9,71350-C05 + OR = 1.02787-026 GENERATION TIME = 4.G7517
NOe OF INITIAL
GENERATIONS AVERAGE $7 PER CENT 95 PER
' SKIPPED K=EFFECTIVE DEVIATION CONFIDENCE INTERVAL CINFIDENCE
6 180637 + or - -00%80] 30158 TO 31117 79678 TO
7 .30584  + OR = 00487  .80197 TO L31171 73710 To
8 «30459 + OR = ,L,00497 «30182 TO .3115% e738466 TO
0 "«3C613  + OR - .00505 80103 TO .31113 «79633 1o
1€ .80702 + OR - ,00508 20193 TO .3121C 77535 TO
11 .368056 + OR = .00510 .80056 TO .31117 «79525 10
12 +80641 » OR = - ,00521 30120 To 31162 .79595% To
12 .2C763 + OR - .0CS18 «80245 TO .81281 737260/
12 .80725 ¢ OR = .C0529 20196 TO .31255 79866 T2
1€ 30831 + OR - .00522 30200 TO .31353 79758 To
22 80765 + OR - .00533 30232 TO .81299 .79899 TO
zs 30640 + OR = .00599 .8C341 TO .81213 $?3642 TO
10 30738+ OR = ,00695 «30342 TO  .83143¢ .?73122 T2
e «30975  + OR = .C0740 30235 TO .31716 RITETAR Y
(X 81444 + OR = ,CO900C ¢80544 TO .3234s 77844 TO
“s 80389 + OR = .01150 79238 TO 31539 .78228 10
s¢ .20858 + OR = .01406 J79451 TO  .32264 .7324% TO
Page Added
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FOUR ASBL BASKET FOR FERMI=1 FUEL, 040 30RON, NO MODERATOR IN FUEL

LIFETIME = 1.12831-0C4 + OR = 1.16662-C36
NO. OF INITIAL
GENERATIONS AVERAGE
SKIPPED X=EFFECTIVE DEVIATION
& .65500 OR = .00477
7 65515 OR = .00435
a 2854563 OR = 00454
9 65521 OR = ,C0501
10 65615 OR = .0053C
11 65294 OR = .00496
12 \ 65205 + OR-= ,C0500
13 65338 OR = .00493
14 65180 OR = .00478
1% «552464 OR = 00482
20 65525 OR - .00513
25 65111 OR = .00557
0 64524 OR - .00524
35 84595 OR = .00534
“C 64900 OR = .00685
“s «65082 OR = .00802
50 66331 OR = .01152
Page Added
Oct. 1990 X-F14

KENO - FERMI-1 - NO MODERATOR (Continued)

57
CONFIDE

65023
«65229
054969

.65020

54915
284797
84706
84345
«54702
«84734
65312
84554
+»54000
86361
054238
54279
«83179

GENERATION TINE =

PER
NCE

T0
T0
T0
70
T0
TO0
TO
TO
T0
T0
T0
TO
TO
T0
T0
TO

T0

CENT
INTERVAL

2485977
«486002
«85957
«56022
55914
«55790
55705
65331
«835658
«55743
«56023
85667
85043
«85129
0555645
65235
055482

5.35320-

95 PER ¢
CONFIDENCE 1

086546
066542
0606475
«56519
544614
«564301
e56256
+64352
0646224
«$6302
«56499
«63997
«83476
063527
«62571
«63476

62227

TO
TO
TO
T0
TO
TO
TO
TO
LN
TO
TO
T0
TO
TO
T0
TQ

TO



J+KBO3IUOFER
117486 20:213:12 (D)

30

KENO - FERMI-1 BORON SENSITIVITY

FOUR ASEBL BASKET FOR FERMI=-1 FUEL, J30 30RON

30 200. 50 403 6 27 27 17 7 18 25 8 « 2 1 =17 1 3 2000 0 % &2

20 =1 0 0 3IrR=1

-0 1 =92235 2.180=3 1 62238 6.124=3 1 42000 2.286=3

J0 1 40000 1.242-3 1 555011 5.08%<«2 1 5550381 2.545=2

30 2 S010 6¢271=3 2 6012 1.083=-2 2 13027 3.,013=2

o'+ 3 8016 3.3461=2 3 1007 6.4922=2

-0 4 24000 1.839=2 & 28207 1.815=3 & 26000 S.994<2

z0 s 13027 6.026=2

o] é 82000 3.299-2

50 7 7 592238 4.773=2 =592235 1.352=¢

50 BOX TYPE 1 .

a0 cusolr 1 7.620 0.300 7.620 2J.0C0 1003, =1000. 27¢9,5

z0 CUBOID I 10160 <=2.54 10.160 =2.54 1003 =10C0. 2729,S

<0 BOX TYPE 2

20 CUBOID 2 11,438 0.3C0 2J.1441 9,000 1003. =1000. 27+3,5

z0 cusolIo & 12,700 0.300 0.7791 0.000 1003J3. =1000. 27+9,.5

<0 BoX TYPE 3

o0 CusoIp 2 J.1441 0,300 11,438 0.0C0 1003. =1C0C. 27¢9,5

20 CuBoId 4 Q0.7791 0.0300 12.700 - 0.000 1003. =1C00. 27+9,.5

20 80X TYPE &

<0 cueolp & C«000 =0.53S 0.000 =2.63S 1303, =1000. 27+0.%

30 cueclip 2 0.000 =0.7791 0.000 =0.7791 1002, =1000. 27¢19.5

20 goOXx TYPE S

ce CUBO1D 1 T.62C 0.300 7.620 0.000 1003. =1000. 2720,.5

co CUBOIP 3 10.160 =254 10160 <2.5¢4 1003« =1000. 27¢2,5

a0 BOX TYPE & :

<0 CUBOID 2 J.000 =11.,428 J.1441 0.000 18C3J. =1000, 27¢9.5

S0 CUBCIC 4 0.000 =12.700 12.7791 0.000 1003. =1000. 27+0.5

20 80X TYPE 7

<G CUBOID 2 30.000 =0.7441 11.438 0.00C0 1003. =100C. 27+9,5

20 Cuso0IdD & 0,000 =-0.7791 12.700 0.000 100J. =1C30. 2729,5

<0 BOX TYPE 8§

<0 Cueolo & 0.625 CT.300 0.000 -0.635 1€0J3. =1C00, 2700,

<0 cusoIp 2 C.7791 0.300 0.000 =0.7791 1C0J. ~10030. 27¢2.5

c0 CORE BDY T 13.4791 «13.4791 13.4791 3.30 1000. =1000. 27¢3.5

30 ZHEMICYL*Y 3 19,326 1000. =100C. 27+0.5

50 THEMICYLeY & 19,394 1000. =1000. 27¢0.5

20 THEMICYL*Y 7 25,309 1000. =1000e 27*0.5

<0 IMEMICYLeyY 6 30.706 1000. -=1000. 27+0.5

30 ZHEMICYL*Y & 32,93 10030. =1000. 27+¢0.5

20 IHERICYL*Y 3 45,629 1000. =1020. 27+3.5

<0 THEMICYL*Y & 4&é6.264 1200, =1000. 27+0.5

to CUBOID 3 63. =63, 63. 5.30 1000. -13900 27'3.5

s 1 461 221 111 030

<0 2 441 1T1TT1T TT1TYT1T 5

<0 2 331 221 111 3

cao 46 331 111 1171 19

Q0 S 1t11 221 111 19

(o]s] 6 111 1T%¢1T 111 23

00 7 221 221 111 0

00 g 221 111 111 1

00 END KENO.

: NORE. TIME: 0.402 SEC. IMAGE COUNT: S3 Page Added
- X-F15 Oct. 1990



FOUR ASDL BASKET FOR FERMI=1 FUEL, +03C 30RON

KENO - FERMI-1 BORON SENSITIVITY (Continued)

LIFETIME = 1.0251§-006 + OR = 1,13177=036

NOe OF INITIAL

GENERATIONS AVERAGE

SKIPPED K=EFFECTIVE DEVIATION
6 31949 ¢ OR = ,00492
? «832057 + OR - ,00491
3 »32040 + OR = L,00503
9 +318333 + OR - ,00489
10 31730 + OR = ,00491
11 «831714 +*+ 0R = L00499
12 +31732 + OR = ,L,0Q507
12 31746 + OR = ,00520
14 .31727 + OR - ,L,00534
15 «831405 + OrR - 00535
2C »315%14 '+ OR - ,00573
25 .8?603 + 0R = .00505
30 «31795 + OR -. «00437
35 «831394 + OR - ,00602
43 «32304 + OR - 00839
45 «31852 ¢+ OR -~ ,00592
Page Added
Oct. 1990 X-F16

87
CONFIDE

«31457
31565
81537
81393
31289

31215

«81275
«31226
»31193
.31070
»30941
«30898
«31297
e3129¢
31467

.31259.

GENERATION TIME = 432614

PER

NCE

TO
T0
TO
T0

T0

TO0
T0
TO
T0
T0
T0
T0
TO
TO

TO

T0

CENT
INTERVAL

032441
»32548
«32543
«82372
«82270
«82212
»32239
+82266
282261
«32140
«32087
«31908
»32292
232496
33145

032645

?5 PER ¢
CINFIDENCE .

83985 TO
81074 TO
81034 To
83904 T0

«33799 TO

- «83716 TO

«33768 71O
«83707_J
«2834659 TO
«83535 TO

[+ }

8

w
L7 ]

68 10

9

(¢ ]
(9]
“w
[T ]

. TO
«28J820 10
«3J69C TO
82627 TO

«83666 TO



NITAWL - FERMI-1 HYPOTHETICAL ACCIDENT

eCCL*KENQSNSTHA
(764Q1C C?/167486 12:27:C1 (24)
<G 188 J 17 52 2 ¢ =10 T

2SS $2238 =592238 $2235 =592235 8016 =555081 1001 =555011 13327
40000 24000 28300 25C00 82000 5010 6012 42900 '

Sew 92238 294 2 <1880 o1741 $2e56 2.932=2 1 96 2422 1 32 1.3
592238 294e J 0ol 0e00 20e0 4e773=2 1 32 32 1.5 T

[N YN YN X
OoOran

ERRORS: NONEs TIME: 04253 SECe IMAGE COUNT: §

.RED = IN COUNTROL MOpE

Lol enNITAWL oNITAWL

. Page Added
X-F17 Oct. 1990



NITAWL - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

THLIS XSDRN WORKING TAPE WAS CREATED
THE TITLE OF THE PARENT CASE 1S AS FOLLOWS
7 NEUTRON GROUP LIBRARY
BASED ON ENDF/B VERSION & DATA
COMPILED FOR NRC : '
TAPE 1D : 4321 NUMBER OJF NUCLIDES
NUMBER QF NEUTRONM GROUPS 27 : NUMBER OF GAMMA GROUPS

FIRST THERMAL GROUP _
o 1289 F, 1002 T 212 6P 322475¢2)

' 15
TASLE OF CONTENTS

H 1269 F, 1002 T 218 &P 032475(2)
2=1C 1273 21ENGP 042375 P=3 293X

C=12 1274F,1G45T 218 6P 030474¢7)

0=16 1275 213 GP 020475(7)

0=16 1276 218 5P 03C476(?)

AL=27 1193 218 GP 140375(5) o
CR 1191 218NGP WT 1/E P=3 293K SIGP=5+6 RECJ42375) ~
FE 218GP RE 5=17=73(1) . .

K1 119G Z15NGP UT 1/ P=3 293K SIGP=5+4 REC062375)

ZRINAT) 7141 21 NGP WT FIS(0.17020)=1/8=MAX P=3

MO (1227) S:GP=5+¢4 NEWXLAES 213NGP F=1/E~M P=3 293k

PE
u=23§

. i 4
Y= -5

U=22d
J=23c

PT PRINTS

Page Added
Oct. 1990

1223 213NGP 042375 P=3 293k

1261 S1GP35+44 NEWXLACS 213N6P P=3 293K(3)
1201 S1GP=5+4 NEWXLACS 218NGP P=3 293x(3)
<1367 RE 5-17=73(1)
S136P RE S5=17-78(1)

X-F18



XSDRNPM - FERMI-1 HYPOTHETICAL ACCIDENT

N\
TKENO X2 7THA
o7/16/786 13:38:10 (22)
21 XSORNPM FOR FERMI=1 METAL FUEL, HYPOTHETICAL ACCIBENT, «35% €M PITCH
18 188 2 3 20 1 3 3 32 8 3 1T 2RI0 FI
1¢ 23% =2 FQ
18 Iss 1 32 1300 22 1 F2
18 “$8 =1 27 C =2 ET
13 138S 3R1 2 2R3 T1R1T TIR2 11R3
18 1438 §2235 9c238 42030 40000 555081 SSSC11
18 8216 1001 82000 24300 28000 26000
1 13627 S010 6012 592238 592235 2011
e 152« 1,0218=2 2.,932=2 1.087=2 6-427-2 Te3466122 6.6522=2 F1.-15 T
18 I3xe F1.0 T
<1 XS+¢ 910.,C .188 .18¢% 712307 <4833
16 3688 10R1 2RZ BR3
18 Itew 10“103 0.0 F1.0
18 3988 1 2 3
18 4&CSS F2
e S18S 1 2 3 4 S 67 & 9 10 11 12 13 14 1S5 16 17
18 18 19 2C 21 22 23 24 25 26 27 1
R3: NCNEe TIME: C(Ced29%9 SECe LIMAGE COUNT: 18
\\/j JRNPM XSDRNPM

_ : ‘ Page Added
N X-F19 ~ Oct. 1990



XSDRNPHM - FERMI-1 HYPOTHETICAL ACCIDENT (Continued) -

BADDJOEP 7P3CCe=XENQLXZTHA

XSDRNPM "FOR FERMI=1 METAL FUEL, HYPOTHETICAL ACCIDEN

12 ARRAY 15 ENTRIES READ
2S ARRAY 10 ENTRIZS READ
IS ARRAY 12 ENTRIES READ
45 ARRAY S ENTRIZS READ
eT
DIRECT ACCESS FILZS ASSIGNED
3L0C ~0RDS PER RECORD ON UNLT 8 1 PHYSICAL RECORDS PER LOGICAL
:28. 40RDS PER RECORD ON UNLIT 9 10 PHYSICAL RECORDS PER OGICAL
I30C 40RDS PER RECORD ON.UNIT 10 1 PHYSICAL RECORDS PER LOGICAL
GENERAL PROGLEM OESCRIPTION DATA 8LOCK

GENERAL PROBLENM DATA

IGE 17272 = PLANE/CYLINDERZSPHERE 2 ISN QUADRATURE OROER

IZM NUMBER OF IONES . 3 ISCT ORDER OF SCATTERING

&, NUMBER OF 3PACIAL INTERVALS 23 LEVY 0/71727374457622/K7ALPHAY
ISL /17273 3 YACUUM/REEBL/PER/WHITE 1 IIM INNER ITERATION “AX!

ISR RIGHT OUNDARY CONDITIGN 3 ICM QUTER ITERATION YAxD,
MXX NUMBER OF MIXTURES : ICLL =1/5/N==FLAT RES/S:/0PT
ms MIXING TABLE LENGTH 39 ITH C/71 = FORWARD/ADJOINT
IG® KUMGZIR OF ENERGY GROUPS 27 IFLU /717213263 =S/L737 410"
NNG NUMEZR OF NEUTRON GROUPS e? IPRT =C/=1/Q/N3MIXTJRE XSEC P
NGG NUMGER OF GAMMA GROUPS o] IDY G/1/2/733N0/PRT ND/PCH N/
IFTG NUMBER OF FIRST THMERMAL GROUP 15 IPBT =1/3/1aNONE/FINEZALL 3AL

SPECIAL JPTIOINS

IFG <71 = NONE/WEIGHTING CALCULATION 1 IPN DUMMY PARAMETER

1G4 VOLUMETRIC SQURCES (O0/N=NO/YES) 3 IDFM C/71 = NONE/DENSLITY FACTS
iPM  :QUNDARY SOURCZS (C/N=NO/YES) 3 IAZ /% = NONE/N ACTIVITIZS
IFN /178 = INPUT IX¥¢/24%/USE LAST ] IAL J/13NONE/ACTIVITIES 5Y I
ITMX MAXIMUM TIME (MINUTES) 1500 IFCT C/1aNO/YES UPSCATTER SCa
10TY C/71/7272=2N0/XSECT/SRCE/FLUX==QUT 3 IPYT S/1/723NC/X/ALPHA PARAMET

4EIGHTING JATA (1FG=1)

ICON =1/0/1=2CELL/ZONE/REGION WEIGHT -1 IHTF TOTAL XSECT PSN IN BRD €
IGMF NUMSER OF 3ROAD GROUPS 2? NOSF PSN G=6 OR FILE NUMBER
ITP J/1Q72C720/4Q C/C/e7AC/A | NUSF TA3LE LENGTH OR %AX JROE
IPP =2/=1/T/N3WGTED XSECT PRINT -2 MSCM EXTRA 1= X=SECT POSITIC
IAP =1/N ANISH XSECT PRINT -1

FLOATING POINT PARANETERS

Page Added .

" Oct. 1990 X-F20 h



XSDRNPM - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

XSORNPM FOR FERMI=1 METAL FUEL, MYPOTHETICAL ACCIGENT, o3

123 ARRAY 29 ENTRIES READ
%3 ARRAY 29 ENTRIES READ
5+ ARRAY 3¢ ENTRIES READ
b ¢
DATA BLECK 2 (MIXING TAELE, ETC.)
NUCLLIDES ceee XIXING TABLES
CN TAPE IDENTIFICATION MIXTURE COMPONENT ATOX DENSITY
1 12C1% : 1 ¢2e3S «10218=321
¢ fsst11 1 92238 02%222=SMN
- S316 1 42200 «138735=531
- sa1o 2 «J003 0e2272=221
< C1e 3 $55G¢€1 «23461=201
¢ S$s55cé1 2 $5531% «86822=321
7 1ce7 1 £J16 «1CCCIA=1¢
: e 1 1C01 «1CCC3=51¢
e r-tat ofel 1 22603 «10503=31¢
13 cioGl 1 e4GC03 «13CC3=1T¢
11 «CCCQ 1 22G02 «10C03=214
12 L2:2CC 1 <6000 +3CC03=91¢
12 ve=lC 1 13027 «1CGCa~-014
14 9223¢ 1 5010 «16C03=-31¢
1¢ S7c2r¥s 1 6C12 «12203=31¢
16 §zel32 1 $¢2238 «1CC02=21¢
17 S9cll 1 §9223S «13CCI=314
- S¢222 2 8516 o 12CL2=214
12 £9223% 2 128 e 1CCLI=21¢
-2 fgeltl h 22C03 «10C02=2C1¢
<1 8§%zz2¢ 2 24CC3 «1CCCS=21¢
e £33 < 28CCS «13C0C3=J1¢
2 Sy 2 Py Yogale «1CC0CS=214
ce S% < 12227 «1C3C3=31»
s S3 < §3138 «10003=-31¢
e &3 < ¢ilc «12CCo=210
c? 5§ 2 €928 «13093=214
<< S¢% 3 $92235 «1CCAS=31¢
2% S¢zilg : go1s eluulc=21e
IS %7elle p 1001 «100C2=-31s
I1 552213 : 3<eel «1CCCo=214
I Ssesce 2 &6GCI e1C3C3=214¢
32 s5zz2 2 «BoCd «10C0C=214
e S9ClZ 3 <43C3 «18CC2=21¢
s 8522%3 ? 12227 «12CC3=214
Jo S§2223% 2 $C10 «100C3~-214
37 $9cllt 3 6C12 «1C003=C1¢
2 59223 3 52238 «10003=31¢
Yo S¢22% 3 $62235 «10003=21¢
L.ZSHEDU MIXING CROSS SECTIONS
LAPSED TIME .ﬂODODOOQ MIN.
Page Added

X-F21 Oct. 1990



XSDRNPM - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

.RPe ¢ REQUIRED 1 ITERATIONS.
iRPe 22 REQUIRED 1 ITERATIONS.
iRPe <@ REZUILIRED Y ITZRATIONS.
iRPe iS5 REQUIRED 1 1TERATIONS.
-.RPe 25 REGUIRED 1 ITERATIONS.
iRPs J7 REGUIRED 1 ITERATIONS.

NED
MFD
MFD
MFD
MFD
SFO

? ?270 1.0CC0015+CCC 1.00GC41
FINAL MINITOR LAMBDA

QF
OF
OF
oF
QF

OF
9+30

0

7.12605-0C6
6.49970-006
1.56342-005
2 +458746-005
1.36222-005
2.158312-005

SLAPSZID TIME 7.589223238 MINe.

Page Added
Oct. 1990

X-F22

OCCURRED

QCCURRED
OCCURRED
OCCURRED
OCCURRED
QCCURRED

1.6506742+3503

1.6504527+C0C

IN INT. 20
IN INT., 17
IN INT, I3
IN INT. 290
IN INT. 20
IN INT. 2C
1.3000723+0CS

CoaAs
COAl
COAf
COAF
COAf
COAf

1.

ANGULAR FLUX ON



KENO - FERMI-1 HYPOTHETICAL ACCIDENT

oo KBCALCFERKA

116786 13:48:35 (29)

=5 FERMI=1 FOUR ASBL BASKET ; 040 30RONs HeA. )

38 2C0. 56 603 6 27 27 17 7 18 27 &€ 4 2 1 =17 1 J 20300 0 1 82

S 37 3IR=1

<9 1 @$2235 1.5484=3 1 92238 4.4430=3 1 42000 1.6472~3

=5 1 4CO0D 3.9465=4 1 555311 5.5379=¢ 1 SSS081 2.74%0=2

g < SC10 8.361=3 2 46012 1.083=2 2 13027 3.013=2 .

i3 3 €016 2.3461-2 3 1001 646928~2

-3 4 24000 1.839=2 & 28000 1.815=3 & 28000 S5.994=2

a3 ) 13027 6.028=2

g é B2GGL 3.299=2

=S 7 592238 4.,773=-2 7 =592235 1.052=4

<5 EOX TYPE 1 :

=5 CYLINDER 1 Se71S I8.735 =38.735 2720.95

k3! CYLINDER S 64352 I3.735 =38,73¢% S7+0,.S

7 CuBQlp 3 6.5075 «6+5075 6.507S =4.5075 46507 =45.5G7 2705
s 20X TYPE 2 '

=% cusolo s 13.01S5 0.30C Seldb J.000 L6507 =46.507 270,S
3 cuselIb 4 13.015 C.J00 J.7791 0.000 464507 =46.507 270,S
23 EOX TYPE 3

kY " CUBOCID 2 J.1441 0,300 13.C15 2J.000 66507 =486.507 2720.S
S - CuBOID & J.7791 O0.J00 13.0%5 0.000 464507 =46.507 27+C.5
g BOX TYPE &

gt CUBQ1D 4 C.00C =0.535 0000 =0.635 46,507 =646,507 27 0.5
25 Cugold 2 0000 =0e7791 QG000 =0e7791 46,507 =46.507 27¢0.5
-3 E3X TYPE S

2s CYLINDER 1 S5e715 384735 =38.735 27+«(C.5

e CYLINDER -5 6352 38.735 =38.73% 27«(0.5

7 CUBOID 3 £.5075 =6.5C75% 6.507S =5 5375 46eSC7 =48.537 27¢3.5
<$ 80X TYPE &

<t CUBOID 2 <4800 =12.515 J.1441 3.040 46,507 =46.507 27¢0.5
s CUEQID & 0.30C =-13.215 J.7791 0.000 464507 =40645C7 27+40.5
=S 60X TYPE 7

L0 CUB0ID & 3J430C =0.1441 13,015 3J.0C° 450507 =646.507 27+0.5

<2 CuBOID & J.30C ~-0.7791 13.C15 0.0Q00 46507 =48.507 270,53
<3 80X TYPE &

23 CJBGCID & Ce635 SecGC Cec0G =Je63S 4863507 =464537 27¢2,.5
<< cuBoId 2 Ce7791 C.200 CeSO0 =0e?7%1 46507 =46.507 27«0,.5
s CORE B0Y 0 13,7941 =12,79471 13,7941 000 464537 =46,507 279,53
s SHEMICYL4Y I 19,509 46537 =46537 c7+CeS i

- CHEMICYL®Y & 19,800 46537 =40.507 27+C.S

S IHEMICYL®Y 7 25.309 460507 =46.507 27+0.5

28 ZHEMICYL®Y & 30706 464507 =46.507 27+0.5

zs ZHEMICYL®Y 2 45,6829 46.507 =45.5C7 27+«0.5

s ZHEMIZYL®Y & 404266 46,507 <=48.507 27+0.5

23 CUBOLID T 3. «63. €3, J23C 660537 =4E.5027 27=5.5

<S 1 441 2¢1 111 ¢ .

e 2 441 111 111 2

s I 331 221 111 ¢

k4] 4 331 111 111 ¢

25 S 111 221 111 3

g 6 111 1T11T 111 ¢

s 7 2¢1 21 111 S

2 g 22t 111 111 1

2s END KENO. Page Added
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KENO - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

\/‘
FERMI=1 FOUR AS3. BASKET , «C40 20RON, H.A.

NUMBER GF GENERATIONS 58 ~ START TYPE

NUMEER PER GENERATION  s03 GENZRATIONS BE
NUMBER OF GENERATIONS TO SE SKIPPED 5 LIST INPUT X=§
NUMBER OF ENERGY GROUPS 27 | LIST 1=0 WIXTy
MAXe NUMCER OF CNERGY TRANSFERS | 27 LIST 2=0 MIXTu
NUMBER OF INPUT NUCLIDES 17 | LIST FISS. AND
NUMBER OF MIXTURES 7 USE X=SECTIONS
NUMSER OF MIXING TABLE ENTRIES 12 USE GEOMETRY F
NUMBER CF GZOMETRY CARDS 27 USE VELOCITIES
NUMEER OF EOX TYPES 3 COMPUTE MATRIA
NUMGER OF UNITS IN X DIRECTION A COMPUTE MATRIX

LIST FISS\_/3

e

NUMEER QF UNITS IN Y DIRECTION

NUMBER OF UNITS IN J OIRECTION 1 ADJIINT CALCUL
NUMBER OF NUCLICES READ FROM TAPE -17 | USE EXPONENTIA
ALBEDO TYPE 1 CALCULATE FLUX
SEARCH TYPE - CALCULATE F1SS

THIS PRCELEM WwlLL E2 RUN WwITH SPECULARLY REFLECTING SCUNDARY CONDITION .
THE ALBZD0S ARE +Xx = «<0COC X =3 «030C0 +*Y = «2C3C0 =Y = 1.0220C
MAXIMUM TINME = _UC.G0GCC MINUTES

STORAGE LOCATIOKS REQUIRED FOR THIS J0B = 28331
REMAINING AVAILABLE LOCATIONS= 371669

‘Page ‘Added _ ;
Oct. 1990 X-F24 ~



KENO - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

FERMI=T FOUR ASBL BASKET » <040 ESORONs Heheo

MIXTURE NUCLIDE CENSITY

1 -52235 1.54384C=002

1 $2238 £444300-003

1 «2:200 1.6472C=003

1 «oCCa £.5465C=004

1 355C11 $.5379C~-002

1 5552¢ 2.769C0=002

z Sc16 £.26100-002

: 6212 1.08300=002

< 13C27 31.21300=002

ot wCle 2.3481C-002

z 1501 6.6922C=002

& 24.C0 1.82900-002

I 28CCC 1.815CC=0C3

- <4CCC 5.994C0-002

3 13027 c«026G0=002

¢ 825CC 3.299C0=002

7 $9<c3E 4. 773G0~00¢

? «592235 1.05200=60¢4
CROSS SZCTIONS READ FROM TaPEc
NUCLIDE = 1¢C1 M 1269 F, 1002 T 218 &P 0£32475(2)
NUCLIDE = £55C11 H 1269 F, 1022 T 218 GP 032475(2)
NUCLIDE = sC1c B=1C 1273 21ENGP 042375 P=3 293K
NUCLIDE = eC12 C=12 1274F,1065T 218 6P Q30476(T)
NUCLIDE = - oC1e 0=1c 127& 218 GP 030478&(7)
NJCLIDE = L3 | 0=16 176 218 GP 030475(7)
NUCLIDE = ©13C27 AL=27 1193 218 GP 540375(S)
NUCLIDE = <4CTC CR 1191 218NGP WT 1/E P=2 293K SIGP=S+4 RE(C4LZ2I7S)
NUCLIDE = 2eulG FE 2138GP RE S-17=78(1)
MUCLIJE = SESCl NI 1190 21ENGP WT 1/E P=3 293K SIGP=S5+4 RE(T423735)
NULUCLIDE = «CoCe ZRINAT) 7141 21 NGP WT FISCS.1T020)=1/E=MAX P=3
NUCLIDE = 2% MO (1257) SIGP=S5+4 NEWXLACS 21SNGP F=1/E=8 P=1 233k
NUCLIDE = <e3GC FB 1288 21BNGP 042375 P=3 293k
NUCLIDE = 9223§ U=235 12671 SIGP=S+4 NEJXLACS 218NGP P=3 293K (2)
NUCLIDE = §92¢2S U=225 1261 SIGP=5+4 NEWXLACS 21ENGP P=3 292K (3)
NUCLIDJE = $ced3sd U=233 218GP RE S=17=78(1)
MUCLIDE = S¢cca U=228 218GP RE S=17=78(1)

Page Added
- X-F25 ~ Oct. 1990



KENO - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

FERMI=1 FOUR ASBL BASKET ] QO‘D BORON' Hale

ARRAY DESCRIPTION
1= 1

5 ? 3z 1

™
L
~

6

Page Added
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KENO - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

FERMI=1 FOUR ASBL EASKET , «C40 BORON, Hehe.

LIFETINE = 8.32585-005 + OR = €.71476-037 GENERATION TINE = 3.2G629-
NO« OF INITIAL

GENERATIONS AVERAGE 67 PER CENT 9S PER ¢
3KIPPED K~EFFECTIVE OEVIATION  CONFIDENCE INTERVAL  CONFIDENCE I

6 «93720 ¢+ OR = .00397 _ «93323 TO  JF4116 .92926 TO

> «93691 + OR = .004C4 93287 TO 94595 <2884 TO

5 493732+ OR = 400410 093322 TO 94142 «52912 TO

? +93675 ¢+ OR = ,0041S «$3260 TO .3405C «9284E TO

1€ «93624 + OR = ,00421 93206 TO 54345 92782 TO

11 53623 + OR = 00430 93198 TO 94358 52787 TO

12 G3618 + OR = L0440 93178 TO  .94058 <9273 TO

13 +93622 + OR = .0045C 493171 TO 94372 .92721 TO

14 93562 + OR = JC0457 93106 TO +54G19 .92647 TO

15 .93601 + OR = .C04&7 9134 TO 940267 92867 TO

C 93703 + OR - .00S1S <3188 TO .P42Z1E .92673 T¢

22 . 43350C + OR = .00557 92342 TO .94457 .927235 To

iC «929C7 ¢ OR = .C26S51 93255 TO 94558 92654 190

2e 97315+ OR - .CO735 92573 TO  .94345 51835 To

oC «§2873 + OR = .0G81S 92058 TO .93683 .91243 TO

o 53694 ¢ OR = .009643 91750 TQ . .93s37 52837 TO

N 51673 ¢ OR = .011G9 290763 TO 92982 29654 TO

Page Added
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SECOND KENO RUN OF FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

ERMI=1 FOUR ASBL BASKET 4, «C4C BORON, H.A.- ‘
(FETIME = £.29094=0C5 ¢ OR -~ 9,55835<027 GENERATION TIME = 3,18678<0

.o OF INITIAL

:ENERATIONS AVERAGE 67 PER CENT $5 PER CE
SKLPPED K=EFFECTIVE DEVIATION CONFIDENCE INTERVAL  CINFIDENCE IN
) « 93662 ¢+ OR - ,00313 «93350 TO .9397S «93037 T0 .
? 93695 + OR = ,L,00317 T «93377 TOo 94012 92360 TO
< «5361C + OR = 403312 «93298 TO 93922 «52985 10 .
¢ «9362¢ + OR = LCO0319 «F3I30S TO 93942 «52986 TO .
10 , «93654 ¢+ OR = LCC324 .93330AT0 53979 «930C6 TO0
11 «936%C + OR = ,0C32¢9 «53364C TO 74019 «93031 T0 .
12 '.937’5 + O0R = L0C033¢ «93379 TO 94051 .93063_T0 .
12 «937E7 ¢+ OR = LC033¢ 93451 TO .94123 «93115 YO0 .
14 «$3E35 + O0R = LCO341 93496 TO .5417¢ «93154 TO .
15 « 93834 ¢+ OR = LCC349 93485 TO 94183 «2X136 TO0 .
=C 93862 + OR - .00283 «93679 TO .34245 «930%¢ TO .
22 «53952 + OR = ,00428 093524 TO 94331 «930%¢ TC .
30 +9403% + OR = ,0C371 «93668 TO 94416 «93297 TO .
s 72967 ¢+ OR =~ .CQLZ9 «$3538 TO .9439S «%31C9%9 To .
-l 92514 + OR = ,00475 «9303% TO .9338¢9 «92565 TO o
“Z : « 92837 + 0R - LCCS19 «92318 TO .73356 «%182C T0 .
e «$2689 + 0R = L30721 92968 T8 .5441C «5c243 TO .-

-Page Added
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NITAWL - EBR-II

N
“UeNEER
TIT1786 11:48:21 (21) '
4 183 5 16 S2 3 22 -1 271 .
oy 4 233 92238 =592238 92225 «592235 2315 =555C81 1051 =355C11 13327
7 24CCO 23000 240G0 82000 5010 5012 94235
o 3er 92238 294 2 o5679 L07323 28.37 4.81-2 1 32 32 1.0
27 §592238 294e J Ced Co00 2040 4.773=2 1 32 31 1.0
21 94239 204e 2 o5699 07323 2091.5 S.45=4 1 232 893,51 3Z 1.0 T
: NONEo TIME: D.455 SEC. IMAGE COUNT: 6 ’
" CONTROL MODE
N4

nleNITAWL

Page Added '
Oct. 1390 X-F30 '



NITAKL - EBR-II (Continued)

TH1IS XSDRN WORKING TAPE wAS CREATED
THE TITLE OF TwE PARENT CASE 1S AS FOLLO&S
<7 NEUTRON GROUP LIBRARY
BASED ON ENDF/EB VERSION & DATA
COMPILED FOR NRC

TAPE 1D 4321
KURMBER OF NEUTRON GROUPS ) 27
FIRST THERMAL GROUP 1s

TASLE OF CONTENTS
H 129 Fy 1CC2 T 212 €GP 032475(2)
H 1269 F, 1CC2 T 218 GP 52c475(2)
E=1C 1272 Z1ENGP T42375 P=3 293k
€=12 T<7CF 12657 212 6P 520676(7)
0=16 1276 18 6P 220476(7)
0=1¢ 1276 212 Gp 02C4L76(7)
AL=S7 1162 213 6P C40XI75(%)
CR 1191 C1ENGP WT 1/ P=- 263K SIGPES+L RE(I4237S)
FE Z18GF RE 5=17=78(1)
NI 1190 Z15NGP wT 1/ P=2 293K SIGP=S¢4 RE(D4L237%)
PE 1¢CE CT1ENGP (L2375 P=3 203k
U=235 12671 SIGP=Se4 NEWXLACS 218NGP P=3 293K ()
U=<c325 1261 SIGP=S+4 NEWXLACS 218NGP P=3 263Kk (3)
U=cl2 L1LGP RE S=17=T7E(1)
U=22: C1EGP RE 5-=17=78(1)
PU=229 1264 SIGP=Se4L NEWXLACS J1ENGP P=3 293k

.EKPT PRINTS

X-F31

NUMEER OF NUCLIDES
NUMBER JF GAM%A GROUPS

Page Added
Oct. 1990



U eXEIR

,XSbRNPH - EBR-II FUEL

r13173% 12:1C:29 (21)

19
7
17
37
1?7
17
1¢
1?7
1?
éc
17
g |
1?7
17
17
17
17
17

ASDR
188
2¢3
3ss3
433
1283
1433

15
Ixar
3§t'
3483
32ew
39ss
4C3s3
S1ss

NPM FOR ESR METAL FUEL
¢ 320132 192 31 2R10 F2
-2 FG
1 32 1300 2z 1 ¢2
“1 27 2 =2 ET
3R1T 2 ZRI 11R1 11R2 11R3
92235 92233 94239 13027 555081 555011
S016 1CC1 820C0 <4003 28000 26000
13027 5C1C 6612 592238 592235 2411
:;cgs;‘ 408122 S.408=6 0.020=2 3.3461=2 5.5922«2 F1,=-15 T
91Ce0 o5499 oS50 71.7938 1.273
1CR1 2R2 3R3 :
102143 33 F1.2
1232
F2
122456789 10 11 12 13 16 15 16 17
18 19 2C 21 22 22 24 25 28 27 7

P NUNEe TIME: (o349 SEC. IMAGE COUNT: 18

HPM  XSDRANPN

Page Added
“Oct. 1990
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XSDRNPM - EBR-II FUEL (Continued)

ZALDJDEP $9SCCL4*KENDSXEER

DIFE
ic
é

15

XSORNPM FOR EBR METAL FUEL

1S ARRAY 15 ENTRIES READ
oS ARRAY 1C ENTRIES READ
Te ARRAY 12 ENTRIES READ
43 ARRAY G ENTRIES READ
CcT

CT ACCESS FILES ASSIGKNED

CC WORDS PER RECORD ON UNIT &
EC wOKDS PER RECORD ON UNIT
00 =wORDS PER RECORD ON ‘UNIT 1C

GENERAL PROELEM DESCRIPTION DATA SLOCK

‘1 PHYSICAL RECORDS PER LOGICAL
1C PHYSICAL RECORDS PER LOGICAL
1 PHYSICAL RECOROS PER LOGICAL

GENERAL PROBLEM DATA
1GE 1/2/F = PLANE/CYLINDER/SPHERE 3 ISN QUADRATURE ORDER
IZM NUMBER OF 20NES 3 ISCT ORDER OF SCATTERING
I®¥  NUMEZR OF SPACIAL INTERVALS 22 1EVY C/71/72/3741576%3/</ALPKA,
16L /17873 = VACUUM/REFL/PER/wHITE 1 IIM INNER ITERATION WAXIMUM
IsX RIGHT BCUNDARY CONDITION 3 ICM OQUTER ITERATION %AXIMum
MAX NUMBER OF MIXTURES 2 ICLC =1/C/N==FLAT RES/SN/CF'
MS  MIXING TAGLE LENGTH 5 ITH 571 = FORWARD/ADJOINT
1G¥ NUMEER OF ENERGY GROUPS <7 IFLU G/172/7374=L=SIL/S?W/L"N
NNG  NUMBER OF NEUTRON GROUPS 27 IPRT =2/=1/C/INTAIXTYRE XSEC F
“GG NUMEER OF GAMMA GROUPS 2 101 Q/717272=NO/PRT NO/PCH N/
IFTG NUMEEZP OF FIRST THERMAL GROQUP 15 IPET =1/3/1=NONE/FINE/ALL BAL
SPECIAL OPTIONS
IFG T/1 = NONE/WEIGHTING CALCULATION 1 1PN  DUMMY PARAVETER
IGM VCLURETRIC SOURCES C(O/N=NO/YES) o I0FM O/1 = NONE/CENSITY FACTC
IP™ . LCUNDAKY SOURCES (C/N=NO/YES) 3 IAZ C/N = NONE/M ACTIVITIES
IFN  C/Z1/72 = ILPUT 22e/34¢/USE LAST 5 IAI C/1=NONE/ACTIVITIES 3Y I
ITMX MAXIMUM TIME C(MINUTES) 1002 IFCT O/1=K0/YES UPSCATTER SC&
18TY1 C/1/72/3=N0O/XSECT/SRCE/FLUX==0UT o IPVT O/7172=NO/K/ALPHA PARAMET
WEIGHTING DATA (IFG=1)
ICCN «1/7C/1=CELL/ZONE/REGION WEIGHT -1 INTF TOTAL XSECT PSN IN BRD &
IGFMF NUMEER OF £ROAD GROUPS 27 NDSF PSN 6-G OR FILE NUMEER
ITP 0/71C72C73C/4C S/C/E/AC/A 2 NUSF TAZLE LENGTK OR WAX ORDE
1FP =2/=1/0/NeWGTED XSECT PRINT -2 YSCM EXTRA 1=0 X=SECT POSITIO
1AP  =1/N ANISN XSECT PRINT -1

FLOATING PCINT PARAMETERS

- X-F33
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ASDANPM FOR EBR METAL FUEL

<SS READ
IES READ

IES READ

€€
ICATION

ECTIORS
QC200 MiIn.

~ Page Added
Oct. 1990

MIXTURE

Mul'luhll-lhlh‘b‘thNNNNNl\DNNNNN-0—l—o-h-l-.-‘-‘-b-‘-l“h‘N-A-h.a

DATA 3LOCX 2 (MIXING TABLE, ETC.)

MIXING TABLE
COMPONENT
922335

92232
94237
13027
£55081
555011
G158
1C01
320080
240090
28600
280C3
13027
50190
5012
€322338
$92235
301
1001
82000
24002
28603
2506C3
13027
$o01s
- 8612
§922338
§¢2235%
LReh ¥

1501

320C
£4CCY
23GC0
26003
13C27
5013
8C12
£92238
592235

X-F34

XSDRNPM - EBR-11 FUEL (Continued)

ATOM DENSITY

«10250-003
»43100=291
«645600~093
«50263-321
oHNhOa-OQa
«86922~031
«10003-014
«10009=314¢
+»10003-014
+«10003=31¢
«10000=31¢
«10002=01%
«10000=J1¢
«10003-014
«10003-21¢
«10000-=214
«18000-J1¢
«10002=314
«10003=214%
«10003=214%
«10003=014
«10002=31¢
«10G03=31¢
«10003-J14
«10C02=-314
«1C0CLC3=214
«1000J3=31¢
«10003-314
«10000-21¢
«10002-314
«1G003=314
+1C0CJ3=~314
«10C03=214
«1CC08=J14
+«10003=214
«1CC03=314

+16G000-31+4

«100023=314%

«10003=31¢



XSDRNPM - EBR-II FUEL (Continued)

EALANCE

OUTER INKER UPSCATTER RATIC EIGENVALUE

1 s 1.CCO0C08+CCC 1.364324C+0C0 1.2503255+2C0

s 40C 1.CCCCO00E+C20 1.0357222+300 134415274202

3 TPy 1.00C0CC07+000 1.0022620+500 135469514320

4 $62 1.CC0CC0&+0C0 0.9964233-001 1.3557047+3C0

] ¢18 1.C000C08+C00 95975653201 135576754300

[} 638 1..00000&+CCC $.9968CE7=-5C1 135569514333
GFP. 1 REQUIRED 1 ITERATIONS. WFD OF 1.29866=C0S OCCURRED
GFP. 2 REQUIRED 1 ITERATIONS. MFO OF 2408372006 OCCURRED
GFP. 2 REQUIRED 1 ITERATIONS. MFD OF 2.15871=C0& OCCURRED
GRP, 4 REQUIRED 1 ITERATIONS. MFD OF 1.54434=C06 OCCURRED
GFPo € REGUIRED 1 ITERATIONSe MFD OF 1.11524=006 OCCURRED
GRP. 6 REGUIRED 1 ITERATIONS. %FD OF 7.90381=CC7 OCCURRED
GRP. 7 REGUIRED 1 ITERATIONSe MFD OF 4.62276=007 OCCURRED
GRFe . 2 REGUIRED 1 ITERATIONS. MFD OF 1.25514=006 OCCURRED
GRP. S RECQUIRED 1 ITERATIONS. MFD OF 3.37&54=006 OCCURRED
6RP. 1C REQUIRES 1 ITERATIONSe MFD OF 4o7E791=C06 OCCURRED
GRPe 11 REGUIRED 1 ITERATIONS: MFD OF 7.37873-C06 OCCURRED
GRPe 12 REGUIRED 1 ITERATIONS. MFD OF 1.20543=005 OCCURRED
GRP. 13 REGUIRED 1 ITERATIONS. MFD OF 1.50C096=005 OCCURRED
GRPe 14 REQUIRED 1 ITERATIONS. MFD OF 1.,72049-005 OCCURRED
GRP. 15 REQULIRED 1 ITERATIONS. MFD OF 6.35652-C0S OCCURRED
GFP. 1¢ REGUIRED 1 ITERATIONS. MFD OF 6.91871=00S OCCURRED
GFPe 17 REQUIRED 1 ITERATIONS. MFD OF 7.57360=-005 OCCURRED
GRP. 1& REQUIRED 1 ITERATIONS. MFD OF 7.58557=005 OCCURRED
GRPe 15 REGQUIRED 1 ITERATIONS. MFD OF 6.73722=00S5 OCCURRED
GRP. <cC REQUIRED 1 ITERATIONS. MFD OF 4.76832-005 OQCCURRED
GRPe 21 REQUIRED 1 ITERATIONS. MFD OF S5.c5938-005 OCCURRED
GRP. <¢2 REQUIRED 1° ITERATIONS. MFD OF 6.58174-005 OCCURRED
oRP. &3 REQUIRED 1 ITERATIONS. MNFD OF E.18375=-006 OCCURRED
GRP. bt REGUIRED 1 ITERATIONS. MFD OF 6.4C463-0C6 OCCURRED
GFRPs ¢S REQUIRED 1 ITERATIONS. MFD OF S.30666-CC& OCCURRED
LFPe <& REGUIRED 1 ITERATIONS. MFD OF 3.19517-006 OCCURRED
GRPe 27 REQUIRED 1 ITERATIONS. MFD OF 3.24110-C06 OCCURRED

7 &S 1.CCCOCC8+0CO $.9999541-201 1.35568%5+2300

FINAL MINITOR LAMBDA 1,315558724+0C0

ELAPSED TIME

2e29266664 MIN

. X-F38

LAYBDA Y
1¢3412535+0C0
1.2105985+2006
G.¥56737=C01
1.2000%948+000
1.5001248+202
Fe¥935275=-2021

IN INTY. 20
IN INT, <
IN INT. 19
IN INT. 1
IN INT, 1
IN INT, 1
IN INT., 1B
IN INT, 1
IN INT. 1
IN INT, 1
IN INT, 1
IN INT, 2
IN INT, 2
IN INT. 1
IN INT. 2C
IN INT. 2C
IN INT, cC
IN INT. 2
IN INT., 2C
IN INT. <C
IN INT. 14
!N INT. Zd
IN INT. 14
IN INT, 1
IN INT. 1
IN INT. 14
IN INT, 16
Ge?590715=201

Lot
cCa
coa
COa
CCa
€-a
e
Con

-
v

ANGULAR FLUX CN

. Page Added
"~ Oct. 1990
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KENO - EBR-II - NORMAL OPERATION

00:06 (19

FOUR ASBL 3ASKET FOR EBR Il FUEL, «J4J BOROM

16 200, 50 403 8 27 27 15 7 13 25 83 ¢ 2 1 =14 1 J 2000 0 1 32
15 =1 0 0 3r=t :
15 1 92235 1.9115=5 1 92238 8,9701=3 1 <«54239 1,2047=¢
15 1 13027 1.,218=2 1 5355011 4.0927=2 1 555081 2.04583e2
15 2 S010 8.3461=3 2 50712 1.083=2 2 13027 3.013-2
15 3 8016 3.34561=2 3 1001 8.5922=2
15 4 264000 1.839-2 4 28000 1.3135=3 & 25000 S.994=2
1< 5 13027 8.026=2
15 8 82000 1.299=2
15 7 552238 4.773=2 7 =592235 1.052-4
15 20X TYPE 1 '
15 CYLINDER 1 5.1%1 1000, =1000. 27+9.5
19 cusgld 3 5826 =6,191 65326 =6.191 1003. =1000. 27#9,¢
15 80X TYPE 2
18 cuBoId 2 13,015 0.200 3J.1641 3J.000 1003, =1000, 27+9,.5
18 Cupdlo» 4 12.015 0.000 0.779% 0.CQ0 1003« =1000, 27+90.5
15 80X TYPg 2
13 CUBOID 2 QJ.1441 Q0,00 13.015 0,000 100%. =100C. 27+9.5§
18 cusold & Q.77917 (0.000 13,013 9,000 1003, ~1000. 27+0,5
15 BOX TYPE & )
18 cusold ¢ 0.000 =-0.535 0.000 =0.438 1003. =1C00. 27+0.5
15 cusord 2 0.000 «0,7791 0,000 =0.7791 1003. =1000, 27+2,3
15 80X TYPE S
15 CYLINDER 1 5191 1008. =1000. 27+0.5
19 cusorp 3 8.191 =6.82% 5824 =6,191 1003. ~1000. 27+9,.5
15 80X TYPE & . . :
13. CuBold 2 3.300 =13.015 32.1441 2J.000 1003, =1000. 27+%.5
12 cuBoId & 0.000 -13.,015 QJ.7791 3,030 1003, =1000. 27+9.5%
15 BOX TYPE 7
12 CUBOIDd 2 J.,J00 =0.t44% 13,01S 02.300 1003. =1000., 27+3.5

18 CUBOId & 3J.0C2 -0.7791 13.015 2J.C30 1003. =1000, 27*9.5
15 30X TYPE 2
15 cuBold & 0.4635 0.300 0300 ~=3.435 1003. =1000. 27+3.5
1S Cusold 2 0.7791 0.300 0.300 =0.7791 1003. =1000. 27+9.5
18 CORE 30Y 0 13,7941 «13.,7941 13,7967 0,253 10320, =1200. 27+3.S
18 ZHEMICYL*Y I 19,5C9 1000. =1000. 27+0.5%
18 IMEMICYL*Y & 19,800 1000. =1000. 27+0.5
15 THEMICYLSY 7 25,309 1000. =1000. 27+0.5
15 ZHENMICYLeY & 30,706 1000. <1003, 270.5
15 ZHEMICYLSY & 32,93 1000. =1000. 27+0.5
15 ZHEMICYL®Y 3 635,429 1000. =1000. 27+3.5
15 IMERICYLSY & 46,286 1000. =1000. 27¢3.5
18 cusold 3 6, =63. 83. 0,30 1000. =-10C0. 2722.5
15 1 441 221 111 3
1S 2 4 & 1 111 111 2
1S 2 331 221 1171 3
15 & 331 111 111 0
15 111 221 111 ¢C
135 § 111 111 1171 0
15 ? 221 221 1111 2
15 g 221 111 111 1
15§ END KENQ.

t NONE., TIME: (Q.491 SEC. I1MAGE COUNT: 53

Page Added
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KENO - EBR-II - NORMAL OPERATION (Continued)

FOUR ASBL BASKET FOR EBR II'FUEL. «C40 BORON

NUMBER OF GENERATIONS 52 START TyPEg
NUMBER PER GENERATION 403 GENERATIONS BE?
NUMBER OF GENERATIONS TO BE SKIPPED 8 LIST INPUT xeSE
NUMBER OF ENERGY GROUPS 27 LIST 1=p MIXTUF
MAX. NUMBER OF ENERGY TRANSFERS 27 LIST 2«0 NMIXTUF
NUMBER OF INPUT NUCLIDES 15 LIST FISS. AND
NUMBER OF MIXTURES 7 USE X=SECTIONS
NUMBER OF MIXING TABLE ENTRIES 18 USE GEOMETRY Ft
NUMBER OF GEOMETRY CARDS 25 USE VELOCITIES
NUMBER OF BOX TYPES ] COMPUTE MATRIX
NUMBER OF UNITS IN X DIRECTION ¢ COMPUTE MATRIX
NUMBER OF UNITS IN Y DIRECTION 2 LIST F1SS PROS
NUMBER OF UNITS IN Z DIRECTION 1 ADJIINT CALCUL!
NUMBER OF NUCLIDES READ FROM TAPE -14 USE EXPONENTIAL
ALBEDO TYPE 1 CALCULATE FLUX
SEARCH TYPE o CALCULATE FISS:

THIS PROEBLEM WILL BE RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITION

THE ALBEDOS ARE +X = 1,0C000+0C0 ~-x =

MAXIMUM TIME = 200.0000 MINUTES

«03CC3

STORAGE LOCATIONS REQUIRED FOR TM]S JOB =

REMAINING

AVAILABLE LOCATIONS= 375237

‘X-F37

+Yy = L205C0

24763

=y = 1,030CC«/

Page Added
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KENO - EBR-II - NORMAL OPERATION (Continued)

FOUR ASBL DASKET FOR EBR Il FUEL, .040 B0RON

. MIXTURE NUCLIDE DENSITY

1 92235 1.9115C-005
1 92233 8.97010-003
1 -94239% 1.20470-004
1 13027 1.213800-002
1 355011 6.09270-002
1 555081 2.04430-002
2 5010 8.361C0-003
2 6012 1.08300-002
2 13027 3.01300-002
3 8016 3.34610-G02
3 1001 8.69220-002
4 24000 1.33900-002
4 28000 1.31500-003
4 26000 5.99400-002
5 13027 6.02600-002
) 82000 3.29900-002
7 592238 4.77300-002
7 =592235 1.05200-004

CROSS SECTIONS READ FROM TAPE

NUCLIDE = 1001 H 126% F, 1002 T 218 GP (032675(2)

NUCLIDE = 555011 H 1289 F, 1002 T 218 67 032475(2)

NUCLIDE = 5010 B=1Q 1273 218NG6P 042375 P=3 293x

NUCLIDE = 6012 C=12 1274F,1085T 218 GP GC304756(7)

NUCLIDE = 3015 0=18 1276 218 6P 0304724(7)

NUCLIDE = 555081 0=16 12786 218.G62 Q030475¢7)

NUCLIDE = 13027 AL=27 1193 218 6P 34037%(S5)

NUCLIDE = 240600 CR 1191 213NGP WT 1/E P=3 293K SIGP2S5+4 RE(C4237S)
NUCLIDE = 256C00 FE 213GP RE 5«17-73(1) .

NUCLIDE = 28000 NI 1190 218NGP WT 1/E P=3 293K SIGP3S+& RE(N4217S5)
NUCLIDE = 32000 Pa 1233 218NGP 42375 P=2 291k

NUCLIDE = 92235 U=235 1251 SIGP3S+4 NEWJXLACS 213NGP P=3 293x(3)
NUCLIDE = £92235 U=~235 1261 SIGP=5+4 NEJXLACS 213NGP P=3 293x(3)
NUCLIDE = 922338 U=238 218GP RE 5-17=73(1)

NUCLIDE = $92238 Y=233 213GP RE S5=17=73(1)

NUCLIDE = 24239 PU=239 1264 SIGP=35+4 NEWXLACS 213NGP P=3 271

Page Added
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KENO - EBR-II - NORMAL OPERATION (Continued)

FOUR ASBL BASKET FOR EBR II FUEL, .040 SJRON

ARRAY DESCRIPTION
1= 1

5 7 2 1
6 8 & 2

Page Added
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KENO - EBR-II - NORMAL OPERATION (Continued)

U
FOUR ASBL BASKET FOR EBR II FUEL, C40 BORON
LIFETIME = 1.09347<006 ¢ OR = 1.46476=006 GENERATION TIME = 5.572
NO. OF INITIAL
GENERATIONS AVERAGE 67 PER CENT 95 PE
SKIPPED K=EFFECTIVE DEVIATION  CONFIDENCE INTERVAL  CINFIDENC!
5 68167 + OR = .00378 47789 TO .58545 .67611 T¢
7 63189 + OR - .003868 67803 To  .68575 .87617 T(
8 «68192 + OR = ,0039S 67797 T0 .s52538 67632 T¢
9 68171  + OR = .0040S 67766 TO .63575 c67382 T¢
1€ 68144  + OR = .00414 67730 TO .58558 87716 TC
11 63056 ¢ OR = ,00415S 57641 TO .58471 6727
12 67933 + OR - .004G7 «47526 TO .58339 6719577
12 «67899  + OR = .CO414 87482 TO  .58315 67786 TC
14 67929 + OR - .006427 67503 TO .62356  .47076 TC
15 67952  + OR - ,00439 57513 TO  .68391 47075 T¢
20 67990 + OR - .00433 67501 TO .68478 (67913 T¢
25 67922+ 08 - .00552 57370 TO .58473 J68E19 TC
30 «58111 * OR - L0563 «87643 TO .523779 e 85774 TOC
3% 63337 + OR - .C0834 67553 To .89220 85719 TC
40 48757  + OR - .01155 67602 TO 59911 66647 TO
45 70838  + OR - .01640 89197 TO .72473 57557 TC
Page Added
Oct. 1990 X-F40 w



KENO - EBR-II HYPOTHETICAL ACCIDENT

i0oKBOLCEBRKHA

2718786 01:32:C08 (22)
18 FOUR ASBL BASKET FOR EBR Il FUEL,. «J40 BORON, Helde

20 200, SO 403 &6 27 27 14 7 12 25 8 46 2 1 =15 1 J 2000 0 1 82
18 0 C 0 3Rr-t

18 1 92235 1,9115=5 1 92238 B8.9701=3 1 =54239 1,2047=¢
18 1 13027 1.218=2 1 555011 4.0927=2 1 SSS081 2.0463=2

- 18 2 S010 8.361=3 2 6012 1,083=2 2 13027 3.013=2
18 3 2016 3.3461=2 3 1001 6.6922=2

18 3 2400C 1.,839=2 & 28000 1.815=3 & 245000 S5.994=2
18 -] 13027 4.026=2

18 é 82000 I.299=2

18 ? 592238 4L 773=2 7 =552235 1.352=4

18 BEOX TYPE 1 :

18 cuBgIt 1t 10,973 Q0,300 1C.973 2J.02¢C 1003, =100C. 27¢0,5
22 cusoic * 13,015 GC.000 13,915 C.000 1003, =1000. 27+9,5
18 g0X TYPE 2 .

22 CueCId 2 13.015 0.J00 3J.144% 2J.000 13C3s =108C, 27¢2,5
22 CugQld 4 13,015 0.200 QS.7791 0.000 1000, =1000. 27¢9.5
18 80X TYPE 2 .

22 cueoIc 2 Q.1441 C,I00 13.015 2.000 1003. =1000, 27¢9,5
e cusoId & 0.77917 0.J00 13.015 0,000 1005, =1000, 279,95
<0 BOX TYPE &

z0 cveolo & C.000 =0.635% 0.000 =0.4635 1003, =1000, 2772,S
0 cusole 2 C.00C ~0.7791 0.000 =0.7791 100J3. ~1000. 2709.5
18 80X TYPE S

18 CUBOID 1 J.000 ~10.%73 10,973 2.3C0 100). ~=1000. 27¢3,S
e cueolIp 3 3.000 -13.015. 13.01S 0.0C0 1000. =1000. 27+3,.°¢
18 80X TYPE & '

<2 cueclo 2 QJ.000 =12,015 0De.1441 02,000 1003. =1C0C, 27¢0,S
22 CUB01d & 3J.000 =13.015 2J.7791 (C.CO0 1003 =1C0C. 27¢9,$
18 BOX TYPE 7?7

¢ 22 CUBOId 2 J.000 «C,1441 13.015 2J.Co0 1003 =10CC. 27¢0.5
22 CUBOID & J.00C =0.7791 13.015 2.00¢C 1003+ =103C. 2729,5
2C 8ex TrPg 8

20 cusol1d 4 0.635 0.200 0.000 =J.635 100d. =1C630. 27¢%.5
e cusorp 2 C.7791 0.300 0.000 «0.7791 1003 =t1C0C. 27¢0.5
22 CORE BDY Q0 13.7941 «13,7941 13.7941 2.02 1020. =10C0. 27+¢2J.5
2 ZHENICYLeY I 19,509 1030, =10C0. 27¢0.5

22 ZHERMICYLeY & 19,600 1000, =1000. 27¢C.5

13 IHEMICYLeY 7 25.30% 1000. =1000. 2720,.S

18 IHEMICYL*Y & 30.706 1000. =1003. c7+0.5

18 ZHEMICYL*Y & 32.93 1000. =1000. 27+0.5

18 THEMICYLeY I 4S.629 11C0J. <=1000. 27+9.5

18 IHEMICYL®Y & 46,2664 100C. =1030. 27+0.5

18 cuecld 2 43, =63, 63, 0.30 100C. =120C. 27+92,5

18 1 441 221 111 2

18 2 46 41 111 11 1 Q

18 3 331 221 111 3

18 46 331 111 111 19

18 £ 111t 221 111 ¢

18 é 1T1T1T 111 111 19

18 7 221 221 113 3

18 g 221 111 111 1 .

18 END KENO.

: NONE. TIME: O0.450 SEC. IMAGE COUNT: SZ?

Page Added
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KENO - EBR-II HYPOTHETICAL ACCIDENT (Continued)

o/
FOUR ASBL BASKET FOR EBR II FUEL, +C4C BORON, HeAs

LIFETINE = 1.15041=004 + OR - 1,07736-02s GENERATION TIME = 5,833243
NO. OF INITIAL

GENERATIONS AVERAGE 57 PER CENT 95 PER

SKIPPED K=EFFECTIVE DEVIATION  CONFIDENCE INTERVAL  CONFIDENCE

6 .67571 + OR - ,00385 «67186 TO .47956 .65232 TO

v «67513 + OR = ,00390 47128 TO 67908 +65738 TO

- «57536 + OR = ,00399 57137 TO 57935 «55739 TO

9 67525  + OR = .00408 67117 TO .87934 «64708 TO

10 «67485 + OR = 00417 .67063 TO .47901 «86651 TO

11 «67438 + OR = 00423 87060 TO .57915 68833

12 «87628 + QR = .00435 «56993 TO .67343 «68559 To

13 67585  + OR - .00617 67168 TO .52331 65751 TO

14 +67630 + OR = .00424 .67205 TO .53CSs .66779 T0

15 67526 + OR = ,00438 «67183 TO .58065 «65750 To

20 «87896 + OR = .00455 .587631 TO .53361 +55957 TO

2s «87771 ¢ OR = 00524 87247 TO .62296 «65722 TO

10 «878786 + OR ~ ,00563 67108 TO .53245 «65560 To

3s «67724 + 0R = L0710 «67214 TO  .68425 «66336 TO

0 67266 + OR = .01025S «58221 TO .58272 «8519¢ TQ

X <66659 ¢ OR = 01252 54808 TO .53311  .62756 T0

Page- Added .
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SECTION X
APPENDIX G

CRITICALITY ANALYSIS POR CONNECTICUTT YANKEE STAINLESS CLAD ASSEMBLIES

IRTRODUCTION:

The dosiqn basis fuel for the HLI-1/2 shipping cask is & 3.7 w/o U-235
enrichment PWR fuel asseably with zircalloy cladding. The Connecticutt
Yankee reactor uses Westinghouse 15x1S fuel with a nominal 4.0 w/o
enrichment and stainless steel cladding. This enrichment is greater than
the license limit for the NLI-1/2 cask so the reactivity of the stainless
clad fuel in the cask must be determined. The procedure used here was to
calculate tett for tbe design basis 3.7 w/o zircalloy clad fuel and repeat
the calculation for the 4.0 w/oc stainless clad fuel. Comparison of km and
kett for the design basis and stainrless clad fuel would then show if the
higher enrichment stainless clad fuel is acceptable in the cask. The other
fuel characteristics are all vith;n the cask license limits so no analyses
cther than criticality are needed.

FUEL DATA:

The fuel data parameters used in this analysis are shown in Table I.
Both the design basis calculation and stainless clad fuel are for
Vestinghouse 15x15 assemblies with 204 rods/assembly. There are three
Connecticutt Yankee asseablies to be shipped, and one of them, E-07M, has
been modified by encapsulating 23 rods with stainless steel sleeves. The
sleeved rods bave a larger diameter than a normal rod, so 15 of them have
been inserted into the guide tube locations and 8 have been placed (in
pairs) in holes made by removing a2 2 by 2 group of rods. Some locations
have dummy rods inserted to replace the missing (sleeved) rods. The
modified assembly still contains the normal quota of 204 fuel rods, but has
only three empty (water-filled) guide tube locations instead of the normal
- 21 water rod locations. These modifications to E-07M result in a lessened
moderator to fuel ratic and an increase in the stainless steel absorber
anount, which reduces the kx of the lattice given that the standard assembly

is undermoderated.

Page Added
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KENO MODEL:

The KENO-IV cask body model is identical to the model previously used in
amending the cask license for shipment of Fermi-1 fuel and consists of the steel,
depleted uranium, lead, and water neutron shield cylinders which Comprise the
cask. The model treats the fuel and cask as if it were infinitely long, ignoring
neutron leakage from the top and bottom of the fuel. The cross-section sets were
prepared for this analysis using the AMPX system modules NITAWL and XSDRNPM, and
both Normal Operation and Hypothetical Accident cross-section sets were prepared
for zircalloy and stainless steel clad fuel types. The NITAWL resonance data
parameters were obtained from the NULIF code development by Babcock and Wilcox
and are listed with fuel parameters used by XSDRNPM and KENO-1V in Table II. ANl
calculations were performed for fresh, unirradiated fuel. The computer input and
results for each case are included in this Appendix.

RESULTS AND DISCUSSION:

The ks and k., results for the two fuels in Normal Operation and
Hypothetical Accident scenarios are shown in Table III. The k, , values for the
stainless clad fuel are significantly less for both scenarios, indicating that
the stainless fuel is less reactive than the cask design basis fuel even though
it has a higher enrichment. This is confirmed by the KENO-IV calculations of
kess Which determine that the stainless clad fuel is less reactive as it is
shipped in the NLI 1/2 cask. '

" The actual percent of theoretical density and enrichment of each of the
three assemblies deviates slightly from the nominal 95% T.D. and 4.0 w/o U-235.
The actual values shown in Table IV along with the k;, results. Comparison of
the k;, of the nominal stainless clad fuel to the actual assemblies shows a
negligible difference resulting from the deviations.

CONCLUSION:

The ki, and resulting k., in the cask of the stainless steel clad fuel
enriched to 4.0 w/o U-235 are lower than the design basis PWR fuel assembly,
therefore the shipment of the three Connecticut Yankee fuel assemblies is
critically safe in the NLI 1/2 cask. ‘

Page Added
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ten

Enrichment
Active length

Pellet Data:

R
Nog

L)

Pellet Radius

Clad Data:
Material
"Haterial
Gap Radius
Clad Radius

No. of Rods/Asserbly
Normal Operation:

Cell Pitch

Cell Effective Radius
Bypothetical Accident:

Table I
Fuel Data

Design

Basis W15x15

3.7 w/o
144"

8.697~4
2.235-2
4.642-2
0.4647 ca

Zircalloy
4.227-2
0.4742 ca .
0.5360 en
204

1.430 e
0.8068 cm

Stainless
Clad

4.0 w/o
121.4"

9.403-4
2.228-2
4.642-2
0.4870 e

Stainless
8.01-2
0.5010 en
0.5429 cm
204

1.430 e
0.8068 cm

(204 Rods equally share the 8.88" cask basket cavity area
in the Hypothetical Accident Scenario)

Cell Pitch

Cell Effective Radius

1.579 en
0.891 en

X-63

1.579 e
0.891 cn

Page Added
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Table II
Analysis Parameters

NORMAL OPERATION:

Design
Iten Basis W15x1$
Dancoff Coefficient 0.2143
‘cn)ett 56.53

Stainless

€lad

0.2217
54.66

Number Densities in Homogenized Fuel used in KENO-IV

st 2.616-4
Moy  6.723-4
NO 3.404-2
NCIaddinq 3.673-3
Nn 4.016-2

HYPOTHETICAL ACCIDENT:

Design
Iten - Basis W15x15
Dancotf Coefficient 0.1462
(s.) 59.84

nm eff

3.107-4
7.361-3
3.506-2
4.880-3
3.946-2

Stainless
Clag

0.1521
57.87

Number Densities in Bomogenized Puel used in RENO-IV

‘st 2.146-4
uzs | 5.514-4
Nb 3.394-2
NCIaddinq 3.012-3
Na 4.497-2

X-G4

2.548-4
6.037-3
3.473-2
4.003-3
4.440-2



Table III
Analysis Results

KORMAL OPERATION:

Design Stainless
ten pPasis W1Sx15 Clad
kw . 1.4379 1.3630
kett 0.9266640.00523 0.903894£0.00416 .
HYPOTHETICAL ACCIDENT:
Design Stainless
ten -‘pasis WiSx1S Clad
km 1.4463 1.3798
kett 0.9541139.00497 0.935404£0.00477
Page Added
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Iten
Enrichment
Percent of
Theoretical

Density

NULIF kw

- Page Added
Oct. 1990

Table IV
Assenbly Reactivities

Noainal Assenbly Assenmbly
4.0 w/o fuel HOTH G11

4.0 3.994 4.007

95 95.17 94.85

1.3630 1.3627 1.3634
X-G6

Assembly

504

3.9871

93.2

1.3619



NITAWL INPUT - ZIRC NORMAL OPERATIONS

STE*STAINLESS«NW1T5S

S TS5R2Q5 Q6717787 17:05:1I7 (21)

. 13 18 0 14 52 2 22 -1 0 7T

. 13 2SS 92238 ~592238 92235 =-502235 8016 -558016 1001 =-S€12
. 13 7 40000 13027 24000 26000 28002 82090

. 20 Jen 92233 294e 2 <4647 22143 56455 2.235-2 1 16 767 1 2
. 13 502238 294e 0 0eD 000 230 4e773-2 1 XZ X2 1.0 T

Te ERRORS: NONE. TIME: DJ.222 SECe. IMAGE COUNT: 5

SMORED - IN CONTROL “ODE

TT170I&NITAUL LNITAUL

. . - Page Added
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NITAHL OUTPUT - ZIRC NORMAL OPERATIONS

THIS XSORN WORKING TAPE WAS CREATED
THE TITLE OF THE PARENT CASE IS AS FOLLOWS
2™ NEUTRON GROUP LIBRARY
BASED ON ENDF/B VERSION 4 DATA
CONPILED FOR NRC
TAPE ID 4321 ' NUMBER OF NUCLIDES
NUMBER OF NEUTRON GROUPS 27 NUMBER QF GAMMA GROU!
FIRST THERMAL GROUP o 15
: TABLE OF CONTENTS
H 1263 F, 1002 T 212 GP QI247%(2)
H 1289 F, 1302 T 213 GP 032475(2)
0-15 1276 218 6P 033475(?)
0-16 1276 213 GP 2304746(7)
AL=-2" 1192 213 GP 040I75(5)
C 1171 213NGP WT 1/E P=-3 293K SIGP=5+4 RE(D342275)
FE 213GP RE 5-17=-73(1)
NI 1170 213NGP WT 1/E P-3 293K SIGP=5+4 RE(242375)
ZAA(NAT) 7141 21 NGP WT FIS(D.1T023)~-1/E=-MAX P-3 ’
P3 1223 213NGP 042375 P=3 293K W,
U=2T5 1261 SIGP=5+4 NEWXLACS 213NGP P=3 293K(2)
U=235 1261 SIGP=5+4 NEWXLACS 218NGP P=7 293K (3)
U=233 213GP RE T=-17-73(1) '
U=222 212GP RE 5=-17=-72¢1)

XKPT PRINTS

- Page Added
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XSORNPM INPUT - ZIRC NORMAL OPERATION

«XW15
17 18217220 (22)
WEST 15X1S ASBLy Xo7 W/0 U=23%, 95%ZT.Dey NORMAL OP.
188 2 320 1 3 3 33 8 3 1 2R20 FO
2ss -2 FO .
3¢S 1 3Z 1000 2z 1 FO
4SS -1 27 0 =2 E T
1388 3IR1 2 2R3 9R1 9R2 9RZ
- 148S 92235 ©2238 S$58016 42000 5‘8016 $51001
8016 1001 13027 82500 24300 26000 28000
£6223S 592238 249
15¢e 8,697=4 2.235=2 £.642-2 4,227=2 33472 6.694-2 F1.-15 T
I32x F1.0 T
ISex FI0e0 4647 4T42 TI.5360 0.306%
368S 10R1 2R2 8RS3
I3« 10R1.0 00 F1.0
I9¢s 1 2 3
478S F3
S18S 1 2 X & 5 67 838 ¢ 10 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 T

Ze TIME: 0.200 SEC. IMAGE COUNT: 18

SORNPM

Page Added
.- X-G9 - Oct. 1990



3ADD

XSDRNPM OUTPUT - ZIRC NORMAL OPERATION

#DEP STE*STAINLESS.XU1S

WEST . 15X15 ASBL, 3.

13 ARRAY 15 ENTRIES READ
2% ARRAY 10 ENTRIES READ
T3 ARRAY 12 ENTRIES READ
43 ARRAY 9 ENTRIES READ
T

DIRECT ACCESS FILES ASSIGNED

-090

2

4YORDS PER RECORD OM UNIT 3

22 WORDS PER RECORD ON UNIT 2

e

Oct. 1990

N

? W/0 U-2359 95=T.3.. NORHAL 0P«

1 PHYSICAL RECORDS PER LOGICAL

10 PHYSICAL RECORDS PER LOGICAL

309 JORDS PER RECORD ON UNIT 10 1 PHYSICAL RECORDS PER LOGICAL
GENERAL PROBLEM DESCRIPTION DATA BLOCK
GENEAL PROBLEM DATA
IGZ 1/2/3 = PLANE/CYLINDER/SPHERE 2 ISN. QUADRATURE ORDER
IZ™ NUM3BER OF ZONES 3 ISCT ORDER OF SCATTERING
IM  NUMBER OF SPACIAL INTERVALS 20 IEVT 0/172/374/7576=0/%/ALPHA.
IaL 717273 = VACUUM/REFL/PER/WHITE 1 IIM INNER ITERATION MAXT™'M
I3R RIGHT 3OUMDARY CONDITION 3 ICM OUTER ITERATION YAX
MXX NUMBER OF MIXTURES 3 ICLC -1/C/N==FLAT RES/SHI;TTT
¥S  MYIXING TABLE LENGTH T3 ITH 0/1 = FORWARD/ADJOINT
IGM NUMBER OF ENERGY GROUPS 27 LFLU 07172737430 =S/L/S/W/L~4
NNG NUMBER OF NEUTRON GROUPS 27 IPRT =2/-1/0/N=MIXTURE XSE£C °
%G5 “IUMBER OF GAMMA SROUPS o IDT 3/71/2/3=NO/PRT ND/PCH N.
IFTG “UMBER OF FIRST THERMAL GROUP 15 IPBT =1/3/1=NOME/FINE/ALL 2Al
SPECIAL 9PTIONS
IFG /7 = NONE/JYEIGHTING CALCULATION 1 IPM  DUMMY PARAMETER
Ia®  YOLUMETIIIC SOURCES (OQ/N=NO/YES) o IDFY /1 = NONE/DENSITY FACT
IPM BOUNDARY SOURCES (O/N=NQ/YES) 0 IAZ 3/N = NONE/M ACTIVITIES
IFN 07172 -2 INPUT 32+/34%/USE LAST 0 IAI J/1=NONE/ACTIVITIES 3Y :
ITMX “AXIMUM TIME (MINUTES) 1100 IFCT 7/1=NO/YES UPSCATTER SC:
1071 JI/1/72/3=NO0/XSECT/SRCE/FLUX-=-0UT 3 IPVT 2/172=NO/X/ALPHA PARAME"
4EIGHTING DATA (IFG=1)
ICON =1/7/71=CELL/ZONE/REGION YEIGHT -1 IHTF TOTAL XSECT PSN IN 2RD =
-ISMF MUMBER OF 3R0AD SR0UPS 7 NDSF PSN 6-5 IR TILE NUMBER
ITP O S/12UZIIZTILI JICIE/ACIA 7 NUSF TABLE LE™NGTH OR MAX ORD:
IPP =T/=1/77/N=UGTZD XSECT 2RINT -2 MSCM SXTRA 1-) X=SECT POSITI:
IAP  =/N ANISYN XSEZCT PRINT -1
FLOATING PO0INT 2ARAMETERS
Page Added



XSDRNPM OUTPUT - ZIRC NORMAL OPERATION (Continued)

'115 ASBL. 3.? Ww/0 U-ZSSQ 95:7000' NORMAL OPe.

DATA BLOCK 2 (MIXING TABLE, ETC.)

MIXING TABLE EXTRA
MIXTURE  COMPONENT ATOM DENSIT XSECT 10°S

1 92235 «86970-003

1 92238 .22353-331

1 $52016 «46420-001

2 42000 <42270-001 FueL

3 558016 «33470-001

z $51091 «66940-001

1 8016 .10000-01

1 1001 .10000-014

1 13027 .10000~014

1 32000 .10000-014

1 24000 .10000-014

1 126000 .10000-014

1 22000 16000014

1 £92235S .10000-014

1 $92238 .10000-014

2 8016 .10000-014

2 10C1 .10000-014

2 11027 .10000-014

2 82000 .10000-014

2 24000 ° .10000-014

2 26000 .10000-014

2 28100 .10000-014

2 $62215 <19020-014

2 592378 .10000-014

s 2016 .10000-014

z 1901 .10000-014

3 17027 .10000-014

3 82003 .10000-014

3 24000 . .10000-014

3 26000 «10000-014

> 29939 .10000-014

= £62235 -12000-014

3 €922732 .12000-014

_ Page Added
- X-G11 - Oct. 1990



XSDRNPM OUTPUT - ZIRC NORMAL OPERATION (Continued)

QUTER INNER BALANCE UPSCATTER RATIO EIGENVALUE

1 279 1.3000014+030 1.1843993+000 1.35639112+030

2 423 1.0003014+020 1.0037007+3200 1.4199330+000

3 521 1.0000014+000 9.9443019-001 1.42338561+000

4 572 1.0000014+000 9.9855819-001 1.4217595+000

5 643 1.0000014+000 9.9935833-001 1.4213953+000

é 633 1.0000014+000 9.9992324-001 1.,4213593+000
GRP.» 1 REQUIRED 1 ITERATIONS. MFD OF 2,19266-005 OCCURRED
GRP. 2 REQUIRED- 1 ITERATIONS. MFD OF 1.,14907-005 OCCURRED
GRP. 3 REQUIRED 1 ITERATIONS. MFD OF 1.74324-005 OCCURRED
GRP. 4 REQUIRED 1 ITERATIONS. MFD OF 2,.11005-005 OCCURRED
GRP. 5 REQUIRED 1 ITERATIONS. MFD OF 1.51664~-005 OCCURRED
GRP. 4 REQUIRED 1 ITERATIONS. MFD OF 1.55552-005 OCCURRED
GRP . ~ REQUIRED 1 ITERATIONS. MFD OF 1,72174-005 OCCURRED
GRP. 3 REQUIRED 1 ITERATIONS. MFD OF 2.,03914-005 OCCURRED
GRP ., 7?7 REQUIRED 1 ITERATIONS. MFD OF 2.538451-005 OCCURRED
GRP. 13 REQUIRED 1 ITERATIONS. MFD OF 2,36221-005 OCCURRED
GRPs 11 REQUIRED 1 ITERATIONS. MFD OF 2.99193-005 OCCURRED
GRPs 12 REQUIRED 1 ITERATIONS. MFD OF 3,72575-005 OCCURRED
GRP. 1> REQUIRED 1 ITERATIONS. MFD OF 3.73544-005 OCCURRED
GRP. 14 REQUIRED 1 ITERATIONS. MFD OF 3,586153-005 OCCURRED
GRP. 15 REQUIRED ¥ ITERATIONS. MFD OF 5.30689-005 OCCURRED
GRP. 15 REAUIRED 1 ITERATIONS. MFD OF 35.63375-005 OCCURRED
GRP. 1T REQUIRED 1 ITERATIONS. MFD OF 4.47040-005 OCCURRED
GRP. S REQUIRED 1 ITERATIONS. “FD OF 4.24325-005 OCCURRED
GRPe 17 REQUIRED 1 ITERATIONS. MFD OF 3,59333-005 OCCURRED
GRP. 2 REQUIRED 1 ITERATIONS. MFD OF 4.21391-005 OCCURRED
GRP. 21T REQUIRED 1 ITERATIONS. MFD OF 4,39209-005 OCCURRED
GRP. 22 REQUIRED 1 ITERATIONS. MFD OF 2.67022-005 OCCURRED
GRP, 2T REQUIRED 1 ITERATIONS. MFD OF 1,50542-005 OCCURRED
GRPe 24 REQUIRED 1 ITERATIONS, MFD OF 1.13174-005 OCCURRED
GRPe 2T EQUIRED 1 ITSRATIONS. MFD OF 6,14099-008 OCCURRED
GRP. 25 REQAUIRED 1 ITERATIONS., MFD OF 2.,34573-008 OCCURRED
GIP. 2T REQUIRED 1 ITERATIONS. MFD OF 2,53511-006 OCCURRED

e 15 1.3000014+0230 ?.9990557-001 1.4213627+9200

FINAL MINITOR LAMBDA 1.4213351+000

SLAPIED TINE

Page Added
Oct. 1990

12.64203329 MIN.

X-G12

LAMBDA1
1.4155063+000
1.0040045+000
1.3000900+000
9.9937548-2301
1.0000643+0030
1.3000052+000

IN INT. 29
IN INT, 20
IN INT. 20
IN INT. 20
IN INT. 20
IN INT., 29
IN INT. 20
IN INT. 1
IN INT. 2
IN INT. 1
IN INT. 20
IN INT. 20
IN INT. 16
IN INT. 16
IN INT. z
IN INT. 1.
IN INT. 14
IN INT, 14
IN INT. 14
IN INT. 1
IN INT. 13
IN INT. 14
IN INT. 20
IN INT. 20
IN INT. 1
IN INT. 1
IN INT. 23
1.3093354+920C

gy |
€oa
COoA
coa
Coxr
(s} ]
(oo I 3
coa
co:A
cosa
coa

ANGULAR FLUX JN



e 4.

S ININTIWIIR TR 09 14 100 e e

VB

KENO INPUT - ZIRC NORMAL OPERATION

SSeKW1Y
13787 16:51:19 (2%)

NONE.

ONE PUWR ASSEMBLY, 3.7 W/0 U=-235, NORMAL OP.
200. 50 405 6 27 27 14 6 14 11 1 1 1 1 =14 1.0 2000 0 1 82

-1 0 0 3R-1

1 =02235 2.616=4 1 92238 6.723~-3

1 40000 3.673=-3 1 551001 4.016-2 1 558016 3.404-2
2 8016 3.247-2 2 1001 6.694~2

2 24000 1.839-2 3 28000 1.815=3 3 26000 $.994-2

4 13027 6.026-2

5 32300 3.29%-2

6 592238 4.772=2 6 =592235 1.052-4

80X TYPE 1

cusoId 1 21.450 0.000 10.725S 0.000 1000. -1000. 27+0.5
CUBOID 2 21.996 ~0.546 11.271 0J.000 1000. =-1000. 27%0.5
CORE 8ODY O 11.271 -11 0271 11.271 0.00 1000. -1000. Z?"OQS

IHEMICYL+Y 2 1%9.509 1000. -1000. 27+0.5
ZHEMICYL+Y 3 19.600 1000. =-1000. 27¢0.5
ZHEMICYL+Y 6 25.309 1000. =-1000. 27%0.5
ZHEMICYL+Y 5 30.706 1000. <-1000. 27=0.S
ZHEMICYL+Y I 32.93 1000. -1000. 27+0.5 :
ZHEMICYL+Y 2 45.629 1000. -=-1000. 27+0.5
ZHEMICYL+Y 3 46,264 1000. <~1000. 27+0.5

CUBOID 2 63. =-63. 63. 0.00 1000, -1000. 27«0.5
t 111t 111 111 v :
END KENO.

TIME: 0.989 SEC. IMAGE COUNT: 24

CONTROL MODE

RKENO.SUPERKENO

Page Added
. X-G13 .. Oct. 1990



KENO OUTPUT - ZIRC NORMAL OPERATION

~—
ONE PUR ASSEMBLY, 3.7 W/0 U=235, NORNAL OP.

NUMBER OF GENERATIONS 50 , START TrYpE
NUMBER PER GENERATION 405 GENERATIONS 8
NUMBER OF GENERATIONS TO BE SKIPPED 6 - " LIST INPUT x-
NUMBER OF ENERGY GROUPS 7. LIST 1-0 MIX?
MAX. NUNBER OF ENERGY TRANSFERS 27 LIST 2-0 MIXT
NUMBER OF INPUT NUCLIDES 1% : | LIST FISS. AM
NUMBER OF MIXTURES 5 USE X=-SECTION
NUMBER OF MIXING TABLE ENTRIES 1% | USE GEOMETRY
NUMBER OF GEOMETRY CARDS 11 . USE VELOCITIE
NUMBER OF 30X TYPES - 1 - CONPUTE MATRI
NUMBER OF UNITS IN X DIRECTION | 1 COMPUTE MATRI
NUMBER OF UNITS IN Y DIRECTION 1 c LIST Frss~—/c
NUMBER OF UNITS IN 2z DIRECTION 1 ADJOINT CALCL
NUMBER OF NUCLIDES READ FROM TAPE -1% 'USE EXPONENT:
ALSEDO TYPE 1 | CALCULATE FLL
SEARCH TYPE ‘ 0 : CALCULATE FIt
THIS PROBLEM 4ILL 3E RUN WITH SPECULARLY REFLECTING SOUNDARY CONDITION

THE ALBEDOS ARZ +X = 1,00000+C00 -x = ,30000 +y = ,00000 -¥ = 1.,30C00C

MAXIUM TIME = 270.00CQ0 MINUTES

STORAGE LOCATIONS REQUIRED FOR THIS JOB = 19197
REMAINING AVAILABLE LOCATIONS= 730303

Page Added
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KENO OUTPUT - ZIRC NORMAL OPERATION (Continued)

ONE PUR ASSEMBLY, 3.7 W/C U=235, NORMAL OP.

MIXTURE NUCLIDE

COVNE WIHUWUNN =S by b

-92235
92218
40000

£51001
$S8016
3016
1001
24000
28000
26000
13027
82000
592228
-£92235

DENSITY
2.61600-004
6.72300-003
3.67390-003
4.07600-002
3.40400-002
3.347C0-002
6.69400-002
1.83900-002
1.81500-003
5.99400-002
6.02600-002
3.27900-002
4.77300-302
1.05200-004

CROSS SECTIONS READ FROM TAPE

NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE

BHHADNHEHEHEB AN

1001
51001
3016
553016
13027
24000
26000
23000
43000
32000
92235
292235
2233
792238

K 1269 F, 1002 T 213 6P 032475(2)

H 1269 F, 1002 T 218 GP 032475(2)

0-16 1276 218 6P 030474(7)

0-16 1276 218 GP 030476(?)

AL=27 1193 218 GP 040375(5)

CR 1191 21BNGP WT 1/E P-3 293K SIGP=S+4 RE(042375)
FE 218GP RE 5-17-78(1) -

NI 1190 218NGP WT 1/E P=Y 293K SIGP=5+4 RE(C042375)
ZRONATY 7141 21 NGP MT FISCJ.1T020)=1/E-MAX P=3

PS 1288 218NGP 362375 P-3 293K

U=27S 1261 SIGP=5+4 NEWXLACS 213NGP P=3 293K(3)
U=-235 1261 SIGP=5+4 NEWXLACS 218NGP P=3 293K(3)
U-238 2186P RE 5-17=-78(¢1)

U-238 218GP RE S=-17-78(1)

Page Added
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KENO OUTPUT - ZIRC NORMAL OPERATION (Continued)

N
ONE PWR ASSEMBLY, 3.7 ¥W/0 U=235, NORMAL OP.
LIFETINE = «-0201-3004 + OR - 1.35%72-006 GENERATION TIME = 5.,364¢
NO. OF INITIAL
GENERATIONS AVERAGE 87 PER CENT 95 PEF
SKIPPED K-EFFECTIVE DEVIATION ~ CONFIDENCE INTERVAL CONFIDENCE
5 .92666 + OR = .00523 .92142 TO 93139 91619 T¢
- 292628 + OR - .00534 «92093 TO 93162 .91559 T
2 92650  + OR - .00544 292146 TO .93233 «91607 TC
" «92665 + OR - .00556 92109 TO 93222 .91553 T¢
11 «92533 + OR - .00564 e92019 TO 93147 91454 TC
11 «92731  + OR - .00S5% 292173 TO .93290 .?1612 TC
12 «92737 + OR = .00571 92216 TO  .93357 91646, ¢
1~ .92805 + OR - ,00586 292219 TO .93391 .91533 TC
14 .92916 + OR = .00592 292324 TO .93507 21737 7
17 .92394 + OR - ,00608 .92286 TO .93503 .91678 TO
27 .92553 + OR - .00615 292041 TO 93274 «21425 TO
2° .92358 + OR - .00407 «?1751 TO .92965 o91144 TO
3" «92419  + OR - .CO”30 2915839 TO .93150 «30759 TO
it +92123  + OR - .30291 221237 TO .93020 «?3746 TO
&0 .92001 + OR = .01134 +?1367 TO .94125 .20722 7o
“r <7051  + OR - .01556 .91395 TO .94708 «39°32 TO
Page Added L
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{LESSNWTSHA
6719737 11:4

13
13
13
21
18

~ NITAWL INPUT - ZIRC HYPOTHETICAL ACCIDENT

C:29 21)

1$$ 0 14 52 2 2Z -1 0 T
28$ 92233 -592238 92235 -592235 8016 -558016 1001 =-551201

b 23

47000 13027 24000 26000 23000 82000

572238 294. 0 0e) 0.0 20. 4o773-2 1 32 3Z 1.0 T

52 NONE. TIME: 0.222 SECe. IMAGE COUNT: S

N CONTROL MODE

AWLNITAWL

o

X-617 °

Page Added
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NITAWL OUTPUT - ZIRC HYPOTHETICAL ACCIDENT

THIS XSORM WORKING TAPE WAS CRrREAicy
THE TITLE OF THE PARENMT CASE IS AS FOLLOWS
2™ NEUTRON GROUP LIBRARY
BASED ON ENDF/B VERSION 4 DATA
COMPILED FOR HNRC
TAPE ID £321 NUMBER OF NUCLIDES
NUMBER OF NEUTRON GROUPS 2? " NUMBER OF GAMMA SGROUPS
FIRST THERMAL GROUP 15
TABLE OF CONTENTS
H 1289 F, 1002 T 213 GP (03247%(C2)
H 12567 F, 1002 T 218 6P 022475(2)
0-15 1278 213 GP 0304°5(T)
0=-146 1276 213 3P °304~6(7)
AL=27 1193 213 GP 04027%5(S)
CR 1191 213NGP 4T 175 P=3 297K SIGP=5+4 RE(I42375)
FE 212GP RE S5=17=-"3(1)
NI 1170 213NGP YT 1/E P=3 293K SIGP=5+4 RE(342373)
ZICNATY T141 21 NGP 4T FISCO.1T02C)=1/E=MAX P=3
°g 1273 213NGP J4237S5 P-3 293%
U=2T5 1241 SIGP=5+4 NEWXLACS 213NGP P=3 293X (3)

U=235 1251 SIGP=5+4 NEWXLACS 213NGP P=3 203K(3) S

Y=-233 213GP RE 5=17=72(N)
U=233 21%GP RE S5=1?=73(1)

AXPT PRINTS

Page Added
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XSDRNPM INPUT - ZIRC HYPOTHETICAL ACCIDENT

XWTSHA
T 11:59:05 (T3
188 2 3 221 3 3 38 3 1 2R29 FO
288 -2 FO
38 1 32 1000 22 1 fFO
43S -1 27 0 =2 ET
13$$ 3R1 2 2R3 9R1 9R2 IR3
1488 92235 72238 552016 40000 558016 $51001
2016 1001 13027 sS2700 24000 26000 28000
$92235 592238 2a9
15ex 326978 2,235«2 Lo642-2 4.227=2 33472 £.694=2 F1o=15 T
IZ«x F1.0 T
35«% 9I0.D0 o4647 J4TEL2 TI.5367 0.891
268S 10RT 2R2 8R3
. 32+« 1JR1.0 00 F1,.2
AL 1 T
\_/ 4Cs3 f3 :
5183 1 2 T 4 5 6 739 .10 11 12 12 14 15 16 17 18 19 20
21 22 2T 24 25 2627 T

o TIME: D242 SEC. IMAGE COUNT: 18

JRNPH

. . Page Added
/ 'X-G19 Oct. 1990



SADD»DEP STE

1S ARRAY
28 ARRAY
IS ARRAY
4S ARRAY

=7
DIIECT ACCES
3020 ORDS

321 WoRdS
2353 uWoRdS

GEMEIAL PROBLEM DESCRIPTION DATA 3LOCK

XSDRNPM QUTPUT - ZIRC HYPOTHETICAL ACCIDENT

*STAINLESS «XWISHA -

WEST 15X15 as3L,s 3.

15 ENTRIES READ
10 ENTRIES READ
12 ENTRIES READ

9 ENTRIES READ

S FILES ASSIGNED

PER RECORD ON UNIT 3

PER RECORD ON UNIT 9

PER RECORD ON UNIT 10

-

UIO U-Z35, 95:1"3.' Ho‘.

1 PHYSICAL RECIRDS PER LOGICAL

10 PHYSICAL RECORDS PER LOGICAL

1 PHYSICAL RECORDS PER LOGICAL

GENERAL PROBLEM DATA
IGE 172713 = PLANE/CYLINDER/SPHERE 2 ISN QUADRATURE ORDER
oM NUMBER JF ZONES z ISCT ORDER OF SCATTERING
N MUMBER OF SPACIAL INTERVALS 20 TEYT 071727374 /75746=22/X7ALPHA
IaL 2717273 = VACUUM/REFL/PER/JIHITE 1 IIM INNER ITERATION MAXT*UM
IBR QQIGHT 3IO0UNDARY CONDITION 3 ICM OQUTER ITERATION vaA: !
mXX NUMBER QJF MIXTURES 3 ICLE =170/Ne=FLAT RESIS?Tf%r
“s MIXING TADLE LENGTH 1 ITH 371 = FORMARD/ADJIAINT
IG™ NUMBEI OF SNERGY GROUPS 27 IFLU 271727374=L=S/L7S/IuN/L=N
NNG SNUMIER JF NEUTROM GR0UPS 27 IPRT =2/7-1709/M=MIXTURE XSEC
NGSE  NUIMDCSY OF GAMMA GROUPS J 101 379727/3=40/PRT NO/PCH N
IF™G NUMSEY 2JF FIRST THEIMAL 3ROUP 1€ IPOT =1/7371=NOQNE/FINE/ALL 3A
SPECIAL 9PTIONS
+FG 271 = NONEJUEIGHTING CALCULATION 1 IPN DJUMMY PARAMETER
IaM  VOLUMETRIS 30URCES (D/N=NO/YES) 3 IOFM 171 = NONE/DENSITY FACT
IPM 30UNDARY SOURCES (0/N=NO/YES) 4] TAZ I/N = NONE/MN ACTIVITIES
IFYM. /172 = INPUT 33+/34»/USE LAST 2 IAL 3/71=NONEJACTIVITIES 3Y
TN 4AXTMUM TINE (MINUTES? 4932 TECT A71=NO/YES UPSCATTER 5S¢
TOTT 27497277 =NQ/XSECT/SRIZ/FLUX=-=0UT J IPYT J7172=N3/X/ALP4A PARANE
WEIGHTING JATA (IFG=1)

SCON =*7777=CELL/ONE/RESTIN WEISHT -1 IMTF TOTAL XSECT PSN I 2RD
T3F NUMBER JF 304D SROUPS 27 CNDSF 9%% 3-G 0OR FILZT NUMBER
iro SIVTI2ITTNL] TICIEIACIA 3 NUSF TASBLE LENGTH QR waxX 9RD
I92 /= 1/7N=2WGTED) XSECT PIINT -2 wSCM SXTRA 1=D X=SECT °12S8IT2
AP  =T/% ANZIS*! XSECT 2RINT -1

Page Added
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XSDRNPM OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued)

\_/

115 ASBL' '...-x' UIO U‘ZSSQ 9521‘.0., HeAo

DATA BLOCK 2 (MIXING TABLE, ETC.)
MIXING TABLE : : ‘ EXTRA

MIXTURE COMPONENT ATOM DENSITY XSECT ID0°S
1 92235 , «36970~-003
1 9222% «22350-001
1 558016 «46420-001
2 40000 «42270-001
3 558016 «33470-001
3 551001 © «66940-001
1 g01s «10000-014
1 1001 «10000-014
1 13027 «10000-014
1 2000 «10000-014

\_J 1 24900 «10000-014
1 26000 «10000-014
1 28000 «10000-014
1 £92235 «10000-014%
1 592233 - «10000-014
2 2016 «10000-014
2 1001 «10000-014
2 12927 «1000C-014
2 3292320 «100C0-014
2 24000 «10000~-014
2 26000 «10000-014
2 22300 «10000-014
2 °92235 «12000-314
2 59227 «10000-014
3 3015 «10003-01¢
z 131 - «10000-014
3 17927 «10000-014
pt 82909 «10000-014
3 24000 «10000-014
3 26000 «10000-014
bt - 28920 «1C0C0-014
z £82235 «1C000-014
z $92222 «100C0-014

Page Added
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XSDRNPM OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued)

OUTER IN

1

2

3

I3

3

)
GRP. 1
GRP. 2
GRPe s
GRP. 4
GRP. 3
GRP. &
GrRP. =
GRPs 2
GRPs 7
GARP. 17
GRP. 11
GRP. 12
GRP. 127
GRP. 14
GRP. 15
GRP. 15
GRP. 1=
GRP. 12
GrP. 12
gar. 2°
Gar. 21
GRP. 22
GRP. ps
GRP. 24
8RP. 23
GRP. 26
GRPe 27
ELAPSED

Page Added

Oct. 1990

TINE

2473932322 4INe.

X-G22

NER 3ALANCE UPSCATTER RATIO EIGENVALUE
2™1 1.3000011+020 1.1242761+090 1.3333323+333
412 1.00000106+300 1.0065973+000 1.4451521+900
2% 1.0000010+000 9.9592105-001 1.4500193+020
584 1.00000100000 9.9339332-001 1.4437024+000
629 1.3000010+000 9.9939373-0C1 1.4433536+300
561 1.0000010+000 9.9999933=001 1.4435560+000
REQUIRED 1 ITERATIONS. MFD OF 2,26501-005 OCCURRED
REQUIRED 1 ITERATIONS. “FD OF ©9,51393-006 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 1.61515-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 1.73247-005 OCCURRED
REQUIRED 1 ITERATIONS. ¥FD OF 1.32375-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 1.25005-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 1.34379-00% OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 1.59355-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 2.02351-005 OCCURRED
) REQUIRED T ITERATIONS. “FD OF 2.29557-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 2.47379-005 OCCURRED
REQUIRED 1 ITERATIONS. NFD OF 3,13932-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 3.32124-005 OCCURRED
REQUIRED 1 ITERATIONS. WFO OF 3.23496-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 4.52283-005 OCCURRED
REQUIRED 1 ITERATIONS. “FD OF 2,06513-005 OCCURRED
REQUIRED 1 ITERATIONS. ¥FD OF 3.17723-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 3.09409-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 2.62542-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 3,34931-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 4.20376-005 OCCURRED
REAUIRED 1 ITERATIONS. MFD OF 2.,20543-005 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 8,.54732-006 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 1.35341-005 OCCURRED
REQUIRED 1 ITERATIONS. “FD OF 2.17327-006 OCCURRED
REQAUIRED 1 ITERATIONS. “FD OF 1.72435-006 OCCURRED
REQUIRED 1 ITERATIONS. MFD OF 2.21379-006 OCCURRED
833 1.3093001C+020 1.0000010*000 1.4432741+900
FINAL MINITOR LAMBDA 1,4437517+0020

s
LAMBDAY
1.4429539+000
1.3035129+000
1.2002437+000
9.9995656-03'
1.3000479+090
1.300039‘*000
INTe 22
IN INT. 293
IN INT., 2
IN INT. 20
IN INT. 2
IN INT. 2°
IN INT. 20
IN INT. 2
IN INT. 1
IN INT. 1
IN INT. >
IN INT.
IN INT. 2
IN INT. 29
IN INT, 1
IN INT. 14
IN INT. 14
IN INT. ¢
IN INT. 14
IN INT. 1
IN INT. e
IN INT. 3
IN INT. 22
IN INT., 20
IN INT. 1
IN INT, 16
IN INT. 1
1.2800122+3C¢C

OO NAONOMNOONAAOAMO [a Xa 2}

ANGULAR FLUX ON



KENO INPUT - ZIRC HYPOTHETICAL ACCIDENT

./
ESSKWITHA .
F19787 12:06:14 (61)
83 ONE PWR ASSEMBLY, 3.7 W/0 U=225, Hehe
LYo 200 5C 405 6 27 27 14 6 16 10 1 1 1 1 =14 1020000 1 22
&2 100 3RrR~1
80 - 1 =9223S 21464 1 $2238 5.514-%
-1 1 40200 3.012=T 1 SS1007 44497=2 1 £58016 3.294<2
33 2 S016 3.X47-2 2 1001 6.694-2
v} 3 24000 1.839-2 3 28700 1.81%5=3 3 26000 Ca994=2
52 4 13027 6.026-2
53 5 227900 3.299=2
58 6 572238 4uT73=2 6 =592235 1.052-4%
62 BOX TYPE 1 :
61 . CUBOID T 11.271 =11.271 11.27%1 0.000 1000. -1000. 27+0.5
60 CORE BOY 0 11,271 =11.271 11.271 0.00 1000. -1000. 27+0.S
87 ZHEMICYL+Y 2 19,509 1000. =1000. 27%0.5
43 THEMICYL+Y I 19,600 1090. -1000. 27+0.5
60 ZHEMICYL+Y & 25.309 1000. -1000. 27+0.5
50 ZHEMICYL+Y 5 30,706 1000. =1000. 27+0.5
.0 ZHEMICYL+Y 3 32,93 1000. -1000. 27+0.S
\_/ ZHEMICYL+Y 2 45,629 1000. =-1000. 27%03.5
5 CUBOID 2 63. =63. 63. 2,30 1200. -1000. 27+0.5
52 T 111 111 111 1%
60 END KENO.

NONE. TIME: 0.32Z1 SEC. IMAGE COUNT: 23

. CONTROL MODE

"ERKENO.SUPERKENO

Page Added
X-623 - Oct. 1990



KENO OUTPUT - ZIRC HYPOTHETICAL ACCIDENT

-/
ONE PWR ASSEMBLY, 3.7 4/0 U=-235, H.A.
NUMBER OF GENERATIONS . 50 START TYPE
NUMBER PER GENERATION 435 GENERATIONS
NUM3ER OF GENERATIONS TO BE SKIPPED 6 LIST INPUT X
NUMBER OF SNERGY GROUPS , 27 ~ LIST 1-d wIX
WAX. NUMBER OF ENERGY TRANSFERS 27 LIST 2-D MIX
NUMBER OF INPUT NUCLIDES 1% LIST FISS. A
NUMBER OF MIXTURSS 5 : USE X-SECTIO
NUMBER OF WIXING TABLE ENTRISS 14 USE SEOMETRY
NUMBER OF GEOMETRY CARDS 10 USE VELOCITI
NUMBER OF 30X TYPES ' 1 ' COMPUTE ~-TR
NUMBER OF UNITS IN X DIRECTION ‘ 1 compuTE = R
NUMBER OF UNITS IN Y DIRECTION : 1 LIST FISS PR
NUMBER OF UNITS IN Z DIRECTION 1 ADJOINT CALS
NUMBER OF NUCLIDES READ FROM TAPE -14 USE EXPONENT
ALBEDO TYPE 1 | CALCULATE FL
SZARCH TYPE 2 CALCULATE FI
THIS PR08LEM WILL 3E RUN WITH SPECULARLY REFLZCTING 30UMDARY COMDITION
THE AL3E0S ARE +X = .2C000 -x = .27008 s = .02023 -v = 1.703¢

MAXIMUM TIME = 200.300C “MINUTES

STORAGE LACATIONS REQUIRED FOR THIS JOB = 137213
REMAINING AVAILABLE LOCATIONS= 2310C7T

Page Added
Oct. 1990 X-G24 S



KENO OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued)

ONE PWR ASSEMBLY, 3.7 N/0 U=235, Hehe

MIXTURE NUCLIDE

OO AP AW NN = ch b od -p

-92235
92238

. 40000
51001
53016
3016
1201
244300
23000
26000
13027
82300
92238
-$92235

DENSITY
2.14600-004
$.51420-003
3.01220-003
4.497°0-002
3.39400~-002
3.3477°0-002
6.67430-002
1.839C0-002
1.81520-003
S«994C0-0N2
6.02600-002
3.2°920-002
4.77330-002
1.252T0-004

_ CROSS SECTIONS READ FROM TAPE

NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
MUCLIDE
NUCLIDE
NUCcLIDE

1001
351001
8016
53016
13027
24070
26930
230090
£39000
323C0

92275

ve222
7?2213

32238

H 126 F, 1002 T 218 GP 0%2475(2)

H 1269 F, TC02 T 218 GP 0T2475(2)

0=-16 1276 218 GP 03047S5(M

0=-16 1276 218 GP J30476(M

AL=27 1192 213 GP 040375 (5)

CR 1191 218NGP WT 1/E P-Y 293K SIGP=5+4 RE(D423°%)
FE 212GP RE 5-17-78(1)

NI 1120 218NGP WT 1/€ P=-3 203K SIGP=5+4{ RE(0423™T)
ZRCINAT) 7141 21 NGP WT FIS(J.1T020)=1/7E-MAX P=-3

PB 1288 21ENGP 042375 P=3 203k :
U=225 1261 SIGP=S+4 NEWXLACS 212NGP P=3 293K(3)
U=-235 1261 SIGP=S+4 NEWXLACS 213NGP P-3 223k (3)
U=2I% 213GP RE T=17=7%(1)

U=2Z8 213GP RE S=17=73(1)

Page Added
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KENO OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued)

N4
ONE PWR ASSEMBLY, 3.7 W/0 U=-235, H.A.
LIFETIME = 1.25773-004 + OR - 1.23140-006 GENERATION TIME = §.,4449:
NO. OF INITIAL .

GENERATIONS AVERAGE 47 PER CENT 3% pER
. SKI2PED K-EFFECTIVE DEVIATION  CONFIDENCE INTERVAL  CONFIDENCE
3 «95411 + OR = 00497 94916 TO 95937 <9441” 70

- «95202 + OR = 00461 4740 TO 955643 274279 TO

? «75196 + OR = .00473 294724 TO 495649 «94251 TO

- : 95136+ 0R - .00434 .94700 TO .95663 <76216 TO

1 .95194 + OR = .00496 745698 TO 95690 94201 TO

11 .95201 + OR - .00509 274692 TO .95710 .94187 TQ

12 «95235 + OR = .00321 67146 TO  .95756 .94192 TO

1~ «?5194 + OR - .00534 .94650 TO .957283 SOLE

14 95274  + OR - 50543 234732 TO  .75217 «34189 0

1 ' 95375 + OR - 30549 «9463286 TO 95924 427" TO
23 .75959 &+ OR - .00542 95416 TO 96502 .76373 0

2" «96194 + OR - ,0053° 75515 TO 96422 <7492” T

== 95475  + OR - .00667 295209 TO 96243 74742 TO

z- .95355  + OR - .30772 24532 TO  .96128 .77228 79

2" © .94324  + OR - .20871 92453 TO .95175 .72522 7o

e e?427%  + OR - .00682 SITEL TY .94961 .72711 T3

~ Page Added
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NITAWL INPUT - STAINLESS NORMAL OPERATION

® 6" Re tmnTweeB . o
12 TSR2QS 08719787 14:40:27 €24)
Te 24 1$$ 0 15 57 222 -1 0 T

le 20 288 92238 =592238 92235 -592235 8C16 -558016 1001 -

Te r2 40000 13027 24000 26000 -526000 23000 82000 '» s109 :
s 21 Jew 02238 2960 2 <4647 42217 Skeb6 2.228-2 1 16 7.67 137 18
‘e 20 592238 294e 0 0.0 0e0 20¢ 4?7732 1 37 22 1.0 T

v ERRORS: NONE. TIME:z 0.305 SEC. IMAGE COUNT: S

IGNORED = IN CONTROL MODE

S27T700eNITAWL «NITAWL

Page Added
X-627 Oct. 1990



NITAWL OUTPUT - STAINLESS NORMAL OPERATION R

\,/

THIS XSDRM JORXING TAPE WAS CREATED
THE TITLE OF THE PARENT CASE IS AS FOLLOUS
2T NEUTRON GROUP LIBRARY

BASED ON ENDF/B VERSION & DATA

COMPILED FOR NRC

TAPE ID 4321 NUMBER OF NUCLIDES

NUMBER OF NEUTRON GROUPS , 27 NUMBER OF GAMMA GROUPS

FIRST THERMAL GROUP 15

TABLE OF CONTENTS
H 1257 F, 1002 T 213 6P 032475(2)
H 1287 F, 1002 T 213 6P 032475(C2)
0=-18 126 213 GP 220476(?)
0=-156 12°4 2138 6P 730476(7)
AL=27 1193 218 GP 040275 (5)
CR 1191 213NGP WT 1/E P=3 293K SIGP=5+4 RE(D422I7S)
FE 2126P RE 5=1"=-"3(1)
FE 2136P RE 5-17=73(1)
NI 1170 213NGP WT 1/E P-3 293K SIGP=5+4 RSC042375)
ZRINAT) 7141 21 NGP WT FIS(d. 17020)-1IE-HAX p=2
P3 1233 213NGP 0423"5 P-3 293X
U=-235 1281 SIGP=5+4 NEWXLACS 213NGP P=3 293K (3) N
U=235 1281 SIGP=5+44 NEWXLACS 212NGP P-3 29Ix(3)
U=233 213GP RE 5=17-73(1)
U=233 213GP RE 5=17=72(1)

<BRKPT PRINTS

Page Added

Oct. 1990 X-G28 s



XSDRNPM INPUT - STAINLESS NORMAL OPERATION

ISS.XW1SS
19737 15:04:46 (35)
WEST 15X15 ASBL, &.C W/0 U-235, STAINLESS CLAD, NORMAL OP.

? 1$$ 2 320 1 3 3 T3 8 3 1 2R20 FO
! 2ss -2 FO
3$s 1 3z 1000 22 1 FO
488 -1 270 -2 ET
1388 3R1T 2 2RY OR1 9R2 9R3
1488 ©2235 Q2233 553016 526000 553016 551001

8016 12001 13027 22700 24000 26000 28000

592235 592218 249
15e% 9.403-4 2.228=2 £.642-2 2.01=2 3.347=2 64694=2 F1e=15 T
ITes F1.0 T
35«+ OI0.0 4647 4742 71.5360 0.8068
36SS 10R1 2R2 8R3
38++ 10R1.0 0.0 F1.0
19¢3 12 3
40SS F3
51$$ 1 2 T4 56 789 10 11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 T .
‘ONE. TIME: 0.242 SEC. IMAGE COUNT: 18

— -t =8

LI R N I

vl r ) e B 2

‘«XSDRNPM .

-Page Added
X-G2¢% Oct. 1990



- XSDRNPM - STAINLESS NORMAL OPERATION

3ADD ,DEP STE*STAINLESS .XW15S
WEST 15X15 ASBL, 40 W/0 U=235, STAINLESS CLAD, NORM

./

13 ARRAY 15 ENTRIES READ
. 23 ARRAY 10 ENTRIES READ
. 3% ARRAY 12 ENTRIES READ
4% ARRAY 9 ENTRIES READ
T
DIRECT ACCESS FILES ASSIGNED o
3000 WORDS PER RECORD ON UNIT 8 1 PHYSICAL RECORDS PER LOGICAL
330 WORDS PER RECORD ON UNIT O - 10 PHYSICAL RECORDS PER LOGICAL
I309 WYORDS PER RECORD ON UNIT 10 1 PHYSICAL RECORDS PER LOGICAL
GENERAL PROBLEM DESCRIPTION DATA BLOCK

GENERAL PROBLEM DATA

IGE 17273 = PLANE/CYLINDER/SPHERE 2 ISN QUADRATURE ORDER
IZM NUNMBER OF ZONES 3 ISCT ORDER OF SCATTERING
IM  NUMBER OF SPACIAL INTERYVALS 20 IEVT O/7172737475752Q7/X/ALPHAY
ISL 3717273 = VACUUM/ZREFL/PER/MHITE 1 IIN INNER ITERATION MAXIMUM
IBR RIGHT BOUNDARY CONDITION 3 ICN OUTER ITERATION MAXI
™XX NUMBER OF MIXTURES : 3 ICLC <=1/70/N==FLAT RES/SH/_/
MS  9MIXING TABLEZ LENGTH 23 ITH 0O/1 = PORWARD/ADJOINT
IGM NUMBER OF ENEXIGY GROUPS 27 IFLU Q717273743 -S7L7874/0L=4
NNG NUMBER OF NEUTRON GROUPS 27 IPRT =2/=1/0/N3MIXTURE XSEC P
NGG NUMBER O9F GAMMA SROUPS s} IDY O/172/3=2N07PRT ND/PCH N/
IFTG NUMBER OF FIRST THERMAL GROUP - . 1§ IPBT =1/0/13NONE/FINE/ZALL 3AL
SPECIAL OPTIONS
IFG 771 = NONS/WEIGHTING CALCULATION 1 IPN DUMMY PARAMETER
I3  YOLUMETRIC SOURCES (Q/N=NO/YES) 2 IDFM 371 = NMONS/DENSITY FACTO
IPN 3SO0UNDARY SOURCES (3/N=NO/YES) 0 IAZ 9O/N = NONE/N ACTIVITIES
IFN. 07172 = INPUT 33*/34+/USE LAST o IAI O/1=NONE/ACTIVITIES B8Y !
ITMX MAXIMUM TIME CMINUTES) 1000 IFCT 3/1=40/YES UPSCATTER SCA
I9TY 3/7172733aNO/XSECT/SRCE/FLUX==QUT b] IPYT 9/172=N0/X/ALPHA PARAMET
YEISHTING DATA (IFG=1)
ICON =-*/7/71=2ELL/ZONE/REGION 4JEIGHT -1 IMTF TOTAL XSECT PSN IN SRD 5
IGMF NUMBER OF 3ROAD GROUPS 27 NDSF PSY 3-6 OR FILZ NUM3ER
IT? /13722732743 7C787ACA J NUSF TA3BLE LSN3TH OR WAX ORDE
IPP  =2/=1//4=24YGTSY XSECT PRINT -2 1SCM ZXTRA 1D X=-SECT 20SII0
IA? =T/ ANISY XSECT PRINT -1
FLOATING POINT PARAMETERS
Page Added
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XSDRNPM OUTPUT - STAINLESS NORMAL OPERATION (Continued)

] hSBLv 4.0 W/0 U-235, STAINLESS CLAD, NORMAL OP,

DATA BLOCK & (MIXING TABLEs ETC.)

MIXING TABLE EXTRA
MIXTURE  COMPONENT ATOM DENSITY XSECT I0°S
1 9223S «94030-003.
1 92238 «22280-001
1 $S8016 «466420-001
2 S26000 -«80100~001
3 558016 «33470-001
.3 551001 «66940-001
1 8016  «10000-014
1 1001 «10000=-014
1 13027 «10000-014
1 82000 : «10000-014
1 24000 «10000-014
1 26000 «10000-014
1 238000 «10000-014
1 92235 . «10000-014
1 592238 «10000=-014
2 8016 «10000-014
2 1001 «10000-014
2 12027 «10009-01¢4
2 82020 «10000-014
2 24000 «10000-014
2 260090 -10000-014
2 28000 «10000-014
2 $9223S «10000-014
2 $92233 «10000-014
3 ac16 «10000-014
3 1001 «1C008-914
3 1¥027 «10000-014
3 £2920 «10000-014
3 264000 «10000-014
3 26000 «10000-014
3 22020 «13000-014
. £Q2235 «13000-014
s £9222E «10000-014
Page Added
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XSDRNPMN QUTPUT - STAINLESS NORMAL OPERATION (Continued)

N4
QUTER INNER - DALANCE UPSCATTER RATIO EIGENVALUE LANBDAY
1 279 1.0000014+000 1.156284656+000 129342244300 1+3251324+000
2 424 1.0000014+000 1.00114631+000 1.32944693+000 1.0034903+000
3 530 1.0000014+000 9.935625146-001 1.3314592+000 1.0001303+000
& 571 1.0000014+000 9.9835870-001 1.3302430+000 9.9989019=001
5 823 1.0000014+000 9.9982852-001 1.3299635+000 1.00008156+000
s 849 1.0000015+000 9.9993499-001 1.3299539+000 1.0000241+000.

GRP. 1 REQUIRED ITERATIONS. MFD OF 2.,16023-005 OCCURRED IN INT. 29 CC
GRP." 2 REQUIRED ITERATIONS. MFD OF 1,08659-005 OCCURRED IN INT. 27 CO
GRP. S REQUIRED ITERATIONS. MFD OF 1.76437-005 OCCURRED IN INT. 20 CC
GRP. 4 REQUIRED ITERATIONS. MFD OF 2,33545-005 OCCURRED IN INT, 20 CO
GRP. 5 REQUIRED ITERATIONS. “FD OF 1,43687-035 OCCURRED IN INT., 20 COC
GRP. 6 REQUIRED "ITERATIONS. MFD OF 1.50639-005 OCCURRED IN INT. 20 <O
GRP. ® REQUIRED ITERATIONS. MFD OF 1.567306-005 OCCURRED IN INT. -2C €O
GRP. 7 REQUIRED ITERATIONS. MFD OF 1.93322-005 OCCURRED IN INT. 1 ¢C
GRPe. 9 REQUIRED ITERATIONS . MFD OF 2.,59465-005 OCCURRED IN INT. 1 c¢o

ITERATIONS. MFD OF 2,94324-005 OCCURRED IN INT. 1 c¢o
ITERATIONS. MFD OF 3,11602-005 OCCURRED IN INT. 2 cc
ITERATIONS. MFD OF 3.78160-005 OCCURRED IN INT. 29 (€O
ITERATIONS. MFD OF 4.223383-005 OCCURRED IN INT. 20 €O
ITERATIONS. MFD OF 4.12007-005 OCCURRED IN INT. 2C €O
ITERATIONS. MFD OF 5.,5746946-005 OCCURRED IN INT. 2 ¢¢
ITERATIONS. MFD OF 4.12413-005 OCCURRED IN INT. 14 C°
ITERATIONSs MFD OF 4.26336-005 OCCURRED IN INT. 14 :
ITERATIONS. MFD OF &4.15575-005 OCCURRED IN INT. 14 ¢/
ITERATIONS. MFD OF 3.49234-005 OCCURRED IN INT. 14 CC
ITERATIONS. MFD OF 4.,37999-005 OCCURRED IN INT., 1 ¢©?
ITERATIONS. MFD OF 4.57321-005 OCCURRED IN INT. 17 c(°
ITERATIONS. MFD OF 2,727"0-005 OCCURRED IN INT. 14 CO
ITERATIONS. MFD OF 2.30873-005 OCCURRED IN INT. 29 ¢C
ITERATIONS. MFD OF 1.37240~-005 OCCURRED IN INT. 23 CC
ITERATIONS. MFD OF 7.,91199-008 OCCURRED IN INT. 22 (O
GRPe 25 REQUIRED ITERATIONS. MFD OF X.22027-005 OCCURRED IN INT. 1 €0
GRP. 2T REQUIRED ITERATIONS. MFD OF 2.,55561-008 OCCURRED IN INT. 22 (2
7 896 1.0000014+000 9.99994621-001 1.3299620+000 1.3030127+500

6RP. 17 REQUIRED
GRP. 11 REQUIRED
GRP. 12 REQUIRED
GRP. 17 REQUIRED
GRP. 14 REQUIRED
GRP. 15 REQUIRED
GRP. 15 REQUIRED
GRP. 1~ REQUIRED
GRP. 1?7 REQUIRED
GRP. 19 REQUIRED
GRP. 20 REQUIRED
GRP. 21 REQUIRED
GRP. 22 REQUIRED
GRP. 2T RLAUIRED
GRP. 24 REQUIRED
GRP. 2T REQUIRED

-l d o d ad h od od od h e ) D oD d D b D b D b @b o =D

FINAL MINITOR ‘ LAMBDA 1,3279434+300 ANGULAR FLUX 9N
ELAPSED TIME 2.61432330 v1IN. -
Page Added

~Oct. 1990 X-G32 v



KENO INPUT - STAINLESS NORMAL*OPERATION

ESS.KWISS

701787 09:04:51 (612

690 ONE PWR ASSEMBLY, 4.0 W/0 U=225, NORMAL OP., STAINLESS CLAD
51 200. SC 501 6 27 2T 14 6 14 11 1 1 1 1 =146 1 9 2000 0 1 82
63 -1 0 0 3RrR=-1

-1v1 1 =92235 3.107=4 1 92238 .7.261-3

60 1 S26000 4.880-3 1 551301 3. 946=2 1 558016 3.506-2
49 2 3016 3.347=2 2 1001 6.694-2

33 z 24C00 1.23%9-2 3 22700 1.215=-2 3 26000 5.994-2

65 4 13027 6.026=2

5C S 82000 3.2%99-2

80 6 572238 4.T73=2 & =592235 1.052-4

59 50X TYPE 1 :

-1y cusorp 1 21.450 0.000 10.725 0.000 1000. -1000. 27+«C.5
60 CUBOID 2 21.996 =-0.546 11.271 0,000 1000. -1000. 27%Ca5
50 CORE SDY 0 11.271 =11.271 11.271 0.00 1000. -1000. 27+0.5
§0 ZHEMICYL+Y 2 19,509 1000. -1000. 27%0.5

6C ZHEMICYL+Y X 19,600 1000. -1000. 27+0.5

69 ZHEMICYL+Y & 25.209 1000. -1000. 27+0.5

6C - ZIHEMICYL+Y € 30.706 1000. -10C0. 27+0.5

50 ZHEMICYL+Y I 32.93 1000. =-1000. 27+0.5

60 ZHEMICYL+Y 2 45.62%9 1000. =1000. 27+0.5
- 60 ZHEMICYL+Y T 464,264 1000. =-1000. 2740.5

39 CUBOID 2 63. =63. 63. J3.00 1C00. ~1000. 27*0.5

6T T 711 111 111 1 '

50 END KENO.

_MONE. TIME: 0.417 SEC. IMAGE COUNT: 24

! CONTROL MODE

‘6 RKENO.SUPERKENO

Page Added
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~ KENO OUTPUT - STAINLESS NORMAL OPERATION

Ny
ONE PYR ASSEMBLY, 4.0 W/0 U-275, NORMAL OP., STAINLESS CLAD

NUMBER OF GENERATIONS S0 START TYPE
NUMBER PER GENERATION 501  GENERATIONS
NUMBER OF GENERATIONS TO BE SKIPPED 5 | LIST INPUT X
NUMBER OF ENERGY GROUPS 27 LIST 1-p MIX
“AXe NUMBER OF ENERGY TRANSFERS 27 © LIST 2-0 wIX
NUMBER OF INPUT NUCLIDES 14 LIST FISS. A
NUMBER OF MIXTURES 5 USE X-SECTIO
NUM3ER OF MIXING TABLE ENTRIES . 1% USZ SEONETRY
NUMBER OF GEOMETRY CARDS | 11 USE VELOCITI
NUMBER OF 30X TYPES ' 1 COMPUTZ “ATR
NUMBER OF UNITS IN X DIRECTION 1 ' comPyTE ¥
NUMBER OF UNITS IN Y DIRECTION ' 1 LIST FIss Fae
NUMBER OF UNITS IN 2 DIRECTION S ADJOINT caLC!
NUMBER OF NUCLIDES READ FROM TAPE -14 | USE EXPONENT
AL3EDO TYPES | 1 | CALCULATE FU;
SEARCH TYPE 3 CALCULATE FI
THIS PROBLEM WILL 3E RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITION

THE ALTEDO0S ARZ +X = 1.000C0+000 -Xx = .39900 +Y = .3302° -v = 1.7000°

TAXIMUM TIME = Z230.0C00 MINUTES

STORAGE LOCATIONS REQUIRED FOR THIS JO3 = 204837
ATMAINING AVAILABLE LICATIONS= STN3ET

Page Added ' o
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ONE PWR ASSEMBLY, 4.0 W/0 U=235¢ NORMAL OP., STAINLESS CLAD

MIXTURE NUCLIDE  DENSITY
-92235 3.10730-004
92228 7.36120-003
326000 4£.88000-003
51001 3.94630-002
53016 3.50600-002
3016 Z.34770-002
1001 6.65400-002
24000 1.83900-002
22000 1.81520-003
26000 S.99400-002
12027 6.02620-002
820900 3.27900-002
$022T8  4.77320-002
-592235 1.05220-004

COVEULUWHWIIN A b ot b b

CROSS SECTIONS READ FROM TAPE
1901 H 1269 F, 1002 T 218 GP 032475(2)

NUCLIDE =

NUCLIDE = 351001 H 1269 F, 1002 T 218 GP 0T2475(2)

NUCLIDE = 3016 0=-16 1276 218 GP C30476(7)

KUCLIDE = 353014 0-16 1276 218 GP J30476(CT)

NUCLIDE = 13327 AL=27 1193 218 GP 040275(S)

NUCLIDE = 24000 CR 1197 218NGP WT 1/E P=3 293K SIGP=S+4 RE(N4237S)
NUCLIDE = . 26000 FE 213GP RE 5=17=-78(1)

NUCLIDE = 526000 FE 213GP RE 5-17=-78(1)

NUCLIDE = - 23000 NI 1160 218NGP WT 1/5 P=~3 263K SIGP=5¢4 RE(J4237%)
MUCLZIDE = 22200 P8 1283 212NGP 042375 P-3 293K »
NUCLIDE = 32275 U=235 1261 SIGP=5+4{ NEWXLACS 213NGP P=-3 203K(7?)
NUCLIDE = 92228 U=225 1261 SIGP=5+4 NEWXLACS 21SNGP P=3 273Kk(3)
NUCLZIDE = 92233 U=-2T8 218GP RE S=17=-72(1)

NUCLIDE = 92238 U=238 218GP RE S=17-7S(1)

Page Added
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KENO OUTPUT - STAINLESS NORMAL OPERATION (Continued)

ORE PYR ASSEMBLY, 4.0 W/0 U-235%, NORHAL>OP0' STAINLESS CLAD

LIFETIME = 1.,235723-004 + OR - 1,32370-206

Nd. OF INITIAL
GENERATIONS
SKIPPED

5

d

Page Added
Oct. 1990

AVERAGE
X-EFFECTIVE DEVIATION
«90339 4+ OR - .20416
.90360 + OR - .00425
<90362 '+ OR - .00435S
«?0378  + OR - -.30445
-9041T &+ QR - .00453
90433+ OR - 00666
.90337 + OR - .00477
«90332  + OR - .00435
.70356  + OR - .20%0C
.90521  + OR - ,00484
«90633  + OR - .£0S543
.30932  + OR - .20S8%
290572  + OR -~ .00663
.IN€29 &+ OR - 70697
«33133  + 03 - .C0624
«70431  + O0R - .20589

X-G36

87 PER
CONFIDENCE

.29973
39935
89927
.20932
.29953
«39967
39911
39844
.39854
90037
30093
.70343
29909
39333
«394409

«329342

T0

To

T0

TOo
TO
TO
TO
TO
TO
TO
TO
7o
To
TO
T2

TO

GENERATION TIME

CENT

INTERVAL

«70305
+90734
«90797
»90323
90348
..90900
«90364
20319

«9038%3

«910CS
«91172

«91517

91020

= T.2643°

95 PER
CONFIDENCE

<2955~
.39510
«29492
.2943”
29507
.29500

«39434

«39760

« 39254
«39552
«29557
«59763
«39246
«29°76
22754

«29257

TO

-0

TO

7o

To

TO
-0

)

s



NITAWL INPUT - STAINLESS HYPOTHETICAL ACCIDENT

‘NLESS.NW15SHA

07701787 12:=02:14 21
21 1s¢ 0 1552 222 -1 0 T
21 28S 92238 -592238 92235 -592235 8016 -558016 1001 -551001
21 40000 13027 240C0 26000 -S26000 28000 82970
21 Tew 92238 294e 2 <4647 1521 5787 24228=2 1 16 7.67 1 32 1.0
21 572238 294. 0 0.0 0e0 20¢ 4e773-2 1 3Z T2 1.0 T

'S: NONE. TIME: (0.223 SEC. IMAGE COUNT: §

IN CONTROL MODE

TRYL.NITAUWL

. . Page Added
X-G37 Oct. 1990



NITAWL OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT

\_/
THIS XSDRN YORKING TAPE WAS CREATED
THE TITLE OF THE PARENT CASE IS AS FOLLOWS
2™ NEUTRON GROUP LIBRARY
SASED ON ENDF/B VERSION 4 DATA

COMPILED FOR NRC . .

TAPE ID 321 NUMBER OF NUCLIDES

NUMBER OF NEUTRON GROUPS 2?7 NUMBER OF GAMMA GROUPS

FIRST THERMAL GROUP 15

TABLE OF CONTENTS
H 1269 F, 1002 T 212 GP 0T2475(2)
H 1282 F, 1002 T 213 GP 032475(2)
0-158 12786 213 GP J304786(7)
0-15 1275 213 GP 230476(7)
AL=-27 119 213 GP 040275(5)
CR 1171 213INGP 4T 1/E P=3 293K SIGP=5+64 RE(J42375)
FE 21262 RE 5-17=-"3U1)
FE 213GP RE 5-17="3(1)
NI 1120 213NGP WT 1/7g P=3 293K SIGP=5+4 RE(D42375)
ZRONATY 7141 21 NGP WUT FI1S(J.1T020)=1/E-MAX P=3
P9 1223 213NGP 042375 P=3 293K
U=2>3 1261 SIGP=5+4 NEWXLACS 213NGP P=2 273K (2) "
U=23% 1251 SIGP=5+4 NEWXLACS 213NGP P=~3 293K (3)
U=233 213G6P RE S5=17-73(1)
U=22% 298GP RE S=17-72(1)

ZBRXPT PRINTS3

Page Added
Oct. 1990 - X-G38 S



XSDRNPM INPUT - STAINLESS HYPOTHETICAL ACCIDENT

-ESSJXUTSSHA

31737 12:221:05 (3

73 WEST 15X1S5 ASBL,y 4.0 W/0 U=235, STAINLESS CLAD, HeAe

’3 1$$ 2 3201 3 3 23 8 3 1 2R2% FO

°7 2%8 =2 FO

<3 3¢S 1 3z 1000 22 1 FO

-3 LSS -1 27 J =2 ET

%3 1388 3R1 2 2R3 9RT 9RZ2 9R3

-2 1488 7223% 922323 553016 526300 558016 551001

T3 %016 1001 1302~ 82700 24000 26000 28000

"3 §562235 592228 249 ,

-3 15¢2 0,403=4 2,228=2 446422 3.01=2 33472 6e674=2 Fl1e=15 T
=3 I3«x F1.0 T

T 368S 10R1T 2R2 8R3

32 32¢«+ 1GRT1.0 0.0 F1.0

T3 I9¢s 1 2 2

Tr 433%S F3 .

=z S188 1 22 4 S 67 89 10 11 12 13 14 15 16 17 18 19 20
22 21 22 2% 24 2% 26 27 T.

NONEe TIME: 0D.243 SEC. IMAGE COUNT: 18

>4  XSDRNPM

~ Page Added
X-G39 Oct. 1990



3ADD

XSDRNPM OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT

s

WEST 15X15 ASBL, 4.0 ¥W/0 U=23%, STAINLESS CLAD, HaA.

sDEP STE*STAINLESSXW1SSHA

1% ARRAY 15 ENTRIES READ

23 ARRAY 10 ENTRIES READ

TS ARRAY 12 ENTRIES READ

43 ARRAY 9 ENTRIES READ
)

CT ACCESS TILES ASSIGNED

OIRE
e

3
hae

GENE

O30 4ORDS PSR RECORD ON UNIT 3
33 WYORDS PER RECORD ON UNIT 2
29 WORDS PSR RECORD ON UNIT 10

RAL PROBLEM DESCRIPTION DATA BLOCK

' GENERAL PROBLEM DATA

SPECIAL OPTIONS

4EIGHTING DATA

ISN
IscT
IEVT
IIm
ICH
IcLe
ITH
IFLY
IPRT
I51
IPOT

IPN
I0FM
IAZ
IAI
TFCT
IPVT

1 PHYSICAL RECORDS PER LOGICAL
10 PHYSICAL RECORDS PER LOGICAL
1 PHYSICAL RECORDS PER LOGICAL

QUADRATURE ORDER
ORDER OF SCATTERING
Q/717213747576=Q/K7ALPHA,
INNER ITERATION WAXIWIM
OUTER ITERATION “AX. '
=1/79/N==FLAT RES/SI—
371 = FORWARD/ADJOZMT
07172737 43L=S/LIS14l1 =4
«2/=1/9/N=M2XTURE XSEC ¢
3717273280/PRT NI/PCH N/
-1/70/1=NONE/FINE/ZALL 2AL

JUMMY PARAMETER

/1 = NMONE/DEMSITY FACT:
O0/N = NONE/M ACTIVITILES
O/1=NONE/ACTIVITIES 8Y :
I/71=NO/YES JPSCATTE? SC:
I/7172=N0/C/ALIYA PA9ANE"

(IF5=1)

INTF
NDSF
wusF
1s5cH

TOTAL XSECT 2SN I 37D
PSN 53-G 902 FILE NUNBER

TAQLE LE'IGTH IR ¥AX IRD:
EXTRA 1-9 X=SZCT 20SITI:

FLIATING POINT PARAMETERS

IGE 1/27/3 = PLANE/CYLINDER/SPHERE 2
IZM NUMBER OF ZONES 3
IM  NUMDER OF SPACIAL INTERVALS 20
IBL J3/1/2/2 = VACUUM/REFL/PER/UHITE 1
I3' RIGHT SOUNDARY CONDITION 3
MXX MNUMBER OF MIXTURES 3
MS  MIXING TABLE LENGTH 3
IG® NUMBER OF ENERSY GROUPS 27
NNG NUMSER 9F NEUTRON 3ROUPS 2?7
NG3 NUMBER I9F GAMMA GROUPS 2
IFTG NUMIER OF FIRST THERMAL GROUP 15
IFG 2/1 = NONZ/WEIGHTING CALCULATION 1
IaM  VOLUMETRIC SOURCES (0/N=NO/YES) J
IPN BOUNDARY SOURCES (O/N=NO/YES) i}
IFN. 37172 = INPUT 334/34#/USE LAST ]
ITHX 4aAXIMUM TINE (MINUTES) 1339
IDTT D/1/2/33NO/XSECT/SREE/FLUX==0UT 3
ICON =1/7712TELL/ZIONE/REGION 4EIGHT -1
IGIF NUMDER JF 3R0AD GROUPS 27
ITP /I 123713740 J7C782AC74A 2
IPP  =%/=1/2/N34GTED XSECT ORINT -2
IAP  =*/N AMISM XSZCT PRINT -1
Page Added

Oct. 1990 X-G40



XSDRNPM OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued)

'T ASBLy 4.0 W/0 U-23S, STAINLESS CLAD, H.A.

OATA BLOCK 2 (MIXING TABLE, ETC.)

MIXTURE

1‘L.l"0‘u“\-‘L“!JNN.\'I’JNNNNN-l-l-.—h—h-h—l-OADOQJN-.—.-A

MIXING TABLE

COMPONENT

9221Ss
92238
553018
526000
58016
$51001
8016
1001
12027
32000
24000
26000
23000
92225
5922338
3016
1001
17327
32200

240C0 -

26020
2283900
392225
£9227¢8
2016
1001
12027
32000
24000
26000
22020
29222¢

- -
T92222

ATOM DENSITY -

X°G41

+94020-003
«22280-001
«46420-001
«80100-001
«33470-001
+66940-001
«10000-014%
«100C0=-014
«10000-014
«10000-014
«10000-914
«10000-014
+10000-014
«10000-914
«10000-014
«10000-014
-10000-014
«1C0000-914
«10000-914
«10002-314
«12098-014
«10000-314
«10009-014
«10000-014
«170CC-214
«10000-214
«1C0C3-214
«10000-014
«10000-014
«»10000-014
«12000-314

EXTRA
XSECT 10°S

Page Added
Oct. 1990



XSDRNPM QUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued)

OUTER INNER BALANCE UPSCATTER RATIO EIGENVALUE

1 275 1.J000011+300 1.1732334+000 1.30663463+009

2 415 1.0000010+070 1.0060307+000 1.3530315+000

3 494 1.0000010+000 9.9542741-001 1.3547722+000

[ 564 1.3000010+000 9.9375232-001 1.3556220+030

5 620 1.3000010+000 9.9937601-301 1.35525461+000

5 8461 1.0000010+000 %.9998923-001 1.35533256+000
GRP» T REQUIRED 1 ITERATIONS. MFD OF 1.92031-005 OCCURRED
GRP. 2 REQUIRED 1 ITERATIONS. MFD OF 9,33198-0056 OCCURRED
GRP. = REQUIRED 1 ITERATIONS. MFD OF 1.40503-005 OCCURRED
GRP. 4 REQUIRED 1 ITERATIONS. MFD OF 1.53491-005 OCCURRED
GRPe 3 REQUIRED 1 ITERATIONS. MFD OF 1.52750-005 OCCURRED
GRP» & RSAUIRED 1 ITERATIONS. MFD OF 1.44143-005 OCCURRED
GRPe ~ REQUIRED 1 ITERATIONS. %FD OF 1.52133-005 OCCURRED
GRP» 3 REQUIRED 1 ITERATIONS. MFD OF 1.70943-005 OCCURRED
GRP. 7 REQUIRED 1 ITERATIONS. MFD OF 2.16135-005 OCCURRED
GRP. 10 REQUIRED 1 ITERATIONS. MFD OF 2.39839-005 OCCURRED
GRPe 11 REQUIRED 1 ITERATIONS. MFD OF 2.51603-005 OCCURRED
GRP. 12 REQUIRED 1 ITERATIONS. MFD OF 3.21919-005 OCCURRED
GRP. 11T REQUIRED 1 ITERATIONS. MFD OF 3.33969-005 OCCURRED
GRP. 14 REQUIRED 1 ITERATIONS. MFD OF 3.23163-005 OCCURRED
GRPe. 13 REQUIRED 1 ITERATIONS. MFD OF 5.17172-003 OCCURRED
GRP. 16 REQUIRED 1 ITERATIONS. MFD OF 3.36013-005 OCCURRED
GRPe 1~ REIVUIRED 1 ITERATIONS. MFD OF 3.99649-005 OCCURRED
GRPe 13 REQUIRED 1 ITERATIONS. MFD OF 3.328444-005 OCCURRED
GRP. 17 REQUIRED 1 ITERATIONS. MFD OF 3.23551-005 OCCURRED
GRP. 27 REQUIRED 1 ITERATIONS. MFD OF 4.13073-005 OCCURRED
GRP. 271 REQUIRED 1 ITERATIONS. MFD OF 4.70205-005 OCCURRED
SRP. 22 REQUIRED 1 ITERATIONS. MFD OF 2.57351-005 OCCURRED
GRP. 2T REQUIRED 1 ITERATIONS. MFD OF 1.37101-005 OCCURRED
GRPe 24 REQUIRED 1 ITERATIONS. MFD OF 1.233946-005 OCCURRED
GRP. 2T REAUIRED 1 ITERATIONS. MFD OF 5.54742-006 OCCURRED
GRP. 25 REQUIRED 1 ITSRATIONS. MFD OF 1.54554-008 OCCURRED
GAP. 27 REQAUIRED 1 ITERATIONS. “FD OF 1.40835-036 OCCURRED

= 522 1.3230010+C00 9.9999553-301 1.2552297+922

FINAL MINITOR LAM3DA  1.3573075+000
SLAPSED TINE 267223322 MIN.
_Page Added
Oct. .1990 X-G42

LAM3DA1
1.3530372+000
1.30359461+000
1.0002523+000
9.9994114-001
1.000056%+309
1.2000091+900

1IN INT. 29
IN INT. 29
IN INT. 20
IN INT. 29
IN INT. 20
IN INT. 20
IN INT. 2
IN INT. 1
IN INT. 2
IN INT. 1
IN INT. 21
IN INT. 29
IN INT. 17
IN INT. 2
IN INT. 14
IN INT. 14
IN INT. 14
IN INT. 16
IN INT. 1
IN INT. 12
IN INT. 14
IN INT. 2
IN INT. 2
IN INT. H
IN INT. <2
9,9699919-331

n¢16¢1nc1n(nnc1n¢1ncwnfwnrwnawnrsnrsn.~a

W,

ANGULAR FLUX 9N



$SSKWISSHA

'01/87 12:27:C0 (60)

,C ONE PWR ASSEMBLY, 4.0 W/0 U=235, HeA.y STAINLESS CLAD

32 °00, 50 405 6 27 27 14 6 14 10 1 1 1 1 =14 1 0 2000 C 1 82
3d 000 3rR-1

3 1 =02235 2.548-4 1 92238 6.337-3

53 1 526000 4.003=-3 1 S51001 4.440-2 1 558016 3.478-2
3C 2 3016 3.347-2 2 1001 6.694-2

53 2 24000 1.33%=2 3 28000 1.815=T 3 26000 S.994=-2

33 4 13027 6.026=2

52 3 82000 T.299=2

39 6 592238 4.773=2 6 =592235 1.052-4

52 80X TYPE 1 ‘

5C CUBOID 1 11,271 -11.271 11.271 0.000 1000. =-1000. 27+0.5
59 CORE BDY 0 11.271 =11.271 11.271 0.00 1000, =-1000. 27%0.S
5T ZHEMICYL+Y 2 10,509 1000. -1000. 27+0.5

39 ZHEMICYL+Y 3 19,600 1000. -1000. 27+0.5

5C ZHEMICYL+Y & 25.309 1000 =-1000. 27%0.5

50 ZHEMICYL+Y T 22,93 1000. =-1000. 27+0.5

487 ZHEMICYL+Y 2 45.62%9 1000. =-1000. 27+0.5

47 ZHEMICYL+Y I 48.264 1300. -1000. 27%0.S

32 CuBOID 2 63, =6F. 6. 0.00 1000. =1000. 27%0.5

52 T 111 111 111 1 :

5 END KENO.

NONE. TIME: 0.293 SEC. IMAGE COUNT: 23

CONTROL MODE

IRKENO.SUPERKENO

. . Page Added
- X-G43 Oct. 1990



ONE PUWR ASSEMBLY, 4.0 4/0 U=2T5, HeAsp, STAINLESS CLAD

KENO QUTPUT - STAINLESS HYPOTHETICAL ACCIDENT

NUMBEZR OF GENERATIONS

NUNMBER PER GENERATION

NUMBER OF GEMERATIONS TO BE SKIPPED

"NUMBER OF ENERGY GROUPS

MAX. NUMBER OF ENERGY TRANSFERS

NUMNBZER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
ALBEDO

SEARCH

OF INPUT NUCLIDES

oF
OF
oF
oF
OF
oF
oF

oF

TYP

TYP

MIXTURES

MIXING TABLE ENTRIES

GEOMETRY

30X TYPES

UNITS IN
UNITS IN
UNITS IN
NUCLIDES

[
-

CARDS

X DIRECTION
¥ DIRECTION

Z DIRECTICN

READ FROM TAPE

50
435
s

27

2?
14
6

14

10

START TYPE
GENERATIONS
LIST INPUT

LIST 1=D %I
LIST 2-0 MI.
LIST FISS. .
USE X=SECTIC
USE GEOMETR'
USE VELOCIT:
COMPUTE wATI
COMPUTE vATS
LIST FIN—/s¢
ADJOINT CAL(
USE sxpoNen-
CALCULATE FL

CALCULATE F!

THIS PROBLEM WILL 3E RUN JITH SPECULARLY REFLECTING BOUNDARY CINDITION

THE ALBEDOS ARE +x = ,30000

MAXIMUM TIME = 223.3003 1INUTES

=X

«C2000

STORAGE LOCATIONS REQUIRED FOR THIS 108 =
281337

RETAINING AVAILABLE LOCATIONS=

Page Added

Oct. 19%0

X-G44
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KENO OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued)

ONE PWR ASSEMBLY, 4eJ W/0 U=2T7S, Hehey STAINLESS CLAD

MIXTURE NUCLIDE DENSITY

-92235  2.54800-0C4&
922328 6.03700-~003
26000 4.0N3C0-003
£51C01 4.44000-002
T53016  3.47803-002
8016  2.34770-002
1001 6+69430-032
24000 1.837970-002
233C0 1.81570-003
26000 * 5.99420-002
13027 6.02600-002
82000 3.29°00-002
92228  4.77300-002
=392225 1.05200-004

PO UL 1) - b b b b

CROSS SECTIONS READ FROM TAPE

NUCLIDE
NUCLIDE
NUCLIDE
MUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NMUCLIDE

1001 H 1267 F, 1002 T 218 GP 032475¢2)

51001 H 126% F, 1002 T 218 GP 032475(2)
3016 0-16 1278 213 GP JI3047T6(™
°58016 0-16 1275 218 GP 030475(7)
13027 AL=27 1193 218 GP 040375(5)

26000 FE 213GP RE 5-17=-78(1)
-26000 FE 212GP RE S5=17=73(1)

32000 P8 1238 213NGP 042375 P-3 293K

92233 U=228 212GP RE 5-17-72(1)
£82228 U=-228 213GP RE 5=-17-73(1)

X-645

24000 CR 1191 218NGP WT 1/E P=-3 293K SIGP=5+4 RECD4L23ITS)

22030 NI 1170 218NGP WT 1/€ P=3 293K SIGP=5+¢4 RE(N4227S)

92235 U=225 1261 SIGP=5+4& NEWXLACS 2TENGP P=-3 273K(D)
02235 U=235 1261 SIGP=S5S+4 NEWXLACS 21SNGP P=3 292K(3)

Page Added
Oct. 1990



KENO OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued)

ONE PWR ASSEMBLY, 4.0 W/0 U=235, HeAey STAINLESS CLAD

LIFETINE = 1.13940-C04 + OR = 1.256732-006

NO« OF INITIAL

GENERATIONS AVERAGE
SKIPPED K-EFFECTIVE DEVIATION
.5 =»72540 OR - 00477
= «73461 OR - .004871
- «93512 OR = .204%3
7 «9252% . OR -« ,L,30502
12 934682 OR - .00512
11 «92536 OR = 430519
12 «92622 OR - 30513
1= e 73825 o - ,00528
1% 73439 OR - 00522
17 «92255 OR - L00431
M «72I275 OR - 00541
27 +?30046 OR - ,00603
ki 92469 OR = .706586
= «?2123 0R - L,2071%
<" «92382 OR - ,0101°
4T «?3476 OR - 21254
Page Added
Oct. 1990 X-G46

. 87
CONFIDE

«93264
«72930
«23922
-73203
«72950
.93076
93167
+93399
-929567
«92775
2734
«72403
.71303
e?1412
«21967

22221

GENERATION TIME = .24

PER
NCE

TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
T3
R
TO

7o

CENT

INTERVAL

«9401"
293942
«94001
=94027
«?3975
94097
«94196
« 24154
74011
«93726

»97315 .

«?T809

o931z

92845
«?7037

«94737

T

?5 PER
CONFIDENCE

«72537
«?2499
72232
«?2501

«92437

«2256°

«92652
92572

2444

70
TO0
To

TO

-—a .
P

To

To

N4

<0

To
k)
-0
k)

T



Section X1




SECTION X1

STRUCTURAL ANALYSIS
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1.0

2.0

3.0

SECTION XI
STRUCTURAL
b onten

Normal Conditions of Transport

bk et bed bt bt b bed bt bbbt fmd
® & & & & ¢ & @
W 0 ~N O N H» W N =

Cask as a Simple Beam

External Pressure

Pressure Vessel Design-Cask Cavity
Water Jacket Expansion Tanks
Differential Thermal Expansion
Vibration

Tie-Down Devices

Lifting Devices

Pressure Vessel Design-Inner Container

.10 Impact Structure - Cask Attachment
.11 One Foot Drop

Hypothetical Accident Conditions

2.1 End Impact
2.2 Corner Impact
2.3 Side Impact
2.4 Puncture
References

Appendix A - Attachment of Bottom Plate

Appendix B - Analysis of Configuration B

Appendix C - Analysis of Fuel Rod Fill Pressure Effects
Appendix D - Supplemental Analysis of Fission Gas

Release from High Burnup Assemblies

Appendix E - - Supplemental Analysis of Consolidated Fuel
Appendix F - Analysis of Configuration C for the

Fermi-1 and EBR-II Fuel

Appendix 6 - Analysis of Configuration D
Appendix H - Supplemental Analysis of Configuration D

for Failed Metallic Fuel

i

Page

XI-1-1
XI-1-1
XI-1-2
XI-1-4
XI-1-9
XI-1-12
XI-1-19
XI-1-21
XI-1-32
XI-1-37
XI-1-41
XI-1-43

XI-2-1
XI-2-4
XI-2-15
XI-2-16
XI-2-26

X1-3-1
XI-Al
XI-B1
XI-Cl
XI-D1

XI-El
XI-Fl

XI-Gl
XI-H1

Revised
Oct. 19390
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... delineated
L anatiees hE stracteral wn 7‘67/‘11‘7
Cask gynder the hypothetical " acciden t condibrons

SECTION XI
 STRUCTURAL AKALYSIS,

- .. The Structural onalysis ..ﬁr- dhe et 12
s/w}:'p/}vg cask [s presented “in twe parts. Portto
gnalyzes  Lbhe Streecteral /ovleirnfy of” e 56:,27,7:;7
cosk’ onder norrmal . conditidns of Stupment os” | |
IOCFR 7l. Ford 2.6 of dhis sectorn
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_ i __ 26'Dia__ 1 1
| | _ -
193" o

. Design weaight _ .. .. ... d8eca®__ T
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s mm—e - -
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/4 WATER JPcKET ExpAnNsion TBVK.

The watér jacker expansra) Tank 1s arranged as a
separgie Tank, SUrrouNDING- THE opeer parl™ of THhe waler

Jacker. Thvs arrangement aflows a sold warer shrefld

% be FresenT arouvg The <ask body aT afl Times as rie
JackeT™ olways sTays fried, Transferring ester Throwsli a
submergey Siphan Tebe as needed. j775e expanson Tonk,
capactTy 15 sukrcreT 7o affew compleTe refll of The facker .

| aT -4S°F and sTHl/ mamlarn The Stpfion sdubregence fevel.

n any aliilode of bqna’/lr_?; and Tansper7.
" The sabimen u.seq’ /s -5775}&»6. é./.yz'a{ 5% 137 wey?)?‘

SR 6R, LBS/FT3

.953 S9.467 335F o
/.070 - &6.766 &E8°F o o
/- 097 68.453 —4o' F

As slared i seclion /'35, The vk waier a’é{ffb
Rmperalu-e (s 23S, ang Fu- purpeses of strudeial
desion The deggn pressure s AS0 pS1g a1 FoO

[/ WATER EXFANSION o

V= w(8~3) 14575, + (17698 ~13:v37)r08" T T
e TTO8P 3375 ) 25" T (1813 ME)4
.= 17558 w3 . e e e
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FIGURE WITHHELD UNDER 10 CFR 2.390
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1. 4.7 Penerrarion - Yenr bine GuaoprD

\./'. -
4”SCH.NO /S P\PE
5“
~7 777 7272 727 22 LL I I?
] VAN

- N\
™)

LA LLA

o7 7777

Tius construction allows calculation as o <:¢///Adeé~
wirth closed ends and end Scpports, with o cender
load P concenitrated ovér o very Short /ength.

foark Table XiI] - case q% 5
""7“} or 5 P “r?f’ 6724 _
\_ w 2 7 =750 7% % ewhere
br.e25 rad. pm £ =120 wall Lhrckness o,Q(‘LSEm./o
A~ 10.92 constant, P« 219" rad. pipe
.%,a < .30°°°f.$l
| o Socco (1.39)( l?a)655’9)
/30 (1.348) (1.8)

| P 9¢44¢ /bs gong plastc
K.E. afd’ra,a « /3 /bs.x don. = 520 n lbs

Fenetration « KE : 528 . (o055 n. plastic e formialso.
7440 only, .667 nd elrsdic

- def/ec-lron .

A plastic deformation ef « 25 inches could be
dolerated ‘corihoct damaege Yo the vend lne.

X/={=ttd
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TEMPERATURE DISTRIBUTION FOR VARIOUS CONDITIONS (°F)

0.5 hour hypoithetical fire accident ¢ post fire

\9 < .‘*, acer'dent conditions
tocarion }. g}% 0.5hr |075he| 1he |15 bf. 2hr. | 3hr | 4be

Alurminum Basked | 661 e70 | @9/ 716 | 757 | 7183 | 807 815*

laner Gotaner | 645 | 658 | 682 | 707 | 146 | 772 | 793 | 798"

foner Shell 440 | 538 | Gl1o | 328 | ceo 664‘* G506 .648 |
Uraniom Shell 373 | 582 | 617 | 623 |627%| a7 | 594 | 580
Leacl 356 | 641™| 621 | &2 | 021 | Gos | 581 | =~

Ovter Shell 352 | 702" 621 | 617 | 611 | 596 | 572 | 558

Woker Jocked Shell | 340




CozrricianTs Or Juzamar Expasiod
X Urpniwrrm = 17.39 Xlo'ﬁm/m/"c , o= 4o’ C

X Uronmum = 9.661x 10.6/}7/1'0/ U~
% Zad st 9.9xm" % mfinfor s @8'-/oxx’

15,1 - Asrar Bepansions - lumer Conramez / /2R Susmce

bargest Lemperature 'grad: ent ocaurs ak kol
- Steady state condihons. |

Tnner Condaner GAdB°F AT« £d5%e8%= 577°F
& r PIx10"%% 577 % 174.75 = . 998 |

len 745 o f mner condeuncr at fempersfure
174,754+ .998. » }175.748"

Inner Shell  440°F AT = 440'-6&"~ 372°F
€ » QFx10"°% 372 % 176.25 =_0.649"

| éeny,//a af inner shell af fempera iire
176.25 +0.649" 2 176.89F

A/o ageral :nv’«er‘;/és'ence between 1nner coméymer .
aond inner shel/

L5.2 Aserac. ExPAusmu.- fonee ..YHELL'/ eanriermn Since o

lar7e.s¥ Jem/aeralare _9rdaf'en-l occaurs ot 1inito/
Steady. state conditions,

Xi-1-14 L

L. - e C e eemrmm e e



1.56.3

Irme_r Shet/ 440.;5 AT‘JJQ -8 « 372*°F
é,; AL 10"%x 372%x 169.375 « £.624

Lengh o/f nner shell of Jempe/ar{are
/&7. 375 +0.,624~ 169.99F

. Urorurn Shield 373°F  Ar:215-¢8 =505°F

€t - ?.Gélxla.‘x 3?5 x167.625 = 0.4998

leﬂ?#} of Uraritrnm Slue/d ot Jem/oerg.é,,c
169,625+ 0. 4998=170.124&

Ne osxral /ﬂafer,érence between pner Shell
and wraneurn shield,

'Axml. Ex,om.mou- liranicnn Sp1&ELD /Oan.fe Sweee '

Largest Jem)oerz Yesre j}dc%en { occers 3.5 hours
4/‘-/&— the o.5 /mar/’;rc terminades.

Uronium Shield 580°F Are 580-68 =.512°F
€f 2 9.66/x10 x 5/2 %/72.750 = 0.856

len7/6 o/ errnweer Shrels &/ /emperé Zarc
172.75 +0.856 * 173. 606

Ocrfer JZ:// S58°F AT = 558-c8 s 490°F
Ere 9.9 x 10" x 490" x /72.75: t 0,838

Length of culer Shell af temperatere
172.78) +0.838 = 173.¢19

Mo axral m#er;érence betevecn amn:?)m.ib/e/d .
ancl cuter shell, '
- X1-1-15



£5.3. 1. Axige Lxpausion Loganern Sieeo /-}t/e?e.e\.,é<,:.. ,—\;g
' _
lhe Conziion whbich resclls 1 the /0/76‘:/
Ferrpacra ferre FradiEnt, o€ ciraniins being the

6/7/;cr o /—/’ #hHE +ewo, occurs o# mitial s fey
StLe corndrdrons.

rarmry Stueld 373°F AT = 373-¢8 =F05°;
€ 28%/x10™% 3885 x/72.75 = 0.50%

Lengtt of craniwm sareld oF femperalure
/72.75+0.509 = /73,259

Jactet Shetl 340°F AT+ 340-68= 277°F
€p * PFx/0"®Xx 272 % 172.78/ = 0. 4553

Zen71/7 ) /_'/'acée/ Shet! at 11217'7,962’:.1 Ferre
17Z2. 781 + &, 24235 = 173. 2365

| /\/ / / - ’ ’ ~
O XIS ] INFere=rense é’C-r’u’-Ufc.’-'? Crpelriecarz? =i ::/:/

Frcd the slatnless Hes/ coard.

1£5.3.2 Axrac Expansic Ouree Suewe /Jx?ce.sr SHELL

7he Aernperatiye 7/’4.41 ent ol concern .5 Akt
hict dccors at inrte/ .r:zc./dd’y cAzbe condition,

Outer shell 357°F AT = 352-48 » 254°~
& * 7 Fx10"% 284 x 164,25 = o, 442

€7+ 9T x16"%x272x% /64.252: 0,242

Xl=1-15q
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Sweee LonDmGs

Outer shel! - Areq=e91n° , &= 26.8x 10

Py (4e2-0) cq (2¢.8%10%)
c = 164 25

Jechet Shell - Areas28.47m° E= 26.8x10¢

P : (0'— c442> 28-47(?6063(/0‘)
v/ /G4. 25

Ao co ?.,._ 73 .Yo/umj ﬁr a,

31,878 69/ = 28.47-12.584
97.47d = 4d4.462
ad = .45¢16

o  ((462-.45¢1¢) 69 (2¢.5 x 10©)
> -

/C4,25 =&5749 lbs

G5749
-& T a9 953 psi

D _Césélé -. 422) 28.47(26.8x 10%)

5 164.25 T £ariler
65777 . ]
g e 28.47 2310 psi .<J'7- 45900 s/

Ocpter shell 1n compression Gric! acltet shell 11
Aension . Shell stresses gre well belocw She
matera] greld poinf Stress :

Xl-1-156
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AR
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EFOSOZ = SZ'p9 X4,2121 X,01 % €01 « 45
TollZl = §7-CF2l =LY A ,O5ZI (1545 727286

o (Gerz - s )
- SCro
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: quér Shet! Stress

3 : 2’2‘;8"52° * 40128 gsi Jeaswon <.S;7=4o7oo,a.:,

Jac ket Shell Stress

¢ . 1768870
e 28.47

971254 ps1_Compression

FPlashe qrelding of the jactet skell cnder

. @ccrdent Condrtrons s @cceprable. [fhere i1s

ne Dbreach of the owter shell and condainment
of *he lead Shicl/s 15 assered. A breach o
the water Jdc.ée# wow/d be a/f nNo Eonseguenc:
Since centoinment -of water 1s pot <
reguirement for stwelding éb/efadcy. The coater
4522;4, hocvoyer y woerls ortey Scrfier Some

- pa»-mqncn:‘ Cormnpresseen 77 Fo:.rzé/e 5['7,9/

bc .!:/mj;

XI-1-15d . . .



1.5.4 Paprae Ecpanstons Henmminersn \mvu.nmﬂ\\ttmm ConzgmiER

N& Y \mi\u%\m. heere “\&0\\&5.\ occurs ot inbiaf ~
hkﬂ&n\* state condifions.

k\h\ss\uh\\\u m&wﬁ,\ ““\o“. Bwlh N“\n&oh mﬂcw'h

w .mm\\m\@n.nm Aecoa Aeccmnmienn Harnpsoow.
ly .N.msw\& ok temperatre
Co = Length af S8°F
< - \Q\\Bn\ constant ﬂ\u\x kﬁ&\ﬂ.v |
42 59347 -

Yy mmo\\. + o.wﬂc\n._ 19x 593+ 0.003/15% m.w.w»vs..mw

{y = 12.653

8
e
o)

e s
Ioner Gontamer G45F AT <6d5-28 s 577°F

€ 2 9D x10"Cx577x 12.625 = ©.072)

.\.. O, ..Q\\QQQ\- h.baq»u\aﬂ\ Q\ : \N\.\Q\Qh\\m
12.625 + 80.072¢ = 12.697

>\Q\&Q\R_\ hakﬂ\\\m\wnﬂ .vm\knmmaQ\stsuQﬁ
bastet gnd inner confainer .

Xl-1-1©
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iromum Shield 373°%F A7 = 37348~ 305°F
& « Feet 2168 Z05 x 14.453 = 0.0426

LD, O/ NIl r7? .S'élelc{ d;‘ /em,aera 141,»-3
/4,453 + 20,0426 = 14. 4956

Mo radial ipterference belisecr mper sbhell
Y prarnerm SbHrels.
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1.5.7

Radial Expansion Uranium Shield/Lead/Outer Shell

Data

Inner Radlus, In.
QOuter Radlius, In.

Common Effective
length, in.

Steady State

Operating Temp. °F

Pressure On:

Inner Radius, psi
Outer Radius, psi

Material Proterties
at Temperature

Coeff. of Linear
Expansion, in./in./°F
Elastic Modulus, psi
Yield Stress, psi

Polsons Ratlo

Uranium

7.25

10.00

161.38

373

9.661x10-6

. 24.0x106

27,000

0.2

Lead

10.00

12.125

161.38

356

.16.3x10-6

1.95x106

711

0.45

XI-I-18a

Outer S-S

12.125

13.00

. 161.38

352 .

80.96

9.9x10°%
26.8x106
45,900

0.3

Water

Neutron Jacket
Shield Shell
13.00 18.00
18.00 18.25
161.38 161.38
346 340
80.96. 80.96
80.96 0

-  9.9x1078

- 26.8x10€

- 450900

- 0.3



Procedure of Analysis

To study the behavior of the Uranium-Lead-Outer Stainless Steal System,
a calculation Is made which will give a maximum stress by the approx-
imation method. The lead annulus Is simplified to a full simple cylinder
of inner radlus 10.00 in., outer rad. of 12.125 in. and the length of the
annulus is 162.625 in. This simplified volume gives us a greater voluma
of lead than actual and hence, a greater than actual increase in volume
due to the thermal expansion.

N>y

The lead Is assumed to exert a uniform pressure "P". The expansion of

the annular space from pressure "P" and the thermal expansion is calculated.
This valve is equated to a free, unrestricted, thermally expanded volume of
lead, to give the value of "P". In reality, the lead would be compressed
radially and axially and its final volume would be less and hence the actual
"P" would be less than the calculated value.

The comblnes stresses are compared with the yleld stresses to demonstrate
the safety of the system.

Thermal Expansions
Initlial volume of Lead void space
N | = 4r (12.1252 - 10?) x 161.38 L

= 23,836.462in.3 =V,

Increase In Volume of Lead when it is free of all external stresses
=V, xATx3x
= 23,835.462 x (356-68) x 3 x 16.3 x 10=5
= 335.694 In.3 = AV

Increase in internal radius of Outer Stainless Steel
* RxATxa
= 12.125 x (352-68) x 9.9 x 10~5

= 0.034 in. = UOSS,T

_ Increase in external radius of Uranium
N\
g = 10.00 x (373-68) x 9.661 x 10=6 = 0.0295 In. = Uy ,
. A
XI-1-18b



Axial Stresses Due to Differential Thermal Expansion

The cask const;'ucuon is such that the axl‘all expansions of Outer S-S and
the Water Jacket Shell interact with the Water Pressure and Lead Pressure.

Free Axial Thermal Expansions of:
. Water Jacket Shell = Lx AT x ot

= 161.38 x (340-68) x 9.9 x 10-6
= 0.4346 ins. ""WI

Outer S-8 = 161.38 x (352-68) x 9.9 x 10~

= 0.4537 In. = Loss

Axjal Pressure in:
Water = 80.96 psi ' Ref. 12
Lead =P (unknown now)
Axial Forces due to Pressure:

Water = T (R2 - r?) x p=F,,

= q (182-13%) x (-80.96)

-39,423.2179 1bs. (- ', compressive)

- Lead

T (12.1252-109) x (-P) =F

= -147.704 1bs. (P)

Let "L." ins. be the resultant axial expansion due to these forces

« o Axial forces produced are:

hell = Change in Length Elastic
Water Jacket Shell = (Area) x ( Original Length x ( Modulus !

XI-1-18c



= (Rz rz)x (L LWI) x =P
161, 33 EWI

161.38

4T (18.252 - 13

x 26.8 x 108

(4.728 x L -2.055) x 105

Outer S-5 = 1P (132 -12.1252) (L -0.4537) x 26.8 x 106
161.38

lap - 6=
= (11.4696 xL -5.204) x 10 Foss

Hence,making a force balance in the axial direction, we have

Fy+F +Pys*F oo = 2F=0

’» =39,423.2179 ~ 147.704 x P + (4.7281 -2.055) x 106 +

(11.4696 L - 5.204) 1065 =0

o L =0.45 +9.119x10°6 xP
o o Axlal stress (assumed constant over radlus) for:

Outer S-S = Fogg = 6; . 1.514 xP-525.166
[o]
1T (132 -12. 1252)

Radial Expansion Due to Radlal and Axial Stresses

For thick cylinders with internal radlus Ry,
Externalv radius R, , Internal pressure Py,

External pressure P & Axial Stress 6‘3 .

The radial and hoop stresses at any radius "r" are glven by:

XI-1-18d
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.. —1— | .2 o2 _,R ‘R, .2
F= 2 _ g2 R, P, -R, P, (——2) (p-p,,)
r
2 1 L
G‘h: 2 : 2 Rz Rz p R R, .2 ).
B~ R 1 P T Pou(_T2)° B-R
- r :

For cylinderical coordinates, hoop strain is given by '

ens ¥t [Gm v+ g)]

Where U = Radlal displacement at Radius 'r’.

2 2
S Us: (1-v) (R, p- Rop )+ 1+ (P R 2 _p
E( 2 . Rz) 1 2 r 1 e
R2 =Ry
A
E . .
= Radial displacement due to presswe and axial stress.

o e Radlial displacements due to pressure and axlal stresses for:

Outer S-S, at inner radius .

= 12,125 ' (1-0.3 (12.1252 x p - 132 x 80.96)
26.8 x 106 (132 - 12,125%) ' : ) )
+(1 +0.3) x (P-80.96)

- 0.3x1.514xP -525.166
26.8 x 106

= -6. » - -6
6.622 x 10 xP =-557.266 x 10-° |n. v= UOSS. P
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Uranium at outer radius , ( 6:? = 0 hera)

.

a 10.00 (1-0.2) (102 x p) + (1+0.2)

24.0 x 105 ( 10 252) x 7.252 (-p)

= =6 =
— 1.257 x 10" 7 x P in. UU,P

New'Dlmenslons df Lead Annulus

Length = Initial length + ’.
= 161.38 + [0.'451 +9.1188 x 1075 _P]
=9,1188x10"5 xP +161.831 =L

OQuter Radius = Initial Quter Radius + Uoss' T + UOSS,P
=12.125 +0.034 +6.622x10-6xp - 557.266 x 10~5

= 6.622x 106 x P + 12.159 = R,

Y +
Inner Radlus = Initial Inner Radius + UU’, T UU,P

= 10.00 + 0.0294 - 1.2566 x 10~6 x P

=-1.2566 x 1078 x P + 10.029 = R,
Outer Area =T (Ry)2 =1 [161.032 x 1076 x P + 147.8299] = A,

Inner *Area =17 (Rl)2 = | -25.208 x 10”5 x P + 100.590 = A
Cross-Sectional Area = Ay = A

=P |186.240 x 10-6 x P + 47-2397]
Volume =L x (A; - A;) =V,

o's V3=96,038.915 x 10-6 x P + 24,016.957
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Equating the Volume Increases of Lead and Lead Annulus

A v = vz - Vl
335.694 = 24,016.957 + 96,038,915 x 10~6 x P -23836.462

ee P=1,615.995 psi.
Hence, when the pressure in the Lead Annulus

= 1,616 psi the free expansion of the lead is taken up by the
Lead Annulus.

esults
Pressureinlead Annulus = 1,616 =P i
Maximum Hoop Stresses in:

Outer Stalnless Steel =§

h,max. ( at inner rad.)

R S— 2 2 2
Chomax. = g2 - g2 | R PL-Ry Po*Ry ‘Pl'pc’]

2 1
—_1 2 2 2

= 2 2 (RI'T RZ )91-2R2 po]
Ry~ Ry

132 - 12.1252 [(12.1252 +13%) x 17616 - 2(132) x 80.9

= 21,984.558 = G-,QSS = 21,985 psi.

| XI-1-18g
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Uranium ( at inner rad. & p'l)a 0.

& . . 1 -Z‘x 102) x 1,616
h,max. 102 - 7.252 ( A

= 6813.175 = 67, . = 6813 pat N
Radlal Stresses in:

Outer S-Stesl ( at inner rad.) = - 1,616 (compressiva)

= 6% oss
Uranium(at innerrad.) =0 = G.QU

Axial Stresses in:

OQuter S~-Steel = 1.514 x P = 525.166

= L922.013pst = O, oo=1922pg

Uranium =0 = ya' U

From Distrotion Energy Criterion, for Combined Stressas, the equivalent
combined strass G’o is given by:
2 2 2 —
26" =(61 - 62 +(6, - 697 +(6;. G
.'. For Quter S-Steel Shell,

2 6‘02 = (21,985 +1,616)2 + (-1,616 - 1,922)2 + (1,922 - 21,985)2

oo 00r0ss =22,045.959 pst < Gy for S=Steel
= 22,0456 < G'..‘ = 45,900 psl.
For Uranium
2 g7l = 6.2 + (5,8192
Se Gy ™ (6:813) pal <& for Uranium = 27,000 pst.
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Radial Expansion Uranium Shield/Lead/Outer Shell

The highest temperatures thru the cask walls occurs 0.5 hrs. after
the start of the hypothetical fire accident condition.

Uranium shield 582° F, 20" O.D. AT = 582-68=5140 F
Lead Shield 641°F AT = 641-68=573°F
Volume of lead = 23146 1n.3

Volume of void = 650 in.3
Linear expansion of lead 16.3 x 10~ in./in./°F.

Outer Shell 7020F,. 24.25" I.D. , AT = 702-68= 634°F
Increase in volume of Uranium Shield over 160" length

& =9.661 x 1076 x 514 x 10 = 04966
Volume increase = (20.04966) .04866 (160) = 500,382 in.3
Increase in volume due to Outer Shell expansion over 160"

& =10.3x10°6 x 634 x12.125 = 079179
Volume Increase =(f" 24.204179) .079179 (160) = 963.137 in.3

Net increase in space avaijlable for lead

963.137 - 500.382 = 462.755 in.3
Total space avallable, including original void

462.755 + 650 = 1112.755 1n.3
Bulk expansion of lead shield to G41°P :

€ =3x16:3x10"% x573 x23146 = 648.5 in.3

Expansion of lead on melting

.036 (23146) = 833.3 in.3

Total bulk increase of lead = 648.5 + 833.3.= 1481.8 in.3

Deficiency In available space = 1481.8 - 1112,.755 = 369.04S
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Consider expanding the Outer Shell over 160" length Surf.a‘ce area
of I1.D. =150 (f7 24.4084) = 12266.7 in.2 :

./
Radial expansion required 12:2 60; = 0.030 " radial
- —=030_ . Js5%
Hoop Straln = 15",042
| 48.0 '
M.S. = —=- .1=181.9
«246°

Plastic ylelding of the outer shell under accident condition is acceptable
since there is no breach Incurred and containment of the lead shielding
is assured. -

" The following analysis is for the change in conditions from 0.5 hrs.

after start of the hypothetical fire accident condition to 1.5 hrs.
after same.

Ur'a:uum shield 6279F, 20% O.D. AT = 527 - 582 = +450F
Lead Shisldd 621°F | AT = 621 - 641 = -20°F
Outer Shell 611 °F, 24.25" 1.D. , 4T = 511 - 702 = -900F
Increase in volume of Uranium Shield over 160" length

€; = 9.661 x 1078 x (+45) x 10.04966 = .004359
Mean Dia. = 20. + 2 (.04966) + ,004369 = 20.103689

Vol. Increase =1p°(20.103689) (.004369) 150 = +44.14969 in.3

Decrease in vol. due to Outer Shell contraction over 160"
Previous rad. = 12.125 + .079179 = 12.204179

€ =10.3x107% x (-91) ( 12.204179) = - .07438975

Mean Dia. = 2 (12.204179) - .011438976 = 24.39692
Vol. decrease = £} (24.39692) ( ~.011438976) =-140.27785 in.3
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Net decrease in space avallable for lead

=140.27785 - 44.14965 = <~184.42754 in.3

Bulk contraction of lead from 641° to 621°F
€ =3x16.3x 1076 (20) (23146 + 1481.8) = - 24.08599 in.3

Further deficiency in available space
- 184.42754 + 24.08.599 = = 160.3415S 1n.3
This 1s equivalent to expanding the outer shell over 160"
Surface area of I.D. =160 (fF’ 24.4034) = 12266.7 in.2

Radjal expansion required

15202:;1755 = .013" radlal

Eoop strain = .013 =
1—-—2.20‘ = ,00106 . 106%

Total strain from start up is .246 + 106 = .352%
M.S. =45 <1 =

—-=-. 352 1 : 126.8
Very slight plastic ylelding is indicated.

XI-1=-18k
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