
10.7 Criticality Evaluation for HARK 22 Fuel

A Hark 22 fuel assembly consists of two concentric fuel tubes with 

uranium-aluminum cores containing 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 Table X-10.  

Table X-10 

Hark 22 Fuel Densities 

Inner Core Outer Core 

Isotoge (atoms/barn-cm) (atoms/barn-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 NITA•L 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 Hark 22 assemblies or one Hark 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 criticality 

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 is shown in Figure X-16. This analysis resulted in a keff of 0.533.  
Values for k, were calculated for the Hark 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 26 centimeters, which 
cannot be achieved by two Hark 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 k ff lower than 0.533. This analysis shows that 
the initial annular configuration of the Mark 22 fuel assembly is the most 
reactive one as was the case for the Hark 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 Hark 22 fuel 
assemblies show that keff does not exceed 0.533.  

Table X-11 
Mark 22 Fuel Criticality Results Sumrary 

Case keff 

Normal Operation 0.533 
Hypothetical Accident 0.363 
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Table X-12 
SUM=AZY OF RITICAI=T EVALUAion Fo ARK 22 FUEL ASSE(BIJES 

FISSIIZ CLASS I

NORMAL CONDITIONS 

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

Optimum Interspersed hydrogenous moderation 
(required for Fissile Class I) 

Closely reflected by water (required for Fissile 

Class II and III) 

Package size, cm3 

ACCIDENT CONDITIONS 

Number of damaged packages calculated to be 

.subcritical 

Optimum interspersed hydrogenous moderation, 

full water reflection 

Package size, cm3 

Other Transport Index

X-22o

Infinite 

yes 

yes 

60,240 

Infinite 

yes 

60,240 

Not applicable
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Figure X-14 
KARK 22 ASSUL CROSS SECTION

jcioss sect 1 

Dimensions (inches) and Characteristics:
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Figure X-15 

MARK 22 ACTUAL CASK LU=DED

Stainless 
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Figure X-16 

HARK 22 KENO Model

Specular 
Reflector
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Figure X-17 

MARK 22 MWO Model 

Hypothetical Accident

Specular 
Reflector
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10.8 CRITICALITY EVALUATION FOR FERMI-i AND EBR-II FUELS

Introduction 

The AMPX/KENO-IV computer system was used in 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 NITAWL 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 inches 
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-I FUEL PARAMETERS

1. Fuel assembly consists of 140 rods arranged in a 2.40 by 2.4" array.  
Outer channel is 2.693* square. Some assemblies are in cans that are 
2.928" square. They are stored in a water pool so that all Na has been 
removed.  

2. The rods are U/Mo alloy (101 Molybdenum) with 25.61 U-235 enrichment.  
They are clad with Zr 5 mils thick, metalurgically bonded to the rod.  

Per Rod 
Unirradiated Irradiated 

Total U 133.9g 132g 
U-235 34.4g 33.6g 
w/o 25.7 25.5 
Burnup 0 1600 max., 410 avg9• 

MWD/MTU 

Per Assembly (Unirradiated) 

U 18.746 kgU 
U-235 4.816 kgU-235 

3. Each rod is 0.158" 0.0. with a 5 mil cladding 

R fuel - 0.1880cm 
R rod - 0.2007cm 

Length of Assembly a 36.62" 
Active fuel length - 30.50" 

4. Densities 

The alloy density is 17.3 g/cm3 with 90 w/o U and 10 w/o Molybdenum 

Nx -aNo / Ax -w/ox 

NU2 3 8 - (17.3)(6.024 x 1023) x 0.90 x (1-0.256) - 2.932 x 1022 atom/cm3 

238 

,,,-25 - 1.0218-2 atoms/barn-cm 
U N2 8 a 2.932-2 

Nmo - 1.087-2 (Amo - 95.9) 

Also O;(Mo) - 6 barns; for NITAWL, Ts-"C,"(Mo) a 2.22 Barns 

5. Rod Arrangement 

Assuming a 3" square hole for the asembly, 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) yields a slightly larger pitch of 
0.644 cm. The rod 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. In the Hypothetical Accident 
scenario the fuel separates to a pitch of 0.856 cm, the optimum pitch.  
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The 0.856 cmn optimum pitch is the maximum pitch permitted by the struc
tural tubes containing the fuel, which have a 4.5" I.D. Using the B & W 
NULIF program, the optimum pitch of the r6ds is found by computing koo 
versus pitch.

Pitch(cmn 
0.500 
0.600 
0.644 
0.700 
0.800 
0.856 
0.900 
1.000 
1.100 
1.200 
1.300

1.5389 
1.5702 
1.6069 
1.6591 
1,6803 
1.6932 
1.7113 
1.7162 
1.7102 
1.6955

(Maximum Hypothetical Attainaole) 
in 3" can

6. Data (from NULIF) for AMPX/KENO 
Normal Operation: Hypothetical Accident

T - 0.5753 
C a 0.3464

"a 0.4879 
-, 92.06

T 0 0.4553 
C a 0.1741

"Homogenized" Fuel Densities

Normal Operaton:

Nu235 
Nu238 
Nino 
Nzr 
NU No

3€ 

3e 

= 

"1= 
=¢

2.146-3 
6.157-3 
2.286-3 
1.242-3 
5.089-2 
2.545-2

Hypothetical Accident

Nu235 
Nu238 
Nio 
Nzr 
NH 
No

3 

3 

3 

a 
3 

U

1.5484-3 
4.4430-3 
1.6472-3 
8.9465-4 
b.5379-2 
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)
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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 siae 
with the drain line channel, which extends 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 a 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-i: The Fermi fuel is a 2.936" square centered in a 5" 00 
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 operation.

2. EBR 11 fuel: The fuel is a 4.875" 00 
the cruciform walls.

KENO GEOMETRY 

Materials 

1-Fuel 
2-Boral 
3-Water 
4-SS 
5-Al 
6-Pb 
7-depleted U 

8 Box Types

can that is free to contact

BOXES 
(0.7791 wide

0.7791 cm 
./ thick 
quare

Box Type 1 
CUBOID 1 
CUBOID 3

Fermi, Normal Operation
7.62 0.00 

10.16 -2.54 
5.

7.62 0.0 
10.16 -2.54

(Al Tube Ignored) 
1000.-1000. 27*0.5 

0
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Box Type 2 
CUBOID 2 
CUBOID 4 

Box Type 3 
CUBOID 2 
CUBOID 4 

Box Type 4 
CUBOID 4 
CUBOID 2 

Box Type 5 
CUBOID 1 
CUBOID 3 

Box Type 6 
CUBOID 2 
CUBOID 4 

Box Type 7 
CUBOID 2 
CUBOID 4 

Box Type 8 
CUBOID 4 
CUBOID 2

13.015 
:13.015 
(5")

0.00 0.1441 0.00 
0.00 0.7791 6.00

0.1441 0.00 13.015 0.00 
0.7791 0.00 13.015 0.00 

0.00 -0.635 0.00 -0.635 
0.00 -0.7791 0.00 -0.7791

7.62 
10.16

0.00 7.62 0.00 
-2.54 1Y.16 -2.54

0.00 -13.015 0.1441 0.00 
0.00 -13.015 0.7791 0.00 

0.00 -0.1441 13.015 0.00 
0.00 -0.7791 13.015 0.00

0.635 0.0 
0.7791 0.0

0.00 -0.635 
0.00 -0.7791

1000.-1000. 27*0.5 
U 

U 

U

N 

H 

U 

U 

U 

U 

U 

N 

U 

U

8. Computer Results 

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

Case

Normal Operation, 

fuel centered in tubes 

Hypothetical Accident

Boron Sensitivity: 
75% of 8-10

No Moderator

ks a kcalculated

Calculated Ke 

0.80637±0.00480 

0.93662t0.00313 
0.93720t0.00397 

0.81949t0.00492 

0.65S00±0.00477

+ 0.00981 + 0.001711 
(bias) (experimental 

uncertainty)

0.827 

0.956

0.841 (&k s, 1.7%)

0.676

+ (1.64S0"2 + 0.007222 )1/2 
(calculation (Uncertainty of 
uncertainty) benchmark calcs)
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FIGURE X-19 

KENO GEOMETRY
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FIGURE X-20 

FERNI-I 
NORMAL OPERATION

Page Added 
Oct. 1990 X-30

rkook
FIGURE



FIGURE X-21 

FERHI-I 
HYPOTHETICAL ACCIDENT
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EBRII FUEL PARAMETERS

1. Fuel consists of a circular canister containing 41 rods. The arrangement 
of these rods is random so the optimum spacing is determined (via the 
NULIF program) and the can is treated as if it contained fuel 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 9/cm3 . All Pu is treated as Pu-239, given its fissile nature.  

3. Rod Dimensions 

Rfuel - 0.5499 cm 

Rrod a 0.79375 cm Aluminum clad 

Active Fuel Length a 156.8 inches 

4. Densities 

The alloy is 0.01328 w/o Pu in Uranium.  

Nu a 19.3 x No (1-0.01328) a 4.820-2 atoms/barn-cm 

N28 a 4.810-2 

N2 5 - 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 transfer for 
a neutron colliding with U-238 is small), so the Us* for the Pu-239 
resonance calculation is:

Cs(U-238) - 12 barns; Ors a 893.5 barns per Pu atom.

5. The optimum pitch is determined by the NULIF program: 

Pitch (cm) knn

Optimum C a 0.07323 for NITAWL 
(cVe). 28.09 for U2 38 
-1 2091.6 for Pu23g
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2.031 
2.144 
2.200 
2.257 
2.400 
2.600 
2.800 
3.000 
3.200

1.2504 
1.3061 
1.3385 
1.3548 
1.3583 
1.3595 
1.3535 
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6. "Homogenized" Fuel Densities

N28 
N25 
N49 
NA1 
N0 No

= 
3 

= 

U 

= 

U

8.9701-3 
1.9115-5 
1.2047-4 
1.2180-2 
4.0927-2 
2.0463-2

atom / barn-cm 

Pu-239

7. 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.  

8. 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 (ks).

Case k calculated

Normal Operation, 
(See Figure X-22) 

Hypothetical Accident, 
fuel clusterea in center 
of basket (See Figure X-23)

0.68167t0.00378 

0.67571±0.00385

X-33

0.702 

0.696 
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FIGURE X-22

EBR-II 
NORMAL OPERATION
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FIGURE X-23 

EBR-II 
HYPOTHETICAL ACCIDENT
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1.0 �mzDzc::�

':'.-is rep.-= =.ov.des additional n co.ir=.!ng the validity of 

the cri-t:al•t• analysis of the NLI 1/2 S."_pping Cask. Specif:cally 

provided are the details of an analysis cf a critical experimen.t and of 

-the cask with the code KENO), co-parison of the results With those 

obtained wi* the code A.NISN (2) and the actual number densities of the 

fuel region for both the 1 PWR and 2 BWR cask loadings.  

2.0 STMMRkY AN'D CONCLUSIONS 

The KENO Monte Carlo criticality code with the Hansen and Roach(S) 

cross sections has been used to calculate the reactivity of a Yankee 

c-itical experiment and of the NU 1/2 cask with the 1 PWR fuel loading 
(4) described in the NLI 1/2 SAR. The results of these analyses yield 

a 95% cox.fLdence level keff of 0.929 + .014 for a single isolated cask 

with water in the can, in the can to cask gap and in the shield jacket.  

Note that the can in the cask was conservatively assumed to be filled 

with water even though the cask anrd can are designed so that even 

under hypothetical accident conditions, no water would enter the can:.  

The above value includes a correction for the difference between the 

"KENO results for the critical experiment and the measured value.  

.he standard deviation of each IKENO run was approximately 0.005. The 

above result compares favorably with the equivalent AIVISN result of 

0.944.  

Additional analyses were performed to show that for a large array of 

undamaged casks (but with can filled with water) there is no essential 

change in reactivity. Analyses were also performed to show that the 

reactivity of a single cask is insensitive to the amount of external water 

moderation. The maximum reactivity for a single cask under accident 
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-.:ais es.--l-. : .e,:.:c 'r nozma! corndtions 

orO.S2• - .014.  

F.-o.. the ab-ove and the results for the 31-WaR lcading presented •. •.n 

SAR, it is concluded that the \6L: 1/2 s,•hpping cask maeets the c.-.tcal' 
rquir..-.-'s of 10 C-R 71.33 t?_iu 71.37 and 71.40 for Fissile Class IIt.  
sh.p.=n:s.  

3.0 METHODS OF ANALYSIS 

3.1 The .'%.•O Code 

"K.ENO is a mutigrou- 1,Monate Carlo p.og.-m for calculating the criticality 
of a nuclear system. The code traats e.a neutron motion in the system 
using a s:atistics method. In thls --ethod, the life histories of a large nun .er cf .,eutrons as specified in t.he i--put are foflowed as they travel 

fro= one point to another in the system.  

The neut:on scattef.ng as treated in "KENO assumes that the differantial 
scatter~nq cross sectIon can be represented by the P1 Legendre poly
nominal. Absorption of neutrons is not allowed. Instead, the weight of 
a neu-tron at each colision point is reduced by. the abscrptlon probability.  
If the region In which the collision occurs contains fissile material, a 
fission wveight is generated. Tracking of a neutron is continued until 
the neutron leaks from the system or until its weight is reduced below 
a specified value for the region in which thý collision occuzred. At 
that time, Russian roulaet is played to determine if the neutron 
survives or is killed. Information based on collision of these neutrons 
with. the materials in the systa= is used to detemine the criticality 
condition of the system.  
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""• •:z.s_ C iX• t of zh .ctve ru!ti;1ica:on facor cf 
:he sy-- ;.us an zstiate of -t- s•--od deIaton. Zn addi:ton, 
1..he grou:,•sa and the rag;ionwise 8.-ion on leakage, abscr-±on 
and fissc:a.re included in the output.  

0. Cross Sectiorns 

The X:.VO calc.lation was pe.--.o,.med using the sixteen group Kright
modi•fied Hansen and Roach cross sections. M'e neutron energy gr-up 
snructue for t.ls set of cross sections is given in Table 1.  

The Hansen and Roach cross sections were compiled for fast and 
intez•ed._ate neutron c.!z.i*cal asse.-blies. For a well =oderated, 
hydr;eneous syste= containi.ng slightly enriched uranium fuel pins 
such as the one in our case, some adjustments of the cross sections 
are re.ulred in the ".he.,nal and resonance.ene.-gy regions.  

3.2.1 Resenance Re,.on 

The proper resonance absorber c.oss sections were chosen from the 
:.ni;ht-mcdified Hansen and Roach data on the basis of a potential 
scattering cross section value (C p*), which includes an "escape" c-oss 
section derived from an equivalence relation as disc-Zssed in Reference 6.  
The potential scattering cross section is given by: 

.z +2 e 
• Z + e, = (1) 

"N 0 
where z is the homogeneous potential scattering for the pellet p 
composition, No Is the atom density of the resonance absorber, and 

* z* Z a(l-c) (2) e . e l+(a-l) C 
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Grout • u o A 1jr, .- , , eV 
3.0 x 10* 

* 1.4 x 06 

9.0 x 105 

4.0 x 105 

1.0 x'10 

1.7 x 104 

3.0 x 103.  

5.5 x 102 

1.0 x 102 
1.  3.0ox 10 

1.0 x 10 

3.0 

1.0 

0.4 

0.1 

0

-- -

7 

2 

3 
A 

5 

6 

S 7 

8 

9 

10 

2.  

12 
13 

14 
15 

16
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S_ 
" " 0 

"- = "- (3•C5 
e4V 

0 

c -7,- (l-70.) (4) 

and S =eI =4v•(6) 

Mn equation 3, 5, and 6, is the total cross section of the outer region 

(homoge.ni:edC.led-co-iant), and So, V , and V1 are respectively the 

pellot su=face, pellet vol--e and volume of the outer region. Equation 4 '.s :c ,-' d -" -- ,• (7) 
is a Bel! app.roymatieon for the Danccf factor suggested by 

u~mel (). Reference 6 suggested 1.35 as a typical value for "a" 

in equa•to. 2.  

3.2.2 Ther.-al Recicn 

The fuel pin cells were represented in 2he K:-.O geomet.., as a 

ho.mogez_'zed mixeture of pellet, clad and moderator. The thermal neutron 

flux in a heterogeneous fuel pin cell is depressed in the absorbing fuel and 

peaks in the moderator region. To account for this variation across a fuel 

pin cell, thermal cross sections must be adjusted by thermal disadvan

tage factors before th.bese cross sections can be accepted for homogeneous 

calculations. The the-mal disadvantage factors for the fuel pin cells 

were evaluated usin-. the THERMOS code. THERMOS solves the one

dimensional multi.oup integral Lransport equation with isotropic 

sca-tter-Ing. The code computes the scalar thermal neutron flux as a 

function of position in a lattice. The cell average flux and regionwise 
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33 '.- 3 7-Z - -' , -Ca .Ca 

The L'Z0.A•.- %) Coda was dascr•.bed in =.a SAR, Aandnent... I.pages 

X-3, X-5 ani. X- 1. As indicated. LEO.PARD was used in the cask 

a aySlS Orly . ..te.n the effect of vayring the fuel pin pitch and 

h '. ... ;e•.ratu:a.In to s '%a 3 - .,,ost -eactiva water to 

fuel rat-o for the fuel region. Nearly all the cross sections compiled 

In the code aae from MI'FT and SOFOCATZ "bra:-ies. The code has been 

tested by Westinghouse against 49 UO critical experiments and 20 2 
urani-.•mte3.l ex.onentia! lattices. The ean.Ichament varied from 

ao.-:ro.._4=ately 1. 3 to 4.0%, thIe WI/U ratlo varied •rom approximately 2 

to 10; boron concent.-tions in the r.cdea-ator were from zero to 3500 ppm 

and light wa.ter to 76% D 0 served as r.cderator. Bare, steel and 
2 aluminu.m clad fuel were studied as well as both sq.uare and exagonal 

lattice ar.-rys. A co..a,.scn of exeaez.rental and calculated results is 

reported in Reference !I. The calculaticns for 49 UO2 cases result in 

a mean ke-f ,=0.9907 •0092. _! cases contalnin D 0 in the moderator 
a: 2 

are excluded, then k = 0.9933 k .0071 for 41 UO2 cases. For the 

10 axpe.ments, pero'-med by Westlnghou3e, which have the most 

complete physical parameters of the exper.emental assembly the mean 

kax is 0 .9964 .0032. A bias factor of 0.386% was built Into the code.  

Use of the code was later extended to Zircaloy cores. C-ood agreement 

of calculated and measured values was also reported. (12) 

4.0 BENCHMARK PROBLEM 

A benchmark problem is included in this report to demonstrate the 

va!Idity of the method and the neutron cross section data which were 
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-- •'-- .- a- ySIS c! 'he cas. T7he benchmark calcula:±on 
-- : -. z ed using the :-Z a ?:C-£*ad .3] -... e AcNoes, .r 1-1) .o -es , an 

n:.', c.. oss seczon processed as described in the previous sect:n.  
C - o 'nkee c-tical experments was chosen as a bench.a:rk 

pr-blem f-..r ::s similarity •n the type of fuel and the water-to-u.  
ra=o as compared with the design basis fuel used in the cask calc-.a:-cns.  

4.1 Yarkee Critical Asse.b..  

T..e Yankee critical assembly was mounted in a stainless steel tank 6 t 
In dia-e:e and 7 ft high with a 4 ft bottom extension to accom-odate 
:he : foll :wer sections of th.e control rods. The fuel rods used In the 
core wc-e slightly enriched UO2 (2.7w&v/o) pellets, clad in AIS:-304 
s=:4.--ess s:eel. and wit.h a UO 2 density of 10.2 gm/cc. The pellet 
d-..eter was 0.3000 Inch. The inside diameter of the stainless steel 
tubin; was 0.3062 inch with a wall thickness of 0.0161 Inch. The 
act.vd `uel lenth was 48 inches. The pi:ch of fuel rods was 0.473 inch 
w?:O::c c.-esponds to a water-to-u,-anium- volume ratio of 3.87:1 at 

oom tem..perature.  

The fuel rods were not grouped into bundles, but uniformly loaded in 
-he core. Figure 1 shows the fuel loading diagram for the case chosen for 
this calculation. Only the outer ring of rods is shown, the center of 
the load,:ng diagram being filled with fuel rods. There were 4468 fuel 
rods, plus 289 additional unit cells occupied by control 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 centrol rods had a span of 7.812 inches and a blade 
.-.ickness of 0.28,5. The poisoned portion of the control rod was 48 
inches long with 53 inches of aluminum follower below the active section.  
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CONTROL RODS: 
1.2,3.4.5.6,7.8.9 FOLLOWER CORRECTION 
289 UNIT CELLS 

~ ~ OUTER ROW 
OF FUEL RODS 

..- ... -• . : .. -_ • 1 4,• 

... 'I• . .,t 

I _ -_ ___..  
I4+ 

FIGURE 1 

LOADING DIAGRAM YANKEE CRITICAL EXPERIMENT 3.9:1 CORE 
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FIGURE 2 
YANKEE CRITICAL ASSEMBLY CORE PLATE MATRIX.  
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" :- ..- v::•c .- . :--"= + • "'" ,,-, 25.37 con from bo=-:,m of -.e 

"-- *.:.~ * ".b.o as .Oa.-. a.c: ando reec:or. The ex:e.-.: 4uct-d w: wa:er maIna.raed a: or near "..he room :e.-pe.mpa:•.e 

. .ssoved In water ;rovided an lternate control of t..e core du-.-; the .ocess of measuring the reac-iv±tV worts of the cntrol rods.  ccncentra..on in this case was measured at 12.5 ppm of 

wa:ar as reposed en pa~e 82 of Reference 14.  

4.2 input ,nfoa=t!0n,•S 

-:-.;eoM:.- which represents the Yankee critical expe=ment as used 
..-. .e O calculaton Is shown In Figures 3 and 4. The fuel reagon ,was -eaaed as a hom...ogeneous mixture of UO2, clad and modera:or. Mhe e;.*zvalen: d'*a.m•ter of the core is 92.91 cm. Control rods and water s-ots adjacent to control rods were explicitly represented as shown .n ?'="e 4 and were located as shown in F:gure 2. Because of co.-..lext

.- 's gecie:.-z, the core was descnrbed using a special subroutine bui: -, ahe code and known as the generalized geometry packag) IGZ'C.M. The generalized geomety allows any system which can be described by a combin'ation of planes and/or quadric surfaces, arbit.-ar.ily orien:ed and intersecting in any arbitrary fashion. The geometry input cards were checked out with the use of the PICTURE code prior to use 
in -*e KEZ.O problem..  
.here were altogether five material mixtures in the i¢E)¢0 problem, 

namely: 

M-xture Descinoton 
1 fuel 
2 water slots 
3 follower 
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FIG. 3 KENO GEOMETRY DESCRIPTION OF THE YANKEE CRITICAL ASSEMBLY 
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FIGURE 4 
KENO GEOMETRY FOR CONTROL RODS 

YANKEE CRITICAL EXPERIMENT

X-A12
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Mixture Descrintion 

4 control rod 

S reflector 

Table 2 presents the nuclides and atom densities in each mixture. The 

mixture No. 1 corresponds to medium 1 in GEOM, mixture No. 2 to 

medium 2, and so on.  

Neutron cross sections for 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 

descriqed in Section 3.2,, p* for the Yankee fuel is 75.6 and 2690 

barns for U-238 and U-235 respectively.  

Thermal disadvantage factors for the Yankee fuel pin cell obtained from 

THERMOS are as follows: 

Grout 15 Groun 16 

Pellet 0.931 0.876 

Clad 0.979 0.957 

Moderator 1.040 1.073 

The appropriate group 15 and 16 fuel region Hansen and Roach cross 

sections were multiplied by these factors for input into KENO.  

Since silver is not included in the Hansen and Roach library, cross 

sections of silver were generated from GAM-II and THERMOS. (See 

the NLI 1/2 SAR) These cross sections were weighted over the fuel 

spectrum.  
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4.3 Rasults

The effective neutron multiplication factor obtained from this KENO 
calculation is-0.977 ± 0.011 at 95% confidence level. Detailed KENO 
output is presented in Table 3. The above result yields a bias factor 

of 0.023 as compared with unity in the critical experiment.  

Simr..ilar eax•e riment-theory discrepances, where Monte Carlo calculations 
with Hansen and Roach cross sactions were used, have been reported 

(15) (16 by Dickinson and Carter 16) Monte Carlo calculations with 
ENDF/3-II and EN•DF/B-mII cross sections also result in discrepancy 

as reported by Bierman and Clayton. (17) 

After reviewing a large number and variety of comparisons between 
critical experiment data and the corresponding calculated results, -" 

(18) Crizme concluded with the following comments: 

-"For our purposes, neutron multiplication factor 
values of 0.98 from AISN and DOT calculations 
and 0.97 from KENO calculations using Hansen
Roach cross sections are considered to correspond 
to actual criticaiLty for systems containing highly 
enriched uranium. The corresponding values for 
low enriched systems may have to be taken 
somewhat smaller.  

It should be pointed out that differences from unity such 
as these are usually quite acceptable for criticality 
safety purposes whereas they might not be nearly 
so acceptable for purposes of reactor design. This 
acceptability occurs for the following reason. If 
a system is analyzed using extrapolations of 
experimental criticality data or less sophisticated 
calculational techniques than those Just discussed 
it may be necessary to use c6nsiderable conservatism 
in applying the results of the analysis. Often, 
the amount of conservatism required will be 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 above-.  
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In light of the above discussions, a computation bias factor of +0.023 

was established and later was int-oduced into the criticality calculation 

of the cask (Section 5.2).  

S.0 dASK ANALYSIS 

The methods of analysis as described in Section 3.0 were followed in 

determining the neutron multiplication factor of the cask using KENO.  

Additional ANISN analyses were also performed using the methods des

cribed in the SAR.  

5.1 Inout Information 

5.1.1 KENO Analysis 

Figure 5 shows the 1 PWR cask as modeled in KENO. The actual geometry 

input for KENO is presented in Table 4. There are altogether six mixtures 

representing explicitly the following regions: 

Mixture Descriction 

1 Homogenized fuel with the 
most reactive water/fuel ratio 

2 Dhpleted uranium 

3 95% aluminum and 5% water 

4 Stainless steel 

S Lead 

6 Water 

A reflection boundary was imposed at the top and bottom of the fuel and, 

therefore, any neutron leakage in the axial direction was neglected.  

The atom density of nuclides appearing in various mixtures are given in 

Table 5 $ The depleted uranium is present in the cask to serve as one of 

the shielding materials. The U-235 content of the depleted uranium was 

taken as 0.22% 

Revised 
X-At7 Oct. 1990



FIGURE 5 

RevisedKENO MODEL - I PWVR LOADING 
Retv190sed1

rkook
FIGURE



NSVO UtvUl IIN UOJ OWN NI Llld NI AU13WO31D

0

,a Cý 
w cn 
4A ow 

u
I

0 a

IMV9199b 

29#30O2491mv 

10#309290106 

aptiovivolow 

20*1V92001-4 

2043OV209108 

ago3guavoled 

?0#39o2ollbs 

20#3902991an 

20030vasol-a 

20#309290160 

zotiguavolba 

lQ*3LLVl'l a

a0#20 * vagol 

200JO92961 d 

29020vt .oll 

d

At 

Z-6 

24 

Zo 

20 

Ze 

Ze 

I* 

Ze 

Z.  
20 
Ze 
A#

Xm 

xe

to*jbgagov

9 

6 

t 

I

MGM 

vjGmtIA3 

U30NIIA3 

U30NIIA3 

020NIIA3 

U34mlIA3 

-mightIA3 

010003

X6 

swavu 

cnlQvv 
GnlQvd 
valovu 
sniavu

*10#39999!1 o Z# . 10#31111,100 An

A001 0143"1 sNao:**v f6fosal V*d *o



TADLE 
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KENO CASK ATOM DENSITirfi 
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Ni In non-lattice 
Cr In non-lattice 
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Zr-in non-lattice 
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If 
0.  
Al 
Cr 
Mn 
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P6 
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The potet-.aal scattering cross sections for U-235 and U-238 in the most 

reactive fuel pin cell were found to be 1990 and 69.8 barns respectively 

for the PVWR fuel. Based on these potential scat::anng cross sections, 

a proper set of cross sections was chosen for U-235 and U-238 from 

the Hansen and Roach library. The thermal "disadvantage facors for 

the fuel pin cell determined from THERMOS are: 

Grount 15 GrouD 16 

Pellet 0.888 -... . 7 

Clad 0.982 0.962 

Moderator 1.058 1.086 

These were applied to the thermal cross sections for nuclides appeari.ng 

in the fuel region. For nuclides which appear In regions other than the 

homoge.-nzed fuel, cross sections were taken directly from the Hansern 

and Roach library. Infinite dilution cross sections were chosen for 

U-235 and U-238 in the region of depleted uranium.  

5.1.2 AXISN Analvses 

To examine the expected small effect of cask boundary conditions and 

external .reflector thickness several ANISN problems were run.. These 

were run using the methods described in the SAR. The atom densities 

used in the analyses are given in Table 6.  

5.2 Results 

5.2.1 Single Isolated Undamaged 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 
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TABLE 6 

ATO'; DENSITY OF NUCLDES USED rn ANISX CALCULATIONS 
(atoms/barn - cm)

PWR fuel: 

H 

0 

Ss 

Ni 

Zr 

U-235 

U-238

BWR fueh 

H 

0 
ss 

Zr 

U-235 

U-238

Revised 
Oct. 1990

95% A- Plus 5% Water:

0.041985 

0.033413 

0.000039150 

0.00016112 

0.0037078 

0.00021061 

0.0059996

0.040761 

0.034404 

0.00032531 

0.0035399 

0.00018811 

0.0068234

H 

0

0.0033212 

0.0016606 

681

Stainless Steel 

SS 0.08807

Depleted Uranium 

U-235 0.00010523 

U-238 0.047725 

Lead 

Pb 0.0330

Water 

0

0.06622 

0.03311

X-A22



of the shield Jacket. Table 7 presents the KENO output. At a 95% 

confidence level the effective neutron multiplication factor is 

0.906 + .008:. To this a computation bias factor of 0.023 - 0.011 w,&ic:h, 

was establlshed in Section 4.3 from a direct comparison of experiment 

and calculated keff values should be applied. Thus the corrected effective 

multiplication factor of the PWR cask is 0.929 + .014 at 95% confidence 

level. The uncertainty is the combine' value for the two (critical 

-experiment and cask) KENO analyses.  

5.2.2 An Infinite Array of Undamaced Casks 

To conservatively determine the reactivity of two adjacent casks, an 

ANISN'p:oblem 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 as that for a single isolated 

cask vwth the shield Jacket full of water. The ANISN result shows that 

th. ab.ove KENO result for a single cask is also applicable to an 

Itfinite array of undamaged casks.  

5.2.3 Sinale Damaced Cask 

The only effect of the hypothetical accident conditions on the cask as 

far as criticality is concerned is the potential loss of the external 

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 with water and zero neutron return 

at the outer. surface of several different thicknesses of water surrounding 

the cask. The results of the analyses are given in Table S.  
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TAIME 7 
I.KENO k OF NLI 1 PWR CASK 

% D 

OD WIC Pill 903*39* ACCIDENJT PITCH v5949 INCH* lOOF

401O.JF INITIA16 

3KIPPED 

3 

9 

12 

.11 

22 

47 

52 

s? 

6a 
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*AVERAGE 
KeEFFECTIVE 
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0.90136* 

*009070*1 

0,90336 
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OR 

OR 
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OR 

OR 
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on 
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goi 
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on 

0'4

DEVIATION 

*0,00396 
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a0,00438 
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*0.00423 
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*0.00021 
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a0.00485
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0,90103 TO 

0,90511 to 

0,90275 11.  

0,90146 To 

4069900 m0 

0,6984S 10 

0,89000 10 

0190061 TO) 
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0891032 
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0691031 

0091132 

0,91030 

0,90773 

0. *90000 

0*95 123 

0.91519 

0.91900

99 -PER CENT -,.. .. I

0,89057 

0,09801 

0,89855 

0,89193 

0,89150 

90.9197 

0,69130 

0809295 

046oqsso 

0190005 

01b91nI 

40,9445 

080!9'I1 

0018610 

0490950

I lJ 

to 

to 

to 

TO 

TO 

To 

to 

To 

lii 

TO 

To 

11) 

To 

to 

To 

1*0 

to 

to 

To 

TO

0691U49 

00911150 

0,95027 

0,911163 

0 .914166 

0,91*156 

0691512 

0,91S611 

0191451 

0,1912 10 

0,91251 

00.965*1 

0092019 

019226s 

0692531$ 

0192550

*99 PER-.CENT HU~uER 0! 
CwUr sue'ic INIERVAI41 Il1oToq1E

0,6944*9 

0,09397 

0,893110 

0,6931*1 

06o931.0 

0,59026 

0.00890? 

0,80999 

000941431 

0609435 

0,89326 

0.80270 

0,00257 

0,89303

Vu 69,91461 

10 0.951.0o 

to 08918341 

TO 0,910014 

IQ 0,95881 

Tif) 0,919*11 

to 0,91900 

TO 0.V1990 

To 0,91891 

to 0,916*11 

10 0495170 

To 0191865 

to 0194145 

To 0692ass 

TO 0,V2931 

TO 019a851 

To 0695su

19%000 

19300 

160000 

11*100 

I5900 

12900 

1111000 

*9900 

640*00 

6900 

5*100 

3900

(

r�j



TABLE 3 

kIeff OF AN ISOLATEDP WR CASK 

VERSUS THICKNESS OF WCALTER R4FLECTOR

Thi•ckness of Water 
Reflector, inch

5 (design thickness
shield Jacket full)

KENOT ANISI

0.929 ± .014

7

0.9438 

0.9442 

0.9443

Revised Oct. 1990
X-A25
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6.0 DISCUSSION OF RZSUL:S

The per,.incnt results of the criticality analysis of the NLI 1/2 isent 
fuel shi.;pig cask for the referende ?WIR fuel loading are sum..marized 
in Table 9. Results for both KENO and .%,NISN analyses are included.  
The KENO results were obtained using the Hansen and Roach cross 
sections and include the calculational bias obtained from the benclhmar, 
problem. The ANISN results are all from a P1-SS calculation using 
cross sections from GA-M-II and THE.MOS. The cask reactivitles 
date..-mned by the two independent methods are in good agreement.  
The difference may be easily accounted for by differences in cross 
sections and differences due to the 3 dimensional treatment in KENO 
versus the 1 dimensional traatment in ANISN. The comparison between 
the bench.muarked KZENO results and the .LNISN results indicate the 
validity of the ANISN results in the SAR.  

The ANISN results for an isolated cask and for an infinite a:ray of casks 
(zero leakage) indicate that there is no difference in reactivity between 
the two conditions; hence, the isolated cask KENO result is also 
applicable to the array of casks. The maximum reactivity of an array 
of undamaged casks is therefore less than 0.9.29 + .014 with 95% 

confidence.  

The ANISN results for different amounts of water external to a single 
cask indicate that the cask body effectively isolates the fuel region 
from thermal neutron effeats external to the cask. The reactivity of the 
single cask under hypothetical accident condition Is therefore no more 
than that given above for normal conditions.  

Revised 
Oct. 1990 X-A26



TABLE 9 

SUMIALRY OF RESULTS OF CR'ITICALITY IANALYSIS 
NLI 1/2 CASK 1 PWR LOADING 

KM14O

Undamaced Cask 

Single Cask 

Infirite Array of Casks 

Da, raced Cask 

Single Cask 

0" Surrounding Water 

5" Surroundino Water .(Neutron shield full) 

7" Surrounding Water 

*95% confidence level

.929 + .014*

.929 ± 0.014

X-A27

ANISN

0.944 

0.944

0.944 

0.944 

0.944
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IS ARRAY 12 ENTRIES READ

CT

NUP9ER OF EXTRA CROSS SECTIONS 
NUMBER OF NUCLIDES FROM MASTER LIBRARY 
NUMBER OF NUCLIDES FROM X-SECT LIBRARY (LOG 2) 
NUMBER OF NUCLIDES FROM X;SECT LIBRARY CLOG ') 
ANISXIDOTIMORSE OUTPUT TRIGGER 
TOTAL CROSS SECTION POSITION 
WITHIN-GROUP SCATTERING CROSS SECTION POSITION 
NUMBER OF RESONANCE CALCULATIONS 
TABLE LENGTH FOR CROSS SECTIONS 
IS AN OLD ANISM LIBRARY MOUNTED ? (011:N0/YES) 
OUTPUT OPTION TRIGGER 
PRINT CONTROL - ANISN OUTPUT

THE STORAGE ALLOCATED FOR THIS CASE IS 13000 NORDS 

2S ARRAY 16 ENTRIES READ 

VT

GENERAL INFORMATION CONCERNING'CROSS 
TAPE IDENTIFICATION NUMBER 
NUMPER OF NUCLIDES ON TAPE 
NUMV.ER OF NEUTRON ENERGY GROUPS 
FIRST THERMAL NEUTRON ENERGY GROUP 
NUM"ER OF GAMMA ENERGY GROUPS 

XSDRN TAPE 4321

SECTION LIRRARY 
4321 

?2 
27 
15 

0

27 NEUTRON GROUP LIBRARY 
BASED ON ENVFID VERSION A DATA 

COMPILED FOR mRC 
813181 
L.M.PETRIE ORNL 

NUCLzDEs FROM XSDR" TAPE 
I N 1269 F, 1002 T 21P GP 03247!(2) 
2 N-IC 1273 218NGP 042375 P-3 293X 
I C-12 12-4F,1065T 218 SP 030476(?) 
4 0-16 1276 218 GP 03C476(7) 
5 AL-27 1193 218 GP 040775(5) 
6 CR'1171 219NGP WT 1IE P-3 293K SIGPwS*4 RE(C42375) 
7 FE 212GP RE 5-17-'8(1) 
8 NI 1190 218NGP WT If[ P-3 293K SIGPz5&4 RE(042375) 
) P" 12P8 218MGP 042375 P-3 293K 

10 U-2vS 1261 SIGP*54e NEWILACS 21RNGP P-3 293K(!) 
11 U-238 218GP RE 5-17-78(1) 
12 PU-231 1050 SIGO-5+4 NEWXLACS P-3 293v F-1/E-M(1.45) 
13 PU:239 1264 SIGP=5+4 NEWXLACS 219NGP P-3 293K 
14 PU-24C 1265 SIGPu5.4 NEWXLACS Z1!NGP P-3 273K
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MSCM 
PINT 

NUT 
MXT 
NCR 
IXX 

MS 
IRES 
IOR 

IPM 
IPP 
iFG

0 
16 

0 
a 
0 
0 
0 
0 
0 
0 

-1 
0

1001 
5010 
6012 
8016 

13027 
24000 
26000 
28000 
82000 
92235 
92238 
94238 
94239 
94240



1 Pu-241 1266 SIGP=S*4 NEVXLACS 219PIGP P-3 293K 94241 
16 PU1242 1161 SZGP=#4 NEWUXLACS 218NGP P-3 29!K 94242 

H 1269 F, 1002 T 218 GP 0324'?S(2) 1001 

0-10 1273 2IRNGP 042?75 P-3 293K 5010 

C-12 1274F,1065T 218 CP 0304T6(7) 6012 

0-16 1276 213 GP 030476(7) 8016 

AL-2- ql03 219 CP C4CM?5(S) 13027 

CR 1191 213UGP VT I1E P-3 293K SMGP--44 RE(0423".) 24000 

FE 218P RE 5-17-78(1) 26000 

NORESONANCE DATA SUPPLIED FOR 2600c 
INFINITE DILUTION VALUES WILL BE USED 

NI 1lir 21ENGP VT 1/E P-3 20!K SIUP=5*4 RE(042375) 28000 

Ps 1293 21ENGP 042!75 P-3 293K 82000 

U-23! 1261 SGP=5-4 NEUILACS 218NGP P-? 29K(33 92235 

NORESONANCE DATA SUPPLIED FOR 02235 
INFINITE DILUTION VALUES VILL BE USED 

U-238 21GP RE 5-17-78(1) 92238 

NORESONANCE DATA SUPPLIED FOR 92239 
INFINITE DILUTION VALUES WILL DE USED 

PU-2:8 1f50 S)GO05*4 NEVXLACS P-1 293K F-11E-q(1..5) 94278 

WORESONANCE DATA SUPPLIED FOR f4L23R 
INFINI T E DILUTION VALUES WILL BE USED* 

PU-230 1264 SIGPw5*4 NEWLACS 21?NGP P-3 293K 94239 

NORESONANCE DATA SUPPLIED FOR @4230 
INFINITE DILUTION VALUES WILL BE USED 

PU1240 1265 SIGP-S.4 NEWILACS 21RNGP P-3 273K 94240 
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N'ORESONANCF DATA SUPPLIED FOR 9424C 
INFINITE DILUTION VALUES WILL nE USED 

PU-;241 1:66 SIGP-5* 4 NEWNLACS &IPNGP P-3 203% 94241 

NORESONANCE DATA SUPPLIED FOR 04241 
INFINITE DILUTION VALUES WILL PE USED 

PU-242 1161 SIGP-5+4 NEWXLACS 21PNGP P-3 203K 94242 

NORESONANCE DATA SUPPLIED FOR 94242 
INFINITE DILUTION VALUES WILL BE USED 
*ELAPSEDveeTIMsE* e 13*39664906*** Mr * *eee a* *****e** 

ELAPSED TINE 13.396649Q6 MINe
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7l1S XSDRH WORKING TAPE WAS CREATED 
THE TITLE OF THE PARENT CASE IS AS FOLLOWS 
2- NEUTRON GROUP LIBRARY 

BASED ON ENDFIP VERSION 4 DATA 
COMPILES FOR NRC
TAPE ID 0321 N 
NIMOER OF NEUTRON GROUPS 2? N 
FIRST THERPAL GROUP 15 

TABLE OF CONTENTS 
N 126* F, 1002 T 218 GP 032475(2) 
p-Ir 12-3 2ISNCP C42375 P-3 23K 
C-1? 12-4F,Il65T 218 CP 030476(7) 
0-16 1416 21£ eP 030&'6(?) 
AL-27 1193 21R GP 04037?(5) 
CR 1111 219N6P VT 1/E P-3 203K SIGPz5#4 RE(C&23?3) 
FE 21'GP RE 5-17-18C1) 
NI 1100 218&GP VT 1IE P-3 203K SIGP-544 RE(342375) 
PP l1t8 218NGP 042375 P-3 203K 
U-235 1261 SIGP=5+4 NEWXLACS 219NGP P-3 293K(3) 
U-231 218GP RE 5-17-71(1) 
rU-2%A 1C'0 SIGO-544 NEWXLACS P-3 203K F-IIE-N(1.,5) 
PU-239 1264 SIGP=S*4 NEVXLACS 2IBNGP P-3 293K 
PUZ::4 1265 SIGP&!+& NEWXLACS 218NGP P-3 273K 
P11-241 1266 SIGP-544 NEWXLACS 218NGP P-3 293K 
PV-242 1161 SlGPu5#4 NEWXLACS 218NGP P-! 293K 

X-Cs

16 
a

1001 
solo 
6012 
8016 

13027 
240oo 
26000 
23000 
£2000 
92235 
92238 
94238 
94239 
94240 
94241 
94242

UPSER OF NUCLIDES 
UNBER OF GAMMA GROUPS 

ID 
Io 
ID 
IS 
ID 
Io 
ID 
ID 
ID 
ID 
Io 
Io 
ID 
ID 
ID 
ID 
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ZELTL STE'rARK22.KEN 
ELT 8R23 (871020

1.  
2.  
3.  
4.  
5.  
6.  
7.  
8.  
9.  

10.  
11.  
12.  
13.  

14.  
15.  
16.  
17.  
18.  
19.  
20.  
21.  
22.  
23.  
24.  
25.  
26.  
27.  
28.  
29.  
30.  
31.  
32.  
33.  
34.  
35.  
36.  
37.  
38.  
39.  
40.  
41.  
42.  
43.  
44.  
45.  
46.  
47.  
48.  
49.  
50.  
51.  
52.  
53.  
54.  
55.  
56.  
57.  
58.  
59.  
60.  
61.  
62.  
63.  
64.  
65.  
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LI 
0900:40) 1990 Jan 26 Fri 1515:13 

NLI-1/2: ROCKUELL BASKET: ARMC22 FUELs 9O POISON : IMP ARRAY 
200. 51 624 6 27 27 12 8 20 51 16 63 1 -12 1 0 2000 0 1 82 
61-1 
1 -92235 1.9887-3 1 92236 2.33-4 1 92238 2.1426-4 1 13027 5.6357.2 
2 -92235 2.0288-3 2 92236 2.3275-4 2 92238 2.1391-4 2 13027 5.6363-2 
3 5010 8.361-3 3 6012 1.083-2 3 13027 3.013-2 
4 8016 3.3456-2 4 1001 6.6912-2 
5 21,000 1.821-2 5 26000 6.140-2 5 28000 7.773-3 
6 13027 6.051-2 
7 82000 3.296-2 
8 92238 4.773-2 8 -92235 1.052-4
BOX TYPE I 
CYLINDER 4 
CYLINDER 6 
CYLINDER I 
CYLINDER 6 
CYLINDER 4 
CYLINDER 6 
CYLINDER 2 
CYLINDER 6 
CYLINDER 4 
CYLINDER 6 
CUBOID 4 5 
BOX TYPE 2 
CUOID 5 
CUBOID 3 
BOX TYPE 3 
CUBOID 3 1 
CU8010 5 1 
BOX TYPE 4 
CUBOID 3 
CUBOID 5 
BOX TYPE 5 
CUBOID 3 0 
CUBOID 5 C 
BOX TYPE 6 
CUBOID 8 
CUBOID 5 
0=101D 4 
BOX TYPE 7 
CUS&OID 3 C 
CUBOID 5 C 
BOX TYPE 8 
CUBOID 8 
CUSOID 5 
CU801D 4 
BOX TYPE 9 
CUBOID 5 1 
CUBOID 8 4 
BOX TYPE 1C 
CUBOID 4 5 
BOX TYPE 11 
CU0OID 5 
CU8010 3 
BOX TYPE 12 
CJBOID 3 0 
CIJSOID 5 C 
BOX TYPE 13 
CUBOID 8 
C0.101D 5 
CU8ID 4 
BOX TYPE 14 
CU8010 3 C 
CU0OID 5 0

05 BOX TYPE 15

2.53365 1000. -1000. 27*0.5 
2.60985 1000. -1000. 27*0.5 
2.91211 1000. -1000. 27*0.5 
2.98831 1000. -1000. 27*0.5 
3.67284 1000. -1000. 27*0.5 
3.74904 1000. -1000. 27*0.5 
3.98780 1000. -1000. 27*0.5 
4.06400 1000. -1000. 27*0.5 
4.4500 1000..-1000. 27*0.5 
5.08000 1000. -1000. 27*0.5 

.612 -5.612 5.612 -5.612 1000. -1000. 27*0.5

0.000 
0.000 

11.224 
1.224 

4.752 
4.752 

.1524 

.7874 

0.000 
0.000 
0.000 

1.1524 
.7874 

0.000 
0.000 
0.000 

1.2580 
&.7520 

.612 

0.635 
0.7874 

.000

.000 

1.7447 
2.8134 
4.7520 

1.000 
1.000 -

-0.635 0.000 -0.635 1000. -1000. 27*0.5 
-0.7874 0.000 -0.7874 1000. -1000. 27*0.5 

0.000 0.1524 0.000 1000. -1000. 27*0.5 
0.000 0.7874 0.000 1000. -1000. 27*0.5 

0.000 0.1524 0.000 1000. -1000. 27*0.5 
0.000 0.7874 0.000 1000. -1000. 27*0.5 

0.000 11.224 0.000 1000. -1000. 27*0.5 
0.000 11.224 0.000 1000. -1000. 27*0.5 

-1.7T•7 0.000 -3.4894 1000. -1000. 27*0.5 
-2.8134 0.000 -5.6270 1000. -1000. 27*0.5 
-4.7520 0.000 -11.224 1000. -1000. 27*0.5 

0.000 4.7520 0.000 1000. -1000. 27*0.5 
0.000 4.7320 0.000 1000. -1000. 27*0.5 

-1.5140 0.000 -1.5140 1000. -1000. 27*0.5 
-2.4700 0.000 -2.4700 1000. -1000. 27*0.5 
-11.224 0.000 -4.7320 1000. -1000. 27*0.5 

0.000 1.2580 0.000 1000. -1000. 27*0.5 

0.000 4.7520 0.000 1000. -1000. 27*0.5 

5.612 5.612 -5.612 1000. -1000. 27*0.5 

0.000 0.000 -0.635 1000. -1000. 27*0.5 
0.000 0.000 -0.7874 1000. -1000. 27*0.5 

0.1524 11.224 0.000 1000. -1000. 27*0.5 
0.7874 11.224 0.000 1000. -1000. 27*0.5 

0.000 0.000 -3.4894 1000. -1000. 27*0.5 
0.000 0.000 -5.6270 1000. -1000. 27*0.5 
0.000 0.000 -11.224 1000. -1000. 27*0.5 

0.1524 4.7520 0.000 1000. -1000. 27*0.5 
0.7874 4.7520 0.000 1000. -1000. 27*0.5

X-D2



66. 05 0.Jb0!D a 1.5140 0.000 0.000 -1.14 1000. -1000. 27*0.S 
67. 05 CAM30W S 2.4700 0.000 0.000 -2.4700 1000. -1000. 27"0.5 
68. 05 CUS1O0 4 11.224 0.000 0.000 -4.7520 1000. -1000. 27*0.5 
69. 05 BOX( TYPE 16 
70. 05 cLMO50 S 0.000 -1.2580 1.2580 0.000 1000. -1000. 27*0.5 
71. 05 CUIOID £ 0.000 -4.7520 4.7520 0.000 1000. -1000. 27*0.5 
72. 05 CORE SOY 0 16.7634 -16.7634 16.763& 0.00 1000. -1000. 27*0.5 
73. 05 ZHENIC1L+Y 6 25.309 1000. -1000. 27*0.5 
74. 05 ZHENICYL+Y 7 30.706 1000. -1000. 27*0.5 
75. 05 ZHNEICYL+Y 5 32.929 1000. -I000. 27*0.5 
76. 05 ZNEMICYL+Y 4 45.629 1000. -1000. 27*0.5 
77. 05 ZNEMICYL*Y 5 "6.264 1000. -1000. 27*0.5 
78. 05 0010 4 6.27 -46.27 46.27 0.00 1000. -1000. 27*0.5 
79. 05 4 111 111 111 0 
80. 05 3 221 111 111 0 
81. 05 11 331 111 111 0 
82. 05 2 441 111 111 0 
83. 05 3 551 111 1110 
84. 05 4 661 111 0 
85. 05 131 11 221 111 0 
86. 05 10221 221 111 0 
87. 05 12 3 31 221 111 0 
88. 05 5 441 21 111 0 
89. 05 1 551 21 111 0 
90. 05 6661 21 111 0 
91. 05 16 1 11 331 111 0 
92. 05 15221 331 111 0 
93. 05 14331 331 111 0 
94. 05 7 441 3 1110 
95. 05 8551 331 0 
96. 05 966 133 111 1 
97. 05 END KENO.  

END ELT. ERRORS: NONE. TINE: 1.777 SEC. INAGE COWNT: 97 
&XQTB 421000*KENO.KENO 
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NLI*1/2: ROCKWELL BASKET: MARK22 FUEL: NO POISON : IMF ARRAY 
NUMBER OF GENERATIONS 51 START TYPE 1 
NUMBER PER GENERATION 624 GENERATIONS BETWEEN CHECKPOINTS 0 
NUMBER OF GENERATIONS TO BE SKIPPED 6 LIST INPUT X-SECTIONS READ FROM TAPE No NUMBER OF ENERGY GROUPS 27 LIST 1-D MIXTURE 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 8 USE X-SECTIONS FROM PREVIOUS CASE NO NUMBER OF MIXING TABLE ENTRIES 20 USE GEOMETRY FROM PREVIOUS CASE NO 
NUMBER OF GEOMETRY CARDS 51 USE VELOCITIES FROM PREVIOUS CASE NO NUMBER OF BOX TYPES 16 COMPUTE MATRIX K-EFFECTIVE BY UNIT NO 
NUMBER OF UNITS IN X DIRECTION 6 COMPUTE MATRIX K-EFFECTIVE BY BOX TYPE NO 
NUMBER OF UNITS IN Y DIRECTION 3 LIST FISS PROS MATRIX BY UNIT NO 
NUMBER OF UNITS IN Z DIRECTION I ADJOINT CALCULATION NO NUMBER OF NUCLIDES READ FROM TAPE -12 USE EXPONENTIAL TRANSFORM No 
ALBEDO TYPE 1 CALCULATE FLUX YES 
SEARCH TYPE 0 CALCULATE FISSION DENSITIES YES 
THIS PROBLEM WILL BE RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITION 
THE ALBEDOS ARE *X a 1.00000.000 -X a 1.00000.000 +Y x 1.00000.000 -V a 1.00000.000 +Z a 1.00000.000 -Z a 1.00000.000 
MAXIIMUM TIME a 200.0000 MINUTES 
STORAGE LOCATIONS REQUIRED FOR THIS JOB a 37083 
REMAINING AVAILABLE LOCATIONS= 32917

<-V
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NLI-l/": ROCKWELL BASKET: UARK22 FUEL: 
MIXTURE NUCLIDE DENSITY 

1 -92235 1.98870-003 
1 92236 2.33000-004 
1 92238 2.14260-004 
1 13027 5.63570-002 
2 -92235 2.02880-003 
2 92236 2.32750-004 
2 92238 2.13910-004 
2 13027 5.63630-002 
3 5010 8.36100-003 
3 6012 1.08300-002 
3 13027 3.01300-002 
1 8016 3.3,560-002 
1 1001 6.69120-002 
5 24000 1.92100-002 
S 26000 6.14000-002 
S 28000 7.77300-003 
6 13027 6.05100-002 
7 82000 3.29600-002 
a 92238 4.77300-002 
8 -92235 1.05200-004

No POISON s IMF ARRAY

CROSS SECTIONS READ FROM TAPE

NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE m 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE 
MNCLIVE

1001 
5010 
6012 
8016 

13027 
24000 
26000 
280OO 
82000 
92235 
92236 
92238

N 1269 F, 1002 T 218 GP 0324.75(2) 
B-10 1273 218UGP 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 218HGP UT l/E P-3 293K SIGPuS.4 RE(042375) 
FE 218GP RE 5-17-7830) 
9I 1190 218NGP WT l/E P-3 293K SIGPu5+4 RE(042375) 
PU 1288 218NGP 012375 P-3 293K 
U-235 1261 SIGP-=u5 NEWXLACS 218MGP P-3 293K(3) 
U-236 1163 SGOz5+4 NEWXLACS P-3 293K f-1/E-NCI.*5) 
U-238 2180P RE 5-17-78(1) 
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NLI-1/2: ROCKIWELL BASKET: PARK22 FUEL: NO POISON : IMF ARRAY 
ARRAY DESCRIPTION 
Za 1 

16 15 14 7 8 9 
13 10 12 5 1 6 
4 3 11 2 3 4 
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NLI-1/2: ROCKWELL BASKET: NARK22 FUEL: NO POISON : II 
LIFETIME a 1.07860-004 + OR - 7.38088-007 
NO. OF INITIAL 

GENERATIONS AVERAGE 67 
SKIPPED K-EFFECTIVE DEVIATION CONFIDI 

6 .53257 * OR - .00373 .5288 
7 .53257 * OR - .00382 .5287 
8 .53186 * OR - .0038,U .5280 
9 .53123 + OR - .00388 .5273 

10 .53151 * OR - .00397 .5275 
11 .53088 * OR - .00402 .5268 
12 .53220 * OR - .00389 .5283 
13 .53118 + OR - .00385 .5273 
14 .53242 * OR - .00375 .5286 
15 .53193 * OR - .00382 .5281 
20 .53289 + OR - .00434 .5285 
25 .5343 . OR - .00507 .5293 
30 .53689 + OR - .00565 .5312 
35 .53354 + OR - .00671 .5268 
40 .53186 * OR - .00908 .5227 
45 .53520 + OR - .01370 .5215

GENERATION TINE a 5.89191-005 + OR - 5.07176-007

INTERVAL 
.53631 
.53639 
.53571 
.53512 
.53548 
.53489 
.53609 
.53504 
.53617 
.53575 
.53723 
.53950 
.54254 
.54026 
".54094 
.54890

95 PER 
CONFIDENCE 

.52511 TO 

.52493 TO 

.52418 TO 

.52347 TO 

.52358 TO 

.52285 TO 

.52"2 TO 

.52347 TO 
.52492 TO 
.52428 TO 
.52422 TO 
.52430 TO 
.52559 TO 
.52012 TO 
.51369 TO 
.5O780 TO

CENT 
INTERVAL 

.54004 

.54021 

.53955 

.53900 

.53945 

.53891 

.53998 

.53889 

.53992 

.53958 

.54156 

.5"57 

.54819 

.54697 

.55002 

.56260

"99 PER CENT 
CONFIDENCE INTERVAL 

.52137 TO .54378 

.52111 TO .S,03 

.52034 TO .54339 

.51959 TO .54288 

.51961 TO .54342 

.51883 TO .54292 

.52053 TO .54387 

.51962 TO .54275 

.52117 TO .5M7 

.52046 TO .54340 

.51988 TO .54590 

.51923 TO .54964 

.51994 TO .55384 

.51340 TO .55368 

.50461 TO .55910 

.49410 TO .57630
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NUI4ER OF 
HISTORIES 

28080 
27456 
26832 
26208 
25584 
24960 
24336 
23712 
23088 
22464 
19344 
16224 
13104 
9984 
6864 
3744
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APPENDIX E 

SECTION X 

Mark 22 Fuel Assembly fIT.AML Output
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ADDP STE*MARK22.NITINDUL 
1S ARRAY 12 ENTRIES READ 
OT 

MSCM NUMBER OF EXTRA CROSS SECTIONS 0 
HMT NUMBER OF NUCLIDES FROM MASTER LIBRARY 12 
MET NUMBER OF NUCLIDES FROM X-SECT LIBRARY CLOG 2) 0 
MXT NUMBER OF NUCLIDES FROM X-SECT LIBRARY CLOG 3) 0 
MCR ANISM/DOTINORSE OUTPUT TRIGGER 0 
mXX TOTAL CROSS SECTION POSITION 0 
MS WITHIN-GROUP SCATTERING CROSS SECTION POSITION 0 
IRES NUMBER OF RESONANCE CALCULATIONS 0 
ION TABLE LENGTH FOR CROSS SECTIONS 0 
1PM IS AN OLD ANISN LIBRARY MOUNTED ? CO/I1:I/YES) 0 
IPP OUTPUT OPTION TRIGGER -1 
IFS PRINT CONTROL - ANISN OUTPUT 0 

THE STORAGE ALLOCATED FOR THIS CASE IS 13000 WORDS 
2S ARRAY 12 ENTRIES READ.  
OT 

GENERAL INFORMATION CONCERNING CROSS SECTION LIBRARY 
TAPE IDENTIFICATION NUMBER 4321 
NUMBER OF NUCLIDES ON TAPE 82 
NUMBER OF NEUTRON ENERGY GROUPS 27 
FIRST THERMAL NEUTRON ENERGY GROUP 13 
NUMBER OF GAMMA ENERGY GROUPS 0 

XSDRN TAPE 4321 
27 NEUTRON GROUP LIBRARY 

BASED ON ENDF/I VERSION 4 DATA 
COMPILED FOR NRC 
8/3/81 

L.M.PETRIE ORNL 
NUCLIDES FROM XSDRN TAPE 

1 N 1269 F. 1002 T 218 GP 032475(2) 1001 
2 3-10 1273 218NGP 042375 P-3 293U 5010 
3 C-12 1274F,1065T 218 OP 030476(7) 6012 
4 0-16 1276 218 GP 030476(7) 8016 
5 AL-27 1193 218 GP 040375(3) 13027 
6 CR 1191 21BGOP WT 1/1 P-3 293K SiP-5+ REC(042375) 24000 
7 FE 218GP RE 5-17-78(1) 26000 
8 NI 1190 218NGP WT I/E P-3 293K SIGPu5+4 RE(042375) 28000 
9 P3 1288 21NGOP 042375 P-3 293K 82000 

10 U-235 1261 SIOP-5.4 NE,,XLACS 218N.P P-3 293KC3) 92235 
11 U-236 1163 SIGO5.54 NElJXLACS P-3 293M F-1/E-M(1.+5) 92236 
12 U-238 218,P RE 5-17-78(1) 92238 
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H 1269 F. 1002 T 218 CP 032475(2) 1001 
B-10 1273 21GNOP 04/2375 P-3 293K 5010 
C-12 1274F,1065T 218 GP 030476(7) 6012 
0-16 1276 218 GP 030476(7) 8016 
AL-27 1193 218 OP 040375(5) 13027 
CR 1191 218NGP UT l/E P-3 293K SIGP,5+4 REC042375) 24000 
FE 218GP RE 5-17-78(1) 26000 

NORESONANCE DATA SUPPLIED FOR 26000 
INFINITE DILUTION VALUES WILL BE USED 

MI 1190 218NGP UT li/E P-3 293K SIGP5*4 RE.0/42375) 28000 
PB 1288 218NGP 042375 P-3 293K 82000 
U-235 1261 SIGPz5+4 REWXLACS 218MGP P-3 293K(3) 92235 

NORISONANCE DATA SUPPLIED FOR 92235 
INFINITE DILUTION VALUES WILL BE USED 

U-236 1163 SIGO.*4 NEWXLACS P-3 293K F-1/E-NCI.+S) 92236 

NORESONANCE DATA SUPPLIED FOR 92236 
INFINITE DILUTION VALUES WILL BE USED 

U-238 218;P RE 5-17-78(1) 92238 

NCRESONANCE-DATA SUPPLIED FOR 92238 
INFINITE DILUTION VALUES WILL BE USED 

ELAPSED TINE 10.13243330 HIM.  
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-1

TNIS XSORN 1ORKING TAPE WAS CREATED 
THE TITLE OF THE PARENT CASE IS AS FOLLOWS 
27 NEUTRON GROUP LIBRARY 

BASED ON ENDF/B VERSION 4 DATA 
COMPILED FOR NRC 
TAPE ID 4321 WUI4BER OF NUCLIDES 
NIIMBER OF NEUTRON GROUPS 27 NUMBER OF GAMg(A GROUPS 
FIRST THERMAL GROUP 15 

TABLE OF CONTENTS 
N 1269 F. 1002 T 218 GP 032475(2) 
5-10 1273 218NGP 042373 P-3 293K 
C-12 1274F,1065T 215 GP 030476(7) 
0-16 1276 218 GP 030476(7) 
AL-27 1193 218 GP 040375(5) 
CR 1191 218NGP WT 1/1 P-3 2931 SIGP&5+4 RE(042375) 
FE 218GP RE 5-17-78(1) 
NI 1190 218NGP WT 1/E P-3 293K SIGP-5+4 RE(042375) 
PI 1288 218GOP 042375 P-3 293K 
U-235 1261 SIGP-S+4 NElXLACS 218NGP P-3 2931(3) 
U-236 1163 SIO1+54 NElUXLACS P-3 293K F-1I/E-M(1.5) 
U-238 218GP RE 5-17-78(1) 

@8RKPT PRINTS 
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0

ID 10 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
10 
10

1001 
5010 
6012 
8016 

13027 
24000 
26000 
28000 
82000 
92235 
92236 
92238



APPENDIX F

SECTION X 

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

'-'•KNO.N27 
ic 67/17/36 

19 
19 
la 

19

10:SC:17 (22) 
1S3 0 17 5: 2 ZZ -1 2 T 
2S$ 92238 -592233 92235 -592235 3016 -555031 1001 -555011 13027 4OCO 24COO 28000 26COC 82-20 5010 6012 42000 
3*- 92238 294o '2 .1880 ,3464 7?*34 2.932-2 1 96 2.22 1 3Z 1.: 

592233 294. o Z,; .C3 MaO 4.773-2 1 3Z 3Z 1.0 T
.ORS: NONE. T•ME: 0,3C2 SEC. IMAGE COUNT: 5 

- ;N CONTROL MODZ.  

•.TAWLs•ITAWL 
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NITAWL -. FERMI-1 NORMAL OPERATION (Continued)

THIS XSDRh WORKING TAPE WAS CREATED 
THE TITLE OF THE PARENT CASE IS AS FOLLOWS 
Z7 NEUTRON GROUP LIBRARY 

BASED ON ENDF/B VERSION 4 DATA 
COMPILED FOR NRC 
TAPE IV 432 
NUMBER OF NEUTRON GROUPS 2 
FIRST THERMAL GROUP 1 

TA3LE OF

1 
7 
5 

CONTENTS

NUMBER OF NUCLIDES 
NUMBER OF GAMMA GROUPS

H 1269 F, 1002 T 21Z GP 03247S(2) 
m 1269 F, 1002 T 218 EP 03247S(2) 
Z-13 1273 Z18NGP 042375 P-3 293K 
C-12 1274F,1065T 218 GP 030476(7) 
0-10 1276 218 GP 030476(7) 
0-16 1276 218 Gp 030476(7) 
AL-27 1193 218 GP 040375C5) 
CR 1191 Z18NGP WT lI/E P-3 Z93K SIGP=5+4 RE(042375) 
FE 21EGP RE 5-17-73(1) 
41 119C ZI1NGP WT l/e P-3 293K SIGP9S,4 REC042375) 
ZR(NAT) 7141 21 NGP WT FISCO.1TOZO)-l/E-MAX P-3 
MO (1Z7) SGPcS*4 NEWXLACS Z18NGP F-1/E-M P-3 293K 
Ps 1Z3 ZllNGP 042375 P-3 293K 
L-Z35 1261 SIGPcS*4 NEWXLACS 218NGP P-3 293K(3) 
6-Z3Z 1Z61 $1GP=-54 NEWXLACS Z18NGP P-3 293K(3) 
U-2Z7 Z18GP RE 5-17-78(1) 
ýi-Z3Z Z13GP RE 5-17-?BCI) 

KPT PRINTS
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XSDRNP, - FERMI-1 NORMAL OPERATION

.ENO.XZ7 
.7117/86 
15 
17 
1s 
15 
Is 
17 
1s 
15 
17 
19 
15 
16 
15 
15= 

15 
15 
15 
15

11:19:19 C19) 
XSDRNPM FOR FERMI-1 METAL FUEL 
133 2 3 20 1 3 3 39 3 3 1 ZRIO FO 
ZSS -2 FO 
3S$ 1 32 1000 22 I F3 
45S -1 27 0 -2 E T 
13SS 3R1 2 2R3 11RI 11R2 11R3 
14.SS 92235 92238 4zGcO 40000 555081 555011 

3016 1001 82000 24002 28000 26C00 .  
13027 5010 6012 592Z38 592235 2Q11 

15"* 1&0213-Z 2.932-2 1.087-2 4.227-2 3.3461-2 6.6922-2 FI.-15 T 
33.* F1.0 T 
35"* 9100. .183 .189 71.2307 .3633 
363S 10RI 212 313 
38*' 1OR1.3 0.0 F1.0 
39SS 1 2 3 
403S F: 
51SS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

13 19 ,0 21 22.23 24 25 26 27 T

;: NONE. TIME: 0.273 SEC. IMAGE COUNT: 1I 

! ;PM *XSDRNPM 
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XSDRNPM - FERMI-i NORMAL OPERATION (Continued)

ZADD,DEP 998CC4*KEkO.x27
XSDRNPM FOR FERMI-1 METAL FUEL

15 ENTRIES READ 

10 ENTRIES READ 

12 ENTRIES READ 

9 ENTRIES READ

DIRECT ACCESS FILES ASSIGNED 
300C kORDS PER RECORD ON UNIT 8 
ESC WORDS PER RECORD ON UNIT 9 
N00 WORDS PER RECORD ON UNIT 10

I PHYSICAL RECORDS PER LOGICAL 
10 PHYSICAL RECORDS PER LOGICAL 

I PHYSICAL RECORDS PER LOGICAL

GENERAL PROBLEM DESCRIPTION DATA BLOCK 

GENERAL PROBLEM DATA

11:11 x PLANE/CYLINDERISPHERE 
NUMBER OF ZONES 
NUMBER OF SPACIAL INTERVALS 
C/1/213 a VACUUM/REFL/PER/WHITE 
RIGHT BOUINDARY CONDITION 
NUMBER OF MIXTURES 
1IXLNG TABLE LENGTH 

NUMBER OF ENERGY GROUPS 
NUMBER OF NEUTRON GROUPS 
NUMBER OF GAMMA GROUPS 
NUMEER OF FIRST THERMAL GROUP

2 
3 

3 
3; 

27 
27 

15

SPECIAL 3PTIONS

641 = NONE/WEIGHTING CALCULATION 
VOLUMETRIC SOURCES O/NwNO/YES) 
eOUNDARY SOURCES CO/NUNO/YES) 
:/l/" w INPUT 33-134'/USE LAST 
"MAXIMUM TIME (MINUTES) 
G/l/Z/3frlO/XSECT/SRCE/FLUX-OUT

1 

I 002

ISN 
ISCT 
IEVT 
IIM 
ICM 
ICLC 
ITH 
I FLU 
IPRT 
ID1 
I PB T 

IPN 
IDF4 
IAZ 
LAI 
IFCT 
IPVT

QUADRATURE ORDER 
ORDER OF SCATTERING 
O/1/ZI3/415/6c2/K/ALPHA 
INNER ITERATION 4AXIAUM 
OUTER ITERATION 4AXIMUM 
-IG/N--FLAT RES/SN/OPT 
0/1 r FORWARD/4DJOINT 
G0/lZI34wL-S/L/S/dIL-W 
-Z/-I/C/N=A¶IXTJRE XSEC 
O/1Z/3cNO/PRT ND/PCH N 
-1/O/INONE/FIlE/ALL BA 

DUMMY PARAAETER 
0/1 z NONE/DENSITY FACT 
0/1 a NONE/N ACTIVITIES 
3/IcNONE/ACTIVITIES 3Y 
011NO/YES UPSCATTER SC 
0/lI2cNOiK/ALPqA PARAME

*EIGHTING DATA (IFG61)

-1/0lICELLJZONE/REGION WEIGHT 
NUMBER OF BROAD GROUPS 
/1O/20/2O01O 0/C/E/AC/A 

-Z/-I/O/N=WGTED XSECT PRINT 
-1I/N ANISN XSECT PRINT

-1 
27 

3 
-2 
-1

IHTF 
NDSF 
NUSF 
MSCM

TOTAL XSECT PSN IN ORD 
PSN G-G OR FILE NUMBER 
TABLE LENGTH OR MAX ORD 
EXTRA 1-0 X-SECT POSITI

FLOATING POINT PARAMETERS

Page Added 
Oct. 1990

IS ARRAY 

2S ARRAY 

3S ARRAY 

43 ARRAY

IGE 

I MP 

ISL 
IBR 
mXX 
"VS 
I Gr 
NNG 
NGG 
IFTG 

IFG 
IQM 
IPM 

ITMX 
IDTI 

ICON 
IGMF 
ITP 
IPP 
LAP
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XSDRNPM - FERMI-I NORMAL OPERATION (Continued)

NER 
254 
491 
701 
Z74 
995 
cSE 
o• o

BALANCE 
1.C000026+OCO 
14.00C027*+Co 
1.C0C0G28000 
1.CCCOZ9+00 
1 .OCOC23+000 
I.GOOGCZ$400O 
1*.O00C2B+000

OUTER 
1 

4 

6 

7 
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP* 

GRP.  
GRP° 
GRP* 
GRP.  
GRP.  

GRP* 
GRP.  
GRP.  
GRP.  

GRPe 
GRP, 
GRPe 
GRP° 
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP.

UPSCATTER RATIO 
7%7642534-001 
14.707040*O00 
1.0299312+300 
1.0113186#300 
1.0033013#300 
1.0006182+000 
1.003059Z.300

IN 

1 
lC 
1 

12 
13 

4 S 
6 

9 

1C 
11 
12 

13 
14 
12 

21 

•.1

111Z 1.ZCOOC28.000 
FINAL MINITOR 

E6APPED TIME Z.90218329

OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF

EIGENVALUE 
1.1001459÷000 

1.4294742+-o0 
1.5103499+000 
1.5285615÷000 
1.5323223÷400 
1¶5326419+000 
1.5327520+30G

.8o0392-005 
6o64191-005 
6e49530-005 
6.97308-005 
5.86760-005 
5&87569-005 
4098808-0os 
4.92717-005 
5.06186-COS 
5.31321-005 
4.89183-005 

e.66715-005 
5.63124-005 
5.10950-OS 
1.91663-005 
2.112$9-005 
2s,56110-005 
Z.64325-OS 
2.36228-005 
2.44632-005 
3.77428-005 
2.86500-OCS 
1.86630-005 
3.30656-00S 
5.13642-005 
2.*0517-C05 
1.71842-005

OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED

1.0000476.COG 1.53285C7V300 
LAMBDA 1.5325135.000

LA46DA1 
1.07396ZD90C0 
1.3276572-000 
10.552144*OCO 
1.31157724COO 
1.1022511*OCC 1 .- 0GI 417cc: 
1.300C179.0Co 

IN INT. 20 
IN INT. ZC 
IN INT. 20 
IN INT. 20 
IN INT. 20 
14 INTO 20 
IN INT. Z0 
IN INTO 20 
IN INTO 17 
IN INT. 16 
IN INT. 15 
IN INT. 15 
IN INT. i1 
IN INT. 15 
IN INT. I 
IN INT. I 
IN INT. 1 
IN INTO I 
IN INT. I 
IN INT. 1 
IN INTO.  
IN INT. I 
IN INTO 1 
IN INTO 2 C 
IN INT. ZC 
IN INT. ZC 
IN INTO 17

1.3000A11N Lc: 
ANGULAR FLUX ON
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REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED

ITERATIONS. MFD 
ITERATIONS. RFD 
ITERATIONS. MFD 
ITERATIONS. MFD 
ITERATIONS. RFD 
ITERATIONSe. RFD 
ITERATIONS. MFO 
ITERATIONS. RFD 
ITERATIONS.. MFD 
ITERATIONS. RFD 
ITERATIONS. RFD 
ITERATIONS* MFD 
ITERATIONS. RFD 
ITERATIONS. MFD 
ITERATIONS. RFD 
ITERATIONS. RFD 
ITERATIONS. MFD 
ITERATIONS. RFD 
ITERATIONS. MFD 
ITERATIONS. RFD 
ITERATIONS. RFD 
ITERATIONS. RFD 
ITERATIONS. RFD 
ITERATIONS. 4FD 
ITERATIONS. RFD 
ITERATIONS. RFD 
ITERATIONS. RFD

Cog 
COc 
Cot 
CO; 
Cap COP 
COt 
CO.  
cc; 

CO.  C~o 

Ca, 
CC, Cot 
cc, 
CO, 
CO, 
CO, 
CO; 
COt 
COt 
COa 
Cot 
COt 
CO, 
Cot 
cc; 
cc; 
Co.  
CO;
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KENO - FERMI-I NORMAL.OPERATION (Continued) 

FOUR ASBL BASKET FOP FERMI-I FUEL, .040 BORON 

NUMBER OF GENERATIONS 56 START TYPE 

NUMBER PER GENERATION 403 GENERATIONS BE 

NUMBER OF GENERATIONS TO BE SKIPPED 5 LIST INPUT X-S 

NUMBER OF ENERGY GROUPS 27 LIST 1-0 MIXTU 

MAX. NUMBER OF ENERGY TRANSFERS 27 LIST 2-0 I1XTU 

NUMBER OF INPUT NUCLIDES 17 LIST FISS. ANC 

NUMBER OF MIXTURES 7 USE X-SECTIONS 

NUMBER OF MIXING TABLE ENTRIES 13 USE GEOMETRY F 

NUMBER OF GEOMETRY CARDS 25 USE VELOCITIES 

NUMBER OF BOX TYPES 9 COMPUTE MATRI) 

NUMBER OF UNITS IN X DIRECTION 4 COMPUTE MATRIX 

NUMBER OF UNITS IN Y DIRECTION 2 LIST FISS PRO! 

NUPBER OF UNITS IN Z DIRECTION I ADJOI3T CALCUL 

NUMBER OF NUCLIDES READ FROM TAPE -17 USE EXPONENTIA 

ALBEDO TYPE 1 CALCULATE CLUX 

SEARCH TYPE 3 CALCULATE FISS 

THIS PROBLEM WILL BE RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITIO0 

THE ALBEDOS ARE +X a 1.00000OCO -X 0 *Y a -Y Z 1.C•C• 

"%AXIml8U TIME - 200.00000 MINUTES 

STORAGE LOCATIONS REQUIRED FOR THIS JOB a 24763 
REMAINING AVAILABLE LOCATIONSw 375237 

Page Added 
X-F9 Oct. 1990

1ý



KENO - FERMI-1 NORMAL OPERATION (Continued)

FOUR ASBL BASKET FOR FERMI-1 FUEL, .040 3OR34

NUCLIDE 
-92235 

92238 
42C0C 
4cc00 

355011 
555081 

5CO10 
6C12 

13027 
8016 
1001 

240CO 
28000 
260CC 
13027 
32000 

592238 
-592235

DENSITY 
2.73620-003 
7.84910-003 
2.91000-003 
1.58060-003 
4.65150-002 
2.32580-002 
8.36100-003 
1.08300-002 
3.01300-002 
3.3461-C-002 
6.69220-002 
1.83900-002 
1.81500-003 
5.99400-002 
6402600-002 
3.29900-002 
4°77300-002 
1.05200-004

CROSS SECTIONS READ FROM TAPE

1001 
COS5011 

5010 
6012 
3016 

555081 
13027 
24000 
26000 
23000 
4000C 
'.20C0 

92235 
92235 
92233 

59Z233

Page Added 
Oct. 1990

N 1269 F, 1002 T 218 SP 032475(2) 
H 1260 F, 1032 T 213 GP 032475(2) 
8-10 1273 213NGP 042375 P-3 293K 
C-12 1274F,1365T 218 GP 030476(7) 
0-16 1276 218 GP 03C475(7) 
0-16 1276 213 GP 030476(7) 
AL-27 1193 212 GP 1%0375(5) 
CR 1191 218NGP WT I/E P-3 293K SIGP=S*4 RECC42375) 
FE 218GP RE 5-17-73(1) 
NI 1190 213NGP WT 1/ P-3 293K SZGPz5+4 RE('.2375) 
ZR(NAT) 7141 21 4GX wT FIS(3.1TO20)-"/IE-qAX P-3 
MO (1287) SIGP=5.4 NEWXLACS 218NGP F-1lE-e 0-! 29!K 
PB 12!3 21iNGP 042375 P-3 29,3K 
U-235 1261 SIGP=5.' NEJXLACS 21ENGP P-3 2C3U(C) 
U-235 1261 SIGP=5+4 NEJXLACS 213NGP 0-3 293K(3) 
U-238 213GP RE 5-17-73(1) 
U-Z!3 213GP RE 5-17-73(1)

X-FIO

MIXTURE 
1 
1 
1 
1 I 

1 

2 
2 
3 

4 4 

4 

6 
7 
7

NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
4UCLIDE 
NUCLIDE 
IUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE

=R 

=3 

=3 

=S 

2l 

2B 

3B 

3l 

2e 

=3



KENO - FERMI-i NORMAL OPERATION (Continued) 

FOUR ASBL BASKET FOR FERNI-I FUEL, .040 30ROl 
ARRAY DESCRIPTION 

Z ' 

5. 7 3 : 

6 E 1. Z

X-Fl1
Page Added 
Oct. 1990



KENO - FERMI I NORMAL OPERATION (Continued) 

FOUR ASBL BASKET FOR FER"I-1 FUELP .040 30RO.

LIFETIPE a 9.71350-C05 * OR 1.02707-006 

NO. OF INITIAL 
GENERATIONS AVERAGE 

SKIPPED K-EFFECTIVE DEVZATIOV 

6 1-80637 OR .080J

.30684 . OR - .00487

- 900497 

- .00505 

- .00508 

- .00510 

- .00521 

- .00518 

- .C0529 

- .00532 

- .00533 

- .00599 

- .00695 

- .00740 

- .C090C 

"0 01150

8 

9 

1C 

11 

12 

1!i 

2C 

4C 

5C

GENERATION TIME a 4.G7517

67 PER 
CONFIDENCE 

.30158 TO 

.30197 TO 

.30162 TO 

.80108 TO 

,301.93 TO 

.30096 TO 

,30120 TO 

,80245 TO 

,!0196 TO 

.30100 TO 

e30232 TO 

.80341 TO 

.30043 TO 

.30235 TO 

.80544 TO 

.79238 TO

CENT 
14TERVAL 

031117 

031171 

.31156 

.31113 

.31210 

.31117 

.81162 

.81231 

631255 

.31363 

.3IZ99 

.01233 

.31434 

.31716 

.32344' 

.31539

.79451 TO .32264

95 PER 
C3NFIDENCE 

.79678 TO 

.79710 TO 

o79666 TO 

.77633 TO 

97763C. TO 

.795!5 TO 

*79599 TO 

.7 72 6'.  

.79666 TO 

.79768 TO 

.'7699 TO 

0-9'42 TO 

,?V!48 TO 

.77494 TO 

.79644 TO 

.73:33 TO 

,78C'45 TO

Page Added 
Oct. 1990

.30858 + OR - .01406

.30659 

".30613 

.80702 

.80606 

e80641 

.3C763 

.80725 

.80331 

.80765 

,8C640 

.30738 

.80975 

.81444 

.80389

+ OR 

* OR 

+ OR 

* OR 

OR 

* OR 

OR 

OR 

* OR 

* OR 

*' OR 

* OR 

* OR 

* OR

X-F12
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KENO - FERMI-I - NO MODERATOR (Continued) 

FOUR ASBL BASKET FOR FERMI-1 FUELv .040 3ORON9 NO MODERATOR IN FUEL

LIFETIME 2 1,12aa1-OC4 + OR - 106662-C36 GENERATION TIME a 5.35320-

NO.* OF INITIAL 
GENERATIONS 

SKIPPED 

6 

7 

a 

9 

10 

II 

12 

13 

14 

1.5 

20 

25 

30 

35 

'C 

'S 

S0

AVERAGE 
X-EFFECTIVE

,_65500 

.65515 

.65463 

,65521 

.65415 

.65294 

.65205 

,65338 

.65180 

.65266 

.65525 

.65111 

.64524 

.64595 

.64900 

,65082

DEVIATIOn

"* OR 

"* Ot 

"* OR 

"* OR

"* OR 

"÷ OR 

* OR-

"* OR 

"* OR 

"÷ OR 

"* OR 

"* OR 

"* OR 

" OR 

"* OR 

" OR -

.00477 

.00486 

.00494 

600501 

.00500 

.00496 

600500 

.000493 

.00478 

.00482 

.00513 

.00557 

.00524 

.00534 

.00665 

.00803

]

o64331 + OR - .01152

57 PER 
CONFIDENCE 

e65023 TO 

.65029 TO 

.64969 TO 

.65020 TO 

.64915 TO 

e64797 TO 

.64706 TO 

.64345 TO 

.64702 TO 

.64784 TO 

.65312 TO 

964554 TO 

s64000 TO 

6164361 TO 

.64236 TO 

o.64279 TO 

.63179 TO

CENT 
INTERVAL 

*65977 

066002 

,65957 

.66022 

,65916 

065790 

,65705 

.65331 

.65658 

.65743 

.66038 

.65667 

.65048 

.65129 

,55565 

.65335

.65482

95 PER C 
CONFIoENCE I 

o64546 TO 

.64542 TO 

6 64475 TO 

6 64519 TO 

e 64414 TO 

.64301 TO 

.64206 TO 

.64352 TO 

o64221 "

.64302 TO 

o 64499 TO 

s63997 TO 

a63476 TO 

,63527 TO 

.631571 TO 

e63476 TO

.62227 TO
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3.KBO3OFER KENO - FERHI-1 BORON SENSITIVITY 
/17/86 20:13:12 (0) 
40 FOUR ASBL BASKET FOR FERMI-1 FUEL, .030 BORON 
20 200. 50 403 6 27 27 17 7 18 25 8 4 2 1 -17 1 3 2000 0 1 82 
m0 -1 0 0 3R-1 
:0 1 -92235 2.180-3 1 92238 6.124-3 1 42000 Z.286-3 
30 1 40000 1.242-3 1 S55011 5.089-2 1 555081 2.S45-2 
30 2 5010 6.271-3 2 6C12 1.083-2 2. 13027 3.013-2 
ýo 3 8016 3.3461-2 3 1001 6.6922-2 
.0 4 24000 1.839-2 4 28300 1.815-3 4 26000 5.994-2 
!0 5 13027 6.026-2 
ý0 6 82000 3.299-2 
20 7 592238 4.773-2 7 -592235 1.352-4 
ý0 BOX TYPE I 
;0 CUBOID 1 7.620 0.000 7.620 3.0CO 1003. -1000. 27* 
.0 CUBOID 3 10.160 -2.54 10.160 -2.54 C03o. -1000. 27* 
:0 BOX TYPE 2 
T0 CUBOID 2 11.438 0.30C 3.1441 0.000 1003. -1000. 27*
:0 CUBOID 4 12.700 0.000 0.7791 0.000 1003. -1000. 27,* 
;0 BOX TYPE 3 
TO CUBOID 2 0.1441 0.300 11.438 o.OCO 1003. -1000. 27't 40 CUBOzo 4 0.7791 0.000 12.700 0.000 1000. -ICO0. 27'( 
'0 BOX TYPE 4 

CUBOID 4 0.000 -0.635 0.000 -0.635 1003. -1000. 27*C 
.0 CUBOID 2 0.000 -0.7791 0.000 -0.7791 1000. -1000. 27,t 
20 BOX TYPE 5 
CO CUBOID I 7.62C 0.000 7.620 0.000 1000. -1000. 27*0 
Cc CUBOID 3 10.160 -2.54 10.160 -2.54 1003. -1000. 27"0 
00 BOX TYPE 6 
:0 CUBOZD 2 3.000 -11.438 30.1441 0.000 1000. -1000. 27.* 
:0 CUSOID 4 0.000 -12.700 0.7791 0.000 1003. -1000. 27*0 
CO BOX TYPE 7 
:0 CUBOID 2 0.000 -0.1441 11.438 0.0C0 1000. -1000. 27.0 

CUBOID 4 0.000 -0.7791 12.700 0.000 1000. -1000. 27*0 
z0 BOX TYPE 3 

CUBOID 4 0.635 C.300 0.000 -0.635 lCQ3. -1000. 27.0 
":0 CUBOID 2 0.7791 0.000 0.000 -0.7791 1000. -1C00. 27*0 
Co CORE BOY C 13.4791 -13.4791 13.4791 0.00 1000. -1000. 27* 00 ZHEMICYL+Y 3 19.326 1000. -1000. 27*0.5 

ZHEMICYL*Y 4 19.394 1000. -1000. 27-0.5 
00 ZHEMZCYL+Y 7 25.309 1000. -1000. 27*0.5 
%0 ZHEMICYL+Y 6 30.706 1000. -1000. 27*0.5 
00 ZHERICYL*Y ' 32.93 1000. -1000. 27*0.5 .0 ZHEMICYL#Y 3 45.629 1000. -1000. 27t3.5 

ZHEMICYL*Y 4 46.264 1300. -1000. 27*0.5 
C0 CUBOID 3 63. -63. 63. 0.30 10C0. -1000. 27*3.5 
N0 1 441 221 111 0 
:0 2 441 111 111 Z 
z0 3 331 221 111 1 
cc 4 331 111 111 0 
00 5 1 1 1 2 2 1 1 11 0 
Do 6 1 1 1 1 1 1 1 1 1 3 
00 7 2 2 1 2 2 1 1 1 1 0 
00 8 221 111 111 1 
00 END KENO.

0.5 

0.5 
3.5 

0.5 

9.5 

0.5 

0.5 
).5 

).5 ).5 

.5 
3.5

NONE. TIME: 0.402 SEC. IMAGE COUNT: 53 Page-Added 
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KENO - FERMI-i BORON SENSITIVITY (Continued)

FOUR ASOL DASKET FOR FERMI-1 FUEL*, 030 30ROM

LIFETIME = 1.02514-004 + OR - 1.13177-036 GENERATION TIME 2 4.32614.

NO* OF INITIAL 
GENERATIONS 

SKIPPED 

6 

8 

9 

10 

11 

12 

13 

2C 

25 

30 

35 

40 

45

AVERAGE 
K-EFFECTIVE 

1.81949 

.82057 

,32G40 

.81883 

.81780 

.81714 

.81782 

s81746 

.31727 

.81605 

.81514 

.81403 

.81795 

.81894 

.82306 

.31852 4

", OR 

"• OR 

" OR 

"*OR-m 

". OR 

"÷ OR.  

"• OR 

" OR 

÷ OR 

' OR 

•. OR 

I. OR -" 

SOR 

OR R 

• OR 

OR a

DEVIATION 

*.00491 

.00503 

.00489 

.00491 

C00499 

.00507 

.00520 

• .00534 

* .00535 

.00573 

.00505 

,00497 

.00602 

.00839 

.00593

67 PER 
CONFIDENCE 

.81457 TO 

.81565 TO 

*81537 TO 

s81393 TO 

.81289 TO 

s31215. TO 

.81275 TO 

.31226 TO 

,31193 TO 

.81070 TO 

e80941 TO 

830398 TO 

.31297 TO 

.81292 TO 

.31467 TO 

.31259- TO

CENT 
INTERVAL 

.32441 

.32548 

.32543 

.82372 

082270 

.32212 

.s32239 

.32266 

.32261 

.32140 

.82037 

.81908 

.32292 

.32496 

.33145 

.32645

95 PER 
CONFIDENCE 

.80965 TO 

e81074 TO 

.81C34 TO 

.83901 TO 

,80799 TO 

838716 TO 

•33768 TO 

oBIJ707 l 

.83659 TO 

•83535 TO 

.•3368 TO 

.•:393 TO 

.838Z0 TO 

.8369C TO 

.80627 TO 

.•3666 TO

Page Added 
Oct. 1990 X-F16



NITAWL - FERHI-I HYPOTHETICAL ACCIDENT

:aCC4*KENO.N27TA 
";74QlC C7/16/86 1Z:37:C1 (24) 

LC lSS 0 17 SZ 2 ZZ -1 0 T 
.C 2SS 92238 -592233 92Z35 -592235 1016 -555081 1001 -555011 13227 
20 40000 24000 29300 Z6000 82000 5010 6012 42000 
-4 3** 92238 294. 2 .1880 .1741 92.e6 2.932-2 1 96 2.22 1 3z 1.3 
Zc 592238 294. 3 0.0 0.00 20.0 4.773-2 1 3Z 3Z 1.*0 T

ERRORS: NONE. TIRE: 0.253 SEC- IMAGE COUNT: S 

.RED - ZN CONTROL MOVE 

-. C* NTA6L&NITAWL

Page Added 
Oct. 1990X-F17



NITAWL - FERHI-i HYPOTHETICAL ACCIDENT (Continued)

THIS XSDRN WORKING TAPE WAS CREATED 
THE TITLE OF THE PARENT CASE IS AS FOLL04S 
2? NEUTRON GROUP LIBRARY 

BASED ON ENDFIB VERSION 4 DATA 
COMPILED FOR NRC 
TAPE 10 432 
NUMBER OF NEUTRON GROUPS 
FIRST THERMAL GROUP 

TAaILE OF S
TA3LE OF ONTENTS a 12*9 F, 1002 T 213 GP 032475(2) 

H 1269 F, 1G02 T Z13 SP 03247342) 
a-1C 1Z73 ZISNGP 042375 P-3 293X 
c-12 1274F,1G65T 213 SP 030476(7) 
u-16 1276 ZI1 GP 010476(7) 
0-16 lZ76 213 GP 03G476C7) 
AL-27 1193 Z18 GP 040375(5) 
CR 1191 ZlaNGP WT l1E P-3 293X SISP=5+4 REC042375) 
FE Z13GP RE 5-17-73C1) 
N;I 1190 '16NGP QT lI/E P-3 293K SIGP=5:4 REC042375) 
ZRCNAT) 7141 21 NGP WT FISCO,1TOZO)-llE-MAX P-3 
,%40 (1Z7) SIGP=S.4 NEWXLACS ZiSNGP F-1IE-f P-3 293K 
ps 1228 Z18NGP 042375 P-3 293K 
U-Z35 IZ14 SIGP=S.4 NEWXILACS 218NGP P-3 Z93KC3) V-.735 1261 SIGP=5*4 NEWXLACS 218Nsp P-3 293K(3) 

u-Zld Z13GP RE 5-17-73C1) 
u-zz• ZlaGP RE 5-17-78Mc) 

.PT PRINTS 

Page Added 
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XSDRNPH - FERMI-I HYPOTHETICAL ACCIDENT

-WKEUO.XZ?HA 
Z7/16186 13:38:10 (22) 

21 XSDRNPH FOR FERRl-1 AETAL FUEL, HYPOTHETICAL ACCIDENT, .356 CA PITCH 
1e 1S$ 2 3 20 1 3 3 39 3 3 1 ZRIO F3 
1 2S5 -2 FO 
1.1 3SS 1 3Z 1000 ZZ 1 F3 
1a 4SS -1 27 C -2 E T 
13 13SS 3R1 2 2R3 11RI 11R2 11R3 
1i 14ss 92235 92238 42000 40000 55581 555011 
Ia 8016 1001 82000 24000 28000 26000 
1ý. 13CZ7 5010 6012 592238 592235 ZQ11 
:z 15"* 1.C218-Z 2.932-2 1.087-a 4.227-2 3.3461-2 6.6922-2 F1.-15 T 
12 33-* F1.O T 
.1 35** 910.0 .188 .189 71.20M7 ,4830 
i6 36S lOR1 2RZ SR3 
18 38a* 10R1.3 0.0 FI.0 
1C 39SS 12 3 
I aCSS F3 
1. 5155 1 2 3 4 5 6 7 1 9 10 11 12 13 14 15 16 17 
18 18 19 20 21 22 23 24 25 26 27 T

RS: NCNE, TIME: Co229 SEC* IRAGE COUNT: 18 

3RNPMXSDRNPM

X-F19
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XSDRNPH - FERMI-I HYPOTHETICAL ACCIDENT (Continued)

&ADD*DEP 993CC•-KENO.X27HA
XSDRNPM FOR FERMI-1 METAL FUEL, HYPOTHETICAL ACCIDEh

13 ARRAY 

Z$ ARRAY 

15 ARRAY 

4S ARRAY

15 ENTRIES READ 

IC ENTRIES READ 

1Z ENTRIES READ 

9 ENTRIES READ

DIRECT ACCESS FILES ASSIGNED 
3ýOC .ORDS PER RECORD ON UNIT 8 

• JORDS PER RECORD ON UNIT 9 
3;OC JORDS PER RECORD ON-UNIT 10

I PHYSICAL RECORDS PER LOGICAL 
10 PHYSICAL RECORDS PER .OGICAL 

1 PHYSICAL REC3RDS PER LOGICAL

GENERAL PROGLEM DESCRIPTION DATA BLOCK 

GENERAL PROBLEM DATA

11i!i z PLANE1CYLINDERISPHERE 
NUMEER OF ZONES 
NU•tBER OF ;PACIAL INTERVALS 
://Z/3 = VACUUMIREFL/PERl.HITE 
RGIHT 6OUNDARY CONDITION 
NUMBER OF MIXTURES 
MIXING TABLE LENGTH 
NUMBER OF ENERGY GROUPS 
NUMUCR OF 14EUTRON GROUPS 
NUMGER OF GAMMA GROUPS 
14UM18ER OF FIRST THERMAL GROUP

z 
3 

I 
3 

39 
Z7 Z.7 

15

SPECIAL 3PT13NS

C/I a NONE/wEIGHTING CALCULATION 
VOLUMETR:C SOURCES CO/N:NO/YES) 
iOUNDARY SOURCES (C/N:NOIYES) 
:/i113 :NPUT 2' =I/34/USE LAST 
MAXIMUM TIME CMINUTES) 
://1 1Z=hO/XSECT/SRCEIFLUX--OUT

1 

3 
3

dEIGHTING DATA

-1/1/11CELLlZONEIREGION WEIGHT 
NUMBER OF BROAD GROUPS 
.-/1C/IZC/0/40 C/C/EIACIA 
-Z/-11/INzwGTED XSECT PRINT 
-1i/N ANISN XSECT PRINT

-1 

3 
-z 
-1

ISN 
ISCT 
I EVT 

ICLC 
ITH 
IFLU 
IPRT 
1D1 
IPST 

IPN 
IDFM 
IAZ 
IAI 
IFCT 
IPvT

QUADRATURE ORDER 
ORDER OF SCATTERING 
O1/lZ/3/4j516=2IK/ALP4A/ 
INNER ITERATIOV MAXT 
OUTER ITERATIO4 4AXN.-Z.  
-IIS/N--FLAT RES/SW./OPT 
C11 a FORWARDIADJOINT 

"-Z/-1lO/NzMIXTJRE XSEC P 
al/ZI13=No/PRT ND/PCH Ni 
-l/0/1=NONEIFI4E/ALL 3AL 

DUMMY PARAMETER 
C:/ 2 NONE/DENSITY FACTC 
.s/ = dONE/N ACTIVITIES 
3 /1•=NONE/ACTIV:T.ES By I 
Z/1=NO/YES UPSCATTER SCA 
ll/Z=NQI/K/ALP4A PARAPET

(IFG=I)

INTF 
NDSF 
NUSF 
MS 14

TOTAL XSECT PS3 IN SRD G 
PSM G-G OR FILE NUMBER 
TA3LE LENGTH OR IAX ORDE 
EXTRA 1-0 X-SECT POSITIC

FLOATING POINT PARAMETERS

Page-Added 
Oct. 1990

CT

IGE 

IM 

ZEL 13R 

IXX 

mS 
1GP 
NNG 
NGG 
IFTG 

IFG 

I F Ni ZF•X !TPX 

IDT1 

ICON 
IGMF 
ITP 
IPP 
IAP

X-F20
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XSDRNPH - FERMI-I HYPOTHETICAL ACCIDENT (Continued)

.RPe :2 REQIRZED 1 ITERATIONS, MFD OF 7*12G05-0C6 OCCURRED 1N INTe 20 C 
;RPo ZZ REQUIRED 1 ITERATIONS* RFD OF 6e49970-006 OCCURRED IN INT. 17 C 
;RP. :4 REUIRED I ITERATIONS, RFD OF 1t56342-005 OCCURRED IN INT, 2 C 
ZRP, "! REQUIRED 1 ITERATIONS. RFD OF 2946674-005 OCCURRED I3 INT. 20 C 
.RP, i6 REQUIRED 1 ITERATIONS* NFD OF 1.36232-005 OCCURRED 13 INT. 20 C .APe Z7 REQUIRED 1 ITERATIONS. AFD OF Zo16312-005 OCCURRED IN INT. ZG C 

S97U ' C0015.;C 1.00;0C19+000 1°65C6742#000 1.3CQG?023÷oC 
FINAL MINITOR LAMBDA 1.6506527*QOC ANGULAR FLUX ON 

ELAPSED TIME 7.58923328 NIN.  
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KENO - FERMI-i HYPOTHETICAL ACCIDENT 
.. KBC4OFERHA 
"116136 13:&4:35 (29) 
:5 FERMI-1 FOUR ASBL BASKET , *040 3ORON, HA.  

200, 56 603 6 27 27 17 7 13 27 8 4 2 1 -17 1 3 2000 0 1 &Z 
3Z 3R-1 

ý9 .1 -9Z235 1.5484-3 1 92238 4.4430-3 1 42030 1.6472-3 
":s I 40000 3.9465-4 1 555311 5.5379-2 1 555081 2.7690 
60 2 5010 8.361-3 2 6012 1.,083-2 2 13027 3.013-2 

3 8016 3.3461-2 3 1C01 6.69ZZ-2 
-5 4 24000 1.839-2 4 28CO0 1.815-3 4 26000 5.994-2 

5 13027 6.026-2 
:5 6 9200C 3.299-2 
25 7 592238 4.773-2 7 -592235 1.052-4 

SOX TYPE 1 
:5 CYLINDER 1 5.715 35.735 -38.735 27*0,5 

CYLINDER 5 6.35) 33.735 -38.735 27*0.5 
:7 CUBOID 3 6.5075 -6.5075 6.5075 -6.5075 46.507 -4'

BOX TYPE 2 
CUSOID 2 13.015 0300' 331441 3.000 46 
CUBOZo 4 13.015 C0300 0.7791 0.000 46 
EOX TYPE 3 
CUBOID 2 3.1441 0.300 13.*15 3.000 46 
CUBOID 4 3.7791 0.300 13.015 09000 46 
BOX TYPE 4 
CUBOZD 4 C.000 -0.435 0.OOO -0.635 46 
CUEOID 2 0.000 -0.7791 0.400 -0.7791 46 
EOX TYPE 5 
CYLINDER 1 5.715 38.735 -38.735 27*C.5 
CYLINDER -5 6.35: 38.735 -38.735 27-0.5 
CUGOID 3 6.5075 -6.5C75 6.5075 -6.5375 
BOX TYPE 6 
CUEOID 2 :400C -13.15 3.1441 0.000 46 
CUEOID 4 0.*00 -13.315 0.7791 0.000 46 
SOX TYPE 7 
CUeOID 2 .300C -0.1441 13.015 .002 466 
CUBOID 4 .000 -0.7791 13.C15 0.G00 46, 
BOX TYPE 8 
CJBGID 4 C.635 3.:OC 0.300 -3.635 46 
CUBOID 2 C.7791 C.300 C."O0 -0.7791 46 
CORE BOY 0 13.7941 -13.7941 13.7941 0.03 4i

-6 

,75 

"-c 
:5 

25 

-

-o 

z s 

'5 

25Q 

-t 

as
1 
1

19.509 40.537 -46.537 27.C.5 
19.600 46.507 -4o.507 27-C.5 
25.309 46.507 -46.507 27*0.5 
30.706 46.507 -46.507 27*0.5 
32.93 46.507 -46.537 27'0.5 
45.629 46.507 -46.507 27e0.5 
46.264 46.5C7 -46.507 27*..5 
-63. 63. 0.3C 46.537 -46.507 27*..5 

111 I 
111I

221 111 C 
111 111 C 

221 111 0 
111 111 1 
221 111 3 
111 111 1

ZHEMICYL+Y 
ZHEMICYL*Y 
ZHEMICYL+Y 
ZHEMICYL4Y 
ZHEMICYL+Y 
Z 'HEMICYL*Y 
ZHE.¶ICYL+Y 
CUOID 
1 4,4 1 
2 4,41 
3 331 
4 331 
5 111 
6 111 
7 2Z1 
8 221 
END KENO.

-2

6.50s7 27*..5

.507 -46.507 27*0.5 

.507 -46.507 27.0.5 

s507 -46.507 27.0.5 
.507 -46.507 27*C.5

.507 -46.507 27.C.5 
,507 -46.507 Z7*0.5 

46.5C7 -46.SZ7 27"'.5 

.507 -46.507 27*0.5 

.507 -46.507 27*0.5 

,507 -46.507 27*0.5 
.507 -46.507 27.0.5 

.507 -46.507 Z7"0.5 

.507 -46.507 27*0.5 
6.537 -46.5%7 27-0.5
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KENO - FERMI-I HYPOTHETICAL ACCIDENT (Continued)

FERMI-I FOUR ASS.. BASKET 9 *040 BORON, HsA.  

NUMBER OF GENERATIONS START TYPE 

NUIER. PER GENERATION 303 GENERATIONS BE 

NUMBER OF GENERATIONS TO BE SKIPPED s LIST INPUT X-S 

NUMBER OF ENERGY GROUPS 27 LIST I-0" IXTU 

MAX. NUM&ER OF ENERGY TRANSFERS 27 LIST Z-D MIXTU 

NUMBER OF It;PUT NUCLIDES 17 LIST FISSe AND 

NUMBER OF MIXTURES 7 USE X-SECTIONS 

NUMBER OF MIXING TABLE ENTRIES 1! USE GEOAETRY F 

NUMBER OF GEOMETRY CARDS 27 USE VELOCITIES 

NUMBER OF BOX TYPES 3 COMPUTE MATRIA 

NUMBER OF UNITS IN X DIRECTION 4 COMPUTE MATRIX 

NUMBER OF UNITS IN Y DIRECTION - LIST FISS\.J3 

?NuMBER OF UNITS IN Z DIRECTION I ADJ3:NT CALCUL 

NUMBER OF NUCLIDES READ FROM TAPE -17 USE EXPONENTIA 

ALBEDO TYPE I CALCULATE FLUX 

SEARCH TYPE - CALCULATE FISS 

THIL PRGE.SM 'mILL BE RUN wITH SPECULARLY REFLECTING BOUNDARY CONDITIO4 

THE ALEED0S ARE +X m .COCOG -X + .YOCO *Y s .:OO -Y z1,c:coc 

YAX:MUM TIME : :'W.-GOC MINUTES 

STORAGE LOCATIONS REQUIRED FOR THIS JOB • Z3331 
REMAI-NING AVAILABLE LOCATIONS= 371069 

Page'Added 
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KENO - FERMI-i HYPOTHETICAL ACCIDENT (Continued) 

FERMI-i FOUR ASEL 5ASKET 9 .040 gORO:"it H.A,

MA TU RE 

I 

1 

7

NUCLIDE 
-22.35 
9223a 

42-1U 

T555 1 

6:"12 
13E27 

%;Cl 

13L27 
32zca 
5 9223 5

DENSITY 
1.5484C-003 
4,443'00-003 
1*6472C-CO3 
E.9465 C-GO 4 
S .5379C-0OZ 
2.*769C0-002 
Z06~100-003 
160~8300-002 
3-ZI300-002 
Z *3461 C-002 
6.69220C-002 
1 ~a39O0-002 
1 .81 SCO-O00 
5 .99400-002 
coC 0026a-c02 
3 .299C0-002 
4*77300-002 
1 .CS200-004

CROSS SECTIONS READ FROM TAPE 

NUCLIDE IcC IIil 1269 Fe 1002 T 218 iP 032475(2) 
NUCLIDE = 555C11 H 1269 F, 1022 T 218 GP 032475(2) 
NUCLIDE ac SClL e-IC 1273 213NGP 042375 P-3 293K 
NUCLIDE v 6cCI C-12 1274FP1065T 218 GP 030476(7) 
NUCLIDE m C16 0-ic 1276 218 GP 030476(7) 
NUCLIDE z 5595GZ1 0-16 1276 218 GP 030475(7) 

NU;ID 13C-27 AL-Z7 1193 218 GP :40375C5) 
NUCLID'4100C CR 1191 21INGP WT 1/E P-3 293K SIGP3-5+4 RC 35 
~4UCIDE ~ k;0 F ZlaGP RE 5-17-73(1) 

K.UCLIDE a Le6,cc NI 1190 2ISNGP WT' I/E P-3 293K SIGPW5+4 RECC4.2375) 
NUiCLIDE a '.cz~cc ZR (NAT) 7141 21 NGP WT FISC.1lTOZO)-1/E-f4AX P-3 
NSUCLIDE - 'z:zc NO (1257) SIGP=5+4 NEWXLACS 21SNGP F-l/E-M P-3 293K 
NUCLIDE m ;Z.Oý0C PS 11286 218NGP 042375 P-3 293K 
NUCLIDE z 92Z35 U-235 1261 SIGP95+4 XEdXLACS 21ENGP P-3 293K(3) 
NUCLIDE z 5922:5 U-215 1261 SIGPr5+4 NEWXLACS 21SNGP P-3 Z93KC3) 
NUCL:3E z 9223,i u-z38 ZISOP RE 5-17-7801) 
PWUCL:0E z 59ZZ38 U-ZZB ZISGP RE 51-81 
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KENO - FERMI-I HYPOTHETICAL ACCIDENT (Continued) 

FERMIt-I FOUR ASBL BASKET .o04G BORON, H.A.  

ARRAY DVSCRIPTION 
Z = 1 

5 7 1 

to 1: 2
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KENO - FERMI-1 HYPOTHETICAL ACCIDENT (Continued)

FERMP-1 FOUR ASeL BASKET e -C40 BORON N.eA.

LIFETIMlE = 3.32585-005 + OR 

NO. OF INITIAL 
GENERATIONS AVERAGE 

3KIPPEZ K-EFFECTIVE 

6 .937Zo + 

7 .93691 + 

z •9:732 + 

9 .93675 + 

ic .93624 + 

11 .93oZa + 

1. .93618 + 

13 .93622 + 

14 .93562 + 

15 .93601 + 

":C .91703 * 

2ý .390C 

30 .939C7 

.9:31G + 

4C .9Z873 + 

4' .99694 4 

.91673 +

8.71476-0;?

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR " 

OR 

OR 

OR 

OR 

OR 

OR -

DEVIATION 
• 0397I 

.004C4 

.00410 

,00415 

.00430 

.oC440 

.00450 

.C0457 

.C0467 

.00515 

.00557 

.C0651 

.C0736 

.c0815 

.00943 

.01109

GENERATION TIME = 3.20629-

67 PER 
CONFIDENCE 

.93323 TO 

.93287 TO 

•93322 TO 

.93260 TO 

o93204 TO 

.93198 TO 

•93178 TO 

.93171 TO 

.93104 TO 

.93134 TO 

.93188 TO 

.93342 TO 

•93255 TO 

.92573 TO 

.92058 TO 

.91750 TO 

s90763 TO

CENT 
INTERVAL 

.94116 

.94095 

.9414Z 

.94090 

.94045 

.94058 

.94058 

.94072 

.94019 

.94067 

.94218 

.94457 

.94558 

.94044 

.93688 

.. 93-37 

.92982

95 PER 
CONFIDENCE 

.92926 TO 

.92884 TO 

.92912 TO 

.99E46 TO 

-927&3 TO 

•92767 TO 

.92738 TO 

.92721 TO 

.92647 TO 

.92667 TO 

.92673 TC 

.92725 TO 

.926a4 TO 

.91835 TO 

•91243 TO 

.9:307 TO 

639654 TO
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SECOND KENO RUN OF FERMI-I HYPOTHETICAL ACCIDENT (Continued) 

:ERMI-1 FOUR ASBL BASKET 9 .41.0 BORON# H-A.

.FETlME = 6.29094-OG5 + OR - 9.S5835-0:7 

.. OF ;NITIAL 
;ENERATlOftS AVERAGE 

SKIPPED K-EFFECTIVE DEVIATION 

6 {.93662 + OR - .00313 

o93695 + OR - ,00317

9 

10 

11 

1z 

12 

15 

-I

"30

,93o1C 

.93624 

,93654 

.9369C 

.93715 

..93787 

.93835 

.93834 

.93862 

.9395i 

.94039 

.93967 

,93514 

.92837 

.9!689

+ OR 

+ OR 

* OR 

* OR " 

* OR 

* OR 

+ OR 

+ OR 

+ OR 

* OR 

*" OR 

" OR 

"* OR " 

"* OR o 

"* OR -

.CC312 

.0G319 

.CG324 

.0C329 

.00336 

400336 

.C0341 

oC0349 

o00353 

e00428 

.CC371 

.00429 

.00475 

.CC519 

.007Z1

GENERATION

67 PER 
CONFIDENCE 

o93350 TO 

e93377 TO 

.93298 TO 

.933G5 TO 

o93330 TO 

.93360 TO 

,93379 TO 

w93451 TO 

e93494 TO 

.93485 TO 

.93479 TO 

993524 TO 

,93668 TO 

.93538 TO 

.93039 TO 

.92318 TO 

.92968 Ta

CENT 
INTERVA 

.93975 

.94012 

o93922 

.93942 

.93979 

o94019 

.94051 

.94123 

.94176 

.94183 

.94245 

.943al 

.94410 

.94395 

093989 

.93356 

.9441G

TIME 3.18678-0 

95 PER CE 
L C3NFIDENCE IN 

•93037 TO 

.93360 TO 

.92985 TO 

e92986 TO 

e93CG6 TO 

.93031 TO 

.93043 TO 

o93115 TO 

o93154 TO 

-93136 TO 

.93096 TO 

.93096 TC 

e93297 TO 

,9319 TO 

.92565 TO 

S918."C TO 

.92243 TO .
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NITAWL - EBR-H

4; ONME i R 
/11 /86 
27 
47 

SI

11:48:31 (31) 
IS$ ý 16 5Z 3 2Z -l I T 
2S1 92233 -592238 922!5 -592235 3316 -555081 10G1 -55SCIlI 1327 

Z4CCO 20CC 26000 32000 5010 6012 94239 
3"* 92238 294. 2 .5499 .07323 28.93 4.31-2 1 3Z 3Z 1.0 

592238 294. 3 C.0 G.O0 20.0 4.773-2 1 3Z 3Z 1.0 
94239 294, 2 .5499 o07323 2091,6 6,46-4 1 238 393.5 1 3Z 1.0 T

NONE* TIME: 3.456 SEC* IMAGE COUNT: 6 

. CONTROL MODE 

mL.NITAWL 

Page Added 
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NITAWL - EBR-I1 (Continued)

THIS XSDRN WORKING TAPE eAS-CREATED 
THE TITLE OF THE PARENT CASE IS AS FOLLOWS 
j7 NE11TRON GROUP LIBRARY 

bASED ON ENDF/6 VERSION 4 DATA 
COMPILED FOR NRC 
TAPE ID '321 
LUMEER OF NEUTRON GROUPS 27 
FIRST THERMAL GROUP 15 

TABLE Of CONTENTS 
S1209 F, 1CC2 T 213 GP C32475(2) 
H 1269 F, 1C0Z T 21E GP C32475(2) 
b-10 1Z73 ZI1NGP :42375 P-3 293K 
C-12 I•Z4Fl^65T 21E GP ?3047607) 
0-16 1Z76 Z18 GP :30476(7) 
0-1i 1Z76 Z1Z GP 03C476(7) 
AL-27 1193 Z13 GP C4037!(!) 
CR 1191 ZIENGP 4T lI/E P-3 293K SIGP=5,4 RE(342375) 
FE 21EGF RE 5-17-78(1) 
NI 1190 ZlINGP kT l/E P-3 293K SIGP!*4 RE(C4237S) 
PE IZZE ZIINGP C42375 P-3 293K 
u-2•S 1261 SIGP=5*. NEWXLACS 218NGP P-3 293K(3) 
U-Z35 1261 SlGPrS+4 NEWXLACS Z1ENGP P-3 293K(3) 
u-23zE ZIGP RE 5-17-7W(1) 
-,*Z; fIlGP RE 5-17-72(1) 

PU-2'!9 IZ64'SIGPzSA. NEWXLACS ZISNGP P-3 293K

NUMBER OF NUCLIDES 
NUMBER OF GAMIA GROUPS

.;KPT PRINT!

X-F31
Page Added 
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XSDRNPH - EBR-11 FUEL

/31126 12:IC:39 (21) 
19 ASDRNPR FOR ESR '4ETAL FUEL 
17 1S$ 2 3 20 1 3 3 !9 ! 3 1 2RIG F' 
17 ZSS -2 FQ 
.7 3ss 1 32 1300 2Z I F2 
17 45S -1 27 !. -2 E T 
17 1333 3R1 2 ZR3 I1RI 1142 11R3 
19 1451 92235 92233 94239 130C7 555031 555011 
17 0U16 ICGl 320C0 Z4003 28000 26000 
17 13027 5C1C 6012 592238 592235 2Q11 
2. 15,, 1.C25-4 4.81-2 6.46-4 6.C26-2 3.3461-2 5.6922-2 F1.-1S T 
17 33* F71.0 T 
:1 35 91C.0 .5499 ..SC 71,7938 1,273 
17 36S5 10Iq 2R2 3R3 
17 3-** 1 O'1.2 0.2 Fl.o 
17 39$S 1 2 3 
17 4C$S F3 
17 SISS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
17 18 19 2C 21 22 23 24 25 26 27 T

t.,NE. TIME: ý,349 SEC. I MAGE COUNT: It 

:jPP.XSDRNPt 
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XSDRNPH - EBR-II FUEL (Continued)

•ACDvDEP- 996CG4wKENO.XEBR
XSDRNPM FOR ESR METAL FUEL

1S ARRAY 

1S ARRAY 

7S ARRAY 

4S ARRAY

1 ENTRIES READ 

10 ENTRIES READ 

1Z ENTRIES READ 

9 ENTRIES READ

DIFECT ACCESS FILES ASSIGNED 
!MCC WORDS PER RECORD ON UNIT I 
4EC wORDS PER RECORD ON UNIT 9 

!*GO wORDS PER RECORD ON UNIT 1C

1 PHYSICAL RECORDS PER LOGICAL 
IC PHYSICAL RECORDS PER LOGICAL 

1 PHYSICAL RECORDS PER LOGICAL

GENERAL PROELEM DESCRIPTION DATA BLOCK 

GENERAL PROBLEM DATA

11123 a PLANE/CYLINDERISPHERE 
NUMEER OF ZONES 
NUMEER OF SPACIAL INTERVALS 
:1112/3 C VACUUM/REFLIPER/wHITE 
RIGHT 6CUhDARY CONDITION 
NUMBER OF MIXTURES 
MIXING TAGLE LENGTH 
NUMEER OF ENERGY GROUPS 
NUMBER OF NEUTRON GROUPS 
NUMeER OF GAMPA GROUPS 
NUMbEP OF FIRST THERMAL GROUP

2 
3 

20 
1 

3 

:39 

27 
1' 
15

SPECIAL OPTIONS

Z/1 m NONE/WEIGHTING CALCULATION 
VCLUMETRTC SOURCES (0/NzNO/YES) 
bCUNDAKY SOURCES (CCN=NO/YES) 
Lf11' "z INPUT Z3*/3•./USE LAST 
MAXIMUM TIME (MINUTES) 
C/ 1/Z/3N•/XSECT/SRCE/FLUX--OUT

1 

0 

1000

ISN 
ISCT 
IEVT 
1CM 

ICLC 
ITH 
IFLU 
IPRT 
101 
IPET 

IPm 
IDFM 
ZAZ 
lAI 
I FCT 
IPVT

QUADRATURE ORDER 
ORDER OF SCATTERING 
C0//2I3/41•,62;/</ALPHA, 
INNER ITERATIOM IAXIMUVP 
OUTER ITERATION MAXIMUP 
-1/C/N--FLAT RES/Sh/CF! 
0/1 a FORWARD/ADJOINT 
G/I/Z/3/1=L-S/L/S/W/L-w 
-2/-1/C/N=ci!XTJRE XSEC F 
01/2/3rINOIPRT NO/PCH N1 
-ll3/1=NOrJE/FIFE/ALL SAL 

DU4MY PARAIETER 
0/1 a NONEI/ENSITY FACTC 
C/% NONE/N ACTIVITIES 
C/I=NONE/ACTIVITIES BY I 
O/IINOIYES UPSCATTER SEA 
O/1/2NO/K/ALPHA PARAMET

dEIGHTING DATA (IFGzI)

-I/C/I=CELL/ZONE/REGION WEIGHT 
NUMEER OF bROAD GROUPS 
0/1C02C/3014C I/C/E/AC/A 
"-Z1/I/C/I=mGTED XSECT PRINT 
-1/N ANISN XSECT PRINT

-1 
27 

-2 
-1

IHTF 
NVSF 
NUSF 
MSCM

TOTAL XSECT PS% IN BRD G 
PSN G-G OR FILE NUMEER 
TABLE LENGTH OR %AX QF0E 
EXTRA 1-D X-SECT POSITIO

FLOATING POINT PARAMETERS

Page Added 
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I _5 IbM 

m S 

%NG 

%a GG 
I F TG 

IFG 

IFN 

I TI' I•T1 

ICCN 

ITP 
IFP 
lAP
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XSDRNPK - EBR-11 FUEL (Continued)

P4NER 

Z25 
'0C 
4 QZ 
5 63 
ClO 
635

EALANCE 
I.CCOCCO8CcC 
1.CCCCOOE+00O 
I .00CC0074000 1.OOcc070,oO0 
1.CCOCG086000 
I.CCOOCO8+GC 
1.•coocoz*CCc

OUTER 

3 

4 
5 
6 

GAP.  
GRP* 

GAP.  

GRP.  

GRP.  
GRP.  

GRP.  
GRP.  
GRP.  GRp.  
GRP* 

GRP.  
GAP.  
GAP.  
GAP.  
GRP.  GOP* GRP* 

GRP.  
GRP.  
GRP.  GRPO 

GRP.  
GFP.  
(a FP.  
GAP.

ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI 
ITERATI

7 665 1.CCG0CG+OC0O 
FINAL MINITOR 

ELAPSED TIOE 2.29266664 m

UPSCATTER RATIO ELGENVALUE 
1.364324C+OC0 1,2Z63255#.JC 
1.035722Z*C00 1.3&41527*20O 
1.00Z2620+000 1.35469512130 
9.9964233-001 1.3557047#300 
9.997S653o301 1.3557675+000 
9.9998C87-GC1 1.35569S1-333 

ONS. .FO OF 1.29866-GO5 OCCURRED 
OS. RFD OF 2.*6372-006 OCCURRED 
ONS. RFD OF 2.15871-G06 OCCURRED 
ONS. RFD OF 1.54434-GO6 OCCURRED 
ONS. RFD OF 1.11524-006 OCCURRED 
ONS. RFD OF 7.90381-007 OCCURRED 
ONS. MFD OF 4.*o276-007 OCCURRED 
ONSS. MFD OF 1.25514-006 OCCURRED 
ONS. MFD OF 3.37654-006 OCCURRED 
ONS. RFD OF 4.7E791-C06 OCCURRED 
ONS. MFD OF 7.37.73-C06 OCCURRED 
ONS. RFD OF 1.20543-005 OCCURRED 
ONS. RFD OF 1.50l99-005 OCCURRED 
ONS. RFD OF 1.72049-005 OCCURRED 
ONS. RFD OF 6.39652-C05 OCCURRED 
ONS. RFD OF 6.9I871-005 OCCURRED 
ONS. RFD OF 7.67360-005 OCCURRED 
ONS. RFO OF 7.68557-005 OCCURRED 
ONS0. FD OF 6.73722-005 OCCURRED 
ONS. RFD OF 4.76832-005 OCCURRED 
ONS. MFD OF S5ZS938-005 OCCURRED 
ONS. -FD OF 6.6b174-005 OCCURRED 
OKS. RFD OF E.15375-006 OCCURRED 
ONS. RFD OF 6.4C463-0C6 OCCURRED 
ONS. RFD OF 5.3C666-C06 OCCURRED 
ONS. MFD OF 3.19517-006 OCCURRED 
ONS. RFD OF 3.Z4110-C06 OCCURRED 
9.9999541-301 1.3556895.300 

LAPBDA 1.3556724*OCO
Ike

LAIBDAI 
1.341253940C0 

9.9997327-C01 
1.1CO0948.0O0 

9*9995275-;.1 
IN INT. 2C C 
IN INT. ZC C 
IN INTO 19 C 
114 INT. 1 C 
IN INTO I C 
1N INTO ¶ C 
IN INT. 1E C 
IN INT ' 1 C 
14 INT. 1 C 

IN INT. I C 
1IN INT. I C 
IN INT. 2 C 
IN INT. 2 C 
IN INT. I C 
IN INT. 20 C 
IN INT1 2C C 
IN INT. ZC C 
IN INT. ZC C 
I. INT. Z0 C 
IN INT. 2C C 
I1 %1INT. 14 C 

I N INTO 14 C 
is4 INT. 1IC 
IN INT. ¶• C 

IN INT. I 

IN IT. 16 C 
919999;35-:01 
ANGULAR FLUX CN

Page Added 
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REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUZRED 
REQUIRED 
REQUIRED 
REQUIREC 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED

6 

1 3 
14 

'15 

17 

is 
19; 
.C 

21 
12 

13 

Z 1 15 

z 6 
27

1 
1 

O-A 

OA 
0-A 
OA 
OA 
0A 
CA 

CA 
0 
0A 

C A 
"0a 

CA 
OA 

CA



KENO - EBR-II - NORMAL OPERATION

O.XBO4013R 
117186 22:00:06 (19) 
13 FOUR ASDL 3ASKET FOR E5R It FUEL, .040 BORON 
16 200o 50 403 6 27 27 16 7 13 235 4 2 1 -15 1 3 2000 0 1 lz 
1s -1 0 0 3R-1 
1s 1 92235 1,9115-5 1 92233 8.9701-3 1 -94239 1.20?7-4 
iS 1 13027 1.218-2 1 555011 4.0927-2 1 555081 200463
is 2 5010 8.361-3 2 6012 10583-2 2 1302.7 3.013-2 
13 3 8016 3.3461-2 3 1001 6.6922-2 
15 4 24000 1*839-2 4 28000 1.815-3 4 25000 5.994-2 
15 5 13027 60026-2 
15 6 82000 3.299-2 
15 7 592238 4.773-2 7 -592233 1.052-4 
15 BOX TYPE 1

CYLINDER 1 
CUBOID 3 
80X TYPE 2 
CUSOZD 2 CUSOlo 4 

80x TYPE 3 
CUBOa0 2 
CU8OID 4 
80X TYPE 4 
CUBOID 4 
CUMozo 2 
80X TYPE 5 
CYLINDER 1 
CUBOID 3 
BOX TYPE 6 
CUBOID 2 
CUBOID 4 
B0X TYPE 7 
CUOID 2 
CUSOOD 4 
BOX TYPE S 
CUBOID 4 
CU.OID 2 
CORE 3D0 0 
ZHIEMICYLY 
ZHEMICYLY 
ZHEMICYL#Y 
ZHEMZCYLY 
ZHENICYLY 
ZHEM ICYL#Y 
ZHERICYL*Y 
CUBOID 3 
1 4 4 1 2 
2 4,t 1 1 
3 331 2 
4 331 1 
5 111 2

15 
19 
15 
18 
18 
Is 
is 
Is 
15 
15 
13 
15 
15 
19 
15 
18.  
18 
15 
1S 
18 
15 
15 

18 
1i 

is 
15 
15 
15 
15 
15 
15 
15 
15 
is 
15 15 
15 
15

15 END KENO.

6.1 
6.824 

13.015 
13.015 

01441 
0.7791 

0.000 
00000 

6.1 
6.191 

0.000 
0.000 

3.0300 
3.0c0

?1 1000. -1000. 27*0.5 
"-6.191 6.824 -6.191 

0.000 301441 o.COo 
0-000 007791 0.000

2

10030 -1000. 27'0.3 

10000 -1000. 27,0.5 
1003. -1000. 27*0.5

0.300 130015 0.000 1003. -1000. Z7*005 
0.000 130015 0.000 10020 -1000. 27*005

-0.635 
-0.7791

0.000 -0.635 
0.000 -0.7791

91 1000. -1000. 27*0.5
"6,824 

-13 .013 
-13. 013 

-0.7791

6082k -6.191 

0.1441 0.000 
0.7791 0.0D0 

130015. 0.000 
13.015 03400

10030 -100C. 27&0.5 
1002. -10009 27,0.5 

10030. -10000 27*0.5 

1003. -1000. 27kc.5 
1003. -1000. 27.0.3 

1000. -10000 27.2.5 
1003. -10000 27*0.5

0.635 0.300 0.000 -3.635 1003. -1000. 27,0.5 
0.7791 04000 0.o000 -0.7791 1000. -1000. 27,0.5 

13.7941 -13.7941 13,7941 0.40 1C000 -1000. 27*'., 
3 19.509 1000. -1000. 27.0? 5 
4 19.600 1000. -1000. 27.0.5 
7 25.309 1000. -1000. 27.0.5 
6 30.706 1000. -1000. 27.0.3 
4 32.93 1000. -1000. 27*0.5 
.3 4•.629 1000. -1000. 27*0.5 
4 46.264 1000. -1000o 27*0.5 

63. -63. 63. 0.00 1000. -1000. 27?-.5 
21 111 0 
11 111 .  
21 111 
11 111 0 
21 111 C 
11 111 0 
21 111 2 
11 111 1

: NONE. TIME: 0.491 SEC. IMAGE COUNT: 53 
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KENO - EBR-II - NORMAL OPERAT1ON (Continued) 

FOUR ASBL BASKET FOR EBR 11 FUEL, .040 BORON 

NUMBER OF GENERATIONS so START TYPE 

NUMBER PER GENERATION 403 GENERATIONS BE' 

NUMBER OF GENERATIONS TO BE SKIPPED 6 LIST INPUT X-SE 

NUMBER OF ENERGY GROUPS 27 LIST 1-0 MIXTUF 

MAX. NUMBER OF ENERGY TRANSFERS 27 LIST 2-0 MIXTUF 

NUMBER OF INPUT NUCLIDES 16 LIST FISS. AND 

NUMBER OF MIXTURES 7 USE X-SECTIONS 

NUMBER OF MIXING TABLE ENTRIES 1s USE GEOMETRY F9 

NUMBER OF GEOMETRY CARDS 25 USE VELOCITIES 

NUMBER OF BOX TYPES S COMPUTE MATRIX 

NUMBER OF UNITS IN X DIRECTION 4 COMPUTE PATRIX 

NUMBER OF UNITS IN Y DIRECTION 2 LIST FISS PROS 

NUMBER OF UNITS IN Z DIRECTION 1 ADJOI'T CALCULt 

NUMBER OF NUCLIDES READ FROM TAPE -16 USE EXPONENTIAL 

ALBEDO TYPE 1 CALCULATE FLUX 

SEARCH TYPE 0 CALCULATE FISS: 

THIS PROBLEM WILL BE RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITO%0 

THE ALBEDOS ARE ÷X a 10C000*000 -x = .03C:3 *Y £ -y s ic:.' 

MAXIMUM TIME s 200.0000 MINUTES 

STORAGE LOCATIONS REQUIRED FOR THIS JOB 24763 
REMAINING AVAILABLE LOCATIONS 3075237 
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KENO - EBR-II - NORMAL OPERATION (Continued)

FOUR ASOL BASKET FOR E3R II FUEL# .040 BORON

NUCLIDE 
92235 
92233 

-94239 
13027 

555011 
555081 

5010 
6G12 

13027 
8016 
1001 

24000 
28000 
26000 
13027 
82000 

592238 
-592235

DENSITY 
1. 911s5-005 
8.97010-003 
1.20470-004 
1.21800-002 
4.09270-002 
2904630-002 
8.361CO-003 
1.08300-002 
3.01300-002 
3.34610-002 
6.69220-002 
1.83900-002 
1.81500-003 
5.99400-002 
6.02600-002 
3.29900-002 
4.77300-002 
1.05200-004

CROSS SECTIONS READ FROM TAPE

1001 
555011 

5010 
6012 
8016 

555081 
13027 
24000 
26C00 
28000 
32000 
92235 

592235 
92238 

"592238 
94239
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H 1269 F, 1002 T 218 SP 032475C2) 
H 1269 F, 1002 T 218 SP 032475CZ) 
8-10 1273 21BNGP 042375 P-3 293K 
C-12 1274F,1065T 218 SP 030476C7) 
0-16 1276 218 GP 030476(7) 
0-16 1276 218.GP 030476(7) 
AL-27 1193 218 SP 340375(5) 
CR 1191 21INGP WT lIE P-3 293K SIGPuS'4 RECC423'P5) 
FE 218GP RE 5-17-73(1) 
NI 1190 218NGP WT lIE P-3 293K SIGP=S.4 RE(042375) 
PB 1288 218NGP C42375 P-3 293K 
u-235 1261 SIGPS5+e NEdXLACS 21iNGP P-3 293KC3) 
U-235 1261 SIGP=54 NEdXLACS 218NGP P-3 293K(3) 
U-238 218GP RE 5-17-73(1) 
U-238 2183P RE 5-17-731) 
PU-239 1264 SIGP=5÷4 NEWXLACS 218NGP P-3 29!K

X-F38

MIXTURE 
1 

2 

1 
1 
1 
1 

2 
2 
2 

3 

4 

4 
4 
5 
6 
7 
7

NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
4UCLZDE 
NUCLIDE 
NUCLIDE 
4UCLIDE 
NUCLIDE 
NUCLIDE 
4UCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE

3 

3 

= 

3 

3 

3 

3 

3 

3 

2 

3



KENO -. EBR-II - NORMAL OPERATION (Continued)

FOUR ASBL BASKET FOR EBR I1 FUEL .o040 S3RON 

ARRAY DESCRIPTION 
Z 8 6 

6 8 4 2
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KENO - EBR-11 - NORMAL OPERATION (Continued) 

FOUR ASBL BASKET FOR EBR 11 FUEL, .040 BORON

LIFETIME 2 1.09347-004 + OR 

NO. OF INITIAL 
GENERATIONS AVERAGE 

SKIPPED K-EFFECTIVE 
6 L.68167 + 

7 .68189 + 

a .68192 + 

9 .68171 .  

10 .68144 * 

11 .68056 + 

12 .67933 + 

1 .. 67899 + 

14 .67929 + 

1i .67952 + 

20 ,67990 * 

25 .67922 

30 .68111 + 

35 .68337 + 

40 .68757 +

45

- 1.46476-006 

DEVIATION

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR• -

.00386 

.00395 

.00405 

.00414 

,C0415 

.00407 

.C0416 

.00427 

.00439 

.oo4aa 

.00552 

.C0668 

0C0834 

.01155

.70838 * OR - .01640

GENERATION TIME a 5.572,

67 PER 
CONFIDENCE 

.67789 TO 

.67803 TO 

,67797 TO 

o67766 TO 

.67730 TO 

.67641 TO 

.67526 TO 

.67432 TO 

.67503 TO 

.67513 TO 

.67501 TO 

o67370 TO 

.67443 TO 

.67553 TO 

.67602 TO 

.69197 TO

CENT 
INTERVAL 

.68545 

.68575 

.68588 

.63575 

.68558 

.68471 

.068339 

.68315 

.6!356 

.68391 

.68478 

.68473 

.S8779 

.69220 

.69911

.72473

95 PEF 
CONFIDENC! 

.67411 TC 

o67417 TC 

.67432 T%.  

.67362 TC 

.67!16 TC 

.672- "c 

.67119 TC 

•67066 TC 

".67076 TC 

.67075 TC 

* 67130 TC 

.66E19 T.c 

.66774 TC 

.66719 TC 

.66447 TC 

96755? TC
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KENO - EBR-II HYPOTHETICAL ACCIDENT 

0.oK8O4CEBRNA 
1/18186 01:33:08 (22) 
18 FOUR ASSL BASKET FOR EBR 11 FUEL, .040 BORON, HoA.  
20 200. SO 403 6 27 27 16 7 1! 25 8 4 2 1 -15 1 3 2000 0 1 8Z 
1i 0 0C0 3m-1 
18 1 92235 1.9115-5 1 92238 8.9701-3 1 -94239 1.2047-4 
18 1 13027 1.218-2 1 555011 4.0927-2 1 555081 2.0463-2 
18 2 5010 8.361-3 2 6C12 1.083-2 2 13027 3.013-2 
18 3 8016 3.3461-2 3 1001 6e6922-2

2400C 1.839-2 4 
13027 6.026-2 
62000 !.299-2 
5922!8 4.773-2 7

10.973 
13.015 2 
13.015 135.015 

3 
0.1441 
0. 7791 

6 
0.000 
0.000 

0.000 0.000 0.000 

0.000 
0.O00

1i BOX TYPE 1
CUBOID I 
CUBOZO .  
BOX TYPE 
CUBOID 2 
CUBOZD 4 
BOX TYPE 
CUBOID 2 
CUBOZD 4 
BOX TYPE 
CUBOIo 4 
CUBOID 2 
BOX TYPE 
CUBOZD I 
CUBOID 3 
BOX TYPE 
CUeOID 2 
CUBOID 4 
BOX TYPE 
CUBOID 2 
CUBOID 4 
BOX TYPE I 
CUBOID 4 
CUBOID 2 
CORE BOY C 
ZHEPUCYL.*Y 
ZNEMZCYL*Y 
ZN E N C YL*Y 
ZNEMICYL#Y 
ZHEMICYL*Y 
ZHEMICYLOY 
ZNEMICYL#Y 
ZNEMICYL*l 
CUBOID 3 
1 4 4 1 2 
2 44 1 1 
3 331 2 
4 331 1 
5 117 2 
6 111 1 
7 221 2 
8 221 1 
END KENO.

28000 1.815-3 4 26000 5.994-2

-592235 I.052-4

0.000 10.973 0.000 
0.000 13.015 0.000 

0.0300 0,1441 0.000 
0.000 0.7791 0.000

1000. -1000. 27.0.5 
1000. -1000. 27,0.5 

1200. -10oc. 27*0.5 
1000. -1000. 27,0.5

0.200 13.015 0.000 1000. -1000. 27,0.5 
0.000 13.015 0.000 1000. -1000. 27.0.5

-0.635 
-0.7791 

-10.973 
-13.015.  

-13.315 
-13.015 

-0.7791

0.000 -0.635 
0.000 -0.7791 

10.973 3.000 
13.015 0.000 

0.1441 0.000 
0.7791 C.COO 

13.015 3.CCO 
13.015 0.00C

1000. -1000. 27?0.5 
1000. -1000. 27*0.5 

1000. -1000. 27*0.5 
1000. -1.000. 27,0.! 

1000. -1COC. 27.0.5 
1000. -1CO0. 27,0.5 

100o. -1000. 27.4.5 
1000. -1000. 27*o.5

18 

18 22 
"22 
18 
22 
22 
Z0 

20 
20 
18 
16 
22 
18 
Z2 
22 
18 

* 22 
22 

zc 

20 
20 

22 
2 

"2 
18 
18 
18 

18 
18 
18 
1 8 
18 

18 
18 
18 
18 
18 
18 
18

: NONE. TIME: 0.450 SEC. IMAGE COUNT: 5!
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18 
18 
18 
18

4 
S 

6 
7

O.635 0.*00 0.000 -3.635 10003. -¶0:0. 27*0.5 
0.7791 0.000 0.000 -0.7791 1000. -C000. 27*0.5 
13.7941 -13.7941 13.7941 0,00 1000. -1000. 27.3.5 

3 19.509 1000. -10CC. 27.0.5 
4 19.600 1000. -1000. 27.4.5 
7 25.309 1000. -1000. 27.0.5 
6 30.706 1000. -1003. 27*0.5 
4 32.93 1000. -1000. 27*0.5 
3 45.629 1000. -1000. 27.0.5 
4 46.264 100C, -1000. 27*0.5 

53. -63. 63. 0.o0 1000. -100C. 27.0.5 
2 1 1 1 1 0 
11 111 
21 111 1 
211 111 0 

21 111 C 
11 111 0 ~21 111 0 
11 111 1

X-F41



KENO - EBR-II HYPOTHETICAL ACCIDENT (Continued) 

FOUR AS8L BASKET FOR EBR 11 FUEL# .C40 BORON, H.A.

LIFETIME a 1s15041-004 + OR - 1l07736-036 GENERATION TIME 2 5.83243

NO. OF INITIAL 
GENERATIONS 

SKIPPED 

6 

8 

9 

10 

11 

1z 

13 

14 

15 

25 

30 

35 

40 

45

AVERAGE 
K-EFFECTIVE 

S,67571 

o67513 

.67536 

.67525 

.67485 

.674a8 

o671,23 

.67535 

.67630 

.67626 

e67896 4 

.67771 4 

.67676 

.6772. 4 

.67246 4

DEVIATION

. OR 

+ OR 

* OR 

+OR 

OR" 

OR 

OR 

OR 

OR 

*'OR 

OR 

SOR 

SOR 

•'OR "

.00385 

.00390 

,00399 

.00408 

.C0417 

.00423 

o00435 

.00417 

w0042 6 

,00438 

.00465 

.00524 

.00568 

,C0710 

.01025

e66459 + OR - .41252

67 PER 
CONFIDENCE 

.67186 TO 

e67128 TO 

.67137 TO 

.67117 TO 

s67068 TO 

.67060 TO 

.66993 TO 

o67168 TO 

.67205 TO 

o67188 TO 

.67431 TO 

.6724? TO 

.67108 TO 

.67314 TO 

.66221 TO 

.64608 TO

CENT 
INTERVAL 

s67956 

,679C8 

067935 

.67934 

.67901 

,67915 

.67363 

.68031 

.6aC56 

.68065 

,68361 

o62296 

.63245 

.68435 

.68272

.5311

95 PER 
CONFIDENCE 

.66802 TO 

o66738 TO 

.65739 TO 

.66708 TO 

966651 TO 

.6663 

.66559 TO 

,66751 TO 

,66779 TO 

.66750 TO 

,66967 TO 

.66722 TO 

.66550 TO 

.6630' TO 

.6519! TO 

.62756 TO
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SECTION X

APPENDIX G 

CRITICALITY ANALYSIS FOR CONNECTICUTT YANKEE STAINLESS CLAD ASSBLIZES 

INTRODUCTION: 
The design basis fuel for the NLI-1/2 shipping cask is a 3.7 i/o U-235 

enrichment PWR fuel assembly with zircalloy cladding. The Connecticutt 
Yankee reactor uses Westinghouse 15x15 fuel with a nominal 4.0 w/o 
enrichment and stainless steel cladding. This enrichment is greater than 
the license limit for the NLU-1/2 cask so the reactivity of the stainless 
clad fuel in the cask must be determined. The procedure used here was to 
calculate keff for the design basis 3.7 w/o zircalloy clad fuel and repeat 
the calculation for the 4.0 w/o stainless clad fuel. Comparison of k, and 
keff for the design basis and stainless clad fuel would then show if the 
higher enrichment stainless clad fuel is acceptable in the cask. The other 
fuel characteristics are all within the cask license limits so no analyses 
other 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 
Westinghouse 15xlS assemblies with 204 rods/assembly. There are three 
Connecticutt Yankee assemblies to be shipped, and one of then, 1-07K, has 
been modified by encapsulating 23 rods with stainless steel sleeves. The 
sleeved rods have 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 a 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-07K result in a lessened 
moderator to fuel ratio and an increase in the stainless steel absorber 
amount, which reduces the k. of the lattice given that the standard assembly 

is undermoderated.  
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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-I 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 XSDRNPN and KENO-IV in Table 1I. All 

calculations were performed for fresh, unirradiated fuel. The computer input and 

results for each case are included in this Appendix.  

RESULTS AND DISCUSSION: 

The kinf and keff results for the two fuels in Normal Operation and 
Hypothetical Accident scenarios are shown in Table III. The kinf 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 
keff 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 kinf results. Comparison of 

the kinf of the nominal stainless clad fuel to the actual assemblies shows a 

negligible difference resulting from the deviations.  

CONCLUSION: 

The kinf and resulting keff 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.  
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Table r 

Fuel Data

Ltem

Enrichment 

Active length 

Pellet Data: 

N25 

K28 No 
Pellet Radius

,Design 

basis V15x15

3.7 w/o 

144"

8.697-4 

2.235-2 

4.642-2 

0.4647 ca

Stainless 

Clad 

4.0 wlo 

121.4"

9.403-4 

2.228-2 

4.642-2 

0.4870 cm

Clad Data: 

Haterial Zircalloy

N Katerial 4.227-2 

Gap Radius 0.4742 ca 

Clad Radius 0.5360 cm 

No. of Rods/Assembly 204 

Normal Operation: 

Cell Pitch 1.430 cm 

Cell Effective Radius 0.8068 cm 

Hypothetical Accident: 

(204 Rods equally share the 8.88" cask 

in the Hypothetical Accident Scenario) 

Cell Pitch 1.579 cm 

Cell Effective Radius 0.891 ca

Stainless 

8.01-2 

0.5010 cm 

0.5429 cm 

204 

1.430 cm 

0.8068 cm

basket cavity area 

1.579 cm 

0.891 ca
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Table I1 

Analysis Parameters

NORMAL OPERATION:

Design 

Basis V15x1l
Stainless 

clad

Dancoff Coefficient 0.2143 

in eff 56.55 
Number Densities in Homogenized Fuel

125 

128 

NO 
TMCladdinq 
NN

0.2217 

54.66 

used in KINO-IT

2.616-4 

6.723-4 

3.404-2 

3.673-3 

4.016-2

3.107-4 

7.361-3 

3.506-2 

4.880-3 

3.946-2

HYPOTHETICAL ACCIDENT:

Design 

Basis W15x15It eA

Dancoff Coefficient 0.1462 

(1) eff 59.84 

Number Densities in Homogenized Fuel

.25 

128 

No 

NCladding 
"H

0.1521 

57.87 

used in KEKO-IY

2.146-4 

5.514-4 

3.394-2 

3.012-3 

4.497-2

2.548-4 

6.037-3 

3.478-2 

4.003-3 

4.440-2
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Table III 

Analysis Results

NORMAL OPERATION:

Design 

Basis W15x15 

1.4379 

0.92666±0.00523

Stainless 

Clad 

1.3630 

0.9038910.00416.

HYPOTHETICAL ACCIDENT:

Design 

oasis Vl5x15 

1.4463 

0.95411_+0.00497

X-G5

Stainless 

Clad 

1.3795 

0.93540±0.00477 
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Iten 

Enrichment 

Percent of 
Theoretical 

Density 

NULIF kw

Nominal 

4.0 v/o fuel 

4.0 

95.  

1.3630

Table IV 

Assembly Reactivities 

Assembly Assembly 

3.994 4.007 

95.17 94.85

.1.3627 1.3634
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Assembly 
S04 

3.9871 

93.2 

1.3619
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NITAML INPUT - ZIRC NORHAL OPERATIONS

STE*STAr4LESS .NWI 
"S"RZQ5 06/1f1"87 

* 13
13 
13 
20 
130

5 
17:05•:!7 C21) 
ISS 0 14 5Z 2 UZ -1 0 T 
ZSS 92238 -592218 92235 -5OZ235 8016 -558016 1001 -55.12 

43000 1!027 24000 26000 28000 82000 
3** 92233 Z94. 2 .4647 .2143 56.55 2.235-2 1 16 P.67 1 !Z 

592238 294s. 0 0.0 0*0 Z. 4.,7"3-2 1 3Z 7Z 1.0 T

-. ERRORS: NONE. TIME: 0.222 SEC* IMAGE COUNT: 5 

14ORED - rN CONTROL MODE 

ý1" 0*NI-AWL.NITAWL
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NITAWL OUTPUT - ZIRC NORMAL OPERATIONS

THIS XSDRN WORKING TAPE WAS CREATED 
THE TITLE OF THE PARENT CASE IS AS FOLLOWS 
Z" NEUTRON GROUP LIBRARY 

BASED ON ENDF/B VERSION 4 DATA 
COMPILED FOR NRC 
TAPE ID 4321 
NUMBER OF NEUTRON GROUPS 27 
FIRST THERMAL GROUP 15 

TABLE OF CONTENTS 
H 126? F, 1002 T 21? GP 02475C2) 
H 1260 F, 1002 T 213 GP 032475(2) 
0-16 12"6 213 GP 0304."6C7) 
0-16 12`6 218 GP 1304'6(7) 
AL-." 1193 213 GP 04037505) 
CR 1l11 213NGP WT lIE P-3 293K srGP=5+4 REC042375) 
FE 213GP RE 5-17-73C1) 
"1I 111)0 213UGP WT lIE P-3 293K SIGP=5+4 REC0423"5) 
ZRCNAT) 7141 21 NGP WT FISC0.1TOZO)-llE-MAX P-3 
:s 12Z3 213NGP 0423"5 P-3 293K 
U-2.'5 1261 SIGP=5+4 NEWXLACS 213NGP P-3 2 0 3K(3) 
U-275 1261 S1GP=5+4 NEWXLACS 218NGP P-3 293KC3) 
U-2"3 218GP RE 5-17-73(1) 
U-2:3 278GP RE 5-17-7301) 

"KPT PRINTt 
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XSIOP INPUT - ZIRC NORMALVOERATION

.X15 
37 18:1'):20 CT2) 

WEST 15X15 ASSLe .*7 W/O U-23!r 95%T*D.t NORMAL OP.  
ISS 2 3 20 1 3 3 33 8 3 1 2R20 FO 
2SS -2 F0 
3SS 1 3Z 1000 2Z I FO 
4SS -1 27 0 -2 E T 
135S 3R1 2 2R3 9R1 9R2 9R3 
14S 02235 02238 558016 40000 558016 !51001 

3016 1001 13027 82000 24300 26000 28000 
592235 592238 2Q9 

15** 8.697-4 2.235-2 4.642-2 4.227-2 3.347-2 6.694-2 F¶.-15 T 
33** Flo0 T 
35r** 910.0 .4647 o4742 71.5360 0,906S 
365S 1OR1 2R2 BR3 
33** IORI.0 0.0 FI.0 
39SS 1 2 3 
4n55 F3 
515S 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1" 18 19 20 

21 22 23 24 25 26 27 T

=". TIME: 0.200 SEC. IMAGE COUNT: 1I

SDRNPM

Page Added 
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XSDRNPM OUTPUT - ZIRC NORMAL OPERATION

3ADDpDEP STE*STAINLESS.XWI! 
WEST.15xI5 ASBL, 3.' W/O U-235t 9.%T.D., NORMAL OP.

IS ARRAY 

2S ARRAY 

-1 ARRAY 

4S ARRAY

15 ENTRIES READ 

10 ENTRIES READ 

1Z ENTRIES READ 

9 ENTRIES READ

DIRECT ACCESS FILES ASSIGNED 
7000 WORDS PER RECORD ON UNIT 3 
-3! WORDS PER RECORD ON UNIT 1 

:300 WORDS PER RECORD ON UNIT 10

I PHYSICAL RECORDS PER LOGICAL 
10 PHYSICAL RECORDS PER LOGICAL 

1 PHYSICAL RECORDS PER LOGICAL

GENERAL PROBLEM DESCRIPTION DATA BLOCK 

GENERAL PROBLEM DATA

112f3 - PLANE/CYLINDERISPHERE 
NUMBER OF ZONES 
4UMBER OF SPACIAL INTERVALS 
3f111Z3 - VACUUMIREFL/PERIWHITE 
RIGHT BOUNDARY CONDITION 
NUMBER OF MIXTURES 
!XCING TABLE LENGTH 

NUMBER OF ENERGY GROUPS 
NUMBER OF NEUTRON GROUPS 
4Uv-BER OF GAMMA GROUPS 
4UMSBE OF FIRST THERMAL GROUP

z 
3 

20 

1 
3 
3 -:3 

27 
27 2? 

'5

SPECIAL OPT:ONS

le' = NONE/JEIGHTING CALCULATION 
VOLUMETqIC SOURCES CofN=NO/YES) 
BOUNDARY SOURCES (OIN--NOIYES) 
01112-z IPUT 33*134/*USE LAST 
'AX:MUR T:ME CIVIUTES) 
1f1/2f/•/O/XSECT/SRCE/FLUX--OUT

1 

3 
0 
0 12000

ISN.  
ISCT 
I EVT 

ICLC 
ITH 
IFLU 
IPRT 
ID1 
I PBT 

ZDFM 

IAZ 
IAI 
rFCT 
!PVT

QUADRATURE ORDER 
ORDER OF SCATTERING 
O/If2/3l4f/I6:o/KfALPHA.  
INNER ITERATION lAXT"M IM 
OUTER ITERATION IAX 1 
-iIO/N--FLAT RES/S?s-.'.r 
0/1 = FORUARD/ADJOINT 
0 111 21314=L-S/L/S/W/L-d 
-z1-IIOIN=MIXTURE XSE= 
3/11Z13=NOIPRT NDIoPCH N, 
-lIOI=NONEfFINE/ALL BAL 

DUMMY PARAMETER 
3/1 - NONE/DENSZTY rACTc 
O/N = NONE/N ACTIVITIES 
O/1=NONE/ACTIVITIES BY 
1/I=NO/YE$ UPSCATTEq SC! 
1/1/Z=nO/K/ALPHA PARAME"

WEIGHTING OATA CIFG:I)

-?V/1=CELLlZONEfREGION ErEGHT 
tlM9BER OF 3ROAD GROUPS 

-- 11/N•1N GTD XSECT 2RIUT 
-'1/ ANISI XSECT PRINT

-1 
17 

-7 

-1

rHTF TOTAL XSECT PSN IN 2RD 
NDSF PSN G-G OR rILE NUMBER 
NUSF TABLE LENGTH OR IAX ORDE 
4SC4 EXTRA 1-D X-SECT POSIT:.

FLOATING POINT PARAMETERS

Page Added 
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IGE 

:L 
&'SL 

13R 
.M XX 
"'S 

G.M 
N NG 
"G G 
IFTG

ZFG 
12M 

IFN 

ID.P1 

ICON 

:AP



XSDRNPM OUTPUT - ZIRC NORMAL OPERATION (Continued) 

"X15 ASEL9 3.7 WIO U-2359 95ZT.D., NORMAL OP.  

DATA BLOCK 2 C(IXING TABLE, ETC.)

MIXING TABLE 
COMPONENT 

92235 
92238 

553016 

558016 
551001 

8016 
1001 

13027 
82000 
24000 
26000 
2•000 

592235 

8016 
10c1 

13027 
82000 
24000 
26000 
28noo 
592235 
592238 

1016 
1001 

1!027 
82000 
24000 
26000 

23500 
!9225s

ATOM DENSIT•,.0, 
.86970-003 
.22350-001 
.46420-001 
.42270-001 
.33470-001 
.66940-001 
.10000-01€ 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.°10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.100CO-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.1"000-014 
.13000-014

EXTRA 
XSECT ZO'S

FUEL

Page Added Oct. 1990X-G11

MIXTURE 
1 
1 
1 
2 
3 

¶ 
1 
1 
1 
I 
1 
1 
1 
I 
2 

2 

2 

2 

3 

3



XSDRNPH OUTPUT - ZIRC NORMAL OPERATION (Continued)

INNER 

433 

521 
592 
643 
633

BALANCE 
1.0000014+000 
1.0000014+000 
1.0000014+000 
1.0000014+000 
1.0000014+000 
I.0000014+000

OUTER 
1 
2 

3 
4 
5 
6 

GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  
GRP a 
GRP.  
GRP* 

GRP.  
GRP.  

GRP.  

GRP.  
GRP.  
GRP.  
GRP.  
GRPO 
GRps 
GRP, 
GRPo 

GRP.  
GRP.

UPSCATTER RATIO 
I A1643998 +000 
1.003700?+000 
9e9443019-001 
9.9955819-001 
909985803-001 
9*9998324-001

ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS* 
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERAT IONSe 
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
IT7RATIONS.  
ITERA T IONS, 
ITERATIONS.

RFD 
MFD 

.4 F D 

RFD 
RFD 

%IFD RFD MFD 

RFD 

.4 PD0 

PFD 
.4 P D 

MFD 

N4 FD "RFD 
4 FD 
14FD 

14FD 
PFD 

RFD 

4FD 
MFD 
,MFD 
MF5 

?IFD

OF 
OF 
OF 
OF 
O F 
0OF 
aOF 
O F 
O F 
O F 
0OF 
0OF 
0OF 
0 F 
0OF 
0OF 
0OF 
O F 
0OF 
0OF 
O F 
0OF 
0 F 
O F 
0F 
OF 
OF

EIGENVALUE 
1.3689112+000 
1.4190380+000 
1.4233861+000 
1.4217595+000 
1.42139!3+000 
1.4213593+000

2.19266-005 
1.14907-005 
1.74324-005 
2 .11005-005 
1.51664-005 
1.55552-005 
1.721'4-005 
2.03914-005 
2.58451-005 
2.36221-005 
2099193-005 
3.725?5-005 
3.73544-00S 
3,56153-005 
5&30689-005 
5.633Z6-005 
4.47040-005 
4.24325-005 
3,59333-005 
4.21391-005 
4.39209-005 
2.67022-005 
1.60542-005 
1.131"4-005 
6014099-006 
Z.34598-006 
2.53511-006

OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED

"-P15 1.0000014+030 9,9990557-001 1.4213627+00O 
FINAL mINITOR LAMBDA 1.4213351+000 

ELAPSED TINE 13.64208329 4IN, 
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LARBDAI 
1.4156068+000 
1.0040045+000 
1.0000900+000 
9.9937648-001 
1.0000643+000 
1.0000052+O00 

17 INT. 20 
IN INT. 20 
IN INT. 20 
IN INT. 20 
IN INT. 20 
14 INT. 20 
IN INT. 20 
IN INT. I 
IN INT. 2 
IN INT. 1 
IN INT. 20 
IN INT. 20 
IN INT* 16 
IN INT. 16 
IN INT.  
IN INT 1I 
IN INT. 14 
IN INT, 14 
IN INT. 14 
I1 INT. I 
IN INT. 13 
IN INT. 14 
IN INT. 20 
IN IN?. %0 
IN IN. 1 
IN INT. I 
IN INT. 20

1.3000054*000 
ANGULAR FLUX ON

1 

9 
9 
9 

COA 
COA 
COA 
COA 
COA 
COA 
COA 
COA 

COA 
COA 
COA 
COA 

AOD 

COA 
COA 
COA 
COD 
COx 
COA 
COA 
coA 
COA 
COA

REQUIRED 
REQUIRED.  
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REqUIRED 
REQUIRED

1 

3 

6 

13 

11 
12 
72 
14 
13 
16 

1" 
11, 

22 
21 
2.2 

24 

26

I



KENO INPUT - ZIRC NORMAL OPERATION

4 

'4 

'6 

°V .7 

"3 
. , 

.7 

.7

.4 END KENO.

15 
16:51:19 C28) 
ONE PWR ASSEMBLY, 3.7 W/O U-235t NORMAL OP.  

200. 50 405 6 27 27 14 6 14 11 1 1 1 1 -14 1 0 2000 0 1 83 
-1 0 0 3R-1 
1 -92235 2.616-4 1 92238 6.723-3 
1 40000 3.673-3 1 551001 4.016-2 1 558016 3.404-2 
2 3016 3.347-2 2 1001 6.694-2 
3 24000 1.839-2 3 2S000 1.815-3 3 26000 5.994-2 
4 1302' 6.026-2 
5 32000 3.299-2 
6 572238 4.773-2 6 -592235 1.052-4 
BOX TYPE 1 
CUBOID 1 21.450 0.000 10o72S 0.000 1000. -1000. 27*( 
CUBOID 2 21.996 -0.546 11.271 0.000 1000. -1000. 27*' 
CORE BOY 0 11.271 -11.271 11.271 0.00 1000. -1000. 27*0 
ZHEMICYL÷Y 2 19.509 1000. -1000. 27*0.5 
ZHEMICYL÷Y 3 19.600 1000. -1000. 27*0.5 
ZHEMICYL+Y 6 25.309 1000. -1000o 27*0.5 
ZHEmrCYL+Y 5 30.706 1000. -1000. 27*0.5 
ZHEMICYL4Y 3 32.93 1000. -1000. 27*0.5 
ZHEMICYL÷Y 2 45.629 1000. -1000. 27*0.5 
ZHEMICYL+Y 3 46.264 1000. -1000o 27*0.5 
CUBOID 2 63. -63. 63. 0.00 1000. -1000. 27*0.5 
1 1 1 1 11 1 1 1 1 1 0

NONE. T IME: 0.989 SEC. IMAGE COUNT: 24 

CONTROL MODE 

:RKENO.SUPERKENO
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KENO OUTPUT - ZIRC NORMAL OPERATION

ONE PVR ASSEMBLY, 3.? W/O U-Z35, NORMAL OP.  

NUMBER OF GENERATIONS 50

NUMBER PER GENERATION 

NUMBER OF GENERATIONS TO BE SKIPPED 

NUMBER OF ENERGY GROUPS 

MAX. NUMBER OF ENERGY TRANSFERS 

NUMBER OF INPUT NUCLIDES 

NUMBER OF MIXTURES 

NUMBER OF MIXING TABLE ENTRIES 

NUMBER OF GEOMETRY CARDS 

NUMBER OF 3OX TYPES 

NUMBER OF UNITS IN X DIRECTION 

NUMBER OF UNITS IN Y DIRECTION 

NUMBER OF UNIT$ IN Z DIRECTION 

NUMBER OF NUCLIDES READ FROM TAPE

START TYPE

405 

6 

27 

27 

14 

6 

14 

11 

1 

I 

I 

-14

GENERATIONS B 

LIST INPUT X

LIST 1-D MIXT 

LIST 2-D nIXi 

LIST FISS, AN' 

USE X-SECTION 

USE GEOMETRY 

USE VELOCITIE 

COMPUTE IATRI 

COMPUTE MATRA 

LIST 

ADJOINT CALCL 

USE EXPONENTI

ALBEDO TYPE I CALCULATE FLL 

SEARCH TYPE 0 CALCULATE FIE 

THIS PROBLEM 'JILL 3E RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITION 

THE ALBEDOS ART- +X = 1.00000÷COO -X *30000 +Y .00000 -Y 1.30COC 

MAXI'IUM TIME = JO.O0c0 mINUTES 

STORAGE LOCATIONS REQUIRED FOR THIS JOB 1919' 
REMAINING AVAILABLE LOCATIONS- 3':0303 
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KENO OUTPUT - ZIRC NORMAL OPERATION (Continued)

ONE PWR ASSEMBLYt 3.7 WIO U-2359 NORMAL OP.

KrXTURE NUCLIDE 
1 -92235 
1 92238 
1 40000 
1 T51001 
1 358016 
2 3016 
2 1001 
3 24000 
3 28000 
3 26000 
4 13027 
5 82000 
6 592238 
6 -!92235

DENSITY 
2.61600-004 
6.72300-003 
3.67300-003 
4401600-002 
3.40400-002 
3.34700-002 
6.69400-002 
1.83900-002 
1.81500-003 
5.99400-002 
6.02600-002 
3.20900-002 
4.77300-002 
1.05200-004

CROSS SECTIONS READ FROM TAPE

H 1269 F, 1002 T 213 GP 032475C2) 
H 1269 F, 1002 T 218 GP 032475(2) 
0-16 1276 218 6P 030476(7) 
0-16 1276 218 GP =30476(M) 
AL-27 1193 218 GP 040375(5) 
CR 1191 218NGP WT TIE P-3 293K SGP=5+4 RECO42375) 
FE 213P RE 5-1'-78(1) 
NI 1190 218NGP WT lIE P-! 293K SZGP=5+4 RE(0423"5) 
ZRCN.AT) 7141 21 NGP WT FISC3.1TO20)-lIE-MAX P-3 
Ps 1283 218NGP 042375 P-3 293K 
U-275 1261 $ZGP,5÷.4 NEEXLACS 218NGP P-3 293K(3) 
U-235 1261 SrGP-5+4 NEUXLACS 218NGP P-3 293KC3) 
U-233 21GP RE 5-17-78(1) 
U-238 218GP RE 5-17-73(1) 
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NUCLZDE 
NUCLIDE 
NUCLIDE 
4UCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
%UCLrDE 
NUCLIDE 
NUCLIDE 
NUCL DE 
nUCLIDE 
NUCLIDE

= 
= 
= 
2 

= 

2 

= 
= 

2 

= 
2

1001 
•51001 

3016 
553016 

13027 
24000 
26000 
23000 
43000 
S2000 
92235 

39Z235 
9Z233 

!92233



KENO OUTPUT - ZIRC NORMAL OPERATION (Continued)

ONE PUR ASSEMBLYP 3.7 W/O U-235, NORMAL OP.

LIFETIME = 1.o70201-O4 + OR - 1.35A72-006 GENERATION TI1E = 60364

NO. OF INITIAL 
GENERATIONS 

SKIPPED 

6 

1', 
"03 

11 

12 

14 

13 

2.  

- •

AVERAGE 
K-EFFECTIVE 
L 9Z666 

s92628 

.92690 

.92665 

.92533 

.92731 4 

.92737 

.92805 

.92916 

.92394 4 

.172658 4 

.92353 

.92419 

.92123 + 

.9!001 +

4-"

"÷ OR 

" OR 

" OR 

+ OR 

÷ OR 

OR 

OR 

OR 

OR 

OR 

OR 

* OR 

OR 

OR 

OR -

DEVIATION 
-. 30523 

- .00534 

- .00544 

e .00556 

* .00564 

..00559 

.00571 

* .00586 

.00592 

S.00603 

.00616 

.00607 

.C0"30 

.!0291 

.01134

00"1051 + OR - .01556

67 PER 
CONFIDENCE 

.92142 TO 

.92093 TO 

.o2146 TO 

.92109 TO 

.92019 TO 

.92173 TO 

.92216 TO 

.92219 TO 

.92324 TO 

.92286 TO 

.92041 TO 

.91751 TO 

.91689 TO 

.1237 TO 

*71360' TO 

.91395 TO

CENT 
INTERVAL 

.93189 

e93162 

.93233 

.93222 

.93147 

.93290 

.93357 

.93391 

.93507 

.93503 

.93274 

.92965 

.93150 

.93020 

.94135

.94703

95 PEF 
CONFIDENCE 

.91619 TC 

.91551 TC 

.91607 TC 

s91553 TC 

.91454 Tc 

.91611. C 

.*1633 TC 

.91737 TO 

.91673 TO 

.91425 TO 

.91144 TO 

.90*159 To 

.90?46 TO 

.907!3 TO 

.39"31 TO
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NITAWL INPUT - ZIRC HYPOTHETICAL ACCIDENT

KLESS.NW1NHA 
"16119187 11:40:39 C21) 

13 15S014 Z 22Z -10 T 
13 2SS 92238 -592238 92235 -592235 8016 -558016 1001 -551001 
13 41'000 13027 24000 26000 23000 32000 
21 3** 92238 294. 2 .4647 .1462 59.84 2.235-Z 1 16 7.67 1 3Z 1.0 
is 572233 294. 0 0.3 0.0 20. 4.73-2 1 3Z 3Z 1.0 T

3: NONE. TIME: 0.222 SEC. IMAGE COUNT: 5 

:Nt CONTROL MODE 

:WL.NITAWL
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NITAWL OUTPUT - ZIRC HYPOTHETICAL ACCIDENT

THIS XSDR3 WORKING TAPE WAS CghAizg 
THE TITLE OF THE PARENT CASE IS AS FOLLOWS 
2` NEUTRON GROUP LIBRARY 

BASED ON ENDFIB VERSION 4 DATA 
COMPILED FOR NRC 
TAPE ZD 4321 
NUMBER OF NEUTRON GROUPS 27 
FIRST THERMAL GROUP 15 

TABLE OF CONTENTS 
H 1269 F, 1002 T 213 GP 032475Q2) 
H 1261 F, 1002 T 213 GP 302475CZ) 
0-1S 12`6 213 GP 03046CW) 
0-16 12"6 213 GP T30O46C7) 
AL-27 1193 213 GP 040375C5) 
CR 1191 213NGP WT I1E P-3 293K SIGP15÷4 REC042375) 
FE 21!GP RE 5-17-'3C1) 
NI 1110 218NGP WT I/E P-3 293K SIGP-5÷4 REC342375) 
ZqCNAT) 7141 21 NGP WT FZSCO.1TO2C)-1IE-MAX P-3 
09 1213 213NGP 042375 P-3 293f.  
U-275 1261 SIGP544 NE!XLACS 213NGP P-3 293KC3) 
U-275 1:61 SIGP-5.4 NEWXLACS 213NGP P-3 203KC3) 
U-233 213GP RE 5-17-71CI) 
U-Z23 213GP RE 5-1?-?3C1)

-'KPT PRINTS 
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XSDRNPM INPUT - ZIRC HYPOTHETICAL ACCIDENT

XW15HA 
" 11:51:05 (33) 

WEST 15X15 ASBL, 3.o WI0 U-23, 95%T.Dot H.A.  
iss 2 3 20 1 3 3 73 8 3 1 2R20 FO 
2sS -2 F0 
3.S 1 3Z 1000 2Z1 FO 
ASS -1 27 0 -2 E T 
135S 3R1 2 2R3 9R1 9R2 9R3 
14SS 12235 "2233 558016 40000 558016 551001 

!016 1001 13027 32000 24000 26000 28000 
592235 592238 2Q9 

15** 3.69'-4 2.235-2 4.642-2 4.227-2 3.347-2 6.694-2 F1.-15 T 
37** F1.0 T 
35"* 910.3 .4647 e4742 "1.5361 0.891 
36SS 1ORI 2R2 &R3 
3!** 10R1.0 0.0 F1.0 

- '-'ss 12! 

1iss 1 2 4 S 6 7 3 9 .10 11 12 13 14 15 16 1718 19 20 
21 22 2! 24 25 26 27 T 

T.ME: 0.242 SEC. rMAGE COUNT: 13 

D R.4PM 
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XSDRNPH OUTPUT - ZIRC HYPOTHETICAL ACCIDENT 

&ADD ,DEP STE*STAINLE.SS .XWI 1HA 
WdEST leoX15 AS3Lv 3.:7 W/O U-233 5, t*D~ HwAo

1S ARRAY 

2s ARRAY 

:S ARRAY 

4S ARRAY

15 ENTRIES READ 

10 ENTRIES READ 

12 ENTRIES READ 

0 ENTRIES READ

DIRECT ACCESS FILES ASSIGNED 
-0:0 'JORDS PER RECORD ON UNIT I 
3!nI WORDS PER RECORD ON UNIT 0 
-300 WORDS PER RECORD ON UNIT 10

I :-4YS:CALRECORDS PER LOGICAL 
10 PHYSICAL RECORDS PER LOGICAL 

I PHYSICAL RECORDS PER LOGICAL

GENEqAL PROSLEn~ DESCRIPTION DATA BLOCK 

GENERAL PROSLEM.DATA

11213 -PLANEICYLINDERISPI4ERE 
4UMBER 3F ZONES 
417J4BER OF SPACIAL INTERVALS 
.1111Z13 = VACUUM/REFLf1vERfWHl7E 
RIGHT 3OU.'eDARY CONDITION 
4UMBER OF MIXTURES 
MI1XING TADLE LENGTH 
NUMB9Eq OF ENERGY %GROUPS 
'IJMBER OF NEU.-RON GROUPS 
34hM~ER OF GAMMA GROUPS 
4UMBER OF FIRST THERMAL SROUP

3 

3 
:3 

?7 

27 

a

SPECIAL OPTIONS

"M lONE/'JEIGHTING CALClJLAT:.ON 
*JOLUMSTRIC SOURCES (3fN=NOfYES) 
BOUNDARY SOURCES COIN=NO/YES) 
1i'lIZ = INPUT 33*134*IUSE LAST 

'-A 'IJ -,I 71 U IS

1 
3 

3

ism 
IS CT 
I EVT 
I III 
1CMN 
I CLC 
ITH 
I FLU 
IPRT 

IDFN 
IAZ 
IAI 

: PVT

OUADRATURE ORDER 
ORDER OF SCATTERING 
0/l/2/3f4/5f6=2/X/ALPHA 
INNER ITERATION 4AXY'tJM 
OUTER ITERATIONVA I -1IOPN--FLAT RvEsIs\/,) 
3/1 FORUA'1D/ADJ0INT 
0/112131 4-L-S/L/SIU IL-W 
-21-1iOIN=I.IXTURE XSEC 
JI1/2/3=NOfPRT NDIPCH N 
-1fOI!=NONSIFI'1E/ALL 3A 

DUMMY PARAMETER 
311 x NONEIDE!NSITY FACT 
J/N = NOP4E/N ACTIVITIES 
0/1-NONEIACTIVITIES 3Y 
1/1-NOIYES 'JPSCAT'E4 SC 
0/l/2=NOMKAL24A OARA"E

4E'31EO14TI4 DATA CIFG=1)

:CON -V'1/*l*=ELLfZO4ElREGI0?J AEZSHT 
!SNF 'rJWBEI OF BROAD GROUPS 

100 -"/-1lfl/NWGTS3 XSECT PRINJT 
:A -IfN ANS% XSECT *RI.47 
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-1 
27

I1.47F 
40SF 
4USF 
wS CH

TOTAL XSECT PS4 1! ?RD 
pSn G-G 02 FILE IUMBER 
TABLE LE4GTH OR VAX ORD 
EXTRA 1-D X-SECT *IS:T:

IGE 

IM 1 

13 L 
IS R 

IG74 
NNG 

I F-G 

:FG 
zo.9 
Irpm 
I F4N.  
: *rn 
!DTI



XSDRNPH OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued)

"I1 ASBL? %7 WI/0 U-2305 95ZT.D.o H.A.  

DATA BLOCK 2 (KIXrNG TABLE, ETC.)

MIXING TABLE 
COMPONENT 

92235 
92233 

558016 
40000 

558016 
551001 

3016 
1001 

13027 
82000 
24000 
26000 
28000 

5192 2:5 
592233 

* 016 
1001 

1:027 
32000 
24000 
26000 
2!000 

59 2-8 
3016 
1001 

17027 
3200 
2'000 
26000 
2-000 
502258

EXTRA 
ATOM DENSITY XSECT ZD"S 

*86970-003 
.22350-001 
.46420-001 
.42270-001 
.33470-001 
.66940-001 
010000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
o10000-014 
.1n000-014 
.1000C-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
s10000-014 
.10000-014 
610000-014 
.10000-014 
.10000-014 
.10000-014 
.100C0-014 
.1C000-014 
.10000-014
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MIXTURE 
1 
1 
1 

2 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

2 
2 

2 

2 

2 

3 

3



XSDRNPM OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued)

G 
G 
G 
G 
G 

G 

G 
G 
G 
G 

G 
G 
G 
G 
G 

'3 
'3 

G

OUTER INNER BALANCE UPSCATTER RATIO EIGENVALUE 
1 Vol 1.0000011o000 1.1342?61+000 1.3333323+00.  
2 412 1.ooaao10÷000 1.0066973+000 1.4451531+00C 
3 414 1.0000010+000 9.Q0592105-001 1.4500193+03C 
,. 564 1.0000010+000 9.9389382-001 1.4487024+000 
; 620 1.0000010÷000 9.9q3S3'3-OC1 1.4483556+000 
6 661 1.0000010+000 9.9999933-001 1,44a3560+000 

GRP. 7 REQUIRED I ITERATIONS. RFD OF 2.26501-005 OCCUR 
Gap. 2 REQUIRED I ITERATIONS. 4FD OF 9.51303-006 OCCUR 
GRP. REQUIRED I ITERATIONS. RFD OF 1.61515-005 OCCUR 
3RP. 4 REQUIRED I ITERATIONS. 'FD OF 1.o7R217-005 OCCUR 
;RP. 3 REQUIRED 1 ITERATIONS. NFD OF 1.323"5-005 OCCUR 
;RP. 6 REQUIRED i ITERATIONS. RFD OF 1.26005-005. OCCUR 
;RP. - REQUIRED 1 ITERATIONS. MFD OF 1.34379-005 OCCUR 
;Rp. o REQUIRED 1 ITERATIONS. RFD OF 1.59365-005 OCCUR 
;RP. o REQUIRED I ITERATIONS. RFD OF 2.02351-005 OCCUR 
;RP. I!.REQU:RED I ITERATIONS. IFD OF Z.29557-003 OCCUR 
RP. 11 REQUIRED 1 I T ERATIONS. RFD OF 2.*4379-005 OCCUR 

IRP. 1_ REQUIRED 1 ITERATIONS. RFD OF 3.13932-005 OCCUR 
RPw 17 REQUIRED I ITERATIONS. RFD OF 3.32014-005 OCCUR 
RP. 14 REQUIRED I ITERATIONS. RFD OF 3.23696-005 OCCUR 
RP. 15 REQUIRED I ITERAT IONS. RFD OF 4.52363-005 OCCUR 
ap. is REQUIRED 1 ITERATIONS. !FD OF 3.06513-005 OCCUR 
RP. 1 REQUIRED 1 l'ERATrONS. RFD OF 3,1"33-005 OCCUR 
RP. 1: REQUIRED 1 ITERATIONS. RFD OF 3.3;409-005 OCCUR 
RP. 11 REQUIRED I I T ERATIONS. RFD OF 2.63542-005 OCCUR• 
RPw 2T REQU:RED I ITERATIONS. .FD OF 3.34931-003 OCCURI 
RP. 21 REQUIRED 1 ITERATIONS. RFD OF 4e23196-005 OCCUR] 
RP. 22 REQUIRED I ITERATIONS. RFD OF 2.20568-035 OCCURI 
RP*. 2 REQUIRE3 I ITERATIONS. RFD OF 8.64732-006 OCCURI 
RP. 24 REaU:RED 1 I-TERATIONS. 1FD OF 1.35341-005 OCCURI 
RP. 23 REQUIRED I ITERATIONS. qFD OF 2.l"327-006 OCCURI 
RP. 26 REIUIRED I ITERATIONS. 4FO OF 1.72435-006 OCCUR; 
RP. 2- REQUIRED I ITERATIONS. !4F OF 2.21379-006 OCCUR 

"6R3 1.0000010+0•0 1.000C016+000 1.4438741+000 
FINAL MINITOR LAM3DA 1.44A!51"+03o 

ELAPSED TIIE !.1393:3:z 4IN.
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I 

RED 
RED 
RED 
RED 
RED 
RED 
RED 

RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
R ED 
RED

LA49DA1 
1-4429 639+000 
1.0035129+000 
1-0002437+000 
9 .9995454-001 
1-0000479+000 
1.3000304+000 
IN INT. 21 

.IN INT. 20 
IN INT. 20 

IN INT. 20 
I1 INT. 23 
IN InT. 2 
ZN INT. Z 
IN IN?. 2 
IN INT. 1 
IN INT. I 
IN INT. ' 
IN IN?.  

IN INT. 2 
IN I%. ¶3 
IN INT. 4I 
IN INT. 14 
IN IN T. 14 IN IN?. If.  
IN IN?. 14 
IN1 IN?. I 
IN IN?. o13 
IN IN?. 11 
IN IN!. 2: 

IN IN?. 16 
IN IN?. 16

1.000012!+OCa 
ANGULAR FLUX ON

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

c 

C 
C 
P
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KENO INPUT - ZIRC HYPOTHETICAL ACCIDENT

.ESS.KW17HA 
419187 12:06:14 C61) 
60 ONE PWR ASSEMBLY, 3.7 W/O U-235r K.A.  
6- 200. 5C 405 6 27 27 14 6 14 10 1 1 1 1 -14 1 0 2000 0 1 !z 
61 ) 0 0 3R-l 
60 - 1 -92235 2.146-4 1 92238 5.514-3 
60 1 40200 3.012-3 1 551001 4.497-2 1 558016 3.394-2 
60 2 3016 3.347-2 2 1001 6.694-2 
63 3 24000 1.839-2 3 28000 1.315-3 3 26000 5.,994-2 
62 4 1302' 6.026-2 
60 5 22300 3.299-2 
6C 6 572238 4.773-2 6 -592235 1.052-4 
60 BOX TYPE I 
61 CUBOID 1 11.271 -11.271 11.271 0.000 1000. -1000. 27*0.5 60 CORE BDY 0 11.271 -11.271 11.271 0.00 1000. -1000. 27*0.5 
61 ZHEMICYL+Y 2 19.509 1000. -1000. 27*0.5 
60 ZHEmrCYL4Y 3 19.600 1000. -1000. 27*0.5 
60 ZHEMICYL.Y 6 25.309 1000. -100.Q 27*0.5 
60 ZHEMXCYL÷Y 5 30.706 1000. -1000. 27*0.5 

ZHEMICYL+Y 3 32.93 1000. -1000. 27*0.5 
ZHEMrCYL+Y 2 45.629 1000. -1000. 27*0.5 

63 ZHE~rCYL+Y 3 46.264 1000. -1000. 27*0.5 
63 CUBOID 2 63. -63. 63. 0.30 1200. -1000. 27-0.5 62 1 1 11 1 11 1 11 1 

60 END KENO.  

NONE. trME: 0.331 SEC. IMAGE COUNT: 23 

CONTROL MODE 

"ERKENO.SUPERKENO 
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KENO OUTPUT - ZIRC HYPOTHETICAL ACCIDENT 

ONE PWR ASSEM3LY, 3.7 UIO U-235, H.A.  

NUMBER OF GENERATIONS 50 START TYPE 

NUMBER PER GENERATION 405 GENERATIONS 

NURSER OF GENERATIONS TO BE SKIPPED 6 LIST INPUT X 

NUMBER OF ENERGY GROUPS Z7 LIST 1-0 IIX 

PAX. NUMBER OF ENERGY TRANSFERS 27 LIST 2-0 RIX 

NUMBER OF INPUT NUCLIDES 14 LIST FISS. A 

NUMBER OF MIXTURES 6 USE X-SECTIO 

NUMBER OF MIXING TABLE ENTRIES 14 USE GEOMETRY 

NUMBER OF GEOMETRY CARDS 10 USE VELOCITI 

NUMBER OF BOX TYPES I COMPUTE -Irn 

NUMBER OF'UNITS IN X DIRECTION I COMPUTE ,--.R 

NUMBER OF UNITS IN Y DIRECTION 1 LIST FISS PR 

NUMBER OF UNITS IN Z DIRECTION I ADJOINT CALC 

NUMBER OF NUCLIDES READ FROM TAPE -14 USE EXPONEVT 

ALBEDO TYPE I CALCULATE FL 

SEARCH TYPE . CALCULATE F1 

THIS PROBLE3 WILL BE RUN WITH SPECULARLY REFLECTING 3OUNDARY CONDITION 

THE ALBEDOS ARE *X -. WCOOO -X +.00C ÷Y Y.:O0C -y 1.OQC 

%AXIýUM TIME z ZO0.0O00 4INUTES 

STORAGE LOCATIONS REQUIRED FOR THIS JOB = 13?13 
qEMA'!A:NG AVAILABLE LOCATIONS2 !310Z7 
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KENO OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued)

ONE PUR ASSEMBLY, 3.7 W/O U-2zs, H..A.

MIXTURE NUCLIDE 
1 -92235 
1 92238 
1 40000 
1 151001 
1 ;53016 
2 3016 
2 1001 

"24000 
3 23000 
3 26000 
4 13027 
5 328000 
6 !02238 
6 -T92235

DENSITY 
2.14600-004 
5.51630-003 
3401200-003 
4.49700-002 
3.39400-002 
3.34700-002 
6.694C0-002 
1.83900-002 
1.815:0-003 
5.99400-002 
6.02600-002 
3.20900-002 
4.77300-002 
1I0.OSZCO-004

CROSS SECTIONS READ FROM TAPE 

NUCLIDE 1001 H 1260 F, 1002 T 218 GP 032475C() 
NUCLIDE = 151001 H 1269 F, 1002 T 218 GP 02475Q2) 
NUCLIDE 8016 0-16 126 218 GP 030466C7) 
NUCLIDE = !53016 0-16 12"6 218 GP 030476(7) 
NUCLIDE w 13027 AL-2? 1193 213 GP 04037!C5) 
NUCLIDE 2-400 CR 1191 21SNGP WT liE P-! 293K SISP=5+4 RE(0423"5) 
NUCLIDE 26000 FE ZI8GP RE 5-17-78(1) 
NUCLvDE =3000 NZ 1110 218NGP WT 1IE P-3 293K SIGP=5*4 REC0423"!) 
NUCLIDE -0000 ZR(NAT) ?141 21 NGP VT FIS(C.ITO20)-lfE-MAX P-3 
NUCLIDE - 320 Ps 1288 ZISNGP 042375 P-3 2 0 3K 
NUCLIDE =2275 U-2`5 1261 SIGP=54 NEWXLACS 219NGP P-3 293K(3) 
NUCLIDE O22!Z5 U-Z35 1261 SIGP-5+4 NEWXLACS 213NGP P-3 2 0 3KC3) 
NUCLIDE - 722!3 U-23S 21SGP RE 5-17-7!CI) 
*iUCLIDE w:23a U-z!S 213GP RE 5-1-73(l) 
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KENO OUTPUT - ZIRC HYPOTHETICAL ACCIDENT (Continued) 

ONE PWR ASSEMBLYy 3.7 W/O U-235, H.A.

LIFETIME - 1-26 

NO. OF 1411TIAL 
GENERATIONS 

SK15PED 

6

1' 

1� 

1!.  

1� 

4.  

4-

773-004 + OR -

AVERAGE 
K-EFFECTrVE 

F.95411, 

.95202 

.975196 

.95134 

.95194 

.95201 

.95235 

.75194 

.95274 

.953"5 

.9595Q 

.96134 

.95676 

.95335 

0~4324

1.23140-006

DEVIATION

4 01

+ OR 

+ OR 

+ OR 

+ OR 

+ OR 

+ OR 

+ OR 

+ OR 

+ OR 

+ OR 

"" OR 

4. OR 

"S OR 

+ OR 

+ OR -

.00497 

.00461 

.00473 

.00434 

.00496 

.00509 

.00321 

.00534 

.00543 

.00549 

.00543 

.0053" 

.0066! 

.00773 

.003 ?

I

GENERATION TIME 6.444919

67 PER 
CONFIDENCE 

,94914 TO 

.*4740 TO 

s94724 TO 

.94700 TO 

.74698 TO 

.74692 TO 

.74714 TO 

.94660 TO 

.04732 TO 

.94326 TO 

.95416 TO 

.75515 TO 

.75309 To 

.24532 TO 

.93453 TO 

.i3r94 TO

CENT 
INTERVAL 

.95907 

.95663 

095669 

.95663 

.95690 

s95710 

s95756 

.95728 

.95317 

.95924 

.96502 

.966'? 

.96343 

o96123 

.951.5 

.94961

7! PER 
CONFIDENCE 

.9441" TO 

.74271 TO 

.94251 TO 

.74216 TO 

.74201 TO 

.94137 TO 

.94192 TO 

.9412 1 

003159 O0 

0942' TO 

.743,3 TO 

*9492" TO 

o74742 TO 

.:?TOTO 

70 T
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NITAWL INPUT - STAINLESS NORHAL OPERATION

;-2 C. -. no ; . .. 
'5232aQ 06f19 8a t4:40:27 C24) 

1. 24 1SS 0 15 SZ 2 22 -1 0 T 
Z. 20 2SS 92238 -592238 92235 -592235 8016 -558016 1001 -551001 ". 24 40000 13027 24000 26000 -526000 21000 82000 

21 w** 92238 294. 2 *4647 .2217 S4.66 2.228-2 1 16 7.67 1 3Z 1.• *. 20 592238 294. 0 0.0 0oa 20. 4.773-2 1 3? 3z 1.0 T 

-To ERRORS: NONE. TIME: 0.305 SEC. IMAGE COUNT: S 

IGNORED - ZN CONTROL RODE 

291 00*NZTAWLA.ZTAWL

X-G27
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NITAWL OUTPUT - STAINLESS NORMAL OPERATION

'-I

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

BASED ON E'0FIB VERSION 4 DATA 
COMPILED FOR NRC 
TAPE 10 4321 
NUMBER OF NEUTRON GROUPS 27 
FIRST THERMAL GROUP 15 

TABLE OF CONTENTS 
H 126' F, 1002 T 213 GP 032475C) 
H 1260 F, 1002 T 213 GP 032'75C2) 
0-16 12`6 213 SP 0304?6C?) 
0-16 12-6 213 GP 330476C7) 
AL-27 1193 213 GP 040?5CS) 
CR 1111 213NGP WT IfE P-3 Z93K SIGP=5+4 REC(42775) 
FE 213GP RE 5-17-'SC1) 
FE 213GP RE 5-17-73c1) 
4I 1170 213NGP WT lIE P-3 293K SZGP=5+4 RECO42375) 
ZRCNAT) 7141 21 NGP WT FISC3oITOZO)-l/E-MAX P-3 
PB 1233 213NGP 0423"5 P-3 293K 
U-235 1261 SIGP=5&4 NEWXLACS 213NGP P-3 293K(3) 
U-235 1261 SIGP=5+4 NEWXLACS 21TNGP P-3 2MXKC3) 
U-273 213GP RE 5-17-73C?) 
U-233 213GP RE 5-17-7?C1) 

;SRKPT PQINTS 
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NUMBER OF NUCLIDES 
NUMBER OF GAMMA GROUPS
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XSDRNPN INPUT - STAINLESS NORMAL OPERATION

1987 15:04:46 (35) 
"* WEST 15X115 ASBL9 4,C WIO U-235t STAINLESS CLADe NORnMAL OP.  

ISS 2 3 20 1 3 3 T3 a 3 1 2R20 FO 
2SS -2 FO 
3$S 1 3Z 1000 2Z 1 FO 
4$$ -1 27 0 -2 E T 
13SS 3R1 2 2R3 9R1 9R2 9R3 
"14SS 92235 02233 553016 526000-553016 551001 

S016 1001 13027 82000 24000 26000 28000 
"- 592235 592238 2Q9 

15** 9.403-4 2.228-2, 4°642-2 8.01-2 3.347-2 6.694-2 FI1-IS T 
37** F1.0 T 

"* 35** o0O.0 .4647 .4742 "1.5360 0.8068 
"36SS IOR1 ZR2 BR3 
33** 10R1.0 0.0 F1.0 

i 4OSS F3 
* 51ss 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

21 22 23 24 25 26 27 T 

;ONJE TIME: .2,42 SEC. IMAGE COUNT: 18 

* XXSD R NPM 
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. XSDRNPN - STAINLESS NORMAL OPERATION

2ADDDEP STE*STAINLESS.XVISS 
WEST 15X1S ASBLv 4.0 V/0 U-235, STAINLESS CLAD, NORM

1S ARRAY 

.3 ARRAY 

73 ARRAY 

43 ARRAY

15 ENTRIES READ 

10 ENTRIES READ 

12 ENTRIES'READ 

9 ENTRIES READ

DIRECT ACCESS FILES ASSIGNED 
3000 WORDS PER RECORD ON UNIT 8 
330 WORDS PER RECORD ON UNIT 0 

7000 WORDS PER RECORD ON UNIT 10

I PHYSICAL RECORDS PER LOGICAL 
10 PHYSICAL RECORDS PER LOGICAL 

I PHYSICAL RECORDS PER LOGICAL

GENERAL PROBLEM DESCRIPTION DATA BLOCK 

GENERAL PROBLEM DATA

1/213 = PLANEICYLINDERISPHERE 
NUMBER OF ZONES 
NURBER OF SPACIAL INTERVALS 
31112/3 : VACUUM/REFL/PERIUHITE 
RIGHT BOUNDARY CONDITION 
NUMBER OF MIXTURES 
4IXI.G TABLE LENGTH 
NUMBER OF ENERGY GROUPS 
NUMBER OF NEUTRON GROUPS 
NUMBER OF GAMMA GROUPS 

URMBER OF FIRST THERMAL GROUP

2 
3 

20 

3 
3 

':3 
2?7 
27 

0 
is

SPECIAL OPTIONS

!/I = NONE/¶EIGHTING CALCULATION 
VOLUMETII: SOURCES CO/N='NOIYES) 
BOUNDARY SOURCES CO/N:NO/YES) 
0/112 - INPUT 33*/3{4eUSE LAST 
IAX:MUM T:ARE CnINUTES) 
21 /2I3=aO/XSECTfSRCE/FLUX--OUT

1 

0 
0 

1,000 
0

ISN 
I SCT 
I EVT 

1CH 
ICLC 
ITH 
I FLU 
IPRT 
ID, 

IPST 

IPN 
IDFM 

IAZ 
LAI 
IFCT 
IPVT

QUADRATURE ORDER 
ORDER OF SCATTERING 
OI1/213l41I6=QX/,IALPHAf 
INNER ITERATION MAXIMUM 
OUTER ITERATION AAXT i 
-11O/N--FLAT RES/Sui,.J,/ 
0/1 0 FORWARD/ADJOINT 
0/1 2/314=L-S/LI/S/WL-W 
-2I-110/iNsIXTURE XSEC P 
O/l/213=NO/PRT NDIPCH NI 
-l/O/1='ONE/FINE/ALL SAL 

DUMMY PARAMETER 
3/1 = NONE/OENSITY FACTO 
0/N 2 NONE/N ACTIVITIES 
O/1=NONE/ACTIVITIES BY I 
3/1=4O/YES UPSCATTER SCA 
3/112-NOIK/ALPHA PARAnET

WEI3HT1TING DATA CIFG:I)

-/4/IC CELL/ZONE/REGION WEIGHT 
NUMBER OF BROAD GROUPS 
3/1"/2'133/40 31C/E/ACIA 
-:/-1r/I•=4GT[, XSECT PRINT 
-?/' ANISIa XSECT PRINT

-1 
27 

a 
-2 
-1

IHTF 
4DSF 
4USF 

SSCM

TOTAL XSECT PS4 IN SRD 3 
PSI G-G OR FILE NUMBER 
TABLE LEngTH OR VAX ORDE 
EXTRA 1-0 X-SECT 2OSII10

FLOATING POIlT PARAMETERS
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16! 
IZM 
IN 
IBL 

11 R 
MXS 

I GM4 
NNG 
NGG 
I FTG 

IFG 
1241 
1Pm 
I FN.  
ITMX 
1.07f 

ICON 
IG..F 
ITP 
ZPP 
r.P
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XSDRNPM OUTPUT - STAINLESS NORMAL OPERATION (Continued)

ASBL, 4.0 V/O U-23S9 STAINLESS CLAD, NORMAL OP.  

DATA BLOCK 2 CMZXING TABLE, ETC.)

mzXING TABLE 
COMPONENT 

92235 92238 
55801 6 
S26000 
S55016 551001 

8016 
1001 

13027 
82000 
24000 
26000 
23000 

192235 
592235 

8016 
1001 

IZO27 
82000 
24000 
26000 
23000 

8C16 
1001 

1!027 
32000 
24000 
26000 
220"D 

!922:5 
5922ze

EXTRA 
ATOM DENSITY XSECT 10"S 

,94030-003.  
,22280-001 
o46420-001 
080100-001 
e33470-001 
.66940-001 
,10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.,10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.ICOO-014 
.10000-014 
.10000-014 
,10000-014 
,10000-014 
.10000-014 
.10000-014 
.10000-014
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MIXTURE 
I 1 
1 

2 
3 
3 
1 

2 

2 
2 
2 
2 

2 

3 

2 

3 
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3 
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XSDRNPM OUTPUT - STAINLESS NORMAL OPERATION (Continued)

INNER 
2"9 
424 
500 
517 
623

BALANCE 
1.0000014+000 
1.0000014+000 
1.0000014+000 
Io0000014+000 
1.0000014+000

W69 1.000001

OUTER 

2 

4 
5 
6 

GRP.  
GRP.  
GRP.  
GRPO 
GRP.  
GRP.  
GRPo 
GRP.  
GRP.  
GRP.  
GRP.  
GRP.  

GRPs 
GRP.  
GRP.  
G•?P.  GRP* 

GR Pe 
GRPo 

GRP, 
GRP.  
G RPo 
GRP* 

GRPo 
GRP.

7 606 
FINAL 

ELAPSED TIME

4+000

UPSCATTER RATIO EIGENVALUE 
1.1426466+000 1.Z9342!4÷000 
1.0011651+000 1.3294693+000 
9.9362516-001 1.3316592+000 
9.9835370-001 1.3302430+000 
9.9982352-001 1.3299635+000 
9.9993499-001 1.3299539+000

IRED 1 ITERATIONS. MFD OF 2.16023-00S OCCUR 
[RED I ITERATIONS. RFD OF 1.08659-005 OCCUR 
IRED 1 ITERATIONS. MFD OF 1.76437-005 OCCUR 
[RED 1 ITERATIONS, MFD OF 2.03355-005 OCCUR 
CRED I ITERATIONS. 4FD OF 1.48687-005 OCCUR 
[RED I ITERATIONS. RFD OF 1.S0689-005 OCCUR 
£RED I ITERATIONS. RFD OF 1.67806-005 OCCUR 
:RED I ITERATIONS, RFD OF 1.93332-005 OCCUR 
:RED I ITERATIONS. RFD OF 2.59465-003 OCCUR] 
RED I ITERATIONS. RFD OF 2.94334-005 OCCUR] 

:RED I ITERATIONS. RFD OF 3.11602-005 OCCUR] 
RED I ITERATIONS. 4FD OF 3.93160-005 OCCUR 

IRED I ITERATIONS. NFD OF 4.22388-005 OCCUR] 
:RED I ITERATIONS. MFD OF 4.12007-005 OCCUR] 
:RED 1 ITERATIONS. MFD OF 5.5-606-O05 OCCUR: 
:RED I ITERATIONS. RFD OF 4.12413-005 OCCURI 
[RED 1 ITERATIONS. MFD OF 4.26836-005 OCCURI 
RED I ITERATIONS. RFD OF 4.155?76-005 OCCURI 

:RED 1 ITERATIONS. RFD OF 3.49234-003 OCCURI 
:RED I ITERATIONS. MFD OF 4.37999-005 OCCURI 
RED I ITERATIONS. RFD OF 4.57331-005 OCCURI 

:RED 1 ITERATIONS. RFD OF 2.77"0-005 OCCURI 
RED 1 I-ERATIONS. MFD OF 2.30833-005 OCCURI 

:RED 1 I-TERATIONS. RFD OF 1.*3240-005 OCCURI 
:RED I ITERATIONS. JFD OF 7.91199-006 OCCURI 
RED I ITERATIONS. 4FD OF 3.3-107-006 OCCUR 
RED I I•ERATIONS. 4FD OF 2.55561-006 OCCURI 
1.0000014+000 9.9990621-001 1.3299680+000 
MINITOR LAMBDA 1.3219434+000 

2.61432330 4IN.

RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED 
RED

LAABDAI 
1-3251336.000 
1.0034903.000 
1.0001303+000 
909939019-001 
1.0000816+000 
14o000241 +000 

IN VNT. 20 
IN INT? ZO 
IN INT. 20 
IN INT. 20 
IN I?. 20 
IN INT. 20 
IN INT. ZC 
IN INT. 1 
IN INT. I 
IN INT. I 
IN INT. 2 
IN ZNT. 20 
IN INT. 20 
IN INT. 2C 
IN INT. 2 
IN 1NT. 14 
IN INT, 14 
IN rNT. 14 
IN INT. 14 
IN INT 1 
IN INT. IZ 
IN INT, 14 
IN ZNT. "20 
IN INT? 23 
IN INT. 23 
IN INT. 1 
IN INT. 22

1.3000127+000 
A4GULAR FLUX ON
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REQUZ 
REQUZ 
REQUZ 
REQUZ 
REQUZ 
REQU 
REQUI 
REQUI 

REQUI 
REQUI 
REQUI 
REQUI 
REQU2 
REQUI 
REQU2 
REQUI 
REQUI 
REQU2 
REQUI 
REQUI 
REQUZ 
lE2UZ 
REQUZ 
REQUI 
REQUI 
R EQU

6 

14 
S 

15 

6 

11 

I.  

14 
15 
16 

19 
?0 
21 
22" 
2-, 

24 

26 
7-

X-G32

CC 
CO 
CC 
CO 
CO 
CO 
COa 
CC 
CO 
CO 

CC 
CO 
CO 
CO 
C C 

cc cc 

C C 
CO^ 
cc 
C 0 
-cc C0 

.C C CO 
CC



KENO INPUT - STAINLESS NORMAL OPERATION

ESSoKWISS 
101/87 09:04:51 C61) 
60 ONE PWR ASSEMBLY 4.,0 WfO U-2359 NORMAL OP-, STAINLESS CLAD 
61 200. 50 501 6 27 27 14 6 14 11 1 1 1 1 -14 1 0 2000 0 1 8Z 
60 -1 0 0 3R-1 
6v 1 -92235 3.107-4 1 92238?.?361-3 
60 1 526000 4.880-3 1 551001 3.946-2 1 555016 3.506-2 
.3 2 3016 3.347-2 2 1001 6.694-2 
ill 24CO0 1.239-2 3 29100 10315-7 3 26000 5.994-2 
60 4 13027 6.026-2 
A 5 82000 3.299-2 
60 6 592238 4.773-2 6 -592235 1R.52-4 
60 SOX TYPE I 
60 CUBOID 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. Z?*O.5 
60 CORE SDY 0 11.271 -11,271 11.271 0.00 1000. -1000. 27*0.5 
60 ZHEMICYL+Y 2 19.509 1000. -1000. 27*0.5 
60 ZHEmrCYL+Y 3 19,600 1000. -1000. 27*0.5 
60 ZHEMICYL+Y 6 25°.09 1000. -1000. 27*0.5 
6C ZHEMICYL+Y F 30.706 1000o -1000. 27*0.5 
50 ZHEMICYL+Y 3 32.03 1000. -1000. 27*0.5 
60 ZHE&ICYL+Y 2 45.629 1000. -1000. 27*0.5 
60 ZNEMICYL÷Y 7 466264 1000, -1000. 27*0O5 
i0 CUBOID 2 63. -63. 63. 0.00 1000. -1000. 27*0.5 
60 1 1 1 1 1 1 1 1 1 1 1 
60 END KENO° 

nONE. TIME: 0o417 SEC. IMAGE COUNT: 24 

SCONTROL MODE 

'ERKENO°SUPERKENO 

Page Added 
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KENO OUTPUT - STAINLESS NORMAL OPERATION 

ONE P4R ASSEMBLY, 4.0 /IO U-215, NORMAL OP., STAINLESS CLAD 

NUMBER OF GENERATIONS 50 START TYPE 

NUMBER PER GENERATION SO? GENERATIONS 

NUMBER OF GENERATIONS TO BE SKIPPED 6 LIST INPUT X 

NUMBER OF ENERGY GROUPS 27 LIST I-D MIX" 
mAX. NUMBER OF ENERGY TRANSFERS 7 LIST 2-0 IIX 
NUMBER OF INPUT NUCLIDES 14 LIST FISS. A 

NUMBER OF rIXTURES 6 USE X-SECTIO! 

NUMBER OF MIXING TABLE ENTRIES 14 USE GEOIETRY 

NUMBER OF GEOMETRY CARDS 11 USE VELOCITI.  

NUMBER OF BOX TYPES 1 COMPUTE NATR 

NUmBER OF UNITS IN X DIRECTION 1 COMPUTE P " 

NUMBER OF UNITS IN Y DIRECTION I LIST FISS PR( 

NUMBER OF UNITS IN Z DIRECTION I ADJOI1T CALC' 

NUMBER OF NUCLIDES READ FROM TAPE -If* USE EXPONE!JT" 

ALBEDO TYPE I CALCULATE FLi 

SEARCH TYPE 0 CALCULATE FI 

TH:3 PROBLE1 WILL BE RUN WITH SPECULARLY REFLECTING BOUNDARY CONDITION 

THE AL3EDOS AR: +X - 1.0^OCC0+000 -X Z3000 +Y .33000 -Y = %.:!T2, 

71AXIMUr TIjE = Z1O.-CO0 INUTES 

STORAGE LOCATIONS REQUIRED FOR THIS JOB 1 20637 
REMAZI!ING AVAILABLE LOCA T IONS= :7i367 

Page Added 
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ONE PWR ASSEMBLY, 4.0 wIO U-2359 NORMAL OP., STAINLESS CLAD

MIXTURE NUCLIDE 
1 -92235 
1 922"8 
1 :26000 
1 51001 
1 !53016 
2 3016 
2 1001 
3 24000 
3 2"000 

26000 
4 13027 
5 32000 
6 To-'2: 
6 -592235

DENSITY 
3.10700-004 
7.36100-003 
4.38000-003 
3.94600-002 
3.50600-002 
3t3470-002 
6*69400-002 
1.83900-002 
1.81 500-003 
5.99400-002 
6.026Z0-002 
3.2q9C0-002 
4.7"3'30-002 
1.05200-004

CROSS SECTIONS READ FROM TAPE

H 1269 F, 1002 T 212 GP 032475(2) 
H 1269 F, 1002 T 218 GP 072475Q2) 
0-16 1276 218 GP C30476C7) 
0-16 I176 218 GP 0304"6C7) 
AL-2' 1193 218 GP 040375(5) 
CR 1191 213NGP WT WIE P-3 293K SIGP=5+.4 REC423 
FE 21GP RE 5-17-78(1) 
FE 213GP RE 5-17-?8C1) 
Nr 1100 218NGP UT I/S P-3 203K SrGP-5.4 RE(0423 
PB 1233 21ENGP 042375 P-3 293K 
U-235 1261 SIGP=5+4 NEWXLACS 218N6P P-3 203KC?) 
U-2`5 1261 SIGP-5+4 NEWXLACS 21NGP P-3 213K(:) 
U-2!S 21SGP RE 5-17-73(1) 
U-238 ZISGP RE !-17-7SC1)

X-G35

75) 

-.P)
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NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLrDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
4IUCL&DE 
NUCL:DE 
NUCLIDE 
"JUCLI 0E 
NUCLIDE

= 
= 
= 
= 
= 

= 
2 

= 
2 

=

1001 
751001 

3016 
558016 

13027 

24000 
26000 

526000 
23000 !2•000 

•922=3 
72238 

,?22•8o



KENO OUTPUT - STAINLESS NORMAL OPERATION (Continued) 

ONE PWR ASSEMBLY, 4.0 vWO U-235 NMORMAL OP., STAINLESS CLAD

LIFETIME = I.Z:723-004 + OR - 1.Z2370-006 GENERATION TIME = !.3643S

NO. OF INITIAL 
GENERATIONS 

SKIPPED 

S 

11 

12 

4Z

AVERAGE 
K-EFFECTIVE 

- W1339 

.90360 

.90362 

0•0373 

.90411 

.90433 

.70337 

.90332 

.70354 4 

.90521 4 

.90633 3 

.0QOOZ 4 

.W0431 5

DEVIATION 

+ OR - .00416 

* OR - .00425 

* OR - .00435 

+ OR - .g0445 

SOR - .C0455 

0 OR - .00466 

0 OR - .00477 

SOR - .0365 

OR - .O0OBC 

OR - .00484 

OR - .C0540 

SOR - .0!'5I 

OR - .00663 

SOR - .!069" 

0OR - .00684 

*OR - .0'0589

67 PER 
CONFIDENCE 

.o9973 TO 

m39935 TO 

o89927 TO 

.39932 TO 

.39953 TO 

.39967 TO 

.89911 TO 

.39846 TO 

.39354 TO 

.90037 TO 

.70093 TO 

.'0348 TO 

.29909 TO 

.89333 TO 

.39449 TO 

.39342 TO

CENT 
INTERVAL 

.90305 

.90734 

.90797 

.90323 

.90368 

.91900 

.90364 

.90319 

.90373 

.91005 

.911'3 

.91517 

.q1271 

.91020

95 PER 
CONFIDENCE 

.3955' TO 

.3951C -0 

.39492 TO 

.294,1 TO 

.39!07 T0 

.19500 TO 

.394Z4 TO 

.89760 

-39154 -0 

.39552 TO 

.0955 -o 

.!0"63 -0 

.37246 TO 

.?0"6 TO 

• •'54 "0
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NITAWL INPUT - STAINLESS HYPOTHETICAL ACCIDENT

;NLESS.NW15SHA 
0"'01/87 12:02:14 C21) 

21 IS$ 0 15 5Z 2 2Z -1 0 T 
21 2$S 92238 -592238 92235 -592235 8016 -558016 1001 -551001 
21 40000 13027 240C0 26000 -526000 293000 82000 
21 3** 92238 294. 2 .4647 .1521 57.87 2.228-2 1 16 7.67 1 3Z 1,0 
21 592238 294. 0 0.0 0.0 20. 4.773-2 1 3Z TZ 1.0 T 

'S: NONE. TIME: 0.223 SEC. IMAGE COUNT: 5 

IN CONTROL MODE 

"AWLoNITAWL
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NITAWL OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT

THIS XSDRN WIORKING TAPE WAS CREATED 
THE TITLE OF THE PARENT CASE IS AS FOLLOWS 
2- N'EUTRON GROUP LIBRARY 

3ASED ON ENDFIB VERSION 4 DATA 
COMPILED FOR NRC 
TAPE ID to321 
NUMBER OF NEUTRON GROUPS 27 
FIRST THERMAL GROUP 15 

TABLE OF CONTENTS 

H 1269 Fp 1002 T ?120 GP 0.2477C2) 
H 126? F, 1002 T 213 GP 032475C2) 
0-16 12`6 213 GP 030476C7) 
0-16 12"6 213 GP 330476C7) 
AL-2" 1193 213 GP 040375C5) 
CR 1171 Z13NGP YT 1IE P-3 293K SGP:5+4 REC342375) 
FS 21.GP RE 5-1!7-3CI) 
FE "13GP RE 5-1"-"'3C1) 
"AI 1190 213NGP WT 1/E P-3 293K SGP-5+4 REC0423?5) 
ZRCNAT) 7141 21 NGP WT FISC3o.1TO20)-l/E-MAX P-3 
Ps 12'03 213NGP 0423?5 P-3 293K 
U-:3 1:I61 SIGP-544 NEYXLACS 213NGP P-3 293KC3) 
U-235 1261 SIGP-5÷4 NEWXLACS 213NGP P-3 293KC3) 
U-2-71 2ISGP RE 5-17-73C1) 
U-27-1 21-8GP RE S-17-7'(1) 

:BRKPT PRINTS 
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NUMBER OF NIUCLIDES 
NUMBER OF GAMMA GROUPS
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XSDRNPM INPUT - STAINLESS HYPOTHETICAL ACCIDENT 

.ESS.XWI 5SHA 
'011/7 12:21:05 (33) -.. WEST ISX15 ASBLr 4.0 W/O U-23M1 STAINLESS CLAD, HSA.  ".3 1SS 2 3 20 1 3 3 Z3 8 3 1 2R20 FO 

"2S-2 FO 
"3SS 1 3Z 1000 ZZ I FO 

"3 4SS -1 27 3 -2 E T 
"13SS 3R1 2 2R3 9R1 9R2 9R3 
"14SS 12235 92233 553016 526000 558016 551001 

- -016 1001 1302. 32000 24000 26000 28000 
"592235 592238 2Q9 "_3 15"* 9.403-4 2.22S-2 4.642-2 3.01-2 3.347-2 6.694-2 F1.-15 T 

"033** F1.0 T 
-3 T** 910.0 e4647 .4,42 "'1o5360 0.891 
-.. 36SS 1OR1 2R2 SR3 
3S 38** 10R1.0 0.0 F1.0 
.3 39ss 1 2 3 

"4• CS$S F3 
.5 51SS 1 2' - 4 .9 6 " 9 9 10 11 12 1'3 14" 15 16 117 18 19 20 

.0Z 21 22 2! 24 25 2 7 T

?JONE. TIME: 

"D..XSDRNPr¶

0.243 SECe. IMAGE COUNT: 13

X-G39
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XSDPRNPM OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT 

3ADD gOEP STE*STAINLESS.XW1I•SHA 
WEST 15X15 ASBL, 4.0 W/O U-23. STAINLESS CLAD, H.A.

IS ARRAY 

'S ARRAY 

7S ARRAY 

4S ARRAY

13 ENTRIES READ 

10 ENTRIES READ 

12 ENTRIES READ 

9 ENTRIES READ

DIRECT ACCESS rILES ASSIGNED 
300 WORDS PER RECORD ON UNIT 3 
333 WORDS PER RECORD ON UNIT ) 

7231 WORDS PER RECORD ON UNIT 10

I PHYSICAL RECORDS PER LOGICAL 
10 PHYSICAL RECORDS PER LOGICAL 

I PHYSICAL RECORDS PER LOGICAL

GENERAL PROBLEM DESCRIPTION DATA BLOCK 
GENERAL PROBLEM DATA

1/213 - PLANE/CYLINDER/SPHERE 
NUMBER OF ZONES 
NUMBER OF SPACIAL I1TERVALS 
311/123 a VACUUMIREFLIPERI/HITS 
RIGHT BOUNDARY CONDITION 
NUMBER aF MIXTURES 
MIXING T ABLE LENGTH 
NUMBER OF ENERGY GROUPS 
NUMBER OF NEUTRON GROUPS 
NUMBER OF GAMMA GROUPS 
NUMBER OF FIRST THERMAL GROUP

2 
3 

20 
1 

3 
3 

27 2"7 
2?

SPECIAL OPTIONS

I/1 - NONE/WEIGHTING CALCULATION 
VOLUMETRIC SOURCES (ojN=NO1YES) 
BOUNDARY SOURCES CO/N=NO/YES) 
311/2 - INPUT 33*/34*/USE LAST 
4AXIMUN TIME (MINUTES) 
'/1/2/3=NO/XSEcT/SRCE/FLUX--OUT

a 3 
0 
0 

3

ISN 
ISCT 
I EVT 
11"9 

ICLC 
ITH 
I FLU 
IPRT 
ID1 
IPST 

IPN 
0 F1 

IAZ 
IAI 
IFCT 
IPVT

aUADRATURE ORDER 
ORDER OF SCATTERING 
OII/2f31 4/516=Q1KIALPHA, 
INNER ITERATION NAXI"11M 
OUTER ITERATION 1AX 

3/1 = FORWARDIADJOINT 
OI 1I2f31'=L-S1LISI1'/L-W 
-2I-1/31N=q!XTUAS XSEC F 
311/2/3=IfOPRT N31PCH Ni 
-10/IZP4ONE/FINEfALL BAL 

DUMMY PARAMETER 
011 = NONE/DENSZTY tACT: 
O/N = NONEPJ ACTIVITIES 
O/12NONEIACTIVITIES BY 
1/1=4O/YES UPSCAT"Eq SC; 
3/11Z=JOf'uAL2',A 2AOA¶E-

'-JEIGHTING DATA CIFG=I)

-1f1fl-CELL/ZONE/REGION WEI3HT 
%iR3ER OF BROAD GROUPS 
)f¶•lJql/lf3 3/Cl EIAC/A 
-'IN-1/lIS TEDXSEC T PRINT 
-1fN ANIS•I XSECT ORIN-

-1 
27 
-2 

-t

r4TF 
"•DSF 
4USF 
ItsCM

TOTAL XSECT PSI In SRDO 
PSN G-G OR FLE IUMSER 
TABLE LENIGTH OR %AX ORDi 
EXTRA 1-0 X-SECT 2OSITI:

vL3ATI1G POINT PARAMETERS

Page Added 
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IGE 
IM 

IBL 
IBR 

MXX 

1NG 

NGG 
IFTG 

IFG 

I PM 
I FN.  

ID Ti 

ICON 
I 6. F 
ITP 
IPP 
ZAP

X-G40



XSDRNPH OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued)

ASBLl 4.0 W/O U-235, STAINLESS CLADv H.As 

DATA BLOCK 2 (MIXING TABLE# ETC.)

MIXING TABLE 
COMPONENT 

922!5 
92238 

553016 
526000 
558016 

751001 
S016 
1001 

S2000 
24000 

26000 
23000 

!92235 
592233 

3016 
1001 

17-27 
32000 
240CO 
26030 
23000 

1922Z5 
!9227B !016 

1001 
1!027 
S2000 
24000 
26000 
25020 

;922ý3

EXTRA 
ATOM DENSITY XSECT 1D0S 

.94010-003 

.22280-001 

.46420-001 

.80100-001 

.33470-001 
.66940-001 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.1-0000-014 
.10000-014 
.70000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.10000-014 
.70000-014 

.10000-014 

.IC0G0-014 

.10000-0 14 

.10000-014 
o1C000-014 
.10000-014 
.10000-014

Page Added 
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MIXTURE 

3 

2 

1 

2 

7 

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

2 
2 

2 
2 

J 

Y

X-G41



XSDRNPH OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued)

BALANCE 
1,0000011+000 
1.0000010&000 
1.0000010+000 
1.0000010+000 
1.0000010+000 
1.0000010+000

OUTER 
I 

3 

4 
5 

6 
GRP.  
GRP.  
Gaps 
GRP.  
GRP.  
GaP.  
GRP.  
GRP.  
GRP.  
GRPo 
Gape 
GRPO 
GRPe 
GRPe 
GRPO 

GRP.  
GRP° 
GRP.  

G RP.  

GRP* 
GRP.  

GRP* 
GR P.  
GRP.  
G;RP.

UPSCATTER RATIO 
1.1732334+000 
1.0060307+000 
9.9542741-001 
909875232-001 
9.9937601-001 
9.9998923-001

ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS, 
ITERATIONS.  
ITERATIONSe 
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
I T ERATIONS.  
ITERATIONS.  
ITERATIONS.  
I T ERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS.  
ITERATIONS,

!RFD 
RFD 
RFD 
RFPD .qFD 
4FD 

RFD 

"PFD 
RFPD 
RFD 
.9FD 
RFD 
",FD 

RFD 
"MFD 

"RFD 
R~FD 
.RPD 
PFD 

RFD 
MFD 
R9FD 
4FD

OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF

EIGENVALUE 
1.3066a63+000 
1.3530315+000 
1,35677!2+000 
1.3556230+000 
1.3553561+000 
1.3553326+000

1.92031-005 
9.83198-006 
1.40503-005 
1.53691-005 
1 .2750-005 
1o44143-005 
1.52133-005 
1.70943-005 
2. ,6135-005 
2.39839-005 
2.51603-005 
3.21919-005 
3.33969-005 
3.23163-005 
5.17172-005 
3.36013-005 
3.99649-005 
3.88444-005 
3.23551-005 
4.13073-005 
4*.70205-005 
2.57391-005 
1.37101-005 
1.23306-005 
5 .05 442 -006 
1.64554-006 
1,40835-006

OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED 
OCCURRED

"6 23 1.3130010-000 9.9990553-001 1.30553297+000 
FIJAL rINrTOR LAM 9DA 1.3577076+000 

aLAPSED• * T.E 2.672233Z2 MIiN.  

.Page Added 
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LAM3DA1 1°3•002+000 

1.3035961+000 
1.00025:34000 
9.9994114-001 
1.0000669÷000 
1.0000091+900
I N 
IN 
IN 
IN 
IN 
IN 

IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 

IN 
IN 
IN 

IN 
IN 
IN 
IN 

IN

INTO 
INTO 
INTO 
INT, 
IN T 
INTO 
INTO 

I NT.  
NTeT.  

INT.  

I.NT a 
INTO 

IN.T.  
INT.  

INTe 
INT.  
INT.  

INT.  
INT.  
INTO 
INT.  

INT.  
INTO INTO

20 
20 
20 
"4• 

20 
20 
20 

2 
1 
2 
I 

20 

20 

2 

I' 
1" 

14 
14 

.2 
4 

",Z

0.9;99913l7-1 
ANGULAR FLUX IN

c 

c 
c 
c 
c 

c 
c 
c C 
C 
C 
c 
C 
C 
C 
C 

CI-/ 

c 
C 

C 

C 
C 
C 
C 

C 

c

INNER 
216 
415 
406 
564 
620 
661

REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
RE2UIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED

6 

13 

16 
11 

12? 

1 

21 

24 
2 

16 
7-



7" • 7' i, 

KENO INPUT - STAINLESS HYPOTHETICAL ACCIDENT 

:SS.KW15SHA 
'01/87 1Z:27:00 (60) 
1C ONE PWR ASSEMBLY, 4.0 W/O U-Z359 H.A.t STAINLESS CLAD 
i- Z`00. 50 405 6 27 27 14 6 14 10 1 1 1 1 -14 1 0 2000 0 1 8Z 
i0 0 0 0 3R-1 

S-92235 2.548-4 1 92238 6.037-1 
53 526000 4.003-3 1 551001 4.440-2 1 558016 3.473-2 

2 3016 3.347-2 2 1001 6.694-2 
10 7 24000 1.339-2 3 28000 1.$1S- 3 26000 5o.994-2 
ýo 4 1302' 6.026-2 
5- 1 S2000 3.299-2 
i) 6 592238 4.,773-2 6 -592235 1.052-4 
51- BOX TYPE 1 
SO CUBOID 1 11.271 -11.271 11.271 0.000 1000. -1000. 27*0.5 
io CORE BDY 0 11.271 -11.271 11.271 0.00 1000. -1000. 27*0.5 

ZHEMICYL+Y 2 10.509 1000. -1000. 27*0.5 
53 ZHEMICYL÷Y 3 19.600 1000. -1000. 27*0.5 
5C ZHEMICYL+Y 6 25.309 1000. -1000. 27*0.5 

ZHEMICYL÷Y 5 30.706 1000. -1000. 27*0.5 
60 ZHEMICYL÷Y 3 !2.o3 1000. -1000. 27*0.5 
SZHEMICYL+Y 2 45.629 1000. -1000. 27*0.5 
l ZHEMICYL+Y 3 46.264 1000. -1000. 27*0.5 
50 CUBOID 2 63. -63. 63. 0.00 1000. -1000. 27*0.5 52 1 1 11 1 11 1 11 1 

i" END KENO.  

NONE. TIME: 0.293 SEC. IMAGE COUNT: 23 

CONTROL MODE 

ZRKENOoSUPERKENO 

Page Added 
•X-G43 Oct. 1990



KENO OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT 

ONE PUR ASSEMBLY, 4.0 W/O U-2ZSr H.A.t STAINLESS CLAD 

NUMBER OF GENERATIONS 50 START TYPE 

NUMBER PER GENERATION 405 GENERATIONS 

NUMBER OF GENERATIONS TO BE SKIPPED 6 LIST INPUT 

NUMBER OF ENERGY GROUPS 27 LIST 1-D 1I 

nAX. NUMBER OF ENERGY TRANSFERS 2? LIST 2-0 41, 

NUMBER OF INPUT NUCLIDES 14 LIST FISS.  

NUMBER OF MIXTURES 6 USE X-SECTIc 

NUMBER OF MIXI3G TABLE ENTRIES 14 USE GEOMETR' 

NUMBER OF GEOMETRY CARDS 10 USE VELOCIT: 

NUMBER OF BOX TYPES I COMPUTE 4ATl 

NUMBER OF UNITS IN X DIRECTION 1 COMPUTE EATF 

NUMBER OF UNITS IN Y DIRECTION 1 LIST FI'ý.-,; 

NUMBER OF UNITS IN Z DIRECTION I ADJOINT CAL( 

NUMBER OF NUCLIDES READ FROM TAPE -14 USE EXPONErP, 

ALSEDO TYPE I CALCULATE FL 

SEARCH TYPET CALCULATE F: 

THIS PROBLEM WILL BE RUN vITH SPECULARLY REFLECTING BOUNDARY CONDITION 

THE ALBEDOS ARE +X = .o0000 -x .. 0000 +Y I 1,0 -Y 0 a -0 

MAXM'UJ TIME a 23.O040 •INUTES 

STORAGE LOCATIONS REQUIRED FOR THIS JOS z 13•1! 
REAINING AVAILABLE LOCA":ONS= = 1037 

Page Added 
Oct. 1990 X-G44



KENO OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued)

ONE PWR ASSEMBLYr 4.0 UIO U-275v H.A., STAINLESS CLAD

NIXTURE IUCLIDE 
1 -92235 
1 92238 
1 :Z6000 
I !51001 
I F53016 
2 S016 
- 1001 
"- 24000 

230CO 
3 26000 
i 13027 
5 82000 
6 !92293 
6 -792235

DENSITY 
Z.54800-0C4 
6.03700-003 
4.09300-003 
'."4000-002 
3.47800-002 
3o34700-002 
6.69400-002 
1.839T0-002 
1.81500-003 
5.99400-002 
6.02600-002 
3.29000-002 
4.77300-002 
16.0200-004

CROSS SECTIONS READ FROW TAPE

N 1269 F, 1002 T 218 GP 032475C2) 
H 1269 F, 1002 T 218 SP 032475(Z) 
0-16 1276 213 GP 330476M7) 
0-16 12'6 218 GP 030476(7) 
AL-27 1193 218 GP 04037505) 
CR 1191 218NGP WT lIE P-3 293K SIGP05+4 RECO423 
FE 213GP RE 5-17-SC1) 
FE 218GP RE 5-17-S(1I) 
NI I110 ZISNGP WT lIE P-3 293K SIGP=5+4 RECO42Z! 
Ps 1223 21NGP 042375 P-3 Z23K 
U-2Z5 1261 SZGP-5+4 NEWXLACS 21ENGP P-3 293K(3) 
U-275 1261 SGP-5÷4 NEWXLACS 21SNGP P-3 293KC3) 
U-238 213GP RE 5-17-73(1) 
U-2:8 Z13GP RE 5-17-73(l)

* �s

Page Added 
Oct. 1990X-G45

NUCLrDE 
NUCLIDE 
NUCLIDE 
%UCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NUCLZDE 
RUCLrDE 
NUCLIDE 
NUCLrDE 
"* UCLIDE 
IUCLIDE

= 
= 
= 
= 

= 

= 
a 
= 
= 
=

1001 
:51001 

3016 
158016 

13027 
24000 
26000 

,26000 
2!000 
32000 
92Z35 

92233 
9922:a



KENO OUTPUT - STAINLESS HYPOTHETICAL ACCIDENT (Continued) 

ONE PUR ASSEMBLY* 4.O W/O U-Z35, H.A.r STAINLESS CLAD

LIFETI'IE - lo13940-CO4 OR - 1oZ6732-006 GENERATION TIME a S.A62?

NO. OF IZITIAL 
GENERATIONS 

SXIPDED 

11 

12 

14 

1T 

2• 

-I 

4-

AVERAGE 
K-EFFECTIVE 

e93461 

.93512 .  

0 9!50 

093462 .  

-73536 ÷ 

.93636".  

17625 4 

073439 +.  

-97255 + 

.97Z'PS + 

.93006 + 

o92.69 + 

.72123 + 

.34-6 +.

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR 

OR -

DEVIATION 

- .00477 

- .00481 

* .30490 

.00502 

.00511 

030510 

.00515 

.00526 

.0052Z 

.00437 

.00541 

e00603 

o,0666 

.20716 

.Z1015

OR - .21254

67 PER 
CONFIDENCE 

s93364 TO 

.72930 TO 

.03022 TO 

0730303 TO 

.72950 TO 

.03076 TO 

o93167 TO 

.93099 TO 

.92967 TO 

.92775 TO 

.Z,734 TO 

.72403 TO 

.71903 TO 

0I141Z TO 

0*1067 TO 

oz21-Z TO

CENT 
INTERVAL 

s9401 

.93942 

.94001 

.9400? 

.9409' 

.94196 

.94151 

.94011 

, 93736 

.97315.  

.97023P 

.94?31

'5 PER 
CONF!XDENCEC 

.92587 TO 

o"Z40• TO 

.725:2 TO 

.92501 TO 

*9256! -0 

e92652 TO 

.9257! 

.92444 -0 

.92204 -0 

.91191 TO 

.10:52 3 ~ 

.7-16¶I -0 

• 71137 "0 

._*Z: T3

Page Added 
Oct. 1990
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SECTION XI 
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Radial Expansion Uranium ShieldAead/Outer Shell

Uranium Lead Outer S-S

Water 
Neutron Jacket 
Shield Shell

Inner Radius, In.  

Outer Radius, In.  

Common Effective 
length, In.  

Steady State 
Operating Temp. OF 

Pressure On: 

Inner Radius, psi 

Outer Radius, psi 

Material Proterties 
at Temperature 

Coeff. of Linear 

Expansion, in./in./fF 

Elastic Modulus, psi 

Yield Stress, psi 

Poisons Ratio

7.25 

10.00 

161.38 

373 

0 

Pa 

9.661x10-6 

24.0 x 106 

27,000 

0.2

10.00 

12.125 

161.38 

356 

Pa 

PC 

16.3x10-6 

1.95x 106 

711 

0.45

12.125 

13.00 

161.38 

352 

PC 

80.96 

9.9 x 10-6 

26.8x10
6 

45,900 

0.3

13.00 

18.00

18.00 

18.25

161.38 161.38

346 

80.96 

80.96

340 

80.96 

0

9.9x]0-6 

26.8 x 10E 

45,900 

0.3

K-.

a-I--18a

1.5.7 

Data

4""



Procedure of Analysis 

To study the behavior of the Uranium-Lead-Outer Stainless Steel 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 radius 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 volume 
of lead than actual and hence, a greater than actual increase In volume 
due to the thermal expansion.  

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 combines stresses are compared with the yield stresses to demonstrate 

the safety of the system.  

Thermal Expansions 

Initial volume of Lead void space 

"9 = 1T (12.1252 - 102) x 161.38 

23,836.462 in. 3 = V1 

Increase In Volume of Lead when It Is free of all external stresses 

= V1 x&Tx3eC 

= 23,836.462 x (356-68) x 3 x 16.3 x 10-6 

= 335.694 in• 3 .= V 

Increase in internal radius of Outer Stainless Steel 

" R•ATXCL 

= 12.125 x (352-68) x 9.9 x 10-6 

0.034 In. = UOSS,T 

Increase in external radius of Uranium 

= 10.00 x (373-68) x 9.661 x 10-6 = 0.0295 In. = UUT 
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Axial Stresses Due to Differential Thermal Expansion 

The cask construction Is such that the axial 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 = L XLAT Y. oc 

= 161.38 x (340-68) x 9.9 x 10-6 

= o.4346 Ins. L 

Outer S-S = 161.38 x (352-68) x 9.9 x 10-6 

= 0.4537 in. = [.  OSS 

Axial Pressure in: 

Water = 80.96 psi Ref. 12 

Lead =-P (unknown now) 

Axial Forces due to Pressure: 

Water =Tr (R2 -r 2 ) xp=Fw 

= 41 182 ; 132) x (-80.96) 

= -39,423.2179 lbs. (- *. compressive) 

Lead = 'f (12.125 2 - 10 2 ) x (-P) = FL 

= -147.704 lbs. (P) 

Let "L-" ins. be the resultant axial expansion due to these forces 

*. Axial forces produced are: 

Water Jacket Shell =(Area) (Change In Lenqth )X ( Elastic 
Original Length Modulus
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Outer S-S

=""(R2 -r 2)x (L - Ly) W x =F 
161.38 

ir (18.252 182) x (!,-0.4346) x 26.8x106 

161.38 

= (4.728 x L -2.055) x 106 

"1 (132- 12.1252) (I -0.4537) x26.8 x 106 

161.38

= (11.4696 ýxl -5.204) x 106=FOSS 

Hence, making a force balance in the axial direction, we have 

FW+ FL + Fwj + FosS = =o 

.• -39,423.2179 - 147.704 x P + (4.728 -2.055) x 106 + 

(11.4696 L - 5.204) 106 = 0 

L -0.45 +9.119x10- 6 xP 

"Axial stress (assumed constant over radius) for: 

Outer S-S = FOSS = I" 1.514 x P- 525.166 

IT' (132 - 12.125"2) zOs5s 

Radial Expansion Due to Radial and Axial Stresses 

For thick cylinders with internal radius R1 

External radius R2 , internal pressure P 

External pressure P0 & Axial Stress (' 

The radial and hoop stresses at any radius "r" are given by:
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h 2 2 p R2 p R, "R2 )2 ( o 
• R,= 2 -R2 R1 P -2 Po+-((-o 

R2-" 1 r 
_r=.21 iL 2 ___2 ~ 

•'h= R2 R21 [ R i p P o+(R1 2 )2 (P -o 

For cylinderical coordinates, hoop strain Is given by 

It a [ - V +I 
hr EL rFJ 

Where U , Radial displacement at Radius 'r'.  

r 2 2.R_ 
e U= 1( _R1)2 (1-v) (RI pi- R2 ;b ) + (l+v)( r )2 (P2  P, 

E 
= Radial displacemient due to pressure and axial stress.  

*. Radial displacements due to pressure and axial stresses for: 

Outer S-S, at Inner radius 

12.125 F(1-0.3 (12.1252 x p - 132 x 80.96) 
26.8 x 106 ( 132 - 12.1252)L +(1 + 0.3) x (P-80.96) 

- 0.3x 1.514xP-525.166 
26.8 x 106 

• 6.622 x 10-§ x P - 557.266 x 10-6 in. = OSS, p
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Uranium at outer radius C (. = 0 here) 

10.00 (1-0.2) (-102 x p) + (1+0.2) 
24.0 x 106 ( 102- 7.252 ) x 7.252 (-p) 

1.257x10-6 xPin. L U U7P 

New Dimensions of Lead Annulus 

Length = Initial length + L 

= 161.38 + [0.451 + 9.1188 xi0 6 P] 

-9.1188 x 10- 6 x P + 161.831 = L 

Outer Radius = Initial Outer Radius + UOSS, T + UOSS,P 

- 12.125 +0.034 + 6.622x 10- 6 xp - 557.266x 10-6 

= 6.622 x 10-6 x P + 12.159 - R2 

Inner Radius = Initial Inner Radius + UU,T + UU,p 

= 10.00 + 0.0294 - 1.2566 x 10-6 x p 

= -1.2566 x 10- 6 x P + 10.029 = R1 

OuterArea =.r(R2) 2 =11' [161.032 x 10- 6 xP+ 147.8299] A2 

InnerArea =IT (R1)2 = 1 25.208 x 10-6 x P + 100.590 ] A1 

Cross-Sectiona.l Area = A2 - A1 

=tr [186.240 x 10-6 x P + 47.2397] 

Volume=Lx (A 2 - A1 ) V2 

a,* V2 = 96,038.915 x 10-6 x P + 24,016.957
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Ecuatinq the Volume Increases of Lead and Lead Annulus 

AV V2 -V 

335.694 = 24,016.957 + 96,038.915 x 10-6 x P -23836.462 

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.

Results 

PressureJlnLead Annulus - 1,616 - P 

Maximum Hoop Stresses in: 

Outer Stainless Steel = 6 "h,max. (at

'-I-

1 12 2 
= 2 2 R pi - R2 h,max. R -R 2i 

R2 21 +L, 

R 2 2 2 2 

2 1

inner rad.) 

Po +R 2 

p0P 2 (

P i - 2R2

2 1 |(12.1252 +132) x 

132 - 12.1252
1-r-616 - 2(132) x'80.9

= 21,984.558 -= 6•110SS = 21,985 psi.
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Uranium (at inner rad. & P ), 0 

, . 1 - 2x (10 2 )x 1,616 hmax. 102 - 7.252 

=6813.175 -" 6 813 pai 1,U 
Radial Stresses in: 

Outer S-Steel (at Inner rad.) = - 1,616 (compressive) 

= IP-2, OSS 
Uranium (at Inner rad.) = 0 = ,U 

Axial Stresses Inm 

Outer S-Steel 1.514 x P - 525.166 

= 1,922.013 psi = (u3, OSS =1922 psi 

Uranium=0= 3, U 

From Distrotion Energy Criterion, for Combined Stresses, the equivalent 
combined sress 6! Is given by: 

2 4 - -2)2 )2 
1 - + ( T 43) +( 3 - '1)2 

*. For Outer S-Steel Shell, 

2 T, 2 = (21,985 + 1,616)2 + (-1,616 - 1,922y2 + 192 1952 

:. 4 'Oo.oss = 22,0 4S.5psi < ,tS forS-Steei 

= 22,046 < S; 45,900 psi.  

For Uranium 

2 (.-02 = (6,813)2 + (6,813)2 

".•. " (6,813) psi ( "for Uranium = 27,000 psi.

XI-l-18h



1:5.8 Radial Expansion Uranium ShieldAead/Outer Shell 

The highest temperatures thru the cask walls occurs 0.5 hrs. after 
the start of the hypothetical fire accident condition.  

Uranium shield 5820 F, 20" O.D. 4T = 582-68=5146 F 

Lead Shield 641OF 3T - 641-68=5731F 
Volume of lead - 23146 in.3 
Volume of void = 650 in. 3 

Linear expansion of lead 16.3 x 10-6 In./in./OF.  

Outer Shell 7020F.. 24.25" I.D. , UT= 702-68= 634 0 F 

Increase In volume of Uranium Shield over 160" length 

4 - 9.661 x 10-6 x 514 x 10 = .04966 

Volume increase = (Wf 20.04966) .04966 (160) - 500.382 In. 3 

Increase In volume due to Outer Shell expansion over 160" 

4 - 10.3 x 10-6 x 634 x 12.125 - .079179 

Volume increase=(frf 24.204179) .079179 (160) = 963.137 In. 3 

Net Increase In space available for lead 

963.137 - 500.382 = 462.755 In.3 

Total space available, IncludIng original void 

462.755 + 650 = 1112.755 In. 3 

Bulk expansion of lead shield to 6410F 

Sa 3 x 16.3 x 10-6 x S73 x 23146 = 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 = 369.045
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Consider expanding the Outer Shell over 160" length Surface area 
of I.D. = 160 (t7 24.4084)-- 12266.7 In. 2 

Radial expansion required -369.045 = 0.030." radial 12266.7 

Hoop Strain = .030 - .246% 
12.2042 

M.S. -48.0 1- 1= 181.9 
.246e 

Plastic yielding 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.  

Uranium shield 627 0 F, 20" O.D. AT- 627 - 582 = +4SOF 

Lead Shield 621OF AT=s 621 - 641 : -20F 

Outer Shell 611 OF, 24.25" I.D. , AT= 611 - 702 , -90oF 

Increase In volume of Uranium Shield over 16D" length 

= 9.661 x 10-6 x (+45) x 10.04966 - .004369 

Mean Dia. , 20. + 2 (.04966) + .004369 = 20.103689 

Vol. increase ,fl'(20.103689) (.004369) 160 - +44.14969 in. 3 

Decrease In vol. due to Outer Shell contraction over 160" 

Previous rad. = 12.125.+ .079179 = 12.204179 

• ,= 10.3 x 10-6 x (-91) ( 12.204179) = - .07438976 

Mean Dia. - 2 (12.204179) - .011438976 = 24.39692 

Vol. decrease =F(24.39692) (-.011438976) -140.27795 in. 3
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Net decrease In space available for lead 

-140.27785 - 44.14969 = -184.42754 In. 3 

Bulk contraction of lead from 6410 to 6210 F 

=r" 3 x 16.3 x 10- 6 (20) (23146 + 1481.8) , - 24.08599 In. 3 

Further deficiency in available space 

- 184.42754 + 24.08599 , - 160.34155 in. 3 

This is equivalent to expanding the outer shell over 160" 

Surface area of I.D. ,=160 (W'24.4034) - 12266.7 in. 2 

Radial expansion required 

-160.34.55 = .013" radial 
12266.7 

Hoop strain - 01 = .00106 = .106% 
12.20 

Total strain from start up Is .246 + 106 - .352% 

M.S. =45. - 1- 126.8 
.352 

Very slight plastic yielding is indicated.
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