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CRITICALITY ANALYSES OF DISRUPTED CORE MODELS
OF THRER MILE ISLAND UNIT 2

R. M. Westfall, J. T. West, G. E. Whitesides, and J. T. Thomas
ABSTRACT

Three hypothetical disrupted core models were analyzed
for the President's Commission on the Accident at Three Mile
Island. Soluble boron in the present configuration was
assumed to be 3180 weight parts r2r million (wppm). Posi-
tive reactivity effects due to fuel swelling, fuel slumping,
and coolant dizpiacement by ZrO; increase the cold, shutdown
system multiplicaticu factor from approximately 0.7 to
0.86. The increase in reactivity for the three morels can
be roughly correlated with a decrease in the borated water-
to-fuel volme ra*io. Each of the 39,825 pin-lattice loca-
tions was mocaled explicitly in the Monte Carlo analyses of
the reactor cor-. Parametric studies were performed with
one-dimensional discrete-ordinates analyses. The report
T includes a benchmark critical analysis of the system at hot,
| % zero-power startup, a description of the amalytical methods
;- used, and a comprehensive compilation of the daia upon which

the analytical models were based.
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I. INTRODUCTION

; At the request of W. R. Stratton, staff member of the President'’'s
Commission on the Accident at Three Mile Island, a series of analyses
were performed to determine the reactivity effects of various hypotheti-

cal modes in which the reactor core of Three Mile Island Unit 2 may have

? been disrupted. The results of these analyses were forwarded to
Dr. Stratton for use in preparing his portion of the cozmission report.
The purpose of this memorandum is to provide formal documentation of this
effort in terms of the hypothetical models studied and the analytical

‘. methods applied. The scope of this study was restricted to the disrupted

core analyses., No quantitative judgment was made as to the likelihood of
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the occurrence of the par*icular accident modes. Also, no recommendations
are made as to specific actions to be taken to avoid a criticality inci-
dent during plant recovery operatioms.

The sources ¢. information used in constructing the disrupted core
models are described in Section IY. This information includes data on
the reactor design, a benchmark critical configuration, possible core
disruptive mechanisas, and the soluble boron content of the reactor
coolant, The disrupted-core models are described in Section III. The
analytical methods are described in 3ection IV. This section includes a
brief description of the 27-group neutron cross-section library and the
geometry modeling features of the Monte ‘arlo transport programs MORSE-
SGC/S! and KENO-IV.2 The capability of these programs to represent the
disrupted core with a high level of geometric detail was the primary rea-
son for performing this study at Oak Ridge.

The results of the study are presented in Section V. The results
pertain to three categories:

1, Parametric studies of the effects of fuel pin geometry
changes determined through infinite-lattice pin-cell calculations.

2. A benchmark analysis of the as-measured critical configuration
at hot, zero-power reactor-startup conditions,

3. Analyses of the disrupted core models including variations to
determine the reactivity worths of the soluble boron, the control
rods and the burnable poison rods,

Conclusions drawn from these results are summarized in Section VI.

II. MODEL DESIGN DATA
Reactor Design--The primary source of data on the design of Three
Mile Island Unit 2 was the Final Safety Analysis Report (FSAR).3 Infor-

mation wes taken from this report on the following design features:

Al e A e o8 Ao s 15
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1. Fuel assembly design, compositions and dimensions including

a, fuel pins,

b. control rods,

¢, axial power shaping rods,

d. lumped burnable poison rods,

e. orifice roda, and

f, instrumentation guide tubes.
2. Cycle one fuel-loading scheme.
3. Rod locations, 0-200 full power days.
}. Reactor vessel and internals.
Copies of the tables and figures from which this information was taken
are included here as Appendix A. This informaticn was supplemented with
particular details supplied by the Babcock and Wilcox Company. These
pertain to the various fuel enrichments, given in Table 1, the ByC load-
ings of the lumped burnable poison rods, given in Table 2, and the den-
sity of the Ag-In-Cd control rods (10.17 g/cc). All analyses in this
study include fuel and fixed-absorber compositions based upon the
beginrning-of-life value, That is, no variation due to the brief operat~-

ing history of the reactor was taken into account.

Table 1. Cycle One Fuel

Enrichments
Fuel Element®  Fuel Enrichment,
Designation Weight § G-235
Fuel Type "A" 1,98
Fuel Type "B" 2.64
Fuel Type "C" 2,96

%50, at 10.138 g/co (0.925 of
theoretical).

. “"“)""“‘*'%a
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Table 2. Lumped Burnable Poiscn
Rod? B,C Loadings

Rod Designation al.{c Loading,
Weight § B,C 7
LBP-1 1.395
LPB-2 1.260
LPB-3 1.060

%51,0;-B,C mixture at 3.7 g/ce-

b Natural boron.

Benchmark Critical--Additional information supplied by the Babcock
and Wilcox Company included a set of conditions under which Three Mile ;
Island Unit 2 was critical,
l. Hot, zero-power startup (fuel and moderator at 551°K).
2. Coolant at 2200 psi (0.77 g/cc).
3. Soluble boron 2t 14390 wppm.

§. Control rods out.
5. Axial power shaping rods out.

Core Disruptive Mechanjsms--Information concerning the possible

modes in wvhich the reactor core may have been disrupted was provided by
staff members of the Babcock and Wilcox Company and by cognizant indi-
viduals at Qak Ridge National Laboratory. Three major phenomena have
been postulated, '

1, Zirconium Oxidation

Camdk B b

a. function of temperature and steam distributions.

b. hydrogen release indicated approximately 35% of
Zircaloy oxidized.

¢. 2r0z probably flaked off and crumbled.

d. damage concentrated in upper axial center of core.

e¢. damage likely on fuel rod clad, possible on LBP rod
clad and control rod guide tubes.

2. Fuel Swelling

a, rapid depressurization of core may have caused clad to
"balloon out® and rupture.
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b. thermal stresses may have caused U02 to crack and crumble,

e¢. {02 way corvert to U30g at a lower density (10.96 vs 8.3 g/ce
theoretical).

3. Fuel Sliwmping

a. may occur with loss of clad integrity and physical displacement
of U02.

b. heat tranafer analyses indicate that the melting point of U002
may bave teen exceeded in the top central portion of the core.

¢, severe dowavard diaplacement of the fuel believed to be
restricted to the area above the third axial spacer grid at the
center of the core extending radially and upward to the first

axial spacer grid at the third fuel assembly from the edge
of the core.

Soluble Boron Coptent--Coolant samples dated Jume 7, 1979, and
analyzed at Oak Ridge Nationmal Laboratory contained a boron content
equivalent to 2400 wppm. Trace amounts of silver, indium, and cadmium
were detected. The boron content was scheduled to be increased to

3180 wppm by July 1, 1979.
III. DISRUPTED CORE MODELS

Three dis,upted .ore models were analyzed. For the intact portions
of the reactor core, each of the three models included an explicit
repregsentation cf the contents of the 39,825 pin lattice locations. That
is, the fuel rods, control rods, axial power shaping rods, lumped burn-
able poison rods and the orifice rods were each treated with all avail-
able detail as to composition and geometry., No distinction was made
between the 40 instrumentation tubes containing in-core detectors and the
137 rémaining water-filled locations, Staff members of the Babcock and
Wilcox Company have indicated thatvthc in~core detectors are worth about
0.2% Ak/k in negative reactivity. The major difference between the thrae
disrupted core models was in the number of axial layers uzad to represent

the disrupted portion of the core. The MORSE-SGC/S modul inciudes seven
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axiel levels in the core while the KENO-IV models have a maximum of two
axial core zones, |
MORSE- SGC/S "Three Jump Slump® Model--This disrupted core model is / |
shown in Fig. 1. The Iintent in designing this model was to incorporate
all of the core disruptive mechanisms in an internally consistent manner.
Thus, all of the fuel pins in the core are swollen by 30 percent with the
fuel consisting of a U0,-U30g mixture with effective densities calculated
to fill the increased volume and conserve the original mass of uranium.
The deasities for the two components in this mixture were 6.521 g/cc Tor
U30g and 1.534 g/cc for UO,. Complete conversion from U0, to U30g (at a
constant percentage of theoretical density) would result in a volume *
increase of 37 percent.
A second major feature of this model concerns the disposition of the
Zr02 formed in the upper central portion of the core. Hore it is .ssumed
to he uniformly distributed in the coolant channels immediately below the
slumped fuel., The Zr0z occupies 32.9 percent of the fiow channel areas
for an axial distance equal to the length of the slumped fuel. The fuel
elemert spacer grids would be the primary mechanism for preventing the
Zr02 from exiting the core,
The third major feature of this model concerns the nature of the
slumped fuel. With the loss of the zircaloy clad, it is assumed that the
U02 convercs to Us0g and is physically displaced downward to rest upon
the spacer grids and .on-disrupted fuecl, Tl fuel is assumed to be a
mixture of the typas » and B fuel assemblies located in the disrupted ’
region ylelding an average enrichment of 2.3 wt 4 0.235, The slumped

fuel has a 0.687 volume factor which is near tbe theoretical maximum
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Spacer Axial
144 ' Zone 1 ' Zone 1 l Zone I1I lZone IV} Grids Level
H,0-8(3180)  J / 7
r————ad /
! _
wa | VS /] ist
/0(2.3)30. (0.635),

/7 H,0-8 (0,313) 6

102.85" // / / 2nd
// “

82.28"__ 7 3rd

Swollen Fuel Pins,

. Ir0; in Coolant 4

61.71" 4th
Q‘L Fuel Pins Swollen 30%, 3

Normal Coolant 5th
4

20.57" 6th
1

7th

Fig, 1. MORSE-SGC/S Three Jump Slump Core Model#

Radial, and Axisl Reflector Regions in Model.

Core Barrel,

*Control and Lumped Burnable Poison Rods from Disrupted Portion of Core
Missing. Boron in Coolant in All Zones at 3180 wppm.
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packing factor for spheres. The U30g and borated water are the only
materials remaining in the disrupted region of the core. That is, por-
tions of the control rods, lumped burnable poison rolds and orifice rods
that originally extended through this region have been removed from the
model. This is a conszrvative assumption from the criticality safety
point of view.

There are four radial zones in this model. A detailed layout of the
contents of each radial zone is given in Appendix B. This appendix
includes a description of how this model was mocked-up usiug the array of
arrays feature of the MORSE-SGC/S geometry package. Of particular
interest is the manner in whick the overall pin lattice array was trun-
cated axially and indented raodially to accommodate the representation of
the disrupted portion of the core.

» = " ~=This disrupted core model is
shown in FPig. 2. Here it is assumed that the complete upper half of the
core has been disrupted. The fuel has converted to U308 and been dis~
placed downward to form the same U30g-H20 + B mixture assumed in the
MORSE=-SGC/S model, However, the fuel enrichment used herc was 2.57 wt §
0-235, which corresponds to the core average, This model assumes that
the fuel clad and the other non-fuel materials in the disrupted region
have been removed from the core., The lower half of the core is the nor-
mal pin lattice configuration (39,825 lattice locations). Details of the
geometry mock~up in KENO-IV are given in Appendix C.

KENO-IV "In-Place Fuel Slump® Model--This disruptad core model 1s
shown in Fig. 3. Here it is assumed that the fuel pin expands radially

at constant clad density and volume and that the U0; slumps axially at

e oo A T T T




198"

H,0 + B

I,

U(2.57)304 — 420 + B Mixture

/////////

120"

Normal Pin-Lattice Core

Boron at 3180 wppm

Fig. 2. KENO-IV Displaced Fuel Slump Model*

#Includes Radial and Axial Reflectors of H20 + B
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10

H,0 + B, Pin-Lattice Without UO,

Pin-Lattice Core, Fuel Pin
Volume Increased With
A Constant Density and Mass
of U0,

Boron at 3180 wppm

Fig. 3. KENO~-IV In-Place Fuel Slump Mode1?

%he values: 144", 114,2", 94.6", 80,8", 70,4"
bIncludes Radial and Axial Reflectors of H20 + B
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constant density and volume, Including the as-built core, five fuel
heights were analyzed. The minimum fuel heigh® corresponds to the case
in which the outer diameter of the fuel pins is equal to f;he lattice
pitch (1.442 cm) and thus the fuel pin= are touching. The three inter-
mediate fuel heights correspond to 25, 50, a;ld 75 percent of the total
possible increase in the cross sectional area Jf the fuel. The fuel pin
clad and the other nonfuel material above the active portion of the core
are present in this model. Details of the geometry mock-up in KENO-IV

are given in Appendix C.

IV. ANALYTICAL METHODS

Neutron Cross Sectjions~-The neutron cross sections used in these
analyses were taken from a 27 energy-group library developed from
ENDF/B~1IV data for the U, S. Nuclear Regulatory Commission, The 27
energy-group structure was determined through an extensive series of
model calulations The group structure includes the boundaries of the
16-group Hansen-RoachS cross-section library with two additional boun-
daries in the high-energy "fission-spectrum®™ range and nine additional
boundaries in the low-energy "thermal-upscatter®™ range. The group struc-
ture 1s given in Table 3.

Resonance processing was performed using the NITAWL-S module of the
SCALE system. This module applies the Nordheim® method to calculate
resonance self-shielding for the absorber materials located in a pin-
lattice cell. Resonance processing vas performed for nine nuclides:
U-238, U-235, Zircaloy, Ag-107, Ag-109, In-113, In-115, Cd, and Mn,
Several parameters determined the number of lattice-cell resonance

analyses.

e s w - T -
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Table 3. 27-Broad-Energy Group Structure

12

Group No. Upper Boundary Group No. Upper Boundary
1 20 MeV 15 3.05 eV
2 6.538 16 1.77
3 3 17 1.3
5 1.85 18 1.13
5 1.8 19 1
6 900KeV 20 0.8
7 500 21 0.2
8 ‘00 22 0.325
9 1’ 23 0.225

10 3 24 0.1

1 55uv eV 5 0.05
12 100 26 0.03

13 30 27 0.01

15 10 0.00001

This group struciure was found to be adequate through the broad-
group-determinatisn procedure for the nuclides: U-238, U-235,
Pu-239, Pu-240, Pu~-241, Pu-282, B-10, SS-304, (Ni, Fe, Cr), Cd,
Al, Cu, H,0, zircaloy-2.
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1. Fuel enriclment

2. Fuel diameter and density

3. Fuel teaperature

§. Temperature and dersity of the coolant
5. Boron content of coolant

6. Presence of Zr0z in coolant

Appropriate Dancoff factors for the various combinations of cell
parameters veré applied. The 0303-326 + B mixtures were treated as
infinite homogeneous media in the resonance processing for U-235 and
U-238. Fuel enrichment was the only variable in these analyses,

Of particular interest to this study is the expected performance of
this cross-éection library in the analysis of systems similar to Three
Mile Island Unit 2. The results of previous analyses7 of pin-lattice
critical experiments with ENDF/B-IV data are given in Teble 4. The 27-
group library is a subset of the 218-group library in the table. Also,
the 19~group library is a subset of the 27-group library, Thus, the 27~
group library would yield system multiplication factors consistent with
the results from 218~ and 19-group libraries. The results using point
cross sections are in good agreement with the multigroup results. For
comparison purposes, the lattice pitch for the Three Mile Island Unit 2
fuel assemblies is 0.57 inches and.the effective water/fuel volume ratio
is 1.27 for the hot, zero-power startup configuration. Thua, Cases 1, 2,
and 5 correspond fairly well to the critical benchmark configuration for
Three Mile Island Unit 2. From these results, the expected multiplica~
tion factor calculated wit!s the 27-group library for the critical bench-~
mark would be between 0.980 and 0.990.

MORSE-SGC/S~-This is a new rorsion of the MORSE !0 Monte Carlo

transport codes, It combines the supergroup capabilities of MORSE~SGC !




Table 4. Calculated Results for Critical Uranium Oxide
Lattices with Clean and Borated Water Moderators

ENDP/B-IV Data

Vater/Fuel Pitch .

Cricical Experiment Case Volume Ratio (inches) Point XSECS 21% Group 19 Group

WCAP' A water moderated 1 1.49 0.6 0.9869 0.0063 0,9848 0,0068 0.9867 0.0044
23 %23 array of 2.72X
enriched V02 rods )

EPRI' Clean water moderated 2 1.20 0,618 0.9900 ‘ 0.0060 0.9864 0.0042 0,9849 ¢ !
lattice of 2.35X enriched 3 2.41 0.750 ——— 0.9922 0.,0030 0,9934 7] 9
U002 rods 4 3.68 0.87 0.9984 0.006) 0.9932 0.0047 0.9934 (:,0039
EPRI’ Dorated water moderated s“ 1.2 0.615 —— on= 0.9837 0.0033
lattice of 2.35% onriched ¢ 2.41 0.75 — —— 0.9983 0.0036
U0z rods ? 3.68 0.87 —— - 1,0007 0.0034

4668 wppm soluble boron

141
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with a new array of arrays nesting feature developed for the U. S.
Nuclear Regulatory Commission. The array of arrays feature provides for
a single description of each type of fuel pin, lumped burnable poison
rod, etc., followed by array specifications to define the fuel assemblies
and a subsequent array specification of the fuel assemblies in the reac-
tor core. The power of this procedure is demonstrated by the minimal
computer storage requiremsent for the geometry description of the MORSZ-
SGC/S *Three Jump Slump® dismptéd core model. Less than 9,000 decimal
words of coaputer storage were required to describe tie three-dimensional
array containing 241,200 pin locations--plus the various uniform media
bodies corresponding to the U30g-H0 + B mixture and the water and steel
reflector regions.

The MORSE-SGC/S analyses were performed on the Idaho National
Egineering Laboratory CDC-7600 computer. Several initial neutron source
distributions were specified for differing fuel regions. There was no
discernable trend with source specification in the results, Standard
variance reduction techniques such as Russian Roulette and splitting were
applied. The analyses required about 1.2 minutes of CPU time per thou-
sand histories calculated. Standard deviations of 0.003 were obtained
with 60,000 histories, 0.006 with 30,000 histories, and 0.07 with 8,000
historias.

KENQ=iY==This 18 the current production version of the KENO*! series
of multigroup Monte Carlo criticality programs. These programs feature
an easily-specified geometry schems which permits an extremely efficient
particle tracking algorithm. The accuracy, efficiency, and ease~of-use

of these prograns has led to their being the most popular codes for
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multidimensional criticality analyses, A high level of experience in
this use has been accumulated in the last decade. Automated prd .edures
in KENO-IV include source specifications, particle biasing, reflector
weighting, and output edits,

The primary limitation in applying KENO-IV to this study stems froms
the very large number of pin-lattice locations that must be described.

In KERO-IV, the entire mixed-box orientation array is stored in the com-
puter memory. Thus, the primary application of KENO-IV has been to cor-
roborate the MORSE-SGC/S results for those models requiring only one
axial layer in the pin-lattice specificatious.

Applying one-quarter core symmetry, the entire Three Mile Island
Unit 2 reactor lattice was mocked-up in a 120 x 120 mixed box orientation
array. A computer program, MAKARAY, was written to 3implify the specifi-
cation of this array. First the fuel assemblies were specified, then the
combination of fuel assemblies corresponding to the first core loading
was specified, From this information MAKARAY constructed the KENO-IV
mixed-box orientation array for the one-guarter core. Note that the
one~-quarter core symmetry was achieved through the specification of hemi-
cylinders for the pins lying on the X and Y core midplanes.

The KENO-IV analyses were performed on the Oak Ridge National
Laboratory IBM-360/91 computer. The analyses required about 0.4 minutes
of CPU time per thousand histories calculated. Standard deviations of
0.006 were obtained with 6,000 histories.

XSDRANPM-S--This is the SCALE!? aystem version of the XSDRN!3 ope.
dimensional discrete-ordinates neutral particle transport programs. Its

primary application in this study was in pin-lattice cell calculations
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to determine the effects of various changes in fuel composition and
geometry. The analyses were perfo.... ...u the Sg angular quadrature
approximation and a P3 scattering expansion order. XSDRNPM-S was exe-
cuted in a SCALE system analytical sequence (CSAS1) which porforms the
problem-dependent cross-section processing arnd sets up the input for the
transport an;uysu. NITAWL!2? input parameters and nuclide atca densities
from these analyses were also used in the three-dimensional Monte Carlo

analyses,

V. ANALYTICAL RESULTS

“pfinite Pin lattice Analyses--These analyses were performed to pro-
vidc yualitative estimates of the reactivity effects due to possible core
disruptive mechanisms,. Since they are one~dimensional analyses, the com-
bined effects of fuel and neutron absorbing rods are not calculated.
4180, the peutron leakage is not taken into account, However, the leak-
age for this core is only worth zbout 4 percent ia reactivity.

Generally, the reactivity effects are due to postulated changes in
the fuel pin geometry and associated variations in the water-to-fuel
volume ratio in the reactor core. One limit to this variation is the
case of an infinite medium of U(2.96)0,. The multiplication factor for
this dry fuel case is 0.663. Note that the fuel enrichment corresponds
to the highest of the three values for the Three Mile Island Unit 2
reactor core, Thus; soae content of water and its associated neutron
moderation must be present for this system to become critical,

The effects of water content on reactivity are complicated by the
high soluble boron content of the reactor ocoolant. Pressurized water

reactor fuel is normally considered to be undermoderated, that is, at

Ji s




.
é
g
K

18

less than an optimum water-to-fuel volume ratio for maximum reactivity.
Such is the case for the "cold clean" (unborated water) results listed in
Table 5 and shown in Fig. 3. Reducing the lattice pitch lowers the mul-
tiplication factor spill further. However, for the "cold borated® situ-
ation, the opposite effect is observed. The most reactive lattice pitch
is significantly less than the design value. Eventually, the negative
reactivity due to the loss of water overtakes the positive reactivity due
to the loss of boron and the systeam multiplication factor comes back
down.

The results of fuel swelling listed in Table 6 and shown in Fig. 5§
reflect a similar variation. Fuel swelling removes water and boron from
the system and the multiplication factor rises. Here the water-to-fuel
volume ratio ranges fros 1.65 to 1.07 while the lattice pitch variation
discussed above resulted in a much wider range in this ratio (2.97 to
0.57). This limited range accounts for the monotonic behavior of the
curves in Fig. 5.

The effect of boron concentration upon the system multiplication
factor is given in Table 7. From 0 to 2400 wppm the reactivity worth of
the Loron is 1.13% Ak/kjk, per 100 wppe while from 2400 to 3180 wppm the
worth is 1.08% Ak/kik; per 100 ppm. Thus the in:remental worth of the
boron decreases as saturation is approeched, These values are slightly
higher than the 1% Ak/k per 100 ppm soluble borun worth determined by the
Babcock and Wilcox Company, This value, given in Table 4.3-11 of Appen-
dix A, pertains to the hot reactor core at rated power. Thus the soluble
boron worth should be somewhat reduced due to the lower water density and

the presence of fixed absorbers.
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Table 5. TMIZ Infinite Lattice Pitch Variation

Case Lattice Pitch (cm) cold? clean k_ Cold Borated® k,
1 1.154 (-20%) 1.182 1.025
2 1.227 (-15%; 1.229 1.087
3 1.299 (-10%) 1.28% 1.080
3 1.371 (-5%) 1.319 1.016
5 1.843 (Cesign) 1.350 0.982
6 1.515 (+5%) 1.351 0.933
7 1.587 (+10%) 1.355 0.902
8 1.659 (+15%) 1.352 0.860
9 1.732 (+20%) 1.385 0.817

a2.57 wt § eariched U02 (92.5% theoretical density),
J.94 cm OD, Zircaloy clad 1.092 cm OD, 0.958 cm ID.
bAll materials ai 293°K, H;0 at full density.

®2800 wppm natural boron, June 7, 1979, ORNL analysis.

Table 6. TKT Infinite Lattice® Fuel Swelling

Swelling (V0z)  Fuel Clad®  cold Clean Cold Borated
Case Factor (g/ec) 0D (cm) 0D (cm) k,, Ky,
1 1.00(design) 10.14 0.920 1.092 1.340 0.982
2 1.05 9.66  0.963 1.097 1.338 0.988
3 1.10 9.22 0.985 1.116 1.335 0.989(3)
4 1.5 9.10  1.008 1.137 1.329 1.001(7)
5 1.20 8.45  1.030 1.157 1.326 1.002(3)
6 1.30 7.80  1.0T1 1.193 1.316 1.012(5)

%constant lattice pitch of 1.443 cm, 2400 wppm boron in H,0.

bCIad expanded at constant volume,

®Next significant figure,



1.3f

1.2

1.1

1.0 }_

|

>

c.8 ]

o Unborated

0 Borated

Fig. 4.

-10 0.0 10 20

Percentage Change in Lattice Pitch
(Design Pitch = 1.443 cm)

TMI Infinite Lattice Pitch Variaiion




21
) -
o
Q ©
1.3)
ke O Unborated
O ‘orated
1.2
l.lr
]
1.0 ] o
0.9 1 [ L 1
1.0 1.1 1.2 1.3

Volume Fraction Fuel Expansion

(Constant Lattice Pitch = 1.443 cm)

Fig. 5, TMI Infinite Lattice Fuel Swelling




H
%

£
b
"
I

22

Table 7. Multiplication Factor vs Boron
Content and Enrichment

.Fuel Boron Concentration, wppa
Enrichment 0 2800 3180
2.5T wt § 1.34 0.982 0.907

(Core hverage)

2.96 wt % - ©1.032 0.957
(Type C)

2.6“ 't ’ - °v992 o.918
(Type B)

1098 wt ’ - - 0-811
(Type A)

Table 8. Combinc: Fuel Swelling, Interstitial zZrO,

2.96 Wt £ Enriched Fuel, Multiplication
Case Cell Description Factor
A Normal fuel, boron at 3180 ppm 0.959
B 308 swollen fuel,® boron at 0.992
3180 ppm
Cc Case B, 33 vol § Zr0; in H20 1.012

#Fuel composed of U30g and U0, inside zircaloy clad.
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The combined effect of fuel swelling and coclrnt displacement by

ZrQ0, is given by the data in Table 8. The overall effect is worth 5.5%

.<,r.....um;wm‘ W ¥ )

Ak/k 1k, while the swelling alone is worth 3.5% Ak/k)k,.

The results in Table 9 demonstrate the relative worths of the
Ag-In-Cd control rods and the B,C-Al,03; lumped burnable poison rods. In
these analyses, the cell lattice pitch was taken as the average spacing
between control rod centers, and the intervening fuel rods were treated
as a homogeneous fuel-clad-coolaﬁt medium. The primary purpose of the
analyses was to determine the input parameters for treating resonance
absorption in the control rods. The results indicate that the control
rods are worth substantially more than the lumped burnable poison rods.

The results of infinite medium calculations for the U30g~H;0 + B
mixtures appearing in the MORSE-SGC/S *Three Jump Slump® model and the
KENO-IV "Displaced-Fuel Slump® model are given in Table 10. Of particu-
lar interest is a comparison between the multiplication factor for the
2.57 wt $ enriched fuel case¢ with the corresponding pin cell result in
Table 7. In going from the pin cell to the displaced fuel, the water-
to-fuel volume ratio has gone from 1.65 to 0.46. The corresponding reac-
tivity increase was 8.2% ak/kik,.

Benchmark Critical Analvses--The results of these analyses are given
in Table 11. Good agreement is shown between the system multiplication
factors calculated with MORSE-SGC/S and KENO-IV. Furthermore, these
values are consistent with the 27 group results from the analyses of
critical experiments having the same level of neutrom moderation. Since
the water density 1is 0.77 g/cc for this system, the effective water-to-
fuel volume ratio drops from 1.65 to 1.27. Good agreement is shown

between the results of Table 1l and the appropriate values in Table k.
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Table 9. Relative Rod Worth®--
Control Rod vs LBP1

Multiplication
Absorber Type Factor
Ag-In-Cd rod, SS304 clad 0.466

#Pin-cell models include Zr0O, and B(3180) in
coolant, smeared ™(2.57)02 fuel-clad-coolant.

Table 10. U30g-H,0% Wortn vs Enrichment

Multiplication
Fuel Enrichment Factor
2.3 wt ¥, inner core 0.948
2.57 wt §, core average 0.980b

ay30g at 68.7 vol § (0.635 theoretical
density), H20 and B (3180 wppm) at 31.3 vol 2,

bof, 1(2.57)0; K_ = 0.907 @ 3180 ppm boron,
see Table 7.
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Comparisoa of Cases A and B of Table 11 yields the lumped burnable

7
z

poison rod worth in this configuration to be approximately 5% Ak/k)kj.
This value is consistent with the 3.3% Ak/k burnable poison rod assembly
(BPRA) control worth listed in the (FSAR)? and reproduced in Table 4.3-9
of Appendix A.

Comparison of Cases A and C yields the control rod worth in this
configuration to be approximately 12% Ak/k. This value is consistent
with the 10.5% Ak/k control rod worth at hot zero power listed in the
FSAR? and given in Table 3.3-12 of Appendix A. The FSAR value does not
include the worth of the axial power shaping rods shown in Bank 8 of
Fig., 3.3-25 in Appendix A. Thus the FSAR value should be somewhat less
than the value given by the present analysis,

Disrupted Core Analyses--The base case for these analyses is the
normal core (nondisrupted) witk the soluble boron level set at the
3180 wppm value corresponding to the current status. The results froa
analyses of this configuration are given in Table 12. Again, gocd agree~
ment is seen tetween the MORSE-SGC/S and KENO-IV results. The control
rods are worth approximately 9% Ak/k;k, and the lumped burnable poison
rods are worth approximately 4% Ak/k;k,. The high soluble boron level in
the coolant tends to reduce the worth of the fixed abscrbers.

The re...ts from the analyses of the MORSE-SGC/S "Three Jump Slump®
model are given in Table 13. Comparison of Case A with the as-built,
cold shutdown case in Table 12 indicates that the overall positive reac-
tivity worth of the disruptive core mechanisms is approximately 17%

ak/kik,. The water-to-fusel volume ratio in this oore varies from 0.47 in
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Table 11. Hot,a Zero-Power Startup Configurationb

Monte Carlo Multiplication

Case Description Code Pactor
A. As ssasured critical® MORSE-SGC/S  0.987 % 0.003
KENO-IV 0.983 + 0.006
B. Case A with LBP rods MORSE~-SGC/S 1.082 + 0.011
reaoved
C. Case A with control MORSE-SG/S 0.86% £ 0.008
rods inser KENO-1IV 0.862 &+ 0.009

%coolant at 532°F, 2200 psi, p = 0.77, fuel at 532°F.
bControl rods out, soluble boron at 1490 wppa.

®H,0/fuel-volume ratio = 1.27; multi-group ENDE/B-IV
cross sections calculated K = 0.984 for other low-
enriched uranium pin-lattice criticals at this
H20/fuel-volume ratio.

dB&H calculates control rods to be worth 10.5% at hot,

Zero power.

Table 12. Normal Core Shutdown With Roron at 3180 wppa®

Monte Carlo Multiplication
Case Description Code Factor

A. As-built, cold shutdown? KENO-IV 0.737 & 0.006
MORSE-SGC/S  0.752 & 0.007

B. Case A with control rods out MORSE-SGC/S 0.805 x 0.006
C. Case A with LBP rods removed MORSE-SGC/S 0.778 ¢+ 0.008

D. Case A with control rods out MORSE-SGC/S 0.819 ¢ 0.007
and LBP rods removed

%alue as of July 1, 1979.

bcoolant. at 293°K, P = 1.0, fuel at 293°k.

el ANUMIRNNE
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the U305-H,0 + B mixture to 0.72 in the regions with 2r02 in the coolant
to 1.07 in the remainder of the pin-lattice core. The average water-io-
fuel volume ratio is 0.95.

The control rod worth for the borated core (Cases A and B) is less
than 2% Ax/kik,. However, the control rod worth for the unborated core
(Cases D and F) is approximately 9% Ak/kjkz. Similarly, the lumped burn-
able poison rod worth for the borated core (Cases A and C) is less than
1% bBk/kjk,, while the unborated core worth (Cases E and F) is approxi-
mately 5% Ak/kika. Note that portions of the control and lumped burnable
poison rods originally positioned in the disrupted region of the core are
missing from this model.

The results from the analysis of the KENO-1V "Displaced-Fuel Slump®
model are given in Table 14. Comparison of Case A with the as-built,
cold shutdown case in Table 12 indicates that the positive reactivity
worth of the fuel displacement is approximately 17% Ak/ki%;. The average
watar-to-fuel volume ratio is 1.06 for this configuration. Since this
value is close to that of the "Three Jump Slump® model and the positive
reactivity worths are the same, it appears that the reactivity can be
grossly correlated with the water-to-fuel volume ratio.

However, the differen.‘al reactivity worths of the disruptive core
mechanisas are highly dependent upon the particular features of the dis-
rupted core models. For example, removal of the soluble boron from the
pin-lattice portion of the core is worth 15% Ak/kjk, for the "Three Jump
Slump® model while it is worth more than 25% Ak/kiky for the "Displaced-
Fuel Model.” 1In the latter case, the coolant channels are at normal size

and the boron is worth much mors., Also, the control rods are worth more

!
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Table 13. MORSE-SGC/S *"Thrae Jump Slump®
Disrupted Core

Multiplication

Case Description Factor
A. Base contigurauona 0.862 * 0.006
B. Case A with control rods out 0.875 *+ 0.006
C. Case A with LBP rod:s removed 0.868 * 0.006
D. Case A with controls rods .

and boror® out 1.079 ¢ 0.012
E. Case A with LBP rods and

borond out 1.043 ¢ 0.010
F. Case A with control rods

inserted, boron out 0.988 + 0.011

%13.5% of upper middle core collapsed as U30g-H20
mixture; Zr0; distributed in coolant channels of
lower core; intact portion of fuel pin swollen
by 30%; boron in coolant at 3i80 wppm.

b

Boron remaining in U30g-H20 mixture.

Table 14. KENO-IV "Displaced-?ual Slump®
Disrupted Core

Multiplication
Case Description Factor
A. Base configuration 0.845 £ 0.006

B. Case A with control rods out 0.870 £ 0.006

C. Case A with boron outb 1.080 £ 0,006

allppor 508 of core collapsed as U30g-H20 mixture;
corresponding portions of control and LBP rods
missing; lower half of core in normal configura~
tion; boron in coolant at 3180 wppm.

b Boron remaining in U30e~H20 mixture.

e
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than 3§ Ak/k;k, which, although small, is substantially more than the
corresponding value for the *"Three Jump Slump® model (<2% Ak/kjky). This
difference is all the more remarkable because the "Three Jump Slump®
model has 73 perceat more intact control rod volume than does the
*Displaced-Fuel Slump® model. Evidently, the neutron moderation level
has a very strong effect upon the control rod worth. |
The results from the analysis of the KENO-IV "In-Place Fuel Slump”
model are given in Table 15. Here we have the variation of the system

multiplication factor as the fuel is displaced downward in the pins and

the clad expands to accommodate the increase in cross-sectional area.
The water-to-fuel volume .ratio varies from 1.65 for the as-built core to

0.31 for the case with the fuel pins touching. A new reactivity search

t.echnique“' was used with these results to predict an optimum water-to-
fuel volume ratio of 0.62. The maximum multiplication factor calculated
in the study was 0.845 for the case in which the water-to-fuel volume
ratio is 0.77. Both the system multiplication factor and the water-to-
fuel volume ratio are in the range of the values calculated with the
"Three Jump Slump™ and the "Displaced-Fuel Models®, The slightly lower
water-to-fuel volume ratio corresponding to an equivalent multiplication
factor with the "In-Place Fuel Slump® model is probably due to the pres-
ence of control and lumped burnable poison rods throughout this system.
The fixed absorbers enhance the positive reactivity effect of spectral
hardening., Indeed, the XSDRNPM lattice cell calculations do not include
fixed absorbers and their results indicate a maximum systes multiplice-

tion factor at a higher water-to-fuel volume ratio,
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Table 15. KENO-IV “In-Place Fuel Slump®" Disrupted Core?

Assumptions: Fuel stays at constant density
(0.925 of theoretical); b
Zr clad expands at conatant volume;
fuel height drops to conserve volume,

) Swelling = Haight Fuel 0D Clad OD beﬁ:;f;fns KENO-IV xspNpuY
(% of Max) (cm) " (om) (om) (cm) k=eff? Lattice ke
¥one 365.8 0.9% 1.092 0.176 0.737+0.006 0.907
=3 290.0 1.056 1.179 0.132 0.807:0.006 0.980
508 240.2 1.160 1.273 0.085 0.845+0.005 1.014
758 205.2 1.255 1.360 0.042 0.840£0,006 1.005 8
1008 178.8 1.344 1.443 0.0 0.81210.0073 0.950

%oron at 3180 wppm, constant lattice pitch = 1.443 aom,
bconstant clad volume, interior radius inoreasea.

%lad, control rods & LBP rods above,
- core as normal,

42.57 wt £ enriched UO; (core average).
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VI. CONCLUSIONS
The significant results of the parametric studies, the benchmark
critical analyses and the disrupted core analyses are summarized.
Parametric Studjes--Infinite fuel-pin lattice and infinite fue'.-

coolant media analyses indicate that, while the fu3l assemblies in
unborated water are undermoderated, the high soluble borop content causes
the shutdown configuration to be overmoderated. Therefore, core disrup-
tive mechanisms which remove the coolant from the core introduce positive
reactivity insertions., Core disruptive mechanisms introducing positive
reactivity are:
1. F7uel pin lattice-pitch reduction,
2. FPuel pin swelling,
3. Zr0, in coolant channels, and
4. Fuel displacement into U30g-H,0 + B mixtures.
At very low water-to-fuel volume ratios (<0.6 for 2300 wppm boron, <0.4
for 3180 wppm boron), the borated systems become undermoderated and any
further ejection of the coolant reduces the system multiplication factor.
As a limiting case, an infinite medium of dry U(2.97)0, has a multiplica-
tion factor of 0.66.

Benchmark Critical Analyses--The Three Mile Island Unit 2 reactor in a
critical configuration at hot, zero-power startup was analyzed as a

benchmark experiment., The results of this analysis validate the analyti-

cal methods used in this study for the follcowing reasons:
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1. The multiplication factor for the benchmark configuration agreed
well with the expected value drawn from the analyses of similar .
critical experiments using the same transport programs and the
multigroup, RIDF/P-IV based, neutron cross sections.

2. Good agreement was obtained between independent analyses of the
benchmark configuration using the Monte Ca-lo transport programs
MORSE-SGC/S and KENO-1V.

3. Good agreement was obtained between calculated control rod worths
and those predicted by the Babcock and Wilcox Company.

R. Good agreement was obtained beiween calculated lumped burnable poison
rod worths anc those predicted by the Babcock and Wilcox Company.

Disrupted Core Analvses--The analysis of three disrupted core models d
and a cold shutdown, normal-core base case yielded several important con-
siderations. .
1. Positive reactivity insertions due to the various core disruptive

mechanisms increased the system multiplication factor from . ;
approximately 0.7% to 0.86.

2. To a first order approximation, the increase in reactivity for the
three models can be correlated with a decrease in the bnrated
water-to-fuel volume ratio. |

w
.

The reactivity worths of the control rods and the lumped burrnable
: poison rods are significantly reduoed by the high soluple boron
content in the reactor,

B, The presence of fixed absorbers in the disrupted portions of the
core significantly reduces the reaciivity worth of the soluble boron.

5. The water-to-fiel volume ratio corresponding to the maximum systes
multiplication factor is influenced by neutron absorption due to
either fixed absorbers or the soluile boron.
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APPENDIX A

Core Design Data

In order to provide a complete set of th2 information upon which this

study was based, certain tables and figures were ~xcerpted from the Final

Safety Analysis Report for inclusion in this appendix.
Item
Reactor Vessel & Internals - General Arrangement, Fig. 4.2-3
Reactor Vessel & Internals Cross Section, Fig. 4.2-4
Rod Locations, 0-200 FPD, Fig. 4.3-25

Cycle One Fuel Loading Scheme, Fig. 4.3-1
(Modified to include locations of fixed absorbers)

Core Design Data, Table 4.23-1

Nuclear Design Data, Table 4§.3-2

Fuel Assembly Components, Materials and Dimensions, Table 4§.2-1
Pressurized Fuel Rod, Fig. §.2-2

Fuel Assembly, Fig. 4.z2-1

Control Rod Assembly Data, Table 4.2-4

Axial Power Shaping Rod Assembly Data, Table 4.2-5
Control Rod Drive lata, Table 4.,2-6

Burnable Poison Rod Assembly Data, Table 4.,2-7
Orifice Rod Assembly Data, Table 4.2-8

Control Rod Assenbly, Fig. 4.2-8

Axial Power Shaping Rod Assembly, Fig. 4.2-9
Burnable Poison Rod Assembly, Pig. 4.2-12

Orifice Rod Assembly, Fig. 4.2-13

Excess Reactivity Conditions, Table 4,3-8

A3
A4

& &

AT

A8

A9

A10
Al
A2
A2
A13
A13
Al
A15
A16
A7
A8

A9
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BOL First Cycle Reactivity Control Distrivution, Table 4.3-9
Soluble Boron Levels and Worth-~First Cycle, Table 4,3-11

Control Rod Worths, Table 4.3-12

A9

A1
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Table 4.3-1. Core Design Data

A. Reactor

1.
2.
3.
L.
5.

Design heat output, MWt

Vessel coolant inlet temperature, F
Vessel coolant outlet temperature, F
Core coolant outlet temperature, F

Core operating pressure, psig

B. Core and Fuei Assemblies

1. Total No. of fuel assemblies in core

2. No. of fuel rods per fuel assembly

3. No. of control rod guide tubes per
assembly

k. No. of in-core instr. positions per
fuel assembly

5. Fuel rod outside diameter, in.

6. Cladding thickness, in.

7. Puel rod pitch, in.

8. Fuel assembly pitch spacing, in.

9. Unit cell metal/water ratio
(volume basis)

10. Cladding material

C. Fuel

1, Material

2. Form

3. Pellet diameter, in.

4, Active length, in.

5. Density, % of theoretical

2772
5517
607.7
610.6
2385

177
208
16

0.430
0.0265
0.568
8.587
0.82

Zircaloy-b (cold worked)

UOZ

Dish-end, cylindrical pellets
0.370

pR

92.5
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Nuclear Design Data

Fuel Assembly Volurme Fractions

Fuel

Moderator
Zircaloy
Stainless steel
Vbid

Total UC2 (BOL)

First core, mtU0,

Core Dimensions

Equivalent diameter, in.
Active height, in.

Unit Cell H20/U Atomic Ratio, Fuel Assembly

Cold/hot

Full-Powver Lifetime

First cycle, days
Each succeeding cycle, days

Fuel Irradiation

First cycle avg, MWd/mty
Fach succeeding cycle, MWd/mtU

Puel Loading

Core avg first cycle, wt% 235y
Control Data

Control rod material

No. of full-length CRAs
No. of APSRAs

Worth of 61 full-length CRAs, (&k/k)%

Control rod claddirg material
No. of BPRAs
BPRA cledding material

BPR poison material

0.303
0.580
0.102
0.003
0.012

1.000

93’1

128.v
1k4..0

2.88/2.06

h21
284

1k, 220
9,600

2.57

Ag-In-Cd

61

8

11.1

55304

68 (rirst cycle only)
Zircaloy-b,
cold-worked

B;,C in M203
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Table 4.2-1. Fuel Assembly Components, Materials and Dimensions

Item

Material

Dimensions, in.

Fuel Rod (208)

Fuel
Cladding

Fuel rod pitch
Active fuel length

Nom. fuel-cladding
gap (BOL)

Ceramic spacer

Fuel Assembly

FA pitch

Overall length

CR guide tur~ (16)
Instr +ube (1)

End rittings (2)
Spacer grid strips (8)

Spacer sleeve (7)

U0, sintered pellets

(92.5% TD)
Zircaloy-h

Zr02

Zircaloy-b

Zircaloy-k

S8S (castings)

Inconel-T18
Zircaloy-h

0.370 diameter

0.430 OD x 0.377 ID
x 153.125 long

0.568
1kk
0.007

0.366 oD

8.587

165.625

0.530 OD x 0.016 wall
0.493 oD x 0.Lk1 ID

0.554 OD x 0.502 ID
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Fig. 4.2-2, Prepressurized Fuel Rod
Three Mile Island Nuclear Station Unit 2
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Table 4.2-4. Control Rod Assembly Data

"

Item Data
Nunber of CRAs 61
Number of control rods per assembly 16
Qutside diameter of control rod, in. 0.4k0
Cladding thickness, in. 0.021
Cladding material 304 SS, cold-worked
Eng plug material 304 SS, annealed
Spider material SS grade CF3M
Poison material 80% Ag, 15% In, S% Cd
Female coupling material 304 SS, annealed
Length of poison section, in. 134
Stroke of control rod, in. 139

Table 4.2-5. Axial Power Shaping Rod Assembly Data

Iten Data
Number of APSRAs 8
Number of APSR/assy 16
OD of APSR, in. 0.4%0
Cladding thickness, in. 0.021
Cladding material 30k SS, cold-worked
Plug material 30hk SS, annealed
Poison material 80% Ag, 15% In, 5% Cd
Spider material SS, grade CP3M
Female coupling meterial 30L SS, annealed
Length of poison section, in. 36

Stroke of APSR, in. 139
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Table 4.2-6. Control Rod Lrive Data

Item Control Axial power shaving
Number of drives 61 8
Type Roller nut Roller nnut
Location Top-mounted Tor -mounted
Direction of trip Dowm Does not trip

Maximur travel time fo:-
trip at full flow

2/3 insertion, s 1.ko Does not trip
3/k insertion, s 1.5h Does not trip
Length of stroke, in. 139 139
Design pressure, psig 2500 2500
Design temperature, F kso/650(a) hSO/GSO(a)
Weight of mechanism, 9Lo 9Ly

(approx), 1b

(@)gee 4.2.3.3.2.1

Table 4.2-7. Burnable Poison Rod Assembly Data

Item

Data

Number BPRA's
First cycle
Equilibrium cycle

Number of burnable poison rods
per assembly

Outside diameter of burnable
poison rod, in.

Cladding thickness, in.
Cladding material

End cap material

Poison material

Length of poison section, in.
Spider material

Coupling mechanism material

68

None

16
0.430

0.035

Zircaloy-k, cold-worked
Zircaloy-4, annealed
A1,03-B,C

126

8S, grade CF3M

Type 30k SS, annealed and
17-4PH, condition H1100
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Table 4.2-8. Orifice Rod Assembly Data

Item

Data

Number of ORA
First cycie
Equilibrium cycle
Number of OR/assy
OD of OR, in.
Orifice rod material
Spider material

Coupling mechanism material

97

Lo

108

16

0.k480

30% SS, annealed
SS, grade CF3M

30k SS, annealed, and
17-4 PH, condition H1100
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Table 4.38. Excess Reactivity Conditioms

Reactor core condtion(®) Kefr
, Cold, TOF, clean 1.252
Hot, 532F, clean, zero pover 1.205
Eot, S84F, clean, full power 1.18
Hot, S8LF, full power, equilibrium
xenon and samarium 1.133
Single fuel assembly(b) (wet) 0.70
Tvo fuel assemblies(®) (vet) 1.01k
Single fuel assezbly(®) (ary) 0.02
Tvo fuel assemblies(®)(dry) 0.0k
Cold array(c) 0.90

(a)!’irst cycle at BOL, 68 BFRAs in core.

(®)gased on highest probable enrichmest
of 3.5 wt%.

A center-to-center assembly pitch of
21 inches is required for this ke“
in cold, unborated water with no

. xenon or samarium.

. (e)

Table 4.3-9. BOL First Cycle Reactivity
Control Distribution

Reactivity,
% ax/x

Controlled by Soluble Boron

Moderator temp deficit (70 to 532F) 3.4
Equil Xe and Sm 3.5
Fuel burnup and fission product buildup 10.5
Transient Xe 1.0
Controlled by BPRAs

Fuel burnup and fission product buildup .k

Controlled by Movable CRAs

Doppler deficit (0 to 2772 MWt)
. Moderator temp deficit
(532 to S8LF)
Diluticn control
Shutdovn margin
v Xenon undershoot

OP‘?O -
SONO




Table 4.3-11. Soluble Boron lLevels and
Worth — First Cycle

BOL Boron
Core Conditicns Level,ppm
TOF, keff = 0.99
No CRAs in 1582
All CRAs in 1057
One stuck CRA (full out) 1327
532F, O power, keff = 0.99
No CRAs in 1710
All CRAs in 7h1
One stuck CRA (Full out) 1083
58LF, rated power, keff = 1.00
No CRAs in 15ko
58LF, rated power, equil Xe and
Sm, keff = 1,00
No CRAs in 1175
Boron worth, (%8k/k)/ppm
584F, rated power 1/100

70F, zero power 1/75

o
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Table 4.3-12. Control Rod Worths

Worth at Full Pover

R Sequential worth,
Xk '’k

Group number Purpose No CRA's BOL EOL
1 Safety 4 0.5 0.3

2 Safety 8 2.2 1.9

3 Safety 8 1.5 1.k

L Safety. 8 1.2 2.1

5 Reg. 12 2.4 1.8

6 Feg. 12 1.8 1.6

1 Reg. 9 1.5 1.0
Totals 61 11.1 10.1

Maximum stuck rod worth 3.6 2.0
Maximum ejected rod vworth 0.31 G.19

Worth at Hot Zero Power

1 Safety 1 0.5 0.3
2 Safety 8 2.1 1.8
3 Safety 8 1.4 1.3
1 Saf=ty 8 1.1 2.0
5 Reg;. 12 2.3 1.7
6 Re;s. 12 1.7 1.5
T Reg. 9 1.h4 1.0
Totals 61 10.5 9.6
| Maximum ejected rod worth 0.58 0.47
Worth at Cold Conditions, TOF
1 Safety b 0.3 0.2
2 Safety 8 1.4 1.2
3 Safety 8 1.0 0.9
L Safety 8 0.8 1.4
5 Reg. 12 1.5 1.2
o Reg. 12 1.2 1.0
7 100 0.7

Reg. 9
Totals 1

3
%
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APPENDIX B

MORSE~SGC/S Input Procedures=

Copies of the card image input and certain input edits for the
BORSE-SGC/S "Three Jump Slump® disrupted core model analysis are
presented here. The primary purpose of this appendix is to provide an
example of how arrays are nested using the MARS (Multiple Array System)
in MORSE-SGC/S. Similar sets of input were prepared for the MORSE-SGC/S
analysses of the benchmas;k critical configuration and the cold shutdown
configuration, Of particular interest in this input procedure is the
creation of fuel assemblies from combinatorial geometry input zones fol-
lowed by the combination of fuel asservlies to form the reactor core.
Through the MARS universe specifications, the base level or *mull
universe® consists of the entire system. This includes the U30g-H0 + B
mixture as an input zome and the reactor core as a truncated array. In
turn, this truncated array contains the fuel assembly arrays defined as
universes with negative identification numbers. The various items in

this procedure are indicated in the following list:

iten Lards Rage

MORSE=-SGC/S Control Parameters 1-6 B3
Combinatoriul Geometry Bodies 9-48 B3
Combinat-rial Geometry Input Zones 50- 146 B4

(Note U3Op~cards 143, 144; RPP's

16-18. 37"‘0)
MARS Universe Specifications 149 ): ]
Media Numbers 150-153 B
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© wvm e ]

Itea

Array Size Specifications
(Note 15 x 15 x T for array 14,
reactor core)
| 13 Fuel Assembly Arrays (15 x 15 x 1)

y Seven 15 x 15 Arrays ?or Axial Levels
in Core

MORSE-SGC/S Starting Parameters

Splitting and Russian Roulette
Parameters

Mixing Table for Macroscopic Constants
Fission Neutron Energy Distribution
MORSE=-SGC/S Edit of Control Parameters

Printer Plots of 13 Fuel Assembly arrays
(Each symbol denotes a pin type)

Printer Plots of 7 Axial Levels in Core

(Each negative symbol denotes a fuel
| assembly array, note disrupted region
i in levels 5, 6, and 7)

158-155

156-187

188-279

280

281

282-295
296-300

¥

5

B8-B14

B15-B18

il




b3

1!! FCLLC:Ir 6 1S A LIST OF CARC 1pAGT ILFLI

“cant w0, ccLv P KNC

lllll!Ill241??221223333!333330‘.l!Qla‘l!‘is SATTGERELRLEELTITTITII IR
f e e m e 32IABE TR 2RI ETECOI2IOSETRAGC (FIVECTASCIIIABETAG0L2IASLI29012343L IRECI22458T89¢C

1 ™1 CRITICAL SILILIESe JIr sEST, ConL
& 01682300132
-3 B8 Q-J306 IS0-163 1.0-C 1 ) 0.0 C-4 B o .. .
a 28% 13 38 0 1 1
[ 388 27 680 & 2 27 G ) aPc 10 0 ¢ 1}
¢ a8 ¢ 27 0 1 338 G 0 0 ¢ G 0 & o csu 169¢ T
- -7 —.. T*1.DISELPTED CGBE POCELs JIV SESTe_ORAL. . . - .
e 200 160
L pCC 200,00 32.251a2857¢ §,.53%5
1€ ECC <no.u S2,25)028572 e.-:er
— =33 —OCC - _S80.3 S2.,25143r5%73 36S PP - - PR
12 REE -a.?Zru! 0e?#7%¢3 -0.12703 c.rzrna c.C 92.35!.?!!75
13 BEE ~I,0E415 1.0F¢12 @2 CEPIT B CEQXIQ ~1.0E£410 §,0E910
18 oee S8C.0 22.,2331029%7% ¢,4372¢
- 315 . BCC _ 30,9 S2.751228%7% g.5aCC . . . e e e = e . - e
1€ 144 E05e0 T202T)02257 % (,5%APC
17 RCC S0L,0 52.291328%7% (.Cl21e
1€ ACC L8Ce0 52,2503 208 (63248
e hG o - BCC . 800,00 52,2020V _CLET1L .. . e e e
2¢ ace 880,90 52,251222373 C.56C97
a1 RCC 530,C 32.251025597% (,E2€)1
22 pCe 230,00 S2.221020572 y,E7°940
2. . _.PBEE. e1C.OLS49 I6.9C546 ~1C.SuBaS 1CeS0%aS 3.0 52,.2538) .
20 BEE *TELII*IS) V£.332)5C ~115,55695 1)§. 55915 312.5C8%71a a0C,.C
2% prc =119.55855 19,9506 «~7¢,3321%0 7+,238 lso 212.508%714 400U, C
2¢ oPE 9P, JaRNSO PP, JA90CS5C ~SR, 105420 So.los 50 3!3.50!*1;: atCaC
-—~-27 AED____» 63,5617 -163,5837%. »3€3,58178 _1€3.2 !l?& GeC.36% .76._._.-."-___ —_—— e =
28 pER -lib-ql?li 165,0873% L165.4873% 165.6€735 Q.C 362
2% REE «1EI 58175 1. 58175 ~54,82729 54,%52732 <01CG.0 cto.o
3¢ pep w]165,4272% 105,22708 «358,03248 55.43245 0.C 362,76
=31 . - . REF._. «181 ,77¢a8 141, 7T7C2E »98,105%C5 98.145C® <1C0,0 4CO,0 .. .. ... . - f————— -
32 PEE ~183.67837 163.¢7€37 <16, (Saal luc.eSo-l €.¢ 385,70 ’
32 RBE -ll!.Gi'Gb ll!.ﬂ!qq! *115.5569% J15,55¢%S ~1C0.0C 400 ©
Ja PEE w321 86835 121,.n633F »121.86538 121.r€53F CoC 2E5.7
pa—. 1. { ﬂF‘—-~§l.l&‘¢5-Sl.l.ics -lol.,?tls.101.11;08_-I¢C.0 a0 .
ge Ll «310C,05409 |co.ﬂsa ] -10).5143 43,67€3 G.C 263,
? REE =96.,5272% 56,5772% <)63.58)7% lcs. 2178 «1€0.0 4C0.0
38 poE =36,83205 S6,0324% <165,807)8 165,4872% 0.0 62,78
-»uac-~--:cc--c.c-o.o.-Lco.o 8.8.0,6 690,€.179.0 e e— -
ac RCC Cel 0,0 »170,C €.0 Q.0 GuC,C 188,12
a3 RCC O Co0 ~JCO0,6 0,C C,C soc.c l!b.ﬁi
42 PCC 0e0 09 »JC0.C 6.0 C,0 600,09 181,77
—--43 BLC——Cellwyp8-0383.0 3.0 G0 GUBLC VT 0 — e L e
as (199 040 060 »3C0,06 6.C 0.,C 600,22 239.17
9 £nge *5C0.0 S00.,0 ~%2900,0 200.5 323C.9257 4¢0,¢C
. RE= *800,C 2000 ~800,C TG0,k Jap,Ja2s 443,¢C
—ay PEE eI BeTI638U. 32,7280 <32,.716350-32.736350.-205.CC57143. 40000 — v cm oo e
(1 FP:‘G *76,330150 T6£,328150 =76,3383150 76,338150 261,2571e2 400,C
ag

MORSE—SGC/S Control Parameters
and

Combinatorial Geometry Bodies



http://S2.2SM2-.57*
http://Ib5.ae7.15

s¢ (Y1 "
s3 [T 09 -3
B
. e -
— =% . e ————
----- 52 -———Ca P R st -- - S meme e
S CB *+9 =8
7 (<3 10 =8
S8 crr 413 =30
__“ Cls Fy N 2
[ 1] EXC +S =a
(1] Fal 1
2 Gap Q2 =)
—_——Y —— LA DY o s
3 [ 1] aCs " =3
(1} Exs +45 =a
[13 CRs 1]
&7 ———-CB(: ® - ——— e tr e - o - .
[1] (4.0 4)0 ~§
(3] <4 411 =10
CPs ‘s o1}
I} ———ERC——4$5—=n- - ——
72 Leg +6
73 LeC ]
74 Le6 410 =7
7%- ——- LB — ) =}0 -
7¢ LE» " =})
7 (3] 43 =a
70 Foz 4
39— ——6AE——2 =) T i
e cs 3 -2
. o) __*2 % =3 . F
a2 (31 "5 =4
———3 LBt - et e e - et mee e ce e o
1] LEC 7 -5
[13 LEG 41C 7
13 187 11 ~30
— e BV e BB - - 48 =]} @ eiee e e o —————— e ea e S—
[ €x}) 45 =4
[ 1 [ {4 4
¢ [ 114 2 =1
cm———- B Cal 9} @2 .—— PR
94 L 14 18 =3
9 ExC "9 =
9 LEF *
99 ———LBC—- 47 b - T P S
1 {3 L86 416 =7
' $7 Lev 411 =10
' [ 1] Loy ‘e =1}
PG -~ - EXD- OB BB e e e et ¢ W — e r———— e r——— < — . —— e = ==+ e =
106 13 "2
101 [13] 13 =12
10 Ine e =12
103 —— INgomm S0 ————
| 108 € ¢
‘ 108 [N [4 47 =6
% 10¢ Leé +10 =»7
= e 307 e LBt 3 ) @D —_— ——eme e
108 Le» e ~l}
10¢ £y "5 s
110 FC2 L7
e 1] B oed } e | e - - ————
‘ 112 CaZ 4) =2
113 a2¢ " =)
ite (114 *5 -a
R and 11 Dmatn-tl st d R TR, -
11¢ L]
17 RRY
110 RAS
119 Ex8
120 INZ
. 121 vz
et ¥ 7 aumnend } Chadn TR s b o
123 17 43 =&
126 [17] (21
122 R62 110 ~1a
. 12¢ p12 1L -10
‘ ) — e} @B e RAL e Bt §fprm —
. 20 € 43 =4
. 29 (4] 119 121 235 «80 ~18 *}7 «)8
30 or 919 423 v3% 200 <16 <17 «j08
—— 3 - —_——0a ~ 419. 9293 039 .00806-216..017 018 - ... e reme o -
b cR 19 427 -39 --o -u -l1 -n
133 oR 419 4239 =39 <40 *16 =}
34 LIM 422 =21 =23 0P 428 +2) =28 o2} OI 03. -25 «33 =37
vommee 339 e o CA-. 928 -237..020.223 OA_030-020- 02 o e e e e e v ———
36 wa 401 *’2 =24 =26 =28 =30
13 ean 432 -8
138 w52 33 «32
e BI® e UG BJW OFJF e e e e man e ceme 4 o e . s e e o b i we—— e —
0 [1]) 435 =)a
os (311 136 #)5
[ try 45 <26
P L ---uu-;-ug';n ca ;:0-30--31-08 416 080038 CR. ALY 08000 — e
. 1004 a0
i 108 80 439 419 418 OR_ 440 419 437 29 OR 416 419 430 -a0
H u; CR 417 419 438 <40 CF +18 419 138 =20
l—-—-—--u . [ {¥-

Combinatorial Geometry Input Zomnes

[ETVRONTS

oo




B-5

jel 1134 ]
1a$ 39) §02 393 €9 605 50¢ €07 S0k €0% a0iq &1 9‘!! "I’ (11 EY s'ls 1189
190 12 6 8 ¢ =3040 S 1G 6 & €& =100C ) S 4 & +10C0 1c & S «-l0
- 128 - —~7 -4 & .48 =1530-13 & 4 & 20 B -4 K 2 & -looe -9 . ] -lo&c — oo -
138 8 8 S a8 =1uC0 % 48 ~3CCu 7T &% a8 ~1G6C01 %A E 1000
1353 1§ 9 88 «19¢0 & 4 € «130C 16 ¢ 4 & =10L8 ~1a JC 8 I. 10 %100 H
13e 15 15 3 1% 1% 3§ IS 39 9 39 1 1 1% 2% 1 1% 1S 3 1% 1% 3 18 1% 3 IS l5 l
— e 15 ety 535 —0--35-35--1 15-35. 33815 -1. 4% 15 e S
18¢ 3393 2 3% 2 4% 2 17y 2 SCUI 2 203 2 J.l 2281 2 ZO'I s !0‘1 “2Tamy 27
82 3% 2 201 2 23 s 2 7‘ 2 €s) 2 3o 3
158 J523 4 I8 4 By -- 4 2663 4 203 & 303 & 283 & 2082 10 240) & 233 a
- 15§ - ---J393-4 383 & !00!~~—7.J s §0) & 3I®) & 358). .
| 3 3 39823 13 I3 1) £53 1J 782 1) 2¢03 12X 23 1Y 3.3 I‘ 2.‘ 1J 2482 310 2683
161 13 253 1)
1€2 383 13 203 13 2083 13 723 13 o327 13 J4y 13 Hje2
e BB - —JE0E—T -§EG -7 AOK-T Tl¢. 7 006 V- -24&-7 J06-T-286-7-24%¢_38 28%¢ 7 g 7
1€ It 7 206 7 20%€ 7 7%% 94 Y 306 7 3ISHE
162 JSel € 200 9 28¢ S TP zto. € 2:8 5 Jol € 208 € 2402 10 2598 S 203 9
16¢ J*T 9 200 ¢ 900 TR ¢ GsE g d0F § 3

$
rm— e JEY - !'Ob-’ JI06 S g00-H-706-5-5G06 -0 306-95 306 628632408 14 2088 5.506.5 ..

veAS: MR
NRIRS G um@ R
i
|
}

Cards

149
150-153

154~155

156-187

306 5 290 9 2006 3 V% S5 €96 5 Je¢ 3 %
J3eE 11 3" Tl 8°€ 11 TeR 11 2008 1] ll! 13 3J8& 11 ZoF 11 2498 1C 2009

305 ll z‘l-ll—zﬁ'.—ll -Jol2 -1l A8y 11 J‘. ll-Jﬁ.. ae -
J C 3‘. & BN 4 788 4 (%8 & 292 & yo2 2080 & 20.! lO 2.'. . %8 &

a I¢vl & JoP & ok & 200 & 3..

ank
35'5 2 3% 2 % 2 708 2 2008 3 20€ 2 306 2 206 2 J00C )8 240€ 2 236 2
B0E-2-206-2 30062 T0& 2-%9% 2 386 2 IS0 . - . eoe e o el e
35612 33 3912 1) 8912 13,7012 F2 §C012 13 2012 12 3012 33 2912 B
1

Cem b et Rs ek bt o

12 10 26212 1) 2012
R 33 2932 12 23932 1Y T°12 12 £812 1) Je)2 13 3%9)2

50012-4--3002—4 BS12-4-F05F 420005 4 -2813-4J8)F 4-28)7 428815 ..
0 260313 & 29352 &
012 4 2012 4 20012 4 7012 A §0)2 & I012 & %012
T852 1t 3612 3) %12 1) 1'!2 ll zc-|a ll zoxz ll Jola 331 2912 11
a0l -10-2¢232-38 20102 14— -~ et e e e e
212 11 2012 1) 20032 ) 1012 ll !Olz ll J'lz ll 15'12
3'5_15 ‘;.' 15 883 15 Te3 35 powg 15 2% 1S 30) 1S 20) 15 249 14 a9
11
e 1S Za) 5% 2,08 3% Tab 38 Ae] 1S Iel 1S 2%

MARS Univeise Specifications
Media Numbers

Array Size Specifications

13 Fuel Assembly Arrays (15x15x1)

e



B-6

ll! F06 %=1 200 T84 Zeell =)) =% -Il *y =) ge=jbL 280
18 20L =lu 212 22 @] o2 =) =i =7 =5 <12 =)0 Foec
"""‘"[‘C “"‘"'r-lﬂ (T 2T T e F eY"ng Y o2 07 =2 -l;r '|' [ e et
19}~ - mlemi ol cd-al ez 23 2i.070i et 02 =1 - — e - —
192 o]0 o)) 27 22 o7 o2 »3 o2 «8 «d +7 =@ =7 .|| Y
193 o]@ 9 o2 07 22 «3 22 o8 0 ©5 ad =7 a2 <% .}0
194 *18 =il *7 =3 «7 o2 o3 of o «2 *} =2 «7 =1} -IO
— 39— nlf nS ad =l ) a2 af ) r8 »2 =)
196 3@ 5] 7 2 o7 o2 o5 2 =25 o2 =7 =2 =7 o} -l.
18?7 . *18 *2 =7 o3 .o of a7 «3 7 o =7 =2 =39 0 .
;398 .. @ o)8 ol2 o o o o7 22 o7 42 <7 =2 =12 =1¢- ..
199 . 2808 w30 -w]l3-23-=T o ¢T 22 2T =l <12 #1C.20¢C
20¢C 300 26230 =1 3 <l1 =3 =)} 2630 3¢0 Jen Sseie Se¢
a0l 308 3610 590 ).0 20010 211 =5 «j} =5 =11 2¢~10 Is@
02 208 =10 =12 =2 »7 =2 ») 22 «) =22 =12 ¢1Q 300
- r=e 208 0.0 10 2 13-23-2)-22 .27 0] .57 8] el ag ¢]13 =)C.£ - ———-
ca G =10 =2 =7 22 =7 ¢ =7 =22 =7 =2 =7 =2 =jC ¢
(34 e]G @] o7 o2 =7 22 =5 o2 8 =2 27 =2 =7 =1} 1€
[ 13 ©16 o »2 @7 22 o o] =4 o] *3 o #7 «2 % el0
- =20V =)@ . Tll_ o) mB . a)_ed_ af .08 e 27 =2 o7 =]} o400 ———
os i@ =4 2 o7 o =8 o] =y o] 5 o2 o7 «2 o8 «Ii0
109 =@ =l o7 o2 o7 *2 *5 =2 =5 =3 ] «3 =7 =1} -!C
210 [ 'IO 3 7 o3 #7 *2 =7 o2 =7 o2 =7 =2 »10 €
wroe-dl)ma—0. *}0 »]3 . wd.w). = oF »2 o) 22 o7 2 ¢12 - *10.08 - coeeie e e e
1 3‘0 =10 «12 2 «7 2 =7 =2 «7 =2 =}2 ¢10 2%¢
1 00 2003C «11 o5 =1} =S «1) ZO-IO 3-0 290 So~1( SeoC
16 S0C 59=)0 500 JeQ 20=1Q =1] ~5§ =j] «§ =3} E9=]0

e ad1S. - _.200 =10 =12 02 »#7 -2 @] i w7.v2 212 «10 200 . _ ___ _ __ . _
T G 210 =12 =2 =7 =3 =7 22 =7 =3 =7 «2 212 =10 O

37 0 =10 =2 »7 =2 o7 =3 =7 =23 =7 =2 o7 =2 =13 (¢

10 ®31¢ =311 =7 =3 o7 22 =5 =2 of =2 =7 =3 =7 =1} =}1¢

18 . — w1 a8 e2.al ol =f ol =8 o] 25 ol =7 «2 o lC_ - —
2< =10 ®l] =7 =2 =7 =2 =3 = =4 o2 ] =22 7 =21} 10

221 @lC =S 22 o7 o] =% o] wd =] 25 o] «7 22 =2 10
232 o} =1) =7 =3 o7 «2 of =2 =8 =3 =7 +) =7 =]] =1
———e BRI e 2.0 *10. 22 AT 2 2] *2 27 o =7 o3 27 =3 =}C § ______ e
229 0 =10 =12 =2 o3 -y .1 ®3 a] =) ) =3 #1323 =10 ¢
225% 20¢ =10 =17 »2 *7 =2 =7 22 =7 =2 «}12 =10 29C
22¢ 38g 2%=3Q *i] ~5 =i} =S =11 26=1G I¥0 Beg S¢=10 Seg
_*_..azl.___"_svn 58,10 _5¢0_1%G. 29230 .~11 *5 ~11 =5 o1) dv-10 380 R
22¢€ 200 =16 =12 #2 o7 =2 a7 oi o7 =2 ol =1C i0C
224 G o1Q =212 =2 =7 =3 =7 =2 =7 =) =7 «2 =12 =)0 0
2a0 G 230 =22 ©7 o] o8 o] «€ o] <8 o] =7 =3 «1C @
231 wlC . »ll o7 vl . nf _al. sl o}

=f_=d =7 =1 Ll.!lﬁ.—__._ J— -

23 *l¢ 8 23 o7 o] o <] ol «7 a2 = -
233 =10 *i1 =7 =2 ~6 =] =4 6 =2 =7 =131 =1¢
23a @l =8 22 2T o} =8 =) 4 o) o7 o2 % =1

ceeee - 238 . .. =1 =l1l.=7_.=3 st <] =&. .- -l “6 «3 o7 =l #d8e el -
26 9 210 =2 ®) »] e =1 =€ =]} -1 =7 _ =2 =1C ¢
237 C 210 =2J2 =2 <7 3 =7 «2 =7 '3 o7 «2 «12 =) O
23¢ 280 =10 =12 22 =7 =2 27 »2 =T =2 =132 =~IC 20C

e A3 - —--3FC_ 29" ~11_~3 =31 =3 -1} ZO‘IU‘L..S!.LS!'JLQQC_-
240 S0 Stejo 89¢ 300 7%1C ~11 =5 =11 =3 =1} Je-l0
26) 290 @) »12 »2 -7 o2 o7 =2 =7 o2 -‘2 =1G 28
282 Q =10 212 02 *7 @3 =27 22 =7 =) 7 «2 <12 =13 O

RS- 7 ¥ ) wG.210..02 ¢3 01 _26_.0l 06 01 . 0f o) .07 »2 )0 Qe .
248 el =11 =7 =3 eg =l =4 =] o4 =] vt ) =7 =1] )@
248 @]f 5 o =7 =1 o4 ¢ 0 0 =4 =) =7 =2 »% o130
208 210 @)f 7 =2 <« 1 O G O =] =f =2 =7 =]} -10

———d el )-S5 22 ol . o} oa -0 0 -C-rd. =] =7 a2 =5 10 —
208 ®]0 =]] o7 ®3 o6 <! o4 o] o8 o] of «3 o7 -ll «1C
F{14 C 2]0 @2 «7 w]) o6 «f o8 w] «b o] 7 =2 ]G
25¢ 0 efy e)2 02 =) =23 27 22 27 #3 =Y 2 12 "lc [

e 25} 30 mii-nrid-vd —wT-nd-ateai-el-and 212 2)0-290
252 J*0 29210 =)) +5 )] =5 13 2e~I0 J.o 5‘0 !l.lo %00
253 580 59210 S50 Je§ 29250 =1] e2 =)\ =5 ~]1] 20=10 Iod
2% 29GC =10 *12 *] of o) w8 o] =f o} 2]2 «Jy 290
258 G 210 212 ol wb 21) #8 2] 6 <13 ob =) =212 )0
256 G =10 =i =§ 780 =g =] #1080 0
257 *iC =1} 6 213 790 =13 o8 ~]1] =)0

S8 T 0 S VT W 7V e e o 10

s 2388 ———e}l-mf§ -} 700 o} of -=)) *]0 - L -

[ 1] ®]0 *8 =] «6 780 =6 =] *5 =10
(1] eif =31 =8 -lJ 7'0 1) =6 -ll «}0
62 0 10 =1 o6 o8 «) »190

PRS- | . BE—— T w_-.u..-;_- -L.l—-‘-l.-ﬁ.lll--ﬁ =) »33 oLl
64 290 @10 =12 o] oh =l of ol =6 =] <12 =10 29¢
1] Jon 20210 =) o5 =1} «F »l} 30-10 320 Se0 Se~10 300
a6¢ 590 S9=10 5%¢

— 207 e} 80208010 .0} - a8 -ll-l'--'ll—a"lﬂ-‘l.ﬂ —— -
(13 29¢ =30 ~12 790 *12 'IO %0

: [ 3] 0 ¢10 =12 9% =123 ~10
70 0 =10 1120 =)0 O

——— 87§ S0 )~110D B P e il e mrees srmere i meia et et e mm——————
272 o1§ =5 1100 +9 =}
2713 10 =3}) 1100 =1} =iy
274 10 «3 1190 o5

s B TS crmrmma } 0 @] L) 380 ..}l...]o- A T G dia t i F e et e ¢ B S T PR ot ————— ) 5 ———— > -
276 ‘0 )0 3190 =10
34 QG =10 )3 4§80 .l' =10 ¢
F3{ 290 =10 <i2 %0 'II =1 390

e VG s - e cmcce——e 380 @} Q.m0 ) o5 .0f] of o] all 210 . J80..60230.800 ~ ...

Axial Levels in Core

L

IO N ST

et o dan

A M



http://-7--.il

o e = e A ——p TR ST %, A % 2O

e ———— e - B

B-7
iec €88 DD 0ol Vol Cof =17voC 170eC aX70eC 178.6 Qo€ 3I7C.C
281 Bes 27R1,8 27EC.167 27AC.2C 27Ru.G
202 1218
283 — —1 2 3-10-3-23 01-e 2385 6.7 £ 11 4658 €7 g.1) 56711 56317 -
284 8 7 & L2g afkl 13 12 1} H
2es 1243
20 Q2235 2 2 & 3IE95333 8 BFROIE 40303 &CIG21 ERELIL TEEZRLL JE103E
387 . _zZBho)2 2E13¢27 47147 47109 mécChLe 46110 4%131% Fa3Ce 25,55 263ue ZE3CH -
2e¢ &1 31 522371 s$2z23M)
11 1ans
29¢ S.220=a 8,6%F=a J 06204 P, 633va 1, E50=2 1,65%+2 1,707=2 1.1n8=2 4,8]1722
3 L BealT=3 8,8]1702 3.335%2 8,138°2 . 0TE=2 FARP=2 ACFI-2 S, z
292 §ea72-3 Jo23iBeT 2 € 3.Eaucy 3.01k3=a 1,.3C7-% loaliey Sotiu=s
283 1.686-3 1,372 S &, KTnep A _8EQ=2 £.750=2 %107 2,23)e8 0,217=-2
294 A, 22€02 Z.2The3F $.725) 2 aTl2=4 7,6%55.2 ],7422 1.736=2

€
2% . 85.66"R T.721e3 8 .4%ies J,485=2 | .683°2 1,772

2s¢e 1708 241073PE=C2 1opa2CE={ ) 2.148G3EavVl [, 24630€al] 1,6E156E=C]

267 1.8UaTt€otl Po8i X1 o2 1.3ResFEC(2 1,0LSESECY T,a(SFLL=CS S,27¢%8(=0%

2%8 2083687 % ,555%6FaC® .95 10FeCP 1 aEELEE-LS 8,311C5E~10 1,IPEZTE-2L

298 —— .. $,.5e013Ea1] },0: 33%Feig 2,3052%E10 3, JA0BECHN) 3 ALQEQE~11 3,71Ca7E-11 . . ...

-.:oc l.-';a'n;g-n 2,5iA05F=12 2,C7330€=-12 A,54C27¢~1)

2¢1

302 YTITLE As

362 - TIVLE BB - - m o e e e

3ga TITLE CC

do0s 1588 7

ENC OF CAPD IAFLT LIST
Cards
280 MORSE-SGC/S Starting Parameters
281 Splitting and Russian Roulette Parameters

282-295 Mixing Table for Macroscopic Constants

296-300 Fission Neutron Energy Distribution
IP1 CRATICAL STUCTESs J17 s€STs CERL — cey

1 & AeQAY

JACIM  ACJCINT WNErCavce T TTTTToTTTTE NSLLY  SELITTInG InCICATCR
MSTAT  LUPEER CF FARTICLES FER EATCW £ 114 ARTLL FLSSIsh BCLLETTE (:ClCatCR
APCST  MAx yLwBER CF pACVICLES sLLcveD ame T2 e28T T ERECLENTIAL TRALSFCEN INCICATOR
MTS MWEER 7 BATCHES 1¢2 rOLEAK RCAPLESKASGE INCICATCF

T Tieelas T EnesGyY €Ias InOICATCR
1CCLTP  CCLLISINN TaPE InDICATICH ) KKCALC EATCH LSEC M K=CSLCLLATICA

RCUIT  LUMRER 1F SETS £ BATCHES

TESTAT  INCICATCE TC STCRE LEGREITEE CokFF e T T Ncewr T wrewaLIZATICA TPOICATCR
e g T RBBRy T T T T T S et e e e —
rECis MUFEER CF CROSS SFCTICN VgCIa 13 rIREG MLVRER CF REGIONS
Wis T vEER F Viali 6 crERsYICNE  ad 7T ufisve T Riséies inescaion T
FECALD  ALPECO INCICATLE 4

3 3 APRAY
Wher T RUWPER CF MoGES TC MNILYIE T TTTITTTT iF T rsvR EGINT Che.S SECTICANS AS STCRED
rGGA MUVBER GF GeGRS TC ANALYZE [ Fru ERIAT PESLLTS CF wU CMC
MAGTP CrWELETBLY COLPLED IACiCaTCcA T T [ [T TERINT vCHENTS
AOSN M YEER OF N DCur SCATTYERS [ 1PRIN EFIAT ANGLES AND PRCP
‘NCEG T hUNEBER CF G DCengCATIECE T T TR T RGN T T TRk INTTERD CCRFTRESLLTS
rcCer LUPRLR OF CCERFPICIEN TS s IRTacE INBLTY LEGICaL TABE LASTY
rSCT T TR vece of CiscrEiL MnGLes T Tt TUTETTTTUT aneaes T T evteeT LEGICAL TaRE LAY T T
¥ARGP LASTY GF FCP RASPLITTINGy CP XpCBY 27 1G6P CE® LLGICAL TAEL LAY
IS0 T EWIRT CECSS SECTIONS a8 shaf 7 TT TN yepmy 0 wast CéE GRCeT T T T TTTTT
ANGCFT EXIBA FLLINCI, GUALE CETICA [ 166060 €704 GAVMFA GACLE CRTICA

e oty S et e —— W e e v e % s e -

MORSE~SGC/S Edit of Control Parameters



file://�/stpt
file://�/SH-T

TUCETICN @ o€ VEEC 1M CoLCLLLTING wlLubt S, FLE ) BECICTS
0-St T VYOCLLMES = te J«CCACEATEIC SOmpEES, =tL2ESe J=It ELIVCLLMES,

TVCLLMES & €C P LSEC IN CCLLISICES CEASIVY ArC TEACK LENGTR ESTINATCRS.

REG 1
vCLLPE  1,yCCE+QO

e e AREAY I ZE -1 ——3S-EV——13_BX :

—— e o e ARR AL

R “g*\wﬂml} N ST

S

A
s

e

LEvEL 1 CF ARBAY NCo 1

svl' 1 2 3 & 5 €& 7 @8 $ 16 13 1213 14 18

15 [ R I I D e e S D S R D T )

DR ¥ OO WS WY ST S W WS YUY GO VN VAU DN SN WO SHE SUU,
13 [N R T R U T T T S N TN SR BN B |

R e o T B e B e o R L Uhp VNS Ui

13 L I NS RS N Y R B S S D DL R B |

PO 1 P O NN Ny NS U DEN SN UGN DN SRy DI SRRy SN SN DU

9 [ I R R A R D D T D e )

el e e e i 3__3 L% % 168 .1 3

7 1 3 3y 3 3 1 3 1 8 1
. ———— e

- e e

3
—_—-t.. 2 b b 23 2% 2
- [ U N D D T D TR R B |

!
—e —— b L2
3 | N N R T S S R S R 2 T |
IR S SNUS WY P s W S GHNY JUS S0 DU
1 | I D I DT T D D B R R B

Fuei Assemb iy Atrays‘

o e e e L




| i H : | i h i { w H
| t i ! | ; i _ : ; ; i .
2 . . ! ! I — ) ; h | : . — ; : |
| ' n * m _ . k : m . " : . _
: i ! ] ; * _ H _ | H ~ | ! l : : 1
_ | . ] [} . i
- ; i _ ! ‘ i ~ | ~ f ! i : _ :
i : i ' | | i I _ ~ : | : _
: ,_ ! w | _ _ 2 H ] | : |
; » | , ' | _ _ J ! “ ; n _
A DR A | 0 T T A T N T U A
' “ | ! | W . m A _ i - \-JJAJJJ“JAJJJJJm
! ) ' . } \ . ” » [ Iy { ! ‘nl-. :
b i “5_3L3k3434143d34 b W._.....-JL.....“.......AJJ:L i
H Com H . ! : ” - | i i |
] .._” ! .m.p...v.)...-..._.lJJJJJJq ... _...mJ.wJJJuJJJDqJJJMJm - |
: m : u ] ? ” - . N R . - o i
- ; _“.s..~343.34a.-n341sn~ ...o_. 1“2 1.._“-3H.-....“1...4..-..w--u...-m ! m“.
' ' ; ” | n ! .
| 2 e jzinamannnnngnges R e e LI SRS
| - ) - i : ; y uoA g N - i . I, .
; H] “ MI_JJSJJu,JHSJ.sJ R " ....wc QJHJSMJJJMJN-.WJ._ N \
. - i i . H - f ; . . it :
. @ P cm...‘..ll..a. ..-.... 344~ m A_G..!..-...Jq.'lnm!ml'w!m ) ~1
; i " ~ ; : .
. " .p.m. .”_......ﬂ!‘..!‘"...n.-! -.4!4 * nﬂ‘l s-+34333u31ﬂ!d3-1ﬁ .-w
' " ; 0 ! s » ' o i ? ; R, o
I 1% il mnrnmandninanan SN IS S IS S U
i - . i - ' "
S SEREEEEEREEEERE LN T iZiv]rr2rngmmeanqann -
. . { ! ” D e b ! ' ' . - _
| w .c.. ".ro- OMSIU-AJJ-..JJJA;J-QH ._ _.5 343%343“3’“34’4 . “m
- . N ) + - , ! ! : - i
I o jnandnmgeannnany g L S S Sl B Bl |
] . n " ; -3 T ' i " - !
B R R R R R A SR B A i E|nnindndngeandade i
_ | . . " ! w . ! - !
B EIENEE LR R R SRR i RS S SE A T A L I
" ” \ | I . . n |
| m u Z_J]«\-’_\-\w\-JJIﬂJ*_ ! ~ ml_sqi—,_i- aim;iﬂlvjlu— “. _
! ' ) : i R ” " : ! ! . ; ” )
& “ I_J-.'JJ_..“J ..ﬁﬁ | _ m ...“ _ ~ . { } * ! *
i : | | | _ “ _ L] : ' _ ! " _ L m
" _ . ! . “ ! ! ] _ H m ' *V.HQ.JZHN’l-rJ’Q.l..* ; !
5 . : , x ! ' : ~and¢m o o= | ! : jaaas ,. _ _ ” : :
; . m i : . i _ " i ! _ ! i | “ : _ 1 : 1
' i J ~ : ) y “ “ _ n : ! i | ! ) |
_ . “ | ” w.l.._,.. .-.:I.Lr.x||..r. —
L) v L —
- . N e o e ATi A 4




B-10

1§ .15 Ev. _ 1S ev... 1

. _-Bwms &Y 312E

e e ——..-ARREY_ AL, .. _&_

1t CF aLFaY &C,

LEVEL

$ 1C 11 12 13 16 1S

2 3 « 3 & 7

e ¢ ¢ ¢ € ¢ & & ¢ ¢
- B .6. 6 &£.5 € €E..6_.6 € & _6_.6¢._ 6€-_ ___ . .

€

& ¢ ¢

e 6 6 7 & 6 6 & ¢
6. -6-6 -6 6-7 & & € ..

7

L)
- - -

-—6--6--3

12—

n

€ &6 ¢ & € ¢

6 € ¢

€
- &

6. 1. .6 . . .
¢ & € 6 € ¢ & & & ¢ €

——— e 8- B .-~ 66 G A & 6 6. € & 6 -6 .

6. € .- €-1

-6 2.6 ..6-.7.

¢ .

¢

€ ¢ &6 € € 6 6 € 6 ¢ ¢

€ 6 6 ¢

——— T 66— 6T .6 &

?

&5 6

7.

€ 6 ¢
—— 66— 66— 6_-6— 66— -1 -

7 ¢ 6 6 & &

7T 6 & €

€ &6 6 & 6

—

5

- 6—6

-

ABRAY-hCo —— —ARRAV_$I26-38— 19 BV— 488V 3

—— ———.

) CF sPRAY MO,

LEVEL

2 3 ¢« 3 ¢ 7 o

G880 -8l O ol

—— e -}~ — 8- - -

T ¢ % & o ¢ S g 8 8 3 9
Pt -B— 9 $—0—8--.0-

————

——}2

]
— e}l e BB e 890 -8 B B 89— B e

~4_8.-8-A 9. 9.8.10.80_0.8_8._8_8_23

—_— e BB P - 8--9. 8.8 . $—F-8_2 &

ey TSRS TONY W WY NI RSP S SOSP VAN S R S D S U S

—_——teieerlea BBl BB & .8

8.8 8.8 -8...0.

Fuel Assembly Arrays




-~ -

D=11

~-ARRAY 30y - - & —- — ABEAY SIZE-IS—- 19 BV 1% BV .}

LEVEL ) CF anBaY nC. €

e e e i s e mmam e ® ST e e ——-—

X & I 2 3 &« % ¢ 7 € 9 1013 3213 18 13

1 € 6 € ¢ 6 6 & € € & € € € 6 6
—— Bl B b € -G —G—§ -GG ——-6 & S—8 -
13 € 8 6 ¢ € 35 ¢ € € S ¢ 6 6 6 &
RS WSS S S O W S S DS S W S SN Y S W —
1 6 6 € & 6 & & € € b €& 6 & 6 €
REDUEGU'Y SR G WS U S W Sy S W N N WY S —
s & 6 6 6 85 6.6 € € 6 € & 6 6 ¢
——— A b—f—F- 61— B b —
] € 6 6 § € 6 6 6 € € € & € 6 €
——trm B - —— G——O—— 6
s ¢ 6 6 ¢« 6 6 6 ¢ ¢ € 6 & € 6 &
—_— e B —————F —& ———— & —C—6-
3 € 6 6 6 6 5 6 6 c 5 6 6 & & &
' —— e - 6 —
1 6 6 6 6 6 6 6 6 ¢ £ 6 6 6 ¢ &

ARBAY 10y T ——AREAY- $13E -85 —I0 8% 358X —— ).

LEVEL 1 CF AQRAY AC, 7

xs 1 2 3 4 %5 6 7 €& S 10 11 12 33 14 )15
v

15 Tt 8 8 2 ¢ 80 8 8 2 8 8 8 8 & O
—_—1s 8 8 -8 b8 88 -—8—B-8 8.8
13 6 8 8 0 &1 ¢ 8 812 8 0 8 9
— el BB $ el B b BB —C -8 3-8 8§
1" € 0 8 8 5 0 7 € 8 0 0 s o s e
— 1l B 9 8B}, 5..-0-.83.3) 8 B2 M}_..8 R
’ ¢ 2 8 0 ¢t 0 J 0 8 8 0 8 8 8 ¢
—_———— 8 8 8.8 8 8 8 30. 8 8_8. 0 2 0 &
7 & 8 80 0 0 80 4 2 8 8 8 08 2 0

Y SR YN YT W WY W VU WA N N T YA S U ¥ SN SO

] $ 8 0 8 8 8 5 085 0 8 8 8 8 & ’

4 & 8 83385 4 8. 8 B 8 11 .0 .8 8
3 ¢ 6 0 0 811 ¢ 8 P11} P 8 8 0 &
BB b BB A 8. 8. 8.8 8 88 &
] ¢ 5 9 9 9 80 5 2 5 ¢ ¢ 8 8 8 8

e e o —— —— ———— et 0

Fuel Assembly Arrays

TRy



* i {

“ — — “ ! — — ! | ' .

.'T"ml..' “ | 3 _ m “ “ — _ _ ~ ¢ '

repereperEmERE L B I

i ' ! i H w . 1 - e 3 - . i ! :

_’”T w ‘ ~ m ] i wt_. : | _ 'ﬁ_ftmﬁi...l!ﬂﬂﬂnl. ; "

_ .“owo,rororomo,w P A I A R
m.ﬂ,w.w,r.m.” sel -y 1] b I

B340 040404 44 SR TS | DR UE U U U SEUE I I

£ oloill bereobobdajull! B SIS S S S L
BYSS0S oS S SOR DA E SN 0N fegebrraneberaiul
: r L LAY S F hi i . .i.h | ' _’._ : »

" _' "’r.’ 1 ' : - i _‘ n m _ .*.'a."a _nm x

@ “.’hlw i _,ﬂ.,“fﬁfQNG_ . by Oﬂiﬂﬂfi'.“'lu ! mt“m‘., m

m. _av-w.uo,”¢.mzpo .,...w w * ..+..._..+..._..r ...”._.W.“.. :

g “ou”ﬁ’moﬂoraforo ..Mn. ,r ; o.tv_oiriwa“aﬂa1a_s. ' T

- M ) N ' . H | '

> | oal mo,t_-o.,ro_ooro n«._ i aemen b om ...."........._.." m

" e o n e . ! ® », { ] ] .il.-all. * ? "

u i om ; ; .".’.’.ﬁ’ﬁ,’_ _“_ “ .'._Q.f.l . : "I_L_ “ ”

3 ._.-.ocwo,q.o..-’._..auvzwa.”..nm n ! ava+ah .“.tﬂa_.anawa”m“ f ,1
: .’.m’r’_r’u’.’m"., _”_w._ “ “..f'f ma.“.?q:i.r.'m'.c_.a_."“ H __“.u
ROEDEOEOSOEDESE I z pesasnnabanns Sislf W
> 4 ! i - a6 a0 l_ L] _"i.'.f.lm ...3 PE - ,
: eo oo N a . ; ‘ ! - - _ . ....-%urar [ ; “ A
. P : "= R N l~ ' _tll_ ﬁ ! ‘ ' oo ' - :
v . [ H * & ' ~
.’l'.’..,r ” . W “w H . . _|.'.l3'l. - ! ' -
oobaloin cbopelzi | » |ebabdasona el Riai g
! .!.’ 'r n 1 ! » ﬂ ! 1 1."’3,’ - "

. m- | _O_Ol.oor-. .._... _ 3 l.tl.t_icrl. _u_t“ _.
Co ] o I S AP A pessemelsl B

; v ‘ ' _ _ : | ! _r.'1it‘?ihl

_ i _ i * ) ; . W ! § ! ! , | “ b : "

S w i m . ) .
; H ! : | ! . i ! i ‘ : -
; i H i ' 1 H | i ; i . ' ! I e

! : i i : ] ; ; _ ! ! . { v : ' p

| ' i i | ! ! ; | ) . ! ' : m ' L
oo T I P T

I N B P o
' ; ! ! i ' ! -

i .

. -




B-13

—me e e ———— aRRAY_2Q,.. 1G. . ARRAY SIZE IS 1S BY_ 2% BV .1

LEVEL s CF AFRAY AC, [1]

| B2 1 2 3 &4 % & 7 @& S 30 11 12 13 1+ 193

r
15 12 12 12 12 12 12 12 12 12 12 12 12 312 12 12
.-_»_n - 32 22 12 32 12 12 12 12 12 12 32 32 2 K22 - - - -
22 12 12 52 12 12 13 12 12 12 13 12 12 12 12 )2
T 32 - - 82-12-82-93-12. 33232 12 12 32 121D 12 12 33 .. .. e~ -
. 11 12 12 12 12 12 12 12 12 12. 32 12 12 12 02 )2
e 10 - 8212 13.32-32 13 42 12.12 B2 02 1203 12 2
s 12 12 12 12 12 32 12 12 12 12 32 12 12 12 12
———ee e 3212 12.32.02.3202.10-02-32.02 32320218
) 7 12 12 12 12 12 12 12 12 12 12 12 32 12 12 12
e 33-32.33 32.32-32-32 3212334312 333212~
i s 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
L e 132431121317 3222 12-23-32. 12.32
’ 3 12 12 12 32 12 13 12 12 12 13 12 12 12 12 32
333323 33-32-13-12-13-13-12 12-12-12-. 121343~
' 12 32 12 12 12 32 12 12 12 12 12 12 12 12 12

ARDAYLGC.— ¢

--ARGAY -§12€ 18- —-15 8v— 3% . BY——— 3. ——

LEVEL 1 CF AFERAY AQ. 13
f LET 1 23 4 s 6 7 8 S0 2130003
, 18 12 12 12 32 12 1212 12 1d 1292 12 12 12 12
[ e L e T ST STP IS Y T T INPUrPRTY BrY BYF NT BT BYY 0 F s
i 13 32 12 32 32 12 4 12 12 12 A 13 12 12 12 12
——— 12-——-—-3312-12—& 13- 424342 - 13-023-42- -4-12-12-13 e =
: 1 12 03 52 12 12 12 312 12 12 32 12 12 32 12 12
[ ebQe—me 2 b4 32-33—% 12 13- 03 -8.33 128 3@ V2o oL .
' . 12 12 32 32 12 32 32 12 32 123 12 12 12 12 12
:-- e @ 4 233433 32 ~3- 1308 10333392 92-12.32 08 e e .
: ’ 32 12 92 32 12 13 12 12 12 12 12 12 12 12 12
e e 32 $R--32-33--A-13 13 13-~4.12 124 1212
! 3 32 12 12 33 12 12 12 12 32 12 12 12 1212 12
e e §212.02~0 12 1843480318 32 A 32 120t e mm
3 12 12 12 12 12 € 12 1212 4 1213 1212 12
@ e e $2- 0B 831333 33-12-92 32 33 3232 3232 8B o . -
| 32 12 12 13 12 512 12 12 32 12 12 12 12 12 12

ey e - 5 e camerer e ety (o e s s e S b e e - -t o o

Fuel Assembly Arrays

i S

AL RPN

P




e = e =-- - ADRBY RGy-- 12--——ABESY SHZE-IS- .S Ev. IS BY . ©
LEVEL 1 CF SEEAY nC. 12

‘.: 1 2 3 4 S 6 7 8 S 3C ¥3 12 1Y 14 13
18 52 12 12 12 12 12 12 12 12 12 12 12 12 12 12

Soeo B8 o0 JR-12 12 32 12 03-32-% 12 133232 12 12— . ...
13 12 12 12 12 12 11 12 12 12 11 12 12 12 12 12

e e — - 42 X521 -02 92 12-02-33 B2 -02-43-03-32 32 e .~

13 12 12 12 12 13 1212 12 12 1212 12 121202

— e 16  -——12-22-3) $2-92-00-02-12 32-3337 12-10 82 32 — -~ — .
s 12 12 12 12 12 32 12 12 82 12 12 12 12 12 12

ve—me 8 — 1T FR-1Z-92-93-12.32-10 13-33-32-12-13-32.12 oo — .
? 1 12 12 12 12 12 12 12 12 12 12 12 12 12 12

—— b ———- 12 42-13 V23243303 Vi -3} - 33 928D BN ———
s 12 12 12 12 12 12 12 12 17 12 32 12 12 12 12

ol 4 31302 4012 $2-32- 120 13-32-98-12-33-32 o —
3 12 52 12 12 12 13 12 32 12 13 12 12 12 12 12
mm—e— @ 1@ 03—32-32- 1202120242 33 -13-32--33-32 03
3 52 12 12 12 12 12 12 32 12 12 12 32 12 12 12

ARRELY. ACy—— 13— ...2FRAY_S$I12€ 1S.__13 By __.15. BY ___ &

LEVEL 1 CF ARPAY MG, 13

J 3 2 3 &4 35 & 7T 8 %10 13 1213 1418
15 K T R S W T S TN NN ST TR BN BN T

PRSI P UUNRUISPI S YINE WU SN SUE VORNE THPIC SUUE SUURE TNE (SN SR SN PUN SN
13 1 % 3 3 33195 8 9 538 3 3 3 30

JRIURENE'Y SN SRR T Y I YR RS TN TR VAU WU N WX T FU GE SO R,
1" NN S AT S WY SN T SN TN SN U T S S

e 36 SR TR U RN VRS T U JURNS U N WK Y SO WO N | S S SO
. [T T U T W WY SR S UK SO S TR S N

SRS WA, T SN YT WA WU SO DLV JOU W VI TN DU SN U S
] { TN YT T WS SN TN WA T W TN T S B S

USSR SIS WD W 1 WG D T JORE JRON WD VY § VRS O W TS D |
s [ S T N S S T N T N SN RN Y N B

— b e S S 3 L3308 L
3 I TR TR IR T Y U TN BT O T B N W
3. PRI Y W SR YUY VAT JOUN TOUK UK P SIS SN VRS S
! I T T S SRR W T RN T SR N B BN S |

Fuel Asserhly Arrays



http://Xff.il-

B-15
_______ ARKAY MC,.—-1a.  .APEAY $12E IS 1% Ev._ 1S BY .. 7. .
LEVEL I CF AREAY AC, 18

X3 1 2 3 &4 3 & 7 & S 1011 12 33 14 153

1e 0 0 G 0 Gelcel(=¥C=IC=16 ¢ 0 © ¢ 0o
—_——— —— -C-.0. .3e1Ca1C=1] w2el) .w8nllellelC_C C..0_
13 Q@ 0=10~12 2 =7 a2 =7 =2 7 v2-12-13 © ¢
——m 12—~~~ 0n10w]2 =23 o) - ol 27.0-.07_-=2 =l o2wl2elu_ 0. .
1 Gol0 =2 o7 o2 =7 =2 o7 23 =] o =7 =221C ¢
e 21E - —=30011 =T 02 o7 82 =5 =2 =% 32 =) »2. <T=11e1Q _.
' “30 o5 =2 +7 o7 8 =2 of 2 <5 =2 =7 =2 =S5-1¢
i e cmiCell el a3 al-=d aS. of.e8 a2 el a2 elallislp.
7 “10 5 @2 o7 oZ =5 =2 o% =2 =S 22 <7 =2 <5=}190
6- - —a)fell ot.02 . aT- 02 .23 03 e5. a2 al w2 ..eTaljalC.—
s 0210 =2 o7 o2 o «2 =7 o2 «7 o2 o7 =210 0
e B Qo 02 22 0T 02-nT .ed.-al wi-al -22e0l2e10 00—
3 0 0-1012 +2 =7 =2 =7 =2 <7 22-12-10 0 ¢
——— @8- —Cadge) el oS }nSa) la)CoiP - LG O0——
] ¢ 0 0 © 0=)0-1C-1Q~10~10 0 C 0 0 ¢
LEVEL 2 CFP APRAY MO, 14

s 1 2 3 &4 35 & 7 8 S

10 11 12 13 14 18

. \j
15 9 6 0 0 0el0slCelC-iC=)C .0 0 ¢ 0 O
14 € 0 ¢OeiCce10=]] =%v1] «82)1+10-10 0 C O
13 G 0e1C12 «2 =7 22 o7 o3 =7 o2+j23=10 0 ¢
11 €e10=12 o2 o7 o2 =7 =2 =7 =2 ¢7 =2al@alp g
" 0210 o =7 22 7 =2 a7 o3 =7 o3 =7 =2«10 ¢

—— G cap 0 § | o Sm o nt o I alod cafadentrad—a)etodi

[ ] ©)0 =8 22 7 o2 o8 =) =8 =}

o8 o2 =7 =2 oSelg

——— e [ §0 | | - @0 0] 0 -0b—-0$ —sb~wg-0T e -acTletiebp—

7 ®10 ¢3 02 «) 02 o5 w] <8 o)
e g emem § Gath - nBoml -oF - od-afoo b

] 0210 o2 #7 o3 7 «2 =7 =2
e e e B f ) o 0 0T -0 d—al~ed--aT..

3 0 00wl o2 =7 o3 o7 «3

R Ly Wy WY PPV PR Y FY ¥ BT P

oS 2 «7 =2 #3030
SPYSR NP SR SO PR P
] o3 =7 =330 O
*3-0)r0delield-—-0 -~
o] «2#12«10 0 o
$41010010-f 00—

] 0 0 0 0 O=iCeleeiQe=if»1C © O O 0 o

Axial Levels in Core

ol

s

RO R


http://-7--2-.-7.-a-.7--2
http://--2_.l_.-a

Axial Levels in Core

LEVEL 3 CF sBpiv AC, 1e ,
'll ] 2 2 &4 5 & 7 € S 3¢ 11 12 12 18 13
T © 0 0 o 0-10=)GeiC-lCel2 0 € C G O '
e e 8 .. 0 _Celdrlfel) _afel]l wZalleiCel8.__0._0__¢ .
13 € GelLwl2 =2 =7 =2 27 =2 .7 22=12+10 € ¢
et 32 - l210015- =3 2123 2T od.aT o2 .el-aZelislC._C
1 Col0 «2 o7 o2 =7 2 «7 o} =7 =2 =7 ~i=}0 G
e JC —— . @l6al) n? =23 ol o2 ol.0] . 0oF o 2T o3 ¢TellaliC
s ©13 ©3 @2 =7 w2 o% =] o8 o] =8 2 <7 2 =SeiC
e @l ) ol o ol ol 8 o5 08 o). 0T =2 ~loliell —.
? eIl =5 @2 =7 =2 =8 o] =8 =] of o7 o7 «2 ~fei(
e Bime w10l .aT. A2 aT. =2. ol ad .07 23 #lallell. ...
] Lr10 22 o7 oF =7 =i =7 =2 ol oZ =7 wielt ¢
fim o8 e -GoJle)Z .22 @T-nd 2l =i »7 =2.aT edeldelC. G- .-
: 0 021Cel2 o2 =7 o2 =T of =7 az=12iC 0 ¢ :
et l re e e BB bV e b =S| 2Collelbafl B Cef—o-
] € 0 L ¢ (el0eiz~fCeliel¢ € £ € € C {
«
!
{
« e LEyEL s CF lﬁr_-_t-v AC, 1
'l‘ 1 @ 3 & 3 € 7T € § 1C 53 12 13 14 38
18 0 0 0 € CeolgelL=10«i0=10 0 @ G 0 ¢
38 . C U OrigelcCall ~S01] «%afleliCely ¢ C ¢
13 0 Celfel? =2 7 22 o7 <2 =1 =22012~10 0 ¢
——— B3 o . €®)00)2 .83 270l ¢T_»2 .07 .23 . 01. n2e}2eiC....0. -
; T 010 o3 =7 o) «f o} =§ =l =& o 7 =2-10 ¢
10 ejioi} @7 ¢ =€ o1 «d rJ.ed.wf of =3 #Telle}l( ...
$ “14 5 2 «7 2] a4 =] =8 2] a4 of o7 =] oSe10
e w8 @iCe)) 0T @3 26 a) . mb. rt 2t o] of 22 oTeilell .
? old =83 22 o7 =) o8 o) @8 ]l =24 o o7 =2 o8|
] elCel} o7 @) wt o) @b o) oy o) ot.23 =Teljelc ...
[ ] 0olU o2 07 o) o6 =) w8 ol «f o) »7 =2ain ¢
. creel e Col003dml. 0T 03 wT. 02 .21 . 3 eT_w2eldelD. p.. -
3 G 0ej0ei? «d «7 e 7 o} 7 =2+)2e)C 0 ¢
2 . €6 0. yel(rlile)) #8291 . wfella)CeiC ¢ 0 ¢
1 7 0 0 0 ¢ GCei0eli-lCeltelc 6 C 0 G B ‘
L



http://ic.iO-.-o
http://2-.7-.2-l2.lt�
http://-7.ti.it
http://-2-I2.lt-

B-17

LEVER S CF AQBIY Qe 18

3 1t 2 3 a 35 € T ¢ €10 11 1213 14013
v

s ¢ 0 C 0 Q-10=1CelCeiCtwsiC ¢ 0 0 ¢ ¢
- A e GGl elCall . aSall «2allelf~18- -0 -C—
13 € 0-10«1Z =2 7 =2 =7 =2 «7 =3-12=30 O ¢
oo BB £010=13 =2 -0T-23. 22 ol a)..ad el aal2=)0_-C
1 C~50 =2 =7 =} o6 =) o =} =6 =) =7 =2-.C0 ¢
——— — 16— ——-elGelj-ataleb—wli-=d o)A o) -of o3 ale)lalt—
L ] o110 =3 =2 a7 =} =4 G 0 € =8 o) o7 =2 <5)¢
8 3ol ot nd abol-—fbebol .opoi ala)tall—
? elC *5 =2 =7 o} =4 € 0 ¢ =& o] a7 =2z Zelp
3 elCeol] o) =2 «f <} =4 =i = =] ot «IJ oT~l)-1C
s CoIC =2 =7 o) =& =1 <€ =} =€ <} =7 =3=iC ¢

I Co1)212 = =7 o3 «? 22 ¢? =) o) =212=ir 3
3 € 0~1Ce12 =2 7 =2 7 o3 -7 201216 O O©
—_———deeee ey O ) Ja Lol jnBol —aletle ) (ot b e
3 t 0 0 6 C=10-1C=3C=1Ce}0 C € & © O
LEVEL & CF ARRAY KO, 1

L3R 3] 2 3 & 3 6 7 90 51013 1213 14 35

\
19 0 O ¢ ¢ C~10-iCelCeli¢elC ¢ O C ¢ o
———h e d—Co ) CwiCall-aSe ]l alajlelifeltb... 8 C
13 G O0~-10012 o) «6 ¢] «& <] o€ «]-12#1C 0 O
(SIS TIES § B Cel0oli-a) afte}l-cb.a) -nfelI.ct-oleldal0. ¢ .
31 CelO0 =1 =4 0 € 0 ¢ ¢ O c-o-x-u'o
— o) G0l } . . aba} IO —ele e O (2}) b)) )P .
$ 10 3 ol a6 C €C © 0 ¢ O (¢ € <} «3=]¢C
e el c@}Col )b ap ol -0 . G...8...C..C..C.0) ofolletl ...
7 ©10 =3 =] a6 0 0 06 O C O ( o8 -1 eS=}0.
e _e1001). 28e13... 0 —0-0.0._C...0._Codl_~bellelp
3 Co10 =] «¢ ¢ 0 € G ¢ 06 ¢ =€ =i=1C O
e B €2 AP IR o )0l e} 3. ph sl . n€e)lI ef_ elmri2ni0__0
3 G 0~10e)2 <1 «b o) =8 «| «8 «1=J2°30 O O
——— B an 0..0.—Ce}Col0e)). a8al). 28allalced0 0.0 0. —.
] 6 0 ¢ 0 0«)0=ig~iCelc»l0 ¢ ¢ O © O

Axfal Levels in Core



http://i--e.u-n.--io
http://i-ae.i3_.t--

B-18

LEVEL 7 OF ARAAY MO,

Xz I 2 3 &4 % & 7 ® % 10 11 32 1) 34 1%

€ 0 C ¢ 0="Leitelg=3C=10 06 G 0 O ¢
———— e —D e b= b= § oBel}ebeSiadCealC 5 -& - E—-

C 0 0 0 cC=lGelnewiceltell

Axial Levels in Core

-¢ -0- fetlelg--

— L —Bolin)g . —
€ G =%l
G. Collel(
e ¢-iC ¢

12 6 O6-34°12 0 0 6 ¢ O C gel2=l. O ¢
12 ¢=10=12 8 ¢ 0 Cc ¢ C % ¢ G=l2=1C ¢
7] 010 0 6 0 @ ¢ ¢ € 6 ¢ © =1 ¢
1c e19=11" 9 6 ¢ ¢ 5 ¢ & 0O
9 16 *% 6 ¢ 0 2 & ¢ € 0 € © ¢ ~S-lc
toe 6 —b— Ol e G el b -
7 12 =5 ¢ 6 0 6 £ 0 0 € ¢
e - - mbm i) ~6 - 6--6—B. &. 6 -6 -C €
s G=1n ¢ ¢ 9 @ C €6 & ¢ ¢
- e 8 e Ge10212- £--G-Q £ 0. C. C. G. Gwl2elC 6.
3 0 0=10-12 ¢ 0 ¢ 0 ¢ ¢ (C=12=lv O ¢
ciiem @ emee . 8- Gel0elgmli-aSe)]) =8c)}alCelC ¢ ¢

o
+

e 0 o0 O o

o gl e Bl Bl Ao bl




I
|
|
{
|
1
1
|
i
i
el

by

APPENDIX C

KENO-IV Input Procedures

Copies of the card image input and certain input edits for the KENO-IV
®Displaced-Fuel Slump* and *In-Place Fuel Slump® disrupted core modal
analyses are presented here. The primary purpose of this appendix is to
demonstrate the use of the MAKARAY module in preparing the mixed-box
orientation array for KENO-IV. MAKARAY is a program developed to simplify
the specification of KENO-IV input data for large arrays. The approach
taken is to first specify subarrays, in this case fuel assemblies, and then
combine the subarrays to form the mixed-box orientation array. The
one=-quarter core geometry shown in Fig. 4.3-1 of Appendix A is the core
geometry specified here, It consists of a 120 x 120 array cf pin lattice
locations, water gaps between assemblies, and water peripheral to the core.
It includes seven unique combinations of fuel types and fixed absorbers
defining 15 x 15 unit subarrays interior to the core. Additionally, along
the horizontal core midplanes there are five unique 15 x 8 subarrays,
five unique 8 x 15 subarrays, and a central 8 x 8 subarray. Hemicylinders
are used to specify the fuel and absorber rods located on the core
midplanes. The various items appearing in the input are indicated in the

following list:

iten Page
NITAWL Input for Cross Section Processing Cc3
MAKARAY Input for Core Midplane Arrays Ch
MAKASAY Input for 6 Full Assemblies (15 x 15) c5
AAKARAY Input for Peripheral Water (15 x 15) cs

and Water Gaps (1 x 8, 8 x1, 1 x15, 15x1, 1 x1)



Iten

MAKARAY Input for 7th Full Assembly (Fuel C-Box 6,
LBP2-Box 8, 2hth subarray specified)

MAKARAY Input for Combining Subarrays
. KENO-IV Control Parameters Edit
KENO-IV Mixing Table for Macroscopic Constants
KENO-IV Box Type Specifications
(Note Box 6 for Fuel C-Material 3, Box 8 for
LBP2-Material 5, each with Zr Clad-Material 9)
NITANL Table of Contents

Printer Plots of MAKARAY Subarrays
Core Midplane Arrays

Full Assembly Arrays (15 x 15)
Peripheral Water (15 x 15)
Water Gap (Subarrays 20, 21, 22, 23 omitted)

24th Subarray for Fuel C-LBP2
(Note Box Type 6 and Box Type 8)

Subarray Combination for Mixed-Box Orientation Array
(Center of core is subarray 1, Note subarray 24)

Portion of Mixed-Box Orientation Array
(Note Fuel-C, LBP2 Assembly)

KENO-IV Mixing Table for "Displaced~Fuel Slump”
Model Analyais

Input Stream for "In-Place Fuel Slump® Model Analysis
(Note differences between this and previous case
for NITAWL resonance processing data, KENO-IV
mixing table, KENO-IV spevifications for the
fuel radius and height. The MAKARAY specifications
are the same for both cases.

c10

C10-15

C16-C18
c19
c19

C20

C20

c21

c22

C24-C30
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