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ABSTRACT

A neutronics model for the Oak Ridge National Laboratory Bulk

Shielding Reactor (ORNL-BSR) was developed and verified by experimental
measurements.

A cross-section library was generated from the 218 group Master

Library using the AMPX Block Code system. A series of one-, two-, and

three-dimensional neutronics calculations were performed utilizing both
transport and diffusion theory. Spectral comparison was made with

58Ni(n,p) reaction.

The results of the comparison between the calculational model and

other experimental measurements showed agreement within 10% and therefore

the model was determined to be adequate for calculating the neutron

fluence for future irradiation experiments in the ORNL-BSR.



INTRODUCTION

In the past several years, there has been a growing concern in the
industry to be able to predict the irradiation damage to the pressure
vessel and core support structure of some of the early Light Water Reactors
(LWR) without in-place test specimens. Therefore, in an effort to obtain
further insight into irradiation damage of LWRs, the Nuclear Regulatory
Commission (NRC) has established the LWR Irradiation Surveillance Improve
ment Program. The primary goals of this program are to establish consis
tent and accurate dosimetry and damage analysis techniques, both experi
mental and analytical, to correlate changes in material properties with
the characteristics of the neutron radiation field. With respect to these
goals, several experiments are being performed. Along with these experi
ments, computational models are being formed using the experiments as a
guide to the accuracy of the model. Once an acceptable model has been
validated, important parameters, such as fluences and reaction rates can
be accurately calculated for similar systems. These calculated parameters
can be compared with irradiation damage measurements to obtain points on
a trend curve relating fluence to irradiation damage. This will facili
tate better prediction of the irradiation damage to the reactor pressure
vessel and core support structure for specific configurations of interest.

The work reported within this document is funded by the Naval
Research Laboratories (NRL). They are primarily interested in the charac
teristics of the steel and in the core support structure of the various
types of reactors as a function of irradiation. This report, however, is
limited to the determination of an accurate neutronics model of the
Oak Ridge National Laboratory Bulk Shielding Reactor (ORNL-BSR).

The procedure for formulating the computational model of the ORNL-BSR
involved many calculations. Physical data pertaining to the core and
experimental configurations were obtained to construct input for the
models used in the neutronics calculations. A40 neutron energy group
working library was generated that included cell-weighted and self-
shielded core cross sections. This library was used in a series of



one-, two-, and three-dimensional neutronics calculations to obtain a

variety of results. Relative fluxes above 0.1, 0.5, and 1.0 MeV, as well
as the spectrum, were calculated to obtain spectral averaged cross

sections for the 5l+Fe(n,p), 58Ni(n,p) reactions and the average displace

ment cross section for Fe. Spatial distributions of measured and calcu

lated activities were compared to evaluate the calculated spatial dis

tributions. Measured and calculated reaction rate ratios were compared

to evaluate the calculated spectrum at various locations.

DESCRIPTION OF BSR

The BSR is a pool reactor used in research that makes use of ordinary

water as a moderator, a coolant, and a shield. The design is remarkably

simple and consists of a lattice of Materials Test Reactor (MTR) type
fuel elements immersed in a large pool of water. The reactor operates

at a maximum power of 2 MW with forced convection cooling and has the

main advantages of low costs, safety, flexibility, and accessibility.

The standard MTR-type fuel element consist of eighteen aluminum

clad plates of 93% enriched uranium-aluminum alloy. Each element has the
dimensions of 2.996 in. * 3.069 in. * 24.625 in. with an active fuel length

of 23.625 in. centered in the axial direction. Each element has a metal-

to-water ratio of about 0.72. The reactivity of the BSR is controlled

by the use of six control elements. These control elements contain a

control blade slot that replaces the center nine plates of a standard

fuel element. The control blades are composed of B4C and stainless

steel.

DESCRIPTION OF THE EXPERIMENT

The experimental phase of this project was performed on two separate

core loadings of the BSR. Core 37 contained a single NRL irradiation

position as shown in Fig. 1. The weights of the elements used in core 37

(in terms of grams of 235U) are shown in Table 1. Core 54 contained two

NRL irradiation positions as shown in Fig. 2. Table 2, likewise, contains

the weights of the fuel elements used in core 54. These are the two cores

used in the dosimetry capsule irradiations of the flux monitor wires,



but are not the cores used in the actual metallurgical test specimen

irradiations. However, the cores used in the test specimen irradiations

are very similar in loading with differences only in the fuel element

burnup.

The dosimetry capsules for BSR cores 37 and 54 are shown in Figs. 3

and 4, respectively. Each capsule is designed to fit in a standard MTR-

type fuel element with all center plates removed and the side plate con

structed of aluminum. Aluminum spacers of approximately 1.75 in. and

3.625 in. were used in the bottom of the experimental elements in cores

37 and 54, respectively, to position the NRL dosimetry capsules in the

axial direction. Table 3 details the various axial irradiation positions

and other axial positions of interest for the two experimental elements.

Flux monitor wires of iron and nickel were inserted in the irradiation

tubes (cf. Figs. 3 and 4) of the dosimetry capsules. Segments of the

wire were cut out at the axial irradiation positions shown in Table 3.

Count rate measurements of these wire segments gave the absolute experi

mental reaction rates with which the computational results were compared.

CALCULATIONAL FLOW PATH AND THEORY

The development of the computational model for the ORNL-BSR utilized

a wide variety of computer codes and was considered adequate enough to

calculate the parameters measured in the experiments. The Criticality

Safety 218 Group Master Library1 was used to generate the various cross-

section sets utilized in the neutronics calculations. The 40 group refer

ence cross-section library was generated by executing various modules of

the AMPX-II2 code system. Fig. 5 depicts the generation of the 40 neutron

energy group library. Table 4 explains the footnote on the various

modules in Fig. 5. Figs. 6 through 8 show the neutronics calculations

performed on each sub-library created from the reference 40 group library.

Table 4, again, explains the footnote on the various modules.



AJAX, an AMPX-II module, was used to create a master library of those

elements needed in the calculations. This smaller library was less cumber

some to manage and utilize in the calculations for this project. MALOCS

utilized a Fission-1/E-Maxwellian spectrum to weight the cross sections

and collapse them to 40 neutron energy groups. Resonance information

from the 218 group Master Library is retained in the 40 group Master

Library. The equations used to calculate the Fission-1/E-Maxwellian spec

trum are given below:

1/2-.776E
Fission Tail X(E) = •77EI/S (1)

1/E F(E) = 1/E (2)

21 E1/2c~E/kt
Maxwellian distribution n(E) = (ukT)3/2 . (3)

The 40 group Master Library generated by MALOCS was used as input

into NITAWL which is an acronym for Nordheim Jjitegral Treatment And

Working Library production. NITAWL is employed for reading these general

ENDF/B formats, performing resonance self-shielding calculations, and

collecting data into workable arrangements such as the format required

by the other AMPX-II modules.

The Nordheim Integral Treatment utilizes the balance equation that

describes neutron slowing down in an infinite, homogeneous medium and

generalizes this equation to account for a heterogeneous fuel cell.

Energy-dependent first-flight escape probabilities PF (E) and PMn(E)
are key parameters in the heterogeneous cell treatment. The treatment

also interprets the flux in the fuel <f>r(E) and the flux in the moderator

ij>m(E) to obtain the volume averaged fluxes in the fuel and moderator,

respectively. These characterizations set forth give a set of coupled

balance relations for the fuel and moderator given by equations 4 and 5,

respectively.3



E/a,

VF ^(E) *F(E) =VF[1 -PFo(E)] dE' f^) *(E')
(1 -aF) E'

E/aM

+ VM WE> dE- g(EQ »M(EQ

0 ~aM> E'

E/«M
VM Zt'(E) *M(E) =V„[l -PMq(E)] dE' ^(E') +M(E')

(1 -aM) E'

E/ap

+Vp PFo(E) j dE- ^(EQ ♦p(E-)

E (1 -aP) E'

(4)

(5)

In the above equations, F denotes fuel, M denotes moderator and alpha (a)
is just

A - 1

A + 1
(6)



To decouple these equations, a few approximations are necessary.

First, one must utilize the flat source approximation of uniform isotropic

neutrons to compute the escape probabilities. Secondly, the narrow

resonance approximation for the moderator must be instituted to allow

the flux in the moderator to be replaced by its asymptotic form:

<DM(E) * 1/E (7)

Then, substituting the above assumptions into equations 4 and 5 allow

for the equations to be decoupled. Once PpQ(E) is known, the fuel
equation can be solved for <j>F(E) and the effective resonance integral
can be calculated

dE /(E) o,F(E) (8)

Eo

The multi-group cross sections in the resonance region can then be calcu

lated from the appropriate resonance integrals. It should be noted that

this program does not take into effect the interference due to resonances
of different nuclides.

With the resonance calculations performed, the AMPX-II working library
has been formed and the next step was to cell-weight the cross sections.
The module within AMPX-II normally used for these calculations is XSDRNPM

which is an acronym for X-Section Dynamics for Reactor Heutronics
with Petrie Modifications.

The model used in the cell-weighting calculations is shown in Fig. 9.
This model is a typical fuel plate in a MTR-type element and half the
water channel on each side of the plate. A repeating boundary condition
was applied to the two water channel boundaries. The cell-weighted



cross sections were produced according to the equation:

Cell

IZM

.1 Nj J. AVi I V1> 0q(i}j=1 J iej ' qiG g
rZM i r tmIM
I N3 J, AVi

j=l lej

i_ y avi. I 6 (i)
V i£1 1geG 9

(9)

where IZM is the total number of zones, j is a zone index, N. is the

number density in zone j, i is a spatial interval index, AV. is the

volume of interval i, g is a group index, a (j) is the group value

of the microscopic cross section, IM is the total number of intervals,

V is the total cell volume, and <f> (i) is the flux for spatial interval

i defined by:

,(T) = dE <j>(E,r) (10)

Eeg

This produces an "average" value of the cross section and not a point

value. The averaging codes in XSDRNPM assume some characteristic flux

shape, such as 1/E or fission spectrum, across a group to arrive at the

fine-group values.

Since the cross-section set out of XSDRNPM only contained the fuel

element cross sections, NITAWL was used again to merge the XSDRNPM eel 1-

weighted cross section with the previous NITAWL self-shielded cross sec

tions to form the final reference 40 group working weighted library to

be used in all subsequent calculations.

Up to this point, all calculations were performed on a 40 neutron

energy group structure because results of a previous study have shown

this group structure adequate for the resonance and cell-weighting calcu

lations.4 However, since the remaining calculational flow paths
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(Figs. 6 through 8) involve two- and three-dimensional calculations, such

a group structure would be too costly to employ in terms of time and

money. Therefore, the 40 group working weighted library formed by NITAWL

was again used as input to XSDRNPM for the purpose of "zone" weighting

and collapsing to 40, 27, 15, and 7 neutron energy groups. As stated

above, one reason for performing this calculation was to cut cost and

computer time. A second reason for performing the "zone" weighting cal

culation was to check for any perturbations that group structure would

have on the results.

The "zone" weighted cross sections were produced by the equation:

°g°nej V V -l- AVi W1) ag(i)' (11)y J lej geG y y

where jj is the average flux in zone j group G, and V. is the volume of
zone j. Since XSDRNPM is a one-dimensional code, the zones were set up

as rows of elements. Referencing to Figs. 1 and 2, there were two out

side zones of water, one on each side, and the core was divided into

eight individual zones. Zone 2 was core positions 85 through 89, zone 3

was core positions 75 through 79, and so on down to zone 9 being core

positions 15 through 19. This calculation produces a separate set of

core cross sections for each zone and, therefore, each set was more

representative of the spectrum in that region of the core.

After the "zone" weighting, the cross-section sets were collapsed to

the 40, 27, 15, and 7 neutron energy group structures shown in Tables 5

through 8. These four libraries were the basic libraries used in all the

transport and diffusion calculations depicted in Figs. 6 through 8.

Figs. 6 through 8 indicate that a variety of one-, two-, and

three-dimensional transport and diffusion calculations were performed.

The cross section format was in the proper form for the one-dimensional

transport calculations (XSDRNPM) since they were generated in the AMPX-II

system. However, the cross section format was incorrect for VENTURE5 and

DOT 4.26 because these codes are separate from AMPX-II. For this purpose,



the AMPX-II CONTAC was used. CONTAC is an AMPX-II utility module which

converts an AMPX-II working library into a library for other code systems.

In the case of DOT 4.2, CONTAC converted the AMPX-II 7 group library to
an ANISN format (Fig. 8). DOT 4.2 is a two-dimensional discretized

transport code. In the case of VENTURE, CONTACT converted the AMPX 40,

27, 15, and 7 group libraries into ISOTXS format. VENTURE is a multi

dimensional code block consisting of several special processors which
solves the multi-group diffusion equation.

The calculations involved both the use of transport and diffusion

theory. One reason for this is that transport theory was needed to show

the validity of the diffusion theory calculations. Furthermore, the only
three-dimensional calculation that could be done at ORNL was a diffusion

theory calculation. XSDRNPM (one-dimensional) and DOT 4.2 (two-dimensional)
both solve a time dependent form of the Boltzmann Transport Equation
shown below:7

-L a+(r.E,n,t) =_^ QMTtEtatt) -^(F,E) ♦(F.E.a.t)

+ x(E)
f

dE'

dE-

•4tt

dfi' v £f(r,E-) <(>(r,E',fi',t)

dsr £(E'+E,?r-H3) <t>(F,E',sr,t).

(12)

Both codes use the discrete ordinates method to discretize the direction

variable a in the neutron transport equation. This produces a coupled
set of N equations of the form:

%xV*n +k <\i(r'E) =I V jdE' Is(E-->E,Qn.^n) *n.(r,E')
ill n

+ Sn(r,E) (13)
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where n = 1 . . . N while

*n(r,E) = cj>(r,E,ftn) . (14)

The codes further discretize the energy variable to form a coupled set

of multi-group SN equation of the form:

\>*< +lt,*l-l Wn'gUs9^,9: +sg,
n = 1 . . . N, g = 1 . .

quadrature weights for the particular numerical integration scheme used

to handle the angular integrals.

VENTURE solves the steady-state equation with the diffusion approxi

mation to transport for the neutron flux at geometric location r and

energy E given below:

G, and w are the appropriately chosen

-vD(r,E) v <j>(r,E) + Ia(r,E) + Is(r,E) + D(r,E) Bf(E)

I(r,E'-E) +ix(riE) v£f(r,E-)
E'

>(r,E)

(15)

(16)

>(r,E') dE'

The continuous energy spectrum is divided into discrete energy groups,

and usually a simplification is made in the transport term to give:

-Dg(r) v2 4>g(r) + Laa(r) + I ls (r) +D(r) Bf
y n g-m y -g

♦g(D

^n };s (r) +T Xg(r) vI (r)
n+g e y Tg

,(r) , (17)
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where Dg(r) is the diffusion coefficient, normally one-third of the
reciprocal of the transport cross section.

As was stated earlier, the three-dimensional calculation could
have been quite large and costly had not a smaller group structure been
utilized. However, it was found that this alone would not make the
problem manageable. Therefore, a study was performed on the two-dimen
sional VENTURE calculations with respect to the perturbations of the
results due to assumptions about core symmetry.

In the analysis of core symmetry, quarter, half, and full core
symmetries were considered. The quarter core symmetry model for both
cores 37 and 54 mocked-up the top right quarter of Figs. 1 and 2,
respectively. The half core symmetry model for core 37 mocked-up the
top half of Fig. 1 because of the position of the NRL experiment. The
half core symmetry model for core 54 mocked-up the right half of Fig. 2
due to symmetry about the long axis. The full core symmetry model for
both cores mocked-up the entire core. The results of these studies
will be discussed in the next section. The three-dimensional calcula
tions used the quarter core symmetry model to ease the computer cost
and decrease the size of the problem.

Upon finishing all the neutronics calculations, WINDOWS8 was used
to perform the analysis of the flux spectra and calculate the various
parameters outlined in the introduction.

Finally, the DISSPLA9 system was used to plot some of the results
of the various calculations.
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DISCUSSION OF RESULTS

With such a complex calculational flow diagram as that set forth

in Figs. 5 through 8, and with the various added calculations of deter

mining adequate group structures and core geometry for the models, a
large volume of results were generated. Thus, a representative sample
of results are presented for discussion and for support of the conclu

sions and recommendations.

The results are discussed in an order first showing the overall

validity of the calculations and then the various perturbations are
investigated. Finally, the selected parameters mentioned in the intro

duction are discussed.

In discussing the overall validity of the calculations, the reader

is referred to Figs. 10 through 12 for core 37 with the tabular equiva

lent data in Tables 9 through 12. Figs. 13 through 17 illustrate data

for core 54 and tabular equivalent data are given in Tables 13 through

20.

As stated earlier for both cores, quarter core symmetry was used

for the three-dimensional calculations to cut cost and computer time.

This assumption appears to be yery good with respect to the neutron flux
spectrum. However, since neither core was symmetric in its fuel loading
or its power distribution, the absolute power of the reactor could not

be calculated accurately. Therefore, the calculational results were

normalized using a least squares fitting technique to the experimental

measurements. One normalization factor was used for each element and

a separate factor was used for each core. The reasons behind this were:

1) the two cores had different loadings and therefore two different

spectra, and 2) if both the iron and nickel reaction rates would have

been utilized in the same normalization constant, both power and spec

tral effects would have been factored into the normalization factor.
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This spectral effect is measured by the ratio of the experimental nickel
to iron ratio to the calculated nickel to iron ratios. These ratios

differed by less than 1% for core 37; however, for core 54 the ratios

differed by approximately 7%. Therefore, in order to maintain consistency
between spatial and spectral effects, separate normalization factors
were computed for iron and nickel.

The figures and tables mentioned above indicate that the axial

distributions of the reaction rates obtained experimentally and by calcu
lations are \iery close. For core 37, the effect of the aluminum block
in the center of the steel blocks of the dosimetry capsule is seen more
sharply in the experimental results mainly because of the breakdown in

diffusion theory at material interfaces. It can also be seen that in

general for core 37 the calculated fluxes were high in the top of the
core. The justification behind this result is that in using the quarter
core symmetry model, the effects of the partially inserted control rods

are not seen. In core 37 approximately 65% of the power is generated in
the lower half of the core (Fig. 1), and also the control rods in core

positions 66 and 68 are fully withdrawn. These facts coupled with the
amount of aluminum and water in the top half of the core caused the fluxes
to be high and therefore the absolute activities.

In the case of core 54, the results looked very good in the axial
distribution for all irradiated tubes except tube 2 (cf. Fig. 14). The
discrepancies seen in Fig. 14 are due to an error in the model. Core
position 89 in Fig. 2 was mocked-up as a solid aluminum block. This

interpretation of the core loading was erroneous since this element was

an aluminum can filled with water. With water instead of aluminum present
in that position, the values of the flux along that portion of the experi
mental assembly would have been higher and thus closer to the experimental
measurements. The same effect is slightly seen for tube 3 (cf. Fig. 15)
which is also along that side of the experimental assembly (Fig. 2).
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In general for both cores, the calculational results were found to

fall off slower than the experimental results. There are two main reasons

for this discrepancy: 1) the axial fuel distribution of the elements,

which had a moderate degree of burnup, was limited to an empirical rela

tionship, and 2) no allowance was made for the aluminum grid plate at

the core bottom. Therefore, mocking-up pure water raised the value of the

fluxes and decreased the fall-off rate slightly.

Despite the discrepancies discussed above, the overall results showed

the calculational model predicted the axial distribution of the reaction

rate within 10%. Therefore, it is safe to assume the model is a valid

one for calculating the ORNL-BSR.

The experimental and calculated ratios of the 58Ni(n,p) reaction

and 54Fe(n,p) reaction are compared in Tables 21 and 22 for cores 37 and

54, respectively. Since the two cores were so different in the loadings,

each core is discussed separately.

The comparison of the ratios of 58Ni(n,p) reaction to 5l+Fe(n,p)
reaction in Table 21 indicates very good agreement between the calculations

and the experiment. Excluding plane 10 for the three-dimensional VENTURE

calculation, the calculated ratios were within 5% of the experimental ratios.

(The experimental ratio at plane 10 was approximately 13% different from

any other experimental ratios and is therefore believed to be a bad experi

mental data point.) This result requires a little more comment in that it

is the author's belief that a cancellation of factors affecting the spec

trum has taken place. The factors in question are the ENDF/B-IV fission

spectrum, the unsymmetric core loading of core 37, and the associated

unsymmetric power distribution. Current work performed at ORNL has shown

the ENDF/B-IV fission spectrum to give discrepancies in calculating reaction

rates for threshold foils in the high energy end of the spectrum. Since

these results show less discrepancy than would be expected from other

current calculations at ORNL, it was concluded that a cancellation of

factors has taken place.
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The comparison of the ratio of 58Ni(n,p) reaction to 5t+Fe(n,p)
reaction in Table 22 indicates a systematic error of approximately 7.5%.
As discussed previously with core 37, this effect is primarily due to the
ENDF/B-IV fission spectrum. The effects of core loading, power dis
tribution, and the aluminum can in core position 89 (cf. Fig. 2) discussed
previously also contribute to the discrepancy but are not large factors
because of a better core loading for core 54. The results shown in
Table 22 are closer to what the author believes the calculated ratios
should be. The spectral results of core 54 were \/ery similar to those
of core 37 except the effects of core loading were smaller.

In general for both cores, the spectral shift across the element in
the high energy groups of interest is seen to be less than 7% and some
times even negligible (cf. Tables 21 and 22).

The final results to be analyzed in the calculations are the tables
of the spectral averaged cross sections. Tables 23 through 49 show the
values of the total flux, flux greater than 0.1, 0.5, and 1.0 MeV, and
the spectral averaged cross sections for the 51+Fe(n,p) reaction, 58Ni(n,p)
reaction, and the average displacement cross section for iron.

There are two general characteristics which are noticeable when
viewing these tables of spectral averaged cross sections. One yery impor
tant characteristic seen in both cores is that even though seven groups
appeared adequate for the spectral shape, it was not adequate for the cal
culation of these parameters in WINDOWS. WINDOWS uses adirect unfolding
method with log-log interpolation between two groups. With such a broad
group structure, WINDOWS will have a larger degree of error in the unfolded
spectrum. Therefore, all seven group results except the average displace
ment cross section for iron are obtained from direct folding of group
fluxes and cross sections. Another general characteristic seen for the
two cores is that the numbers remained fairly consistent from calculation
to calculation, especially for core 54. Core 37 had some discrepancy
(approximately 9%) between the two-dimensional transport calculations
(DOT 4.2, Table 25) and the two-dimensional diffusion calculations
(VENTURE, Table 26). The reason for this discrepancy is not apparent
from the models used in the calculations.
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The differences in the spectra in the various tubes are seen in the

numbers in the tables of cross sections. The changes in the group struc

ture were found to have very little effect on the spectral averaged cross

sections presented in Tables 23 and 24 for core 37, and Tables 35 and 36

for core 54. For core 37, Tables 32 through 34 show the cross sections

for the various axial positions of tubes 3, 4, and 5. One can see the

spectral shift of approximately 7% from tubes 3 and 4 to tube 5. This

shift is partially due to the breakdown of diffusion theory in a strong

absorber (steel) and partially due to the nonsymmetric core loading.

Also, one can see the effects of the aluminum in planes 5 and 6. With

aluminum replacing steel in the experimental capsule, the thermal flux

in particular is seen to increase substantially. This is due to the

lower neutron absorption of aluminum, therefore allowing for the neutron

population in the experiment to increase raising the flux in this sec

tion of the core. These two spectral effects are greatest for the value

of the total cross section, and decrease in size as you limit the spectrum

to the high-energy region. For core 54, Tables 45 through 49 show a

7 to 9% spectral shift across the experimental capsule for the various

irradiation planes in the three-dimensional calculation. It is seen

largely in the thermal groups (total cross sections) and much less in

the fast groups which are of primary interest in the model. The reason

behind this result is the placement of the experimental elements (cf. Fig.

2). Core 37 (Fig. 1) has the experimental capsule placed on the core

centerline where core 54 has the experimental capsule offset from the

centerline. Tubes 1 and 2 are on the side of the experiment facing the

outside edge of the reactor, and tubes 3 and 4 are on the side closest to

the core centerline. Therefore, tubes 1 and 2 should have a lower thermal

flux than tubes 3 and 4. This result is seen in Tables 45 through 49.

One characteristic discussed before and seen clearly in these spec

tral cross section results also is the effect of core loading on the

results. The spectral cross section tables of the different core symme

tries assumed show relatively small differences for core 54 (cf. Tables

37 through 44). Core 37, on the other hand shows large variations of ±20%



17

in proceeding from quarter to full core symmetry calculations (cf.
Tables 25 through 31). This reaffirms the lack of symmetry in core 37
as a prime source of discrepancy, and also established the importance of
a symmetric power distribution in an analysis involving assumptions on
core symmetry.

The group fluxes for the two-dimensional full core symmetry VENTURE
calculation using 15 neutron energy groups are presented in Tables 50
through 53. Table 50 presents the center point group fluxes for each
core position in BSR core 54 (see Fig. 2), and Tables 51 through 53 pre
sent the center point group fluxes by core position along the north,
east, and west faces of the BSR core, respectively.

These flux values are based on the measured reaction rate of

51+Fe(n,p)51fMn divided by the spectrum averaged cross section for 51+Fe
based on the calculated flux above 1 MeV. In mathematical notation,
the spectrum averaged cross section above 1 MeV is defined as

a(E) <j>c(E) dE

<Er) =—7Z (18)a

*r(E) dE
c

R

where ER is the reference energy (1 MeV), and <j>c(E) is the calculated
flux. Therefore, the flux based on the measurement is just

a(E) 4>M(E) dE
*(E) = (19)

a(ER)

where the term in the integral is the measured reaction rate. From the

results in Tables 50 through 53, the nonsymmetric core loading (i.e.,
power distribution) is seen in the magnitude of the flux values.
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CONCLUSIONS

The results of this analysis show that the computational model set

forth in this report is an adequate model for calculating the ORNL-BSR

based on the desired parameters obtained during the course of this work.

This conclusion is based on the comparison of the experimental and compu

tational reaction rates and the ratio of these reaction rates as a

function of axial position and also on the consistency of the calculated

parameters.

The correct method of cross section generation is problem dependent.

However, the methods used for self-shielding and cell-weighting has

proven to be adequate for this type of problem.

The use of diffusion theory was proven valid with one- and two-

dimensional comparisons with transport theory, even though there were

slight discrepancies in the center tubes of the steel capsules and at

the aluminum-steel interfaces.

The 40 neutron energy group structure was adequate for performing

the resonance self-shielding calculations and cell-weighting calculations.

The group structure used in the neutronic calculations were adequate

in predicting the spectral shape and the spectral averaged cross sections.

However, use of the ENDF/B-IV fission spectrum probably introduced the

systematic error in the reaction rate ratios.

The use of quarter or half core symmetry for core 54 caused negligible

perturbations to the spectrum where for core 37 the spectrum was greatly

affected. This is due to the nonsymmetric core loading.

The spectral averaged cross sections were consistent from calculation

to calculation and were primarily sensitive to core symmetry and power

distribution.
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RECOMMENDATIONS

Based on the preceeding results and conclusions, the author would
like to make the following recommendations for better results.

1. Either use the 218-group Criticality Master Library
with the ENDF/B-V fission spectrum, or use the 171-

group Vitamin C Library 10 with the associated

ENDF/B-V fission spectrum.

2. If the 171-group Vitamin C Library is used, an experi
ment should be performed using 10 groups instead of

7. This will allow for added groups in the 6 to 20

MeV energy range while retaining the other groups.
3. Either load the reactor in a more symmetrical fashion

to obtain a symmetric power distribution or extend

the three-dimensional calculation to at least half
core symmetry.

4. Include the effects of fission product poisoning
which were left out of this model.

5. Correct the composition mistakes found in the model

and discussed in the result section (i.e. the alumi
num can and the core bottom grid plate).

6. Use a coarse-mesh three-dimensional diffusion code

which is economical enough to handle an increased

problem size to verify the results.

The above recommendations should help to clear up the discrepancies
in this report and give a set of results closer to the experimental
values.
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Table 1. Fuel Elements Utilized in Core No. 37,

Core Position Element Number

15 Aluminum Plug

16 M-9-H

17 M-18-H

18 M-8-H

19 BSF-28

25 M-196-D

26 BSF-S-11

27 M-12-H

28 BSF-S-12

29 M-323-H

35 M-20-H

36 M-10-H

37 M-16-H

38 M-11-H

39 M-19-H

45 BSF-39

46 BSF-S-13

47 M-17-H

48 BSF-S-14

49 BSF-40

55 M-13-H

56 M-194-D

57 M-3-H

58 M-14-H

59 M-195-D

65 M-l-H

Element Weight (235U g)

176

202

179

123

155

62

(Control Rod)

185

61

(Control Rod)

153

199

172

181

171

200

132

80

(Control Rod)

187

79

(Control Rod)

128

181

132

157

178

134

162



Core Position

66

67

68

69

75

76

77

78

79

85

86

87

88

89

23

Table 1. Fuel Elements (Cont'd).

Element Number

BSF-S-9

NRL Exp. I

BSF-S-10

M-2-H

Aluminum Plug

Aluminum Plug

M-4-H

M-7-H

M-6-H

Aluminum Plug

Fission Chamber

Aluminum Plug

Aluminum Plug

M-15-H

Element Weighting (235U g)

59

(Control Rod)

59

(Control Rod)

160

158

178

178

199
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Table 2. Fuel Elements Utilized in Core No. 54

Core Position Element Number Element Weight (235U g)

15 Aluminum Plug

16 M-9-H 161

17 M-3-H 141

18 M-8-H 161

19 Aluminum Plug

25 M-16-H 153

26 BSF-S-13

27 M-19-H

28 BSF-S-14

29 M-6-H

35 M-13-H

36 M-10-H

37 YZP-003W

38 M-ll-H

39 M-14-H

45 YZP-0048

46 BSF-S-15

47 M-20-H

48 BSF-S-16

49 YZP-003Y

55 M-7-H

56 M-l-H

57 YZP-0044

58 M-2-H

59 YZP-003X

65 YZP-0040

69

(Control Rod)

174

68

(Control Rod)

158

159

145

183

143

153

193

88

(Control Rod)

168

88

(Control Rod)

193

161

141

187

138

184

200
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Table 2. Fuel Elements (Cont'd)

Core Position Element Number Element Weight (235U g)

66 B-198-C 67

(Control Rod)
67 M-15-H 183

68 B-199-C 68

(Control Rod)
69 YZP-0041 195

75 M-12-H 172

76 NRL Exp. I -

77 Aluminum Plug -

78 NRL Exp. II -

79 YZP-0047 180

85 Fission Chamber -

86 YZP-0042 184

87 M-18-H 180

88 YZP-0046 185

89 Aluminum Plug
-



Table 3. Axial Positions of Interest Given as Distance from Core Bottom

Core No. 37 Core No. 54

Axial Position

Approximate Distance from
Core Bottom (in.) Axial Position

Approxim
Core

ate Distance from

Bottom (in.)

Top of Core 24.625 Top of Core 24.625

Top of Dosimetry Capsule 19.000 Top of Dosimetry Capsule 20.875

Irradiation Position 1 17.000 Irradiation Position 1 19.800

2 16.000 2 18.800

3 14.500 3 17.800

4 13.000 4 16.800

Core Centerline 12.313 5 15.300

Irradiation Position 5 11.500 6 13.800

6 8.700 Core Centerline 12.313

7 7.200 Irradiation Position 7 12.300

8 5.700 8 10.800

9 4.200 9 9.300

10 3.200 10 8.300

Bottom of Dosimetry Capsule 1.750 11

12

13

7.300

6.300

5.300

Bottom of Dosimetry Capsule 3.625

ro

on
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Table 4. Footnotes to the Block Diagrams in Figs. 5-8

a

"AMPX 218-group master library containing only neutron data

Broad-group AMPX master library containing only neutron data (40-groups)

AMPX microscopic working library (40-groups)

AMPX microscopic working/cell-weighted library (40-groups)

AMPX microscopic working/zone-weighted library (40-, 27-, 15-, 7-groups)

CCCC ISOTXS microscopic library created for the VENTURE system
(40-, 27-, 15-, 7-groups)

ANISN formatted microscopic library created for use in AXMIX
(7-groups; Binary)

hGIP (group independent) macroscopic library created for DOT 4.2 (7-groups)

^AJAX manages AMPX master libraries by merging, collecting, assembling,
reordering, reidentifying and/or copying data sets.

JMAL0CS collapses fine-group master libraries to abroad-group master library.
k
«J,I?ML1rL2sonance self-shields AMPX master data sets, produces both "regular"
ANISN libraries and ANISN sensitivity cross sections, and produces AMPX
working libraries. NITAWL can be used to merge working libraries.

I

XSDRNPM - Given a working library, XSDRNPM performs a one-dimensional
discrete ordinate (Sn) calculation with general anisotropic scattering.
The module can be used to spatially weight and to collapse cross sections
?»J2.. !d cross section can be Produced in working, CCCC's, ISOTXS, or
ANISN formats.

m'^JAC "Converts an AMPX working library to either an ANISN or aCCCC's
ISOTXS cross section library

nWIND0WS -Performs the analysis of spectral data foil activation measure
ments

VENTURE -A modular code system developed to do reactor core analysis
using multi-group, multi-dimensional diffusion theory.

PAXMIX- Manages ANISN-type cross section data sets and libraries by mixing
changing table lengths, making scattering order adjustments, adjointinq,
and making transport corrections.

qU0J 4.2 -Acode presently in the Discrete Ordinates System (DOS) which
performs 2-D discrete ordinates, diffusion, or P] theory neutronics.
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Table 5. Energy Boundaries (Cont'd)

Group Number Energy Boundary (eV)

29 1.68(0)

30 1.24(0)

31 1.13(0)

32 9.78(-l)

33 7.47(-l)

34 5.48(-l)

35 3.75(-l)

36 3.01(-1)

37 2.00(-l)

38 8.96(-2)

39 3.99(-2)

40 2.52(-2)

41 1.00(-5)
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Table 6. Energy Boundaries for the 27-Group Library

Group Number

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

Energy Boundary (eV)

2.00(7

6.43(6

4.80(6

2.48(6

1.50(6

1.36(6

1.01(6

4.99(5

1.00(5

1.30(4

2.58(3

3.04(2

8.98(1

2.76(1

9.10(0

3.06(0

1.68(0

1.24(0

1.13(0

9.78(-

7.47(-

3.75(-

3.01(-

2.00(-

8.96(-2)

3.99(-2)

2.52(-2)

1.00(-5)
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Table 7. Energy Boundaries for the 15-Group Library

Group Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Energy Boundary (eV)

2.00(7

6.43(6

4.80(6

3.00(6

2.36(6

1.36(6

1.01(6

4.99(5

3.30(5

1.62(5

1.00(5

1.30(4

1.22(2

1.86(0

5.48(

1.00(-5)
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Table 8. Energy Boundaries for the 7-Group Library

Group Number Energy Boundaries (eV)

1 2.00(7)

2 1.25(6)

3 1.01(6)

4 4.99(5)

5 3.30(5)

6 1.00(5)

7 3.06(0)

8 1.00(-5)
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Table 9. Comparison of Experimental and Calculated 54Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 67 of Core No. 37, Tube 3

Axial Position Experimental Value Calculated Value
(dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

*Read 4.86 x 10"13

4.86(10"13)* 5.13

4.76 5.17

4.88 5.24

4.85 5.32

5.50 5.51

5.39 5.12

4.59 4.68

4.18 4.28

3.66 3.83

3.47 3.51
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Table 10. Comparison of Experimental and Calculated 51+Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 67 of Core No. 37, Tube 4

a • ^ d«o •+-,-«« Experimental Value Calculated Value
Axial Position (dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

*Read 6.08 x 10"13

6.08(10"13)* 6.29

6.29 6.40

6.51 6.52

6.69 6.58

7.18 6.67

6.99 6.25

6.35 5.78

5.88 5.29

5.00 4.70

4.56 4.24
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Table 11. Comparison of Experimental and Calculated 51+Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 67 of Core No. 37, Tube 5

Axial Position Experimental Value Calculated Value
(dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

*Read 5.04 x 10-13

5.04(10~13)* 5.49

5.15 5.54

5.14 5.63

5.50 5.71

5.96 5.92

5.85 5.50

5.15 5.01

4.51 4.57

3.91 4.07

3.46 3.73
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Table 12. Comparison of Experimental and Calculated 58Ni(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 67 of Core No. 37, Tube 5

« . , D -+- Experimental Value Calculated Value
Axial Position (dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

*Read 6.76 x 10"13

- 7.16

6.76(10-13)* 7.22

7.05 7.33

7.49 7.44

7.74 7.72

- 7.17

6.94 6.53

6.16 5.96

- 5.31

5.04 4.86
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Table 13. Comparison of Experimental and Calculated 5i+Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 1

Axial Position Experimental Value Calculated Value
(dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

11

12

13

*Read 3.02 x 10~13

3.02(10~13)* 3.02

3.17 3.28

3.40 3.47

3.48 3.62

3.65 3.78

3.68 3.87

3.72 3.88

3.65 3.83

3.51 3.70

3.44 3.58

3.16 3.46

2.94 3.25

2.69 3.05
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Table 14. Comparison of Experimental and Calculated 5l+Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 2

Axial Position
Experimental Value
(dps/target atom)

Calculated Value

(dps/target atom)

1 2.95(10" 13)* 2.77

2 3.16 3.00

3 3.33 3.17

4 3.46 3.30

5 3.68 3.45

6 3.76 3.53

7 3.77 3.54

8 3.70 3.49

9 3.64 3.38

10 3.50 3.26

11 3.20 3.15

12 3.04 2.98

13 2.74 2.81

*Read 2.95 x 10"13



39

Table 15. Comparison of Experimental and Calculated 58Ni(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 2

Axial Position Experimental Value Calculated Value
(dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

11

12

13

*Read 4.18 x 10-13

4.18(10-13)* 3.74

4.47 4.05

4.66 4.28

4.97 4.47

5.28 4.67

5.40 4.77

5.45 4.79

5.44 4.72

5.11 4.56

4.86 4.41

4.58 4.26

4.30 4.02

4.00 3.80
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Table 16. Comparison of Experimental and Calculated 5l*Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 3

. . , „ -+. Experimental Value Calculated value
Axial Position (dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

11

12

13

*Read 4.05 x 10"13

4.05(10"13)* 3.61

4.26 3.93

4.47 4.17

4.72 4.35

4.94 4.56

5.11 4.66

5.06 4.68

4.99 4.60

4.72 4.44

4.59 4.29

4.24 4.12

3.95 3.86

3.71 3.58
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Table 17. Comparison of Experimental and Calculated 51+Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 4

Axial Position Experimental Value
(dps/target atom)

Calculated Value
(dps/target atom)

1 3.67(10" 13)* 3.80

2 3.99 4.14

3 4.29 4.39

4 4.48 4.59

5 4.72 4.80

6 4.92 4.91

7 4.96 4.92

8 4.85 4.84

9 4.57 4.68

10 4.27 4.52

11 4.16 4.35

12 3.77 4.07

13 3.56 3.75

*Read 3.67 x 10"13
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Table 18. Comparison of Experimental and Calculated 58Ni(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 4

Axial Position
Experimental Value
(dps/target atom)

Calculated Value
(dps/target atom)

1 5.21(10" 13)* 5.13

2 5.62 5.59

3 6.10 5.94

4 6.44 6.20

5 6.66 6.48

6 6.80 6.63

7 6.96 6.66

8 6.93 6.55

9 6.69 6.33

10 6.42 6.11

11 5.99 5.88

12 5.45 5.50

13 5.01 5.07

*Read 5.21 x 10"13
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Table 19. Comparison of Experimental and Calculated 51+Fe(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 5

Axial Position Experimental Value Calculated Value
(dps/target atom) (dps/target atom)

1

2

3

4

5

6

7

8

9

10

11

12

13

*Read 3.06 x 10"13

3.06(10"13)* 3.09

3.22 3.38

3.36 3.59

3.55 3.76

3.69 3.93

3.81 4.02

3.85 4.03

3.85 3.97

3.64 3.84

3.54 3.70

3.30 3.57

3.04 3.35

2.86 3.13
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Table 20. Comparison of Experimental and Calculated 58Ni(n,p)
Reaction Rates for the NRL Dosimetry Capsule in
Position 78 of Core No. 54, Tube 5

Axial Position
Experimental Value
(dps/target atom)

Calculated Value
(dps/target atom)

1 4.29(10" 13)* 4.17

2 4.75 4.57

3 4.85 4.86

4 5.07 5.08

5 5.40 5.31

6 5.67 5.43

7 5.59 5.45

8 5.48 5.37

9 5.38 5.18

10 5.07 5.01

11 4.80 4.83

12 4.40 4.53

13 4.10 4.23

*Read 4.29 x 10"13



Table 21. Comparison of Experimental and Calculated Ratios of the 58Ni(n,p) Reaction
and the 5t+Fe(n,p) Reaction for Core 37, Tube 5 **

Calculation Description

1-D Transport Calc.

1-D Diffusion Calc.

2-D Transport Calc.

2-D Diffusion Calc.

40 groups

27 groups

15 groups

7 groups

40 groups

27 groups

15 groups

7 groups

Quarter Core Symmetry, 7 groups

Quarter Core Symmetry, 7 groups

Half Core Symmetry, 7 groups

Full Core Symmetry, 7 groups

Half Core Symmetry, 15 groups

Full Core Symmetry, 15 groups

Reaction Rate

58Ni(n,p)

5l+Fe(n,p)

58Ni(n,p)

51+Fe(n,p)

Experimental

1.330*

1.330

1.330

1.330

1.330

1.330

1.330

1.330

1.330

1.330

1.330

1.330

1.330

1.330

Calculated

1.329

1.329

1.329

1.331

1.329

1.329

1.329

1.331

1.333

1.332

1.338

1.332

1.332

1.338

cn



Table 21. Comparison of Experimental and Calculated Ratios (Cont'd)

Calculation Description

3-D Diffusion Calc, Plane 2, 7 groups

3-D Diffusion Calc, Plane 3, 7 groups

Diffusion Calc, Plane 4, 7 groups3-D Di' ' '»>"um w»» I o . , • ikii^ -T, I yi \j\a^~i

3-D Diffusion Calc, Plane 5, 7 groups

3-D Diffusion Calc, Plane 7, 7 groups

3-D Diffusion Calc, Plane 8, 7 groups

3-D Diffusion Calc, Plane 10, 7 groups

Reaction Rate

58Ni(n,p)

51+Fe(n,p)

58Ni(n,p)

5ltFe(n,p)

Experimental

1.313

1.373

1.362

1.298

1.348

1.366

1.458

Calculated

1.331

1.332

1.332

1.331

1.332

1.332

1.331

*The experimental value for the one- and two-dimensional calculation is an average of planes 4 and 5
for the three-dimensional calculation.

**A11 comparisons are made for irradiation tube 5.

•p*
cn



Table 22. Comparison of Experimental and Calculated Ratios of the 58Ni(n,p) Reaction
and the 5i+Fe(n,p) Reaction for Core 54, Tube 5

Calculation Description

1-D Transport Calc, 40 groups

27 groups

1-D Diffusion Calc

2-D Diffusion Calc

15 groups

7 groups

40 groups

27 groups

15 groups

7 groups

Quarter Core Symmetry, 7 groups

Half Core Symmetry, 7 groups

Full Core Symmetry, 7 groups

Quarter Core Symmetry, 15 groups

Half Core Symmetry, 15 groups

Full Core Symmetry, 15 groups

Reaction Rate

58Ni(n,p)

51+Fe(n,p)

58Ni(n,p)

51+Fe(n,p)

Experimental Calculated

1.452* 1.348

1.452 1.348

1.452

1.452

1.348

1.342

-p*

1.452 1.344

1.452 1.344

1.452 1.344

1.452 1.342

1.452 1.342

1.452 1.342

1.452 1.349

1.452 1.349

1.452 1.351

1.452 1.351



Table 22. Comparison of Experimental and Calculated Ratios (Cont'd)

Reaction Rate

58Ni(n,p) 58Ni(n,p)
Calculation Description 54Fe(n,p) 51tFe(n,p)

Experimental Calculated

3-D Diffusion Calc, 7 groups, Plane 1 1.402 1.341

2 1.475 1.342

3 1.444 1.342

4 1.428 1.342

5 1.463 1.342

6 1.488 1.342

7 1.452 1.342

8 1.423 1.342

9 1.478 1.342

10 1.432 1.342

11 1.455 1.342

12 1.447 1.342

13 1.434 1.341

*The experimental value for the one- and two-dimensional calculations is the value for plane 7 of
the three-dimensional calculation.

-p.
00



Table 23 . Spectral
for Core

Parameters of the One-Dimensional
No. 37; All Group Structures

Transport Calculations

Parameter
Integration

Range
1-D

40-Groups
1-D

27-Groups
1-D

15-Groups
1-D

7-Groups

Total 2.91(1013) 3.15(1013) 3.05(1013) 3.08(1013)

* E>0.1 MeV 1.08(1013) 1.17(1013) 1.14(1013) 1.13(1013)
(n/cm2-sec) E>0.5 MeV 7.69(1012) 8.29(1012) 8.05(1012) 7.93(1012)

E>1.0 MeV 5.28(1012) 5.68(1012) 5.55(1012) 5.44(1012)

Total 1.80(10"26) 1.79(10"26) 1.81(10-26) 1.76(10-26)

5i+Fe(n,p) E>0.1 MeV 4.86(10"26) 4.83(10-26) 4.83(10-26) 4.81(10"26)

a(cm2) E>0.5 MeV 6.82(10"26) 6.81(10-26) 6.84(10-26) 6.84(10"26)

E>1.0 MeV 9.93(10"26) 9.93(10"26) 9.92(10-26) 9.98(10-26)

Total 2.40(10"26) 2.38(10-26) 2.40(10"26) 2.35(10-26)

58Ni(n,p) E>0.1 MeV 6.45(10"26) 6.41(10-26) 6.42(10-26) 6.41(10"26)

a(cm2) E>0.5 MeV 9.06(10"26) 9.05(10-26) 9.09(10"26) 9.10(10"26)

E>1.0 MeV 1.32(10"25) 1.32(10'25) 1.32(10-25) 1.33(10"26)

Total 2.62(10-22) 2.61(10"22) 2.66(10"22) 2.71(10-22)

Fe(dpa) E>0.1 MeV 7.07(10'22) 7.04(10-22) 7.12(10-22) 7.41(10"22)
a(cm2) E>0.5 MeV 9.92(10-22) 9.93(10"22) 1.01(10"2i) 1.05(10-21)

E>1.0 MeV 1.45(10"21) 1.45(10"21) 1.46(10-21) 1.54(10-21)

-p«



Table 24. Spectral Parameter of the One-Dimensional Diffusion Calculations
for Core No. 37; All Group Structures

Parameter
Integration

Range
1-D

40-Groups
1-D

27-Groups
1-D

15-Groups
1-D

7-Groups

Total 5.02(1013) 5.02(1013) 4.94(1013) 4.96(10i3)

* E>0.1 MeV 1.93(1013) 1.93(1013) 1.91(1013) 1.90(10i3)

(n/cm2-sec)
E>0.5 MeV 1.38(1013) 1.38(1013) 1.36(1013) 1.35(10i3)

E>1.0 MeV 9.52(1012) 9.52(1012) 9.42(1012) 9.28(1012)

Total 1.88(10-26) 1.88(10-26) 1.90(10-26) 1.87(10-26)

5l+Fe(n,p) E>0.1 MeV 4.90(10"26) 4.90(10_26) 4.90(10"26) 4.88(10"26)

a(cm2) E>0.5 MeV 6.86(10"26) 6.86(10"26) 6.87(10-26) 6.88(10"26)

E>1.0 MeV 9.93(10"26) 9.93(10"26) 9.94(10-26) 9.99(10"26)

Total 2.50(10-26) 2.50(10-26) 2.52(10"26) 2.49(10"26)

58Ni(n,p) E>0.1 MeV 6.51(10"26) 6.51(10-26) 6.51(10"26) 6.49(10"26)

a(cm2) E>0.5 MeV 9.12(10"26) 9.12(10"26) 9.13(10"26) 9.15(10"26)

E>1.0 MeV 1.32(10-25) 1.32(10"25) 1.32(10"25) 1.33(10-25)

Total 2.73(10"22) 2.73(10-22) 2.79(10"22) 2.86(10-22)

Fe(dpa) E>0.1 MeV 7.11(10-22) 7.11(10~22) 7.20(10~22) 7.45(10-22)

a(cm2) E>0.5 MeV 9.96(10-22) 9.96(10-22) 1.01(10"2i) 1.05(10-21)

E>1.0 MeV 1.44(10"2i) 1.44(io-2i) 1.46(10-21) 1.53(10-21)

cn

O



Table 25. Spectral Parameters of the Two-Dimensional Transport
Calculation for Core No. 37? Quarter Core Symmetry
and 7-Groups

Parameter Integration
Range Tube 3 Tube 4 Tube 5

Total 4.36(1013) 5.37(1013) 4.38(1013)
* E>0.1 MeV 2.03(1013) 2.41(1013) 2.28(1013)

(n/cm2-sec) E>0.5 MeV 1.35(1013) 1.62(1013) 1.48(1013)
E>1.0 MeV 8.26(1012) 1.03(1013) 8.81(1012)

Total 1.66(10-26) 1.69(10"26) 1.74(10"26)
54Fe(n,p) E>0.1 MeV 3.58(10"26) 3.78(10"26) 3.35(10"26)
a(cm2) E>0.5 MeV 5.39(10-26) 5.62(10"26) 5.16(10"26)

E>1.0 MeV 8.78(10-26) 8.84(10-26) 8.65(10"26)

Total 2.22(10~26) 2.25(10"26) 2.32(10-26)
58NT(n,p) E>0.1 MeV 4.77(10-26) 5.03(10"26) 4.47(10-26)
a(cm2) E>0.5 MeV 7.18d0"26) 7.49(10"26) 6.88(10"26)

E>1.0 MeV 1.17(10"25) 1.18(10-25) 1.15(10"25)

Total 3.00(10"22) 2.99(10"22) 3.21(10"22)
Fe(dpa) E>0.1 MeV 6.45(10"22) 6.68(10"22) 6.19(10"22)
a(cm2) E>0.5 MeV 9.71(10"22) 9.94(10"22) 9.53(10"22)

E>1.0 MeV 1.58(10"2i) 1.37(10"2i) 1.60(10-21)



Parameter

Table 26. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 37; Quarter Core Symmetry
and 7-Groups

Integration
Range

Tube 3 Tube 4 Tube 5

Total 3.20(1013) 3.90(1013) 3.18(10i3)

* E>0.1 MeV 1.38(10i3) 1.66(1013) 1.52(1013)

(n/cm2-sec) E>0.5 MeV 9.64(1012) 1.17(1013) 1.05(1013)

E>1.0 MeV 6.44(1012) 7.90(1012) 6.92(1012)

Total 1.82(10"26) 1.85(10"26) 1.96(10"26)

54Fe(n,p) E>0.1 MeV 4.20(10"26) 4.34(10"26) 4.11(10-26)

a(cm2) E>0.5 MeV 6.03(10'26) 6.16(10-26) 5.93(10^6)

E>1.0 MeV 9.03(10_26) 9.n(io"26) 9.00(10-26)

Total 2.42(10~26) 2.46(10-26) Z.61(10"26)

58Ni(n,p) E>0.1 MeV 5.59(10~26) 5.78(10"26) 5.47(10"26)

a(cm2) E>0.5 MeV 8.03(10"26) 8.20(10"26) 7.90(10-26)

E>1.0 MeV 1.20(10"25) 1.21(10"25) 1.20d0-25)

Total 3.08(10-22) 3.09(10'22) 3.33(10"22)

Fe(dpa) E>0.1 MeV 7.12(10"22) 7.27(10-22) 6.99(10"22)

o(cm2) E>0.5 MeV 1.02(10"2i) 1.03(10"2i) 1.01(10-21)

E>1.0 MeV 1.53(10-21) 1.53(10-21) 1.53(10-21)

cn



Parameter

Table 27. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 37; Quarter Core Symmetry
and 15-Groups

Integration
Range Tube 3 Tube 4 Tube 5

Total 3.28(1013) 3.96(1013) 3.28(1013)

* E>0.1 MeV 1.43(1013) 1.71(1013) 1.57(1013)

(n/cm2-sec) E>0.5 MeV 1.00(1013) 1.21(1013) 1.09(1013)

E>1.0 MeV 6.74(1012) 8.28(1012) 7.26(1012)

Total 1.83(10-26) 1.90(10-26) 1.91(10"26)

54Fe(n,p) E>0.1 MeV 4.19(10-26) 4.40(10"26) 3.99(10-26)

a(cm2) F>0.5 MeV 5.98(10"26) 6.22(10"26) 5.73(10-26)

E>1.0 MeV 8.91(10-26) 9.10(10-26) 8.6?d0"26)

Total 2.44(10-26) 2.53(10"26) 2.55(10-26)

58Ni(n,p) E>0.1 MeV 5.58(10-26) 5.84(10"26) 5.33(10"26)

a(cm2) E>0.5 MeV 7.97(10-26) 8.26(10-26) 7.66(10-26)

E>1.0 MeV 1.19(10-25) 1.21(10"25) 1.15(10-25)

Total 3.02(10-22) 3.05(10-22) 3.23(10-22)

Fe(dpa) E>0.1 MeV 6.90(10-22) 7.04(10"22) 6.75(10-22)

a(cm2) E>0.5 MeV 9.86(10"22) 9.95(10-22) 1.10(10-21)

E>1.0 MeV 1.47(10-21) 1.46(10"2i) 1.46(10"2i)

cn

CO



Table 28. Spectral Parameters of the Two-Dimensional Diffusion Calculation
for Core No. 37; Half Core Symmetry and 7-Groups

Parameter
Integration

Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 4.36(1013) 3.44(1013) 3.60(1013) 4.50(i013) 3.56(1013)

* E>0.1 MeV 1.87(1013) 1.51(1013) 1.56(1013) 1.92(1013) 1.71(1013)
(n/cm2-sec) E>0.5 MeV 1.32(1013) 1.05(1013) 1.09(1013) 1.35(1013) 1.18(1013)

E>1.0 MeV 8.92(1012) 6.94(1012) 7.22(1012) 9.16(1012) 7.78(1012)

Total 1.55(10"26) 1.52(10"26) 1.52(10-26) 1.55(10-26) 1.64(10-26)

54Fe(n,p) E>0.1 MeV 3.62(10"26) 3.47(10"25) 3.50(10"26) 3.63(10"26) 3.42(10_2G)
cn

a(cm2) E>0.5 MeV 5.13(10"26) 5.00(10"26) 5.02(10-26) 5.15(10-26) 4.94(10"2G)
-P>

E>1.0 MeV 7.59(10"26) 7.53(10-25) 7.56(10-26) 7.60(10"26) 7.51(10"26)

Total 2.07(10-26) 2.02(10"26) 2.02(10-26) 2.06(10-26) 2.19(10"2e)
58Ni(n,p) E>0.1 MeV 4.81(10"26) 4.62(10"25) 4.65(10-26) 4.83(10-26) 4.56(10"26)
a(cm2) E>0.5 MeV 6.84(10"26) 6.66(10"26) 6.69(10"26) 6.86(10-26) 6.58(10"26)

E>1.0 MeV l.OKlO"25) 1.00(10"25) 1.01(10-25) 1.01(10-25) 1.00(10"25)

Total 3.12(10"22) 3.10(10-22) 3.08(10-22) 3.10(10-22) 3.35(10-22)

Fe(dpa) E>0.1 MeV 7.27(10-22) 7.08(10-22) 7.10(10-22) 7.28(10-22) 6.98(10-22)

a(cm2) E>0.5 MeV 1.03(10-21) 1.02(10"21) 1.02(10-21) 1.03(10_2i) 1.01(10"2i)

E>1.0 MeV 1.53(10"21) 1.54(10"2l) 1.54(10-21) 1.52(10-21) 1.53(10-21)



Table 29. Spectral Parameters of the Two-Dimensional Diffusion Calculation
for Core No. 37; Half Core Symmetry and 15-Groups

Parameter
Integration

Range
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 4.44(1013) 3.54(10i3) 3.68(1013) 4.56(1013) 3.70(10i3)

<f> E>0.1 MeV 1.93(10i3) 1.56(10i3) 1.61(1013) 1.98(10i3) 1.77(1013)

(n/cm2-sec) E>0.5 MeV 1.36(1013) 1.09(10l3) 1.13(1013) 1.40(1013) 1.23(1013)

E> 1.0 MeV 9.30(1012) 7.28(1012) 7.56(1012) 9.56(1012) 8.14(1012)

Total 1.58(10-26) 1.51(10-26) 1.52(10-26) 1.59(10"26) 1.90(10-26)

5UFe(n,p) E>0.1 MeV 3.64(10-26) 3.43(10-26) 3.48(10-26) 3.67(10-26) 3.98(10-26)
cn

o(cm2) E>0.5 MeV 5.15(10-26) 4.90(10_26) 4.97(10"26) 5.19(10"25) 5.73(10"26)

E>1.0 MeV 7.56(10"26) 7.34(10-26) 7.42(10-26) 7.59(10"26) 8.63(10-26)

Total 2.11(10-26) 2.01(10"26) 2.03(10-26) 2.12(10-26) 2.n(10"26)

58Ni(n,p) E>0.1 MeV 4.84(10-26) 4.57(10-26) 4.63(10_26) 4.88(10-26) 4.42(10"26)

a(cm2) E>0.5 MeV 6.85(10-26) 6.54(10-26) 6.62(10-26) 6.90(10-26) 6.36(10-26)

E>1.0 MeV i.oi(iO"25) 9.79(10-26) 9.88(10-26) 1.01(10"25) 9.58(10-26)

Total 3.05(10-22) 3.02(10-22) 3.02(10-22) 3.05(10-22) 3.21(10-22)

Fe(dpa) E>0.1 MeV 7.01(10"22) 6.78(10-22) 6.89(10"22) 7.03(10-22) 6.73(10-22)

a(cm2) E>0.5 MeV 9.93(10_22) 9.71(10-22) 9.84(10"22) 9.94(10-22) 9.69(10-22)

E>1.0 MeV 1.46(10"21) 1.45(10-21) 1.47(10"21) 1.45(10-21) 1.46(10-21)



Table 30. Spectral Parameters of the Two-Dimensional Diffusion Calculation
for Core No. 37; Full Core Symmetry and 7-Groups

Parameter
Integration

Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 3.20(1013) 2.34(1013) 2.64(1013) 3.44(10i3) 2.58(1013)

* E>0.1 MeV 1.47(1013) 1.11(1013) 1.23(1013) 1.56(10i3) 1.34(1013)
(n/cm2-sec) E>0.5 MeV 1.03(1013) 7.66(1012) 8.50(1012) 1.10(1012) 9.20(1012)

E>1.0 MeV 6.94(1012) 5.00(1012) 5.62(1012) 7.44(1012) 6.02(1012)

Total 2.13(10-26) 2.07(10"26) 2.08(10"26) 2.13(10"26) 2.26(10-26)

54Fe(n,p) E>0.1 MeV 4.64(10'26) 4.36(10"26) 4.49(10-26) 4.69(10"26) 4.36(10"26) cn
a(cm2) E>0.5 MeV 6.62(10"26) 6.34(10"2e) 6.47(10-26) 6.67(10"26) 6.35(10"26)

E>1.0 MeV 9.84(10"26) 9.71(10"26) 9.79(10-26) 9.85(10"25) 9.70(10"26)

Total 2.84(10-26) 2.76(10"26) 2.77(10"26) 2.84(10"26) 3.01(10"26)

58Ni(n,p) E>0.1 MeV 6.18(10-26) 5.80(10"26) 5.97(10"26) 6.24(10"26) 5.80(10"26)
a(cm2) E>0.5 MeV 8.81(10-26) 8.44(10"26) 8.62(10"26) 8.88(10"26) 8.45(10"26)

E>1.0 MeV 1.31(10_25) 1.29(10"25) 1.30(10"25) 1.31(10"25) 1.29(10-25)

Total 3.31(10"22) 3.29(10"22) 3.27(10"22) 3.29(10"22) 3.57(10-22)
Fe(dpa) E>0.1 MeV 7.19(10"22) 6.91(10-22) 7.05(10"22) 7.25(10"22) 7.18(10"22)

a(cm2) E>0.5 MeV 1.03(10"2i) 1.01(10-21) 1.02(10-21) 1.03(10"21) 1.05(10"21)

E>1.0 MeV 1.52(10"2i) 1.54(10"21) 1.54(10-21) 1.52(10-22) 1.60(10"2i)



Table 31. Spectral Parameters of the Two-Dimensional Diffusion Calculation
for Core No. 37; Full Core Symmetry and 15-Groups

Parameter Integration
Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 3.54(1013) 2.68(1013) 3.00(1013) 3.78(1013) 2.96(1013)

* E>0.1 MeV 1.54(1013) 1.19(1013) 1.31(1013) 1.64(1013) 1.42(1013)
(n/cm2-sec) E>0.5 MeV 1.09(1013) 8.24(1012) 9.14(1012) 1.16(1013) 9.82(1012)

E>1.0 MeV 7.40(1012) 5.44(1012) 6.12(1012) 7.94(1012) 6.50(1012)

Total 2.05(10-26) 1.90(10"26) 1.96(10"26) 2.07(10"26) 2.03(10"26)
54Fe(n,p) E>0.1 MeV 4.69(10-26) 4.28(10"26) 4.49(10-26) 4.79(10"26) 4.25(10"26)
a(cm2) E>0.5 MeV 6.64d0"26) 6.18(10"26) 6.43(10-26) 6.75(10'26) 6.13(10"26)

E>1.0 MeV 9.79(10"26) 9.36(10"26) 9.60(10"26) 9.87(10"26) 9.26(10"25)

Total 2.72(10_26) 2.54(10"26) 2.61(10"26) 2.75(10"26) 2.72(10-26)
58Ni(n,p) E>0.1 MeV 6.24(10-26) 5.71(10"26) 5.98(10"26) 6.36(10-26) 5.69(10"26)
a(cm2) E>0.5 MeV 8.84(10"26) 8.25(10"26) 8.56(10"26) 8.98(10"26) 8.20(10-26)

E>1.0 MeV 1.30(10"25) 1.25(10"25) 1.28(10-25) 1.31(10"25) 1.24(10-25)

Total 3.05(10"22) 2.99(10_22} 2.99(10"22) 3.05(10"22) 3.21(10"22)
Fe(dpa) E>0.1 MeV 6.99(10"22) 6.74(10-22) 6.87(10"22) 7.05(10"22) 6.71(10"22)
o(cm2) E>0.5 MeV 9.91(10-22) 9.73(10"22) 9.82(10"22) 9.95(10"22) 9.67(10"22)

E>1.0 MeV 1.46(10"21) 1.47(10-21) 1.47(10-21) 1.45(10-21) 1.46(10-21)



Table 32. Spectral Parameters of Tube 3 at Various Axial Irradiation Positions
of the Three-Dimensional Diffusion Calculation; Quarter Core Symmetry
and 7-Groups ; Core No. 37

Parameter
Integration

Range
Plane 2 Plane 4 Plane 5 Plane 6 Plane 8

Total 3.74(1013) 3.86(10i3) 4.72(1015) 4.02(1013) 3.04(1015)

* E>0.1 MeV 1.59(1013) 1.64(1013) 1.64(1015) 1.55(1013) 1.33(1015)

(n/cm2-sec) E>0.5 MeV 1.1K1013) 1.15(10i3) 1.16(1013) 1.09(1013) 9.26(1012)

E>1.0 MeV 7.48(1012) 7.70(1012) 7.88(10i2) 7.34(1012) 6.20(1012)

Total 1.81(10-26) 1.81(10-26) 1.53(10"26) 1.67(10-26) 1.85(10"26)

54Fe(n,p) E>0.1 MeV 4.26(10"26) 4.24(10-26) 4.41(10"26) 4.35(10"26) 4.23(10-26)
00

a(cm2) E>0.5 MeV 6.09(10"26) 6.07d0"26) 6.26(10"26) 6.19(10"26) 6.06(10"26)

E>1.0 MeV 9.07(10"26) 9.06(10"26) 9.18(10"26) 9.16(10-26) 9.05(10"26)

Total 2.41(10"26) 2.41(10"26) 2.04(10"26) 2.23(10"26) 2.46(10"26)

58Ni(n,p) E>0.1 MeV 5.67(10_26) 5.65(10"26) 5.87(10"26) 5.81(10"26) 5.63(10"26)

a(cm2) E>0.5 MeV 8.1K10"26) 8.08(10-26) 8.33(10"26) 8.24(10"26) 8.07(10-26)

E>1.0 MeV 1.21(10"25) 1.21(10-25) 1.22(10"25) 1.22(10"25) 1.21(10"25)

Total 3.06(10"22) 3.05(10"22) 2.57(10"22) 2.80(10"22) 3.12(10-22)

Fe(dpa) E>0.1 MeV 7.19(10-22) 7.17(10-22) 7.39(10"22) 7.28(10-22) 7.15(10-22)

a(cm2) E>0.5 MeV 1.03(10"2l) 1.02(10"21) 1.05(10"2i) 1.04(10"2i) 1.02(10-21)

E>1.0 MeV 1.53(10'2i) 1.53(10-21) 1.54(10-21) 1.53(10"2i) 1.53(10-21)



Table 33. Spectral Parameters of Tube 4 at Various Axial Irradiation Positions
of the Three-Dimensional Diffusion Calculation; Quarter Core Symmetry
and 7-Groups; Core No. 37

Parameter
Integration

Range
Plane 2 Plane 4 Plane 5 Plane 6 Plane 8

Total 4.54(1015) 4.68(1015) 5.32(1013) 4.68(1013) 3.70(1013)

<t> E>0.1 MeV 1.91(1015) 1.97(1015) 1.95(1013) 1.84(1013) 1.59(1013)

(n/cm2-sec) E>0.5 MeV 1.35(1015) 1.39(1015) 1.38(1015) 1.30(10i3) 1.12(1013)

E>1.0 MeV 9.22(1012) 9.48(1012) 9.50(1012) 8.92(1012) 7.62(1012)

Total 1.85(10"26) 1.85(10-26) 1.65(10"25) 1.75(10"26) 1.88(10"26)

51tFe(n,p) E>0.1 MeV 4.39(10"26) 4.38(10"26) 4.50(10"26) 4.45(10"26) 4.37(10-26)

a(cm2) E>0.5 MeV 6.2K10"26) 6.20(10-26) 6.34(10"26) 6.29(10"26) 6.19(10"26)

E>1.0 MeV 9.12(10-26) 9.11(10-26) 9.21(10"26) 9.19(10"26) 9.n(10"26)

Total 2.46(10-26) 2.46(10"26) 2.19d0"26) 2.33(10"26) 2.50(10"26)

58Ni(n,p) E>0.1 MeV 5.85(10-26) 5.83(10"26) 5.98(10"26) 5.93(10_26) 5.81(lO-25)

a(cm2) E>0.5 MeV 8.26(10"26) 8.25(10"26) 8.44(10"26) 8.37(10"26) 8.24(10"26)

E>1.0 MeV 1.2K10"25) 1.21(10"25) 1.23(10"25) 1.22(10"25) 1.21(10"25)

Total 3.09(10"22) 3.09(10"22) 2.73(10"22) 2.91(10-22) 3.14(10-22)

Fe(dpa) E>0.1 MeV 7.34(10"22) 7.32(10"22) 7.46(10"22) 7.38(10"22) 7.30(10-22)

a(cm2) E>0.5 MeV 1.04(10"2i) 1.04(10~21) 1.05(10-21) 1.04(10"21) 1.03(10"21)

E>1.0 MeV 1.52(10"2i) 1.52(10"2i) 1.53(10"2i) 1.52(10"21) 1.52(10-21)

CTl
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Table 34. Spectral Parameters of Tube 5 at Various Axial Irradiation Positions
of the Three-Dimensional Diffusion Calculations; Quarter Core Symmetry
and 7-Groups; Core No. 37

Integration
Range

Plane 2 Plane 4 Plane 5 Plane 6 Plane 8

Total 3.72(1015) 3.84(1015) 4.88(1015) 4.10(1015) 3.00(1015)

* E>0.1 MeV 1.74(1013) 1.80(10i3) 1.79(1015) 1.69(1013) 1.45(1013)

(n/cm2-sec) E>0.5 MeV 1.21(10i3) 1.25(1015) 1.25(1015) 1.19(1015) 1.01(1015)

E>1.0 MeV 8.06(1012) 8.32(1012) 8.50(1012) 7.98(1012) 6.66(1012)

Total 1.95(10-26) 1.95(10"26) 1.59(10"26) 1.76(10-26) 2.00(10-26)

51+Fe(n,p) E>0.1 MeV 4.17(10"26) 4.16(10"26) 4.35(10"26) 4.26(10"26) 4.14(10"26)

a(cm2) E>0.5 MeV 6.00(10"26) 5.98(10-26) 6.20(10"26) 6.09(10-26) 5.96(10-26)

E>1.0 MeV 9.02(10"26) 9.00(10"26) 9.14(10"26) 9.04(10"26) 9.01d0"26)

Total 2.60(10"26) 2.60(10-26) 2.12(10"26) 2.34(10"26) 2.66(10"26)

58Ni(n,p) E>0.1 MeV 5.56(10"26) 5.54(10"26) 5.78(10'26) 5.67(10"26) 5.5K10"26)

a(cm2) E>0.5 MeV 7.99(10"26) 7.96d0"26) 8.25(10"26) 8.10(10-26) 7.94(10"26)

E>1.0 MeV 1.20(10"25) 1.20(10"25) 1.22(10-25) 1.20(10"25) 1.20(10-25)

Total 3.29(10"22) 3.30(10"22) 2.67(10"22) 2.97(10"22) 3.39(10"22)

Fe(dpa) E>0.1 MeV 7.06(10-22) 7.04(10"22) 7.29(10-22) 7.19(10"22) 7.02(10"22)

a(cm2) E>0.5 MeV 1.02(10"21) 1.01(10"21) 1.04(10-21) 1.04(10"2l) 1.0K10"21)

E>1.0 MeV 1.53(10"21) 1.52(10-21) 1.53(10-21) 1.53(10"2i) 1.53(10"21)
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Table 35. Spectral Parameters of the One-Dimensional Transport Calculations
for Core No. 54, All Group Structures

Integration
Range

1-D

40-Groups
1-D

27-Groups
1-D

15-Groups
1-D

7-Groups

Total 2.59(1013) 2.77(10i3) 2.77(10i3) 2.77(10i3)
* E>0.1 MeV 1.10(1013) 1.17(1013) 1.19(1013) 1.18(10i3)

(n/cm2-sec) E>0.5 MeV 7.45(1012) 7.92(1012) 7.99(1012) 7.99(1012)
E>1.0 MeV 4.78(1012) 5.10(1012) 5.15(1012) 5.10(1012)

Total 1.61(10-26) 1.60(10"26) 1.61(10-26) 1.66(10"26)
5I+Fe(n,p) E>0.1 MeV 3.77(10-26) 3.78(10"26) 3.77(10"26) 3.90(10-26)
a(cm2) E>0.5 MeV 5.58(10-26) 5.59(10"26) 5.59(10-26) 5.76(10"26)

E>1.0 MeV 8.69(10"26) 8.70(10-26) 8.68(10"26) 9.02(10"26)

Total 2.17(10-26) 2.16(10"26) 2.17(10-26) 2.23(10-26)
58Ni (n,p) E>0.1 MeV 5.08(10-26) 5.09(10-26) 5.08(10"26) 5.23(10"26)
a(cm2) E>0.5 MeV 7.52(10-26) 7.54(10"26) 7.54(10-26) 7.73(10-26)

E>1.0 MeV 1.17(10"25) 1.17(10-25) 1.17(10-25) 1.21(10-25)

Total 2.74(10"22) 2.73(10"22) 2.77(10"22) 2.87(10"22)
Fe(dpa) E>0.1 MeV 6.43(10"22) 6.45(10"22) 6.48(10-22) 6.72(10-22)
a(cm2) E>0.5 MeV 9.52(10"22) 9.55(10-22) 9.63(10-22) 9.93(10"22)

E>1.0 MeV 1.48(10-21) 1.49(10"2i) 1.49(10-21) 1.56(10-21)



Table 36. Spectral
for Core

Parameters of the
No. 54; All Group

One-Dimensional u-

Structures

iTTusion taicuiat lOllb

Parameter
Integration

Range
1-D

40-Groups

5.34(1013)

2.36(1013)

1.61(1013)

1.05(1013)

1-D

27-Groups

5.34(1013)

2.34(10i3)

1.61(1013)

1.05(1013)

1-D

15-Groups
1-D

7-Groups

5.36(1013)

2.38(1013)

1.63(1013)

1.07(1013)

5.42(1013)

2.42(1013)

1.66(1013)

1.09(1013)
(n/cm2-sec)

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 MeV

54Fe(n,p)

o(cm2)

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 MeV

1.76(10-26)

3.99(10-26)

5.85(10-26)

8.95(10-26)

1.76(10-26)

4.02(10-26)

5.85(10-26)

8.95(10-26)

1.77(10-26)

4.02(10-26)

5.85(10"26)

8.95(10-26)

1.82(10-26)

4.08(10"26)

5.94(10-26)

9.09(10-26)

cn
ro

58Ni(n,p)

a(cm2)

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 MeV

2.37(10"26)

5.36(10-26)

7.86(10"26)

1.20(10-25)

2.37(10-26)

5.41(10"26)

7.86(10-26)

1.20(10-25)

2.40(10-26)

5.40(10-26)

7.88(10"26)

1.20(10-25)

2.44(10"26)

5.47(10-26)

7.97(10-26)

1.22(10-25)

Fe(dpa)

a(cm2)

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 MeV

2.89(10-22)

6.53(10-22)

9.58(10-22)

1.47(10"21)

2.89(10-22)

6.59(10"22)

9.58(10-22)

1.47(10-21)

2.94(10-22)

6.61(10-22)

9.63(10-22)

1.47(10"2i)

3.09(10-22)

6.91(10-22)

1.01(10-21)

1.54(10-21)



Table 37. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54, Quarter Core Symmetry
and 15-Groups

Parameter
Integration

Range
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.12(1013) 1.84(1013) 2.46(10i3) 2.64(1015) 2.12(1015)

* E>0.1 MeV 9.92(1012) 9.04(1012) 1.11(1015) 1.17(1015) 1.04(1013)

(n/cm2-sec) E>0.5 MeV 6.68(1012) 6.14(1012) 7.70(1012) 8.04(1012) 7.02(1012)

E>1.0 MeV 4.26(10i2) 3.92(1012) 5.10(1012) 5.28(1012) 4.48(1012)

Total 1.95(10-26) 2.10(10-26) 2.18(10"26) 2.07(10-26) 2.04(10"26)

54Fe(n,p) E>0.1 MeV 4.17(10-26) 4.27(10-26) 4.81(10-26) 4.65(10-26) 4.15(10"26) en
co

a(cm2) E>0.5 MeV 6.19(10"26) 6.29(10"26) 6.96(10-26) 6.79(10"26) 6.17(10-26)

E>1.0 MeV 9.7K10"26) 9.85(10"26) 1.05(10"25) 1.03(10"26) 9.66(10-26)

Total 2.63(10-26) 2.83(10-26) 2.91(10-26) 2.77(10-26) 2.75(10-26)

58Ni (n,p) E>0.1 MeV 5.62(10"26) 5.75(10-26) 6.42(10-26) 6.22(10"26) 5.60(10"26)

a(cm2) E>0.5 MeV 8.35(10"26) 8.47(10-26) 9.29(10-26) 9.09(10-26) 8.32(10-26)

E>1.0 MeV 1.31(10-25) 1.33(10-25) 1.40(10_25) 1.38(10"25) 1.30(10"25)

Total 3.00(10-22) 3.17(10"22) 3.05(10-22) 2.96(10"22) 3.14(10-22)

Fe(dpa) E>0.1 MeV 6.41(10-22) 6.43(10-22) 6.73(10"22) 6.66(10"22) 6.39(10-22)

<|)(cm2) E>0.5 MeV 9.52(10-22) 9.48(10-22) 9.74(10-22) 9.73(10-22) 9.49(10"22)

E>1.0 MeV 1.49(10-21) 1.48(10-21) 1.47(10-21) 1.48(10-21) 1.49(10-21)



Parameter

Table 38. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54; Quarter Core Symmetry
and 7-Groups

Integration
Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.06(1013) 1.80(1015) 2.44(1015) 2.62(1015) 2.06(1013)

* E>0.1 MeV 9.74(10i2) 8.88(10i2) 1.10(1015) 1.16(1013) 1.03(1015)

(n/cm2-sec) E>0.5 MeV 6.56(1012) 6.02(1012) 7.60(1012) 7.94(1012) 6.92(1012)

E>1.0 MeV 4.20(1012) 3.84(1012) 5.02(1012) 5.22(1012) 4.40(1012)

Total 2.07(10-26) 2.17(10"26) 2.12(10-26) 2.05(10-26) 2.16(10"26)

51tFe(n,p) E>0.1 MeV 4.37(10-26) 4.40(10"26) 4.70(10"26) 4.63(10-26) 4.35(10"26)

a(cm2) E>0.5 MeV 6.49(10"26) 6.48(10-26) 6.80(10-26) 6.76(10"26) 6.44(10"26)

E>1.0 MeV 1.01(10"25) 1.02(10-25) 1.03(10-25) 1.03(10"25) 1.01(10"25)

Total 2.77(10"26) 2.91(10-26) 2.84(10"26) 2.75(10"26) 2.90(10-26)

58Ni (n.p) E>0.1 MeV 5.86(10"26) 5.90(10-26) 6.31(10"26) 6.21(10-26) 5.83(10-26)

a(cm2) E>0.5 MeV 8.7K10"26) 8.70(10-26) 9.12(10"26) 9.07(10"26) 8.65(10"26)

E>1.0 MeV 1.36(10"25) 1.36(10-25) 1.38(10-25) 1.38(10-25) 1.36(10"25)

Total 3.17(10-22) 3.32(10"22) 3.16(10"22) 3.08(10-22) 3.32(10-22)

Fe(dpa) E>0.1 MeV 6.69(10"22) 6.71(10-22) 7.03(10"22) 6.97(10"22) 6.67(10"22)

a(cm2) E>0.5 MeV 9.94(10"22) 9.90(10-22) 1.02(10-21) 1.02(10"2l) 9.88(10-22)

E>1.0 MeV 1.55(10-21) 1.55(10-21) 1.54(10-21) 1.55(10"2i) 1.55(10-21)

cn
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Table 39. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54; Half Core Symmetry and
15-Groups

Parameter
Integration

Range
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.74(1015) 2.42(1015) 3.08(1013) 3.28(1013) 2.70(1015)

* E>0.1 MeV 1.30(1015) 1.20(1015) 1.42(1015) 1.48(1013) 1.34(1015)

(n/cm2-sec) E>0.5 MeV 8.80(10i2) 8.16(1012) 9.78(o0i2) 1.01(10i3) 9.06(1012)

E>1.0 MeV 5.62(1012) 5.24(10i2) 6.46(1012) 6.58(1012) 5.76(1012)

Total 1.78(10-26) 1.90(10-26) 1.95(10-26) 1.83(10-26) 1.83(10-26)

54Fe(n,p) E>0.1 MeV 3.73(10-26) 3.83(10"26) 4.23(10-26) 4.08(10-26) 3.68(10"26)
crt

a(cm2) E>0.5 MeV 5.53(10"26) 5.64(10-26) 6.14(10-26) 5.97(10"26) 5.46(10-26)

E>1.0 MeV 8.66(10"26) 8.79(10-26) 9.29(10-26) 9.14(10"26) 8.59(10-26)

Total 2.40(10"26) 2.56(10"26) 2.60(10-26) 2.46(10-26) 2.47(10"26)

58Ni(n,p) E>0.1 MeV 5.04(10-26) 5.16(10-26) 5.67(10-26) 5.47d0"26) 4.97(10-26)

a(cm2) E>0.5 MeV 7.47(10-26) 7.61(10-26) 8.22(10"26) 8.00(10"25) 7.38(10-26)

E>1.0 MeV 1.17(10"25) 1.18(10"25) 1.24(10-25) 1.23(10"25) 1.16(10-25)

Total 3.05(10-22) 3.21(10-22) 3.08d0"22) 2.98(10"22) 3.17(10-22)

Fe(dpa) E>0.1 MeV 6.41(10-22) 6.46(10-22) 6.70(10"22) 6.61(10-22) 6.37(10-22)

a(cm2) E>0.5 MeV 9.50(10-22) 9.51(10-22) 9.71(10-22) 9.68(10-22) 9.45(10"22)

E>1.0 MeV 1.49(10-21) 1.48(10"2l) 1.47(10-21) 1.48(10-21) 1.49(10"2i)



Parameter

Table 40. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54; Half Core Symmetry and
7-Groups

Integration
Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.70(1015) 2.38(1015) 3.06(1015) 3.26(10i3) 2.64(1013)

* E>0.1 MeV 1.30(1013) 1.19(1015) 1.41(1015) 1.47(1015) 1.34(1013)

(n/cm2_sec) E>0.5 MeV 8.74(1012) 8.10(1012) 9.74(10i2) 1.01(1015) 9.00(1012)

E>1.0 MeV 5.60(1012) 5.20(1012) 6.42(1012) 6.58(1012) 5.74(1012)

Total 1.89(10-26) 1.99(10"26) 1.94(10"26) 1.86(10"26) 1.97(10-26)

5l+Fe(n,p) E>0.1 MeV 3.94(10"2e) 3.97(10"26) 4.19(10-26) 4.12(10-26) 3.89(10"26)

a(cm2) E>0.5 MeV 5.84(10"26) 5.86(10-26) 6.08(10-26) 6.02(10-26) 5.79(10-26)

E>1.0 MeV 9.11(10-26) 9.12(10-26) 9.22(10-26) 9.21(10-26) 9.07(10"26)

Total 2.53(10-26) 2.67(10-26) 2.60(10"26) 2.49(10"26) 2.65(10"26)

58Ni(n,p) E>0.1 MeV 5.28(10-26) 5.33(10-26) 5.63(10"26) 5.53(10-26) 5.22(10-26)

a(cm2) E>0.5 MeV 7.83(10-26) 7.86(10-26) 8.16(10"26) 8.08(10-26) 7.77(10-26)

E>1.0 MeV 1.22(10-25) 1.22(10"25) 1.24(10"25) 1.24(10-25) 1.22(10-25)

Total 3.22(10"22) 3.38(10"22) 3.22(10-22) 3.12(10"22) 3.37(10-22)

Fe(dpa) E>0.1 MeV 6.71(10-22) 6.73(10"22) 6.98(10"22) 6.93(10-22) 6.65(10"22)

a(cm2) E>0.5 MeV 9.95(10"22) 1.07(10-21) i.oido-21) 1.01(10-21) 9.89(10-22)

E>1.0 MeV 1.55(10-21) 1.55(10"21) 1.54(10-21) 1.55(10-21) 1.55(10"2i)

cn
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Table 41. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54; Full Core Symmetry Core
Position 76, and 15-Groups

Parameter
Integration

Range
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.42(10i3) 2.82(1015) 3.40(1013) 3.08(1015) 2.74(1013)

* E>0.1 MeV 1.19(1015) 1.33(1013) 1.54(1015) 1.39(1015) 1.36(10i3)

(n/cm2-sec) E>0.5 MeV 8.08(1012) 9.00(1012) 1.06(10i3) 9.52(1012) 9.14(1012)

E> 1.0 MeV 5.16(1012) 5.76(1012) 6.90(1012) 6.26(1012) 5.80(1012)

Total 1.85(10"26) 1.75(10-26) 1.83(10-26) 1.87(10-26) 1.80(10-26)

51+Fe(n,p) E>0.1 MeV 3.76(10"26) 3.70(10"26) 4.04(10-26) 4.16(10"26) 3.63(10-26)
a(cm2) E>0.5 MeV 5.55d0_26) 5.48(10'26) 5.90(10-26) 6.06(10-26) 5.39(10"26)

CTl

E>1.0 MeV 8.69(10-26) 8.56(10-26) 9.02d0-26) 9.21(10-26) 8.49(10"26)

Total 2.50(10"26) 2.36d0"26) 2.46(10"26) 2.51(10"26) 2.43(10'26)

58Ni(n,p) E>0.1 MeV 5.07(10-26) 4.99(10"26) 5.42(10"26) 5.57(10"26) 4.90(10-26)

a(cm2) E>0.5 MeV 7.48(10-26) 7.40(10-26) 7.91(10-26) 8.11(10-26) 7.29(10-26)

E>1.0 MeV 1.17(10-25) 1.16(10-25) 1.21(10-25) 1.23(10"25) 1.15(10-25)

Total 3.17(10-22) 3.03(10-22) 3.00(10-22) 3.00(10-22) 3.15(10-22)

Fe(dpa) E>0.1 MeV 6.43(10-22) 6.40(10-22) 6.61(10"22) 6.67(10"22) 6.35(10-22)

a(cm2) E>0.5 MeV 9.48(10"22) 9.49(10-22) 9.66(10"22) 9.71(10"22) 9.43(10-22)

E>1.0 MeV 1.48(10"2i) 1.48(10-21) 1.48(10"2l) 1.48(10-21) 1.49(10-21)



Table 42. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54: Full Core Symmetry, Core
Position 76, and 7-Groups

Parameter
Integration

Range
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.40(10i3) 2.78(10i3) 3.38(10i3) 3.06(10i3) 2.70(10l3)

+ E>0.1 Mev 1.20(1013) 1.33(1013) 1.54(1013) 1.39(1013) 1.36(1013)

(n/cm2-sec) E>0.5 MeV 8.12(1012) 8.98(10i2) 1.06(1013) 9.56(1012) 9.16(1012)

E>1.0 MeV 5.20(10i2) 5.76(10i2) 6.92(1012) 6.30(10i2) 5.82(1012)

Total 1.96(10"26) 1.87(10"26) 1.87(10"26) 1.88(10"26) 1.95(10-26)

54Fe(n,p) E>0.1 MeV 3.93(10-26) 3.91(10"26) 4.09(10"26) 4.15(10"26) 3.86(10"26)
cn

a(cm2) E>0.5 Mev 5.80(10-26) 5.79(10"26) 5.99(10-26) 6.03(10-26) 5.73(10-26)

E> 1.0 MeV 9.06(10-26) 9.03(10-26) 9.14(10-26) 9.15(10-26) 9.03(10"26)

Total 2.64(10"26) 2.51(10"26) 2.51(10-26) 2.53(10"26) 2.61(10-26)

58Ni (n,p) E>0.1 MeV 5.28(10"26) 5.24(10"26) 5.49(10-26) 5.56(10-26) 5.18(10-26)

a(cm2) E>0.5 MeV 7.79(10"26) 7.78(10-26) 8.03(10"26) 8.09(10-26) 7.70(10"26)

E> 1.0 MeV 1.22(10"25) 1.21(10-25) 1.23(10"25) 1.23(10-25) 1.21(10-25)

Total 3.36(10"22) 3.22(10"22) 3.17(10"22) 3.18(10"22) 3.36(10"22)

Fe(dpa) E>0.1 MeV 6.73(10-22) 6.71(10-22) 6.93(10'22) 6.99(10-22) 6.66d0"22)

a(cm2) E>0.5 MeV 9.93(10-22) 9.96(10'22) 1.01(10"2i) 1 .02(10"21) 9.89(10-22)

E>1.0 MeV 1.55(10-21) 1.55(10-21) 1.55(10"2l) 1.54(10-21) 1.56d0-21)



Table 43. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54; Full Core Symmetry, Core
Position 78, and 15-Groups

Parameters
Integration

Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.86(1015) 2.54(1013) 3.24(1015) 3.44(1015) 2.84(10i3)

4> E 0.1 MeV 1.37(1013) 1.27(1015) 1.49(1013) 1.55(1013) 1.41(1013)
(n/cm2-sec) E 0.5 MeV 9.24(1012) 8.60(1012) 1.03(10i3) 1.06(10!3) 9.52(1012)

E 1.0 MeV 5.90(10i2) 5.52(10i2) 6.80(1012) 6.90(1012) 6.06(1012)

Total 1.77(10-26) 1.89(10-26) 1.94(10"26) 1.82(10"26) 1.81(10-26)
51tFe(n,p) E 0.1 MeV 3.70(10-26) 3.80(10-26) 4.20(10"26) 4.04(10-26) 3.65(10-26)
a(cm2) E 0.5 MeV 5.48(10-26) 5.59(10-26) 6.08(10-26) 5.91(10-26) 5.41(10-26) cn

co

E 1.0 MeV 8.58(10-26) 8.72(10"26) 9.23(10"26) 9.06(10"26) 8.51(10-26)

Total 2.39(10"26) 2.55(10-26) 2.59(10"26) 2.44(10"26) 2.45(10"26)
58Ni(n,p) E 0.1 MeV 5.00(10"26) 5.12(10"26) 5.62(10"26) 5.42(10"26) 4.93(10"26)
a(cm2) E 0.5 MeV 7.40(10"26) 7.54(10"26) 8.14(10"26) 7.93d0"26) 7.32(10"26)

E 1.0 MeV 1.16(10-25) 1.17(10-25) 1.24(10-25) 1.22(10"25) 1.15(10-25)

Total 3.06(10-22) 3.21d0"22) 3.09(10-22) 2.98(10"22) 3.16(10-22)
Fe(dpa) E 0.1 MeV 6.40(10-22) 6.45(10-22) 6.69(10"22) 6.61(10'22) 6.35(10"22)
a(cm2) E 0.5 MeV 9.48(10"22) 9.49(10-22) 9.69(10-22) 9.68(10"22) 9.43(10-22)

E 1.0 MeV 1.48(10-21) 1.48(10"21) 1.47(10"21) 1.48(10-21) 1.48(10-21)



Parameters

Table 44. Spectral Parameters of the Two-Dimensional Diffusion
Calculation for Core No. 54; Fuel Core Symmetry, Core
Position 78, and 7-Groups

Integration
Range

Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.82(1015) 2.50(1013) 3.22(1015) 3.42(1015) 2.76(1013)

<f> E>0.1 MeV 1.36(10i3) 1.26(1015) 1.49(1013) 1.54(1013) 1.41(1015)

(n/cm2-sec) E>0.5 MeV 9.18(1012) 8.54(10i2) 1.03(1013) 1.05(1013) 9.46(1012)

E>1.0 MeV 5.86(1012) 5.48(1012) 6.76(1012) 6.90(10i2) 6.02(10i2)

Total 1.88(10-26) 1.98(10"26) 1.92(10-26) 1.84(10-26) 1.97(10-26)

51+Fe(n,p) E>0.1 MeV 3.90(10"26) 3.94(10"26) 4.16(10-26) 4.08(10"26) 3.86(10-26)
^1

a(cm2) E>0.5 MeV 5.78(10-26) 5.80(10"26) 6.03(10-26) 5.98(10"26) 5.74(10-26)

E>1.0 MeV 9.05(10"26) 9.03(10-26) 9.15(10-26) 9.14(10"26) 9.02(10-26)

Total 2.52(10"26) 2.66(10"26) 2.58(10"26) 2.47(10"26) 2.64(10"26)

58Ni(n,p) E>0.1 MeV 5.23(10-26) 5.29(10"26) 5.58(10-26) 5.48(10"26) 5.18(10-26)

a(cm2) E>0.5 MeV 7.75(10-26) 7.78(10-26) 8.09(10"26) 8.02(10-26) 7.70(10-26)

E>1.0 MeV 1.21(10"25) 1.21(10-25) 1.23(10"25) 1.23(10-25) 1.21(10"25)

Total 3.23(10"22) 3.38(10-22) 3.22(10"22) 3.12(10-22) 3.38(10"22)

Fe(dpa) E 0.1 MeV 6.71(10"22) 6.74(10-22) 6.99(10-22) 6.92(10"22) 6.64(10"22)

a(cm2) E 0.5 MeV 9.93(10-22) 9.91(10"22) 1.01(10-21) 1.01(10"2l) 9.87(10-22)

E 1.0 MeV 1.56(10-21) 1.54(10-21) 1.54(10-21) 1.55(10"2l) 1.55(10-21)



Table 45. Spectral Parameters of Plane 3
Diffusion Calculation for Core
Symmetry and 7-Groups

of the Three-Dimensional
No. 54; Quarter Core

Parameter
Integration

Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.22(1015) 1.90(1013) 2.62(1013) 2.86(1013) 2.14(1013)

* E>0.1 MeV 9.98(1012) 9.02dOi2) 1.12(1013) 1.20(1013) 1.04(1013)
(n/cm2-sec) E>0.5 MeV 6.86(10i2) 6.24(1012) 7.88(1012) 8.38(1012) 7.16(1012)

E>1.0 MeV 4.52(1012) 4.12(1012) 5.34(1012) 5.64(1012) 4.68(1012)

Total 2.09(10"26) 2.23(10"26) 2.12(10-26) 2.05(10-26) 2.24(10"26)
54Fe(n,p) E>0.1 MeV 4.64(10-25) 4.69(10-26) 4.96(10"26) 4.88(10-26) 4.59(10-26)
a(cm2) E>0.5 Mev 6.76(10-26) 6.77(10"26) 7.05(10"26) 6.99(10"26) 6.70(10"26)

E>1.0 MeV 1.03(10-25) 1.03(10"25) 1.04(10"25) 1.04(10"25) 1.02(10-25)

Total 2.80(10-26) 2.99(10"26) 2.85(10-26) 2.75(10"26) 3.01(10-26)
58Ni(n,p) E>0.1 MeV 6.23(10"26) 6.29(10-26) 6.66(10"26) 6.54(10-26) 6.16(10-26)
a(cm2) E>0.5 Mev 9.07(10-26) 9.09(10"26) 9.46(10"26) 9.38(10"26) 8.98(10-26)

E>1.0 MeV 1.38(10-25) 1.38(10"25) 1.40(10-25) 1.39(10"25) 1.37(10-25)

Total 3.14(10"22) 3.33(10"22) 3.n(10"22) 3.05(10"22) 3.36(10-22)
Fe(dpa) E>0.1 Mev 6.97(10-22) 6.98(10"22) 7.29(10-22) 7.22(10-22) 6.90(10"22)
a(cm2) E>0.5 MeV 1.01(10-21) 1.01(10"2l) 1.04(10^1) 1.04(10-21) 1.01(10'2i)

E>1.0 MeV 1.54(10"2i) 1.53(10-21) 1.53(10-21) 1.54(10"2i) 1.54(10"2i)



Table 46. Spectral Parameters of Plane 5 of the Three-Dimensional
Diffusion Calculation for Core No. 54; Quarter Core
Symmetry and 7-Groups

Parameter
Integration

Range
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.42(1013) 2.08(1015) 2.88(10i3) 3.12(1015) 2.36(1015)

<t> E>0.1 MeV 1.10(1015) 9.92(1012) 1.23(1013) 1.32(1015) 1.15(1013)

(n/cm2-sec) E>0.5 MeV 7.52(1012) 6.84(1012) 8.64(10i2) 9.20(1012) 7.88(1012)

E>1.0 MeV 4.92(10i2) 4.48(1012) 5.84(1012) 6.18(1012) 5.12(1012)

Total 2.09(10-26) 2.21(10-26) 2.11(10-26) 2.05(10"26) 2.22(10-26)

54Fe(n,p) E>0.1 MeV 4.60(10-26) 4.64(10-26) 4.93(10-26) 4.84(10"26) 4.55(10 26)

a(cm2) E>0.5 MeV 6.71(10-26) 6.73(10-26) 7.03(10-26) 6.95(10-26) 6.65(10"26) ro

E>1.0 MeV 1.03(10-25) 1.03(10"25) 1.04(10"25) 1.04(10"25) 1.02(10-25)

Total 2.80(10"26) 2.97(10-26) 2.83(10-26) 2.75(10"26) 2.98(10-26)

58Ni (n,p) E>0.1 MeV 6.17(10-26) 6.23(10-26) 6.62(10-26) 6.49(10"26) 6.10(10-26)

a(cm2) E>0.5 Mev 9.00(10"26) 9.03(10-26) 9.43(10-26) 9.33(10"26) 8.92(10-26)

E>1.0 MeV 1.38(10-25) 1.38(10-25) 1.40(10"25) 1.39(10-25) 1.37(10-25)

Total 3.14(10-22) 3.32(10-22) 3.11(10-22) 3.05(10"22) 3.35(10-22)

Fe(dpa) E>0.1 MeV 6.92(10-22) 6.96(10"22) 7.27(10-22) 7.19(10-22) 6.86(10-22)

a(cm2) E>0.5 MeV 1.01(10"2i) 1.01(10"2i) 1.04(10"2i) 1.03(10"21) 1.01(10-21)

E>1.0 MeV 1.54(10"2i) 1.54(10"2i) 1.53(10-21) 1.54(10"2i) 1.54(10"2i)



Parameter

(n/cm2-sec)

5i+Fe(n,p)

a(cm2)

58Ni (n,p)
a(cm2)

Fe(dpa)

a(cm2)

Table 47. Spectral Parameters of Plane 7 of the Three-Dimensional
Diffusion Calculation for Core No. 54; Quarter Core
Symmetry and 7-Groups

Integration
Range Tube 1 Tube 2 Tube 3 Tube 4

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 Mev

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 MeV

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 MeV

Total

E>0.1 MeV

E>0.5 MeV

E>1.0 MeV

2.50(1013)

1.13(1013)

7.72(1012)

5.06(10i2)

2.07(10"26)

4.59(10"26)

6.71(10~26)

1.02(10-25)

2.78(10-26)

6.16(10'26)

9.00(10"26)

1.37(10-25)

3.12(10"22)

6.91(10-22)

1.01(10-21)

1.54(10-21)

2.14(1013)

1.02(1013)

7.02(1012)

4.60(1012)

2.21(10-26)

4.64(10-26)

6.74(10-26)

1.03(10"25)

2.96(10-26)

6.22(10"26)

9.04(10"26)

1.38(10-25)

3.31(10-22)
6.94(10-22)

1.01(10"2i)

1.54(10-21)

2.96(1013)

1.27(1013)

8.88(1012)

6.00(1012)

2.11(10-26)

4.93(10-26)

7.03(10"26)

1.04(10-25)

2.83(10"26)

6.61(10"26)

9.43(10"26)

1.39(10-25)

3.11(10-22)

7.27(10-22)

1.04(10-21)

1.53(10-21)

3.20(1015)

1.36(1015)

9.44(1012)

6.34(1012)

2.05(10-26)

4.83(10-26)

6.96(10"26)

1.04(10-25)

2.75(10-26)

6.48(10"26)

9.33(10"26)

1.39(10-25)

3.05(10-22)

7.18(10"22)

1.03(10"2i)

1.54(10-21)

Tube 5

2.42(1013)

1.18(1013)

8.10(1012)

5.26(1012)

2.22(10-26)

4.54(10"26)

6.64(10"26)

1.02(10"25)

2.98(10-26)

6.09(10-26)

8.91(10-26)

1.37(10-25)

3.36(10-22)

6.86(10"22)

1.00(10"2i)

1.54(10"2i)

•-j
CO



Table 48. Spectral Parameters of Plane 9 of the Three-Dimensional
Diffusion Calculation for Core No. 54, Quarter Core
Symmetry and 7-Groups

Parameter
Integration

Range
Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.38(1013) 2.04(1013) 2.80(1013) 3.04(1013) 2.30(1013)

$ E>0.1 MeV 1.07(1013) 9.68(1012) 1.20(1013) 1.29(1013) 1.12(1013)

(n/cm2-sec) E>0.5 MeV 7.36(10i2) 6.68(1012) 8.44(10i2) 8.96(1012) 7.68(1012)

E>1.0 MeV 4.82(10i2) 4.38(1012) 5.70(10i2) 6.02(1012) 5.00(1012)

Total 2.07(10-26) 2.21(10-26) 2.12(10-26) 2.05(10"26) 2.22(10"26)

54Fe(n,p) E>0.1 MeV 4.60(10"26) 4.65(10-26) 4.93(10"26) 4.84(10-26) 4.55(10-26) ^

a(cm2) E>0.5 MeV 6.71(10-26) 6.74(10"26) 7.02(10"26) 6.97(10-26) 6.66(10-26)

E>1.0 MeV 1.02(10"25) 1.03(10"25) 1.04(10-25) 1.04(10"25) 1.02(10-25)

Total 2.78(10-26) 2.96(10"26) 2.84(10"26) 2.76(10-26) 2.98(10"26)

58Ni(n,p) E>0.1 MeV 6.18(10"26) 6.24(10-26) 6.61(10-26) 6.49(10"26) 6.11(10-26)

a(cm2) E>0.5 MeV 9.00(10"26) 9.04(10"26) 9.41(10"26) 9.35(10-26) 8.94(10-26)

E>1.0 MeV 1.37(10-25) 1.38(10-25) 1.39(10-25) 1.39(10"25) 1.37(10-25)

Total 3.13(10"22) 3.30(10"22) 3.n(10"22) 3.05(10"22) 3.35(10-22)

Fe(dpa) E>0.1 MeV 6.94(10-22) 6.96(10"22) 7.25(10-22) 7.18(10-22) 6.85(10-22)

a(cm2) E>0.5 MeV 1.01(10"2i) 1.01(10~21) 1.03(10-21) 1.03(10"2l) 1.00(10-21)

E>1.0 MeV 1.54(10-21) 1.54(10-21) 1.53(10-2!) 1.54(10"2i) 1.54(10 21)



Table 49. Spectral Parameters of Plane 11 if the Three-Dimensional
Diffusion Calculation for Core No. 54; Quarter Core
Symmetry and 7-Groups

Parameter Integration
Range Tube 1 Tube 2 Tube 3 Tube 4 Tube 5

Total 2.20(10i3) 1.89 (1013) 2.60(1015) 2.82(1015) 2.12(1013)
* E>0.1 MeV 9.94(1012) 8.98(1012) 1.11(1015) 1.19(1013) 1.04(10i3)

(n/cm2-sec) E>0.5 MeV 6.84(1012) 6.22(1012) 7.80(1012) 8.32(1012) 7.12(1012)
E>1.0 MeV 4.50(1012) 4.10(1012) 5.30(1012) 5.60(1012) 4.66(1012)

Total 2.10(10-26) 2.23(10-26) 2.12(10"26) 2.06(10"26) 2.25(10-26)
5i+Fe(n,p) E>0.1 MeV 4.64(10-26) 4.68(10-26) 4.96(10-26) 4.86(10-26) 4.58(10"26)
a(cm2) E>0.5 MeV 6.74(10"26) 6.76(10"26) 7.05(10-26) 6.98(10"26) 6.69(10-26) ~-j

cn

E>1.0 MeV 1.02(10-25) 1.03(10"25) 1.04(10-25) 1.04(10-25) 1.02(10-25)

Total 2.81(10-26) 2.99(10"26) 2.84(10"26) 2.76(10-26) 3.01(10-26)
58Ni(n,p) E>0.1 MeV 6.22(10-26) 6.28(10"26) 6.65(10"26) 6.52(10"26) 6.14(10"26)
a(cm2) E>0.5 MeV 9.04(10-26) 9.07(10-26) 9.46(10"26) 9.36(10"26) 8.97(10-26)

E>1.0 MeV 1.37(10"25) 1.38(10"25) 1.39(10-25) 1.39(10-25) 1.37(10"25)

Total 3.15(10-22) 3.33(10-22) 3.12(10-22) 3.05(10"22) 3.38(10-22)
Fe(dpa) E>0.1 MeV 6.96(10"22) 6.99(10"22) 7.30(10-22) 7.20(10-22) 6.88(10"22)
a(cm2) E>0.5 MeV 1.01(10-21) 1.01(10-21) 1.04(10-21) 1.03(10"2i) 1.01(10-21)

E>1.0 MeV 1.54(10-21) 1.53(10-21) 1.53(10-21) 1.54(10-21) 1.54(10-21)
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