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Abstract

The neutron fluxes and dose rates due to radiation streaming from reactor cavities were evaluated
at the KNU-1 reactor pressure vessel (RPV) head flange elevation. To find a suitable cross section
data set for the evaluation, a benchmark test was performed for three data sets; DLC-23/CASK,
DLC-31/FEWG, and DLC-47/BUGLE. The leakage fluxes from the KNU-1 RPV outer surface were
calculated with two different methods; 1-D calculation with ANISN, and 2-D calculation with
DOT3.5. The Monte Carlo procedures as embodied in the MORSE-CG code combined with the
albedo option were applied to predict the radiation distributions in the cavity region. Finally, the

activation analysis of the stud bolts was performed to identify the major activation products.
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I. Introduction

Experiences at operating PWR’s have revealed
that the air cavities between the reactor pressure
vessel (RPV) and the primary shield wall can
provide paths for radiation streaming, which may
prohibitively limit the accessibility required to

certain areas in the containment during power
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operation, and cause an undesirable radiation
environment to the equipment and the cables
located above the vessel. The radiation streaming
in the cavity of a PWR occurs in two steps:
transport of source neutrons from the core to
the outer surface of the RPV through dense
reactor materials, and transport in the near
cavity including the interaction of the neutrons

with the steel and concrete which comprise the
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boundary of the cavity region. In this paper,
the dose rate is evaluated at the RPV flange
level of KNU-1 due to radiation streaming
through the annular reactor cavity. This paper
is divided into four basic sections:

1) Benchmark test of cross section data sets
which will be used in the source term and
streaming calculations.

2) Source term calculation which is the
calculation of leakage flux from the RPV
outer surface.

3) Streaming calculation which is the evalu-
ation of dose rate at the RPV flange level
due to radiation streaming through the
annular reactor cavity.

4) Neutron activation analysis of the RPV
head stud bolts.

For the benchmark test of cross section data
sets, a 1-D discrete ordinates transport code
ANISNY was employed. And ANISN, and a
2-D discrete ordinates transport code DOTS3. 5%
were employed with the DLC-23/CASK?® cross
section data set which was found to be most
appropriate through the benchmark test for source
term calculations, in which we computed the
neutron anguar flux leaking from the RPV outer
surface. For the analysis of neutron streaming
through reactor cavities, a Monte Carlo technique
of which an albedo collision model is coupled to
the normal random walk was used. The MORSE-
CG* computer code package along with the
modified BREESE® module for implementing
the albedo option was employed with the 22-
group neutron cross section data set (DLC-23/
CASK) and 17-group neutron albedo data set
for concrete.®7.8® The neutron activation
analysis of stud bolts was conducted using the
DLC-51/JSD-120' activation cross section data
set which was collapsed from 100 group structure
to DLC-23/CASK 22 group structure using the
weighting spectrum generated by ANISN.

II. Benchmark Test of Cross Section
Data Set

The purpose of the benchmark test is to select
the best suitable cross section data set for an
input to the source term calculation. ANS 6.2
benchmark problem No. 2,1V which has a very
similar geometry to this source term calculation,
was analyzed with three data sets; DLC-
23/CASK, DLC-31/FEWG,? and DLC-47/
BUGLE.'®» The ANISN calculation was perfo-
rmed with an S; angular quadratures, a P; Le-
gendre expansion of the scattering matrices and
a convergence criterion of 1X 1074 Neutron dose
rates were calculated using the flux-to-dose rate
conversion factors given in an analytic function:¥

In DF(E) : A+BX+CX2+DX3
where
DF(E) : flux-to-dose rate factor at energy E
(rem/hr) / (n/cm2-sec)
E : neutron energy in MeV
X :In E (natural logarithm)
A, B,C, D : the coefficients given in Ref. 14.

The resulting neutron dose rates at various

locations are given in Table 1. It shows that

Table 1. Neutron Dose Rate (rem/hr)/(neutron/
cm-sec) Calculated with Different Cross
Section Sets at the Specific Locations

T~ Destprc.y Iprcar | pregs

Locaions —~.__| BUGLE |FEWG | CASK
In Core 1.34-08% + 4.3%| + 2.6%
Barrel inside 1.10-09 | + 9.9% + 5.7%
Coolant inside 7.46-10 | + 8.7% + 3.6%
In Coolant 2.38-10! + 8.6%| + 6.5%
Baflle inside 7.91-11 | +10.6%| + 9.1%
Coolant inside 3.47-11 | + 8.6%| + 6.5%
In Coolant 2.82-11 | + 8.6%| + 7.1%
RPV inside 1.56-12 | + 9.9%| +12.9%
In RPV 9.27-13 | +11.6% +12.0%
Air gap inside 2.66-13 | + 4.9%| + 3.8%
Concrete inside 2.47-13 | + 5.3% +4.5%

* Read as 1.34x1078
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the calculation with the DLC-23/CASK library
slightly overestimates the dose rates by 3~13%
depending on the locations compared to the
DLC-47/BUGLE calculation and agrees well
within 4% with the DLC-31/FEWG calculation.
Hence, it is concluded that DLC-23/CASK is
conservative and good enough to be used for
this work.

III. Source Term Calculations

To evaluate the neutron cavity streaming, it
is essential to know the neutron angular fluxes
which escape the RPV outer surface. The leakage

fluxes were calculated by two different methods;

RADIUS(cm)
0.0
CORE

123.063

BAFFLE
125,9205

COOLANT
138.43

BARREL
142.875

COOLANT
146.685

THERMAL SHIELD

155.575

COOLANT
167,64

PRESSURE VESSEL
184.15
1 AIR

204,15

Fig. 1. Radial One-Dimensional Configuration of
KNU-1 (not to scale)

Table 2. Material Specifications of KNU-1

Reactor
REGION MATERIAL
Core LWR Homogeneous core
Baffle Stainless Steel
Coolant Borated Primary Coolant
Barrel Stainless Steel
Coolant Borated Primary Coolant
Thermal Shield Stainless Steel
Coolant Borated Primary Coolant

Pressure Vessel Low Carbon Steel
Air Gap Air

1-D calculation with ANISN, and 2-D calculation
with DOT3.5. The results of these two indepe-
ndent calculations were compared and used in
the subsequent MORSE-CG Monte Carlo analysis
of radiation streaming through the reactor cavity.
Fig 1 describes the model of KNU-1 reactor
used in the calculations. Material specification
are given in Table 2 and the atom densities
used for mixing are given in Table 3. To obtain
the detailed power distribution, which is one of
the important factors to determine the neutron
leakage flux, in the core of KNU-1 at the
beginning of life, a few group diffusion code
based on finite difference method, KIDD,!® was
used. The radial power distribution of KNU-1
is given in Table 4 which was converted from
two-dimensional KIDD output to equivalent one-
dimensional - distribution.
3.1. ANISN Calculation

The energy and angular distribution of the
neutrons leaving the RPV at the core midplane
was calculated by ANISN. The calculation were
performed with a completely symmetric S,
quadrature set containing 48 discrete angles in
the cylindrical geometry, a P, Legendre expansion
of the scattering matrices and a convergence
criterion of 1. 0x107% The total number of mesh
point was 172 of which the intervals were small
enough so that the flux did not vary by more
than a factor of two between adjacent mesh
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Table 3. Mixing Table for Source Term Calculation. (atoms/barn-cm)

Core Water S$S-304 Carbon Steel Air Concrete
H 3.726-02 5.02-02 - - 7.77-03
B-10 6.514-06 6. 937-06 — — —
C 1. 831-06 — 8.67-04 — —
N — — — 4.25-05 —
0 3. 304-02 2.51-02 — 1.13-05 4. 39-02
Na - — — - 1. 05-03
Mg — _ — — 1. 49-04
Al 2.551-06 — — — 2.39-03
Si 6. 60-06 — 4.96-04 — 1.58-02
K - — —_ — 6.93-04
Ca — — — - 2.92-03
Ti 2. 586~06 - — - -
Cr 1. 077-04 - 1.74-02 1.54-04 — —
Mn 5.871-06 — 1. 52-03 1. 12-03 — -
Fe 2.176-04 - 5. 81-02 8.20-02 — 3.13-04
Ni 1. 447-04 - 8.51-03 5.95-04 — -
Zr 4.104-03 — — - —
Mo 7. 235-06 — 2.71-04 - | —
Sn 4.818-05 — - — —
U-235 1.941-04 — — — —
U-238 6. 893-03 — — — —_

Table 4. Radial Power Distribution of KNU-1

(BOL)
RADIUS (RELATIVE| RADIUS |[RELATIVE

(cm) POWER (cm) POWER
0.0 1. 043 81.0 1. 083
9.0 1. 035 90.0 1. 066
18.0 1. 032 99.0 1. 004
27.0 1.041 108.0 0. 863
36.0 1. 051 116.8 0.632
45.0 1.034 121.1 0.537
54.0 1. 059 122. 4 0. 494
63.0 1.051 122. 96 0.493
72.0 1. 099 123. 063 0. 445

points.’® The source of neutrons was derived
from the mean power density by assuming
7.62% 10 neutrons emitted per watt. The shape
of the radial distribution of fission densities
within the core is taken as the relative power
rating of fuel assemblies as shown in Table 4.
3.2. DOT3.5 Calculation
The RPV leakage flux which is the function

of space, energy, and angle was calculated in a
two dimensional cylindrical R—Z geometry using
the DOT3.5 computer code with P;—S; appr-
oximation. The vacuum boundary condition
external to the pressure vessel was employed.
The geometry of KNU-1 core and RPV was
described by 26 radial and 26 axial intervals.
The SORREL' computer code generated the
input tape of 2-D volumetric source from the
two dimensional KIDD output. A single run of
DOT3.5 provides the total scalar flux tape by
group and spatial interval, the angular flux tape
by group, spatial interval, and the angle, and
boundary angular flux tape at a radial and/or
axial boundary of the system, which are used
for the subsequent analysis of cavity streaming.
3.3. Results of the Source Term Calculations
The results of the ANISN calculation are
presented in Tables 5 and 6, and in Figures 2
and 3. Tables 5 and 6 show the neutron leakage
fluxes from the RPV outer surface at the mid-
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Fig. 2. Radial Variations of Four Group Neutron
Fluxes on the Core Mid-Plane

plane of the core. Figure 2 shows the radial
variations of neutron fluxes through the reactor
internals and the pressure vessel. In Figure 2
and Table 6, the nutreon fluxes are collapsed
and presented in four energy groups: 15. 0~1. 11
MeV, 1.11—3.35x10*MeV, 3.35Xx1073—4. 14
X 107"MeV and thermal energy. Fig 3 illustrates
the energy spectra at the various locations on
the core mid-plane. In the RPV, the neutron
energy spectrum changes substantially since the
iron inelastic scattering very quickly attenuates
the high-energy neutrons relative to those at
lower energies. In the KeV energy range, the
neutron transmission is quite high due to the
minima in the iron cross section, which shows
up quite prominently around 25 KeV.!® The
axial variation in the fluence at the RPV outer
surfaces calculated by DOT3.5 depends on the

equilibrium cycle burnup profile in the core, and

(s

Table 5. Neutron Fluxes at the Outer Surface
of the Reactor Pressure Vessel(at the

Mid-Plane)

Group | Upper Energy*(eV)| Flux(n/cm?-sec)
1 1.492+07 1.201-+06
2 1.22 +07 4. 580406
3 1.00 +07 1. 08807
4 I 8.18 +06 2. 256407
5 6.36 +06 3.9424+07
6 4.96 +06 3. 437+07
7 4.06 +06 6. 223407
8 3.01 +06 8. 140-+07
9 2.46 +06 2.764-+07

10 2.35 +06 1.658-+08
11 1.83 406 6.058+08
12 1.11 +06 1.870+09
13 5.50 +05 4.925+09
14 1.11 +05 3. 395+09
15 3.35 +03 9.913-+08
16 5.83 +02 8.552+08
17 1.01 +02 6. 003408
18 2.90 +01 3.965-+08
19 1.01 +01 4. 360+08
20 3.06 00 3.043+08
21 1.12 +00 2.474+08
22%% 4.14 —01 1. 200+09

* DLC-23/CASK 22 group structure
** lower energy; 1.0-2

Table 6. Radial Four-Group Neutron Leakages
outside Reactor Vessel on the Core

Mid-Plane
Ghor®y | Energy Interval  SUOR T
1 1. 11Mev<E 1. 056409
2 3.35Kev<{E<1.11 Mev 1.019-+-10
3 0. 414eV<E<3. 35 Kev 3.8314-09
4 0.01eV<E=0.414 eV 1.200--09

the flux is rapidly falling off above and below
the core mid-plane area. The axial peak-tc-mean
factor is 1.44. Table 7 shows the ANISN one-
dimensional fluxes and with the DOT3.5 two-
dimensional fluxes near the surface of the RPV
on the core mid-plane. The results of ANISN
slightly overestimates in all energy bins except
for the thermal energy bin compared to those of
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Fig. 3. Neutron Spectra for KNU-1 at various
radial positions on the Core Mid-Plane

DOTS3.5, which is expected since the particle
transports in the axial direction are neglected
in"ANISN.

IV. Streaming Calculation

Several techniques and combinations of techn-
iques have been used to perform the analysis of
radiation streaming in reactor cavities.1®,19,20
They include the discrete ordinates transport
models (Sn procedures), multidimensional Monte
Carlo techniques, combined albedo and Monte
Carlo procedures, and simple “hand-book” hand
calculational method. In this work, the Monte

Table 7. DOT 3.5 and ANISN Neutron Fluxes
(n/em2-sec) at the Core Mid-Plane

Group |DOT 3.5(r=181. 7cm) ANISN(r=181. 45cm)
1 1.746-+06 1. 838106
2 6. 67806 7.017+06
3 1.504+07 1. 69907
4 2. 825+07 3.622+07
5 4.893+07 6. 372407
6 3.829+07 5.537+07
7 7.871+07 1.017+08
8 1. 021+08 1. 335+08
9 3.532+07 4.541+07

10 2.423+08 2.852+08
11 8.407+08 9.917+08
12 2. 344409 2.861+09
13 5.781+09 7. 684409
14 3.4124-09 5. 607+09
15 5.678+08 1. 258+09
16 5.083+08 1. 005+09
17 4.185+08 7.4924-08
18 3.649+08 5.376+08
19 3. 649-+08 5. 383408
20 2. 80608 3.1184+-08
21 2.220+08 1.9124-08
22 6.546+08 1.841+08

oy
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Fig. 4. Sequence of Calculation Used to Obtain
the Neutron Energy Spectra at RPV
Flange Level.
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Carlo procedure as embodied in the MORSE-CG
code combined with albedo was applied to predict
the radiation distributions in the cavity region.
The sequence of radiation transport calculations
used to obtain the neutron energy spectra and
dose rates at the RPV head flange elevation
in KNU-1 reactor cavity is shown in Figure 4.
The calculational sequence incorporates both
discrete ordinates and Monte Carlo radiation
transport method.
4.1. Source
This calculation is accomplished by initiating
neutron histories at the annular cylindrical
shell along the outer surface of the RPV. The
2-D RPV leakage fluxes calculated by DOT3.5
were input to the DOMINO?U computer code
which generated the source for the subsequent
3-D Monte Carlo analyses of the radiation
streaming in the reactor cavity and thence to
the points of interest within the containment
building. DOMINO provides the cumulative
distribution functions in energy, space, and in
polar and azimuthal angular fluence as subsequent
source input to MORSE-CG.
4. 2. Geometry
One of the pheripheral problems which we
have encountered, relates to the complicated
geometries and its representation in the calcul-
ational model. Even though a particular geometry
may be quite simple, MORSE-CG, because of
the prediction and tolerance used in tracking,
may not still be able to completely follow the
particle. In this case, the well-described gometry
to remove possible ambiguities will sometimes
remove these tracking errors. The adequacy and
accuracy of the geometrical model was checked
by comparing the design drawings with the
computer generated pictures representing selected
sections of the model by the computer code,
PICTURE-CG.?
4.3. Albedo Option in MORSE-CG with
Modified BREESE

For many reactor radiation streaming problems,
the interactions of neutrons in the boundaries
of the cavity may be represented by the loss of
the particles in the boundaries and their re-
emission into the cavity. An Actual analysis of
these interactions by Monte Carlo requires a very
long computation time. Therefore, the simplified
analysis of considering the wall interaction by
using the albedo concept is a useful and practical
way to improve calculational efficiency. The
doubly differential angular albedos were incor-
porated into the MORSE-CG Monte Carlo code.
The concrete albedo data for 17 neutron groups,
5 incident angles, and 30 reflected angles, which
is based on the data generated by Maerker and
Muckenthaler et al., was used in the calculations.

The BREESE albedo routine attached to the
MORSE-CG code handles the albedo data specified
by the energy and the polar and azimuthal
angles of scattered neutrons. The energy,
direction, and weight of scattered neutrons at
an albedo surface are calculated using the albedo
data and the weight of incident neutrons.

In using the albedo option in MORSE-CG,
user-written subroutines ALBIN, ALBDQ, and
THETO must be included. The subroutine
NESXE(N) employs a statistical estimation
procedure to calculate the next-flight contribution
to the detector from an albedo collision. NESXE
(N) is also called from BANKR (6). Meanwhile,
in case of a combination problem of transport
and albedo, there should be a correspondence
between the finer group cross-section data
structure and the broader group albedo structure.
There is little difficulty in composing broad
group from fine group. The reverse correspondence
requires an assumption that the energy spectral
shape within a broad group as can be decomposed
into fine groups within the broad group in the
same way as the cross sections in the fine group
structure were weighted, i.e., 1/E.2

4.4. Other Inputs and Impertance Sampling
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A SOURCE subroutine was written for the
area source at the RPV outer surface. Neutron
histories were started just at the exterior surface
of the RPV in order to clarify the zone specifi-
cation of source position. A good definition of
the angular distribution of the fast-neutron
leakage from the pressure vessel is a prerequisite
for an accurate analysis. Especially in case of
calculating with ANISN source, the source
particle parameters were selected in such a way
that the locations from a flat azimuthal spatial
distribution, directions from an isotropic polar
angle distribution and from the supplied azimuthal
angles distribution, and energies from the
supplied energy groups.

Considerable efforts have been undertaken to
increase the efficiency of the MORSE-CG

analyses, by using appropriate important sampling
techniques as well as the coupled Monte Carlo-
albedo scattering treatment. These techniques
included source energy biasing, source position
biasing, source direction biasing, Russian Roulette
and splitting, and use of different exponential
transformation parameters as a function of region
and energy. A flat source energy distribution
was used and the source particle positions were
selected with appropriate weight correction with
the following biasing probability:
P(2Z)=3/4, Z>0
=1/4, Z<0
The polar angle of source direction was selected
from between 0° and 90° which can contribute
to the detector at the RPV flange elevation, but
for the justification of this biasing, the initial

Table 8. Neutron Flux at Flange Elevation(n/cm?*-sec)
(Calculated with ANISN Source as a Function of Cavity Width)

~—~__ Gap size|

70cm 60cm

3.97403(. 301)
1. 34+04(. 275)
8.79+403(. 476)
3.00+03¢. 320)
8.17+04(. 227)
4. 69+ 05(. 480)
1.25+07(. 329)
6.92+07(. 328)
8.91+07(. 199)
2.154+07(. 545)
7.90+06(. 315)
3.64+06(. 308)
2.85406(. 367)
5. 62+05(. 334)
1. 04+06(. 279)
2.09+06(. 231)
2.80+07(. 161)

2.96+03(. 446)
1.59-+04(. 276)
1. 47+04(. 424)
1. 02+03(. 562)
1. 44+05(. 301)
3. 37+05(. 680)
1. 38+07(. 288)
5.19+07(. 378)
1.15+08(. 367)
2.29+07(. 336)
5.87+06(. 425)
5.55+06(. 291)
3.35+06(. 607)
1. 554-05(. 631)
9.18+405(. 259)
4.38-+05(. 318)
2.58+07(. 168)

Group - 80cm
1 —
2 pu—
3 —
4 —
5 _
6 6. 15+03(. 206)*
7 1. 82404(. 266)
8 1. 50+04(. 404)
9 2.99+03(. 244)
10 1. 06+05(. 191)
11 5.71+05(. 370)
12 1. 41+07(. 246)
13 6.58+07(. 253)
14 1. 03+08(. 178)
15 2.07+07( 214)
16 8.56-+06(. 390)
17 3.80+06(. 200)
18 1. 18406(. 245)
19 6. 05+05(. 245)
20 2.68-+06(. 315)
21 2. 04+06(. 236)
22 3.21+07(. 135)
Total 2.56+08(. 112)

2.39+08(. 135)

2. 46-+08(. 193)

*; fractional standard deviation
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Table 9. Neutron Flux at Flange Elevation(n/cm2-sec)

(Calculated with DOT 3.5 Source as a function of Cavity Width)

35

70cm

|

60cm

2.98+03(. 378)
4.78+03(. 492)
1. 76+04(. 359)
3.61+03(. 564)
1. 31+05(. 396)
6.82+05(. 718)
1. 01+07(. 356)
5.92+07(. 452)
9.10+07(. 186)
3.40+06(. 278)
2. 42-+06(. 488)
1. 50+06(. 372)
1. 84+06(. 350)
1. 58+05(. 361)
7.52+05(. 292)
5.62+05(. 226)
1. 08+07(. 150)

|

1. 62403(. 556)
1.21+04(. 430)
3.88+04(. 513)
3.88+04(.513)
8. 06-+04(. 544)
6.56-+05(. 876)
4. 39+06(. 669)
7.04+07( 411)
8.26+07( 291}
. 07+07(. 390)
3.944-05(. 314)
2.08406(. 369)
1. 08-+06(. 390)
4. 67404 977)
2.19406(. 427)
1
1

p—

. 24-+06(. 793)
. 02-+07(. 267)

‘Mel 80cm |
1 —_—
2 —_
3 —_—
4 J—
5 —
6 1.52+03(. 386)*
7 1.144-04( 361)
8 3.46-+04( 371)
9 1.72403(. 526)
10 3.824+04(.513)
11 3.084+06(. 617)
12 4. 49406 (. 569)
13 1.57+08(. 273)
14 9, 014-07(. 240)
15 7. 34406(. 298)
16 2.69406(. 387)
17 1.55406(. 334)
18 1. 31406 236)
19 1. 22+-05(. 478)
20 1.99+06(. 342)
21 2.634-06(. 618)
22 9.99+06(. 135)
Total 2.834+08(. 173)

1. 82+08(. 200)

1.86-+08(. 198)

*; fractional standard deviation

starting weight of each history should be taken
as 0.5. The exponential transform with the
PATH of 0.5 in combination with the DIREC
function which stretches path length toward +Z
direction.

The scoring was done by next-event surface
crossing estimation of the flux to the areas of
interest, and only energy distributions are
calculated. The pseudo-disk-detector is located at
the RPV head flange elevation, and this disk
was divided into a number of concentric rings
with equal 10cm intervals. For the wuncollided
flux and dose at the RPV flange gap, the
estimation was performed at BANKR(1) via the
NESXE(N) subroutine, and the contribution of
scattered neutrons from each collision point and

reflecting point at albedo medium were performed

at BANKR(5) and BANKR(6), respectively.
4.5. Results

The results of streaming calculation with
MORSE-CG are presented in Tables 8 and 9,
They were computed with the two different
sources calculated using ANISN and DOT 3.5.
As the gap size of reactor cavity varies from 60
to 80 centimeters, the resulting neutron fluxes
and dose rates increase nearly linearly. And,
neutrons with energies greater than 1. 83MeV
(groups 1 to 10) in the reactor cavity annular
region do not contribute significantly to the dose

rates at the pressure vessel head flange elevation.
V. Activation Calculation

The neutron activation of RPV head stud
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Table 10. Acvity vs. Time after Shutdown (units; dps per unit volume)
> ““Time after* | T
Shutdown OHR 1DAY 3DAY IMONTH 2MONTH
Radioisotopes
Fe%(n, y)Fe™ 8.56+04 8.55+04 8.54+04 8.37+04 8.19-+04
Mo (n, y)Mo®® 3.85+03 3.40+03 1.82+03 2.17+00 1.22—03
Mo'®(n, y) Mo 1.14+03 1.62—12 0.0 0.0 0.0
Fe%(n, p)Mn> 2.30+01 2.30+01 2.29+01 2.15+01 2.01+01
Ni®*(n, p)Co® 9.42+00 9. 38+00 9.15+00 7.04+00 5. 2600
* Assumed that KNU-1 operates for 300 days at its nominal power
Thable 11. Acvity vs. Reactor Operating Year (units; dps per unit volume)
“~__ Reactor* Operation
- Time 1YEAR 3YEAR 10YEAR 20YEAR 30YEAR
Radioisotopes T
Fe%(n, y)Fe 8.19+04 1.93+05 3.26+05 3.48+05 3.50+05
Mo%(n, y) Mo® 1.22—03 1.22—-03 1.22—-03 1.22—03 1.22—03
Fe54(n, p)Mn® 2.01+01 3.26+01 3.55+01 3.55-+01 3.55+01
Ni®(n, p)Co*® 5.26-+00 5.414-00 5.41+00 5. 41400 5. 41400

* Assumed that KNU-1 operates for 300 days at its nominal power and cools down for 2 months after reactor

shutdown.

bolts due to cavity streaming neutron was carried
out using the DLC-51/JSD-120 activation cross
section data set. The major activation processes
were (n,7), (n,9), (n,d), and (», 2n) reactions.

To collapse the DLC-51/JSD-120 100 group
structure to DLC-23/CASK 22 group structure,
ANISN calculation was performed to generate
the weighting spectrum. The results of activation
calculation are presented in Tables 10 and 11.
The dominant activation products are found to
be Fe-55, Mo-99, Mn-54 and Co-58. All
activation products except Fe-55 easily go to
their equilibrium state within a few years of
The most
activation reaction in the stud-bolt irradiation
was found to be Fe-54 (n,y) Fe-b5,
Fe-55 goes to its equilibrium in 10 years or so.

reactor operation time. important

where

V1. Conclusions

An approach of studying radiation streaming
effects due to a reactor cavity annulus as a
function of gap distance is presented. In this
approach, we found that the DLC-23/CASK

cross section data set was good enough to perform
the evaluation of the RPV leakage flux and the
DOT-DOMINO-MORSE  calculational sequence
easily and properly treated the complex cavity
streaming problems. Some modifications and
improvements have been made to MORSE-CG
to implement the albedo data base. Briefly, these
are:

1) incorporation of the large data base without
extensive use of computer core memory,

2) implementation of corresponding different
energy group structures between albedo and
cross-section data sets,

3) incorporation of a next-event surface cross-
ing estimator which estimates uncollided contri-
bution at each source position, and collided
contribution at each real collision point and at

each reflection position of the albedo medium.
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