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The Oak Ridge Poolside Facility (PSF), like the Pool Critical

Assembly (PCA),1 is used for benchmark dosimetry measurements which can

serve to validate the transport methods used in calculating the high-

energy neutron fluences (> 0.1 MeV) in LWR pressure vessels required to

estimate the neutron damage to the pressure vessels in the form of em-

brittlement. The PSF consists of an arrangement of two water gaps of

4 and 12 cm thickness separated by a simulated thermal shield and fol-

lowed by a simulated pressure vessel wall and then a void box to repre-

sent a reactor cavity. The PSF is driven by the 30 MW ORR reactor,

whereas the geometrically similar core of the PCA has a maximum power

of only 10 KW.

Previous papers have described comparisons of calculated and

measured saturated activities in the PCA.^»3 These calculations were

based on a fixed source provided for the PCA by ORNL and MOL* which was

obtained from both core criticality calculations and in-core fission rate

measurements. The PCA reaction rates were limited to the 103Rh(n,n'),

i^injn.n'), 237Np(n,f), 58Ni(n,p), 2 3 8U(n,f), and 2?Al(n,o) reactions.

This paper reports the results of some calculated activities and

compares them with published PSF measurements* performed by HEDL and

Studie Centrum Kernenergie/Centre D'Etude de l'Energie Nucleaire,
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other laboratories on the so-called Westinghouse surveillance capsule

perturbation expriment. This experiment consisted of activation

measurements performed within a pair of vertical 1-inch-square surveil-

lance capsules similar to those used by Westinghouse in their pressure

vessel surveillance program. One capsule was located immediately behind

the thermal shield and the other immediately in front of the pressure

vessel; they were positioned on opposite sides of the midplane center-

l ine to eliminate any effect of one on the other. In addition, measure-

ments were made by MOL inside very thin microtubes at different locations

within the water gap separating the thermal shield and the pressure

vessel. The purpose of this complete experiment was to provide an ex-

perimental determination of the perturbation on the reaction rates

caused by the presence of the capsule. Our calculations not only wi l l

serve to verify these measured perturbations when they become available,

but also to provide absolute comparisons with the measured reaction

rates in the capsules.

In contrast to the PCA calculations, which util ized some in-core

measurements, the PSF calculations were initiated by determining a

fission source distribution based entirely on the results of a three-

dimensional k-calculation of the core using diffusion theory.^ This

distribution was obtained for near middle-of-cycle burnup and control

rod conditions, which should adequately represent the time average of

the entire seventeen day cycle. The fission distribution was then inte-

grated over the vertical (Z) direction and used as the fixed source in

a discrete ordinate XY midplane calculation. In order to correct this
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midplane flux calculation for effects of finite core height and flux

asymmetry due to control rod positioning, the VENTURE-calcuiated

source distribution was also integrated over the width of the core (X)

and used as the fixed source in another discrete ordinate YZ calculation.

Three-dimensional fluxes throughout the water gaps and simulated

thermal shield and pressure vessel wall were then synthesized accord-

ing to the following prescription:

*{x,y,z) - *(x,y) <fr(y,z)/J<Ky,z)dz .

Monte Carlo calculations have shown that the error introduced by the

use of this equation is small for those regions relatively near the

midplane and the horizontal centerline of the reactor, a condition

adequately satisfied by the measurement locations.

The activities were calculated in units of Bq per mg of the

natural element for the case of the SHFe(n,p), 6sCu(n,a), *6Ti(n,p),

and 5eNi(n,p) reactions, and Bq of fission product per mg of fission-

ing isotope for the 237Np(n,f) and 238U(n,f) reactions using 1 % 8Ba,
1 0 3Ru, and 95Zr as fission products. All calculations were corrected

for an exposure time of 216 hrs and are compared with the measurements

at each of the two positions in Table I. The dosimetry cross sections,

fission yields, and decay constants used in these calculations were ob-

tained from ENDF/B-V.

From an inspection of Table I, it can be concluded that the calcu-

lations agree with the measurements to within about + 5%, thus establish-

ing the PSF for the first time as being accurately calculable starting

from a core calculation and extending the fluxes Into the water by means

of a transport calculation.



Table I. Comparison of Calculated and Measured Activities

Detector

Reaction

"Fe(n,p)
63Cu(n,a)
H6Ti(n,p)

"Ni(n,p)
2"Np(n,f)"°Ba
2"Np(n,f)103Ru
2S7Np(n,f) "Zr

2"U(n,f) 1 MBa
238U(n,f)103Ru
238U(n,f) "Zr

Next to Thermal Shield

Calc.+

6.54(3)#

8.06(1}

5.04(3)

4.13(5)

1.02(6)

4.00(5)

2.51(5)

1.61(5)

6.53(4)

3.33(4)

Meas.+

6.59(3)

7.83(1)

5.45(3)

4.31(5)

1.10(6)

4.20(5)

2.71(5)

1.67(5)

6.67(4)

3.49(4)

C/E

0.99

1.03

0.93

0.96

0.93

0.95

0.93

0.96

0.98

0.95

Detector Next

Calc.+

1.245(3)

2.02(1)

1.14(3)

7.66(4)

1.26(5)

4.94(4)

3.10(4)

2.52(4)

1.02(4)

5.22(3)

to Pressure Vessel

Meas.+

1.;

1

1

7

1,

5,

3,

2.

1.

5.

215(3)

.85(1)

.16(3)

.72(4)

.32(5)

.00(4)

.27(4)

,68(4)

,05(4)

,70(3)

C/E

1.02

1.09

0.98

0.99

0.95

0.99

0.95

0.94

0.97

0.92

Averaged over all vertical locations except the +6.1 mm location in the
thermal shield capsule and the +11.8 mm location in the pressure vessel
capsule for the 2 3 SU fission measurements only.

For units, see text.
#Read 6.54 x 103, etc.
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