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SUMMARY

The effect of introducing a neutron and gamha shield into the annulus
~between tﬁe reactor vessé] and the shield tank is analyzed. This addition
has been proposéd in order to intercept neutron streaminy up the annulus
during nuclear operations. Its installation will require‘the‘removal of
approximate]y-ZO—]/Z inches of stainless steel foil insulation at the top
df the annulus. The resulting conduction path is be]ieved to result in
increased water temperatures within the éhie1d tank, possibly beyohd.the
150°F Timit, and/or cooling of the feactor vessel nozzles such that adverse
thermal stresses would be éenerated.

A two dimensional thermal analysis using the finite element code
COUPLE/MOD2 was done for the shield tank system illustrated in Figure (1).
The reactor was assumed to be‘at full power, 55 MW (th), with a Toop flow
rate of 2.15x106 1bm/hr. (268.4 kg/s) at 2250 psi (15.51-MPa). Calculations
indicate a steady state shield tank water temperature of 140°F (60°C). This
is below the 150°F (65.56°C) limit. Also, no significant:changes in thérma]
gradients within the nozzle or reactor vessel wall are generated. A spacer
between the gamma'éhie]d and the shie]d tank is recommended, however, in

order to ensure free air circulation through the annulus.
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1.0 INTRODUCTION

A modification to the radiation shielding for the LOFT reactor has been |
probosed. This modification is to include the removal c¢f approximéte]y 20-1/2
inches of stainless steel foil insulation at the tbp of fhe annulus between
the reactor'vesselAand the shield tank for the installation of a neutron and
gémma shield. Figures (1) and (2)dpresént a detailed sketch of the proposed
modification. |

The neutron shield is to consist of two rows of steel canisters each

filled with a mechanical mixture of 90% TiH and 10% B4C by weight. This

1.6
is to be compacted to about 160% theoretical density. . A 3/8" portion of
each container is to be at a 95% theoretical density as shown in Figure (2).
The gamma shield, a 4-1/2" square steel block and 1/2" welded steel
support plate, is to be bolted to the shield tank top and is also to provide
: support té the neutron shield canisters. A gap is to be provided between
the gamma shield and the shield tank for free air circulation.
Since this new configuration constitutes an additional conduction path
' betweeh the feacfor'vesse1 and the shield tank, the possibi]ity of exceeding
the 150°F (65.56°C) water temperature limit in the shield tank'duriﬁg full
A power operatioh (55 MW) needed to be investigated. Adverse’témperature gradi-
ents Qithin the rééctor vessel nozzle were also consfdered; Thus a thermal
analysis was made to determine the water temperature within the shield tank
and the temperature profilce of the\nozz]e’yitﬁ the prqposed neutron and

gama shield confiyuralivn.

2.0- ANALYSIS
In determining the water temperature an energy balance of the shield

tank was considered. A one-dimensional system was assumed and the electrical
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i
analogy for a multilayered system was applied. With the appropriate
assumptions one equation with one unknown, the water temperature,can

be written. The equation

Q;, *+Q@=0,,4 can be written as
Toy = T T =T

RV Wy g o= M o

S, S,

Yin Tout
where Toy, = 574°F (301°C) maximum temperature of the reactor vessel
: at full power, 55 MW (th)
T = 100°F (37.78°C) temperature of the atmusphere in

the containment building

sum of the thermal resistances

4

gamma and neutron heating of the shield tank water.
‘ : Previously calculated in Reference (3).

H

Thermal conductivities and heat transfer coefficients have been calculated
in past studies, Reference (3) and (4), and can be easily estimated con-
sidering they vary little for the temperature ranges considereu. Thermal
proberties for the neutron shield were estimated from the literature re-
view of T1'H].6 and B4C Reference (6) and (7). See Appendix C.

Hand calculations were made for the unmodified shield tank for compar-
ison with the results of Reference (3) where the two-dimensional heat conduc-
tion code SIMIR was used. Hand ca]cu]atioﬁ results were about 8% higher
than SIMIR predictions. Therefore, hand calculations for the modified shield
tank were also factored down by 8%7. Detailed calculations are given in
Appendix A.

The nozzle temperature profile was determined by COUPLE/MOD2, a two-
dimensional finite element steady-state and transient heat conduction code.

The finite element model is presented in Figure (3). Two axes of symmetry

2

-

+
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are possible, fhe center line of theAreactor vessel or the center line of
the nozzle. Use of either one will generate a distorted representation

of the nozzle and shield tank. Choosing the .proper axis, however, may
minimize the distortion or at least give conservative answers. Choosing
the center line of the nozzle will result in excess shieiding being gener-
ated about the base of the nozzle, i.e., the gamma shiefd does not encircle
the base of the nozzle, but encircles the reactor vessel. This simulation |
of excess hatefia] increases the conduction path between the base of the
nozzle and the s-ield tank which in turn increases the thermal stress
placed upon the nozzle. This was assumed to be the most conservative
approach. Shouid no adverse thermal gradients result with th%s model a
more detailed three-dimensional analysis would not be necessary.

The reactor was assumed to be at full power, 55 Mw,(th), with anA
intact loop flow of 2.15x10° 1bm/hr (268.4 kg/s) at 2250 psi (15.51 MPa).
Calculations of the various thermal properties used in the computer anal-
ysié and a listing of both the input and output data‘afe~presented in
Appendix B.. Thermal properties of the powdered mixture df TiHT.G and B,C
are presented in Appendix C. For simplicity only.the powder material at
' 6O%Atheoretica1‘density was considered -in the 20-1/2" arnular space;

- Also the thermal effe;t of the steel can and supporting structure was

considered negligible and hence was ignored.

3.0 RESULTS AND RECOMMENDATIONS

The maximum steady state shield tank water temperature-caiculated is
140°F '(60°C) which is below the 150°F (65.56?C) 1imit. Tﬁe temperature
profile of the reactor vessel nozzle is given in Figure f4). No significant
changes in thermal gradients are induced in the nozzle or reactor vessel

wall, therefore, no adverse thermal stresses should be expected. In order
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to ensure free air circulation within the annulus between the reactor

vessel and the shield tank it is important that a spacer be provided under
theAgaMma shield. THis would also reduce the conduction path from the gamma
shield to the shield tank. This was assumed in the shield tank water tempera-
ture calculations where heat from the gamma shield was assumed to be conducted

to the shield tank only through the 1/2 inch bolts.

4.0 REFERENCES

1. M. K. Shane, Transmittal of Preliminary Design Review Minutes - DR-47- .
- 103P-MKS-28-77 (July 25, 1977).
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3. H. F. Rhodes, LOFT Shield Tank Start-up Transient and Steady State
Ther?a1 Analysis, LOFT Technical Report 110-4 (Rev. B) (Fetruary 1,
1972). : '

4. H. F. Rhodes, LOFT Shield Tank Temperature Study For Steady-State
Operating Conditions, Report A-70 (November 18, 1969).

5. TRANSCO Inc., Key Elevations and Sections, Dwg. No. DR 3918-13.
(Latest revision February 11, 1972).

b. R. K. Malik, Literature Review on Titanium Hydride, RE-E-77-110,
(February 18, 1977).

7. R. K. Malik, Literature Review on Boron Carbide, RE-E-77-111,
(February 18, 1977).

8. W. M. Rohsenow and J. P. Hartnett, Handbook of Heat Transfer, New
York: McGraw-Hill, Inc. (1973).

9. D. Q. Kern, Process Heat Transfer, New York: McGraw-Hi11, Inc. (1950).
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APPENDIX A

SHIELD TANK WATER TEMPERATURE
CALCULATIONS
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APPENDIX B

COMPUTER MODEL CALCULATIONS AND
COUPLE/MOD2 INPUT AND OUTPUT LISTING
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APPENDIX C

TITANIUM HYDRIDE AND BORON CARBIDE
THERMODYNAMIC PROPERTIES
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