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ABSTRACT

The spherical distributions of dose rates and energy depositions due
to neutrons and gamma rays in several kinds of shields surrounding the

TSR-~1I1I reactor are presented. The distributions were calculated using
ANISN.

These results are used to determine an adequate configuration for the

propesed new shielding around the TSR-II when an Vv 3-ft-diameter collimator

is employed.
I. INTRODUCTION

A series of proposed beam shields for the TSR~II reactorl with a new

large diameter beam hole ( ~ 3 ft) has been investigated to determine heat-

ing and dose rate levels throughout the shields.

The ultimate shield must satisfy the following criteria:

1. Permissible gamma dose rate after shut down, both behind the shield
and behind the beam shutter.

2. Permissible dose rate behind the shield while the reactor is operating

to meet safety requirements at the 600-ft fence.
3. Permissible temperature rise in the shield under reactor operation.

4, Provide low background for measurements made in the beam hole behind
relatively thick shields,

5. Low cost.

The calculations presented here investigate the first four criteriae

for several proposed shielding configurations,



Ii. CONFIGURATION OF THE TSR-II CORE AND OF THE
SEVERAL PROPOSED SHIELDS

The configuration from the pressure vessel inward to the center of the
core remains unaltered from the existing configuration. It is shown in

Table 1 and Fig. 1 and the composition of the materials is shown in Table 2.

The configurations for the various proposed shields outside the reactor

pressure vessel are shown in Table 3.

Cases 1 and 2 both consist of stainless steel-water multilayers and
concrete. The only difference between them is the volume ratio of stainless

steel and water in the multilayers.,
Case 3 is the configuration at present used around the TSR-II.

Case 4 is a test configuration placed in front of the beam hole behind
which measurements can reasonably be expected to be made. The dose rate

behind this test shield should dominate those for cases 1l=3,.
Case 5 is a beam hole shutter shield, to be used after shut down.

Case 6 is the new proposed beam hole shutter, to be used after shut
down.

111. RESULTS OF THE CALCULATIONS

Calculations with ANISN? were performed in spherical geometry using s

21 neutron -~ 18 gamma-ray group set expanded through Pj.

The fission neutron distribution obtained from a core calculation is
shown in Fig. 2, which is normalized toc one fission neutron integrated over.
the core. In crder to obtain the results at 1 MWt operation, a normalizing
factor of 8.06 x 10!® n/sec/core has to be used. Details of calculating

this normaliziag factor are shown in Appendix A.



Table 1. Configurations Inside the Pressure Vessel of the
TSR-II for a Spherical Model Calculation

Thickness
Zone No. (in.) Compositions (Volume Ratio) Remarks
1 5 1/2 Aluminum (0.75), Water (0.23), Stainless Steel (0.02)
2 3/8 Aluminum (0.170), Water (0.830)
3 1 Aluminum (0.131), Water (0.394), Stainless Steel (0.0475), B,C | Control Flate
L 11/2 Aluminum (0.354), Water (0.646)
5 1/8 Aluminum (0.927), gg:g Eg:iglféQ;;) Fuel Plate
6 1/2 Aluminum (0.165), Watgr (0.835)
T 51/2  |Aluminum (0.361), Water (0.635), 2323 E;;ggiggzg;“> Fuel
8 1/4 Aluminum (0.33), Water (0.67)
9 1/2 Water (1.00)
10 3/4  jAluminum (1.00)
11 2 Water (1.00)
12 3/8 |Aluminum (1.00)
13 3/4 Aluminum (1.00) Pressure Vessel
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Fig. 1. Configuration Inside the Pressure Vessel of the TSR-II



Table 2. Composition of Materials Used in the Calculations

Material
(Density) Composition (Weight Percent)
Aluminum Alloy Al (98%)
(2.767 g/cm3) Mg, Fe, Si (2%)
Stainless Steel 304 Fe (69.871%)
(7.88 g/cm3) Cr (18.L46%)
Ni (9.725%)
Mn (1.394%)
si, C, 0 (9.55%)
Light Water H (11.2%)
(1.00 g/cm3) 0 (88.8%)
Concrete H (0.L4%
(2.31 g/cm3) C (10.4%)
0 (L8.9%)
Si (2.3%)
Ca (38.0%)




Table 3. Proposed Shielding Configurations Outside the
Pressure Vessel of the TSR-IIT

Thickness
Case No. Zone No. (in.) Compositions (Volume Ratio)
1 1k 1 Stainless Steel (1.0)
15 8 Stainless Steel (0.65), Water (0.35)
16 1 Stainless Steel (1.0)
17 66 Concrete
2 1L 1 Stainless Steel (1.0)
15 8 Stainless Steel (0.35), Water (0.65)
16 1 Stainless Steel (1.0)
17 66 Concrete
3 1k 17 1/8 Lead (0.5), Water (0.5)
15 31 1/k Water
L% 1L 12 Steel
15 120 Sodium
S¥¥ 1k 10 Lead
ER %% : 1L 1/2 Stainless Steel
15 11 Lead
16 1/2 Stainless Steel

¥Configuration to be considered as minimum test of a foreground measure-
ment.

¥¥Configuration of shutter for the beam hole.

¥*¥proposed configuration of shutter for the new beam hole.
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3.0, Heat Generation in the Shields

For whe Dirat theee cases, anergy deposition is the shield materisls
due %o neulrons and gy rays with Lhe resstor operating were caleaulnted by
wsing n 39 group KERMA Factor.® The 39 group KERMA Factors for consrete,
steal, end lend ave shows b Tables & and 4. The caleulated rasults are
shown in Tables & and 7 for cese L and is Pigs. 3, &, and §. Sisee the
ensrgy deposition due (0 garms roays is dopinent i aach case, the contri-
bution of the seulrouns can be neglested (o saleuwlating the heating retes
i the shields.

3.2. Dose Rate Under Operation

Ty dose rate distribution fu concrete for Case 1 is shows in Fig, 6.
Tar doss rate al the suter swriase of ssch siield for cases 1-h is shown
ig Table 9.

3.3, EGhur Down Dose Rate

To obrain the shut down fission product gamma-ray dose rate, intensities
of the gamms ravs after shut down were saluoulated using ORIGER c@&e; for
the condiziony following an operation of four cyeles of 8 hy up and 16 hr
down and rthes 8 hr up, the power during the up cycle heing 1 ¥Wr. Intsnsities
of these source gamma rays are shown in Table 8,

The dose rave distribution for each case iy caleulated by assuning &
flat source distribution in the core with the spettrum as shoun in the

table.

The results are shown in Table 9,



Table k. Neutron KERMA Factors for 21 CGroup Set
{erg/fonu/n)
sShorey Upper Energy
Group {eV) Concrete® Steel’ Lead?
1 1.4918(7)® 2.69(-7) 3.40(-7) 1.24(-8)
2 1.000G{7)} 1.52{~17} 1.34{-7) 9.80(-9)
3 6.7032(6} 1.100.7) 5.86(-8) 8.06(-9)
b b u33(6) 1.11(~7} 3.54(-8) 7.58(-9)
5 3.0119{6) 6.67(~8) 2.51(~8) 5.84(~-9)
& 2.0190{6) 6.08(-8) 1,71(~B) 3.53(-9)
7 1.3536{6) 6.63(-8) 1.07(-8) 2.36(-9)
8 .07T18(5) 3.77{~8) 7.90(~9) 1.79(~9)
2 5.50283{5) 3.75(~8) 6.93(~9) 1.19(-9)
10 3.3323L5) 2.17(-8) 3.26{-9) 1.07(~9)
5 2.02h2(5) 1.43{-8) 2.81{.9) 7.27(~10)
13 1.30717(%} 7.75(-9) 1.50{~9) b.20(-10)
13 &, 0B&T(L) 2.85(-9) 1.71(~9} 1.48(-10)
1k L.avoo{h} 8.85(-.10) 2.74(.10) 6.95(-11)
1% 3. 3566{3) 2.35(~10) 7.k3(~11) h.50(-11)
16 7. u8sa{2} 5.27(~11) 2.10(-11) h.13(-11)
37 1.87102{2} 1.19(-11) 8.36(-12) b.hi(-11)
15 3.7266(13 2.80(-12) 8.88(.12) 5.90(-11)
19 8.3153{ 0 9,22{.13) 1.63(-11) 8.22{-11)
20 1.8555{0) 8.36(-13) 3.50(-11) 1.75(-10)
1 B 1339{~1) 2.25(-12) 1.17(~11) 5.84(~10)
Posad as:  1.6019 x 107,



Table %5,
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Gamme-Ray KERMA Factors for 18 Group Set®
{HeV/emiv}

Energy Upper Energy
Group {eV) Conerete Steel Lead
1 1.00(7)® 3.68{~1) 1.60(0) k,00{0}
2 8.00(6) 3.10{~1} 1.29{0) 3.07{0}
3 7.00(6) 2.76(-1) 1.10{0} 2.5:{0})
4 6.00(6) 2.37(~1} ¢.11{-1} 1.99{0}
S 5.00{&) 2.01{-1} 7.36{.1) 1.51(0}
6 L.00(6) 1.75{~1) 6.10{~1} 1.19{0)
T 3.50(8) 1.56{~1} 5.331{.1) 9.90{.1}
8 3.00(6) 1.38(-13 4.55{~1) 3.13{-3)
9 2.50(86) 1.1 (-1} 3, {1} 6.641-1)
10 2.00(6) 1.01{~1} 3.20{~1} 5.56{.1}
11 1.60(6) 8.33(~2} 2.62{.1)} L.B83(-1}
12 1.20{6) 6.62(~2) 2. {~1) b, {«1}
13 9.00(5) b.a0{~2} 1.58({~1} 4.70{.1)
Lk 6.00(5) 3.40{-2) 1.13{-1) 5.90{~1)
15 %.00(5) 1.83(~2} T.43{.2} 1.13{0)
16 2.10(5}) L1.16{-2)} 9.19{.2} 2.88{0)
17 1.20(5)} 1.u9{-2} 2.21(.1} 3.85{0)
18 7.00(4) 3.13(~2) 4.96{0) 1.21{1)
®Read as: 1.00 x 107.
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‘table 6. Energy Deposition in Concrete (Case 1)

Badius of Mesh Point¥ Energy Deposition in Concrete (W/cm/Mwt)

{om) Due to Gamma Rays Due to Neutrons
76.52 z.06(-k)% 2.34(-5)
81.60 1.ko( k) 1.24(=5)
86,68 1.00{.b) 6.80(-6)
91.76 7.35(~5) 3.76(-6)
06. 84 5.h1{~5) 2.14(-6)
101.92 3.93(~5) 1.23(-6)
107.00 2.84(.5) 7.23(-17)
112,08 2.03{-3) 4.30(~7)
1317.16 1.64{~5) 2.60(-17)
122,24 1.01(-5) 1.58(-T)
127.32 7.05({.8) 9.67(-8)
132,40 ;.86{-6) 6.03(-8)
137.58 3.56(-6) 3.15(-8)
1k2.56 2.30{-6) 2.34(-8)
1k7.64 1.58(-8) 1.47(-8)
152.72 1.08(-6) g.27(-9)
162.88 5.06{~7) 3.72(-9)
167.96 3.b6(~7) 2.35(-9)
173.04 2.38(-7) 1.51{-9)
178.12 1.62{-7) 9.59(~10)
183.20 1.12{-T7) 6.15(~10)
188.28 7.67(-8) 3.91(~10)
19%.36 5,28(-8) 2.51(-10)
198.44 3.87(-8) 1.61(-10)
203.92 2.53(-8) 1.04(-10)
208.60 1.75(-8) 6.69(-11)
213.68 1.22(-8) 4.30(-11)
218.76 8.47(~9) 2.77(-11)
223.84 5.89(-9) 1.17(-11)
228.92 L.09(-9) 1.12{-11)
234,00 2.82(-9) 6.96(-12)
239,08 1.98(-9) 3.67(-12)
*Inner and OQuter Radii of Concrete Shield are 73.98 cm and 241.62 cm,
respectively.
Bread: 2.0k x 107,
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Tatle 7. Energy Deposition in Stainless St=el (Case 1)

s oz . o 3
Radius of Mesh Point Energy Deposition in Steel (W/cm?/MWt)

(cm) Due to Gamma Rays Due to Neutrons
L9 .00* 2.05(-1) 6.34(-4)
49, 85%* 1.43(-1) S.L6(~h)
5G.69% 1.07(-1) 4.63(-k)
52.0L %% 7.55(~2) 3.55(-4)
53.89%* 4.99(-2) 2.45(-h)
55, Th#* 3.34(-2) 1.72(-k)
57.85%# 2.31(-2) 1.22(-k)
59 , L 3% 1.61(-2) 8.62(-5)
61.28%% 1.13(~2) 6.13(-5)
63.12%% 8.10(-3) 4.38(-5)
6l gT** 5.80(-3) 3.13(-5)
66, 82%* L.18(-3) 2.26(-5)
68.6T%x 3.00(-3) 1.64(-5)
T70.51%% 2.14(-3) 1.25(-5)
T1.86%%% 1.59(-3) 1.06(-5)
T2, T1%%* 1.29(-3) 9.59(-6)
T3.55%*#* 1.07(-3) 8.54(-6)

*l.in. stainless steel inner and outer radii of which are 48.58 cm and
51.12 cal, respectively.

*#8.in. stainless steel and water mixture, inner and outer radii of which
are 51.12 cm and 7l.44 cm, respectively. Volume ratio of stainless
steel is 65%.

#%%)_in. stainless steel, inner and outer radii of which are 71.LL4 cm and
73.98 cm, respectively.
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ENERGY DEPOSITION IN CONCRETE (W/cm3/MW,)
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ENERGY DEPOSITION IN LEAD (W/cm3/MwW;)
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Table 8. Energy Dependent Gamma Ray Iatensities from
the Core of the TSR-II after Shut Down¥

Energy Range

(MeV) Intensities (y/sec)
10.0-8.0 0
8.0-7.0 0
7.0-6.0 0
6.0-5.0 6.17(13)%
5.0-4.0 8.06(14)
4.0-3.5 1.76(1k)
3.5-3.0 1.05(15)
3.0-2.5 2.17(15)
2.5-2.0 3.27(15)
2.0-1.6 6.73(15)
1.6-1.2 1.41(16)
1.2-0.9 1.42(16)
0.9-0.6 2.45(16)
0.6-0.4 1.63(16)
0.4-0.21 2.41(16)
0.21-0.12 1.26(15)
0.12-0.07 0
0.07-0.0 0

¥Calculated conditions: After 8 hr of opera-
tion following U4 cycles of 8 hr up and 16 hr
down. Power = 1.0 Mwt.

%Read: 6.17 x 1013,
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Table 9. Dose Rate at Outer Surface of Shields under
Operation and after Shut Down

Under Operation After Shutdown

Case No. Neutrons Gamma Rays Gamma Rays
(mrem/h/MWt) (mrem/h/MWt) (mrem/h/MWt)
1 5.5x10% 3.09x102 4.20x107 1
2 7.59x10" 4.72x10% 1.65x10
3 8.83x10° 3.64x10" 2.11x10%
4 2.76x10° 1.06x10°
5% 5.79x10°
6% 8.48x10"
Modified Case**  5.0x10° 1.00x10> 1.58x10

*
Shutters for beam hole.

*%
Same as case 1 but 5.0 feet conciete instead of 5.5 feet.
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IV. CONCLUSIONS

The results shown in Figs. 3-5 (i.e., cases 1-3), when applied to a
calculation of the temperature distribution in the shields, show that no

serious temperature gradients or heating problems result.8

Under operation, the dose rates behind the shield for cases 1, 2,
and Modified 1 (see Table 9) are all lower than the existing case 3, which

has already met safety requirements at the fence.

Comparing these dose rates with those of case 4 shows that background
should be no problem.

The gamma-ray dose rate after shut down (see Table 9) is seen to be
dominated by the shutters (cases 5 or 6), and not by the shields (case
1~-3, Modified 1). Since the dose rate behind the proposed shutter (case
6) is 85 mr/hr, personnel must wait a few minutes after shut down before

venturing near the beam hole.

As a result of these calculations, and considering construction costs,
the Modified case 1 shown in Table 9 has been proposed to be the shield
built. It consists of 1 in. stainless steel, 8 in. stainless steel-water
mixture containing 657 by volume stainless steel, 1 in. stainless steel,
and 5 ft of ordinary concrete. The proposed beam hole shutter consists

of 1/2 in. stainless steel, 11 in. lead, and 1/2 in. stainless steel.
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VI. APPENDIX

A. Normalizing Factor

Reactor Power: P = 1.0 MWt
Average neutrons per fission: v = 2.45 m/fission

Conversion factor from watt to fission rate: C = 3.29 x 1010

fission/sec/watt

Normalizing factor: f = P.C.v = 8.06 x 1016 n/sec/MWt



