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Measurement of Reactivity Effect of Neutron

Absorbers in an Annular Core
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Critical experiments for an énnular core with fixed neutron
absorbers in the central test region have been performed using the Tank-
type Critical Assembly (TCA) at Japan Atomic Energy Research Institute
(JAERI). Either cylindrical concrete containing boron carbide surround-
ed by aluminum pipes or boric acid solution contained in an aluminum
pipe was placed in the central region for various combinations of the
diameters and poison concentrations. The reactivity effect of these
absorbers were determined from the measured critical water levels using
the water level worth method. It was found that water has larger
absorber effect than the concrete without ByC, and that by containing
about 1 w/o ByC in the concrete, almost of the satulated value of the

absorber effect can be obtained.

Keywords: Neutron Absorber, Cylindrical Concrete, Boric Acid Solution,

Annular Core, Critical Experiment, TCA Reactivity Effect
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Table 2.2.1 Specifications of fuel rods
[tem Pellet type Swage type
Enrichment
238)] 2.596 w/o 2.580 w/o
238() 97.404 w/o 97. 420 w/o
Fuel type U0z Pellet U0z Powder
Diameter 12.5 mn
Density 10.40 g/cm® | Density 10.06 g/ck®
Keight 12.7 mm
Cladding
Material Aluminum alloy Aluminum alloy
AAB061-T6 AABOB1-T6
Inner dianeter 1417 mm 14.17 mm
Thickness 0.76 mm 0.71 un
Loading
U0z 1840g/rod 1842g/rod
238]) 42.0 g/rod 41.9 g/rod
Fuel effective
length 1441 mm 1441 mm




Table 2.3.1
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Dimension of aluminum pipe and
cylindrical concrete

Test material Dimension Name
: (nm)
Quter diameter 97.4
Thickness 3.0 Pl
Height 1695
Alupinun Outer diameter 153.4
pipe Thickness 3.0 P2
Height 1635
Outer diameter 195.4
Thickness 3.0 P3
Height 1695
Diameter 74 CIA
Height _ 1600 i
Al cladding C1B
Cylindrical Quter diameter 80
concrete Thickness 3 CIC
(cement)
Diareter 130 C2A
Height 1600
Al cladding C2B
Outer diameter 140
Thickness 5 C2C
Diameter 170 C3A
Height 1600
Al cladding €38
Outer diameter 180
Thickness 5 £3c
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Table 2.3.2 Chemical content of cylindrical concrete

Chemical Cl1A, C24, C3A Ci8, C2B, C3B | C1C, C2C, C3C
component
(w/0)
Si02 16. 44 16.11 15.92
AIan_ 4.52 4.34 4.55
Fea0s 2.14 2.15 2.03
Cal 47.12 46.63 44,27
Mg0 1.43 [.42 1.4B
805 2.28 2.26 2.18
BaC -- 0.20 2.20
ig-loss 13.44 13.00 11.13
fater 11.02 2.02 2.00
Density 2.04 2.02 2.00
(g/cn®)
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Table 2.4.1 Condition of test material {(The ocutermcst aluminum

pipe is P3)
Case Condition of test region
Material Area S(cm?)
Aluminum| VYoid |Concrete| Water
-1 | p3 18.13 | 281.74 | 0.0 0.0
1-2 p3 P1 27.03 | 272.84 0.0 0.0
1-3 P3 P2 32.01 | 287.88 0.0 0.0
1-4 P3 P2 PI 40.91 | 258.86 0.0 0.0
2-1 P3(Water) 13.13 0.0 0.0 281.74
2-2 P3(Water) Pl(Water) 27.03 0.0 0.0 272.88
2-3 P3(Water) P2(Water) 32.01 0.0 0.0 267.88
2-4 P3(Water) P2(Wster) P1{Water) 40.91 0.0 0.0 258. 96
3-1 P3(H;B05:53ppmB) £3.13 0.0 0.0 281.74
3-2 P3(HsB03:103ppmB) 18.13 0.0 0.0 281.74
3-3 P3(H1B03s:227ppuB) 18.13 0.0 0.0 281.74
3-4 P3(H.B0;:504ppmB) 18.13 0.0 0.0 281.74
3-5 P3(H:B05:510ppuB) 18.13 0.0 0.0 281.74
3-8 P3(H,B04:953ppmB) 18.13 0.0 0.0 281.74
37 P3(H:B03:2113ppnB) 18.13 0.0 0.0 281.74
4-1 P3 P1 CIA 34.29 | 222.57 43.01 0.0
4-2 P3 Pl CIB 34.28 | 222.57 43.01 0.0
4-3 P3 PiI CIC 34.29 | 222.57 43.01 0.0
4-4 P2 P2 C2A b3.22 | 113.82 | 132.73 0.0
4-5 P2 P2 C2B b3.22 | 113.92 | 132.73 0.0
4-6 P3 P2 C2C h3.22 | 113.92 | 132.73 0.0
4-7 P3 C3A 45.61 27.28 | 226.98 0.0
4-8 P3 (3B : 45.81 27.28 | 226.98 0.0
4-9 P3 C3C 45,61 27.28 | 226.98 0.0
5-1 P3 Pl(fater) 27.038 | 207.23 0.0 Bb.62
b-2 P3(Water) Pl 27.20 85.62 0.0 207.23
5-3 P3 P2(fater) 32.01 96. 82 0.0 170.64
h-4 P3(Water) P2 32.01 | 170.64 0.0 86. 92
§-5 P3 P2 P1(Water) 40.9] | 193.36 0.0 B85.62
b-6 P3 P2(fater) Pl 40.81 | 162.54 0.0 96.13
b=7 P3(Fater) P2 Pl 40,81 | 161.76 0.0 96,92
0ol - 0.0 0.0 0.0 299,87
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Table 2.4.2 Condition of test material (The outermeost aluminum

pipe is P2)
Case Condition of test region
Material Area S{cm?)
Aluginum| Yoid |Concrete{ Water
6-1 P2 13.88 | 170.64 0.0 0.0
7-1 P2 Pi 22.78 | 161.74 0.0 0.0
8-1 P2(Fater) 13.88 0.0 8.0 170.64
8-2 P2(Rater) Pi(Water) 22.78 0.0 0.0 181.74
a-1 P2 P1 CIA 30.04 | 111.47 43.01 0.0
g-2 P2 Pl CIB 30.04 | 111.47 43.01 0.0
g-3 Pz PI CIC 30.04 | 111.47 43.01 0.0
9-4 P2 C2A 35.08 16.70 | 132.73 6.0
9-5 P2 C28 35.09 16.70 | 132.73 0.0
a-8 p2 (2C 35.08 16.70 | 132.73 0.0
- P2 P1(fater) 22.78 96.13 0.0 B5.82
P2(Water) P1 22.78 65.62 0.0 95.13
Table 2.4.3 Condition of test material (The outermost aluminum
pipe is P1)
Case Condition of test region
Haterial Area S(cm®)
Aluminum{ Void |[Concrete| Water
11-1 P1 8.90 85.62 0.0 0.0
12-2 P1(Water) 3.90 0.0 0.0 65.62
- P1 ClA 16.16 | 156.35 43.01 0.0
- P1 C1B 16,16 | 15.85 43.01 0.0
P1 CiIC 16.16 | 15.35 43.01 0.0
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Table 3.1.1 Critical water level of core and reactivity
effect of test material (The outermost alumi-
num pipe is P3)

Case | Temp. | Critical |[Differential| Reactivity Run
(°C) |water level| reactivity | (¥AK/K) No.
He(cm) (cent/mm)

1-1 | 20.90 50,54 3.83+0.10 0.00 7887
1-2 | 22.48 50.20 4.05+-0.09 0.08 7915
1-3 | 22.38 50.23 4.02+-0.03 0.07 7912
1-4 | 22.82 50.11 4.09+-0. 18 0.10 7927
2-1 | 22.93 68,21 1.62+-0.08 -2.82 7833
2-2 | 22.59 67.80 1.63+-0.05 -2.77 7918
2-3 | 22.82 67. 40 1.64+-0.05 -2.73 7920
2-4 | 22.83 £6.54 1.71+-0.04 -2.63 7925
3-1 | 22.93 70, 28 1.47+-0.03 -3.04 7934
3-2 | 22.92 72.34 1.37+-0.04 -3.24 7935
3-3 | 22.81 76.10 1.21+-0.02 -3.57 7936
3-4 | 22.93 85.75 0.89+-0.02 -4,25 7938
3-5 | 22.92 86.00 0.91+-0.02 -4.27 7937
3-8 | 22.94 | 97.88 0.62+-0.02 -4.87 7939
3-7 | 22.98 123.54 0.33+-0.01 -5.87 7840
4-1 | 21.28 48.93 3.81+-0.02 0.14 7900
4-2 | 21.22 55.21 3.01+-0.04 -0.986 7899
4-3 | 21.12 82.53 2.20+-0.,02 -2.13 7838
4-4 | 21.35 52.40 3.24+-0.08 -0.41 7903
4-5 | 21.38 67.39 1.74+-0.03 -2.73 7804
4-6 | 22.29 87.17 0.90+-0.01 -4,34 7911
4-7 | 21.33 56.75 2.52+-0.03 -1.24 7902
4-8 | 20.73 87.91 0.87+-0.02 -4.38 7885
4~9 | 20.40 145.18 0.11+-0.00 -6.06 7882
b~1 | 22.41 50.89 3.55+-0.05 -0.08 7914
5-2 | 22.57 60.79 2.08+-0.04 -1.88 7917
5-3 | 22.40 58. 40 2.48+-0.05 ~1.52 7913
5-4 | 22.60 50.13 3.70+-0,15 0.10 7819
b-5 | 22.74 h1.42 3.55+-0.04 -0.20 7922
5-6 | 22.81 51.06 3.44+-0.15 -0.12 7923
5-7 | 22.82 50.45 3.52+-0.12 0.02 7924
0-0 | 20.65 70,70 1.41+-0.03 -3.08 7884
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Table 3.1.2 Critical wate level of core and reactivity
effect of test material (The outermost alumi-

num pipe is P2)

Case | Temp. | Critical (Differential| Reactivity Run
(°C) |water level| reactivity (XAX/K) No.
He(em) (cent/mm)
6-1 | 21.18 h2.1b 3.26+0.06 ~(.36 7884
B-1 22.38 51.79 3.32+-0.04 -(.28 7843
7-1 | 22.80 h1.96 3.26+-0.04 -0.31 7928
8-1 | 22.88 £8.20 3.32+-0.04 -2.82 7944
8-2 | 22.90 67.85 1.60+-0.03 -2.78 7931
8-1 | 21.19 04,34 2.88+-0.086 -0. 80 7895
9-2 | 21.21 59.94 2.23+0.03 -1.76 7896
9-3 | 21.22 £5. 48 1.78+-0.03 -2.51 7897
9-4 | 21.18B 60. 84 2.07+-0.908 -1.89 7893
9-5 | 21.08 73.82 1.28+-0.02 -3.36 7892
9-8 | 20.8B 83.97 0.89+-0.01 -4, 14 7888
10 22.89 57.31 2.47+-0.01 -1.34 7830
10 22.90 80. 89 2.08+-0.01 -1.490 7932

- Table 3.1.3 Critical water level of core
effect of test material (The

and reactivity
outermost alumi-

num pipe is P1)

Case | Temp. | Critical |Differential| Reactivity Run

(°C) |water level| reactivity (¥AK/K) No.

He(om) (cent/mm)

11-1 | 20.96 62.63 2.01+-0.02 -2.14 7888
12-1 | 22.90 67.54 1.60+-0.01 -2.75 7942
13-1 ! 21.00 86.18 1.72+-0.32 -2.59 7389
13- 21.03 69.93 1.48+-0.01 -3.00 7880
13-3 | 21.05 72.24 1.36+-0.03 -3.23 7891
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Fig. 3.2.4 Reactivity effect of aluminum pipe containing a
cylindrical concrete or water as a function of
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