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Abstract

The serpentine concrete in which two kinds of cement were used as a binder
was irradiated in JMTR to the fast neutron fluence - 1.7 x 1019 11/c:m2 (E
> 1MeV) and thermal neutron fluence - 1.5 x 1020 n/em?, Average ir-
radiation temperature was estimated to be 200 °C. Prior to the post-
irradiation examination, effect of thermdl history was investigated in out-
of-pile test. The integrity of specimens were kept after irradiation.
From the results of thermal history examination and the post-irradiation
examination, it was clearly noticed that the changes occurring in dimen—r
sions, weight and compressive strength were caused mainly by the thermal
effect. The change in the Young's modulus seemed to be caused by the
effect of both heating and neutron irradiation.
It was concluded that the ordinary portland cement with the serpentine
concrete is better than that of almina cement.
This report was published in Japanese PNC's Report No. SN941 75-93,
issued in Oct., 1975.
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1. Introduction

High beam of fast neutrons leaked from the reactor vessel of the
fast breeder reactor collides directly with the bioclogical shielding con-
crete (ordinary concrete) and generates a large quantity of heat, if a
‘special shielding is not provided around the vessel against such neutrons,
The allowable temperature and temperéture gradient for the biological
shielding concrete are usually designed. as 70 °C and 0.8 °C/mm resﬁec—
tively. In order to meet such conditions, shielding is required to be
provided against neutrons between the reactor vessel and the bioclogical
shielding concrete, Effective shielding must be provided not only against
neutrons but also y -rays that leak from the reactor vessel.

The shielding material against neutrons should screen the neutrons
and 7 -rays and should be effectively bearable against elevated temper-
ature.

Sodium used as coolant for the fast breeder reactor restricts the
use of water near the reactor vessel. For such reasons, the graphite
blockl) has so far been used as the shielding material for the fast
breeder reactor as in the case of the experimental fast breeder reactor,
"JjoYO",

The graphite block, however, poses a structural problem in the
case of a large-sized prototype reactor or demonstration reactor.
Furthermore, economical restriction arises from the unconsiderable
quantity of graphite used. From the viewpc;int of the shielding capa-
bility, thermal resistance, structural and economical restrictions, a
new idea occurred to substitute for graphite a concrete ( serpentine
concrete) containing the aggregate of serpentine which contains a large
amount of water in crystal.

As compared with graphite, serpentine concrete is better than



graphite in its shielding capacity against neutrons as shown iIi-‘Fig. 1.
(based on the results of the primary design for "MON]JU"). However;

in terms of thermal resistance, it is inferior to graphite. The applicable
temperature range was between 200 and 250 °C in the case of prototype
reactor "MONJU". No actual results of use for a long term at such ele-
vated temperature must first be made clear. Thermal resistance has
been examined in out-of-pile test and‘its practical use has become pro-
missing to some extént‘?’ 3,4)

However, as regards the irradiation resistance which is required
besides the thermal resistance, no confirmation has been made excepting
a few reports$’6’7)

In the present examination, the serpentine concrete to be used in
the prototype reactor, "MONJU", was irradiated for four cycles under
the practical conditions for "MONJU", namely the fast neutron fluence -
2 x 1019 n/cm?2, temperature ranging between 200 and 250 °C, in the
Japan Material Testing Reactor (JMTR) of the Japan Atomic Energy Re-
search Institute in a period from November, 1973 to May, 1974.

Characteristics of concrete depend remarkably on temperature and,
therefore, it is conceivable that the irradiation temperature affects
greatly the results of the post-irradiation examination. In order to
evaluate the effects of temperature separately from those of neutron
irradiation, an out-of-pile test was conducted in the same manner as
that of the post-irradiation examination, by giving the same thermal
history as that received during irradiation, using specimens same in its
lot and shape.
| The cement used in the test was the ordinary portland cement and
alumina cement. To compare these two kinds of cement was one of the

objects of this report.



2. Materials

2,1 Cement
In the present test, two kinds of cement, ordinary portland
cement and alumina cement were used. Chemical composition of the
ordinary portland cement is shown in Table 1 and that of alu-mina
cement in Table 2. The alumina cement used was of the 1lst-stage

containing less iron.

2.2 Aggregate

Ordinary cement is effective as a shield against y -rays. Use

of rock containing water in crystal as aggregate is more effective as

a shield against neutrons. From a variety of rock containing water
in crystal, serpentine was selected because of its high content of

water in crystal and easy procurement in ]apanf.s)

Chemical composition of serpentine used in the test is shown in

Table 3 and the distribution of particle size is also shown in Table 4.

2.3 Preparation of Test Specimens
Mixing rate of ordinary portland cement or alumina celement
with serpentine and water is shown in Table 5, and a plate-shaped
concrete specimen (mother material) of 30cm in length, 30cm in
width and 5c¢m in thickness, was made¥ Flrom this mother material,
specimens for measuring Young's modulus (30 x 30 x 120 mm, long
size specimen) and specimens for measuring compressive strength

(30 x 30 x 60 mm, short size specimen) were made.

* The mother material was made in June, 1972,

-3 -



3. Irradiation Capsule and Out-of-Pile Test Apparatus

3.1 Irradiation Capsule
| The irradiation capsule is shown in Fig, 2, The capsule con-
sisted of components such as external cylinder, thermal medium and
spring. It contained 2 long size specimens and 2 short size specimens
of the serpentine concrete of ordinary portland cement, 2 short size
specimens of serpentine concrete of alumina cement,

Before assembling, the specimen was wrapped with aluminium
foil and the specimen number was marked on it., Six pairs of Alumel-
Chromel thermocouples were inserted. Two pairs were céntacted in
the thermal medium surrounding the specimen and four other pairs were
placed in a gap between the specimen and the thermal medium. To
measure the neutron fluence, Fe wires were placed as a flux monitor
in the center and 250mm above and below the center of the reactor.

For the measurement of the pressure and radioactivity of gas
which was discharged out from concrete during irradiation, a pressure
gauge and a sampling tank were connected to the capsule as additional

apparatus. The outline of this apparatus is shown in Fig. 3.

3.2 Out-of-Pile Test Device
This device is designed to give thermal history to the concrete
specimen, and consists of a stainless steel specimen vessel, pressure
gauge, He gas inlet and exhaust port., The specimen vessel alone is
placed in the electric furnace. TFig. 4 shows the outlines of the device.
The Alumel-Chromel thermocouple is placed around the central area
of the specimen vessel to measure the specimen temperature. Two
pairs of device are provided, one for serpentine concrete of ordinary

portland cement and the other for the same concrete of alumina cement,

- 4 -



4. Irradiation and Out-of-Pile Test

4.1 TIrradiation

The capsule was irradiated for four cycles (approximately 50
days) at the irradiating hole 1-3 of the Japan Material Testing Reactor
(JMTR) as shown in ’f';ig. 5. The operation history of JMTR during
the test is shown in Flg 6 and the thermal cycle records indicated by
the thermocouple during operation are shown in Fig. 7.

Fig. 8 shows the irradiation conditions (estimated values).
Here, the temperature at the center of the specimen was estimated
from the results of the calculation of 7 -ray heating ( see Appendix-
1IV) and the temperature measured by the thermocouple. The internal
gas pressure and gas activity produced in the specimen during irradia-

tion were measured. No radionuclide was detected.

4.2 Qut-of-Pile Test

To make sure of the thermal effect on the serpentine concrete,
an out-of-pile therm;all cycle test was made using the specimen from the
same lot of irradiation samples. Taking into account the irradiation
temperature, test was conducted at 200 °C. Thermal history was
given in conformity to the operation history in JMTR.

The thermal history given to spécimens is shown in Fig. 9. In
this connection, Group A shows the result of the test before giving
thermal history, Group F the result of test after the specimen was kept
at room temperéture for the period of time required to provide thermal
history and Group B-E, the results of test after giving thermal history

for the period shown in the Fig. 9.



5. Measuring Method

Visual inspection was done by eyes for specimens for out-of-pile
test and by remotely operated periscope for the post-irradiation exami-
nation. |

In measuring dimensions, vernier calipers were used for speci-
mens for out-of-pile test and the photoelectric micrometer ( measuring
accuracy, + 5 #¢) fitted with Nikon LS-5 type universal projector was
used for specimens for post-irradiation examination,

In the case of long size specimen, measurement on 3 points in X,

Y and axial directions and length was measured. In the case of short
size speciﬁlen, measurement on 2 points in X and Y directions and length
were measured.

Weight of specimens both in use for out-of-pile test and post-
irradiation examination was measured by the automated chemical balance.
Young's modulus was measured using Somiya's elastic modulus measuring
device. By this device the primary longitudinal resonance vibration
frequency formed in the square-column was measured and Young's modulus

was calculated from the following formula.

]

Young's modulus, E = C.W.f2 (Kg/cm?)

where, C = 408 x 10'5—% (s2/cm?)
W = Weight of specimen (g)
f = Primary longitudinal resonance vibration
frequency
L = Length of specimen (cm)
A = Sectional area of specimen (cm?)

Fig. 10 shows an outline of the device. The compressive strength test
was made in accordance with test conditions based on JIS-A-1108, using

tensile tester of Instron Corp. (max, testing load, 10 tons ).

_ 6 -



6. Test Results and Considerations

6-1. Visual Inspection

| Photos. 1 and 2 show general views of unirradiated specimens,
Photo. 3 shows general view of the irradiated specimens. Any crack
and break with visual change were not observed on the irradiated
specimens and dif_ference was not found compared with unirradiated
specimens, However, surféce color change was observed on the
serpentine concrete of ordinary portland cement (abbreviated as PS),
This change was also observed on specimens provided with thermal
history. Therefore, the cause of such change was considered to be
the elevated temperature due to y -ray heating and not the neutron
irradiation,

In the case of the serpentine concrete of alumina cement (abbre-

viated as AS), no such color change was observed.

6-2 Internal Gas Pressufe Measurement of Capsule

Internal gas pressure was measured during irradiation and heat-
ing (out-of-pile test) using Bludon tube. The results are shown in
Figs. 11 and 12.

Radioactivity of gas generated during irradiation was measured,
but no radionuclide was found. As the result of out-of-pile test, it
was ascertained that difference of weight between before and after
heating serpentine concrete, Weight loss was observed in irradiated
specimens ( mentioned later), and the increase of internal pressure in
the capsule during irradiation may be caused by moisture discharged

from the specimen.



6.3 Measurement of Dimensions

The results of dimensional measurement (1ength' only) ‘in the
thermal history test and post-irradiation examination are shown in
Table 6 and dimensional changes in Fig. 13. Contraction was ob-
served on the specimens provided with thermal history and those kept
at the room temperature., No difference between AS serpentine con-
crete and PS serpentine concrete was found. Contraction was ob-
served in some of irradiated specimens and swelling in some others,

In the case of the long size specimen, a mark was put at a central
part for measurement, This may have resulted in a larger error as
compared with that of the short size specimen.

Dubrovskii, et a15) irradiated the sandstone concrete (ordinary
cement used) up to the fast neutron fluene - 1.7 x 1019 n/cm? (E>
0.8 MeV ) and observed swelling (dimensional change) to an extent
of 6 %. | In the case of the serpentine concrete (ordinary cement
used ), irradiation was performed to a maximum of 1.7 x 1021 n/cm?
at 350 °C and observed 1 % swelling.

Elleuch, et al:/) irradiated serpentine concrete (alumina cement
used) to a maximum of 1020 n/cm? ( E > 1MeV), between 150 and 200
°C and observed about 0.25 % swelling at 2 x 1019 n/c:m2 and about
0.7 % swelling at 9 x 1019 n/cmz. They also irradiated the serpentine
in use for the aggregate and observed about 0.25 % swelling at 2 x 1019
n/cm? and about 0.6 % swelling at 9 x 1012 n/cm? respectively.

From the foregoing, it was concluded that the swelling of the
serpentine concrete is caused by the property of its aggregate, namely
the serpentine.

These results and results of this work are plotted against the

fast neutron fluence in Fig, 14, From this Fig., it seems that swelling

.8 -



begins at the fast neutron fluence 1019 n/em? and contraction occurs
when it is lowered therefrom.

The serpentine concrete contracts when thermal history is given‘?)
On the other hand, thé serpentine concrete swells after irradiation.
Irradiation data for 1018 n/cm2 (E = 1MeV) are not available and ac-
cordingly it cannot be asserted, but at the initial stage ( 1019 n/cm?2 >),
the thermal effect which causes contraction may be greater than the
irradiation effect and when fluence exceeds 1019 n/ cm2, the irradia-
tion effect becomes greater than thermal effect and swelling occurs.

The fluence for the occurrence of such reversion seems to be about

1019 n/cm2 (E > 1MeV).

6.4 Measurement of Weight

The results of thermal cycle test and post-irradiation test are
shown in Table 7 and Fig. 15. In the case of the specimen provided
with thermal cycle, weight decrease of 5 to 6 % was detected, It was
about 6 % and 3 % respectively with rthe PS serpentine concrete and AS
serpentine conc.rete after irradiation. As the results of thermal cycle
test, it was clarified that weight reduction is caused by the desorption
of moisture absorbed in the specimen. The quantity of the absorbed
moisture affects the rate of weight reduction.

This weight reduction is closely related to the dimensional
change and this correlation can be clearly lobserved when heat treat-
ing temperature is lower than 300 °C. Relations between dimensional
change and weight change are shown in Fig. 16. In the case of speci-
men provided with thermal history, values agree well with those in the
literatureg' & On the contrary, in the case of irradiated specimens,

values of weight change and dimensional change are dislocated from
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the respective curves. This may be attributed to the effect of

irradiation.

6.5 Measurement of Young's Modulus
The results of thermal cycle test and post-irradiation test are
shown in Table 8 and Fig. 17 ( Young's Modulus Change). As re-
gards the PS serpentine concrete provided with thermal history, AS
serpentine concrete and irradiated specimen (limited to PS serpen-
tine concrete ), reduction of Young's modulus was observed to the
extent of 11 %, 18 % and 30 % to 40 % respectively. Thé Young's -
modulus and weight change are reported to be closely correlated?o)
Relations between changes in Young's modulus and weight are shown
in Fig. 18. Such correlation is observed comparatively clear in °
the case of the specimens provided with thermal history but no sﬁch
correlation is found in the case of irradiated specimens. This may
be attributed not only to the irradiation effect but also to the y -ray
heating effect., |
Elleuch, et a.l?) have reported that they irradiated the serpen-
tine concrete, serpentine and alumina cement paste to the fluence of
2 x 1019 n/em? (E > 1MeV) at irradiation temperature between 150
and 200 °C and observed such reduction to the extent of 20 %, 33% and
10 % respectively., The report noticed that as the results of the
thermal cycle test on the serpentines sampled from the same lot of the
irradiated specimens, about 10 % reduction was observed with the
serpentine concrete, about 10 % reduction with the alumina cement
paste and almost no reduction occurred with the serpentine. Accord-
ingly, changes of Young's modulus that occurred in the specimens

provided with thermal history may be regarded as such change

- 10 -



occurring in the cement.

The change in Young's modulus of the irradiated specimens is
considered as the combined effect of such change of the cement plus
that of the serpentine. This may be the reason why the reduction
is more remarkable in the case of the irradiated specimens than the

specimens provided with thermal history.

6.6 Compression Test

The results of the thermal cycle test and the results of post-
irradiation examination are given in Table 9 and Fig. 19. After the
compression test, ruptured state of specimens was observed and
evaluation was limited to the sand-glass-shaped breaking only.
Ruptured state of the materials provided with thermal history and
irradiated specimens are shown in Photo. 4. In the case of PS
serpentine concrete provided with thermal history, the strength
seems to be reduced once but turns to be increased again. However,
no such trend as in the PS serpentine concrete is observed in the
case of AS serpentine concrete of which reduced strength seems to
be kept at a constant value, In the case of specimens provided with
thermal history, the compressive strength becomes lower with the
alumina cement which is used at higher temperature. This fact was
confirmed by Yamamura, et al@, but its exact reason has not yet been
clarified.

On the irradiated specimens, little difference of strength is
observed from the specimens provided with thermal history in the
case of PS serpentine concrete, but in the case of AS serpentine
concrete, the compressive strength was observed to be reduced to

an extent of 1/3 as compared with that of unirradiated material.

- 11 -



Such extent of reduction was observed in compressive strength even

N

with the specimens provided with thermal history. | )
According to Elleuch, et al?), compr'essiv'e strength incréaseé
by irradiation. Therefore, the reduction in compressive strength
after irradiation is attributed to the property of cement.
From the foregoing, radiation damage in alumina cement is

thought to be greater than the ordinary portland cement when irradi-

ated at about 200 °C.

- 12 -



7. Conclusion
The results of thermal cycle test and post-irradiation test are
summarized as follows.

(1) The integrity of specimen is retained after irradiation énd both
PS and AS serpentine concrete can be used at least up to 1.7 x 1019
n/cm?2 (E > 1MeV).

(2) Dimensional contraction occurs in materials provided with thermal
cycles, In some of the irradiated specimens, such contraction was

 observed but swelling was also found in some others. It is consi-
dered that, under irradiation up to 1019 n/cm? (E > 1MeV), speci-
mens are contracted because of the -thermal effect and swelling caused
by neutron irradiation occurs when the fluence exceeds the above
value,

(3) Young's modulus is observed to be reduced by 10 to 20 % in the
case of materials provided with thermal cycles and 30 to 40 % with |
the irradiated specimens. Differencé between the AS serpentine
concrete and PS serpentine concrete is considered to be caused by
the reduction of wéight ( reduction of moisture).

(4) The reduction rate of compressive strength is lower in PS ser-
pentine concrete than in AS serpentine concrete., The similar
trend can be seen in the irradiated specimens. The reduction rate
is remarkably high in the case of AS serpentine concrete.

From these conclusions, the serpentine concrete of ordinary
portland cement is preferred to the serpentine concrete of alumina

cement when used at about 200 °c.

- 13 -
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Table 1 Chemical Composition of Portland Cement

(%)
lgloss | Insol | SiO; | Alz03 | Fez O | CaO Mg O S0, Total
0.5 0.5 22.3 5.0 2.9 64.5 1.3 2.0 99.0
Table 2 Chemical Composition of Alumina Cement
(@
Alz Oy Pez O3 Ca0 Total
_ 55.0 2.6 37.4 100
Table 3 Chemical Composition of Serpentine
)
S0z |Alz0s|Feo0s) FeO | MgO | C 20| Na; O| Kz O HOWY Ha063) T4 0, [MnO | GO |Total
37.6 3.4 5.2 2.0 | 33.4 | 4.8 | 1.1 0.1 9.4 0.9 0.1 0.1 1.7 99.8
Table 4 Particle Size of Serpentine
@
5~25mm | 25~ 1.2 1.2~06 | 0.6~ 03| 0.3~0.15 0.15 >
12 23 26 18 11 10
Table 5 Mixing Rate
Composition .
: Cement Serpentine Water
Sample ) :
P8 15.5 76.5 8.0
AS 15.5 76.5 8.0

- 15 -
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Table 6

Dimension of Serpentine Uoncrete

L mm]

Specimen

Thermal Cycle

Irradiation

Reference

0 196 hr 430 hr 857 hr 1185hr Unirra. Posti_j:'ra. 0 1185hr
120.10 120.00 120.00 119.85 116.90 1‘20.20 120.14 119.90 119.75
126.10 120.00 120.00 120.00 119.95 119.60 119.32 119.90 119.55
Fs 119.40 119.35 119.35 119.35 116,40 60.10 60.17 120.10 119.90
119.80 119.75 119.75 119.75 119.70 60.10 60.22 120.10 119.95
120.15 120.00 120.10 120,10 120.00 . 59.90 59.92 120.30 120.30
AS 120.45 120.35 120.40 120.35 120.30 60.00 59.93 120.25 120.25
120.10 119.95 120.00 120.00 120.00 - - 119.95 119.90
120.40 120.35 120.40 120.35 120.30 - - 120.55 120.45
Table 7 Weight of Serpentine Concrete [ g3

Thermal Cycle Irradiation Reference

Specimen — : ;

0 196 hr 430 hr 875 hr 1185hr Unirra. |Postirra. 0 1185 hr
229.0 218.7 218.8 217.9 217.2 2294 215.1 230.0 2282
P 228.9 219.1 218.7 218.1 217.3 2279 213.6 2272 225.5
2279 217.1 216.9 216.7 216.0 115.4 108.9 229.7 227.8
226.7 216.0 215.9 215.7 215.2 116.0 108.6 225.3, 223.9
226.8 213.8 213.9 213.0 212.7 114.2 110.1 223.4 222.3
222.8 210.7 210.6—7 212.0 209.6 110.2 107.9 226.0. 224.6
As 221.4 208.8 208.9 208.5 208.1 - = 225.9 224.7
225.4 212.8 212.9 212.6 212.1 - - 226.2 225.1
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Table 8 Young's Modulus of Serpentine Concrete

(Kg./ et ]

Thermal Cycle - Irradiation Reference

Specimen — _

0 196 hr 430hr 875 hr 1185 hr | Unirra. |Postirra, 0 1185hr
2.35X 10° | 2.30 X10% ] 2.06 X10° | 2.08 X10°| 208 X10°| 245 x10° | 151 X10° | 248 x10° | 2.51 X 10°

2.50 2.11 2.22 2.33 2.26 2.59 179 2.44 2.44

Fs 251 2.12 2.30 2.30 2.28 — — 2.39 2.39

2.34 2.08 2.04 2.05 2.04 — — 2.51 2.42

2.31 1.54 1.82 1.80 1.78 — — 2.30 2.36

2.28 1.96 1.96 1.95 1.92 — — 2.43 2.50

AS 2.22 1.88 1.86 1.83 1.83 - — 2.39 2.44

2.32 1,98 1.93 1.94 1.93 - - 2.45 2.50

Table 9 O:nnpressive Strength of Serpentine Concrete
CKg/cni)

Specimen

Thermal Cycle

Ilrradiaiion

0 196 hr 430hr 857hr 1185hr Pre— Post—
486.1 420.1 361.4 494.2 495.8 — 460.6
FS 583.6 563.9 403.8 431.8 446.5 - 409.4
— 546.0 481.6 4347 560.6 — -
617.9 356.0 412.6 339.4 203.7 - 202.5
AS 559.8 369.0 367.4 314.9 380.8 — 215.1
501.9 342.0 346.5 237.6 388.3 — -
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Photo.1 General View of Serpentine Concrete

Photo. 2 Qeneral View of Irradiation Specimen
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(a) Un-irradiation (PS) {(¢) TUn-irradiation (AS)

(b) Post—irradiation (PS8) (d) Post—irradiation (AS)

Photo,4 General View of Serpenline Concrete after
Compress ion Test.
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APPENDIX-1
Cement

1.1 Hydration Reaction
In the hydration of ordinary portland cement, its main mineral

ingredients of 3Ca0.S5i03 and 2Ca0-5i03 react as follows to form a
hydrate of gelled calcium sﬂicate and lime hydroxide, Chemical
composition of alumina cement is varied widely compar'ed with that of
portland cement, Alumina cement on the regular grade contains 3 to
5% of SiO9, 39 to 53 % of Alp03, 1 to 16 % of Fe203, 36 to 39 % of
CaO. Besides, Ca0-2A1203, 12Ca0.7A120 are contained. Accord-
ing to the chemical composition and the production system, 2Ca0-5i03,
2CaO-A1203- 5i02, etc., are also contained. Mineral components

vary widely, however, hydration process is considered as follows.

CA [ Hexagonal or quasi-hexagonal

CA2 ( metastablé )

C12A7 +H20 — | CAHjyp + CoAHg + C4AH 3 14 +

C25 ' CeAH30+ C3S9H3+ CoASHg + Ca(OH)y
C2AS Equiaxial ( stable)

. CgAHg + AH3
Remarks) C: CaO, A: Alp03, S: Si0O9, H: H20

1.2 Impurities
Table 1 shows impurities in the ordinary portland cement. As
regards the alumina cement, analysis of impurities has not been made

yet, and an example of Lafarge alumina cement is given in Table 2 for
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reference. Table 3 shows the quantity of U and Th contained in the

cement, and aggregate of serpentine.

1.3 Example of Mixing Proportion for Concrete
Examples of mixing proportion for shielding concrete in Soviet
Union and France are shown in Table 5. Such proportion is used

for Rapsodie in France.



Chemical composition

Table 1.

Ordinary portland cement

Chemical composition- (%>
Item i . P— ,77’,“ . . ,,:4,_._.__ - )
(igloss) | (imsel) | (Si0;) | (A1z05) | (FesOs )| 2(Ca0) (Mg0) S0 Total
Analytical 0.5 0.3 22.3 5.1 2.9 65.0 1.3 1.7 991
value
Besides.tl_le above composition, it contains the following chemical substance
. in quantities shown below.
Micro-chemical composition (PPM)
Ttem . i 1
. (K:0) [ (Na Q) | (TiOz) | (Zn) (PbY]| (Cu) (AsY | (Cr) {Mn) {Co) | (Ni) | TCd)
& Analytical 5500 | 4,500 {10000 | 1350 220 208" 160 100 | = 100 39 © 38 41
value —
Table 2. Chemical composition of alumina cement ( Lafarge)
Chemical composition (wt %) |
ltem |.SiO: | A1:0s | Fe:0s | FeO | CaO | MgO | Na;O| TiO, K, O | 00: | Total
Analytical 360 | '39.40 11.00 5.45 38.20 0.10 0.10 1.90 0.03 0.10 99.80
value
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Table 3. U and Th in cement and serpentine (ppm)

Item U Th
ine g — —3
Serpentine 10 °~3x1072 < 10
Lime, . 1.1
: ne :
Cement ston. 1.3
Clay . 3.7 129
Table 4. Mixing rate of concrete used by
= = — g . . . i : .
Materials Material used in concrete (kg/m3) 0 2 2 Wei h't S
Mixin = = 0 9. Degree o
1 g | _ o leH 5 of fre:ile difficulty
. Coarse 1 Fine Pulverlized . Cement | Coarse Fine Pult:erlized Qd B 3] COHCI‘B) in placing
aggregate aggregate | ad:nlgture : aggremate| aggregate adm1xmfe_ (,%) (F/m B (sec.) .
1 Sendstone |{Quartz sand - 315 1190 678 -1 50 234 40.
2 7 |Fire brick |  Fire brick v | 784 523 | 305 83 2.18 28
3 Fire brick| 7 . " 288 628 431 | 288 | 112 1.96 40
4 Serpentine| Sermentine| = gerpentine 253 885 630 253 | 98 2.27 42
Table 5. Concrete used in Rapsodie (kg/m3)
. e S ] R _7 ‘ = ——— 7 ] ’4_—.—' i ,.,.._. X -— ] = a =
Alumina Yttrium Corundum Corundum Serpentine . ‘Wat Ral:lo ?:f
th 0.2 ~ 2mm 2 ~ Bmm 5~ 15 mm . ater, water to
cement eartn _ . caement
460 150( 600 400 1,000] 170 0.37




APPENDIX-II
Induced Radioactivity of Serpentine Concrete (calculation)

Details of components of alumina cement, especially impurities,
are left unknown and théfefore calculation was limited to that of the
ordinary portland cement,

(1) Condition
The neutron flux () at the irradiation hole I-3 was assumed

as follows .

[

qf;th 5x 1013 n/cm2. sec
bf

The irradiation time was set to 1213 hours and the cooling

5x 1012 n/cm2- sec

time (until measurement of dose rate) was decit_led to about one year.
Composition of ordinary portland cement and that of serpentine are
shown in Table 1 in Appendix-I and Table 1 in the report respectively.
The inixi.ng rate was as shown in Table 5 in the report.
(2) Calculating Formula

Specific radicactivity (Ci/g) was calculated from the follow-
ing formula.
Spécific radioactivity, A = Ndoa$S [Ci/g ]
where,

N : Number of relevant atoms (g-l)

6 : Neutron flux (n/cm2.sec)

Ca: Absorption cross section (cm?)

S : (l - e'lt): Saturation coefficient

A : Disintegration constant of radionuclide ( 5_1)

t = Irradiation time (s8)
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(3) Results

Results of quantitative calculation of radionuclide formed by
thermal neutron are shown in Table 6. Other than those shown in
this Table, 6(’:6&0.5111(31), 65zn(0.6mC1) and ©9Zr(0. 5mCi) were formed
immediately af:cer irradiation. Besides, 54Mn formed by 54Fe(n,
p)54Mn reaction is conceivable as a radionuclide. This quantity
is about 230 # Ci immediately after irradiation and about 100 ¢ Ci
after one year.

Accordingly, 60Co, 54Mn and 59Fe are expected to be the

. ¢ ~-ray emitters which may be detectable after one year from an

irradiation, These are about 70014Ci as 6OCo.
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Table 6. Induced Radicactivity of Concrete
. uantity of paren antity of : I . ‘ '
Nuclide| Radicactive rays Q Lide Y f , .___dt_ g;lmrg‘;tg | Half Quantity of formation One year after
| and energy(MeV) nuclide contain€d i —leormation after irradiation for the irradiation
) 1g of concrete.  (g){ (mCi) life 1213 hours. (mCi) ( Cd
20 N B~ 417 1.389 . : R ]
® |7 1369 2754 8.7x10 21 | 1496 hr 21 0
F— 175
27 M —2
€ |y 084 1013 1L.6X10 14 9.46 m 14 0
B 2.85
28 —
Al 17s 1L9x1077 140 231 m 140 0
B~ 1.48 :
31 H A —3
Si |, a6 46X10 14 2.62 h 14 0
B~ 352 : .
42 p— ;
2K 152 4.4%x107° 1.1 | 1236 h 1.1 0
B~ 2.8s5
56 N —i -
" |7 0847 181 211 6.1x10 120 2.576 1 120 0
T EB.C.
55 F . —3
€ Ma X 2.5X10 110 2.60 y 4.0 3100
o pe | P 157 0475 .
7 1.095 1.29 0.192 L 4x10 23 | 456 d 1.2 4.6
0o | P 148 0314 S — .
r 117 1.33 82x10 42 5.26 y 0.76 666
& Gy B~ 0573 B10.656 s :
r  0.511 1.34 3.8X10 2.2 | 128 h 2.2 0
B 2.97
76 p—
As | 4550 2.5X10°° 1.2 | 264 h 26.4 0




APPENDIX-III

Post-Irradiation Examination at JMTR Hot Laboratory

Table 7 shows the results of irradiation cycle of JMTR-SH(I)
caﬁsule. After the irradiation, the capsule was inspected at JMTR Hot
Laboratory as a part of pést—irradiation examination work before trans-
fered to MMF. The fesults were as follows.

1. Visual Inspection
The surface of the capsule showed a lustered metallic color
peculiar to stainless steel. Discoloring, corrosion, cracks, etc.,
were not detected and the integrity of the capsule was. retained.
Photo. 1 shows the external appearance.
2. X-ray Inspection
Photographs were taken by directions of X and Y against the
axial direction of the capsule at accelerating voltage of 300 kV,
Results are shown in Fig. 1 and Photo. 2.
3. Disassembly of Capsule
Aftér the visual inspection and X-ray inspection were finished,
the capsule was disassembled and the specimen was taken out. The
capsule cutting was achieved by dry method. An example of disassem-
bled capsule is shown in Photo. 3.
4., Visual Inspection of Specimen
After taking out from the capsule, the specimen was subjected
to visual inspection. The result is shown in Photo. 4. As shown
in the Photo. 4, the aluminum foil, with which the specimen was
wrapped before irradiation, was considerably corroded by heat and
moisture, gas, etc. leaked from the serpentine concrete. However,

the serpentine concrete itself was observed without difference.
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5.

Measurement of Weight
Weight was meésured after the capsule disassembling and be-
fore the visual inspection. The result is shown in Table 8. For the
measurement, 2 units Metler balancef Type-He-20 and P-1200 were
used. During the measuring time, temperature in the hot cell was
19 °C and humidity was estimated between 60 to 70 %. Weight was
alrso measured at MMF, but‘no difference between MMF and ]MTR
Hot Lab. \%{&S found. |
Measurement of Dose Rate
Dose rate of each specimen was measured at distance of 0.3m and
Im. The result is shown in Table 9. Specific radioactivity calcu-
lated from these results were 350 to 560 ¢ Ci/g (as 60Co) in the

case of serpentine concrete of ordinary portland concrete of alumina

- cement. These values are agreeable to reported value (700 # Ci/g

as 60Co) obtained from calculation.
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No.

Table 7. Irradiation History Record
(;aps_q]_eiNo g 71 M—84P - 'HDa_ter
) ) . : Capsule. type Special Expected f1-
Examination| Effects of irradiation (TC,F/M) _ﬁgicggg yence . 1 o 1019 vt
title | on serpentine concrete ete.) " temperature (égga“‘m' ver vt
L R control s -
KRequested |[Power Reactor and Nuclear | Irradiating I —3 Desired irr-| In the center of
by Fuel Development Corporation hole adiation specimen
Txamimtion 1 - - T == temperature | Below 300T
period 'e;z?e‘a“ 24 ~ 27 (égg?tlon, .
Wamber  rradistion oyele | [rvadistion time _Fluence Temp A tare” Remacks <
cycles —1 Sterting | Dete of Jrgaggified | Integra- | Classigie ente ' ' : )
s ' ina- gied || Integrated | Average for | Maximum
Nane ] date | ISMMMTT by cyele | ted | by eyele | CnteEmatel | rete cyele ‘T
1 | 24 [48.11.19 [48.12.15| 446.4hr| 4464hr| 5.8x10!8| 58X101!8 T T {Gas sweep -
2 25 {49. 1.24 |49. 2.18 | 431.0hr| 8774hr| 7.2x101%| 1,3x101? C T jExtended for 1 cycle due to trouble
ocemrring in cycle 26
3 | 26 |49. 3.11 |49. 3.18 | 158.4hr|1,0358hr| 2 X10'®| 1.5X101° T T
_ : S topped for cycle 26,27 due
4 27 [49. 513 (49. 5.26 | 177.0hr |1,2128hr| 2 x1018§ 1.7x1019 C C |to trouble of contrel rod.
5 | 28 |Stopped| _ hr hr C T | PIE scheddle B
6 hr hr C T | 1. Cyele date shows power
- start and power stop.
7 hr hr C C {2 Irradiation time is conver-
ted to values of S5O0MWV.
8 hr hr T C 3. Fluence; m
9 hr hr C T Unit: [ n/em2(>1MeV) |
‘ Location: | Peak
10 hr hr C ¢ |4 Temperature:
|

Department of Material Testing Reactor,
Japan Atomic Energy Research Institute




Table 8. - Weight of specimen after Irradiation

, Specimén - “—~Weight (g)_
No.r o __ .2 Ave;age
PS— 2 109.970 109.970 | 109.971
PS —18 109.690° 7 1{)9.699.‘ 109.699
PS—49 111.368 | .  111.369 111.369
PS—53 108.183 108.185 ' 108.184
PS — 39 215.06 215.07 215.07°
PS — 33 214.85 214.85 . 214.85
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Measuring conditions

Measuring instrument used{Model Radecon 1555,Vietrin Corp.
Bnergy calibra- |Cs-137 Co-60
Probe type 1HA tion coefficient| 1.04 100
Accuracy of measuring Atmospherie Calibration
within +5%|{pressure L.
instrument mmHg ) coefficient 'W;thln
2
g 400KeV ~ |, . .
nergy range 1300KsV emperature
. Measuring Rate. Measuring Time s
Ah Dose rate, dose
Specimen distance Integrated range (min) Probeamplifier
A6 AS—53 0.3 rate 3 0mR/m 20.2 mR,/m (x1)
1.0 7 10mB/m 7.9 mR/m #
P8~2 0.3 rate 3 0mB/m 155 mR/m (x1)
1.0 # 10mR/m 7.55mR_“m #
PS—~18 0.3 rate 30mR,/ m 214 mR/m (x1)
1.0 ” 10mR,/m 8.0 7TmR, m ﬂ
AS—49 0.3 rate 30mR/m 22.7 mR/m (x1)
1.0 " 10mR/m 8.2 mR/m ”
PS-33 0.3 rate 100mR,m 37.0 mR/m (x1)
1.0 v 30mR,/m 9.5 8mR, m "
PS—-39 0.3 rate 100mR/ m 31.5 mR/m (xX1)
1.0 i 30mR,/m 1.1 mR/m #

Note

AB.G
5.5
mR,/m

B.G inel-
uded in
measured
values.

A41at139mOlpRy [BY0J JO juswainsmel] ‘6 °[dBlL

€ % -0 'T'HADAC |

Japan

Atomic Energy Research Institute
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1s9] Lea-¥ 71 ‘814

Photographing direction,classification of observation

X~ray inspecting ‘conditions

Marking Spscer
; bloek
VI [
U e I EEN N _ ﬁ-%
t
797 . 143
|
Phofogr~ - —— -
Film . |apling, Pﬁ?_t'ofgm Observation B
directi- lposition
on
75X=167 @ @ No abnormality observed
17sX-165 @ ® "
75X—161 @ © "
7T5X—-164 @ @ .
7T5X—1686 ® ® "
75X—162 @ ® ¥

1. Ace.vol tage 300 KV
2.Tude current| § 25 ma
3. Exposure time - 30 mio
4.Film R
5. Intensifying screen Pb 0.03mm
6.¥.8.D. 1800  pom
7.8.F.D. 360 mm
1

Notes

1) Magnification of photo:l.26 .
approximately '

2) Photographing was impossible
at the regular position due
to the size of the capsule,
60mm in dia., 900mm in length.
Consequently, magnification
became higher and photo.lost

sharpness.

Japan Atomic Energy Research Institute

JMTR-H-L D—8No. 4
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Photo. 1 General View of Capsule
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(a)

75X — 165
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Photo. 2 X-Ray Radiography (1)

75X —161

(¢)
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Photo. 3 C'apsule and Irradiated Concrete
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Photo. 4 General View of Serpentine Concrete
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APPENDIX-1V

Thermal Calculation of Capsule

1. Assumptions Used in Calculation

1) Temperature of cooling water is neglected, for the maximum
temperature of the épecimen (300 °C) is sufficiently low.
Accordingly, calculation is made of a specimen alone neglecting
the temperature distribution in the cooling water.

2) The heat transfer rate between the cooling water and the other
tube is set to a constant value of 2,32 W/cmz/OC.

3) Thermal expansion of the specimen and the material of the cap-
sule are taken into account, Heat radiation is neglected because
of little effect at low temperature,

4) The square shape of the specimen and the inside of the thermal
medium is converted into the-equivalent circle and calculation is
made using the model of multiple-cyclinder of endless length,

2. Calculating Formula

1) Temperatures difference between inner and outer diameters.

AT=% In —f,—;'—+—;— {%f(roz -;®) —% riz 1in ;‘: }
where,
q' Total generation of heat in ri (w/cm)
ro : OQuter radius (cm) |
ri : Inner radius (cm)
e : Generation of heatin ri <r <ro (w/cm3) »
k : Thermal conductivity of substance in ri =r = ro (w/cm/°C)

2} Temperature difference in the specimen

= - ° 2 - . 9
AT 4k To 4wk

- 61 -



3) Temperature difference between gap

3.

1)

2)

3

AT:__Z_%‘T 1n (ri:-iAr)
where,
q' : Total generation of heat in ri (w/cm)
ri : Gap inner radius (cm)
Ar : Gap (cm; one side)
k : Thermal conductivity of gas between gaps (w/cm/°C)

Physical values used in calculation (density, thermal conductivity,
coefficient of thermal expansion)
Density (g/cms)
SUS27 : 7.9(JAERI 2704)
Aluminium: 2.7 ( Aluminium Vol. 1 K.R. von Horn)
Specimen: 2.26
Thermal conductivity (w/cm/°C)
SUS27 :  0.163(100°C) 0.178 (200°C) 0.190 (300°C)
Aluminium: 0.20790 + 0.52459 x 10™%t = 0.74189 x 107/¢*
Specimen: 0.009886 (= 0.85 Kcal/m/h/°C)
Coefficient of thermal expansion

SUS27 : 17.3x 100 ( 10 ~ 100 °C)
Aluminium: Lt = Lo { 1 +(22.34t + 0.0098t) x 1070}

Specimen: 6.3 x 10'6
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4.

Calculating Model

Radius of equivalent
circle of specimen:

16.925 mm
Inner radius of medium:
18.426 mm

QOuter radius of medium:

27.5 mm

Inner radius of outer
tube:

28 mm

Outer radius of outer tube:

30 mm

Fig. 2 Calculating Model

The actually used model is shown above. For calculation
with an endless multiple-cylinder, the concrete specimen was coun-
verted into equivalent circle,

Results of Calculation

Fig. 3 shows the results of temperature calculation at
several points using 7 —heéting value as a parameter.

Thermal Calculation at the Japan Atomic Energy Research Institute

Figs. 4 and 5 show the results of calculation by GENGTC.
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7. 71 -Heating Coefficient
Relative value of y -heating coefficient in vertical direction
of JMTR is shown in Fig. 6 and its relation with reactor power
shown in Fig. 7.

8. Irradiation Temperature

The indicated value ( by thermocouple) of temperature dur-

ing irradiation is shown in Fig. 8.
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Fig. 2 Relation between r-Heating and Temperature at Specimen Center
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0
Temperature at Specimen Center (~C)
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1. Surface thermal transmissibility
2.Cooling water temperature
3. Physical coefficient of concrete
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Fig. 4 Temperature Distribution in Capsule for JMTR~SH(D)
(Position of T/C #5)
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Temperature at Specimen Center (°C)
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Fig. 5 Temperature Distribution in Capsule for JMTR-SH(D
(Position of T/C #3)
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Fig. 6 Relative r-Heating Coefficient in Capsule for JMTR-SH(D)
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r-heating : max.
.45 (W/gr) at 50 MW

(Middle plane core - 70 mm).,..T/C #3 -0
w1k P "T/C #5 - 0.46(W/gr) at 50 MW
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=
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(W/gr) . o]
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Thermal power of reactor (MW)

Fig. 7 Relation between Reactor Power and r-Heating Coefficient
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400 1 —0—11/20 measured at 50 MW
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300 [
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|
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Remarks: As for #3 and #5 thermocouple, temperature in the

aluminium medium, and as for #1, #2, #4 and #6
thermocouple, temperature of the surface of speci-
men was measured.

Fig. 8 Temperature in Capsule for JMTR-SH(D
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