: JAEA-Review
@ 2010-066

Investigation on Integrity of JMTR Reactor Building

Tsutomu OHTO, Tadashi KIMURA, Akitomi FUKASAKU and Tsuyoshi KUSUNOKI

Department of JMTR Operation
Neutron Irradiation and Testing Reactor Center
Oarai Research and Development Center

January 2011
Japan Atomic Energy Agency | BARFMRHFEEE




ARV R — MIMSIATBIEN BAR T 72 R S S N ENC AT T 2 R REE T

AU R— FDOAFUIZEEERICE T 5 BMWEDEIE, Tied TUTBIHWEDE TS0,
BB, RUR— bOEIT AARFF HIHFER RS — L ~— (http//www.jaea.go.jp)
FVREFEESNLTVET,

MSTATBUEN H AR T IR Je bR R AFSuBin i s FoeEai i shan
T3819-1195 PRURIRANETEL AR 2 5 AR 2 F i 4
HEan 029-282-6387, Fax 029-282-5920, E-mail‘ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency

Inquiries about availability and/or copyright of this report should be addressed to
Intellectual Resources Section, Intellectual Resources Department,

Japan Atomic Energy Agency

2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan

Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2011




JAEA-Review 2010-066

Investigation on Integrity of JMTR Reactor Building

Tsutomu OHTO, Tadashi KIMURA, Akitomi FUKASAKU and Tsuyoshi KUSUNOKI

Department of JMTR Operation, Neutron Irradiation and Testing Reactor Center,
Oarai Research and Development Center
Japan Atomic Energy Agency

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received November 16, 2010)

The refurbishment of JMTR is scheduled from the beginning of FY 2007 to the end of FY 2010.
An integrity investigation for concrete structures of the JMTR buildings was carried out in early phase of
the refurbishment. This paper describes investigated results and repair work of the vent stack, trenches,
canal building and the filter bank. Investigated items were the concrete surface deterioration, rebound
number (nondestructive estimation of strength), comprehensive strength using drilled concrete core test
piece, carbonation depth, reinforced bar corrosion and chloride ion content. The integrity of these concrete
structures was confirmed by these investigations. Based on the investigation results, repair works such as
re-painting were carried out from the viewpoint of preventive maintenance for the vent stack, trenches and
canal building.

The data obtained from this investigation will be used to make a periodical maintenance program
in future. In order to use the JMTR concrete structure continuously for long-term, it is important to

maintain the integrity of a concrete structure by the periodical maintenance and repairing work including

the building outer-wall surface painting.
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1. Introduction

The JMTR is a light water moderated and cooled, beryllium reflected tank- type reactor using LEU
silicide plate-type fuels. It was constructed to perform irradiation tests of fuels materials to establish
domestic technology for developing nuclear power plants and also produce radioisotopes. Its specification
is summarized in Table 1. First criticality was achieved in March 1968. The refurbishment of JMTR is
scheduled from the beginning of FY 2007 to the end of FY 2010. An integrity investigation for concrete
structures of the JMTR buildings was carried out in early phase of the refurbishment' 2. This paper
describes the investigated results and repair work of the vent stack, trenches, canal building and filter bank.
These concrete structures have been used for more than 40 years after completion of the construction, and
are expected to be used more than 20 year from restart of the JIMTR. Figure 1 shows layout of these

constructions.

2. Investigation Items
The investigation items and method are summarized as follows.
(1) Concrete surface deterioration
Crack, rust fluid, efflorescence, float and falling of masonry are visually observed. Visual
inspection and evaluation are carried out base on “Recommendations for Practice of Survey,
Diagnosis and Repair for Deterioration of Reinforced Concrete Structures™.
(2) Rebound number (nondestructive estimation of strength)
Rebound number is measured with measurement range of 15~70N/mm’ based on “Method of
measurement for rebound number on surface of concrete (JIS A 1155 (2003))”.
(3) Comprehensive strength using drilled concrete core test piece
Destructive tests (Core method using 10 cm drilled core samples) are carried out based on
“Method of sampling and testing for compressive strength of drilled cores of concrete (JIS A
1107(2002))”. Core boring is carried out by using a reinforced bar explorer in order to avoid
cutting reinforced bar during drilling.
(4) Carbonation depth
Carbonation depth of concrete is measured based on “Method for measuring carbonation depth
of concrete (JIS A 1152)”.
(5) Reinforced bar corrosion
Core boring is carried out to expose a reinforced bar by using a reinforced bar explorer.
Corrosion condition is observed after removing concrete materials around a reinforced bar. The
observation is carried out near the core boring position for the destructive tests. The reinforced bar
corrosion is evaluated based on “Recommendations for Practice of Survey, Diagnosis and Repair for
Deterioration of Reinforced Concrete Structures” > .
(6) Chloride ion content

Chloride ion content in concrete is measured based on “Methods of test for chloride ion content

in hardened concrete (JIS A 1154)”.



JAEA-Review 2010-066

Table 2 shows the investigated items and the number of samples.

The vent stack is a self-standing concrete structure with 80m height. An inner-diameter is 2.5 m with
thickness of 150 mm at the top part, and 5.2 m with thickness of 500 mm at the lowest part. The
investigated positions are shown in Figure 2.

The trenches are concrete structures under the ground, in which there are pipes and cables to carry
such as cooling water, compressed air and so on from a machinery house to the reactor facilities. The
JMTR has three trenches, A trench, B trench and C trench. The investigated positions of each trench are
shown in Figure 3.

The canal is a waterway to transport spent fuels and irradiated capsules, which connects a hot
laboratory and a reactor building. The canal building is a concrete structure includes the canal. The
investigated positions of the canal building are shown in Figure 4.

The air in the reactor building is purified at the filter bank, in which various types of filters are
installed before discharge from the vent stack. The investigated positions of the filter bank are shown in

Figure 5.

3. Investigation Results
(1) Concrete surface deterioration
As the result of observation of the concrete surface deterioration, many small cracks (maximum

gap size was 0.3mm), float of concrete and exposure of reinforced bar were observed for the vent
stack. The exposures of reinforced bar were observed also for the trenches. Though float of paint was
observed for an outer wall of the canal building, concrete deterioration was not observed. Falling of
paint and cracks were observed for an inner wall. The cracks were small, and the maximum gap size
was about 0.25 mm. The cracks of the filter bank were small (less than 0.1mm).

(2) Rebound number (nondestructive estimation of strength)

Rebound number is used to estimate a comprehensive strength. The estimated comprehensive
strength was obtained by using an estimation equation” and a material age factor. The average of
estimated comprehensive strength of the stack is 29.5+2.0 N/mm?, and the design basis strength of
the stack is 17.7 N/mm®. The average of estimated comprehensive strength of the trench is 30.3+3.5
N/mm?, and the design basis strength of the trench is 20.6 N/mm® The average of estimated
comprehensive strength of the canal is 32.9+2.6 N/mm® and the design basis strength of the stack is
20.6 N/mm®. All the estimated results of comprehensive strength based on the rebound number were
greater than the design basis strength.

(3) Comprehensive strength using drilled concrete core test piece

The comprehensive strength test using drilled concrete core test piece was carried out for the
stack. All the measured results of comprehensive strength were greater than the design basis strength
of 17.7 N/mm”.

(4) Carbonation depth

Figure 6 shows carbonation depth of the vent stack (first step) and Figure 7 shows carbonation

-2.
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depth of the vent stack (second step), The carbonation of the vent stack increased worth gradually,
however measured carbonation depth was small enough to measured protection thickness of
reinforced concrete 53 mm and 71 mm in each height. The estimated results of carbonation
according to the prediction by Kishitani” or Morinaga® were small than those for planned IMTR
operation period as shown in Figure 6 and 7. Carbonation of the filter bank floor face hardly change
because of protection effect by cement plastering with 60~65 mm thick.
(5) Reinforced bar corrosion
The observed corrosion of reinforced bar corrosion was grade 1, which do not affect concrete
strength.
(6) Chloride ion content
The measured ion content decreased with depth as shown in Figure 8.  Concrete materials
chloride ion content in depth around 150 mm was mere 0.04~0.05 kg/m’ . It means that the used
concrete material did not include salinity significantly. The chloride ion content was estimated to
keep below 0.2 kg/m®, which is the criterion by JASS 5N” to inside the minimum covered depth.

Chloride ion content near the surface was increased by accumulating the coming flying salinity.

4. Repair Works
The following repair works for the vent stack were carried out as a preventive maintenance in 2008.
(1) Repair work of concrete (cleanup of surface, sealing of cracks, repair of paint float)
(2) Repair work for ancillary facilities (renewal of landing floor, renewal of conductor rod fixing bracket)
(3) Painter’s work for concrete (basecoat, middle coat, final coat)
(4)Painter’s work for metallic part (removal of paint film, basecoat (corrosion-resistant primer), final coat
(weather-resistant coating))
The repair works for trenches were as follows.
(1) Leakage control work
(2) Repair work for ancillary facilities (Repair of expansion joint, joint-sealing)
(3) Painter’s work for concrete
(4) Painter’s work for reinforced bar (basecoat (corrosion-resistant primer), middle coat, final coat (resin
paint))
The canal building was also repainted in 2009, since many small crack (maximum gap size is 0.25
mm) were observed.
(1) Repair work of concrete outer wall (High-pressure washing, sealing of cracks, repair of paint float,
basecoat (filler paint), final coat (acrylic rubber paint))
(2) Repair work of concrete inner wall (cleanup of surface, sealing of cracks, basecoat (filler paint), final
coat (polyurethane paint))
(3) Painter’s work for metallic part (hand rail painting (polyurethane paint), floor painting (epoxy resin

paint))
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5. Conclusions

The result of inspections, significant degradation was not observed on the vent stack, trenches, canal
buildings and filter bank. The integrity of all the concrete structures was confirmed. However, the repair
works for the vent stack and the canal building were carried out as a preventive maintenance in 2008,
because many small cracks float of concrete and exposure of reinforced bar were observed. The repair
works for the trenches were carried out in 2008, because the exposures of reinforced bar were observed.
The repair works for the canal building were carried out in 2009, because the float of paint was observed
for an outer wall and falling of paint and cracks were observed for an inner wall. The cracks of the filter
bank were small and carbonation of the filter bank floor face hardly change. The data obtained from this
investigation will be used to make a plan for the future periodical maintenance. In order to use the JMTR
concrete structure continuously for long-term, it is important to maintain the integrity of a concrete
structure by the periodical maintenance and the repairing work including the building outer-wall surface

painting.
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Table 1 Major Specifications of IMTR

Reactor Thermal Power 50 (MW)
Fast Neutron Flux (Max.) 4x10"  (n/m’s)
Thermal Neutron Flux (Max.) 4x10" (n/mzs)
Primary Coolant Flow Rate 6000 (m3/h)
Coolant Temperature (In/Out) 49 /56 (C)
Active Core Length 750 (mm)
Fuel Plate type, 19.75% 2*°U
Irradiation Capability (Max.) 60 (20*) capsules
dpa of Stainless Steel (Max.) 4 (dpa)
Diameter of Capsule 30-65 (mm)
Temperature Control (Max.) 2000 (C)

* Capsule with in-situ measurement



Table 2 Investigation items and the number of samples
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Investigation Items
Structures | Position Visual Rebound | Compressive | Carbonation | Reinforced | Chloride
inspection number strength depth corrggion COIllotIént
First
sg)% 6 6 3 3 3 3
S d
g%gf)l 4 4 3 3 3
Vent Landing 1 1 1
stack Landing 2 1 1
Landing 3 4 4
Landing 4 1 1
Landing 5 4 4
Trench A 6 6
Trench Trench B 6 6
Trench C 6 6
Outer -
3 3
Canal wall
Inner - 3 3
wall
Filter bank | Outer- 3
Total 48 45 6 6 3
Table 3 Secular variation of Reinforced bar corrosion (Vent stack)
. Reinforced
Investication | nvestigation Outer Type of ](::)oer?ctx%legg e 3?; e
Structures positgion position or reinforcing cover COI‘I‘O%IOH
rade
number Inner bars (mm) (Jun 2007)
Reinforcing
Outer bar 71 I
. Reinforcing
S-1 Outer bar 71 I
distribution
Outer 59 I
First bar
step Reinforcin
g
99 Outer bar 73 I
Vent Reinforcing
stack Outer bar 79 I
S-4 S
einforcing
Outer bar 80 I
Reinforcing
Q-7 Outer bar 53 I
Second Reinforcing
step S-8 Outer bar 59 I
Reinforcing
S_lo Outer baI' 86 I
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Trench A

explanatory notes

Measurement item

\4 Visual Inspection

R Rebound number

C Compressive strength
Cd Carbonation depth
Re Reinforced bar corrosion
Ch Chloride ion content

]
;
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Figure 3

Trench B
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V., R
B-3
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V,R

JMTR
Reactor building

Trench A
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Investigated position of Trench A,B,C.
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K-1 K-2 explanatory notes Measurement item
V, R V, R \ Visual Inspection
R Rebound number
C Compressive strength
Cd Carbonation depth
Re Reinforced bar corrosion

Ch

Chloride ion content

Figure 4  Investigated position of Canal building.

i ] 0 0D
V, Cd Filter bank
: D 0 01D
f
explanatory notes | Measurement item
v Visual Inspection
F—2 1 (F; . Rebound nur:bergth
V, Cd ompressive stren
V. Cd Re Cd Garbonation depth
Re Reinforced bar corrosion
Ch Chioride ion content

Figure 5 Investigated position of Filter bank.
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Figure 6 Carbonation depth of the Vent stack (first step).
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Figure 7 Carbonation depth of the Vent stack (second step).



JAEA-Review 2010-066

Vent stack (First step): Chloride Ion Content

Chloride Ion Content (Kg/m®)

1 1 ‘
| | 3 —e— S-1
< > ; --m--S-2
g i : ---4p--- §—-4
Measured protection !
Thickness of reinforced | Sample number
1.5 e CONOIOtS.co: conc o oo o sl e s S —
(Minimum value) .
"
]
1
1
[ ]
1
1
T b v -
1
1
1
1
1
1
1
1
1
05 - .
1
. i
1
1
1
L
1
0

150

Sample Pick—up Position: Depth from the surface of concrete (mm)

Figure 8 Chloride ion content distributions as a function of depth from the surface.
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Appendix Presentation materials at 3" International Symposium on Material Test Reactor

The 3" International Symposium on Material Test Reactor was held June 21-23, 2010 at the Nuclear
research Institute Rez plc. and Research centre Rez Ltd., Czech Republic. The objective of the meeting
was to provide an opportunity for technical and operational information exchange among international test
reactor facilities.

The presentation materials related in “Investigation on integrity of JMTR reactor building” are

attached as an appendix.

-11-
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Investigation.on Integrity of
_JMTR Reactor Building
x I ﬁ ) )

Tsutomu OHTO, Tadashi KIMURA, « . °
*+ "+ Akitomi FUKUSAKU, 'l.»uyoshi KU;JNOKI

e

"'+, Department of JMTR Operation,
Neutron Irradiation and Testing Reactor Center,
Oarai Research and Development Center

Japan Atomic Energy Agency

1. Outline of Refurbishment Project @

> First criticality of JMTR was achieved in March 1968

» Operation was stopped from August, 2006 for the
refurbishment.

» The refurbishment is scheduled from the beginning of
FY2007 to the end of FY2010.

» The renewed and upgraded JMTR will be re-started from
FY2011.

» An investigation on aged components was carried out for
concrete structures of the JMTR building and for aged
components of tanks in the primary cooling system, heat
exchangers and so on, in order to identify their integrity.

» The aged-investigations for JMTR reactor buildings, such as a
vent stack, trenches, canal building and filter bank here.

-12-
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2. Outline of Integrity Investigation @

» An integrity investigation for concrete structures of the JIMTR
buildings was carried at the beginning of 2007.

» The aged-investigation was performed in order to identify
integrity of concrete structures.

> Based on the aged-investigation results,
» repairing of the concrete structures were carried.
» Future maintenance program is to be considered.

3. Arrangement of buildings @

Vent stack |

Canal building

-13-



JAEA-Review 2010-066

4. Investigation Items(1/2) @

» Concrete surface deterioration
» We observed Crack, rust fluid, efflorescence, float and falling of masonry.
» Visual inspection and evaluation

» base on “Recommendations for Practice of Survey, Diagnosis and Repair
for Deterioration of Reinforced Concrete Structures”(Architectural
Institute of Japan).

» Rebound number (nondestructive strength test)

> Rebound number was measured based on “Method of measurement for
rebound number on surface of concrete (JIS A 1155 (2003))".

> A rebound hammer with measurement range of 15~70N/mm?2 was used
in the test.

» Comprehensive strength using drilled concrete core test piece

» Carried out Destructive tests based on “Method of sampling and testing
for compressive strength of drilled cores of concrete (JIS A 1107(2002))".

» Core method using 10 cm drilled core samples

> Core boring was carried out by using a reinforced bar explorer in order
to avoid cutting reinforced bar during drilling.

5. Investigation Items(2/2) @

» Carbonation depth

» Carbonation depth of concrete was measured based on “Method for
measuring carbonation depth of concrete (JIS A 1152)”.

> Reinforced bar corrosion

» Core boring was carried out to expose a reinforced bar by using a
reinforced bar explorer.

> Evaluated the reinforced bar corrosion

» based on “Recommendations for Practice of Survey, Diagnosis and
Repair for Deterioration of Reinforced Concrete Structures”
(Architectural Institute of Japan).

> Chloride ion content.

» Chloride ion content in concrete was measured based on “Methods
of test for chloride ion content in hardened concrete (JIS A 1154)”.

-14-
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6. Investigated items, positions @

Investigation Items

Structures | Position Visual Rebound | Compressive | Carbonation | Reinforced | Chloride
. . bar ion
inspection | number strength depth corrosion | content

First
step 6 6 3 3 3 3

Second
step

Vent Landing 1
stack Landing 2
Landing 3
Landing 4
Landing 5

Trench A
Trench Trench B
Trench C

Outer -
wall

Inner -
wall

Canal

w| w|ololo|a|=|n|== s
I
I
I
I

w|w|w|oolo|n=|a==

Filter bank | Outer =

wall
Total

Ey
[0}
Ey
[$;]
(=}
(=2}
w

7. Vent stack investigation position @

» The vent stack : a self-standing concrete
structure with 80m height.
o > Inner-diameter at the top part:2.5m
»  Thickness at the top part : 150 mm
» Inner-diameter at the lowest part: 5.2 m
» Thickness at the lowest part : 500 mm

\" Visual inspection

2om R Rebound number
C Compressive strength
Cd Carbonation depth

o Re Reinforced bar corrosion
Ch Chloride ion content

-15-
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8. Trench A,B,C investigation position @

[ t »>The trenches are concrete structures in
E the ground.
,‘/E » The trenches include pipes and cables
(e — [ & ] to carry utilities from a machinery house
to the reactor facilities
(o2 F »such as cooling water, compressed
air and so on
A

JMTR
Reactor building

Vv Visual inspection

R Rebound number

3 Iz2 =2 =z Iz
g | |3 15X 3% |5%
3
g
>

9. Canal building investigation position @

» Canalis a waterway to transport spent fuels and irradiated capsules.
» Canal connects a hot laboratory to a reactor building.
» Canal building : a concrete structure includes the canal.
K-1 K-2
V. R V. R
| ]
Canal A \I,(_; W \I/(I_; M
K-6 K-3
R V, R
Vv Visual inspection
R Rebound number

-16-
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10.Filter bank investigation position @

» The air in the reactor building is purified at the filter bank
before discharge from the vent stack.

»  Filter bank : concrete structure includes various types of
filters internally.

: o

o

Ol i Il [ i
O i Il ] L

.
, Explanatory note
5 e .

\

Visual inspection

Cd Carbonation depth

11. Result(Concrete surface deterioration@

> As the result of observation of the concrete surface deterioration for the
vent stack,

» Many small cracks (maximum gap size : 0.3mm),
» float of concrete,
» exposure of reinforced bar were observed.

> Observation for the trenches,
» Exposures of reinforced bar were observed.

» Observation for the canal building,

» Though float of paint was observed for an outer wall, concrete
deterioration was not observed.

» Falling of paint and cracks were observed for an inner wall.
» The cracks were small(maximum gap size : about 0.25 mm)

> Observation for the filter bank,
» The cracks were minor (less than 0.1mm)

-17-
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12. Result(Rebound number) @

Rebound number is used to estimate a comprehensive strength.

» The estimated comprehensive strength was obtained by using an
estimation equation (Architectural Institute of Japan) and a material
age factor.

The average value of the stack : 29.51+2.0N/mm?
» Design basis strength of the stack:17.7 N/mm?

The average of value of the trench : 30.31+=3.5N/mm?
> Design basis strength of the trench : 20.6N/mm?

The average value of the canal building : 32.912.6N/mm?
» Design basis strength of the canal building : 20.6 N/mm?

All the estimated results of comprehensive strength based on the
rebound number were greater than the design basis strength.

13. Result(Comprehensive strength) @

» The comprehensive strength test using drilled concrete core
test piece was carried out for the stack.

> All the measured results of comprehensive strength were
greater than the design basis strength of 17.7 N/mm?2.

-18-
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14. Result(Carbonation depth) @&

» The carbonation of the vent stack became worth gradually.

» These were small enough against measured protection thickness of
reinforced concrete 53mm and 71 mm in each height.

» The estimated results of carbonation according to the prediction by
Kishitani or Morinaga were small enough during planned JMTR
operation period.

» Carbonation of the filter bank floor face hardly become significantly
because of protection effect by cement plastering 60~65mm thick.

100
| Measured protection thickness 80 | - i .
of reinforced concrete : 71(mm) — Prediction by Kishitani correlation
E = e Prediction by Morinaga correlation
— Prediction by Kishitani correlation E O Measured in FY 1983
------ Prediction by Morinaga correlation =60 @ Measured in FY 2007
O Measured in FY 1983 g M Throtection thick
@ Measured in FY 2007 5 easure protection thickness
S 4o | ofreinforced concrete : 53(mm)
g
=
S0 |
e £% S
- ] r - IR -
e 3 ; ; g M o, i ‘ !
0 20 40 60 80 100 0 20 40 60 80 100

Material age (Year)
Carbonation depth of the Vent stack (first step)

Material age (Year)
Carbonation depth of the Vent stack (second step)

15. Result (Reinforced bar corrosion) @

Reinf
1 L. Investigation Outer Type of Depth of e g:ced
nvestigation vt . . concrete .
Structures P position or reinforcing corrosion
position cover rade
number Inner bars (mm) (Jun 2007)
Outer Rem;g:cmg Al I
S-1 Outer Relngg:cmg Al I
. Outer distribution 59 I
First bar
" - -
step S-2 Outer Rem;::cmg 73 I
Vent Reinforcing
stack Outer bar I I
S Reinforci
Outer elnbg::cmg 80 I
S-7 Outer Reln;ta):cmg 53 I
Second Reinforcing
step S-8 Outer bar 59 I
Reinforcing
s-10 Outer bar 86 I

» The observed corrosion of reinforced bar corrosion was grade 1.
» Which do not affect concrete strength.

-19-
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16. Result(Chloride ion content) @

> The measured chloride ion content

e 51 decreases with depth.
< > --m--5-2 . Lo
Measured protection —-e-5-4] > Concrete materials Chloride ion
Thickness of reinforced

3

Chloride lon Content (Kg/m )

content in depth 150mm was mere
0.04~0.05kg/m3.

| Concrete
(Minimum value) |

—_
(S

» The used concrete material didn’t
b T include salinity significantly.

—_
T

» The chloride ion content was
estimated to keep below 0.2kg/m?3
inside the minimum covered depth.

» 0.2kg/m?3: Criterion value of JASS 5N.
» Chloride ion content near the surface

CESR has been increased by accumulating
the coming flying salinity.

o
o
T

0

Sample Pick-up Position : Depth from the surface of concrete (mm)

Chloride ion content distributions
as a function of depth from the surface

17. Repair work for vent stack @

Repair work of concrete
Repair work for ancillary facilities ===

Painter’s work for concrete and
metallic part

Before
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18. repair works for trenches @

Leakage control work
Repair work for ancillary facilities
Painter’s work for concrete and reinforced bar

@

Before After

Repair work of concrete outer wall and inner wall
Painter’s work for concrete and metallic part
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20.Conclusion @

The result of inspections;

» Significant degradation was not observed on the vent stack, the
trenches, the canal buildings and the filter bank

> Integrity of all the concrete structures was confirmed.
The repair works ;

» for the vent stack and the canal building were carried out as a
preventive maintenance in 2008.

> for the trenches were carried out a in 2008.
» for the canal building were carried out in 2009.

The data obtained from this investigation will be considered to plan the
future periodical maintenance.

In order to use the JMTR concrete structure continuously for long-term,
it is important for maintaining the integrity of a concrete structure by the
periodical maintenance and the repairing work including the building
outer-wall surface painting.
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