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The pool liner was Al- *belts” (300mm) were
fabricated by BATAN fillet weladed over the Jeins
I eachi section. 3




—
=lctions.of the AluminiumrPool™
| - Liner

. e—

- Tc omaintaini the integrity of the reactor
9] pollfor both cooling and retention of
= adloactlve products.

- _'_

- —There are research reactors still in service
~that do not rely on a metal liner — they
rely on a sealed concrete or tile surface to
maintain pool integrity.




—
InspeciloghrliSTary
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> |n) 2 01 the Pool Was emptled of fiuel and
rog irol system te enable a complete
[spection of the pool liner, the following

- _st Were conducted:;

= A comprehensive visual examination
— A comprehensive hardness survey
— A thorough dye penetrant examination
— A comprehensive ultrasonic thickness survey
— Replication of features of interest
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In general : the
Pl lIner Was in
goed cendrtion,
thickness and
hardness survey
Wwere consistent
with the service
history.

3 areas of
Interes were
observed :

o' A'Small area with apparent thinning

s A'smallrcrack (analysed as an original manufacturing defect)

o W small*areas ofi bulging under the thermalyzing column
(S1 and S2). o




e
Locatjggieiinfs
- Bllefes |

near the curved
transition
between the wall
and the pool
liner bottom
under the
thermal column,




ISPECtion History (3)F =

N «v lges re examlned 101 2003 2004 <igje| 20)0)5
ine bL cjes recliperessacin sizaneye sy oeifiojel:

SENHEIECSErof eI itiand arnea of Si and S2
vver;

ez mm and 7 mm (2004), and the areas

=
———

- ,-;___3;: Yere 1365 mm? and 1083 mm? res pectively.
= 7.78 mm and 7.56 mm (2005), and the areas
“were 1389 mm? and 1839 mm? respectively.

®' Recent examination (Sept 2006 and Aug 2007)

shiews that the size of bulges relatively constant.

e [he peak of the bulges appears to contain tears
(cracks) in the metal.




e Jesifrom the video INSPECHIGITS
peguIipment ApHIF025(S1 & S2)
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mEge with Scale (1mm d|V|S|ons),...

e DECENTIIES 2004 — S1 & S2




separative Images ofi ARIRENGRs
BEGEIbEr 20045 Inspections — S2




.. Replicas of' bulges

L iE o ast bl




— Ultrasonic thickness measurement
WSHIIeS &0 S2 of tank wall.
SEPIEmber 06

ch.\

 il—

Everest VIT

Replication of bulge to allow
accurate measurement of size.

EverestVIT




ROUNCESEAEWAIST(RCA)

> Must be PENGIMER systematlcally zlple
coriclusions rrust ge gacked g gy eviderice,

IMETENSIUEIAl more than one root cause for any
JJ\/"" oroglef

ral proecess for performing RCA :
= define the problem
—= gather data/evidence
— ldentify issues that contributed to the problem
— find root causes
— develop solution recommendations
— Implement the recommendations

— opserve the recommended solutions to ensure
effectiveness.




IE oTowm"‘g OBservations have beenpmnade
regarding, the swelling ™ a

The swellinas have increased slowlV 10 size oy a
years.

EERRRICkness is still substantial, measurements
| BWIS that the Al thickness is predominantly at original
= Iues and still greater than 4mm in the area of the
ﬂ—bulges This'indicates that the aluminium pool liner has
=hot corroded significantly.

It Is apparent that some element of the reactor block
structure Is expanding and forcing the pool liner into the
reactor pool.




@hsenvation (Cont'd)

e
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Twa

of Hm-"-ﬂ- ' reinfarcement hare tha

= e external surface of the bulk shielding facility
(BSF) shows evidence of water leakage. The
white deposits on the side of BSF shown in
Figure 7, which were originally thought to be
Ca(CO3), were analysed as Sodium carbonate.
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: 5 Showmg raliforcemenii (el Eicl weesSialaWisic) zL clely roclile i e
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08 22 2007 09 06 2006

Fig. 7. Showing white
deposits formed by water
seepage through the BSF wall




She REAYesult shows that prebable oot
Lige oifswelling are as fO||OWS'-=" —

C - -
— e ol P —

original design.
— r IErconstiuction and supervision methods.
= O,,f‘ dltionall issues.

i

-partlcular aspect In the design Is the potential for water from the
uik Storage to activate the construction deficiencies by penetrating
J-—’[he area enind the reactor pool liner.

._._l.l"-

- .._ -
e —
_\,' —

e il

The construction and supervision aspects of the reactor block have
contributed to the issue by allowing reinforcement steel to be placed
100 clese to the concrete surface and this has allowed contact with
water and corrosion to occur.

There Is no evidence that operation issues have contributed to the root
cause. The internal condition of the Al liner is good indicating that
effective control of water chemistry has been maintained and no
significant physical damage Is evident. T9




JUE emediall actions that aresunaess
@mentatlon are as follows:

TR, f——— s i —

- o clny the concrete block 10 attempt to remove the
solEIens tifat are causing the defects. The BSF would
'rmep heilined to prevent future water penetration of the
rop sieter ITicontinued monitoring of the swelling
BNIoicaLes that some repair action should be taken the
— eactor pool will need to be emptied of fuel and control

—
——
—'-
_--'
..—-—

_ ;_‘fsystems and the BSF would be required for storage.

& T0 maintain the program of periodic inspection to

monitor the rate of progression and take action to repair
to the areas involved.
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examlnatlon of reactor pPoEl liners are essential te
ANESUESIaRCRERIIYASIEBEMEAN A REIVENTLIONNS
ant 10 minImIse the effiect of any ISsues fieund.
J -adatlon Processes that occur in the structural
HEntsivenind the peol liner can affect the pool liner

grlty

:Z ' quallty Of the concrete from both a constituent
=== Viewpoint and the quality of water used to make the
= concrete are important. Particular attention should be

‘given to exclude and clay material that can expand and
damage the concrete under wet conditions.

It is the view of the authors that future designs of this
type of reactor should incorporate a metal liner in the
BSF to prevent water penetration of the reactor block.
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Cpe or aptial’ source of Wateringress to the area behind' the
owh ner is the BSE attached to the ieactor hlock: Any.
SRS CSE UMY ACONCEIENSIIKEG Er eI Y/ SEISHIC EVERTS
SeIINIIOVICE a Water Ieak path. Many of the BSFEs In this

dESIBNeIreactor are sealed and painted concrete. A metal

fl

S5i0)
Iin) s:__n e’ BSE can provide a superior waterproof design

m; ture reactor designs consideration should be given to
Sthietincorporation condition-monitoring behind reactor pool
—and pUlk storage liners, for example, moisture monitors or
~drain peints could be used to detect the presence of water

Pehnind areas that are difficult to inspect.

One very Important lesson that can be gained is that quality
control and inspection processes are vital during every.
stage of construction to ensure the long-life success of

reactor assets.
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IENGIEIEIE oot Cause ol SWelllingHias W@rtinil reactor

aneras, fiollows:

NGl ENtEthEssEal o thercoverplaterintthe
SEIVICEPODI Nas deteriorated and allowed water to
Neropth the thermal column and the space

beu Weenrthe aluminium reactor pool liner and the
CONCIELE.

=STT 36 water will saturate the concrete and has the

:f ’potentlal o corrode the steel reinforcement close
= 10 the surface of the concrete

s [t'is believed that water leakage from the bulk
storage facility has entered the area behind the
aluminium pool liner and has saturated the
concrete, and also the carbon steel reinforcement
close to the inner surface of the reactor block has
corroded 23
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SNIEREX020INOLCOINOSIGNPIBUCH (FUSE) has the
'rorger A\VEI0 concrete covermg I'the steel
EIIoICEMENnt and subseguently pushing the
rlllm pool liner inwards, causing the swelling

vri y gffiort should be made to ensure that the
=ceavenind the pool liner remains dry

any ef the BSFs in this design of reactor are
=cealed and painted concrete. A metal liner in the
BSE can provide a superior waterproof design

e A less of cooling accident is not credible from the
defects observed, the issue Is one of maintenance
not safety.
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Fig. 2 Effect of pH on the corrosion rate of iron in
mhdsoﬁmmrmhn\puam
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2epentiall Long Term Corrosion

Issue fo)f Alumrnrum

I g—— s —

2 VVater inlcontact wrth POth concrete and
2 g |n|um has the potentral to corrode the
rl]l
= ater irapped between the aluminium liner and
= the concrete.

- Other core structures such as the thermal

~—— column are also at risk from corrosion If water
has entered the thermal column — less of a
problem due to probable lower pH (not In
contact with concrete).

_,..




nererare tWwo: ISSUes

e BT

PRIIENEChanism for the creation of the
ou 95— Dominated Oy Iron corrosion —
SIGRESE corrosion at low pH <4

e *he potential for corrosion of aluminium —
_:_: —dominated by the pH of water in contact
= Withithe aluminium — dependant on the
-~ pH changes due to concrete — corrosion Is
worst at low pH and also at High pH. See
graph.
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Y ig—ﬁf Loss for 3004-HIAMmRE

distilled water™=warious pH values

Ll

(o]

SES

=
e

Weight loss, g

0.01

tons b :
(0.06 X 0.5 X 3 in.). The pH values of solutions were

adjusted with HCl and NaOH. Test temperature
°C (140 °F).
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ssues to be addressed in
n3|der|ng remedlal actions

TR, f——— s i —

P

= Ds'._J:.»_r y
SEIIBIC perception
£ (G

iL{)ss of facility time
e ALARA principles for remedial action
s Ease of repair
e Expected future length of service

—




ner Repair Options — REPIACES

Pool EIRer

Aantages ° Challenges
l\ Spool liner willl last — Prohibitive cost
= onoftime — Unnecessary ‘overkill’

It can ne done BATAN — Out of scale to the
| ISsue

— Loss of facility for long
period
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2o0] Iner repair options — weld
atch overaffected areas

(Pheto - R. Mazon (INYIND TAEA-SR=190/29)

-ﬁ-""

P

2 Acdvelpjiziefels s Challenges
— G atlvely |GV COSt — Access IS a major problem

— _)5 ld epair — An automated welding
== ~ong [asting process would be needed

= ; PHoLO) of repairs to Mexican — A complex patch would

i

-

e _IRIGA Il reactor nool liner need to be accurately

=_
4
.-l—'i'__.,___.--":_

e W o manufactured and placed
- e " — Space would need to be

allowed for future growth
of the defect
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sotential repair — patch Witie s

waterproof adhesive
> AdVEl ages e Challenges
BNEGY cost — A complex patch
-%Iatively easy to would need to be
= Sinstall manufactured

uccessful Epoxy — Potentially shorter life

repalrs fove boen of repair than welding

made to reactor pools
(W. Krull - IJAEA-SR-190/10)
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Fig. 1 Pourbaix (potential-pH) diagram for the system iron-water at 25 °C (75 °F). Source: Ref 4
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PREactor \Water sample

0.027 mag/L
0.011 mg/L

0.037 mg/L
0.007 mg/L




