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CORROSION OF ALUMINIUM ALLOY TEST COUPONS 
IN WATER OF SPENT FUEL STORAGE POOL AT RA REACTOR 

Milan Pešić, Tatjana Maksin, Gabrijela Jordanov, Rafko Dobrijević 
VINCA Institute of Nuclear Sciences, Belgrade, Serbia and Montenegro 

Study on corrosion of aluminium cladding of the TVR-S type of enriched uranium spent fuel elements 
of the research reactor RA in the storage water pool is examined in the framework of the 
International Atomic Energy Agency (IAEA) Coordinated Research Project (CRP) "Corrosion of 
Research Reactor Clad-Clad Spent Fuel in Water" since 2002. Standard racks with aluminium 
coupons are exposed to water in the spent fuel pools of the research reactor RA. A fter predetermined 
exposure times along with periodic monitoring of the water parameters, the coupons are examined 
according to the strategy and the protocol supplied by the IAEA. Description of the standard 
corrosion racks, experimental protocols, test procedures, water quality monitoring and compilation of 
results of visual examination of corrosion effects are present in this article. 
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1. Introduct ion* 

The RA research reactor is ex-USSR, 6.5 M W heavy 
water reactor [I], designed to operate with TVR-S fuel 
type elements. It has started operation at the Vinča (former 
"Boris Kidrič") Institute of Nuclear Sciences, Yugoslavia 
using low-enriched uranium (LEU) metal fuel (2 % 
enriched in 235U) in 1959. The reactor has changed 
operation from LEU fuel elements to high-enriched 
uranium (HEU) of the same type, designed as UOo (80 % 
enriched in 23aU) dispersed in Al matrix in 1976. The 
reactor was shut down for modernisation in 1984, but due 
to various technical and political reasons, that 
refurbishment has never been completed [2], The TVR-S 
fuel element is 11.30 cm long cylinder with 3.72 cm outer 
diameter. The fuel layer has length 100 mm and 
inner/outer diameter (ID/OD) 31/35 mm. Fuel layer is 
covered on inner and outer side by 1 mm thick Al clad. 
Inner tube ("expeller" or "ejector"), designed from Al 
serves to adjust coolant flow rate. Top and bottom of the 
slug are covered by the 3 mm thick "stars" with sprockets. 
Al, used in construction of the TVR-S fuel elements, is 
Russian SAV-1 alloy (about 0.985 weight fraction of Al 

* Paper presented on the 5'1' International Yugoslav Nuclear 
Society Conference (YUNSC-2004), Belgrade, Yugoslavia, 
Seplemhci 27 - 30, 2004. 
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with very low contents of neutron high-absorbing 
impurities). 

Mass of the TVR-S slug is about 460 g in the ease of 
LEU and about 160 g in case of the HEU. Volume of one 
TVR-S fuel slug is measured as (60 ± 5) cm', while the 
total area of Al in contact to water is esti mated al (420 ± 
40) cm2. Design of the TVR-S fuel elements was shown 
very reliable. Only one LEU fuel element had failed in the 
core. The fuel channel containing damaged fuel element 
was quickly identified, replaced in the core by a new one, 
and stored in a specially marked (no. 241) stainless steel 
channel-holder (SSCH) in the SNF storage pool. 

Almost all spent nuclear fuel elements (SNF) of the RA 
reactor, are stored in the temporary spent fuel storage pool 
(Figure 2) within the RA reactor building. The pool, 6.5 m 
deep, consists of four inter-connected basins and an annex 
to the fourth basin. Each basin can be separated, i.e.. closed 
(but not hermetically) by a door manufactured from carbon 
steel material. Concrete walls and bottom of the poo! are 
lined by 1 cm thick stainless steel plate. The pool, filled 
with about 200 m1 of" stagnant, tap waier. is connected by 
special underground water channel to the reactor block that 
allows transfer of SNF elements to the storage. Due to 
water vaporization, tap water is added to the pool once per 
ye ĆU. 

Since 1984, about 1700 LEU and about 900 HEU SNF 
elements are stored in 245 SSCHs filled with de-
r—iMUKMiJ* nr - m&t^ x. ^ v 
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mineralised water and immersed into pool water. In aim to 
increase the storage capacity, new storage Al barrels 
(ALBs) were designed since mid-1960-ties and filled with 
(up to maximum 180) SNF elements displaced in 30 Al 
tubes within the barrel. Cadmium strips were inserted to 
assure sub-critical i ty, ALBs are filled with de-mineralised 
water, sealed and immersed in the annex of the basin no. 4. 
About 4900 LEU SNF elements were repackaged from 
SSCHs into 30 sealed ALBs in period from 1962 to 1984. 

It was shown that the pool water is high corrosive to Al 
alloys due to high electrical conductivity (about 450 
fiS/cm) and high content of chloride (70 mg/L), sulphate 
(40 mg/L) and Fe (0.13 mg/L) ions. Specific (volume) 
activity of about lOOBq/mL, attributed to IV7Cs nuclide, 
was measured in the water samples and about ten times 
more in the sludge samples, including contribution of ^Co 
nuclide. Chemical composition of the few sludge samples, 
determined in the IAEA [3] and Vinča, has shown that the 
main component of the sludge is Fe2C>3 (about 83% by 
weight) that gives the dark red-brown colour to the sludge 
due to iron corrosion products. Impurities of Pb, Cr, Mn, 
Ca and Zn are confirmed within few percents, while traces 
of Cu and Ni were found too. 

The L17Cs specific (volume) activity measured in the 
water sample taken in 1996 from the SSCH with failed fuel 
slug was (50 ± 5) MBq/mL. Very high l37Cs specific 
(volume) activity (from 100 kBq/mL to 10 MBq/mL) was 
measured in about 10 % of all water samples, taken in 
2003 from 180 SSCHs containing SNF fuel elements. 
Underwater drilling of 14 ALBs has shown very high total 
specific (volume) activity (from 0.5 MBq/mL to 
1.5 MBq/mL) of l37Cs nuclide in about 30% of all water 
samples taken out from barrels. Sludge sedimentation rate 
was determined as (11.3 + 0.5) mg/cm2 per month. Sludge 
specific (mass) activity was measured at (12.70 ± 0.35) 
kBq/g, attributed to ' "Cs and at (960 ± 20) Bq/g, attributed 
to 6 Co nuclide. These results have led to conclusion that 
the first fission products barrier (SNF element cladding) 
and the second one (ALBs walls) had been penetrated due 
to water induced corrosion process at the storage pool. 

Serious actions to improve conditions and remedy 
water in the pool are under way since 1997. Debris and 
most of the sludge (about 3 m1) are removed from the 
basins of the pool using a special pump with mechanical 
filters. Further actions in monitoring of the water of the 
pool will include removing a carbon iron structure from the 
basin no. 4, removing rest of the sludge, the pool water 
purification in basin no. 4 and annex using mechanical 
filters and ion-exchange resins, and regular continuous 
monitoring of the water chemistry and monitoring of the 
L17Cs specific (volume) activity in the pool. 

2. Basic data of test racks and exposition 
information 

Test racks with coupons of different aluminium alloys 
(Table 1) and stainless steel were prepared and distributed 
mmmm 
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to participants within phase I (CRP-1: 1996 - 2001. |4]) 
and phase II (CRP-II, 2002 - 2005) of the IAEA CRP on 
"Corrosion of Research Reactor Aluminium-Clad Spent 
Fuel in Water". Three racks were received during CRP-I 
and two racks were received during CRP-II at the Vinca 
site and immersed in the SNF storage pool (Table 2). 
Sketch of positions of all racks (immersed in the vertical 
position', i.e., the rack axis is vertical and the coupons 
surfaces are horizontal) in the water of the SNF storage 
pool of the RA research reactor at the Vinča Institute is 
given in Figure I. 

Aluminium coupons of the racks are produced, as disks 
(3 mm thick) with ID/OD = 30/70 mm and ID/OD = 
30/100 mm, entirely in the AEKI FRL [5|. Percent weight 
fractions are given for main impurities, while the Al 
contents are calculated is such a way that the total sum of 
all components is equal to 100 %. Stainless steel (SS) 
coupons are made from 304 and 316 Lypc SS with the same 
dimensions as the Al coupons. 

Single Al coupons, galvanic couples of AI-SS coupons 
and crevice couples of AI-AI coupons are assembled, after 
detailed coupons cleaning of grease and impurities, at the 
rack supporter. Spacers between single coupons or couples 
are manufactured as ceramic rings (7 mm thick, 1D/OD -
28/58 mm) made of alumina (AbOj). Supporting elements 
of the racks assembly were manufactured from 
X8CrNiTi 1810 stainless steel and from 99.9% pure 
aluminium (DIN 1712). Total height of the racks is about 
150 mm. Site-specific coupons were not prepared in the 
Vinča Institute due to lack of appropriate Al material and 
technology. 

3. Results of visual examination 

During each rack removal from the pool. pH factor of 
bulk pool water and at coupons' surfaces is measured by 
pH paper, as well as gamma-ray dose rate in vicinity of 
rack (Table III). Visual examinations of each rack, made 
before disassembling process, have shown that backside 
(bottom) of the coupons are not covered by sediments as it 
was the case at the front (top) side of coupons. After that, 
each rack was disassembled and all coupons were removed 
according to the IAEA Test Protocol, it was very hard to 
separate some coupled coupons and in few cases a tool had 
to be applied at outer edge of the couple. 

Photographs are taken of coupons" front (marked with 
"A") and back sides ("B") before and alter coupons are 
cleaned from sediments and beta particles contamination 
using 5 % to 50 % phosphoric acid solution and distilled 
wafer. At photographs, number beside coupons corres-
ponds to the type of Al alloy or SS. In the case of couples, 
the first - left number corresponds to the upper coupon, 
while the second - right number corresponds to the lower 
coupon. In examination, special attention is paid to 
Russian type SAV-1 (in Figures: SZAV-I) aluminium 
alloy. 
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Table I. Chemical composition of aluminium alloys [4] 

Alloy 
Al Cu M g Mn Si Fe Ti Zn Cr Br Alloy [%] [%] [%] m [%] [%] [%] [%] m [%] 

1100 99.100 0.16 <0.1 0.05 0.16 0.48 0.005 0.03 0.005 
5086 99.561 >0.2 4.1 0 .43 0.19 0.33 0.04 0.045 0.10 0.004 
6061 97.690 0.25 0,94 0.12 0.65 0.24 0.04 0.03 0.04 
6063 98.325 0.16 0.73 <0.05 0.37 0.24 0.04 0.03 0.055 

SAV-1 98.570 <0.0 
1 

0.53 <0.05 0.71 0.09 <0.005 0.03 <0.005 

Table П. Exposition time of the racks 

Rack Name / 
CRP-phase no. 

Imnii'i'sioii d a k / 
Basin nu (B-fr; 

Kemmal Exposit ion time 
dale i (months) 

Rack#l / CRP-I July 1 9 9 6 / B - 4 30 July 2002 72 

Rack#2.1 / CRP-1 26 February 2 0 0 2 / В - 1 25 July 2003 16 

Rack#2.2 / CRP-I 26 February 2002 / В - 1 2 March 2004 24 

Rack#l / CRP-II 26 March 2003 / B-3 26 September 2003 6 

Rack#2 / CRP-П 26 March 2003 / B-2 6 April 2004 12 

IMMERSED FROM CRP-I 
RACK tt.g.1 8. #g,g/5&. FEB, 2002 
RACK REMOVED 2003-0/ 

CRP-] / ls-t PHASE 
RACK ,,#1 IN 1996 - OUT JULY 20 0У 

RACK ЗД.2 R̂EMOVED 2004-03-02 

<z m >-
OĆ Д 

CORRIDOR 

(Л c n 

Q. 
\ 

w c 
PQ 

Ox 

C7 

CQ 

CDRRIDDR 

ANNEX 

<n w 

\ 

AI BOX FDR 
SEDIMENTS 

IMMERSED 
JULY £5, £003 
REMOVED 2004-C2-25 

CRP 2002/2nd PHASE 
N r a C K 2003« 1 

IMMERSED £003-03-26 
REMOVED 2003-09-23 

X"RACK2003#2 
IMMERSED 2003-03-26 
REMOVED 2004-04-06 

DATE: 
£00-4-04-08 

TD REACTOR ROOM 

Figure 1. Sketch of positions and exposition times of the racks in the RA reactor SNF storage pool 
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Table III. The pH factor and gamma ray exposition dose ra te 

Rack Name / Exposition pH in p H a t pH inside Dy 
• CRP-phase / Basin No. time (months) pool water single coupon couple (uSv/li) 

Rack# 1 / CRP-II /В-3 6 7.0 5 . 6 - 6 . 5 5 . 3 - 5 . 6 3.5 
Rack#2 / CRP-II / B-2 12 7.5 6 . 5 - 7 . 0 5.5 4.0 
Rack#2.1 / CRP-I /В-1 16 7.5 5 . 5 - 7 . 0 5.5 4.0 
Rack#2 .2 /CRP-I /В-1 24 7.5 6.5 - 7.0 5.5 3.0 
Rack#l / CRP-I / B-4 72 7.5 5 . 5 - 6 . 5 4.5 3.5 

Table IV. Visual inspection of Rack#l /CRP-II coupons (exposition: 6 months) 

Coupons Type Side Corrosion cl'lcLis 

Galvanic 
Couple 

304/330 Front Dull surface with red brown deposit. Corrosion under ceramic ring 

Galvanic 
Couple 

304/330 
Back Shining surface with some stains 

Galvanic 
Couple 

6061/302 
Front Dull surface exposed to water. About 10 pits on the surface. General corrosion mainh 

under ceramic ring. 
Galvanic 
Couple 

6061/302 
Back Galvanic corrosion on all coupons. Very deep pits. White deposits. There is corrosion 

on outer edge. 

Crevice 
Couple 

6063/249 
Front Dull surface. White and yellow deposits. On this surface was jclly-mushrooin sludgt. 

Crevice 
Couple 

6063/249 
Back Dull discoloration. Uneven oxidation. General corrosion. Crevice 

Couple 
6063/228 

Front Dull surface. General corrosion mainly under ceramic ring 
Crevice 
Couple 

6063/228 Back Dull discoloration. Uneven oxidation. General corrosion 

Single 
Coupon 

6063/204 
Front Coupon is without shining. Soirc yellow deposit. No corrosion on scratched line. Outer 

edge is dull Single 
Coupon 

6063/204 
Back Coupon is without shining 

Single 
Coupon 

6061/312 
Front Dull surface. White deposits. General corrosion mainly under ceramic ring Single 

Coupon 
6061/312 Back Dull discoloration. General corrosion mainly under ceramic ring 

Galvanic 
Couple 

304/350 Front Shining surface. White deposits. 
Galvanic 
Couple 

304/350 
Back Shining surface. Galvanic 

Couple SAV-I 
/377 

Front Dull discoloration. General corrosion on about 10 % of the surface under ceramic ring 
Galvanic 
Couple SAV-I 

/377 Back Intensive corrosion on the whole surface 

Crevice 
Couple 

SAV-1 
/358 

Front Complete dull surface with islands of pits. Corrosion on area under ceramic ring 
Crevice 
Couple 

SAV-1 
/358 Back Crevice corrosion on the whole surface. Bright and dark areas. Crevice 

Couple SAV-1 
/346 

Front Complete, uniformly dull surface with white deposits. 
Crevice 
Couple SAV-1 

/346 Back Crevice corrosion on the whole surface. Bright and dark areas 
Single 

Coupon 
SAV-1 

/335 
Front Dull and pitted surface Single 

Coupon 
SAV-1 

/335 Back Dull surface 

Single 
Coupon 

SAV-1 
/312 

Front Dull discoloration on about 30 % of the surface. Corrosion on area under ceramic ring. 
No corrosion on scratched line. Single 

Coupon 
SAV-1 

/312 
Back Dull discoloration on about 30 % of the surface 
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Figure 3. Galvanic corrosion at coupled side of SAV-1/377 and crevice corrosion at coupled side of SAV-1/358 of the 
Rack#2/CRP-II a f te r 6 months of exposition to water 

Table V. Visual inspection of Rack#2/CRP-II coupons (exposition: 12 months) 

Coupons P '®ypeS»! Side • Corrosion effects 

Galvanic 
Couple 

304/332 
Front Shining surface. Broken thin line under ceramic ring boundary. 

Galvanic 
Couple 

304/332 
Back White deposit with irregular shape covering 80 % of the surface. 

Galvanic 
Couple 

6061/305 
Front 

Dull discoloration with island of pits near outer edge. Corrosion on area under 
ceramic ring. There is corrosion on outer edge. 

Galvanic 
Couple 

6061/305 
Back Intensive galvanic corrosion. There is corrosion on outer edge. 

Crevice 
Couple 

6063/208 
Front Dull discoloration with uneven oxidation 

Crevice 
Couple 

6063/208 Back Crevice corrosion on all surfaces. Crevice 
Couple 6063/244 

Front Dull surface with islands of pits. General corrosion near outer and inner edge. 
Crevice 
Couple 6063/244 

Back Crevice corrosion on all surfaces. 
Single 

Coupon 6063/221 
Front Uneven oxidation with island of pits. Single 

Coupon 6063/221 Back Uneven oxidation. No corrosion. 

Galvanic 
Couple 

304/360 
Front Almost shining surface. Broken thin line under ceramic ring boundary. 

Galvanic 
Couple 

304/360 Back White deposit with irregular shape covering 80 CA of the surface Galvanic 
Couple SAV-1 

/366 
Front Dull surface with islands of pits. Intensive corrosion under ceramic ring 

Galvanic 
Couple SAV-1 

/366 Back Intensive corrosion on all surface with white deposits 

Single 
Coupon 6061/321 

Front Dull discoloration with islands of pits. Corrosion under ceramic ring Single 
Coupon 6061/321 

Back Dull discoloration with islands of pits. Corrosion under ceramic ring 

Crevice 
Couple 

SAV-1 
/376 

Front Complete dull surface with white blisters. Corrosion under ceramic ring. 
Crevice 
Couple 

SAV-1 
/376 Back Intensive crevice corrosion on the whole surface. Bright and dark areas. Crevice 

Couple SAV-1 
/353 

Front Complete, uniformly dull surface. Corrosion under ceramic ring. 
Crevice 
Couple SAV-1 

/353 Back Intensive crevice corrosion on the whole surface. Bright and dark areas. 
Single 

Coupon 
SAV-1 

/317 
Front Uneven oxidation. No corrosion Single 

Coupon 
SAV-1 

/317 Back Uneven oxidation. No corrosion. 
Single 

Coupon 
SAV-1 

/329 
Front Complete, uniformly dull surface. Corrosion under ceramic ring. Single 

Coupon 
SAV-1 

/329 Back Uneven oxidation with red brown deposits. Corrosion under ceramic ring 

Figure 4. Crevice couples SAV-1/376 + SAV-1/353 (exposition: 12 months) 
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Figure 5. No corrosion observed at single coupon SAV-1/317 (exposition: 12 months) 

Table VI. Visual inspection of Rack#2.1/CRP-I coupons (exposition: 16 months) 

Coupons Type Corrosion effects 

Galvanic-
Couple 

316/133 
Front Shining surface. 

Galvanic-
Couple 

316/133 
Back Shining surface with stains. White deposit on 40 9r of the surface. Galvanic-

Couple 
6063/145 

From White deposit on 50 % of the surface. Deep pits. 
Galvanic-
Couple 

6063/145 Back Uneven oxidation. Corrosion under ceramic ring with deep pits. 

Galvanic 
Couple 

316/121 
Front Shining surface with white and yellow deposit. 

Galvanic 
Couple 

316/121 
Back Shining surface. Galvanic 

Couple 
6061/123 

Front Corrosion under ceramic ring with deep pits. 
Galvanic 
Couple 

6061/123 
Back Dull surface near outer edge. Galvanic corrosion. 

Crevice 
Couple 

6063/159 
Front Dull discoloration. Covrosion under ceramic ring. 

Crevice 
Couple 

6063/159 Back No corrosion on scratched line. Crevice corrosion. Crevice 
Couple 

6063/196 
Front Dull discoloration. Corrosion under ceramic ring. 

Crevice 
Couple 

6063/196 
Back- Crevice corrosion on all surfaces. 

Crevice 
Couple 

6061/217 
Front DulL discoloration. Corrosion near outer edge. 

Crevice 
Couple 

6061/217 Back Crevice corrosion on 80 % of the surface. Crevice 
Couple 

6063/227 
Front Crevice corrosion on 80 % of the surface. 

Crevice 
Couple 

6063/227 Back Dull discoloration. 

Crevice 
Couple 

1 100/229 
Front Dull discoloration. A lot of yellow deposits. 

Crevice 
Couple 

1 100/229 Back Crevicc corrosion on all surfaces. Crevice 
Couple 

1100/236 
Front Uneven oxidation. Pitted surface with shallow pits. 

Crevice 
Couple 

1100/236 Back Crevice corrosion on all surfaces. 

6063/159 

J L 

6061/217 p 

1100/229 j j 

•Hi 

6063/145 

R061 '123 

6063/196 

. 6QW227 

V 00/236 

3K 

Figure 6. Front ("A") and back ("B" ) sides of coupons of Rack#2.1/CRP-I (exposition: 16 months) 
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Figure 7. Mushroom-jelly type of sludge and red-brown deposits at f r o n t side ("A") 
of 6063/159 (lower in Figure) and 316/121 coupons of Rack#2. l /CRP-I 

Table VII. Visual inspection of Rack#2.2/CRP-I coupons (exposition: 24 months) 

Coupons Type Si le Corrosion effects 

Galvanic 
Couple 

316/11 
4 

Front 
Dark-red sediments cover surface. After cleaning, shining surface and white, thin, 
circular line 

Galvanic 
Couple 

316/11 
4 Back Shining surface with some stains Galvanic 

Couple 
6063/1 

35 

Front Dull, surface exposed to water. General corrosion mainly under ceramic rings. 
Galvanic 
Couple 

6063/1 
35 Back Shining surface compared with top. White deposits with galvanic corrosion. There is 

corrosion on outer edge. 

Galvanic 
Couple 

316/11 
5 

Front Almost shining surface. Broken thin line under ceramic ring boundary. 

Galvanic 
Couple 

316/11 
5 Back White deposit with irregular shape covering 80 % of the surface. There is corrosion on 

inner edge Galvanic 
Couple 

6061/1 
42 

Front General corrosion on some areas under ceramic ring. Dull discoloration 

Galvanic 
Couple 

6061/1 
42 Back White deposits on 80 % of the surface. Galvanic corrosion 

Crevice 
Couple 

6063/1 
50 

Front Exposed surface is dull. Some bright spots under ceramic ring 

Crevice 
Couple 

6063/1 
50 Back White deposits and crevice corrosion on 20% of the surface 

Crevice 
Couple 6063/1 

98 
Front 

Corrosion on area under ceramic ring. White deposits. 80 % of the surfacc covered by 
mushroom 

Crevice 
Couple 6063/1 

98 
Back White deposits and crevice corrosion on 80 % of the surface. 

Crevice 
Couple 

6061/2 
12 

Front 
White deposits. 80 % of the surface covered by mushroom. Corrosion on some areas 
under ceramic ring. Uneven oxidation. Shining surface area where was mushroom 

Crevice 
Couple 

6061/2 
12 

Back Crevice corrosion on the whole surface Crevice 
Couple 

6061/2 
00 

Front Complete dull surface. Corrosion on some areas under ceramic ring. 

Crevice 
Couple 

6061/2 
00 Back Crevice corrosion on the whole surface. 

Crevice 
Couple 

1100/2 
40 

Front Complete dull surface. Corrosion on area under ceramic ring. 
Crevice 
Couple 

1100/2 
40 Back Crevice corrosion on the whole surface. Bright and dark areas Crevice 

Couple 1100/2 
44 

Front Complete, uniformly dull surface with white deposits. 
Crevice 
Couple 1100/2 

44 Back Crevice corrosion on the whole surface. Bright and dark areas 

Figure 8. Crevice corrosion at coupled side of coupon 6061/212 (exposition: 24 months) 



Figure 9. Uniformly dull surface of front side of coupon 1100/244 

Table VIII. Visual inspection of Rack#l/CRP-I coupons (exposition: 72 months) 

Coupons Type Side , •'•'' Corrosion effects 

Crevice 
Couple 

SAV-1 
/04 

Front Dull surface. Uneven oxidation. 

Crevice 
Couple 

SAV-1 
/04 Back Crevice corrosion on all coupons. 

Crevice 
Couple SAV-1 

/60 

Front Corrosion under ceramic ring. Uneven oxidation with pits on the rest area. Crevice 
Couple SAV-1 

/60 Back Crevice corrosion under coupled coupon. General corrosion with spherical pits on the 
rest area. 

Galvanic 
Couple 

316/02 
Front Not shining surface with yellow circular deposit. 

Galvanic 
Couple 

316/02 Back Almost all shining. 40% under stains. Galvanic 
Couple 6063/6 

8 
Front Corrosion under ceramic ring. Uneven oxidation with spherical pits. 

Galvanic 
Couple 6063/6 

8 Back Galvanic corrosion under coupled coupon. Uneven oxidation with spherical pits. 

Galvanic 
Couple 

316/01 
Front Not shining. With some stains and yellow deposit. 

Galvanic 
Couple 

316/01 Back Not shining. White deposit. Galvanic 
Couple 6063/5 

9 
Front Corrosion under ceramic ring with deep pits. Uneven oxidation with pits on rest area. 

Galvanic 
Couple 6063/5 

9 Back Intensive galvanic corrosion under coupled coupon. 

Crevice 
Couple 

6063/0 
5 

Front Uneven oxidation with some pits under ceramic ring. 
Crevice 
Couple 

6063/0 
5 Back Crevice corrosion on all surfaces. Crevice 

Couple 6061/6 
0 

Front Uneven oxidation with pits. Corrosion under ceramic ring. 
Crevice 
Couple 6061/6 

0 Back Crevice corrosion under coupled coupon. Uneven oxidation on rest surface. 

Crevice 
Couple 

6063/0 
4 

Front Uneven oxidation with spherical pits. 
Crevice 
Couple 

6063/0 
4 Back Crevice corrosion on all coupons. Crevice 

Couple 6061/5 
6 

Front Uneven oxidation. Corrosion under ceramic ring. 
Crevice 
Couple 6061/5 

6 Back Intensive crevice corrosion under coupled coupon. Uneven oxidation on rest area. 

Crevice 
Couple 

6061/1 
8 

Front Uneven oxidation. Two very large, irregular shaped, deep pits. 
Crevice 
Couple 

6061/1 
8 Back Crevice corrosion on all coupons. Crevice 

Couple 1100/5 
6 

Front Uneven oxidation. Corrosion under ceramic ring. 
Crevice 
Couple 1100/5 

6 Back Intensive corrosion under coupled coupon. Uneven oxidation on rest area. 

Crevice 
Couple 

6061/0 
7 

Front Uneven oxidation. Corrosion under ceramic ring. 
Crevice 
Couple 

6061/0 
7 Back Intensive crevice corrosion on all coupons. Crevice 

Couple 1100/5 
3 

Front Uneven oxidation. Corrosion under ceramic ring. 
Crevice 
Couple 1100/5 

3 Back Corrosion under coupled coupon. Uneven oxidation on rest area. 



Dark-red sediments covered front sides of each coupon 
and effects of corrosion process could not be seen without 
cleaning surfaces. Small white sediments, like jelly-
mushroom type sludge, at front sides of few coupons and 
the rack supporter are noted, too. Some of these sediments 
are collected for further analysis. Pitting, as a main 
localized form of corrosion of aluminium in water, has 
been seen at backside of surfaces of all coupons. Spots of 
different shades of grey colour and black colour (assumed 
to be aluminium-oxide) were observed at coupons too. 
Photographs of racks, taken immediately after rack 
removal from the pool water, are shown in Figure 2. 

Results of visual examination of coupon both surfaces 
are carried out after cleaning sediments and are shown, 
systematically, in Tables IV-VIII, for each rack separately. 
Evidences of pitting corrosion, galvanic type and crevice 
type of corrosion are found. In case of couples, the front 
side of coupon is exposed to water, while backside is a 
coupled one. Some evidences of various corrosion effects 
are shown at Figures 3. - 10. 

4. Conclusion 

The Vinča Institute of Nuclear Sciences, Belgrade, 
Serbia and Montenegro, participates in the IAEA CRP on 
"Corrosion of Research Reactor Aluminium-Clad Spent 
Fuel in Water - Phase II". Basic information related to 
study of water and sludge characteristic in the RA reactor 
spent nuclear fuel storage pool and corrosion process at 
test racks with coupons made of various aluminium alloys 
are given. Water of the pool has very high electrical 
conductivity, high contents of ions of chlorides and irons, 
large sedimentation rate of sludge and IT7Cs specific 
(volume) activity of about lOOBq/mL. The racks with 
coupons were exposed to the water influence for period of 
6 months to 6 years. Effects of corrosion process are noted 
almost at all coupons and studied visually. 

The results of the study are shown systematically in 
Tables and documented by photographs. Further studies 
using microscopes and metallographic examinations will 
continue with the aim to find a correlation of corrosion 
effects to exposition time and water chemical parameters 
during further research. It is believed that the final results 
of the Vinča's studies will improve the management and 
storage practices and procedures at research reactor interim 
spent fuel wet storage facilities through better under-
standing of the localized corrosion of aluminium cladding 
and the ranges of water chemistry parameters that provide 
resistance to corrosion. 

through the Project no. FI-I958 "Transport of Particles in 
Fission and Fusion Systems" and by the IAEA Coordinated 
Research Project no. 11968 "Corrosion of Research Reactor 
Aluminium-Clad Spent Fuel in Water", Phase II." Authors 
of the paper are especially grateful u> Mr. Lalgudi 
Ramanathan from the IPEN, Brazil for the help offered in 
conducting experiments and understanding and 
interpretation of the corrosion effects created at the 
aluminium coupons. 
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Сажетак 

КОРОЗИЈА УЗОРАКА ОД ЛЕГУРЕ 
АЛУМИНИ ЈУМА У ВОДИ БАЗЕНА 

ЗА ИСЛУЖЕНО ГОРИВО HA 
РЕАКТОРУ PA 

Мшан Пешић, Татјаиа Максин, Габријела 
Јорданов, Рајко Добријввић 

Институт за нуклеарне науке „Винча", Београд 

Студија корозије алуминијумске кошуљице ислу-
женог горива од обогаћеног уранијума типа TVR-S 
истраживачког нуклеарног реактора PA извршена je у 
оквиру истраживачког пројекта „Корозија кошуљица 
истраживачких реактора - кошуљица ислуженог гори-
ва у води" покренутог од стране Међународне агенције 
за атомску енергију из Беча (МААЕ). Стандардни 
носачи са апуминијумским узорцима озрачени су у 
базену за ислужено гориво истраживачког нуклеарног 
реактора PA. После озрачавања, tokom кога je вршен 
периодични мониторинг параметара воде, узорци су 
испитивани према стандардним протоколима МААЕ, a 
резултати испитивања корозионих ефеката су приказа-
ни у овом раду. 

Кључне речи: истраживачки реактор, корозија Al 
кошуљице, ислужено гориво, базен за одлагање, 
PA реактор 
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