
D. F .R . Liquid Metal Leaks -  Case Histories

Liquid Metal Leaks from  No. 7 Secondary
and No. 3 Thermal Syphon Circuits

No. 7 Secondary L .M , C ircuit 

Discovery of Leakage

During the 1st shift o f Friday, 29th July 1966, a liquid metal leak alarm was 
initiated by the detector m No. 7/8 secondary heat exchanger cubicle. A check 
un the insulation resistance to earth o f the leak detector probe was reported 
to show a low value (130 ohms). A visual inspection of the cubicle interior through 
small holes in the lower side screens gave no indication o f liquid metal leakage.
The leak detector was repaired and replaced. On the following day a further 
alarm was given by the same detector. It was again checked, and as before, 
found to have a low insulation resistance. On rem oval from  the cubicle it was 
noted that the probe was- contaminated with small amounts o f grey  crusty deposit.
A prelim inary analysis ot tho substance indicated strong alkalinity and sodium 
content. At this time there was still no evidence o f severe coolant leakage. 
Variation in readings of tho expansion tank level were inconclusive over a short 
term but when later these were plotted over a three month period a definite 
trend was established. F ig  1 shows the total fall in level o f 2. 6 inches at steady 
temperature, which is, equivalent to 150 lbs ot NaK.

After the discovery of deposit on the leak detector, two cubicle heaters were
disconnected and removed to allow a w ider view o f the interior. Occasional 
spurts of ilame in the i atch tray were then noticed together with an accumulation
of oxidized NaK, confirming the existence o f a leak from  No. 7 heat exchanger.

Subsequent Action and Clean-Up Operation

With the confirmation ot a failure, No. 7 steam raising unit was immediately 
taken o ff load anti the secondary circu it liquid metal was dumped after some delay 
c aused by blockades in the dump lines. An increase in the amount o f burning NaK 
in the cubicle as the unit cooled down was controlled by Argon injection. To 
permit Surther acu 'ss to the cubicle, No, 8 secondary circu it was also dumped. 
When the leakage had ceased and all fire  extinguished, the lower insulation screens 
ot th» cubicle were removed and the extent of the clean up operation could be 
at-soused.

Ftg 2 ->mn\ the build up ot NaK oxides in the cubicle catch tray and around fee 
liquid meUtI inlet header ot No. 8 circuit. The colour of this mass was mainly 
grev but «»m e blue and green areas were prominent. F ig  3 shows the area of 
oxide surrounding the tubes nests o f the superheater where the failure had 
obviously occurred.

On the 4th August the decision was made to shut down the reactor in view o f the 
major repair uork necessary involving a complete breach of the secondary 
containment.
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The clean up operation was then organised with the work continuing on a shift 
basis. Although the large mass of oxide seemed stable, the risk  o f pockets 
o f explosive compounds could not be excluded. Appropriate personnel protection
and precautions against the spread o f caustic contamination were instituted, A 
controlled working area was set up at the sphere side of the heat exchanger
cubicle. The radioactivity level in the oxide was not in excess o f 2 mR/hr. The 
initial procedure was to cut away the bard crud in large pieces using long hand 
tools from outside the cubicle. This was followed by steam hosing and washing, 
the resulting caustic .solution being contained In the cubicle base tank, from  where 
disposal a a chemical effluent was quickly arranged.

Damage and Repairs

As the clean up preceded the damage and necessary repairs could be Investigated.
The first three banks of No. 7 superheater had all been extensively attacked by
the corros ive compounds formed by the NaK. Copper bonding had been corroded 
down to the stainless steel tube in places, accounting fo r the coloured areas in the 
oxide mas*?. The position o f a major leak path in one o f the tubes of the third 
bank of superheater was identified. (See F ig  4). A lso No. 8 circu it liquid metal 
inlet header below the leaking superheater had been severe ly  corroded. (See fig  5).

The repaii' work commenced by removing both the upper and lower tube nests of 
the three damaged banks of No. T superheater. The liquid metal pipes were cut 
at each vertical run and the steam pipes were uncoupled at the header flanges 
and cut at the return loops. The separate nests could then be drawn from the 
cubicle. Expanding rubber bungs were fitted in the ends o f the liquid metal pipes 
to retain an Argon blanket in the circuit. Jointed blanks were bolted to the steam 
header flanges to close up the superheater. Tw elve straight jumper pipes were 
then made up and fitted with seal weld flanges. These were welded in position 
as shown in Fig <> after removal o f the bungs. All welds were radiographed and 
subsequently leak tested under 50 psi. argon gas pressure in the circuit.

In view uf the damage to No. 8 circuit, a section of the inlet header about 2 ft 
long was also cut out. This was replaced by a new piece using seal weld flanges 

before. The completed repair is shown in F ig. 7. More caue had to be taken 
in this case to limit the ingress of air to the circuit because of the large diam eter 
o f pipe. < sitting o f the pipe and sitting o f the new spool p iece weie therefore carried 
out inside a transparent glove bag taped round the pipe at each end. Bungs were 
again used during weld preparation and installation o f the outer flanges. Radiography 
and leak testing were conducted as for No. 7 circuit. In all, 72 welds were 
required for the repair to No. 7 circuit and 8 welds for No. 8 header.

M etallurgicai Investigations

In order to establish the cause o f the failure and study the effects of the resulting 
damage, the removed sections of both circuits were cleaned and sent fo r 
metallurgical examination. The results o f these examinations w ere that the 
initial failure occurred as the result o f cracks being present, in the bore of one 
• il the Iiijuxci metal tubes in No. o bank o f the superheater, these cracks being 
formed during manufacture. The NaK coolant was contained by the copper 
bonding bra/e metal until the inevitable leak path had been established to meet a 
lamination void. A lter this the major failure developed by external attack of the 
same tube and an adjacent tube in the same nest.
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flo. 3 Thermal Syphon Circuit 

Discovery of LoaKago snd Act loos Taken

11. At about 17, SO on Friday, 5th August 1^66, It was observed that burning N a K  
w a s  falling from one of the external thermal syphon circuit pipes between the 
sphere and the element storage building (E.b, B ,), there pipes being aoout 80 ft above 
ground level. The reactor wna already shut down at this time for the work on
Nob. 7 and 8 secondary liquid metal circuits. All fee thermal syphon circuits 
wore therefore immochateiy depressurized. S o m e  scaffolding was already 
erected in the area but this required fragmenting before closer investigation 
was possible. The Flrp R^f^ide f’slled to deal with the small fires during 
subsequent operations. The approximate position of the leak was Identified at 
about 4 ft 6 ins from the sphere wait bracket in the lower pipe of No, 3 circuit 
and this circuit was duly dumpud.

12. A considerable amount of tho eutectic N a K  was held inside the pipe lagging and 
further fires resulted as this was removed. A working area was set up ins* dc 
the E. S. B, nfter breaking through the thin waJi so that exposure of the pipe 
could be taeklcd from a sale position. Fig, 8 shows the affected section of the 
pipe from below after removal of the lagging. Some lagging and its protect*ve 
sheath were also removed from tho adjacent No, 4 circuit to check the condl t‘on 
of this pipe. No NaK oxides were found but the lagging was very wet and wa** 
therefore renewed. After clean up, hair line cracks could be detected on fee 
underside of No. 3 pipe and it was confirmed that a leakage path existed through 
the wali thickness by applying an internal gas pressure of 2 psig.

Kemedial Action

13. A  section of the failed pipe about 18 ins long was cut out and renewed using seat 
weld flanges as in No. 8 secondary circust. Radiography and leak testing proved 
tho integrity of tho repair. A jig was required to ensure accurate alignment during 
weld preparation. After decontamination, the removed section was sent for 
metallurgical examination to establish the cause of failure. The circuit was 
purged and refilled before reactor start-up on the 14th August.

Metallurgical Investigations

14. After fxaroination, tho conclusion reached on this failure was that the cracks in 
the pipe were tho result of stress corrosion in tho stainless ‘steel which had been 
initiated externally due to tho poor atmospheric conditions. The wet state of the 
lagging when removed from No. 4 circuit indicated that tho corrosive compounJs 
formed from sea water could be held at the pipe surface for long periods.

G fllagden
Submitted by K Hargreaves

PFR Operations Group
February 1971 

f

United Kingdom Atomic Energy Authority Dounreay Experimental Reactor Establishment 
Thurso 
Caithness
Scotland _ o _
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FIG . 2 -  NaK OXIDES AROUND No. 8  CIRCUIT LIQUID METAL INLET PIPE



FIG, 3 -  SUBERHEATER TUBE BANKS IN VICINITY OF FAILURE



F K .  4  -  POSITION OF MAJOR LEAK



HG. 5 - LXlfclMAL CORROSION 
OF No. 8 L.M. INLLT PIPE



FIG. 6 ~ JUMPER PIPES IN 
No. 7 SUPERHEATER



REPAIR TO No. 8 INLET PIPE



FIG . 8 -  GENERAL VIEW OF No. 3 THERMAL SYPHON CIRCUIT FAILURE


