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ABSTRACT

The presence of bacteria in the heavy water circuit has been demon aerated and experimental 
results and methode used are diacuased Some evidence is preaented to show that the ion —exchange 
resin bed contributes nutrients to support bacterial growth.

The high flux research reactor HIFAR contains ten tons of heavy water which acts as 
moderator and primary coolant. Over an eighteen months period regular microbiological exam­
inations have been carried out on samples of heavy water taken from various parts of the circuit 
The heavy water circuit provides an interesting opportunity for the study of microorganisms 
because of the high isotopic purity (greater than 99.6 per cent.), and the high chemical purity of 
the heavy water in the reactor. Furthermore, during its passage through the reactor core the water 
and suspended bacteria are subjected to intense irradiation. the neutron flux being approximately 
101A neutrons cm~^ sec~l.
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4. RESULTS

HI FAR (Watooa 
meor's A a air 
A* part of th 
a pan ad af < 
heavy a ate*

Ta esmrt dial di* sample used la* hoc t etiological caaataataaa would tee free at la rm alia taw* 
tabes were filled aad the heavy water eaamiaed polarographirally. The first tab* contained IOOi 
10 p.p.ts. nod tube* 2. ). aad 4 less rhaa 0.1 p.p.m. al focmalia.

Th* mi era ter al contest al rhe HIF AR heary water cir.wt was a* Cirot men eared by tf>« nee* 
p as tea Me rratear wchai^t bat later I wl aliywet* af die beevy water were weed so obtain die total 
viable caaau Ualeaa otherwise stated the result* were sbuiiel waiag Cifca nutrient agar tacaa attested 
ia detsiaeraltsod light water and incubatvd at V’C let lore eight beara.

Dehydrated media. rec-so entered in heavy water we -e alaa weed at tttaea ia attempt* aa taalate 
aay taataata reyn icing dHtrtita, to these cttpettssoot* we weed rhe l.ederbeeg replica plating tectemiyvv 
(Lederberg aad Lederberg 1*9521.

Ideally, the bypass bat show Id have had heavy aat r circulating ditmugh it cootinoously teat 
Chis was aat possible waul Sep seat bet 1060. la the earlier vorte the liae waa left flushing ar the rate 
of 50-150 cat pet miser* waul rewperansre rtae indicated that the static water ia b* bypass had been 
Hashed away.

Usaag standard techai-ptes. arrempc* were mad* aa isolate thermophilic microorganism*., 
aaaetabea. yea at a. aad fungi. Attempt* were mod*. alee, ta iaolate aa Ipb ate — rede ria g bee tens 
using Media re cn as ended by the Society of Amen roe Ract^nslogi sts (1937).

ta Figure ) the saw be* of organs etas per oil is pl- cred against reactor power level (ia megawatt 
daye/dayH eaact figarcs are given ia Table I. The teuperassre of the heavy water •• the reactor 
aluminium taste (R. A.T.) apprvaimately 40 "C. These bactettal somber* are oaty to be catena as aa 
ia di cone* of the bacterial coo teat *f the heavy water tlrcuiataag thasugh dr* rencsor becouae die water 
ansi pit a are taken Isen a by—paas line which it aat ceetiaoeaaly ttaabed. It ia iatereeciag to note bet 
at the utae dbia we di wee earned eo* the endow) coasts* of the heavy enter vs* 0.0 c/l aad the organiam* 
••countered tolerated this level af activity well. Ttee graph (Figure 3) indicate a the* a bee ia bactettal 
oom here occurred name days after the esaarsetosa* of each power tun.

X S AWLINC

It was difficult to dense s sampling method which would meet the r«yuir*wenr* of hr micas— 
biologist, reactor engrnrer. oad health physicist. The stttte finally adopted waa tn install a sealed 
Perapes boa (Figure I) aurmuadtag the outlet point and hie eg a three inch di aw etc* pen oa the floor 
usd one wall of the tews. Th* sampling point chosen is on • bypass liae fast* the weir overflow pip* 
and eater circulated Atnugte this line returns an die overflow pipe and •* ch* DyO vantage vessel hr 
recirculation (Figure 2 k The latenor of die ho* ia kept saturated with inns alia vapour which ia able 
«0 diffuse ions the heavy water a* far back aa (lie valve (*«-* Figure 1). that ia. about 10 ml of heavy 
water wifi be contaminated with form sir a Heavy water sariples were collected ia sterile Pyres test 
tubes of 50 ol capacity seeled »it» gsnund glass steppers. « however heavy wster use sampled, bur 
af these tubes were filled aad the bacteriological esamiaaasoo nee earned out oa the four*.

lytufsl Chemistry Sec woo tend an ensure (hat rhe punty of due heavy eater sat maintained. 
tteiZ vorte it was decided *e carry out a bnctemologicsl etaniaateaa ol die hear* note* over 
*Jme mooch*. 5 preliminary eiimismns showed that living bactena were prevent ta*e 
,iircwit of HIF AR aad a brnef accoua* was pwbltohed (Deets and McPbersoa l**-IL 

roe edier refjreacee oa the presence of bactena ia reactor cooling circuits hav* appeared ia *e lit era tore 
(Fowler *t ol. 1660 and Opted 16601 and tenth were concerned *>6 bactena ta light wore* circuita.

Althoagte no serioua pavblema attnbotable to mtcmorgaaisms note envisaged tt nos appreciated 
that bacteria could possibly cause latertervwcv to the operation at th* is*-rictsigr reais columa io «*•« 
reactor heavy w ate* circuit. Such taterferewc* could occur •it’ier by microbial g tow th io the resin bed 
restnettag water flow or by breakiog down th* resin bead* aad altenag *eir acme*.
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The petspet sampling bet and apparatsa ter the Lederberg replica pl snag teebaipae were evs- 
stmeted by Mt. F.R.Hcrnisa. The phomgrapbs were inLew by Mt. A.A.Dicken. The polamgmphic 
maty see were earned aat by Mr. T.M.Floemce.

However after cnttcaltty was reached the only organisms isolated ta 
Farther iaveaoganoa led •• co place thra

Dwnag die same power rm teats were made at the taler aad oadet potato to the im-e»cbmge bed. 
Vater passing over the wetr maa a a to the D^O storage vessel (Figwre 2) sod fmm there is pooped through 
the too-esebaoge bed bock m die main cttcelating pomps. The sampling potato, thongh sot ideal for 
bacteriological potpoeea. do enable a compartaoe as be draws as coaditiooo ia both litei and valves are 
tdeattcal. The reawlis of three separate detemaaattoaa showed that the water tatenag the too-eachaage 
colon a ctotataed 1000 orgmiama/ml aad die watet leaving contained 10.000 orgeat rat/sl.

Doting the Ocmbet/'Noeembee I960 power me we were able an circwlate heavy water dimagh the 
by-pa a • line ceattawow sly. diva enabling at to oeaaere stere directly die bactenal popwlauoa of die water 
leaving die R.A.T. dating a power ma. Frier m the Ocmber I960 start-op. which followed na esteeded 
sbotdawa of five week a, die bacterial const was 990 ergmiisa/ml aad dtta figare dropped rapidly aa the 
reactor was mined to a power level of 10 megawatts. However, otgmiams co old soil be isolated at die 
tree of 0—9 orgeatlai/al throvgboat die ma. thongh it ia likely diet these latter iselatime were of organ — 
lias which had passed throvgb the R.A.T. rec el via g only minimal itmdiafim or, possibly, which bad bees 
held by ceaatnctiooa io die weir overflew pipe —line. The former esplaaatioa io feasible becsase of the 
carbo lee ce within the R.A.T. The dose rates ewcooateted la the R.A.T. are given ia Appesdis 1.

By Jwlv 1950 the variety of organisms had decreased and stace that time heavy water samples 
and too-each sage rests samples tab so fmm HIFAR have always gives rise as calottes coats isiag only 
rem orgeat sms Ar htomobecter sad bocillas. the former predominating.

Re feel that io spite of die sampling difficwltsea. seme coo da stoss may validly be draws fmm 
the first grasp of remits (Figwre 9>. The re gw la r cvcle which occurs md die impossibility of eatemal 
cwatamiaatioe of the sampling owdet valve lead os to mggest diet there is a cyclic batld—np of organisms 
in the normally stagnant D fO sampling live The increase co vid res sei. ably be explained if we posts! etc 
that the high level of tedioacti viry within the R.A.T. remits in the tomeciaa of new cwmpoeads in solation 
mi the DJO. capable at serving aa aacn vote.

The above remits ahoo that some bacteria can mrvive and reprmdace in a high parity heavy 
vtUi ewvimomewt witbmt prior adaptation. Farther, they do due in die mmewkat aafnvmmble envimo — 
newt of a aeclear reactor heavy water circa it practically free of asm earn, deficient m osygeo. aad 
iatrmittewtiy exposed to high level of radiation. That the most important site of bacterial growth in 
widtin the mated bed ton — esebange colama is borne ent by the fact that tea amen as mast organisms 
leave die bed no mter it. The mised—bed ion rtehtsge cm tain a I co. ft of 1-1 Zeokarb 225 aad Dea ci dire 
FF (Fenmttt Co.tia the D* aad OD “ bmt. The rents was placed m the circwit oa 1 9di Jan vary. I960. 
It ia probable diet the bacteria draw their carbon, nitasgm. tad trace aitnrai rryiirrartti fmm the reais. 
Appreciable reais bemkdewo cakes place when tea eschaage reams are irradiated (Hater 1950. 19591 
remlcsag in die release of traces of soluble organic compsmada containing aitmgem. svlphar. md other 
elemmta. depending os die type of reais aad irradiation conditions.

Before HIFAR first reached criticality m Che twenty-fifth of Jmwary. 195R mirtebiologicaI esam— 
laattos of the heavy water revealed the presence of mmemes species of bacteria, the moot prolific 
being Pom itastai aemginotm C* ______ f-—__2_"__
soy somber were a woe pigmeat pondering Cmm—negative md. 
organism among the A Chap too bay ter md it posaeaaes moat of die characters of die species ligoelacieea. 
aldhosgh it gmws ^aite well at 97 *C. Other organisms imisted iaclade a bacillar species, a Cne- 
poainve csccwa, and a Grom—negative md which oa cwltote pmdnees a pale red—brows pigarai. Attempts 
ta isolate thermophiles. aaaembea. yeasts, fvagi. md mlpbate re doc ere were not oeccesshti Mutants 
repairing dmtensm were not eocemtered.

* C.O9I< l.l SWISS
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APPENDIX I

AVERAGE NEUTRON FLUX AND y POSE RATE IN THE

REACTOR ALUMINIUM TANK

r/hrAverage > —dose rate

-2

E < 0.5 MeV

5 x IO10E 0.5-1 MeV

5 x 10>°E 1 - 2 MeV

E 2 - 3 MeV

3.5 « 1010
!

Average thermal neutron 
flux

Average fast neutron 
fluxes:

Il is felt that the quoted average y dose rate is of reasonable accuracy (probably better chan 
* 30%); because of the complicated flux patterns in the reactor the neutron flux figures given are 
probably, at best, reasonable estimates. The power level chosen eras i megawatt; to obtain dose 
levels at other powers the dose may be assumed to be directly proportional to power.

9.4 x 106

The following neutron fluxes and y dose rates were calculated by Dr. J.L. Symonds, Physics 
Division, A.A.E.C. They represent the average of these quantities over the whole volume of heavy 
water in R.A.T. No figures for the f.' contribution to the total dose rate are included since a rough 
calculation indicated that Jiis contribution is small.

1 x

2.3 x I0,0n cm"2

1O>2 n sec — *

sec-1

3 x 101°
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HI FAR HEAVY WATER CIRCUIT

I ALUMMIUM TANK
2 -----FUEL ELEMENTS
3 -----HEADER PLATE
4 -----DjO overflow pipes
5 -----D,O LEVEL PIPE
6 -----HEAT EXCHANGERS
7 -----MAIN D,O PUMPS
8 ----- EMERGENCY 0,0 PUMPS
9—.. 0,0 STORAGE VESSEL

IO----- PARTIAL DUMP TANK
II PARTIAL DUMP VALVE 

12----- D,O LEVEL PUMPS
13TRANSFER PUMPS 
14----- ION EXCHANGER
IS 0,0 SAMPLING BOX
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Figure « Mcrotxat Varwton tn Heavy Water Ove Free Power Rum 
Organisms /ml (-----I. Power Level <- >.
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