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INTRODUCT ION 

Contamination of atmospheres with tox ic gases has created problems of 

great concern to environmental and health authorities. New techniques have 

revealed the presence of materials that were previously unsuspected and new 

knowLedge on the harmful effects of toxic compounds has pointed up haz ards 

that were not known to exist. The advent of new industrial processes with the 

consequent proliferation of toxic contaminants has emphasized the need for 

sensitive instruments and methods that can easily analyse low concentrations 

of chemicals in atmospheres. For toxic compounds like fumigants, where 

.substantial quantities may be periodically injected into atmospheres and 

where the general pl!blic is already apprehenSive of the dangers fr om 

pesticides, the need is urgent. 

Analysis of gases from systems where a high degree of dilution occurs 

(as in contaminated atmospheriC air) has the inheren t prob l em of separating 

the small ar.1Ounts of the contaminants from massive quantities of other 

compounds i.e. nitrogen and oxygen. The contaminants then must be retained 

in a' way that will be su ita ble for analysis by some appropriate technique. 

A method for concentrating such d il u ted gases has been developed and 

used to measure, by gas chromatography, very low Qoncentrations of 

fumigants (Dumas 1978, 1982, Dumas and Bond 1981). Low levels of the 

residual gas desorbed from fumigated grain have been t hus collected and 

analysed. The method is also useful for low levels of contaminating gases i n 

atmospheric air. 

The procedures for collecting and concentrating fumigants, a l ong with 

methods for analysing ultra low levels of the gases, are des,cribed here. 

CONCENTRATING GASES FROM DILUTE SAMPLES 

To collect the contaminating gas from the atmosphere a trapping device 

somewhat similar to the column in a gas chromatograph was used. 



452 

Fig. 1. Trapping device designed for collection 

and analysis of samples by gas chromatography. 

A short length of stainless steel tubing was packed with appropriate sorptive 

materials and fitted with three way valves plus connections for incorporation 

in the gas flow system of a GLC. Selection of the sorptive packing material 

was achieved by cooling the trap with dry ice while it was installed in the 

GLC and determining the ability of the packing to retain the test gas. 

Atmospheric contaminants were collected by passing known volumes of the 

diluted samples through the trap while it was held in a small foam insulated 

box filled with dry ice. For analysis the trap was then inserted in the GLC, 

allowed to warm up to column temperature and the stopcocks were then opened 

to a llow carrier gas to move the sample through the column to the detector. 

When contaminated ai r was under test a syringe was used to obtain and 

inject the desired quantity. For collection of gas that desorbed from 

fumigated commodities an appropriate amount of the commodity was retaine d 

in a gas-tight container for a specified period of time and then "a measured 

volume of nitrogen was used to flush the desorbed gas from the container and 

into the t rap. 
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This method was found to be suitable and reliable for collection of 

ultra-low concentrations of methyl bromide and phosphine, both from samples . 

in air and samples desorbed from fumigated cereals (Dumas 1980,1982). When 

wheat treated with phosphine or methyl bromide was analysed for desorbing 

residues of the gases, levels down to ppt (1O-12g ) could be detected and 

measured. Further investigation of the procedure showed that low levels of 

gases could also be collected at ambient temperatures with a satisfactory 

degree of accuracy. Consequently the versatility of the method was expanded 

and its utility for application under field conditions increased. 

ANALYSIS OF COLLECTED GAS SAMPLES 

Three detectors were found to have the required sensitivity for analysing 

the low levels of fumigants that were collected by the trapping technique. A 

flame ionization detector was used for methyl bromide analysis and an alkali 

flame ionization detector for phosphine. A photoionization detector in a 

portable GLC (Photovac 10A10) operating at ambient temperature was found to 

be effectual for analysis of four fumigants under field cond ihons a t levels 

down to ppb (1O-9g ), (Bond and Dumas 1982, Dumas and Bond 1982). This 

detector was also found to be useful for the detection and analysis of low 

.concentrations of formaldehyde (Dumas 1982). Analysis were accomplished by 

direct injection of 1 ml samp l es of the gas-air mixtures into the instrument. 

For lower concentrations a special val ve can be supplied with this instrument 

to incorporate the trappin g technique described above and thus furt h er 

increase its analytical capability. 

Details of the above methods have been published in the journals cited 

below. While the potential capacity for analysing ultra- l ow levels of gases 

has ·been advanced by using the principles and instrumentation described 

here considerable scope for future development still remains. Several facets of 

modern technology might be exploited to accommodate the increasing needs for 

sens.itive and precise analytical methods for . fumigants. 
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PRACTICAL DEMONSTRATION TOUR OF COUNTRY SITES 

The sites visited for the practical demonstrations were selected to provide 

sequential story of Controlled Atmosphere for the sealing process through to 

purgi ng with carbon dioxide. 

Midland Farm SHo Expo - the smallest of storages sealed. 

Meckerin~ An average CentFal Storage System grain store set up to 

provide an exploded view of pr0gression through the sealing 

process. 

Kellerberrin Cond ucting a pressure test on a sealed storage. 

Merredin Overnight stop and viewing a large storage and grain 

handling eqUipment. 

Mem budd ins. Leak detect ion. 

Wyalkatchem A less cost storage to cater for above average pr'oduction. 

"Flowery A typical broad acre farm. Lunch stop. 
Patch" 

Cunderdin Purging with CO2 

York Vertical steel storage, sealed · during construction. 

Kwinana The largest of the storages sealed and fitted for Controlled 

Atmosphere .. 
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M[DL AND EXPO - ON-FARM TYP E STORAGES USE D FOR DEMONST RATION PURPO SES 

This location is the s ite of 13 on-fa t"m ty pe s torag s (1 fi b. g l ss t he t" es t 

steel) , each of a bo ut 16 tonnes wheat capacity , a nd st blis h d with the 

co-opera tion of r es iden t silo man u fact u rers , t o d mon st a t e t o fa t"met"s t he 

effectiveness of s aU ng t hel t" seed a nd feed g r a i n s tOt" ges when intt"od uci ng 

a f umigant (usu Uy p hosp h i ne ) fo r to t al in sect c on trol. Th e de monstr ations 

i ncluded t he introduct ion of ge ne rated colored smoke - to simu late a fumig a nt 

- i nto both se a led a nd u nsealed s ilos; This d r'amattcally showed the l oss of 

f um igan t to be xpected from an unsealed storage a nd t he t"e tent io n of t he g a s 

in a se l ed storage. The influence of the weath r co nditions - su n a nd wind 

a nd t he c h i mney s tack effect of sucki ng the smoke out o f the u nsea l ed storage 

- w s cleady s hown as was t he inte r na l p r ess ure varia t ions cau sed by 

na u al hea ti ng and cooling . A pressure o f 200 p a sca l s was in trod uc d i nto a 

sealed silo by use of a sta nda rd type vacu um cleaner a nd t h e t i me n oted fo r 

de ay to h alf l ife t o determi ne the effecti veness of t he seal. Th e p ressu r e 

relief vents attac hed to eac h s ilo were explained. Fo r de t a il s of o n-f arm s ilo 

sealing t"efe to Papers 45 a nd 46. 

Ph oto 1. Ge ne r a l Vi w ('If "Mid l a nd Exp o". 
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Photo 2 . Seal·ed Fa rm Silo s howi. ng manometer and p ress ur r elief ven t. 

Photo 3. Le ak ge o f fumigan t (smoke ) from an un sea l ed f a rm silo. 

http:showi.ng
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MECKERING HOR IZONTAL STORAGE I N PROCESS OF BEING SEA LE D 

The storage vis ited was a standard ' C ' t y pe hor-izont 1 silo of 22 , 000 ro nnes 

wh a t capacity, co ns truct d with conCre te walls a nd floors and having a 

clear--s pan t ussed roof o f cor-r-ugated ga l v n ised i r on cla d d i ng . Gable-en d 

walls nd s ide curt ai n-walls ar-e 1so o f conugated ir-on . Of p rt ic ular 

i n terest wa s the a pp lication of r ig id polyurethan foam ove r the in te r nal laps 

of the steel she ting and along th e gaps for med between the curt a i n and 

gable-end w ,lis and the roof a nd concrete wall s of t he building . Foam was 

also applied alon the r oof ridge reas , aro und the interna l perimeter o f 

doorways, aro und the fans in each o f t he nd ga ble walls a nd the e n try po int 

for th e overhe d con veyors. The spr y app l icat ion of th intern a l w 11 

sea l ant wa.s als demons r ated. Othe r features pointed o ut were t he methods o f 

exte rn al sealing of the roof c l a dding shee ts, a te n tion to the concrete fl or , 

door sea ling a nd the fin a l top co t of a h ea t r e flecta nt materi al sprayed eve 

all external surfaces . For details of sea li ng p rocedures refe r to Papers 11, 12 

a nd 13 . 

Photo 4 . Sealing in p rogress o n t he end wall o f a horizon t 1 s ilo a t 

Meckeri ng . Note a ll lap nds of th e co rrugated iron hee t s used to 

clad t he gable-e n d w 11 are indiv id u lly seal ed , as [" s u r face 

cracks e v ident in the concrete w 11. 
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MECKERING HORIZONTAL STO RAGE I N PROC ESS OF BE I NG SEALED 

The stora ge vi s ited was a standard ' C' type hori zo n t I silo of 22 ,000 ton nes 

wh ea t c pacity , construc te d with conC r e te walls a nd floors and hav i ng a 

de r -s pan t r u sse d roof of corrugated ga l van i sed i r on cla ddi ng . Ga ble- end 

walls and side c u rt ain-wa lls are a l so o f cor ruga ted i ro n. O f p a rticular 

i n terest was t he pp licat ion of r ig id polyur ethan foam ov r the in ternal laps 

of the steel sheeting and along the g aps fo r med between the c r t in and 

gable-end walls and t he roof a nd concr t e w Us of the b uildi ng . Fo m was 

also applied along the r oof r idge re a s , arou nd t he n te rn a l perimete r· of 

doorways , arou nd the f a ns i n each of t he end gable walls a nd t he e n try point 

fo r the overhe d conveyors. The spr y applica tion of th e in te r nal wa ll 

sea l a nt wa s also demonstrated . Other features poi nted out were t h me thods o f 

externa l sealing of t he roof c la dding s hee ts, a t te n tion to the co ncre te fl oor , 

door se Hng nd the f inal top coa t of a h ea t r eflect nt ma,te ri al spraye d o v r 

all ext rnal surfa ces . For det ils of se l ing rocedures refer to Papers 11 , 12 

a nd 13. 

Photo 4 . Seali ng in p rogress on t h e e nd wall of a horizont I silo at 

Meck ri.ng . Note II la p en d s of t he corrug at d i ron s h e t s u sed t o 

clad the g able- e n d wa ll are in diVi duall y seal ed , as re s urface 

cracks ev ident in the concrete w 11. 
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Photo 5. 	 Spray sealing o f a 11 lap e nds of corrugated i o n roof sheets o n 

horizont 1 silo a t Meckering . 

Photo 6 . ppiication of fi nal coat of refleclant materi a l over prev iously 

sealed roof and w 11 at Meckering . 
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Photo 7. 	 In terior view of Meckering horizontal storag showi ng app lications 

of poly r ethane foam to the roo f/w 11 join ts . 

Photo 8. 	 Vi.ew of a gab1 e nd w II at th e Meckeri ng horizont 1 Silo a fte r 

foam ing of all joints a nd spray saling of th e fi ni s hing coa t. 



462 

Photo 9. 	 Application o f f oam in s ide a h ori.zontal 5to age. 

Ph oto 10 . 	 Foam a pplicat ion a long a n in sid wall ledg a nd a ro und the fa n 

an d p r essu r e rel ease duct fitte d into g bl e anc. wall . 
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Ph ot 11. Sealing in s ide the roof idge line of a horizon tal s tor age. 

KELLERBERR I PRESSURE TEST ON A SEALED STORAGE 

The demonstrat ion a t. t his s i te ",as f a pressure test of a comp le te l y sealed 

storage - a s t a ndard ' A' t ype horizont 1 storage of 27 ,500 [annes ", heat 

capacity. Before starting the test, rhe n atu r lly ind c d press ure i n side t he 

storage , sho",n by the posit ive pressure on th e intake side f t he press u re 

relie f vent . wa s po i. n ted o ut . Th i s positive pressur i s not d duri.ng the 

warming of th e intern 1 air spaces by the s un a nd a re verse negahve 

pressure ",ill occur d ueing t he ooHng d own phase . 

One g ble nd fan w 5 s tarted and a pressure o f 200 pascals introd uced into 

the storage , noting th e increasing pressure on a manometer and b y the 

i mbalance of t h lig ht oi l in th chambers of the pressu re relief v ent . After 
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t u rni ng off the fan , a nd rese ling th fan aper t ure, he r e tentlo n o f p res s ure 

w s clearly demonstrated through an B.1most negh gi b l e d cay no ted on bo th 

the ma nome ter and pressure relief ven t over a period f 30 minu te s . 

At the conclusion of this test a m in s ilo entt"y d or was ope ned to physically 

show by sound a nd feel the force of t he pressuri sed i nte r n i r esc a ping to 

the exter-n a l a tmosphere . This force was strong enoug h to b low a p iece of 

h eavy cloth materi a l at r igh t angles to the door opening. Fo r deta ils of 

pressure e ffects on gratn scorages refer to Pa p r s 16 a nd 21. 

Ph oto 12 _ Pressure r eli f v ent and f a n bu i lt into gable e nd w 11 o f hori zo nta l 

storage at Ke ll rberri n . The f n over is ope ned whil e pressuri s ing 

th e storage and i s sealed for the p r ess uC"e d ecay and leak de tect ion 

test . 
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Photo 13. Kellerberri n storag u nder press u t"e indicated by d iffet"ence in flu id 

level in th pressure ve n t. 

Photo 14. Close- up of a t yp ic 1 pressure reli ef ven t fitted t o a hori zontal 

storage . 
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Photo 15 . 	Symposiu m delegates i n specting press ure tes ting tria l 

Kelle berrin. 

MERRED I N ST TI C DI SP LA Y OF COMPANY EQU I PMEN T 

Vclrio us items of gra in handling and ma in te n nce q ui pme nl were d ispl yed 

i nside an ' E ' type horizonta l s tor g (wheat cal?ac l ty 233 , 000 (onnes 

constructed of galvanised i ron on i nv rted Y f ame ttmber wa ll s upport s wi th 

bitumen floo r nd corrugated i ron roof on trusses moun ted on s teel col umn s ). 

The disp l ys incl ded: 

a 	 A c;tandard country mobile e levator fitted wi th spr ay qui pm e nt used for 

th appl1c t io n of a grai n protecta nt to the gra i n s tre m at i n ta ke i n to 

the olde r ty pes of sto r ages In the C . B.H. system. These mac h in s a r e 

v irtua ll y unchanged from the origi nal des ign de veloped fro m a b g 

e levator in th early 1930 ' s. Th y i nco por le bucket belt e ncased in 
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a light sh et steel barrel nd d riven b a di r ec t dr ive belt f rom an 8 

horsepower d iese l engi ne. The h a nd li ng c apac ity of gra in de livered by 

t he f armers motor truck t h roug h a self e mptying hopper d irect to the 

elevator boot is 60 tonn es pe r hour. The machine i s moved along the 

s torage to prog r essively f ill it t h rough steel chu l ing lead i ng f r om l he 

elevator head to th c e ntre of the storage. Th elevator i s a i s u sed to 

retrieve grain fr om i nside t he star ge by mea ns o f an attac hed 

mechanical scoop k n own s a Cl rke Shove l. 

b 	 Lobstar - a machine designed to compli m n t th cou n t r y elevator for t he 

r ce iv a l and ret rieval of g r ain in an open bulkhead s itua tion. Screw 

Augers on the front o f th e mach i ne und r t h de li v ry hoppe r move s t he 

grain to a ce n t ral belt co nv yor and delivers it t o a mec h a nic 1 thrower 

to direct the gra in to t h> stack being filled. Ret i evel i s b y re moval of 

the hopper nd dr i ving t he a uger front of t he m ch ine i nto the gr in 

Slack for self recovery a nd 10 di ng via the conveyor inlo molar trucks 

und r the e nd c hu t~ . 

c 	 Front-end Loader - These mac h ines a re b ased o n an i ndu t t a l 60 

hot"se-pow r tractor fLtted wit h a h y d r aulically ope r ar d bucke t with a 

capaci y of 1. 6 tonnes of gt" in . They are used to r t rle ve gr in fr om the 

horizontal gra i n storages for delivery to an levator pit and so o u t to 

the transpon syste m. Each m c hin e is cap ble of au loading fro m an 

average s tor ge at rale of 100 lonnes e r h our. A f a ure of the 

t ractor is the s l lck tread driving lyres u sed to mi.nimise d a mag to 

Slor ge floors an d to spilled g r a in wh ic h ot h rwis occurs with 

conv ntional lug g ri.p tyr es . 

d 	 a her Ile ms of EqUipment used Throughout th e System were Di sp la yed a s 

Trailer mounted h ig h reach work plat fo.rm : P st Control spec ial ised wash 

down unit : Pest Cont rol s ta nd rd mob ile unit wi t h spray equipment , 

pumps and samples of m cerEals u sed (h e rb k ides. C"odenticides , c h mic. 1 

protec!anl5 and f umigants) : Standard cou nt ry truck f i t te d wit h cra n 

and clam-she ll bucket : Mo b l l e mecha nical ma i n e na nce workshop unit: 

High reach por tabl e scaffolding : Samp l ing equipmen t for on s i te testi ng 

of grain qua li ty : Safety equipment and p hotographlc disp lays of th e 

Company ov r t he p st 50 years . 

The display site was lso used as the venue for a socia l b rbeCLl e 

function held during the overnig ht stop at Merr ed in a nd has b een 

descri bed as " The World' s Bigg st Gr ill Room". 

http:platfo.rm
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Photo 16 . 	 Inside "The Wor ld 's Biggest Gr ill Room " - the v e nu o f a soci a l 

ba rbeque evening hel d fo r Symposium delegates in s id e l a rge 

honzonta l storage at Me r red i n . 1n t he b ackgro und i s a st tic 

disp l ay of v dous gr: in h andli ng machi ner:y and equipment 

fron ttng a 6t k o f some 100 , 000 to n ne of whea t. 

NEMBUDDlNG - SOA P BUBBLE LEAK DETECTI ON T ST 

A field tes t of l eak detect ion in a se led and pr-ess ucl sed gr in stor-ag e - 'A' 

t y pe h or-izonta l s torage of 21 ,800 can n es .wheat ca paci ty - was demo n s t r ated a t 

Nemb dding . This stor g was p re s urised b y us ing t h e g able e nd fa ns a nd a 

weak detergent solutio n was spraye d o v r are s of t h e roof and walls whece 

l eaks had been previo us ly d e tec te d . Th e esul tant bu bbl es a pp e ring ove r the 

fa u lty ar a s e n a bl ed the leaks to be p in-pointed and mar ke d for fu t u re 

repa i. rs to the se 1. Al t ho ug h o ther me t hod s of leak d etec tion by u se of 

sophisticated s u nd , heat and colour measu ring q u ipm n t h a ve b e n t rie d , 

th simpliC i ty and effective ness o f t he " s oap bu bble" test wa s s ho wn to b t h e 

mos t v i able fo r our concit tio ns and c i rc u mst n es . For de tail of le k 

de teet ion met hods refe r t o P pe r 22 . 

http:repai.rs
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Photo 17. 	Sympo~ ~l.lm de lega tes at a " leak de tectio n" tes t at Nembuddi ng . After 

prE'SSUris ln g ch storage, a VI ak detergent solution i s spr yed ave!' 

extern 1 surfaces. Escaping i r throug h l eaks for m bubbles whi c. h 

re th n m rked for 1 tec' at te n t ion to the seal. 

Ph oto 18 . 	e l os - u p v iew of soap b ub bl es for ming in leak a['\'a~ t hroug h a 

co ncrete wa l l. 
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WYALKATCHEM - SEALE D OPEN BULKHEAD EME RGENCY STO RAGE. 

A s heeted a nd sea l d ope n bulk h ad t ype star ge was de monstrated at this 

site . The stor age onsists f a s lig h tly cambe r ed (for d r a i.nage ) bitumen pad 

l aid on open ground wi.t h portab le steel fra me s erected around t he pe ri met r. 

Grain is loaded i n to th e storage using convention 1 mobtle e lev a tors (or a 

lobsta r a nd l h rower) a nd the stack i s covered with vin yl s heet i ng anchored 

wi. t h a series of cab les . Each s he t i s 5 wn a nd heat se l ed to the n ex t a nd 

the covering is t hen sealed to s ide s heets placed down t he in s ide f t he walls 

and lai back along the floor under t he grai n to form a se led envelope . 

Small ports are buLlt into the t op sheets to a llow for s a mp li ng a nd t he 

introduct io n of fu mig· nt sho u ld this become n ec 55 r y to con trol in sect 

ac ti vity. Th i s type of s torage is u sed sol ely s an eme rge n cy fa c i lity t h old 

overflow g r i n i n times of good se a sons . i t s fl ex i bility allows it to b e moved 

from s te to s i te as requ ired . For deta l s o f sal ing open stacks a nd the 

•bunker ' syslem. refer to a pers 38 a nd 39 . 

Ph oto 19 . A covered "bunker" s tarag . C bies a re u sed to ti th e PVC s he t s 

to th e g r a in sur face to pre v e n t win d d a mage . 
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Photo 20. 	Bu nke r storag e at Wy a lkatche m sho wing t h e bulk head t y p e s ide 

walls c'ons truc te d of p ortabl s t ee l frames . 

Photo 21 . 	Deleg tes v i s i t a vin l ge fa r m machinery muse u m in s ide one of t he 

ot"iginal grain storages b u ilt at Wyalkatchem i n 1933 . 
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Ph oto 22 . 	 A b ri ef l unc heon i n terlud e at t he f rm of C .B .H. Director Mr Ja ck 

Lundy a t Cun d erdin . The oppor t u nity wa s t aken to v iew d i. splays of 

sheep mustering wi t h dogs , sheep sh a ring and i. tems o f f a rm 

machmery used o n a typ i a 1 wheat a d s h e p f m . 

CUNDERD IN I NTRODUCT I ON OF CARBON IOX I DE I NTO A SEAL ED STORAG E. 

The demonstr t ion t th l S seal d and fiU d slo r. age - a ' C' type ho r izon ta l 

silo 27 , 70 tonn es of wh t capac i ty - w s t he introd uc~ion of ca r bon d iox ide 

gas into a full sta r ge of grain . The ~iquid CO w s supplied to t he site by
2 

a. tanker vehicl and w s o nvert to gas by a v aporiser be fore e i ng 

pumped into the storage th roug h perforated ducting l aid a long t he fl oor. The 

rale of in d uction is l p to 4 t on nes pe r. hour a nd a tota l s uppl of 48 ton nes 

i s used Lo g i ve a n atmosp here of approximately 75% CO2. Recirc ulation of the 

gas wi thin the storage is b y mea ns o f d u ts and fan whic h draw t he CO fr om 
2 

the bottom of th e stor ge a nd deliv rs it i n to the top h ad-space where it i s 

a Howed to spre d and perme te back throug h t he grai n to the b ott m, 

ensu r ing a n Yen d istr i but ion of gas at a ll t imes dur ing the period of 

f um iga t ion . For deta il s of the li se of CO s a fum iga nt , refe r to P pe 5 5 , 6,2 
7 I 19 I 25 	 a nd 28 . 
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Photo 23, Demonstra ti. n of t h e i rod uc t ion of CO gas i.n to a se l ed sto r g
2 

at Cunder din. Liqu i fie d carbon diox i. de i s supp li by anke r fr om 

where i 1S p umped through vapori ser in to the s torage. 

YORK ' L ' TYPE STEEL VERT I CA L STORAGES. 

A bnef i nspection f the n ewly constructed 'L I ty pe v rtical s te 1 s Ho was 

made at this po in t, The c LI s r e c h o f 5,000 tonnes wheat c apacity a nd a re 

fully sealed and coated with a heat reflecta nt materi 1 dur ing con struction. 

They 'are a lso fitted fo r the int ro uc tion a nd rec irc ul tion o f a n i ner t g a s. 

For details of storCtge d s ign for C .A. refer to P per 17. 

http:dioxi.de
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Photo 24 .. 	 Twi. n s t eel vert ical c e lls , each of 5,000 t onnes cap acity with a 

through-put of 3 0 to n nes per hour at York . 

KWINANA SATURDAY 16TH APRI L 1983 

By counesy of Wes t ra il (the St·te Go ver nme nt's rail system), a speci a l tra i n 

carried del gates fro m P rth t h rough the s ub u r b s to t he grain export te rm in a l 

at Kwina n8. Her-e the la r-gest si n gle stor-age to be sealed any wher-e in the 

wodd w s i. n spected . 

KW INANA SEALI NG AND FIT TI NG OF' NO .1 HORIZONTAL ST RAGE . 

A very 1 rge hor-izonta l s torage (whea t capac i ty 300 ,000 tonn s ) at th e 

Kwi.nana Gr-ain Export Terminal , com plete l y seal ed a nd ·fit ted for the 

i.ntroduction a n d recir-cul tion o f arbon diox ide. was in sp cted on t he 

Saturday following the firs week of the Symposi um. SuppJi es o f c r bon 

' iox t de h ave b een a r: r llnged from a Nick L refin ery , som e 3 k ilome t res from 

the term in a l, whe r e it is produce d s a by-p rod uc t in th r fi n :'ng p 0 ess . A 

scrub bi ng, drying a n d cooling p l a nt nd a pi pe line has bee n con st r ucte d to 

p ump the gaseous CO2 direct t o th stor ge as and whe n r eq u ired . En t r y i s 
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thro ugh a plen u m c hamber a nd a se rie s of valv s throug h prog ress ively 

reduced pi.pes into each of t h t",o under s torage t u nnel s ",hich then act a s 

very l arg ma n ifolds . A f ur ther 32 en t r y p oints are supplied a long the two 

s id e ",aIls to supple me nt the tunnel entr i s in u niform sw amping of t he 

s torage with a cal c ulated 300 to 400 tonnes o f gas in a fu ll storage . 

On ce the s torage i s fi lled with carbon diox i d e t o a con ce n tration of about 

40%, t he gas will b rec i r c ula ted b y dr a wi ng it from th e tun nels and floor 

a reas by ex t r actor fans b u il t into the ducting and d i r ec ting it into t he h ead 

space above the gra i n where it will s p re ad and perme te b ack t h r o ug h the 

grain t o t he floor and tunnel a r eas to be again p icke d up and r circul a te d i n 

con tinu ing mov e ment . 

Re l ease of po itive pressure built up d uri ng the CO s",a mp i ng ac tion, and of
2 

b oth positive a n d negative p ress u res induced by the p revailing weather 

cond ition s of sun nd wi nd , i s t h r oug h a series of pr ssu re relief val ves 

connected by d ucti.ng to t he h ead space of the stor ag e . 

Monitoring of g a s concentration s and di stribution within the storag e i s 

carri.ed out duri ng all s t ag s o f t he f um i.gation thro ugh tubing a nd ext r actor 

pumps to p rovide s mples of the internal atmosphe re for testing with gas 

analy sers. Sho uld concen trations d ecline to b el ow r eq u ired l evels, a 

m i ntenance ph se wi ll int rod uce a furthe r s upply of c a rbon d ioxi de throug h 

the pipe lin (es tim a ted 5 to 10 tonn es d ily ). 

When the grain in the stor age is required for outloading to s hips, the ga s 

cle ra nce p hase is comme nced to allow s afe entry i n t o the stora ge . The 

rec i rc ula tio n d uct i ng , wi th v a lves reversed , is u s ed to expel g 5 in the low 

levels ( floor and tunnels) d irect to t h atmosphe r e. Largt> f ans built i nto 

eac h ga bl e e nd of the s tor ge re u sed , in con j u nction with prevail ing wind 

cond ition , to crea te a n air c urren t fro m one e nd of the h a d space to the 

other a nd cle ar th ese areas of gas to the o ut si.de a t mos p here. Blowe r fan s are 

also u s ed i n the tunn 1 re a s t o assi.st th e ext r ac to r f a n s in t h e end ducting 

to clear this re a o f c oncen tr tions of g a s . 

When t he gas analysers show all areas a re s afe for re- e n try , the seal s 

around t he o ut l oading conveyors are r emo ve d, e n t r y doors o pe ned and the 

storag o ut load e d in the normal man ner. Should exc ssi ve grain d us t remain 

in s u s pe n sion in the ",orki ng are s b ecau se of an absen ce of i r movement in 

t he sealed stor ag e, the gabl e e nd fans a nd ext r ac tor fans can be used to 

cr a te an arti f i c i 1 a i r flow for t he re moval of g r ai n d ust , so min i mi sing any 

http:outsi.de
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risk of a d ust exp losion a nd increas i ng worker comfort. For deta ils of C . A. 

'i n a very large storage refer to Paper 21 . 

Ph oto 25. 	The Kwi n n a e xpor t t erminal s howi. ng th e No. 1 hori zont al stor age 

(for egrou nd) d uri ng the p r ocess of se li ng . Thi s stor age , of a pprox 

300 , 000 tonnes whe a t c a-pacity , is t h e l arges t yet se l ed . It is 

completel y f itted with manifolds for t h e ind uc tion of CO
2 

gas d irec t 

v i a a p i pline from a n i ke l refinery some 3 kilom t res d i s ta nt. Gas 

reci r ulaHon a nd lear nce s yste ms are prov ided oge ther with 

pressure relie f ve nts nd a cen t rally l ocated m nitori ng s y ste m to 

a u tom tic lly p rovide gas c oncentra t io n readings throug hout all 

areas of the stor g . 

http:showi.ng
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Photo 26 . De legates arri v i ng a t Kwi nana to in s pect the 5 a l ed a nd fit te d No. 1 


Horizontal 5 torag e . 


Photo 27 An i n t e r ior view f the No .1 hori z ntal stor ge a t Kwi n a na. 
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Photo 28. A close- up v i ew of t he pressure r elie f ve n t fit t d at Kwin a na. The 

pi r a lled d uc ting e nte r s t he s torage t h roug ht the curt a in wall. Th i s 

a llows excess ive intern al p r essure to b e vented th roug h an oil b a th 

a nd out to a tmosp here th roug h th e s hort hoode d outle t. Nega tive 

p ress ure is relieved by t he r everse to this system, a llowi ng ai r t 

atmosph eric press u r e to e n te ~ th silo b ck throug h t he hoode d 

. d uct , t he o il bath a nd t he duc t l ead ing to t he h eadspace . The l eve l 

a t which press u re v en ting occu rs m y b e a dju s t d by i nc r easi ng or 

decreasing the level of o il i n relation to the internal baffle fi t te d 

be t ween th e t wo h a mbe ["s. 




