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ABSTRACT 

It i s uneconomic to provide a complete system of new sealed structures in 
an exis t ing bulk handling system. Since storages must be sealed if mod i fied 
atmospheres are to be used, methods must be developed for the sealing of existing 
structures. A pressure decay time in a storage of 300-10,000 tonnes capacity of 
five minutes for an excess pressure drop of 2500-1500 Pa or 1500-750 Pa or 500­
250 Pa denotes that the structure is suitably sealed. In Aus tralia, al l types 
of bulk grain storage in use, bol t ed metal shed or bin, concrete cell and welded 
metal bin, have been sealed experimentally to an adequate standard for use for 
modified atmospheres. Generalised procedures are given for sealing of these 
types of storage and the mechanica l modification required for applicatibn, 
distribution and removal of modified atmospheres are detailed. Further work is 
required to define the optimum commercial sealing process for concrete cells 
and bolted metal structures. 

INTRODUC TION 

If the various techniques of modified atmosphere storage either for insect, 

mould or quality contro l are to be applicable soon to a significant part of the 

grain storage industry methods must be developed for making the necessary 

modifications to existing storages. The existing system represents an enormous 

capital investment and it is not economically feasible to replace more than a 

very sma11 proportion of it \'iitn structures specifically built to take some form 

of modified atmosphere treatment. In establ ished bulk handl ing systems, the 

rate of replacement of exis ting structures and construction of new ones is low 

and thus cannot be expected to contribute a sig~ificant quantity of suitable 

storages quickly. 

The provision of a seal ed enclosure ...lith cor·rect fi tments is crucial to trJi~ 

success of a modified atmosphere treatment. Gas usage is T'estricted anc the 

possibility of insect survival reduced (see below). The ai~ of this paper is to 

show that despite the apparent difficulty of the task, sealing of large existing 

storages (> 300 tonne capacity) is not impossible, but can be ca r ried out easily 

and with simple techniques. The variety of the storage structures in use and 

individual variations in desi gn wit hin a general type necessi ta t e that an 

intelligent approach be made to the prob l em of sealing and does not allow a 

general prescription for success to be given. Neverthe~es~ there are some 

generalisations, given below, which can be made as a gu ide to persons wishing to 

car, y ou,t modification of particul ar storage types. However, be fo re gi ving a 
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description of the seal ing operations required it is necessary to '>et a target. 

level of gastightness, which, when achie ved , shows that the storage is suitable 

for use with modified atmosphere. 

GASTIGHTN ESS SPEC IFICAT ION 

It is not practically feasi ble to convert ex isting structures to completel y 

leak-free enclosures. Some l eakage is inevitab le , but the magnitude of the 

leakage tolerable is of concern here. It can be shDwn (Ban<s and Qesmarc heli~ ~, 

1979; Banks et aI., 1975 ) that there is a level of sealing at \·:hch the gas 

losses caused by wind and the 'stack' effect are small compared with those 

r'esultiong from changes in t emperature and barometric pressure. There is little 

benefit in achieving a hig her level of seal ing than this. If gas l oss from 

temperature and barometric pres sure variation were prevented by sealing only 

dangerous pressure differen t ia l s could be generated across the fabric of the 

structure . In current prac t ice , excessive pressure diffe ren t ials are relieved 

by llowing gas interchange through a safety valve and so gas loss ~till occurs . 

Ifethods other than sealing, such as the provision of a heat reflectant roof, 

must be used to minimise gas loss caused by temperature changes. 

tlathematical analY5is (Bcnks and ,i"nnis, unpubli s r.ec! data; see Bank s et al., 

1975 for a similar analysis for freight containers) of the factors ca us ing gas 

loss from structures and the influence of leak size on t he magnitude of the 

loss, leads to a specification of the 'gastightness' of structures suitable for 

controlled atmosphere use in te nns of the time ta ken for an appl ied pressure to 

decay. In Australia, for str0ctures of 300 to 10 ,000 tonnes capacity, a decay 

time of 5 minutes for an applied excess pl'essure drop of ei t he r 2500 to 1500 ~a, 

l50C to 750 Pa or 500 to 250 Pa in a f ull storage is rega rded as satisfactory 

and has been found to be so in practice (Banks et al . , 1980 ) . The test range is 

chosen so that it is the hi gh es t usable wi thout und uly stressing the sto rage 

fabric of the store . Abo ve 10 ,000 tonnes capac ity , press ure tes t ing is di ff i cult 

to carry out sa tisfactori ly and requi res very s t ab le atmospheric conditi ons . 

Bel ow 300 ton nes capacity t he s tandard is diff icu l t t o meet i n practi ce and thus 

must be relaxed desp ite the consequent highe r leakage ra te and hig her rate of 

maintenance gas requ i rement on a per tonne basis. Methods for pres sure tes ti ng 

of storages are giv en in Ba nks an d Annis (1977). 

The gastightness specifica t ion given above is a desi gn standard, which wi ll 

give t he optimum gas usage performance for modified atmos pheres. If a structu re 

fails to meet this standard, it does not mean tha t it is unsu itabl e for use wi th 

modified a tmospheres, but onl y that l eakage may be increa sed under certain 

meteo rol og ical conditions, no t ab ly dur ing high wi nds, wi th the res ul t that a 

hi qher rate of ga s input may be required to main ta in the correct atmo sphere . 

The pos s i bil ity t hat locali sed regi ons may develop where the gas concentra ti ons 

http:unpublisr.ec
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are inadequate for insect or mou ld control is also increased. In contrast to 

use of nitrogen and other low oxygen atmospheres, if CO2 is used for insect 

control, only a single application of the gas is necessary, if the storage meets 

the gastightness specification (Ban ks, 1979; Wilson et al., 1980). The absence 

of the need for a continuous input of gas to maintain the correct atmosphere is 

a sign i fi cant advantage of CO2-based modi fi ed atmospheres over 10.w-oxygen ones. 

However if the specification is not met, addit i onal gas may be required and this 

advantage ts eliminated. A management decision must be made whether add i t ional 

seal i ng effort is desirable or whether an increased gas cost and possibility of 

a control failure can be tolerated. 

SEALING OF DIFFERENT TYPES OF STORAGES 

There are three general types of storage. These are classified by their mode 

of construction and material used: welded metal bins, concrete cel l s and storages 

made of bolted sheet me ta l . Each general type has some common features which 

usually require attention (see Fig. 1) though individual structures may have 

other particular problems to be overcome before a satisfactory seal can be 

effected. Addit i onally most storages have various access points through the 

seal mloading chute 

/" Fit safety "alve 

/' Seal access hatch 

/ Treat ea"es 
" ¥" 

+-- Seal electrical 
conduit or bin 
tt::<Jel indicator 

Seal 
wall 

+-- Seal access 
door 

+-- Blank off 
aeration dueting 

Treat wall ·to ·floor Treat cracks in floor 
Sea l out loading hatch joint 

Fig. 1. Diagram of a genet'alised st orage sho~/ing areas usual ly requ iring 
treatment i n an existing stru ctu r e in order to provide a sea l ed encl os ure 
suitable for modified atmospheres . 

-




464 

fab r' c of the building, here called 'penetrat ions' , whi ch may requ ire sealing or 

modification before modified atmosphere systems can be used. A general desc rip t­

ion of the sealing techniques* used successfully in Australia for vari ous 

structural types and penetrations is given bel ow . 

Welded ~etal Bins 

Detailed procedures for the treatment of welded metal bins have already 

been gi~en in Banks and Ann is (1977). 

Welded metal bins are us ua lly relatively easy to seal to the required 

standard. Many bins are set on a concrete ring beam with a concrete floor. 

In larger bins the floor itself does not usually require sealing, although the 

cracks should be filled with a flexible filler (e .g. bitumen emulS io n, thiocol 

or silicone rubber). The junction of the steel wall and concrete ring beam 

often leaks and must be treated. The region is subject to substant ial movement 

from both loading stresses and thermal expansion and should be treated with a 

resilient sealer such as a thiocol rubber. A bitumen emul sion seal ~r, ove rcoated 

with a PVC protective film, has also been found successful here (A.D. Wilson, 

personal communication). In smaller bins (e.g. 300 tonnes caoacity ) where 

sealing is more critical, the floor itself may need treatment with a sealer. 

Materials such as those us ed to surface industrial floors are suitable. Th e 

eave join will require sealing if it is not continuously wej ~ed and can be 

treated with sealant systems suitable for joins in bolted metal structures (see 

bel 0\,1). 

Using these techniques, and after treating the vari ous penetrat io ns (see 

below)' welded steel bins are routinely sealed under cOlTlTlercial condit ions in 

Australia to the level of gas ti ghtness specified for modified atmosphere use . 

PI'eS5Ure test resu lts f rom some of these operations have been given in Banks 

(1979) and \·li1son et a1. (1980). 

Concrete bins 

It i s possible to de sign and const ruct cyl ind r ical concrete cel ls to achieve 

the require standard for modified atmosphere use (see Fig. 2) . However mos t 

concre t e ce l l s are not const ructed to be gastight and us ual ly have crack s in 

the fabric formed during the curi ng of the concrete and from subsequent mov ement 

caused by out1oading stresses on the walls. There may also be regions of the 

fabric whi ch are porous to gases. Even in well-construc t ed bins t hi s cracking 

* 	 The classes of sealant compounds, not indiv idual propri et ry prod uct s, 
are given in the desc r ipt ions below as the availa bi l ity wi l l depend on 
where the sto rage to be sealed is located. Because of the impor tance of 
the skill of t he appl ier rather than the exact properties of t he compound 
used, many different brands of the same mater i al may be successful i n 
a given si t uati on. 

m? 
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Fig. 2. Pressure decay curves for four 2000 tonne capacity concrete cel l s , 
constructed to be gastight and wi thout any seal ing treatment for the wa~ l s af t er 
construction (Gladstone Termina , Queensland. After five yea r s continuou s use. 
Curves for bins full of wheat, f i l ling ratio 0.95). Dashed line shows t he 
acceptable pressure decay standard. 

is often sufficient after operation of the storage for a f ew seasons to preven t 

the bin from meeting the pressure test specification. 

In the absence of substantial porosity of the fabric, it, in theory, should 

be possible to treat the individual cracks and thus produce a sealed stn.;cture. 

However we have not found this to be a consistently effective method of giving 

an overall seal. The network of cracks can be very extens ive and it is not 

possible to tell which cracks are the cause of the leakage and wh ich are onl y 

superficial. Treatment of all vi si ble cra cks is usual ly impractical, but on 

one occasion treatment of the larger external ly visib 1e cracks on a concrete 

cell was found to give a substantial improvement in gastightness (Cooperative 

Bulk Handling Pty Ltd., unpublished results). This aporoach has been uns ucces sf ul 

in other cases (see Fig. 3). In cases where cracks mus t be sealed it is i mportan t 

to use a resilient materi al such as a polysulphide rubber as the use of rigid 

materials may only aggravate cracking (Theimer, 1975) . 

As an alternative to trea t ment of individual imperfections, a Sealant system 

can be applied over the whole bin surface. This approach has been used in the 

past for the sealing of grain storages in various parts of the world (e.g. J apan 

(Shimizu Construction, 1976); Switzerland (Burns Brown and Heseltine, 1951); 

USSR (Sergeev et al., 1969)). Cu rrently candidate sealant sys tems for concrete 

cells are being evaluated by CSIRO Division of Entomo l ogy and the Austral i an 

Wheat Board's Coordinating Committee on Silo Sealants under full scale conditions 

(2000 tonne capacity ce l l s). Ful l scale testing is ceing car r ied out as the 
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Fig. 3. Pressure decay curves for an 1300 tonne capacity bin, constructed 1935 , 
bef ore treatment c--- ._-), after coating the wall s and roof with an acry li c 
emulsion (Siloseal) ( .. ... . ... ) and use for one season ( ) and'for a si mi lar 

and adjacent bin after filling of wall and roof cracks > 1.5 mm across only 
(------). (Sydney Terminal, New South ~Jales) (Curves for bins full of wheat, 
filling' ratio 0.95). Acceptable decay standard (--) also shown. . 

range of problems whi ch a suitable sealan t system must overcome either have not 

been adequately defined or are not reproducible in the laboratory. In particula r , 

the appropriate combination of flexibility, extensibility and abrasion resistance 

is not known. (Criteria used for the selection of promising materials is given 

in Apperidix 1). Also less easily quantifiable factors such as ease of appl i cation 

and durability in use are important to the overall success of a system. At 

present, t'.'IO i nternally- app lied coating systems, a styrene-acrylic and a po ly­

chloroprene-based material show particular promise as cheap, effective sea l ants. 

Both are apolied as water-based emulsions. Fig. 3 shows the improvement in 

pressure test results after applying the styrene-acrylic system. The other 

sys tem gave similar resul ts. 

The wall-to-roof jOin in a capped concret e cell is often designed without any 

form of seal between the bi n wal l and the roof slab. ~his region can leak 

significantly and must be carefully sea l ed. It is subject to substantial t hermal 

and mechanical movement and thus requires a flexible sealant system. A fle xi ble 

cornice made from a woven fibreglass mat, fixed around the inside of the j oi n 

and coated with a thick flexible sealer such as a styrene-acrylic emulsi on, has 

been used successfully here. 

In many concrete cells the roof does not rest directly on the cylindrical 

wall. Th ese 'open-topped' cel l s require t he con st r uction of some form of capp i ng 

to close off the cell. Vari ous forms of closure based ei the r on membrane sys t ems 

or 3!1eet polystyrene-metal sand,~ich materi al s suppor ted on normal roof t rus ses 
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are under test at present in Austra lia. Any such system is l ikely to appea r 

expensive if viewed si mply as a component of the costs of conversion of a 

storage to control l ed atmosphere use, but the cost may be part ly offs et by the 

other advantages it provides, notabl y dust control. 

Bolted Metal St ructures (Bin s and Sheds ) 

Many grain storage st ructures are made of sheet metal bolted or r 'veted 

together a~ d fixed to a metal or wooden framework. They are often prov i ded with 

open eaves and ventilato rs on the roof ridge . Tobacco stores, which are often 

constructed similarly, have been sealed routi nel y in the Un ited States using a 

PVC coating system for the retention of f um igations (Roo p, 1949; Anon., 1972). 

A similar technique presumably cou lld be used for large grain storages and has 

been successfu l l y demonstrated in Australia on a smal l fa rm storage bin (2 

tonnes capacity) (Banks and Ann is, unpublished data). It does not seem necessary 

to treat the complete struc ture with the seala nt , as was done with the tobacco 

stores but only the lap joins, bo ltheads and other l eak prone regions. A cheaper 

cosmetic and protective coating could then be applied over the whole storage. 

RecenUy a shed-type storage of 16,400 tonnes capacity was sealed in Aus tralia 

as a dew.onstration of the feasibi l ity of sealing such large structures (Banks 

et al., 1979). The shed was constructed from co rrugated galvanised iron sheeti ng, 

supported on a portal frame with A-frame wa11 supports and before treatment had 

ventilated eaves and roof ventilators. The e.aves and ventilators were cove red 

in with galvanised iron sheet riveted to the structure. Al ~ joins were then 

coated with a thick styrene-acrylic emulsion, reinforced where movement was 

expected with woven fibreglass tape embedded in the sealant. Silicone r ubber 

sealant was used in some movement- prone j oi ns. Larger holes and leaks, such as 

where the corrugated roof met the flat ridge capping, were filled with poly­

urethane foam, formed in situ. 

After sealing, the roof and end gables were coated with a whi te acryli c pa i nt 

as a heat-reflectan t and protec tive treatment . Ap pl icati on of a heat-reflectant 

treatment to the roof is a necessa ry part of the modi f ication of stor ages with 

large roof areas and headspaces fo r modified atmosphere use. Temperature cha nges 

are a major cause of gas loss in such structures and the treat~ent reduces the 

magnitude of the diurnal temperature vari at ion in the headspace and t hus the 

quantity of gas loss from this source. Pressure test res ults obtained over 

three seasons are given in Fig. 4. The sealed s tructu re was successfully treat ed 

with CO for insect controll (Ban ks et al., 1980).2 
Other sealant systems (e.g. some polyurethanes ) appear suitable for bo l t ed 

metal structures and require testing. It is not yet certain which system wi l l 

give the best results. However , as with the seal i ng of conc rete cell s, a major 

factor in the success of a sealing proj ect is t he skill of t he appl i er and his 
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Fig. 4. Pressure decay curves for a 16,400 tonne capacity shed-type storage 
sealed as described (see text). Tests after sealing ( ), ~fter one seasons 
use (.. . . . .. . ) and after two seasons use (------). I·linor maintenance only 
carried out between seasons. (Curves for shed filled to capacity with whea t, 
filling ratio 0.58). 

awareness of how the sealing system must be applied rather than the pa r ticular 
treatment used. 

Sealing methods for farm-scale storages « 300 tonnes capacity) are detailed 

in Williams et al. (1980;. 

SEALING OF PENETRATIONS 

Grain storages usually have a number of fitments in the structure fabric 

which must be sealed in order to provide an enclosure of adequate gastightnes s . 

Correct treatment of these penetrations is very inportant as they are often 

major sources of leakage. These fi tments include access doors, in- and out loadin l] 

chutes, electrical conduit and aeration fans and ductwork. In many cases , they 

may be sealed suitably by ~ hoc methods. Although expensive, silicone rubber 

building sealants and polyurethane foam can be very useful materials for t hi s, 

providing a removable, but durable seal. In our experience, cheaper methods , . 

such as taping or sealing with butYl mastics as recollll1ended by Jay (19 71) , can 

be unsatisfactory in practice and jeopardise the overall success of a seal ing 

operation. Taping with PVC tape can, however, be used to reinforce sealed joi ns 

treated with silicone rubber. 

Some penetrations, par ricularly outloading valves, because of their desi gn 

and accessibility, are often very difficult to seal satisfactorily and may 

requ ire structural modificat ion or even complete repl acement in order to ensu re 
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that a good seal can be obtained reliably. Gastight valves of the t ype used in 

recirculatory fumigation faci li ties are suitable for modified atmosphere use. 

Doorways into large storage sheds may also present problems for sealing. 

Spraying of the regions which may leak with a strippable PVC film has been 

recommended (Roop, 1949). Doors may also be sealed by jud icious use of foam 

polyurethane or of silicone rubber sealants, reinforced with fibregl ass or 

fabric open mesh tape where appropr iate. In some cases, it may be better to 

replace the doors completely with a specifically designed gastight system rather 

than to attempt to seal the existing ones. 

MECHAN ICAL REQUIREMEN TS 

If modified atmospheres are to be applied to a storage not specifically 

designed for t heir use, some mechanical modifications are required in addi tion 

to general sealing . These have been set out by Jay (197 1) for CO 2 and Banks and 

Annis (1977) for modified atmospheres general ly . The modifications ara to allow 

the initial introduction of the gas to make the required atmosphere, to provide 

a means of maintaining the co rrect atmospheric composition, to prevent structural 

damage to the sealed structure from excessive pressure differentials across the 

enclosure walls and sometimes to provide a means of replacing t he modi fied 

atmosphere with normal air . 

Gas Handling and Distribution Systems 

Either nitrogen or CO" can be introduced efficiently into cylindrica l grain
"­

storages through inlet systems fitted into the base of the bin wall without 

additional ductwork. The dimensions of the introduction pipework are dependent 

on the back pressure which can be tolerated by the gas production system. In 

Austra li a, 8 cm diameter pipework is normally used, which can conveni ently 
3. - 1 ) handle the purge rates currently applied (e.g. 6 m ml n . Precautions must be 

taken to ensure the end of the introduc tion pipe does not become blocked wi th 

grain. A s impl e sh i el ded in let system sui tab le for t his has been descr i bed 

(Banks and Annis, 1977). Us i ng a singl e inlet of this type, sa t isfactory purging 

efficiencies have been obtained even in large sq uat cylindr ical sto rages ( 73~ 

for nitrogen; 79% f or CO2, see Bordertown II and IV trials and defini tions in 

Banks (1979)). Since high purging eff iciencies can be achieved in cyli ndr ical 

bins with si mple introduction systems, there is little scope for improvement 

using more complex systems inco r porating ductwork within the sto rage. However, 

existi ng ductwork such as fitted fo r aeration can be used con veni en tly for gas 

introduction and may provide a s li ght improvement i n pu rging eff i ciency. 

Even in horizontal sto rages, wit h l arge len gth to he' gh t ratios , relatively 

high gas usage eff iciencies can be obtained with CO introduced from a si ngl e 2 

-
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point. An efficiency of 73% was obtained in a 16,400-tonne capacity shed with 

gas introduced at one end of the storage, improving to 92% using a longitudinal 

perforated introduction duc t (Banks et al., 1980). The high efficiency achieved 

with CO2 can be attribu ted to its density which causes the gas to layer horizont­

ally even in large struct ures. No studies have been carried ou t on the in t roducti on 

of nitrogen into large horizontal storages, but presumably, because nitrogen is 

similar in density to air and t hus, unl ike CO2 , has li tt l e tendency to layer 

when "introduced, sotle introduction ductwork will be necessary in order to achieve 

adequate purging efficiencies with this gas. 

With modified atmospheres which are to be mainta ined indefi nitely, a system 

of external pipework is requ i red to bring additional gas into the s~orage in 

order to compensate for leakage and keep the modified atmospher i c comoosition 

correct. For gases lighter than air, i.e. nitrogen, the additional gas is 

introduced into the top of the storage; for those heavier, at the base (Banks 

and Annis, 1977). Two systems are available fot' maintenance of a modified 

a tmosphere: a demand system, where gas is introduced vlhen the pressure or gas 

concentration in the storage falls 'below a set level (Jay and Pea ma n, 1973; 

Shejbal, 1979) and a continuous system (Shejbal and Oi Maggio, 1976; Ba nks and 

Annis, 1977), where gas is fed in at a constant rate. On this basis of available 

data these appears to be li tt le difference in gas consumption using the two 

processes (Banks, 1979), but they have not been rigOt'ously compared. In either 

case, if sealing has been adequate, the gas flows required are likely to be 

small and thus narrow bore pipework (e.g. 1 cm diam.) will be suitable. A stee i 
-12000-tonne bin sealed to the standard given above requires about 25 1 min of 

nitrogen (Sanks and Annis, 1977). 

For 'one-shot' CO2-based modified atmosphere systems, where no ~aintenance 

gas is used, it is necessary to keep the internal gases mi xed in order to prevent 

f orma tion of regions of i nadequate CO 2 concentration for insect con t rol (Wilson 

et al., 1980). This ca n be accompl is hed by reci rculat i ng the storage atmos phere 

from the base into the headspace via external pi pework using a sma l l seal ed 

blower. A recirculati on rate of about 0.1 vol umes per day has been fou nd to be 

adequate for bins and a shed (Banks and Anni s , unpub li shed data ) . Recircul ation 

can also be used to maintai n a low-oxygen atmosphere wi th a propane- f ired 

cata lyt ic converter. Navarro et al. (1979) used a recirculation rate through 
lthe converter of about 300 1 min - for thi s on a 1200-tonne bin. At such a rate 

only narrow pipework (e.g. 3 cm diam. ) wo l d be req ired. 
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Pressure relief valves 

Pressure relief valves are required in sealed storages to prevent damag ing 

pressures from developing in storages as a result of temperature and baromet ric 

pressure variation, wind effects or excessive rates of gas introduc t ion i n the 

absence of adequate venting. Simple systems suitable for sheds (Banks et al., 

1979) and grain storage bins (Ba nks and Anni s, 1977) have been descri bed . 

However, both systems would benefit from further design work to provi de cheap, 

rapidly acting systems. The pres sures at wh i ch such relief valves should operate 

is dependent on the design of the storage and the pressure differential it can 

tolerate. In many cases and particularly for sheds, this differential can be 

sma 11, e. g. 250 Pa. 

Removal of the modified atmosphere 

A means of venting the atmosphere must be provided to enab l e personnel t o 

enter a storage treated with a controlled atmosphere for outloading or ,inspect i on . 

In smal l storages, natural ventilation may be suffici en tly rap id f or this wh en 

access hatches and other penetrations are opened. In large storages forced 

ventilation is required if it is necessary to enter the storage with in a few 

days after unsealing. Sealable ventila ti on fans can be f itted to ventilate the 

workspace when required. A fan capable of an extraction r ate of 500 m3 min - l 

was fitted in each gable end of a 16,400 tonne sealed storage treated with CO2 
was found adequate. This allowed access within 24 hours. Such large extraction 

fans are also useful for dust control within the sealed storage during grain 

movement. In the absence of some form of ventilation in large stores, the air 

may become dust-laden within the store making working conditions there ur.pleasant 

and creating a possible dust-exp l osion risk. 

CONCLUSION 

At present in Australia only welded steel bins, treated as set out above, are 

in commercial use with modified atmospheres. However the techni ques for the 

conversion of both concrete ce l ls and shed-type storages to take mod if ied 

atmosphere treatments have been demonstrated experimen~al ' y. The cost of 

commercial sea l ing of large horizontal sheds ( > 15, OOO-tonnes capacity) to an 

adequate standard of gastightness for controlled atmospheres wi ll vary wi th 

method of cons truction but will probably lie between $A2- 5 per t onne capaci ty, 

while the treatment of capped concrete ce l l s is expected t o be about $A1 0 per 

tonne capacity for a 2000-tonne cell. Where a choice is to be made, this cost 

difference is likely to favour conversion of horizontal st orages . The seali ng 

of several more large ho rizontal storages in Australia is currently under 

consideration. 

-
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With the conversion of a sign1ficant number of existing fa ci lit ies to a 

sealed condition, it will be possible to assess the probl ems and potential of 

the various fo rms of modi jOied atmosphere storage undet' the operationa 1 constraints 

of the industry and not at a restricted experimentC';l l'eve l as hi therto. The 

experience gai ned in carrying out the modifications should be of great assistance 

in optimising sea l ing strategies and thus , as sealing is a major cost componen t 

of modified atmosphere storage, reducing the overa l l cost of the process and 

giving a viable system for use with exi sting structures. 
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APPENDIX I. 

Criteria uses for the selection of candidate sealants for internal appl i cation 
to concrete cells 

(1 	) The sealant system should be ab le to bridge cracks up to 1. 5 mm across so to 
create a continuous fil m wh i ch will not fail when opened t o 2 rrrn du ring 
outloading. 

(2 ) 	 It must be suffi c iently plastic or elas tic not to crack when imperfecti ons 

in the structure open under pressures from t he filling or emptying of t he 

bin. A lOOt extension on 0 . 3 mm c,rack should be withs t ood without fa i l ure. 


(3 ) 	Because of high appl i cation costs, the system should be effective us ing 

3 or less coats. 


(4 ) 	Good adhesion to old conc ret e is required. A pr imer may be necessary . The 
coating must be able to withstand + 2500 Pa on a 1 mm wide crack, 30 cm l ong 
without loss of adhesion. ­

(5 ) 	The sealing system must be easily repairable if damaged. 
(6 ) 	The coating must be suitable for use with foodstuffs. Data should be 


available to show no adverse effects on direct contact with the sealant . 

(7) 	The coating must not creep or perish. 
(8 ) 	 The coating s ou ld have a s ignificant degree of abras i on resistan ce. A 


different material is accept ab le in hi gh wear areas . 

(9) 	 It is essentia l t ha t t he materi al is stable to ga seo us me t hyl bromi de or 


pho sphine f um igants and is unaffected by high C02 levels (e.g. 60%) . 

(10) U.V. radia tion resi s t ance for t he coat ing is no t requi red. 
(11 ) The coat i ng must at leas t be stable between 0-420C. 
(12 ) The t otal system should have at l eas t a 10 year l ife but it is accept abl e 

that eas ily accessibl e areas such as the out l oading cone may be rep.aired 
pri or to this. 


