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REPRODUCED msw " PENSE 5

10 August 1943

Informal Interim Report on Collapsible Containers for Petioleum Products
tora;e Tor Period of 15 June, 1943 to 1 August, 1943.

T-is informel report is intended to cover the period of 15 June 1343
to 1 a:;ust 1943 in the development snd service testinz of collapsible
coavalners for petroleum »rocucts storage. The period prior to this time
i5 covered oy Eevort lin. 757 nrepered 1 July 1943 by the Ingineer 3oerd.
4 7eorarl second interim rewort which will contain approximately the same
inferuntion as thils report is now deing nrepared by the Inzineer Board.

. period covered Dy this report is considered a trensition period
ins wiich responsibility for develorment and procurement of the sudb-
iteme is Ceing trensferred from the Office, Ciief of Ensineers to
Tice of the Quertermester General as per A.53.0. hemorandum W&50-15-43
A 'l‘ 10, 1943, The transfer is considered retroactive es of
2

7

LA T '

SR ISR Thiws -9
av s couference o5 1% Jily, 1943 %1ith the wirector oI"the. Techn.ict).l ) 3 a
srecon, Tuets and Lubricents Division, 0°fice of the Quertermaster General, !ﬂ
“:rvns ¢rcided that the Tnsineer Zoard would continue service tests now 1
“iler wey end terminate them £s soon es mossidle without effecting finel
ts. InTormetion not conteined in tais report regarding the results °
ol = tests will Ye forwarded when availadble directly to the Office ¢f the

Srertorasster General.  In edition the OZfice, Chief of Engineers was ¢
coeested £t tiiis conference to mrke a study of field failures of units e " 4
sroareed Oy fhe Atlentic Zase Section in o Field report of 12 June 19U3. a0
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T Tenk Lestioyer doord of Cemp nod, Texsrs in & renort of June
T, 2TR3 eoncluded, 94 thi cnunletion of tests of £ omuLSer AT D58, thet
2 oocLlures . LS were oot suit.blr ror use b tealr destroyer units.
D1 e tisted were pa oeerlice time of Tilokol YiY dag vaich had been
A DR o0 ST TR e g ;o‘ré t.sts, to heve ¢-finite temperature
ito. lhe av. Ground JTovees, on Yae trsis of thls revcort, Ceciéed to
“Ltter service tesatin o of sevenr rllon Vs ot the Fort Knox, Kentuelk
: . Crralina Joarda rnd coacnrred with tie recoguendetions
s.lr Dostrotrer Seord. It ie qointed sut  cowever, that thi Yags eent

. .‘I. Laa a4 b b u®

. Lot eere ol onoearlier Jeel mownich Dove since bYeen ilusruved. ” 23
®
Tt sl Torcee rteriel Comend, in p revort of Juane 5, 1943 B
: woef s qr v alt Tarce nse & seven crlloa orp with A reted
stres tl AT Te 1. ar se. in., ceastricted ~f 1.4 ounee frdric,
Lo d i Thigkol M lrtex. Toe recoarieadsiion wios, lhiovever,
1 ey 2 oe. ar o aip Tarces s poresult o7 T iloes of the séne

i

i 1 .
A, o taake t, .S, 119.4 e~
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}ge of ong vhen tested oy tae De sert Test 3rench of the Engineer Boerd
in the desert ¢t crvroximetely 110° F. smoient temperature,

[

A receat informal report I{rom the Desert Test Srench stated theat
i.iviel tests on the Kimverly-Clork glue~treated pover brgs lioused in
fasric comtolners hod resulted in successful exposurc to desert sun under
tontoraturcs of approximetely 110° F. during o three dny period. These dags
o now echicduled for intensive houling, henéling, :ncd moisture exposure
sts ot ine Desert Test Zreach.

The United States Ru.ocr Co. is furnishin: » nuaber of double-
wrlled bogs for service testing ot the Desert Test Breoach. The inslde oogs
- of Thiokol FA or MF lnatex .m construction (without fobric) housed in
roosie caateoiners. The Onis epperr to hove mossidilities vut heve not been

service tested so far.

As ¢ result of tic aldave tests it sppenrs thrt sinle walled
Thiokel Dors, regardless of the Sype of Thiokol used, will give oxnly
inited teumerature service 2aC tie Incineer 3orrd Coes not velieve that 1
twsr 97 op; can be suiTiclently improved to warre:t I rtlier testing.
S0 furtler testing of this trpe oI Yay is planned nt wresent. .

Zovever, doodle woalled Va,;s of the tvpes outlined do anpear to heve
Darcieilities and tests ol tlese trves, ms noted olove, sionld Ve continued.

A b

i

SRTY

. I50 Sellon oad 2700 Grllon Trensportable Units and 1,000 Gellon
ond 3,000 Grllon Stetionsry Units ~s Covered 5 Corps of Engineers .
Teatative Specivication T 1678.

T
0 ol SR 5! 1n’wr1u "rupror? nptwg the reraorm“ace e’ test uynite o -
Sl clucglu vvm Weing o atini: rtm voout stptedl tpettteptee urdnt copducteg ot !
& Desert Test dranch 204 not 0 en coupletcd et the t.ws the 18t interim

rigort hed boen prepared.

Iad

b

.

Tests ot the Doacrt lest Uranch heve proceeded sertisfrctorily on
1,000 allon writ of lete manufacture and o 750 @rlloa unit of the latest
20 1,000 .rlloa wait hrs successfully ield ;s soline without leakage
arocooaroxinotel:r 30 deys when exposcd to the desert cun at tomperatures
¥iing ivom 1007 to 130°7. The 750 grllon unit nrs under onc » 700 mile
vooootort Tilled with wpter from South Zend, Indisne to tr Lacinecr Bosrd,
~'iitiourl 500 nile rond test rt thie Desert Test Seciion ~nd wrs
tutaee ovir to pa oaraorc! rogimont for nn roproxincte 30 dry test in
1i01d woocuvers. Tic unit heos suceessfully withstood 11 these teots
s oacv, tocether with the 1,000 4iollon unit, Bera turnec over to on
i s 2nmort vettelion i tiic desert for fTurther testin.. Thesc teosts,
tiose noted i the lst interim report siov thesc unite to dr

1

-~

roocly oentisrectary Ior unlimited tomperature service.
~. Al .tic Znee Sretion roport of Juacs 12, 13 a0 tiar rcturl
Lol Tlict e L zhuso wnite {idicrted thot Lie st-tion~ry units were
orlroseticsoStory vut thist tne troasportrile undts hre o giv o ver poer

a e
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service ¢ mainly to eicessive, unrepairable leakace. Udon receipt of this

s revort 11 present procurement ves cencelled and two siniler units, one of !
: 2, (¢ grllon cepacity ané the otiher of 750 gallon cenrcity, rhich had been ;
solvesed Hut of & sunken ship in the same shipments es the oversees bags, )
r vrere ex:ined et the A.5.F7. Zenot »t Richmond, Virginie. No feilures were -
. =w-arent on visual inspection end it was decided to test itie vnits further !
g, ¢t > Li_ineer Board. These tests are now under wey. It wes decided, 4
- ~yever, thet the failures in nverseas units were due zeinly to two feults: k
L {1) ILawroper curinz
‘f (2) Poor seem coastriction

A third worsivility, feultr weclfing methods weas erlso delieved 2 contributing

: couce 1a Jrilures. Improper curin; and poor seenn construction hed been found,
" thiran Y service \.es*lnb or the Znzineer 3nard to be uanferl ing ceuses of

[- f0ilure ol some of the first wnits tested by the ‘ngineer -ocrd. 3ota of

( thesn verlinases 4o

ve since Veea corrected ss evidenced by the recent
suacnssfrl service testing of wnits ot the Desert Test Section. A method
0. ~reking hies £1lso been develnsel tlict will reduce criticel pecking fplds
to ¢ winizum end protect these folds with reinforcing mrterisl. Relief

woLlves Leve veen reCesigned onl tihe size of the intake onening increesed .
r e M GG sy conclu@ré tai s %rore units should sivé setidf: c;ory perforTrngé .
q . AMIEE "hc:n.dltl-)n« for) vhick L.u *xhit\ vere dculghcd )

“ o " .; .. )
- -

Ch 21.0CO uellon Storagp Unit

5 -2ie¢ collensiodle wnit 'vich is cesigned for insertion into enrthen
A cuatsoiners is nov Deinz service tested at the Ingincer Soard end has euccess-
( r2ily pesscd o oorcliminery vater storege test. it is designed for desd-ond
P ingertion ianto & »Hine-line or for vulk filling from tank cers, truckl cte.

- e 100,000 G-1lon Storsgze nit

B Tis unit Yrs bren successfully instrlled in - rooden-walled

contiin v it Lingley fFicle, Virginia cac is being uscd ror 70 octenc gesoline
stors ¢ 'titzout trouble. Tac sizc of this unit, howcver, prohidits its
suufecturs on ¢ very lerge —roduction serle.

S 57,000 > llon Undercround Starage Units

Zive brze, epca of 9,200 z0llons eavpecity heve ocen inserted in &
9 St bmoer undersround contriner in high ground water uvnder 4 feet of
; r*hin oer at e Homisterd, Florids air Field end tie unit is now being
Tt . This unit is designed ~s e sudbstitutc for incerground strcl tanks
cod iy dntenlod %o relense critiecl sterl foir other nurpos:s. A vooden
cootsacr of simnlificd cesin is nov under teet ~t the Jazin-cr Dosrd,

(
=, Fronascd Zagincer Cotrd Irsipns.
\ Service terts of vaite Yelieved br the Injincr Sorrd to b more ]
tliToetory thsn trecent units in the 750 orllon to 3,7V grllon clrss have X
iat L ainitintcd to date. The Zngincer 3arrd Le orocuriag one 750 gallon
' cn s 3,070 ==1lon unit, boti of newv dcsiym, for tersting. ‘
s
-3- :
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N
~f If sor-ce fests nre sativfaguery sidler uaits should be turnes over |
bt o Arvet Grows’ Force and Qu a*terW’;her Toards an? uy air force Training units ;
;. o fecide e tyres they refer., “n the meantime, vnits coveved by Cor:s of §
X Jiinpers Snecificaticn T 1673 s'iould be -rocured e ¢ stondardization initiater E
Ge  lovy Daccpdnent, Dureau of fesonauties :
] ‘e urecu of leronsuties “os successfully develoned a 550 gallon cell h
I T ishel immregnated fabric, 3 ft. in dizmeter x 10 ft. long eswecially adapted g
a» ovie ivooadirs to fit along cocy side of starderd 33 ft, rearning scows. In i
Diitien o ocell ef sinlor Cesiza, 2,000 gallons in capacity, 52 inches in diamete X
i 2 LF PSS jeiy Eap Eserwil @ -1cht -reig:t woven flotation fraze as a tov vnit has w4.¢;
- el devele cu.  Neither one of tete cells are conteined in ontside housing, b
f. Sl o vE Cer anderveter storu;e a3 also beex developed., :
Lo cdx Jomees eieriel | Cumannd, Cowight Field, Nayton, Ondo "
( Vrisht Field has develoned tee folloing units:
(1) 220 sallon {or trmy Lir Force, 2 “Theal Utility Trailer
(2) 550 rallon fo: 1 ton Crnarcc Trailer
(3). &0 mllonfe= 5 %8y B t6n triek

1,000 sallen swationsry storagz u it similar to thae ove 'nder nrocurement under
q Sovma WU Taniac.rs "ontative Soecification T 1878 tes also been recoiniended for
’ S oLervize Coree woswrenent.  Itess 1, 2, and 3 above ave of single bag design,
a1

itheut housirss and service tests to daie hawe shouwn thon cuscontable to excossiv

r

I, _4.fallon Drums

R B g Jivstr inforim “'35r+yof't.u Zhcipcow Doard sooted thad no specifig.
i - Fa S i 4] u.'."'..‘.‘.‘. O raludn &run, u¢hcc-""~n, ‘i@, a troatod)55. ¢

. =108 woor Lup hes by S e VY, IR was PY1led Yith 'uuoﬁ\né and ts buiﬁﬂ civun
wxostre tost ae the nrosont time. Nox type units ando of wood aro on order
v ohdsiicer iller Lumber Co, ol Metheada, Md.  Thosc 2+o barrol and half-

ool sizese e nanufacturcr 08 wde mumerouws orolindnary tosts and if his

Gy sorroet Bt 1S Leldeved tvﬁt 135 products rill have considerablo

' i frot 5 gallens to 57 grllons,

o,

.~ bean

o3

K~!

R RSP Y MR O L o U )

Fo g aeailable for Pust ar Testing

{ I fc- oiriyg wirils «ileh vne Fither on hand oF waler order by
BT Gt okl Ane g0k fow Rurtiwr Rositew

e O vsed housine 750 =allon (originel Cuvien)

Be Oa. wansed 750 go llon bag (imdroved dosi-n)

ga  Taeeeornlle swesd B, Teg pavlon units (orisiwl cemign)
4 Se Sy pataEnha® 0 m1lon uiit (§1weved foiin

. 01 st by Ve Twser t .r aeh
ge 0. yaddlsolT il e ] 000 zallon wxit (o+i i:al cdoudisn
Uit Boe. b B Ten ra) on tust by “ho Do.ont leat scetion

£ wht emsad 3,000 gellen ik of o A Tidas.r Zeand

: 2 AOn don EpdEy

-
S
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e Oie unused 750 gallon uzit of 2 new Znjinacr onrd design
on order

2. 0ac connletc unuscd 300 gallon uait proposed by
Siructiforn Coe of Chicago, Illinois.

=+ Onc used housing of Engincor Board design for a 2,000

zallon uprit.

LS IO

e T tallon Rags

re dagle valled bags inrcgnated writh Jhiockol » nurdless of the
lght of cuek used will have the following anproxinate liiited scrvice:

2. Thio"ol !F latcx bags = 20°F to #00°
b. Thiokol FA bags - 20°F to ¢ 90°F
g, Thiokel N bags 4 10F to + 90°F

2. Doublc wallod bags rith outside fabric housings and inside Bag [

s Buet A Eab hinbcrly-CTark gluc trcated wapor bags and the L, S. Rubbor
y m1dokcl gum bags aopear to 1ﬁvb unllnltqd Loaperatume posw b111t1c:. 2 2
y - . . kf. k“ ¢ ...3 PN 4 9
3 Nk GnIlo" L _‘pﬂd Gullun Uni tu < PCTe COrps: ¢ of EnyL;;:zg 2 =

e “tutiVu accificaticn T 1o78)

1. Thosc urits have been improved and weaknessos as noted ia tﬁo
“nti 2as. Scétion report of Junc 12, 1943 corrccted and it is now belicved
Lot those units 7ill egise saulafactory, unliaited scrvicc thrcoughout all rengos

-  aryaeen Sragea
UIowl IDCTTUUTCe

3. Eulk “torage daits in tho $10,000 Gallon Clasg

1. “ecsts te datc have indic. ted that collapsiblc bags can bo satise

Tinlorily sascrted in ell types of inclosures, snccifically in open carthen in-
Slesn 24 zbove cnd anderground woodcin storage tans and all of theso types
I i -l (GRS o T/O vsc, conscrve shipping space, and have a high degrec of

ghilt vy, call conserve eritical. svecl,

RPN L IETRR AT
) . ] Tv o)
_.....__..

- ——— ——

e It is r.commcndod that:

fon . m:ide through ‘icudquartors, Army Scrvice Forces vhotho
7 gllon bag is ro aLlrod fo: T/0 usc,

2, Iiwvsiigation and tcsting of double=rmllcd 7-gnallon bags bo pushod
taz . coaclision. If tusts arc sucecssful, suwantitics of thesc bags should
oo Ty o turnad over to Qe wartermastor Genorel, Jray Cround Forecs, end

o Comcos vnits Jor t.sts of utility in specific onor tions.
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3¢ lcadyucrters of Army Scrviec Forecs should be re-uvested to male
Soalfliits stat.went o the necessity of non=stecl, small canacity containcrs
to curploment e stock of 5 gallon stcel canms,

4o Imacdiate stcps be taken to initiate standardization of the 790
1lon ad 2,700 gellon *Fansoordobl. units and the 1,000 gollon and 3,000
{2llen stotichery storags units as eovered by Carps of Zagincers "“entative
EncetEieadien § 1S70s
: “osting of pronoscd Enginc.r Board decigns in ihc 750 gellon to
3,000 ¢« 11on closs be nushed with the object of det.riining their utility as
coww:;ud TR .’ltS of sinilar canacitics as covered by Corns of Engincers
Tontative Spoeification T 1672,

o. Iaformetion on collapsibl: bags uscd in bulk storzge units of the
410,070 rollen class be cireuvloted te the £icld and noe’'s for units of thesc
™23 Lo conscrve eritical stee) determined,

.;

J.’-

7. “Tooden boxcs in tac J gallon to 55 gallon class as proposced by thc

cooacer Miller Tuaber Coe of Bethesda, !aryland be thorourly investigated. .
8. licposition bo made of the various test units noted in poragraph “J®
wsr e heading of "Discussion® ia this roport.

/s/ |
' b ! [] q J .‘, I Y‘r G R

E X - $ o _' 'A—--_ﬂ . ‘!-ﬁﬁ "',"W* A:;-- ‘orw

' - “Equipment Developdent Branch, .
Enginocring Division.

/ﬂ/ )
e i{s WoPhcraon,

Chi:f, Pnoumatic Zquipmcnt Sootion,
Bridgo Branch,
Engincer Board

GHIISSYIONY)
] ;
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SYLLABUS

This report covers the investi_ation of collapsible fuel
containers for the period of 19 September 1942, to 17 June 1943.
During this neriod collapsible containers of 500 to 30UV g~llon cani=-
cities desi’ned by the U, 7. Rubber Coivxany and the Trunsportaticen
Corps viere investijated and tested. s & result of this investiation
specifications und dr:iarings have been prepxred coverin, fowr siuzes
of contuiners having capacities of 750, 1u00, 70V, and 3000 ;allons.
The report reconiends tiv.t these desi ns e considered satisfactory
for »resent contemmlated procurcicnt. llovwever, it is aparent that
the desicn of these contuiners can be improved, aad this report further
recoiviends that the proposed dcsi_ ns be tested with the kast mossible
delay. One-nan containers of virious desijns and nade froam various
materials have ulso Leen tested., Tt is concluded thet this size con-
tainer is ¢ desirable unit, althouzh it is wot sitisiactoryr at its
present stuze of developnent. It is recommended thet the present test
progran be completed but, if the results cre uns:tisfzctory, the ro-
ject be droppeds The investiation of 55-:21lon containers and 21000-~
callon stor:ge units has only recently been started. There are sufii-
cient possibilities apjx.rent that the develomment should be continued.
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1. SCOFL OF RLFORT S R

1. This report covers the investigation and development o .'.-'.-j-I_w;-Ij}
work on Collapsible Fuel Storage Containers from the period of 17 R e
September 1942 to 15 June 1943, The containers investigated can 2 4, g
be divided roughly into five main types c¥ clussifications. ‘iith g =
the exception of the §5 zallon drum all contdiners are collapsible.

It i3 poscible that the 55 gallon drum may eventually be made
collapsible but investigations to date indicate that a more ser-
viceable unit will result from the rigid container. The five types

are as lollowss ) o

a. 7 Gallon Bag. ~ To be considered as auxiliary to the w8 i
5 gallon metal Blitz can, P S |

b. 55 Gallon Drum, ~ To replace the §5 gallon steel el
drum, ’ e
® [

c. Statipnary Bulk Storage Gontainers., - 500 to 3000 o

gallon capatities;

d. Transportable Containerss; - Trucks and railroad cars,

e. GStationary Bulk Storage Containers. - 5000 to %5,000
gallon capacities,

-1
e

2. Llthough the contuiners are designed primarily for the
storage and transportation of gusoline, nany other liquids can be b
safely handled in them, The cells will withstand the highly aro- . . o ‘
mitic fuels produced in the Near Last (up to 407 aromaticity) as :
well as the liquids shown in Table I, Appendix "i",

11, AUTHOQITY

S§. The development prograa is being carried out under the
following directives;

a, letter fron the office, Chief of Engineers, dated 6
October 1942, subject: "Procurement. of Iapregmted Fabric :
Fuel Cells", file 457 SFESD, to the Commanding General, A.S. F,, ] ® (
requesting that the Chier of Engineers be designated as the
agency for the development and linited procurement of collap~ ey
;ible fuel containers. The reusons for this reqyuest were tiio- 2 ey

old., o

(1) The 0ffice, Chief of Lngineers, was acting as ) '. ' (
the initial procurement agency for collapsible containers f oL o r
for Task Forces through the Transportation Corps, and

(2) The Corps of Lngineers had previous experience
on similar aaterisls used in pneunitie equipnent,

-2.-
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b, 1st Indorsenent from A,S,F; to the 0ffice, Chief of
En;ineers, dated 9 Qctober 1942, file SFRIM 457,

¢, letter from the office, Chief of Engineers, to the
LCngineer Board, dated 26 October 1942, subject, "Impregnated
Fabric Fuel Cells," file SPESD 457.

d. Ietter from the Engineer Board dated 19 November
1942, File 417 (BR 372) to the Office, Chief of Lngineers, on
the subgect "Impregnated Fabric Cells", and lst Indorserment
thereto dated %7 November 1942,

e. letter from the 0ffice, Chief of Engineers, to the
Engineer Board, dated 30 March 1943, subject "Cells for Stor-
age of Petroleum Products", file SFESD,

f. letter from the office, Chief of En;ineers to the
Engineer Board, dated 24 lby 1943, subject "S55 Gallon Fuel
Cells,t File SPESD

III, PREVIOUS INVESTIGATION

4, The investijation of Collapsible Storage Contalners prior

to thz period covered by this repert may be summarized as follows:

a, Commercial Investigation. One of the earliest con-
ceptions of collapsible fuel containers is covered by a U,
Se patent (No. R10R5,90) assigned Lo the Glenn L. !Brtin Com—
pany. The development is known as the "lhreng" cell, and this
name is an abbreviation of !ARtin EllGineering Company. The
patent primarily covers cells for use in aireraft although
other uses were foreseen, One of the principal claims cov~
ered by this patent is that the inner fuel holding unit is
larger than the outer supporting ctructure,

L. Army Adr Corps. An investication of collapsible
fuel containers has been urder vay at "iright Field since the
early part of 1941, Reports from liright Field dated %2 and
23 January 1943 cenclude that small transportable units are
both practical and desirable but that the idea is not practi-
cal for very large units,. (See Appendix "B" for complete
report ).

)

[ ﬁv,t epartment,, Bureau of ieron2utiecs, -~ A recent
report dated JO Iy 1943, states that transportable units up
to 3000 gallon capacity are entirely satisfactory. Develop-
ment of units of various sizes is continuing by the Bureau
of heronautics,

K IR




d. Investigations Concex‘wt{ Specificallx With 4%, Aro—~

matic Gasoline,

Se

(1) other PMederal jrencies. - The llational Bureau
of Standards and Naval Research laboratory have studies
the effect of 40f aromatic gasoline on various materials.,
The investigation is primarily oconcerned with lining ma-
terial suitable for bullet proof fuel tanks in military
aircraft,

() The Thiokol Corporation has developed the syn—
thetic rubber known by the trade nane of "Thiokol". The

principal use of this synthetic is in the manufacture of

equipment which handles or comes in contact with gasolines

ard all types of oil. Its ability to present the action

of these solvents has been its outstanding characteristics.

The principal disadvantages are its m1dflow properties
and the fact that it is thermo~plastic. Thiokol Corpor-
ation maintains a laboratory which is constantly striving
to improve the product and to find new uses for it.

(3) Permanent Rigid Tankse The Rwreau of Yards &
Docks of the lavy Department and the Construction Divi-~
sion of the 0ffice, Chief of Lngineers, have installed
numerovs underground storage tanks of exceedingly large
capacity. Tanks built by the Burean of Yards and Docks
have been of prestressed concrete design whereas those
built by the office, Chief of Lngineers, are of rein-
forced concrete, It has been found that these storage
units can be satisfactorily coated with Thiokol Iatex
dipped fabric and Thiokol Tyne FA sheets,

(4) Semi-permanent Tanks. The Construction Divi-
sion of the Corps uvf Lngineers has installed at lHome-
stead Field, Florida, a 50,000 gallon tulk storape tank,
This consists of five separate Thiokol coated fabric
cells supported in a heavy wood structure, The cells
are connected externally. The unit is designed for use
underground. A unit of 100,000 gallon capacity has been
installed at Langely lield, Virginia, The container is
a single bag 1R' x 241 x 48! supported within a ri;id
viood box, It is also made of Thiokol coated fabric.
Neither of these units has yet been placed in operation.

IV, PRESLNT INVESTIGATION

This investigation oi' collapsible fuel contuiners began

with the initial procurenent of cells for use by Task Force A. The
procurement was initiated and completed without thorough testing
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by any goverrnment organization.

6. The entire quantity of cells were furnished by the U. S.
Rubber Company and consisted of the following quantitiess

Size Quantity
500 gallon 500 units
750 n 1000 ©
1000 " 1000 ©
2700 " 200 ®
3000 " 200

7. The basic design of the 2700 gallon unit was worked out
by the Transportation Corps in conjunction with engineers of the
Ue S. Rubber Company at Camp Claiborne, Louisiana, in October, 194<,
The unit adopted was designed for rail transportation and vas given
a 700 mile rail test filled with varying amounts of water. The
750 gallon truck-mounted unit was patterned after the 2700 zallon
unit,

8., Liaison was established with the Transportation Corps,
the Quartermaster Corps, and the Ordmunce Departremt as potential
users of this type of equipment within the A,S.F. Liaison was also
established with the Bureau of Aeromautics, Navy Nepartment, the
IBterial Command of the Army Air Forces at 'right Field, and the
0ffice of the Air En.ineer were definitely interested in the dev-
elopment,

9. 7 Gallon Cell, The original design of this unit was sub-
mitted by the U. S. Rubber Company, and had been inspected by the
Transportation Corps. The unit was made with Thiokol Type FA as
the gasoline resistant material, 250 units were ordered for ship-
ment to Fort Bragg, North Carolima amd 5Q to the Lngineer Board
on 29 September 1942, Upon receipt of the test cells at Fort Bel-
voir, it was immediately found that they could not be considered
as serviceable units, It was practiocally impossible to either
fill or enpty the cells, and even when filled with considerable
difficulty, the pouring spout could not Le made liquid-tjight.
These early units were made with the pouring spout as an integral
part of the bag. o B :

10, Other rubber manufacturers were requested to present
their idets on suitable bugs having the spout nade as an integral
part of the cells, #ill sanples submitted ere found to be unsatis-
factory. ! discussion of the problen vas held and the vieus of
the Jwrtermaster Corps, the Transportation Corns and the Ordmance
obtained, /s a result of this discussion it was z;reed tlit the
adoption of a metallic bung or closure would te an immedicte solu-
tion to the problen. Gince flexible pourin; spouts were already
an item of issue for use with the steel can, it was agreed that the
closure must be of such design as to permit the use of the flexible
spoute
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11, <50 new bags were procured from the U, S. Rubber Company.
The closure used was sinilar to the metal bung used in a 55 gallon
drum. It was of the screwed-in type and of such a sigze as to per—
mit the use of the flexible spout. The gasolire resistant mater-
ial was Thiokol Type FA.

12, 100 of this group of cells were tested at the Engineer
Boards It was found that this type of closure could not be made
liquid-tight unless great care was exercised in closing it with
a wrenchs A vrenchj or tool of sone kind, was also required to
open it. Although the closure was unsatisfactory, the 100 bags
were given a 5000 mile road test. During this test 365 of the bags
failed due to improper design. These failures were in addition to
the difficulty exrerienced with the closures, It was also deter-
mined that a bag having a L her bursting pressure was required,
I1aboratory tests on the .aterial ind cated that it was sufficiently
resistant to the action of gasoline, £11 laboratory tests were
conducted with 40% aromatic gasolin: but road tests were conductedd
with 80 octane fuzl,

13, 100 cells werz forwarded to the Quartermaster pard at
Canp Lee, Virginiu, for tests. As a result of tests by that or-
ganization it was recormendec tuat the filler cap be improved and
that the design tc chan .7 sc as to nernit the us~ of present
awxiliary equipment. 7 ip2iied specifically it Jitling with
the vhistling ty.c dissonsing nozzle vthich was ir voo 2t that time.
Other changes were re~orinznaed out these had alrescr tzon adopted
as a result of other tcsts, i lthoush more tine as regquired to
f£i11 the bag than the n2tal :an under blackout condivions, it was
considered to be more cervice: ole, viould permit “.ransporting approx—
imtely 16% more asoline on the Ze-oton truck, ©nd required about
one seventh of tle space when transported mpt 7/~ (For complete
report see Appenuix "R'),

14, o relicble igures were availaiblc o the quantity of
bags which would = re uired if they could i »n-~ven satisfactory.
However, there urmearsd to be a possibilit: o ‘cjuireuents for
5,000,000 Le.zs oy e st cunpter of 1940, Thi o~nY 3 re -
mtei.!’ 6, .J,00 rowz of Thiokol FA or ~ihe:: uvxlthbulxc‘cgtﬁ:rir?ppmx
Contact with U .vousht out that no such quantities were available
unless Thiokol Ty:e N could be used,

15 An adiitiponal 100 cells of an inproved design and nade
of a Thiokel 'l ¢. rund were road tested. It vi.s found that a
reinforcenz-.i, »Hit-'. " uan required on tie buck of the containcr
under the ciosur. to. that when this wus 2pplied failures would
be under %. in > les, Container tests made ut lov tenpera-
tures in the Chryroier Li.vorciories in Detroit proved tihat & con—-
tainer rmude of Thiokol I could not be used at tenperatures of 0°
Fo 2ncd below, Tests nade br the Ingineer Joard Nesert Test Branch
proved thit the bags would fail within a »eriod of five hours
when used at temperatures occurring in desert country. It is be-
lieved that the maxiaun safe tenperature f>r Thiokol i type con-
teiners is 90° T,
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16, . large number of manulacturers of rubber [oods were in-
terested in this development. 1In order to take full advantage of
the research manpower of all these organizations without the ne-
cessity Hr a separate investigation of the ideas of each, an in-
formal industry cormitted had been set up., 4 representative of
WPB was also on the committee and close liaison was maintained
with the Quartermaster Corpse.

17, The dewelopment appeared to divide naturally into three
separate problems as follows:

as Container design.
b. Closure design.
Ce Compounding and Processing.

The industry committee was therefore divided into three sub-committees
to act on these separate problens,

18. As a result of the wrk of these committees a container
which will meet the requirements and can be readily nanufactured
by a large number of manufacturers has been designed. An excellent
closure has been developed although this is yet to be approved by
the Quartermaster Corps. From the compounding standpoint, it has
been determined that a container made of Thiokol N would have only
a linited use, It could mot be used at tenperatures of 0° F. and
below nor at approximately 90° F'. and above. (See Appendix "Bt
for report Ly Desert Test Brench of Lngineer Xard). urther in-—
vestigations by the Lngineer Yard of conpounds suggested by the
committee proved that Neoprene compounds were unsatisfactory.

19, It was obvious that a container having this limited use
was undesirable, Contact with WPB brought out that, beginning
about 15 August, additional plant capacity for the production of
Thiokol FA would be in operation., It was estimated that approxi-
mately 200,000 pounds monthly could be diverted for use in these
containers,

20, It was concluded that the containers would be entirely
satisfactory providing Thiokol FA would stand up under desert
temperature. Tests on large cells made of Thiokol FA had been
satisfaclory at R®5° F. Additionzl ocontainers were iamediately
ordered but these have not yet been delivereds In addition to
testing these at Nesert Center, sone will be subtnitted for the
aporoval of the A,3,F. and the Quartermaster Board, It is planned
to submit containers made of Thiokol N to the A.G.F. but those
furnished the Quirtermster Board will be made of Thiokol FA,
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21, Various other iaterials have been investigated in this
development, Of thege, the two which appeared to warrent further
consideration were Thiokol Iatex and & glue-treated paper imater—
ial manufactured by Kimberly-Clark Corporation. It has been in—
formally reported that the Army Air Corps has found Thiokol Iatex
unsatisfactory in desert operations, Recent tests by the Desert
Test Section of the Enzineer Board verified this conclusion. The
glue-treated paper bag must be contained within an outer canvas
container, Units are on order for testing throughdut all ten-
perature ranges. (Qne ocontainer was filled with anvroximately 7
gallons of gasoline and carefully weighed over a pericd of four
weeks. At the end of that time, it had lost less than two
liquid ounces,

22, Ore material required in the manufacture of the required
glue-treated paper bag is glycerine, which is slightly critical at
the present.time, The Department of Agriculture has advised that
about 1,000,000 pounds of glycerine would be available during the
balance of this year for this equipment,

23, Possible Production of Seven Gallon Containers. #s a
result of investigations carried on to date it can be stated that
an unliaited number of containers can be produced having a defi-
nitely liaited use, These would be m2de of Thiokol N and would be
satisfuctory for use at temperatures between O°F and 90° F, lanu-
facturing difficulties nust be expected when Thiokol N is used,
This is due to the difficulty of processing the material plus
labor pnroblems which will arise because of the extremely disa;ree—
able odorof the :aterial,

24, Dependent on tests now in progress, it is believed that
containers having unii:ited use cun be wunufactured at the rate of
approxirately 500,000 units per nonth by using Thiokol FA,and jlue-
treated paper.

25, 5§ gallon Drun. The directive to develop a 55 ;allon drun
made of less cuitical materizls than steel is the nost recent di-
rective. It is believed that this drum can be constructed of wood
or plywood without an additional inner container. Preliminary
rnodels have been ordered but not yet received.

26, Statiomry Storage Co.tainers. Containers of 500, 1000
and 3000 gullon capacities have been tested at various places and
by various organizations., A4 brief description follows:

8. 500 Jallon Contciner. It is constructed of an
inrer cell of open weave fabric ‘thich is codted both inside
and outside with a loyur of Thidkol. The unit rests ona
ground cloth of heavy cotvton Cuck and is surrounded by a sleeve
of the sune naterial, ~hen eupty, or partially empty, it is
supported by pickets placed around the supporting duck sleeve,
The filler cap is held up by .eans of a rope tied to a support-
ing menber which rests on two opposing pickets, Photogruphs
are shown in Appendix B.
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b. 1000 Gallon Container. This unit is identical with

the 500 gallon unit except for size., It weighs 265# and has
a cubage of 23,85 cubic feet,

€. 3000 Gallon Container, The inner cell is fabri-
cated of the same material as the 500 and 1000 gallon sizes.
The supporting sle .: is replaced with numerous interlocking
plywood panezls which gives a nwuch rmore rigid structure, It
weighs 945# and has a cubage of 61,4 cubic feet,

27« Various units have been tested at Fort RBragg, at Camp
Iee by the Quartermaster Board, at Richmond, Virginia, by the Di-
rectorate of Base Services, by the Desert Test Section and :loun—
tain Test Section of the Engineer Board, and by the Engineer Board
at Fort Belvoir,

284 Since these units are similar in design it was believed
that a testing program could be concentrated on the 500 gallon
size., These tests irdicated, in general, that such cells were
satisfactory and desirable although details of design required re-
vision, It was agreed by all concerned that the 500 gallon con—
tainer was too small to be of walue for practically all operations.

29, As a result of these tests it was found necessary to in-
prove and enlarge the filler opening. This has been increcased to
a full six inches and has been redesigned to be leak-proof., The
vent, filler cap and manhole have been combined into one unit which
is the same for all of the bulk containers, Both the 1000 gallon
and 3000 gallon units have three inch outlets at the bottom of the
cell which pernit emptying by gravity. Unless the containers can
be placed on an embsnkment it would not be possible to fill ve-
hicles by gravity except when the unit is full, Five gallon metal
cans can be filled by gravity because of their low height. Tests
by the Quartermaster Board also concluded that a more desirable
method of supporting the top of the containers when only partially
filled was necessary, This has also been done.

30, The 500 gallon cell has been used by the Mountain Viarfare
section of the Engineer Bard at temperatures as low as =R5° F.
Cells of 500, 1000, and 3000 gallon capacities are now in use by
the Desert Test Section of the Engineer Board and results to date
are satisfactory,

5l 1lgmterials Required, Thiokol Type FA has been used in the
construction of all cells tested, It has proved to be satisfactory
in all tests to date, but those tests mow being conducted near Des—
ert Center must be conmple ted before a meximum operating tenperature
can be determined, The following table gives an approximation of
the amount of Thiokol FA rejuired per container;

S

B R

------------




Ry i
Size of ggm;@* Pounds Thiokol FA

100Q gallon 105 pounds
3000 o 195 v

At present, 175,000 to 200,000 pounds per ronth of Thiokol FA are
available for this developinent which includes the statiomary units,

32, pPresent Status, Specifications and drawings are com-
pleted for botn the 1000 and 3000 gallon units, Iowever, it is
not to be inferred that the designs should be considered fimal.
Other designes are available and are believed to be superior to the
present ones, Although they are believed to be satisfactory,
further testing is desirable,

33, The propesed designs are similar to the 3000 gallon
water tank already in use, Both these sizes are complete units in
themselves and do not require any additional duck or plywocd
supports. For this reason they are more compact and can be install-~
ed or dismantled in less time,

%4, Transportable Containers, For the transportation of
gasoline by both road and rail vehicles, two collapsible ccutainers
of similar design have been developed. A unit of 750 gallon capa-
city can be mounted on the 24=ton truck, The rail unit has a
capacity of 2700 gallons and four of these can be set on a standard
gauge flat car to give a total capacity of 10,800 gallons,

35. Rail Unit, The 2700 gallon unit was designed and tested
by the Transportation Corps at Camp Claiborne, louisiana. One of
these units vas given a 500 mile road test filled with water at
Camp Claitorne ard additio tests were made at Fort Delwvoir using
g@soline. The units showe signs of failure as the result of
these tests, Experienced railroad men said that the unit vas handl-
ed as roughly at Fort Relvoir as it would ever be handled under nor-
ma). operations. Only minor design changes have been made on the
originmal Transportation Corps unit. These have been made mainly
to reduce wear and to simplify assembly.

56. Design., The fuel containing unit consists of a cecll
constructed of Thiokol-coated open weave fabric with a suitable
outlet and inlet, This is supported within a readily assembled
plywood container of eleven sides, Plywood bulkheads at either
ends of the container are held together by tie rods spaced at the
intersection of the plywood panels. These rods take the stress
set up by surges in starting and stoppings The pressure on the
plywood panels is resisted by four steel bands which surround the
units and which are tightened by turnbuckles, {This unit weighs
3126 pounds and has a cubage of 115,3 cublis feet,)

37 2%40n truck Unit., The container for use on the 2‘91;-ton
truck 1s identical in design to the 2700 gallon unit except for

being smaller in size. It weighs 1115 pounds and has a cubage of
605 cubic feet,
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38, Tests with Zé‘dl‘on Truck, This unit has been tested by

the Quartermaster Board, the Engineer Doard amd by the Desert Test
Section of the Engineer Board, Some design changes were recommende
ed by the Quartermaster Roard and additional changes were made as

a result of tests at Fort Relvoir, The unit was transported a dis-
tance of 5000 miles over rough roads at Fort Belwir, The test

was conducted with the cell completely filled with gasoline for
about half the run and half full for thie remainder of the run. No
damage could be detected at the end of this test, Under desert
oonditions, a unit was road-tested for 500 miles by the Desert Test
Section of the Zngineer Board and then turned over to a zasoline
dispensing company for actual use, The unit is still in operation
in the California desert,

59, W. Although specifications and drawings
have been prepared gn hoeh the 2700 and 750 gallon units described
above, it is beliswed that these designs can bte greatly impreved
and simplifieds

40, A unit of 2000 gallon capacity has been desigred and con—
structed for use in multiple on all types and sizes of military
railroad carss This unit will be more readily assembled and more
rugged than the present 2700 gallon unit.

41, A unit of 750 gallon capacity consisting of an ellipti-
08lly shaped bag and with no other supporting structure hus been
given a 5000 mile road test with water at Fort Belwir. The test
was made as severe az possible but only minor reinforcements were
decided as being recessary as a result of this test, This unit
requires approxirately 20 cubic feet of shipping space and can be
set up in a 2g=ton truck in about fifteen minutes, A second unit
1s being made for test in the desert using gasoiine.

42, 21000 gallon Storage Containers, Three containers of
21000 gallon capacity are currently being procured, These are made
of Thiokol FA coated fabric and are so designed ae to require no
rigid supporting structure, They are designed to rest in an earth
excavation made with sloping sides. The angle of the slops vill
be the natural angle of repose of the s0il., Some arrangement is
required to support the roof of this structure such as a cuteniry
cable supported from two poles at opposite ends of the cell.

45, The first such unit will be installed at Fort Belvoir.
The other two units will be tested by the 3Bureau of Yards and Docks
and the Army Air Corps.
V. DISCUSSION

44. Genersl Features,

8, Gemneral Requirements., Collapsible Fusl Storage
Containors arce not as ru;ged as steel tanks erected for
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1 i
permanent use! Thid must Le necessarily so because, to meet It
the requirements, théy must be light in weight and readily o ¢
ard easily assembled and disassembleds DBecause of their ex- s, Lo B
treme portability, they can be used as transportable units
or for ground storage. The 750 and 2700 gallon units will
serve equally well for ground storage or for transportation, .
the 1000 gallon unit can, in an emergency, be used to trans-— 3
port gasoline in a trucke Its capacity is such that it 'ill o
overload the 23-ton truck but it can be used safely on one of 2l
larger capacity. The 3000 gallon unit should nct be considered
as transportable, Probtably the most inportant featuvres of
these cells is the small shipping space required and the nini-
mun time required for placin; them in operation. - -

b. Hilitary Requirements. Collapsible I'uel Storage Con—
tainers should have the followinz military charccteristics:

(1) Ability to store many types of liquids, includ— “EF Tgm
inz pasoline of 407 aromaticity without serious loss by S Tall
diffusion, and without serious contanination to the stored °
liquid,

(2) Small cubege in knocked-down condition to con-
serve shipping space.

(3) Minimum time required for assembly and disassemhlye L
(4) Adaptaldlity to camouflage,

(5) Light weight for ease in handling,

(6) Sufficiently rugged to withstand rough us 8gte L
(7) Designed for emptying by gravity or puaping.

45. Adwntages and Disadvantages of the Various Sizes.

a. Seven Gallcn Container.

(1) idvantages. These are summrized as follows:

(3) “‘hen empty, requires abtout one seventh of
the storuge spuce neceded for 5 gallon cans ol equrl =
capacity. -

(b) Light weight. This permits haulin; about
17 more gasoline on a Ri-ton truck.

(c) ill withstund rougher handling and higher

pressures than the standard 5 :allon can. Bursting
pressure should be 180 pounds per square inch.

- 12 e




(d) Can be suspended from many points about any
vehicle,

(e) Quiet operation in handlingj,

() Disadvantages., These are summarized as follows:

(2) longer filling time required with whistling : - -
type Jispensing mozzle. This probvably will not be I roae
true when using a nozzle with the automatic shut-off N T

in “he throat.

l.\
v O

(b) Bags must be suspended while being filled, '._-.'_-_.'_;_.;'
(¢) Longer time required for emptying. . .-'~.-‘:ﬁ::-;

(d) Approximately 2% rmore space required to ) [ o)
store filled cells than is needed for S5 gallon cans,

Se 55 Gallon Drume Since no tests have been made on ]
units of this size nothing definite can be said. However, it ]
is believed that a drum can be developed which will be equally
as satisfactory as the 55 gallon steel drum. Its principal
advantage will be that it will conserve steel.

[ A
@
9,

do Statiomary Units. SR
(1) Advantages. |
(a) Readily dispersed over storage area,

(b) Adaptable to camouflaging,

(¢) Can te used in conjundtion with existing
pipe lines and other types of storage tanks,

(d) Portability,

(e) Can be nlaced underground above water table
in stable soils.
(£) nReadily assenbled and disassenbled,

(g) 3orell space required for transporttion,
(2) pisadvantages.
(a) lot as rugced as permanent tanks,

(b) !bre expensive than welded or tolted steel
tanks,




es Portable Units.

(1) ndvantages,

(a) Used for either ground storage or transe
prortation,

() DBecause of ease in handling, transportation
vehicles will not be tied up,

(c) Smll shipping space required,

(d) Transporting in covered truck does not dis-
close nature of contents,

(e) Can be used with existing equipment.

(2) Disadvantages,

(a) Less rugged than permanent tanks,

(b) More expensive than welded or bolted steel
tanks,

46, Requirenents of the Gasoline Nesistant Mpterial,

a. Contamination. Tests conducted over a perlod of time
b the Naval Research Jaboratory amd others have rather defi-
nitely determined that fuel contamination due to extracted
material should not exceed S mgs/per 100 mls, for airplanes and
10 mgs/per 100 mls, for automotive vehicles, Tests show that
the contamination approaches zero after about five days contact
with the gasoline, This will generally mean that there will
be no contamination of the gasoline after the bag has becn used
a few times, A graph showing the rate of contamination is
found in appendix A,

b, Diffusion, The pernissible rate of loss, or diffue
sion, of gasoline througch the cntainer material i< an arbie
trary figure, It is believed that if this diffusion did not
exceed 0,15 fluid ounces per square foot per day, the materiul
would be satisfactory, Transforning this into actual loss, it
means that a bag filled to 7 gallons camacity would loge 2out
one ouart of liquid per :ontii, This angunis to approximutcly
3 per cent loss per month, However, this voluwe loss decreases
with the larger size cells, For *ample, a 1000 gallen cell
havinz the same rate of diffusion wculd loose about 5. gallons
per month or 1/2 per cent, The diff sion reaches a constant
rate after about six days, Prior to v at time, it varies
sorevhat, This is shown Yy the graph in Appendix A,
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C. [ressure-Temperature Reyuirenents, fmbierd tempera-
tures of 1R5° I's to 135° I'. are it uncormon in the desert
during the hot scason., ft such temperatures objects lying in
the sun will have surface temperatures of i90° to R00° F. The
liquid within a container such as the 7 allon gasoline con—
tainer would reach a temperature of 155° to 160° F. DBecause
of the vaporization of the gasoline, pressures will build up
at such temperatures to approximately 16 pounds per square
inchs This maximum pressure is dependent on the temperature of
the gasoline at the time the container is filled, Some addi-
tional allowance for stacking and rough handling must be added
to this 16 pounds pressure, and it is believed that a satis-
factory container nust withstand a pressure of 18 ~ 20 pounds
per square inch, For the lower linits of temperature, it is be-
lievod that.all units should withstand a temperature of ninus
%5 to 30° F. Pressure is not important in the larger units be-
cause they are all cquipped with suitable vents.

d. Other Requircmentss In addition to knowing the con-
taminition - nd diffusion characteristics of any particular com—

pouni, 1iiire ure so. o1 other characteristics to be investi-
gated,  Tr. oon Ples croperty should be lew and it should be
resic..nu to bl wntlen of water, I the coating is applied

to the oulsil: ws well es the inside of the container, it should

have some resistance te abrasion.
T:T. CONCLUSIONG

47, As a result of field and laborutory tests conducted on
collapsible tuel -~on*:iiers by the Cngincer Board and various other
interested organiu.ti..:, the followin; oconclusisns have been rcached:

8, Collinsible containers havin; capacities up to 3000
gallons are practical and will fulfill the reguired nilitery
characteristice,

be Collupsibhle containers can be designed for either
ground storage cr uc transportable units and will not require
a specially desi;ied truck.

c. The 7=gallon bag is a aesirable unit, although addi-
tionul development work is required before it can be considered
suitable,

d. A nminimun of shipping space is required for conteiners

of this type,

VIil., RoCOIte.lY.TI0NS

4

48, It is rccommerded thats
a. o onsideration be ziven to collapsible fuwwl ocon-

tainers having capacities under appro:imately 750 callons ex—
cept a size suitable for handling; by uvne man,

e='Yi5Tes




b, Collapsible fuel containers as described in para-—
graphs 26 b, 26 ¢, 36, and 37 for 1000, 3000, 2700, and 750
gallons be oonsioered satisfactory for JJr‘esent wntemplated
procurenent by the 0ffice, Chief of Ingineers.

S Investizution of different designs as referred to
in paragraphs 33, 40, and 41 be continued for the purpose of
improving this equipnent, and th:t this be concluded as promptly
as practiczl,

de. tiork be continued on a 55-¢2llon rigid type container
to replace the present steel drum,

€. Proposed testing of the %1000-gallon unit be completed
promptly at Fort Delvoir and, if sutisfactory, that the unit be
sct up and service~tested in the California-Arizona descrt area,

f. The present test program on the 7-gallon size con~
tainer be pushed to a conclusion, If the results of this test
program are unsatisfactory it is recormended that no further
consideration be given to a container of this _encral design.

Submitted by:

e e v Cas ‘st AT LTSN - Ww vk W M Il

A T e T L  arie™ e, T

7 &/7 ] ,/ l“‘/t,/'?({zg_m

Re M. licPherson,

Chief, Pneumatic Equip. Section,

Bridge Branch,

¥rederick J.,

& jor, Corps of Eng
Chief, Bridge Branch,

Forwarded:

ron . lullins, 4
Lt. %ols, Corps of Ingineer
Director, “echnical Nivision V.

Choe, «fﬁ AW
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APFENDIX A

Table I

Liquids Vihich Gan Be Transported

The liquids listed below can be safely transported in Collap—
sible Fuel Containers made with either Thiokol FA or Thiokol N as

the liquid-containing material,

Gasoline-Btraight
Gasoline-Lleaded
Gasoline-Blended
Gasoline-Aviation

Engine 0ils

Kerosene

Transil or Transformer 0il

Diesel Fuel

Distilled Viater for Batteries

Linseed 01l
Cottonseed 0il

Lubricating Qils

Corn 01l

Soya Bean 0il
Alocohsl
Ethanol
Acetone

Olive Qilw
Neats Foot 0il
Quenching 0il}
Tung 0il
Wthale Qi
Turkey Red Cil
Tallow 0il

#Not for human consumption,

------------
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APEIDIX B

First Interim Report R

o .o
BR 372, Containers, Collapsible for Petroleum Products Storage.

Appendix B contains reports from other organizations on S p—
collapsible containers for the storage and transportation of gaso- e o
line, '

TITIE PLGE
Report 5000 and 10,000 Gallon Collapsible e e

Fuel Storage Tanks (Army Air Forces). 12 ’

Report Collapsible Fuel Tarnks, .‘obile Units

(Army Air Forces). 3.5
Report  Test of Fuel Cells, Collapsible >, 0

(Quertermaster Board). 6=31 ¥
Report 750 and 7% Gallon Collapsible Containers

for Transportation and Storage of Gasoline 3 .

(Desert Test Branch, Cngineer Board). WU -4 78 ' . :
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ARIY AIR FORCES
B JATCRILL CENTER TRIs Imps 54-2 095
i ENGINCCRING DIVISION

MEMDRA }DUH REFORT ON

Date January 2%, 1943

SUBJCCT: 5,000 and 10,000 Gallon Collapsible
Fuel Storage Tanks,

Equipment Laboratory Contract No,
Expenditure Order No.664«53(
SERILL ND. ENG=M-54-664-240-B Purchase order No.
A, se; To report on a trip tc Sarasota Air Dase, Sarasota,

Florida, to make test installations ot 5,000 gallon and 10,000
gallon collapsible fuel storage tanks,

Be Factual Data:

1. Both tanks were built over six months ago and were theree e
fore made by the old method (i.e, cured first, then assembled from ' g
cured sheet instead of being assembled, then cured). They were,
however, made of the same material of which most other tanks of this
type are made; namely, a wide weave fabric impregnated with synthetic )\
rubber, The 5,000 gallon tanks were built for underground installoe o o
tion, the sides of a hole in the ground supporting the tank. The — :
10,000 gallon tank, built primarily for abtove-ground installation,
is a single cell unit with a collapsible plywood “structoform" type
housin;, (See Exhibits A, B, C - rhotographs Nos., 106834, 106836,

and 106837).
) L
2, The tanks were shipped from "right Field to Drew Field, L
Tampa, Flerida, then re-shipped to Sarasota Air Base, Sarasota, b Al
Florida, as the latter buse had no fuel storage facilities on the s
post, but relied upon fuel hauled via F-1a refueling truck from el e
leased commercial facilities four miles avay,
o °
3. Both tanks were set up in dispersed positions., The 10,000 s k:

gallon unit was so constructed as to make proper installation diffie
cult if not impossible., The plywood panels were the 24 inch type de—
signed for use with a 3,000 gallon tank, This made it necessary to
use a large number of panels which brought the exterior angles of the :
prism very low. Ths panels are kept from collapsing outward ty steel _.' °
bands and turn buckles, It is supported against an immard collapse S o
only by the degree to which adjacent panels are supported by each

other, which in turn varies with the exterior anzles of the prism,

The cell Iself weighed approximately 1,000 pounds, Properly support-

ed when empty, the cell is held up by hooks joining the top edges .
of the cell to the top edges of the panels, with the top of the ° ° :
tank stretched almost flat: This throws a great load imwnurd and AR
dowrmard on the panels, The structure could probably take this load

-l-
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1D C=R 663 [F~3~4—42-3 0% e
Equipnent Laboratory, Cngineering Division ®

Memorandum Report No. CNG-11-54-664<40-B
January 22, 1943

a great load inward and dowrward on the panels. The structure could
probably take this load after it was applied. However, the only

practical method of setting a tank up is to have a crew of men go ®
around the tank, reaching over the panels, pulling the cell up and

hooking it panel by panel., This process will result at some point

in the placing of a large load on five or six panels. This load

would be great emough to pull these panels inward, collapsing the

structure, On the installation at Sarasota, the cell was lifted

about half way up and suspended in that position with ropes as may .

be seen in Exhibit D, Photograph No. 106835,

4, The 5,000 gallon tank was placed in a pit 17 feet 5 inches
in diameter and 3 feet deep. The earth was of the best possible type
~ a firm loam with mo rocks. The top of this unit was supported by
four ropes crossing the tank and held by stakes driven into the i
ground at the edges of the pit. This installation was made easily '
and without incident,

Ce Conclusions:

1. The wooden punels on the 10,000 gallon tank housing are too
narrov to give proper rigidity and strength,

2, 4 sinpler and :ore effective means of supporting the 5,000
g2llon tanl: should be developed.

5. Tanks of these large sizes would be quite vulnerable to
strafing by aircruft and vould serve to concentrate an airdrcmet's
fuel supply rore than a greater nuiber of smaller tanks,

4, Tanks of these sizes are rather umrieldy and may be trans—
ported or set up only on favorable terrain,

Se Great difficulty might be met in insteiling the under-
ground tanks in rocky or soft ground or where many roots would be
encountered,

De Recommendations:

l. Pending the determimition of nilitary requirements for
tanks of these sizes, it is recommended thit further development be
discontinued,

/s/ :

Concurrences Frepared by Ye Re Knight, 2nd Lt.,A.C.

e S LT /s/

hpproved by Ge V. llolloman, Colonel,A.C.
Ni_cribution: Chief Equipment Laboratory
Chief of Staff, AnT 'at.Com, Central Files
Corps of _n;incers, Approved by F. 0. Carroll,Brige.Gens,UsSed o
Chief, En;insering Division,
Hdgrs.3rd Air Morce(itts)R joGe)fsClark).
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ARMY AIR FORCES

IATERIEL CENTER
ENGINEERIN 3 DIVISION RK: 1nps 54
IEMDRA NDUM RTFORT ON

Date January 23, 1943 TR

SUBJLCTs Collapsible Fuel Tanks, ifobile Units. ° B . -
Lquipment Leboratory Contract No.
Expenditure Order No.664-53C
SERIAL Noe« ING=1$-54-664-240-C Purchase Order No. =
A. Purpose: To report on the status of Lxpenditure Order No. - '. —';_

664530 in regard to mohile units, e

B. Factual pata:

1, After the initial development of collapsible ground fuel : B3
storage tanks, it was found feasible to develop collapsible tanks to ° °
fit in trailers and trucks to provide a simple'means of transporting Rt
gasoline over short distances,

.......

2, Three types of transportable units have been developed:
a 550 gallon cell tailored to fit the standard Ordnance one ton
trailer, a 220 gallon cell for the Army Air Forces two wheel
utility trailer, and a 660 gallon two cell unit to fit the 2«1/2 ton
6 x 6 cargo trucke All cells were constructed of the synthetic
rubber impregnated fatric previously tested and used successfully in
the stationary units,

e
®

6. 1In designing a cell to fit the one ton trailer, it was ° P
necessary to devise a nethod of preventing the cell from snmagging TS
or rubbing through on any of the various bolt heads, nuts, or snippsd

bolts found on the inside of this trailer. The upper halves of
the cell sides were tapered imvard to clear the trailer side, Rein- 0 R 5N
forcing patches enclosing felt buffers were nlaced on all parts of e
the lower half of the cell that would come in contact with obstruc- °® ° |
tions. The cell vas to be of GO0 zallons capacity; however the ini- e
tial cell had a capacity of 645 gallons, In order to fill properly,
a cell of this type must be supported sc as to retain an erect po-
sition when empty. For this support, the first cells had slots
built into the sides in which 3/4" x 6" wooden uprights were insert-
eds The uprights were then tied loosely to the sides of the trail—~
er. In the road test of the first cell, the surging of the liquid
cdused the fabric slots to be pulled away from the cell walls,
“iith only an open vent, gasoline wouid leak out of the vent when
the cell was on an uphill grade, The manhols door vas made of
Columbiz Resin and contained an open vent and a 3-1/2 inch Bendix
filler cap.

4¢ To support later cells, loop tabs were installed on two
foot centers around the top corners of the cell and & rope run
through them to form a ring completely around the top of the cell,

-3-
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Equipment Iaborztory, Enzineering Division
lemorandum Report Noe. LNG-1--54~£64—40-C
January 23, 1943

Smaller ropes were led off this ring to tie onto the overhead arches
and the top horizontal nember of the wooden sides, To ~tplace the
increasingly strutegic Columbia Resin, manhole doors stamped of R0
zauze steel were developed. Efforts were made to get a satisfactory
spring louded vent, bw it was not possible to get one that would
trip consistently at the low pressure desired. float type vent
was then developed utilizing 2 ping pong ball th‘xt would rise to a
thiokol seat when floated by usoline. This vent, when tested,
alloved vapors und :ir to escipe without hindrance, but seated inme—
diately when ;asoline surged «painst it. To prevent water that
accunulates on ton of the nmanhole door from imcking up into the
tank, the outside of the vent take: the forn of an inverted cup. To
130111tute Landling of fuel, 2 standard 2" drum iitting was added to
the manhole ¢Hhore The 1'1test doors have the 3-1/2 inch Pendix filler
cap replaced by « 6 inch filler of sinplified designe This door is
now standard on all collapsible luel tunks, parts and doors being

mterclmnge uble, 5ix hundred and [Jifty ¢nllons camacity exceeded the
safe curryin; .canacity of the trnllurl so the m'sacity ‘--’as reduced to
550 xllons. % bracket of wood and stecl was desirned. to cla 1§ on
the frailer sides and ..nwm.% a D-lG ‘ynd pup, This bracket

to be sunplie with each ‘cell, An A=0 pump or arny nunp having a

suction line able to fit throurh the £iller hole may be used with any
tank having the standard nanhole door.

Se TFilled ritli wuter, the unit vas coupled to a 1: ton 4 x 4
tractor truck for a road test, The total weight on the two trailer
wieels was 5,050 pounds, when coupled. ..fter being toived over ned-
iua rough terrain for «bout 15 miles at speeds of about 20 to 35 miles
rer nour, the truiler showed no signs of failure or impending fail-
ure, althou;h it wus overloaded, There vius no excessive abrasion or
scorin: of the cell apparent,

5s The initiul 220 11lon cells wvere satisfactory after a few
ninor changes. » rec dnbuldr parallelopiped in shape, it fits the
2 wheel utility trailer as hijh as the stike sides where it is easily
lished in plices The =untiole door developed for the 550 ;allon cell
vias placed on tiils cell,

7. Tilled with water for a road test, this unit weighed €,550
pouwnds gross uncoupled; the trailer weighed 270 powxs. Coupled to
3 1/4 ton 4 X 4 truck, the unit was road tested, The fuel trailer

wis toved for ubout ten milcs over sapoth und rou h terrain at vary-
in, speeds. Tome or the ;round traversed waus rough enough to cuuse
both trailer wiwels to leuve tne ¢roundes after the run, although
overlouded, tie truiler siowed no signs of rfailwe or irendin,
Seilure und there s no excessive Lbhrasion of thie cell wirparent,
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Equipment Iaboratory, Lngineering Division
Memorandum Report No. ENG-I#54-664-R40~C
January <3, 1943

8+ To avoid shipping specially built crash fire trucks to
every overseas air base, a kit was made up containing all the nater—
ials necessary to convert any Quartermaster -z ton 6 x 6 truck
(cargo body) to a suitable crash trucke Collapsible cells are used
to carry the water. The unit consists of two cells of 330 gallons
capacity each, mounted fore and aft in the truck body, completely
filling that space and 14" high. Two smaller cells were used in place
of one large one to give a baffling effect and lessen the strains on
the cell due to surgings The cells are supported in substantially
the same way as the 550 gallon trailer cell, The pump, mounted in
front of the trucky draws the water from a 2" bottom drain in each
cell, holes for these drains being drilled through the ttom of the
truck body., 4 special fitting has been developed for this drain in-
corporating a horizontal baffle plate two inches off the bottom of
the cell and above the outlet to prevent vortices from forming and
drawing air into the lines and pump. A standard filler door is placed

in the top of each cecll,

9« A two cell unit has been received fron the U, S. Rubker
Company, but the pump and nozzles have not arrived yet. This cell
has not been tested in a truck as yet. Some difficulty may be ex—
pected :rom surging in the relatively flat tanks, but it is felt
that it will be generally satisfactory.

10, This wnit rnay obviously be used to carry aviation fuels,
Other sinilar units nay ve built to carry a greater 193(1 by sinply
inereasing the hei;ht of the tanks, in increase of 3z inches would

provide for a total load of about 830 gallions, which approximates
the safe load of the truck.

Ce Conclusions:

l, The uobile collapsible fuel tanks provide satisfactory
transportin; fac'lities for aviation gasolines and other liyuids,

De fiecommendations:
l. That work on the developnent of such tanks be continued by

the Lquipment Laboratory of this office to improve this equipment
and nake it uvailable to units in the field.

Concurrence: Prepared by /s/

AR T “oReXnight, 2nd Lte,ieCe

ceeenene R — posE Approved by /s/Robert Davis,i'ajes ¢Ce

Distribution: for: JeVetolloman,Colonel,A.Ce
Chief of Jtaifl, A.LF iut.Con. Chief, Lquipment Laboratory
Central Files kpproved by /s/ J.itinssn,Lt.Colei«Ce
Director of !lilitary Requiremwnts For: F.0.Carroll,Brig.General,U.5.
RAF 5chool of Applied Tactices, Chief,Engineering Division.

Orlando, Fla,

C.G., iir Forces Proving Ground
Comand, Z;1lin Field,
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In Renly Refer To The Quartermaster Board

Camp Leey,Va.
February 7, 1945
QUARTERIASTER BOARD PROJLCT T-98
REFGRT OF TEST OF FUELL CLLLS, COLILAPSIBIE

I. THC PROBIE' FRESLITRD.

11,

On December 14, 1942, The Quartermaster General, by letter,
file SPQRD 400.11%, directed the Quartermaster Board to ccnduct
a test of fuel cells, collapsible, to determine the comparative
utility and practicability of these cells with respect to stand~
ard equipment now in uss,

PAPCRS ACCOIPA IYING,

1, Exhibit "A" - Letter, 0QIG, file SPQRD 400,112, dated
NDecember 144 1942 Subject: Fuel Cells, Collapsible - QB T-157,

2, Lxhibit "B" - Case Record of the Test (OQ).

3. Exhibit "C" -~ Photographs showing the fuel cell, col-
lapsible, stationary, 500-gallon, when set up in a wooded area
and camouflaged,.

4,  Exhibit "D" — Photographs showing the fuel cell, col~
l:psible, transportable, 700-gallon, mounted on Ris-ton 6 x 6
cargo truck,

S¢  Lxhibit wp» - Photogg‘aphs showring the fuel cells, col—-
lapsible, 7-gallon, piled on Zi=ton 6 x G cargo truck,

6. Exhibit "F" - Photographs of the fuel cell, collapsible,
7—:a2llon, showing deterioration of lining,

7, oxhibit "G" - Chert, showing coupariso: of space re-
quirements for the fuel cell, collapsible, 7-gailon, and the
can, gascline, 5-gallon,

8¢ Lxhibit "' -~ Sunmples of fabric from the fuel cell,
collapsible, 7egzllon.

9¢ Ixhibit "I -~ nDiagram of the fuel cell, wllapsible,
trunsportible, 700-;2llon, showing deficiencies in design and
construction,

10, oxhibit "J" — Diagram of the closure on the fuel cell,
collapsible, 7—:allon,
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111, FACTS PERTAINI'G T0 THE TEST. & et

1l, lBterials T

a, The following materials were nade available for D
test purposes by the 0ffice of the Quartermaster General: o e _._@

(1) one fuel cell, collapsible, transportable,
700-gallon, shipped to the Quartermaster Board from - ol
the Engineer Board, Fort Belvoir, Virginia, RIS, 0L

(2) One fuel cell, collapsible, statiomary, e o e
500-gallon, shipped to the Quartermaster 3oard, from e 1 Bl
the Dngineer Board, Fort Belvoir, Virginia, ARy - N

(3) One-hundred and fifty fuel cells, collapsible,
7-gallon, shipped to the Quartermaster Board from the § L __4
Us Se Rubber Company, 'fishawaka, Indiana, ° ° .i

{
\
{

(4) Six mozzles, gasoline, cam-operated, shipped
to the Quartermaster Board by the !'otor Transport Di-
vision of the Ordnance Department.

be The following materials used in the test were ob— ‘® ® o
tained locally: e b

(1) Twenty cans, gasoline, 5-gallon, standard
issue, furnished by the 14th Provisiomal Truck Com-— A
pany, Guartermaster Replacement Training Center, Tty
Camp lee, Virginia, were used as stardards of com— - o o
parison, -

(R) one gasoline-driven dispenser unit, furnished
by the Quartermaster Replacement Training Center lbtor .
fool. .

.......

(3) Two trucks, 2-;5-ton, 6 x 6, cargo, furnished .
by the 14th Provisional Truck Conpany, Quartermuster . 4
Replacement Training Center, Canp lee, Virginia, - ]

(4) Approximately 1300 gallons of pasoline, fur— , N ]
nished by the l4th Provisioial Truck Conpany, Quarter- o e 9
master .leplacenent Training Center, Canp Iee, Virginia, gy e

2. Personnel. - The test wos3 conducted by persoinnel of
the Quartermaster Poard, assisted by 1lst Lieutenant Conp of the
Yotor Training Division, Quartermaster Replacement Training
Center, Camp Lee, Virginia, .® [ o,
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3« Information Required., ‘:. s AR

o W = R et

8. Tihat are the advantages and disadvantages of the fuel cell, B UL e )
collapsible, 700-gallon, transportable, and the fuel cell, collapsi- L s
b, 500-¢yallon, stationary, with respect to the following: ° e

__________

(1) Camouflage and concealment,
(2) Transportation,

(3) Use with present auxiliary equipment, . 8
(4) Tine required for setting up and dismantling, _. _________
(5) Performance of the intake valve and outlet valve,
(6) Space required for storage when not in use. ._ .. :
(7) Durability. ;

b. “hat are the advantages and disadvantages of the fuel cell,
collapsible, 7-gallon, with repect to the following:

(1) Transportation.
(2) vuse with present equijuent. : ili:l
(3) Use with experimental equipnent. .
(4) Resistance to wear and tear,

(5) Space required for storage when not in use,
(6) Sm ce required for storage when full,

(7) hdequacy of design.

(8) ECase of filling and emptying.

4q Conduct of the Test.

a. Couflage and concealment,

(1) Tie fuel cell, collapsible, tr'm.,port.able, 700-gallon,
was asseabled aund set on the body of a truck, 2: u-ton, 6 x 6,
cirgoe The canopy of the truck wus then repldoed with the coll
in place, ] ®

(2) The fuel cell, collapsible, stationary, 500-yallon,
vas set up and camouflaged in a wooded zrea,

-f - * o




b. Transportation.

(1) The fuel cell, collapsible, transportable, 7C0-gallon,
was asseiibled and set on a truck, 2 =ton, 6 x 6, cargoe Road
tests vere conducted with the cell enpty, half-full and full,
for approximately ten hours., R x 4" vooden braces were then
added to the cell to prevent latecral shifting of the cell on the
bed of the truck. A further road test of approximately five hours
was made with the cell filled., The road tests included rapid ac~
celeration and quick stops, travel over smooth and rough roads,
and the climbing and descent of steep grades.

(R) The fuel cell, collapsible, stationmary, 500-gallon, was
loaded on a truck, Ri-ton, 6 x 6, cargo, and filled, The cell wus
then given a road test of approximately two hours similar to that
given the fuel cell, collapsible, transportable, 700-gallon.

(3) Experiments were conducted to determine the best nethod
of loading the fuel cells, collapsible, 7-gallon, A 25-ton 6 x 6
cargo truck was then loaded with 72 of these cells filled with
gasoline, The truck wos then driven over rough and smooth roads
for approximately two hours,

c. Utility,.

(1) &t various times during the progress of the test, the
Foel cedl; coil: ”-umble, transportable, 700-gallon, was filled by
means of thc regaar £illing stetion dispensing punp, the standard
pcwer-driven dispensing unit, the standard 5-gallon cans, and the
fuel cells, collipsible, 7-gallon.

(2) The fuel cell, collapsible, trionsportable, 700-:allon,
wes used to dismense gas directly into the fuel tanits of twenty
rmotor trucks of the 14th Provisionnl Truck Company. Observations
were nade to deteruine the saving in tine guined by this nethod as
against the present field method of dispensing using 5-¢allon cans,

(3) At various times during the progress of the test, the
fuel cell, collzpcivle, stationmary, 500-gallon, was filled by
gravity fron the fuel cell, collapsible, trunsportable, 700-gallon,
and Iron the standard S—gullon cans and the fuel cells, collapsible,
T—=;ullon,

(4) The fuel cells, collapsible, 7—gullon, were filled fron
the folloviing:

(a) The fuel cell, collupsible, trunsmortable, 700-gillon,
Ly the use of a stundurd dispensing hose.

(b) Dru:s, 55-gallon, by the use of hand-operated puipse

-9 -




(5) Fuel was dispensed from the fuel cell, collapsible, trans-— o Mg e
portable, 700-gallon, by gravity, using a standard dispensing hose s T e ey
and whistling nozzle, the same as those with which the standard il G SO
power-driven dispensing unit is equipped,

(6) Fueli was dispensed from the fuel cell, collapsible, sta—~ L --’_—~_—-~-'
tionary, 500-gallon, using the standard power-~driven dispensing i
unit and a hand-operated fuel pump (for 55~gallon drums).

(7) The fuel cells, collapsible, 7—gallon, were filled from .
the fuel cell, collapsible, transportable, 700-gallon, by neans o,

of the standard dispensing hose, from the standard power—driven . .0 .4
dispensing unit, and from 55-gallon drums using hand-operated e .
punps, .

(8) A study was nade of the time required for emptying the L S5
fuel cell, collapsible, 7-gallon, in daylight and under blackout R e

de Assenbly and dismantling.

conditions, as conpared to the time required for emptying the can, o e ¢
gasoline, S5-gallon. Due to the design of the fuel cell, collap— 5
sible, 7-gallon, which precludes the nroper use of the standard
whistling type nozzle, no quantitative study was nade of the com- s
parative time required for filling, ol

e o @

.....
........

(1) A study ras nmade of the tine and effort required for
setting up and dismantling the fuel cell, collapsible, transport—
able, 700-gallon, using a six-man crew, This operation was per— .
forned three times, g

(2) K study was rade of the tinme and effort required for
setting uwp and dismantling the fuel cell, ccllapsible, stationary,
500—gz1llon, using a tvo-man crew, This operation was performed
five times.

8. Inlet and outlet provisions. =

(1) %~ stuly ‘as made of the adequacy of design of the inlet
and outlet provisions of the fuel cell, collapsible, transportabls,
700~g:1lon, during; the £illing and dispensing operations..

(2) : study v s .ade of the adequacy of design of the inlet
of the fuel cell, collapsible, stationary, 500-gallon, during the
fillin; a2nd dispensing operations.

(3) i stuly -2s -ade of the adequacyr of desiyn of the inlet

of the fuel cell, collapsible, 7-gallon, during the filling and PY PY o
dispensing operations. ey T )
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f. Space required for storage,

(1) The space required for packing the fuel cell,
collapsible, transportable, 700-zallon, and the fuel
cell, collapsible, stationary, 500-gallon, was neas-
wred and recorded,

(2) The space required for storing 100 of the
fuel cells, collapsible, 7-gallon, when empty and
full, was measured and compared to that required for
120 of the cans, gasoline, 5-gallon,

ge¢ Durability.

(1) Throughout the conduct of the test, ex— !
anirations were constantly made for evidences of wear ) ° o)
and deterioration in the fuel cell, collapsilbie, trans— N * .
portable, 700-:allon, and the fuel cell, collapsible,
stationary, 500-gallon,

(R) Fifty of the fuel cells, collapsible, 7- . x
;2llon, filled, were loaded and thrown off a Z.-ton ) 'Y °
6 x 6 curgo truck a total of twenty-five tines, Ten : 4
of th.. cclls vere picked out at random and the opera—
“ion repeated seventy-five :wore tines, The cells were
e...ained durin: the test and any cells which failed
viere set aside und marked for identification,

gallon, were dropped fron # height of three, six, and
nine fcet, first on the side, then upright, and then
on the top, one cell being dronped on earth and one
on & hard surfaced roads This cycle vas repeated a
maxinum of fifteen times from each height and cells g
vhich failed before this cycle was completed were ) ®
vithdrawn,

) ° °

(3) Five of the fuel cells, collapsible, 7— 4
gallon, vere tirowm off o truck moving at a rate of y
approximately 35 miles per hour, This operation was o
repeated until all ive cells had failed, [ :.:}
(4) Two of the fuel calls, collapsible, 7- ) o o

. ‘1

3

!

@

h. Adequacy of design, -~ The fuel cell, collapsible,
traasportable, 700—;:1lon, the fuel cell, collapsible,
stationary, 500-gallon, and the fuel cells, collapsible,
7-¢1llon, vere carefully observed throughout the test to
note any noints of iindequwite or inprojer design.

v, FI.DIIGS,

l. Fuel lell, Collupsible, Transportuble, 700—zallon,
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a., Camouflage and concealment,

(1), The cell may be camouflaged beneath the canopy of a
truck, 24-ton, 6 x 6, cargo. (See Zxhibit "pn)..

b, Transportation., - 'hen making sudden stops or swerving
around corners on a rough road, considerable shifting of the fuel
cell occurred, particularly \rhen it wes only partially filled. This
was overcone by placing the cell against the extreme front of the
bed and providing 2" x 4" wooden races to prevent lateral shifting,
(See Lxhibit npv),

ce  Utility,

(1) Mo dispensing equipment was provided with the fue..
cell. (See Cxhibit nIn),

(R) There is an estimated saving in time of 25% or more,
a saving of equipment, and a saving in labor, through the use
of the cell for dispensing directly into the tanks of motor
vehicles in place of the present method of dispensing through
5~gallon cans,

de Assembly and dismantling, - The time required for assembly
and dlsmantling after two preliminary trials was as follovis:

Assembly - 5 hrs, 10 min,
Dismantling - 1 hr, 6 min,
(Crew of six men used)

e, Inlet and outlet provisions,

(1) The inlet opening can be used with the can, gasolins,
5-gallon, the fuel cells, collapsible, 7-gallon, and the dis—
rensing nozzles of the standard power-driven dispenser unit,

(2) The inlet opening measures 3" in dianeter, which is
too sm2ll to permit the entry of a standard discharze hose fronm
a railvay tank car or the suction hose from the standard power-—
driven dispenser. (3ec Lxhibit wIv),

(3) The outlet fitting was difficult to install., Standard
3" pipc fittings were supplied for attachment to the outlet, re-
quiring the use of a 24" pipe wrench, which 1ight not be avail-~
able in the field, It was difficult to secure leakproof joints.
(See Lxhibit nIn),

f. Gpace required for storage, — The unit can be packed in
three boxes or crates having the followin: dimensions and cubic dise
placement;

............

'''''

..........

.
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Cubio B o
length  idth Height Displacement

Cell proper 78 in, 34in, 16} in. 2644 cu. ft. G
Bulkheads 6 in. 45 in, 659 in, 848 cu, ft. SEl e ity
Panels, tie rods, ) _'__,1,.__:.__.
spacers, etc, 12 in, 16 in. 1R in, 11¢3 cu. ft, o B
Total displacement 4643 cu. ft,
ge Durability. Ly
V.o @, .
(1) No observable deterioration occurred in the lining ol N
the cell as a result of contact with gasoline during the period TR LA
of the test, A A
(2) After being asserbled and dismantled three times, the o S L
following deterioration s noted: 'y ® |
(a) The plywood panels showed some splintering ut the
edges.,
(b) Three of the reinforcing patches by which the sup- S
porting studc #v2 s2cured on the cell fabric were parvially J ® i
torn loose u: w2 2ZCs, = K
(e} T+ ¢ ths stud anchor plates tore part way through I
the fabric of the reinforeing patch, : 3
(d) oOne of the stud bosses becawe loose in the anchor r ..o ‘
plate, a5
h. idequicy of design.
(1) See Exhibit "I" for findings in regard to mechanical Py L
desi n and construction of the ocell, P o A
(2) The actuil capacity s found to e 700 gallons and not
750 us ori;inilly described.
(3) The vent checl: valve peraitted excessive spilling of P
czasoline when the coll wus used on @ trucii,. ’ .- _....'
(4) The cell is not sectionalized us are steel tanks of ap-
proxinately equzl capecity, thus nlloving all the zasoline to lenk
out throu;i: a single -uncture. “‘otor officers heve noted this as X
a 2 jor vefect. !‘—'" -'._— A
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2« TFuel Cell, Collapsible, Statiomary, 500-Gallon.
a, Camouflage and concedlment properties, - (See Exhibit "C").
b, Transportation,

(1) Severe strains were crezted on the cell walls from
the excessive surge of the contents when starting and stooping
the trucks

() These surges could be controlled and did not appear
to exceed safe limits when the suspension ropes of the cells
were tied to the head end of the truck bed,

_c.t Utilityo

(1) The unit could be filled from the can, gasoline, 5=~
gallon, and from the fuel cell, collapsible, 7~gallon.

(2) The standard power-driven dispensing unit vas used
with the cell for dispensing operations.

(3) Mo provision was made in the cell for supporting any
sort of hand-operated punp for dispensing purposes.

(4) ELxnerienced riotor officers from the Quartermaster Re-
placement Trailning Center lotor Pool expressed the belief that
a stationary storage tank of this capacity would be of no prac-~
tical use under field conditions,

d. Assembly and dismantling. - The time required for setting
up and dismantling usin, a tiwo-nan crew was as folluws:

SettinG up ) 5.9 min,
Dismantling - 1.0 min,
(hverage of five trials)

Complete operation included setting up cell and canvas housing, dis-
mantling the cell, and noving it a few feet to & new location.

e. Inlet and outlet provisions,

(1) The inlet opening is lar:e enowch for any filling or
dispensing operations uinich would be encountered in the field.

(%) The cover Jor the inlet opening fits poorly and allows
the contents to seep out and dirt and wuter to enter,

(3) b outlet is provided to drain the contents by gravity,

~14-~




f. Space required for storage., — The unit was packed in a box

of the following dimensions and cubic displacenent:

S

length Width Height Displacement
475 in, 385 in. 15 in. 15.9 cu. fte

£« Durability,

(1) several of the suspension hooks on the original set
of supporting stakes bent under the weight of the cell,

(2) several of the suspension hooks on the second set
of stakes broke off due to the stress set up when driving the
stakes into the grourd.

(3) Two small leaks developed in the cell fabric after
brief use,

(4) No deterioration wus observed in the lining as 2
result of contact with gasoline during the period of the test,

h. Adequacy of design.

(1) The top of the cell sagged considerably even when
filled to the practical limit of capacity, creating a depression
in which dirt and water omllected.

(R) No rope or chain was provided for suspending the
access plate froa the support pole, The suspension lugs on
the access nlate rapidly vore through a support rope supplied
by the Quartermaster Board,

(3) The position of the fitting support pole interfered
viith easy accoss to the inlet opening and resulted ir spilling

of fuel urdess considerable care was used in the filling oper—
ation,

Fuel Cell, Collapsible, 7-Gallon.

4, Transportation., - See Dxhibit "L" for the best method of

loading the cells on the bed of a 2f~ton 6 x 6 cargo truck., By
using this nethod, no difficulty was experienced in loading the truck
to weight linit of S000 1lbs, with 120 cells, fuel capacity approxi~

mately 732 ;allons,

Using S5-gallon cans, weight limit is reached

with 1<5 cans, fucl capacity 625 jallonse

:?_o Utllity.

(1) The cell nust be suspended from u support when re-~
moving or replacin: the cap, and when £illing,
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() The cells could be handled with much less noéise than o iene
the cans, standard, $-gallon, ’..‘:;._-',:::,

.......

(3) Following is a comparison cf the time required for :':.; SRR

emptying the cell and the can, standard, $-gallon, under day~ i B, 0K
light and blackout conditions, including the time required to P o
open the containers, insert the flexible nozzles, empty the con— S

tainers, remove the nozzles, and recap the containers:

Standard Increased
# 7-Gallon 5-Gallon  Time for g I
Cell __Can .7-Gal, Cell Increase A . ;

Deylicght o SR

.......

Total enptying tiwe per ::::?‘. o :-".:'..':'
unit (average of 10 ekl

cyclas) 1,40min, 1.03 min,

Per 100 Gale of fuel 23,3 min. 20,6 min. 2.7 min, 13.1 e o L

Blackout .

Total emptying time per
mit 2.44min. 1.40 min. i
Per 100 Gal. of fuel 40.6min, 2840 nin, 114 min, 40,7 ® ° ‘

# Actually holds & gallons.

&« Inlet and outlet provision.

(1) See Lxhibit "g" for findings on the closure of the
cell, Due to the excessive binding of the keeper, it was found
necessary to re.ove this part before the colls could be used,

(2) The position of the filier opening nade it difficult TR
to insert the pouring nozzle without loss of ths contents, °® ° (

(3) The whistling feature of the standard nozzle to indi-
cate when the can is filled to capacity did not function ithen
used vith the cell due to the in-~ossibility of seating the noz-
zle properl; in the ojeniry,

d. Space required for sioriges = See Lxhibit "G" for a com—

paris;n of the storage space required for 100 of the czlls and 120
cans, stapdard, S-g2llon, when filled and when enpty,
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e. The cell weighs § poumis one ounce, the can, gasoline, &~ o
gallon, weighs 10 pounds, 12 ounces, ot i

f.  Durability, o

®
(1) The lining of the cells chipped and fleked off after ;
several hours of use with gasoline. This was particularly ]
noticeable in tlose cells which were subjected to rough hanaling :
while filled, The flakes clogged up the strainers of the nozzles i
and considerable carburetor trouble was experienced with motor °
vehicles using gasoline fromthese cells, presumably due to -
finely divided particles which passed through the strainers. R -
Exhibit "H" shows samples of lining cut from an unused cell, j
fron a cell in which gasoline was stored for three weeks, and
samples of the powdered lining strained from gasoline, Exhibit j
"I shows photographs of deterioration of the linings., ® ')
)
.
)
:
o
1

(R) of the 50 cells which were thrown on and off{ the truck
tventy-five tines, one developed a pin hole leak in the fabric
after 16 cycles and one began to lezk at the closure inscrt
after 17 cycles. In addition, ten of the cells showed varying

degrees of leakage around the closure inserts when allowed to | [
remain piled up overnight.

(3) Of the 10 cells which were thrown on and off the
truck 100 times, one developed a leak in the fabric at the 74th
cycle, and three developed slight leaks around the closure in~ _ 4
sert at the 50th, 90th, and 100th cycle respectively, °

(4) of the five cells which were thrown from a moving
truck, the fabric of two cells ruptured the second time they
vere thrown, one the third time, one the fifth, and one the

seventh, b iEaty 8
L J ®
(5) Following are the results of the drop test of the 1
fuel cell and the can, gasoline, S5-gallon, standard issue:
#Number of Drops Before Failure
Earth Hard Surfaced Road .
Distuince Dropped gcan Cell Can Cell o o
3 feet 45 45 9 45 ' '
€ fcet 45 45 9
9 feel s 18 —
Tot:l drops for each can ' o]
¢r cell 108 108 £ 54 ] o o
# yote — "Failure" signifies the rupture of the cell fabriec, can
v21ls, or seams,
N s o
1
1
[ ® ® ® L L] | J [ ] ° [ ¢ [ ] ® ® [ ] [ °

|




(6) Mo other observable deteriorations occurred R R

........

in the external fabric or other parts of the cell as AN AT
a result of handling, weathering, or contact with A N
gasoline, with the exception of the paint on the in~ [T Mo O
side surface of tne closure plug which dissolved or =~ -5
peeled off very rapidly. . o .4

B« Adequacy of desigue

(1) The practical limit of capacity is only 6 i gt
gallons and not 7 as described and labelled, ¥ i 1

(2) The design of the cap 1is impracticable as T
il requires the use of a2 specially designed tool to AL - IR
tighten properly. ~

.........
.......

V.  CONCLUSIQNS. L e &
1, Fuel Cell, Collapsible, Transportable, 700-Gallon.

as Camouflage and coicealnent, — Vhen mounted be~
neath the canopy on a 2i;-ton 6 x 6 cargo truck, the cell
is effectively concealed, and there are no outward dis~ ‘o ." '.
tinguishing features to indicate the presence of a fuel
tank on a truck. Therefore, the problens of campuflage or '

conccalment are the same as those related to camouflaging
an ordinary cargo truck.

be Transportation. - The oell is not properly de- ® ° °
signed for transportation on a 23~ton 6 x 6 cargo truck £

without braces or other mneans of preventing shifting of
the cell on the bed,

Lo Utility.

e . '- oy " .
it ) ..'. A

(1) The handling of the empty cell in moving o 2
from place to place or setting on and off the Ri-ton
6 x 6 truck does not present any serious difficulties,

(%) The use of this cell for dispensing to
trucks saves time and labor over the method of dis-~ e o ®
ronsing through S5-gallon cans, o :

d. issembly cnd dismantling., - The time required
for setting up thé cell is vnnecessarily lengthened by in-
adequacies irn design and construction,

] ] ®
€. Inlet and outlet provisions, D el Fiecy

(1) The inlet opening of the cell is unsatis—
foactory for use with present cuxilisary equipment,

° ° °
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() The outlet fittings are unsatisfactory and incomplete,

(3) The cell is not constructed properly for use with pre-
sent auxiliary dispensing equipment or for dispensing by gravity.

f. Space required for storage. — The cell requires a minimum
amount of storage space when not in use,

£ Durability, - The cell is of sufficiently durable construc-
tion to withstand normal use in the field with the following exceptionss

(1) The reinforcing patches for securing the stud bosses
to the cell fabric be nore adequately cemented.

(2) The method of securing the stud bosses to the stud
anchor plates be improved,

hi  Adequacy of designs - The design and construction of the cell

is improper or inadequate with respect to the following details in ad-
dition to those already noted;

(1) The vent check valve allows spilling.

(2) No adequate rmeans for the dissipation of static elec~
tricity has been provided,

(3) The workmanship in laying out holes for the suspension
studs is poor,

(4) The method of tightening the suspension studs in the
stud bosses is poor.

(5) Consideration should be given to the possibility of
sectionalizing the cell.

2., Tuel Cell, Collapsible, %tationary, 500-gallon,

8. Gamouflage and conceclment., — The cell can be casily and ef-

fectively oconceiled or camouflaged without the use of special equipment
or raterials,

b. Transportation. - The cell is too unstable for sufe trans-
portation on thu Qi=ton 6 x 6 cargo truck,

c. Utility.
(1) The design and construction of the cell is adequate for
use with present pover~driven dispensing equipnent, but not for

use with a stondard hand-operated pump (for use with 55~gallon
druns), nor for dispensing by gravity flow,

-19 =
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(2) The utility of a stationary cell of this capacity
for field use is dubious in the opinion of motor officerss

de hssenbly and dlsmntllng. -~ The time required for setting
up and dismantling the cell is negligible,

6. Inlet and outlet provisions,

(1) The dimensions of the inlet opening of the cell are
satisfactory.

() The cover for the inlet opening is inadequate and
unsatisfactory.

f. 3pace required lor storage. - The cell requires a nini-
nw of sterape space when not in use,

Ze Durebility. - The cell is of sufficiently durable con-—
struction for use as originally designed with the exception of the
suspension hooks on the supporting sta].es.

hs Adequacy of design. — The design and construction of the
erll is inadequate with reswect to the following details in addition
to those already noteds

(1) The access plate susnension.
(R) The sagging of the top surface of the cell,
3. Fuel Cell, Collapsible, 7-Gallon,

a. Transportation, = The cells can be safely and efficiently
transported on the truck, 2 g~ton, 6 x 6 cargo, up to the naximum
rated lozd capacity, A 2 «x=ton truck can carry 169 more gasoline
using this cell than it can when using the 5~gallon can without ex~-
ceeding weizht limits,

(1) The cell cannot be used properly in conjunction with
present auxiliary equipment used for the can, gasoline, 5~gallon,

(2) The cell is superior to the can, gasoline, S-gallon,
with regard to quietness of operation,

(3) The anount of tinme required to empty the cell under
blackout conditions is excessive, Redesigning the cell may
cause & reduction in this time,
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c. Durability, e

(1) The outer fabric of the cell is suffi-
ciently durable for use under field conditions.

(2) The cell will withstand harder use than vl e
the can, gasoline, 5-gallon. e

w |
: 3
[ )

(3) The lining of the cell is not durable when b, i
subjected to the action of motor fuel. ap -4 -I-'-._I-W

d. Adequacy of design. — The design and construc-~
tion of the cell is improper or inadequate with respect
to the following details in addition to those already
noted:

e
e
& ;

(1) The closure cap. -
(2) The position of the filler opening. R
(3) Tle lack of a sufficiently rigid backing

to permit proper seating of the whistling nozzle in
the filler opening.

8. Space required for storage. — Khen empty, the
cells require approximately one seventh of the space needed
for 5-gallon cans of equal capacity.

-
L
a

VI. RECOIGLIDATIONS, — It is recommended that:

1, The fuel cell, collapsible, transportable, 700~
g2llon, be considered practical and serviceable if redesigned
in the following features:

|
L

a, lack of transverse stability due to the high
center of gravity, and the shifting on the truck bed be LIy |
corrected or standard practice for bracing be formulated. » ° ' A

b. The size of the inlet fitting be increased to - . -
be mot less than 6" in diameter.

ce The lack of a dispensing header and nozzles j ooy
be corrected, L

ds Standard threaded pipe fittings be used on the
outlet,

€s The time required for assembly by an inexper—
ienced crew be shortened, ’ ° ®

f. The method or materials used in securing the
suspension studs to the cell fabric be inproved,

S et

£« The improper design of the vent check valve be o
corrected, e .4

~-21 - iqfﬁ%ﬂ&ﬁ




h, A proper static discharge cable be provided.,

i. The nethod of tightening the suspension studs in the
stud bosses be improved,

2. The fuel cell, collapsible, stationary, 500-gallon, be
considered serviceable if redesigned in the following aspecis:

3+ Cover of the inlet opening be redesigned for
tighter closure,

b. Suspension hooks on the supporting studs be made
more durable.,

c. Adequate suspension be provided for the access plate.

de Adequate suspension be provided to prevent sagging
of the top surface of the cell..

3. (Careful consideration be given to the field practicability
and potential utility of a statiomary storage tank of the capacity
of the fuel cell, collapsible, stationary, 500-gallon.

4, The fuel cell, collapsible, 7-gallon, be considered ser-—
viceable and practical if redesigned in the following features:

2. Provisions made for use with present auxiliary equip-
ment,

b. A4 change nade in design to permit easier filling and
erptying,

c. The closure be perfected,

d. 4 lining be evelved that will not flake or dissolve
under the action of gasoline,

/s/
MX R. VAINER,
Colonel, Q, M. Corps,
Director.
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COFY
EXHBIT “A“
WAR DEP:RTIENT
OFFICC OF THE QWARTERM\STER GENLRAL
VAASHINGTON
In Reply Refer To SPURD 400,112
(Cell, ™uel, Collapsible ~ QIB T-157). December 14, 1942,

SUBJLCT: Fuel Cell, Collapsible = QIB T-157.

TC: The Quartermaster Board, Canp Lee, 7irginia. Attention:
Colonel Max R. Viainer,

1l The Quartermaster Board is directed to conduct tests of
Fuel Cclls, Collansible, as outlined in the attached letters and
memoranda:

a. letter, Hdqrss, S.0.S., to the Q,!.G., file SPEED,
dated December 2, 1942, "Proposed Tests of Impregnated
Fabric Fuel Cells at Camp lee, Virginia,*

b. liemorandum “for the file" from Corps of Engineers,
Civil Lingineers Section, file SPuSD, dated December 4, 194%,
“eeting to Determine Tests and Testing Procedurs on Im—
pregnated Fabric Cells."

Ce letter from Corss of Engineers, Technical Division,
to l4jor E. L. leller, 0.J.}%G., dated December "9, 1942,
"Collapsible Fuel Cells."

2. The 500-fallon and 750~rallon cells vere to be delivered
to the Quartermaster Board by the Lngineer Board, December 10, 1942,
as indicated in inclosure #3. The 7.-gallon bags of similar construc-
tion vere to be delivered by the Lngineer Board, December 14, 1942,

3« !ajor Heller of tiiis office will arrive at the Quartermaster
Board, Tuesday morning, December 15, 1942, to assist in setting up
this test,

For the Quartermaster General:

/s/
Je Lo Frink
Brigadier General, Q. !l Corps,

Assistant,
Inclosures;
Jl-Ltr. 50S to QT 12/2/42,
#e-’emo to files from Corps

of Enuineers 12/4/42.
#3~Ltr, Eng.Rd, to OQUIG 12/9/42,
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hAddress Reply to

Chief of Engineers VAR DEPARTMENT r Y .
UsSeArmy OFFICE OF THE CHICF OF DIGINDLRS e Se i e e i
tashington,D.C, WASHINGTON )
Room 1405,Tenpo G December 2, 1642

SPESD

Subject; Proposed Tests of Impregnated Fabric
Fuel Cells at Camp Iee, Virginia.

THROUGH: HCADQUARTERS, SCRVICES OF SUPFLY, DEVEIOPIENT BRANCH.

TO: THE QUARTERIASTER GENERAL. Ll

1. Reference is made to a letimr of October g, 1942, Sub-
ject: Iareng Cells" from Headquarters, Services of Supply, Re~
quirements Division and Development Branch to The Quartermaster
general, charging the Corps of Engineers with the responsibility
of development of impregrited fabric fuel cells.

2, Recent conferences between Quartermaster representatives
and this office indicate that complete testing of fuel cells could
better be accomplished by utilizing standard gasoline pumping and
dispersal equipment at the Quartermaster Board at Camp lee, Virginia.
Tt was felt that comprehensive tests should include filling, empty—
ing and handling of cells as would actually be done in the fields

3, Gince Camp lee is equipped to make such tests, it is re-—
quested that The Quartermaster Doard at Camp lee, Virginia, be di-
rected to make such tests as will be outlined in joint conference
by representatives of the interested Services of Supply.

4, The 0ffice, Chief of Lngineers, through the Lngineer
Board, is equipped to carry out the physical tests and laboratory
tests on the fuel cells and will continue to carry out that portion
of the tests, these also to be outlined in joint conference by rep—
resentatives of the interested Services of Supplys

For The Chief of Engineers:

F, C., KENDALL,

Mg jor, Corps of Engineers,
Executive Officer,
Engineering & Development Branche

Supply Divisione

CoF{




copY .
December 4, 1544

Meeting to Determine Tests and Testing Procedure on Impreg-
nated Fabric Cells.

Civil Engineer Section

Engineering & Development Branch,

Supply Division..

1. At a meeting of Noveuber R4, 1942, representatives cf
the Quartermaster Corps, Transportation Corps, Ordnance, The Engi-
neer Board and of this office, decided that a test program should
be set up for the future testing oi impregnated fabric fuel cells,
The Quartermaster Corps stated that they had facilities at the
Quartermaster Board, Camp lee, Virginia, which could be utilized
in malking these tests., It was decided to hold a later conference
at which the Quartermaster, Camp ILee, would be represented to de-
termine tests and testing procedure.

%, This second conference was held at the Lngineer Board,
Fort Belvoir, Virginia, on Necember 1, 1942, and the following nen
vere present:

0ffice, Quartermaster General,

Quartermister Board, Lts Colonel L. Slade
0ffice, Quartermaster General, ifajor E. L. Heller
0ffice, Quartermaster General, lst Lt. J. B, Stobaeus
0ffice, Quartermaster General, Ce He Pattie
0ffice, Quartermaster General, Thomas P. lMcNiesh
0fiice, Chief of Lngineers, 1st Lte J. He Sonntag
0ffice, Chief of Ordnance, 1lst Lt.,I. C. Tarler
The Lngineer Board Re M. [acrherson
Army Air Forces, Directorate of

Dase Gervices, He A+ Blauvelt
Us 5o Rubber Company, P. J. Viythe
Ue S. Rubber Compar\‘,’, Jaf 155 Cates

Transportiation Corps had previously requested the Office of Chief
of Lngineers to represent that Gervice in the meeting,

3. It w.s decided to divide tests on the fabric fuel cells
into two general cutegories:

8. Fhysieal and Laboratory Tests,

be Field Utility Tests,
T™he forner tests will be corried out for the most pert by the
Sngineer Bourd and the latter tests at the Quurtermaster Board
at Canp Lee, Virginia, which is equipned with standurd frmy #icld

gasoline handling facilities for £illing and enmntyring wnitz,
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4, The testing program will be started innediately, and the
nrocram for the irmediate future will be as follows:

as 7=mallon bags,

(1) Quartermuster Board, Caap Iee, Virginia, - One
hundred fifty (150) of the latest type bags are to be
shipped immediztely to Camp lee, Virginia, directly from
the U. S. Rubber Company, and the following tests made:

(a) The utility of filling the 7-gallon bags
with standard 5-gallon can f£illing equipment will be
determined,

(b) Different rethods of accomplishing the
£illing will be tried with the purpose of determining
the nost practical method for filling the bagse

(c) The utilivy of emptying the bags will be
determined Ly emptying the bags into storage tanks,
vehicles, etc., using the flexible nozzles which are
standard eguipment for emptying the 5-~gallon cans.

(d) The bags will be tested in cold and hot
rooms under average conditions to determine if tem~—
peratures will affect the stability of the bags.

(e) Bazs will be tolen for short travel hauls,
stacked in trucks and filled and enptied repeatedly
to deternine if tne bags will start leaking under
those conditions,

(£) The bags filled with gasoline will be
dropped to determine bursting strength,

(i) Bags will be tested for resistance to
abrasion.

(h) rethods of carrying bags on trucks will be
determined,

(2) The ..ncincer Bourd, Fort Belvoir, Virpinii, -
Tests to be conducted will consist of physicil tests and
laboritory tests, The physicil tests will be as follows:

y
ol

(&) A Zi~=ton truck vill be loaded to 2. ~tons
with bigs after the best method of stacking has been
deterained L- preliminary tests. The bags will be
{illed +ith 80 octine gusoline (standard hijh test
vasoling ) whiich wus decided to be the average Juso—
line to be haindled,
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(b) The bags will be subjected to approximately
5,000 miles road test over the Lngineer Board course,
which consists of good and poor roads, Travel time
will consist of two 8-hour shifts per day,

(@) Truck drivers will inspect bags at the be-
girning of shifts by unloading and looking owver the
bags, One of these checks per day will be witnessed
by a Government Lngineer. Damaged bags will be saved
and marked for record,

(d) The 5,000 miles run over this course was

believed to approximate a fairly long life for the
bags, If at the end of the 5,000 niles the bags be—
gin to show evidence of failure, tests will be con-
tinved until approximately 755 of the bags fail,

If, however, at the end of the 5,000 miles, the bags
are still in good condition, no further tests will
be made since the element required to complete tests
in such a case would be out of reason.

(e) A few bags will be dropped from the truck

but care equivalent to that required for handling of
S5-~gallon cans in the fi=1ld will be taken in unload-

ing the bags,

(£) Laboratory tests on bags will consist of
the following:

(1) Bursting test (15 1bs, per sq. in.
will be required as a ninimun bursting strength),

(2) Diffusion,

(3) Gum absorption.
(4) Friction test,
(5) Seam pull test,

(6) ifaterial to be saturated, both sides,
with gasoline and tested for abrasion.

b. 500-Gallon Cells,

(1) Ccanp lee, Virginia, - One (1) 500-gallor. cell
with inproved access manhole will be shipped from the
Engineer Board to Canmp Lee, Virginia. This cell will be
tested to determine utility of filling and enptying the
unit with standard army filling equipment, The cell will
be filled from 7-gallon bags and S-~gallon cans and will
be emptied b, standard pumping operations, The unit will
be given some hauling tests bceause it is believed that
this will be attempted in the field regardless of the fact
that the unit is desi:ned for stationary storage only.
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(2) The Cngineer Doard's physical tests on the 500~ e
gallon cells have already been completed and rio further e ™
tests are contemplated on that unit at this time, O e R

S¢  1000~zallon and 3C00-zallon unitss =~ The 500-gallon e
unit is believed to be representative of the two larger sized e L

stationary storage cells and results obtained from testing this e v

unit are felt to be applicable to the larger unitss For this SR 1 e
reason no tests on the two larger sized units are contemplatedd A Y
at this time,

de  750-gellon, 2u=ton, transportable unit.

(1) Camp lee, Virginia., - One unit is being shipped o €
from the Engineer Board to Camp iee for tests sinilar to BN e
those which will be nade on the 500-zallon stationary S Pl
unit., In addition, the unit will be subjected to trans— R
portation tests, R

Y WA

() Engineer Board - One (1) 750-¢allon unit filled o
and partly filled with 80 octane gasoline and loaded on a -
Ri-ton truck will be subjected to an approximate 5,000
miles Boad test over the Engineer Board course, This test
is believed to represent the average physical strain to
which such a unit will be subjected,

€+ 2880 Gallon Transportation Flat Car Unit. Railroad
switching and hauling tests have already been cmmpleted at
Camp Claiborne, Iouisiana by the Transportation Corps on units
filled and partly fiiled with water. At the request of Trans— 2
portation Corps additional switching tests will be made on e 8 )
railroad lines inside Fort Belvoir, with the tanks filled und B
partly filled with 80 octane gasoline, MNo units will be sent L R
to Camp Lee, Virginia, since the tests on the 750-73llon unit vt e
will indicate the utility of the 2880-gallon unit with standard e L
£illing and enmptying equipnent, W e

5 General ®sting Procedure, — General testing is to include ‘ e o
time studies on erection and disassembling of units and  sufficient =
pictures to clearly show steps followed in testing, and, where possi- :
ble, physical results of tests. 4

Ge Conclusions. “hen tests are conpleted, recormmendations .
Lased on filling and enptyinz operations and physical tests will be ° ®
made for wproving the units involved in the tests and sinilar units, - 8

Jo He SONNTAG,
1st Lieut,, Corns of Engineers,

CC:LteColsLeSlade,0ffice,YL. Enzineering & Development Branch,
CC:la jor LeLleHeller,0ffice,QT, cervices of Supply.
CC:R.I%I®cPherson,ingineer Board
CC:P.J.Vythe,U.3.Rubber Comparny
GCCiinijor JeAl.Richardson,Chief of Ordnance
CC:Captain Atkinson,T:unsportation Corps,Fort ieade
CC:H.AJBlauvelt, Army nir Forces, Nirectorate Base Service, e °

I'unitions Building, Washington, De Ce .
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WAR DEPARTMENT
Address Repl;” to THE ENGINEER BOARD
Lngineer CORPS OF ENGINEERS, U.S. ARMY
Board, FORT BEIVOIR, VIRGINIA
Fort Belvoir,Va,

December 9, 1942 Plsk - =
FB 151 S -

lemorandum to; Mijor Ldward L. Heller R Ll
Quartermaster General e R
Tlar Department \
viashington, D. Ce

Subject: Collapsible Fuel Cells ) . .

1. The Cngineer Board is planning to forward by truck to ) o
camp Lee on Thursday, December 10th, one 500-gallon cell and one ' e s e
750-gallon celle

2.  iire Tuthill of the United States Rubber Conpany will be ) ®
at Camp Lee on Friday to 2id in assenbling these if you so desire, ¥ =
He is to contact you by phone regarding this.

3, No provision was made by the nanufacturer of these cells
to take care of static. A static wire has been soldered te the
filling cap on the 500-gallon cell, and sufficient wire will be
sent with the 750~allon cell to run throigh the cell from the
filler cap to the outlet. This should be soldered to both filler

cap and outlet pipe.

4, It is believed desirable, as a safety precaution, to . K
run an outside static wire from filler cap to ground when pump— ) °
ing fron these cells while resting on the ground. Tl T B et
5, Then transporting either size of cell on a truck, it
will be necessary to carry a wire from the filler cap or the out-
let to the bed of the trucks, A drag chain should then be attached

to the trucke ) °*

. . ' ) oL & 3 g
M...._‘__zg_q‘aA.A. A;A_L_A_LA'.,IL"..L.HA S u;.l g e —

6, It is requested that this information be passed on to
it. Coles Slode of the Quartermaster Board, so that the necessary
precaution will be taken to avoid an accident,

7. 7The inclosed Ploto Mo. 46-1-2 i5 to be forvarded to I )
canp Lee for their information. = ts

George 7. lovard,
“ajor, Corps of Ingineers, ‘
1 Incl, Acting Director, Technical Division IV. ) °
Plioto llo. 46-1< -




Froduct Development Branch
ftesources Division, Production Service
0ffice of the Quartermaster General

EXHIBIT "BM
ChSE_ RECORD

1, Test of Fuel Cells, Collapsible,
(Title of Project)

Re Project Objective (including military
characteristics desired):

To determine the utility and prac-
ticability of the fuel cells, collap—
sible, with respect to standard equip-
ment now in use,

S New
(New item or revised)

4.

(Date of last revision)
Jtems in which used:

5 Existing specification numbers:
6. Services usins present item:

7 Project initiated bv:
8e_ Military characteristics defined by:

A1l
0ffice of The Quartermaster General,

13, QiB T-68

(Project Number)

February 7,1943,
(Date)

14,

15,

(Importance Rating)

16.
(Date S0S Approval)

17

[ ]
(Required Completion Date)

18,
(Actual Completion Date)

19,

(Results)

9, Basis for importance rating (Invertory data, pending procurement,

directives specifying completion date,

10,

(Estimated experimental funds re-
quired)
1l.

(Section responsible)

12, Supplementary wvork done bys
0.Q. M, Go

Denots:

Iaboratories:

1anufacturers:

etc, Ref, item #15):

(Experimental funds used)

(Individual)
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QUARTERIASTER BOARD PROJECT T—08 EXHIBIT "GM
TEST OF FUCL CCLLS,COLLAPSIBIL

Space Requirements of the Can, Gasoline, 5-Gallon,
and E
the Fuel Cell, Collapsible, 7-Gallon.

Fuel Cell,

Can, Gasoline Collapsible # Percent
S-Gallon 7~Gallon

Number of

Units 1R0 1C0 e
Actual Capacity

(Per Unit) 5 Gale 6 gal, _—
Total Capacity 600 Gal, 600 gal, s
Spdw,l:mpty 127,0 CusFle 17,49 Cuelte 14.1%
Space,Filled 12740 CusFte 15944 Cuelts 126457
Space per 100

Gallons 21,16 Cu.Tts RE456 CueTte 125,55

# percentage computed using the value for the Can, Gasoline,
5-Gallon, as 1097,
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QUARTERMASTER BOARD PROJECT T-98 LR
TEST OF FUEL CELLS, COLLAPSIBLE Lo
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QUARTERM.ASTER BOARD PKULELT 1-70
TEST OF FUEL CELLS, COLLAPSIBLE .____.__

Ea L/f /D

IRANSPORTABLE | 7OO GALLON,
X6 CARGO TRUCK WITH CANOPY

FUEL (FLL COLLAPSIBLE
MOUNTED ON 2'lh TON, 6

Mt e
[ ]

MNP ACH
{ " ,’ .
7O M ZONTAL BRACES ADDED TO POSITION
il IN CEHTER O TRUCK BED
L

A




.....
......

QUARTERMASTER BOARD PROJECT T-98
TEST OF FUEL CELLS, COLLAPSIBLE
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QUARTERMASTER BOARD PROJECT T-98
TEST OF FUEL CELLS, COLLAPSIBLE

T

FUE L CELLS COLLAPSIBLE /7 GALLON LOADL D
ON 20 TON 626 CARGQO T1TRUCIKK. BY

DIACIKING IN THIS MANNLEIZ 1O CLLEL.,

MAY HE ACCOMMODATLID IN % 12OW'.
ACROYSYS FTHE BED OF THE TRUCIK WIITH
CONSIDER ABLE UNUSLD SPACL A I M
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QUARTERMASTER BOARD PROJECT T-98

AUCUMULATION FOUND Al
CLOSURE CORNER OF 1L
WHEN CUT OPLN

FUEL CELLS, COLLAPSIBLE, 7 GALLON

ADJACENT
INST R

REMOVAL

DETERIORATION OF LINING
TO CLOSHIRL

. DLTERIORATED LINING MATERIAL

SHAKEN FROM ONL CELL. NO
SOLVENTS OR MECHANICAL
MEANS WERLE USED IN ITS
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the 7usl Cell, Osllapsible, 7 Gallem. (P ri
Pesl Oell, o o
Can, Gasoline : ]
—adaldon ~1 S0 S et ;
Wunber of Units 120 100 ——
Actual Capacity 5 Gal. 6 Gal. anerw— ; ® ®
(Per Unit) .
Space, Empty 127.0 Ou, Pt. 17.9 Ou. Pt, 1h.2S o
® ®
’”O‘, Mlled 127.0 Cu, P 1”05 Os. Pt. WO” -
Space per 100 .16 Ou. Mt 2.5 Onu. IS, 125.9%
Gallons .
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QUARTEI {ASTER BOARD P..0JECT T-98 TETEELEH
TEST OF FUEL CELLS, COLLAPSIBLE DAL
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bl ey \1

SHOWING FLAKING OF LINING e &

~~~~~~~~~~~

IN 7 GALLON CELL o
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Exhibit *¢*

(UARTERMASTER BOARD PROJEGT
TEST OF FUEL CELLS,COLLAPSIBLE

INLET TOO SMALL FOR VSE
STUD MOLES W PWLE- WITH STANDARS AVILILIARY

T-98

NG SROUNS CONNBCTION ) ~.

WEADS TOO CLOSE TO SBeE LQVIPMENY ey

Teasg

VENT CWECK WALVE PERMNTS SPRLL

END OF TR 8FD TO
ABOED TO PREVENT LATE- PREYENT LONOITVRINAL
RAL SHIFTING OR TRUCK 869 SHITTING

PARTS YOO SiALL
TO @ECEwe BOLTS
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HOUNTING O CRLL

OUTLEAT PI1TTING &
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ANCHOR PMLATE TFARS PATCHES TEAR LOOSE
THROUVOM PATCH rRem CELL PABAK
—CELL FARM< k
PLY WOOD oM
PANEL ) °
— LOCKMNYT e
SHU® Dosy = —
ToosiRs T PIPE JOINTS DIFPICUAY
RO BACKING FOR YO MAKE LEA
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"TEST OF MAREAG CELL STORAGE TANK,
AND EXPERIMENTAL CONTAINGRS  T-98
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THE ENGINEER BGARD
DESERT TEST BRANCH
ENGINEERING REPORT HO. 131

May 20, 1943

Title: 750 Gallon and 7% Gallon Collapsible Containers for the
Transportation and Storage of Ga&soline.

Project No. BR 37R Submitted by: John E. lewis, Jr., Enginecr.

I, SUBJECT:

A report on tects of one 750 gallon ard 100 - 7% gallon
collapsible contairers for the transportation and storage of gaso-—
line,

II., Authority:
BR 374,

III. Factual Data;

One 750 gallon cell and one hundred 7. gallon cells (30
Firestones, - 70 Goodyear) were received by the Engineer Board
Desert Test Jranch for test under desert conditions.

The 750 gallon cell:

The 750 allon cell (see figure §) was assembled on the
ground by two vnlisted men, & hours time U ing reguired as neither
min had cver sean the cell beforc and no asscmbly prints were in-
c¢luded with it.

Eizht men then loaded the cell into the body of a 2. ton
GMC truck,  Static dissipating wires were connected to the body of
the truce and to the filler cap and outlet valve assumbly respect—
ively. A length of chain was coniwected to the truck body and
allovied to drag upon the ground, The purpose of thesc precautions
was to forn a ready nnd casy path of discharge to the ground for
aryr chuarye of stutic electricity which nipnt ve generated by the
friction of the truck tires or otherwise collected uwon either the
truck body or the gaseline cell, The ctll was then filled with 750
callons of gesoline, (motor fuel rade, approximately 70 octane
ratin:).

W onttenpt sins made to fusten i ccll down to the truck
bed, mpr 18 #dap bladking wsed t& grévenl the eddl frem sidiudings
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The truck was placed upon a test run, This run consisted
of one mile of paved road, one nile of improved hard surfaced road,
one nile of very rough hard surface road, and one mile of cross-
country travel over sandy terrain, After approximately 500 miles
had been traveled over this course, no damage resulted to the cell.

The 75 i;allon cell:

It was noticed that 35 of the 75 gallon cells were man— i P i

it

ufactured by the Firestone Tire and Rubber Company and the remain~ o o e
in; 65 were manufactwred by the Goodyear Tire and Rubber Company. o o &
Thirty cells of each manufacture were filled as follows: S v g

6 Goodyear & 6 Firestone filled with § gallons gasoline. ko 3
6 Goodyear & € Firestone " " o6 1 1 o Ry
6 Goodycor & 6 Firestone " noes om 0 S H
6 Goodyear ¢ 6 TFirestone " " ';'1 n 1 -.- — . o
6 Goodycar & 6 Firestone wo7E 0 L
These cells were then placed in rows, flat upon the ground, exposed _ 5

to the suilight. The ambient temperature at that time was 104° F.
hfter one hour exposure to the direct rays of the sun, enough gas o
had been liberated or hoiled off the gasoline to cduse the cells ° P Py
to become tightly inflated, Twenty nine of the thirty Firestone L ok -3
cells began leaking badly from small "pin hole" like places in the e
fabric, as shown in photograph No. 1. This trouble was not en— s
\ countered with the Goodycar cclls, iy T hd LS

The cells continued to swell and started rupturing at the ° ° PY
seams after about 3 hours exposurc. The Goodyear cells did not leak A

at all until suftricient gas pressure had bullt up to cause failure
of the scams, At the end of five hours exposur:, overy onc of the
60 cells wider test had ruptured at the seams and were rendered
uscluse for further toests,

PRI I ¥

During the test, the temncrature of the fabric of the cells
vere checked, using a pyrometer and thermocouple, ard it was found | AT
thit the temperature gradually increased from ambient (104° F) to a
maxinuw of 175° F,

Terperatures of the gisoline.within.the celle was tlsc. [ Y ®
checked repeatedly sird this renched s mixinun of 137° T, '

o attempt wus made to stack the cells in piles nor viere :." = 1

o

iy tirown from moving: vehicles beciuse nome of the cells stood up

Jor it lovnt encuch time to wmirrnnt these tests, ’ ’ '
L 4
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-2% ’
COFrY




A bronze cap from one of the cells was drilled and tapped
so that a pressure gaure could be attached. Six cells were tested
by £illing them with 72 gallons of gasoline and screwing the cap
with the pressure gauge in place. These cells were carcfully
obsurved after boing pl.aced in the sunshine and the maximum gas
pressurc that these cells wiould withstand bofori. rupturing was
found to b. from 13 to 2 pounds por siquarc inche

Lxperiments were then conducted with the cells enclosed
in a4 bag fabricated of 16 ounce duck. This bayg was tan in color
and was velected because it is approxinately the same color as the
s:nd of the desert and also becuuse this color usually remains
fuw desrees cooler than olive drab, because its lighter color
able to ruflect hest more wasily. A Goodyenr cell filled with
grsoline wms placed within this canvas bag and exposcd to the sun,
A thermometer +as inderted between the canvas and the wall of the
cell., Tenperatures were recorded and it was found that this
temnerature was 152° while the ambient temperature was 105°, The
Gooldyesr cell railed at the seam when the temperature reached 144°
at that point. The temperature of the gasoline was found to be
135°, This test was repeated twice more and the results were the
samie gach tine,

“
&
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A wvater column was then constructed to determine the
maximum water pressure that the cells would withstand when sub-
jected to witer pressure and exposed to the sun, This water
colunn (see fipure No. 5 incloscd hercwith) wis so arranged that
e gt B %o 5o oF § pounda sould be applied to the

Ten cells (7 Goodyear - 3 Firestone) were tested in this
wiy aad the results were tnnt a1l cells would withstand 5 pounds
per saunre inch vhen shaded from the rays of the sun. Four cells
vere tested at 6 pounds per square inch, siaded, and o1l four
ileds The redndning 6 celle were wxposed to the sun and all
failed wiicn a pressure of 5 pounds por square inch was applicd.

A standurd Quartersuster 5 gnllon can was then prepared
for teat Ly drillise o fole through tie eap uhd placing & pressure
gatre 2t Lhis moint, & thermo well was inserted into thw side of

Yt the tenoerntare of the msoline might be ncasweed

v

1

gl (e RG]

ard a record ol Ue wipor pressures wept ot Ciffcrent tenperatures.

THigS ens s pietwrad G fMoure 4, The o RS then Tilled with S
ctllons of repular cotor ruel gusoline and pluced ina position

where 1t wis exposed o tie roys off the sun.  Observations werc
mivde for Five diga vt 15 winute iatervals of L.e dressure, (dscline
emserature sad the aumbient tenmpertiturce, Listed beloew are typical

¢
-
recordings obtuined vn one o these Tive days,
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Ambient  Temp. of Pressure in 1b/sq in.
Time Tempe Gas in Can o _Pressure Gauge
8:15 AM 80 74 0
B: 35U 8l 82 0
B:45 83 90 «50
9:00 84 94 1,25
9:15 85 98 Lal5 g I
9330 87 105 R.50 I L S
9:45 88 106 3.00 =t e
10: 00 90 110 4,00 B g pagtt ¥
10;15 90 a5 4.50 » ..o @
10330 91 118 5,00 N, 5
10:45 94 120 Eip 75
11:00 9 123 €.00
5115 94 125 7.00 )
11:30 96 127 e 4
11:45 100 133 €425 e e
12430 PM 100 134 8.50 T g
1€:45 100 134 £.50 ~ 3
1:00 101 134 9,00 ]
1316 102 134 9.00 ‘
1:30 103 138 9.75 SlEEN s s
1::15 103 138 10,00 ) ® &
2200 102 138 10.00 R T
R:15 108 138 10.00 NI A
2350 104 138 10,00 A
X345 104 138 10.00 S
5500 105 138 10. 00 B g ‘
3415 105 136 9.75 P o o
5450 104 156 9.74 R
5245 104 134 9.25 AR L o
4400 104 132 8450 "M SRS
@316 101 132 8450 4
1330 103 1851 8440 B
2. o o
After obscrving the temperatures and pressures for scveral days, 3

an oaverage of tno results sere plotted 2nd & copy of this graph
is includud in this repurt us oxhibit "An,

The results of this einperinent show that the pressure i
within <he can iucrcuses in direct proportion with the temperature. L
Referencc to the "Chemical Engineer®, handbook, John.H. Perry,
Editor in £hinf, shows thit jasoline and gasoline vapors have the

ol

propertice of & perfect gas, which is that the preasure varies in a i
direct proportion to the temperature umtil a pressure of 50 pounds =
nor square inch is reached or 2 temperature of €61 degrecs Fohren— "
hoit. L TR
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At the time these tests were conducted, 105° was the
maximur armbient temperature reached and 138° was the maximun
temperature reached by the gasoline in the cans 1In desert

operations this temperature will be exceeded during the hot — L_
months, As the ambient temperature increases, the gasoline L et B

temperatures within the can will increase somewhat, Ambient g e e
temperatures of 125° to 135° are by no means uncommon in ., '
desert reglons. It is, therefore, logical to expecrt an

'.4"_"

increase in gasclire temperature to 155° to 160°¢ Since the gt e
gasoline vapor pressures will increase in direct proportion b e -
to the temperature, reference to the graph will show that any o) e 1 g
container must be able to withstand a minimun of 1342 pounds A %
vapor pressure plus a reasonable safety factor, plus the mechani- b, Lt
cal strength necussary to withstand increased pressures caused by S e 0
stacking the cclls, dropping or rough handling of the cells. e j
IV. Discussion; ) o 1
411 tests of the collapsible gasoline cells were made ]
using regular motor fuel gasoline of 70 octane ratings This ‘
gasoline wus used instead of aviation guasoline because pre— ]
linimary tests had shown that trouble would be experienced with 1 ° °
these cells due to excessive vapor pressures. These high vapor = S
pressures are encountcred bocause of the fact thut ordinary 5 < ]
gasoline has an initial boiling point of 98° to 102°, Aviation e = b
rasoline (100 octanc) is considerably more volatile than ordimary i J 20 Y
gasolinc. T 3
: . ) o ®
The 750 gillon cull, knocked dovmn amd crated for ship-
ment, occupiis 3 crates which have the following dimensions:
Be5! X 1,5' x 1! = 12,75 cu, ft. 1
6.5 x 3' x ,6'= 11,70 cu. ft,
5401 x 5,01 x 45'= 12,50 cu. ft. ) P °

Total 36,95 cu, ft, Bt - , g

To conserve shipning space, it night be possible to further

reduce the cubic spice needed by crating this cell rnore compactly.
The 750 gullon metnl tinks that have been reccived ot this location
have been oval in sinpe. The dinensions of ome of these tanks sre; ) PY ' °

11,37 loni; st 44&" high x 5 wide or 327.3 cubic fuet., Conpared to 7\
the 56,90 euble fevt ocoupied by the 780 jallen étll, the netel )
tank womld require nlmost 7 times as nuch shippiug spuces ELl e =W
During tie test, no trouble was expericneed with the 750 .
£31len cell since it is egquipped with o vapor cscape valve., The ) PY .‘
nly=ood chell inclosing the cell protects the ccll itself fronm o ) S
the Vs pags Sof! dcte 48 wn ia@ulatoT; Y0 Dosw degrec, This TN
]
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cell was road tested for about 500 miles and arrangements have
been rade to have it service tested by a troop unit at Desert
Training Center for an additional 5000 miles. When this test
is completed, & report will be cubmitted covering the resultss

N 1 .

The 7. gallon cells were tested as thoroughly as it was

possible to do so hecause failures were experienced very rapidly
when the cells were filled with gasolire and exposed to the sun-

The Firestone cells are not satisfactory for the storage
of gasoline because they leak badly from numerous pin holes that
appear in the fabric and also because of the tendency cof the bag
to leak due to anv abrasion or by any peint where a crcase is
formed by folding the cell,

The Goodyeur cell can be used to store gasoline if the
cell is shaded from the direct rays of the sun at all times. None
of the Goodyear cells tested leaked at any time except when the
seans ruptured duc to excessive vapor pressure. The Goodyear cells
could be successrully employed to store or transport water or non
volatile liquids, Thedir use as drinking water containers should
be: discourdged because of the disagreeable taste and smell imparted
to the water by the thiokol usud in the construction of the cells.

The pressure tenperatwure tests were conducted with the
Quartermaster 5 gallon can to determine what pressures could be
expected to serve as 2 cuide in the design of any future collap-
sible cells.

Inclosing the cells in canvas bags does not aprear to be
of “meh helps After a period of approximately four hours the
casoline will se:ch Lie same feupertture that it would without
the cunvas covering,

Ve  Swimir: ol Resulbsy

The 750 gallen cell was satisfactory in the engineering
tests given it, Encinecring tests indicate the 750 gallon cell
tested has sufficient mechanical sirengcth and would definitely
conserve satpping spice,

The 77 gallon cells tested are aet satisfuctory for the
stora e or traas;ortetion of Jasvline in desert clinmates, It
mdl o by aeed te Mundde witer Tor purgesed oTher U @ drinking,
but ¥ ot safliiiontly SCESAS te mithatand 'whaeh Gondling, The
Lhd 20l used in Zhes® oells pives wltur a bad saell and toste and
whter stored in them would net be very palatable for drinking.

- &
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Any container for the storage and transportation of
gasolire in desert must be able to withstand vaper pressures of at
lenst 13.% pounds per square inch, plus a reasonable safety factor o
plus the necessary nmechanical strength to withstand stacking, pil- S
ing, and rough handlin;,.

The fabric used in the Firestore cells is not satisfactory

for hardling sasoline. o] Rl o Pt

The fabric used in the Goodyear cells is more satisfactory A T
but it was not possible to ascertain if it swould develop leaks, &t > .o L
the high pressures vhich it must withstand, because the scams failed R

before sufficient pressurc could be applied to test the fabric.

[
Submitted by /</ '
John E, Iewis, Jre
Enzgineer.
Avproved by /s/ > o ®
Chicf, Duscrt Test Branch T )
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Pigure No. 1. 7-1/2 Gallon Collapsible Containers for
transportation and storage of gasoline, Chalk circles
jndicate pin hole leasks in Fireatone cells.

i [ SO g

Figure No. 2. 7-1/2 Gallon Collapsible Containers for
transportation and storage of gasoline, Failure of seam
of Goodyear cell caused by high gasoline vapor pressure.
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Figure No. 3.

[~ 7-1/2 Gallon Col-
lapsible Container
for transportation
i and storage of gas- ) S °
Lé oline. Improvised : e e 8]
water column con- (et e e
structed of 1/2 g
W inch pipe. This T IR
V' water column was RS S
used to test col- | ® @
lapsible cells for Ak 1
P bursting pressures, o ]
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Figure No. 4. Standard Q¢ - 5 Gallon Gasoline Can equipped
with pressure gauge and thermo-well, '
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Figure Ne. 5. 750 Gallon Collapsible Container mounted in
2-1/2 ton, 6 x 6 truck.

-
L J
@

Pigure No. 6. ‘750 Gallon Collapsible Container mounted in
2-1/2 ton, 6 x 6 truck.




APFLIDIX "C"

First Interin Report

BR 372, Containers, Collapsible
for petroleum Products Storage

Appendix "C" contains photographs and drawings of the
various sizes of containers under procurement as well 2s
various experinental types,
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750 Gallon Container Mounted on 2-1/2 Ton Truck
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