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REPRODUCED *t&0$Htte_K ENSE J 
10 Au^st 194;< 

Ir.for.7ial Interim Report on Collapsible Containers for Petroleum ProductB 

Storage for Period of 15 June, I9H3 to 1 August, I9U3. 

^^^m* 

7/is  informal report  is intended to cover the period of 15 June 19^3 
to 1 .v.'.:;ast  19^3 in the development and service testing of collapsible 
containers for petroleum products storage.    The period prior to this tine 
:.:-   covered by F.eport Ko.   757 prepared 1 July 19^3 ty the Engineer 3oard. 
A 1". :-.:\rl  s'-'cond  interim report which will  contain approximately the same 
information as this report  is now being prepared by the Engineer Board. 

"i'.v- period  covered by this report   is  considered a transition period 
'."ürin- which responsibility for development and procurement  of the  sub- 
ject   items  is being transferred from the Office,   Chief of Engineers to 
ehe Office of the Quartermaster General as per A.3.0.  Memorandum W850-I5-^3 
dated April 10,  19U-3.     The transfer is  considered retroactive as of 
Jv.ly 10,  19U3. 

1 
s 

1 

At ^   cjniereacf  oä IV C\ly,  l?<+3 Vit.h the Wirect,or of'the TechnicA 
■i-.ch,  Fuels end" Lubricants Division," Off ice of  the Quartermaster Oeneral, 
vas decided that the Engineer Board would  continue service tests now 
>r way end terminate  them as soon es possible without  effecting final 
r.u t s. Information not contained in this report regarding the results 
th" tests will be forwarded when available directly to the Office of the 

Tt.-i-.fipster General.  In addition the Office, Chief of Engineers was 
vest d ct this conference to make a study of field failures of units as 
;;rted jy the Atlantic Ease Section in r field report of 12 June 19^3« 

riscjssio:*: 

7->Ilor. By.-;s - 

TV  Tank L»stray*r Joard  of Cacp hood,  Texas  in a report  of June 
i concluded,   oi  thi   co...->letion of t^sts of r  nuab« r of bags,   that 

■   o.-^js wri-f  ,iot   suitable  for use by tanlc destroyer units. 

">••:'. 

ilures 
t. st.d 
,. j ... _i.. 

r«   rn eerli-r type of 'fliokol  "i"" bag which had been 
ousiy. through Hi in« »T 3orrd t-sts,  to have definite teapereture 

.'he A • .y Ground« Jo/c^r-,  on tie basis of this report • crcid»-^ to 
i   ' .r service  tostin;: of sever,   ,-rllon Ja,,9 rt   the Fort Knox,  Kentucky 
-iv;^.  lor*..  Carolina Toercs rnd  occurred with  the racss&iondationt 
..'.: :' stro''er Bo.^rd.     It   is -lomtfi'   ->ut    .-.ovevc-r.   that lfc& ba^s eent 
.oid "«r«»  of  rr.  earlier desi rn which lave since )ir^r. iapr^Ted. 

AXrxy Air  'over? hateriel  Co:..; and ,   in r  report    of Juno 5, 19^3 
.-..  fri  for Ar.      -iir f :>rce "ise    a       eeven    allon   >eg with a rated 
str •-•.-; *.!'   0:   7-   1   .     «r po.   in.,   constricted   of 1C.U ounce  fabric, 

..-••.•'• 'it:;   '  :okol K? latex.    The reeoui .end,-: :o.i was, hovever, 

.:••'■:;   y :.     .\r   ' Air Torcaa rs a  result   of   ''ilures  of t!*e sexie 

(jty 

I 
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type of bag vhen tested by the Desert Test  Branch of the Engineer 3oard 
in the desert  ft approximately 110    F.   ambient temperature. 

A recent   informal report  from the Desert Test Branch stated thfit 
initial  tests on the Kimberly-Clark glue-treated paper brgs housed in 
faerie containers had resulted in successful exposure to desert  sun under 
t.-.:.:.-r-tur-s  of approximately 110° F.  during a three day period.    These bags 
TO now scheduled for intensive hauling,  handling,  and moisture exposure 
". sts at   ehe Desert Test Brpnch, 

The United States Rubber Co.   is furnishing a number of double- 
walLad. bags for service testing at  the Desert Test Branch.    The inside bags 
arc of Thiokol FA or MF latex gum construction (without fabric)  housed in 
"abric containers.    The  begs appear to have possibilities but have not been 
s.Tvice trsted so far. 

An a  result  o*~ the  abavc  tests  it  appears that  singlr walled 
Thiokol  br;;s,   regardless of the  type  of Thiokol used,  will give only 
-h'.ited taaperature service and  the I:i.;ineer 3oard dofs not believe that 
:':.:■ t,r-"'-  of 'or- can be sufficiently improver1  to wa.rra:.t  f rther testing. 
'.'o further  test in ■; of this  type  of bag is planned at  present. 

However, double walled bags of the types outlined do eppesr to have 
povfioilitips and tests  of these type** as noted  above,  should be continued. 

3.       730 Gallon and  2700 G-llon T^ansporteble Units and 1,000 Gallon 
and 3»000 '--allan Stetionary Units as Covered by Corps of Engineers' 
Tentative Specification T l6"78. 

' * • ■ I 
• ,The f'-rs'   intrri|3rr'f

|of* noted  the fterforfiTtCe ef test unit« ia 
Chiü o. SO • r. bt in,.- sati'sf; ptiÄ'y -ut stnted t^-et tepts» bejnj* conduct «-£ e\ 
the Desert Test „ranch had not o en completed et tat t*&• the 1st interim 
report had  been prepared. 

Tests at  the Desert  leit Branch have proceeded satisfactorily on 
' 1,000    all on unit of late manufacture end a 750 ßSKllon unit of the latest 
'..-.:  ...     The  1,000  _,allon unit hfi successfully h*ld ,,-solim  without leakage 
:r r-'-iroxinatr l£ 30 dry« when exposed to the desert   sun at  temperetures 

v :■   ir. ■; from 100    to 130°7.    ?hi   750 gallon unit are unc'<r one e 700 mile 
"illtd with "ater :rom South Bend,  Indiana, to the Bngineer Board, 

t- 

'ditionrl  ?00 nilc road test  rt  the Desert T<nt   Section and wan 
v.. .   ovi r  to en pnaorc \ r< giaant  for an anproxinatt   30 dry test  in 
:irld L:r.(uv,r3.     Thr unit has successfully withstood all  those teots 
..zu,  together vii;h thi  1,000 gallon unit,  bei a turn re. over to en 

-  combat bj'tt'lior.  in the desert  for further testing    These tests, 
:  vi'.n tboui   noted,  i . tho 1st  interim report  show there unite to br 

11 cfjry for unlimitrd t-mperntun   service. 

Arl- ..: 
.". Ci    '' i 

.C 2*r.c Section  report  of June  12,   1 )^ > p-'   thr  actual 
..  th< so ■ 
but   »h-t 

:ito  indicated  that sf r.ry u-iits v< re 

W. 

:'r.(  transportable units hrc   gi-   1 ver;' poor 

-2- 
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service r'ue main!}" to e::cessi'-e, unrepairable leakage.    U >on receipt of thi« 
rnort  -11 present "procurement was cancelled and two similar units,  one of 
2,700 gpllon capacity and the other of 750 gallon capacity, 'hich had been 
salvaged  out  of a sunken ship in the sane shipments ps the overseas hags, 
■■ere axa.lined pt  the A.S.?.  2enot  at Richmond,  Virginia.    No fpilures «ere 
apparent on visual inspection end it was decided to test the units further 
Et  th" üi_.ia»er 39oard.    These tests are now under way,    It was decided, 
IvTTVrr,  that the failures in overseas units were due sieinly to two faults: 

(l)    L.ioroper curing 
{?.)    Poor seem construction 

A „hire possibility,  fault-' x>,-eking methods was plso believed  ?  contributing 
cvu.ee ij failures.     Improper curing pnd poor sean construction hfd been found, 
tlimu h  service testing by the Inline er 3oard to be uaderli'ing causes of 
failure of ftomp of the  first units tested by the ijigineer .=oard.    3otn of 
these "er!aipRBes have since oce-a corrected PS evidenced by the recent 
successful  service testing of units at the Desert Test Section.    A method 
of ;v eking has rlso been developed thft will reduce critical ppeking fplda 
to a juinicura and protect  these folds with reinforcing material.    Relief 
v- L"os have "ua^n redesigned pnd. the size of the intake opening increased 
•,.:.''.  it,ir  nay  concluded,  th; %  tiefte units should   ~iv£  satiifa.ctoty performance  1 
,..■*. r    11«, cojjditi >aü £ OP \ "hid? tin- "~Ait% »err dcWl.5hc.dj     ,     '      .    r ,     ' 

-. »    *~      * • '■■ * * 

C      21.0C0 i>rllon Stores Unit 

hie collapsible unit "hich is designed for insertion into earthen' 
cv.trinera  i:-, no" being service tested at  the Engineer ioard rnd has success- 
fully passed a •Preliminary vster storage test,    it is designed for dead-end 
insertion into a pipe-line or for bulk filling from tank cars, trucks,  etc. 

i\       I'r.OOO C-Uon Stor^c Unit 

rhis unit has been successfully instrllcd  in r -'oodcn-wallcd 
ngley ?i?ld, VirginiP rnd is being used for 70 octane gasoline co.;:r : n 

ntor* ,( 
r.p:uifac! 

•ithout trouble.    Thr  size of this unit, however, prohibits its 
on r  very large -rofuctiin scale. 

7,0%'   J, lion Underground  Storage UnltB 

up ,   each of 9i300 gallons  capacity have been inserted in a. 
l_.br underground  contriner in high ground wat-r under U feet of 
r.    --er ;t   :hr HoBcttoad,  Florida *ir Field and  tht   unit  is now bring 
'.    This unit  if designed as r  substitute for underground steel tanks 
.  intended *.o release critical steel  for other lurpos' s.    A "ooden 
.irr 0er r.inplified desi n is now und^r tret at "he ra»in-cr Board. 

FrojTQMd :ingln. c r -orrd Irslgis. 

5« rvici   tests of unite bclirvtd by th»   >.;incr -board to or more 
■  ctory tian nrcsent units in th<  750 .7llon to ?,,"v'v3 gallon CIPSS havo 

initiated to date.    Thr Engineer 3oVrd i» •■»roo'.ring one 750 gallon 
^/"ri jrllon unit,  botl; of nev design,  for testing. 

-3- 
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mmm 

If service  :o its r-.re satisfactory similar units should be turne-:1 over 
tn Arv (trouiv' Force and Quartern e ber "oards and    "ray Air !?oree Trr.in.inc.- unit3 
'"c doeido "..''lie1'  ty.vB.l they   'refer,     "n the meantime,  units coverer1 by Coras of 

;rs Srsec:.ficaticn T 1673 should be   •■rocured end standardization initiate:1. * - "1 p i.'.vn 

G.      :>, 7 "'.-■' rtnenti bureau cf 'ercr.autics 

The "'ureau cf Aeronautics has successfully developed a 550 gallon cell 
of V  ' -''-ol invrrognatod fabric, 3 ft.  in diameter x 10 ft,  long especially adapted 
for u:e ir pairs to fit along 03 ch side of standard 33 ft.  reaming scovrs.    In 
. '■.:ticr. a cell of  :irlar design, 2,000 gallons in capacity,  62 inches in diamete' 
:: 13 i".'.   ■•-i;"' for "se ■..•it'   a light 'might vroven flotation frame, as a tow unit 'ias 
bee:   develc  cd,    Hcit'ier one of the o cells are contained  in outside housing, 
:..\c'.■•:•■' •.•;■;- 'I   "or underwater storage ''.as also been developed. 

-•     .SrJ. .■'-i.r. yp'-Sß.3.!ic.t°.rA.°.\.. .QOJTinnd.   [right f_ie.\4ju .'^-yton^ Ohio 

'fright ?ield has develooec1  t'-o folio- Inn units: 
(!)    220 gallon for   .rmy Air 7orce, 2 '"heel Utility Trailer 
(?.)    550 gallon for 1 ton Ordnance trailer 
(3)    660 gallon for 6x6, 2-v ton truck 

.   I,COO gallon stationary storage u it similar to t'--o o'-o under procurement under 
lorps   ;.f P<ng:.nc .rs '.Ocr.tative Specification T 1673 ':as also been recommended for 
.r;y  .crvica 'orcc   'rocuronont.    Its .'.3 1, 2, and 3 above arc of single bag dosign, 
"it'veut hou3ir.g3 anr1 service tests  to da !*o have shown them susc^ptablc to excossiv 
br"s Ion. 

I. ("alion Drums 

,     ,    '     ':";. . Tirst* in* .-rim r.jportoof*thc ülAglnce» ^oard SyAttd that no specific,. 
-\-l .'.. t Jv-c, siaT*-aa on' 'oh*  '0 gallAn ftnr.i,    CiXftec'-tha';  t..i-*s, « troatod)55. 

<■ '. It*"as filled *ith -jfooKirA and Is Doing givou l i'Lon "oo". ';cr 'haa b. 
■jxjosuro test «o the presont time,    flox type unit3 mado of wood aro on order 
:: '-.isi iger   'iller Lumber Co.  o? Hcthoada, *W.    Those R*0 barrel and half- 

'•*-.! aizes«     'ho  lanufncturor '-S   «ndc numerous   -»roliminary tasta aid if his 
■'; a:•.■    orr. ct it is believed  that his products 'rill have considerable 

•   ....    ;an he built in size3 frO'i 5 gallons to 5.   gallons, 

J*     . .":.;>':. .-;-.vAi."A»i\•. £o_r HypX yX. JlP.stiflE 

1.      '.•"•-  following uaits vhich are a'the- on hand or uvlor order by 
. I/.-,   -... .- "-A-d ."re available  for furthor Uats: 

a. On: '.*Swd !!oii3Ü-!g7.50  gallon (original doulgn) 
b. Or... unuaod 7 iO gallon ba^ (improved docir.n) 
e. r'\'a  -o ipl .to used 2,7v00 gallon units  (ori'ivil c^Bign)     : 
j,    .'••.  ..3^'. ceipl.tc 7 0   ,?.l1en u-.it (j nrovod r'e ,itn) 

O"'. t_st by  i'.-Q Xscrt .;rac!i 
;..    Jr. i cad co'..0> L. 1,000 gallon un.it (o-i.iaal deign 

but 7VC-  t  jam "acturo)  on test by  '•.'>_• IX■ .c-t '.'u3t -ection 
f. ■:•:.- v lusad 3,000 gallon unit of a \- 1~. ;ino..r 3oard 

.'.• L,n on jrdcr 

^•Ml 

' 4' 
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One unused 750 gallon unit of a nc.7 S^^inOw* -O-ird design 
on order 
One complete unused 300 gallon unit proposed by 
t'truotlforn Co. of Chicago, Illinois. 
One used housing of Engineer Board design for a 2,000 
gallon unit. 

7 -alion E 

■ if 
1. ..ingle railed bags i ■;i>rognatod -nth /hiokol r gardlcs3 of the 

:f duck used -.'ill have the following approximate liiited service: 

a. Thiokol PIP latex bags - 20°F to +90° 
b. Thiokol FA bags - 20°F to + 90°F 
c. Thiokol K bags * 10°F to + 90°F 

2. Double walled bags nith outside fabric housings and inside bag ". 
liners c,~:  as the IviTibcrly-Clark glue treated paper bags u:>d the I, S, Rubbor 
: D. Thiokol an bags mpoar to \?vc unlimited t". npcratuirc possibilities. ♦ **   , 

*   ,   '   f       *   *       »   r "*■      -N—-|j| •      !»—<v * •■*."; * ""   « 
•3.      7-70'Grtlor to, 3f00<3 Gallon Units U.- per-Corp» of Engineers        " *' 

^il^.tivo J^ccificatic.^ T 1678), 

1.      Those ur>its have been improved and weaknesses as noted in tho 
.".tlcntic '. 'as,. Section report of Juno 12, 19A3 corrected and it is nor; believed 
L'.-.it th^e units Till give satisfactory, unlisted sorvico throughout all ranges 
of  l. iperr.tVTe. 

C.      Lulk '.torage Vnits in tho +10,000 Gallon Clasq 

1.      ' csts tc ^.ate have indie, ted that collapsible brg3 can bo satis* 
fr.ctorily inserted in all types of inclosurcs, specifically in open earthen ln- 
rlosures . "i rbove ~:id underground '.«xxJcn storage tanks and all of thoso types 
I. c. t'-...reives to T/0 use,  conserve shipping space, arx! have a high degree of 
:cb:iety, e.V. conserve critical stool. 

^pw 

rTtrn 
. j -... ..■ 

It is r.coüwondcd that: 

1. .. elision J>.  nede through 'ioadquarters, Array Service Forces \rhothcj 
.i U-.i-   !-t   :;\:i*aturc 7 gallon bag is rarniirod fo:* T/0 use, 

2. Investigation and testing of doublc—mlled 7-gtvllon bags ^bo pushod 
tc . ;-. c-j conclision. If t-3ts arc successful, quantities of these bags should 
: •.'.   ■:'   t.'y * _  turned ov^r to -he ^lartoraastur Conercl, Arny Ground Forcc3, end 
...    ;r    0-c-2 mita TOT t.st3 of utility in specific opor tiona. 

i 
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3. h*cad*!üartcrs of Any Service Forces should bo re-nested to nahe 
;  ckf: .ite a tat- \ant on  the necessity of non-steel, s,nall capacity containers 
to zw_'rl.'n..nt the stock of 5 gallon stool cans. 

4, Immediate steps be taltcn to initiate standardisation of the 750 
gallon :ad 2,700 gallon ".ran;port.-.ML units and the 1,000 gallon    and 3,000 
gallon stationary storage, units as covered by Corps of Engineers ''entativc 
:7 cific.ition T 1673. 

".      testing of proposed Engineer Board designs in the 750 gallon to 
3,000 gallon class bo pushed :?ith the object of dot.mining their utility a3 
compared -dv: units of sinilar capacities as covered by Corps of Engineers 

6. Information on collapsible bags used in bulk storr.ge units of the 
flGjuOO gallon clase be circulated to the field and noc's for unit3 of tho3c 
types  ':o ec;-.s^:-v>, critical steel  determined. 

7. 'Voode'i boxes in the  j gallon to 55 gallon class as proposed by tho 
"ir.inger Miller Limber Co. of Dethc3da, Maryland be thoroughly investigated., 

fi.      Jiepoeition be nadc of the various test units noted in prragraph "J" 
:-■]j? tho heading of "Discussion" in thi3 roport. 

—^     w±- 
hf 

«    , J.r!!. SO^AG^ 
^m'     ' try   Wm^   WM^^l«  |vr   ___ 

Equipment Development? Branch, 
Engineering Division. 

/■/ 
H. ?. ItoPhcrson, 

Chi-f, Pnoumatic Squipaent Sootion, 
Bridge Branch, 
Engineer Board 

•it 
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S2IIABUS 

This report covers the investigation of collapsible fuel 
containers for the period of 19 .jeptenber 19<*2, to 17 June 1943. 
During this period collapsible containers of 500 to 3000 gallon cam- 
cities desijned by the U. ?,. Rubber üon;»ny and the Transportation 
Corps were investigated and tested.    ,.s s result of this investigation 
specifications and drv,:in~s have been prepared coverin^ four sizes 
of containers having capacities of 750, luOO, 2700, and 3000 jalloiic. 
Tlie report reco:,nends that, those dusijns be considered satisfactory 
for present conteaplated procurement.    However,  it is a »parent tiiat 
tiie design of these containers can be improved, and this report further 
recommends that the proposed designs be tested uith the jeast possible 
delay,    one-man containers of various designs and made fron various 
materials  have also been tested.    It is concluded thct this size con- 
tainer is •; desirable unit, although it is not sat is factor;'' at its 
present sta^e of development.    It is recommended that the present test 
program be conpletcd but, if the results arc unsatisfactory, the pro- 
ject be dropped.    The  investigation of 55-jallon containers and 21000— 
gallon storage units has only recently been started.    There are suffi- 
cient possibilities apparent that the development should be continued. 

• • 

•      .   • 

•        4 

•        • 

• 
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HLSTRiC 1LD 
i,      SCOPE OF REPORT 

1, This report covers the investigation and development 
work on Collapsible Fuel Storage Containers from the period of 17 
September 1942 to 15 June 1943.    The containers investigated can 
be divided roughly into five toain types cf classifications.    With 
the exception of the 55 gallon drum all containers are collÄpsibl». 
It is possible 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 follows» 

a. 7 Gallon Baft. - To be considered as auxiliary to the 
5 gallon metal Blitz can. 

b. 55 flajjgn Drum. - To replace the 55 gallon steel 
drum. 

c. Stationary Bulk Storage Containers. - 500 to 3000 
gallon capacities* 

d. Transportable Containers« - Trucks and railroad cars, 

e. Stationary Bulk Storage Containers. - 5000 to 25,000 
gallon capacities. 

2. Although the containers are designed primarily for the 
storage and transportation of gasoline, many other liquids can be 
safely handled in them.    The cells will withstand the highly aro- 
matic fuel? produced in the Near Last (up to 40ft aroraaticity) as 
well as the liquids shown in Table I, Appendix "A". 

II.    AUTHORITY 

3.     The development prograa is being carried out under the 
following directives: 

• 

• 

• 

• 

• 

a.      Letter frou the office, Chief of Engineers, dated 6 
October 1942, subject: "Procurement of Impregnated Fabric 
Fuel Cells", file 457 SPESD, to the Commanding General, A.S. F., »      ~~f 
requesting that the Chief of Engineers be designated as the 
agency for the development and limited procurement of collap- 
sible fuel containers.    The reasons for this request were two- 
fold. 

(1) The Office, Chief of Engineers, was acting as 
the initial procurement agency for collapsible containers 
for Ta3k Forces through the Transportation Corps, and 

(2) The Corps of Engineers had previous experience 
on similar materials used in pneumatic equipment. 
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b. 1st Indorsenent from A.3,F^ to the Office, Chief of 
En_;ineers, dated 9 October 1942, file SPRID 457, 

c. Letter fron the Office, Chief of Engineers, to the 
Engineer Board, dated 26 October 1942, subject, "Impregnated 
Fabric Fuel Cells," file SPESD 457. 

d. Letter from the Engineer Board dated 19 November 
1942,~File 417 (BR 372) to the Office, Chief of Engineers, on 
the subject "Impregnated Fabric Cells", and 1st Indorsement 
thereto dated 27 November 1942» 

e. Letter from the Office, Chief of Engineers, to the 
Engineer Board, dated 30 Jterch 1943, subject »Cells for Stor- 
age of Petroleum Products", file SPESD. 

f. Letter from the Office, Chief of Engineers to the 
Engineer Board, dated 24 I.fcy 1943, subject "55 Gallon Fuel 
Cells," File SPESD. 

III.   PREVIOUS INVESTIGATION 

4.     The investigation of Collapsible storage Containers prior 
to th? period covered by this report may be summarized as follows: 

a. Commercial Investigation   one of the earliest con- 
ceptions of collapsible fuel containers is covered by a U. 
S« patent (No. 21025,90) assigned to the Glenn L. Ifcrtin Com- 
pany.   The development is known as the "l&reng" cell, and this 
name is an abbreviation of IftRtin ENGineering Company.    The 
patent primarily covers cells for use in aircraft 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 structure. 

b. Army Air Corps.   An investigation of collapsible 
fuel containers has been under way at '{right Field since the 
early part of 1941.    Reports from Viright Field dated 22 and 
23 January 1943 conclude that small transportable units are 
both practical and desirable but that the idea is not practi- 
cal for very large units,    (See Appendix "BM for complete 
report). 

V 

c.      ifeyy De partme nt 
rt dated ^0 {fey 1943, 

Bureau pf i.eronautloe, - A recent 
report dated ^0" {fey 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 aeronautics. 
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(4)   Semi-Permanent Tanks.    The Construction Divi- 
sion of the Corps of Engineers has installed at Home- 
stead Field, Florida, a 50,000 gallon bulk storage 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 Field, Virginia.    The container is 
a single bag 12' x 24' x 48» supported within a rigid 
wood box.    It is also made of Thiokol coated fabric. 
Neither of these units has yet been placed in operation. 

IV.    PRESENT INVESTIGATION 

5«      This investigation of collapsible fuel containers began 
with the initial procurement of cells for use by Task Force A.    The 
procurement was initiated and completed without thorough testing 
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d.      Investigations Concer^tl Specifically With 40;; Aro- 
matic~Gasoline. 

(1) Other Federal Agencies. - The National Bureau 
of Standards and Naval Research Laboratory have studies 
the effect of 40j6 aromatic gasoline on various materials. ( _  -*r 
The investigation is primarily concerned with lining ma- 
terial suitable for bullet proof fuel tanks in military 
aircraft. 

(2) The Thiokol Corporation has developed the syn- .    _:."_. 
thetic rubber known by the trade name of "Thiokol".    The •       •• 
principal" use of this synthetic is in the manufacture of \ 
equipment which handles or comes in contact with gasolines "/•;. 
and all types of oil.    Its ability to present the action ;Sv-; \ 
of these solvents has been its outstanding characteristics. 
The principal disadvantages are its ooldflow properties 
and the fact that it is therrao-pjastic.    Thiokol Corpor- 
ation maintains a laboratory which is constantly striving 
to improve the product and to find new uses for it. 

(3) Permanent Rigid Tanks»   The Bureau of Yards & 
Docks of the Navy Department and the Construction Divi- 
sion of the Office, Chief of Engineers, have installed 
numerous underground storage tanks of exceedingly large 
capacity.    Tanks built by the Bureau of yards and Docks 
have been of prestressed concrete design whereas those 
built by the office, Chief of Engineers, are of rein- 
forced concrete.    It has been found that these storage 
units can be satisfactorily coated with Thiokol Latex 
dipped fabric and Thiokol Type FA sheets. 

• 
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by any government organization. 

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

Size 

500 gallon 
750       « 

1000       « 
2700       M 
3000       » 

Quantity 

500 units 
1000     » 
1000     '» 
200     » 
200     " 

7.     The basic design of the 2700 gallon unit was worked out 
by the Transportation Corps in conjunction with engineers of the 
U, 3. Rubber Company at Camp Claiborne, Louisiana, in October, 1942. 
The unit adopted was designed for rail transportation and was given 
a 700 mile rail test filled with varying amounts of water.    The 
750 gallon truck-mounted unit was patterned after the 2700 gallon 
unit. 
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8. Liaison was established with the Transportation Corps, 
the Quartermaster Corps, and the ordnance Department as potential 
users of this type of equipment within the A.S.F.    Liaison was also f        9 
established with the Bureau of Aeronautics, Navy Department, the [,  . 
Ijaterial Command of the Army Air Forces at ^ight Field, and the 
Office of the Air Engineer were definitely interested in the dev- 
elopment. 

9. 7 Gallon Cell.    The original design of this unit was sub- p     # 

mltted by the U. S. Rubber Company, and had been inspected by the r-'-   "■• 
Transportation Corps.   The unit wna made with Thiokol Type FA as !-"-"."\-''•'.-''•'■"■' '■ 
the gasoline resistant material,    250 units were ordered for ship- -?' ;•; \v ' 
ment to Fort Bragg, Morth Carolina and 50 to the Engineer Board y-;>./■;"%;.■ 
on 29 September 1942,    Upon receipt of the test cells at Fort Btel- "--■.v!--^! 
voir, it was immediately found that they could not be considered |        9 

as serviceable units.    It was practically impossible to either "rr^r-r ,'".*: 
fill or enpty the cells, and even when filled with considerable y- v- **• "S /-V 
difficulty, the pouring spout could not be made liquid-tight. ;>■ >"■*•'/'- 
These early units were uade with the pouring spout as an integral V. !-"•'".•' y\-' 
part of the bag» .    ... '-v   -l-'/X- 

10. other rubber manufacturers were requested to present 
their ideas on suitable bags having the spout riade as an integral 
part of the cell.   All sanples submitted were found to be unsatis- /•-" 
factory.   L discussion of the problem was held and the vic./s of '■".■ '•-" '-'.■; 
the  iuurtermastfcr Corps, the Transportation Corps and the Ordnance 
obtained.   As a result of this discussion it was agreed that the                 , 9 
adoption of a metallic bung or closure would be an immediate solu- :.' -.;■, 
tion to the problem.    3ince flexible pourin^, spouts v.'ere 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 •*'•'£"' 
spout» "••..". 
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11. £50 new bags were procured fron the U. S. Rubber Company. J .  .. • v     ß 
The closure used was similar to the metal bung used in a 55 gallon /.-.  ."X". v- 
drum.    It was of the screwed-in type and of such a size as to per— '">'>v 
mit the use of the flexible  spout.   The gasoline resistant mater- ■■'.'■'■'. 
ial was Thiokol Type FA. ■'-[.-\ 

12. 100 of this group of cells were tested at the Engineer * .- .--*—-.:-* 
Board. It was found that this type of closure could not be made v""\ 
liquid-tight unless great care was exercised in closing it with 
a wrench.   A wrenchj or tool of some 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 36£ of the bags 
failed due to improper design.    These failures were in addition to ».-.     ••    - • 
the difficulty experienced with the closures.    It was also deter- .".-* -V        ..'.- 
mined that 3, bag having a Llgher bursting pressure was required. '"■"--.•    .'■/-•"*■' 
Laboratory tests on the .\aterial ir.d'.sated that it was sufficiently ; .-_ >; '•;.' ;>N 
resistant to the action of gasoline.   All laboratory tests were .'•:"* ;--■:"."" 
conducted with 4Q& aromatic gasoline but rjad tests were conductedd — 
with 00 octane fuel. '         •         • 

13. 100 cells wera forwarded to the Quartermaster Board at 
Camp Lee, Virginia, for tests.   As a result of tests by that or- 
ganization it was recommended that the filler cap be  improved and 
that the design be chan.j-.'" so as to permit the us^ of present 
auxiliary equipment,    Thi?   tpplied specifically t>; TiMing with 
the whistling typa dispensing nozzle which was ir vco v.t that time. 
Other changes we;e renomnsnded but tliese had already L-..3cn adopted 
as a result of other tests.   Although more time ..*as required to 
fill the bag than the rvital  ;an under blackout co::di"",:<.ons,  it was 
considered to be more serviceable, would permit vran-.porting approx- 
imately 16jb more jasoline on the 2fHton truck, fnd required about 
one seventh of the space when transported smpty,    (For complete 
report see Appendix nW), 

I • i 

14. ;:o reliable figures were available '■.• the quantity of 
bags which would b=5 rt _uired if they could  m p:.*- ren satisfactory. 
However, there a rearer to be a possibility &;.   'c luirements for 
5,000,000 Lv.^s f».. j: .- ..'.si carter of 194.'.   r."h:.    ,w?.2require approx- 
imately. 6,' wO,0(     r.cuii   of. ThioJcol FA or '.the:: c.-ynth^tic-rubber.* 
Contact with T.F£ -rought out that no 3uch quantities were available 
unless Thiokol Type M could be used. 

15, An additional 100 cells of an improved design and made 
of a Thiokcl '! o,-' rund were road tested.    It wa3 found that a 
reinibrceiij:.:. pit'h    an required on the back of the  container 
under the  c:oaur.  bw» that wiien this v/as applied failures would 
be under % in S.-..\     Mt.-s,    Container test:: made at low tempera- 
tures in the Chryjxer l.jora -ories in Detroit proved that a  con- 
tainer made of Thiokol '.I could not be used at temperatures of 0° 
F. and below.    Tests ..lade by the Engineer Toard Desert Test 3ranch 
proved that the bags v/ould fail within a ;xiriod of five hours 
when used at temperatures occurring in desert country.    It is be- 
lieved that the maximum safe temperature f:>r Thiolcol :.' type con- 
tainers is 90° F. 
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16, ;. large number of manufacturers of rubber goods were in- 
terested in this development.    In order to take full advantage of 
the research manpower of all these organizations without the ne- 
cessity £>r a separate investigation of the ideas of each, an in- 
formal industry committed had been set up,   A representative of 
YIH3 was also on the committee and close liaison was maintained 
with the Quartermaster Corps, 

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

a»     Container design, 

b. Closure design. 

c. Compounding and Processing, 

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

18, As a result of the v*>rk of these committees a container 
which will meet the requirements and can be readily manufactured 
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 lias 
been determined that a container made of Thiokol N would have only 
a liiited use.    It could not be used at temperatures of 0° F. and 
below nor at approximately 90° F. and above.    (See Appendix "B" 
for report by Desert Test Branch of Engineer Board).    Further in- 
vestigations by the engineer Joard of compounds suggested by the 
committee proved that Neoprene compounds were unsatisfactory. 

19, It was obvious that a container bavin,: this limited use 
was undesirable.    Contact with V(PB 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 nonthly could be diverted for use in these 
containers, 

20, It was concluded that the containers would be entirely 
satisfactory providing Thiokol FA v*ould stand up under desert 
temperature.    Tests on large cells made of Thiokol FA had been 
satisfactory at -25° F.    Additional containers were immediately 
ordered but these have not yet been delivered.    In addition to 
testing these at Desert Center, some will be submitted for the 
approval of the A.O.F. and the Quartermaster Board,    It is planned 
to submit containers made of Thiokol N to the A.G.F. but those 
furnished the Quartermaster Board will be raade of Thiokol FA. 

--. 
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21. Vai'ioüÄ cither materials have been investigated in this ^V-V --'•'•' 
development,   of these, the two which appeared to warrant further                  [ ,—*.,.  , 
consideration were Tftiokol Latex and a glue-treated paper inater- 
ial manufactured by Kimberly-Clark Corporation.    It lias been in- ■ .•*• '•'■>>  •>' 
formally reported that the Army Air Corps has found Thiokol Latex ''"•;■■?.;!    ■ 
unsatisfactory in desert operations.    Recent tests by the Desert '. V-.'; • 
Test Section of the Engineer Board verified this conclusion.    The *   '■ 
glue-^treated paper bag must be contained within an outer canvas K .    --•_.-- 
container.    Units are on order for testing throughout all tem- 
perature ranges,   one container was filled with approximately 7 - 
gallons of gasoline and carefully weighed over a period of four                      ;..\ 
weeks.   At the end of that time, it had lost less than two 
liquid ounces,                                                                                                                  u      ~_~ 

22. One material required in the manufacture of the required ;".;.;  ■/;..-. 
glue-^treated paper bag is glycerine, which is slightly critical at .■■;!■•;..•        >.;' 
the pre sent. time.    The Department of Agriculture has advised that •.-; -\ \ . \V 
about 1,000,000 pounds of glycerine would be available during the •-/'          ";-;" 
balance of this year for this equipiient. "                 ' t 

23. Possible Production of Seven Gallon Containers.   As a 
result of investigations carried on to date it can be stated that 
an unlimited number of containers can be produced having a defi- 
nitely United use.    These would be :xde of Thiokol N and would be 
satisfactory for use at temperatures between 0°F and 90° F.    ISanu- r     '  '•      ■ ( 
facturing difficulties nust be expected when Thiokol N is used. 
This is due to the difficulty of processing the material plus 
labor problens which will arise because of the extremely disagree- • •..' 
able   odorcf the Material, .;-; 

24. Dependent on tests now in progress, it is believed that -        _ 
containers havii\, unll.iited use can be manufactured at the rate of ■".■•'.-' 
approximately- 500,000 units per r^ionth by using Thiokol FA,and glue- 
treated paper.                                                                                                                 ;.        v     .0* 

25. 55 Gallon Drum.    The directive to develop a 55 gallon drum ;'■'".;. 
made of less critical materials than steel is the most recent di- j        ^        ( 
rective.    It is believed that this drum can be constructed of wood 
or plywood without an additional inner container.    Preliminary 
models have been ordered but not yet received. 

26. Statioiiary Storane Containers«    Containers of 500, 1000 
and 3000 gallon capacities have been tested at various places and :        —        . 
by various organizations.   A brief description follows: 

a.      500 Gallon Container.    It i3 constructed of an /!;■ 
inner cell of open weave fabric which is oo*ted both inside 
and outside with a lr.yer of Thickol.    The unit rests on a 
ground cloth of heavy cotton duct: and is surrounded by a sleeve _ . 
of the sane  material,     "hen eupty, or partially empty, it is 
supported by pickets placed around the supporting duck sleeve. 
The filler cap is held up by .cans of a rope tied to a support- 
ing member which rests on two opposing pickets,    photographs 
are shown in Appendix B. • • •• 

\        *        I 
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b. 1000 Gallon Container,    This unit is identical with 
the 500 gallon unit except for size.    It weighs 365# and has 
a cubage of 23,85 cubic feet. 

c. 5000 Gallon Container,    The inner cell is fabri- 
cated of the same material as the 500 and 1000 gallon 3izes, 
The supporting sie    j is replaced with numerous interlocking 
plywood panels which gives a nuch nore rigid structure.    It 
weighs 945# and has a cubage of 61,4 cubic feet, 

9-7,    Various units have been tested at Fort Bragg, at Camp 
Lee by the Quartermaster Board, at Richmond, Virginia, by the Di- 
rectorate of Base Services, by the Desert Test Section and '.foun- 
tain Test Section of the Engineer Board, and by the Engineer Board 
at Fort Delvoir, 

28»    Since these units are similar in design it was believed 
that a testing program could be concentrated on the 500 gallon 
size.    These tests indicated, 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 value for practically all operations. 

29, As a result of these tests it was found necessary to im- 
prove and enlarge the filler opening.    This has been increased 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 mhich permit emptying by gravity»   Unless the containers can 
be placed on an embankment 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 '«as necessary.   This has also been done» 

30, The 500 gallon cell has been used by the Ifeuntain Warfare 
section of the Engineer Board at temperatures as low as -25* 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, 

31, l&terials Required, Thiokol Type FA. has been used in the 
construction of all cells tested. It has proved to ba satisfactory 
in all tests to date, but those tests now being conducted near Des- 
ert Center must be completed before a maximum operating temperature 
can be determined, The following table gives an approximation of 
the amount of Thiokol FA required per container! 

I •   ... < 

» • < 
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I • < 
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S4sa kjtoüjüüt 
lOOQ gallon 
3000       * 

Pounds Thiokol FA 

105 pounds 
195     « 

At present, 175,000 to 200,000 pounds per nonth of Thiokol FA are 
available for this development which includes the stationary units, 

32. Present Status,    Specifications and drawings are com- 
pleted for botn the 1000 and 3000 gallon units.    However, it is 
not to be inferred that the designs should be considered final» 
Other designs 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 proposed 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   plywood 
supports.   For this reason they are more compact and can be install- 
ed or dismantled in less time» 

34, Transportable Containers,   For the transportation of 
gasoline by both road and rail vehicles, two collapsible containers 
of similar design have been developed,   A unit of 750 gallon capa- 
city can be mounted on the 2a«*on 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 was given a 500 mile road test filled with water at 
Camp Claiborne and additioiÄ tests were side at Fort Selvoir using 
gasoline.   The units showecWj signs of failure as the result of 
these tests.   Experienced railroad men said that the unit was handl- 
ed as roughly at Fort Delvoir as it would ever be handled under nor- 
mal operations.   Only minor design changes have been made on the 
original Transportation Corps unit.   These have been made nainly 
to reduce wear and to simplify assembly. 

36,    Design,    The fuel containing unit consists of a cell 
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 stopping»   The pressure or. the 
plywood panels is resisted by four steel bands which 3urround the 
units and which are tightened by turnbuckles,    (This unit weighs 
3126 pounds and has a cubage of 115,3 cubi^ feet.) 

37»   2sHTon truck Unit.   The container for use on the 2a-ton 
truck is identical in design to the 2700 gallon unit except for 
being smaller in size.    It weighs 1115 pounds and lias a cubage of 
60.5 cubic feet. 

-10- 
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38,   Testa with fr^Ton Truck.   This unit has been tested by 
the Quartermaster Board, the Engineer Board arid by the Desert Test 
Section of the Engineer Board»   Some design changes were recommend- 
ed by the Quartermaster Board and additional changes were made as 
a result of tests at Fort 3elvoir.   The unit was transported a dis- 
tance of 5000 miles over rough roads at Fort Bslvoir,   The test 
was conducted with the cell completely filled with gasoline for 
about lialf the run and half full for the remainder of the run.    No 
damage could be detected at the end of this test.   Under desert 
conditions, a unit was road-tested for 500 miles by the Desert Test 
Section of the Engineer Board and then turned over to a gasoline 
dispensing company for actual use»   The unit is still in operation 
in the California desert. 

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   ag to require no 
rigid supporting structure.   They are designed to rest in an earth 
excavation made with sloping sides.   The angle of the slope will 
be the natural angle of repose of the soil.    Some arrangement is 
required to support the roof of this structure such as a catenary 
cable supported from two poles at opposite ends of the cell. 

43»   The first such unit will be installed at Fort BBlvoir» 
The other two units will be tested by the Bureau of Yards and Docks 
and the Array Air Corps. 

V.      DISCUSSION 

44»   General Features. 

a»     Ceneral Requirements.    Collapsible Fuel Storage 
Containers arc not as rugged as steel tanks erected for 

• 11 - 
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39, Proposed^ Designs»   Although specifications and drawings S-!*--!■."■"/.•'v~\s-3 
have been prepared on h»*n the 2700 and 750 gallon units described ■-!- ->'.>'■' -> 
above, it is believed that these designs can be greatly improved -'      — ä

;
-" 

and simplified» •        •        • 

40, A unit of 2000 gallon capacity has been designed and con- 
structed for use in multiple on all types and sizes of military 
railroad cars*   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- 
oally shaped bag and with no other supporting structure has been 
given a 5000 mile road test with water at Fort Belvoir»   The teat •■.- ■''.< 
was made as severe a,? ;x>ssible but only minor reinforcements were 
decided as being pees wary as a result of this test.   This unit - 
requires approximately 20 cubic feet of shipping space and can be — 
set up in a 2«-ton truck in about fifteen minutes,   A second unit \\-N v. 
is being made for test in the desert using gasoline» ■■•"..*-'. 
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permanent usel    Thji must be necessarily so because, to meet 
the requirements^ they must be light in weight and readily 
and easily assembled and disassembled.    Because of their ex- 
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- 
port gasoline on a truck.    Its capacity is such that it will 
overload the 2a-ton truck but it can be used safely on one of 
larger capacity»   The 3000 gallon unit should not be  considered 
as transportable.    Probably the most important features of 
these cells is the snail shipping space required and the mini— 
mum time required for placing then in operation. 

b.      Military Requirements.    Collapsible Fuel Storage Con- 
tainers should have the following military chart, cteristics: 

(1) Ability to store nany types of liquids, includ- 
ing gasoline of 4C£ aromaticity without serious loss by 
diffusion, and without serious contamination to the stored 
liquid. 

(2) Small cubage in knocked-down condition to con- 
serve shipping space» 

(3) Minimum tine required for assembly and disassemüy, 

(4) Adaptability to  camouflage. 

(5) Light weight for ease in handling» 

(6) Sufficiently rugged to withstand rough us age» 

(7) Designed for emptying by gravity or pumping. 

45.   AdTanta^es and Disadvantages of the Various Sizes. 

a.     Seven Gallon Container. 

(1)    advantages.    These are summarized as follows: 

(a) '.'hen empty, requires about one seventh of 
the storage space neuded for 5 gallon cans of equal 
capacity. 

(£) Light weight. This permits liaulin^ about 
17fj more gasoline on a 2^-ton truck. 

(c)   '.»ill withstand rougher handling and higher 
pressures than the standard 5 gallon can.    Bursting 
pressure should be 18-20 pounds per square inch. 

• • 

..#-.      Ö 

• • 

- 12 - 

• 



i      •      m 

(d) Can be suspended fron many points about any ' •]. 
vehicle, ':'■'.-'•'. ;•'.;•-.' '.': 

(e) Quiet operation in handling. '.[■ /•■>*' >'-'-.^/ 
»        A-, -r t 

(2)   Disadvantages.    These are summarized as follows: •'..!" ;"J 

(a) Longer filling time required vdth whistling ■'".■■] 
typo uibpönolng nozzle.    This probably will not be                        .    >'-! ■.'-"•! 
true when using a nozzle with the automatic shut-off               \\ '". •;!•■'. "I 
in ":he throat. I       .#        $ 

(b) Dags must be suspended while being filled. .••.--.•-"-;.■• 

(c) Longer tine required for emptying. ."-•'•/ 

(d) Approximately 25£ nore space required to )        • # 
store filled cells tlian is needed for 5 gallon cans, 

c. 55 Gallon Drum.    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 , 
a3 satisfactory as the 55 gallon steel drum.    Its principal |        • 
advantage will be that it will conserve steel. 

d. Stationary Units. 

(1) Advantages. 
I        • 

(a) Readily dispersed over storage area. 

(b) Adaptable to  cniaouflaging. 

(c) Can be used in conjunction with existing 
pipe lines and other types of storage tanks« )        •        I 

"•'■■""' ' " 1 

(d) ftjrtability. 

(e) Can be placed underground above water table 
in stable soils. .  

I      •      «i 
(f) Readily assembled and disassenblud. 

(g) infill space required for transportation, 

(2) Disadvantages. 
I • • 

(a) Itot as rugged as permanent tank3. 

(b) !fore expensive than welded or bolted steel 
ta nks. 

P • • 
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e,     ft>rtable Units, 

(1) Advantages, 

(a) Used for either ground storage or trans- 
portation« 

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

(.c)   äna 11 shipping space required, 

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

(e_)   Can be used with existing equipment, 

(2) Disadvantages, 

(aj   Less rugged than permanent tanks. 

(b)   !i>re expensive than welded or bolted steel 
tanks. 

46,    Requirements of the Gasoline Resistant teterial. 

a. Contamination.    Tests conducted over a period of time 
by the Naval Research Laboratory and others have rather defi- 
nitely determined that fuel contamination due to extracted 
material should not exceed 5 mgs/per 100 mis, for airplanes and 
10 mgs/per 100 mis, 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 been used 
a few times,   A ijraph showing tho rate of contamination is 
found in appondix A. 

b. Diffusion.    The permissible rate of loss, or diffu- 
sion, of gasoline through the  container material i* an arbi- 
trary figure.    It is believed that if this diffusion did not 
exceed 0,15 fluid ounces per square foot per day, the material 
would be satisfactory.    Transforming this into actual loss, it 
means that a big filled to 7 gallons capacity would lot©    about 
one quart of liquid per :.onth.    This amounts to approximately 
3-i per cent lo3s per month.    However, this volume loss do creases 
with the larger size cells.    For    -ample, a 1000 gallon cell 
having the sane rate of diffusion wt uld looso about 5*: gallons 
per month or l/2 per cent,    Tho difi' sion reaches a constant 
rate after about six days.    Prior to t,'*t time, it varies 
Somewhat,    This is shown by the graph in Appendix A, 

-M - 
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c_.      Presgure-Temperature ilequireme nt s.   Ambient  tempera- 
tures of 125° Ft to 135° F. are not uncommon in the desert 
during the hot season,   /it such temperatures objects lyiag in 
the sun will have surface temperatures of 190° to 200° F.    The 
liquid within a container such as the 7 gallon gasoline con- 
tainer would reach a temperature of 155° to 160° F.    Because 
of the vaporization of the gasoline, pressures will build up 
at such temperatures to approximately 16 pounds per square 
inch.    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 must withatand a pressure of 18 — 20 pounds 
per square inch.    For the lower limits of temperature, it is be~ 
lievod that.all units should withstand a temperature of minus 
25 to 30° F.    Pressure is not important in the larger units be- 
cause they are all equipped with suitable vents. 

d.      Other Requirements«    In addition to knowing the  con- 
tamination ■ ad diffusion characteristics of any particular com- 
pound thare are so.  v\\ other characteristics to be investi- 
gate»',    Tr    Cv .'■/ i')ry  ;.:->perty should bo lew and it sliould be 
re u.U.-'..'a,  ■ c th«j an* ion of water.    If the coating is applied 
to the outin.l'j as ./oil as the in3ide of the  container, it sliould 
have some resistance to abrasion. 

Til.    CONCLU3I0IG 

47,   As a resv2* of field and laboratory tests conducted on 
collapsible fuel con^'iiiers by the Engineer Doara and various other 
interested organic ttj ,'..-, the following conclusions fiave been reached: 

a. Collapsible containers having capacities up to 3000 
gallons are practical and will fulfill the required military 
characteristics, 

b. Collapf:u,le containers can be designed for either 
ground storage ir as transportable units and will not require 
a specially designed truck. 

c. The 7-gallon bag is a aasirable unit, although addi- 
tional development work is required before it can be considered 
salable. 

d. A minimum of shipping space is required for containers 
of this type. 

VIII,    RDCOHMuHDATIOiß 

48,    It is recommended thati 

•        •        • 

a,      *Jo  consideration be given to collapsible fuol con- 
tainers having capacities under approximately 750 gallons ex- 
cept a size suitable for handling by one man. 

• • • 
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b. Collapsible fuel containers as described in para- '-.-.*.-.-.' 

graphs ZG b, 26 c, 36, and 37 for 1000, 3000, 2700, and 750 ;]v/"\ ■;':"/.';••! 
gallons be considered satisfactory for present contemplated !\".;->V-v■' ;•;.; 
procurenent by the Office, Chief of Engineers. ;?•-.>-.*••.' ".,-;"■. 

c. Investigation of different designs as referred to 
in paragraphs 33, 40, and 41 be continued for the purpose of —*•* ' 
improving this equipment, and that this be concluded as promptly 
as practical. 

d. ".'ork be continued on a 55-gallon rigid type container 
to replace the present steel drum, *    "~~ 

e. Proposed testing of the 21000-gallon unit be completed •;,--.-•";'•". 
promptly at Fort Delvoir and, if satisfactory, that the unit be                        .-."!/■" 
set up and service-tested in the California-Arizona desert area.                      '■**■-"-■.   ■' :' 

f. The present test program on the 7-gallon size con— " ~~ 
tainer be pushed to a  conclusion.    If the results of this test 
progran are unsatisfactory it is reconmended that no further 
consideration be given to a container of this general design. '■'■']■ '""   ".••.- 

Submitted by: 

R. M. licPherson, 
Chief, Pneumatic Equip. Section, ".•" 

Bridge Branch. 

r •   - 
Frederick J./bogar/lus, . ...-.; . • _-. 

Major, Corps of Engineers, j \    :'; , •__;■', 
Chief, Bridge Branch. \        • i 

Forwarded: 

C^.;-ton E, Kullins, T^j 
• Col., Corps of EngineersTr^ 
actor, Technical Division IV. 

Lt 
Dire 
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APPENDIX A :.;::;'':;-"•': 

>    .A  
Table I 

Liquids YJhich Qan Be Transported 

ü   ."•. ."ITi 
The liquids listed below oan be safely transported in Collap- ; ;.•;..-;_ ;•;.;    ;.. 

sible Fuel Containers made with either Thiokol FA. or Thiokol N as >!>?*-'.'■ "*•• 
the liquid-containing material, 

Gasoline-Straight Com Oil I        •        ' 

Gasoline-Leaded Soya Dean Oil 

Gasoline-Blended Alcohol 

Gasoline-Aviation Ethanol t        9 < 

Engine Oils Acetone 

Kerosene Olive Oil* 

Transil or Transformer Oil Neats Foot Oil •      . •        ' 

Diesel Fuel Quenching Oil 

Distilled Viater for Batteries Tung Oil 

Linseed Oil Vrtiale Oil I , _   •   __J 

Cottonseed Oil Turkey Rod Cil 

Lubricating Oils Tallow Oil .;*.;.- 

i   "•"   < 
*rtot for human consumption. 

-l - •>:-';: 

•     • 



I 

I 



.... . v «■ 

•      • 

#.-.   • 



-«.  «,,*K ,•-.". .vR 

■-  ■■•','•: "»"k'-V " "' 

AHETDIX B •■'->:; 

First Interim Report —■  

BR 372, Containers, Collapsible for Petroleum Products Storage, V 

Appendix B contains reports from other organizations on  
collapsible containers for the storage and transportation of gaso- •   .    •   . 
line. 

TITIL ^GE 

Report       5000 and 10,000 Gallon Collapsible -•        .• 
Fuel Storage Tanks (Amy Air Forces). ]_g 

Report       Collapsible Fuel Tanks, itobile Units 
(Army Air Forces). 3_5 

Report       Test of Fuel Cells, Collapsible \  . 
(Quartermaster Board). 6-31 

Report       750 and 7? Gallon Collapsible Containers .'-V   V ; 
for Transportation and Storage of Gasoline 
(Desert Test Branch, engineer Board). ]A-7A « 9 
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ARIvff Affi FORCES 
IfcTERIEL CENTER 

EI&INELRINQ DIVISION 
tCTDRANDUH REPORT ON 

rJRKilmpi 54-2095 

Date January 22, 1945 
". '.*-, 

SUBJECT:    5,000 ami 10,000 Gallon Collapsible 
Fuel Storage Tanks. 

Equipment Laboratory 

SERIAL NO. EN3-M-64-664-240-B 

Contract No« 
Expenditure order No,664-53C 
Purchase order No» 

A. Purpose»    To report on a trip tc Sarasota Air 3ase, Sarasota, 
Florida, to make test installations oi' 5,000 gallon and 10,000 
gallon collapsible fuel storage tanks« 

B. Factual Data; 

1. Both tanks were built over six nonths ago and were there» 
fore irade by the old method (i.e, cured first, then assembled from 
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 raadej namely, a wide weave fabric impregnated with synthetic 
rubber«    The 5,000 gallon tanks were built for underground installs«* 
tion, the sides of a hole in the ground supporting the tank.    The 
10,000 gallon tank, built primarily for above-ground installation, 
is a single cell unit with a collapsible plywood "structoforra" type 
housing.    (See Exhibits A, B, C - Photographs Nos. 106834, 106836, 
and 106837). 

2. The tanks were shipped from ".'right Field to Drew Field, 
Tampa, Florida, then re-shipped to Sarasota Air Base, Sarasota, 
Florida, as the latter base had no fuel storage facilities on the 
post, but relied upon fuel hauled via F-la refueling truck from 
leased commercial facilities four miles away, 

5«     Both tanks were set up in dispersed positions.    The 10,000 
gallon unit ras so constructed as to make proper installation diffi- 
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.    The panels are kept from collapsing outward by steel 
bands and turn buckles.    It is supported against an inward collapse 
only by the degree to which adjacent panels are supported by each 
other, which in turn varies with the exterior angles of the prism. 
The cell jteelf 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 inward and 
downward on the panels.   The structure could probably take this load 

>"-\>V«V-\- ' ■■'.% 
;.■■ ..■v£\. ■■;■• • 

•       • 
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•       • 

•       • 
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a great load inward and downward 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 enough 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 no rocks.    The top of this unit was supported by 
four ropes crossing the tank and held by stakes driven into the 
ground at the edges of the pit.    This installation was made easily 
and without incident. 

t       •       a 

•       • • 

t       •       « 

•       •       * 

C.      Conclusions; 

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

2. A simpler and more effective means of supporting the 5,000 
gallon tart: should be developed. 

3. Tanks of these large sizes would be quite vulnerable to 
strafing by aircraft and would serve to concentrate an airdrome's 
fuel supply r;ore than a greater number of smaller tanks. 

4. Tanks of these sizes are rather unwieldy and may be trans- 
ported or set up only on favorable terrain. 

5. Great difficulty might be met in installing the under- 
ground tanks in rocky or soft ground or where many roots would be 
encountered. 

D»      Recommendations: 

1,      Fending the determiivition of military requirements for 
tanks of these sizes,  it is recommended that further development be 
discontinued. 

Concurrence j Prepared by 
/s/ 

R.  Knight, 2nd Lt.,A.C. 

Approved by 
hi 

G. V. Holloman, Colonel,A.C. 
Di-tribution: Chief   Equipment Laboratory 
Chief of Staff, AA? 'öt.Con. Central Files 
Corps of ^n-incers, Approved by     F. 0. Carroll,Drig.Gen»,U.3w\. 

(Att-.Lt.J.H.  x> ntag)(o.CC) Cfcief, Engineering Division, 
Hdqrs.Srd Air !-'orce(.\ttI)iaj.G.;i,CLirk). 
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0 ABIff AIR FORGES ;Tv',;* 
P 1ATERIEL CENTER '>->v"> 

Y EN3INEERIN 3 DIVISION LRK:lmpj54 X*^-^ 
IE1CRANDUM REPORT ON >\-\>\>- 

Date January 23, 1943 /:/. 
SUBJECT»    Collapsible Fuel Tanks, ifobile Units. + 

Equipment laboratory Contract No. 
Expenditure order No.664-53C   .> 

SERIAL No. EN3-M-54-664-240-C Purchase Order No. 

A.     Purpose;    To report on the status of Expenditure order No. # 
664-530 in regard to mobile units. 

-3 - 

B»     Factual T)ata: -,.;■ 

1. After the initial development   of collapsible ground fuel 
storage tanks, it was found feasible to develop collapsible tanks to jjj"       Q 
fit in trailers and trucks to provide a simple means of transporting 
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 9        Q 
utility trailer, and a 660 gallon two cell unit to fit the 2-1/2 ton . v  . 
6x6 cargo truck.   All cells were constructed of the synthetic 
rubber impregnated fabric previously tested and used successfully in 
the stationary units. 

S,      In designing a cell to fit the one ton trailer, it was « + 
necessary to devise a nethod of preventing the cell from snagging '   /.. 
or rubbing through on any of the various bolt heads, nuts, or snipped 

bolts found on the inside of this trailer.    The upper halves of 
the cell sides were tapered inward to clear the trailer side,   Rein- .■;     • '-;■ 
forcing patches enclosing felt buffers were placed on all ports of y> .-_.-"■*•. 
the lower half of the cell that would come in contact with obstruc- <§        % 
tions.    The cell was to be of 600 gallons capacity; however the ini- 
tial cell had a capacity of G45 gallons.    In order to fill properly, 
a cell of this type must be supported so 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- 
ed.   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 
caused the fabric slots to be pulled away from the cell walls. 
VJith only an open vent, gaeoline would leak out of the vent when 
the cell was on an uphill grade.   The manhole door was made of 
Columbia 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 a rope run 
through them to form a ring completely around the top of the coll. 

• • 

• • * * * *     •.••_•• • • •      _• • < 
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Smaller ropes were led off this ring to tie onto the overhead arches 
and the top horizontal member of the wooden sides.    To -aplace the 
increasingly strategic Columbia Resin, manhole doors stamped of 20 
gauge steel were developed.    Efforts were made to get a satisfactory 
spring loaded vent, but  it was not possible to get one that would 
trip consistently at the low pressure desired.    /. float type vent 
was then developed utilising a ping pong ball that would rise to a 
thiokol seat when floated by gasoline.    This vent, when tested, 
allowed vapors and air to escape without hindrance, but seated imme- 
diately when gasoline surged against it.    To prevent water that 
accumulates on top of the manliole door from backing    up into the 
tank, the outside of the vent take?  the form of an inverted cup.    To 
facilitate handling of fuel, a standard 2'< drum fitting was added to 
the manhole chor.    The latest doors have the 3-1/2 inch Bendix filler 
cap replaced by a 6 inch filler of .simplified design.   This door is 
now standard on all collapsible fuel tanks, parts and doors being 
interchangeable.    Six hundred and fifty gallons capacity exceeded the 

suction line able to fit through the filler hole may be used with any 
tank having the standard manhole door. 

5, Filled with water, the unit was coupled to a Li ton 4x4 
tractor truck for a road test. The total weight on the two trailer 
•..heels was 5,530 pounds, ./hen coupled» ..fter being towed over med- 
ium rough terrain for about 15 miles at speeds of about 20 to 35 miles 
per hour, the trailer snowed no signs of failure or impending fail- 
ure, although it was overloaded. There was no excessive abrasion or 
scorinj of the cell   apparent, 

6, The initial 220 gallon cells were satisfactory after a few 
minor changes.   n rectangular parallelopiped in shape, it fits the 
2 wheel utility trailer as hiuh as the stake sides where it is easily 
lashed in place-.    The manhole door developed for tiie 550 gallon cell 
was placed on this cell, 

7, Filled with water for a road test, tiiis unit weighed 2,330 
pounds gros:; uncoupled; the trailer weighed 270 pounds.    Coupled to 
a l/-i ton -i x 4 truck, the unit -./as road tested.    The fuel trailer 
was to'/od for about ten miles over snooth and rou h terrain at vary- 
ii\_, speeds.    Son» of the ground traversed was rough enough to cause 
both trailer wheels to leave the ground.   After the run, although 
overloaded, the trailer showed no signs of failure or impending 
failure and tljere -..-as no excessive abrasion of the cell apparent. 

•     _  • 

• • 

• • 

• • 

• • 
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8. To avoid shipping specially built crash fire trucks to 
every overseas air base, a kit Was nade up containing all the Mater- 
ials necessary to convert any Quartermaster 2-« ton 6x6 truck 
(cargo body) to a suitable crash truck.    Collapsible cells are used 
to cany 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 cell3 were used in place 
of one large one to give a baffling effect and lessen the strains on 
the cell due to surging.    The cells are supported in substantially 
the same way as the 550 gallon trailer cell.   The pump, mounted in 
front of the truckj draws the water from a 2" bottom drain in each 
cell, holes for these drains being drilled through the lx>ttom of the 
truck body,   A 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 cell. 

9. A two cell unit has been received fron the U. S. Rubber 
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 :"ron surging in the relatively flat tanks, but it is felt 
that it will be generally satisfactory. 

10. This unit nay obviously be used to carry aviation fuels. 
Other sinilar units may as built to carry a greater load by simply 
increasing the height of the tanks.   An increase of 3« inches would 
provide for a total load of about 830 gallons, which approximates 
the safe load of the truck. 

C. Conclusions; 

1.      The uobile collapsible fuel tanks provide satisfactory 
transporting fac lities for aviation gasolines and other liquids. 

D. Recommendations; 

1.      That work on the development of such tanks be continued by 
the Equipment Laboratory of this office to improve this equipment 
and make it available to units in the field. 

•      • • 
■ ■* 

.   1 

.1 

■ i 

Concurrence: Prepared by /s/ 
'.:.R.Knight, 2nd Lt.^v.C. 

Approved by /s/Robert Davis,!'«aj.h.C. 
Tor; C.V.fiolloraan,Colonel,A.C. 

Chief, equipment Laboratory 
Approved by /s/ J.Hinssn,Lt.Col.A.Ct 
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C.J., Air Forces proving Ground 

Command, Eglin Field. 

Distribution: 
Chief of   jtaff, AAF i'at.^ora 
Central Files 

- 5 - 



•       • 

•       • 

•      • 

•      • 



iff»! 

? 



In Reply Refer To   The Quartermaster Board 
Camp Jjee^Va, 

February 7, 1943 

QlftHTEPJASTER BOARD PROJECT T-98 

REPORT OF TEST OF FUEL CELL3. COLIAPSIBIE 

I. TIC PROBLC: PRESCIITED. 

On December 14, 1942, The Quartermaster General, by letter, 
file 3PQRD 400.112, directed the Quartermaster Board to conduct 
a test of fuel cells, collapsible, to determine the comparative 
utility and practicability of these cells with respect to stand- 
ard equipment now in use. 

Hi    BfiPERS ACCOlteNYlNG. 

1«     Exhibit "A" - Letter, QQlßj file SPQRD 400,112, dated 
December 14, 1942j Subject:    Fuel Cells, Collapsible - QIIB T-157. 

2, Exhibit "B" - Case Record of the Test (OQIU). 

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" - piiotographs Slowing the fuel cell, col- 
Lv.psible, transportable, 700-gallon, mounted on 2ü-ton 6x6 
car^o truck. 

5»     Exhibit "E" - Photographs showing the fuel cells, col- 
lapsible, 7-ijallon, piled on 2w--ton 6x6 cargo truck, 

6. Exhibit "F" - Photographs of the fuel cell, collapsible, 
7-<L-allon, slewing deterioration of lining, 

7. Exhibit "G" - Chart,  showing couparison of space re- 
quirements for the fuel cell, collapsible, 7-gailon, and the 
can, gasoline, 5-gallon, 

8. Exhibit »H" - Samples of fabric from the fuel cell, 
collapsible, 7*gallon. 

9. Exhibit »»I" - Diagnm of the- fuel cell,  collapsible, 
tnnsporUible, 700-gallon, showing deficiencies in design and 
construction, 

10. Exhibit HJ" - Piagmn 0f the closure on the fuel cell, 
collapsible, 7-gallon, 

• t 

■ 1      "I    -V ". 
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III. FACTS PERTAINIMG TO TIE TEST. 

1.     I Materials 

t        • 

a,,     The following materials were made available for 
test purposes by the office of the Quartermaster General: 

(1) One fuel cell,  collapsible, transportable, 
700-gallon, shipped to the Quartermaster Board from 
the Engineer Board, Fort Belvoir, Virginia» 

(2) One fuel cell, collapsible, stationary, 
500-gallon, shipped to the Quartermaster Board, from 
the Engineer Board, Fort Belvoir, Virginia» 

(3) one-hundred and fifty fuel cells, collapsible, 
7-gallon, shipped to the Quartermaster Board from the 
U« S. Rubber Company, Miahawaka, Indiana, 

(4) Six nozzles, gasoline, cam-operated, shipped 
to the Quartermaster Board by the Motor Transport Di- 
vision of the Ordnance Department» 

b.     The following materials used in the test were ob- 
tained locally: 

(1) Twenty cans, gasoline, 5-gallon, standard 
issue, furnished by the 14th Provisional Truck Com- 
pany, Quartermaster Replacement Training Center, 
Camp Lee, Virginia, were used as standards of com- 
parison, 

(2) one gasoline-driven dispenser unit, furnished 
by the Quartennaster Replacement Training Center Ifotor 
Pool, 

(3) Two trucks, 2~jj--ton, G x 6, cargo, furnished 
by the 14th Provisional Truck Conpany, Quartermaster 
Replacement Training Center, Camp Lee, Virginia, 

(4) Approximately 1300 gallons of gasoline, fur- 
nished by the 14th Provisional Truck Conpany, Quarter- 
master Replacement Training Center, Canp Lee, Virginia. 

2,      Personnel, - T!*s test vie a conducted by personnel of 
the Quartermaster Board, assisted by 1st Lieutenant Conp of the 
!?otor Training Division, Quartermaster Replacement Training 
Center, Camp Lee, Virginia. 

a 

m 

•       •; 

•      : 
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3, Information Required» 

a. 1ünat are the advantages and disadvantages of the fuel cell, 
collapsible, 700-gallon, transportable, and the fuel cell, collapsi- 
ng, 500-gallon, stationary, with respect to the following: 

(1) Camouflage and concealment« 

(2) Transportation, 

(3) Use with present auxiliary equipment, 

(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. 'ihat are the advantages and disadvantages of the fuel cell, 
collapsible, 7-gallon, with respect to the following: 

(1) Transportation, 

(2) Use with present equipment. 

(3) Use with experimental equipment. 

(4) Resistance to wear and tear, 

(5) Space required for storage when not in use, 

(6) Spa ce required for storage when full, 

(7) Adequacy of design. 

(8) Ease of filling and emptying, 

4. Conduct of the Test. 

a_.      Caoouflago and concealment. 

(1) Tlie fuel cell, collapsible, transportable, 700-gallon, 
was assembled and set on the body of a truck, 2^—ton, 6x6, 
cargo.    The canopy of the truck was then replaced with tiie coll 
in place. 

(2) TJ* fuel cell,  collapsible, stationary, 50CH;allon, 
v.tis set up and camouflaged in a wooded urea. 

•.-."-.."- ."* ."■ /• 

^—■'   r  C   i'   »*   ' 
•   ,     • _.. 

c-;
:;;:';. "/; 

-vy ■•'. '■ v-v-. 
[>.•■■■•.■:■->>; 

• * •     ■"■-*""- 

■   ■     ■*■-',-■. 

•      • 

•      • 

t     • 

•       • 
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b.      Transportation. 

(1) The fuel cell, collapsible, transportable, 700-gallon, 
was assembled and set on a truck, 2ijwton, 6x6,  cargo.    Road 
test3 were conducted with the cell empty, half-full, and full, 
for approximately ten hours.    2» x 4" wooden braces were then 
added to the cell to prevent lateral 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 snooth and rough roads, 
and the climbing and descent of steep grades. 

(2) The fuel cell, collapsible, stationary, 500-gallon, was 
loaded on a truck, 2a-ton, 6x6, cargo, and filled.    The cell was 
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 method 
of loading the fuel cells,  collapsible, 7-gallon.    A 2t>~ton 6x6 
cargo truck was then loaded with 72 of these  cells filled with 
gasoline.    The truck was then driven over rough and smooth roads 
for approximately two hours. 

_c.      Utility, 

(1) At various times during the progress of the test, the 
fuel cell,  coll'i'iible, transportable, 70C-gallon, was filled by 
means of the re,;uiar filling station dispensing pump, the standard 
ptwer-driven dispensing unit, the standard 5-gallon cans, and the 
fuel cells, collapsible, 7-gallon. 

(2) The fuel cell,  collapsible, transportable, 700-gallon, 
was used to dispense gas directly into the fuel tanks of twenty 
no tor trucks of the 14th provisional Truck Company.    Observations 
were made to determine the saving in tine gained by this method as 
against the present field method of dispensing   using 5-gallon cans. 

(3) At various times during the progress of the test, the 
fuel cell,  collapsible, stationary, 500-gallon, was filled by 
gravity fron the fuel cell, collapsible, transportable, 7 00-gallon, 
and fron the standard 5-gallon cans and the fuel cells,  collapsible, 
7-gallon. 

(4) The fuel cells, collapsible, 7-gallon, were filled fron 
the following: 

(a) The fuel cell,  collapsible, tran3portable, 700-gallon, 
by the use of a  standard dispensing hose» 

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

- 9 _ 



(5) Fuel was dispensed fron the fuel cell, collapsible, trans- 
portable, 700-gallon, by gravity, using a standard dispensing hose 
and whistling nozzle, the sane as those with which the standard 
power-driven dispensing unit is equipped. 

(6) Fuel vras dispensed from the fuel cell, collapsible, sta— 
tionary, 500-gallon, using the standard power-driven dispensing 
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 means 
of the standard dispensing hose, from the standard power-driven 
dispensing unit, and from 55-gallon drums using hand-operated 
pumps, 

(8) A study vras made of the time retired for emptying the 
fuel cell, collapsible, 7-gallon, in daylight and under blackout 
conditions, as compared to the time required for emptying the can, 
gasoline, 5-gallon.    Due to the design of the fuel cell,  collap- 
sible, 7-gallon, which precludes the nroper use of the standard 
whistling type nozzle, no quantitative study vras made of the com- 
parative time required for filling. 

d.     Assembly and dismantling» 

(1) A study ■ras made 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- 
formed three times« 

(2) A study was nada of the time and effort required for 
setting up and dismantling the fuel cell, collapsible, stationary, 
500-gallon, using a two-oan crew.    This operation was performed 
five times. 

£.      Inlet and outlet provisions. 

(1) A study 'rao made of the adequacy of design of the inlet 
and outlet provisions of the fuel cell, collapsible,, transportable, 
700-gallon, during the filling and dispensing operations.. 

(2) j. study '..- s ade of the adequacy of design of the inlet 
of the fuel cell, collapsible, stationary, 500-gallon, during the 
filling and dispensing operations. 

(3) j.  study  ras -»ade of the adequacy of design of the inlet 
of the fuel cell,  collapsible, 7-gallon, durL-ig the filling and 
dispensing operations. 

-10 - 
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f.     Space required for storage. '-_/•.•■'.;•> 
►"'.-"".  ..■'y . 

(1) The space required for packing the fuel cell, ''■■'_.      .- 
collapsible, transportable, 700-gallon, and the fuel              \        ^ 
cell, collapsible, stationary, 500-gallon, «as neas- ' ^ 
ured 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 ) 9 

120 of the cans, gasoline, 5-gallon. '.-."•'' 

£«     Durability. ;V'"'-'.; ;.•■;- 

(1) Throughout the conduct of the test, ex- £ -V-' --\--" 
aminations were constantly made for evidences of wear            )        « 
and deterioration in the fuel cell, collapsib?.e, trans- 
portable, 700-gallon, and the fuel cell,  collapsible, 
stationary, 500-gallon. 

(2) Fifty of the fuel cells, collapsible f 7- 
gallon, filled, were loaded and thrown off a 2ü-ton )        % 
C x 6 cargo truck a total of twenty-five timos.    Ten 
of thv. tells were picked out at random and the opera—           ;.. • > 
v.on repeated seventy-five more times.    Thj cells were /    .;■■   .,•• 
coined during the test and any cells which failed 
v;ore set aside ^nd narked for identification. 

i     • 
(5)    Five of the fuel cells,  collapsible, 7- 

gallon, were tliro'm off a truck roving at a rate of 
approximately 35 miles per hour.    This operation was ."-.-;-" 
repeated until all five  cells had failed, "\  !-." 

(4)   Two of the fuel calls,  collapsible, 7- >        • 
gallon, were dropped fron h height of three, six, and 
nine feet, first on the side, then upright, and then 
on the top, one cell being dropped on earth and one 
on a hard surfaced road.    This cycle was repeated a 
maximum of fifteen tineu from each height and cells ,  
which failed before this cycle was completed were I        • 
withdrawn. 

h.     Adequacy of design. - The fuel cell, collapsible, 
transportable, 700-gallon, the fuel cell,  collapsible, 
stationary,  500-gallon, and the fuel cells,  collapsible, 
7-gallon, were  carefully observed throughout the test to I • 
noto any points of inadequate or improper design. 

iv.   ?r.m:nz. 

1.      Fuel Sell, Collapsible, Transportable, 700-gallon. 
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a. Camouflage and concealment. 

(1)    The cell may be camouflaged beneath the canopy of a 
truck, 2^-ton, 6x6, cargo.    (See Exhibit "D"). 

b. Transportation. - '»hen making sudden stops or swerving 
around corners on a rough road, considerable shifting of the fuel 
cell occurred, particularly when it irs only partially filled.    This 
was overcome by placing the cell against the extreme front of the 
bed and providing 2» x 4" wooden braces to prevent lateral shifting. 
(See Exhibit "D"). 

c. Utility. 

(1) No dispensing equipment was provided with the fue.. 
cell.    (See Exhibit "I"). 

(2) 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, 

d. Assembly and dismantling. - The time required for assembly 
and dismantling after two preliminary trials was as follows: 

Assembly       —       3 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, gasoline, 
5-gallon, the fuel cells, collapsible, 7-gallon, and the dis- 
pensing nozzles of the standard power-driven dispenser unit, 

(2) The inlet opening measures 3"  in diameter, which is 
too small to permit the entry of a standard discharge hose from 
a railway tank car or the suction hose from the standard power- 
driven dispenser,    (See Exhibit "I"), 

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

f. Space required for storage, - The unit can be packed in 
three boxes or crates having the followinj dimensions and cubic dis- 
placement: 

i • 

J 

• •   ._..< 

• • 
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•      • 
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.-,  ,' , „",. W.  «-., .", 

Cell proper 
Bulkheads 
Panels, tie rods, 

spacers, etc. 

£.      Durability, 

Cubio 
".lidth       Height     Displacement 

34 in.      16a in.   26.4 cu. ft. 
4k in.    59 in.       8.6 cu. ft. 

102 in.     16 in.     12 in.     Ili3 cu. ft. 

Total displacement 46«3 cu. ft. 

length 

78 in. 
6£ in. 

(1) No observable deterioration occurred in the lining of 
the cell as a result of contact with gasoline during the period 
of the test, 

(2) After being assembled and dismantled three times, the 
following deterioration was noted: 

(a) The plywood panels shov/ed some splintering at the 
edges, 

(b) Thi"3e of the reinforcing patches by which the sup- 
porting studc rrq .-.'cured on the cell fabric were partially 
torn loonc ai. 1 '■■■■■>. edges. 

(o)    Tv cf the stud anchor plates tore part way through 
the fabric of the reinforcing patch, 

(d)   One of the stud bosses became loose in the anchor 
plate, 

h,     Adequacy of design, 

(1) See Exhibit "I" for findings in regard to mechanical 
design and construction of the  cell. 

(2) The actual capacity v;us found to be 700 gallons and not 
750 :.s originally described. 

(3) The vent check valve permitted excessive spilling of 
gasoline when the coll noa used on a truck. 

(4) The cell is not sectionalized as are steel tanks of ap- 
proximtely e«iu^l capacity, thu3 allowing all the gasoline to leak 
out through a single juncture.     'otor officers have noted t!iis as 
a major defect. 

.-i"' 
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2.     Fuel Cell, Collapsible, Stationary, 500-Gallon. 

a, camouflage and concealment properties, - (See Exhibit "C"). 

b. Transportation. 

(1) Severe strains were created on the cell walls from 
the excessive surge of the contents when starting and stopping 
the truck» 

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

o»     Utility. 

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

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

(5)    No provision was made in the cell for supporting any 
sort of hand-operated punp for dispensing purposes. 

(4)   Experienced no tor officers from the Quartermaster Re- 
placement Training Center Motor Pool expressed the belief that 
a stationary storage tank of this capacity vould be of no prac- 
tical use under field conditions. 

d.     Assembly and dismantling. - The tine required for setting 
up and dismantling uain^ a two-nan crew was as follows: 

•." '*" - 
v   v  ■-   ".   •. 

i. ■ " ■ - -'- LN 

-' ■ i 
• 

,*-,->•* 
!■-;"--;'. \  "■" •   • vj 

'-■V- ' ■-'. •   ■'■ •"■/'] 
--<':-' 
• A-r-rl 
-. ■; • 

- ■       .     '•'. ] 

Setting up     -     5»9 min. 
Dismantling   -     1.0 min. 

i                                                                       (Average of five trials) 
• •. • 

Complete operation included setting up cell and canvas housing, dis— 
•                                mantling the  coll, and   loving it a few feet to a new location. 

. 

e.      Inlet and outlet provisions« F- 

• ff • 

(1)    The  inlet opening is lar^e enough for any filling or 
dis.;eiising operations which would be encountered in the field» ." 

'.-".•",' 
■    J 
-     J 

j 

J 

(2)    The cover for the inlet opening fits poorly and allows 
the contents to seep out and dirt and water to enter. • • ft 

(3)    ;b outlet is provided to drain tlie contents by gravity. 
- 
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f.     Space required for storage, - The unit was packed in a box 
of the following dimensions and cubic displacenent: 

Length Vfidth Height Displacement 

4?a- in. 3ÖSs in. 15 in, 15.9 cu. ft, 

£.   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 ground. 

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

(4) No deterioration was observed in the lining as i 
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 collected. 

(2) No rope or chain was provided for suspending the 
access plate fro.i the support polo.    The suspension lugs on 
the access plate rapidly wore through a support rope supplied 
by the Quartermaster Board, 

(3) The position of the fitting support pole interfered 
vdth easy accoss to the inlet opening and resulted in spilling 
of fuel unless considerable care was used in the filling oper- 
ation, 

5,     Fuel Cell, Collapsible, 7-Gallon. 

a.      Transportation, - See Exhibit "E" for the best method of 
loading the cells on the bed of a 2f-ton 6x6 oargo truck.   By 
using this method, no difficulty was experienced in loading the truck 
to weight limit of 5000 lbs. with 120 cells, fuel capacity approxi- 
mately 732 gallons.    Using 5-gallon cans, weight limit is reached 
with 1Ü5 cans, fuel capacity 625 gallons. 

■.« ■ 

»;c 

•     • 

•     • 

b.      Utility. • • 9 
—■—::q 

(1)    The  cell nust be suspended from a support when re- 
moving or roplacin.j the cap, and when filling. 
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(2) The cells could be handled with much less noise than 
the cans, standard, 5-gallon, 

(3) Following is a comparison cf the time required for 
emptying the cell and the can, standard, 5-gallon, under day- 
light and blackout conditions, including the time required to 
open the containers, insert the flexible nozzles, empty the con- 
tainers, remove the nozzles, and recap the containers: 

Standard Increased 
# 7-Gallon     5-Gallon Time for           % 

Cell             Can • 7~Gal. Cell     Increase 
Daylight 

Total er.iptying time per 
unit (average of 10 
cycl3s) 1.4Qmin.   1.03 min. 

Per 100 Gal. of fuel       23.3 min. 20.6 min.   2.7 min. 13.1 

Blackout 

Total emptying time per 
unit 2,44min, I.4C nin. 

Per 100 Gal. of fuel 40.6min. 26.0 rain.    11.4 min. 40,7 

»Actually holds 6 gallons. 

_c.      Inlet and outlet provision. 

(1) See exhibit "J" for findings on the closure of the 
cell.   Due to the excessive binding of the keeper, it was found 
necessary to renove thi3 part before the cells could be used, 

(2) The position of the filler opening made it difficult 
to insert the pouring nozzle without loss of the contents. 

(3) The "histling feature of the standard nozzle to indi- 
cate vtfien the can is filled to capacity did not function uhen 
used vdth the cell due to the impossibility of seating the noz- 
zle properly in the openirg. 

d. Space required for storage. - ^ee Lxhibit "G" for a com- 
parison of the storage space required for 100 of the cells and 120 
cans, standard, S-gallon, when filled and v.-hen enpty. 
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e_.     The cell weighs 5 pounds one ounce, the can, gasoline, 5- 
gallon, weighs 10 pounds, 12 ounces, 

f.     Durability. 

(1) The lining of the cells chipped and flaked off after 
several hours of use with gasoline.    This was particularly 
noticeable in those cells which were subjected to rough hanaling 
while filled.   The flakes clogged up the strainers of the nozzles 
and considerable carburetor trouble was experienced with motor 
vehicles using gasoline fronthese cells, presumably due to 
finely divided particles which passed through the strainers. 
Exhibit "H" shows samples of lining cut fron an unused cell, 
fron a cell in which gasoline was stored for three weeks, and 
samples of the powdered lining strained from gasoline.    Exhibit 
"F" shows photographs of deterioration of the linings. 

(2) Of the 50 cells which were thrown on and off the truck 
twenty-five tines, one developed a pin hole leak in the fabric 
after 16 cycles and one began to leak at the closure insert 
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~ 
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 
were thrown, one the third tine, one the fifth, and one the 
seventh. 

(5) Following are the results of the drop test of the 
fuel cell and the can, gasoline, 5-gallon, standard issuet 

»Number of Drops Before Failure 
Earth Hard Surfaced Road 

Distance Dropped Can Cell Can Cell 
3 feet 45 45 9 45 
6 feet 45 45 9 
9 feet 

Total drops £or ea ch can 
15 10   

cr cc 11 105 100 9 54 

m 

# ;<>te - "Failure"  signifies the rupture of the cell fabric,  <jan 
walls, or seams. 
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(6)   No other observable deteriorations occurred 
in the external fabric or other parts of the cell as 
a result of handling, weathering, or contact with 
gasoline, with the exception of the paint on the in- 
side surface of the closure plug which dissolved or 
peeled off very rapidly» 

£,     Adequacy of design» 

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

(2) The design of the cap   is impracticable as 
it requires the use of a specially designed tool to 
tighten properly, 

V.      CONCLUSIONS. 

1,     Fuel Cell, Collapsible, Transportable, 700-Gallon, 

£,      Camouflage and concealment. — Y/hen mounted be- 
neath the canopy on a 2v-ton 6x6 cargo truck, the cell 
is effectively concealed, and there are no outward dis- 
tinguishing features to indicate the presence of a fuel 
tank on a truck.    Therefore, the problems of camouflage or 
concealment are the same as those related to camouflaging 
an ordinary cargo truck, 

b»     Transportation, - The cell is not properly de- 
signed for transportation on a 2y-ton 6x6 cargo truck 
without braces or other neans of preventing shifting of 
the cell on the bed, 

c.      Utility, 

(1) The handling of the empty cell in moving 
from place to place or setting on and off the 22-ton 
6x6 truck does not present any serious difficulties, 

(2) The use of this cell for dispensing to 
trucks saves time and labor over the method of dis- 
pensing through 5-gallon cans, 

dp      Assembly and dismantling. - The time required 
for setting up it» cell is unnecessarily lengthened by in- 
adequacies in design and construction. 

e_.      Inlet and outlet provisions, 

(1)   The inlet opening of the  cell is unsatis- 
factory for use with present auxiliary equipment. 

O t 

• • « 

• I 

• • • 
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(2) 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 ninimum 
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 exceptional 

(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. 

h«     Adequacy of design* - 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 means 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 metliod of tightening the suspension studs in the 
stud bosses is poor, 

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

2.      Fuel Cell, Collapsible, 'stationary, 500-gallon, 

a_,      Canouflr.ge and concealment, - The  cell can be easily and ef- 
fectively aonce;«led or oanouflaged without the use of special equipment 
or materials. 

b„      Transportation. - The  cell is too unstable for safe trans- 
portation on the 2lj-ton 6x6 cargo truck. 

c.      Utility. 

(1)    The design and construction of the cell is adequate for 
use with present pov/er-driven dispensing equipment, but not for 
use with a standard hand-operated pump (for use with 55-gallon 
dru-is), nor lor dispensing by gravity flow* 

'''-".'"-".' ' V" ".'■ ',* "*■' 

• • .     1 

*.                     '*"""-" 
'm' - '■  

•      •     < 

•      •      < 

•     « 

•      •      « 
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(2)   The utility of a stationary cell of this capacity 
for field use is dubious in the opinion of motor officers* 

d.     Assembly and dismantling, - The time required for setting 
up and dismantling the cell is negligible. 

e_.      Inlet and outlet provisions, 

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

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

f.      Space required for storage. - The cell requires a mini- 
mum of storage space when not in use. 

£•     Durability. - The cell is of sufficiently durable con- 
struction for use as originally designed with the exception of the 
suspension hooks on the supporting stakes. 

h.     Adequacy of design. - The design and construction of the 
cell is inadequate with respect to the following details in addition 
to those already notedg 

(1) The access plate suspension, 

(2) 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^-ton, 6x6 cargo, up to the maximum 
rated load capacity,   A 2v-ton truck can carry 16$ more gasoline 
using this cell than it am when using the 5-gallon can without ex- 
ceeding weight limits, 

b. Utility. 

(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, 5-gallon, 
with regard to quietness of operation, 

(3) The amount of time required to empty the  cell under 
blackout conditions is excessive.    Redesigning the cell may 
cause a reduction in this time. 

P. ,   ■ • 
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c. Durability, 

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

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

(3) The lining of the ceil is not durable when 
subjected to the action of motor fuel, 

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: 

(1) The closure cap. 

(2) The position of the filler opening. 

(3) The lack of a sufficiently rigid backing 
to permit proper seating of the whistling nozzle in 
the filler opening. 

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

VI.    RECOlflLMDATIONS.  - It is recommended that: 

1.     The fuel cell, collapsible, transportable, 700- 
gallon, be considered practical and serviceable if redesigned 
in the following features; 

a_.      Lack of transverse stability due to the high 
center of gravity, and the shifting on the truck bed be 
corrected or standard practice for bracing be formulated. 

b.     The size of the inlet fitting be increased to 
be not less than 6" in diameter, 

c_.      The ^ ck of a dispensing header and nozzles 
be corrected. 

d.     Standard threaded pipe fittings be used on the 
outlet. 

e_.      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 improved, 

_£..     The improper design of the vent check valve be 
corrected. 

• • 

• • 

• • 

• • 
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h.     A proper static discharge cable be provided. 

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

2. The fuel cell,  collapsible, stationary, 500-gdllon, be 
considered serviceable if redesigned in the follov/ing aspects: 

a. 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« 

_d.     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 stationary 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: 

a_.      Provisions made for use with present auxiliary equip- 
ment. 

•      • .._ i 

>"W . 

b. A  change made in design to permit easier filling and 
emptying. 

c. The  closure be perfected, 

d. A  lining be evolved that v;ill not flake or dissolve 
under the action of gasoline. 

• • • 

• • • 

1*1 
MkX R. VÄIHER, 

Colonel, Q, M, Corps, 
Director» 
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SUBJECT:    Fuel Cell, Collapsible -QIC T-157, 

1.     The Quartermaster Board is directed to oonduct tests of 
Fuel Cells, Collapsible, as outlined in the attached letters and 
memoranda: 

2, The 500-gallon and 750-gallon cells were to be delivered 
to the Quartermaster Board by the Engineer Board, December 10, 1942, 
as indicated in inclosure #Z, The 7u-gallon bags of similar construc- 
tion were to be delivered by the Engineer Board, December 14, 1942. 

3. !äjor Hellor of this office will arrive at the Quartermaster 
Board, Tuesday morning, December 15, 1942, to assist in setting up 
this test. 

For the Quartermaster General: 

Inclosures: 
,A-Ltr. 30S to QIC 12/2/42. 
«ß-üemo to files from Corps 

of En-ineers 12/4/42. 
d<3-Ltr. Eng.Bd. to OQID 12/9/42. 
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COPY. •      .  • 
EXHIBIT "A" 

MR DEPARTIEOT v". V-l-^ '- 
OFFICE OF THE QTftRTERlftSEER QENuRAL '.' >>>S"-S\ 

vÄSHiNGTON SV":-.':-;"; 
In Reply Refer To SPQRD 400.112 -'-':"- '•'■"• 
(Cell, ?uel, Collapsible - Q1B T-157). December 14, 1942.                 .f _ .JL 

TO: The Quartermaster Board, Qaiap Lee, Virginia.   Attention: 
Colonel Ifcx R. '.Tainer. -•       ••   •-.-■• 

.i 

a. Letter, Hdqrs», S.O.3., to the Q.M.G., file SPESD, •         •         < 
da ted~be comber 2, 1942»    "proposed Tests of Impregnated 
Fabric Fuel Cells at Camp Lee, Virginia«"» ". 

b. Memorandum "for the file" from Corps of Engineers, 
Civil Engineers action, file SPESD, dated December 4, 1942, 
"I'eeting to Determine Test3 and Testing Procedure on Ira- .• •.._. • 
pregnated Fabric Cells." •'••A 

£.     Letter from Corps of Engineers, Technical Division, .; -Vj 
to Ifejor E. L. Heller, O.Q.K.G., dated December   9, 1942, '-•..'' 
"Collapsible Fuel Cells." -  •* 

A/ 
J. L. Frink 

Brigadier General, Q, II« Corps, 
Assistant. 

.'•.-. ■' . ■:'/. 

••:■;•.■ 

■ • '.1 

• • 
•« 
• 
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Address Reply to 
Chief of Engineers       TÄR DEPARTMENT 
U.S.Army OFFICE OF THE CHIEF OF ENGINCERS 
Yia8hingtonfD.C, WASHINGTON 
Room 1405»Tempo G December 2, 1S42 

iFESD 

Subject:    Proposed Tests of Impregnated Fabric 
Fuel Cells at Camp Lee, Virginia. 

THROUGH:    HEADQUARTERS, SERVICES OF SUPPLY, DEVEIOFIENT BRANCH. 

TO: TIE QUAUTERIkSTER GEiOAL. 

1. Reference is made to a letftw of October 9, 1942, Sub- 
ject«    liar eng 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 impregnated fabric fuel cells. 

2. Recent conferences between Quartermaster representative» 
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, 
It was felt that comprehensive tests 3hould include filling, empty- 
ing and handling of cells as would actually be done in the field. 

3. Since Camp Lee is equipped to make such tests, it is re- 
quested that The Quartermaster Board 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 Office, Chief of Engineers, through the Engineer 
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 Supply. 

For The Chief of Engineers: 

F. C.  KENDALL, 
l&jor, Corps of Engineers, 

Executive Officer, 
Engineering & Development Branch» 

Supply Division» 
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COPY 
December 4. 194*1 

• I 

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 November 24, 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 of impregnated fabric fuel cells. 
The Quartermaster Corps stated that they had facilities at the 
Quartermaster Board, Camp Lee, Virginia, which could be utilized 
in making these tests.    It was decided to hold a later conference 
at which the Quartermaster, Camp Lee, would be represented to de- 
termine tests and testing procedure, 

2, This second conference was held at the Engineer Board, 
Fort Belvoir, Virginia, on December 1, 1942, and the following men 
vie re present; 

Office, Quartermaster General, 
Quartermaster Board, 

Office, Quartermaster General, 
Office, Quartermaster General, 
Office, Quartermaster General, 
Office, Quartermaster General, 
Office, Chief of Engineers, 
Office, Chief of Ordnance, 
The Engineer Board 
Army Air Forces, Directorate of 

Base Services, 
U, S. Rubber Company, 
U. S. Rubber Company, 

Lt, Colonel L, Slade 
!iajor E. L. Heller 
1st Lt.  J, B, Stobaeus 
C, H. pattie 
Thomas P. HcNiesh 
1st Lt. J, H. Sonntag 
1st Lt.,I. C, Tarier 
R. M. I'acPherson 

H» A, Blauvelt 
P.  J. Uythe 
J. S. Cates 

Transportation Corps had previously requested the Office of Chief 
of Engineers to represent that Service in the meeting, 

3.      It was decided to divide tests on the fabric fuel cells 
into two general categories; 

a. Fhysical and Laboratory Tests. 

b. Field Utility Test:;, 

The former tests will be  carried out for the most part by the 
Engineer Bo-rd and the  latter tests at the Quartermaster Board 
at Camp Lee, Virginia, which is equipiied with standard Amy Field 
gasoline handling facilities for filling and emptying units. 
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4,      The testing program will be started immediately, and. the '■■■■.-.': ;.-. 
program for the iranediate future will be as follows: ."••'•''>'>-"- 

£•      7-gallon bags. • ...    •Ä. 

(1) Quartermaster Board, Camp Lee. Virginia,' - one '   •.■./' 
hundred fifty (150) of the latest type bags are to be .   '. V 
shipped immediately to Gamp Lee, Virginia, directly from 
the U. 3. Rubber Company, and the following tests made: .      .'. -.!_■   .       \ 

•        . •     ., •, 

(a.)   The utility of filling the 7-gallon bags -"   -V ;. 
with standard 5-gallon can filling equipment will be •''.      V-V_ 
determined, '  '■'    ■.;■•" 

(b)    Different methods of accomplishing the ;     — 
filling will be tried with the purpose of determining • • 
the most practical method for filling the bags» 

(_c)   The utilixy of emptying the bags will be 
determined by emptying the bags into storage tanks, 
vehicles, etc., using the floxible nozzles which are 
standard equipment for emptying the 5-gallon cans. *. .      * ! 

(d) The bags will be tested in cold and hot 
rooms under average renditions to determine if tem- 
peratures '..'ill affect the stability of the bags. 

(e) Dags Will be taken for short travel liauls, * ,       ' 
stacked in trucks and filled and emptied repeatedly 
to determine if tno bags will start leaking under .'•"'   v-"."--* 
those  conditions. ••''.        ..    •'""■'. ' 

(f )    The bags filled with gasoline will be 
dropped to determine bursting strength. - 

(ii)    D;igs will be tested for resistance to 
abrasion, 

(h)    Methods of carrying bigs on trucks will be ~L   ~ — 
determined. ' .     " 

(2) The Engineer Board. Fort Delvoir, Virginia, - -    . 
T'-'sts to be  conducted will consist of physical tests and 
laboratory tests.    The physical tests will be as follows: 

(ii)   » <--:~ton truck will be loaded to fct'-tona 
with b-.gs after the best method of stacking has been 
determined b/ preliminary tests.    The bags will be 
filled with 80 octane gasoline (standard high test 
gasoline) which was decided to be the average gaso- 
line to be handled. m m 
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(b)   The bags will be subjected to approximately 
5,000 miles road test over the Engineer Board course, 
which consists of good and poor roads»   Travel time 
will consist of two 8-hour shifts per day. 

(a)   Truck drivers will inspect bags at the be- 
ginning of shifts by unloading and looking over the 
bags,   one of these checks per day will be witnessed 
by a Governnent Engineer.   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 miles the bags be- 
gin to show evidence of failure, tests will be con- 
tinued until approximately 75£ 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 
5-gallon cans in the f is Id will be taken in unload- 
ing the bags, 

(f) laboratory tests on bags will consist of 
the following: 

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

(2) Diffusion. 

(3) Gum absorption, 

(4) Friction test, 

(5) Sean pull test, 

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

b.      50QK}allon Cells. 

(1)    Canp Lee, Virginia, - one (1) 500-gallon cell 
with improved access manhole will be shipped from the 
Engineer Board to Camp Lee, Virginia.    This cell will be 
tested to determine utility of filling and emptying the 
unit with standard Army filling equipment.    The cell will 
be filled from 7-gallon bags and 5-gallon cans and will 
be emptied b/ standard pumping operations.    The unit will 
be given some hauling tests because it is believed that 
this will be attempted in the field regardless of the fact 
tliat the unit is desijnod for stationary storage only. 

I • < 

» •   .._..« 

> • I 

•        I 

> • « 
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(2)   The Engineer Board's physical tests on the 500- y--': ■%;■•!*- ':■'■ 
gallon cells have already been completed and no further ~1§ < 
tests are contemplated on that unit at this time» •.  '.>;>;•"•;■'- 

c*     1000~gallon and 3GQ0-gallon units« -The 500-gallon ;.\' !;.;>-' 
unit is believed to be representative of the two larger oized • ,"• >.y 
stationarj'' storage cells and results obtained from testing this .--' \ 
unit are felt to be applicable to the larger units*   For this .<# I 
reason no tests on the two larger sized units are contemplatedd 
at this time, 

d. 750-fiallon. 2ä-ton. transportable unit« 

(1) Camp Lee, Virginia. - One unit is being shipped .#   ._..| 
from the Engineer Board to Gamp Lee for tests similar to               '/■.- 
those which will be wade on the 500-gallon stationary ■   ■:" ""; "■ "'"- 
unit.    In addition, the unit will be subjected to trans— '--.'"•/■-; 
portation tests. v.    '■'. ;-> 

(2) Engineer Board - One (1) 750~gallon unit filled •        • 
and partly filled with 80 octane gasoline and loaded on a 
£"a-ton truck will be subjected to an approximate 5,000 
miles 2oad test over the Engineer Board course.    This test 
is believed to represent the average physical strain to 
which such a unit will be subjected. w 

_§ 9 
e. 2380 Gallon Transportation Flat Car Unit. Railroad •'-.'">.: 

switching and hauling tests have already been completed at " ■.'/''. 
Canip Claiborne, Louisiana by the Transportation Corps on units 
filled and partly filled with water.   At the request of Trans— -    "    •• ;- '. 
portation Corps additional switching tests will be made on   
railroad lines inside Fort Belvoir, with the tanks filled and •        • 
partly filled with 80 octane gasoline.    ?fo units will be sent 1 
to Camp Lee, Virginia, since the tests on the 750-galion unit ...•">-•"•-.! 
will indicate the utility of the 2880-gallon unit with standard ■.-'-.••? 
filling and emptying equipment. '.-.'. .    -;.    ■! 

5. General testing Procedure. - General testing is to include •        •► 
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 testa. '•■] 

6. Conclusions,    "hen tests are conpleted, reconroendations 
based on filling and emptying operations r.nd physical tests will be ~% •> 
wade for improving the units involved in the tests and similar units. " ' .-1 

j 

• .j 

J. H. SONIfTAO, 
1st Lieut,j Corps of Engineers, | 

CC:Lt,Col,L»Slade,Office,Q!G.      Engineering U Development Branch, • # 
CCrlSijor E.L.Heller,Office,QlI}. Services of Supply. 
CC:R. 1!,IbcPherson,engineer Board 
CCsP.J.'.'ythe,U.3.RUbber Company ; 
CCjIfejor J.A.Richardson,Chief of Ordnanco ■> 
CC:C^ptain Atkinson,T-ansportation Corps,Fort iteade 
CC:H.AJBlauvelt, Ai-my nir Forces, Directorate Base Service, _       » 

!'unitio:i3 Building, Hiashington, D. C, 
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December 9, 1942 

.    *     /•      ..*"      V"     /"      ." 
1   .1 

1                      t t 
|"."_-\"    ",   "      -."     -..         • 

'«      '*-         \     -             *"-      «V 

COPY 
WR DEPARTMENT 

Address Re pi;' to       THE ENGINEER BOARD 
Engineer C0RP3 OF ENGINEERS, U.S. MBS 
Board, FORT 3ELV0IR, VIRGINIA 
Fort Belvoir,Va. 

FD 151 J ':■;.J 

l_   ..* • 
Iferaorandum to:    Ifcjor Edward L. Heller >,V-...;>;-..■. ■^ 

Quartermaster General >'..-    -_ 
"'{ar Department ., j    \ ;    V 
Washington, D. C --•'-' .'- 

Subject: Collapsible Fuel Cells |       .«   .^jj 

1. The Engineer Board is planning to forward by truck to .; V -;..V;J 
Camp Lee on Thursday, December 10th, one 500-gallon cell and one ; v-"'-. X '; 
750-gallon cell, '"      ""-.;'.• 

2. IIP. Tuthill of the United States Rubber Company will be j # g 
at Camp Lee on Friday to aid in assembling these if you so desire. 
He is to contact you by phone regarding this. ) 

3. No provision was made by the manufacturer of these cells 
to take care of static.   A static wire has been soldered tc the j 
filling cap on the 500-gallon cell, and sufficient wire will be I        •        • 
sent with the 750-gallon cell to run thro igh the cell from the •                      j 
filler cap to the outlet.   This should be soldered to both filler '   1 
cap and outlet pipe» V        .. ' 

4. It is believed desirable, as a safety precaution, to • 
run an outside static wire from filler cap to ground when pump-                   j « 
ing fron these cells while resting on the ground.                                             .■;./-.-; 

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 truck,   A drag chain should then be attached 
to the truck» |        % 

6. It is requested that this information be passed on to 
It. Sol. Slade of the Quartermaster 3oard, so that the necessary 
precaution will be taken to avoid an accident. 

7. The inclosed Plioto !to. 46-1-2 is to be forwarded to |      ~~§ 
Camp Lee for their information. 

George "'. Howard, 
'ajor, Corps of Engineers, 

1 Incl. Acting Director, Technical Division IV.       I # 
Photo :io. 46-1-2 

— <-9  — 



Froduct Development Branch 
Resources Division, Production Service 
Office of the Quartermaster General 

EXHIBIT "B" 
CASE   RECORD 

1. Test of Fuel Cells. Collapsible. 
~~   (Title of Project)       ~ 

13, QMB T-98 
(Project Number) 

14.     February 7.1945. 
(Date) 

IS.  
(Importance Rating) 

16.   
2. 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. 

3« New  
(New item or revised) 

4.  
(Date of last revision) 
Items ir^which used:  

(Date SOS Approval) 

17. 
(Required Completion Date) 

18, 
(Actual Completion Date) 

19. 
(Results) 

5. Existing specification numbers; 
6. Services using present item:   All 

7..   Project initiated by:    Office of The Quartermaster General, 
8. Military characteristics defined by: 
9. 3asis for importance rating (Inventory data, pending procurement, 

directives specifying completion date, etc, Ref. item #15): 

10.. 
(Estimated experimental funds re- 
quired) 

11.  
(Section responsible) 

12, Supplementary work done by: 

O.Q.H.G. 

Depots: 

(Experimental funds used) 

(Individual) 

laboratories: 

Jjanufacturers: 

- 

" - '■.-•"W--r- - 

>   ...   •   ._ I 

> • « 

t . . . • • 

* • • 
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QUARTERI'ASTER BOM© PROJECT T~98 EXHIBIT "G" 
TEST 0? FUEL CELLS, C0HAPS3BIE 

• • t 

Space Requirements of the Can, Gasoline, 5-Gallon, 
and 

the Fuel Cell, Collapsible, 7-Gallon. 

Can, Gasoline 
5-Gallon 

Number of 
Units 

Actual Capacity 
(Per Unit) 

Total Capacity 

Space,Empty 

Space,Filled 

Spice per 100 
Gallons 

120 

Fuel Cell, 
Collapsible 

7-Gallon 

ICO 

5 Gal. 6 Gal. 

GOO Gal. 600 Gal» 

127.0 Cu.Ft.    17.9 Cu.Ft, 

127.0 Cu.Ft. 159.4 Cu.Fti 

» Percent 

14.1g 

126, % 

21.16 CU.Pt*    26.56 Cu.Ft.        125.5^ 

/■_\-lJ.'-'-V 

* Percentage computed using the value Tor the Can, Gasoline, 
5-Gallon, as 100£. 

*■   '".       -     . 

• .•«'. '            ■".. »'.  . * 
•A 

'.•."'■ . * -_ .'', \    *      , •*» t 
■ '."> 

"m         " - *. * 
- "* - „* .'      \*   . ".-»r."» 

-"-"." V      _". 

t "•' '.' .   ' • '. 
9 • • 

~~ 
-■—-r- irrrr T TI 

'■<'' 
-'>'■ 
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QUARTERMASTER BOARD PROJECT T-98 
TEST  OF  FUEL  CELLS,   COLLAPSIBLE 

c y /      /    * r" 

—i 

IM l   |   i      . II   AIM HI  \   .   ' • I A I l< ;N AP r 

A   [   |   ,     r j A  r -1  •     t J V   I   A ■     !    ( -       /.Hilt 

,    i. ,    .-, '      i t M • i <    r  \   \      I ' ' l   ' ■     '.L » i ■•   M 
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QUARTERNUSTER BOAKU fKU.it«.i   i-vo 
TEST   OF   FUEl  CEUS.  COUAPSIBLE \. • 

FUEL   (FLL   COLLAPSIWE.  rUANSPORTAMt   ,    700   GALLON. 
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QUARTERMASTER  BOARD PROJECT T-98 
TEST OF  FUEL  CELLS,   COLLAPSIBLE 
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QUARTERMASTER BOARD  PROJECT  T-98 
TEST OF  FUEL CELLS,  COLLAPSIBLE 
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QUARTERMASTER BOARD PROJECT T-98 £^j£ 
FUEL CELLS,   COLLAPSIBLE    7  GALLON 0;W 
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Spaoa fttqulfwt« of tha OKI, QaaaLL», 5 fell«» 
■ad 

UM faal Call, OaHapalhU, 7 ©alia*. 

Can, Qfollaa 

tfunbar of Unit« 120 

Actual Capacity 
(Por Unit) 

5 Gal. 

Total Capacity 600 Qal. 

Spaa«, Bflpty 127*0 Ott. ft. 

Spaeo, Pillad 127*0 Cu. Ft* 

Spaoa par 100 
Qallona 

21.16 Om. ft. 
• 

a         Paroantafa ocayutad nalnf tha 
M IOC*. 

faal Call, 
Oanayaiola 

100 

6 Oil. 

600 (kl. 

17.9 Oa. Pi« 

159.4 Oa. Pi* 

26.54 OJU ft. 

14.1* 

125.« 

125.« 

. 3 
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QUARTEr ,tASTER BOARD P,.^JECT T-98 
TEST OF FUEL CELLS, COLLAPSIBLE 
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Exhibit   'H' 

SHOWING   FLAKING  OF   LINING 
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UNUSED CELL 
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&MTEfimASTER BOARD PROJECT     T- 98 
TEST OF FUEL CELLS COLLAPSIBLE 
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TEST or mflRenG CELL^STORRGC TRRK, 
MID exPERimcnTDL conrnineRs  r 98 
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BAGS Dt 
AT CIO 

WASHER TWISTS AND OOCS 
NOT SEAL PROPERLY 

KEEPER BINDSAND PREVtNTS 
PROPER TIGHTENING OF CAP 

VEiOP LEAKS 
SURE OPENING 

CAP REQUIRES THE 
USE  OF A TOOL fOW 
TIGHTENING AND OPENING _ 
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THE ENGINEER BOARD 
DESERT TEST BRANCH 

ENGINEERING REPORT NO.  151 

• i 

May 2Q,  1943 
4 I 

Title:    750 Gallon and 7« Gallon Collapsible Containers for the 
Transportation and Storage of Gasoline. 

Project No.      BR 372 Submitted by«.    John E. Lewis, Jr., Engineer. 
• I 

I.       SUBJECT 

7-1 k report on tests of one 750 gallon and 100 - 7£ gallon 
collapsible containers for the transportation and storage of gaso- 
line. 

II. Authority. 

BR 372. 

III. Factual Data: 

One 750 gallon cell and one hundred 7U gallon cell3 (30 
Fire stones,  - 70 Goodyear) v/ere received by the Engineer Board 
Desert Test Branch for test under desert conditions. 

The 750 gallon cell: 

The 750 ;;allon cell (see figure  5) was assembled on the 
ground by two unlisted men, 2 hours time 1.  ing required as neither 
nun had ...ver seftn the  cell before and no assembly prints were  in- 
cluded with it. 

Eight ran then loaded the  cell into the body of a 2^ ton 
'.IMC true':.    Static dissipating wires were connected to the body of 
the truck and to the filler cap and outlet valve assembly respect- 
ively,    k length of chain was connected to the truck body and 
allowed to firag upon the ground.    The purpose of thesis  precautions 
was to form a ready and easy path of discharge to the ground for 
any charge of static electricity which nignt be generated by the 
friction of the truck tires or otherwise collected upon either the 
truck bod: or  the gasoline  cell.    The  cell uns then filled with 750 
gallons of gasoline,   (motor fuel grade, approximately 70 octant 
rating). 

:.V) attempt '.-'as mud«   to fasten the ceil do\;n to the  truck 
bed nor .:as a:jy blocking us-.d to prevent  the ceil from skidding. 
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The truck was placed upon a test run.    This run consisted 
of one mile of paved road, one mile of improved hard surfaced road, 
one mile of very rough hard surface road, and one nile of cross- 
country travel over sandy terrain.    After approximately 500 miles 
had been traveled over this  course, no damage resulted to the cell. 

The lk gallon cell: 

It was noticed that 35 of the 7f gallon cells were man- 
ufactured by the Firestone Tire and Rubber Company and the remain- 
ing 65 were manufactured by the Goodyear Tire and Rubber Company. 
Thirty cells of each manufacture were, filled as follows: 

6 Goodyear & G Firestone filled with 5 gallons gasoline. 
6 Goodyear & 6 Firestone      " "    6 
6 Goodyear & 6 Firestone      " "    63 
6 Goodyear & 6 Firestone 
6 Goodyear & 6 Firestone 

it 

I! 

II 

II 

II 

II 

II 

M 
I 
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These  cells were then placed in rows, flat upon the ground, exposed 
to the sunlight.    The ambient temperature at that time was 104° F. 
After one hour exposure to the direct rays of the sun, enough gas 
had been liberated or boiled off the gasoline to cause the  cells 
to become tightly inflated.    Twenty nine of the thirty Firestone 
cells began leaking badly from small "pin hole"  like places in the 
fabric, as sliown in photograph No. 1.    This trouble was not en- 
countered with the Goodyear cells. 

The cells continued to swell and started rupturing at the 
seams after about 3 hours exposure.    The Goodyear cells did not leak 
at all until sufficient gas pressure had built up to cause failure 
of the  seams.    At the end of five  hours exposure, every one of the 
S'J cells under test had ruptured at the seams and were rendered 
useless for further  U,sts, 

During the test, the temperature of the fabric of the  cells 
were checked,  'ising a pyrometer and thermocouple, and it was found 
that the temperature gradually  increased from ambient (104* F) to a 
maximum of 17 ö° F. 

Temperatures of the gasoline.within.the celle was aleo . 
checked repeatedly, and thi3 reached a -rv.xiriuri o^ 137" F. 

.'Jo attempt .."is made to stack the cells In piles nor v.-ere 
any thrown from moving vehicles because none of th<- cells stood up 
for ■'.  l:>n' enough tinte  to vrirrant these teats. 

^ 
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A bronze cap from one of the cells was drilled and tapped 
so that a pressure gauge could be attached.    Six cells were tested 
by filling them with 7ä gallons of gasoline and screwing the cap 
with the pressure gauge in place:.    These cells were carefully 
observed after b,;ing placed in the sunshine and the maximum gas 
pressure that these culls would withstand before rupturing was 
found to b>.  fror. l| to Z pounds per square  inch. 

gxperiraents were then conducted with the cells enclosed 
in a bug fabricated of IG ounce duck.    This bag -..-as tan in color 
and was selected because  it is approxiilately the  same color as the 
sand of the desert and also beams»; this color usually remains a 
few degrees cooler than olive drab, be cause  its lighter color is 
able to reflect heat more easily,    h Goodyear cell filled with 
gasoline was placed within this canvas bag and exposed to the sun. 
k thermometer    was inserted between the  canvas and the wall of the 
cell.    Temperatures were recorded and it was found that this 
temperature was 152" while the ambient temperature was 10b°.    The 
Goodyear cell failed 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 
sane each time. 

v 
■A" 

I • 

k water column was then constructed to determine the 
maximum water pressure that the cells would withstand when sub- 
jected to water pressure and exposed to  the sun.    This '.rater 
column (see figure No. 5 inclosed herewith) ras so arranged that 
pressures of 1, 2, o, -i,  5, or G pounds Ä>uld be applied to the 
cell.-, under test. 

Ten cells (7 Goodyear - 5 Firestone) were tested in this 
way and the results were tnat fill cells would withstand 5 (bounds 
per siuare  inch when shaded from the rays of the  sun.    Four cells 
v.i.re- ti'-ctod at G pounds per square  inch,   sliadod, and all four 
fail: i.    The regaining U cells were- exposed to the  sun arid all 
failed WJIUti a pressure of 5 pounds per square  inch was applied. 

n standard Quartersnaster 5 gallon can was then prepared 
for test by drilling a hole through tin-  cap and placing a pressure 
gauge at this point.    A  them» well vms inserted into th   side of 
the can so that the temperature of the gasolin« might be measured 
and a record uf tit.   vapor pressures kept at eiff.r.nt temperaturos. 
This can ia pictured i:. figure 4,    The  can ..a;- then filled with 5 
gallons of regular motor fuel gasoline and placed in a position 
where it was exposed to the rays of the sun.    Observations were 
made for five darr at 15 minute  intervals of  U»e pressure-, gasoline 
temperature and the ambient temper;ture.    Listed below an-  typical 
recordings obtained on one of these  five days. 

^ 
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Tine 

8|15 AM 
>u 8:; 

8:45 
9; 00 
9:15 
9:30 
9:45 
10: Ü0 
10:15 
10:50 
10:45 
11:00 
11:15 
11:30 
11:45 
12:30 
12:45 
1:00 
1:15 
1:30 
1:45 
2-00 
2:15 
2:50 
2:45 
3:00 
3:15 
3:50 
5:45 
4:00 
4S15 
4; 30 

PM 

Ambient 
Temp. 

30 
81 
83 
84 
85 
37 
88 
90 
90 
91 
94 
94 
9^i 

96 
100 
100 
100 
101 
102 
103 
103 
102 
102 
104 
104 

10-i 
104 
104 
101 
105 

Tonp. of 
Gas in Can 

74 
82 
90 
94 
98 

103 
106 
110 
115 
118 
120 
123 
125 
127 
133 
134 
134 
134 
134 
138 
138 
138 
138 
138 
138 
133 
136 
136 
134 
132 
132 
131 

Pressure in lb/sq in. 
gn pressure Gauge 

0 
0 

.50 
1.25 
1.75 
2.50 
3.00 
4.00 
4.50 
5.00 
5.75 
6.00 
7.00 
7.25 
5.25 
8.50 
6.50 
9.00 
9.00 
9.75 
10.00 
10.00 
10.00 
10,00 
10.00 
10 „00 
9.75 
9.74 
9.25 
8.50 
8.50 
8.40 

,'-_,■ 

OJ 

After obsurvinj the temperatures and pressures for several days, 
plotted and s  copy of this jraph fin average of tne results wurc 

is  included in this report as ixhibit "A". 

The result« of this e:i.peri:ient show that the pressure 
within the can increases in direct proportion with the tenpemture. 
Reference to tht "Chemical Eriginfc&r*1, handbook, John.H. Perry, 
Editor in 0hif»f, shows that gasoline and gasoline vapors have the 
properties of a perfect gas, which is thfit the pressuro varie? i.i 
direct frojxirtion to the temperature uatil a pressure of 50 pounds 
nor square inch i3 reached or a temperature of 261 degrees Fahren- 
heit. 
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At the tine these tests were conducted, 105° was the 
maximum ambient temperature reached and 138° was the maximum 
temperature reached by the gasoline  in the can.    In desert 
operations this temperature will be exceeded during the hot 
months.    As the ambient temperature increases, the gasoline 
temperatures within the can will increase somewhat*    Ambient 
temperatures of 125° to 135° are by no means uncommon in 
desert regions.    It is, therefore, logical to expect an 
increase in gasoline temperature to 155° to 160°*    Since the 
gasoline vapor pressures will increase in direct proportion 
to the temperature, reference to the graph will show that any 
container must be able to withstand a minimum of 13.2 pounds 
vapor pressure plus a reasonable safety factor, plus the mechani- 
cal strength necessary to withstand increased pressures caused by 
stacking the cells, dropping or rough handling of the  cells, 

IV.    Discussion« 

All tests of the collapsible gasoline cells were made 
using regular motor fuel gasoline of 70 octane rating*    This 
gasoline was used instead of aviation gasoline because pre- 
liminary tests had shown that trouble would be experienced with 
these cells due to excessive vapor pressures.    These high vapor 
pressures are encountered because of the fact that ordinary 
gasoline has an initial boiling point of 98" to 102°.    Aviation 
gasoline  (100 octane) is considerably more volatile than ordinary 
gasoline. 

The  750 gallon cull, knocked down and crated for ship- 
ment, occupies 3 crates which have the following dimensions: 

• • 

• • 

8.5« x 1.5»  x 1«   " 
G.51  x 5i      x ,6»' 
5.0» x 5.0«  x .5.1' 

Total 

12.75 cu. ft. 
11.70 cu. ft. 
12,50 cu. ft. 
36.95 cu. ft. 

To conserve shinning space,  it might be  possible to further 
reduce the cubic space needed by crating this cell more compactly. 
The 750 gallon metal tanks that have been received at this location 
have been oval in shape.    The dimensions of one of these tanks are: 
11.3 ■  long x 4,.:'  high >: 5« wide or 327,3 cubic feet.    Compared to 
the  36.95 cubic L\d occupied by the 750 gallon cell,  the metal 
tank would require almost  / tirv.s t\a much shipping sp'ic^. 

During the  test,  iio  trouble was experienced with the 750 
gallon cell sine«  it  is equipped with a vapor escape valve.    The 
ply-wood shell inclosing the  cell 'protects the  cell itself from 
the  sun's r'iys and acts as an insulator, to some degree.    This 
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cell was road tested for about 500 miles and arrangements have 
been made to have it service tested by a troop unit at Desert 
Training Center for an additional 5000 miles.    VJhen this tost 
is completed, a report will be submitted covering the results* 

The 7;i" gallon cells were tested as thoroughly as it was 
possible  to do so because failures were experienced very rapidly 
when the cells were filled with gasoline and exposed to the sun— 
light. 

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 of the bag 
to leak due to any abrasion or by any point where a crease is 
formed by folding the  cell. 

Tfie Goodyear 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 
seamr; ruptured due to excessive vapor pressure.    The Goodyear cells 
could be successfully employed to store or transport water or non 
volatile liquids.    Their use as drinking water containers should 
be discouraged because of the disagreeable taste and smell, imparted 
to the water by the thiokol used in the  construction of the  cells. 

The pressure temperature tests were conducted with the 
Quartermaster 5 gallon can to determine what pressures could be 
expected to nerve as a guide in the design of any future  collap- 
sible  cells. 

Inclosing the  cells in canvas bags does not appear to be 
of :iuch del;;.    After a period of approximately four huurs the 
gasoline will re ich the  same temperature that it would without 
the canvas covering. 

.1 v -.   ■.   •■    -    -   •: 
""'•""•-"•' ■'."•"1 '''li 
„'-".'• V-V- .'•'.■'."> 
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V.      Summary of Resultat 

The 750 gallon cell was satisfactory in the engineering 
tests given it«    Engineering tests indicate the 750 gallon cell 
tested ha? sufficient mechanical strength and would definitely 
Conserve  shipping  space. 

?h-j 7^ gallon cell:; tested are not  satisfactory  for  the 
storage or transportation of gasoline in desert climates»    It 
might, b.   u:;ed to handle water for purposes other  Llv n drinking, 
but  in riot sufficiently strong to withstand r» ugh handling.    The 
thit !;. 1 used  in these   cells  gives water a bad smell and taste end 
..■-t.r L'tor.d in them would not be very palatable for drinking. 
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Any container for the  storage and transportation of 
gasoline  in desert must be able to withstand vapor pressures of at 
least 13.2 pounds per square inch, plus a reasonable safety factor 
plus the  necessary nech&nical strength to Withstand stacking, pil- 
ing, and rough handling. 

The fabric used in the Firestone  cells is not satisfactory 
for handling gasoline. 

T)B fabric used in the Goodyear cells is more satisfactory 
but it was not possible to ascertain if it would develop leaks, at 
the high pressures which it must withstand, because the seams failed 
before sufficient pressure  could be applied to test the fabric. 

.1 
*•"..*» -"•' 
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Submitted by /s/ 
John E. lewis, Jr. 

Engineer. 

Approved by /s/_ 
Chief, Desert Test Branch 
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Figure No. 1. 7-1/2 Gallon Collapsible Containers for 
transportation and storage of gasoline. Chalk circles 
indicate pin bole leaks in Firestone cells. t   • 

'*,"* 

Figure No. 2. 7-1/2 Gallon Collapsible Containers fop 
transportation and storage of gasoline. Failure of seaa 
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 
and storage of gas- .<•  • 
oline . Laprovised 
water coluwn con- **"■■'  ">.,'•  ■ .*■ .** 

structed of 1/2 
inch pipe. This 

'."■':'-/":'-.-": 

water column was 
used to test col- !,, ,r.,«i lapsible cells for 
bursting pressures. ■ 

■ 
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Figure Ho. I.    Standard <V -  5 Gallon Gasoline Can equipped 
with preasure gauge and themo-well. • 
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Figure No. 5.    750 Gallon Collapsible Container counted in 
2-1/2 ton, 6x6 truck. 

Figure No. 6.    750 Gallon Collapsible Container counted in 
2-1/2 ton, 6x6 truck. 
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APPENDIX "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 as 
various experimental types. 
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750 Gallon Container Mounted on 2-1/2 Ton Truck 
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Experimental Articulator No.3 tor 750 and 2700 Gallon Containers 
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Experimental 750 Gallon Elliptical Container Ro.«e1-Up on 2-I/2 Ton Truck 
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Experimental 750 Gallon Elliptical Container Ready For Use on 2-1/2 Ton Truck 
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Experimental 750 Gallon Elliptical Container Filled on 2-1/2 Ton Truck 
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