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r'IDCRA1. RESERVE MllLOINCI 

P-r<111: ! . R. 8wtt.Jn1ue, Jr. 

Subject. U!ID!RQROU!ID 5l'OIWlE OF lVIlTIOH GASOl.IN& 

Tho niginttrt ' Co.aitteo troo induatry called t.o~othor by thi• D1Y1•ion 
Lo adrlat tht Arr/ and Havy on \ho otora,ge of &viat.J.on gaaolino bl• 11.1.baitted 
1ta report, t t.1 rocomnendatione bring together tht ooablntd oxperi8noe or t.ht 
industry, out1ido idet\1 Crotn industry and th$ public, re1ult1 or plo.nt Y1oit.ti­
t1on1 with Mw¥ a.nd lh•vy reproaent.atjvee, o.nd conaultatlon1 on ourrtint. Dritiah 
exptrltnoe. 

Bast• ot [!C09.,.ndation1: 

Pro'f'Uion tor a\ol"ago or r •••rv• atock at. a ,....on&blt COit nMr aeveral 
alt.emat1 .. •i.hod• ot 1..r"aMporW.Uon Yitb prot.:Ucn &pin1t. Mq or oo.plet.e 
destruot.1on. 

Stonge adeq\M.t.e t.o wpll,y peU. ~ and Uo onr U\lt d ea\.r"UGUoo ot 
the 80Ul"Ct, u produAt.ion t•cllit.iea ._...., open, eubject. t.o at.i..ct, and \ate 
l.&..i.v to r.pl&ce. 

Prowct.ion ot 1t.o~ Oft.17 ~a.inst. ince1MUA.rl11 &lid bom,b t"ra.pento, ... 
coo,I.•t• tic.~rtnc 1.1 t.oo expen.sl,.. Md UM.eceaaa.ry. 

P.ecOl'W!lend~tt901: 

1 , $.1.taple oyl1ndrioel t.ank betw-een 20 u..d JO feet h.1gh dot!.«ntd tor 
o.dap tabU1r.y to diver1t oondi tiona - averOj'.e c:.ape.oity 25,000 barr1l1 per tank, 
co.et tibout. $451000, or $1 .67 ~r bllrrel not capllc1ty. 

2 . Ta.nlca buriod undorpound with I.. feet or eu.rt.h OYOl' t&l\IC, t.h.at ie 
enough to 1upport. ve11t.t.lon Md assure conc...i..nt, Al\d • 9 1noh conor•t. 
alab UimedJl\t.ely on t.op ot th• tank 1tisolt. 

J , Tank• IJ"r&n.gMi in t1n11 dt.b an 1.n-egul.ar or cir oular la¥out. to ••old 
deatruct.10!' by• 1t.r1A1 o! boat>. - coat., a ran1 of •ight. (?.;yplcol arran.i-o.t), 
coe:plet.el.y equipped, $6201000, or f.2 .90 per burel net oapoott, • 

.( , Eaoh ta.nt S.n ~~with dlqlllleat.e pipe ltn.a WS.tia looptd con­
ooctiol'l.a PNY1.dl=.c tor tnMt•r of paol1.rie no uti.r 9hat.. as.n,i. part. ot tbif 
•rsi. ta ~J &114 pap11 am:ll.1Af't .. , &Cd• protected •lect.rio pc..r ·~ 
plf to •••""1 oontiA\IO\l.I an.Uabi.Ut.7. 

5. S.paraw •i1111 111...un, plol>• locat.d abcft D'O\nl t<>r t.he oar • ..,, or 
work.er•. S.~Uoo Metal&.r)' ainca ct.t.eriorat.icl'l ~a placa f.l't.er •tbTl la 
ll1xed and allowed to 1\.Md in 1tong1. 
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The re,oort conoidered nw:erous al tenia t i ve methodB of storage s uch a.a 1 
mines , cavos, solid rock, CaJ1Yons and cliff's, widerwater, hillside, o1pe l ino, 
drums , bomb dofloctors and camollfl.age . 

The reoort contains comul.eto detail• t.nd drarln1'8 of several tyl>es of 
tanks , includin1t tho design of tank farms 'rlth n1oinp a rrange:nente, Plll'l>•• 
power equibm.ent, fire protection, and comnlete directiona to assure lowest 
oractical ma.i.ntena.nce and ooertttinP cost. 

The re?lOrt has been suboit t ed t o the verious interested o1litary services. 
I t cc.n be tunlod over lTf them to tho construction contractorn for the erection 
Of the SUf(~eGted Stol'age facilities at tho no into which the Army ana /levy mo,y 
indicate e.a desirable ntorage locHtione. 

Sorvico Action on R<!coirnendat ions . The joint Arif'?/ ana Hovy Aeronautical 
Board haa ao~roved the conclusiona on tyoe of ntorage for the use ot the Ser­
vices . Tho hrrrty i c. a\-a! tin!"' appl"oval of th" gasoline nurchaoine rrogt"e before 
aolectinr otorage sites. Sooo nrolillliruory A:rirt/f • ito selection has been done 
in tho western Pennaylva.n.111 area . hn old mine and a 11.mentone qua.rr;,r M ve been 
tentatively selected as oossi ble site• in whtch this tyne of •torav,e i • to bo 
erected . 

The Ktt.vy is tilannins! to use this storage arrantJement in its outly-ing 
basen and hna riven out those sveci!ications to contrectors who n.re to bid on 
the cons truction of the tanks at the outlyin~ beeos . 
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pr.st<ll or U!!Dl'IRG!\Otl!IQ STQ!lAGE 

l!JJUVIATIO.'I GASQL!n 

Thia report covers the desien of reaervo tankllge t<> be conotruct.ed 

by tho Gcve?'ll!llent for storing nvit.Uoo i;eaoline unuorgr">Uld, .uld .:be 

<,cneral lqo'1t ot atornge centera. It doea not cover tMll t.:.nll such 

~• thoae Wied at atr~orta fo:• fueling nirplnnea, but nne or 111ore tanks 

of tno type connidored trl&ht tic locu.tecl nc.11.r on t.irport ..nd uaod for 

refilllnf the working tankngu . 

Tho tnnk dosignn contidor-d nru bna~d nn n co~Ohl'ntlv•ly light 

cover eultnble ror concen.1.c:cnt • DJ prot..ctlon 1'roa Hcht i'lceudlary bombs 

Md bomb frai;mont.3, but not f'>r protoction •Galnst dirl''t !Ut~ by boavy 

bo:nbc . ThCl s1~0 typo ot construction coulrt, hoT1ove:r, bo rn1Jdo rult..Llble 

for doupcr covor up to ot lean twenty-fl vu foot by wiiu{; eore ~1;Cel. 

The ~o~Ued studies th!lt hllve been muie aro bnoc<! on t..nks t,;vini. ~ 

COpn.City Of apprOX1.IU·t6ly :?,:; , ()()() barrels, but the SM;!) "ypo of doaicn 

r.oulC: be t!U.l.tubl<> for tanlc.t' having any c.c.pucHy bt:tno.1 10,000 aft<! 

50, 000 barrels, c. rnili~ th::.t ahoul.; co•1er ..,st. of th• nc-odJ: now in nlGht. 

Somo other typo• of tonl<ago nr<i very brie fly d1Dcueeo6 in the 

ap~ndix . 

TMkO 

Ther' are eav..rlll kinda or llcnks thut •oulc! bo euit.·blo ror ttorlnf 

caoolino unllergrowul, and within rMaonablo l1"1ta t.">oy "11 requiro ~bout 

,. tho &W'le amount or oteol nnd do not differ r.iuch 1D cost . The llO~t 
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hn\"lng t~ fom of L vvrticAl cyliudcr betwoan 20 <lll<l ~O f6ot lu •lupt h 

rit.!l a Dl'liD ateel Uhall , e&publo Of t.Jtinl; int<>rM.\ p,.~eoure, t.1)1\ 

brnce<: ag:i lnst col1"pae !'l-o: oxte:-""1 tlll"th pres111.1ro by A c,..bJJ\.,tlon 

of l\Oriz~ntill on~ vortlcctl atif.fen1ne i:iomberr. . such 11 tank 1o uhol'fn 

in dro.win& No . 2 . Tho root ls n rt, and tho bot.ton Ir ;ilii;ntly slope<! 

toward tho cMt.or . 

Tho roof is su1 portoC: by n colucn o truoturr; un.:. 11 covar•"' by '' 

conoroto Bl nb . Tho boLtor> rosts on n concrete d .:.'b , ~nr; with t•1u tieo tgn 

sho'!m , 1s anchored to H l\t 1ntorvt;l~. Thi> c~llWI f<JIU rr;,,f structure 

approved, offer::; sol!la cC<>nordcn Jn c.:;nstruction , o&:'tlr~i1tlly whtro hlt~h 

ct~hor or both concrote abbs to Ix. l'liolMt...C: undor •1,·n ro.blo ~o•l ccn-

Concr"te tb.nks, unluea lin-oU •it~. f)t.<Jul, (1.l°O not roco%!LCJ1Uod for 

ilStioatod &0 rollons: 

exc1.w&tl.on ll,210 011 . yc . IJ so; 
Botl.oo sub ."ll cu .;;-. . ·~ t-20 . 
Steel t...nk at..-uctun 
Top slab 21!1 <U .Jd . ' ~.!(). 
Protect1vo eoctlnc 
Baokfillin11,ol~"r'ing up tine! lan<locnpinc 

or obou~ u .67 per barnl not. c...p-,cl.ty . 

t~,b00.00 
5,80<). 00 

l),400.00 
,,400.00 
l ,;J00 .00 

_fuJQl,.QQ 
.;,f'I00 .00 
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J.Ayout. or £tor•t(c.t r.~. 

Ho.9 anc! (lo. 10. 

tt 1~ rocot11tonuo<I tt .. t tha tllnkc bci arrunKotl in~ dC.Mr c.111 n.!rculur 

pl.m, tie, ci:'clo or couraA bolnr broken or •1arled to •~U locnl ccn.lt-

tlons . l)Jplicat.6 1>1!><' 11.nea wHn looped cm>noctiona rro\'lde for tr.uisrer-

ring g11ooline, no :r:u tt1>1· wh.•t. ainglc part ol'. tb" eyot.::11 In <lt.l:IJgoci . 

To '1VOtd 111ct1on tN11!>l< a tJJ<l olilr.lruito coop t.=•-'" for '.'i:>C 11.nns, 

whlcb aro l>Qth exper.•iva 1.nu hnzJr<iolll', lnrilvldw.l oubn .. rgud vortlc.;.l 

pw>pll l\J'c r ocoM-.n<:od fol' or.ch t.w>k . A duplic1. t.l oloc trio po"'or s upply 

is necessary. One eou.rc.., :'k\f boa utility c..irvi~u, but. th.;. otM:"'" ah~'Uld. 

bo on l.rut.tlln~lon o! ~u i;t;ncrator~ di 1v'"n I'] g1.C•>l1.1• engine: . 

On account of th" !tr.i!U'c involvod ln ;>lo '1ntl M },t,J,yl bleua.1np plJmt 

Tile co"t of 1. stor ai;n c~ntor of oir,ht tnnko tnt. 11 tn., 216,000 bnrrela, 

6.llr.il•r to tho oM ahom1 '.>ll <1rml1tg Nn.10 lo roui;)t.l.y o t.l.&.'..t;!ci 1.e toUo••: 

!.unC, 72 Acres 
'i'"nl<S 8 '1 :;45 1 ')!)(). 
Pw .. pn ru1d t..'i.rJ~ appurton1>.nce3 
pj~~nc 4yftteo eomr.lot~ 
Electric po"ur rirl~f 
AuJ<lll11ry ror.er plt>nt 
C.<.t!-.oJlc 1>roU>CtJc:n :SJ•t.f.:_ 
t:teyl bl< nc: WL pl.:.n t 
Pl1.:..rJtt110 1u1d co.coui')• .. t\O 
\'Inter eu11ply , otc . 
Dock or lOL.llnL f>c1ltt1co 
Ccn.ti.na<.llci .. s ~ '"' .. 1ccc.llLJwN1• 

Apprnxln<•t.o coot pc>r bl.r1·,l ~2 ,90, 

El.4 , l)CYJ. 00 
3~~.000.0<.r 

<0,000 .(J() 
L0 ,000.00 
::><i,000.00 
H ,tlOO.cn 
d" I()() • 00 

1; ,000.00 
!Cl ' 000 •• J') 
Ji ,000.00 
JO , llOO • 00 
~ .• m.oo 

~ 0...15,<m.oo 

'· 
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DEl'AILdl> OESION. OF TAJIKAOl 

In arrivin& at the eeneral. requirements tor caaoline atorae• wo 

have be•n Cllided, tirat, b7 the opinions and euee .. ticna ottered b7 the 

Anq and Navy otticere and other experts in nrious conterencH, and 

second, b)' our O'lll'I experience and anal.7aeo. Our .....,randum or September 

18th outlined aevoral requirements developed tram the coomento or the 

A""1 and llavy o!ticere with whOll we had conterred, The requir-nt• 

were1 

l . All Government reserve aviation guolin• tankage • hould be under­

ground, 

2, ~proot tankaite would require an iaq>ractical amount ot cover; 

t herefore, concealment and protection from light incendiary bombs 

and bomb rragmonts are all that can be roaaonably providod tor, 

) , A cover or approximtely tour feet ot earth over a 9" concrete 

slab will serve to givo this ccincealllo>nt and protection and will 

be sutriciant to support vop:otation ovor tho tanks without dis­

coloration that would revoal their position, 

4, A c:a.r1n11m tank diameter or approximately 100 feet ill duirablo 

to keep the eizo of the target to a practical Qlnlnum, 

5, Capacities or tanks should rnni;o from 10,000 barrels to 50,000 

barrels , (All barrels conaidorod hero are ot 42 U, S. gallorui or 

5, 615 cubic toot,) 

6 , Tanks should be ope.cod in an irree;ular pattern with a minimum 

diatanco from shell to shell or 200 toet. 

Since Sept...t.er 18th we havo had the opportunity or lll6ming 1anethinc 

about tho experience with gasoline t&nkaga in n>ropo , In general this 
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t\lrther Wormation eervos to oontinn the aeeumptiona Juat outlined, H.,._ 

ever, we have been Wormed that IQlllO ot the European tankage h&e been 

ettoctivel.1 concealed with only ~ teet ot ...-th conr ove.- a 6• concrete 

slab, The ditterence 1n cost WO\lld amount to approximtely llf por b&Trel , 

and the Services .,.y theretore want to conaider thio moditication, although 

the additional dopth is very convenient 1! not 111onti&l tor concealing 

the pump and piping. 

Various diocuaoiona havo brou.ght out a coneonsus of the cOlllDittoo re-

garding the following additional conditions !or dosign and construction. 

l. Concrete tankaga unlcn cccopl.etoly sto .. 1 lined is unsuitable tor 

gasolino atorage , Concrete is a.lwaya 1ubjoct to cracko du• to 

unequal settl~mont and is not .... sistant to concussion . Oasoline 

will easily ponotrate small cracks . Thia conclusion has been 

reached attor consideration ot tho poseibilitfos or tho eo-callod 

pre-stressod design and or tho effect or wpposedJ.y gaeolin;;-
t 

rosistant paints and dopdo for sealing ott small shrinkage cracks. 

2. llhile the hydraulic syatem may hav~ cerv advantagus for small 

tanks such aa thos3 used t or tu~line plan•• at airports, it can-

not be recOlmlCnded tor rosorvo storcgo, oxcopt perhaps 1n speci&l 

circumstancos. It will result 1n a considerable incNaao in eHt, 

largely Olfing to the nocosaity of providing for a hiil>•r internal 

working pr<11S11rO and for a suitable and dupliuto wpply or water, 

as well as tor duplicato water lines . It otroro virtually nothing 

in the way of added !1~ protection nor protoetion ot tho gaaolin• 

from dotorioration, and there is eTen ._. auspicion that it tM:J, 
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over a long period ot time, react un!norably with Eteyl nuid or 

inhibitore. It• advantage in d•lh•rinc clean, dry 1aaollM ~ 

be par.-.nt in airport tuel.ina 171t-, but is ot on1J 1econda17 

importance !or ruerve storage. Though generall,y W>d•retood, it 

11111¥ be pointed out that t he vapor-air mixture above th• 1aaoline 

in underground atorege will be too rich to explode or take tire 

except on rare occasions and only while a tank is beiflg emptied 

rapidly, Evaporation loss in underground tanl<age, except during 

t illing, will be rlrtually nil in any case . Owing to th• excel­

lent insulation inherently prorlded there "1ll be very little 

temporaturo change to cause broathing, and breathing will in tact 

bo prevonted by designing tho tank to tako a small internal prea­

oure. 

3. The tanks ahould preferably be round in horizontal cross 18ction 

to obtain ,reatest econOft\Y ot saterial and best resistance to 

earth preHure and concussion , 

I., The tanka should be welded throughout . For easy welding, plate 

steel or A.S,T.M. specification A-10 is reconmmded , 

5. In gonoral, tho tanks ahould bo built in an open excavation . The 

spoil moy be dieposed or according to local conditions, but the 

backfill llllllt be 10 oade as to loav• the surface or th- ground in 

its original appearance , 

Tho tank• should be !illod with water t or test and the water lhclu.ld 

bo kept under a Head or seven r~ot Abov~ tha tank topa while baok­

t1lling. Tho top soil should be ugrogated ond the remainder or 
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the backfill matori&l aulected and m1xod to got tho 111>1t doait--

able wdfona matorial againat tho tank eholl tree top to bottca. 

This materiel ehoul<I bo carel'lllly dopodt od in lay.ire about t welve 

inches thick dupened, and well caapacted, The uao ot cinders, 

ashoe or soil containing YOC"table matUr 1hould bo a voided, Th• 

till againat tho tank •tool should be trd~ from lnrgo atonas to 

avoid breaking the protective coatiJ!r on tho shell, 

6, Special ••h-• tor storago, lMIV of which oove been auggasted 

t o tho Advioory Comnission, e r o for tho moot part of value , it 

at all, only in particularly rnvorable circumstancoa. A partial 

Uat ot these sch-s with cac1Dtmts en their utility is includod 

in tho 11ppendix, 

With th•ee nssui:iptions and conditions es n besia we havo worked out 

typiclll spocitic.ot.1ona which appo.~r euitable for conditions ordinnrily to 

be expected, and have ~akod a number ot tonk m.onu!ncturers end contract.ore 

to auboit designs and prelim1nary cost figures. In ccceptin£ this asoiat­

ance "" oove mede it clenr to all parties that. the t1.nal plr:lc ing or con.­

tracts would in all probability be node on the baaie of An!\Y nnd Navy 

epecificnt.ione , and tht.t no suppli er would be prejudiced in any wn.y either 

by tailln£ to eubmit. designs or by the relative merit. or '1l1Y design sub­

mitted . llanutucturer s ottering d••i~n• include1 

Bethlehem Stool CCICllpanY 
Chicago Bridge & Iron Caapaey 
Graver Tank ond llam!acturing COClp&IV 
H&llll>Ond Iron !forks 
Petroleum Iron Work• Compnny 
Pittsburgh Des l.!oines Steel Company 
Rqmond Concrete Pile C.....,any 
Southwestern Enl!ineerinC C~ 
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In addition to the deaicna aul:lloitt9d b)' th•H tinu we have alao ,..._ 

viewed auoh foreign deaigna u have been available, 
• 

We u. appreciative of the aaliatanc• eo kindly rendered b)' th .. • 

companiee and have no wiah to draw any cocpari aona that might appear to 

tho disadvantage Of az\Y • Becauae Of th la 1 and becaUH in llVlral CUU the 

aamo deeicn feature• were sul:mitted b)' more than one anutacturer •• ah&ll 

refer to the toaturea b)' nW11bor or deacription rather than b)' compaJ1T .....,. , 

For the purpoeo or making a design atuc\Y it ha• been neceaaaey to 

aaa.- certain governine conditions and epecitications 1n addition to the 

general condit ions pr eviously outlined. Th••• are1 

l . The depth or the tank will bo 20 teat . (Under oost. conditions 

t his depth , 1.t not ideal, at loast lies in th& bracket ot reuon-

a bly econool.cal pr oportions. Howaver, it aoil conditions are 

favorable and 1! rround water is negligible, it will be economical 

to increooo it , perhnpa to at) upJlOJ" lirdt or 35 feot .) \11th tho 

100 teat di&motar proviously uSw.ad as a dcslrablo ll&JtinJm, a 

hdght of 20 feet givea a gross capacity of 27 , 980 barNls and a 

net wor kins capacity or about 27 ,rxx1 bar r<>la . 

2. The ma:dn•"I h31ght of fround wat"r will b.t 5 t•lt above tank 

bottom. (Thia is a purely hypothoticol aoaW11Ption, and in caae 

or hiVh•r water i t will !>.. necessary t o C111k• si.cljllo changes 1n 

dedgn. In extreme cur;;a it 1111,7 bo advisable to reduce the 

depth, or t o lncllae a portion or oven tho ontire tank with CODI' 

crete, and porhaps oithor t o increaae th• a""""t or cover or to 

adopt the hydraulic ayator.i to prevent flotation.) 

J . The d3ad load on th• t~nlc root (4 f eet ot earth and 9" ot concrete) 
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will be 515 lbe . per eq, tt. The live load, to provide tor pu­

•&£9 ot motor trucks and conetM.1ction equ1pMnt., will be 100 lba. 

per sq. tt.., ,iving a tot.al of 615 l"', per eq. tt. TM dead 

load indicated will be eutricient. to p ... vent any tendency or th• 

empty tank to float until the ground water reaches a level ~ 

teet 1bove the tank bottom, without allowing tor the weiaht ot 

the bot.tom elab or et.eel etructure, or ~ teot with all .u.,.... 
ances conlidered , 

4. In ordor to raciJ.itate welding , provide corrosion protection, and 

in.sure a unito'l'Cll,y eloped bottom, a conc,..te base slab will be 

used. The thickness and reintorce:nent will depend on the requir.-. 

r.ient• for diatribut1ng the column loads . Tho steel bottom will 

be anchored t o tho slab between columns at frequent enough inter-

vels to prevent tailurv due to water preuu,.. between the slab 

and the steel bottoai. 

5, Tho t hickneu or t h• bottom will be 5/16", the min:lmulll thickne•s 

ot the top will be ! •, and 1/16" will be added to the ll1nUl.u:l 

thicknose calculated tor the shell as a corrosion .Uow.nce. 

Exterior corrosion can be minimized by tho use or inexpensive 
' . 

coatings ond by tho application of cathodic protect.ion where 

required , 

6 . The shell will be designed to withstand the hydrostatic pressure 

due to a wator content.a, in accordanco with American Petrolewn 

Institute etandard3 12-C ot April , 1940, and in addition 3 lbs . 

per sq, inch vapor pr.aeure at. the liquid aurface, without 
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all-• tor &l1T 111pport t'l'<lC the .. rth. With the t_,,.reture 

renge to be eXpect old an intomaJ. preoture ot 12 lbe. above the 

liquid ourtaco will be 1u!!iciont to prevent breathing loe111, 

llhile there is no probability that th• tanka will be tilled with 

•tor except during testing and backtilling, it doea not appear 

teaaiblo to affect aey aavinga in shell conot.Nction by uaing 

low~r requircmonts tor calculating hoop atrongth and the neceaaity 

ot providing for external earth proaauro makes it noceaaary to 

increaae theoo r.dnimuni thicknasaea in thu r.iost practical de•igll". 

7 . n.e wdt stressos in atool will, with the ~xception ot col\Ulll 

proportions, bo taken from th~ A.P.I, standards 12-C dated April, 

1940, which aro, uxcupt for shall strossos, assentially tho a11JDO 

•• tho 1934 specifications or tho Amolrican Institut$ ot Stoel 

ConstMlction and Navy [)(lpertmcnt. Standards No , 12 Yb, as follows: 

Ten~on on shell plate (load 
calculated 12• abow bottom 
or each ring) 

&rticioncy of doublo wolded 
butt joints 

Tension in rolled stool other 
th&n shell plate 

Campreosion on short lengths 
Ccapreasion on gto11 aoction 

or colu=s 

with o mnx1"'um ot 
L 

n.o ratio of ii for main con>­
preosion members shall be 
lJJnitod to 

(n.e A.P I. permits leo) 
lrikLx'•'m t for secondary mer.bers 

R 
Bonding, on extrec.e fibers or 

rolled sections 

21,000 lbs por aq . in . 

.85 

18, 000 lbs. per aq, in. 
18, 000 lbs . per aq. in. 

18,000 

l + 18,ooo r2 
15,000, 

120. 

200. 

18,000. 



1312 

- 11 -

8. The unit stresses and elastic properties or concrete and rein­

forcing steel will be taken !rOlll Navy Depart111Bnt standards No. J 

Yb, November 15, 1929, the principal values being as !ollows1 

P'lexural compresaive •treas in 
extre111B fibers o! 2000 lb. 
concrete 

Shear in beams 
Bond of deformed bar• 
Tensile s tress in intenll8diate 

grade reinforcement 
Young's modulus tor steel 
Young's modulus for 2000 lb . 

concrete 

700 lbs. /sq, in. 

40 " " " 
100 " " " 

· 1a,ooo " " " JO, 000, 000 " " " 
2,000,000 " " " 

\'/here a concrete slab is poured over the steel roof of the tenk 

the l ower reinforcement bars may lie on a nd be adequately welded 
to 

at intervals/the steel roof plate . For ease of weldin~ squar e 

bars are preferred . 

9. Earth pressures will, tor the purpose of this general study, be 

assumed in accordance w1 th the diagram shown on ~aW'.l.ng No . l. 

This diagram is necessarilj· arbitrary, in that no special site 

has been considered, but an attalllJlt has been made to make it 

representative . It is calculated by the old Rankine-Coulomb 

method with the assumption of an earth density of 100 lbs. per 

cu. tt., an angle of rcpo.oe of JJ0 41' and with ground water 

level5 feet . The angle of repose is taken the same below the 

water as above , on the assUlllJ>tion that the backfill will be 

properly selected and placed. With a circular tenk this muthod 

or calculating oarth pressures i s very conservative; tor, as long 

as the tank is in reasonably good ground, a t endency to contract 

in one dirootion will be resisted by additional earth pressure at 
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right angles , The load diagr&Jll on drawing 1 applies to all designe 

but the ahear and moment diagr&Jll appliea only t o one form ot eholl 

bracing; that with vertical beams. 

10, It is recom.ended that the "Qualificat ion of fiel ding Procodura and 

Taating Of Weldin~ Operator•" or the Amorican Walding Society 

goveMl the welding process used in !abricnting the tank&. 

ll . There will be no opening• 1n the shell plates nor bottOl!I . Open-

ings for acceas and pipe connection will be provided in the root 

es requi red , For the presant purpose tho details of openings 

have been omitted, their numb" r and aue doponding upon the pump 

and pipinJ! layouts . It is , howevor, belioved that individual sub­

morged pumps supported at t he top of oach t ank near t he shell will 

provide the ~.oot practical, certain, and economical equipnent lay-

out cl iminatiny suction difficulties or the necessity of con-

structing deop tunnuls for pipe l inos . 

12. The bottom of the tank will bu slopod to tho ~ontor ono inch in 

10 foet. The cent er plato will be di shed to a depth of 8 inches 

to provido a water colloction swnp and facilitate cleaning, All 

intornal structural mambers "111 bo arranged or pierced for free 

drainage to the sump. t. 

CO!.!PARlSON .Qr DESIGNS 

The specific deoiens presented to the connittea will now be discussed, 

In considering them it appears convenient to aeparate the shell design 

from the column, root, and bottom design , The form of tho ahell selected 

has little, if any, bearing on the dosign of the roof, bottom, or column 

struct ure, On the other hand the design and spacing of the columna doas 
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material.ly a t!ect the root and bottcai. 

~~ 
The ehell ot a tank which hae a generally round horizontal croes-

eection may bo made -ot plnin rolled plate and r einforced againet buckling 

trom earth pressure by added atittening and etrength members, or it may 

be made of plate rolled to special torma to give it greater inherent 

collapsing resistance. The plain braced cylindrical design has obvioue • 

advantages in unquestioned stability under the internal loading and in 

permitting conatniction by conventional methods , and does not compare 

very unfavorably with other designs ae regards weight, so, it will be 

discussed first. 

A plain shell may bo braced a~ainst earth pressure by vertical sti!f-

eners, horizontal stiffeners, or a combination of the two, and pl.ans invol-

ving all three schemes have been submitted by various builders . A con>-

parative study indicates that the li~htest and most practical bracing con-

sists of a c001bination or horizontal and vertical stiffeners, as brought 

out in tho following discussion, though all three methods are feasible. 

Design Consisting of Vertical Bracing Only 
A typical desi~ with vertical stiffeners io illustrated in figure 

Ill, drawing 113. 

On account of the extrene thinness of the shell relative to the die-

meter, the vertical .,.,mbers l!UlSt be placed rather close together. Under 

these circWllStances, no effective arch action can be secured, and the 

shell plate. between stiffeners must be regarded as flat. In !act, with 

the extremely small curvature, t he shell between atit!eners will bear 

about as much load as a flat plate as its collapsing load as an arch 
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c&lculated by th• ueual methodll , aa the following table indicatH, Be­

a idae showing the allowable apan o! th• 1hell a1 a tlat plate th• table 

&110 allows the allowable a pan aa a cetenaJ7 with a ... e<fl&l to th• plate 

thickness, 

Plata Bott.a. !!!!!!!!! !22 
Load conaidered lba,/eq, in. 6.03 3.61 2.29 

Plate thickness• .4S" . 35" .25" 

Collipsing span aa arch ,51• ,35• . 28• 

Span as tlat plate, atreea equal! to 
yield pointff . i.s ,45• .i.o• 

Span as catenary, sag equal to plate 
thickness, et reaa 18,000!V .69• .70" , 63• 

*Including corrosion allowance 
"*Assumed u 30,000 lbs/sq, in. !or the purpose of com;pariaon, 

As long as the v1rtical stiffeners arc a trona enough to carry the 

total load as beems the integrity of the entire structure is assured even 

though the stress ' in the plates exceeds the yeld point in bendin& and they . . " I 
ao as to act as cetenariea . Thore!ore , aey span up to are pushed inward 

that indicated es the yield point by the !lat plate anal,ysia is perfectly 

sate , and will avoid having scallops fonn in tho shell except perhaps 

under unusual concentration of local loading . 

It appears necessary in this desi[lll to calculate the stit!eners as 

be.,.. and to count on no arch action in the plate, f or purpose of illue-

tretion we have shown 120 ve rt ical meober1 spaced on 31,4• centers arCWld 

tho circumference. Those "''"nbers need a 1ection nodulus ot 41 to car ry 

the maxil:ium momont determined f rom the shear and l oo.ding diagram on drawing 

Nl. A 12" x 5" 3l.8N stoel beam is adequate , 1t tho flange is intermittent­

ly welded to th• shell. The noci.na.J. wei&ht or ehell o! this design 1• as 

I 

, 
, 
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tollowes 

BottCllD ehell plate Jl4' x 81." x .i.5• 

lliddle Shell plate 314' x 81." x , 3511 

Top 1hell plete 314' x si-t• x . 25• 

Weight o! unbraced shell 

Weight ot stit!enere, 120 x 21 x 
Jl.8 

Total 

l.O, SOO/J (Nomin&l W.icht) 

31, loOOr 

21, 700ijl 

93,600/I 

so.209f 
173,eooif 

The reletive econ""I)' or aey eyatem o! bracini may be Wicated by the 

ratio ot t he weight or bracing to the weJ.&ht or an unbraced shell ot mini­

mwn thickneas which in this case is 86~ . The weight could be reduced by 

ueing light trusses in•t•ad or beams, but it is doubtful if the cos t would 

be greatly affected, Aside Crom the weight thi• design ha• the dieadvantaae 

ot depending lergely on the top and bottom alabs to take the external ehell 

load. The design would therefore be un~itable 1f either slab were omitted, 

or greatly reduced in t'>ickne.. . OtherwiH it is deten:dnate and ortective, 

but not econOClical. 

Oe•ifl!! Consioting of Circular Oirdere QnlY 

Two manufacturers havo 1ubml.tted desiens tor ohell bracing compoeed 

eolely or circular girders , T;')lical cro11-aect1on1 are illustrated in 

tiillre• 3 and 4 or drarlng llo. 4, One section ahows latticed girders and 

one ahows plate girders. I t will be noted that , in both section•, the 

deaicners have increased the t hiCkntSI Of At least the two Upper platel 

beyond the miniJrwo.s (of .i.5 11, . JS• and . 25•) required by A.P.I. specitica­

tiona and a1aw:iad corrosion allOW11nce, th• rea1on beini to permit a reaecn.bl,r 
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wide apaci111t or rirdera without clangor or having the a hell c 1'111111)1•. 

'The weight or bracinr plus th• extra 1h•ll •ight shcom in tirure ) 

1e 721000 lbe . (..-inal Yalu•) and t hat or ~ 4 ia 88,000 lbe. or, 

respectively, m and 91$ ot the -icht or • ainimwl unbraced •hell . 

These tirur .. are not strictly CCllll>&r&blo, nor do they fairly indicate 

the relative excellence or this type or bracing, b.tcause they aro not based 

on exactly the loading ehown on drawing l nor calculated by the method 

that the ca:mitteo roccmoenda. !'le haw ciade """" calculations that indi-

eate that adequatfo bracing or this typo can be designed with a weirht not 

exceedinr 65000 lba . or 7r:lf. or the i:dn1naim unbraced shell weight. 

Latticed girder• will w•igh l ess , but tho choice could well be lort 

to the bidder if tho contract is on a lump sum basis, provided tlillllly menr 

bers are avoided, IC latticed girders are used, an inner sholt angle and 

an out.er tee or anale seem oost practical for the rlant;es. The advantage 

of the rin;i stiffeners is that they do not 1.mpose heavy reactions on the 
• 

roof and bottom, and would be adaptable in eases where either alab was 

emitted, or reduced to I." thickness, which ii anou!lh for corrosion protec-

tion and insuring a properly sloped bottom 1f the column load is surticient-

ly distributed . 

\\'hUe "" doubt thot the circular girder design will be found u 

econ<>odcal as one includin;r both horizontal 11nd vertical oembers, wa consi­

der it acceptable, and su~eest the following apecitications in cue it 

should be used: 

1 . The diatanca between stiffener• 1hould be calculated by formula. 

(5) fivon in Windenburg• s 1934 paper, A.S.11.E. Transactions 
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A. P.M.-56-20, with a factor or 1at1t7 or 1.5. (Th• juatirication 

tor the ua• ot thia canparitiv•lJ' low .atet7 !actor 1e tiret, that 

the t o....U mentioned is an approxl.Mte one ;yl.eldina reaulte on 

the aid• ot ea.ret;r tor abort lencth• , and .. cond that the ah•ll 

etrHHI are secondary and that minor local buckling will not 

• cause anr serious general collapse u lontt as the i .ntegrit7 ot the 

girders i• maintained) . 

2. Th• ma1111nt ot inertial o! the girder• should be determined by the 

ring stability tot"alla 
I s j y. 
r ... radius of tank , inchea • 
q • earth load per inch or circuaferonce. 

taken over hall or t he two adjacent 
spaces . 

E.)Oxlcf> 
I. • reconmended factor of safety. 

In C"""'1ting the maoent of inertial of the girders a aection ot 

shell of width e<JU;&l to ~ Yrt ehall be added to the outside 

nanee or the girder (t~thickneas or plate). 

J . The compreeaive force in the atU'tener, including tho section of 

shell plate considered shall be within allowable l.1m1t o! 15,000 

lbs. per sq. in. when assumed to eupport t he entiro hoop compres­

sion without consider izi$ th• remaining shell plate. (This re­

quirement 1a not oneroue) . 

I.. Th• m1n1Dll:I thickness 1n 01\1 main structural ......-.her should be 

5/16•. 

5. In making collapsing calculations tho gross nominal thickneas ot 

shell should, ordinorlly, be used, but the thickness flange• or 
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etructural menibera •hould be reduced by the corroaion allowance, 

(The Ju.atitication is, that exterior corroaion is most lik•l.J' to 

be pittizll and that by the U.ma it hu t.alcen place , the becktill • 
will have aettled to its permanent tona and moet of the d.tnier of 

coll.4p .. will have passed), 

DesiSTh' Consisting ot Combined Vertical and Horizontal Stiffeners 

.!• Ring Girdnre, and Light Vertical Beams 

Two designa involving a coabination or horaontal and vertical et1t!e~ 

ers have been suggested. The rirat, w'11ch is in figure 7, drawing 5A, ~ 

volvoa two henvy horitonttll latticad ring girdors ""1ch act as intermediate 

supports for comp11rotivaly licht vorticol r.iombora spaced about as fa r aport 

as the heavy be41118 in figure l, dr111rl.ng J, \Yo hnva made onl,y voey rough 

calculations tor this design on account or tho limited t ir.10 evoiloble, 

but they indicato it to be entirely prnctical ond considerably li&hter in 

weight than eithor ot the two designs previouel.J' discussod, though perhaps 

h"ovier th= the one diacussed f'urthor on . The ~ difficulty appoare to 

lie in getting economical vertical members that do not have an undoei.robly 

thin web section. \'fo ehould prefer to have such sections at lout , 30 11 

thick ; howover thie ie so.,,.,thing that cM pro]lobly be taken care or by 

using angles int.,naittonly welded to tho ehell utilizing the shell for the 

outside flcn&e , os ind\cot_,., . 

This design 1a pomissiblo but wo do not believe most econaaical . It 

uaed tho !ollowine specifications in addition to those proviously indicnted 

are rccomondod 1 

l . Tho vortic~l beame (with due ollowonee tor the section or ahall 
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plate e f.l'ective as outside tlanp) should be calculated to aW1tain 

the entire external load without arch action tran the s hell, 

2 . The circular girders ahauld bs calculated by the ring s tability 

formula previOW1ly given to sW1tain t heir proportion of the verti-

cals when the latter are t aken aa cantinuOW1 beama, and should 

proferably be located ao as to be identical. 

3. Th• area of the girders should be checked for allOl'lllble compres­

sion. The inside flall8es ot the girders should have adequate 

lateral bracin~ . 

£. Light Arch ~embers , and Heayy Verticals . 

The second of these des i gns is indicated on drawing tlo, 2. Th• section 

shown on this drewing indicates a weight of bracing of 1+1 1 200# (including 

an allowance of 4,4(X)# for the extra shell thickness of the upper plate 

beyond the minimum needed for tension plus corrosion allowance) .or 42% of 

the unbraced shell . 

In this design the girt members (Ribs) are calculated as arches having 

a span equal to the distance between verticals; in this case , 22,0 , using 

the formula 

q 1 EI -= l;"t3 (k2 - 1) 

\'there q ~ radial load per lineal inch of arch 
E • :JO x l o6 
r - radius of tank inches 
I • required moment of inertial (allowing f or the action of 

the effective width of shell plat e) . 
4 - recommended factor of safety. 
k - coefficient depending upon the angle subtended by the 

arch and the nature of the ond constraint, We have taken k inte.me­
diate between the values for hinged ends and fixed ends, tseo s . 
Timoshenko: "Theory of Elastic Stability" 1936 pages 226 and 228 (h) ). 



- 20 -

Th• distance between riba haa been calcW..ted by using the llidenburc­

Southwoll-Cook tora.ila p,..vioualy ... terred to in connection with the plain 

ring girder bracine with a tactor ot eat•t7 ot 1 , 5, 

The purpoa• ot the vertical meabere in thS.. delign ia not primarily 

to carry load (though or course they do pick up load in proportion to 

th•ir 1tirf'nH1) but to torm nodes in tho rib• so aa to permit t hem to be 

proportioned as 22l0 arches instead ot ae )600 rings. 

The required et,..fl(th ot the Ycrtical membore appears to be highly 

indeterminate, dependinf both on their ela1ticity relative to that ot the 

ribe and shell and the ir,..gularity ot the loading. The ccm:dttee has 

received ideas from various manufacturers regarding the proportions ot these 

"verticals. Their ideas are based on the assumed proportion of tho total 

lateral earth load on a 22t0 panel that the vertical• should carry as 

bea.ir.s, rangl..n3 from 16 2/'5/. to l~ ot this load. 

It is or course obvious thst, as long as the r-iba are not crippled, 

there is no possible way tor th~ verticals to pick up all tho radial load, 

or even any major fraction or it . It any of thom are crippled (as wo have 

no right to assWllO if they are proportioned with an adequate f aotor of 

sa!ety and initially rolled to a true rediua), then the reaction on the 

adjacent vertical• will be mostly tanguntial rathern then radi.:il, 

On the as111:1pt1on of unirol'll loadJ.ng and portect fabrication the st,..•• 

in these verticel mmbers could be dotent.ined by very tedious calculations . 

lfe have not token the time to attqpt these and doubt (in viow of th• tact 

that unknown irrOflUlaritios of loading nnd fabrication may greatly atteot 

the result) that they are justified, We havo, however, made epproximate 

• 
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figures on the baeh o! aHU!lllOd earth p,..Hure distribution to dOtermino 

the reaction on the verticals it th97 ..,,.. r1'1d, and heve ccmpa;..d their 

defiection under load with thet of th• eh•ll and atittenera. Aa a ... auit 

or theao tiguNa we b9l1evo thet th• l~" , loO lb., wide tlange beue lhOlll\ 

on drawing '2 ar<> adequata tor reaaonab~ irregular fabrication and load­

ing . Each ot t heH member• will carry, es aimple be&r.18, tho earth load 

on a vertical strip ot ahell equivnlent to a uniform width ot four feet; 

i.e., 2J$ or the e4rth load a,ainst C>ach 22io panel ot the circuml'orence 

ot the tank shell . 

The woight or th• bracing !.r.dioet•d tor thi• design appear• to be less 

than ths.t needed tor tho otbor design• invosUgated, and as the construc­

tion appear s to bo very prectical nnd rnnkoa uso or st.nderd rolled stool 

soet!.ons thr oughout it seems prefornblu to other desi gns . 

Special ~s!gna or Shells 

Several special dosi£11S for tho tank •h•l.fs have been s ubmitted . The 

two principal onea are (l) wh~t rr.a.1 be tdn:>e4 tho po~conic des1gn, 1hown 

in figure 6 drnwing 115, and (2) , tho acnllopod doaign, which has bnon 

suggest od in varioua forms . One of those is illustrated in t!.guro s. 

Po],yconic Design .. 
The com:iitteo ha• not determ!.n.>d the actual strength or tho ~conic 

design, nor bae it i.on t.eeted. Apparer.t.4" th• purposa or tho do•iln 1a 

to approximnte a double curv .. d surface tor the shell. Actually, however, 

the surface is 11 succession of tour truncated cones • . Tho surtaco or each 

1a unsupported over a broad area • . Undor ocrth loading or tho aasumed 
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magnitude; the plat.ea will yield plasticall;y and take up eome tow. th11t will 

carr;y the load, the atreae distribution being complex. There io danger 

that an undeairablo amount of pull-in and an undesirable atros~ concentration 

in the welded joints, 11111y take place. 

The extra weight of the design shown is onl,y 18,000 lbs. over the weight 

of a plain cyllndricol shell of the minimum thickness previousl;y consider­

ed, but the form or the shell cauaes a loss ot tank capacity or 2,200 

barrels. As the t ank c11pacity 18 worth, roughl;y, $1.50 a barrel, the cape­

cit;y loso is equivc.l.ent in cost to about 55,000# of additional steel. lihile 

it is not a rigorously foir COl'!pa rision, one may there.fore sa;y that the 

equivalent permissnble braein~ weight 18 73,000 lbs. 

Considering this figure in comparioon to the weight or bracing required 

for a plain cylindor together rlth our doubt about the stress distribution 

(which could onl;y be resolved by tests) and the extra dlfficult;y of rolling 

and m!!tching conical pla tes, we do not foel justified in reco....,nding this 

nevertheless interoati~ design. 

Scalloped Design 

The scalloped design hos been presented i n several v11ria tions, one or 

which is shown in rif'l'.lro 5 drawing 5. The design shown is light because 

of the !" shell thickness. Even after a llowing for the extra per1m1ter o! 

the scallops and the extra diameter necessnr;y to secure the same contents 

as a plain 1001 cylinder, the overall wei<1ht of the steel indicated 1a acme 

15, 000 lbs. less than the weight o! a thoroughl;y braced cylinder . 

Some of this ndv~nt•ge in weight would be lost in r.>ore elaborate ratr 

r ication • . Furthermore, we do not believe that the design shown is adequate . 
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The stresses do not appear subject to calculation and 1! enough ext.re 

braces were added tor one to reel assured agal.nat danger ot serious collapaa, 

the advant age in weight would diaappaar. 

Another objection to the acallopad design ia that it relies entirely 

on the root and bottom, not onl,y to carry the external load, but also the 

much greater internal load . 

All in a ll, we see no reas on to recamend thi s conatruction, although 

it is by no means an impossible one, 

Reinf oreed Concrete Design 

On drawing No. 6 there is shown a cylindrical reinforced concret e tank 

with a steel lining. This lining can be made as light as t " in thickness 

except t hat bot tom should be of 5/16" thickness as in other design• . 

The lining lllllst be anchored to the concrete t hruout and the concrete 

thoroughly waterproofed. 

The committee has not checked the detailed s tructural design of the 

section shown, except very roUGhl y . However, i t has made a rough cost COlll­

parison which indicates that t his type of construction will cost about 30¢ 

a barrel more than a steel tank with a braced shell, 

We believe that this more expenai ve construction is perfectly sound 

but that it is justified onl,y where very severe ground water and corrosive 

soi l conditions prevail. It appears t o be well suited to locations in very 

wet surroundings, such as marshy land near salt water, provided the design 

is modified to take care of th• prevailing loads. 

Ront Construction and Support 

A number of roof and colllllll'I deaigns have been considered , Doubtless 

' 
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the cheapest construction ot adequate strength would be reintol'Ced concrete 

columns with a nat slab without steel lining tor the root. This , has been 

rejected because the concrete columns are undesirable in a gasoline tank; 

and because it would be impossible to obtain a vapor-tight seal between 

the concrete slab and tho s teal shell . 

It we assume that a steel column structure and a tight steel root are 

necessary, a plain flat slab becomes an uneconanical const ruction because 

of the large colW!ll'I caps required, and it becanes desirable to add roof 

be&lM as indicated in drawing No. 2 - - that is, provided the conventional 

type of colun:ns are used, In fact, the only practical alternatives seem 

to be the construction shown on drawing 2 and a construction utilizing 

special columns to support t he roof plate at a suffic ient mul.tipl1cit1 

of points for it to support the load directl1, such as those sho•n in 

figure 8 and 9, on drawing No . 9 . 

We have studied both types of r oof construction and supports . 

The roof and column design indicated on drawing No, 2 needs but little 

explanation, The columns are 8" x 8" - J5 lb . H sections approximatefy 

181-6 11 long (with extra length t o provide for bottom slope) set on 121611 

centers , A bas• plate 15" x 16" x 1-l;" is set under each column. The 

121611 column spacing shown appear s to be about the most econanical and 

the section selected about tho best available for L/R less than 120. The 

roof be8lM are 18" x 6 " - 54,7(/ beams, assembled in the longest lengths 

that NY be conven1ent~1 shipped and handled (3?~ feet), permitting design 
2 

on the basis of II. ~ . 

The 9" slab hos one-.,a1 reinforcement crosswise of the beamo and is 

designed for 2,000 lb. concrete on the bnsis of United States Navy 
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•Standards of Design tor Concret e" No, )YB. Interior portions ot the slab 

were consider ed continuous and deeigned on th• bads ot u..,~2 while exter-
2 2 . 

ior portions were designed on the basis ot II..!!!:: and m.!
8 

as llppliccbl e. 
. 10 • . 

It ie necessary to support the root plate between girder s, a~d t he dmpleat 

a nd most economical method appears t o be to lay the bottOOl reintorcin& 

bars directly on the root plate and t o weld them adequately to the root 

plat>eat the points where t hey are bent up over the girder s snd at one or 

two intennediate points . While the plate will doubtloss act to some extent 

es added reinforcomont , this has not been considered in the design .. 

Temperatu.re reinforcement ot . 25% on 18• centers should be laid cross-

wise of the structura l reinforcement , 

The roof plllte should be thoroughly wire brushed and broom cleaned be-

fore the slab is poured, but need not be otherwise treated , 

· I 

Ourin& construction it will be necessary to support the colur.ns and II 
beams laterally an~ to shore the roof plate until tho concrete has set, A 

suggested method of construction is to use temporary wooden cross members 

rest ing on the lower flanges or tho beams to serve both purposes. Temporary 

steel shorin& has also been suggested in case a nwr.ber of t anks are to be 

built in one location; see drawing No. 2. 

Two alternate designs of closely spaced direct acting columns not re­

quiring roof beams are indicated on drawinv, No. 8 1 figure 8 and figur e 9, 

One of these is called the tooth-pi ck design, and tho other tho basket 

design, for evident reasons. 

The fonner conaiata of four 1-t" x 1-~" x 5/1611 angles shop-bent and 

intermittently welded together in a jig in the field to form a box column 

in t he center , In the section shown the L/R or the ends whore the angl es 
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are aplayed ia more than 120. Thia objection could be avoided b;y minor 

change a, al though it ma;y be argued that thia is an arbitraey l.1Jll1tation 

that need not be met, it tho angles
0

have an adequate !actor or aa!et;y by 

Euler's formula, eapeeially aa this detail has been used successfully under 

light loads, The L/R ratio ! or the box center ia ampl.;y aate . 

Thoae column• aupport the roof on 24" centers , square pitch. The 

stresa in the center of a flat plate so supported haa been calculated and 

is well within the ;yield point. The initial stress at the points of aupport, 

however, is far be;yond the yield point, and in order to carry tho load the 

plate must ;yield plasticall;y and assume a bulge at each point of support, 

Although the final stress may be at t ho yield point experience shows that 

this is safe !or one-wa;y loading, especially in this case where the con­

crete wi ll limit the deformation and prevent working, 

As the conmittee does not believe t" engl es are desirable for main 

members , the ..-eight of this design has been estil!lated on the basis of 6/1611 

angles , 

The basket design illustrated in figure /19 of drawing #8 is a varia­

tion of the tooth-pick design but dif !ors .crom it in (l} using a heavier 

roof plate and wider spacing of supports, ( 2) placing the supports on 60° 

triangular pitch insteed of square pitch, and (J) adding a.ngle r ings ct the 

top t o facilitate construction and to reduce stress concentration in the 

plate . 

The l'" x 1!11 x 5/1611 angle legs are arranged in groups of seven, one 

in the center and six on tho periphory. This places the angles under thu 

roof on e. unifonn 48 11 triangular pitch whon tho baskets nre properly orient­

ed , It also places the groups on a unifor!? 127" triangular pitch. 
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The et reu distribution in \~." _plato with thie arrang-nt 1e moro 

dirficult to detomino than with t ho tooth-pick arrans=nt on 24" aquare 

pitch, but it 11 certain that tho plate .... t bulge O¥or th• supports in 

order to c&1'1'7 the loe~ . The angloa help to ...mice tho concentration. 
L 

Tho ii ratio for the basket colUlllN ind1cat9d ie just over 120, and 

on this •core the d••ien aoe:os sat1a!actory, provided the intonnediato 

tie• are . made strong e nough to prevent crippling. 

While wa b<lliovo that this design ia aore, it has not been testod. 

It is suggested that one or these eolUlllN bo mde up and aubjactod to o 

load teat ai.,,.W,ting conditions in a cca1pleU U.nk before any deeign using 

this type or support is finally approved . 

Until ono ct tho basket columns has beon teated and approved it is 

rocomnended that the conventional design and layout c! root supports shown 

on drav:ing No. 2 bo usod. 

The conventional column design, ot course, ha• tho evident advantage 

ot being easy to design by well-known methods and capable of erection by 
, 

any reliable stool concern: It also a1mpl1!1os th• di!!icultY or getting 

a sloping bottom and a nat root. It utilbea heavy sectiona that would 

be oore rosiatnnt to corrosion , Finally, it is doc1dodly superior i .n 

case tanks ever have to be repair•d or cloanod , offering convoniont work­

ing space , good visibility, m1nifinin obstruction to cleaning, and probably 

easier repair in case ot damage . 

On the other hand, tho basket d esign, it proved by teat, has advan­

tages th1t may better suit high ground water conditions it th• aoU condi­

tion is otherwise atablo , 

The convant1onal design TiJquires a sturdy roinforcod concrete top 

•lab or equivalent etruotural roof support, whioh , though it t:J111f be needed 
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tor other reaeons , ie optional with t he basket dosign. Even it usad with 

this design it would not have to be s hored durin& construction or heavily 

reWorced. The most .important consideration tavorin& the basket design 

1e the bottom. The conventional design absolutely requires a heavy 

bottcm slab or individual piers ror distributin& colW!lll loeds unle ss the 

bottcm rests on sound rock. Furthermore it requires the bottom to be an­

chored to this slab on fairly close centers between columns if there i s 

any possibility or having ground water above the level or the tank bottom. 

This anchorage is both expensive and troublesome to install . The •lab 

becomes more and more expensive with deeper cover and heavier column l oads , 

and the anchorage becomes a matter or more and more concern as the level 

of bottom water rises. 

With the basket design the bottom anchorage problem does not exist 

a nd the bott om &lJilo may in most eases be reduced in thickness to the mini­

mum of 411 needed to level off the -'fUpporting subsoil . In !act the slab may 

in some cases if desired be dispensed with, and replaced with a good as­

phal tic pave.ment to smooth the grade aid in protecting the bottom from 

corrosion . 

7/hile the advantages of the conventional design are real, they are 

not necessarily determinin&. We do not expect rapi d corrosion in these 

tanks, cleaning may be very infrequent, and repairs are problematical . 

The relati ve cost of fabrication and erection will depend to some extent 

on t he individual contractor as well as local conditions. We bel ieve , 

however, that the basket col umns promise a saving of at l east $J ,OOO a 

tank in concrete work and anchorage under t he condi tions assumed for the 
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present study. 

For these reasons if tests are favorable on the basket type or roof 

support we believe the t ank design using this detail s hould be given tull 

consideration in entertaining bids, 

The following tabulation has been drawn up to illl1$tratc the compara­

t ive amounts of steel and concrete required for the three designs consider­

ed. It should be taken as a preliminary C0"1p&J'ison, being based on an 

assumed spacing of the basket columns and an assumed thickness of roof 

plate wh i ch may not be found correct when the results of tests are known, , 

Design 

Spacing of suppor ts 

Number of supports 

Roof plate thickness 

Weight of column 
structure 

V/oight of roof plate 

Weight of roof beams 

Weight of anchorage 
in bottom dab 

*Total Steel 

/Comparative cost 
e 6t 

Rough Weight and Cost Comparison 

of Column and Roof Structures 

Conventional 
Columns and 

BcMIS , Reinforced 
Slab 

121-611 

aquare pitch 

~4 

.2511 

35,000ll 

89,00QV 

37 ,<::IX)fl 

8,000H 
160,000N 

• 9,600 

Distributed or 
Direct-Acting 

Design 
a b 

Tooth-pick Basket 
type Type 

2411 4411~ 

square pitch triangular pitch 

1960 560 

.2511 .Jl2'""' 

93,0CX># 60 ,000ll 

so,ooo• 100,000ll 

173,iiXi# 160,000N 

• 10,400 • 9,600 

Table continued on next page 

• 



1'biclme11 o! bottCIGI 
el.ab 12" 

Yardap or concNtte in 
el.ab 291 

Coat. e $20 • 5,920 

CCl!lp&rative coat, 
stool and concrete Sl5,520 

- )0 -

I+" 

97 

• l,9j,O 

97 

• ·1,940 

ll, 51+0 

/. I t is asawood that the actually higher fabrication cost ot the basket 
and tooth-pick designs would be offset by the shoring, anchorage, and 
Ntinforcl.116 a~el required tor the conventional desian. * For compaNttive purposes , these are ncal.nal weights , not allowing for 
overweight tolerances . ** The design submitted showed /Jl" pitch but was laid out tor only 5(X)(/ 
load; though it may be e;ood tor 620# it has been shortened tor this 
estimate . The necessary thickness of root plate is not quite certain. 

ALT:lRllATS D&SIGH. 

Reservoir Type Desif!'!I 

Various plans or tanks having other than cylindrical shapea have been 

suge;eated. One or these is t he ateol-lined rusevoir design shown on draw-

1ng No. 7 , laid out after the Cashion of the concrete oil reservoir• in 

California but provided with a atqel roof and lining. It has beon round 

that the walls or euch reser\roira will stand up indefinitely in good ground 

with a slope of l! to one . Thie deaii:n preouppo1oa a nil drained site, 

and therefore no anchorage betnen tho concrete and lin.l.ng has been provid­

od. The cost of this construction does not ooem vary different from that 
t. 

ot tho cylindrical design, as the following tabl~ indicates. (Note: The 

weights shmm do not. quite agNte with the drawing. They should be consid­

ered approxia.ate , and tho drawing, diagrar.r.iatic). 
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Design 

Top a nd bottom di&moter 

Nominal capacity 

Target area tor direct hits 

Steel weights (nominal). 

Bottom - 5/16" 

Side walls (i;" for reservoir) 

Side wall bracing 

Roof sheet 1;11 

Root beams 

Column structure 

Steel* 

Concrete Yardage 

Roof 9" 

Bottom 12" 

Side walls 4" incl. extra col. 
footings 

To tel 

- 31 -

C:rlindrieal 

100' 

27,000 bbls . 

7,850 sq. tt. 

101,oooH 

93,000 

45,000 

80,000 

37,000 

35. 000 

391,000 

218 

292 

510 

Res ervoir 

124' x 74 1 

27,000 bbls. 

12,000 sq. tt. 

55,oooH 

95 ,000 

122,500 

59 ,000 

58.000 

389,000 

313 

163 

668 

It appears that t he reservoir design requires about 160 extra 

yards of concrete and presents 53% more target area . However, it does 

protect all the steel with concrete, and would be a practical construe-

tion for well drained locations, 

All in all , however, we do not t hink the reservoir design is 

particularly well adapted to aviation gasoline service , For fUel oil 

*Nominal - no overweight and no anchorage between ot eel concrete provided 
on either design. 
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service, where concrete columns can be uaed, 1<here the ateel root lining 

1a unneceaaary, where , ... uh adequate concrete columns and caps a flat al.ab 

roof can be used, and libero an .1811 steel side lining would be surticient , 

we believe th• reservoir desien has much to conmend it we expect to pr&-

sent this design l'fith ,cost figures very shortly in another report on under­

ground fuel sto;age. 

Foreign Design• 

The cOllillittee has had the opportunity of examining certain foreign 

designs for underground tanks. In defe rence to t he source frao which these 

were secured and in view of the unknown extent of the circulation that this 

report may have ... have not reproduced these designs for purposes or com:-

parison. They do not, in our opinion, eive any greater degree of security 

than the designs suggested here and are somewhat more expensive than most 

of them. They aro available for the inspection of the Amy and Navy offi-

cers on request . It should be understood t hat t he designs r eforred to are 
' 

laid out for conditions comparable to those assumed here, end are not the 

special deeply protected containdrs that we understand have been built in 

some parts of Europe . Some of the latter are briefly mentioned in appendix 

I. 

co;tROSION Pi!OTBCTION 

The concrete slab &\llg•sted for roof and bottom will furnish ade-

quate corrosion protection for these surfaces . Evon though some water 

penetrates between the bottom slab and the bottom, it will tend to become 

passive a fter losing its initial content of corrosive substances, a.nd, 
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under ol'dinllry circwaetances, should not cau10 any aerious trouble . Thia 

will be especial~ true it cathodic protection ia adopted tor th• ehell . 

l'or the ah•ll it is recOCSMnded that a aillple protective enuiel 

be applied t o a thickness ot about 1/8 inch (3/32''minlllwn). Thie 1hould 

cost not over is• pn eq. rt . or •9SO, including grit blasting the outside 

of the plates in the ahop. This recCX1W11n4-tion assumes that cathodic pro­

tection will be applied to take care or the holes and break• in the coating. 

It it ia not to be used, the coati.ny. ehould be further protected with a 30 

lb. saturated felt coating tor protoction particularl;r lining backril.l.1ng. 

In addition, tor pel'!!ll!lent p.rotection, eapeci.a~ in corroaive 

soil, it will be ... u to consider cathodic protection, which hae been so 

successfu~ applied to oil pipe lines in various parts or the country in 

the past few years. In this protection, a diagramatic layout or Which is 

given in Drawing Ill, a current or electricity is passed rra11 an anode 

located far enouch away to give reasonably unifol'CI distribution to the 

structure to be protected. 

It ha• been amply c! emonstrated that underground or underwater 

corrosio.n or steel structures is electrolytic in nature , and reeulte from 

t ho e.m. f.•• generated by concentration cells f ormed by the different 

nature and proportion ot soluble salts a.nd the varying water content ot 

the soil together with the irregular diatribution ot ir.ipurities in the steel 

itself. In IOIDll cases , external current• auch ae at ray current rroa atreet 

railwaye Cl&1 aleo be a factor. 

The method of cathodic protection is to app~ an e.m. r. from an ex­

ternal source adequate to blanket the etrect or the concentration cell• 
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and make the whole eurtace ot the protect ed etructure cathodic , or negative 

to the eurroundinc eoil or wt•r. When thia condition 11 obtained, corro­

sion simply stope, 

The amount ot current required depend• mainl,y on the conductivity 

of the aoil or water and the insulatins value and degree of continuity 

of the protective coatins , and 11111t be detel'llliJled at each location by teat 

aft.er the structure to be protected is in place. Certain approxiate 

values or limits determined by experience may however be given. A coat ins 

ot aomo sort is advisable on new atructures to cut down the amount ot 

current required, although old uncoated structures may be protected without 

prohibitive expenae. 

On the assumption that the roof end bottom are protected by a con­

crete slab, which nevertheless haa acme conductivity, that the 1011 is fail'­

ly corrosive, and that the protoctive coating recomoended for th• shell 1a 

continuous over SO:C ot the surface, it is estimated that cathodic protection 

can bo secured with a current ot a.bout 15 lll!IJ>•re• par tank nt a potential 

of lO to 15 volte, The efficiency of a three-pbuo seleniu. .. rectitior and 

noceasary tran.oformra 1a about SO:C, so the power conaw.ptlon 1>9r tank under 

the conditions aHumed wouJ.d be about 280 watts, costing at li¢ per kwh • 

. 42¢ an hour or $)7 a year . The installation coot tor a singlo tank wouJ.d 

be ont the order of $1500. and the cost per tank tor a group ot eight tanka 

would perhaps be $1000. 

For establiehing a limit it may be indicated that a bare tank in 

111ar1hy ground JlliRht rac;uire 10 lllitliamperes or moro per sq. tt, or 65 

-.res tor the 1hell alone, and 220 for shell, roof and bottce. (Actually 
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it would be di!ficult to protect the root without a good protective cover 

ot concret e or asphalt t'\Utic paving, becau,. the conducticn ot t h• 4 1 of 

earth cover 1a liJldted and tile center of the root would tlleretore be 

et.arved ot current. ) 

We should like to repeat before clodng thie diecuesion tll8t the 

f igures and layout given are illustrative only, that a cathodic protection 

eyetom ehould only be dee!rnod after a survey by an engineer experienced 

in this work, and tll8t the result• achieved ahould be investigated by 

anot her survey attar the installation is coc:ipl•ted . 

corrcwstON Qi TANK DFSION 

As a result or the figures and othor ccnsiderations indica ted, we 

believe that, tor average conditions, and with the initial assW11ption out-

lined, a cylindrical tank dth o shell braced by a combination of vertical 

and girth atittenere and with a dietr ibuted column etructure promises the 

ID08t economical eatietactory undergrot.:nd tankac• tor aviation gasoline, 

and that it can be built in average loeationa tor $1.SO per barrel, exclu-

1ive of piping, pw:ips and au.'lil.1aries which will be discussed further on . 

We somowhat prefer a conventional col Wlln structure , other things being 

equal, but doubt that tho extra concrete work it involves is warranted 

under average circUNtllncee . Por extromo condiUons or corrosion and 

underground water wo recOl!lll8nd a cylindrical ccncrete steel lined tank 

which would cost about ti.SO a berrel . 

Various alternaUve storage sch"""'"• eca>9 ot which my be adaptable 

to certain conditions, but which in general a re not economical tor the 

aseweed conditions, 11re diacueeed briefly in Appendix I . 
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l'roposed dii.{TrJ"ll!lf..tic .L..701Jta for st.oruge ce.1tero ..re sho"l1 nn 

dr..,<inga Ho~9 anu No .10. Thu t..lnke arc allowr. located on thA cir<:1.«J'~rence 
nf ·• circle, nt.h • clear diet..nee of :<00 r~,t bet ...... n .... et:c . 1. a!oeulc . 

or c~oe, be unc!er< tood tho.t the ciroul1 r layout is aet·<'l.'f schei Uc 

anu DllY be varied to tU\ elliptical or other cMvetii•nt ~'·"'~" to fit 

tJ. nature of tho croun<!, or ottv,r local condl tlons. 1'!,• •~eral t'lollght 

behind lt is to .. vutd plD<ln0 . nu;:bor ?f tl.nkD 1!1 u ll.ao r.here they 

e1lebt All be di:unAgod by r. ~trin1; o!' 'lombs clieohnrgcd t'ror " slnglo plruie . 

A goncr...U.,. circular :L.yout Alco rf,koa lt .,,., to l()(lp ._.., pbing 1n ai1ct. 

a "'<"I thct Uly port.ion ""'Y bo doot.ro;v<<l ult.tout pt•ttill£ th•J r,At. out or 

•ervic~ . Besiuoa buing loo;>-0tl, tho piping intlic~ t-0<1 ic d"ubluc' nnd 

uctio111.liz<>t. by block V<.lvea ft>r f'urth.r eacurity . Lloat nr the 11n<s 

•?:lo••n on the drawlng should bo cbout ail<. 1ncheo in dla:iuter to provluo 

ccvn->111101.lly for 11 <liociiargo rdt.u of lOOU 1'.1111ons '' ttlnuto (11.40 lv.rrnlo 

&.l 1..,ur) through any two linoa ti.ken toKethrtr . Mz.ln l !no:. ex•..eDQJ.uz 

to t.io barge dock, plpe u.,~ ot<.t!on, or r .. u tan:-.Iutl v.;v bo b lncil O>" 

8 l.nr.h , dopcndine on th• nUl:'bor ln&l:.c.119cl mu tho propou .. a rlow rutu, 

wici <Ill)' have one or core 4 1nc:1 broncboo t.. t .• c trutk lo.. .. lng ruck If 

ono le in• Wlcc! . 

Th& pipe lJnua ohoW.d bo 'llolriod throuBt.~ut . The !Jl.po ehould bo 

or E'>Od wol<l•blo qu..•lity , 11CJ •• hie!. buretini; •tronrth 1a not ntcuau-y, 

w.illo roliabUlty an<! rcshtanco to co:icuse!M arc,it 1r roco=end..cl th~t Is: it l>• A.P.I. gredo A eec&lose Hno pi(><) or oquivalaat . T::lght-inch lino• 
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!f lnstallu~ rh"'lll<l M\'C " nl.nlt:u.- MC.in..l w•lo1ht ,,rat le.lat ?4,74 lbs. 

per foot t.nQ orwllor J Leon 3!1ou1' he of ot.MtJir<'. W<>l~t.t. Linnu •hould 

bo .lalt. 10 inchoe und.cr tl.e curfaco . I.lore covor unlcJ~ very <lo~.• -.:ill 

t'l..'nlch 110 ~Ppr->cbbln ..xt.rr protoctlon t.rul .lll 1,Teat\y lnrr..:uo thn 

'U':lcul t;r ol' 1•:.kin; ropciro ao rrul! ao th• origln8l cont of the 

in,tallotio~. So.:o fluiMU ty s • .n.UC: !>.>. provlu.,., ,,,_,.,. cor.nec~icn• 

t,., p111.p~ nncl ta.nks 1>'/ th~ ucc ,,f f'lp., • ondc but 110 opcclnl provlul•ule 

f?r oxy"1Ilcl<>n need be plr.ce.:: i.'> ttio "4in linos and patku• ollq)Ms lcn 

jotnt.f! a~lr.. ~ avo1CJ"- ! . 

'/oh.is nhuul.:I bu or &t'l<>l1 und ~ .. :l.A. 150 lb . otool ljt.ta w..lv~o 

•it!: 18-8 clu·ooa• nickd 1 t.,.., """ t.i·in uru ou,,:c"tcd. Aa th~ vnlNa ar.., 

valvoo bu -d• noo ov~r 60,l oi' t,,,. <!lwo~tur of th.. plplnr ln •·hlch thoy 

uu y>lLc~, 1 noJ tn:.t t,:,,y Ix. connoct..c-<o to th'I l l..~ :1th "-lC::x. to pore 

(u<'r ord1Mry rr.a1re.t 11111,t• •) l11;w1r1S " un llort1 t...por or 'lne inch in dl<:­

ratter t~ J'lve lnclico in louct!i. TC a-. inst.alb<! i. ""rtl1-"Lil& oavlne ln 

Cl'\IL rlll r<..nu.lt, t 11u v""l,1ee t.ill ~ qu:!ck<.r t.o .. ~;>orot .. , c.nd no ~ot.fu-1el 

• incr1,r.su in f1 tct1oJ\· l rcs\at.-~ncn '111 t ror.\.O~ r . . 
IO:>' 
... tn<>u1;h of thL bloc I: "'U vcs ln 1.i:, ~.<.ln 370 t..o:: nb'lulc t.e P""" hlui! 

~ rlth """'11 !n'.oI'TILl ~ou• '-1.un t)'To : pring-1.,,.do<: r olid •alvea ••'· ..,. 
.- ~t. ?.00 powu.ia T"f'l' sqti.IJro 1nch t.:> rulic•rtJ, Lnl'!k to tho l.Gnks , any 

II! proosure t h:.t < l&t i..c i.uu t u;> in u""iu...:-otf •~oe~lonr ,r t!l<. pipe 

llnoa cs " rooult ot t.<.up,rc.tur-3 incrc1tce . l'fl•ilo th!e prr cwtl ·n in 

n>t "" viu.l ln l>urlcd llnos es 1u P>posJ-1 aru.s it sh'ul'- Ml.\><> 

s: Olli tted. 

I: 
,:: 
II== 
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Lubrl~t...: plug cocks ue option'>! e.nd. ..re pntMrod t.o (tote ""1.,.a 

b7 nony !>ocauae of tho1r quick :>ctlon tnd tisht.noa. If used tW.y ohcul<! 1 

tu genoral, bo inat«J.le6 f\111 size bacr.uso of their g:oe<>ter frictionnl. 

roliatc.nco . A reaaon...ble cogpro.Use woul<! he t.o u10 cock• !'or t !tO 

Yl\lvcs controlling t.be 1ndivld~ tank• Lnd gnte VUVl!3 for t..10 rost . 

Boe1dce the bloc~ •1Ulves use_d for auotton«J.blng th~ piping r.nci 

rutting otr lndividual t.Mk• lt ls roc0<1111cndod Uv;t o non-sloa chuck 

Vl:.lve bo lnow:lod near the clisc!larga or each pw::p. Tlw-30 check valves 

nro omi ttod in muny col:lt'lerc l"1 lnntoll.4t1ono but uro conai<ler•><I vGry ae­

cir r.blc to diminish t.llc poeoibility or hllving 4 t.t nk noocie<!, u r .)f 

having aey pump opera\<> in rover~e dlr"ction aa c. t.urbi"'o et runr.woy 

BP.led !n co.so the Vl<lv~s r.ro ir.proporl.Y o!)'JrR tod. Such ruJlll""¥0 nay 

unscrew tl:o internal pdrto of !JUOi>O •lf co"" ck1i011a uni~"" spuc111l nro­

vtolons tu'O .ad6 :.0 prcv.nt 1.,. Tue 941'cguard ot U\C cl:cclt vi.l v.s "'Y 

bo particul.4rly important in oi-.cr0ono1e~ w'tc.n nort.10 \ pr~cautiono0 1!16y l>• 

ovurlooked . The check v<lvcs und tho rd>otc cc-ntr.,l or t~o J)Ul:•P• wUl 

t.loo rake lt pouiblo t.o trcrisfer et.ocl<s "1.tbout hav~ ,,on W1.llc ab<-ut 

thu BTound ovor the tank el tos . 

All thu pipo lino3 nru Llid out on ttt.• """""'~t1on to.it 1nd1vtdu"1 

pw::ips will bo used tor QI.ch tc.r.Jc. Tnie arr«llj;cc;unt is roco"-llClldod att...r 

consideration of the vw•1ou£ :.lt~rru.tlvos llild on tho be•i• or oxpcriance 

in llGJlclling g/\aollne in cor.me rciul t.:1'1:linals . It Lr , of cou.~so, possible 

tu handle psoltn.. under vacUUt>, evon troa unc!oruound t.'1llce, t.o • central. 

punp house through lino• loid not over, say, thirty r"ut abovu tho'tanlc 

bl)ttooS . Experfonce, bOWOVOT 1 h.•S prov''<! All VllCUUl:I Systems to bo very 
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~roub..lvlODO ..nd apt to f; il "b~n eoa ~ o<>edcd . ':'her cuinot, tbcr<1tor~, 

bo rocoMended or evon ,.,rlo111ly c->naidered. Leake uowid valve &anltet s 
1.r.d et.utfing boxeo arc c<1rt.aln t.. OC""1' U't.<r c. period ot ti.., And ..re 

11opeloaol.y d~fflcult ~ locc.te. A v"cuum 07ateo. can also he put out of 

coumisa1on very rOlldil7 liy u.t..ilii;ent 1Abo!.agc. 

The other altcr Mtivo is •.o U•otlJ.l the plpo lii.eo in tunnala 1;t • 
1ovel b<tlow tho bo:toci ol the tlUlks, a pll\ll shlch ws unoerAt<iDd hll• been 
uoed tn PW-ope. Th13 plun ht.a cor;,e ndvvntai;os,l:iut i s both •X!"lnoive o.nd 

haL6l'dou•. Tt.e twmolo that iv.~u been uaed ba\·e leen elaboro.tely •~ctlon-
a lized rith i;111-proof doers ""'1 t!:ey 81>d tt.t1lr concomlt<tnt unuorground 

end provided wlth fr"'luont lL3pvotlon to guo.rd •l!llin&t tho to1'Dl'Jtion or ox-

forgotten when it ls not in us... rt ii fortunnt. t:nt, 1.1 th1" country, 
tbo vc.rt1cal pucpo and. u.xplosion-real s tine: cotorA ne~do.: for Lile tn ... 1 vie!­
~ t<ink in•tall~tloni havo b.lcn thoro1141hly workod out und tore ~ow 

In L'Ulj ii n"t U>•. loc:;.~1ono the oil"' 11.r.oa snoulL l>u pl·ot..etad by 

some kine ol' an putsido coattni, . A ourvoy of aoll conducttvlty with 

Sllcppa.rd rods .r:U\ greatly csoiet in en.1 ..... ttng .t-o cmount or corroaion 

t.o bo oxpocted and tl>e W<?<JnS .• JustLftRble f;or ,:>rot.oct<tn . ~CO klnd ot 
a COl!.t.1na, if cvon n light ""'"• ift nt'ocko whcr.:, °'t.!lodlc protoctlon 1• 

usad tn ordo.r to koep tno pi;>o linon from picldn& up too IP'""t e proportion 

or the current auppliod to:- prot..ctlz>i tho tw>ka. Prot,ctivo coe.ting• 

r o.ngo from eirnplo bi tWlltnous cno11olo throuah oioi;le bDu aul tiplo wr1;ps 
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of rou a1<t1trl\tod und lnterlAid with a~olu..ltic IDllWrid to 1"1~"7 oos.lc 

&1>9lted b7 extn1 ·ion. Ir ca~lc pr<>t.ocUon ii "'"" t.'lc ;ior.> u:>cMivc 

coatlnas 1:.ru prob<lhl;y Juotified only .. ~on exterior cona:ltions 1>re eu·1or., . 
U ~at:IOdJ.r jll"otael:1oo lu not uaed, tne lil!hter pelnt!I uud .;opca a.ro 

virtually uaolcas, for tno:r nll !all 3oonor or 11\tcr frlllll n~ll etroos, 

and unloae cath<>nic protoctfon 1a tb:ru to ttlo cru-o o~ tho brcken 

pfaco1 t.'lc pltt.lng ""'1 b6 noorl;y ao l>!ia ·'' t! no cut.ting 1:orc uso<i . 

Neodlouo to ou;y ti"' ~ano cru-e •~ould bo e:<orolaed in r ojocttng un­

<ieelr .. t-le ill&terlal for bru:k!'lll as ""co""'o""ec; for the truil<D t.lt"""olvea. 

Before bockl'illillll ..ell pipo linos ohoul<i be te3ted to ll m:Lnh.urn 

pro1aurc of i5.,,; of tue ox,..etoC ~rKing pressure an~ not lo•• t.:VJ.D :.:00 

pound• per oqu..r& \.nch. Tho to•t J;To•our.> thould be ~eld for throe huu.ro 

wbUo the llr.ol arc J.nop.;ct.G<I for loaks. It ls !\lrthor r ocomr:coo.cd thl.t 

" reJ)'lt.ltien or t'>e pr"9sur<> tu1t be requtrrd nt tloroe-;yuo.r lnwrvnla. 

Dur in& conotructfo11 uvnr;y ro11eoo.a;,1, prdCAut!on ahould bo tclcen to 
avold g3t.tlnc J'oreign ill&t.tor 1.nto ti» ptpe ll"ca. At th~ boat, sooo can 

bo ex~ec ted, ""'• 111'tbr tootlo~ wid back.fillln~, ,.u lin•o ahould bo 

t!'lorOUihl)' w11a:1od OU~ .. ta• h!£h a nto or ru,Pint. aa ;>oadHu. In !.ha 

initial stai;oa of cporotlon caro thoul<l bo tllla•n not t.J d<ltl<l0o tho valves 

b;y forcing Ci.a 0-'loeoo "ll't.lnat 1tone3, tr3.0p iron, or other possible 

obstructions. 
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PUl!P§ AND TA/Ill APPt!J!TPN!CllS 

Roc-.led appurtenanc .. tor tha t.anka are not ehown on the 

drawinca but inc ludo tor each tank 1 

l. A suitable tranarer pap. 

2. A all&l.l IUlllP pump, taJt1nc suction trom the depreaaion in the 

center of the bottom. 

). Two vacuua and pressure relief valvee. 

4. A merclll')' Cl&lloMter, graduated to 2 lba. per sq.inch preaoure 

and S lbs. per sq. inch vacuui:a. 

s. A float gee• for reading the approxim&ta levelB of the ga.so­

line without openinc the tank. 

6. Approximately tour accaaa batchea in the roof, throe of 

which OLJ¥ be covered with earth, and onect which should be 

houaed in a suitable underground box wlth coneeeled aecoaa 

cover for eaee in making gage• and 1napeot1pns. 

Pu::ipe and llotore. 

A• previouoly atetecl lt ia proposed to equip each tank with an in­

dividual transfer pump, which ahollld have a capacity or tho coneral order 

of 1,000 gallon• a minute; as circwr.atances may dictate . Tho required 

head will probably be about 100 toot (JO lbs . per aq.in . ) and on th11 

baeia each pump will require a 25 h.p.ootor. The pweps will be of tha 

.,ertical centrifugal type, aimilar to those uaod for pw:iping water 

wella, except properl.T fitted for casoline aervice. Tbe lowest 11>­

peller of the pump should be sat aa cl ose to the bottom of the tank aa ' 
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poaelblo (not o'fOI' • tac•) 1114 •llall14 han • bell-th M!OtS.-
extendin& to within three inchee ot the tank bQttoa. Thll bott.ca c!ia­

llrior Of the bell llOUtb obol.IJ.d be J..ar&e to ain1D1H £oration Of vort.icot. 

Dat..een tho inlet. and the trutk bottom radial vane• M)' bo iuotalled to 

prevent torution ot a large vortex. Conelderation has beon &ivon to 

the poaeible i.e31rAblltty of IUblr.argioC the lower ~rt of tho pul!p in 

a doproasion below tho tank bottom. Thia io not t hought to bo nocossary 

it the lowost !Jopeller is kopt withln 8 inches or t .... bottoc, .. th~ 

•ump p.ir.p can be usod after the eain l'W'P lo••• suction . 

The ootor <llld supporting Mad will be 1>ount.id on t~e concrete top 

aleb. It "111 be located in a concrote or brick box and arranged for 

roaooncbly ansy acooae tor lubrication and re!Xlir. 

Pumps of tide type "1"0 a COID<lOD doelcn nth II nur.bor of r:l6.llUfllO­

t.urero a.oat of wl.oc arc thorott;!nl)' fadliar "1th tl1e spccicl r"'!uira­

oente for g6solina service. Cesu hardened or stelli"t.Cd sha!'t oleovee 

are recoa.onded ill pr.ference to t.he ~oft bron:e tr..quentlJ offered. 

18-8 chrom" nickel 11 o.n idool nllltoriul for iopolloro and trin, but for 

thir. cl~oe of serv1c• the lose expensivo bronze should U.. cntir•l)' ac­

copt<lble. C<o,5ca "'.:/ be cas~ ircn. The oot<>rs sh<-uld bo or t'1e vnrticol 

hollow-elloft type appro·rod by tho Underwritors• L4boratorius t'or uso 1n 

Cluss l, Grwp D, ha:•rci.,ua o.l.t·ospl.erea &l uorin 1C: in th" Natl"nol 

Electrical C-.10 . 

Tba euop puap proposed .-Ill be elIJilM' 1n g"':orr.l dooign \>Ut will 

h.>ve " cupacity 01· onl7 100 l'ollorui " .. '.nute, to.&iin•t ~ b:x.d or, perh'lpe 
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40 foet. Tho ouotion oponi"i will oxtond into tho 8-inch sunp depre•ei<>n 

provided 1n the center or each t&nk tor accwaulnting water and bottcc 

sedtoent. 

TllAI motors for both purip• will Ni.VO cXploaion-proof pu.ab buttcn 

stl.lr tora locut<id inaida their incloaurca, but th6 niAin pump• will aloo 

be providod with recoto control l ocatod either not.II' the l oadin& rack, 

the auxiliiuy poHr plant, or aoc.e other convonient point . 

Parloray cablo ie recomondod for undcrsroW1d .-iring . Its location 

neod not bo murkcd on the ground, l>ut should bo cure.fully r • forrod to known 

lwuh:iaTks befoN 411f backfillin8 ta doM. U should of courae bo placed 

below the depth or cultivation it the lruld le to b~ cultivatud. 

Relief valves. 

Vaouuc !Uld prossu:-e relief vnlvws aro noceosory to relievo vapor and 

aid "" adi:lit air wilon tho tanlul are being filled or eioptled. Those valves 

ehould discharge into short "ont linoo, "hich ooy be carried opproxJJ:aU.ly 

200 .f'eot f r ora the t4nk sites as 1nolcate<l on drawings No .9 snd No .10 . I n 

viow or tho ....... 11 i.nd slow tei:;poratur• chcngoa in buried stor~~· the ahe 

or t.he valves can be dotarnined antiroly from the r.xiuir6cunta for passing 

• ir and vapor durini. ecptyini. and filling . It 11 recoClllentind th<.t t .. o 

valves bo provided , oooh rood for bo~h vucuuo Wld proosure, :llld t het the 

co~clty of each ono bl> equal to 125~ of th.> poealble f1lllng and dis­

charge rate . (Theoe valvd8 are oruinarlly built w1 tn both v11cuuc and 

prooauro ol ement1 in one assei;bly. tr separat.o vuvca ara used tor 

vacuum and pre•oure h o of each l.ill&t b~ prov1Jod.) The p:-uoeure valves 

ahould bo set to opon at not l~H thcu• 1-} lb11. por sq.inch, and to poea 



- 44 -

their !'1111 rated capac1t7 at not noro th.an ) lbs. por aq. incb. The 

vacuuc .valves abould be aet to open a t , or noor, utaoapheric proaaure 

ctld to p&H their rat.cl capacit7 at not core than l/2 lb. por aq. inch 

vacuua. 

Several types or valve• tllllt would aivo fair euvice Al'O avo.iloblo. 

However, lt. is rocoimllDdecl that the ruVH be or tho llOChanlcGl •prina 

be.eked t ype , and (very important ) that thoy be fitted with non-corrodvo 

S6~ta, diace, springe, at.eae , and guidoa, perforAbl7 JMlde or polished 

JS-8 chrome nickel. The ""tter or !'roe dro.inuge that will koep 1DC>iature 

condensation awa,y troci the working p&rt• ahould be caret'ully looked to 
in order tbat the valves will not freete and stick closed ln cold weather. 

They should be housed in c.n unrterground box permitting occasional clean­

ing end inspection. 

It will e1 thar be neceseary to secure relief val vee c11pable or being 

easily opened mllllUlllly, or to Install a separate by-paao vul ve for re-, 

Uevin& excess pre11ure or vaC\1\111 •hllll 1 t becomes noeesS&l'y to open a tank. 

lJ!Jl!!lg. 

As stated, one of the access o;inning1 sbould be installed in an 

underground !.ncloeure nrranaed tor rooeonebly cu7 but concoctled entrance 

from the ground surC1tce . The covor or this opening ehould be provided 

with a gaekoted opening about 6 inches in cl1-eter for taking gages, 

securing samples ·tor inspection, or determining tho aoount ot: bott o1> wotor . 

A simple noet gaga thAt will road tho .. pproximata levol in tho tank w1 th­

out opening the hatch, or blo•in& down tho pressure 11 conaldored to bo a 
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very desirablo acceeaory. Other special g&(inc arrMgemonta, such as 

remote reading and automatic devices operatine on electric or pnewoatic 

principles are coMiderDd optioael . 

E'f!!XL B!Jl!DING PLANT 

A• it ls understood to be the intent.ion to atore most or the reserve 

ovation gasoline without Ethyl !luid an EthJl blending plant will be 

needed for each atorag& center . It ts not impcaoible to pl.ace such 

plants completel.1 underground, but tn order to oecuro a paeoable degree 

of aatety the :lnatall4tion would have to have vary elaborate facilit~es 

for ventillatlon, and would not onlY be expcosl vo but a continued source 

of apprehension. It is therefore aug~ested that, if at all pcssiblo, the 

Eteyl blending plant be placed above the surface ot the ground. Of course 

U need not be placed in the 1-adia te viciol ty ot the tanks u ahO'llll on 

r , the d.iagrammatic layout•, but ,..,y bo loCAted at any r easonable distance , 

par hap• disguised ae " fru-m house, or b4rn, or any structure common in 

the vicinity, or concealed in woods or other natural cover. 

For aost if not all locations lt is belie ved t.bl..t a vury simple 

plant utilidng Eteyl fluid suppliDd in drums will moot ewry require-• 
ment . The pl4Dt ltseU ""'Y be built on o. concuto slab elovntod about 

3l feot above the eurfaco of th' ground . Tho roquired shower• and aa.fety 

equipment for the men should bo inetalled 11t one und of tho 1l11b. The 

adjacent or working droa should housu t ho eductor oqui,.,,ent f or emptying 

th4 druas, the ecaloa , and a neceaanry elllllll eductor pwi:p, while the 

oU..r end provides apnco for a current supply or Clnl:OS. &x1.r• druu u:r 

• 

/.. 
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be stored underneath the elob or in eome neaby safe place. If other 

storage ts provided tne slab MY be placed ollJ.3 one root above ground. 

Tt seems unnece•aarr to include further details of Ethyl blonding equip­

mont hero . 

The pumps and piping system indicated in drawings No. 9 end No. 10 

is very floxiblo nnd well adapted to etbylizing rapidly and circulat ing 

tho cont ents or tanks to secure a good t1ix . Obviously, in a real 

ecergoncy when tho Ethyl plant woo d"""ged, drums of fluid could bo 

poured int<> the iudividwil tanks whkh coulci then be circulated. It is 

not supposed t hat knock testing equipment will be naedod at the s t orage 

centers ther."tselves. 

AUXILIARY POWER PLANT. 

A utility power supply ls probably desirable if it can bo readily 

obtoinod . At l oast two separate sources of poTler 1!.I'O nocoss.,ry and at 

lel\st one must be indopendont of outside supply . An auxiliary power 

plant is therefore r equired . A suitable plant might consiet of three 

25 kilowatt generators ilrivQn by high- spe•d g~solinc or dicoel engines 

of the auton:otiva type, 6!1d equipped with 1'1mple switchboards including 

modern high-spce<i direct ncti ng ·1oltugo regulators, a mioi1mm of necesS!lry 

meters, switches for pal'O..lleling g•norctors o.nd controlling tho f eeder 

circuito, o.nd a remote control m11ster switch for cutting off ull power 

including tho outaidc servico in an emorgancy. Remote control buttons 

for the i ndividU!ll. J>UUIPS may be located in the pi>wer plsnt or elsewhere. 
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Particular ntteat ton must be givon to the size of tnc gonoratore, 

the exciters and voltage rogulatoro and the engine governors to insure 

reliable start ing of the cotors which will bo large in comparison t o the 

size of the power plant. No difficulty sbould be experienced in obtain­

in& suitable equipment. 

If pl ocod underground t he station must of course be well ventill<ted 

and put far enough awa,y from the tanlcage to avoid t he possibility of 

having gasoline l eaks find their wcy into it. Blower operatec; radiator 

cooling is auggost ed and will itself provide effective venti l ation. 

Proper pr otection of tho air intakes , rtiepoeal of exb&ust gases 

•~thO~t a plwi:e t hat would reveal tho position of the station, and fire 

precaut ions will depend upon circllJllstances and nood only bu ~ent1oned. 

It wi ll probably be convenient to include in the sace ctructure as 

t he power plant a small office, shop, l avatory, toile t, store room, o.nd 

perhaps aomo of the fire-fighting equi!l"lent . 

In caso there is no outside power availabl e it will either be 

necessary to build two separate power stations or to pr ovi de shooewhero 

in the vicinity t wo or three por tabl e generating units that could be 

qutckly ha\lled t o the site on trucks, t he lottar pl~n probably being con­

sidorabl y the cheaper. 
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FIRE PROTECTION 

Storage tanks or the type considered are virtlUllly ilm>Jne frc:m ! ire 

resulting troo ordin&ey or natural causes. The:y ere not merely ditticult, 

,but in:possible to eet on tire, even b:y sabotage, unless actlUllly blown 

open. If tire does start as a result of bombing the location of the fmd 

tanks below the surface, the good protection ot the remaining tanks, and 

the kind of piping recOC111endod should all tend t o prevent its spread. 

For t his reason, an;y elaborate and permanent fi'.o fighting s;yatea, 

such as a permanent f eoj system is entirely unjustified . As a matter of 

fact a permanent roo...., system would probably be put out o.f collll1ission b;y 

the same explosion that fired a tank , 

'· 

The things that should be provided if possible are: 

• • 

1 . A supply of water under pressure. 

2 . Water supply maim capable of delivering at least 500 
gallons a minute to hydrants suitably located • 

) , A oupply of hose stored in a convenient place , 

4. Ono or more portable foam generators . 

5. A suppl:y of foam powt\or , 

6 . Po,.table fire extinguishers of the foam t ype at loading 
racks and platfoni>S, and Ethyl plant, and carbon tetra­
chloride or carbon dioxide oxtinguishers for f i ghting 
electrical fires . 

Of these t he most in:portant is a supply of water . As this will 

depend entirely on local circwnstances, general discussion seems impossible . 

Advantage should of course be taken or municipal or industrial supply or 

of lakes,. springs or rivers . A supply reservoir or tank ma:y be needed. 

The amount of powder to be stored will depend both on the size ot 
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the storage center and upon the poaaibilit7 ot getting a ,..1erve supply 

quic~ from aa. nearby aulieipalit7 or oil incka.ltrr plant. 

ill th .. • thine• aiat be decid..S tor Moh plant locat.J.oa. 

' , 
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APi"11JIX t • 

OI!m! l'LANS !'QR GA!j()!.lNL~TOJUCE 

n llUJlt be t'eo11zed that tne doaii;n• tor 1tor11ge dincueoed in tho 

body of thi e report are aJ,l baaoa on cortc.ln a"vumod conditi ona , one of 

•Yhich {arrived 4t 11ftor ei.rly confure11con wltb /11'ftlY 1mci Na.vy representa.­

Uvoe) no tlll\t, in 1toet l oeat iono T"hero ctorage we>11ld bo nocdod, it 

wcult: not be Juet11'1able to nttcmp~ th~ doep co""r necos"ary to p.-otoct 

ogc inst d lroc t bi to by dmoo11 tioo bonbft • 

apply, end it ...,.... well to consid"r ~riofly eea-U:ln c;thar sche11e• t.!u<t 

have been sug.:;eat.cd. Zome of then .. pl8no lo.to before tbe c"""'1tt..e vorgo 

on the fantutic, but others have. • gnet.,r or !.e89 dogroo of mcrit ot 

loeat under &ome clrcuoet.wc•• . Tbo ~oll'>wl11e is not W> mrbuu•ti·10 list . 

1. Ztoz:BS• in abandont:;d minoe nnC: er,. vr~. 

Ono nr t.ho eugeo•tlons most fr<qu~n t~y 1114do to tho ~o=mlttoa is to 

buHd ti.nlUl&e in abb.ndoned mil\<.9 or nat.urkl crvoa, or, a• an •1 tcrnative, 

to store g11aoun~ in cirums in such av:.U6.blo citce . 

The eugce&tion of otorLgo in drua·, elt!utr ln c:.v.c or anywhere elou 

~, q bel1tve, oe disaissed at oa<:o, no~ boe'!'.uec dnuu can'\Ot be used , 

nor aight not ~.a.,,, to be used !.n t.t1 omerrouc7, but boc· ueo wo are nut con-

s1cot"1ng eah ... rgi.tncy et.ori.ge but rcr..orve 1t<!')rego. Th" cuat or Crume, tbe 

relativoly li.rco rmour.t of m'1llpowor r.oudod to hand.lo t~tom rapidly rule tbum 

out. for uthor than spccJal or a:n.Jr11ncy U""U, uv<tn lt thor-3 woro no question 

ttaoro i• such .. question in tho aind of ev~ry co.,petent auth<>ri ty tll&t tho 
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cOll'mit toe ti.e r.orurul.tod , uHh?ugh t.ho •rporicrJ. backeruunu fur it. o.ppuiir• 

to be yory olt~t.e!)y and incunclus l vo . 

The qUeetlO!I Oi" building tanlcaftc i n C/. VGl and dDCI Cit.Mot bo diO­

CUBScd int..t lleontly in gonord +.onoa. tt el.mply coctoo d<,m to t his : 

llc.ios tho c>1vo or Nino Md deciclfl \7hc thor its location l s reasonably nnt.r 

a plJICo where storogo 11 ~tc.d by tho l\orvicee 4JlQ t.l•CD, oi"ter Wf"'C-

factors, a raco..,cnd1.tirn c~n bG C1Udo . 

Thore aro o tew g~uerall t ics, hOTrovor, t~o t "'"Y be fl?r1'b :non ti<>nlng. 

B?rin&• c.ro neccsa&ry, pcrticul&rly Jn n<.tural ciwe• , to detoralna 

t.>ie fm1nda1.l?n comli tbnt . Most mines on~ dr.vcr. that u:ibcrs ni tho 

C<>r:uolttce nro faoilinr dth h1.vo e<>11pat•atlvoly ar..all opQll spncco, t.nJ 

cnn•idorabla cxC4Va~ion and uborinb •~uld bo neccs•ar;y t- (><1n:i1 t lnsttllo.­

tion <>f tilnlcs o any elto. 

rhar" such l'l.1'£~ &po.cos oxict, but it involves ser!~uc l\Onrds that .u&ht 

to Ix; vC'll Ct>nSl<!ercG hcf·•ro rf&r•S ar'· a•t.e. IL ,,ne c..n gWU"Ultea tllo t 

any i; .. clino tank r •• 11 be c".:pl~tely J.lq11ld ,,,. ·ra;.~r tii;ht <U'tr<r a pe>1·1od 

of :rears. Tiia coons thD.t ev<Jry a vtnua by which vt.por c<.'\llc! drift tr m 

the pl.4ce rhcro th~ tt.nk• srn inct.'\ll"" t~ >lh'll sl.rll'te br aallorica 

IC\lllt be blockta cff, ar.d U..•t tt~r-ua;l1 rupi•l v..ntill •ti •n .mat be pr<'­

viuoci . It \\ill "1so bu 1ocoosr-w-y t> oxt~nd the v<.nt llnoo fr.,m the 

rcllof valveo 0£ t ho tank• theorolvea t '> an ouwidc l<c~U •n. I t o1"1t 
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such aa C02 or ni tr<>gon except ·•hen CJUll nuod en tor tho a pr.co . All euch 

provtelnne vill add, Mt only t' t•1e flrst C·)lt ~r ttlo lnol.a.ll"tt"n• but 

l11 .e.ny cues to tho tucpoctl"a and attendant• roqulr.x. - ond t.he7 will 

never elt..wte tho hewud c~plotoly. 

It ,.a,y bo foulb.lo t? fill tn oolidly nr' wid tanke locuted 1n mtnee 

•ir oi.vos , thus d1spoD111g o>f the ux9loslon htit'4r<I . Th ta ">ul<i rulo out 

rt..ndl\rd tanks and r t.loo tho queeti · n of ~ccceo f'lt' r~palr, inspc.:tfon, • r 

cloaning . 

The c'JCl'littco ,;.,,. not wbt. e•1en t? coo" t• c!ndocn tl.o l<ino •.:xi 

Ct:i.VtJ 1uggcatl".m on ronornl gr~,un.ca but d"'ubtu tlJl~ rrr41 fh.v~rabl.e sit.as 

can bo f'>Wld neer the plocoa "tloro gacollno is ncuuod by the Ar--4 a.no. ll&\'7. 

2 . Under'O"ictcr st~raPo. 

Undor.,ater stJraee hos beon augaostod n• fr~quunttr a~ c .. vc .. nd 

min& r.toraEC , Md numor':'Ue pr.t.ur.ta !>e.·re houn erant"'1 t c •var particu4r 

f eet.urea . !boo coa:>itt...e hac be~n t.:>ln t!iat such ct,r~ro "'-• been c >n-

otructoa in £11rnpe. !t Ellet awt ~ppr.,..c:llr.d t..tle eu:"~tl in wHh t• 

c ort.<.tn l<lc~ of eptt.uaicSQ duo , p..rhaps, t• lts exper1oncu , w:Uch ""•Y 

1•1litllry ones . No "tte,,pt 'lee thus rar been CllldJ b7 ' ur •. ,,.mi tt~u t.c 

calculate the c~st of th.la type •i s t •r:.i;o n •r t~ wi rk ··ut !IJ\Y actutl 

In .,,-der tr av ... i<! oxcur-~iv~l.;r h06vy ancb rmc" and u;l('nsive brocing 

it 1o nocesaary t 1 )r>esr nto unc!erwter ~· : n lh4o "7uter dieplaccncnt 

a7oto,., nnd this is the ayatc" invnriabl y pr~p aod 1n 110 fom ">r an~ther. 

A• ovintion gasc.Una wetsh• ab ut 104 p~uncla l"'r borrot l~rs than ""tcr, 

. . 
• 

'· 
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and u .a owol tGnlt st.ruoturo " t nny abe w.uld bardly woii;h "var 10 

P'unde por barrel & vary oubatantie.l nnchnraae • u!d be rcquir<'« oven 

witli tho d111p1Accent ayatcio - eey lJOO etto~tive t..·M (oq..U t , 1100 

cu .yd. •t c'ncret.) t•r e 25 , 000 b<u'rel tonk. In the 17, Cle tnlk 

• "Uld bl.% a perfactly ipcn b t~o. ta practico, this ci!tht be r:ithGr 

undosir,blc , increo.&lnl) th~ p ·•~1bil1ty thnt 11 rllaht tilt miul<> r&lonoo 

the c>ntonts, and thet tl>o u1 to iuts ht bGc mo sv.rr >undod «itl1 deoc fioh. 

(Thie 1o ocre SJl"culd1 n). Ler.kab~ .,,-ult: be c;rc11t.ly t be fe.u'cd 1n 

In llO.lly .... ters corrosion 1:ould be c >'Ory aoriO<Jo consider~tiun . H 

1& woll kno'll!l tbc.t plpo lino~ 5/f>• thick h.l·ro pl.t!.ed t.hroug/l in thr<>o or 

tov.r yoh?'s ln sGn r. .tor . S~1 .. o kin~ of orotuctlvo coating 1rould bo do-

Girable . It might talco tho t'om of reinforced concrete or , probt.bly 

bet..:r , ""~~.ltic concrete or m.l.Gtic . 

C-.tlvx.l.c proV..ct1on could be """"• ...nd 1n fuct .nu.la probably be 

oaa .. ntlcl in salt or brackish ""tar• U' len& Ure; i.nd roaMnablc l'raodoa 

fr'>tll lli&ks were to be <'Xl)cCt<•C: , oven r.ith o co~Ung. It l<'<nilil not be 

proh1b1t1v' 1r. cuat, purtlcule.~:y if wi inaulo~in11 c,.1ting r1era uaed on 

~ho outaic!a . I t r.ould •\u~ be <Jooirnbl o to l.uv., ~t.o co.th?uic prowction 

covor the insid.o ~r th~ ttmlc . Thlr ·nuld u•&uo rir r.n ""°" bntt->m. Of 

In ~aer t? fl\ciliv!.o lna~oc.Jr,n ""!! r~p.1lr , H t1>ul.i bo duoirablo 

1.o bo 11blo t' niss thu t.Mko frl'm time 1.c timo . Thin '•1''ul<! incr«n•• 
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tha cOl'IJ>lax.it., •1 the 1Mtbllitl<'n, but ;;Mil<: not bo illl)"Hiblo . 

T..o ~•-1.tt.-e t->01 n• t lant: lP• &11ch pro t.tctl-m 1..I1!f givnn dopt.n 

•.! ""tor ,,...u.ld ~rrer t- 1> • ..W, Mr ,.-b('t.bor r. dept h b· sb oxr>l:-din& oe..r 

tl.e tMlc \T>uld J~ cre11t d&a.'lgo 1!' the 1na1dc; ""1'3 c ... 7lcte!Jr ;111c.c: 

.itil fl..G•1l1ru.. Thw UIOU.lt t e•oceAbt<0nt pr<>vid:>d by tile .:eter ruld •'f 

<''llr90 ~Of>CM Up;tl it.a rurity o.r.d thu SIO'" t!'.11088 ,,f thu SU!'f:t.C6 . 

l'ullptng oqui~t c ...W: l>o l "'"tcd ··n •h,ro .r .o '::.<rgcs 1·hlch 

c,'Uld Le a:~vcd .b'>Ut ~• roqul rOC: . 

t'nrh.opJ tho ac•vornln& c nc!1t.l n f ' r th.ls kincl ,f s~··r·1go is tho 

a vutlablllty or eult.t.hlo altos «h•r.> Lho st, r r.r;e is ...,.,-.ed . It •~uld 

GO~m t h.1t nny 1'urthor otuo.ly ?l"Ulcl b~nt 'be pur sued 'l t~10 oo:: is ?f G~ClO 

speci!'lc sHo ri.thor tt ~n o:oro c~ucrAl upoculut1 n . 

3. St;r11go tn 9 ,JiJ r ~k . 

tt h.ka boc11 rc..p"lrtoc.. ~i·.nt in CCJ.'t.£1.in pl11cos i n Eur ,P'J nt ... rugc. lone 

boon pr-wldod tn v~ult.s uY-:avntc<I deup in T'Ck cllri'o . TclL ro11sibility 

o~ e~&t nf ~u~h ~ nat.ructl n ~t.tlU b~ g ·v~rn~~ by l cn.l c'ru:.!tL ns . T~ 

"'"t n·ulc! !1<.rcJ.:r""' lea• tlwl t:i.<;() .8 .barr el . 

4 . PiP" lino •t 1~. 

rt boe been ""'"'"t.."1 tlut pipo llnts, ~1th ~~cu ·n:i.J.izl.ng vnlvcs, 

I;~ use<. 1' r rt.-ro.gg . Tn· c •~ ?! su'h sl.- rofw • 'I.lie! bo very t.igt., t.nU 

tllr surface area <IJCJ>•cc•; t t 1J ~ r,. sitn P2'1tl acti n n t.hc re.a Hoe 

"JUld als., be illC:•. lfnle•• e-vc!'ully i:r~w.c , t.b., pipe Unca c··ula be 

i&r> saiblc t. ocp~y with ut sf)'lct.cl "'IL:!>" ·.r c·nnwctl ns ·.t 1 r p·inte . 

5, 'Jnd~rground wnh bw'l..U ln 1.lllolC:rll . 

To ,.t doop covur it hna bcon suuec toe: U::i t "" c3J>y r>lao irou.ld be 

to t:rlft into the aid~ of n h1U . rl\1• coru;tructlon b·.,; been repcrtod 
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in l).lrope. A&dn it; la ovident l!li.t tho coat or it 9Wlt depend lareol7 

on loe&l conc!itlona . Mill\)' btllftlJ"'L lll'e 1.reacl-.or<>Ua, and b'""'7 ehorlng 

und vory etrong tank bracin& •i11ht or •i&ht Mt bo noed(?d . Tho coat at 

the b~ot would run highor I.hen tlvtt ol ehL'llow underground trullcago. 

6. Prot..eu~n by ratural cliffs or C!!!\TOM. 

It baa been ..,..•Gt.eel t.hot tanlcai;o be protected b:T ovorhell1ing 

cliff a or by !Wing 1.n deop c•.eyons. Obviously no general otatomonts 

can bn mo.oo uoout this suggo& ti on. 

7 . l'rotection of bbovo-srouna to.nkage. 

VMioue bocb dcfioctors, net.a, t.nd ty;:>ee ot CIUlouflago lw..v, l:oen 

tu(:goot.ed tor abov&-S'O'U'ld tt.nlcago . h soccs unnoco~se.ry to c""'°"nt on 

those suggeotions. 

8. StorAge in bw-ges. 

For c.n:orgoncy (rGl!\cr 'ha!' r cservo) storaro stocl bargeo are vary 

prac tical anri l'J.c.'tiblu <lon& tho cca&l or hi i..l<ea ana rivors. A steel 

bo.ri;e J.95' X .351 X 9 1 -6• MV!r.g r. c~pocity of 10,()t)() bf.rrela C?mp\ote 

cxr•pt for pumps lll"Y ba tecll!'o<l for cbout C25 ,000. These bur£H can be 

quickly bu l1 t c.nd """I b~ moved from place to place ao r~-quired. Thoy 

!U17 be eunk for proto~tlon e>nd conceclaient , or buried in sand or mud or 

conc"8.locl Ln :nri.aps or und<r t.ieot. !"i'>Uo 1>.rgo' ero "choittod.4' not 

suitable for loog-tiJ:ln rueorv '"• thi,y appo.ir to fllrnioh an ideal solution 

to thu problem of oupplylng sl.<>r><ao qulckly 11t outlying points 11coossible 

by wntor. 
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