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MEMORANDUM TO THE PRESIDENT
From: E. R, Stettiniua, Jr.
Subject: UNDERGROUND STORAGE OF AVIATION GASOLINE

Tne Engineers! Committes from industry called together by this Division
to advise the Army and Mavy on the storage of aviation grsoline has submitted
its report. Its recommendations bring together the combined experisnce of the
industry, outeide idens from industry and the publis, results of plant wisita—
tions with Army and Navy representatives, and consultations enm eurrent British
axpariencs.

Basls of recomsendations:

Proviaien for storage of reserve stock at & reascnable cost near several
nitarnative methods of transportation with protection against easy or complote
destruction. .

Storage adequate to supply peak demands snd tie over the destruction of
the source, as production facilitiss are open, subject to attack, and take
long to replace.

Protection of storsge only sgainst incendiaries and bomb fragments, as
conplete bomb-proofing is too expeansive mnd unnecessary.

Recommendntions:

1. Simple oylindrical tank between 20 and 30 feet high desipned for
adaptability to diverse conditions - average capaclty 25,000 barrels par tank,
cost obout 845,000, or §1.67 per barrel net capacity.

2, Tanks buried underground with 4 feet of enrth over tank, that is
onough to support vegetation and assure concenlment, and m 9 inch concrete
slab immediatsly on top of the tank itself.

3. Tanka arranged in farms with an irregular or circular layout to avold
destruction by a string of bombs - cost, & farm of eight (typlesl arrangement),
completely squlpped, 0,000, or £2.90 per barrel net capaoity.

4+ Each tank in group supplied with duplicate pipe lines with looped con-
nections providing for transfer of gascline no matter what single part of the
systes 18 damaged; also pumps, muxilinrles, and a protected electric power sup-
ply to assure continuous availability.

3« deparate ethyl blending plant located above ground for the safety of
workers. Separation necessary sinece deterloration takes place after ethyl is
mixed and sllowed to stand in storags.
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The report considered numerous alternative methods of storage such ass
mines, caves, solid rock, canyons and cliffs, underwater, hillside, vire line,
drums, bomb deflectors and camouflage.

The revort contains comulete detalls end drawings of several types of
tanks, including the design of tank farms with piping arrengements, pumos,
vower equiment, fire protection, and comnlete directions to assure lowest
oractical maintenance and operatine cost.

The revort has been submitted to the various interested military services.
It can be turned over by them to the construction contractors for the erection
of the sugrested storage facilities at the points which the Army end Nevy may
indicate es desirable storege locations.

Service Action on Recommendations. The joint Army and Hovy Aeronautical
Board has sooroved the conclusions on tyvpe of storage for the use of the Ser-
vices. The Army ic awaiting spproval of the gasoline purchasing propram before
selecting storege sites. Some preliminary Army site selection has been done
in the western Pemnsylvania area. An old mine snd r limestone guarry have been
tentetively selected as possible sites in which this tyme of storage is to ba
erected.

The Nevy is olanning to use thie storage arrangement in its outlying
beses and has piven out these snecifications to contrectors who are to bid on
the construction of the tanks at the outlying beses.

+ Stettinius, Jr
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DESIGN OF UNDERGROUND STORAGE
EOR_AVIATION GASOLINE

This repert covers the design of reserve tankage to be constructed
by the Government for storing aviation gasoline underground, and the
general layout of storage centers. [i does not cover zmall tanks such
re those used at eirports for fueling airplenes, but one or more tanks
of the type considored might be located near an wirport and used for
refilling the working tankngu.

The tenk designs concidored aru bassd on a comparctively light

cover suitable for concealment end protection from light incendliary bombs
end bomb fragments, but not for pretection against direst hfts by heavy
bombs. The seme type of construction could, however, be made sultable
for deeper cover up to at least twenty-{ivo foet by using more steel.
The detailed studies that have been mude are bosed on tunks having =
cupacity of approximately 25,000 berrcls, but the same tyve of design
would be sultuble for tankd having any cepucity betweea 10,000 and
50,000 berrels, & range thet should cover most of the needs now in alght.

Some other types of tankege are very briefly discussed in the

appendix.

CURMMARIZED CONCLUSIONS

Tanks
There are seyoral kinds of tunks that would be suiteble for ctoring
gagoline underground, and within reasonable limits thay all require sbout

the sume amount of steel and do not differ much in cost. The most
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practical and cceonomical design, hewever, is belleved ts be the one
heving the form of & wvurtical cylinder betwoen 20 and 20 feet in lepth
vith & plain steel shell, capsblo of tuking inturnnl.praunure, anri
braced aguinst collnpse from external earth pressure by a cambination
ol horizontal end vertlcal stiffening membere. BSuch a tank is shown
in drawing No. 2. The roof ls flet, and the bottom in dlightly sloped
toward the centor.

The Teof is supported by a column structure anc is covermd by =
concrete slab. Thoe boitom rosts on & concrete slcb, anc with the taesign
shown, 1s anchored to it at inbervels. The column end roof structure

gehown is comventioncl and recommonded for immeciste use. in alternate

type of construciion, Lowever, has becn suguested for tert anui, if H
approved, offers some economles In constructieon, espocially where nigh
ground water prevails. The slternnte column constructinn would permit }
elther or both concrote slabs to be elinminatud under Favorable sefl con- I
ultions. i
Concrete tanks, unless lined with steel, nre not rocommended for
gasoline service.
The cogt of a 27,000 barral tank of the type recommended is roughly

ostimated as follows:

Execavation 11,210 cu.yd. @ 504 £5,600.00 f
Botton slab 91 cu.yd.? £30. 5,800.00 "
Steel tonk structurc 23,400.00 ;
Top slab 218 cu.yd.h $20, &4, 400,00
Protective costing 1,300.00
Backfilling,cleaning up and landscaping 4,500.00

45,000,00 i

or about £1.67 per barrel not capucity.
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Layout of storage contars.

Dlegremoutic leyouts of storage centers are shown lu drawings
He.9 and Ho. 10.

It is recommonded that the tanks bé arrunged in . generelly circular
Plan, the cirele ol couras being broken or varied to euit local cendi-
ticns. Duplicate pipe lines with looped counectiens provide for trunsfer-
ring gusoline, no mutter what single part of the sycten is dumsged.

To avold suction troubics end eliminate deep tumiels for ninc lines,
which are both expensive and hazardous, individunl subpcrged vertical
pumps are reconncncod for ench tunk. A duplicata electric powor supply
is neccssary. O(me sourc: muy bo & utility rorvice, but thoe other should
be an inatallation of smell geacrators driven hy gusolin. oengineso.

On account of the hazard involved in placing an Filyl blending plunt
underground, it ie recommcndec that sueh plunts, 1if possiulo, be placed
above ground snd well hidden or cancufleged.

The cost of & storape center of wight tanks totallin: 216,000 barrels,

similar to the ona shown on drawing No.10 is roughly esiimuited na follows:

Lund, 72 acres £14,000.00
Tanks 8 3 245,000, 230,000.00
Punps and tan! sppurtensnces <01 ,000.00
Mping aystem complete £0,000.00 ;
Eloctric power riring 211, 000.00
Axliliary power plant 15,000.00 .
Csthodic protecticn systom d,100.00 3
Ethyl blendiug plant 12,000.00
Flonting and capouilnyge 10,000.20
Water supply, cte. 15,000.00

Dock or lewding fucllities 20,000.00
Coutingenciss wan miscelloneous _4G,000.00

£ 620,000.00

Approximute cost per barrsl £2.90.

et PP
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DETAILZD DESIGN.OF TANKAGE

In arriving at the general requirements for gasoline storage we

have been guided, first, by the opinions and suggeations offered by the

Army and Navy officers and other experts in various conferences, and

second, by our own experience and analyses, Our memorandum of September

18th cutlined several requirements developed from the comments of the

Army and Navy officers with whom we had conferred, The requirements

were:

1.

24

3

be

Se

All Government reserve aviation gascline tankage should be under-
ground,

Bomb—proof tankage would require an impractical amount of cover;
therefore, concealment and protection from light incendiary bomba
and bomb fragments are all that can be reasonably provided for,

A cover of approximately four feet of earth over a 9" concrete
slab will serve to give this concealment and protection and will
be sufficient to support vegetation ower the tanks without dis-
coloration that would reveal their positioen,

A maximum tank diameter of approximatsly 100 feet is desirable
to keep the size of the target to a practical minirmum,

Capacities of tanks should range from 10,000 barrels to 50,000
barrels. (All barrels considered here are of L2 U, §. gallons or
5.615 cubic feet,)

Tanks should be spaced in an irrepular pattern with a minimum

distance from shell to shell of 200 feet,

Since September 18th we have had the opportunity of learning something

about the experience with gasoline tankage in Europe., In genaral this




o B

further information serves to confirm the assumptions just outlined. How-
ever, we have been informed that some of the European tankage has been
effectively concealed with only 24 feet of earth cover over a 6" concrete
slab, The difference in cost would amount to approximately 11¢ per barrel,
and the Services may therefore want to consider this modification, although
the additional depth is very convenlent if not essential for concealing
the pump and piping.

Various discussions have brought out a consensus of the committes re—
garding the following additional conditicns for design and eonstruction.

1. Concrete tankage unless completely steel lined is unsuitable for

gasoline storage. Concrete is always subjoct to cracks dus to

unegual settlemont and is not resistant to conecussion. Gasoline
will easily ponetrate small cracks, This conclusion has been
reached after consideration of the possibilities of the so-called
pre-stressed design and of the effect of supposedly gasoline-
resistant paints and dopes for sealing off émall shrinkage cracks,
2. While the hydraulic system may have many advantages for small
tanks such as thoss used for fucling planes at airports, it can-
not be recommended for reserve storege, except perhaps in special
circumstances. It will result in a considerable increasc in cest,
largely owing to the necessity of providing for a higher internal
working pressure and for a suitable and dupliecate supply of water,
as well as for duplicate water lines, It offars virtually nothing
in the way of added fire protection ner protection of the gasoline

from deterioratien, and there is even some suspicion that it may,
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over a long period of time, react unfaworably with Ethyl fluid eor
inhibitors. Its advantage in delivering clean, dry gascline may
be paramount in airport fueling systems, but is of only secondary
importance for reserve storage. Though generally understood, it
may be pointed out that the vapor-air mixture above the gasoline
in underground storage will be toc rich to explede or take fire
except on rare occaslons and only while a tank is being emptied
rapidly. Evaporation loss in underground tankage, except during
filling, will be wvirtually nil in any case. Owing to the excel-
lent insulation inherently provided there will be very little
temperature change to cause breathing, and breathing will in fact
be prevented by designing the tank to take a small internal pres-
sure,

The tanks should preferably be round in horizontal cross section
to obtain greatest economy of material and best resistance to
egarth pressure and concussion,

The tanks should be welded throughout, For easy welding, plate
steel of A.5,T.M, specification A-10 is recommended,

In goneral, the tanks should be built in an open excavation. The
spoll may be disposed of according to local conditions, but the
backfill must be so made as to leave the surface of the ground in
its original appearance,

The tanks should be filled with water for test and the water shduld
be kept under a Head of seven feet above the tank tops while back-

filling. The top soil should be segregated and the remainder ef
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the backfill material selected and mixed to got the most desir-
able uniform material against tho tank shell from top to bottom,.
This material should be carefully depeosited in layars about twelve
inches thick dampened, and well compacted. The use of cinders,
ashes or soil containing vogetable matter should be avoided, The
f111 against the tank steel should be free from large stonas to
avold breaking the protective coating on the shell,

6, Speciel schemes for storage, many of which have been suggested

to the Advisory Commission, are for the most part of value, if
at all, only in particularly favorable circumstances, A partial
list of these schemes with comments on thoir utility is ineluded
in the appendix,

With these assumptions and conditions as a basis we have worked out
typical specifications which appear suitable for conditions erdinerily to
be expected, and have psked a number of tank menufacturers and contractors
tc submit designs and preliminary cost figures. In cecepting this assist-
ance we have made it clear to all parties thot the final placing of con-
tracts would in all probability be made on the basis of Army and Navy
specifications, and thaot no supplier would be prejudiced in any way either
by failing to submit designs or by the relative merit of any design sub—
mitted.. Manufacturers offering desipgns include:

Bethlehem Steel Company

Chieago Bridpe & Iron Company

Oraver Tank and Mamufacturing Company
Hammond Iron Works

Petroleum Iron Works C

Pittsburgh Des Moines Steel Company

Reymond Concrete Pile Company
Scuthwestern Engineering Company
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In addition to the designs submitted by these firms we have also re—
viewed such foreign designs as have been availabls,

We are appreciative of the auaiatn;:cu so kindly rendered by these
companies and have no wish to draw any comparisons that might appear to
the disadvantage of any. Because of this, and because in several cases the
same design features were submitted by more than one manufacturer we shall
refer to the features by number or description rather than by company name,

For the purpose of making a design study it has been necessary to
assume certain governing conditions and specifications in addition to the
general conditions previously cutlined. These are:

1. The depth of the tank will be 20 feet., (Under most conditions
this depth, if not ideal, at least lies in the bracket of reason—
ably economical proportions. However, if soil conditions are
favorable and if pround water is negligible, it will be economical
to inerease it, perhaps to an upper limit of 35 fect.) With the
100 feet diamester previcusly assumed as a desirable maximum, a
height of 20 feet gives a gross capacity of 27,980 barrels and a
net working capacity of about 27,000 barrels,

2. The maximum hoight of pround water will be 5 feat above tank
bottom. (This is a purely hypothetieal assumption, and in case
of higher water it will be necessary to make simple changes in
design., In extreme cases it may be advisable to reduce the
depth, or to incase a portion or oven the entire tank with cone
crete, and perhaps aither to inerease the amount of cover or to
adopt the hydraulic system to prevent flotation,)

3+ The dead load on the tank roof (4 feet of earth and 9% of concrete)
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will be 515 1bs. per sq. ft. The live load, to provide for pas-
sage of motor trucks and construction equipment, will be 100 1bs.
per sq. ft., giving a total of 615 1bg. per sq, ft. The dead
load indicated will be sufficient to prevent any tendency of the
empty tank to float until the ground water reaches a level 8-}
feet above the tank bottom, without allowing for the weight of
the bottom slab or steel structure, or 10~} feet with all allow-
ances considered,

In order to facilitate welding, provide corrosien protection, and
insure a uniformly sloped bottom, a concrete base slab will be
used. The thickness and reinforcement will depend on the require-
ments for distributing the column loads., The steel bottom will
be anchored to the slab between columns at frequent enocugh inter—
vals to prevent failure due to water pressure between the slab
and the steel bottom,

The thickness of the bottom will be 5/16", the minimum thickness
of the top will be #", and 1/16" will be added to the minimum
thickness calculated for the shell as a corrosion allowance.
ixterior corrosion can be minimized by the use of inexpensive
coatings and by the application of cathodic prntection where
required,

The shell will be designed to withstand the hydrostatic pressure
due to a water contents, in accordance with American Petroleum
Institute standards 12-C of April, 1940, and in addition 3 1bs,

per 8q. inch vapor pressure at the liquid surface, without
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allowance for any support from the earth, With the temperature
range to be expected an internal pressure of 13 1bs. above the
liguid surface will be sufficient te prevent breathing losses,
While there is no probability that the tanks will be filled with
water except during testing and backfilling, it does not appear
feasible to effect any savings in shell construction by using
lowor requirements for caleulating hoop strength and the necessity
of providing for external earth pressure makes it necessary to
increase these minimum thicknesses in the most practical designs,
The unit stresses in stecl will, with the Jxception of column
proportions, bo taken from the A.F,I. standards 12-C dated April,
1940, which are, except for shall stresses, essentially the same
as the 1934 specifications of the American Institute of Steel
Construction and Navy Department Standards No. 12 Yb, as follows:

Tension on-shell plate (load
calculated 12" ghove bottom

of each ring) 21,000 1bs per sg. in.
Efficiency of double welded

butt joints 85
Tension in rolled steel other

than shell plate 18,000 lbs. per sg. in,
Compression on short lengths 18,000 1bs. per sq. in.
Compression on gross section

of columns 18,000

L2
14 18,000 r2
with a maximum of 15,000,
L

The ratic of g for main com-

pression members shall ba 120,

limited to
(The A.P,I. permits 180)
Maximum = for secondary members 200.
Bending, on extreme fibers of

rolled sections 18,000,
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The unit stresses and elastic properties of concrete and rein-
foreing steel will be taken from Navy Department standards No. 3
Yb, November 15, 1929, the principal values being as follows:

Flexural compressive stress in 700 lbs. /sq. in.

extreme fibers of 2000 1lb.

concrete
She._r irl hﬂm m n L] L]
Bond of deformed bars 100 » #oon
Tensile stress in intermediate

grade reinforcement 18,000 n L
Young's modulus for steel 30,000,000 n R
Young's modulus for 2000 1lb.

concrete 2,000,000 » 1] it

Where a concrete slab is poured over the steel roof of the tank
the lower reinforcement bars may lie on and be adeguately welded
at intervala?%ha steel roof plate. For ease of welding sguare
bars are preferred.

Earth pressures will, for the purpose of this general study, be
assumed in accordance with the diagram shewn on drawing No. 1.
This diagram is necessarily arbitrary, in that no special site
has been considered, but an attempt 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. ft., an angle of repose of 33° 41' and with ground water
level 5 feet. The angle of repose is taken the same below the
water as above, on the assumption that the backfill will be
properly selected and placed. With a circular tank this method
of calculating carth pressures is very conservative; for, as long
as the tank is in reasonahbly good pround, a tendency to contract

in one direction will be resisted by additicnal earth pressure at
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right angles. The load diagram on drawing 1 applies to all designs
but the shear and moment diagram applies only to one form of shell
bracing; that with vertical beams.

10, It is recommended that the "Qualification of Welding Procedure and
Testing of Welding Operators" of the Amecrican Welding Soclety
govern the welding process used in fabricating the tanks,

11, There will be no openings in the shell plates nor bottom. Open-
ings for access and pipe connection will be provided in the roof
as required. For the present purpose the details of openings
have been omitted, their number and size depending upon the pump
and piping layouts, It is, however, believed that individual sub-
merged pumps supported at the top of sach tank near the shell will
provide the most practical, certain, and economical equipment lay-
out eliminating suction difficulties or the necessity of con-
structing deep tunnels for pipe lines, :

12. The bottom of the tank will be sloped to ths center one inch in
10 foet. The center plate will be dished to a daﬁth of 8 inches
to provide a water collection sump and facilitate cleaning. All
internal structural members will be arranged or plerced for free

drainage to the sump,
COMPARISON OF DESIGNS

The apecific designs presented to the committee will now be discussed,
In considering them it appears convenient to separate the shell design
from the column, roof, and bottom design., The form of the shell selected
has little, if any, bearing on the deaign of the roof, bottom, or column

structure, On the other hand the design and spacing of the columna does
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materially affect the roof and bottom.
SHELL DESIGN

The shell of a tank which has a generally round horlzontal cross-
section may be made of plain rolled plate and reinforced against buckling
from earth pressure by added stiffening and strength members, or it may
be made of plate rolled to speclal forms to give it greater inherent
collapsing resistance, The plain braced cylindrical design has obvious .
advantages in ﬁnquastiunsd stability under the internal loading and in
permitting construction by conventional methods, and does not compare
very unfavoerably with other designs as regards welght, so, it will be
discussed first.,

A plain shell may be braced against earth pressure by vertical stiff-
eners, horizental stiffeners, or a combination of the two, and plans invol-
ving all three schemes have been submitted by various builders, A com
parative study indicates that the lightest and most practical bracing con-

sists of a combination of horizontal and vertical stiffensrs, as brought

out in the following discussion, though all three methods are feasible,

Design Consisting of Vertical Bracing Only
A typical design with vertical stiffeners is illustrated in figure

#1, drawing #3.

On account of the extreme thinness of the shell relative to the dia-
meter, the vertical members must be placed rather close together. Under
these circumstances, no effective arch action can be secured, and the
shell plate between stiffeners must be regarded as flat. In fact, with
the extremely small curvature, the shell between stiffeners will bear

about as much load as a flat plate as its collapsing load as an arch

Tar——=
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calculated by the usual methods, as the following table indicates, Be-
sides showing the allowable span of the shell as a flat plate the table
also shows the allowable span as a catenary with a sag equal to the plate

thickness.

Plate Bottom  Middle Top
Load considered lbs./sq. in. 6.03 3.61 2,29
Plate thickness# o451 35" « 25"
Collapsing span as arch 51 « 357 » 28"

Span as flat plate, stress equal to
yield pointist «Lu5 45" Lo

Span as catenary, sag equal to plate
thickness, stress 18,000# Legn . TOm B3

#Including corrosion allowance
##Assumed as 30,000 1lbs/sq. in., for the purpose of comparison.

As long as the vertical stiffeners are strong encugh to carry the
total load as beems the integrity of the entire structure is assured even
though the stress in the plates exceeds the i%ld point in bending and they
are pushed inward a; 2s to act as catenﬂ;iﬂs. Therefore, any span up to
that indicated as the yield point by the flat plate analysis is perfectly
safe, and will avold having scallops form in the shell except perhaps
under unusual concentration of local loading,

It appears necessary in this design to calculate the stiffeners as
beams and tc count on no arch action in the plate. For purpose of illus-
tration we have shown 120 vertical members spaced on 31.4" centers around
the circumference. These members need a section modulus of L1 to CATTY
the maximum moment determined from the shear and loading diagr&m on drawing
#l. A 12" x 5" 31.8# steel beam is adequate, if the flange is intermittent-

ly welded to the shell. The nominal weight of shell of this design is as
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follows:
Bottom shell plate 314' x BA" x 45" LO,500# (Nominal Weight)
Middle Shell plate 314' x BL" x .35" a1, Loo#

Top shell plate 314" x Bl-4" x 25" 21,7004

Weight of unbraced shell 93,6004

Weight of stiffeners, 120 x 21 x

31.8 B0, 2004
Total 173,8004#

The relative economy of any system of bracing may be indicated by the
ratioc of the weight of bracing to the weight of an unbraced shell of mini-
mum thickness which in this case is 86%, The weight could be reduced by
using light trusses instead of beams, but it is doubtful if the cost would
be greatly affected, Aside from the weight this design has the disadvantage
of depending largely on the top and bottom slabs to take the external shell
load. The design would therefore be unsuitable if either slab were omitted,
or greatly reduced in thickness, Otherwise it is determinate and effectlve,

but not economical.

Desipn Consisting of Circular Girders Only

Two manufacturers have submitted desipns for shell bracing composed
solely of circular girders., Typical cross-sections are 1llustrated in
figures 3 and L of drawing No. L. One section shows lattlced girders and
one shows plate girders, It will be noted that, in both sections, the
designers have increased the thickness of at least the two upper plates
beyond the minimums (of .45", .35" and ,25") required by A.P.I. specifica-

tions and assumed corrosion allowance, the reason being to permit a reasopably
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wide spacing of girders without danger of having the shell crumple.

The weight of bracing plus the extra shell weight shown in figure 3
is 72,000 1bs. (nominal value) and that of figure 4 is 88,000 lbs. or,
respectively, 77% and 94% of the weight of a minimum unbraced uheli.

These figures are not strictly comparable, nor do they fairly indicate
the relative excellence of this type of bracing, because they are not based
on exactly the loading shown on drawing 1 nor calculated by the method
that the committee rocommends. e have made some caleulations that indi-
cate that adequate bracing of this type can be designed with a weight not
exceeding 65000 1lbs, or 70% of the minimum unbraced shell weight.

Latticed girders will weigh less, but the choice could well be left
to the bidder if the contract is on a lump sum basis, provided flimsy mem-
bers are aveided. If latticed girders are used, an inner shelf angle and
an outer tee or angle seem most practical for the flanges. The advantage
of the E}ﬂg stiffeners is that they do not impose heavy reactions on the
roof and bottom, and would be adaptable in cases where either slab was
omitted, or reduced to L" thickness, which is enough for corrosion protec-—
tion and insuring a properly sloped bottom if the column load is sufficient-
ly distributed,

While we doubt that the eireulsar girder design will be found as
economical as one including both hordizontal and verticel members, we consi-

der it acceptable, and sugpest the following specifications in case it
should be used:

1. The distance between stiffeners should be calculated by formula

(5) given in Windenburg's 1934 paper, A.S.M.E. Transacticns
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AP.M,-56-20, with a factor of safety of 1.5. (The justification
for the use of this comparitively low safety factor is first, that
the formula mentioned is an approximate one ylelding results on
the side of safety for short lengths, and second that the shell
stresses are secondary and that minor local buckling will not
cause any aurihun general collapse as long as the integrity of the
girders is maintained).

The moment of inertial of the girders should be determined by the

ring stability formula L 3
I=3 &
Where r = radius of tank, inches.

g = earth load per inch of circumference,
taken over half of the two adjacent
spaces.

E = 30 x 10°

L = recommended factor of safety.

In computing the moment of inertial of the girders a section of
shell of width aqu_a.l to 3V/rt shall be added to the cutside
flange of the girder (t=thickness of plate).

The compressive force in the stiffener, including the section of
shell plate considered shall be within allowable limit of 135,000
lbs. per sq. in. when assumed to support the entire hoop compres—
sion without considering the remaining shell plate. (This re-
quirement is not onercus).

The minimum thickness in any main structural member should be
5/16",

In making collapsing calculations the gross nominal thickness of

shell should, ordinarily, be used, but the thickness flanges of
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structural members should be reduced by the corrosion allowance,
(The justification is, that exterior corrosion is most likely to
be pitting and that by th% time it has taken place, the hackfili
will have settled to its permanent form and most of the danger of

collapse will have passed)},

Designs Consisting of Combined Vertical and Horizontal Stiffeners

a. Ring Girders, and Light Vertical Beams

Two designs involving a combination of horizontal and vertical stiffen~
ers have been suggested., The first, which is in figure 7, drawing 5A, in-
volves two heavy horizontal latticed ring girders which act as intermediate
supports for comparatively light vertical members spaced about as far apart
as the heavy beams in figure 1, drawing 3. We have made only very rough
caleulations for this design on account of the limited time available,
but they indicate it to be entirely practical and considerably lighter in
weight than either of the two designs previously discussad, though perhaps
heavier than the one discussed further on, The only difficulty appears to
lie in getting economical vertical members that do not have an undesirably
thin web section. We should prefer to have such sections at lszast ,30%
thick; however this is something that can probably be tzken care of by
using angles intermittenly welded to the shell utilizing the shell for the
outside flonge, ns indicated.

This design is permissible but we do not believe most economical, If
used the following specifications in addition to those previously indicated
are recommended;

1. The vertical beams (with due allowance for the section of shell

S aEE
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plate effective as outside flange) should be caleulated to sustain
the entire external load without arch action from the shell,

2. The circular girders should be calculated by the ring stability
formula previously given to sustain their propertion of the verti-
cals when the latter are taken as continuous beams, and should
preferably be located so as to be identical.

3. The area of the girders should be checked for allowable compres-
sion. The inside flanges of the girders should have adequate
lateral bracing.

b. Light Arch Wembers, and Heavy Verticals.

The second of these designs is indicated on drawing No. 2. The section
shown on this drawing indicates a weight of bracing of L1,200# (including
an allowance of L,400# for the extra shell thickness of the upper plate
beyond the minimum needed for tension plus corrosion allowance) or L2% 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, 224°, using

the formula

1 EI
t=ire E)

Where q » radial load per lineal inch of arch

E= 30 x1

r = radius of tank inches

I = required moment of inertial (allowing for the actiecn of
the effective width of shell plate).

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 interme—
diate between the values for hinged ends and fixed ends, (See S,
Timoshenko: "Theory of Elastic Stability" 1936 pages 226 and 228 (h) ).

o ——— -
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The distance between ribs has been calculated by using the Widenburg-

Southwell-Cock formula previously referred to in connection with the plain
ring girder bracing with a factor of safety of 1.5,

The purpose of the vertical members in this design is not primarily
to carry load (though of course they do pick up load in proportion to
their stiffness) but to form nodes in the ribs so as to permit them to be
proportioned as 224° arches instead of as 360° rings.

The required strength of the vertical members appears to be highly
indeterminate, depending both on their elasticity relative to that of the
ribes and shell and the irrepularity of the loading. The committee has
recaived ideas from various manufacturers regarding the proportions of these
verticals. Their ideas are based on the assumed proportion of the total
lateral earth load on a 224° panel that the verticals should carry as
beams, renging from 16 2/3% to 100% of this load.

It is of course ocbvious that, as long as the ribs are not crippled,
there is no possible way for the werticals to pick up all the radial load,
or even any major fraction of it. If any of thom are erippled (as we have
no right to assume if they are proporticned with an adequate factor of
safety and initially rolled to a true radius), then the reaction on the
adjacent verticals will be mostly tangential rathern than radial,

On the assumption of uniform loading and perfect fabrication the stress
in these vertical.memhera could be determined by wvery tedious calculations.
We have not taken the time to attempt these and doubt (in view of the fact
that unknown irregularities of loading and fabrication may greatly affect

the result) that they are justified. We have, however, made approximate




1382

e

figures on the basis of assumed earth pressure distribution to determine
the reaction on the verticals if they were rigid, and have numma%ad their

deflection under load with that of the shell and stiffeners.. As a result

of these figures we believe that the 16", LO 1b., wide flange beams shown
on drawing #2 are adequata for reasonably irregular fabrication and load-
ing. Each of these members will carry, as simple beams, the earth load

on a vertical strip of shell eguivalent to a uniform width of four feet;
i.e., 21% of the earth load against each 224° panel of the circumference

of the tank shell,

The weight of the bracing indicated for this design appears to be less

then that needed for the cther designas investigated, and as the construc—
tion eppears to be very practical and makes use of standard rolled steel

scetlions throughout it seems preferable to other designs.

Special Designs of Shells

Several apeciel designs for the tank shells have been submitted, The
two principal ones are (1) what may be tdrmed the polyconic design, shown
in figure 6 drowing #5, and (2), the scalloped design, which has been

suggested in various forms., One of these is illustrated in figure 5.

Polyconic Design r

The committeec has not determined the actual strength of the polyconic
design, nor has it been tested. Apparently the purpose of the design is
to approximate a double curved surface for the shell. Actually, however,
the surface is & succession of four truncated cones, . Tha surface of each

is unsupported over & broad ares,  Under earth loading of the assumed



-2 -

magnitude, the plates will yleld plastically and take up some form that will
carry the load, the stress distribution being complex. There is danger

that an undesirable amount of pull-in and sn undesirable stress concentration
in the welded joints, may take place,

The extra welght of the design shown is only 12,000 lbs. over the weight
of a plain cylindricol shell of the minimum thickness previously consider-
ed, but the form of the shell causes a loss of tank capacity ef 2,200
barrels. As the tank capacity is worth, roughly, $1.50 a barrel, the capa-
city loss is equivalent in cost to about 55,000# of additional steel, While
it is not a rigorously foir comparision, cne may therefore say thet the
equivalent permissable bracing weight is 73,000 1lbs.

Considering this figure in comparison to the weight of bracing required
for a plain cylinder together with our doubt about the stress distribution
(which could only be resclved by tests) and the extra difficulty of rolling
and matching conical plates, we do not feel justified in recommending this

nevartheless interesting design.

Scalloped Design

The scalloped design has been presented in several variations, one of
which is shown in fipure 5 drawing 5, The design shown is light because
of the 4" shell thickness. Even after allowing for the extra perimiter of
the scallops and the extra diameter necessary to secure the scme contents
as a plain 100' cylinder, the overall weight of the steel indicated is some
15,000 1bs, less than the weight of a thoroughly braced cylinder.

Some of this advontage in weight would be lost in more elsborate fab-

ricaticn., Furthermore, we do not believe that the design shown is adequate.
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The stresses do not appear subject to calculation and if enocugh extra
braces were added for one to feel assured against danger of serious collapse,
the advantage in weight would disappear.
Another objection to the scalloped design is that it relies entirely
on the roof and bottom, not only to carry the external load, but alsc the

much greater internal load.

A1l in all, we see no reason to recommend this construction, although

it is by no means an impossible one,

Reinforced Concrete Desipgn

On drawing No. & there is shown & cylindrical reinforced concrete tank
with a steel lining. This lining can be made as light as £" in thickness
except that bottom should be of 5/16" thickness as in other designs,

The lining mist be anchored to the concrete thruout and the concrete
thoroughly waterproofed.

The committee has not checked the detailed structural design of the
saction shown, except very roughly. However, it has made a rough cost com—
parison which indicates that this type of construction will cost al'.liout.. 304
a barrel more than a steel tank with a braced shell.

We believe that this more expensive construction is perfectly sound
but that it is justified only where very severe ground water and corrosive
soill conditions prevall. It appears to 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 the prevailing loads,

Roof Construction and Support

A number of roof and column designs have been considered, Doubtless

= o
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the cheapest construction of adequate strength would be reinforced concrete
columns with a flat slab without steel lining for the rocf. This, has been
rejected because the concrete columns are undesirable in a gasoline tankj
and because it would be impossible to obtain a vapor-tight seal between

the concrete slab and the steel shell.

If we assume that a steel column structure and a tight steel roof are
necessary, a plain flat slab becomes an uneconomical construction because
of the large column caps required, and it becomes desirable to add reeof
beams as indicated in drawing No. 2 - = that is, provided the conventional
type of columns are used. In fact, the only practical alternatives seem
to be the construction shown on drawing 2 and a construction utilizing
special columns to suppert the roof plate at a sufficient multiplicity
of points for it to support the load directly, such as those shown in
figure 8 and 9, on drawing No. 9.

We have studied both types of roof construction and supports.

The roof and column design indicated on drawing No, 2 needs but little
explanation. The columns are 8" x 8" —~ 35 1b. H sections approximately
18'-6" long (with extra length to provide for bottom slope) set on 1216M
centers, A base plate 15" x 16" x 14" is set under each column, The
126" column spacing shown appears to be about the most economical and
the section selected about the best available for L/R less than 120. The
roof beams are 18" x 6" -~ 54.7# beams, assembled in the longest lengths
that may be conveniently shipped and handled (373 feet), permitting design

2

on the basis of Ma %%_ "

The 9" slab has cne-way reinforcement crosswise of the beams and ia

designed for 2,000 1lb. concrete on the basis of United States Navy
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' WStandards of Design for Concrete" No, 3YB. Interior portions of the slab

were considered continuous and designed on the basis of H-E%E while exter-
ior portions were designed on the basis of H-%%E and !EE ks aﬁplicnhlu.

It is necessary to support the roof plate hatuaan.girdaru, apﬂ the simplest
and most economical method appears to be to lay the bottom reinforeing
bars directly on the roof plate and to weld them adoguately to the roof
plate at the points where they are bent up over the girders and at one or
two intermediate points, While the plate will doubtless act to some extent
as added reinforcement, this has not been considered in the design.

Temperature reinforcement of .25% on 18" centers should be laid crosas-
wise of the structural reinforcement.

The roof plate should be thoroughly wire brushed and broom cleaned be-
fore the slab is poured, but need not be ctherwise treated.

During construction it will be necessary to support the columms and
beams laterally and to shore the roof plate until the concrete has set. A
suggested method of construction is to use temporary wooden cross members
resting on the lower flanges of the beams to serve both purposes, Temporary
steel shoring has alsc been suggested in case a number of tanks 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 drawing No. B, figure B and figure 9,
Cne of these is called the tooth-pick design, and the other the basket
design, for evident reascns,

The former consists of four 14" x 1-" x 5/16" angles shop-bent and
intermittently welded together in a jig in the field to form a box column

in the center, In the section shown the L/R of the ends where the angles

“.
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are splayed is more than 120, This objection could be avoided by minor
changes, although it may be argued that this is an arbitrary limitation
that need not be met, if the angles have an adequate factor of safety by
Euler's formula, especially as this detail has been used successfully under
light loads., The L/R ratio for the box center is amply safe.

These éniumna support the roof on 24" centers, square pitch. The
stress in the center of a flat plate so supported has been calculated and
is well within the yield point. The initial stress at the points of support,
however, is far beyond the yleld point, and in order to carry the load the
plate must yield plastically and assume a bulge at each point of support.
Although the final stress may be at the yleld point experience shows that
this is safe for one-way loading, especially in this case where the con-
crete will limit the deformation and prevent working.

As the committee does not believe 4" angles are desirable for main
members, the weight of this design has been estimated on the basis of B/160
angles,

The basket design illustrated in figure #9 of drawing #8 is a varia-
tion of the tooth-pick deaipn but differs from it in (1) using & heavier
roof plate and wider spacing of supports, (2) placing the supports on 60°
triangular pitch instead of square pitch, and (3) adding angle rings at the
top to facilitate construction and to reduce stress concentration in the
plate,

The 14" x 14" x 5/16" angle legs are arranged in groups of seven, one
in the center and six on the periphery. This places the angles under the

roof on & uniform LB" triangular pitch when the baskets anre properly orient—

ed, It also places the groups on a uniform 127" triangular pitch.
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The'stress distribution in the plate with this arrangement is more

difficult to determine than with the tooth-pick arrangement on 24" sgquare
piteh, but it is certain that the plate must bulge over the supports in
order to carry the 15&%. The angles help to rﬂdyca the concentration.

The % ratio for the basket columns indicated is just over 120, and
en this score the design seems satisfactory, provided the intermediate
ties are.made strong enough to prevent crippling.

While we believe that this design is safe, it has not been tested.

It is suggested that one of these columns be made up and subjected to a
load test simulating conditicns in a complete tenk before any design usiﬁg
this type of support is finally approved,

Until cne of the basket columns has been tested and approved it is
recommended that the conventienal design and layout of roof supports shown
on drawing No. 2 be used,

The cenventional column design, of course, has the evident advantage
of being easy to design by well-known methods and capable of erection by
any relisble steel concern. It also simplifies the difficulty of getting
e sloping bottom and a flat roof, It utilizes heavy sections that would
be more resistant to corrosion. Finally, it is decidedly superior in
case tanks ever have to be repaired or cleaned, offering convenient work-
ing space, good visibility, minimum obstruction te cleaning, and probably
easier repair in case of damage.

On the other hand, the basket design, if proved by test, has advan—
tages that may better suilt high ground water conditions if the soil condi-
tion is otherwise stable,

The conventional design requires a sturdy reinforced concrete top

slab or equivalent structural roof support, which, though it may be needed
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for other reascns, is optional with the basket deosign. Even if used with
this design it would not have to be shored during construction cor heavily
reinforced, The most .important consideration favoring the basket design
is the bottom. The conventional design absclutely requires a heavy
bottom slab or individual plers for distributing column loads unless the
bottom rests on sound rock. Furthermore it requires the bottom to be an-
chored to this slab on fairly close centers between columns if there is
any possibility of having pround water above the level of the tank bottom.
This anchorage is both expensive and troublescme to install. The slab
becomes more and more expensive with deeper cover and heavier column loads,
and the anchorage becomes & matter of more and more concern as the level
of bottom water rises.

With the basket design the bottom anchorage problem does not exist
and the bottomsElsb may in most cases be reduced in thickness to the mini-
mum of L" needed to level off the supporting subseil., In fact the slab may
in some cases if desired be dispensed with, and replaced with a good as-
phaltic pavement to smooth the grade aid in protecting the bottom from
corresion.

While the advantages of the conventlonal design are real, they are
not necessarily determining. We do not expect rapid corrosion in these
tanks, cleaning may be very infrequent, and repairs are problematical,
The relative cost of fabrication and erection will depend to some extent
on the individual contractor as well as local conditions. We believe,
however, that the basket columns promise a saving of at least $3,000 a

tank in concrete work and anchorage under the conditions assumed for the
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present study.

For these reasons if tests are favorable on the basket type of roof
support we believe the tank design using this detail should be given full
consideration in entertaining bids.

The following tabulation has been drawn up to illustrate the compara-
tive amounts of steel and concrete reguired for the three designs consider-
ed. It should be taken as a preliminary comparisen, being based on an
assumed spacing of the basket columns and an assumed thickness of roof

plate which may not be found correct when the results of tests are known..

Rough Weight and Cost Comparison

of Columm and Roof Structures

Conventional Distributed or
Columns and Direct=Acting
Design Beams, Reinforced Design
5lab & b
Tooth-pick Basket
Type Type
Spacing of supports 126" 2L" T
square pitch square pitch triangular pitech
Number of supports Ly 1960 560
Roof plate thickness 250 s250 o 312 Mk
Weight of column
structure 35,0008 93,0008 60, 000#
Welght of roof plate 80,000# 80,000" 100, 0004

Weight of roof beams 37,0004 - -

Weight of anchorage

in bottom slab Enggg# i &
#Total Steel 180, 000# 173,0000 160, 000F
AComparative cost

& 6¢ $ 9,600 § 10,400 § 9,600

Table continued on next page
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Thickness of bottom
glak 12n Ln g Ln
Yardage of concrete in :
slab 291 97 97
Cost @ §20 § 5,920 § 1,90 §-1,5L0
Comparative cost, :
steel and concrete $15,520 12,340 11,540

£ It is assumed that the actually higher fabrication cost of the basket
and tooth-pick designs would be offset by the shoring, ancherage, and
reinforcing steel required for the conventional design.

# For comparative purposes, these are nominal weights, not allewing for

overweight tolerances.
#% The desipgn submitted showed LB" pitch but was laid out for only 500#

load; though it may be pood for 620# it has been shortened for this
estimate. The necessary thickness of rocf plate is not quite certain,
ALTERNATE DESIGHN.

Reservoir Type Desipgn

Varicus plans of tanks having other than cylindrical shapes have been
suggested. One of these is the steel-lined resevoir design shown on draw-
ing Ne. 7, laid out after the fashion of the concrete oil reservoirs in
California but provided with a stq;l roof and lining. It has been found
that the walls of such reserVoirs will stand up indefinitely in good ground
with a slope of 1} to one. This desipn presupposos a well drained site,
and therefore nc anchorape between the conerete and lining has been provid-
ed. The cost of this cnnatrﬁctinn does not seem very different from that
of the cylindrical dasign: as the following table indicates. (Note: The

welghts shown do not quite agree with the drawing, They should be consid-

ered approximate, and the drawing, diagrammatic).




1382

Design
Top and bottom diameter
Nominal capacity
Target area for direct hits
Steel weights (nominal).
Bottom ~ 5/16"
Side walls (#" for reservoir)
S5ide wall bracing
Roof sheet £V
Roof beams
Column structure

Steal®

Concrete Yardage
Roof 9%
Bottom 12"

Side walls 4" inel. extra col.
footings

Total

-

Cylindrical
1&!5'
27,000 bbls.
7,850 sq. ft.

101, 000#
93,000
45,000
80,000
37,000

35,000

391,000

218

292

510

Reservoir
124 x Th
ET,DDCI bbls.

lE,'DDﬂ 5Q. ft.

55,000#

95,000
122, 500

59,000
58,000
389,000

a3
163

172
668

It appears that the reservoir design reguires 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 construc-

tion for well drained locations.

A1l in all, however, we do not think the reservoir design is

particularly well adapted to aviation pasocline service. For fuel oil

#Nominal — no overweight and no anchorage between steel concrete provided

on either dealgn,
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service, where concrete columns can be used, where the ataél roof lining

is unnecessary, where, with adequate concrete columns and caps a flat slab
roof can be used, and where an ,18" steel side lining would be sufficient,
we believe the reservoir desien has much to commend it we expect to pre-
gent this design with cost figures very shortly in another report on under-

ground fuel storage.

Foreign Designs
The committee has had the opportunity of examining certain foreign

designs for underground tanks. In deference to the source from which these
were secured and in view of the unknown extent of the circulation that this
report may have we have not reproduced these designs for purposes of com-
parison, They do not, in our opinion, pive any greater degree of security
than the designs suggested here and are somewhat more expensive than most
of them. They are avallable for the inspection of the Army and Navy offi-
cers on request. It should be understood that the designs refa::rad to are
laid out for conditions comparable to those assumed here, and are not the
special deeply protected containers that we understand have been built in

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

I,

CORROSION PROTECTION

The concrete slab suggested for roof and bottom will furnish ade-
guate corrosion protection for these surfaces, Even though some water
penetrates batween the bottom slab and the bottom, it will tend to become

passive after losing its initial content of corrosive substances, and,
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under ordinary circumstances, should not causc any serious trouble, This
will be especially true if cathodic protection is adepted for the shell,

For the shell it is recommended that a simple protective enamel
be applied to a thickness of about 1/8 inch (3/32"minimum)., This should
cost not over 15¢ per sq. ft. or §950, including grit blasting the outside
of the plates in the shop. This recommendation assumes that cathodic pro-
tection will be applied to take care of the holes and breaks in the coating.
If it is not to be used, the coating should be further protected with a 30
1b. saturated felt coating for protection particularly lining backfilling.

In addition, for permanent protection, especially in corrosive
soil, it will be well to consider cathodic protection, which has been so
successfully applied to oil pipe lines in various parts of the country in
the past few years. In this protection, a diagramatic layout of which is
given in Drawing #11, a current of electricity is passed from an anode
located far enough away to glve reasonably uniform distribution to the
structure to be protected,

It has been amply demonstrated that underground or underwater
corrosion of steel structures is electrolytic in nature, and results from
the e.m.f.'s generated by concentration cells formed by the different
nature and proportion of socluble salts and the varying water content of
the soil together with the irregular distribution of impurities in the steel
itself. In some cases, external currents such as stray current from street
railways may also be a factor.

The method of cathodic protection is to apply an e.m.f., from an ex-

ternal source adequate to blanket the effect of the concentration cells
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and make the whole surface of the protected structure cathodic, or negative
to the surrounding soil or water. When this condition is obtained, corro-
sion simply stops.

The amount of current required depends mainly on the conductivity
of the scil or water and the insulating value and degree of continuity
of the protective coating, and must be determined at each location by test
after the structure to be protected is in place. Certain approximate
values or limits determined by experience may however be given. A coating
of some sort is advisable on new structures to cut down the amount of
current required, although old uncoated structures may be protected without
prohibitive expense.

Cn the assumption that the roof and bottom are protected by a con—
crete slab, which nevertheless has some conductivity, that the soil is fair-
ly corrosive, and that the protective coating recommended for the shell is
continuous over 80% of the surface, it is estimated that cathodic protection
can be secured with a current of about 15 amperes per tank at a potential
of 10 to 15 volts. The efficiency of a three—phase selenium rectifier and
necessary transformers is about 80%, so the power consumption per tank under
the conditicns assumed would be about 280 watts, costing at 13¢ per kwh,
+s2¢ an hour or $37 a year. The installation cost for a single tank would
be ont the order of $1500. and the cost per tank for & group of eight tanks
would perhaps be $1000.

For establishing a limit it may be indicated that a bare tank in
marshy ground might require 10 milliamperes or more per sq. ft. or 65

amperes for the shell alone, and 220 for shell, rcof and bottom. (Actually,
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it would be difficult to protect the roof without a good protective cover

of concrete or asphalt mastic paving, because the conduction of the L' of

earth cover is limited and the center of the roof would therefore bs

starved of current.)

We should like to repeat before closing this discussion that tha
figures and layout given are illustrative only, that a cathedic protection
system should cnly be designed after a survey by an engineer experienced
in this work, and that the results achiéved should be investigated by

ancther survey after the installation is completed,

CONCLUSION ON TANK DESIGN

As & result of the figures and other considerations indicated, we
believe that, for average conditions, and with the initial assumption out—
lined, a cylindrical tank with a shell braced by a combination of vertical
and girth stiffeners and with a distributed column structure promises the

mgst economical satisfactory undergreund tankage for aviation gasoline,

"and that it can be built in average locations for $1.50 per barrel, exclu-

sive of piping, pumps and auxiliaries which will be discussed further on.
We somewhat prefer a conventional column structure, other things being
equal, but doubt that the extra concrete work it involves is warranted
under average circumstances. For extreme conditions of cerrosion and
underground water we recommend a cylindrical concrete steel lined tank
which would cost about §1.80 a barrel,

Various alternative storage schemes, some of which may be adaptable

to certain conditions, but which in general are not economical for the

assumed conditions, are discussed briefly in Appendix I,
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LAYOUT AND PIPING OF STORAGE CEATERS

Froposed diugrirmatic layouts for steruge ceanters are shomu nn
drawings Ha‘.? and No.10. The tunke are showm located on the eirmufcrence
of & eircle, with 2 clear dlstunce of 200 fect between suells. 1% sheuld,
of eourse, be underttood thot the circuler layout is merely scherc:tic
&nd mey be varied to =n elliptical or other convenient tlwpe to fit
Lie nature of the ground, or other local conditlons, The Zeneral thought
behind it is to uvold placing & nuzber of tunks in a line where they
might 21l be damaged by « string of Sombs discharged fror u single plons.
A generally circular lsyout slso mikos 1t oensy Lo loop %he pining in such
@ way that eny portion may be dostroyed without putting the ruet cut of
Service. Besides being locped, the piping indicated is doubled and
eectionslized by block velves for furthor security. Most nf ithe lines
shown on the drawing should be sbout six inches in diencter to provids
economicelly for a discharge rdte of 1000 pallons u miaute (1440 burrels
&3 hour) through any two lines taken together. Main 1inas extending
to tue barge dock, pipe line statien, or rail termiucl sy be & ineh or
8 inch, depending on the murber installed cnd the proposed flow rate,
and may have one or more 4 lnch branchas +o tle truck loading rack if
one le inatalled.

The pipe linue should be welded throughout. The nips should be
of good weldsble quality, and as high bursting stronrth ie not necessury,
wiile reliability and resistance to concussion are,it is recommended that

it Se A.P.I. grade A seamless line pipe or equivalent. Eight-inch lines

- UE?CT*T
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‘f installed should have & ninirum nowinal welght of at least 24.74 lbs.
per foet ene emullor alzos should be of standard wolght. Lines should
bo laiu 18 inches under the eurfaco. More cover unlees very decp will !?;
furnieh no appreciable extrn protoction and will greatly imorease tho e
ciffieulty of waking repcirs as well as the original cost of the
inatallation. Some flexibility saoulé be provided ncar connections
to pusps and tanks by the use ~f plpe Bonde bub no special provisinns 1$
for expancion need be placed in the uain lines and pecked axpansicn {L
jointe should he avolded,

Velves should be of steel, and A.5.4. 150 1b. steal pete vilveg
witlh: 18-8 chroms nickel stews anc trim are sugrested. As the valves are
rolatively exponeive it is suggested thut wherever ccnvenlent, gote
valves bu nide not over 60F of tue ddamctor of the piring in which they
&re placed, and tint they boe connoetoo to the lise with waldad topare

(nor ordinary ruaged nipples) lbaving & unilforn tuper of one inch in dle-

meter to five Inclies in lougth. If Bn installed & worth-tile saving in
cnst will result, the valvee will he quicker to cpersts, end no materisl
incrunse la fricticacl resistence w11l result.

Emough of thu bleck wilwes In ihe main systes ahould be provided
with small interncl greass-gun typs cpring-loeded relici ralves sat
at 200 pounde per syunre inch ta rolicvu, back to the Lenks, any
pressure thut night Le bullt up in blockod-off oucilone of the plpe
lines es a result of tomparature increace. While this preeoution is
nat so vitel In buried lines &5 fn exposod ones it shoule not bo

omi tted,
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Lubricctecd plug cocks are optional and wre prefarrod to gute volves
by mony because of their quick action tnd tightness. If used thay should,
in general, be instulled full size because of their grester frictionnl
registance. A reasonable compromise weould he to use cocke [or tho
valves controlling the individusl tanks snd gate valves for tac rest.

Bagldes the block wvalves used for sectionulizing the piping rnd
cutting off individual tanks it 1s recommended Lhat e non-slam chuck
velve be instelled near the discharge of each pump. Those check valves
aro omitted in many commercial installations but are considerad very de-
Sircble to diminish the possibility of having a tonk flooded, or of
having any pump operate in reverse direction as o turbine et runtway
epaed in case the wvelves aro improperly operated. Such runaways may
unzcrew the Internal parte of pumpe of some dusigns unleca specinl nro-
vizlons arc made to prevent it. Tha safeguerd of the check vulves may
be particularly impertant in emergencies when normsl precautiona, mey bu
overlooked. The check velves and the remote eontrol of the pumps will
tlec make it poesible to translfer stocks without having men welk about
the ground over the tank sites.

All the pipe lines are laid out on tha wssumntion thet individusl
punps will be used for sach tank. This arranpenunt iz rocommended after
consideration of the verious ultornutives and on the busis of experience
in handling gaseline in commercisl tcrminals. It ie, of course, possible
tu handle gasoline under vacuum, even from underground tanks, to a central
pump house through lines laid not over, say, thirty foct abowve tho” tank

bottoms. Experience, however, has proved &1l wvacuum systome to be very

T —



LAL

ARFARIAARAI”IRRARAIR Ui

1382

- 30

‘roublusome und apt to foil whan moes noeded. They cunnot, thereforc,
be recommended or even seriously considered. Leaks around valve gaskets
and gtuffing boxes are cortain fh ocour after ¢ period of time and ire j
nopelessly difficult Yo locate, A vacuum systen can alsc be put out of | &
commission very readily Uy intelligent sabotage. n.
The other alternative 1s to inotsll the pipe lines in tunnels at o -
level below the bottom of the tanks, a plan which we underatand has been e
used in Burope. This plan has sone advantages,but is both expensive and
hazerdous. The turnels that heve been ueed have been elaborately scetion-
alized with gas-proof docre and they and thelr concomltunt underground
purp house have had to be equipped with ecxpensiva ventlllating arrengements
end provided with froquant inspoction to guerd against the formstion of ex-
Plosive mixtures. The piping recommondcd hers, on the other hand, can be
forgotten when it is not in uss. Tt is fortunate tint, ia this country,
the vertical pumps and, axplosion-resisting motors needsd for the individ-
uel tank installations have been thoroughly worked out and are now
standard commercisl cquipmont.

In many 15 not wos!t locaiicns the pipn lines should be protected by
some kind of an putside coating. A survey of soll conductivity with
Sheppard rods yrill greatly essist in efilimating the omount of corresion
to be expected and the wxoonaq justifiable for arotecticn. Scme kind of
& coating, if even & light cne, is nceded where cathodic protection is 3
used in order to keep the pipe lines from pickir_;,g up tuo great a proportion
of the curront supplicd for protecting the tunks. Protective coetings

range from simple bituminous enamels through single and multiple wrups
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of folt saturnted and interlaid with ssohcltic matorisl to Leavy mastic
applied by extrusion. If cathodic protection is uscd the mora expensive
coatinge are probably justified enly when oxterior conditions are sevorc.
If cathodic protection is not used, the lighter paints mud dopes are
virtually uscless, for tnoy all fail soomer or later from seil streas,
end unlese cothoole protection ie thare to toke care of the broken
places the pltting may be nearly :;s bad as if no cocting were usod,
Needlcss to say the seme care should be exercised in rajocting un-
desirable material for backfill as recommended for the tanks themselves.
Before backfilling 211 pipe linse should be teated to & minduum
pressure of 150% of the expectod working prossure and not lesa than 2
pounds per squsare inch. The tost pressure should be hald for three huurs
while the lircs are inspected for leosks. It ie further recommended that
a4 repntiticn of the pressure test be requircd at three-year intervals,.
Iuring construction uvery roasonsble precaution should be token to
gvold getting foreign matter inte the pipe lines. At the best, some can
be expected, anc, after testing and back{illing, all linas should be
thoroughly washed oui at as high a rate of pumping &8 possible. In the
initial stages of cperation care chould be tuken not to damage the valves
by forcing them closed npeinst stoneyd, tramp iron, or other pnssibic

obstructions.
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PUMPS AND TANK APPURTENANCES

Recommended appurtenances for the tanks are not shown on the

drawings but include for each tank:

1. A suitable transfer pump.

2. A small sump pump, taking suction from the depression in the
center of the bottom.

3. Two vacuum and pressure relief valves.

& A mercury manometer, graduated to 2 lba. per sq.inch pressure
and 5 1lbs. per sg. inch vacuum.

Js A float gage for reading the aporoximate levels of the gaso-
line without opening the tank.

6. Approximately four access hatches in the roof, throe of
which may be covered with earth, and onedf which should be
housed in a suitable underground box with concesled access
cover for ease in making gages and inapectipns.

Pumpa and Motors. 4

As previously stated it is proposed to equip each tank with an in-
dividual transfer pump, which should have & capacity of the general order
of 1,000 gallons a minute; as circumstances may dictate. The required
head will probably be about 100 feet (30 lbs.per 83.in.) and on this
basis each pump will require a 25 h.p.motor. he pumps will be of the
vertical centrifugal type, similar to those used for pumping water
wells, except properly fitted for gasoline service. The lowest im-

Peller of the pump should be set as close to the bottom of the tank as
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possible (not ovor @ inches) and should have s bell-mouth suction

extending to within three inches of the tank bottom. The bottom ciam-
meter of the bell mouth should be large to minimize formation of vortices.
Datween the inlet and the tonk bottom radial vanes may be installed to
prevent formation of a large vortex. Consideration has been given to
the poseible desirability of submerging the lower part of the pump in
a depression below the tank bottom. This is not thought to be necessary
if the lowest impeller is kept within 8 inches of tie bottom, as tha
sump punp can be used after the mein pump loses suction.

ne motor and supporting head will be mounted on the concrete top

slab. It will be located in & cencrete or brick box and arranged for
reasonsbly easy access for lubrication and reoair.

Pumps of this type are a common design with a nurber of menufac-

turers most of whom arc thoroughly faciliar with the specicl reauire-
ments for gasoline service. Case hardened or stellited shaft eleaves
are recommended in preferenve to the soft bronse frequently offered,
18-8 chrome nickel is an idesl materisl for impellere and trin, but for
this clase of service the loss expensive bronze should be entiraly ac-
ceptable. Ceases muy be cast iron. The motors should be of the vortical
hollow-shaft type epproved by the Underwriters! Laboratories for use in
Clugs 1, Group D, heszardous atmospheres as dofined in the Natirnal
Electrical g.de.

The sump punp propased will be similar in ganzrel deelgn Lut will

have n cupacity of only 100 gellons a minute, against a heed of, perhaps
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40 feet. The suction opening will extend into the B-inch sump depression

provided in the center of each tank for accumulsting water and bottom

sadimant.

1T

The motors for both pumps will have cxplosion-proof push button

startera located inside theilr inclosurcse, but the main pumps will alseo

be provided with remote control located elther near the loading rack,

the auxiliary power plant, or scre other convenient peoint.

Parkway cable is recosmended for underground wiring. Its location

need not be murked on the ground, but should be carefully raferred to known

It should of course be placed

landmarke befors any backfilling is dons.

below the depth of cultivation if the land is to be cultivated.

Relief valves.

Vocuum ond pressure relief valves are necessary to relieve vapor and

eid or admit air when the tunks are being filled or emptied. These valves

should discharge into short vent lines, which may be carried cpproxinmately

200 feet from the tank sites as indicated on drawlngs No.9 and No.10. In

view of the small und slow temperature chenges in buried storage the size

of the valves can be deternined entirely from the requirerents for passing

alr and vapor during ecptying and filling. Tt is recommended thet two

valves be provided, each pood for both wecuun and pressure, and that the

et I B N NI I T ...

capacity of each onc be equal to 125% of tho possible filling and dis-

charge rate. (These wvalves are ordinarily built witn both vacuun and

If separate valvee are used for

pregsure elements in one assaubly.

vacuum and pressure two of each must be provided.) The prussure valves

should be set to open at not lass than 1} 1lbs. por sq.inch, and to pass
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their full rated capﬁcity et not mors than 3 lba. per sq. inch. The
vecuun valves should be set to open at, or near, atmospheric pressure
and to pass their rated capacity at not more than 1/2 1b. per sq. inch
vacuum .’

Severel types of valves that would give fair service are availablo.
However, it 18 recommanded that the velves be of the mechanical spring
backed type, and (very important) that they be fitted with non-corrozive
seats, dises, springs, stems, and guides, perferably made of polished
18-8 chrome nickel. The matter of free drainage that will keep moisture
condensation away from the working parts should be carefully locked to
in order that the valves will not freeze and stick closed in cold weather.
Thoy should be housed in an underground box permitting occesional clean-
ing and inspection.

t will either be necessary to secure relief valves capable of being
easily opened manually, or te install a separate by-pass vulve for re-

lieving excess pressure or vacuum when it becomes necessary to open a tank.

As stated, one of the access openings should be installed in an
underground inclosure arranged for reasonably easy but concouled entrance
from the ground surface. The cover of this opening should be provided
with a gasketed opening about 6 inches in dismeter for taking gages,
securing samples :for ingpection, or determining the amount of bottom water.
A simple float gage that will read tﬁn approximate level in the tank with-

out opening the hatech, or blowing down the pressure is considered to be a
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very desirable accessory. Other special gaging arrangements, such as
remcte reading and automatic devices operating on electric or pneumatic

principles are considered optional.

HYL BLENDING PLANT

As it is understood to be the intention to store most of the reserve
aviation gasoline without Ethyl fluid an Ethyl blending plant will be
needed for each storage center. It is not impossible to place such
plants completely underground, but in order to secure a passable degree
of safety the installation would have to have very elaborate facilities
for ventillation, and would not only be expensive but a continued source
of apprehension. It 1s therefore suggested that, if at all possible, the
Ethyl blending plant be placed above the surface of the ground. Of course
it need not be placed in the immediate vicinity of the tanks as shown on
,the diagrammatic layouts, but may be located at any reasonable distance,
perhaps disgulsed as a farm house, or barm, or any structure common in
the vicinity, or concealed in woods or other natural cover.

For most if not all locations It is belisved thut & very simple
plant ?tilizing Ethyl fluid supplied in drums will meet every require-
ment. The plant itself may bes built on & concrete slab elevated about
3} feet above the surface of the ground. The required showers and safety
equipment for the men should be installed at one end of the slab. The
adjacent or working area should house the eductor equipment for emptying
the drums, the scales, and a necessary emall eductor pump, while the

other end provides space for a current supply of drums. Extra drums mey
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be stored underneath the slab or in some neaby safe place. If other

|.'l-t.l-t'

storage is provided the slab may be placed only one foot above ground.

Tt seems unnecessary to include further details of Ethyl blending equip-

ment here.

The pumps and piping system indicated in drawings No. 9 and No. 10
is very flexible and well adapted to ethylizing rapidly and circulating
the contents of tanks to secure & good mix. OQbvlously, in a real
emergency when the Ethyl plant was damaged, drums of fluid could be
poured into the individual tanks which could then be circuleted. It is
not supposed that knock testing equipment will be needed at the storage

centers themselves.

AUXTLIARY POWER PLANT.
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A utility power supply is probably desirable if it can be readily
obtained. At least two sepurate sources of power are necessary and at
least one must be independent of cutside supply. An suxiliary powar
plant is therefore required. A suitable plant might consist of three
25 kilowatt generators driven by high-speed gesoline or dicsel engines

of the automotive type, and equipped with simple switchboards including

modern high-speed direct acting wveliage regulators, & minimum of necessary
meters, switches for paralleling generstors and controlling the feeder
circults, and a remote control master awltch for cutting off all power
including the cutside service in an emergoncy. Hemote control buttons

for the individual pumps may be located in the power plant or elsewhere.
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Particular attention must be given to the size of the generators,
the exciters and voltage regulators and the engine governocras to insure
relisble ptarting of the motors which will be large in comparison to the
size of the power plant. No difficulty should be experienced in obtain-
ing suitable equipment.

If placed underground the station must of course be well ventilated
and put far enough away from the tankage to avoid the possibility of

having gasoline leaks find their wey into it. Blower operated radiator

cooling is suggested and will itself provide effective ventilation.
Proper protection of the air intakes, disposal of exhuust gases

withéat a plume that would reveal the position of the station, and fire

precautions will depend upon circumstances and need only be mentioned.

It will probably be convenient to include in the same structurs as

i annr

the power plant & small office, shop, lavatery, toilet, store room, and
perhaps some of the fire-fighting equipment. =
In case there 1s no outside power avallable it will either be
necessary to build two separate power stations or to provide shomewhere
in the vieinity two or three portable generating units that could be
quickly haiiled to the site on trucks, the latter plan probably being con-

siderably the cheaper.
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FIRE PRCTECTICN

Storage tanks of the type considered are virtually immune from fire
resulting from ordinary or natural causes, They are not merely difficult,
but impossible to set on fire, even by sabotage, unless actually blown
open., If fire does start as a result of bombing the location of the fired
tanks below the surface, the good protection of the remaining tanks, and
the kind of piping recommended should all tend to prevent its spread.

For this reason, any elaborate and permanent fire fighting system,
such as a permanent fea~ system is entirely unjustified. As a matter of
fact a permanent foan system would probably be put out of commission by
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 mains capable of delivering at least 500
gallons a minute to hydrants suitably located.

3. A supply of hose stored in a convanient place,

L. One or more portable foam generatora.

S5« A supply of foam powder.

6. Portable fire extinguishers of the foam type at loading

racks and platforms, and Ethyl plant, and carbon tetra-
chloride or carbon dioxide extinguishers for fighting

£ electrical fires.

Of these the most important is a supply of water. As this will
depend entirely on local circumstances, general discussion seems impossible.
Advantage should of course be taken of municipal or industrial supply or
of lakes,. springs or rivers. A supply reservoir or tank may be needed.

The amount of powder to be stored will depend both on the size of
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the at.nz-'&gﬂ center and upon the possibility of getting a reserve supply
quickly from some nearby municipality or oll industry plant,
A1l these things must be decided for each plant locatdion, 4
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APPRNDIX I.
i
PLANS FOR GASOLINE STORAGE

It must he realized that the designs for storage discussed in the
bedy of this report are all based on certain assumed conditions, cne of
shich (arrived at after early conferences with Army and Nevy represents-
tives) was that, in most locations vhere storage would be needed, it
would not be justifisble to attempt the deep cover necesuvary to [u'ot:act
agoinst direct hits by demelition bonba.

There may be fevorcble lecations where thece assumptions would not
apply, and it seoms well to considnr briefly certain othor schemes that
have been suggested. Zome of thesa plans laild before the committee verge
on the fantastic, but others have a4 greater or less degroo of merit at

least under some circumetances. The following is not an exhaustive list.

1. Storage in sbendoned mines anc caves.

one of the suggestlons most frequently made to the commlittee is to
tuild tenkage in abandoned mincs or natural ceves, or, as an alternative,
to store gusoline in drums in such availdble citce.

The suggestion of otorage in drum=n ,-‘ elther ln cavee or anywhere eloe
can, we believe, be dismissed at once, nol bocsuse drume cannct be used,
nor might not have to be used in &n omergouncy, but bectuss we are not con-
sidering emcrgency sbortge but reserve storege. The cust of drums, the
donger of leaks in confined spaces, the cost of handling them, and the
relatively lerge smount of manpowcr needed to handle them rapidly rule them
out for othor than specisl or emergency use, even if thera wero no guestion
ebout detericration of drummed guooline after, say a yeur's storoge; and

thore is such & question in the mind of evory competent authority that the ,




i

AFANFALY W\

RN RNERNNRWNERWWRLWN TGN

1382

- A=2

cormittes has nnniultad. although the erporical background fur it appenrs
to be yery skeichy and inconclusive.

The question of bullding tankage in caves and rines cannot be dig-
cussed Intetlipently in generel terms. It 8imply comes dowmn to this:
Acms the cave or ming and decide whether ite locatlon i3 reasonably near
& plice where storage is wanted by the Sorvices and then, ofter inepoc-
tion of the site and considerctlion of transportation and cthor local
factors, & recommendctirn can be mads.

There are a few gonerelitics, however, that may be worth mentisning.

Barings ere necescery, perticularly in natural caves, to determine
the foundation conditions. Most mines and daves that members »i the
cormittee are familiar with have eomparatively smuil open spaces, and
crnsiderable exesvalion and shoring weuld be necessary t- pernmit instella-
ticn nf tanks a any slze.

The Instellatien of standard, low-cost stesl tanksgo in large
ceverns or galleriec has been suggosted. It muy ant be impracticablo,
vhere such large spaces oxist, but it involves serious hozards that nught
to be well considered hefnre Rlens are mede. No one cen guarantee thot
any gascline tank will be completely liquid -v vap-r tight after a pariod
of years. This means that every avenue by which vepor cculd drift from
the plece whore the ténks are inetalled to athmr slafts op gellorics
must be blocked cff, and thet thor-ugh rapid vuntillutim mst be pro-
vidod. It will slse be necosscary to extend the vent lines from the
rellef valves of the tenks themsolves to an cupteide l-ocatlm. Tt rmight

be feasible to surround the tankagn with suwe sxygen-loan or inert gna
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such as CO2 or nitrogen except when mun need enter the space. All such
provislons will add, nny only t» the first cost ~f the installation, but
in meny cases to the inspecticn and sttendance required - and they will
never eliminate the haserd completoly.

It may be feasible to fi111 in solidly arcund tenks locuted in mines
or caves, thus disposing of the explesion hugard. This wwuld rule nut
rtandard tenks and raise the questi-n of nccess far repair, inspection, -r
¢leaning.

TEE comnittes does not wisk even to eeer to condenn the mine end
coave suggestion on gomeral grounds but d-oubts tlat mony fevorable sites
can be found near the places whore gacoline is necded by bhe Arcy and Navy.

2. Underwcter st rare.

Underwaler storage has becn suggested as frequently as cave end
mine storage, and numer-us patunts have been granted t- cover particuler
features. Tho committce has been told that such storage hss been con-
structed in Furnpe. It must adnit approaching this sugpestin with o
certein lack of enthusiasm dus, perhaps, t: its experience, which mny
lead 1t tn give too much weight to c-mmercisl factors as compared te
nilitary ones. No attempt hos thus far been mado by sur committee to
calculate the cost of this type +f stirage nar to woark -ut sny actual
decign, but a few governing comditions may be mentimmed.

In order t~ aviid excesslvely heavy anchorage and cxpensive brocing
it is necessary t» perate underwuter tunkage :n the wuter diesplacement
sycten, and this is the system invariably oroposed in sue form ar an~ther.

As avietion gasnline waighe ab-ut 104 pounds per barrel less than water,
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and a8 -a steel tank structure »f any size would hardly weigh ~ver 10
prunde per barrel a very substantial anchorage wuld be required aven
with the displacement system - say 1300 effective tms (equal t. 1100
cu.yd. f eoncrete) for a 25,000 barrel tank. In the-ry, the tank

would huve & perfectly spen botiom. In practice, this might be rather
undassirable, increacing the p-scibility that a slight 411t would release
che contents, and thet the site might bec me surrounded with dead fish.
(This ie mere speculcti m). Leckage would be greatly t- be feared in
many if mat most locetl-nas.

In muny waters corrosion would be & very serious considerntion. It
is well known that pipe lines 5/8" thick have pitted through in three or
four yoars In ses wnter. Sowe kind of pretuctive coating would be do-
sirable. It might toke the form of reinforced concrete or, probably
better, asphaltic concreto or mestic.

Cathntic protection could be used, und in fact would probably be
cesentlel 1o salt or brackish waters if long 1ife and reasnneble fresdom
from leaks were to be cxpected, even with & coating. It would not be
prohibitive in cust, purticulerly if un insulating cuating were used on
the cutelice. It would alsc be desirable to have the cathodic protection
cover the inside of the tank. This would argue far en open bottom. Of
course, 1t would not be necosowmry wo ufe the wcter surrounding Lhe tank
for displocement purposes, znd some rel:tively paseive weter might be
supplled for this purpose under normal eircumstunces.

In arder to facilitnie lmepociion and repeir, it would be desirsble

to be abla €~ raiss the tanks frem time to time. This would incronse
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tha complaxity of the installetlen, but would not be imp-~ssiblo.

Tio committee does not know how much protection tny given depth

=f watar would offer t bombe, nor whothor n depth boab expl-ding near

the tank would do greaf damage if the inside mere campletely {filled

witnh gusoline. The amount of ¢~ncealmont provided by the water would »f

course dapend upan ite purity ond the smosthness of the surfucs.

Pumping oquipment could bo located -n shore o on barges vhich

could be moved zbut as required.

-y

Parhaps the governing c-nditin £>r this kind ~f st-rage is tho

aveilablility of suitihle sites whare ihe storege i nooded., It would

seam that any further study would bect be pursued :n tho bagis +f some

gspecific site rather than mere goueral spaculatin,

R EEE >

3. Starage in s.lid r-ck.

It hee been rop-rtew that in certain places in Furops si-rage Lass

baen provided in vaults erxcavated deep in r-ck cliffa. The fensibility

enu 228t nf such c-netructi n would be g-verncd by 1 enl cwnditl ns. The

¢t would hordly be less than £3.50 a barrel.

4. Pips line st ruge.

It has been suggestod that pipe lines, with sueti-nalizlng wvalves,

te used fir storage. The c.gst »f such st-reg. w-uld ba very high, and

¥l s

tie surface arca axpioed &t ecil gorrasicon and actin o the gaa-line

Inless carefully greced, the pipe lines would be

vould also be high.

impassible to empty with-ut spociczl punps ~r e nnoctl ns -t 1w peints.

5., Underground tanks buried In lillsides.

To get deep cover it haos beon suggested that nn casy plan would be

This construction his been reported

to drift into the side of 2 hill:




HEN

a nnn!

l.l-l'-‘l‘.l.l.i.l‘.i-i.l.:-f.

1382

- A-b -

in Europe. Again it is ovident that the cost of it must depend largely
on local conditlens. Many hillsides are treacherous, and heavy shoring
und very strong tenk bracing might or might not bo noedsd. Tho cost at
the best would run higher than that of shzllow underground tankage.

6. Protection by natural cliffs or canyons.

It has been suggected that tankage be protected by overhanging
cliffs or by filling in deep canyons. Obviously no genernl statements
can be made about this suggestion.

T Protection of sbove-ground tankage.

Various bomb deflectors, nets, and types of camouflage hevs been
suggested for above-ground tenkege. Tt secms unnecersary to comment on
thase suggestions.

8. Btorcge in barges.

For emergency (rather than roserve) storuge ztcel barges are very
practical and flexible clong the ccast or in lakes ana rivers. A steel
barge 195' x 35' x 9' -6" having = cupacity of 10,000 berrels complete
except for pumps mey be cecured for cbout £25,000. Those barges can be
quickly built and mey bs moved from place to place as required. Thoy
ray be sunk for protection and conceclment, or buried in sand or mud or
concealed in swumps or under treee. While barges are sdmittedly not
suitable for long-time reserves, they appoar to furnish an ideal solution
to the problem of supplying slorage quickly at outlying paints mccessible

by water.
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