1kCCNPCBkT§ DOUBLE- WAL L UNDERGRQUND TANK  STRUCTURE AND METHOD FOR NRKING
SAVES TECRINFCAL FIELP Thi's jinventioft gefierally relates to.a-double-wall -
corrugated conposite |anmnate structure fabricated on an integral-
non-renovabl e nmandrel and nore particutar- |y tgra,@OSTrogeN]-resi st ant
nonnmetal i ¢ underground fuel storagé tank having 'a secondary contai ner and
an accessi bl e annulus that can be nonitored,to provide warning of a | eaking
tank to prevent rel ease of .hazardous quuid§ t hat can damage the
envi ronment and water supplies. BACKGROUND ART Specifications for
conventional underground storage tanks, including those incorporating
secondary containment, are identified in the Flammabl e and Conbusti bl e
Li qui ds Code published by the National Fire Protection Association and
referred to as ANSI/ CONPOSITE IGUALEFWARL UHDERCROUND JAMRr STRUOTURE i nci pal
authority for establishing and PRI MBUEOD FORMARINGK SAMEcifications is
Underwiters Laboratories Inc. Until 1964 nearly all - -underground storage
tanks were made of -steel and Under w TR(ENTCABOFAEBPi es Inc. originally
published only one specification for underground
This invention generally relates to a double-wall

corrugated composite laminate structure fabricated on

an integral non-removable mandrel and more particular-

ly to a corrosion-resistant nonmetallic underground

fuel storage tank having a secondary container and an

accessible annulus that can be monitored to provide

warning of a leaking tank to prevent release of

hazardous %;quids that can damage the environment and

water supplies.

BACKGROUﬁD ART

Specifications for conventional underground
storage tanks, inc;uding those incorporating secondary
containment, are identified in the Flammable and
Combustible Liquids Code published by the National
Fire Protection Association and referred to as ANSI/
NFPA 30, an American National Standard. The principal
authority for establishing and publishing these tank
specifications is Underwriters Laboratories Inc. Until
1964 nearly all underground storage tanks were made of
steel and Underwriters Laboratories.rnc. originally

published only one specifi¢ation for underground




2 storage tanks: "Standard for Steel Underground Tanks for. Flammable and
Conbusti bl e -Li quids, UL 58". On February 2, 1966 a revision of Subject 58
was prepared by Underwiters Laboratories, Inc. to establish per- formance-
standards for "nonnetal lic" glass-reinforced plastic underground storage
tanks. ~ A single wall underground tank neeting those standards,
"Nonnetal | i ¢ Underground Tank for Petrol eun?Products Only," was identified
by Underwiters Laboratories, Inc. on July 7, 1973 under UL File IVH 878L1.
Specifications for nmaking this single wall underground tank are descri bed
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under ground stor ags, tiidervditiedtlaHy A3 esaN 1AM, €ko establish per-
formance standards for "nonmetallic" glass-reinforced
plastic underground storage tanks. A single wall
underground tank meeting those standards, “anme;al}ic
Underground Tank for Petroleum Products'Oﬁlf;" @as
identified by Underwriters Laboratories, Inc. on July
7, 1973 under UL File MH 8781. Specificatiogs for
making this single wall underground tank are described
in Example III of U.S. Patent No. 3,851,786, issued
December 3, 1974.
The 1966 Subject 58 has undergone numerous
revisions. 1In 1977, "Subject 1316" entitled "Standard
for Glass-Fiber Reinforced Plastic Underground Storage
Tanks for Petroleum Products, UL 1316" was introduced,
followed most recently with a revision in 1991 that
" included the chemical resistance and physical strength
performance requirements of a doubie-wall non-metallic
underground storage tank. That tank provides an outer
secondary ‘containment capability that prevents a
release of the tank contents in the event the inner
primary container develops a leak.

" When it was recognized that destruction of fresh

water supplies and serious damage to the environment



secondary containnment capability that prevents ~a release of the tank
contents in the event the inner prinmary container devel ops a | eak. Wen it
was recogni zed that -destruction of fresh water supplies and serious danmage
to the environnent 3 resulted fromthe corrosion of steel underground -
storage tanks, the U S. Environnmental Protection Agency established _
corrosion resistance criteria for those tanks.3 To neet the EPA criteria
the NFPA 30 code was nodified to include a "Provision for Internal
Corrosion,"” followed by an Underwiters Laboratories Inc. publication dated

Novenber 22, 1989 ci ty -3 0 ndard for, Safety titled "External
Corrosion Protecti ongéysklgc%sd f%?gét S% € URRFGS3TRY SForSiretramrdergrorngs:
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cont ai nment those tanks. To meet the EPA criteria the NFPA 30
code was modified to include a "Provision for Internal
Corrosion," followed by an Underwriters Laboratories
Inc. publication dated November 22, 1989 citing an-
other Standard for Safety titled "External Corrosion
Protection Systems for Steel Underground Storage
Tanks, UL 1746". This standard was revised on July
27, 1983.

Convegtional double wall underground storage
tanks approved for use in the United States comprise
secondary containment in compliance with Underwriters
Laboratories, Inc. standards. Steel tanks and
nonmetallic tanks having a secondary containment
belong to the UL 1746 and 1316 categories, respectivel?;

UL 1746 typé tanks having secondary containment
usually consist of a plain steel "Subject 58" tank
enclosed by a separate f_ibergiass shell made from a
mixture of chopped-strand fiberglass and polyester
resin. The UL 1746 tanks generally are not required
to meet the same strength or chemical resistance
standards as the relatively new UL 1316 type tanks that
have a secondary containment capability. Since the

inner and outer containers of a double wall UL 1746 tank



belong to the UL 1746 and 1316 categories, respectively. UL 1746 type tanks
havi ng secondary contai nment usual ly consi-st of a.plain steel "Subject 58" -
tank enclosed by a separate fiberglass shell. made froma m xture of
chopped-strand fi berglass and pol yester resin. The UL 1746 tanks generally
are not required to neet the same strength or chem cal resistance standards
as the relatively new UL 1316 type tanks that fuave a secondary contai nnent
capability. Since the inner and outer containers of a double wall UL 1746
t ank 4 do not need to resist the sane internal test pressure as that
required by UL 1316 tanks, they are generally constructed with flat ends
rat her than doned ené@.n9§d§¢9§i%QHnesiﬁnwcheNSahg internhistdssi grassursi x
cl asses of double wall "Subject 1316" type tanks having secondary

contai nment.  Three3§f thAE ¥e@uieed doy Ay 1314 Hankssi §heyi snecgengually
referred to as "Type |I" seCondgry,containnent t anks. Those tanks have an

outer shell or cover SPREFTHEESANBIER ket engs arrihnk thame domedaepds.

cont ai ner. The other jhree classes_belong to a second .designati on
cat egory {Jnderwrlters Lagora orges, Inc. has gesggnated

six classes of double wall "Subject 1316" type tanks
having secondary containment. Three of the classes
belong tclthe designatioﬁ category referred to as
"Type IV secondéry containment tanks. Those tanks
have an outer shell or cover that does not completely
enclose the primary container. The other three
classes belong to a second designation category
referred to,as "Type II" secondary containment tanks.
The "Type II" UL 1316 tanks have an outer secondary
container that completely encloses the primary
container. UL designates the fuels that may be stored
in either a Type I or a Type II UL 1316 tank having
secondary containment dependent upon the chemical
resistance of the tank's pi‘imary container. UL 1316
double wall tanks having the least chemical resistance
belong to either Class 12 (Typé I) or Class 15 (Type
I1I) and are approved for storage of petroleum products
only. UL 1316 double wall tanks having the most
chemical résistance belong to either Class 14 (Type I)
or Class 16 (Type II) and are tested and approved for
storage of all petroleum producﬁs, as well as all

alcchols and alcohol-gascline mixtures.



‘referred to as "Type II" secondary contai nment tanks. The "Type 1" UL .
1316 tanks have an outer secondary container that .conpletely encloses the
primary container. UL designates the fuels that may be stored in either a
Type | or a Type Il UL 1316 tank having secondary contai nnent dependent
upon thé chemical resistance of the tank's primary container. UL 1316
doubl e wall tanks having the | east chem cal resistance belong to either
Class 12 (Type I) or Class 15 (Type Il) a&nd are approved for storage of
petrol eum products only. UL 1316 double wall tanks having the npst
chem cal resistance belong to either Class 14 (Type |I) or Cdss 16 (Type
1) and are tested and approved for storage of all petrol eum products, as

wel | as all al cohol s Tived widerigriougds etbragei tankes that Tdsmplidestpund
storage tanks that conply with Subject 1316 C ass 16 (Type 11) neet the

hi ghest strengt (Bubieator 1316 0flagei sitanTyper Id) nemeet s tthvad ahiglesdnabl i shed
by Underwiters Laboratories, Inc. for the underground storage of flamuable
and conbusti bt e 89xgRAEN and RRrInsion yesistance pefiformancal standadd
conplying with Subject UL 1316 C ass 16 Type Il under-
established by Underwriters Laboratories, Inc. for the
underground storage of flammable and combustible
liquids. The primary container (inner wall tank),
complying with Subject UL 1316 Class 16 Type II under-
ground tank requirements, must be able to resist 25
psi pressure while the outer secondary tank is
pressurized to at least 15 psi. The tank must be able
to withstand a compression load produced by 11.75 in.
Hg vacuum.
The conventional composite storage tanks of the
prior art do not meet the 1993 standards of UL 1316
Class 16 (Type II) tanks. For example, the tank
described in U.S. Patent Nos. 3,677,432, and 3,851,786
does not disclose a double wall underground tank
“composition noxr a method of making a composite double
wall underground tank that will comply with the new
1993 standards. The double wall structure shown in
Fig. 20 of U.S. Patent No. 3,851,786 is intended to
increase the overall section modulus and beam strength
of the formed composite structure, rather than provide
a secondary container as a back up in the event the

inner primary tank leaks. That construction does not

illustrate how such a composite structure can be



ground tank requirements, nust be able to resist 25 psi pressure while the
outer secondary tank is pressurized to at least 15 psi. . The tank nust be
able to withstand a conpression |l.oad produced-by 11.75 in. Hg vacuum The
conventional conposite storage tanks of the prior art do not neet the 1993
standards of UL 1316 Class 16 (Type 11) tanks. For exanple, the tank
described in U S. Patent Nos. 3,677,432, and 3,851, 786 does not disclose a
doubl e wal | underground tank composition nor a nethod of making a conposite
doubl e wall underground tank that wll conplf\Mtr1the new 1993 st andards
The double wall structure shown in Fig. 20 of U S. Patent No. 3,851,786 is
I ntended to increase the overall section nodulus and beam strength of the

back up i n the evenfirpsersErbRRIAe Thdirbraid SRR Bekesr BeeriRentes
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Example III of U.S. Patent No. 3,851,786 details the
construction of a single wall underground tank that
complied with 1973 UL test requirements established
for nonmetallic underground tanks used only for the
storage of petroleum products. The conventional
laminate construction used to fabricate the single
wall underground tank described in Example III of U.S.
Patent No. ?,851,786 does not meet the.chemical resis-
tance requirements outlined in the revised (1987) UL
Subject 1316 for nonmetallic underground tanks used to
store alcohol and petroleum products.
The prior art does not disclose a method for
making a double-wall composite tank laminate structure
having a wall thickness of only 0.12 inches (3 mm),
that is able to pass the extensive series of current
UL 1316, Class 16, Type II -physical and chemical
resistance tests. As is well known, the laminate
thickness is a principal factor in determining the
double-wall tank manufacturing cost and thus the
ability to reduce thickness and yet maintain chemical
and physical resistance is desirable.
All other conventional double-wall underground

tanks currently listed under UL 1316 for storage of



Exanple Il of U S Patent No. 3,851,786 details the construction of a
singl e wal |l underground tank that.conplied with 1973 UL test requirenents
establ i shed for nonnetallic underground tanks used only for the storage . of
petrol eum products. The conventional | am nate construction used to
fabricate the single wall underground tank described in Exanple II1l of U S.
Patent No. 3,851, 786 does not neet the chem c& resis- tance requirenents
outlined in the revised (1987) UL Subject 1316 for nonnetallic underground
tanks used to store al cohol and petrol eum products. The prior art does not

di scl ose a nmethod for ., making a dquhle-wall conposite tank | am nate
structure having a \/\BF‘F°FH£CI€‘R§%°§‘°ST agf| pepradbeum RrsiuCE shaye dora-dndesh| e

to pass the extensiv eri of gurrent UL, 1316, ass 16, Type |I_physical
and chenical resi sta%gilf’ég?%.ma enfrom 9&e‘F+x‘R%%\ﬁP,CE PPsHi fbfand Hiibesess

Is a principal factofiLped roopy he_doubl e-wal |t ank manufacturing

cost and thus the ab }%Fﬁ ?%8rghg%éﬁkéﬁ?ﬁﬁk%% %ﬁi&%ﬁﬁe§nﬁﬁﬁ¥ﬂw1(ﬂﬂuﬂq§£r and
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under ground tanks current |§’/ ?i sz?ce}ﬁ’ﬂt#r? erraral'JLti%lﬁ?@r"gg?%r%‘gb%‘?musmble
Liquids Code of the National Fire Protection Asso-

ciation, those prior art all-fiberglass underground
tanks must meet the structural and corrosion resistant
requirements outlined in UL 1316 and are tested to
demonstrate an ability to resist an internal pressure
of 25 psi (172kPa) and a compression load equal to
that produced by a negative pressure (vacuum) of - 6
psi (-41KPa). Unlike the flat-ended UL 58 steel
underground storage tanks that can not safely resist
a test pressure exceeding 5 psi, all approved non-
metallic underground tanks must meet the pressure
strength requirement of 25 psi with a factor of safety
of 5. For that reason, all large diameter UL 1316
underground tanks must be fabricated as pressure
vessels having hemispherical tank ends.

Prior art UL 1316 type double-wall all-fiberglass
underground tanks that fér the past 30 years have been
adopted as an industry standard are still made from
two chopped-strand fiberglass tank half-shells that
are joined at the tank mid-section with resin-impreg-
nated fiberglass cloth that overlaps the abutting
edges of each tank half-shell. Each of those half-



7 al cohol, gasohol and petrol eum products are dorre-ende_d”c-yll I nders made

froma mxture of chopped strand fiber- glass and a thernosetting pol yester =

resin. In order to conply with NFPA 30, the Flanmabl e and Conbustible

Li quids Code of the National Fire Protection Asso- ciation, those prior art
all -fiberglass underground tanks nust neet the structural and corrosion
resistant requirenents outlined in UL 1316 an8 are tested to denonstrate an
ability to resist an internal pressure of 25 psi (172 kPa) and a
conpression | oad equal to that produced by a negative pressure (vacuumnm of
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tanks that can not safely resist a test pressure
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requi rement of 25 psi with a factor of s ty of 5. For that reason, a
large dianeter UL 13GKoppeter 0ibefglis@kandudoliRe sy | se6od A8 RKSSIEE,
vessel s havi ng hem spherical tank ends. Pri (S)ér gﬁ UL 1316 type doubl e-wal |

al | -fibergl ass underThewehdvwalle wardredr upbf PRASEh30aykeatanibavel Hasiell
adopted as an industry standard are still nmade fromtwo chopped-strand

fibergl ass tank hal fishwéafle ihashaped to form the domed end as well as

half of the tank’s cylinder. 1In some cases, the tank
half-shell mandrel is supported at one end by a
powered axle that acts as a rotating cantilever beam.

A conventional method for making a double-wall
fiberglass tank half-shell involves the steps of
placing a resin-release agent upon a half-shell
mandrel sugﬁace, applying a mixture of polyester resin
and chopped strand fiberglass upon the tank half-shell
mandrel to make a tank inner wall structure, placing
fiberglass rib formers on the half-shell inner wall,
spraying a thin coat of resin-wet chopped strand
fiberglass upon the rib formers, curing the half-shell
inner wall material, perforating the sides of each
fiberglass rib at several locations, placing a resin-
release annulus-forming film on the inner wall tank
head and a cylindrical portion of the tank inner wall
between (but not on) each of the fiberglass ribs, and
spraying a mixture of polyester resin and chopped
strand fiberglass on the inner wall tank heads and the
ribbed inner wall cylindrical portion to provide the.

double-wall tank half-shell with a secondary containment



are joined at the tank m d-section wth resin-inpreg- nated fiberglass
cloth that overlaps the abutting edges of each tank half-shell. Each of

t hose hal f - 8 shells are mde on a two-piece collapsible or
renovabl e steel mandrel upon which a m xture of chopped fiberglass and
pol yester resin is applied. The renovabl e mandrel upon which each tank

hal f-shell is made is shaped to formthe doned end as well as half of the
tank's cylinder. In sone cases, the tagk hal f-shell nmandrel is supported at
one end by a powered axle that acts as a rotating cantil ever beam A
conventional nethod for making a double-wall fiberglass tank half-shel

I nvol ves the steps of placing a resin-rel ease agent upon a hal f-shel

mandr el surf aapakdddityt.ng Thentatikr RaDf - gl e Sise It hiedS remakddc feamed strand
fiberglass upon the tank half-shell nmandrel to make a tank inner wall

structure, plthe mpandded,gipiasced onf ar vars andt mevedl teshekuti-sf€r wal |,
spraying -a'thin coat of resin-wet chopped strand fiberglass upon the rib
formers, curiady thathprecigely twirs the Bhedlesd alts mddem smnnbet he si des
of each matched with those of a second tank half-shell to

which it is permanently bonded by an overlééping strip

of resin-wet fiberglass cloth.

Conventional UL 1316 double-wall nonmetallic
underground tank structures made from chopped strand
fiberglass and a thermosetting resin posseas a low
tensile modulus and consequently are inherently
flexible structures that will ovalize, change shape
.and possibly £racture unless they are carefully
installed in and surrounded by pea gravel, crushed
rock or other highly compacted soil. It is known in
the art cthat each chopped strand of fiberglass
material contains hundreds of short dry glass fila-
ments that are tightly glued together by a starch

M-Sinder to enable the strand of continuous glass
filaments to be cut by the rotating razor blades of a
strand-dispensing chopper gun. It is also well known
in the art that the polyester resin mixed with the
chopped strands of fiberglass does not completely
dissolve the starch binder. For this reason the
chopped strand fiberglags material used to make prior

art underground tank structures contains millions of

tiny dry-filament bundles surrounded by polyester



fiberglass rib at several |ocations, placing a resin- release. E S
annulus-formng filmon the inner wall tank head and a cylindrical portion
of .the tank inner wall between (but not on) each of the fiberglass ribs,
and spraying a mxture of polyester resin and chopped strand fi berglass on
the inner wall tank heads and the ribbed inner wall cylindrical portion to
provi de the doubl e-wall tank half-shell with &0secondary contai nnent
capability. The tank half-shell is then renoved fromthe mandrel, placed on
a cart and noved to a cut-off saw that precisely trins the shell so its

edges can be matched wi th thaoge of second tank half-shell to which it is
per manent |y bonded bﬁ'eéﬁrnoverﬁ'&ﬁﬁ rfgnét }Hpmng 15 hBehasey 3% sMEFERN.
Conventional UL 1316 dougle-maLI Egnnetallic under qground .t ank tructurﬁs
made from chopped st FAAG PFBEr PablS FES LR (MAkH5s BN g PBER Nt BB skeRE1 e | ow
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conpacted soil. It is
strand fiberglass tanks provides another source of

micro fractures and structural strength uncertainty.
For this reason the resin-coated chopped strand
fiberglass material comprising prior art double-ﬁall
nonmetallic underground storage tanks fails to provide
the long term reliable leak-proof corrosion-resistant
structural material desired by users of underground
fuel storage tanks.

Conventional procedures used to make double-wall
‘fiberglass underground tanks employ expensive and
troublesome removable mandrels that require special
care in their use and storaée, as well as frequent
maintenance and repair. The rate of tank production
depends upon the availability of the removable tank
mandrels. For this reason conventional fiberglass
tank half-shells must be removed from the tank mandrel
as quickly as possible. The tank half-shell removal
time, however, is a function of the shell material
cure time: Unfortunately, due to the presence of a
wide variety of production variables, the material
cure time of prior art fiberglass tank half-shells

becomes extremely difficult to accurately predict or



the art that each chopped strand of fiberglass material contains_ hundreds
of 'short dry glass fila- nents that are tightly glued together by a starch
bi nder to enable the strand of conti.nuous glass filanents to be cut by the
rotating razor blades of a strand-di spensing chopper gun. It is also well
known in the art that the polyester resin m xed with the chopped strands of
fibergl ass does not conpletely dissol ve j;he starch binder. For this
reason the chopped strand fiberglass material used to make prior art
underground tank structures contains mllions of tiny dry-filanment bundl es
surrounded by pol yester 10 resin. These dry filanment bundl es behave as

m cro- fracturescoRckSE. r @8k el b X i:{@t—jégﬁle&@iéﬂ%:{ easid & spdul us of the
fiberglass tank material - The useé of dry sand In the construction of

conventional chogped-ghassnhnlki Rl ol fes HARKS RN PV HESEnAD I e@urce of
mcro fractures and structural strength uncertainty. For tHi s reason the
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doubl e-wal | nonnetal lic underground storage tanks fails to prdvide
sible for controlling the quantity, ratios and place-
ment of the chepped strand fiberglass and resin
materials. Furchermore, the complexity of computerQ
controlled mandrel and carriage equipment used to make
conventional fiberglass tank half shells is a cause of
frequent production interruptions. The daily changes
in ambient temperature and humidity require concomi-
tant changes in the proportions of promoter and
catalyst added to the polyester resin matrix used to
make conventionalffiberglass tank half-shells. The

"use of electrical heaters to accelerate the cure and
hardening of the polyester resin used to make priox
art fiberglass tank half-shells also regquires special
care to prevent the resin matrix from becoming too hot
or igniting and burning. The manufacture of conven-
..tional fiberglass tank halif-shells reguires that the

weight consumption of each of the materials as well as
the thickness of the tank half-shell head, dome and
ribs be continually measured and recorded to provide
the necessary quali?y control. Mandrels used to make
conventional ZIiberglass tank halZf-shells mus: be

continually rotated until the chopped strand fiber-

glass material cures thereby preventing the wet tank



the long termreliable | eak-proof corrosion-resistant structural material
desifed by users of -underground fuel storage tanks. Conventional procedures
used to nake. double-wal |l fiberglass underground tanks enpl oy expensive and
troubl esonme renovabl e mandrels that require special care in their use and
storage, as well as frequent nmaintenance and ¥2&pair. The rate of tank
producti on depends upon the availability of the renovabl e tank mandrels.
For this reason conventional fiberglass tank hal f-shells nust be renoved

fromthe tank mandre i ckly as pqssible._The tank hal f-shell _renova
time, however, is a %ﬁigfggﬁftf%é?ﬁ¥¥§ie%F°ﬁaFéFQ%PQc?ﬁﬁeﬁhﬁﬁ&andIEI onto
Unfortunately, due tg t he resencel(ﬁ)f $ W de V%{ietii of produyction

variabl es, the materF8f ctt®Ti ne e fH%r t9r tEH§ HRFGFSER® t Sk e - 8REI | s
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chopped strand fibergha3s,andnBeBblome out of round, making it difficult

to trim and match with another fiberglass tank half-
shell. The polyester resins used to manufacture most
conventional fiberglass underground tanks are
isophthalic polyester resins that do not contain a
styrene suppressant additive. Since these polyester
resins usually contain a weight percent of 40 to 50%
of styrene monomer the manufacture of prior art all-
fiberglass taﬁk requires the use of expensive equip-
ment to control the air pollution that results from
the requisite spraying operations. The safe disposal
and handling of the substantial gquantity of flammable
scrap materials resulting from fiberglass overspray
and such operations as sawing, trimming, and flushing
resin transfer lines; are additional concerns asso-
ciated with the conventional production methods and
apparatus used to make the conventional double-wall
nonmetallic underground storage tanks in compliance
with UL 1316 standards.
SUMMARY OF THE INVENTION
The present invention overcomes the foregoing

problems of the prior art by providing a composite



aterials. Furthernore, the conplexity of conputer- .controlléd nandrel and
carriage equi pment used to nmake conventional fiberglass tank half shells is
a cause.of frequent production interruptions. -The daily changes in anbient
tenperature and hum dity require concom - tant changes in the proportions
of pronpter and catalyst added to the polyestgr resin matrix used to nake
.conventional fiberglass tank half-shells. Thé use of electrical heaters to
accel erate the cure and hardening of the polyester resin used to make prior
art fiberglass tank half-shells also requires special care to prevent the

resin matrix from beRublegwadd heideYgrcmid idhiancodiprisitgy dhe impRwhagt ure
of conven- tional fiberglass tank half-shells requires that the weight

consunption of each mftatablent emetad asnasmddelas thgkt hifdamess eftridetulrank
hal f-shel |l head, dome and ribs be continually nmeasured and recorded to

provi de t he necessarspmpaintied cont teb. ivehidrishmluseontentrke corregticedal
fiberglass tank half-shells nust be continually rotated until the
chopped strand_ fi bercylgnsidcad: ermcrimenaldsic hepransyxreey evessgls he hastingank
12 ' hemispherical ends. The metal tank frame structure
provides the buckling resistance and compression
strength to resist soil loads when the tank is buried.
The pressure vessels are made of identical materials
and include an internal primary container enclosed by
an external secondary container of equal tensile
strength and corrosion-resistance. The composite
dodbié-wallr underground tank is a substantial
improvement' over conventional steel and fiberglass
tanks, and provides a more reliable- method  of
protecting the environment by preventing the release
of contaminating hazardbus liquids stored in the tank.
BEach of the two pressure vessels is wmade from a
multiple ply compoéite' laminate having a unique
arrangement of <fabrics containing £filament rein-
forcements impregnated with a thermosetting polymeric
matrix. The hemispherical ends have sealable axle
access openings. The top tank fitting outlets include
non-corrugated portions of the cylindrical laminate
structures bonded together and sandwiched between

bolted metal plates that are structurally connected to

the tank frame and sealed with an overlapping laminate



hal f-shel | material fromsliding off the nandrel .onto the floor. [f] due.
to the pressure of tinme and production goals,. a conventional fiberglass
tank hal f- shell is renoved fromthe mandrel too soon, it will ovalize and
become out of round, making it difficult to trimand match with anot her
fiberglass tank half- shell. The polyester resigns used to manufacture nost
conventi onal fi bergl ass under gr ound t anks are isophthalic polyester
resins that do not contain a styrene suppressant additive. Since these

pol yester resins usually contain a wei ght- percent of 40 to 50% of styrene
nmonomer the manuf act wteusittyng.or Fhe aghnuiabesphraes hetweene e eveshelsse
of expensive equip- nment. to control the air pollution that results fromthe
requi site spraying opduiudass a SHEPs3RG anmpdmpcerssheerity ity paovided by
substantial quantity of flanmmable scrap nmaterials resulting from fibergl ass
overspray and such oferBBigHE £OnLIGURGtiopi Rf nbhe adaveruSPThdoreh an
transfer lines, are additional concerns asso- cjiated wth the conventional

producti on met hods afFEfipaV&S5etusBemisP 3o COBROEATE o A™IIATR cSRE |

T LSt LML RLATE N 4SO a0 G ! Doy 3OS LATERLSS
requirements of Type II Secondary Containment Non-
metallic Underground Tank for Petroleum Products,
Alcohols and Alcohol-Gasoline Mixtures 360 Circum-
ferential Degrees established by Underwriters Labora-
tories, Inc. and published as U.L. Subject 1316 *Glass
Fiber-Reinforced Plastic Underground Storage Tanks for
Petroleum Products". The method and apparatus for
making the preferred embodiment of the invention
comprise the procedures submitted by the inventor to
Underwriters Laboratories, Inc. as part of UL file
MH8781 published September 30, 1993.

A principal aspect of the invention herein
disclosed is the specific arrangement and selection of
the fabrics and the thermosetting resin used to make
the multiple-ply corrugated laminate structure of each
of the concentric tank shells to provide a UL 1316
type nonmetallic underground storage tank having
secondary containment. Each of the tank shell
laminate _s:truétures comprising the subject invention

is able to retain in excess of 50% of its original

flexural strength after a 270 day immersion in the



probl ens of the prior .art by providing a conposite 13- doubl e- wal | _
under ground tank.conprising an internal rotatable metal nmandrel- - tank
frame structure surnounted by two individual concentric corrugated
cylindrical nonnetallic pressure vessels having hem spherical ends.
The netal tank frame structure provides the buckling resistance and
conpression strength to resist soil |oads whas the tank is buried. The
pressure vessels are made of identical materials and include an internal
primary contai ner enclosed by an external secondary contai ner of equal
tensile strength and corrosion-resistance.  The conposite doubl e-wal l .
underground tank ikquid sghenierlsl quiddpednreit dher Ebnshiental 1316el
and fiberglass tanks, and provides a nore reliable nmethod of protecting the
envi ronnent by prevéﬁﬁqi§¥9ﬂ§%P§heé§3Wﬁlkx#ﬁaﬁ?ﬁ%&ynﬁeﬁhiﬁraﬁuéanﬁBng

stored in the tank. Each Of.thgahgs %ressure vessels .is made from a
nmul tiple ply conposid&FIshfqtst PRESSUERi (B RPHBAScRERt SERaFsprinel)

containing filament heln J[LoRTe™™e WRGRIN 580 "alliGed "y Bl
diameter in feet (25 psi for an 8 ft. dia. tank).

Another aspect of the present invention is a
hemispherical composite laminate tank end structure
having sealable axle access holes. The holes provide
means for the tank frame support axles of the tank
turning unit to be connected to the metal tank frame
structure.

Yet another aspect of the present invention is a
double-wall tank outlet sealing structure comprising
concentric tank shell non-corrugated laminates that
are intimately bonded to each other and to each of the
metal tank outlet fitting plates welded to the metal
tank frame.

Yet a further aspect of this invention is a
hemispherical composite outer tank end shell structure
configured to provide a composite double wall under-
ground tank with a bottom liquid-trapping tank annulus
sump and a curved annulus sump access conduit that
enables a flexible dip stick or leak detecting sensor
system to monitor the tank’s containment integrity.

Another aspect of this invention is a composite

- head-to-shell anchor ring structure that is fabricated



matrix. The hem spherical ends have seal abl e; axl € access openi ngs. The
top tank fitting outlets include non-corrugated portions of the cylindrical

| am nate structures bonded. together and sandwi ched between bolted: net al '
pl ates that are structurally connected to the tank franme and sealed with an
over |l apping | am nate 14 structure.  The ggnular space between the
vessel s includes a sunp and annul us access cOhduit provided by a unique
configuration of the |ower portion of an outer vessel hem spherical
conposite lam nate end structure. A preferred enbodi nent conplies with the

requirenents of TYPggoln Sq%@q%wiﬁagigkgsgﬁggﬁg@: Ggg%ﬁiﬁﬁ&ﬁ’“dﬂ%ﬂ%@g

Tank for Petrol eum Pfoducts, “Al cohol I ne xt ures

Grcum ferential D%&&%@@;e&ma@idﬂyyida/ﬂﬂgkﬂagété&SeéaEOﬁémiggﬁéfﬁcainC-
and published as U L. Subject 1316 "d ass Fi ber-Reinforced Plastic

Under ground St or age thakk @ridoisoPalsr @ocperiandnel ¢ attadhetdethodt @ik end
apparatus for making the preferred enbodi nent of the invention conprise the

procedures submittedhesy tHengiredinalto bbdeimuoters Lhbamenori estrands as
part of W file comprising the cylindrical tank shell laminate.
ﬁRIEF DESCRIPTION OF DRAWINGS

Other objects and advantages of this invention
will become apparent from the following description
and accompanying drawings wherein:

Fig. 1 is a partially sectioned top view of a
preferred embodiment showing a metal tank £frame
skeleton ;prmounted by two corrugated generally
cylindrical.laminate structures separated by a plastic
film which is made according to the present invention.

Fig. 2 is a greatly enlarged partially sectioned
fragmentary top view of a tank end illustrating the
multiple-ply construction of a primary and a secondary
hemispherical laminate tank ends that surmount the
tank frame end structure of Fig. 1.

Fig. 3 is a fragmentary perspective view
illustrating the multiple-ply construction of the
primary and secondary cylindrical laminate structures
of Fig. 2. .

Fig. 4 is a side elevation view of a preferred
embodiment showing tank support saddles, an annulus

access, and an annulus sump constructed as part of the



- MH8781 published Septenber 30, 1993. A principal aspect of the. invention.
herein disclosed is the specific arrangenent. and sel ection.of the fabrics
and the :thernosetting resin used to nake the nultiple-ply corrugated

| ami nate structure of each of the concentric tank shells to provide a UL
1316 type nonnetal |ic underground storage tankyhaving secondary

cont ai nnent . Each of the tank shell |am nate structures conprising
the subject invention is able to retain in excess of 50% of its original
flexural strength after a 270 day imrersion in the i quid chem cals

outlined in the UL Sekcentiatylhempspherietl obaminavel tarmis ad edf Fbgsst2an
I nternal aerostatic tank pressure (in pounds per square inch) that equals
t he nunmber 200 divi deddbB.the tank dianeter in feet (25 psi for an 8 ft.
dia. tank). Another aspect of the present invention is a hem spherical
conposite |aninate tank eRdgst Budsurme firagmegtazsyl dspbuetrie prepectionesf
The hol es provide nmeans for the tank frame support ax]es of the tank
turning unit to be c8nRECEEJISEEEIPR htambotser FertFakartigneof the two

hemispherical laminate tank ends showing the annulus
access conduit and the bottom annulus sump structure
contéining a leak detection sensor.

Fig. 6 is a partial cross sectional top view
showing the annulus access conduit, the threaded axle
support fitting and the composite laminates used to
seal the axle access holes in the primary and
secondary hemispherical laminate tank ends.

Fig. ; is a fragmentary perspective cross section
view illustrating a tank outlet laminate sealing
structure overlapping tank outlet openings in the
primary and secondary cylindrical laminate structures
contained between a metal outlet compression plate
bolted to a metal tank outlet fitting plate.

Fig. 8 1is an infrared spectra trace chart
obtained by means of an infrared spectrophotometer
analysis of the primary and secondary tank laminate
material tested by Underwriters Laboratories, Inc.

Fig. 9 is a section view of a metal channel
section used to make tank frame ribs in a preferred

embodiment of the invention.



Yet anot her aspect of the present invention is a double-wall tank outlet
seal i'ng structure conprising concentric tank shell non-corrugated | am nates
that are intimtely bonded to each-other and to each of the netal tank
outlet fitting plates welded to the netal tank frane. Yet a further aspect
of this invention is a hem spherical conpositg,outer tank end shel
structure configured to provide a conposite double wall under- ground tank
with a bottomliquid-trapping tank annulus sunp and a curved annul us sunp
access conduit that enables a flexible dip stick or |eak detecting sensor

systemto nonitor the tank's conpRERERRED! AREHELE VEMBUWIMET aspect of this
I nvention is a conposite head-to-shell anchor ring structure that is

fabri cated 16 upon | ongefeshtived | Y new ented ¢@@at i n@eawiddd amand sthapsls
that overlap the edge of each hem spherical tank end so as to permanently

attach to the tank epdrtheulatrbngid Fdiguxle 1 tlesdeati,otheref ibabtbistratednds

conprising the cylindrical tank shell |am nate. BRI EF DESCRI PTI ON OF

DRAW NGS a preferred embodiment of the present invention, which
includes a composite double wall underground tank
structure 1. The'tank structure 1 generally comprises
a mgtal tank frame skeleton structure 2 surmounted by
two concentric multiple ply  laminates 3. These
laminates 3 are made with the same materials using the
same procedures described by Underwriters
Laboratories, Inc. under UL File MH 8781 to obtain the
UL 1316 Cléss 16 label certification.

The ;ank structure 1 further includes two
opposite, hemispherical tank ends 4 and a plurality of
the cylindrical tank shells S that are formed from the
multiple ply laminates 3 made for instance with Dow
Derakane 470-36 vinyl ester resin. The chemical
resistance of laminates 3 was investigated over a 270
day period by Underwriters Laboratories, Inc. underxr
File MH 8781, Project 92SC10462. The results of those
chemical resistance tests are presented in the

following Table I.



“Cther objects and advant ages of this invention will becone apparent from .

the following descrjption and acconpanying drawi ngs wherein: Fig. 1 is a

‘partially sectioned top view of a preferred enbodi nrent showi ng a netal

frame skel eton

t he present

surnounted by
| am nate structures separated by a plastic fi

t wo

that surnount the tank frame end structure afsds g.

fragnmentary perspective view.illustratin

the primary and seco

is a side elevation ypeMnehe sl wfrehT F SHRAMENTRBINFOREMERY: t3ank support
an annul us FERCBTAGEBY WEIGHTIOF TEERMOSHTTINGMATRIEX:ed 6as part of the

saddl es,

P ARl OF

the nult

18781 £OUFT

ke

17 secondary hem sphERIGARL | EHFKPRALeSTRENRTR d 0fl8 FFQfsPSD
ORIGINAL IZOD IMPACT STRENGTH = 22

ST LIQUID 30 DAYS 90 DAYS 180 DAYS
AUTOMOTIVE FUELS .
Premium Leaded

Gasoline 84 115 88
Regular Unleaded

Gasoline 95 102 82
No. 2 Fuel 0il 88 75 8é
Fuel C 85 108 106
100% Ethanol 76 83 73
50% Ethanol/50% Fuel C 82 82 76
30% Ethanol/70% Fuel C 88 85 71
15% Ethanol/85% Fuel C 97 88 89
10% Ethanol/90% Fuel C 92 80 84
100% Methanol 79 80 82
50% Methanol/50% Fuel C 83 87 77
15% Methanol/85% Fuel C 76 79 72
Toluene 97 97 83
ENVIRONMENTAL FLUIDS
Sulfuric Acid 98 98 79
Hydrochloric Acid 81 90 80
Nitric Acid 93 8s 77
Sodium Hydroxide 104 80 79
Saturated Sodium

Chloride 112 93 88

- Sodium Carbonate/

Bicarbonate 102 90 80
Distilled Water 108 103 118
AIR OVEN AGING AT 158°F
ULTRAVIOLET LIGHT &

WATER EXPOSURE S0

ORIGINAL TENSILE MODULUS =

PERCENT OF ORIGINAL FLEX STRENGTH AFTER IMMERSION PERIOD

1,18

-LB/IN
1,227 PSI

corrugated generally cylindrical
g which is made according to
i nvention. Fig. 2 is a greatly enlarged partially sectioned
fragnentary top view of a tank end illustrating the nultiple-ply
construction of a primary and a secondary hem spheri cal

tahk

| am nate tank ends
1. Fig. 3is a

y construction of

YIRS 2. Fig. 4

270 DAYS

82

86

As shown in Table I, the thin 0.125 inch multiplg ply

laminates "3 made from the arrangement of materials

according to the present invention retain in excess of

50% of their physical properties after prolonged

immersion in a wide variety of £fluids.

Referring to



.and 3. Fig. 5is a fragnentary isonetric projection of a cross section of a
bottom central portion of the two hem spherical |am nate tank ends show ng
the annul us access conduit and the bottom annul us ‘sunp structure containing
a leak detection sensor. Fig. 6 is a partial cross sectional top view

showi ng the annul us access conduit, the threaded axle support fitting and
the conposite | am nates used to seal the axl @paccess holes in the primry

" and secondary hem spherical |lamnate tank ends. Fig. 7 is a fragnentary
perspective cross section viewillustrating a tank outlet |am nate sealing
structure overlapping tank outlet openings in the prinmary and secondary
cylindrical |am nat&&r fot ke Lnfrareddspretwertrzacrtd| ipupbtained by
conpression plate bolted to a netal tank outlet fitting plate. Fig. 8 is an
infrared spectra tr ReaNEhekt appknfiyaned Frecanorbetaneréx rapalysis of the
spectrophot oneter analysis of the primary and secondary tank | am nate
material tested by @?dérv@??%lf%n?_abﬁgr%gi e¥inydc @SHFTY 9 ¥RSIN e PALEEX| ew

of a netal channel section LéS%d to e tank_fra ribs i,n a preferre
enbodi nent of the i . e as the prEferre constituent o the

multiple ply laminates 3 comprising the primary
container and secondary container of the preferred

underground tank embodimerit.

Preferred Materials for Hemisphericai Tank Ends 4

The materials used in the construction of a
preferred embodiment of the hemispherical composite
laminate structures comprising tank ends 4 of the
primary and secondary containers 6 and 7, respectively
are listed in Table II below.

TABLE IX

THE FOLLOWING REINFORCEMENT FABRICS IMPREGNATED WITH DOW DERAKANE

VINYL ESTER RESIN 470-36 TO WHICH IS ADDED A WAX-CONTAINING

STYRENE SUPPRESSANT COMPRISE THE PRIMARY AND SECONDARY TANK
~ HEMISPHERICAL HEAD LAMINATES:

1st PLY: 1.3 0z./5Q.YD. APERTURED POLYESTER SURFACING VEIL
2nd PLY: 13.0 0Z./SQ.YD. UNIDIRECTED FIBERGLASS ROVING (CIRC)
3rd PLY: 1.5 0Z./SQ.FT. CHOPPED FIBERGLASS ROVING

4th PLY: 18.0 0Z./SQ.¥YD. FIBERGLASS WOVEN ROVING

5th PLY: 6.0 0Z./SQ.YD. WOVEN FIBERGLASS CLOTH

As shown in Fig. 2. each hemispherical composite
laminate structure comprises a multiple ply reinforced
plastic lan-tinate structure. While only five plies 4a-
4e are 1illustrated, it should be understood that
additional plies could be selected and used as needed.

A first ply 4a is preferably made from overlapping



PREFERRED ARTI CLE EMBODI MENT Referring now to the -drawings and nore
particularly to Figure 1 thereof, there is illustrated a preferred S
enbodi nent of the present invention, which includes a conposite doubte
wal | underground tank structure 1. The tank structure 1 generally conprises
a netal tank frame skeleton structure 2 surnounted by two concentric
multiple ply lamnates 3. These lam nates, 3 are nade with the sane
materials using the sane pr ocedur es d ri bed by Underwriters
Laboratories, Inc. under UL File IWH 8781 to obtain the UL 1316 O ass 16
‘label certification. The tank structure 1 further includes two opposite,

hem spherical tank ggp ﬂofcfﬂ | ¢ Qfa t ' i t%ﬂétﬁﬂ% s 5
that are forned from?lﬁﬁee nu t.'ﬁﬁ%‘ﬁ? ﬁée{:)n%l;gas’[ eésl?c?)%r?ad ed% oé_r:ééltns ance V\A%h
Dow Der akane 470_-369a1wéc@ist§mrf£éizgg] veilenebenyCcal argShlighee o 1.3

| am nates 3 was investligated over a Z/0 day period by Underwiters

Laboratories, Inc. ¢mes pekesida®é8lafy o] ££t gliZSEINA2a HiE dk@ellst Soof

t hose chemi cal resistance tests are presented In the following Table I.
approximately 0.010 inch (0.25 mm), and a fabric warp
width in the range of 60 to 84 inches (1.5 to 2.1 m).
A second ply 4b preferably includes unidirected
filament £abric having"Circumferentially oriented
continuous filament strands, a tensile strength equal
to 1200 1lb. per inch (21 kg/mm) of width, a dry weight
of 13 ounce per square yard (442 gm/sqg.m), a thickness
of 0.03 inch (0.80 mm), and a warp width in the range
of 48 to 72 inches (1.2 to 1.8 m).

A thifd Ply 4c of overlapping trapezoidal-shaped
pieces is preferably cut from a fabric of chopped
strand fiberglass having a dry weight of 1.5 ounce per
square foot(458 gm/sq.m),a thickness of approximately
0.015 inch (0.38 mm),and a width in the range of 60 to
84 inches (1.5 to 2.1m). A fourth ply 44 of over-
lapping trapezoidal-shaped piecgs is preferably cut
from a fabric of;woven fiberglass roving having a
tensile strength equal to 600 lb. per inch (11 kg/mm)
of width, a dry weight of 18 ounce per square yard
(612 gm/sq.m3, a thickness of 0.04 inch (1.00 mm) and
a width in the range of 48 to 72 inches (1.2 to 1.8m).
A fifth ply 4e of overlapping trapezoidal-shaped

fabrics is preferably cut from woven fiberglass cloth



19 TABLE | CHEM CAL RESI STANCE OF MH 8781 COWCOSI- TE TANK LAM NATES .
PERCENTAGE BY WEI GHT OF FI LAMENT REI NFORCEMENT: 38 PERCENTAGE BY WEI GHT OF
THERMOSETTI NG MATRI X: 62 ORI G NAL FLEXURAL STRENGIH = 18, 564 PSI

ORI G NAL | ZOD | MPACT STRENGTH = 22 FT-LB/IN ORI G NAL TENSI LE MODULUS =

1, 181, 227 PSI PERCENT OF ORI G NAL FLEX STRENGTH AFTER | MMERSI ON PERI OD TEST

LI QUID 30 DAYS 90 DAYS 180 DA$8 270 DAYS AUTOMOTI VE FUELS
Prem um Leaded Gasol i ne 84 115 88 . 97
Regul ar Unl eaded Gasol i ne ' 95 102 82

119 No. 2 Fuel QO . 88. 75 6 92 Fyel .C
95 105 hayggg a tensSyle 166V§%n8ﬁual % 200 1b Ber inch g3

73 87 50% Ethang| /
30% Et hanol / 70% Fue}a %Q‘% @fr&f% ‘%é%:h a drY?I’elght of & 9‘5‘5}“ per
Ethanol/85@6FueI

Fuel C Coquatt yard (284 gn/sq.mi3%a shickneld H8¥FHRRNIHCROY

80 82 (O.Z%Omm), and a warp width in the range of 60 to 84
inches (1.5 to 2.1 m).

The individual laminate plies 4a-4e forming the
hemispherical laminate end structure of the primary
container 6 and the secondary container 7 are impreg-
nated with a hardenable liquid vinyl ester resin matrix
containing from 30 to 40% styrene monomer to which is
added 1.3 percent by weight a liquid wax-containing
styrene suppressant. The preferred matrix material is

made by Dow USA and identified as Derakane 470-36.

Preferred Materials for Cylindrical
Tank Shell Laminates S

The preferred materials used in the construction
of a preferred embodiment of the corrugated cylin-
drical composite laminates 5 forming the primary
container 6 and secondary container 7 are shown in
Fig. 3 and presented in Tables III and IV in the order

of their arrangement.

-



50 Met hanol / 50% Fuel C 83 87 77 80 15%

Met hanol / 85% Fuel C 76 79 12 83 Tol uene -

97 97 83 ENVI RONMVENTAL FLUI DS Sul furic Acid - 98
98 .. 79 82 Hydrochloric Acid ' 81 90 - 80
Nitric Acid 93 85 77 Sodi um Hydr oxi de

104 80 79 Saturated Sodi um Chl gsi de _ 112

93 88 86 Sodi um Car bonate/ Bi carbonate 101

90 80 Distilled Water . 108 103 115 AIR OVEN
AG NG AT 158[err] ULTRAVI OLET LI GHT & WATER .EXPOSURE 90 As

shown in Table I, the thin 0.125 inch nul tiAgtIpty | am nates 3 made from

t he arrangenent of ”P&s?ﬁ%ﬁaﬁnﬁ ' to the present invention retain in
excess of 0% of t hel sl tambhi 175! SRR T -

wi de variety of fluigfmenel stdrBgsa® c SE THE DPRIMARY TANK CYLINDRICAL
CORRUGATED LAMINATE STRUCTURES:

1st BLY: 1.

0 0Z./SQ.YD. RESINATED POLYESTER SURFACING VEIL
2nd PLY: 1.3 0Z./SQ.¥YD. NON-RESINATED POLYESTER SURFACING VEIL
3rd PLY: 6.0 0Z./SQ.¥YD. WOVEN FIBERGLASS CLOTH
4th PLY: 13.0 0Z./SQ.YD. UNIDIRECTED FIBERGLASS ROVING (LONGO)
Sth PLY: 1.0 0Z./SQ.Fr. CHOPPED FIBERGLASS ROVING
6th PLY: 13.0 02./SQ.YD. UNIDIRECTED FIBERGLASS ROVING (CIRC)
7th PLY: 13.0 02./SQ.YD. UNIDIRECTED FIBERGLASS ROVING (CIRC)
8th PLY: 6.0 0Z./SQ.YD. WOVEN FIBERGLASS CLOTH

TABLE IV

THE FOLLOWING REINFORCEMENT FABRICS IMPREGNATED WITH DOW DERAKANE
VINYL ESTER RESIN 470-36 TO WHICH IS ADDED A WAX-CONTAINING

STYRENE SUPPRESSANT COMPRISE THE SECONDARY TANK CYLINDRICAL
CORRUGATED LAMINATE STRUCTURES:

ist PLY: 1.3 0Z./sQ.¥YD. NON-RESINATED POLYESTER SURFACING VEIL
2nd PLY: 6.0 0Z./SQ.YD. WOVEN FIBERGLASS CLOTH ’
3rd PLY: 13.0 0Z./SQ.¥YD. UNIDIRECTED FIBERGLASS ROVING (LONGO)
4th PLY: 1.0 02./SQ.FT. CHOPPED FIBERGLASS ROVING

Sth PLY: 13.0 02./sQ.¥D. UNIDIRECTED FIBERGLASS ROVING (CIRC)
6th PLY: 13.0 0Z./SQ.YD. UNIDIRECTED FIBERGLASS ROVING (CIRC)
7th PLY: 6.0 02./s5Q.YD. WOVEN FIBERGLASS CLOTH

The construction of the primary container 6 onto
the tank frame structure 2 prior to fabricating the
secondary container 7 will now be described. The
cylindrical composite laminate shell structure forming
the primary container 6 is disposed on a plurality of
uniformly spaced metal annular ribs 12 of the tank
frame 2, and includes a plurality of plies 6a-6h.
While eight plies Ga-éh are shown for illustration
purpose, it should be understood that additional plies
can be used, without departing from the scope of the
invention. A first ply fabric 6a preferably includes

a stiff apertured resinated polyester surfacing'veil



Fig. 8 'the infrared spectra trace 8 is obtained by nmeans of an infrared
spectrophot oneter anal ysis of t he Dow Derakane ~:470-36 vinyl ester
resin matrix recomrended as the preferred constituent of the multi ple ply
| ani nates 3 conprising the primary contai ner and secondary contai ner of t he
preferred underground tank enbodi ment. Preferred Materials for

Hem spherical Tank Ends 4 The materials used 450 the construction of a
preferred enbodi nent of the hem spherical conposite |am nate structures
conprising tank ends 4 of the primary and secondary containers 6 and 7,
respectively are listed in Table Il below TABLE Il THE FOLLOW NG

REI NFORCEMENT FABRI GiavilvieREENATF Dwel §hit DOl DERMNGSE PeNYsgqhSTeRvEES N34
470-36 TO WHICH | S ADDED A WAX- CONTAI NI NG STYRENE SUPPRESSANT COVPRI SE THE
PRI MARY AND SECONDARM/ENH)HEVEBREERE €8l o FiEEiiptoMindXEALY 0181L0Pinch (.25
QZ./SQ YD. APERTURED POLYESTER SURFACI NG VEIL 2nd PLY: 13.0 QZ./SQ YD.

UNI DI RECTED FI BERGLASS ROMAGY iddh 3id Ribe rdandge OBf/ SE@ Finche3OPBET2

FI BERGLASS ROVI NG 4th PLY: 18.0 OZ./SQ YD. FlI BERGLASS WOVEN ROVI NG 5t h
PLY: 6.0 OZ./SQ YDinofssN 1 -HERG ASS IQ0”As SThavivarp firealls efcithe

hem spheri cal corrposrte | amg n t% structure conprises a nmultiple ply
r ei nf or ced irst ply fabric extend generally in the direction of

the longitudinal tank frame axis.

A second ply fabric €b preferably includes a soft
apertured polyester surfacing veil having a dry weight
of 1.3 ounce per square yard (44 gm/sq-.m) and a thick-
ness of approximately 0.010 inch (0.25 mm), and a
width in the range 18 inches to 48 inches. The warp
threads of: the second ply fabric 6b are disposed
transversely to and superimposed over the warp threads
of the first ply fabric 6a to impose a substantially
uniform load thereon, in order to deflect the first
and second plies 6a, 6b into a connected plurality of
corrugations, and to form a corrugated laminate having
a generally concave parabolic portion between a pair
of adjacent convex portions intersecting therewith,
when viewed in cross section, ) relative to the tank
- frame axis. A third ply fabric é6c is preferably made
of woven fiberglass cloth having a tensile strength
equal to 200 1b per inch (3.543 kg/mm)of width, a dry
weight of 6 ounce per square yard (204 gm/sq.m), a
thickness of 0.010 inch (0.25 mm), and a width in the

range of 12 inches to 52 inches (30.4 cm to 132 cm).



plastic lam nate structure. Wile only five plies 4a- 4e are illustrated,
it .should be understood that additional plies could be selected and used as
needed. A first ply 4a is preferably nmade from overl appi ng 21
trapezoi dal -shaped fabrics cut froma soft apertured polyester surfacing
veil having a dry weight of 1.3 ounce per sggare yard (44 gnm'sq.m, a

t hi ckness of approximately 0.010 inch (0.25 nm, and a fabric warp width in
the range of 60 to 84 inches (1.5 to 2.1 n). A second ply 4b preferably

i ncludes unidirected filanment fabric having circunferentially oriented

continuous fil amentTisd r eadp, thiewdy | 6f StumRNgthieguallyt 0£4899c! e paEei NCh
(21 kg/mm of width, a dry weight of 13 ounce per square yard (442

gnm'sg. n, a thicknesispdsedl @pprozhméeBP pagalleldte yiws warp threadshefr ange
of 48 to 72 inches (1.2 to 1.8 m. Athird ply 4c of overl apping

t rapezoi dal - shaped tlieecescosd ppdierétbl ypomt whichn &Heabthirdf pdlyopfpedist r and
fi berglass. having a dry weight of 1.5 ounce per square foot (458 gnisqg.m, a
t hi ckness of appr o@uRamsimpaEest.s ilndieurgh3plymfabadd Edwidt knidirketednge
of 60 to continuous glass fiiameﬁt strands extend generally
parallel to the longitudinal cylindrical axis, and has
a tensile strength equal "to 1200 1lb. per inch (21
kg/mm) of width, a dry weight of 13 ounce per square
yard (442 gm/sqg.m), a thickness of 0.03 inch (0.80
mm), and a width in the range of 36 inches to 72
inches (91.4 cm to 183 cm)

A figth ply £fabric 6e preferably includes
randomly oéiented chopped fiberglass strands having a
dry weight of approximately 1 ounce per sqﬁare foot
(305 gn/sq.n),a thickness of approximately 0.010 inch
(0.25 mm), and a width in the range of 36 inches to 72
inches (91.4 cm to 183 cm). A sixth ply 6f generally
includes a warp of unidirected circumferentially
oriented continuous glass filament strands disposed
transversely to and superimposed over the fourth ply
glass filament strands 64 to impose a substantially
uniform load thereon. The sixth ply warp 6f has a
tensile strength equal to 1200 1lb. per inch (21 kg/mm)
of width, a dry weight of 13 ounce per square yard
(442 gm/sg.m), a thickness of 0.03 inch (0.08 mm), and

a width in the range of 4 to 60 inches (10 to 150 cm).



84 inches (1.5to 2.1 m. Afourth ply 4d of over- |apping '
trapezoi.dal - shaped pieces is preferably cut’ froma fabric of woven - .
fiberglass roving having a tensile strength equal to 600 I'b. per inch (1
kg/mm) of width, a dry weight of 18 ounce per square yard (612 gmsg.m, a
t hi ckness of 0.04 inch (1.00 nm and a width in the range of 48 to 72
inches (1.2 to 1.8m. Afifth ply 4e of overlapping trapezoi dal - shaped
fabrics is preferably cut fromwoven fiberglass cloth 22 having a
tensile strength equal to 200 | b per inch (3.543 kg/nmof width, a dry

a_thickness of 0.010 inch

(0,95 ), and a virp i dknoFYepRb PligBdPrataraty trsaseel % . af n
The individual Ianinate Elie a-ﬁg form ng.the hegi spherical lam nate Pnd

structure of the pri HRFS E%ﬁ?%én FRELAHRPS %ﬁﬁ:%ﬁgépg?ﬁoﬁFﬁ?ﬁg?'7S%P§F_
From 30 to 40% st yr HEERERENSPOFo W CH R EatAPPE oAb el BAF At e
| i qui d wax-contai ni ngnpst L5 SR8 %i@prgeff@tfifmeﬂ egg{_é&gls ”EH' én@athearé' aé S

tensile strength equal to 1200 1lb. per inch (21 kg/mm)

of width, a dry weight of 13 ounce per square yard

(442 gm/sqg.m), a thickness of 0.03 inch (0.08 mm), and

a width in the range of 4 to 60 inches (10 to 150 cm).

An eighth ply fabric 6h is preferably made of woven

fiberglass cloth having a tensile strength equal to

200 1b per inch (3.543 kg/mm)of width, a dry weight of

6 ounce per, square yard (204 gm/sq.m) and a thickness

of 0.010 inch (0.25 mm).

The construction of the secondary container 7

onto the primary container 6 will now be described.

A plastic annulus-forming sheet 22 is used to com-

pletely enclose and cover the cylindrical composite

laminate shell structure 6h of the primary container

6, except for the tank outlet laminate regions 19, as

illustrated in Figs 2 and 3,-where the primary and

secondary cylindrical laminates are bonded together.

An annulus space 23 between the primary and secondary

cylindrical composite laminate tank shells 5, formed

by the intermediate plastic sheet 22, is preferably

i less than 0.06 inches(1.5 mm) to enable the outer

secondary tank shell 7 to protect as well as to



made by Dow USA and identified as Derakane 470-36. Preferred Materials for.
Cylindrical Tank Shell Laminates 5 The preferred nmaterials used in the
construction of a preferred enbodi nent of the corrugated cylin- drical
conposite lamnates 5 formng the primary container 6 and secondary .
container 7 are shown in Fig. 3 and presented_in Tables Il and IV in the
order of their arrangenent. 23 TABLE |11 TRE FOLLOW NG REI NFORCEMENT
FABRI CS | MPREGNATED W TH DOW DERAKANE VI NYL ESTER RESI N 470-36 TOWICH IS
ADDED A WAX- CONTAI NI NG STYRENE SUPPRESSANT COWVPRI SE THE PRI MARY TANK

RESI NATED POLVESTER SDRPACTRELE 1° R 1ry. ) ity prigrfadicBhihs o,

FIBERGLASS OLOTH 4t KEBEYE o o0 oy Mreh SoRk L P oPREt et e et

PLY: 15,0 7 /30 YO N SECTED T S ACS RN Nl R Bt h P Yo 5 o

QZ./SQ YD. UN DI REgEERIELBEREASS AAVe¥aalCl Feeéssure or installation-
produced compression loads.

Except for the first ply fabric 6a, the cylin-
drical composite laminate shell structure forming the
secondary container 7 is preferably made of the same
materials as the composite laminate shell structure
forming the primary container 6, and in the same
sequence. A first ply fabric 7a comprises a soft
apertured polyester surfacing veil. A second ply
fabric 7b is made of woven fiberglass cloth. A third
ply fabric 7c¢ includes unidirected longitudinally
oriented filament strands. A fourth ply fabric 7d
includes chopped fiberglass strands. A fifth plﬁr 7e
and sixth ply 7f include circumferentially oriented
continuous glass filament strands. A seventh outer
ply 7g comprises woven fiberglass cloth. The
individual 1laminate plies forming the cylindrical
laminate structure of the primary container 6 and
secondary container 7 are impregnated with a harden-
able liquid vinyl ester resin matrix containing from

30 to 40% styrene monomer to which is added 1.3

percent by weight a liquid wax-containing styrene



8th PLY: 6.0 OZ./SQ YD. WOVEN FI BERGLASS CLOTH TABLE |V THE FOLLOW NG
REI NFORCEMENT FABRI CS | MPREGNATED W TH DOW DERAKANE VI NYL -ESTER RESI N :
470-36 TO WHICH | S ADDED A WAX- CONTAI NI NG STYRENE SUPPRESSANT COWPRI SE THE
SECONDARY TANK CYLI NDRI CAL CORRUGATED LAM NATE STRUCTURES: 1st PLY: 1.3
QZ./ SQ YD. NON- RESI NATED POLYESTER SURFACI NG VEIL 2nd PLY: 6.0 QZ. /SQ YD.
WOVEN FI BERGLASS CLOTH 3rd PLY: 13.0 QZ./SQ YD. UN DI RECTED FI BERGLASS
ROVI NG (LONGO) 4th PLY: 1.0 OZ./SQ FT. CHOPRED FI BERGLASS ROVI NG 5t h PLY:
13.0 OZ./SQ YD. UN DI RECTED FI BERGLASS ROVING (CIRC) 6th PLY: 13.0
QZ./SQ YD. UN DI RECTED FI BERGLASS ROVING (CIRC) 7th PLY: 6.0 QZ./SQ.YD.
WOVEN FI BERGLASS CLOTH The construction of the prinmary container 6 onto the
tank frame structuresgppressanty f Tbei prefenrediamatsuionmacpriaht i madey by | |
now be descri bed. The cylindrical conposite |aninate shell structure
form ng the prinary BewWt@bhaand jdentifiedeasoRezahroratvOy36f uniformy
spaced netal annular ribs 12 of the tank frane 2, and includes a plurality
of plies 6a-6h. Wile eight plies 6a-6h are shown for illustration purpose,

it should be understgod._.t hat di,tional plies can be used, w thout
departing fromthe sg%me = . Afirst ply fabric 6a preferably

I ncl udes a stiff aperturef_:iigres'ina].'flr-.:'.(%l_1 (%jayéester surfacin

és the pre ergeéeigorm of the
metal tank frame 2 which includes a generally cylin-
drical 1laminate-forming metal mandrel structure 9
connected to hemispherical-shaped metal skeleton end
structures 10 that provide the tank frame with axle
supports 11 (Fig. 6) that enable the tank frame to be
rotated while supported at the frame extremities by a
tank frame :‘tuming unit (not shown). The cylindrical
tank frame structure 9 is made from uniformly spaced
annular metal ribs 12 supported by nine metal longer-
ons 13 having ends connected to the hemispherical-
shaped metal tank ends 10 that accept removable
threaded axles (not shown) connected to a powered tank
frame turning unit.

The preferred frame outside diameter is 95 inches
(241 cm). The preferred material from which to con-
struct the tank frame ribs 12, the frame longerons 13
and each o_f the hemispherical end support structures
10 is carbon steel channel 14 shown in Fig. 9 having
a cross section area of approximately 0.5 square
inches (3.23 sg.cm), a channel material thickness of

approximately 0.125 inches (.32 cm), a channel flange



24 having a dry weight of 1 ounce per. square yard (34 gni'sq.m,.a thickness
of approximately .0.010 inch (0.25 nm, and a wdth in the range of .36- -
inches to. 72 inches (91.4 cmto 183 cn). The warp threads of the first ply
fabric extend generally in the direction of the |ongitudinal tank frane
axis. A second ply fabric 6b preferably includes a soft apertured pol yester
surfacing veil having a dry weight of 1.3 ounce per square yard (44
gn'sgq.m and a thick- ness of approximtely 0.010 inch (0.25 mr, and a
width in the range 18 inches to 48 inches. Tha9warp threads of the second
ply fabric 6b are disposed transversely to and superinposed over the warp
threads of the first ply fabric 6a to inpose a substantially uniform]| oad
thereon, in order to deflect the first and second plies 6a, 6b into a
connected plurality BeigR%r @fatd dhsinghest d2r84mamloorandaechanmaiateeb

havi ng a generally copgave parabolic poriion between a pair of adjacent
convex portions int e‘?’%@ i‘ﬁg éh%r’é?rﬁ' €F§ {ﬂmo@ W®Bwed in cross section,

refative to the tank frang, aXi gne ALk " frlhd FARL! 5 O%d SulLST ELER! ¥, LB(e

channel 14 spaced 12 inches apart, they will proffae
the tank frame structure 2 with a compréssion étiéééth
and buckle-resistant stiféness (proportional to the
moment of inertia, I , of the cross sectional area)
that is twice as great as that of a UL listed steel
tank structufe (U.L. subject 1316), and do so with
one-sixth the weight of the steel tank. The steel
channel 14 shown in Fig. 9 has a moment of inertia, I,
equal to 0.0362 in' and cross sectional area equal to
0.04576 in®. By comparison, the moment of inertia of
a 12 inch long steel plate 1/4 inch thick, typical of
Subject 58 tanks, is equal to .0156 in* and a cross
. sectional area is equal to 3 square inches.

As shown in Fig;s. 3 and 7, each ocutlet fitting
plate 15 is welded to the tank frame 2 and is flush
with the tank frame rib cylindrical outer surface and
located on the uppermost portion of the tank £frame
between the tank frame ribs. Each outlet fitting
plate 15 is made from a curved steel plate welded to
the outer edges of adjacent tank frame ribs. The
outlet fitting plates 15 contain openings 16 (Fig. 3)
that provide access to the tank interior via pipe

outlet fittings 17. Each of the outlet fitting piates



-of woven fiberglass.cloth having a tensile strength equal to 200 | b per
inch (3.543 kg/ M of width, a dry weight of 6 ounce per square. yard (204
gm sg.n), a thickness of 0.010 inch (0.25 mm), anhd a width in the range of
12 inches to 52 inches (30.4 cmto 132 cm. 25 The warp threads of the
third ply fabric 6¢c are di sposed approximately parallel to the warp threads
of the second ply 6b upon which the third3gly 6c is superinposed. A fourth
ply fabric 6d of unidirected continuous glass filanment strands extend
generally parallel to the longitudinal cylindrical axis, and has a tensile
strength equal to 1200 |b. per inch (21 kg/ of width, a dry weight of 13
ounce per squarelPaig c2Bstyursednfo haveiaknieashile osTuare {uckesm),
and a width in the range of 36 inches to 72 jnches (91.4 cmto 183 cm A
fifth ply fabricO5ePEremersp §ur£e1=ﬁd§§ FanuBiFl ©he chreeripBppatilet

fiberglass strands having a dry wei ght of approximately, 1 ounce per square
foot (305 gntsq. Fr'f,géq‘hilgkr?efgs%tﬁ %’g’d?m rﬁ‘grgtﬁlutﬁlblba‘%rﬁf;? 0.5’2‘58%?, and a
width in the rangg of.38.;868°8nk Ssdfiea.

Preferred Tank Outlet Embodiment 20

Fig. 7 illustrates a éreferred embodiment of a
composite double-wall tank fitting outlet structure 20
including non-corrugated outlet regions 21 of the
cylindrical laminate structures 5 bonded together and
sandwiched between two curved metal outlet plates and
sealed with an overlapping léminate structure 27. The
interior curved metal fitting plate 15, containing at
least one outlet fitting 17, is welded to adjacent tank
frame annular ribs 12 made of steel channel material
to provide an outer fitting plate sufface 24 that is
flush with the exterior edge of the tank frame rib.

The interior surface of the tank outlet regions
of the primary tank laminate structure 19 is bonded to
metal fitting plate surfaces 24 with the thermosetting
resin matrix used to impregnate the laminate ply rein-
forcements of the primary container 6. The exterior
laminate surface of the primary tank outlet regions 19
is likewise bonded to the interior laminate surface of
the secondary tank outlet regions 25. The laminate

outlet regions bonded to the tank outlet fitting plate



~inches (91.4 cmto 183 cm. A sixth ply 6f generally includes a warp of

uni di r ect ed C|rcunferent|ally oriented continuous glass filament strands

di sposed transversely to and superinposed over the fourth ply glass .
filament, strands 6d to i npose a substantially uniformload thereon. The
sixth ply warp 6f -has a tensile strength equal to 1200 Ib. per inch (21
kg/mm) of width, a dry weight of 13 ouncgiper square yard (442 gnm'sq.m, a
t hi ckness of 0.03 inch (0.08 mm), and a mndth in the range of 4 to 60
inches (10 to 150 cm. 26 A seventh ply 6g preferably includes a warp of
uni directed continuous glass filament strands, super- inposed upon and

di sposed appr oxilsataeldy trareddielodherd avid Xd behdigy aserfad@ni@pbasheands 6f,
and has a tensile strength equal to 1200 | b. per inch (21 kg/ mm) of w dth,

a dry wei ght of ledstueqeapein spew ¢oyahdt (482 lgemetal) £fiatihgcishase of 0. 03
inch (0.08 nm, and a width in the range of 4 to 60 inches (10 to 150 cn).
An eighth ply fsurifaceh i anpoukerabhyveddmetflwhask bubieyl asmpresth havi ng
a tensile strength equal to 200 I'b_per inch (3.543 kg/mjof width, a dry
wei ght of sion plate 26 is bolted to the interior metal outlet

plate 15, and surmounts and is bonded to the exterior

surface of the secondary laminate outlet region 25.

The exterior surface edges surrounding the outlet

opening of the bolted metal compression plate 26 is

covered by an outlet laminate sealing structure 27

that overlaps the surface édges and is bonded to a

width of the exterior surface of the secondary'tank

outlet region surrounding the compression plate 26.

Preferred Annulus Access Structure Embodiment

Fig. 4 illustrates a preferred embodiment of the
double-wall underground storage tank: 1 having tank
support saddles 28 that elevate the tank bottom above
a tank support surface 29 to prevent damage to the
annulus sump 30 and facilitate inspection of the tank
bottom 31. '

Fig. 5 illustrates a preferred annulus access
structure 32 comprising a secondary container hemi-
spherical laminate tank end 4 configured to provide an
annulus sump access conduit 33 that enables a flexible
dip stick or leak detecting sensor system 34 to

monitor the tank’s containment integrity. The upper



6 ounce per square yard (204 gm'sg.n) and a thickness of 0.010 inch (0.25
mm) . The construction of the secondary container. 7 onto the prinary
container 6 will now be described. A plastic annulus-form ng sheet 22 is
used to com pletely enclose and cover the cylindrical conposite |am nate
shel |l structure 6h of the primary container 6, except for the tank outl et

| am nate regions 19, as illustrated in Figs 2 and 3, where the primary and
secondary cylindrical |aninates are bonded2together. An annul us space 23
between the primary and secondary cylindrical conposite | am nate tank
shells 5, fornmed by the intermedi ate plastic sheet 22, is preferably |ess

than 0.06 inches(l. o) € the outer_secondary tank shell .7 to
protect as wel |l (aegqsgﬂhéf%%&%& ﬁwif’lgi Aror’ THRIGUHE SRR t ank
shell 6, when th I Albat K 1 d1Saed UDIpRSE 0, | RRi N ndl i ng
i npacts and to tgan%%g‘%ea—eﬁgtebgsses lflgs%etsl ngﬁ rg%l%n%@#%% p%(gsagu%r gior _
(nstallat o YBHAL AR Ba2ERP1E BIF ol ed YanfilBcl! ERrulleli P 1 C
having a wall thickness of approximately 0.25 inches
(6 mm) and bonded to the bottom outer tank surface to

provide a foot print measuring approximately 6 inches

by 48 inches.

Preferred Frame Support Axle Access

Fig. 6. shows a preferred frame support axle
access including composite head seal laminates 38 and
39 used to seal a primary tank axle access hole 36 as
well as a secondary tank access hole 37. The holes
36, 37 provide a means for the tank frame support
axles (not shown) of the tank turning;unit to be con-
nected to the metal tank frame axle support structure
11. The primary tank hemispherical end 4 comprises a
S inch diameter axle hole 36 sealed by a five ply head
seal laminate structure 38 having a diameter of
approximately 10 inches. The laminate structure 38
comprises a first bly'of 1.5 oz./sq. £t. fiberglass
mat, a second ply of 18 oz/sq.yd. woven fiberglass
roving, a thifé.ply of fiberglass mat, a fourth ply of
woven roving and a fifth ply of 6 oz/sq. yd. woven
fiberglass fabric. A secondary tank hemispherical end

7h comprises a 14 inch diameter axle hole 37 and a 14



~drical conposite |am nate shell structure form ng the secondary container 7
is preferably nade of the sane materials as the conposite | am nate shel

structure formng the primary container 6, and in the same sequence.
first ply fabric 7a conprises a soft apertured pol yester surfacing veil.

A second ply fabric 7b is made of woven fiberglass cloth. Athird ply
fabric 7c includes unidirected | ongitudin

A

ly oriented filanment strands.

fourth ply fabric 7d includes chopped fibérglass strands. Afifth ply 7e

and sixth ply 7f
filament strands.

i nclude circunferentially oriented continuous gl ass

A seventh outer ply 7g conprises woven fiberglass

cl ot h. The i ndingiddlametairnol oWl 4:2 hehd 1 88utd L ailratd s¢auckarenat e

structure of the

i npregnat ed wi t h zk hehdenmagblindlufle da vpoytiest of rudsd nammblby @wipai ni ng

primary container 6 and secondary container 7 are

from30 to 40% styrene nononmer to which is added 1.3 percent by weight a

| i qui d wax-cont aiatceEsstgamehet 3328 Thepsessaidry Hamkp retesse todet Bi7X

material is nmade

by Dow USA and identified as Derakane 470-36
is sealed by a five ply annular head seal laminate

structure 39 having an inside diameter of 10 inches
and an outer diameter of 18 inches, and is composed of
the same wmaterials as the primary tank head seal
laminate 38. A conduit pipe laminate 40 includes a
similar 5 ply laminate construction, and is used to
attach a metal annulus access pipe 41 to the annulus

sump access conduit 33.

Preferred Head to Shell Anchor Ring E iment

Fig. 4 shows the preferred embodiment of a
composj.;e head to shell anchor ring_ structure 42,
which is a filament wound around an end extremity of
each hemispherical tank end 4, to anchor the longi-
tudinal continuous filament strands 6d forming the 4th
ply of the primary tank shell cylindrical corrugated
laminate to the outer ply 4e of the primary hemi-
spherical tank end laminate, and the 3rd ply of the
secondary tank shell cylindrical laminate 7c¢ to the
ocuter ply 4e of the secondary hemispherical tank end
laminate 7h. The primary tank head to shell anchor
ring is preferably composed of the circumferentially

oriented continuous filament strands comprising the

A



Preferred Tank Franme 2 Fig. 1 illustrates the preferred formof the netal
tank frame 2 which includes a generally cylin- drical lamnate-formng
metal mandrel structure 9 connected to hem spherical -shaped netal skel eton
end structures 10 that provide the tank frame with axle supports 11 (Fig.
6) that enable the tank frane to be rotated while supported at the franme

extremties by a tank franme turning unit (3%t shown).

The cylin

frame structure 9 is nmade fromuniformy spaced annular netal r
supported by nine nmetal |onger- ons 13 having ends connected to the
hem spheri cal - shaped npta nk ends 10 that accept renovable threaded

axl es (not shown) W%:ﬁ’%‘g%" MaRERgK O ¢ $iFEh AR favertie
atert al 11 om whi EFEPO-E A (TR DRSS BEIe Sde 1 TBS SESORdRsY LARE
car bon st eel chariera 80 FasHL FHERE sy, 1) syeRRgRb1T Chpl
oF P hpr oxi i el y gLt ally> ol dh FEBOEL RS O1d Yardick eSS

strands forming the beginning and ending winding of

drical tank
i bs 12

8B, 2,1

the f£ifth and sixth secondary tank circ plies 7e and

7f.

Preferred Method and Apparatus

The following steps describe a preferred method

and apparatus for making the preferred embodiment

illustrated in Fig. 1. The preferred method and

apparatus described below were used to make an eight

foot diameter 12,000 gallon size double-wall non-

metallic underground tank tested by Underxwriters

Laboratories, Inc. August 5, 1993 to demonstrate that

the tank fully complies with the requirements of UL

1316 Type II Class 16.

The preferred method for making a desired form of

composite double-wall underground'ﬁank comprises the

steps of:

cutting channel-shaped steel 14 from 30 foot long

stock to the lengths required to make an integral tank

mandrel and head support structure 10 from 8 foot

diameter steel frame ribs 12, frame longerons 13 and

head formers;



A

T,

2

229 height of 1.0 inches (2.54 cn), and a channel web width of 2.0 inches
. (5.08 cnm). Wien the tank frane ribs 12 are made from steel channel 14 '
spaced 12 inches. apart, they will provide the tank frane structure 2 with a
- conpressi.on strength and buckl e-resistant stiffness (proportional to the
nonent of inertia, | , of the cross sectional area) that is twce as great
as that of a UL listed steel tank structure B8.L. subject 1316), and do so
wi th one-sixth the weight of the steel tank. The steel channel 14 shown
in Fig. 9 has a nonent of inertia, I, equal to 0.0362 in and cross

ti | |t ’ ... BY: | th t of i ti
of a 12 inch Tong ot cel APAPLOS, ahilar Hirs TR adRlhonal oY Brhngoned o °
[ | to .0156 : : t] | | | to 3
| nches.  As shown | n TFreH g Tankiedse L8R LRAT e @ AR BARIT 1157 Sal Gea

to the tank frame 2 and igphlidali 'tﬁnthwé$§%E§FﬁgPthEbaﬁﬁthQrkﬁﬁk pyter

surface and located on the uppernopst portio . tank tfrane between the
tank frame ribs. Bad 1odetonkl 181 PEL8| &y Pinddrichimedax! EGma sHEVEInSt ee
e

pl ate wel ded to the outer edges of adjacent tank frame ribs. Th
having ribs spaced 12 inches apart and lengths of

either 4.5 ft. or 5.5 feet;

fabricating the hemi-head members in a welding
jig to make the hemispherical frame end sections 10
and frame axle support structure 11;

assembling the tank frame cylinder 9 from
cylindrical tank frame sections and hemispherical head
sections 10 to make an axle-supported tank mandrel-z;

forming steel fitting plate stock to have an
outer surface radius equal to that of the tank frame
ring outer radius;

cutting tank outlets from tHe curved fitting
plate stock and trimming so fitting plates will fit
between tank frame rings;

welding steel half couplers 17 to the inner
surface of tank outlet fitting plates 15;

welding the taqk outlet fitting plates 15 to the
perimeter edge of tank frame ribs 12 bordering each
fitting plate;

welding strike plates beneath all tank outlet

fitting plates;



outlet fitting plates 15 contain openings 16 (Fig. 3) that provide access
to the tank interior via pipe outlet fittings 17. Each of the outlet
fitting plates 30 15 is constructed to have at |east 100 square inches
of perimeter surface 18 to-which the interior outlet region 19 of the
primary container |aminate surface can be bodded and seal ed. Preferred Tank
Qutl et Enbodinent 20 Fig. 7 illustrates a preferred enbodi nent of a
conposite double-wall tank fitting outlet structure 20 including

non-corrugated outl et reghRERg2lE Dist NRerYLbAEICA]l | RHbBALELS {AEIANES 5

- bonded together and sandw ched between two Curved netal "outlet plates and

seal ed with an over kaprsnendanian&emshr lf‘i.?r!é'i-?lee&B@néé‘t@fié’GeﬂEﬁYﬁfh tal
fitting plate 15, containing at |east one outlet fitting 17, is welded to

adj acent tank franmetzapakaidalbshipedvfigbPicstitgireehateal withes i thetmo-
provide an outer fitting plate surface 24 that is flush with the exterior

edge of the tank fraeeting. plastiatard dabslicheed ugort hemiaphkepiitabttardgi ons
of the primary tank | am nate structure 19 is bonded to

end molds;

attaching prefabricated first hemispherical com-
posite laminate tank ends 4 upon the hemispherical
frame end-support structure 10 of the éompleted tank
frame mandrel 2;

mounting the tank end and frame assembly 2 upon
a motorized tank frame turning unit;

grinding the external surface 24 of each tank
outlet fitting plate 15 to produce a clean "white
metal® surface;

bonding a three ply layer of resin-impregnated
polyester surfacing veil 6a to t?e freshly ground
‘surface of each tank outlet fitting plate 15;

cutting to length and bonding to the perimeter
edge of each hemispherical composite laminate tank end
4 a 9 inch wide overlapping end_portion of individual
widths of dry stiff resinated., apertured polyester
surfacing veil 6a that is stretched as a taut fabric
to cover the spaced tank frame ribs 12;

impreénating with a liquid thermosetting resin a
warp of soft non-resinated apertured polyester

surfacing veil 6b dispensed from a fabric-roll coater;



. netal fitting plate surfaces 24 with the thernpsetting resin matrix used to
i npregnate the |am nate ply rein- forcenents of the primary container 6.
The exterior |aninate surface of the primary tank outlet regions 19 is

| ikewi se bonded to the interior |amnate surface of the secondary tank
outlet regions 25. The |am nate outlet regigps bonded to the tank outlet
fitting plate 31 15 and to each other have a bonding surface area at

| east equal in area to that of the metal fitting plate surface. An outer
curved netal tank outlet conpres- sion plate 26 is bolted to the interior
metal outlet plate 15, @Aedisalipunrapyithd,s beodedneo tditk exhar ity ehef ace
of the secondary |am nate outlet region 25. The exterior surface edges
surroundi ng t he oudtdtempanresinfwethevdrp pfdpatyestenmuxdfesiing pealle6B6 i S
covered by an outlet |am nate sealing structure 27 that overlaps the
surface edges and updBordeddry Bautdpolyester eeikrfabrisurdagce of the
secondary tank outlet region surrounding the conpression plate 26.
Preferred Annul us AccesdmpxegueatiiBgEanddigéiecting Bhe| dyyt tavesfabric

referred enbodi ment of the
P 6a Letween _the tank frame ribs 12 to produce a

corrugated resin-wet twé-ply laminate surface;
| covering the corrugated wet laminate surface with
a sequence of parallel widths of dry tightly woven 6
ounce per square yard fiberglass cloth 6c¢;

pressing the dry fiberglass cloth 6c .to
intimately contact the corrugated resin-wet two-ply
laminate surface;

impregnating the glass cloth fabric 6c with a
liquid thermosetting resin to produce a three-ply
liner laminate stxructure;

attaching to each tank end 4 a 9 inch overlapping
edge of a width of dry unidirected longo ply fabric 64
comprising continuous strands of glass fiber oriented
parallel to the tank frame axis and having an outer
surface consisting of a mat layer of chopped fiber-
glass roving 6e;

placing additional similarly-attached parallel
widths of dry unidirected longo ply fabrics upon the
corrugated three-ply 1liner 1laminate surface that

completely encloses the tank frame 2;



doubl e-wal I underground storage tank 1 having tank support saddl es 28 that
el evate the tank bottiom above a tank support surface 29 to prevent damage
to the annulus sunp 30 and facilitate inspection of the tank bottom 31.

Fig. S5illustrates a preferred annul us access structure 32 conprising a
secondary contai ner hem - spheri cal Ianing%e tank end 4 configured to
provi de an annul us sunp access conduit 33®"Fhat enables a flexible dip stick
or | eak detecting sensor system 34 to nonitor the tank's contai nment
integrity. The upper 32 end of the conposite annulus access structure

contains a threaded-e Le PhdCwithe p ﬁg%g : rises a
mul tiple ply conbos!tgﬂPgﬁgﬁa%ghgtrﬁgguﬁg avl ng gﬁ%éﬁ ?%%ieégfgf

approxi mately 0. garigChessid fmalrpedabonisd &8 U8 aRekbeREOW & tgw
surface to provide a foot print measuring approximately 6 |n€hes y~ 48
inches. Preferregabrite &fpRsunprA¥ifig’\Ceenitifthusb.stohdies aolr eheassd frame

support axle access including conposite head seal | am nates 38 and

fiber;

attaching the leading edge of the circ ply fabric
6f to one of the dry longo ply fabrics 6d bonded to a
first tank end 4 so that an edge of the circ ply warp
6f overlaps, by approximately 9 inches, the edge
extremity of a primary hemispherical composite
laminate tank end 4;

making a single circumferentially-oriented wrap
of the resin-wet.circ ply warp 6f upon the dry end-
bonded longo ply fabric 6d to provide a first head-to-
shell anchor ring 42;

helically winding a first edge-abutting sequence
of resin-wet circ ply warps 6f to ‘:press upon a.nd
impregnate the dry longo ply fabric 6d from a first
tank end to a second tank end;

winding two circumferential wraps of the matrix-
impregnated circ ply fabric 6g upon the dry longo ply
6d and glass mat fabrics 6c overlapping the edge
extremity of a second primary hemispherical head end
4 to provide a second shell-to-head anchor ring 42;

helically winding, from a first tank end to a
second tank end, a second edge—abutting sequence of

resin—wet_circ ply warps 6g;



39 used to seal a primary tank axle access hole 367as wel | ‘as a secondary
tank access hole 37. The holes 36, 37 provide a neans for the tank frane
support axles (not. shown) of the tank turning unit-to be con- nected to the
metal tank frame axle support structure 11. The primary tank hem spheri cal
end 4 conprises a 5 inch diameter axle hole 3@ sealed by a five ply head
seal lamnate structure 38 having a dianeter of approximately 10
i nches. The lam nate structure 38 conprises a first ply of 1.5 0z./sq.
ft. fiberglass mat, a second ply of 18 o0z/sq.yd. woven fiberglass roving, a
third ply of fiberglass metapmidgoar shinglly obvew\ey rodviday aidhalii wohepl vy
of 6 oz/sqg. yd. woven fiberglass fabric. A secondary tank hem spherical end
7h conprises a 14 i néhodncemper spiarehotarB Eibedgdasd claBB Ehcupdnabkeer
circular head closure |anminate structure 7k that may include a portion of
the annul us sunp acceet pbieliaf 3drcTHiebsécofdary tank access hole 37 is
sealed by a five ply annul ar head seal |am nate structure 39 having an
i nsi de di aneter of 10 i nchesPesiinghthettanitionrdesr £oEting RiGHes SUEAACES
conposed of )
24 to assure that the resin-impregnated inner tank
laminate plies 6a are in void-free intimate.cpntact
with the tank outlet fitting plate surfaces 24;
painting the primary tank 6 shell exterior
surface with an opaque thermosetting resin;
curing the primary tank shell laminate matrix and
cover ply resins;
covering completely the primary tank cylindrical
composite laminate structure with an opaque 6 mil
thick polyethylene plastic sheet 22 that overlaps a 12
inch wide extremity of each primary hemispherical
composite laminate tank end 4; .
cutting and removing the plastic sheet 22 around
the tank outlet fitting plate 15 bonding areas;
removing the primary tank 6 from the turning
support unit;
making second hemispherical composite laminate
tanks ends 4 from a six-ply sequence of overlapping
trapezoidal-shaped fabrics impregnated with a thermo-
setting plastic and fabricated upon hemispherical tank
end molds, wherein one of said tank end molds is con-

figured to provide a hemispherical composite laminate



the sane materials as the primary tank head seal |amnate 38. A conduit
pipe lam nate 40 includes a simlar 5 ply |am nate - construction, . and is
used to attach a netal annulus access pi-pe 41 to the annulus sunp access
conduit 33. Preferred Head to Shell Anchor Ring Enbodinent Fig. 4 shows the
preferred enbodi nent of a conposite head to shell anchor ring structure 42,
which is a filanment wound around an end extremty of each hem spherical
tank end 4, to anchor the longi- tudinal continuous filanent strands 6d
formng the 4th ply of the primary tank shell4@ylindrical corrugated

| am nate to the outer ply 4e of the primary hem - spherical tank end

| am nate, and the 3rd ply of the secondary tank shell cylindrical |am nate
7c to the outer ply 4e of the secondary hemi spherical tank end |aminate 7h.
The primary tank hea§ank £nd | hafsrani Agtegralefanruiys carpesed3af andk
circunferentially oriented continuous filanent strands conprising the 34
begi nni ng and endi ngPRESIPNFUBP $HeIGkUKe 387d seventh primary tank circ

plies 6f and 6g. The secog?géxnéagge prefabricated second hemispherical

composite laminate tank ends 7h upon the prefabricated
primary tank first hemispherical composite laminate
tank ends 4;

mounting the primary tank and second tank ends
upon a motorized tank frame turning unit;

grinding the exterior surface of the primary tank
shell laminate in those regions 19 where it is bonded
to the underlying tank metal outlet fitting plates 15;

making the secondary cylindrical composite
laminate tank shell structure 7g by repeating the same
procedures with the same materials as those used to
make the primary cylindrical coméosite laminate tank
shell structure 6h;

cutting tank outlet holes 16 through primary and
secondary cylindrical composite laminate structufes'at
all tank fitting outlet 1ocatibns;

bolting metal compression plates 26 to all metal
outlet fitting plates 15;

placing a three-ply laminate 27 to overlap
and cover the edges of all bolted metal compression
plates 26 to seal all tank outlet fittings;

installing a lift lug in a central tank outlet

fitting 17;



head to shell anchor ring is preferably conposed of the circunferentially
oriented continuous filament strands formi ng. the beginning and ending R
wi nding of the fifth and sixth secondary tank circ plies 7e and 7f.
Preferred Method and Apparatus The follow ng steps describe a preferred
met hod and apparatus for making the preferred enbodinent illustrated in
Fig. 1. The preferred nethod and appar agas descri bed bel ow were used to
make an ei ght foot dianeter 12,000 gallon size double-wall non- netallic
underground tank tested by Underwiters Laboratories, Inc. August 5, 1993
to denonstrate that the tank fully conplies with the requirenents of UL
1316 Type Il O ass 161ifkéngr @éndr manawime cther conpleted deovbledwrddm of
conposi te doubl e-wal | underground tank conprises the steps of: cutting
channel - shaped staak SErpebhRrsofremtthe feanderk twning SURPORS MB&GIred to
make an integral tank_mandrel and head support structure 10 from 8_f oot

di aneter steel franme FRBLDRSING, 3 CORRRRIRsSEALaNP IROYET oFhRs axle

access openings 36 and 37 in the primary and secondary
composite hemispherical ends that provide the turning
support unit with access to the steel frame axle
fittings; and

leak testing the primary and secondary containers
6 and 7 by simultaneocusly pressurizing both containers
to S psi.

While the preferred and other embodiments have
been described above, it should be understood that
other embodiments are also contemplated within the

scope and spirit of the present invention.



35 shaping annul ar ribs and hem spherical -frame" head forn1ng nenbers I n a
ring-rolling unit; fabricating in a welding jig the.annular ribs 12 and

| ongerons 13 into cylindrical tank frame sections haV|ng ri bs spaced 12
inches apart and lengths of either 4.5 ft. or 5.5 feet; fQU||baLIHg the
hem - head nenbers in a welding jig to nake the hen1sphen

sections 10 and frame axle support structgse 11; assenbli ﬂﬁ! Wmﬁmmm“e
cylinder 9 fromcylindrical tank frane sections and hen1 ead
sections ‘10 to make an axl e-supported tank mandrel 2; fiorm ng steel fitting
pl ate stock to have an outer surface radius equal to that of the tank frame
ring outer radi ug _QUATIM:ng tank outlets fromthe curved fitting plate stock
and trimmng so fitting plates will fit between tank frane rings; welding
steel half couplers 17 to the inner surface of tank outlet fitting plates

15; welding the tank outlet fitting plates 15 to the perineter edge of tank
frame ribs 12 borderi Ag ead mtltipleywplit tank structure comprising in

combination:

a metal frame having at least one outlet fitting
plate;

an impermeable non-metallic primary container
including a chemically resistant multiple-ply laminate
structure surmounting and aﬁ least partially enclosing
said metal frame;

said primary container including at least one
primary outlet panel disposed in registration with,
and bonded to at least one outlet fitting plate;

an impermeable non-metallic secondary container
including a chemically resistant multiple-ply laminate
structure surmounting and at least paréially enclosing
said primary container;

said secondary container including at least one
corresponding secondary outlet panel disposed in
registration with, and bonded to at least one primary
outlet panel; and

at least one said outlet fitting plate, at least
one said primary outlet panel and at least one said
corresponding secondary outlet panel forming at least

one pressure-resistant outlet seal.



--wel ding strike plates behéath ;all tank outlet fitting plates 36 naklng :
first hem spherical conp05|te | ami nate tanks ends 4 fr.
sequence of overl apping trapezoi dal - shaped fabrics |ner@nated mnth a

t hermo- setting plastic and fabricated upon heni spheri.c u mmﬂmjum”m
ds

attachi ng prefabricated first hemi spherical com posite
4 upon the hem spherical franme end-supporfystructure 10 of the cSmpFet &d
tank franme mandrel 2; nmounting the tank end and frame assenbly 2 upon a
notorized tank frame turning unit; grinding the external surface 24 of each
tank outlet fitting plate 15 to produce a clean "white netal " surface;
bonding a three ply | ayer Ther enlniphpr@glat ednRobyeateursuatasirgnyei | 6a

to the freshly ground surface of each tank outlet fitting plate 15; cutting
to |l ength and bonsh mjatim Ghwhpeeinet er edge of each heni spherical conposite
| am nate tank end
said primary and secondary containers include a
space therebetween; and
said secondary container is provided with an
annulus access conduit opening for enabling said space
between said primary and secondary containers to be

connected by said conduit to the atmospheric pressure.

3. The multiple wall tank structure according
to claim 2 wherein said metal frame includes at least
one end; and '

wherein said.at least one end has a generally

hemispherical configuration.

4. The muitiple wall tank str&cture according
to claim 3 wherein said metal frame is elongated and
extends longitudinally along a geometric axis;

wherein said géometric axis 1is disposed
substantially horizontally; and |

wherein at least one said outlet fitting plate is
located on an uppermost surface of said metal frame.

5. The multiple wall tank structure according

to claim 4 wherein said metal frame includes a



----- 4 a 9 inch mﬁde overlapprng end portion of individual wi dt hs of dry stiff :
resi nated apertured pol yester surfacing veil 6a.that is. stretched as a taut:
“fabric to cover the spaced tank frane ribs 12; inpregnhating w

thernosetting resin a warp of soft non-resi nat ed apertH"m

surfacing veil 6b dispensed froma fabric-roll coater mnmmmm"l

wr appi ng, fromone tank end to the other resi n-wet warf oft pél yester
surfacing veil 6b upon the dry taut polye% er veil fabric 6a; inpregnating

and deflecting the dry taut fabric 6a between the tank frane ribs 12 to
produce a corrugated resin-wet two-ply | am nate surface; covering the

corrugated wet |gmpateryurd@capdicbl %éeaye%ﬂaﬁarﬁusel t¥het haref dry
tightly woven 6 ounce per square yard fiberglass cloth 6¢c; pressing the dry

fiberglass cl ot hcfgxi @11t pod € ohedd HeAGt ivee tROIgaigRtEgd shesi n-wet two-ply
| am nate surface; inpregnating the glass cloth fabric 6c¢c with a l'iquid
thernosetting resin tehereicessid hpdearpllity of annular ribs are
attached to a plurality of circumferentially spaced
metal longerons; and
wherein at least one said outlet fitting plate is

secured to adjacent ones of said plurality of annular

ribs and longerons.

6. The multiple wall tank structure according
to claim 5 wherein at least one said outlet fitting
plate is flush with said adjacent ones of said annular

ribs to which it is secured.

7. The multiple wall tank structure according
to claim 6 wherein at least one end of said metal
frame includes a plurality of curved metal ribs that
are secured to one of said annular ribs and to a frame

support axle fitting.

8. The multiple” wall tank structure according
to claim 7 wherein at least some of said annular ribs

and at least some of said longerons have a channel

shaped cross- section.



liner lamnate structure; ‘attaching to each tank end 4a09 |nch overlapplng
edge of a width of dry unidirected | ongo- pty fabric 6d conprising

continuous strands of glass fiber oriented parall el ulﬂwm “m‘; axi s
and havi.ng an outer surface consisting of a mat |ay ﬁ ""ﬂg
gl ass roving 6e; placing additional sifPlarly-attach&d partal I*el sw et hs of

dry unidirected longo ply fabrics upon the corrugated three-ply Iliner
| am nate surface that conpletely encloses the tank frame 2; 38

%2?;3??23% LSgﬁY“} c oy f ani B e éﬁﬁg@"' i e r;a%;%? féﬁ?gr%{ﬂél s g}
' ; att of, t t
cry T ongo ply ¥ éb%i.‘%%*?%%%ﬁgg?ﬁ PRFAL I e antilad £kt i cage of
et rom ty of aehrt i SRR I ERs B % SRERTly AR

shape and cross section.

10. The multiple wall tank structure according
to claim 9 wherein said metal frame is made £rom

carbon steel.

11. The multiple wall tank structure according
to claim 10 wherein said plurality of annular and
curved ribs and said plurality of longerons are made
of steel channels having a web width of about 2
inches, a flange height of about 1 inch and a web

thickness in the range of 0.125 and 0.1875 inches.

12. The multiple wall tank structure according
to claim 11 wherein said plurality of annular ribs are
uniformly spaced apart along said geometric axis of
said frame by a distance approximately equal to 12
inches and are fabricated with £flanges £facing
outwardly to have a maximum outside diameter in the

range of 95 to 119 inches.



maki ng a single circunfefentialIy-oriented_wwap of the resin-wet circ ply

warp 6f upon the dry end- ‘bonded .l ongo ply fabric 6d rovide a first -
head-to- shell anchor ring 42; helically winding a ff%gFQEaﬁé?abuf%Lng\\-
sequence of resin-wet circ ply warps 6f to press upon HM’! t he
dry longo ply fabric 6d froma first tank end to a secl’cf WﬂgﬁEdel ng
two circunferential waps of the matrix-4¢ npregnated circ ‘ply tfabrgc™

upon the dry longo ply 6d and glass mat fabrics 6¢c overl appi ng the edge
extremty of a second prinmary hem spherical head end 4 to provide a second
shel | -to-head anchor ring 42; helically wwnding, froma first tank end to a
second tank end, a skrondlkeigauktbiple rwalde hamkc stafuctasien-amtomiing pl y

war ps 6g; 39 wapping a single cover ply of dry tightly woven 6 ounce
per square yardt®i bekajimsd | whersin umaid hplwealptyeobHf loingerams i ¢ 6g;

I nspecting the tank ogutlet fitting plate surfaces 24 to assure that the
resin-inpregnaté%c1¥ﬁﬁﬁ pinf longerons;

wherein one longeron is a bottom longeron, and
includes flanges facing down;

wherein three adjacent side longerons are spaced
apart by about 45 degrees, and include flanges facing
toward the bottom;

wherein two uppermost longerons are secured to
said plurality of annular ribs, and include flanges.
that face away from a vertical plane passing through
said longitudinal geometric axis, and which are spaced

apart by a distance ranging between 9 and 12 inches.

14. The multiple wall tank structure according
to claim 7 wherein said frame support axle fitting
includes a generally circular steel plate to which is
welded a steel half coupler suitable to be removably

connected to a frame support axle.

15. The multiple®wall tank structure according
to claim 14 wherein said metal frame includes two

oppositely disposed generally hemispherical ends.



“lami-nate plies 6a are in void-free intimate contact with the tank outl et
fitting plate surfaces-24; painting-the primary tank 6 shell exterior -
surface with an opaque thernosetting resin;. curing the prinmary tank shell .
| ami nate matrix and cover ply resins; covering conpletely the primry tank
cylindrical conposite |lamnate structure with an opaquﬂlmm n :

pol yet hyl ene plastic sheet 22 that overl a3 a 12 inch, I'f Iﬂmm"l
each primary hemni spherical conposite |aninate tank end 4! cuttind afd *
renoving the plastic sheet 22 around the tank outlet fitting plate 15
bondi ng areas; renoving the primary tank 6 fromthe turning support unit;
maki ng second heni sphééi-caTheompdtipte | walhatankagkzuehureaccondingi x- pl y
sequence of overlapping trapezoi dal -shaped fabrics_inpregnated with a
therno- setting HCaSLREMahE ¥haveicneaghupd saidiandt incdrdesnketngenol ds,

wherein one of said tank end nplds..is con- fi r 0 provjde
heni spheri cal cor?p(?ﬂ' P Jeith < ril;qmnade fi‘gnlxj ggf}.ergntviengghs of

steel channels and having ends secured to said support

axle fitting and an annular rib made from a rolled

steel channel.

17. The multiple wall tank structure according
to claim 2 wherein said primary container includes two
generally hemispherically shaped composite laminate
ends that are bonded and sealed within co:‘fesponding
ends of a corrugated first cylindrical composite
laminate shell structure; and

wherein said secondary container includes two
generally hemispherically shaped comgosite laminate
ends that are bonded and sealed with{n corresponding

' ends of a corrugated second cylindrical composite

laminate shell sti-ucture.

18. The multiple wall tank étructure according
to claim 17 wherein -said metal frame includes a
plurality of spacgd metal annular ribs;
wherein sSaid wmetal frame is elongated and extends
; longitudinally along a geometric axis; and
wherein said first cylindrical composite laminate

shell structure includes a multiple ply reinforced



t ank end'having an integral annulus access 32 and bottom sunp Stkubture 30;'

pl aci ng the prefabricated second hemni spherical conposite |am nate tank ends - -

7h upon the prefabricated primary tank first hem spherica ,

| ami nate tank ends 4; nounting the primary tank and

notori zed tank frame turning unit; grindi

ds
49 t he extLﬂHHWWHWIﬂMwEEEuﬂ
primary tank shell lamnate in those regi'ons 19 wher& it i @0 .

under | yi ng tank

metal outlet fitting plates 15; making the secondary

cylindrical composite |am nate tank shell structure 7g by repeating

sanme procedures

piddt ildel faia dit S habsn S d19s8sdBedn t 8aTBK S LIS aRY

cylindrical conposite |am nate tank shell structure 6h; cutting tank
hol es 16 throughrilys omprdedngecondary cylindrical conposite |am nat

structures at al
pl ates 26 to al

| tank fitting outlet |ocations; bolting netal conpr
neta finstetply t fabgiel shedudbng phastigraapbrearieldy

| am nate 27 to overlap and cover the edges of all bolted netal conpr
pl ates 26 to seatesdldattedhk pokyegtdr t tsungBacimpt aréibhg haltifig | warpn a
central tank outl et '

threads;

a second ply fabric including a soft apertured
polyester surfacing veil having warp threads, such
that said warp threads of said second ply fabric are
disposed generally transversely to and superimposed
over said warp threads of said first ply to impose a
substantially uniform load thereon, and to deflect
said first and second plies into a plurality of
corrugations;

a third ply fabric of woven fiberglass cloth
having warp threads, such that said warp threads of
said third ply fabric are disposed in$a substantially
parallel relationship to said warp threads of said
second ply upon which said third ply is disposed;

a fourth ply fabric of unidirected continuous
first glass filament strands extending substantially
parallel to said geometric axis; _

a fifth ply fabric including randomly oriented
chopped fiberglass strands;

a sixth ply fabric including a warp of
unidirected continuous second glass filament strands

disposed transversely to and superimposed over said

upon a
t he
o the

t he

I mary
out | et
e

essi on

essi on



fitting 17; 41 lifting and renoving the conpl eted doubl e mall t ank

structure fronlthe mandr el turni ng support unit; L&ﬁ+na%+ng—a—eeﬁﬁes+te
seal to cover the axle access openings 36 and 37 i'n iﬁﬂ @H

secondary conposite hem spherical ends that provide ort
unit with access to the steel frame axle4%ittings; t he
primary and secondary containers 6 and 7 by sinultaneously pressur|2|ng
both containers to 5 psi. Wiile the preferred and ot her enbodi nents have
been descri bed above, it should be understood that other enbodi nents are

al so contenpl at %‘ir\é’tt §1£s§ fﬁ%ﬁ: 3REaRBE £6 Qipddle aPEEBSLANt Py BN ON.
42 | CLAIM 1. tiple wall tank structure conpr|5|ng In

unlform load thereon,

a seventh ply comprising a warp of unidirected
continuous third glass filament strands, superimposed
upon and disposed approximately parallel to said
second glass filament strands;

an eighth ply fabric of woven fiberglass cloth;
and |

a hardenable 1liquid vinyl ester resin for

- impregnating the filament reinforcements contained in

said laminate structure.

19. The multiple wall tank structure according
to claim 17 wherein said metal frame is elongated and
extends longitudinally 'along a geometric axis; and

wherein said first hemisphef;cal composite
laminate end includes:.

a first ply formed of a soft apertured polyester
surfacing veil;

a second ply comprising ‘a plurality of
unidirected filament , fabric having a warp of
continuous filament strands positioned so that said
filament strands are substaﬁtially perpendicular to
said geometric axis;

a third ply formed of a fabric of chopped strand

fiberglass;



- conbi nation: a netal frame havi ng at | east one outlet fitting pl at e; ‘an ,
i nper meabl e non-netallic primary container .including a chenically resistant
multiple-ply lam nate structure surnounting and at |east partially

encl osing said nmetal franme; said primary container incl uﬂmm
primary outlet panel disposed in registration with, and m'ﬂmmngmt
one outlet fitting plate; an inperneable gon-netallic secdndary cantal ne
including a chemcally resistant nultiple-ply am nate structure
surnounting and at |east partially enclosing said primary container; said
secondary container including at | east one correspondi ng secondary outl et
panel disposed in regiast fouxdh woly, Soxmeédndefl ta diabwiast afhe wovernry
outlet panel; and at |east one said outlet fitting plate, at |east one said
primary outlet pdidiexgd@sk NO¥a88:one sai d correspondi ng secondary outl et
panel formng at |east Qqn grefsu e-resi stant out|et seal.

a fifth ply formed of woven fiberglass cloth; and

a hardenable 1liquid wvinyl ester resin for

impregnating the <fabric filament reinforcements

contained in said laminate structure.

20. The multiple wall tank structure according
to claim 17 wherein said metal frame is elongated and
extends longitudinally along a geometric axis; and

wherein said second c¢ylindrical composite
laminate shell structure co;nprises a corrugated
multiple ply reinforced plastic laminate structure and
including:

a first ply fabric formed of a soft apertured
polyester surfacing veil and having w;.rp threads;

a second ply fabric formed of woven fiberglass
cloth and having warp threads, such that said warp
threads of said second ply fabric are disposed
generally transversely to and supé:f:imposed over said
warp threads of said first ply, to impose a
substantially uniform load thereon, and to deflect
said first and second plies into a plurality of
corrugations

a third ply fabric formed of wunidirected

continuous first glass filament strands extending



43 2. The nmultiple wall tank structure accordlng to cIa|n11 mhereln said
primary and secondary containers include a space t:her ebet ween; ‘and sai d
secondary container i's provided with an annul us access condui t openi ng for
enabl i ng said space between said primary and secondary containers to be

. connected by said conduit to the atnospheric pressurenmuulmmumll

wal | tank structure according to claim2 wherein said udes
at | east one end; and wherein said at |ea8% one end, has & gene fal f

hem spheri cal conflguratlon 4. The multiple wall tank structure
according to claim3 wherein said netal frame is elongated and extends

I i tudinall ) id

i Sposed subst an AP TOA IS B9t hd Nt tih BEOPERER ot A%t 1 er
fitti late i

Tlhe ImrJ]Igt Pp?eev\/elsl atqé'q‘geqYﬁg’ctu e acdo%rﬁ%}b&gleag%?s‘%g%?g%%gé%gg%et aI

frame includes agyiq third ply fabric are disposed substantially in a

parallel relationship relative to said warp threads of
said second ply upon which said third ply is
superimposed; |

a fourth ply fabric inqludihg randomly oriented
chopped fiberglass strands;

a fifth ply including a warp of unidirected
continuous second glass filament strands disposed .
generally transversely to and superimposed over said
first glass filament strands to impose a substantially
uniform load thereon;

a sixth ply including a warp of unidirected
continucus third glass filament strands, superimposed
upon and disposed generally parallel to said second
glass filament strands;

an seventh ply fabric of woven fiberglass cloth;
and '

a hardenable 1liquid vinyl ester resin for
impregnating the filamépt reinforcements contained in
said laminate structure.

21. The multiple wall tank structure according
to claim 17 wherein said metal frame is elongated and

extends longitudinally alonag a geometric axis: and



44 plurality of spaced netal annular ribs that are coaxially positioned
relative to said axis; wherein said plurality .of annular ribs are attached
to a plurality of circunferentially spaced netal |ongerons; and wherein at
| east one said outlet fitting plate is secured to adjageannnes_QLgﬁmJi_
plurality of annular ribs and | ongerons. 6. Iﬁ e wal l

t ank
structure according to claim5 wherein at Ieast one sal ug“uEIMWHu!"um
S

plate is flush with said adjacent ones of %2aid annul ar
secured. 7. The multiple wall tank structure accordlng to claim6 wherein
at | east one end .of said netal franme includes a plurality of curved netal
ribs that are secured to one of said annular ribs and to a franme support
axle fitting. 8.  Thewherein| esad| samn@trb%mm@h%@eq#ld. RPERPSIEE m 7
wherein at | east sonme of said,annular_ribs and_at |east_ sonme of_ said

l'onger ons have a +ABHRBFesHERRd dJides;ed i Apltiple ply reinforced

. plastic laminate structure comprising:

a first ply formed of a soft apertured polyester
surfacing veil;

a second ply comprising a plurality of
unidirected filament fabric having a warp of
continuous filament strands positioned so that said
filament strands ére substantially parallel to said
geometric axis;

a third ply formed of a fabric of chopped strand
fiberglass;

a fourth ply formed of a fabric of woven
fiberglass roving;

a fifth ply formed of woven fiberélass cloth; and

a hardenable 1liquid vinyl ester resin for
impregnating the fabric filament reinforcements

contained in said laminate structure.

22. The multiple wall tank structure according
to claim 17 wherein one end of said second cylindrical
composite laminate structure is configured to provide
a bottom liquid sump container;

wherein said sump'Eontainer is connected to a
bottom end of a curved tubularly-shaped centrally

positioned conduit structure forming a lower quarter



45 9. . The multiple wall tank structure according to claim8 wherein said- .
plurality of annular ribs and said plurality of curved ribs have a R
generally simlar shape and cross section, 10. the nultiple wall tank
structure according to claim9 wherein said netal frame Ts—ade-from carbon
steel. 11. The multiple wall tank structure accordi fm;
n

k(N 10 wherein
said plurality of annular and curved ribs and said (I ’&‘ﬂ’”ﬂ’"‘erons
are made of steel channels having a web wSdth of about 2| ot ange

hei ght of about 1 inch and a web thickness in the range of 0.125 and 0.1875
inches. 12. The multiple wall tank structure according to claim1l wherein

said plurality of_ _annular .ribs age uniform aced.apart _al ong said
geonetric axis of Sard¥ P§n8n8y° %ﬁ"s‘iaﬁfc‘é" %%V%WM%@ i nches

and are fabricat ' f | S i ng outwardl,y to have maxi mum out si de
‘dianeter in the ?%ﬁg%E%F ggggg J%é?% n%ﬁbspr°VId¥ an annulus access
structure that connects an open upper end of said

conduit structure with said sump container.

23. The multiple wall tank structure according
to claim 22 wherein at 1least two saddle support
structures are attached to said second cylindrical.
composite laminate structure so as to elevate the
bottom of said sump container above the surface upon

which the tank structure is élaced.

24. The multiple wall tank structure according
to claim 23 wherein each of said saddle support
structures includes a multiple ply coéposite laminate
structure and is bonded to the bottom of the outer

tank surface.

25. The multiple wall tank structure according
to claim 1 wherein said primary outlet panel includes
openings that enclose said tank outlet fittings;

wherein said secondary outlet panels have
openings that coincide and mate with the openings in
said primary outlet panels; and |

wherein said primary outlet panels have an inner

surface that is bonded to the exterior surface of each



46 13. The nultiple wall .tank structure according to claim 12 wherein
~said plurality of |ongerons includes nine |ongerons; wherein one | ongeron
is a bottomlongeron, and inc¢ludes: flanges facing down; wherein three
adj acent side | ongerons are spaced apart by about 4 I ncl ude

—an

flanges facing toward the bottom wherein two upper

secured to said plurality of annular ribs, and incl E&;‘J‘iygma‘m‘u“mr\mce
away froma vertical plane passing througltsdsai d | ongi lnalt gsometrtc
axi s, and which are spaced apart by a di stance rangi ng between 9 and 12
inches. 14. The multiple wall tank structure according to claim7 wherein

.said frame support _axle fitting includes a generally circular steel plate
to which is wel de®fa s} TREFRENGoRIAEess (RrRAh ISR YD BREPRABYYDISRtERhect ed

to a franme support ax|/e.,15. The jmultiple wall tank, styucture accqording to
G aim 14 wher or 1 BAASLAoTEVer Mhrd TS (HEEACR HHi0sH cPYREFdpG S0t he

generally hen1sphg§£§giogng§rface of each of said first outlet panels

to form said pressure-resistant outlet seal.

26. The multiple wall tank structure according
to claim 25 wherein
said primary outlet panel comprises a contiguous
section of said fir;t cylindrical composite laminate
structure, and said secondary outlet panel comprises
a contiguous section of said second cylindrical

composite laminate structure.

27. The multiple wall tank structure according
to claim 26 wherein said secondary outlet panel
further includes a metal outlet compression plate
having the same dimensions, openings and shape as said
metal tank outlet plate;'and

compression plate sealing means comprising an
overlapping outer composite laminate structure having
an outlet fitting opening and a perimeter border
extending beyond the perimeter of said metal outlet
compression plate, and the inner surface of said
perimeter border is bonded to the exterior surface of
said secondary tank shell outlet panel to provide a

pressure resistant seal therewith.



47 16. The multiple wall tank structure according to claim 15 wherein each
of said ends includes between 3 and 50 curved ribs nmade fromdifferent
| engt hs of steel channels and havi ng end§ secured to said support axle
fitting and an annular rib made froma rolled steet—channet. 17. The

mul tiple wall tank structure according to claim 2 | ' fimery
contai ner includes two generally hem spherically }tﬂgmm!gmm““' am nat e
ends that are bonded and seal ed within correspondi ends of sa corrugated
first cylindrical conposite |am nate shell structure; and wherein said
secondary container includes two generalI§5henispherically shaped conposite
| am nate ends that are bonded and sealed within corresponding ends of a
corrugat ed second cylindrical conposite |am nate shell structure. 18. The

frane i ncl udes a pl ur Sbrty rae BASEERTH bEHE Ak FeIREhEd, af@hRallel i
‘ : | . . . . . “c. and
wherein sai d firop SISO IRer8IE b B LIDTS WALE QRORPLELRCRHER | Nles
a nultiple ply rgignhogpaflie-wall underground storage tank

29. The multiple wall tank structure according

to claim 1 wherein

said multiple-ply laminate structures are corrugated.

30. The multiple wall tank structure according
to claim 29 wherein
said corrugated multiple-ply laminate structures
contain unchopped strands of continuous glass
filaménts impregnated with a low-styrene vinyl ester
thermosetting resin containing a styrene suppressant

to reduce emission of volatile aromatic compounds.

31. A method for fabricating a multiple wall
tank structure comprising the steps of:

forming a metal frame with at least one outlet
fitting plate;

surmounting said metal frame, at least partially
by surmountingqit with an impermeable non-metallic
primary container including a chemically resistant

multiple-ply laminate structure, - said | primary

container including at least one primary outlet panel



48 plastic lam nate structure di sposed on said annutar ribs conprising: a
first ply fabric including a stiff apertured.resinated poryester—surfacing . .
veil having warp threads; a second ply fabric includj rdur ed

pol yester surfacing veil having warp threads, such.trmmmﬁ'mgﬂ(ﬂmreads
of said second ply fabric are disposed generally transverselyntOs

superi nposed over said warp threads of said first ply to i npose a
substantially uniformload thereon, and to_deflect said first and second
plies into a plurality of corrugations; a i rd ply fabric of woven
fiberglass cloth having warp threads, such that said warp threads of said
third ply fabric are disposed in a substantially parallel relationship to

S ourTiP oV fane dibpBed. 3AC00G1REYLUPOR WOLAD, 280 ‘blAML B Yod Pa qBPOSEC:

a fourth ply fabri€ uni direc continuous fir ass f1 rands

ext endi ng substanqggghyoagrgﬁéfgttfié§§ﬁ5g5¥ggg;ic axis;

surmounting said primary container, at least

partially, with an impermeable non-metallic secondary
container including a chemically resistant multiple-
ply laminate structure, said secondary container
including at least one secondary outlet panel disposed
in registration with, and bonded to said at least one
at least one primary outlet panel, whereby said at
least one outlet fitting plate, said at least one
primary outlet panel and said at least one secondary
outlet panel forming a corresponding at least one
pressure-resistant outlet seal;

forming a space between said primary and
secondary containers; and ’

providing said secondary container with an
annulus access conduit opening for enabling said space
between said primary and secondary containers to be

connected by said conduit to the atmospheric pressure.

32. A method for making a composite double-wall
underground tank comprising the steps of:

cutting channel-shaped steel from 30 foot long
stock to the lengths required to make 8 foot diameter

steel frame ribs, frame longerons and head formers



afifth ply fabric |nclud|ng randomly oriented chopped flberglass st rands;
a sixth ply fabric including a warp-of unidirected co
filament strands di sposed transversely to ‘and superlnposed qve

first glass filanment strands to i npose a substanti aulm mnm‘m‘ﬁgm

t hereon; a seventh ply conprising a warp of unidire hird
gl ass filanent strands, superinposed upon and di sposéd apprOX|nater
parallel to said second glass filanent strands; an eighth ply fabric

woven fiberglass cloth; and a hardenabl e $7quid vinyl ester resin for

| mpregnating the filament reinforcenents contained in said |aninate

structure. 19. The multiple wall

geonetric axis;

éﬁ& Onh&Pei MREH |C3P

tank structure according to claim 17

glass

of

3di t SUPBRFhate end -

wherein said nmetal frane is § ongat ed and exten S Ioaglﬁgdlnall along a

i ncl udes:

structure,

shaping annular ribs and hemispherical frame head
forming members in-a ring-rolling unit,

fabricating in a welding jig the annular ribs and
longerons into cylindrical tank frame sections having
ribs spaced 12 inches apart and lengths of either 4.5
ft. or 5.5 feet,

fabricating the hemi-head members in a welding
jig to make the hemispherical frame end sections and
frame support axles,

assembling the a tank frame cylinder from
cylindrical tank frame sections and hemispherical head
sections to make an axle-supported tank mandrel,

forming steel fitting plate stc;ck to have an
outer surface radius equal to that of the tank frame
ring outer radiﬁs,

cutting tank outlets from the curved fitting
plate stock and trimming so fittiné plates will fit
between tank frame rings,

welding steel half couplers to the inner surface
of tank outlet-fitting plates,

welding the tank outlet fitting plates to the
perimeter edge of tank frame rings bordering each

fitting plate,



a first ply formed of a soft apertured pol yester surfacing veil; a second
ply conprising a plurality of unidirected filanent, fabric having.a
war p of continuous filament strands positioned so that said fil ament
strands .are substantially perpendicular to said geonetric axis; a third
formed of a fabric of chopped strand fi bergl ass; orned
of a fabric of woven fiberglass roving; a fifth ply lm“mnﬂ"mmtumr
fiberglass cloth; and a hardenable |iquid vinyl ester® résih

impregnating the fabric filament reinP8rcenents contalned |n sai d

l'ami nate structure. 20. The multiple wall tank structure according to claim
17 wherein said netal frame is elongated and extends longitudinally along a

geonetric axis; and V\/QJ%EéL% ggcssaﬂzq_k e@?ﬁ?f %hgg §}ca‘4u @moguﬁ Ir_am nat e

shel | structure conpri's orruga reinforced plast C
| am nat e structu&gt@ggg plates,

making first hemispherical composite laminate

tanks ends from a six-ply sequence of overlapping
trapezoidal-shaped fabrics impregnated with a
thermosetting plastic and fabricated upon
hemispherical tank end molds, .

attaching prefabricated first hemispherical
composite laminate tank ends upon the hemispherical
frame end-support structure of the completed tank
frame mandrel,

mounting the tank end and frame assembly upon a
motorized tank frame turning unit,

grinding the external surface of each tank outlet
fitting plate to produce a clean: "white metal"
surface,

bonding a three ply layer of resin-impregnated
polyester surfacing veil to the freshly ground surface
of each tank outlet fitﬁing plate,:

cutting to length and bonding to the perimeter
edge of each hemispherical composite laminate tank end
a 9 inch wide overlapping end portion of individual
widths of dry stiff resinated apertured polyester
surfacing veil that is stretched as a taut fabric to

cover the spaced tank frame ribs,



including: a first ply fabric forned of a soft apErtUred'ponester

surfacing veil and having warp threads; a second.ply. fabric forned of woven 8

fi berglass cloth and having warp threads, such that said warp threads of
said second ply fabric are disposed generally transversely to and :
superi nposed over said warp threads of said first ply '

substantially uniformload thereon, and to defl ect sla”lﬂ“lummnml'uumm
plies into a plurality of corrugations a t$%rd ply fabrictfdrmdd 6f *

uni directed continuous first glass filanment strands extending 51
substantially parallel to said geonetric axis and having warp threads, such
that said warp threads of said third ply fabric are disposed substantially
in a parallel relationsPPFegRdeing vith SnildMdApthareaastbing FeFFednd ply

upon which said third ply is superinposed; a fourth ply fabric including
randon y orientedwéﬁBpp8§fi§ﬂ§Q; HeSiRpted apeé%&éed PéiYeSter

surfacing veil dispensed from a fabric-roll coater,

helically wrapping, £from one tank end to the
other, a resin-wet warp of polyester surfacing veil
upon the dry taut polyester veil fabric,

impregnating and deflecting the dry taut fabric
between the tank frame ribs to produce a corrugated
resin-wet two-ply laminate surface,

covering the corrugated wet laminate surface with
a sequence of parallel widths of dry tightly woven 6
ounce per square yard fiberglass cloth,

pressing the dry fiberglass cloth to intimately
contact the corrugated resin-wet two-ply laminate
surface, d

impregnating the glass cloth fabric with a liquid
thermosetting resin to produce a three-ply liner
laminate structure,

attaching to each tank end a:9 inch overlapping
edge of a width of d{y unidirected long ply fabric
comprising continuous strands of glass fiber oriented
parallel to the tank frame axis and having an outer
surface consisting of a mat layer of chopped
fiberglass roving,

placing additional similarly—attached parallel

widths of dry unidirected long ply fabrics upon the



afifth ply including a warp of unidirected continuous second gl ass
filament strands disposed generally transversely to and superinposed over

said first glass filament strands to inpose a substantially uniformload

t hereon; .a sixth ply including a warp of unidirected continuous

TS0y

cloth; and a hardenable liquid vinyl ester_resin for ‘i nprefnati ng

filanment strands, superinposed upon and di sposed gener
second glass filanent strands; an seventh ply fabric o

filament reinforcements contained in said $%minate structure.
multiple wall tank structure according to claim17 wherein said netal

I s elongated and extends longitudinally alone a geonetric axis:

wherein said seeg?g‘?%ggé%lsgfs}gécec_ﬁgm CQIRQS t § ol 3pLpat esugggﬁa

multiple ply rein

ply formed of a S@ihpPRELiy St RUMLHR tank frame,

impregnating .with a 1liquid

nate Sstructure conpri

Wi

21. The

and

in

£h

52
udes

#Fr st

thermosetting

polymeric resin matrix a warp of unidirected circ ply

fabric comprising continuous strands of glass fiber,

attaching the leading edge of the circ ply fabric

to one of the dry long ply fabrics bonded to a first

tank end so that an edge of the circ ply warp

overlaps, by approximately 9 inches, the

extremity of a primary hemispherical

laminate tank end,

edge

composite

making a single circumferentially-oriented wrap

of the resin-wet circ ply warp upon the dry end-bonded

long ply fabric to provide a first shell-to-head

¢

anchor ring,

helically winding a first edge-abutting sequence

of resin-wet circ ply warps to press upon and

impregnate the dry long ply fabric from a first tank

end to a second tank end,

winding two circumferential wraps of the matrix-

impregnated circ ply fabric upon the dry long ply and

glass mat fabrics overlapping the edge extremity of a

second primary hemispherical head end to provide a

second shell-to-head anchor ring,

SS
I d

frame

a



sur f aci ng veil; a j.se_cohd - ply conprising a pl ur al ity of unidirected
filament fabric: having a warp . of continuous filament strands -

positioned so that said filament strands are substantially parallel to said

geonetric axis; athird ply formed of a fabric of cho

fiberglass; a fourth ply forned of a fabric of woven fiber
fifth ply formed of woven fiberglass cloth; and a himﬂ ]‘@Bﬂ‘ |nyI
ester resin for inpregnating the fabric fil ament ai ned

in said |aminate structure. 22. The nultipde wall tank structure accordi ng
to claim17 wherein one end of said second cylindrical conposite |am nate
structure is conflgured to provide a bottom|liquid sunp container; wherei n
said sunp container is, connected to a bottomend of a curved

tubul ar | y- shaped cent r BRR$CRLLY { WhRdimgondupn & rfiqsk ctamk nend &9 omer

quarter 53
_ second tank end, a second edge-abutting sequence of

resin-wet circ ply warps,

wrapping a single cover ply of dry tightly woven
6 ounce per square yard fiberglass cloth upon the wet
plies of circ fabric,

inspecting the tank outlet fitting plate surfaces
to assure that the resin-impregnated inner tank
laminate plies are in void-free intimate contact with
the tank outlet fitting plate surfaces,

painting the tank shell exterior surface with an
opaque thémosetting resin,

curing the primary tank shell laminate matrix and
cover ply resins, _

covering completely the primary ;ank cylindrical
composite laminate structure with an opaque 6 mil
thick polyethylene plastic sheet that overlaps a 12
inch wide extremity of each primary hemispherical
composite laminate tank end, -

cutting and removing the plastic sheet around the
tank outlet fitting plate bonding areas,

removing ° the primary tank from the turning
support unit,

making second hemispherical composite laminate
tanks ends from a six-ply sequence of overlapping

trapezoidal-shaped fabrics impregnated with a



section of one . of said second hem spherical conposite |am nate tank ends to-
- provi de an annul us access structure 'that connects an open upper end of said

conduit structure with said sunp container.. 23. The nul"‘rrp#e—waH—-Lank___~

structur.e according to claim22 wherein at Ieast t wo sa
structures are attached to said second cylindrical co m e”’ ﬂ’"’
aunem

structure so as to elevate the bottom of saigasunp con

surface upon which the tank structure is placed. 24. The multiple wa t ank
structure according to claim23 wherein each of said saddl e support
structures includes a multiple ply conposite |lamnate structure and is
bonded to the bottothetmosetoingr t pleshiid aceand5. Thabridatede walgort ank
structure according to.claim1l wherein said prinmary outlet panel includes
openi ngs t hat enclOQQMSQPHerhﬂ%ldU¥ﬂ©Bnﬁlmpldgs whensigi oneacfl satdriunky
outl et panels have open| s that coincide and mate with the openings in

sai d primary outlet®pén dsaref wRerEiguzed dter Prevyideud drepksehierigale an

i nner surface that is bonded to the exterior surface of _ each
: composite laminate tank end having an integral annulus

access and bottom sump structure,
placing the prefabricated second hemispherical
composite laminate tank ends upon the prefabricated
primary tank first hemispherical composite laminate
tank ends,
mounting the primary tank and second tank ends
upon a motorized tank frame turning unit,
grinding the exterior surface of the primary tank
shell laminate in those regions where it is bonded to
; the underlying tank metal outlet fitting plates,
making the secondary cyli?drical composite
laminate tank shell structure by repeating the same
procedures with the same materials as those used to
make the primary cylindrical composite laminate tank
) shell structure,
cutting tank outlet hole§'through primary and
secondary cylindrical composite laminate structures at
all tank fitting outlet locations,
bolting metal compression plates to all metal

outlet fitting plates;



of said fitting plates and sald secondary outlet panels have an inner.
. surface that is bonded to the exterior surface of each of 'said first
~panels to formsaid pressure-resistant outlet seal. 26.  The multip

tank structure according to claim25 wherein said pr
conpri ses a contiguous section of said first cylindri

structure, and said secondary outlet panel conprises a m“““““
of said second cylindrical conpoesite |am e structur “

wal | tank structure according to claim 26 gﬁhereln sai d secdndéry ou

panel further

i ncl udes a net al

di nensi ons, openings and shape as said netal tank outlet plate; and

conpression plate segéiggixgagggp?ggp?ﬂﬂ ?%%ﬁg%tgé(nie;{éggg%g&gpogﬁarc Lposite

| am nate structure h

I ng a-perineter

ext endi ng beyondtaaeeagéwsﬁeeranf t%m&alo%dngire@ywrﬁ Siaved! @b

the i nner surface of s

Id perinmeter border 1s bonded to the exterior

‘out | et
e wal l

mary outl et
ommmtelamn&e

2

| et

outl et conpression plate having the sane

bor der
e, and

surface of said segongsl yrdmolowhdd fiHdigigspanel to provide a pressure

resi stant seal

t herew t h.
installing a lift lug in a central tank outlet

fitting,

lifting and removing the completed double wall
tank structure from the mandrel turning support unit,

laminating a composite seal to cover the axle
access openings in the primary and secondary composite
hemispherical ends that provide the turning support
unit with access to the steel frame axle fittings,

leak testing the primary and secondary containers
by simultaneously pressurizing both containers to 5

psi.

33. The multiple wall tank structure according
to claim 13 wherein said corrugated first cylindrical
composite laminate shell structure comprises a
multiple ply reinforced plastic -laminate structure
disposed on said uniformly spaced metal annular ribs
along a horizontal longitudinal axis thereof
comprising: -

a first ply fabric comprising a stiff apertured
resinated polyester surfacing veil having a dry weight
of 1 ounce per square yard (34 gm/sq.m),a thickness of

approximately 0.010 inch (0.25 mm), and a width in the



28. The nultiple'mall tank structure according to claim?2 wher ein the _
multiple wall tank structure is a doubl e-wall underground storage tank 29.
The nultiple wall tank structure according to claim1 wherein said

multiple-ply lam nate structures are corrugated. 30.

structure according to claim29 wherein said corrugate

T

| am nate structures contain unchopped strands of

filaments inpregnated with a | ow styrene V|g ester thernosettimg sesin
ms

containing a styrene suppressant to reduce

sion of volatile aromatic

conpounds. 31. A uethod for fabricating a multiple wall tank structure
conprising the steps of: formng a netal frane with at | east one outl et

fitting plate; surimigdige 3%allﬁcﬁefsaltof %n‘irlcﬁ&sl €38l aPah! £8! h¥30¥m),

surnounting it with an inperneabl e non-neta

a chemically resi fiintwd ttidtendd Yof sa@N8ifst PlyUehBEec ex%@hamg

pl’l mary cont ai ner

I ncluding at | east one primary outl et panel
generally in the direction of said axis;

a second ply fabric comprising a soft apertured
polyester surfacing veil having a dry weight of 1.3
ounce per square vard (44 gm/sq.m) and a thickness of
approximately 0.010 inch (0.25 mm), and a width in the
range 18 inches to 48 inches, the warp threads of said
second ply fabric disposed transversely of and
superimposed over the warp threads of said first ply
to impose a substantially uniform load thereon to
deflect said first and second plies into a connected
plurality of corrugations comprising a corrﬁgated
laminate having a generally concave parabolic portion
forpzed between a pair of adjacent :convex portions
intersecting therewith, when viewed in cross section,
relative to said axis:

a third ply fabric of woven fiberglass cloth
having a tensile strength equal to 200 lb per inch
(3.543 kg/mm)of width, a dry weight of 6 ounce per
square yard (204 gm/sg.m), a thickness of 0.010 inch
(0.25 mm), and a width in the range of 12 inches to 52
inches (30.4 cm to 132 cm), the warp threads of said
third ply ?abric disposed approximately parallel to
the warp threads of said second ply upon which said

third ply is superimposed;

't c primary contai ner 1 ncluding



56 disposed in registration with, and bonded to said at |east one outlet
fitting plate; surnmounting said primary container, at least partially, wth
an i nperneabl e non-netallic secondary contai ner |nclud|ng a chemcally

resistant multiple- ply lamnate structure, said SECOﬂd&L¥—G€ﬂ%€H¥E¥————

I ncluding at | east one secondary outl et panel dlspose
with, and bonded to said at |east one at |east one pr| I

whereby said at |east one outlet fitting ate, said

outl et panel and said at |east one secondary outl et panel forn1ng a
correspondi ng at | east one pressure-resistant outlet seal; formng a space
bet ween said prinmary and secondary containers; and prOV|d|ng sai d secondary

contai ner with an anml ﬂauzenegﬂycmﬁc OBENiwL divecirb! EBH: $ALEusPace
between said prinmary and secondary containers to be connected by said

conduit to the alimsphglasspridiament 3xrindet brdehdingalgaraldglompesite
doubl e-wal I underground tank conprising the steps of:
said longitudinal cylindrical axis, said fabric having
a tensile strength equal to 1200 1lb. per inch (21
kg/mm) of width, a dry weight of 13 ounce per square
yard (442 gm/sq.m), a thickness of 0.03 inch (0.80
mm), and a width in the range of 36 inches to 72
inches (91.4 cm to 183 cm);

a fifth ply fabric comprising randomly oriented
chopped fiberglass strands having a dry weight of
approximately 1 ounce per square foot(305 gm/sq.m), a
thickness of approximately 0.010 inch (0.25 mm), and
a width in the range of 36 inches to 72 inches (91.4
cm to 183 cm); |

a sixth ply comprising a warp':of unidirected
continuous second glass filament strands disposed
transversely of and superimposed over said first glass
filament strands to impose a substantially uniform-
load thereon, said warp having a tensile strength
equal to 1200 lb. per inch (21 kg/mm) of width, a dry
weight of 13 ounce per square yard (442 gm/sq.m), a
thickness of 0.03 inch (0.08 mm), and a width in the
range of 4 to 60 inches (10 to 150 cm);

a seventh ply comprising a warp of unidirected
continuous third glass filament strands, sﬁperimposéd

upon and disposed approximately parallel to said



cutting’channélfshaped steel from 30 foot | ong stock to the |engths -
required to make 8 foot diameter steel frame ribs, .frame | ongerons and head
fornmers 57 into an integral tank. mandrel and head support structure,

shapi ng annul ar ribs and hem spherical frame head form ng nenbers in a

ring-rolling unit, fabricating in a welding jig the ;ﬂkG?5F~?TTET?Wﬂr*-

| ongerons into cylindrical tank frame sections havi ngmﬂmm!ﬂ)m pnches

apart and lengths of either 4.5 ft. or 5.5%%eet, f abr ﬂmwgm"”head
S

menbers in a welding jig to make the hem erical frame end sdctsons and

frame support axles, assenbling the a tank franme cylinder fromcylindrical
tank franme sections and hem spherical head sections to nmake an

i, umpert o, Sphcomactluey LR Celrlidi ] atlet ARG 1
cutting tank outlebssit@nséRensi @lali £6i1800 1b. per inch (21 kg/mm)
of width, a dry weight of 13 ounce per square yard
(442 gm/sq.m), a thickness of 0.03 inch (0.08 mm), and
a width in the range of 4 to 60 inches (10 to 150 cm);

an eighth ply fabric of woven fiberglass cloth
having a tensile strength equal to 200 1lb per inch
(3.543 kg/mm)of width, a dry weight of & ounce per
square yard (204 gm/sqg.m) and a thickness of 0.010
inch (0.25 mm); and

a hardenable liquid vinyl ester resin, containing
from 30 to 40 percent styrene monomer and 1.3 percent
of a wax-containing styrene suppressant, impregnating
the filament reinforcements contained in said laminate
structure; ;

wherein said first hemispherical composite
laminate structure comprises a multiple ply reinforced
plastic laminate structure comprising:

a first ply comprising at least 15 overlapping
trapezoidal-shaped fabrics cut from a soft apertured
polyester surfacing veil having a dry weight of 1.3
ounce per square yard (44 gm/sqg.m), a thickness of
approximately 0.010 inch (0.25 mm), and a warp width
in the range of 60 to 84 inches (1.5 to 2.1 m);

a second ply comprising at least three pieces of

unidirected filament . fabric having a warp of



“plate stock and trimming so fitting plates will

rings, welding
fitting plates,

fit between tank frane

steel half couplers to the inner surface of tank outl et
wel di ng the tank outlet fitting plates_to the perineter

edge of tank franme rings bordering each fitting plate, 58 wel di ng

all tank outlet fitting plates, ITB.kI ng Lﬂllmwmémmmﬂ”mal
conposite lam nate tanks ends froma si %Ply sequence

pl at es beneath

t rapezoi dal - shaped fabrics | mpr egnat

pl astic and

with a therfoskett'i ng
fabricated upon hem spherical tank end nol ds,

strike

attaching pref.abricated first hem spherical conposite |am nate tank ends

upon the hent sphsid calodd 2y eaestiDPRELadhE UCpHSe Shutle cBTPISied tank

frame mandr el ,

nounting th end rane-asse y.upon a no

orized

tank frame turngngamend . seFkAdsnErbhaperbginatesyr | A6Fnl caeh dank outlet

longitudinal cylindrical axis, said fabric having a
tensile strength equal to 1200 1lb. per inch (21 kg/mm)
of width, a dry weight of 13 ounce per square yard
(442 gm/sq.m), a thickness of 0.03 inch (0.80 mm), and
a warp width in the range of 48 to 72 inches (1.2 to
1.8 m);

a third ply comprising at least 15 overlapping
trapezoidal-shaped pieces cut from a fabric of chopped
strand fiberglass having a dry weight of 1.5 ounce per
square foot (458 gm/sq.m),a thickness of approximately
0.015 inch (0.38 mm),and a width in the range of 60 to
84 inches (1.5 to 2.1m);

a fourth ply comprising at least 15 overlapping
trapezoidal-shaped pieces cut from a fabric of woven
fiberglass roving , said fabric having a tensile
strength equal to 600 1lb. per inch (11 kg/mm) of
width, a dry weight of 18 ounce per square yard (612
gm/sq.m), a thickness of 0.04 inch (1.00 mm) and a
width in the range of.48 to 72 inches (1.2 to 1.8m);

a fifth ply comprising at least 15 overlapping
trapezoidal-shaped fabrics cut from woven fiberglass
cloth having a tensile strength equal to 200 1lb per
inch (3.543 kg/mm)of width, a dry weight of 6 ounce

per square yard (204 gm/sq.m), a thickness of 0.010



fitting plate to produce a clean "white netal" surface, bonding a three
ply | ayer .of resin-inpregnated polyester surfacing veil to the freshly:
ground surface of each tank outlet fitting plate, cutting to length and
bonding to the perineter edge of each hem spherical conposite |am nate tank
end a 9 inch wde overlapping end portion of individu II H m

stiff resinated apertured polyester surfacingggeil tha’i” mmﬂ“m ll "ﬂll a

*

taut fabric to cover the spaced tank frame ribs, i npreghat Fng" wi% h *a
liquid thernosetting resin a warp of soft non-resinated apertured pol yester
surfacing veil dispensed froma fabric-roll coater, helically wapping,
fromone tank end to tirchot(Re2S mm)r,eahd- yaja ML Raeh Polgestarn u&?a&ér&
veil upon the dry taut polyester veil fabric,” inpregnating and deflecting
the dry taut fabric bel4vdochese(lsicd Ranenyibsnd 0 produce a corrugated
resin-wet two-ply | am nate surface, covering the corrugated wet |am nate

surface with a sequence of aphazdenablei s Dirifyy dd et kEs¥BY efokkaining

from 30 to 40% styrene monomer to which is added 1.3

percent by weight. a liquid wax-containing styrene
suppressant, impregnating the fabric filament
reinforcements contained in said laminate structure ;

wherein each .of said first hemispherical
composite laminate tank ends is bonded and sealed to
each end of said corrugated first cylindrieal
composite laminate shell structure with the first five
of said fabric plies and wherein said tank ends are
anchored to said shell structure by a shell-to-head
anchor ring comprising the warp plies of said sixth
and seventh ply fabrics surmounting :and overlapping an
end extremity of each of said first hemispherical
composite lawinate tank ends by an axial length in the
range of 8 to 12 inches (20 to 30 cm);

wherein the axial distance of a first annulus
space separating said first hemispherical composite
laminate tank ends and said second hemispherical
composite laminate tank ends is in the range of
approximately 0.12 inches (3 mm)to 0.36 inches (9 mm);

wherein the vertical distance of a second annulus
space separating the bottom half of said first

cylindrical composite laminate structure from the



ounce per square yard fiberglass cloth, pressing the dry fi bergl ass cfbthV '
to-intimately contact the corrugated resin-wet two-ply |am nate surface,

i mpregnating the glass cloth fabric with a liquid thernosetting resinto. .- .
produce.a three-ply liner |lamnate structure, attaching to €a d a

9 inch overl apping edge of a width of .dry unidirected e
conprising continuous strands of glass fiber oriented m ,I JHMt ank
lLay e

frame axis and having an outer surface cppsisting of a et opped
fiberglass roving, placing additional sinflarly-attached parallel w dths of
dry unidirected-long ply fabrics upon the 60 corrugated three-ply liner

| ami nate surface that conpletely encloses the tank frame, inpregnating
oo o bOsrhTSHETE e R VOB S ® RS
attaching the | ¢aglingr8dgerQted e i¥ 16 PhY FAMd ©f approximately 0.
01 inches (0.25 mm) to 0.36 inches (9 mm);
wherein said second annulus space contains a
sheet of plastic having a thickness in the rangé of
0.001 to 0.010 inches (0.025 to 0.25 mm), said plastic
sheet superimposed upon and covering the entire
surface of said first cylindrical composite laminate
structure except those surfaces comprising said first
outlet panels;
wherein said second «cylindrical composite
laminate shell structure comprises a corrugated
multiple ply reinforced plastic laminate structure
disposed on said plastic sheet compriﬁing:
a first ply fabric comprising a'soft apertured
polyester surfacing wveil having a dry weight of 1.3
..- . ounce per square yard (44 gm/sq.m) and a thickness of

approximately 0.010 inch (0.25 mm), and a width in the

range 18 inches to 48 inches,
said first ply fabric superimposed
on said plastic sheet to impose
a substantially uniforn load thereon
to produce - a connected

plurality of corrugations comprising a corrugated. -
laminate having a generally concave parabolic portion

formed between a pair of adjacent convex portions



to one of the dry long ply fabrics bonded to a first tank end so that an
edge of the circ ply warp overl aps, by approximtely 9 inches, the edge
extremty of a primary hem spherical conposite |am nate tank end,  nmaking a

single circunferentially-oriented wap of the resin= circ ply warp upon
the dry end-bonded long ply fabric to provide a firsmeéﬁgTT?tﬁ~heag\gﬂfhor
ring, helically winding a first edge-abutting seque Wm L N-wet Circ
ply warps to press upon and inpregnate the dry | ong ”[ﬂi IM first
tank end to a second tank end, winding twd9circunferentfalt wi ﬁ%e
matrix- inpregnated circ ply fabric upon the dry long ply and gl as$ nmat
fabrics overl apping the edge extremty of a second primry hem spheri cal

head end to provL%& a se%ond sﬁell-to-head anchor ring, 61 helically
wi ndi ng, from a FRFEFSELTRDENGREEEYI LR JHRER devs 1t CTOE8n§eE8d P abut t i ng

sequence of T esi Gigl Ul Pk 4LRSs

a second ply fabric of woven fiberglass cloth
having a tensile strength equal to 200 1lb per inch
(3.543 kg/mm)of width, a dry weight of 6 ounce per
square yard (204 gm/sq.m), a thickness of 0.010 inch
(0.25 mm), and a width in the range of 12 inches to 52
inches (30.4 - 132 cm), the warp threads of said
second ply fabric disposed approximately parallel to
the warp threads of said first ply upon which said |

-second ply 1is superimposed; )

a third ply fabric of unidirected continuous .
first glass filament strands extending parallel to
said longitudinal cylindrical axis, sa;d fabric having
a tensile strength equal to 1200 lﬂ. per inch (21
kg/mm) of width, a dry weight of 13 ounce per square
vard (442 gm/sq.m), a thickness of 0.03 inch (0.80
ﬁm), and a width in the range of 36 inches to 72
inches (91.4 - 183 cm); |

- a fourth ply fabric comprising randomly oriented
chopped fiberglass strands having a dry weight of
approximately 1 ounce per square foot (305 gn/sq.mn),a .
thickness of approximateiy 0.010 inch (0.25 mm), and

a width in the range of 36 inches to 72 inches (91.4

- 183 cn);



wrapping a single cover ply of dry tightly woven 6 ounce per square 'ya'-r___d

fiberglass.cloth upon the wet plies of circ fabric, i

outlet fitting plate surfaces to: assure that the resi
tank lamnate plies are in void-free intimte contact

nspecting ‘the tank

fitting plate surfaces, painting the tank shell exterﬂ]ﬁ“ﬁ%mmm
opaque thernosetting resin, curing the primary tank s d an y '

and cover ply resins, covering conpletely7the primary tank cylindrical

conposite lamnate structure with an opaque 6 m| thick polyethyl ene
pl astic sheet that overlaps a 12 inch wide extremty of each primary

hem spheri cal

conposite |am nate tank end,

conposi t e | ani nafOREAAROUENILeFIRAn FLESE- pt?léﬁ%\éncﬁé’-f@m@ve#ﬁ-ﬁﬁﬁﬁﬁé

t rapezoi dal - shaped fabri

transversei?r of IarHDc{ %%B%&'?.?npos\émdt Qver asa:i.c'!. first glass

filament strands to impose a substantially uniform
load thereon, said warp having a tensile strength
equal to 1200 lb. per inch (21 kg/mm) of width, a dry
weight of 13 ounce per square yard (442 gm/sqgq.m), a
thickness of 0.03 inch (0.08 mm), and a width in the
range of 4 to 60 inches (10 to 150 cm);

a sixth ply comprising a warp of unidirected
continuous third glass filament strands, superimposed
upon and disposed approximately parallel to said
second glass filament strands, said warp having a
tensile strength equal to 1200 lb. per inch (21 kg/mm)
of width, a dry weight of 13 ounce per square yard
(442 gm/sq.m), a thickness of 0.03 inch (0.08 mm), and
a width in the range of 4 to 60 inches (10 to 150 cm);

an seventh ply fabric of woven fiberglass cloth
having a tensile strength equal to 200 1lb per inch
(3.543 kg/mm)of width, a dry weight of 6 ounce per
square yard (204 gm/sé.m) and a thickness of 0.010
inch (0.25 mm);

a hardenable liquid vinyl ester resin, containing
from 30 to 40 percent styrene monomer and 1.3 percent

of a wax-containing styrene suppressant, impregnating

| et

n
I X

i \d, cutting and renoving the plastic
sheet around the tank3ouf}fhh f PLY| mpmpTdsdngondi wgrar 6, undddvesgedt he
primary tank fromthe turning support unit,_, making second hem spheri_cal



... 62 thernosetting pl astic and fabricated . . upon hem spherical tank
end nmol ds, wherein one of said tank end molds is- configured to provide a
hem:-spheri cal conposite | am nate tank end having anintegral annulus access
and bottom sunp structure, placing the prefabricated second hem sphérical
conposi-te | am nate tank ends upon the prefabricated ' i

hem spheri cal conposite | am nate tank ends, nounting {]"mummmﬂm and
second tank ends upon a notorized tank frang turni ng unhit® d¢riAdihg the
exterior surface of the primary tank shell dninate in those regi ons where
it is bonded to the underlying tank nmetal outlet fitting plates, making

the secondary cylindrical conposite Ianinate tank shell structure by

repeati ng thé sanme _pr.o & to
make the primry c %' g??gé cc#%ﬁé?%éyg am na?@h?&iﬁg hfﬁlégg 3ﬁi§%Fe
cutting tank outleg @ﬂd%ﬁr%hrough primary and secondary cylindrica
conposite lamnate structurés at all tank fitting outlet |ocations, bolting

metal conpression plategHededhn! 858 second hemispherical composite

laminate structure comprises a multiple ply reinforced
plastic laminate structure comprising:

a first ply comprising at least 15 overlapping
trapezoidal-shaped fabrics cut from a soft apertured
polyester surfacing veil having a dry weight of 1.3
ounce per square yard (44 gm/;q.m); a thickness of
approximately 0.010 inch (0.25 mm), and a warp widtﬁ
in the range of 60 to 84 inches (1.5 to 2.1 m);

a second ply comprising at least three pieces of
unidirected filament fabric having a, 6 warp of
continuous filament strands positioned so said
filament strands are approximatei; normal to said
longitudinal cylindrical axis, said fabric having a
tensile strength equal.to 1200 lb. per inch (21 kg/mm)
of width, a dry weight of 13 ounce per square yard
(442 gm/sqg.m), a thickness of 0.03 inch (0.80 mm), and
a warp width in the range of 48 to 72 inches (1.2 to
1.8 m); 5

a third ply comprising at 1eas£ 15 overlapping
trapezoidal-shaped pieces cut from a fabric of chopped

strand fiberglass having a dry weight of 1.5 ounce per

square foot.(458 gm/sq.m) .2 thickness of approximately



outlet fitting plates, placing a three-ply.laninate to overlap and cover
. the edges of all bolted netal conpression plates to seal all tank outlet
fittings, installing a lift lug in a central tank outlet fitting, ~lifting
and renoving the conpl eted double wall tank structure fromthe mandr el
turning support unit, laminating a conposite seal to Cﬁmnm”lﬂmwjﬂﬂﬂess
openings in the primary and secondary conposite hem sphé} L

provi de the turning support unit with accers to the steel franme axle '
fittings, leak testing the primary and secondary contai ners by

si mul taneously pressurizing both containers to 5 psi. J 33. The multiple
wal | tank structure according to claim13 wherein said corrugated first
cylindrical conpodl+0d3 d®chale.hem) ,snduatwidtiv dmpthecrangeadfi el @l y
reinforced plastic |am nate structure disposed on said uniformy spaced
netal annul ar ri bB4lig¥dhesa (1n8rtechudM) ; longitudinal axis thereof

a fourth ply comprising at least 15 overlapping

trapezoidal-shaped pieces cut from a fabric of woven
fiberglass roving , said fabric having a tensile
strength equal to 600 1lb. per inch (11 kg/mm) of
width, a dry weight of 18 ounce per square yard (612
gm/sq.m), a thickness of 0.04 inch (1.00 mm) and a
width in the range of 48 to 72 inches (1.2 to 1.8m);
a fifth ply comprising at least 15 overlapping
trapezoidal-shaped fabrics cut from woven fiberglass
cloth having a tensile strength equal to 200 1b per
inch (3.543 kg/mm)of width, a dry weight of 6 ocunce
per square yard (204 gm/sg.m), a thickness of 0.010
inch (0.25 mm), and a warp width in the range of 60 to
84 inches (1.5 to 2.1 m);
em a hardenable liquid vinyl ester resin, containing
from 30 to 40% styrene monomer to which is added 1.3
percent by weight a ligquid wax-containing styrene
suppressant, impregna;:ing the fabric £ilament
reinforcements contained in said laminate structure}
wherein .each of said second hemispherical
composite laminate tank ends is bonded and sealed to
each end of said corrugated second cflindrical

composite laminate shell structures with the first

four of said fabric plies and wherein said tank ends



conprising: a first ply fabric conprising a stiff apertured resinated - -
pol yester surfacing veil having a dry weight of "1 ounc square yard (34 -
gm sqg.m,a thickness of approxinmately 0.010 inch (0.2;6\pEL\Eﬁa‘a\deLh\Ln '

t he range of 36 inches to 72 inches (91.4 cmto 183/ MM?

threads of said first ply fabric extending generally ins mﬁﬂl f
said axis; a second ply fabric conprising a soft apertured pdlyés by
surfacing veil having a dry weight of 1.374qunce per square yard (44
gnmMsg.m and a thickness of approximately 0.010 inch (0.25 mm), and a width
in the range 18 i.nches to 48 inches, the warp threads of said second ply
fabric disposed transversely of and superinposed over the warp threads of
said first ply tarenpusthareslibst asridil shyelbi structwesl bheaeshefld -ttef-| ect
said first and second plies into a connected plurality of corrugations
conpri sing a cor hegst eanchor ngirg haenpyisiggnthel warpomicias paf alseidc
portion fornmed between a pair of adjacent convex portions intersecting
therewith, when Fifkdd i androfixddctiphy r fpbrige t FWampnbdng and

overlapping an end extremity of each of said second
hemispherical composite laminate tank ends by an axial
length in the range of 8 to 12 inches (20 to 30 cm);
wherein one end of said second cylindrical
composite laminate structure is configured to provide
a bottom liquid sump container, said sump container
connected to the bottom end of a curved tubular-shaped
centrally positioned conduit structure comprising the
lower quarter section of one of said second
hemispherical composite laminate tank ends to provide
.an annulus access structure that connects the open
upper end of said conduit structureswith said sump
container;
wherein the open upper end of said annulus access
structure is fitted with a 1 1/2 inch threaded pipe
half coupler;
wherein two saddle tank support structures are
attached to the bottom ends of said second cylindrical
composite laminate structure so as to elevate the
bottom of said sump container approximately 4 inches
above the surface upon which said tank structure is

placed;



~a third ply fabric of woven fiberglass cloth having a tensile strength -
equal to 200:1b per inch (3.543 kg/mof width -a dry melght of 6 ounce per
square yard (204 gnisq.m, a thickness of 0.010 inch i dth
in the range of 12 inches to 52 inches (30.4 cmto 132

threads "of said third ply fabric di sposed approxi mat eI ﬂh ﬂ!ﬁﬁm ﬂ
warp threads of said second ply upon which said third p y E d;

a fourth ply fabric of unidirected continuous first glass.filanent strands
extending parallel to said |ongitudinal cyﬁlndrlcal axis, said fabric

having a tensile strength equal to 1200 I b. per inch (21 kg/mm of wdth, a
dry wei ght of 13 ounce per square yard (442 gnm'sq.m, a thickness of 0.03

[ h (0.80 d

B e
t f

oot (308 9 m / oq i Gifel ! cHfibBHs.g 13RpAAYe (B fudedd %W ) and

a width in the r3pge ehidRnk8shes dprokimatBey 6945 4nches (6 mm) and

bonded to the bottom outer tank surface to provide a

foot print wmeasuring approximately 6 inches by 48
inches;

wherein said first outlet panel comprises a
contiguous section of said first cylindrical composite
laminate structure and said second outlet panel of
said secondary container comprises a contiguous
section of said second cylindrical composite laminate
structure;

wherein said second outlet panel further
comprises a metal outlet compression p%ate having the
same dimensions, openings and shape as said metal tank
outlet plate, bolting means by which said outlet
compression plate is connected to said metal tank
outlet plate;

compression plate sealing meaﬁs comprising an
overlapping outer composite laminate structure having
an outlet fitting opening and a perimeter border
extending approximately 4 inches (10 cm) beyond the
perimeter of said metal outlet compression plate, the
inner surface of said 4 inch (10 cm) perimeter border

bonded to the exterior surface of said second tank



cmto 183 cm;

a sixth pIy.conpkising a warp of unidirected continuous

second gl ass filanent strands disposed transversely of and superi nposed
over said first glass filanment strands to i npose a substantially uniform

| oad t hergon,

said warp having a tensile strength equal

to 1200 | b. per

inch (21 kg/m) of width, a dry weight of 13 ounce per square yard (442

g’ sq.m,

a thickness of 0.03 inch (0.08
to 60 inches (10 to 150 cm;

, and a
a seventh ply conprisin

to said

continuous third glass filanent strands, Sﬂperlnpose
66 second gl ass fi

approxi mately parall el

warp having a tensile strength equal

wi dt h,
of 0.03 inch (0.0 , Wi n
150 cm); an eight%th% fél €Lée ingl
strengt h equal
ounce per

wherein

abric of woven
t 05299 tRepEiitREh (3.543 kg/mmof width,

to 1200 | b. per

a dry weight of 13 ounce per square yard (442 gnisq.m,

ISR &

said annular space

| ber gl ass clot

deth in the range of 4

? IR R =

| anent * stFands, said

I nch (21 kg/nn) of
a thickness
s udE IPASI8T dnk0 tO
having a tensile

a dry weight of 6

separating said

primary container from said secondary container is in

the range of 0.010 and 0.375 inches (0.25 - 9.5 an);

and

wherein the total thickness of said multiple ply

reinforced plastic laminate structure is in the range

of 0.12 and 0.34 inches (3 - 8.6 mnm).

34.

to claim 33

size

6.3 nm)

cylindrical
surmounted by a

—— fiberglass

fibers

plies

hardenable

35.

to claim 34

size

6.3 an)

comprises

cloth,
comprising
impregnated

liquid

comprises a

The multiple wall tank structure according

wherein a sand aggregate having a grain

in the range of 0.01 and 0.25 inches

an eighth

ply
composite laminate
ninth ply
the
said eighth
and bonded

polymeric

shell
fabric
constitueng

and

together

(0.25 -

of said second
structure

of woven

particles and

ninth laminate

with a

resin.

The multiple wall tank structure according

wherein a sand aggregate having a grain

in the range of 0.01 and 0.25 inches
of

sixth ply

(0.25 -

said second

hemispherical composite laminate structure surmounted



square yard (204 gnisq.nj and a thickness of 0.010 inch'(0.25 mm; and a
hardenabl e Iiquid vinyl ester resin, containing from30 to 40 percent
styrene nononer .and 1.3 percent of a wax-containing styrene suppressant,

i npregnati ng the filament reinforcenents contained in sardtamnate
structure; wherein said first hem spherical conposite |a
conprises a nultiple ply reinforced plastic |am nate st rHII]HjEIEWMH“w
a first ply conprising at |east 15 overl appi ng trapezoi dak-shaped s _
cut froma soft apertured pol yester surfmgfm]veil having a dry wei ght of
1.3 ounce per square yard (44 gnisg.m, a thickness of approximtely 0.010
inch (0.25 mm, and a warp wwdth in the range of 60 to 84 inches (1.5 to
2.1 m; a secondtply conprising at |east three pieces of unidirected
filament fabricbhawv mpveativaly fabric e@nti S ! rapds
positioned so said filanment strands are gpp?ggggatgﬁgkggigéf ?%°§§rd
| ongi t udi nal cyl i%h® i cRAnshiitaendsi o ff abuid haykes aah@nssk@esthepys bsequal
to 1200 | b. per i,nch (21 kg/nm

1mpregnate and bonded together with a hardenable

liquid polymeric resin.



of width, a dry weight of 13 ounce.per square yard (442 gmsqg.m, a

t hi ckness of 0.03 inch (0.80 nm, and a warp width in the range of 48 to 72.
inches (1.2 to 1.8 n); a third ply conprising at |l east 15 overl appi ng

t rapezoi dal - shaped pi eces cut froma fabric of chopped strand fibergl ass
having a dry weight of 1.5 ounce per fguare foot (458 gnisgq. m,a thickness
of approximately 0.015 inch (0. 38 m% nd a wdth in the range of 60 to 84
inches (1.5 to 2.1m; a fourth ply conprising at |east 15 overl appi ng
trapezoi dal - shaped pieces cut froma fabric of woven fiberglass roving ,
said fabric having a tensile strength equ O I'b. per inch (11 kg/ mm
of width, a dry weight of 18 per uare yar 612 gmsg.nm, a

t hi ckness of 0.04 inch (1.00 my an width in the Nange of 48 to 72
inches (1.2 to 1.8m; a fifth ply conprising st |east \15 overl appi ng
trapezoi dal - shaped fabrics cut from ywoven fi gI ass. ¢&loth having a
tensile strength equal to 200 Ib I nch (3.5%543 kg/ nmjof width, a dry

wei ght of 6 ounce per squaresyard (294 gm sq. a&thi kness of 0.010
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inch (0.25 mm), and a warp width in the range of 60 to 84 inches (1.5 to-
2.1 m ; and a hardenable liquid vinyl-ester resin, containing from30 to -
40% styrene nonomer to which is added 1.3 percent by weight a liquid

wax- cont ai ni ng styrene suppressant, . inpregnating . the fabric filanment -

rei nforcenents contained in said. | arzzge structure; wherein each of said
first hem spherical conposite |amnd tank ends is bonded and sealed to
each end of said corrugated first cylindrical conposite | am nate shel
structure with the first five of said fabric plies and wherein said tank
ends are anchored to said shell structure by a shell-to-head anchor ring
conprising the warp plies of said sixth and seventh ply fabrics surnmounting
and overl apping an end extremty of each of said first hem spheri cal
conposite |am nate tank ends an axi | ength in the range of 8 to 12

inches (20 to 30 cm; wher& n the axial tance of a first annul us space
separating said first hem spherical conposit m nate tank e d said
second hem spherical c osite lamnate tank en S r angel of

verti cal
id first

approximately 0.12 inghes (3 nmto 0.36 inches (9 mM); where

di stance of a second jnnwﬂw;4quuuL4mqmu£uing t

in the
|

Le

FIG 2



cylindrical conposite lam nate structure fromthe 69 bottomhalf of said -
second cylindrical conposite |lanminate structure is in the range of .
approximately 0. 01 inches . (0.25 mm) to 0.36 inches (9 mm); wherein said
second annul us space contains a sheet of plastic having a thickness in the
range of 0.001 to 0.010 inches (0.023[9 0.25 mm, said plastic sheet
superi nposed upon and covering the entire surface of said first cylindrical
conposite | am nate structure except those surfa sr;pnprising said first
outl et panels; wherein said second cylindd ofonposite. | am nate
shel |l structure conprises a corrugated nukdi*gt efply|reinforc pl astic

| am nate structure di sposed on said pl ast sheeét conprist-mpg//eRN rst ply
fabric conprising a soft apertured pol tex sirfacy | Mihb a dry
wei ght of 1.3 ounce per square yard (44 gmy sy. ‘ g
approximately 0.010 inch (0.25 mMm), a@g a W
i nches to 48 i nches, sal
superi nposed




on  said plastic. sheet to inmpose a°  substantially
uni form | oad .ther.eon to produce a connect ed '
plurality of corrugations conprising a corrugated |am nate having a
general |y concave parabolic portion fornmed between a pair of adjacent
convex portions 70 intersecting tﬁggﬁrﬁth, when viewed in cross section,
relative to said axis; a second ply f3&Wrdc of woven fiberglass cloth having
a tensile strength equal to 200 I b per inch (3.543 kg/mmof width, a dry
wei ght of 6 ounce per square yard (204 gm's ~ t hi ckness of 0.010 inch
(0.25 M), and a wdth in the range of 1 nches to~NQ2 inghes (30.4 - 132
cm), the warp threads of said second ply fabric dispoSed approxi matel y
parallel to the warp threads of s fyrst ply upon whixch}said second ply
is superinposed; a third ply fabrTc —ch i huous first glass
filament strands extending parallel tg_said |longitudinal} ¢ylindrical axis,
said fabric having a tensil e strengthfeguat—to 1266—ttb—jper inch (21

&

FIG &
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kg/m) of width, a dry weight of 13 ounce per square yard (442 gnisqg.m, a

t hi ckness of 0.03 inch (0.80 mm, and a width in the range .of 36 inches to.
72 inches (91.4 - 183 cm; a fourth ply fabric conprising randomy oriented
chopped f.i berglass strands having a dry wei ght of approximately 1 ounce per
square foot (305 gn'sqg.n, a thicknesf%PE approximately 0.010 inch (0.25

nmmM, and a wwdth in the range of 36 imches to 72 inches (91.4 - 183 cn);

71 a fifth ply conprising a warp of unidirected continuous second gl ass
filanment strands di sposed transversely of and superinposed over said first
glass filanment strands to i npose a substantira uni \@rm | oad thereon, said
warp having a tensile strength equal to 1200 | b Rer i g ) of
width, a dry weight of 13 ounce per squaregys 7 9 ' ;

of 0.03 inch (0.08 mm, and a width in the \ :
150 cm; a sixth ply conprising a warp of A tRLrd
glass filanment strands, superinposed

5

FIG



upon and di sposed approxi mately parallel to said second glass filanent
strands, said warp having a tensile strength equal to 1200 I b. per inch (21
kg/mm) of width, a dry weight of 13 ounce per square yard (442 gmsg.m, a
t hi ckness. of 0.03 inch (0.08 nm, and a width in the range of 4 to 60
inches (10 to 150 cm; an seventh pl yﬁf?ic of woven fiberglass cloth
having a tensile strength equal to 20 per inch (3.543 kg/mmof width, a
dry weight of 6 ounce per square yard (204 gmisqg.n) and a thickness of
0.010 inch (0.25 mm; a hardenable liquid vinyl ester resin, containing
from30 to 40 percent styrene nononmer and 1.3 percent of a wax-containing

styrene suppressant, inpregnating 72 the fil rei nforcenents
contained in said lam nate structure; whergyn aid’ econd hem spheri cal
conposite |am nate structure conprises, a tiple ply reinforced plastic
| am nate structure conprising: a firsd | yNcoO riﬁing at |east 15
over | appi ng trapezoi dal -shaped fabrics t nlal oft apertured
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pol yester surfacing veil having a dry weight of 1.3 ounce per square-yard
(44 gnm'sq.m), a thickness of approxi mately 0.010 inch (0.25 nm, and a warp
width in the range of 60 to 84 inches (1.5to 2.1.n); a second ply - o
conprising at |east three pieces of unidirected filanment fabric having a

war p of continuous filament strands ationed so said filament strands are
approximately normal to said |ongitudi‘al cylindrical axis, said fabric
having a tensile strength equal to 1200 | b.A{ gﬁch (21 kg/mm of width, a
dry weight of 13 ounce per square yard (442 WY\ sgq.m, a thickness of 0.03
inch (0.80 mm, and a warp width in the rgnge\ef 48 to 72 inches (1.2 to

1.8 m; athird ply conprising at |east 15 ove& appi ng trapezoi dal - shaped
pi eces cut froma fabric of chopped strang fib&\gl ass having a dry wei ght
of 1.5 ounce per square foot. (458 gm sq.m N\ness of approxi mately




trapezoi dal - shaped pieces cut froma fabric of woven fiberglass roving ,
said fabric having a tensile strength equal to 600 Ib. per inch (11 kg/ nmm
of width, a dry weight of 18 ounce per square yard (612 gmsqg.n), a

t hi ckness- of 0.04 inch (1.00 ) and a width in the range of 48 to 72
inches (1.2 to 1.8nm); a fifth ply con‘pﬁy? ng at | east 15 overl appi ng

t rapezoi dal - shaped fabrics cut fromwoven fiberglass cloth having a tensile
strength equal to 200 Ib per inch (3.543 kg/m)of width, a dry weight of 6
ounce per square yard (204 gmsqg.m, a thickness of 0.010 inch (0.25 nm,
and a warp wdth in the range of 60 to 84 inches (1.5t0 2.1 m; a
hardenabl e liquid vinyl ester resin, containing from30 to 40% styrene
nononer to which is added 1.3 percent by weight a |iquid wax-containing
styrene suppressant, i npregnating the fabric filament reinforcenents
contained in said | am nate structure; wherein each of said second

hem spheri cal conposite |amnate tank ends is bonded and seal ed to each end
of said corrugated second cylindrical conposite |am nate shell siructures

with the first four of sprayapnrc pri baW?E;TETETH-SHIU t=rTie qus
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~ 74 are anchored to said shell structure by a shell-to- head anchor ring -
conprising the warp plies of said fifth *and sixth ply fabrics
surnmounting and overlapping an end extrenmty of .each of said second

hem spheri cal conposite |am nate tank ends by an axial length in the range

of 8 to 12 inches (20 to 30 cm); wherein one end of said second cylindrical
conposite |am nate structure i¥9configured to Provi a bottomliquid sunp

cont ai ner, said sunp container connected to thg botfsjnend of a curved

t ubul ar-shaped central ly positioned conduit stfuctu conprising the | ower
quarter section of one of said second heni sphefical pnposi te | am hate tank
ends to provide an annul us access structure that copQects the open upper
end of said conduit structure with said sunp cpntai i wherein the open
upper end of said annulus access structure is fittegq\pMth a 1 1/2 inch

t hreaded pi pe half coupler; wherein two saddl el tank \S¢ipport structures are
attached to the bottom ends of said second cyl{ndri conposite | am nate
structure so as to el evate the bottomof said bunp ¢Qntai ner approxi mately
4 inches
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above the surface upon which said tank structure-is placed; 75 \Ahér_e'i'.h
each of said saddl'e structures conprises a nultiple ply conposite |amnate

structure having a wall thickness of approximately 0.25 inches (6 nmm) and
bonded to the bottom outer tank surface to provide a foot print neasuring

approxihately 6 inches by 48 inches; wherein said first o

parr

conpri ses a contiguous section of said*irst cylindrical _
structure and said second outl et panel of said secondary cintai nel

Sliposy ﬁgg@%%‘%%‘j ;

conprises a contiguous section of shBSIR&GLond cylindrical Conposite

| am nate structure; wherein said second outlet anel . further conprises
a metal outlet comyIRSSLOCOMPOSITE DOUBLEWALDCUNDEREGROUNBEANK ong;: sAReRIsRIS: KdPiRked
shape as said netal tank mu¢msrﬂmtmﬂbblamnmarﬁﬂﬁy whi '
conpression plate is connected to said netal tank outlet pl H'Imnmm'm lon
pl ate seal ing neans conpri sing an :

A composite double-wall underground tank
comprises an interaal rotatable metal mandrel tank
ffame structure surmounted by two individual
concentric corrugated cylindrical nonmetallic pressure
vessels having hemispherical ends. The metal tank
frame structure provides the buckling resistance and
compression strength to resist soil loads when the
pank is buried. The pressure vessels are made of
jdentical materials and include an intermal primary
container enclosed by an external secondary container
of equal tensile strength and corrosion-resistance.
The composite double-wall :.mderground tank is a
substantial improvement over conventional steel and
fiberglass tanks, and provides a more reliable method
of protecting the environment by preventing the
release of contaminating hazardous liqp.ids stored in
the tank. Each of the two pressure vessels is made

rom a multiple ply composite laminate having a unique
arrangement  of fabzrics containing  filament
reinforcements impregnated with a- thermosetting
polywmeric matrix. The hemispherical ends have
sealable axle access openings. 'i‘he top tank fitting

outlets include non-corrugated portions of the



over | appi-ng outer conposite.|lam nate structure having an outlet fitting
openi ng and a -perineter. border extending approximately 4 inches (110 cnm
beyond the perineter of said netal outlet conpression plate, the inner.
surface af said 4 inch (10 cm perinmeter border bonded to the exterior
surface of said second tank 76 shel | oytlet panel to prowidge=sg=pressurse.

resistant seal therewi th; wherein said annul ar space sepaf dtihi§-E&T 6AS BEEN
primary contai ner fromsaid secondary container is in the‘ranngEHLﬁ@EmlO
and 0.375 inches (0.25 - 9.5 mm; and wherein the total t4ekn —S

mul tiple ply reinforced plastic |lamnate structure is in the range of 0.12
and 0.34 inches (3 - 8.6 nm. 34. The nultiple mall tank structure

according to clai kN sand a ate a grain size in the
range of 0.01 andggiggﬁgﬁgggsléﬂ?ﬁsge gg $ﬁ§r ﬁ%ﬁ?g%é gﬁgétgarhaphy of
sai d second cyl i ndgi.gal | a e.shell structure surnDunted by- a
ninth ply fabric %?h%gégﬁgﬁpoﬁééﬁéén 03k8a® Retal plates that are

structurally connected to the tank frame and sealed
with an overlapping laminate structure.

Figure 1 of the drawings should accompany the abstract when
published
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by S : :
f.ibergl dass cloth, the constituent particles and fi ber g—caapri

el ghth and”ninth lamnate plies inpregnated and bonde REEEﬂdEM:N#énEET :
har denabl e |iquid polyneric resin. 35. The multiple wall g tru 1
according to claim34 wherein a sand aggregate havi ng amgéa ................. ﬁpﬁ E
range of 0.01 and 0.25 inches (0.25 - 6.3 nmm conprise cih—ply ol ai d

second hem spherical conposite Ian1ndEEEEEEucture surnndzzggzgggﬂZShyaﬁ
’seveﬂth ply fabric of woven fiberglass cloth, the constits o¥99%ai d
S and seventn bl &S BA0H.6 2L nBERIBNG R BBtrokitly @ D donavl e

AND METHOD FOR MAKING SAME

Composite double-wall underground tanks comprise an internal rotatable .
metal mandrel tank frame surmounted by two individual concentric corrugated
cylindrical nonmetallic pressure vessels having hemispnerical ends. The metal
tank frame provides the buckling resistance and compression-strength to resist

: soll loads when the tank is buried. The pressure vessels include an internal
primary container enclosed by an external secondary container. The composite '
double-wall underground tank_is a substantial improvement over conventiocnal

'tanks, and orovides a more reliable protection of the environment by preventing
the release of contaminating hazardous liquids stored in theltank. Each otlthe
two pressure veSSels'is made from a nultlple ply composite laminate having a
unique arrangement of fabrics 1mpregnated with a thermosetting polymeric natrixi
The tank fitting outlets include the cylindrical laminate structures bonded
together and sandwiched ‘between bolted metal plates that are structually con-
nected to the tank frame and sealed with overlapping laminate.

Figure 1



