
r -

~AD—A049 4*1 ARMY ~MIAN ENØUCERINS LAB ROCK IS4.ANO IL ROCK ISt.ANO—ETC P/S LI/S
I CRLCC—OZL MCOVCRY PROCESS (CORP) • (U)

NAY 77 N N SRAUER
UNCLASSIFIED Pt



pr1 ~4 _ :~~~~~~
-

~~
:- . ‘

~~~ ~~~~~~~
- ~~~~~~ - _~~~~~~~~~~~~ L~~~~ r:~L:

::i ~ 

~~~~~~~~~~~~~

‘ E I V D P - J I L ~~~~Z C o V S S T 4 * O c ~~~S s  L c o Sr ~~/ C
— 

_ _ _ _ _  ~~~~~~ nr?r~
~~~f~JZr/~~ /j4 iay 27/ II~r 

FEB 7 m
LB. As~~ ~~~~~n ~~ inwtng La~~ st..7 -____________

~~ L4 7 leek II 1~~~ D.tachesnt L ~ L~U UV _ _ _ _ _ _ _ _ _  
leak Isla~~ Tii~~~~~4. /

~ ~~/q7~~J~~~~ 
(w~~7 A

______ wit~~~t a~~ v1t~r, whila th.y stt.eg~t toa~~~ aM Slash oi.l~ liq uid and vapor Isato.
lb. OrM.-Oil Recovery Proc.. . (c~~P) ia a Under prasast osMitices, at best, these ship.

• ssl_f-con+&ii ~~~ , closed-loop, r~~ t.—c.mtas3l.d , as. ss~~ sts 1 tieg and ~~~~~~~ torials with
and ouper port oo.p.tibl. cyst.. that .l3ni~~tss aa,t~~~ oestly i. .mdlst. period for vsottls-
~~~~ .n in-tank ~~~ Hn g .  CORP r.cycl.s inert tics and gas—fr.. oerti.f3.o.tioa. CORP is kayed
cl.sw , facilitating systia safety and rsoovex~ to~~ d sore dis.b~~g. with anticipated recovery
of otherwis. lost crod.-oil and cleeaing tori&l. of the o o o ”  iorti*/.lov”~’W ugiat. credo-oil

r 4a.~~1~~ and task-botto. c’i’~gnge, with att a.-
Jn~~o4uctioo Item to the ~~~~~~~~ u.~isrd loss of spproxia.t.ly

it millie. to.. at oily imste aloog the Teen.
In 1972 to. Re. York Tin.. Rev. lorvi.. re- ~~3f ~~ast alias (9) .

ported in & ccp)’right.d articl, that 22 e’l task-
ers totalling 328,336 to.. were lost , th. wit As eargo lanka 1w.... La ii.. and o~~~lis-C..~) for psacetia. ship losse, sine. 1891. when ace.- ity. to. ).i.it. of hosin ability to perceive,
rat. .hlp ~aa”a1ty statistics wer e first kspt proceas and react to to. danger, involved in task

L.a.J according to Lloyds R.glat.r of leipping. St~~e operation. er s approsched • Cw rent prou der..,
the U.S. tanker, V.A. ?ogg, .xplod.d and sank although varying pestly fro. port to pcrt and
(tm4’.g it. 39-san crow) in P.~~usry of 1972, b.tw.sa ops ators, r.quire that husas ar~.rstank dicastors appear to be accelerating. if t clean large th.or. ticaliy inurted and ventilatad

___ 
the Grand Zenith isa lost on Jaaaary 8, 1977, tasks. Is $ saab.. nd reported oasis, to, lanka
with its 38-san orsw aM 8.2 sillion galleca of were t aMf$.ctently inert and/or ventilated,
fnel oil, the S.nat. began a wajor investigation resalting in the siny cataataophic loss .. of life ,

~~~~~ into tanker operations. This ens the tenth tank- link, and pro,ui~ty. £ significant filter , of the
or accident In U.S. asters dering only a 3-week proposed syste. relat.s to ta~~~orrIng the lna.n

- 

~ period ending Janoary 9, 19??. Accoiding to a coupoaset (s a c’aar ~ from unsafe in-tonic ~~~~‘~~‘- ~

~~~ UPI release , 1976 was the -~~~.t yw in histery” functions to non-hazardous supervisory sod asia-
for such accidents (ge), tssince activities , thereby enalehing his job and

sct.Ming life exp.etancy.
Circunstanc.s marounding these losses mdi-

cat, the need for a and ., universal yet ecoroni- Althcu(b CORP appears to be Ocean-going
cal technique with which to effectively void , erode-oil tanker oriented only , it is also appit-
i~,rt, venti late, clean and reload tanks. C R P  cabl, to other oil tank s, ev.n stationary ones ,
coabines a.t.rial , .quipaent , facili ties, person- and nay also be applicable to certain other has-
ael and procedures in a cost-effective systern to ard ous car go.. Prelisi.xaary tssts proved both
aset this ns.d. Mo new equip.ent designs or din- the cleaning and inorting ability of the proposed
coven ., are r.quirs d. CORP say use a single agent (7).
waterless, Inertirtg/clssning agent in a contima -
ces-.treaa, closed-loop, non-polluting activity If national or international ‘~sw end/or
in a practical, nodular , integrated , single-point- .nvizor.~ental goals ar, to be accoaplish.d soon,
scoring coafiguration that is superport conp~3ble. CORP or se~e syst~a lik, it will hay, to be Mop-

t.d by the various tank-using iMus~~ies, service
Ix addition to reduci ng hasard levels fron coapanies, sM legislative , Jodiciary and erd orc.-

tiaicity, explosion , fir. and asphyxiation, CCBP sent bo~1,s. A siap lif ted input/output aodel of
should reduc, the costly tank.r-downtiae expert- CORP is a~o~n 11% Pigure 1.
eao.d when ships are forced to loiter vulnerably

This paper in hesed on origir.~~ research begor~ while the author as on leave free Texas Instrunen’ s to
Texas MM University as Principei Investigatcr/R.seexch Associate and is partially coverud 03’ prior ~or~right. The opinions and conclusions expresse~ herein are those of the author and not oscessarils t~ u~r
it e ‘ the t’ .8. An y, Texas MM University, or Texas Instr usents, Inc.

I~/ O £~‘7 [b ~W~~~3UTION STATEMETIT

Qri~~ # ,i~~rneer1,~~~ 
Apps~vedIoi liC51~~0MF I

~ oLT~ck.J,~ h. 
_ _  

i~i E ~~~
-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•



F .  ~~~~~~~~~~ 

- -
-.-

~~~~~~~~~~~~~~~~~~~~~~~~
- ---

~~
-

~
—. -. - —-- -.——-—.- --—

• I ’

~ 

r 

~~~~~~ 
_~~~~:~~.: .‘. “ .

____ - L~ ~~ 
.. .. ~~~~ , ..: L I 

____

• ..•~~~~
_. i. .~~. - ~~~~___ . .1 . I I L~~~~~tas

~~~~~~~ 
~~~~~ 

LJ~J ~~ . ~~~~~~~~ _ _&. — ~ I

_ _  
_ _ _  

-

~~~~~~~~~~~~~~~~~~~~~~~~~ 
• 

.

r1~~~. I. ~~~ In~~~~~~~~ Nodal

~~~rest Tank Ch ant. Pxobl. ~~. Isolating th. tank fros piping s~~~cis
of fI~~~~bl. liquid or vapor .

Too sock oil is waatofu1l~ lost d~~ing tankor
oporatloos. Consorva tion is now a wajor .hss.nt 5. Voiding or r~~~~al (tranofnc ) of car go-
of ths U.S. ~~tiona1 Plan for L~ rgy. In a x,- I to anothor facility, typicsllJ shore-
isa. dated 19 April 1976, ~~DA A~~~4 M.tator ~~~. 5. .14. stexage.
C. l,—~-’-, Jr. stat.d ‘Sack carre l saved asano

• on. berrel not Saport.d. K. went on to say, 6. Inst3r* ths tank ~~r on. of Us. raay
¶oesmwation also will h.lp provide tin, for ths t.chaiqisss .
No.t3ous to dsv.lop, as it aist, new In~~Q so~~css... (19). ~~. Vostilatiag or gsa-freeing Us. tank to

zsavs triorts ant rofresh with dry ,
• ~ s.cugh a litora~~~. review ant porsonsi con- ~~aathabl. sir .
tact. with recognised author ities in this field
it was OOnfIXaSd that u~~ t.chniquss ant proci- S. ‘~‘“ y sonitortng the sir s tasting Us.
dora. exist for controlling hswda fro. fir ., tank for fha bles, explosives , taxi-
explosion ant toxicity (2, 3, Se, 5, 6). P.c-u ,. east., corrosives (.l.ctrolytes). as-
nor. liv.. and .quilssnt are lost frea firs .nt pbyziants ant ~qges.
explosion , sore contr ols hay. ~,.n dsvslopsd ant
in.tltut.d for these probiw ihil. toxicity ant 9. CstUyirg that U . tank is safe for
$b. pi~ysical hazaxds have g.noral3~y been given ~~~ a entry ~~r a licensed c h ’ - t.
lass attent ion.

10. Allowing )sasn entry for bosp.ctien,
• Typicsl 10-Stop Tank C1.sui~~ Task S.auioo. clov”tg, ant saint.n.nc s oporattons

such as fex rsaoval sM dt*polal Cf
C~~r.nt tank oparation. involv. too —~~ s]ntge ant .oals, s.f. stora ge. loading

hsp~ling steps, b.tv..n cargo-I dischar ge ant a MØi -.quali t~ car lo, or hat work sock
cargo—2 intak. (17). lb. following sequ no. of as w lA4ng,
tasks i. typical, bet not all losiusive (15)s

lbs saitorizsg. discussed in Stop 8, .!. ouid
I • Selection , tr aining ant intootrts.tioU o*~~~ autosa4~~aflj , at aa~~ Usu.-dtn ra’~~a1

of the sew, ant inspection ant c.libea- grid points tlxuughcut the tank .nt eostir~aeusij
• tics of equipsent. thasoghout th. proosdoxe although this is r.ot yet

being dons univensally today, loss orr~’~~tiass
2. ~~sli~4i~~y preparations, including en- provid. their socks, with ‘lecal (iMivtdi~al)

tss.l inspection of th. tank ant a mx- stuipsost. Without contiasoua solti-point nosi-
way of the iwa..diat. ares. torilig—upon r introduction of air (0~)~~~ii4~sg,

besting, and oxidation can oo~~~ in an waco.-
3. Controlling scorces of ignition m old- trollod ~~~“—‘ . lbs sludge that isa relat Ively

tog static potentials. dorsat when thi chenist certif i.d tarJi saf ety
- doing Step 9 y evolve contasinonts that nay
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with U. ~~~gas ant b.c.e. highly unstable sacecs ~~~‘ using odditionol ~~ disre. oubetasas.
doing Step 10. In Steps 6 and 7, s.oful ant ax- ant por,osw*~ in the b abe, in direct oe.tact

• psaive inert vapors nay become air pollutants (1, with the existing alodge ant ins~tiog agent (15).
.). K.ch of U. above steps carzi.s an asooci-

• stud level of risk (20 , II) . • Vaterl... Cl,.’!.

Poor Noj or Puncttor* a_tng ‘he last t,—~t, especially, it Sea
- • bess the .orporate desire of alnost evoy exude-

ten steps of tan~~~ cl~~~~ng can be di- .21 shipping ad using entity to •1 ‘—~‘~~ta the
vidod into foor rajor fiactionsi voiding, inot— —. of enter for tank cl~~’4ng. lenidas us*
log, gas freeing, and cl—”4ng. ~~~e in the U.S., sterl.ss cl~~~’ng t.sholqua.

• • sad/or ~~~~~~~~~ xv. typ ically bees tasted
first function, voiding, is that portion ahead ~~~‘ the Gersons, th. Zers.lis, sd Us.

of the opera tion diwirj which cargo is r.aovad . match. it least two U.S. czporu t3oss, ~ ssll
It is doing this fu ction that certain ‘stories. Oil ant ~~~~~are involved • Woj.ct VOTCAT ~

• t.chI%42U5s are being expermnm t.d with to lift the ~~~~s (11). circulat ed the c~~~s itself to re-
poreistont ends of sod.-oi1 cargo. . ~~~‘ 5~ “V(S. In this proi.ct. lighter hpdro—

• a...ie.s ouch a. esptks ~~~ld be .,,~~~~~~~ thamagh
To. second function , inortiog. is that .ps*- stand ard nossl.s to rime, the basis whil, they

• • tics doing which an inert terial, generally ~~~. still ov~~~ich (above Us. ia.). With the
~ ~. pu.ped into Us. tank to reduce flaa- polWdng t.choi4ue ds.cribsd ~~ Selassis , a

esbllity while allowing dilution of the residual tank is filled with ~~~~~~~ far a given period
cargo vapor as the two are exp.ll.d with reduced to l ift pare istest oil restdv~~.
lanard Into Us. air and/or enter envirosanta.

• In so.. sn$Isticated operatisa. voiding ant Cbis.tiv.s
looting are ooabinsd into a singl, step known 

______as pxging. The latter is mach safer ant is so..- • 

~~~ proposed system, ~~~~~~~~, has tire, boy ob-
what sore complex than the individual steps of Jsctivss, saslys I ) to redu ce U.S. dspe 4 .
_____ or inotizg. It includes voiding, bat • upon forei gn exd.-edl; 2) to asinta in U.S. maf-

prior to the entry of oxygen-rich air , entai ls ft-1~~’~y in spit. of i esaiog do.s.tic dev~’~4 s
an intervening slug of inert otaxisI that pro- to protict existing U.S. renmrc.s (not ouly
dMa. the posslbilit7 of dilution. Thea, ~ xg- nengy aooc.s bat the clsanlinsss of ~~x

ing prevents the l~azards nonally associated with air and enter).
car go ruaoval fron becening actual risks since
without additional oxygen , ha liklihood of con- To solv, the above not.d problsa and not

is nil. introduc, new costs that would rents the tech-
• aique economically prohibitive, the es~~~ objec-

)voanae of the toxicity associated with sost tive oust be to i.,. .. overall cost affective-
• tasting sat~~ials and their concc itan t oxygen nsss of the ..tiiS crude-oil delivery operation

salu.ios, the third function, gas-fre.ing (Step froa U. well-bead to the customer.
7 above) mast be acco plished to assore habit-
ability (12) bof or. h a n s  can enter th. tanks. ~~isting proc.durea were anolys.d in depth
To. difficulty of this step is directly related ant tea aM.itioas.l obJ ectives beesas evident ant
to weight and air-niscibility of the particular possible , as followa s
ln~~t satorial. Esaviar inerts tad to collect
In hard-to—reach tsz.l bottoss and crevices, Just 1. Seduce cost cC raw sod.
like th, cargo res .aal-.,  asking haza rdous pock- a. Seduce oily- sate pollution (crud.-
eta wherein non-blo~~ air ventilation is an is- oil clingsge and cl.~”sg asterial )

• possible feat . S~~11aviy , if not particul ar ly b. Seduce oily-waste clean-up require-
• aiscible in air , t~e bexta will not be picked nests (legislation , litigat ion, in-
up ant aov.d by rare convection . In son. cases , forc.ssn t and the actual prooeder ’ss
special spsce-co~r. ing and expensive nachines involved , even acniterir~g).
ar e .ipioyad to ge ira te the tasting agent on-

• board . Psaps ar e t~e~ used to coax the.. lasts 2, Seduce insorance costs (red uce hazards,
eat of the tanks (wit~out attent ion to recovery). • isprow. track record)

• besides losing the value of the inorts that sight
otherwise be recyclable, not processes allow 3. Seduce tankah i; torn-ar ound/cycl, tins
dissesination of ti es. contaminants within bbs (i. .lced, vent /loiter , clean , load)
~~~ ouMing natural air and sits elTvixosants .

~~. Seduce tank/tanker satatsanc. costs
Tb. four th or final function is cleaning, a. laprove accessibility

also known as macking. The lituraton indicate. b. Seduce sludge baUd-up
that n.ithor has ther. been an attempt to coabin. c. Seduce cexroston
bbs functions of irarting and cleaning, nor has
a~~ agent been idct ified with this ability. 5. Incr ease tankship per-voya ge yield
Onc, it ii felt t a t  th. inert ad residual cargo • 

a, Seduce slop-tank requirements
vapors have been r.ov.d and replaced sufficiently b. Liberat. other spaces for tank
by clean air , na- .a . clsazsing begins. Cleaning capacity
is corrently ac~ .e~ed to varying degrees of 
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• ~~. Seduce cost of labor (port and ship crew) One. bbs tank is cl~~~~~, it 1* ready to
• • • • a. Seduce personnel b~ aover (fati~u./ receive its nest (..oood ) corns. Since bbs tank

• • • dissatisfaction) is not allowed to sunhang. air with bbs environ-
• ‘ b. 1~~~ove mac~os function (J ob nest, the osly air allowed into the tank is coo-

seriokesat) troUnt and is only to caistain ateasphuric equi-
e, ljpr .e sucker life expectan cy libolem. Vbes the nest ( sn0.if) cargo Is rssdp

(l4~b.l..~./aortaltty) to be added (no notter ~aw asob later er hew for
sassy), this controlled ascot of air is dusom

• • 7. b ess. port real estate yield (system- off in ~~~~~~~~able use and r th.i~.emsnt of oo1l~~~ted• systine sof sty ) lotte. that the tan k is kept toot by tha
~l~~~~”g agent, which is aos-t~~~c ant no.-

8. Captor., recycle , ant reuss agents (loot— corro sive, for to. .stir e period beti.eem removal
is, ant/or cl,”4’t() of. ccrgo-i ant addition of cergo-2.

9. Recapture olly-waatqs for other economic Ret~~~ bias operating above to. ~~~~ . this
processes single—cell proteins) system will .Intain the vapor space below the
a. Develop new industry LW. upon initi ation of the voiding proc... .
b. Develop new by-products Tb.., the problem of hew to saf ely get bolos to.

• 
• 

LW. from an avesrich condition, as exists with
10. Is,a,. system flsxibility/oc~~atibility nest other teokeiqucs, will be .14~~~~ted. It

• a. Seporp... t 1. belie ved blat severa l sajor bead its will
b. lbore-bas.d/lsnd-based aocrue from acceptance of this istarleas ~~ud.-
c. lobil. servic, facility. Oil S.cover7 Plucnas.

Detail, of CORP. the Prouoeed Systea Tb. system noy provide )asdooe, procedures,
• and a vehicle for greater ocopenatios anong and

Pros all indications, the proposed system sore clearly dafined responsibilities for ship
Is capabl, of satisfying and/or supporting 5~1~ 

owners, shippers, post op.rstors/authoritiss.
of the 10 obJectives noted above. CORP is a sys- ant tanker-f l..t operators. This syste. t. ide-
ii. developed around existing hardware and soft- ally united to current ia.tr~asntation tecivaiquss
i~~e (see Plgore 2). This system Is based upon and say further ~~~~~~ visibility and the ability
Injection of the cle.ning/inevting agent as cargo be comply with local , state , federal it inter-
we4’4’sg begins. Th. process of iner’ting continues sat ’—’ 1 pollution abat ement r,o~nse’~~ tioas,
until to. tank is empty of its first cargo . Since repalatioss, at goals. This system is expected
th. sane saterisl Is used for clow~”~g, it is ob- to reduce henon, equipment, ant facilities has-
vious that clevi.l ng~~to acne degree-—has already ard s from fire at explosion while ~~~tytng,
been cumplet.d during voiding. Th. iatter is par- Urg, cleaning or filling tmnka . Tb. sYstem

• tially responsible for the r.ductioc in cleaning ~~~~ elialiate the cario loss that oorentiy be-
tins, as such. oooo air and water pollution, caused by duaping

- 
•• the cleeining-sgent/oily-wast. overboard. The

• ~~~~ 
prcpoesd cysts. is expected to reduce the lcgis—

• 
• I tics baden and down tine by ocmM!ttng inerting

— _____________________ sad cleaning into ons opera tion with a single sa-
I teris1~’ This should be accomplished without

c..) I th. nsuai intervening 2-day ventilation sequin-

~~ ~~~~~~~~~~~~ 
sent since no benaza entry into th. tank 3*
necessary for tank cleaning. This y further

• ____ 
reduce costs by eliai ’~ ting the need for w~of the respiratory protective devices (16).

~ ~~~ 
• Tb. autosated ia~~~e of the propoa.d system

UI~~ 
• for shoreside 555 whil, the ship is being ssr-• I’ say provide the ass-duty crew an ideal chance

• i ii— • viced tinas providing sisultaneous in—port situ—
• U teimuce for the ship and crew silks—a f.atore

_____ never previously available aI~~ t ~~ a full-fledged
I dry dook. I t i sn o t intented for th. lsvel of

—
~~~~~~~ I sutcemtion to reduce perso nnel, but--i~~teM--to

• • tr sader functions macb that the crew’s lo~~s’ityI ant growth potential is improv.a . Push y, the
proposed system should reclais approxisat.ly 100

— . • — percent of both the ecmeon inerting/cl~&..4ng
~ — agent and to. residual cargo

• 
P1gw Cal Tank Car OPen-loop Type ‘Toe proposed inert ing solvent Is availa ble world-iguration n U.. Today wide and is typica lly asnu factur ed in the U.S. by

DePosit, Union Carbide and bron-Slakeslee.
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00~~~shooid b. capsble of use vith eristiiI$ 
____taa~~~a with an taprowsasat In cargo , fuel ant/er Pi~~1ly, this proposed task Inerting at

• ~~“t  oauylng capacity This should be socom- cl~..~ts, system ~~~~~~~ the. e addt t1.o~~l cxv—
by reducing the used for on-best ‘ask. c m l  ~EspOaitiOss, 1) tia use of a o-contaa-

~~eh4ng slop taniw and s.psrstor systeem, ant isating, n~s—oaixoaive closad—loep or oontisaaous
e” - -~~~ on-board Iner t enerstors and s~~~es 2, th, ability to use the entire pro-
their attv~~’t nifolding, aainteneno., ~~~ 

a a single-point asoringi
poi~~ requirements. A am plified schesatic of 3~ YdDOed deemii~ for depot ~dry docks
th. proposed system is shown In FIgure 3. ~~~~~~~

The system should ha laporvious to dsgrada- of C~sh~tM Testis
t i .  from the toidoity or hasardocs sitar. of the 

______

oargo (the systes should be inertis, rather 4i~~~~ ~~S set of pr.liMsry tests pr,~vad blat the
.os,l1cating in sitar,) It is p~~’’~~~ that to. proposed olw.ivg sge5t is sbls to lift cant. -

~~~~~ - be in ‘4 with the Cuid fm. +~~~ oil from various tank m~~ aoss iar4er 51? aabisnt
-w —
Pisuesel of Shipboa~d Wastes (i~ )~ 7~~~~~ zogu- octitioss 7 • Addittceml PecslQ-i~~ tano tests
latioss a~~ to. Intiruetional Cosfersuc. en Pal. validated to. theory blat the proposed inor ting-
lution (to). agent/crude-oil aIx~~~e flash-points are oe~-sashly higk~ then that of ante-oil alone (Fig-

Another ksy attribute Is that CORP should ar e ~). ~~~~i us lOtS of tests mahatsntiate
be able to eurk in parallel with solid-cast, di.- the vain, of a oc on in tIs,Jci”sning agent as
pseal systene and ot~~~ poitside functions without proposed with CORP.

• shipboard or hor.sIde inter ference, or now on-
board power requirements.

.~~L ~~~~~ :::.: .~ ~~~~ •.

~~ asuasi. ualite~ t s~~ 3~ct~ 
— .  . — pul~~

_

_ _

• .

_ : 
_ _

• Figw~. 3. CORP Siaplif ted lcheot.tc
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.(9) Harris, F. 1. Co ~.ctton at _____

2 ~ ~~~ ~~~~~~~~~~~~~~ ~~ Roy ?.
• -r t t ~ I Weston, Inc., 1973-19%, 3 vo’— . Coctrsct

- 
- ~~ ~~~ :~;y... ~

~ ~.t ± 1 ~1 (10) Iatornaticsl Ymritt s. Coom&ltative ~~~~~~~
— “ - .LI ....L Aa.~ JJ •. • . •~~,. sitioc. Prepost DCO Rules-4i~~l Act of

~i. I t~L. 13 the inteicatiosmi Coof erenc. on Pol lution.
_ _ _  

CoF.tha ’~gems 1973.
• 

~~~ L’4.~.-.,. ‘ +. (11) Haleesi., A. WOIVAT. Hew York,• I ~~~~~~ ~~ :•~~~~i 1972.

1 I J !4 ~~~~~~~~~ ~ -~I (12) Press, J. H . Rev1.ro~~~ntal Protection Air !I i t  .1 - i 
4. ‘ i  I • 

• v~t~ ~~~iity. ,.cuss $octetr ~z~-~ 44 i’~~Ri-~ 4 ~~~~~~ , 1976, 18 (6~~~ !z.
~ T . r ~~~T r 1 T t T —
F11~~~~ ~~I t I I I (1,) Soci . tyofHavalAcchitests at Hartne Re-

~~~ ‘ -~ gln.~~s.
5 ~~ ± I :Li ~~~~~~~~~~~~~~~~~~ 

T~ •ioiO5)~ Torts

• •~fTi ‘i7T I .1i?i’ 1”! I (14) Un. ~~plont~ ’ on ?a~ om Ha rts 2, ~~ fl~~.• • ~~~~~~~~~~~~ ,, ~~~~~
,, ~~veigi ,j t , Janasry 9, 1977, p. 176.

• FIgure 4. Couperinon 3.twesn the flash Points of (15) United State. Coast Guard. Rules at Isgo-
~~ud.-OI.i Alone and Agent/brude Nixtar.s by lations for Task V.ss.ls. &ahohap tor P .Pesky-Martens Cloeed-Cwp Tests 00—123. Wa.h ingtons Goveriaau t Printi ng

~~ftc., Ma3’ 1, 1969.
anne..

(16) United States, D.psrtasct of the Aix Force .
(1) Anericas Coofersuce of Gav.rna.ntal IMustr~&l Respiratory Protective Dsvto.s. APP 161-1-i

~~giesists. ~~~ Saap].i~~ Insthnsnts. (4th Washingtons Gov&iaist Printing ~~f ice,
ed.) Cincinnati, Author , 1972. October 31, 1966.

(2) Asericas Gas Association. Puratna Pripcinhss (17) United States, D.perta.nt of the Air For ce.
• ~~~ Practices. 11ev Yak, Author, ~951i . Aerospace Msdicine , Chemical locket/Propel-

lant Masards, £arospane Vol. 1, Solid Ree-
l)) Amer ican Gas Association. Pwwiue Princinles kets/Propeuant., AIR 161-30. vashingtcn,

and Prac tIces. (st ed.) Washington, Author, Covermasut Printing ~~f ice, April 10, 1973.
August 19%.

4 (18) United States, Deportaemt of ~~~~~~~~~ Ha-
(4) Anerican Mutual Insur ance ~~~~~~~~ MantVsook bional franopatation Sofety Scent . Safety

~~ ~~,anic Ii~ ustrial Solvents (4th ed,) ~~~~~~~~~~~ p~u..~p.%.47• Wash1rqton,
Techoicsl GuM. #6. Chicago, Author, 1972. Coversent Printing ~~f to., lovember ~~~~, 19%.

(5) Annricara Petroleum Instit ute . R.coomended (19) United States , Soagy les.srch at Develop.
Pr actice for C oining 7~~ Vehicles Used 1E sent Mainis~~stton. Conservation Str essed
Tr aneta ortatio n of Flann able Liqui d . llth in Upda t.d Mutionel Reergy P A D Plan , Wa -
ed.) API RP-2013. Washington , Author, nation from ~~DA, #76-103, Wsahtngtont
June 1967. Gcveria. nt Printing ~~f ice, April 30, 1976,

2 (16), 1—2.
(6) Amer ican Petroleum Institu te. R.coemend.d

Practice for Cleaning Petroleum Storage ~~~~ (20) United States, D.psrts.nt of the Havy, Miii-
(1st ed.) API RP-2015. Washington, Author , tory S.sli.ft Cc nd. Main Propulsion G.u-
S.ptesber 1968. castor Clow”*. O.~1k1~ , California,

P.4i~~/24Ie8, October 5. 1971.(7) Haausr, II. 11, ~~jj  Q~~ loss.. 51~ Pollution,• Tinker Inertia 
~~~ C3 sanini , Human Safety, (21 ) Voolei , P . C. 

~~~~~~~~~~~ ~atbock. (lit
• ~~~ Fluoro-Solvent a . College Station , Teias.as .&.) Rev Torts ~~usrd V. Desetass, 191e6.

Texas ARK University, 1975.

(8) DuPont Conpany. ~~j ~~fects ~~ Recent Federal _________ —
~~~ Environmental Health and Saf ety Leq tslat ion
~~ the ~~~ of Cleaning Solvents. P5-24. PViiii~gton,~~ eiaware s Author , P.hauory 1972. J j I

• 
.

_ _ _ _  F
• 

• 

~! :~1t ;_ 1L._:;~1a: 6 6

• .
~ - 2~J3~~A ~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~ ~~~~~~~~~ -____________ - fi • _________



- • -•• ~~—-~~~-~ ~~~~~~~~~~-- --—~~~~~ ---~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — --  ~~~~~~

Nnn~sccum rv CLAU S FI CA nON or mis PAGE (W~~~ ~~~• ~~~~~~~ - _______________________________
—l 

~ be~~f l~~,• ~~~~~~~~~~~~~~~~~~~~~ DAV.g READ D4STRUC11ONSr~ n~ U uu~.va~~ri U ~~ 5 Ri,’ ‘ ~~~~~ BEFORE CONPL.ETUIG FO~~
C MEP ORT NUMS I N 2. GOV1 ACCESSION NO S. RECI PIENT ’S CATALOG NU M SER

N/A 
____________________________

I. TITLE (,d Sukft l . )  S. TYP E 0~ R EPoRT ~ PE~~0O COVERED
Interim

Crude-Oi l Recovery Process (CORP ) ( 1975- 1976 )
S. P ERY O~~~iNO ORG. REPORT NUNSE R

7. AUTN O~~ .) S. CON TRACT OR ORAs T NuNSERft)

Dr. M. Mark Brauer

C. PERFO~~~IN0 ORGANIZATI O N NAME AND ADDRESS 10. P~~~ONAM
3~~EM(IçT. PROJ iC T TASK

Dr. M. Mark Brauer Sys tema Safe ty• 3830 Tanglefoot Court
• Bet tendor L Iowa 52722 ____________________________

I t .  CONTII9LLI~IG OPPI CE NAME AND ADDRESS / ii. REPORT OATS
U.5. Arn~ Human Engi neeri ng Labo rato ry ‘ 1977Rock Island Detachment ii NI~~~~~R O F  PAG ES

• Rock Island Arsenal ., II 61299 6
14. MONITORING AGEN CY NAM E I ADORI U(II ~~t1.e.,t be. C~ .f ro Wn~ OW..) IS. SECURITY Cl ASS. (.1 ~~J. topo,q)

N/A None
I S.. DE C L AUIPIC A TI O N/DOVNOR AO ING

SCH EDUl E

IS. DI ST RI SUT 1ON $TATEMEN T (.t~~ S. *.perf)

Approved for public release; distribution unlimited.

I?. DI ST RISUTION STATEMENT (.1 th. .b.(,.cI t.,~~ In h ock 30, II ~~tIne.,t be. Rip~~t)

IS. SUPPLEM ENTARY NOTES

A more definitive treatment of the CORP principle may be found In “ Crude-Oi l
Losses and Polluti on , Tanke r Inerting and Cleaning , Human Safety, and Fluoro-
Sol vents ” , May 1975.

IS. KEY WORDS (Ce.tbw. ~ i revs... .Id. II n.c..wy .d Identity by block ne.bs.)

es * reac r ~~ en •
~~ IS ._ _ . y  - Id.~~I t ,  by block nenbs,)

‘
~~The Crude-Oi l Recovery Process (CORP) is a self-contained , closed-loop ,
remote—controlled , and superport compatible system that eliminates human In—
tank “mucking ”. CORP recycles inert cleaner , facilitating system safety and
recovery of otherwise lost crude-oi l and cleaning mater ial ,~~- ----——--

DO , ~~~~~~~ 1Q3 tonios or P NOV Ii IS O~~OLETE None
SECURITY CLASSWICATI0N OF THIS PAGE (lRIsn Dot• L~es.s~

——-—~~~~ -~~-i:.: ~._ 
~~~~~~~~~~~~~~~~~~~~~~~~~



r ~~~~~~~~~~~~~ 

-

~~~~ 

- 

~~~

•.•
.. -

~~

- 

1
~ECUR$T Y CLASSI FICATION OF THI S PAG E(SIten D.~. &~:.re4)

SECURITY CLASSIFICATION OF THIS PAGC (WPisn Dot. tntend~


