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Appendix C to minutes of meating of CCAP held in Chicago, October Y4, 1943

PREPARATION OF TANK VESSELS*
PRIOR TO ALTZRATICNS OR RIPAIRS

By C. A. Neusbaum** N

l. Introduction

The prevention of personal injuries and damage to property has always been
a sarious prodblem in the alterations and repairs of tank vessels. The cleaning of
the tanks and compartments of a tank vessel and the testing of the atmosphere within
these tanks and compartments are technical problems regularly encounterced when such
visssls ave used for transportation of crude petroleum and its products.

2. Toxic Bffect of Petrolcum Vapors

Vapors given off by crude patroleum, gasoline and oth:r pztroleum products
causc ancasthetic affects when inhaled and, unlags precautions arce taken, such
effocts may be ancountazred by workers during the cleaning operaticns.

Txposure to patroleum vapors oftaen rasults in irritation of the oyes and
the development of a severe headache. When inhaled in comparativaly small guanti-
tiazs these vapors produce merely a mild sxhilaration., Upon inhaling ths fumes in
mors concentrated form this condition rapidly develops into complete intoxication.
accompanied by a tendency on the part of the individual to sing, dance, or othorwise
vigorously oxart himsoelf. As this stimulated activity wears off the victim's lips
loss th-ir natural color and become so stiff that proper enunciation ig no longer
possibles At this stage, further exposure causes unconsciousnczss and may gﬁsult
in doath. :

The toxic 2ffsct of gasoline vapors in various degrees of concentration
is iliustrated by data from the U.S.Bureau of Mincs Technical Paper No. 272 as
follows:

Air containing .07 to .28% vapors by volume causas
slight symptoms of dizziness when inhaled for 14 1/2
minutps.

Air containing 1.13 to 2.22% vapors by volume
represents the concentration which causes severe
dizzinass when inhaled for 3 minutes.

Air containing 2.20 to 2.60% vapors by volume causes
intoxication after 10 to 12 breaths.

3. Flammability of Petroleoum Vapor-Air Mixtures

Patroleum vapors are highly flammable and considarable cars is reguired to
pravent the occurrance of fires or explosions. When mixoed with the proper amounts
of air (oxygen) those vapors forn explosive mixtures, The axplosive mixture range’
of gasoling ia air, for example, is gensrally accepted to be from 1 to 6% by voluma.
The lower figure corrasponds to the nminimum amount and the higher figure to the
maximun anount of gasoline vapor capable of producing a flammabls mixture. The
vapor coincentration below which the mixture will not burn is called the “lower
explosivo limit" and the vapor concentration above which the mixture will not burn

*Presonted at meeting of Marine Section~National Safety Council-Chicago, Octe5, 1943
**AssteDirector, Standard Inspection laboratory, Standard 0il Development Ce.,
New York, N.Y.
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is called the "upper explosive limit." For some of the more volatile hydrocarbons,
such as commercial propane, the upper explosive limit is 9, 5%. The explosive range
for natural gas is 4.8 to 13.5%. Although explosive limits have been established
definitely for a number of hydrocarbons, it must be remembered that petroleum
products seldom are handled as purc hydrocarbonss It is zssential, therzfore, to
considor the lowest and the highoest explosive limits of tho hydrocarbons of any
products or mixtures being handlod.

The following table lists sevaral of the more common combustibles with
th2ir lower and upper a=xplosive limits:

Limits of Flammability

Combugtibles Lower Uppor
YMethano 5.0 15,0%
Fthane 3,20 . 12.50%*
PI'OP&HO 2 LlO 9050**
Butane 1.90 8, 50%*
Pontane 1.45 7« 50%%
Hoxane 1.25 £ GO**%
Hydrogon 4,10 T4, O**
Corbon Monoxide 12,50 T, 2%
Natural Gas 4,80 13, 5O**
I1luminating Gas 5.30 31, 00%*

4, Oth-:r Gusos Associated with Petrolsum Products

Othar gases associatzsd with petroleum products also are toxic if braathed
in sufficisnt quantity. Hydrogen sulfide, the most prominent of thaese gases, is
containcd in some crude oils and is present also in soma unfinished refinery dis-
tillatcs as & result of reaction at high temperature and pressure., Hydrogen sulfide
is harmful, and cven fatal, in relatively small concontrations. It is especially
hazardous bacause of its paralytic affoct on the sense of smell, maiing dataction by
odor impossible. The U.S.Burcau of Mines has found that a concentration of O. 015
in air will producs irritation of the eyes and other physical disturbences umon

exposure for two minutes, with incrsasingly harmful results upon continuous exposur.
Fxposure for twe minutes in o concontration of O, 07% has rosulted in dsathe Hydreg
sulfide** nlso is explosive in concentrations from 4.3 to 46,0% in air,

5¢ QOxyren Deficiency

The atmosphcore within cloan tanks which have been closed tightly for some
time is frequontly doficient in oxygen due to rusting of the matal of the tanks.
Such tonks, therefore, should not be entored until they have been ventilntod tho-
rouzhly. Normal alr contains about 21% oxygon. Air vhich contains less than 16?
w11l not safely sustain lifo.

Table: *G, W, Jones, E. S. Horris nnd W, B, Millor - U.S.Burenu of Mincs Techuical
Paper #5ll, 1933, page 26,
*%77, F, Coward nnd Geo. W. Jonas -~ U,S.Bureau of Mines Bulletin #27G.
%G, ¥, Jones, E. S. Baker, R. ¥. Kennedy - U.S.Burea: of Minss Roport on
Iavestigations #3537, February, 1937.

** H, F. Coward and Gao, W. Jones - U,.S.Bursau of Mines Bullatin #279.
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6s Early Safety Measures

Prior to 1922 the cleaning of tanks and compariments of Standard 0il Company
of New Jerssy tankers was let by contract to outside concerns who suppliazd their own
labor and supervisors for cleaning the tanks. In order to insure the detection of
any explosive or toxic gases, analyses of the atmosphere in the tanks were made by
chenmists from a commercial testing laboratory.

Although this arrangement was reasonably satisfactory, a detailed study of
tho methods employed brought out the fact that too little attention was paid to
clzaning and too much dependence put on the analys2s of the atmosphere withiu the
tanks. Most inspectors took samples of the atmosphire without cntaring the tanks.
and c¢ould not know, therefore, thn condition of the bottoms and sides. Unloss the
tanks are known to be properly claanced, thore is no assurance that a gas-freos atmos~
phere at time of ingpaction is a guarantos of safety during ropair periods which may
extend oveor several days. Numerous casss have been oxpoerienced wvhore the atmosphere
in tonks showing no signs of gas on one day, showed dangerous amountg twenty-four
hours lator, prosumadly bhecauss the tanks wors not clasnsd satisfoctorily and voavor-
ization of patroloum matorial took place after ths analyses wore madce.

In this conncction, it scoms dasirable to point out two fundamontal prin-
ciples which apparently were not universally racognized prior to 1922, Thox first is
that a cortificate of safety is worthlass unless the inspector has onteorcd tha tank
or compartmant in quastion and has examined it carefully for deposits of oil and/or
sediment which may generate vapor. Without such an ezxamination the analysis of the
atmosphare meong nothing more than that the tank is safe for a man to aauter at the
tine of testing. The practice of takzing samples by means of a sampling tube or
sampling bottlo loweraed from the deck seems antirely inndequats sxeept feor preoliminary
informatinn,

7

The other fundamental principle is that the maxinum pormissidle ceontent of
patrolom vapor is fixed by its »ffect on nmen inhaling the atmosphere rather than by
the lowor linit of the oxplosiva range. The lower explosivae linit of difforent
hrdrocarhons varies, but‘l.Oﬁ is purhaps a represantative figurc. On the otheor hend,
it is stated that patroloum vapors in concantrations of 0.3% or more are inteoxicating
L0 some paople on axpasure for 30 minutes or longer, go that the actual dangsr linit
is far below ths oxplosive limit. It has bsen sxperienced that mon are =ble to worl:
in tanizs for indefinite periods when a maxinun of 0.,2% of petroleum vapor calculnted
ag pentance is enforced as a limit,

T. Cleanine Proccduras

-

Bocause of the possidility of porsonal injuries and dannge to praoperty,
the Stonderd 0il Company of New Jersey in January of 1922 instituted a standard wlan
for the proparation of tank: v:ssals prier to altorations and repairs. 4 staff of
nen was ayiployad for this purpose consisting of a supervisor, a chemiet, several
foremon, aad a group »f laborors. The cloaning mathod enpleyzd at the cutsct is
rofarrad to as the Manual Methods In this mathird hot water is appliod with hand
hoss aftsar o staaning oparatiocn, The roaccnnonded procadure today, heowevsr, is the
Butterworth Mothod in which hot water is appliezd mechanically by neans of spscial
equipucat. All the tank vessels ouned by the Cnmpany are aquipped to use the Putter-
worth HMathed,, so thiat the Manunl Mathod is used only on vassels when Butterworth
nachines are not available. Todny the personnzl emplayed for cloaning nperaticns ha .
inecreased tc ono captain - who acts as suporvisor, 3 certified chomists, £ foromen,
5 vunp meoiy, 3 timeclzeapars, and a group of casual laborors who are experienced tan:
clamers ranging in nunber from 50 to 75. The chemists smployed in this work arn

*G, V. Jones and W, P, Yant - U.S.Burenu of Mines Tachnical Paper #35.
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graduntes of recognized colleges and are recommended for certification by the
Anerican Bureau of Shipping only after they have worked at their profession in the
0il industry for at least three years ~- six meonths of which has actuaily bacn on
eleaning of tank vassels uged for the transportation of crude petroleum and its
products, :

It is impossibls to spseify arbitrarily that a tank of a given size shall
be stenmed or machine washed a certain number of hours, since the amount of steam-
ing or washing required variss with the naturs of the oil which was carried last,
tho atmospharic coanditions, and other factors. The intoensity and duration of 2ach
process vosts thorafore with the judgment of the supervisor and the chemist, and are
govaernad by the conditions and circumstances which necessitate such cleaning.

{a) 3Buttorworth Mothod

With the Buttorworth Mathod, heat:d water is directed upon the int:rior surface
of tonks by maang of high prassure streams from two revolving nozzles. The nozzles
are gonred to turn simultanecusly and slowly in all planes, horizoantal te vsrtieal,
sc that ths woter straams from tha nozzles are directed eventually upon the entire
intarior surfuce of the tank.

As soun as the cargo is vumpnad out, steam is forced through the hoater
coils and stoam smothering lines. If condeongad steam comes tlrough the heatar coils
clear, indicntions are that the lines are satisfactory. If stzam fails to como
through or if the condaonsate is oily, it is avident that the coil is runtured, and
that cloaning is necossary bafore a cortificato can be issusd for the compnrimont
in which the qusetionable coil is located. Smothoring lings are steamed for
aporeximnteoly ten minutes. 3Butterworth machinss are next ploced in the cargo tanks
through gnecinl openings or throush hatches if ths vessel is not equinped with such
special openingse Genorally twe machines arc operated at the same time, one in
ar.ch of twe Main, Wing or Summer tanks., The hatch and ullage covers are closad but
not dogeod down. During the period of washing, which normally takes from 1 1/2 to
2 hewrs per tank, the ship is held at a slight list if nccessary to speed the drain-
arn of the tnnks to the suction. The cargo pumps ars operated slowly to withdraw:
srom tho fonks thoe raefuse oil and hot water resulting from the washing operaticon.
Por most »fficiont clenning oporation, the water is hinted tc a temperature of
approximately 175° P. The water is supplied at a prassure of approximately 175
pounds per' square inch from the vassell!s decl: fire lines.

Aftar tha tanks have been washed sufficiantly, the Butterworth machines
ara ramoeved and the tanks ventilated by means of wind sails, Venturi tubgos or oir
plowurgs loworod inte the tanks through the hatch, or by steam gas suckers instslled
in the ship's deck discharge lines. When tho atmosphare within the tanks has cooled
sufficiently for men to mtor, a sample of it is obtained by means of a sampling
tubas cr swmpling bottle lowared from tho deck and analyzed for toxic or coanbustidle
gnsase If the atnosphare is found to contoin not niore than Obeﬁﬁgas by volumea, the
sup2rvigser in charge of cleaning entorsg the tanlks to nmalte a prelininary survey
before men are sent inte the tanks with hand hese to wash toward the suction any
sadinmant or seal: left in various parts of ths tank. Sedinment which is not punmped
through the suction line is reomoved mamially. A carceful watch is maintained over
tho naa doing the wori,

s

(1) #Honuwal Mathod

Whon Buttorworth nachines are not availabls, the approxinate time roquired fur
seanning is ostinntod on the basis of previous cargoesse Aftar the heator lines are
blown, the hatch covers and ullage holes are closed but not dogged downe. Stecom as
a line prossurc of about 75 pounds is allowad to enter the tanks through the snother
ing lines for tho pericd of time considered necessary to sufficiently soften anc
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loosen oil and sediment on the bulkheads, beams, etc., so as to permit removal with
streams of hot water. Upon completion of the steaming, the hatch covers are throwa-
open and wind sails, air blowers or steam gas suckers are used as described above
for purpose of expelling gasess and steam. %hen the tanks have coolad sufficiently,
a proliminary test of the atmosphere within is taken. If the gas content is more
than 0,2% by volume, further vantilating or steaming and ventilating are required,
If the gas contont is 0,23 or lass, men squipped with hand hose descend the ladders
slowly, washing down thao top, sides and beams as they go. The wator used for washe
ing is at an approximate tomparature of 1000 F. and at a pressure of about 50 peunds.
-4 convaiaent monns of supplying hot water for washing is provided by a "Y' connac-
tion which introducas atoam into a nozzle on the fire line and provides a positive
regulatiocn of temparature. A careful watch is maintained from deck for the safety
of the man bolow, When the top, sides and baams have been washed thoroughly, work
is comuenc:d on the bottom. Starting at the forward outboard corner of the tank
the o1l ond sedimeont arc washed toward the suction from which point they arc removad
to a bargs or a slop tank ashore by means of the ship's pumps which are kept in
operaticn throughout the entirc washing period. Any mnterial which is not romoved
through th: suction line is removed manually.

(¢) Fiaal Inspaction

After 21l tanks and compartmants in guestion have been washed and cloanced in
accordance with cither of the abova methods, the main vump room bilges arc cleaned.
Next, wotar is pumped through all shipls carge lines and discharged into tha slop
line. After pumping for a pradatarmined period, the water is discharged on deck
where it is cxamined by the chemist, the chief officaer, and the suporvisor in chargs
of trnni clanning., If the water is clear, the cargo linas are considercd to be
clzaneds Whonover vossible, deponding on the shifting of ballast, valves arc left
open to air out the cargo lines.

The tanks are then entored and inspacted by a certified chemisty and, if
found to be clzared to his satisfaction and if the gas content is 0.2% or 1bsg, a
Cortificate is issued stating thoe tanks (reported individually) are cither Y"Safa
for Man and Fire" or WSafes for Mon - Not Safe for Firg.!

G. Ropairs Remote fron Cargo Tanks

Whangvor a vesscl nust be dry docked for a survey on account of a seriously
danngad bottom or for ropairs confined solely to work on the rudder, propellar,
tailshaft or cther parts remote from the cargo compnrtmants, such tanks may be
grothored with stean and sonled prior to tha vessclls arrival in thz shipynrd. In
casc it is found nacessary to do any work in and/or around any of the taxnks, the
tanks in gquestion are cloaned by either the Butterworth Method or the Manual Mcethed
and cartified as haretcfore describad,

10, Cloaning Cargso Tanlis it Sea

Whenaver vassels after discharging at one port aroe crdered to procesd to a shir-
yard at some othar port, it nay be necassary to clsan the tanks and compartmeats
anroute.s The sane procadures outlined under Section 7 are followed excipt, cf
course, an cortified chemist is preseat, Howsver, each vessal is provided with a
fonbustivle Gas Indicator by maans of which i1t can be deternmined if it is safe for
nenbars of the craw to enter the cargo tanks to ronove sedinent and complote the
cloaning. Upon arrival at the shipyard, the services of a certified chemist are
ottained for a complete inspection, If thie chenist ig satisfied with the conditior
of the tanks and the analysis of the atmosphere within the tanks indicates abssnces
of gas, a Cortificate is requested, If furthsr cloaning is necessary this is dcaa

to the satisfaction of tho chenist and a Cartificate is obtained before repairs
are stoarted.
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Whenever it is necessary to carry out emergency repairs (requiring the use

of spark producing tools) in a cargo tank while at sea, the tank in question and all

. adjacent tonis are clesned, and the atmosphere within tested with a combustidble gas
indicator in accordance with the approved practice. If the gag content is 0.2% or
less, the neccssary repairs may be carried out. '

11. Chemists Cartificate

As a convenience for reporting the condition of tanks of a vessel, a ruled
torm of e-rtificate with blank spacos rssembling a conventional diagram of the
horizontnl cross saction of a ship is provided. This ceortificate, affirming that the
atmogphicr2 in tho tanks in which rapairs are to be made, and adjacent tanks, are
safe for the conduct of the work, must be signed by the inspocting chemist and given
to thz master or officsar in charge bafore the ship is delivered to the contractor
or parson chorgad with moking repairs,.

In order that no possible misundarstanding can occur, the condition of
tanlzs is indiented only by the notations "Safe for Men and Fire", "Safe for Men -
Hot 3afe2 for Fire", and "ot Safe,.

The notation "Safe for Men and Fire! implias that the tanks so designated
as wall as tho adjacent tanks and compurtments hove baen thoroughly cl :aned of
rosiduns and deoposits on framcs and on the bottom which, when disturbed, might
produce vapor; and that th: gas contant of the atmonsphere within the tonks is not
mors than 2% by volume calculated as pentans., Welding, riveting and similar work
requiring fire are pernitted in tanks so designatad,

The notation "Safe for Men - Not Safe for Fire!" implies that tanks so
dasisnated but not the adjacent tanks have been thoroughly cleaned of residues and
deposits on frames and on the bottom which, when disturbed, might produce> vapor;
and that the gas content of the atmosphere within the tanks is not more than .2%
by volume calculatz:d as pontane. Only worlr not rzouiring the use of fire or spark
producing tcols igs parmitted in such tanks.

The notation "Not Safe" is usad when oil or dangerous amounts of residues
or deposits are present, when leakage from adjacent tanks is possible, or when the
gas contant of tho atwosphoere is graater than .2%. Under such condition:, mon are
pormittad to anter the tanks whon an omergoency exists but only whan equipped with
life-linzs and fresh air hoss masks, and only when a constant watch is maintained
on deckk for thoair safety.

The original and one copy of the chamist!s Cartificate are retnainad aboard
ship and an cntry of thair rocoipt made in the Ship's Log Book. Upon completion of
rzpairs o statement is made by the master or officer in charge on the originnl
Certificate to this effect - and the Cortificate then is forwarded to the New York
Qffica.

12. Combustible Gas Indicator

Various typas of indicators have bsen used in the past for the detection
of petrolcum vapors to insure that the atmosphere is non-toxic and to guard against
fires and oxplosicns. All have cmployad basic principles, such as diffusion, volume
change on combustion, or haat of combustion. Of thess, the last type scmms most
suitable for the petroleoum industry becauss of the wide variety of gases which are
1*¥»2ly to b2 encountercd,

In the boaginning, the Standnrd 0il Company of New Jearsay -mployad a port-
oble indicator basad on the volume contraction .on combustion prineciple, d:isigned
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especially for this type of work. It required careful handling and its operation
involved o fair amount of skill and training but it served a useful purpose until
the urgent need for such eyuipment brought about the adaptation and perfection of
the heat of combustion principles in the form of a portable indicator. At present,
several of these instruments are on the market and are used almost exclusively for

this type of work,
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