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PREPARATION OP TANK VESSELS* ' 
PRIOR TO ALTERATIONS OR REPAIRS

By C. A, Neusbaum** v

1. In tro d u c tio n

The p rev en tio n  o f  p e rso n a l in ju r ie s  and damage to  pro p e r ty  has alvrays been 
a se r io u s  problem in  th e  a l te r a t io n s  and r e p a i r s  o f tank v e s s e ls .  The c lean in g  o f 
th e  tanks and compartments o f a  tank v e sse l and th e te s t in g  o f  th e  atm osphere w ith in  
th ese  tanks and compartments a re  te c h n ic a l problem s re g u la r ly  encountered when such 
v e sse ls  a rc  used  fo r  t ra n s p o r ta t io n  o f  c rude petro leum  and i t 3  p ro d u c ts .

2. Toxic E f fe c t o f Petroleum  Vapors

Vapors g iven o f f  by crude petro leum , g aso lin e  and oth e r  petro leum  p roduc ts 
cause a n a e s th e t ic  e f f e c ts  when in h a le d  and, u n le ss  p recau tio n s  a re  taken , such 
e f fe c ts  may be encountered by w orkers du ring  the c lean in g  o p e ra t io n s .

Exposure to  petro leum  vapors o f te n  r e s u l t s  in  i r r i ta t i o n  o f  the eyes and 
the development o f a  severe  headache. When in h a led  in  com parative ly  sm all q u an ti­
t i e s  these vapors produce m erely a  m ild  e x h i la ra t ion . Upon in h a lin g  the  fumes in  
more co n cen tra ted  form th i s  co n d it io n  ra p id ly  develops in to  com plete in to x ic a t io n  
accompanied by a tendency on th e  p a r t  o f  th e  in d iv id u a l to  s in g , dance, o r o therw ise  
v ig o ro u s ly  ex e r t h im se lf . As th is  s t im u la ted  a c t i v i t y wears o f f  the v ic t im 's  l i p s  
lo se  th e i r  n a tu ra l  co lo r end become so s t i f f  th a t proper en u n c ia tio n  i s  no longer 
p o ss ib le . At th is  s tage, fu r th e r  exposure causes unconsciousness and may r e s u l t  
in  death . *

The to x ic  e f fe c t  o f  g a so l in e  vapors in  v a r io u s  degrees o f  c o n cen tra tio n  
i s  i l l u s t r a t e d  by d a ta  from th e  U .S.Bureau o f Mines T echn ical Paper No. 272 as 
fo llo w s:

A ir co n ta in in g  .07  to .22$ vapors by volume causes 
s l ig h t  "symptoms o f  d iz z in e ss  whon in h a led  fo r  14- l/2 
m inutes.

A ir co n ta in in g  1.13 to 2 .22$  vapors by volume . 
re p re se n ts  the  c o n ce n tra tio n  which causes severe 
d iz z in e ss  when in h a led  fo r  3 m inu tes.

A ir co n ta in in g  2 .20  to 2 .60$  vapors by volume causes 
in to x ic a t io n  a f te r  10 to  12 b re a th s .

3* F lam m ability  o f Petro leum  Vapor-A ir M ixtures

■ " Petroleum  vapors a re  h ig h ly  flammable and co n s id e rab le  care  i s  re q u ire d  to
p reven t th e  occurrence o f f i r e s  o r  ex p lo s io n s. When mixed w ith  the  p roper amounts 
o f  a i r  (oxygen) th ese  vapors form exp losive  m ix tu res . The ex p lo s iv e  m ix tu re  range 
o f  g aso lin e  in  a i r ,  fo r  example, i s  g en?.ra lly  accep ted  to  be from 1 to  6$ by volume. 
The lower f ig u re  corresponds to  th e  minimum amount and th e  h ig h e r f ig u re  to  th e  
maximum amount o f  g a so l in e  vapor capab le o f  p roducing a  flammable m ix tu re . The 
vapor c o n ce n tra tio n  below which th e  m ix tu re  w i l l  not burn i s  c a l le d  th e  "lower 
exp losivo  l im it "  and th e  vapor c o n ce n tra tio n  above which th e  m ix tu re w i l l  no t burn
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i s  c a l le d  the “upper exp losive  l im i t . "  For some o f  the  more v o la t i l e  hydrocarbons, 
such as commercial propane, th e  upper ex p lo s iv e  l imi t  i s  9*5$» The ex p lo s iv e  range 
fo r  n a tu ra l  gas i s  4 ,S  to 13«5$* A lthough exp losive l im i ts  have "been e s ta b l ish e d  
d e f in i te ly  fo r  a  number o f  hydrocarbons, i t  must be remembered th a t petro leum  
products seldom a re  handled as pure hydrocarbons, It  i s  e s s e n t ia l ,  th e re fo re , to 
consider the low est and th e  h ig h e s t ex p lo s iv e  l im i ts  o f the  hydrocarbons o f any 
p roduc ts or m ix tu res be ing  hand led.

The fo llow ing  ta b le  l i s t s  sev e ra l o f the more common com bustib les w ith  
th e i r  lower and upper exp losive  l im i t s :

L im its o f F lam m ability
Combustibles Lower Upper

Methane 5.0 15*0*
Ethane 3.20 12.50**
Propane 2,40 9,50«*
Butane 1.90 S.50**
Pentane 1.45 7. 5O**
Hexane 1.25 6.90***
Hydrogen 4 .10 74.0**
Carbon Monoxide 12.50 74.2**
N atu ra l Gas 4 . SO 13.50**
I l lu m in a tin g  Gas 5*30 31,00**

4. Oth ;r Gases A ssoc ia ted  w ith  P e tro le um P roducts

O ther gases a sso c ia te d  w ith  petro leum  p roduc ts a lso a re  to x ic  i f  b rea th ed  
in  s u f f ic ie n t  q u a n t i ty . Hydrogen su lf id o , the  most prom inent o f those gases, i s  
con ta ined  in  somo crude o i l s  and i s  p re sen t a lso  in  some u n f in ish e d  re f in e ry  d is ­
t i l l a t e s  as a r e s u l t  o f  re a c t io n  a t  h igh  tem peratu re  and p re s su re . Hydrogen s u l f id e  
i s  harm ful, and even f a ta l ,  in  r e la t i v e ly  sm all c o nc e n tra t io n s . I t  i s  e s p e c ia l ly  
hazardous because o f  i t s  p a ra ly t ic  e f fe c t  on the  sense o f  sm ell, making d e te c t io n  by 
odor in p o ss ib le . The U .S.Bureau o f  H ines has found th a t a c o n ce n tra tio n  o f 0.01$ 
in  a i r  w i l l  produce i r r i t a t i o n  o f the  eyes and o th er p h y s ica l d is tu rb a n ce s  upon 
exposure fo r  two m inutes, w ith  in c re a s in g ly  harm fu l r e s u l ts  upon continuous exposur. 
Exposure fo r two m inutes in  a co n cen tra tio n  o f 0 .07$  has re s u l te d  in  d ea th . Hydrcg 
su lf id e * 1“ .also i s  exp losive  in  co n cen tra tio n s  from 4.3 to 46 .0$  in  a i r .

5» Oxygen D efic iency

The atm osphere w ith in  c lean  tanks which have been clo sed  t i g h t l y  fo r  some 
tim e i s  f re q u e n tly  d e f ic ie n t  in  oxygen due to  ru s t in g  o f the  m etal o f th e  ta n k s . 
Such tonics, th e re fo re , should no t be en te red  u n t i l they have been v e n t i la te d  tho ­
rough ly . Normal a i r  c o n ta in s  about 21$ oxygon. A ir which co n ta in s  lo s s  than l6$ 
w i l l  no t s a fe ly  s u s ta in  l i f e .  .
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6. E arly  Safe ty  Measiires

3-

P r io r  to  1922 th e  c lean in g  of tanks and compartments o f  S tandard  O il Company 
o f  New Je rsey  tan k ers  was l e t  by c o n tra c t to o u ts ide  concerns who su p p lied  th e i r  own 
lab o r and su p e rv iso rs  fo r  c lean in g  the  ta n k s . In  o rder to  in su re  the  d e te c t io n  o f 
any exp losive  o r to x ic  gases, an a ly ses o f th e  atm osphere in  the  tanks were made by 
chem ists from a  commercial te s t in g  la b o ra to ry . .

A lthough th is  arrangem ent was reaso n ab ly  s a t is f a c tor y ,  a  d e ta i le d  study o f 
th e  methods employed brought out the f a c t  th a t  too l i t t l e  a t te n t io n  was p a id  to 
c l  inning and too much dependence p u t on th e  an a ly ses o f th e  atm osphere w ith in  th e  
tan k s. Host in sp e c to rs  took samples o f the atm osphere w ithou t e n te r in g  the tanks, 
and cou ld  not know, th e re fo re , the  co n d it io n  o f th e  bottom s and s id e s . U nless the  
tanks aro  known to bo p ro p e r ly  c leaned, th e re  i s  no assurance th a t  a  g a s - f re e  atmos­
phere a t  tim e o f in sp e c tio n  i s  a guaran tee  o f  sa fe ty  during re p a i r  p e r io d s  which may 
extend over sev e ra l days. Numerous cases have been experienced, whore th e  atm osphere 
in  tanks showing no s igns o f gas on one day, showed dangerous amounts tw en ty -fou r 
hours l a te r ,  presum ably because the  tanks were no t c leaned s a t i s f a c to r i l y  and vapor­
iz a t io n  o f  petro leum  m a te r ia l took pla.ee a f te r  th e an a ly ses wore made.

In  th i s  connection , i t  seems d e s ira b le  to  p o in t out two fundam ental p r in ­
c ip le s  which ap p aren tly  were not u n iv e rs a l ly  reco g nized  p r io r  to 1922« Che f i r s t  i s  
th a t  a c e r t i f i c a t e  o f sa fe ty  i s  w o rth less  u n le ss  the  in sp ec to r has en te red  th e  tank 
or compartment in  q u estio n  and has examined i t  c a refu l ly  fo r  d e p o s its  o f o i l  an d /o r 
sediment which may g en era te  vapo r. W ithout such an exam ination th e  a n a ly s is  o f the 
atm osphere moans noth ing  more than  th a t  the tank i s sa fe  fo r  a man to e n te r  a t  the  
tim e o f  te s t in g .  Che p ra c t ic e  o f  tak in g  samples by means o f a  sam pling tube or 
sampling b o t t le  lowered, from th e  dock seems e n t i r ely  inadequate  except fo r  p re lim inar;: 
in fo rm atio n .

/  '
Che o th e r fundam ental p r in c ip le  i s  th a t  th e  maximum pe rm iss ib le  con ten t o f 

petro leum  vapor i s  f ix e d  by i t s  e f fe c t  on men in h a l in g the  atm osphere ra th e r  than by 
the  lower l im i t  o f  th e  exp losive  range. Che lower exp losive  l im i t  o f d i f f e re n t  
hydrocarbons v a r ie s , bu t 1 .0 $  i s  perhaps a re p re s e nta t iv e  f ig u re . On the o th e r hand, 
i t  i s  s ta te d  th a t  petro leum  vapors in  c o n ce n tra t io ns  o f 0.3;* or more a re  in to x ic a t in g  
to some people on exposure fo r  30 m inutes o r longer, so th a t th e  a c tu a l  danger l in . it  
i s  fa r  below th e  exp losive  l im i t .  ' I t  has been experienced th a t  nan a re  ab le  to work 
in  tanks fo r i n d e f in i te  p e r io d s  when a  maximum o f 0.2$  o f petro leum  vapor c a lc u la te d  
as pentane i s  en fo rced  as a l im i t .

7 » Clcani ng P ro c odur es

Because o f the p o s s ib i l i t y  o f p e rso n a l i n ju r ie s  and damage to p ro p e rty , 
the  Standard O il Company of Hew Je rse y  in  January  o f 1922 in s t i t u te d  a s tan d ard  p lan  
fo r  the p re p a ra t io n  o f  tank v e ss e ls  p r io r  to a l te r at io n s  and r e p a i r s .  A s ta f f  o f 
men was employed fo r  th is  purpose c o n s is t in g  o f a su p erv iso r, a chem ist, sev e ra l 
foremen, and a group o f la b o re rs . Che c lean in g  method employed a t  th e  c u ts e t  i s  
r e fe r re d  to as th e  Manual Method, In  th is  method h ot w ater i s  a p p l ie d  w ith  hand 
hose a f te r  a steam ing o p e ra tio n , Che recommended p rocedure today, however, i s  th e  
B u tte rw o rth  Method in  which h o t w ater i s  a p p l ie d  m echan ically  by means o f  sp ec ia l 
equipment. A ll th e  tank v e s s e ls  owned by th e  Company are  equipped to use  th e  B u tte r ­
w orth  Method,, so th a t the  Manual Method i s  used  only  on v e sse ls  when B u tte rw orth  
machines a re  n o t a v a i la b le . Coday the  personnel employed fo r  c lean in g  o p e ra tio n s  h a . 
in c reased  to one c ap ta in  -  who a c ts  as su p erv iso r, 3 c e r t i f i e d  chem ists, 6 foremen,
5 pump men, 3 tim ekeepers, and a  group o f casu a l la b ore rs  who a re  experienced  tank 
c lea n e rs  rang ing  in  number from 50 to 75* Che chem ists employed In  th is  work a re

*G. W. Jones and M. P . Yant -  U .S.Bureau o f Mines T echn ica l Paper #35*
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g rad u a tes  o f  recogn ized  c o l le g es  and a re  recommended fo r  c e r t i f i c a t i o n  "by th e  
American Bureau o f Shipping on ly  a f te r  they  have worked a t  th e i r  p ro fe ss io n  in  th e  
o i l  in d u s try  fo r  a t  le a s t  th re e  y e a rs  — s ix  months o f which has a c tu a l ly  been on 
c lean ing  o f tank  v e ss e ls  used fo r  th e  t ra n s p o r ta t ion  o f crude petro leum  and i t s  
p ro d u c ts . ■

I t  i s  im possib le  to  sp ec ify  a r b i t r a r i l y  th a t  a  tank o f a  g iven  s iz e  s h a l l  
bo steamed or machine washed a  c e r ta in  number o f hou rs, s ince  th e  amount o f steam­
ing o r  washing re q u ire d  v a r ie s  w ith  the  n a tu re  o f  th e  o i l  which was c a r r ie d  l a s t ,  
the  atm ospheric co n d it io n s , and o th e r f a c to r s .  Tho in te n s i ty  and d u ra tio n  o f each 
p ro cess r e s ts  th e re fo re  w ith  the  judgment o f th e  sup erv iso r and th e  chem ist, and a re  
governed by th e  co n d itio n s  and c ircum stances which n e c e s s i ta te  such c le a n in g .

(a ) B u tto rw orth  Method .

With the B u tto rw orth  Method, heated  w ater i s  d ire c te d  upon th e  i n te r i o r  su rface  
o f  tanks by means o f h igh  p re ssu re  stream s from two rev o lv in g  n o z z le s . The n o zz les 
a re  geared to tu rn  sim u ltaneously  and slow ly in  a l l p lan es, h o r iz o n ta l  to v e r t i c a l ,  
sc th a t th e  water stream s from th e  nozz les a re  d i rec te d  ev en tu a lly  upon th e  e n t i re  
in te r io r  su rface  o f th e  tank .

As soon as the  cargo i s  pumped ou t, steam i s  fo rced  through the h e a te r  
c o i ls  and steam sm othering l in e s .  I f  condensed steam comes through th e  h e a te r  c o i ls  
c le a r , in d ic a t io n s  a re  th a t th e  l in e s  a re  s a t i s f a c to r y .  I f  steam f a i l s  to come 
through or i f  th e  condensate i s  o i ly ,  i t  i s  ev iden t th a t  th e  c o i l  i s  ru p tu red , and 
th a t  c lean in g  i s  necessary  b e fo re  a c e r t i f i c a t e  can be issued  fo r  th e  compartment 
in  which the  q u e s tio n ab le  c o i l  i s  lo c a te d . Sm othering l in e s  a ro  steamed fo r  
apprcx im ato ly  te n  m inutes. B u tto rw orth  m achines a re next p laced  in  th e  cargo tanks 
through sp e c ia l openings or through h a tch es i f  th e  v e sse l i s  n o t equipped w ith  such 
s p e c ia l  open ings. G enera lly  two machines a re  o p era ted  a t  th e  same tim e, one in  
each o f two Main, Wing o r Summer ta n k s . The h a tch  and u l la g e  covers a re  c lo sed  but 
not dogged down. During th e  p e r io d  o f  washing, which norm ally  takes from 1 l / 2  to 
2 hours pe r tank , the  sh ip  i s  h e ld  a t  a  s l ig h t  l i s t  i f  n ecessa ry  to speed the d ra in ­
age of the tanks to th e  su c tio n . The cargo pumps a re  opera ted  slow ly to withdraw- 
from the tanks th e  re fu se  o i l  and h o t w ater r e s u l t in g  from th e  washing o p e ra tio n .
For most e f f i c ie n t  c lean in g  o p e ra tio n , the  w ater i s h eated  tc  a tem peratu re  o f  
approx im ately  175° S’» The w ater i s  supp lied  a t  a  pre ssu re  o f approx im ate ly  175 
pounds pe r square inch  from th e  v e s s e l 's  deck f i r e  li n e s .

A fte r th e  tanks have been washed s u f f i c ie n t l y ,  th e  B u tto rw orth  machines 
a rc  removed and the  tanks v e n t i la te d  by means o f  wind s a i l s ,  V enturi tubes o r a i r  
b low ers lowered in to  the  tanks through the h a tch , or by steam gas suckers in s ta l l e d  
in  th e  s h ip 's  deck d isch arg e  l in e s .  When the  atm osphere w ith in  th e  tanks has cooled 
s u f f i c ie n t ly  fo r  men to e n te r , a sample o f i t  i s  ob ta ined  by means o f a  sampling 
tube c r  sam pling b o t t l e  lowered from tho dock and analyzed  fo r  to x ic  o r  com bustib le 
g ases . I f  th e  atm osphere i s  found to  co n ta in  no t more than 0«.2ff ,gaa by volume, th e  
su p erv iso r in  charge o f  c lean in g  e n te rs  th e  tanks to make a p re l im in a ry  survey 
b e fo re  men a re  sen t in to  th e  tanks w ith  hand hose to wash toward th e  su c tio n  any 
sedim ent or sca le  l e f t  in  v a r io u s  p a r ts  o f th e  tank. Sediment which i s  no t pumped 
through th e  s iic tion  l in e  i s  removed m anually . A c are fu l  watch i s  m ain ta ined  over 
th e  men doing th e  work. .

(b ) Manual  Method

When B utto rw orth  machines a re  no t a v a i la b le , th e  approxim ate tim e re q u ire d  fu r 
scanning i s  estim ated  on the  b a s is  o f  p rev io u s ca rgo es. A f te r  th e  h e a te r  l in e s  a rr  
blown, th e  h a tch  covers and u l la g e  h o les  a re  c losed b u t n o t dogged down. St cam a t  
a  l i n e  p re ssu re  o f about 75 pounds i s  a llow ed to  e n te r  tho  tanks through th e  smother 
ing  l in o s  fo r  tho  p e r io d  o f tim e considered  n ecessary  to  s u f f i c ie n t l y  so f te n  and
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loosen o i l  and sediment on th e  bu lkheads, beams, e tc . ,  so as to perm it removal w ith  
stream s o f  hot w ater. Upon com pletion o f the  steam ing, the  ha tch  covers a re  throw«- 
open and wind s a i l s ,  a i r  b low ers o r  steam gas suckers a re  used as  d esc rib ed  above 
fo r  purpose o f  ex p e ll in g  gases and steam. When the  tanks have coo led s u f f i c ie n t ly ,  
a p re l im in a ry  t e s t  o f  the  atm osphere w ith in  i s  taken . I f  th e  gas co n ten t i s  more 
than 0, 2$  by volume, fu r th e r  v e n t i la t in g  or steam ing and v en t i la t in g  a re  re q u ire d .
I f  the gao con ten t i s  0 ,2$  or le s s ,  men equipped w ith  hand hose descend the  lad d ers  
slow ly, washing down th e  top , s id es  and beams as they go. The w ater used  fo r wash­
in g  i s  a t  an approxim ate tem peratu re  o f  100° 3?. and a t  a  p re ssu re  o f about 50 pounds. 

-A convenient means o f  supply ing ho t w ater fo r  washing i s  prov idod by a "Y" connec­
t io n  which in tro d u ces  steam in to  a  nozz le  on the f ir e  l in o  and p rov ides a  p o s i t iv e  
re g u la t io n  o f  tem peratu re . A c a re fu l  watch i s  m ain ta ined  from deck fo r  the  s a fe ty  
o f the  man below. When the top , s id es  and beams have been washed thorough ly , work 
i s  commenced on the  bottom . S ta r t in g  a t  the forw ard ou tboard  co rner o f th e  tank 
the  o i l  and sedim ent a re  washed toward th e  su c tio n  from which p o in t they  a rc  removed 
to a barge or a s lo p  tank  asho re  by means o f th e  s hip 's  pumps which a re  kep t in  
o p e ra tio n  throughout th e  e n t i r e  washing p e r io d . Any m a te r ia l  which i s  n o t removed 
th rough the  su c tio n  l in e  i s  removed m anually .

(c )  P in a l In sp ec tio n

A fte r a l l  tanks and compartments in  q u e s tio n  have been washed and c leaned  in  
accordance w ith  e i th e r  o f  the  above methods, the  main pump room b i lg e s  a re  c leaned . 
Next, w ater i s  pumped through a l l  s h ip 's  cargo l in es  and d isch arg ed  in to  the  slop  
l i n e .  A fte r pumping fo r  a p redeterm ined  p e r io d , the w ater i s  d isch arg ed  on deck 
where i t  i s  examined by the  chem ist, th e  c h ie f  o f f ic e r ,  and th e  su p erv iso r in  charge 
o f tank c lean in g . I f  th e  w ater i s  c le a r , the  cargo l in o s  a re  considered  to be 
c lean ed . Whenever p o ss ib le , depending on th e  s h i f t in g  of b a l la s t ,  v a lv es  a re  l e f t  
open to a i r  out th e  cargo l in e s .

The tan k s a re  then  en te red  and in sp ec ted  by a  c e r t if i e d  chem ist; and, i f  
found to be c le a re d  to h is  s a t i s f a c t io n  and i f  th e  gas con ten t i s  0. 2$ o r le s s ,  a 
C e r t i f i c a te  i s  issu ed  s ta t in g  th e  tanks ( re p o r te d  in d iv id u a l ly )  a re  e i th e r  "Safe 
fo r  Men and P ire "  o r "Safe fo r  Men -  Not Safe fo r  Pi r e . " .

5* R epairs Remote from Cargo Tanks

Whenever a v e sse l must be dry  docked fo r a  survey  on account o f a s e r io u s ly  
damaged bottom or fo r  re p a i r s  con fined  so le ly  to work on th e  rudder, p ro p e l le r ,  
t a i l s h a f t  o r o th e r  p a r ts  rem ote from th e  cargo compartments, such tan k s nay be 
smothered w ith  steam and sea led  p r io r  to the v e s s e l's  a r r i v a l  in  the  sh ip y ard . In  
case i t  i s  found necessary  to  do any work in  and /o r around any o f the  tunics, the  
tan k s in  q u estio n  a re  c leaned by e i th e r  th e  B u tto rworth  Method o r th e  Manual Method 
and c e r t i f i e d  as h e re to fo re  d esc rib ed .

10, C leaning Cargo Tanks a t  Sea

Whenever v e sse ls  a f te r  d isch a rg in g  a t  one p o r t a re  o rdered  to p roceed to  a  sh ip­
y ard  a t  some o th e r p o r t , i t  nay be necessary  to c lea n  the tanks and compartments 
en rou te . The same p rocedures o u t l in e d  under S ec tion J a re  fo llow ed excep t, c f  
course, no c e r t i f i e d  chem ist i s  p re se n t. However, each v e sse l i s  p ro v id ed  w ith  a 
Combustible Gas In d ic a to r  by means o f  which i t  can be determ ined i f  i t  i s  sa fe  fo r  
members o f  the crew to  e n te r  the  cargo tanks to remove sediment and co n p lo te  th e  
c lean in g . Upon a r r i v a l  a t  the  sh ipyard , th e  se rv ic e s  o f a  c e r t i f i e d  chem ist a re  
o b ta in ed  f o r  a  com plete in sp e c t io n . I f  the  chem ist i s  s a t i s f i e d  w ith  th e  co n d itio n  
o f the tan k s and th e  a n a ly s is  o f th e  atm osphere w ith in  the tanks in d ic a te s  absence 
o f  gas, a C e r t i f i c a te  i s  re q u e s te d , I f  f u r th e r  c lean in g  i s  n ecessary  t h i s  i s  dene 
to th e  s a t i s f a c t io n  o f  the  chem ist and a  C e r t i f i c a te  i s  o b ta in ed  b e fo re  re p a i r s  
a re  s ta r te d .



Whenever i t  i s  n ecessa ry  to c a r ry  out emergency r e pa i r s  ( re q u ir in g  the  use 
o f  spark  producing to o ls )  in  a cargo tank  w h ile  a t  sea, the tank  in  q u estio n  and a l l  
a d jacen t tanks a re  c leaned, and the  atm osphere w ithin  te s te d  w ith  a  com hustih le gas 
in d ic a to r  in  accordance w ith  th e  approved p ra c t ic e . I f  th e  gas con ten t i s  0,2fo or 
le s s ,  th e  necessary  r e p a i r s  may he c a r r ie d  o u t.

11. Chem is ts  C e r t i f i c a te

As a  convenience fo r  re p o r t in g  th e  c o n d it io n  o f  tanks o f  a v e ss e l ,  a ru le d  
form o f  c e r t i f i c a t e  w ith  b lank  spacos resem bling  a  conven tional diagram  o f the  
h o r iz o n ta l  c ro ss  se c tio n  o f a sh ip  i s  p rov ided . T h is c e r t i f i c a t e ,  a f f irm in g  th a t  the  
atm osphere in  th e  tanks in  which re p a i r s  a re  to bo made, and a d jac e n t tan k s, a rc  
sa fe  fo r  the conduct o f tho work, must be s igned  by th e  in sp e c t in g  chem ist and g iven 
to th e  mast-or o r  o f f ic e r  in  charge b e fo re  th e  sh ip i s  d e l iv e re d  to th e  c o n tra c to r  
o r person  charged w ith  making r e p a i r s .

In o rder th a t  no p o s s ib le  m isunderstand ing  can occur, th e  co n d itio n  o f 
tanks i s  in d ic a te d  on ly  by th e  n o ta t io n s  "Safe fo r  Men and F ire " , "Safo fo r  Men -  
Mot Safe fo r F i re " ,  and "Not Safe".

The n o ta t io n  "Safe fo r  Men and F ire "  im p lies  th a t  th e  tanks so d es ig n a ted  
as w ell as the a d jacen t tanks and compartments have been thorough ly  c l -once o f 
re s id u e s  and d e p o s its  on fram es and on th e  bottom which, when d is tu rb e d , might 
produce vapor; and th a t  th e  gas co n ten t o f  th e  atm osphere w ith in  tho tallies i s  not 
more than .2fo 'by volume c a lc u la te d  as p en tan e . Welding, r iv e t ing  and s im ila r  work 
re q u ir in g  f i r e  a re  p e rm itted  in  tanks so d e s ig n a te d .

The n o ta t io n  "Safe fo r Men -  Mot Safe fo r  F ire"  im p lies th a t  tanks so 
designa ted  but not th e  ad jacen t tanks have been thorough ly  c leaned  o f  re s id u e s  and 
d e p o s its  on fram es and on th e  bottom which, when d is turb e d , m ight produce vapor; 
and th a t the gas con ten t o f th e  atm osphere w ith in  th e  tanks i s  n o t more than  ,2'i 
by volume c a lc u la te d  as p en tan e . Only work no t re q uir in g  the use o f f i r e  or spark 
producing to o ls  i s  p e rm itted  in  such ta n k s .

The n o ta t io n  "Mot Safe" i s  used when o i l  o r dangerous amounts o f re s id u e s  
or d e p o s its  a re  p re s e n t, when leakage from a d jacen t tanks i s  p o ss ib le , or when the 
gas con ten t o f  the  atm osphere i s  g re a te r  than  .2 $ , Under such c o n d it io n s , men a re  
p e rm itted  to e n te r  the  tanks when an  emergency e x is ts  but on ly  when equipped w ith  
l i f e - l i n e s  and f re sh  a i r  hose masks, and only  when a  co n stan t watch i s  m ain ta ined  
on dock fo r  t h e i r  sa fe ty .

The o r ig in a l  and one copy o f  the  c h e m is t 's  C e r t i f i ca te  a re  re ta in e d  aboard 
sh ip  and an e n try  o f  th e i r  r e c e ip t  made in  the  S h ip's  Log Book. Upon com pletion o f 
re p a i r s  a  sta tem ent i s  made by th e  m aster o r  o f f i c er  in  charge on th e  o r ig in a l  
C e r t i f i c a te  to th is  e f f e c t  -  and th e  C e r t i f i c a te  then  i s  forw arded to  th e  Mew York 
O f f ice .

12. Combustible Gas In d ic a to r

V arious types o f in d ic a to rs  have been used  in  th e  pa s t fo r  th e  d e te c tio n  
o f  petro leum  vapors to  in su re  th a t  the atm osphere is  n o n -to x ic  and to guard a g a in s t 
f i r e s  raid ex p lo s io n s. A ll have employed b a s ic  p r inc ip le s ,  such as d i f f u s io n , volume 
change on combustion, o r h ea t o f com bustion. Of th ese , th e  l a s t  type scorns most 
s u i ta b le  fo r  th e  petro leum  in d u s try  because o f th e  wide v a r ie ty  o f g ases which a re  
!*v e ly  to be encountered ,

In  th o  beg inn ing , th e  S tandard O il Company o f  New Jerse y  employed a p o r t ­
a b le  in d ic a to r  based on th e  volume c o n tra c t io n  on combustion p r in c ip le ,  designed

0QC6 6 5 2 .

i



7.

e sp e c ia l ly  f o r  t h i s  type o f work. I t  re q u ire d  c a re fu l  hand ling  and i t s  o p era tio n  
invo lved  a f a i r  amount o f s k i l l  and t r a in in g  but i t served a u se fu l purpose u n t i l  
th e  u rg en t need fo r  such equipment brought about the  a d a p ta tio n  and p e r fe c t io n  of 
th e  h ea t of combustion p r in c ip le s  in  th e  form of a p o r ta b le  in d ic a to r .  At p re se n t, 
sev e ra l o f th e se  instrum en ts a re  on th e  m arket and a re  used alm ost e x c lu s iv e ly  fo r  
t h i s  type o f work.
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