Safety in air
and ammonia plants

... additional case studies
and discussion developed at the Symposium

P. W. REYNOLDS—Imperial Chemi-

cal Industries, Billingham: A serious
accident occurred on April 21, 1959, in
a 240 tons/day oxygen plant which was
being started up in England at Billing-
ham. Without any warning, one corner
of the coldbox was wrecked by an ex-
plosion. Although the actual explosive
charge was small, the damage was quite
extensive. The detonation was extremely
violent. Three men were killed.

The accident was intensively investi-
gated by a team of 40 chemists and
engineers supplied by L.C.I, Air Prod-
ucts Inc., and Air Products (Great Brit-
ain) Ltd. Professor Newitt, head of the
Chemical Engineering Department of the
Imperial College of Science and Tech-
nology in London, acted as an indepen-
dent consultant.

The plant was being commissioned
when the accident occurred. It was

36 June 1960

quickly established that the whole plant
was running under good conditions.
There were no peculiar releases of hy-
drocarbon or acetylene from other plants.
All the measurements had been properly
taken. An additional hydrocarbon instru-
ment had actually been installed on this
very day and had shown repeatedly that
the figures for total hydrocarbon were
well within the specification. So far as
anything inside the plant was concerned,
everything had been in order. The only
irregularity had been a liquid oxygen
leak.

It was established by patient excava-
tion of the debris that the explosion
had occurred over a relatively small
area, perhaps 3 sq. ft., near the floor in
the corner of the coldbox. This area was
close to the place where the liquid oxy-
gen leak had occurred. A nitrogen line,
which had originally been within 10 in.

of the floor, was now pushed up to an
apex about 10 ft. above it. This con-
firmed our conclusion that the explosion
had been outside the plant’s pipes and
vessels. It occurred on the floor of the
coldbox or very close to it. While it was
obvious that the liquid oxygen was one
component of the fuel, it was difficult
to see how any combustible could have
gotten into the position where the explo-
sion occurred.

The damage caused was equivalent to
the detonation of about a pint and a
half of lubricating oil spread over rock
wool and soaked in a slight excess of
liquid oxygen. We think we know where
this pint and a half of oil came from.
But it was diflicult to explain how it
got to the site of the explosion.

This plant has turbo-expanders with
gear assemblies mounted on bases just
outside the coldbox wall in the compres-
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Interior view of the anhydrous ammonia plant at American Cyanamid's Fortier plant near New Orleans. In the left fore-
ground is one of the circulator compressors. The nitrogen and=~synthesis gas compressors are in the background.

sion plant. Qil had dripped occasionally
from these gear assemblies on to their
bed plates, but not in large quantities.
The turbo-expanders themselves were
faultless, These small leakages of oil
were always meticulously cleaned up,
but it is believed that some oil did get
down off one of the bed plates and seep
into a narrow crevice between the ex-
pander assembly mounting base and the
coldbox wall. Although there was sup-
posed to be, and probably had been
originally before coolings-down and
warmings-up had spoiled it, a proper
joint between the wall and the concrete,
we believe that oil from this source did
seep into the position where the explo-
sion occurred.

It seems useful to report this incident
because there may be other plants where
traces of oil have gotten into the cold-
box or where oil exists just outside the
coldbox. If there are, a leakage of lig-
uid oxygen could lead to a similar disas-
ter. It is to be remembered that mix-
tures of liquid oxygen and oil are so
notoriously sensitive that even the vibra-
tion of the ground can be sufficient to
set them off.

FRANK HIMMELBERGER — Air
Products, Inc., Allentown, Pa.: What
are some implications of the ICI explo-
sion? First of all, the expander location
should be spotted at least two feet away
from the coldbox, so that there is a visi-
ble area between the coldbox and the
expander pad. This will minimize the

possibility of an unnoticeable crack oc-
curring between the foundation and the
coldbox panels, or in the foundation it-
self. This incident also emphasized the
importance of a solid concrete pad, or
at least solid construction under the box,
so that no cracks are available for oil
seepage.

Very rigid rules about oxygen concen-
tration in wool and air plants must be
established. We will not tolerate more
than 40% oxygen in rock wool and, as
a matter of fact, we try to hold it below
25% oxygen. Explosions in rock wodl,
with gaseous oxygen, are extremely un-
likely because the rock wool itself is a
diluent.

GORDON WEIGERS—American Cy-
anamid Co., New Orleans: [ might
point out that we were also very con-
cerned about the possibility of getting
oil into the area of the oxygen plant.
We're fortunate in that our expanders
are on separate pedestals and the oil
would literally have to leap over a four-
foot gap. However, one of our operators
pointed out that we have a very large
compression building adjacent to our
oxygen plants and the surface drainage
in the area was such that oil spill in
the compression building would run
right by and between the oxygen plants
where, from time to time, it was con-
ceivable that we could have a spill. So,
we tore up (I don’t know how many)
cubic yards of concrete and relaid all
our drainage ditches and regraded the
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area so that there is now a ridge be-
tween the coldboxes and the compression
area; so that surface drainage cannot
mingle between the two aieas.

R. E. BUTIKOFER—Standard Oil Co.
(Ind.), Whiting: It’s common practice
in the construction of coldboxes to use
wood for bracing inside the box. Very
likely everyone of us has some wood
inside his air separation coldbox.

D. C. LAMOND — Canadian Indus-
tries, Ltd., Kingston, Ontario: Follow-
ing the ICI explosion, we entered our
coldbox first to determine if there was
excess oil in our rock wool, or any type
of leakage. Then we removed the floor-
level wooden structures from the cold-
box. We took a great many samples of
rock wool, and could find no excess of
oil. In our turbine and pump room, we
graded the floor away from the coldbox
so that oil could not run back into the

box.

WALTER LINDE—Linde A G, To-
ronto, Ontario: We specify the oil con-
tent in the wool that is used in our
plants to be less than 0.1%. The reason
is we figure, that on deriming, we have
a concentration of the oil. It evaporates
where there is a hot pipe or vessel and
it condenses where you have a cold spot.
We feel it is better to be safe than sorry.

R. W. ROTZLER—Monsanto Chemi-
cal Co., Texas City: The only oxide of
nitrogen that we have found is N,O.
We have tested for, but have not found,
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Small-scale apparatus from Mine Safety Appliances Co. for vaporizing liquid
oxygen.

either NO or NO, in any concentra-
tions that we were able to measure.
Now, on the basis of the tests that we
have made, the N,O itself, or even asso-
ciated with acetylene is not dangerous.
It’s the acetylene that’s dangerous. The
N,O apparently does nothing more -than
dilute it, and anchor it. In laboratory
tests we ran on N,O-a etylene crystals,
we failed to get exple of N,O-acety-
lene crystals without li_.id oxygen. With
liquid oxygen, there are explosions which
are just as violent as if the crystals were
pure acetylene, but the N,O apparently
does not contribute much to the ex-
plosiveness of the mixture.

Accidents and analyses

WEIGERS—American Cyanamid: We
had a most unusual mishap. We were
operating our plant in a normal fashion
and one day noticed that the pressure
in the coldbox wall went up appreci-
ably, and our heat-leak went up. We
found ourselves running with more ex-
pansion turbines to maintain our liquid
levels. We found that we had to cut
preduction to maintain our liquid bal-
ance. A big ice spot appeared on one
of the walls in the coldbox. At the first
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opportunity we shut the plant down to
inspect it. We took the inspection plate
off the coldbox wall in the area imme-
diately adjacent to the ice spot, hoping
that we would find a flange leak, or
something of that sort. We found the
source of the trouble but couldn’t imag-
ine how it occurred. A vertical run in
the piping from the bottom of the re-
generators to the high pressure column,
had a dent in it as if someone whaled
away at the pipe from the inside with a
100-pound ball-peen hammer. A little
lump was formed like a golf ball stick-
ing out of the pipe. Close to this, stightly
below, the pipe was worked into a col-
lar-like flange. The pipe was sheared off
just across the top of the collar. It cer-
tainly looked like a detonation; it had
all the indications of a very quick, very-
high energy release although, fortu-
nately, the amount of fuel there must
have been very small. The thing that
intrigued us is, how 'did it get up into
a vertical run?

We're not sure we know the answer
vet. There were stones from the regen-
erators lying in the pipe below, which
were not the result of the accident. One
possible theory is that during the pre-
vious run we could have gotten some

solid acetylene o ’these stones, and that
these stones bouncing up in the pipe
caused the explosion. We're not at all
satisfied with this explanation. It takes
too many things for granted. The fact
is that we had a minor detonation. The
pipe failure was such that it could not
be explained by high pressure. There
was no evidence of corrosion on this
pipe that would lead one to believe that
the pipe may have been weakened by
corrosion. This occurred at a time when
we were running a recording acetylene
analyzer on the intake air. We were
rupning a recording total hydrocarbon
analyzer on the liquid oxygen in the
main condenser and, as is our routine,
we were making acetylene analyses every
hour-and-a-half. The wind for the pre-
vious 36 hr. had been from a direction
where there is swamp for 75 miles.
There were no diesel engines running
near the air intake. We had been com-
pletely unable to find a possible source
of acetylene during the previous 3 or 4
days. We don’t know where the source
of" the detonation came from. We are
assumning it was acetylene. But of course
we can’t substantiate it.

One thing I might add, the plant had
been on stream for about three weeks
following a total derime,

R. L. SWOPE—Southern Oxygen Co.,
Washington, D.C.: You mentioned that
there were 735 miles of swamp. One
principal product of the swamp is marsh
gas, methane. Methane in our liquid
oxygen, seems to stem largely from the
existence of a sanitary land-fill located
a half mile from our oxygen plant.
When the wind is from that direction
we invariably have an increase in the
amount of methane in the liquid. I don’t
know whether methane in your case
could have risen to such an extent as
to be hazardous., Methane does stay be-
hind in liquid oxygen as you boil off
vapor. I don’t know whether your plant
involves boiling the liquid. If so, you
may have a residual pool which might
tend to retain the methane to a point
where it might become hazardous.

WEIGERS—American Cyanamid: The
point is an interesting one. However,
the total hydrocarbon analyzer that was
in operation during this time showed a
very low reading—between 5 and 10
ppm. This is pretty much the “back-
ground noise” that we run into in our
environment. I doubt that methane from
the swamps was the source of our

problem.

This concludes the published report
on the Air-Ammonia Safety Sympo-
sium first-presented at St. Paul, with
the first part appearing in the May
issue of CEP. Readers interested in
additional details may order reprints
with supplemental material (see box).
If you want to participate in the
question-and-answer sessions, come to
Tulsa, September 25-28, where an-
other symposium is on the docket.
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