Ammonia Storage Tank Repair

Had it been possible to close the tank’s block valve during the overflow,
much of the ammonia spillover could have been retained.

J.G. MacArthur
Willchemco, inc.
Tulsa, Okla.

TANK NUMBER:

TR TOMARL
R NEBRABMA
SHEET N0, 10 OF I0
{114 FEEY 115 FEET f1ie reET 1117 Feev |_11g_reer [ FEET
LT W, N i, i, .

k2 ¥4,71011 873501533 35,320,956 | 0| 3562579 E
24 Fr 34,716.47 |3 3502169 (K| 3532692 % 3563215 35,937.38 Q
£0 t 34,722.82 Wt 35,028.05 t 35333.28 [} 35,638,51 3594374
o613 4.72918 3 034,41 55,3‘603 AR A L 95010 |3
31|17 3573554 3504077 X 3 35556.46
€7 1% 3478190 [%| 3504713 [®| 3535236 (K| 35657.59 [¥]

03 1%) 3474826 [¥| 3505349 | 3535871 {4 3566395 [} ;i
39 5| _34i75462 [$5| 3505985 [¥| 3536507 35,670.31
751217 34,760,598 15,086.50 35,371.43 15,676.66

11 13 34,767.34 [X| 3507256 [ K| 3537779 (M| 35683.02 1; ‘l;;‘_
47 "i 3477370 [%| 3507892 j{ 3538415 (34| 3568938 A %L
23 |%|_3a780.05 5| 3508528 5| 3539081 |%| 3569574 |1
19 34,766.41 335,69164 13| 3539687 35,702.10

=4 Pl 3479277 1% 35098.00 [K! 35403.23 {¥| 35708.46 |}

90 34,799.13 3510436 %’i 35,409.59 35714.82 [

26 1%|_34805.49 [¥|_ 3511072 3| 3541595 3572118 [3

£2 34,611.85 35117.08 | 3542230 |41 35727.54
98 }E 3401821 [ %] 35123.43 [H]| 3542866 |3 35,733.90 {I£ 15
34 3482457 [4| 3512079 || 3543500 (| 3574025 [ ]
70 [5| 3483093 13| 3513645 [5] 3542138 [37| 3574661 3 £
& %4,837.28 3514251 {8 [35447.74 EYATE 3
42 {7 34,843.64 [K| 3514887 K| 3545430 Y| 3575933 |§ 7
77 1%| 3a8s000 [ 3515523 (K| 3546046 3] 3576569 [ 1{
13 I%| 3a8s636 (| 3516159 | 3546682 35,772.05 |4 K
s 33,862.72 2E167.55 3731 35,778.41 | &

8s 34,869.08 |7 3517431 | ¥ 35,479.54 |3 35,784,277 |
21 34,875.44 |} 35,180.66 3548589 |1 3579143 ‘t ‘!{‘
57 34,881.80 | 3518702 3549225 %] 35797.49 |3 5
93 34,888,16 3519338 [ 1| 3549861 35,B63.84

29 3| 34,894.51 35199.74 {3 3550497 (K| 3581020 3
65 55| 3490087 3520610 | 3351133 (G| 3381636 3
01 34,907.23 35212.46 || 3551760 15| 3582292

36 34,513, 3| 3521882 | 35524.05 | 8] 35 [}

22 IZ| 34,91955 % 3522518 Wg 35530.41 14| 3583564 :E X%
o8 34,926.31 35231.54 13| 3553677 | 35842.00 K
a4 |3 4,932.67 §3¢| 3523790 3| 3554313 |3 3%,848.36 || 3
80 4,939031 9 4425 3554048 | 8| 3585472 |1

16 |¥ 34,945,339 35250.61 (%1 3555584 |1 35,661.08 1
s2 |7 4,951.74 3525697 [4! 3556220 14| 35867.43

g_a_1 4,958.10 3526333 35568.56 3587379

4 X4,9E2.25 .65 116|55,574.02 |16 35,880. )
9 4,970.82 3527605 || 3558126 [¥| 2588651 [K]

5 97718 35,282.41 (| 35587.64 [%]| 3589287 (%]

1 34,983.54 3528877 3559400 Fif| 3589923 [

il kS 4,58990 '3%‘2‘95.13 £ LY .36 35,965.59 n
b3 34,99626 35301.48 {71 3560672 1| 3591195 [%]

39 35,002.62 35307.84 4| 2561207 H‘j 3591831 K]

s 3500897 3531420 3561943 35924.67 1

STRAPPED AUSUST 23, 1967
-.Mﬁ___

aeuTy parecTon. of peraoEun
APPAGYED 3 NEW YOAK PRODUCE LIENANAE

Figure 1. Strapping table.

On November 16, 1970, Gulf’s refrigerated ammonia
storage at Blair, Neb. overflowed, causing considerable
concern to residents of the community but, fortunately, no
serious injuries. One hundred sixty tons of ammonia were
lost to the atmosphere and three city firemen were treated
for fume inhalation. :

Why did this accident happen? As in the case of most
accidents, human error was the basic cause. Circumstances
leading to the overflow were:

1. Shore tank inventory at the time the barges arrived

was 32,213 tons. The barges were gauged at 3,081 tons, for -

a total of 35,294 tons. A check of the strapping table
(Figure 1) indicated off-loading the barges would raise the
tank level to 115 ft. 11 in. Please note this table gives no
indication of maximum fill point. At 5:45 a.m., the shore
tank gauge was read at 115 ft. 2 in. Approximately 10 min.
later the operator noted vapor migrating from the tank area

and initiated shutdown procedures for the barge off-loading
operation. At the time of shutdown, three of the four barge
tanks had been emptied, and the fourth tank was being
pumped at a reduced rate estimated at about 75 ton/hr.
This is equivalent to approximately 3 in./hr. rise in tank
level. Barge stripping operations had started approximately
30 min. before the spill was detected. Prior to that time,
off-loading was at a rate of 550- to 600 ton/hr.

2. At the time the barges were loaded for delivery, it
was known the load would bring the tank level to
over-design capacity of 35,000 tons. The strapping tables
indicated there was room to hold the barge cargo, leaving 2
ft. 2-1/8 in. freeboard in the tank. The operating manual
stated the high level shutdown alarm was located 3 in.
below the overflow pipe inlet. Everyone concerned with the
operation made the erroneous assumption that the last
reading on the strapping chart was the elevation of the
overflow pipe. You will note Figure 1 is listed as sheet no.
10 of 10. Had anyone looked at sheet no. 1 of 10, they
would have found a note stating, “Table scaled from
extreme bottom to rim of shell,” which may or may not
have triggered a question as to the location of the overflow.
We will never know.

Failure of alarm and shutdown system

In retrospect, we now know the high level alarm and
shutdown system failed to operate. We feel fairly certain
the overflow discharge valve failed to respond to the design
2.2 1b./sq. in. opening pressure, and the tank level rose well
above the overflow pipe before the relief valve opened. A
check of the high level alarm system, after the accident,
showed that after maximum deflection of the microswitch
lever by the activating cam, an additional 10/1,000 in.
displacement to the lever was required to activate the
system.

In reconstructing events leading to the overflow, we
need to list a few significant tank levels, Figure 2. (This
figure is correct with respect to elevation but not to plan.)

Top of tank shell 118 ft. 1 in.
8 in. compressor suction line 115 ft. 11 in.
Bottom of hanging roof deck 115 ft. 7 in.
4 in. overflow line 115 ft. 1 in.
High level alarm 114 ft. 10 in.



Because of the rate of pump in at the time of the
overflow and the amount of material lost and pumped into
tank cars, it is apparent the tank level was above the
overflow pipe for an extended period of time. We believe

the overflow relief valve failed to respond to a pressure
equivalent to a head of 110 ft. of ammonia (32 Ib./sq. in.),

and the level continued to rise until it reached the hanging
roof at .which point the instantaneous pressure increase
(hydraulic slap) activated the relief valve. The ammonia
level rose rapidly in the compressor suction shroud, spilling
into the suction line and the compressor entrainment
separator. Fortunately, shutdown procedures were timely
enough to prevent any damage to equipment.

Once the overflow valve activated, ammonia discharged
to the atmosphere for a period of about 2-1/2 hr. From the
standpoint of vapor dissipation, atmospheric conditions
could not have been worse; there was practically no wind
and an atmospheric inversion existed. As a result, vapor
migrated from the tank as a low-hanging cloud
approximately 8- to 30 ft. in thickness and, at times during
the period of discharge, extending over 9,000 ft. from the
tank. Figure 3 shows the approximate area (about 900
acres) that at one time or another was covered by the
cloud. In this figure, the Gulf terminal is designated “A”.
“B” is the dock about 1,000 ft. from the tank where the
barge towboat stayed most of the time during the spill, and
“C> is the nearest residence (3,800 fi. Fortunately, the sole
occupant left for work at 4:00 a.m., thus missing exposure.
“D” is a stock farm (5,800 ft.) where two hogs are reported
to have died due to exposure, and cattle were reported “off
their feed” for several days after the spill. At point “E”,
(9,300 ft.), where a county road was covered, a panel truck
was observed driving through the cloud. The driver later
commented that the ground fog was heavy and smelled bad.
Point “F” (1,700 ft.) is the nearest habitation south of the
terminal. This is a manufacturing plant which was closed
and evacuated during the spill. The Agrico Chemical Co.’s
ammonia terminal is located at point “G” (4,200 ft.).

Apparently, there was a very gentle breeze from the
southeast which kept the cloud from covering or passing
over the river and, about 2 hr. after the spill started, cleared
the operation area sufficiently to allow tank car loading to
be initiated. The cloud at no time crossed the railroad fill
running in ‘a northwesterly direction between the terminal
and Blair. Although no residences in the town were
evacuated, school children were sent home and several farm
residences were evacuated after being alerted by the County
Sheriff through a loudspeaker from a low-flying plane.

The local fire and rescue department were called when
the spill started. A pumper truck was stationed as near the
overflow valve as possible, and a continual stream of water
was directed at the relief valve. There have been many
discussions since the accident on the advisability of this
procedure. The literature suggests using water only on small
spills. In this particular case, we did not know the amount
of the spill nor the diménsions of the pool. Again, in
retrospect, we feel the use of water did little to contribute
to the extension of the vapor cloud except to identify its
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Figure 2. Cross section of ammonia storage tank.

Figure 3. Map showing the approximate area covered by the
ammonia cloud.



Figure 4. Aerial view of the ammonia cloud shortly after
the spill.

presence. Had there been a control area under the overflow
to limit the size of theé pool, the use of water might have
been questionable. With 6.5 acres of land inside the dike,
however, it is doubtful if steady-state evaporation could
have been achieved within a reasonable period of time. If
this is true, then the addition of water was helpful in that
evaporation was hastened and the area was cleared more
rapidly than if we had depended upon ground and solar
heat to vaporize the spill.

As mentioned earlier, the cloud covered a substantial
area of the flatlands surrounding the terminal, Figure 4.
Fortunately, however, aside from the deaths of the two
hogs, and the upset of some cattle, the only other damage
that resulted was a grass-burned area of about 4,000 sq. ft.
under the relief valve. Undoubtedly because of the time of
year, theré was no vegetation damage noted in the area
covered by the cloud.

Lessons learned

1. The high level shutdown alarm system is of
questionable dependability. It is reported to-activate within
2 in. of tape travel at a tank level of 100 ft. Our limited
testing indicates the distance of positive dependability is
more like 6- to 8 in.

2. Tanks equipped with overflow systems should have
the relief valve and block valve separated by sufficient
distance to allow closing the block valve when the relief
valve is open. At Blair, the block valve is directly below the
relief and showered with liquid ammonia during an
overflow. Had we been able to reach the block valve, much
of the overflow material could have been retained in the
tank.

3. The local volunteer fire and rescue department of
Blair is very well equipped to handled this type emergency,
having sufficient self-contained air packs and rubber suits to
operate efficiently. We did, however, add a rocket refueling
suit to the terminal safety equipment, since we found
rubber suits with outside air packs to be inadequate for
sustained exposure at levels of vapor concentrations
encountered during the spill.

4. We have concluded the best safety device for tank
level is a reliable gauge, and so we are installing a back-up to
the present Shand & Jurs tape gauge. Hopefully, we will be
able to establish its reliability before something happens to
the tape gauge.

Although the Blair incident resulted from a number of
circumstances which are not likely to recur, we have taken
measures to guarantee against another overflow. For
example, to insure that the strapping tables are not
overlooked, all of our charts have been “red lined” at the
maximum load point. In addition, a procedure has been
established to check high-level safety equipment when the.
tank level will exceed 112 ft. during a receipt, on the
assumption that an overflow could occur under this
condition. #

There is a lesson in every accident, and this one is no
exception. Some of the things we became aware of as a
result of this incident are noted below:

MacARTHUR, J. G.



DISCUSSION

Q. Did you go to any length to really confirm the fact that
the animal had been killed by ammonia fumes rather than
either a heart attack or any sudden alarm or that kind of
thing?

MACARTHUR: No, we did not. The farmer was reported
to have sent the carcasses to the Nebraska Board of Health
for autopsy; we did not receive a report from that body.
Q. Has there been any action taken by the city of Blair or
any of the groups in Blair as corrective measures to either
help in situations like this or hinder, if you want to say?
MACARTHUR: For a couple of days following the
accident there were comments of concern by local citizens.
The environmental studies seminar at Dana College issued a
nine point proposal to the city council, suggesting steps to
be taken to protect local citizens and property from the

hazards of ammonia; some of the points brought out by the
students were good. One suggestion was that ammonia
trucks be very carefully routed through the town of Blair.
We had technical people present at the regular council
meeting following the spill. They answered all questions
frankly. We think we have retained good public relations
with the city of Blair.

The city editor wrote a very helpful editorial on the fact
that ammonia is a way of life, and that you can have
accidents with ammonia, but you can also have accidents
with automobiles. Although the situation as it developed
was very serious, it could have been a lot more serious.
Fortunately, everything worked out all right, and | think
our relationships in the Blair community are back to
normal. Yes sir,

Q. Could you tell me how long it was before the area was
clear again, clear of ammonia and you could get around,
and what was the temperature, the ambient temperature?
MACARTHUR: What was the ambient temperature? Well,
the spill occurred about six o’clock in the morning. The
ambient temperature was about 35 degrees. With respect to
clearing the area, for the area around the tank inside the
dike, it was about two and half days before we could get
into that area without a mask. The compressor house and
areas outside the dike, even the top of the dike, cleared as
soon as the inversion lifted,

Q. What kind of level instrument did you have, and what
was wrong with it? And secondly, what was it you added? |
think you said you added a Shand and Jurs level instrument
of some type.

MACARTHUR: We presently have a Shand and Jurs tape
gauge. We are adding a DP cell type called a Digigauge.
There was nothing wrong with the level indicator at all. The
gauge told us the level in the tank. What was at fault was
the high level shutdown alarm. We have a high level
shutdown alarm on the tape gauge which, at 3 inches below
the overflow, was supposed to activate a shutdown system.
However, it was incorrectly set, and, as | said, we didn't
check it. Of course, we did not establish the exact location
of the overflow until after the accident. Yes sir.

JOHN LIVINGSTONE, ICl, Billingham, England: Two
points I'd like to raise if | may. The first one is that the
incident seems to have started with a relief valve which
seems to have lost its significance in what you’ve been
talking about. The relief valve didn‘t, in fact, first lift at its
design lifting pressure. Did you ever determine why it
didn‘t lift? '

The second question I'd like to ask, if | may, is that the

philosophy of putting a block valve underneath a relief
valve is something that certainly in England is very highly
frowned upon. So when you find that you have a relief
valve lifting, one would have thought the last thing you
wanted to do, if it is lifting, is to shut a block valve and
then definitely overpressure a vessel that might well have
been overpressured in this instance.

MACARTHUR: | didn't understand quite the last part of
your question.

LIVINGSTONE: The second part of the question. Yes, I'm
asking what is this philosophy - why do you use one of
putting a block valve underneath a relief valve in such a
system?

MACARTHUR: Well, to answer your first question, we can
think of no reason why this valve did not lift. It's a gravity
weighted valve sitting on a sharp edge and it definitely
should have lifted. It had never been lifted since
installation. Possibly there could have been a temporary
obstruction of some sort in the line. We don't know why it
did not activate; all our calculations and the design write up
on the valve indicate it should have lifted at 2.2 pounds
pressure. But in reconstructing the incident, we feel sure
the ammonia level was above the overflow for at least 30
minutes, yet the valve didn‘t lift,

Now as to why would you want to shut off the block
valve when the relief valve opened? Well, in this case, we are
talking about a liquid head pressure; | can understand why
you would not want to block if you had a pressure relief
valve blowing. But in this particular case, we were just
holding head - we had an additional six inches of liquid
head in the tank, had we been able to close the block valve
we could have held that six inches of head until we could
have pumped the material out into tank cars. 1 don't see
that this would have done any harm to the tank. .
ANON: | think | can perhaps explain about this relief valve.
Perhaps you ought to explain that the relief valve is not a
relief valve in the ordinary sense of the word, and it is a
valve which is activated by the static head once the liquid
overflows from the tank. | think Livingstone was under the
impression that this was a pressure relief valve to safeguard
the tank from overpressure. We don’t have overflows in
relief valves and our philosophy is to make sure that we
know the level in the tank. I'd like to know what the
philosophy in the industry in general is. Is it usual to have
overflow in pipes with safety valves? Is it usual to have
tanks like ours which have no device of this kind?
MACARTHUR: Well, or course, since the accident we've
guestioned the advisability of having an overflow. | believe,
and people can correct me if I'm wrong here, the overflow
installation is pretty much limited to those tanks which
have hanging roof insulation; in other tanks, the tanks
which have insulation on the roof, the load line is pretty
close to the top of the shell. The hanging roof type have an
additional two feet of free board as a thermal differential
barrier, if you will, because as | understand it the metal of
the roof is not the type that will take very low
temperatures.

Perhaps somebody else who is more knowledgeable than
| can comment on my statement. Is anybody here from
CB&l? | guess we'll just have to go on what | said. Okay,
the gentleman back of the slide there.

Q. In some test spills on liquified natural gas, it appears that
the vapor cloud, the visible vapor cloud extends very much



further than the actual gas cloud. Do you think in your case
the vapor cloud and the actual ammonia vapor covered
about the same area or did the condensate drift further
than the ammonia - the ammonia diffused?

MACARTHUR: All | have to go on is the reports we had.
Whenever anybody got into the vapor cloud they could
smell ammonia. Outside the vapor cloud there was no smell
of ammonia until after the inversion lifted, then there was
no cloud inside the diked area, but you could darn well
smell ammonia when you entered this area.

L.V. CASERTA: American Qil Co.: In Texas City we have
three 15,000 ton storage tanks. Each of these tanks is
provided with dual relief valves on the domes. These are
umbrella roof tanks with insulation directly on the roof.
Each of the dual relief valves has full relieving capacity, and
each relief valve has a block valve under it. We generally
keep both valves in service, but we feel free to close off one
of these for repair to the relief valves. They have
malfunctioned occasionally. We're in a industrial/residential
area, and when a tank relief valve malfunctions generally
we're not the first to become aware of it. However, once

aware of a problem, we can get on the tank, block the relief
valve in, remove it, repair it, and return it to service.

| believe that in all of our installations in the Midwest it
is standard to provide dual valves and to put block valves
under them,
MACARTHUR: The relief valve | have been talking about is
a four inch relief valve located at the end of the liquid
overflow line. It's sole purpose is to lift under liquid
pressure should you overflow the tank. The pressure relief
valves on top of the tank are set for a pressure of, { believe,
a pound and a half, where this valve is set for 2.2. So it
should never lift due to anything except the head of liquid,
in the overflow pipe. And we feel that it will never lift again
except during tests.
P.d. SHOOK, Agrico Chemical. | just have a comment. We
dip stick a tank when we get near the top. We take a half
inch piece of tubing running through a swedge lock fitting,
put in any type gaseous flow - we usually use nitrogen -
"tee”” in a sensitive pressure gauge, and you can tell exactly
when it touches the liguid.
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