The Dakar Ammonia Accident:
Analysis of the Worst Incident at an
Anhydrous Ammonia User

The Dakar ammonia accident, in Senegal on March 24, 1992, is the worst ammonia industrial acci-
dent ever. This anhydrous ammonia industrial catastrophe claimed 129 lives and injured another
1,150 workers and citizens.

The accident happened at a peanut oil processing facility where ammonia was used to detoxify the
product. Anhydrous ammonia was stored in a portable tank commissioned in 1983 and repaired in
1991 before the incident. The weld repairs made were on cracks detected on the tank's surface. Fre-
quent overfilling of the tank ("authorized" to hold 17.7 tonnes) was one of the primary causes noted

in the reports. An overpressure inside the tank led to its catastrophic failure releasing 22 tonnes of
pressurized ammonia. A heavy white cloud of ammonia aerosol plus vapor spread a significant dis-

tance causing fatalities and injuries.

This paper presents an analysis of the incident and the resulting consequences.
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Introduction

nderstanding and managing the hazards
l | of pressurized anhydrous ammonia is
extremely important to prevent signifi-
cant accidents. Many incidents have oc-

curred in the industry in producing, transporting,
and using anhydrous ammonia.

The Dakar accident is the worst ammonia acci-
dent in terms of fatalities [1]. This paper de-
scribes the incident and an analysis of the conse-
quences observed. It is important to review the
details of the accident to derive lessons that all
stakeholders can utilize.

Of course, the worst industrial accident was the
Bhopal accident [2] on December 4, 1984, which
resulted in significant consequences and desira-
ble changes in industrial focus on process safety
and regulations implemented worldwide [3].
Like Bhopal, the Dakar accident (see Figure 1)
deserves equal attention as the worst accident
among ammonia handling facilities that we can
all learn from. The news report in Le Soleil (The
Sun) newspaper from the day after the incident
(Fig. 1) headlined the "cloud of death" following
the explosion of an ammonia tank. There were



similar news reports published in U.S. newspa-
pers describing the immediate consequence of
the accident [4-5].

Figure 1. Dakar accident news report (Ref. 1)

An understanding of the hazards of pressurized
gases (like ammonia, chlorine, etc.) and the con-
sequences of hazardous events can lead to good
decisions for minimizing process risk. This has
been continuously emphasized for numerous in-
dustries publicized by the Center for Chemical
Process Safety (CCPS) [6-7], the U.S. Chemical
Safety Board (C.S.B.) [8], and other organiza-
tions for a variety of different hazardous chemi-

cals.
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Figure 2. Dakar, Sénegal, Africa

Dakar Accident

Around 30 years ago, on March 24, 1992, the
country of Senegal (see Figure 2) experienced its
worst industrial accident in Dakar, Senegal, at a
peanut oil mill (operated by Sonacos SA) near the
Dakar port. The debris from the explosion of the
tank truck also pierced process equipment (e.g.
hose) containing liquid ammonia under pressure.
The release of 22 tonnes of liquid ammonia was
reported [1]. A two-phase flow of ammonia fluid
(vapor plus liquid as fine aerosol) formed a dense
vapor cloud and spread over a significant dis-
tance resulting in injuries and fatalities. The
dense plume settled over the oil mill, nearby of-
fices, and adjacent restaurants where people were
present at lunchtime. Forty-one (41) people died
immediately, and many others were transported
to the nearest trauma center. Ultimately (after a
month), the total numbers were determined to be
one hundred twenty-nine (129) fatalities and one
thousand one hundred and fifty (1150) injuries.

Figure 3. Peanut Oil Mill [1]

Most of the injuries and fatalities resulted from
inhalation of ammonia at high enough concentra-
tions that caused respiratory lesions, edema in the
lungs, and skin/eyes irritation. Near the release
location, many of the fatalities resulted from di-
rect skin exposure and cold burns and inhalation
of high concentrations. Fortunately, because of
the Ramadan holidays, the schools nearby were
closed, and restaurants were less crowded. Oth-
erwise, the number of fatalities and injuries could
have been much higher.



Process Operation & Incident Details

Peanuts and peanut oil were among the top com-
modities exported from Senegal in the 1990s. To
extract peanut oil from peanuts, anhydrous am-
monia was used to detoxify the product at a pea-
nut oil mill in Dakar which Sonacos SA owned.

Anhydrous ammonia was brought to the Mill by
aroad truck from a fertilizer company nearby that
stored large quantities of cold liquid ammonia in
spheres. The tank was then placed at the Mill for
use as a storage vessel since no other storage
tanks were present at the Mill.

The details of the ammonia tank that exploded
are as follows [9]:

Diameter: 2.2 m

Thickness: 11 mm

Volume: 33.5 m*

Construction material: Annealed hardened steel
Construction year: 1983

Last maintenance year: 1991

The tank was built by a French company in 1983
and certified as compliant with regulations. From
1983 to 1991, the tank truck was frequently over-
filled beyond the "authorized" 17.7-tonne filling
limit. The overfilling led to overpressure and
crack formation that was detected in 1991. The
crack was welded but not annealed. After the re-
pairs were done, the truck continued to be over-
filled on the day before the accident. The tank
was filled with 22,180 kg of liquid ammonia un-
der pressure and was placed at the Mill.

Around 1:30 to 2:00 PM (during shift change),
on March 24, 1992, the tank suddenly burst open
along the middle with the two portions propelled
in different directions. The collision from the
tank contacting the buildings caused significant
damage and debris (Fig. 4 — 6). The chassis and
axle from the truck were found up to 200 meters
away beyond the facility boundary. Anhydrous
ammonia from the tank was released almost in-
stantaneously, and heavy, dense clouds spread
well beyond the facility into the industrial and

residential neighborhoods. The debris caused the
failure of a hose connected to the process vessel,
with the discharge continuing for at least half an
hour.

Figure 4. Front of the Tank View 1 [1]
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Figure 6. The rear of the tank [ 1 ]

Weather Conditions

During the time of the accident, the weather con-
ditions were as follows [9]:

Temperature: 26 C

Wind speed: 4 m/s

Wind direction: North



These weather conditions were used for the con-
sequence analysis discussed below.

Medical Treatment

On April 2, 1992, U.S. Ambassador Katherine
Shirley declared a disaster and requested the pur-
chase of emergency respiratory and cardiac mon-
itoring equipment. Pulse oximeters and E.C.G.
cardioscopes with accessories were procured and
immediately dispatched to Senegal. The equip-
ment was donated to the intensive care unit at Da-
kar's Trauma Center, where victims seriously in-
jured by accident were being treated. Nine days
after the  equipment was  received,
USAID/Senegal representatives met with the
Trauma Center staff and were told by the physi-
cian in charge that the equipment had made a dif-
ference between life and death. Of the more than
400 patients admitted to the Center, only 31 re-
mained under treatment. In mid-April. the total
death count from the accident was 129 people.

The patients treated for minor skin lesions devel-
oped pulmonary edema (fluid build-up in the
lungs) in the trauma center. Most of the people
killed near the tank explosion and release were in
semi-confined locations (Mill, restaurants, dam-
aged buildings, and in the streets nearby). Among
the injured were emergency responders that were
ill-prepared to deal with an event of this magni-
tude.

A detailed chronological study [10] based on an
autopsy of people that died revealed that the vic-
tims were between 3 months and 74 years old.
The cause of death was identified as the after-ef-
fects of pneumopathy (pulmonary infection,
bronchiectasis, and pulmonary fibrosis). The in-
tensity of lesions and mortality was proportional
to the quantity of inhaled ammonia per m? of air.

Primary Cause: Overfilling

A systematic root cause analysis of the Dakar ac-
cident can yield multiple causal factors (related

to design, operation, hazards management, etc.)
resulting in the incident. However, there is one
primary cause (overfilling) that is obvious and
has resulted in and continues to cause numerous
incidents throughout the world.

Understanding the hazards of overfilling and de-
termining the "Filling Ratio "for a variety of con-
tainers (cylinders, tanks, etc.) to avoid incidents
like this Dakar accident has been widely recog-
nized [11-13]. Overfilling of high pressure com-
pressed gases can result in overpressure and loss
of containment.

Filling Ratio

The filling ratio is defined as "the ratio of the
mass of gas to the mass of water at 15°C that
would fill completely fitted ready for use" [13].
For high-pressure liquified gases (like anhydrous
ammonia), the filling ratio is determined such
that the settled pressure at 65 °C does not exceed
the test pressure of the pressure receptacles. The
minimum test pressure typically required is 1
MPa (10 bar). If relevant data are not available
for high-pressure liquified gases, the Maximum
Filling Ratio (F.R.) is determined as follows:

FR=85x10*xdgx Py
where dg = gas density (at 15°C, 1 bar)(in kg/m?)

Pr = minimum test pressure (in bar)

Table 1. Filling Ratio for Ammonia Receptacles [13]

Receptacles Max. Al- | Min. Test | Maximum
lowable Pressure Filling Ratio
Working (bar)
Pressure
(bar)
Cylinders, 29 0.54
Drums
Portable 20-29 0.53
Tanks
Tanks 26 -29 0.53




Table 1 [13] provides the published Maximum
Filling Ratios for anhydrous ammonia. The pres-
sure testing is typically done every 5 years for
ammonia receptacles.

For a tank (or any other receptacle) containing
anhydrous ammonia under pressure, it is best to
ensure that the filling ratio does not exceed 0.53.

The tank in the Dakar accident was overfilled to
almost the full volumetric capacity of the vessel
(33.5 m®) before the day of the accident.

Consequence Analysis

An analysis of the consequences of the ammonia
releases during the incident on March 24, 1992,
can be done using the release and weather data
that is available. The Emergency Response
Planning Guideline (ERPG) concentrations pub-
lished by the American Industrial Hygienists As-
sociation [14] can be used to determine the acute
toxicity effects. The ERPG-2 and ERPG-3 con-
centrations for ammonia are 150 ppm and 1500
ppm, respectively. ERPG-2 is a concentration
above which irreversible injuries can occur. Very
serious injuries and potential fatalities can occur
based on exposure time at concentrations above
ERPG-3.

The probability of fatality can be determined us-
ing Specified Level of Toxicity (SLOT) and Sig-
nificant Likelihood of Death (SLOD), and Dan-
gerous Toxic Load (DTL) data published by the
U.K. Health and Safety Executive [15].

Table 2. SLOT and SLOT DTLs for Ammonia [15]

Sub- CAS SLOD
stance num- n' SLOT DTL DTL
name ber value (ppm".min) (ppm".min)

Anhy-
drous
Ammo- 7664-
nia 41-7 2 3.78 x 10% 1.03 x 10°

On March 24, 1992, around 22 tonnes were in-
stantaneously released when the tank exploded.

In addition, loss of containment from a hose con-
nected to the process tank continued for a signif-
icant period of time.

The DNV PHAST model [16] was used to model
the release and dispersion of the heavy gas cloud
from the two scenarios (Instantaneous Release:
22 tonnes; and Continuous Release: Hose Fail-
ure).

The maximum footprint generated by the instan-
taneous release of 22 tonnes is shown in Figure
7. The injury concentrations (ERPG-2) extend to
more than 4 km and with a width of about 4 km.
The distance to ERPG-3 is about 1.5 km, the zone
within which there might have been serious inju-
ries and fatalities. The cloud would have been
visible only up to a 900 m. Figure 8 shows an es-
timate of distances for the higher probability of
fatalities. Up to a distance to almost 200 m, the
probability of fatality is 100%, and then it drops
to 0.1% by 500 m, primarily because the expo-
sure time is shorter for an instantaneous release.

The maximum footprint generated by the contin-
uous release from a 3-inch hole (e.g., hose fail-
ure) is shown in Figure 9. The plume is narrower
(less than 1 km), but the injury concentrations
(ERPG-2) extend to almost 5 km. The distance to
ERPG-3 is less than 1.5 km, again the zone where
there might have been serious injuries and fatali-
ties. The visible range would have also been
around 900 m. Figure 10 shows an estimate of
distances to a high probability of fatalities. Up to
a distance of almost 400 m, the probability of fa-
tality is 100%.

Based on the proximity of the population near the
oil mill that has been reported, it is therefore not
surprising that 1150 people were injured, and
there were 129 fatalities. Because of a religious
holiday (Ramadan), the population off-site, espe-
cially in nearby schools and restaurants, was a lot
lower. If this incident had occurred on any other
day, the injuries and fatalities would have been
higher.
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Figure 10. Probability of fatality vs Distance for the Continuous Release from a 3-inch hose

Lessons Learned

A detailed analysis of the causal factors can only
be done using evidence (preserved/protected)
and related data from the day of the accident. Af-
ter a period of 30 years, it is almost impossible to
reconstruct all the details based on limited data
that is currently available in public literature.
However, some general lesson categories (re-
lated to technology, operations, management,
etc.) and generic causes can still be extracted. Ta-
ble 3 below provides a summary of lesson cate-
gories and high-level causes, that can be broadly
leveraged to prevent such incidents from happen-
ing.

In addition to the primary cause (i.e. overfilling)
noted above, there were many failures in the fol-
lowing categories: technical; operations; facil-
ity/corporate leadership; government oversight;
and industrial standards/governance. These are
all important for safe operation of ammonia fa-
cilities in all global locations.

An industrial standards organization for ammo-
nia (like they exist for other chemicals like chlo-

rine — Chlorine Institute, Eurochlor) might im-
prove process safety performance in all jurisdic-
tions, particularly in developing countries. The
production and use of anhydrous ammonia is ex-
pected to increase dramatically across the world
in the next few years.

In Senegal, anhydrous ammonia will continue to
be used in large quantities since it is needed to
detoxify agricultural commodities (i.e. nut oils)
to eliminate aflatoxins. The demand is high and
likely to increase over time. Ammonia is cur-
rently seen as a "formidable and indispensable
killer" resulting from the Dakar accident in Sen-
egal [17]. Lessons from Dakar and other inci-
dents can be effectively used & leveraged to im-
prove the perception of ammonia and promote its
safe handling everywhere.



Table 3. Potential Lessons that can be Learned & Leveraged from Dakar Accident

Lesson Category

Potential Causal Factors

Technical

Poor understanding of hazards of anhydrous ammonia under pressure

Improper design and utilization of equipment and protection systems;
inadequate design basis documentation

Inadequate or no hazard reviews, consequences, and risk analysis

Operations

Lack of training & competency development

Poor emergency response planning & procedures

Improper testing and inspection of equipment & control systems

Failure to understand the gravity of an abnormal situation and poten-
tial consequences

Leadership

Lack of safety concerns at senior leadership levels

No policies, procedures, or guidance documents related to process
safety

Lack of risk assessment & management practices

Failure to be open/receptive, bad safety culture

No sense of vulnerability and failure to equip plants with required re-
sources

Government Reg-
ulations/Industry
Standards

Lack of process safety regulations, standards

Absence of toxics substance management policies & procedures

Poor emergency management and lack of coordination of community
response

Adhoc siting of hazardous industrial operations

Lack of controlling land use and poor zoning of land use

Poor implementation of safety audits & recommendations




Summary

The Bhopal accident was the worst industrial ac-
cident, but the Dakar accident on March 24,
1992, is the worst ammonia industrial accident
ever. It was also the worst industrial accident in
Senegal.

High pressure in a portable tank resulted in the
crack spreading and splitting the tank into two
parts and a loss of containment of 22 tonnes of
ammonia. The debris also damaged process
equipment and resulted in an extended release
from a hose failure.

An analysis of the consequences of the ammonia
release scenarios demonstrates that the estimated
distances for potential fatalities (1 km) and inju-
ries (4 to 5 km) is very significant, with several
fatalities (129) and injuries (1150) that occurred
on March 24, 1992.

It has been well argued and proven [3], that acci-
dents like those that occurred at Bhopal and Da-
kar in the developing countries (India and Sene-
gal), can occur in developed countries, too, even
with more robust regulations and industry stand-
ards. But it is essential to continue developing
and implementing standards for safe designs, op-
erations, and governance and thus improve pro-
cess safety performance at anhydrous ammonia
storage & handling facilities.
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