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Introduct ion 

The oil fires in Kuwait initially consumed 
over 6 X IO6 barrels of oil per day, 
producing a plume of smoke that had a 
significant impact on air quality and 
weather in the Gulf region.. It was also 
broadly speculated that the smokes could 
affect the atmosphere on a global scale. 

Emissions of soot aerosol and SO, proved 
to be about 10% and 5%, respectively, 
of global anthropogenic production. 
These measurements are reviewed. 

The poorly constrained speculation 
forecasting environmental and climate 
disaster poses an ethical issue for science 
that should be widely discussed from our 
new perspective of these unique and 
acute environmental events. 
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Mr. Lawrence F. Radke 
National Center for 
Atmospheric Research 

P.O. Box 3000 
Boulder, Colorado 80307 

Dear Mr. Radke: 

I am writing to again thank you for your active and 
constructive participation in our Red Team review of chemical 
warfare (CW) dispersion modeling for the Hhamisiyan release 
following the Gulf War. Each of you brought unique expertise and 
prior experience, and your insights were very helpful to us in 
designing our follow-on activities. Your willingness to 
participate in this effort on such short notice, and to respect 
our request for nondisclosure is greatly appreciated. 

A s  most of you now know, continuing discussions regarding CW 
release and dispersion phenomonology are jointly being worked by 
the Department of Defense ( D o l l )  and the Central Intelligence 
Agency (CIA). As these discxsaions coxtinue, I want to inform 
you of our joint effort, and to relieve you of the constraints of 
the nondisclosure agreement. 

The focus of the CIA in this mattsr has always been on all- 
source analysis of intelligence related to the issue of CW 
presence, use, or release in the Gulf War Theater. Our modeling 
effort was intended to provide first-order assessments on whether 
the release we discovered at Khamisiyah was a threat to coalition 
forces. The recommendations resulting from your review have been 
documented and forwarded within CIA. At this point, the Pentagon 
has commissioned a comprehensive review of modeling capabilities 
available for application to t h i s  problem, and work is continuing 
under their leadership. CIA will continue to participate in 
assessing applicable foreign intelligence relating to the 
question, but we will no longer have a lead role in modeling. 

CIA would prefer to avoid public discussion of our work. 
However, i n  order to allow you the professional freedom to 
participate in the continuing studies being undertaken by DoD, we 
authorize you to disclose the fact of your participation in this 
internal review, and in the context of any such discussions to 
utilize the unclassified information you were provided during 



Mr. Lawrence F. Radke 

this review. If there are any questions whatsoever regarding 
whether material you wish to discuss is classified or 
unclassified, you should contact the Persian Gulf War Illnesses 
Task Force on 703-874-2160 f o r  resolution. 

Again, I thank you for your extremely helpful and 
constructive contributions to this important effort. 

Sincerely, 

Thomas w. C o n r o d  
Deputy Director 

Office of Transnational Issues 
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Emissions from the 
Kuwait Oil Fires: Scaled 

(K. Laursen, et al.) 

Particle emissions: 107kgd-' (e3.5pm diameter) 
- Less than 10% of global industrial emissions. 

CO emissions: 5Xldkgd-' 
- Much less t an 10% of global CO emissions 

from fossil fuel combustion. 

CO, emissions: 5XlO'kgd-' 
- About 3% of global CO, emissions from fossil 

fuel combustion. . 

SO, emissions: 2X107kgd-' 
- About 5% of the global anthropogenic 

emissions. 

* Soot emissions: 3X106kgd-l 
- Perhaps 1OX the US emissions from 

anthropogenic sources. 



'i The Source Terms 

0 The initial disaster forecasts were of necessity 
unbounded by measurements, Airborne 
measurements quickly bound speculation, 

How much oil. was burning? 
4 . 4 ~  1 0' kg/d 

0 How does this compare with global fossil fuel 
combustion? 
A few YO! 

How does the total pas&icu)iate p~ll&ion compare 
with the global man-made source: 
About 10% 

How does the critical soot production compare 
globally? 

* Larger than US.  emissions! Equivalent to about 
3x106 large diesel buses! 

Since CO, C02, SO,, and NOx are minor global 
impacts the concern continued to focus on KOF 
soot aerosol, 



b 
How Did the Other Key Assumptions 

9 

Play Out? 

1). While self-lofting can be shown to work the local 
meteorology conspired to strongly confine the soot 
plume mostly within the local boundary layer 
(-3km) for a period ofdays where it was dispersed 
and seif-lofting became ineffective. 

2.) Exactly contrary to prediction, the soot aerosol 
proved to be hygroscoipic and hence, the first 
aerosal ta be remsved by cloud scavenging? 

f r  Indeed, there was a huge release of soot aerosol, 
but it had a lifetime probably less than normal 
pollution aerosol. Thus, KOF certainly produced a 
few local changes, but Mother Earth shrugged this 
insult off. 



xes Lomparea witn 

0 

0 

Measurements 

Combustion efficiency 
wrong x3 

Soot production 
Wrong x20 

The above reveals a common tendency in disaster 
scenario development which is to use worst case 
estimates. In engineering this is often laudable as 
it results in a bigger safety margin, but in 
forecas4ing i$ always leads to the 

Worst Case! 



1). While self-lofting ean be shown to work the local 
meteorology conspired to strongly confine the soot 
plume mostly within the local boundary layer 
(-3km) for a period of days where it was dispersed 
and self-lofting became ineffective. 

2.) Exactly contrary to prediction, the soot aerosol 
proved to be hygroscopic and hence, the first 
aerosd to be removed by cloud scavenging! 

Indeed, there was a huge release of soot aerosol, 
but it had a lifetime probably less than normal 
pollution aerosol. Thus, KOF certainly produced a 
few local changes, but Mother Earth shrugged this 
insult off. 



Ethical Issues 

Throughout human history we have been 
faced with the challenge of impending 
crisis. 

Some of these crises have been real and 
deserving of careful and immediate 
attentian. 

Some crises are more properly placed in 
the 

“Run, everybody! The sky is falling!” 

category. 

The challenge for humanity at this stage 
in our scientific development is to 
distinguish between the two classes of 
problems. 

- 



Conclusion 

As has often been noted, the cost of ignoring a 
critical environmental crisis can .be very high, 
but perhaps the .example of the international 
response to the Kuwaiti oil fires is worthy of 
future emulation: 

1) Identify the key elements of the crisis. 

2) Reduce the uncertainties in our 
understanding of these elements.. 

3) Do not study the problem to death or 
use the need to study a problem as our 
excuse for indecision. 

It is a simple concept, perhaps, but one that 
has proven difficult to follow in practice. 
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Lessons from the Kuwaiti Oil Fires ablo(ut 
Forecasting Environmental Catastrophe: 

A Case Study 

In the early days of the recent Gulf Crisis, 
Baghdad offered to mix economic and 
environmental blackmail by threatening to ignite 
the Kuwait Oil Fields and spill oil into the Gulf 
waters. 

The spectre of hundreds of burning oil wells 
immediately prompted speculation about the 
potential for a non-Nuclear Winter Scenario. 

This speculation quickly escalated into sober 
“scientific” pronouncements of global 
environmental catastrophe, climate change, 
monsoon failure .... - 

Various Talking Heads confidently noted that 
these future events were forecast by compIex 
numerical experiments. 
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' The Nuclear Winter Hypothesis (NeWeHe) 
and its Extension to the Kuwaiti Oil Fires 

(KOF) 

0 

0 

I 

0 

0 

The substructure of the Nuclear Winter 
Hypothesis has been critically reviewed by 
numerous people and not just by those who favor 
Nuclear War as a mechanism to settle 
in teraatimal! p k y  disputes ... . 
NWH has proven to be a difficult target for 
critical analysis because of the huge number of 
nearly unbounded parameters each with huge 
associated uncertainties to say nothing about the 
horrific nature of the entire subject. 

Because the NWH is largely a linear construct, 
the KOF impact was reasonably forecast as a 
source scaled outcome. 

Unfortunately, KOF proved difficult to scale and 
as we Will show a number of NWH assumptions 
proved dubious following careful observations 
that were only practical because of this hopefully 
once-in-a-lifetime event. 



The KOF Climate . - .  -. 1Disaske.r ScenaFio: 

Testable Key Assumptions 

1. The fire produced an - . optically black aerosol will 
rise rapidly in the atmosphere due to local heating 
via solar absorption (self-lofting). 

- 
2. The soot aerosol will be hydrophobic, resist water 

vapor nucleation and hence, not be efficiently 
removed by cloud scavengjng processes. 

3. As a rest&, the soot aerosol d l  have a greatly 
. increased atmospheric lifetime compared with 
typical anthropogenic polution aerosols. 

4. Is the soot source term large enough so that if 1-3 
are true could it produce a measurable global 
climate change? 



. -  

The Fires are Lit! The war proves Hot and Short! 

The US, UK, and FDR responded with reasonable 
promptitude to these frightening forecasts of . 

ecological disaster by sponsoring a series of “look 
and see” expeditions which were ioosely 
coordinated by the UN’s world Meteorological 
Organization. 

These expeditions were built around national 
airborne research platforms and their payloads 
were targeted to examine what were perceived to 
be the most uncertain aspects of the disaster 
scenario hypothesis. 

The outcome of this combined research effort 
proved to be an ExperimentaIist’s Triumph. 

The Disaster Hypothesis was rejected and nicely 
the experimentalist’s view was proved to be 
correct = NO DISASTER ensued! 

- 



Why were the Kuwaiti Oil Fires  
a Compelling Research Topic? 

Resulting black smokes were forecast to 
have a host of near-disastrous 
environmental effects, including: 

* 

46 

* 

* 

* 

Global cooling via the nuclear winter 
hypothesis 

Modification of global and regional 
weather patterns, including 
interruption of the Indian monsoon 

Regional cooling and heating 

Regional precipitation modifications, 
including changes in precipitation 
amounts, acid rain and black rain 

Release of large quantities of 
greenhouse gases 
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Why were the Kuwaiti Oil Fires 
a Compelling Research Topic? (cont'd) 

Finally, and perhaps in the !ong term most 
importantly, the fires provide an 
exaggerated examp I e of anthropogenic 
pohtion. Given the difficulties of 
establishing cause and effect for more 
benign examples of pollution, exaggerated 
examples are often keys to 
understanding. 



”.. , Sounding o f  SO, by 
the NCAR Electra 

I I I 

SO, CONCENTRATION 

On June 1, 1991, the Kuwaiti smoke plume was over 
Bahrain (-350 Km downwind) producfng a bright hazy -- 
sky and dark horizons. The aircraft climbed to the top 
of the smoke plume. 



‘L umervauons or LU,, UJ 
and CH, 

4 
(Communication from T.J. Conway, NOAA CMDL 

and G. Kok, NCAR) 

0 

0 

Emission of CH, (methane) and other light 
hydrocarbons are surprisingly low. 

This indicates that these gases (like H,S) are 
efficiently combusted and that there are 
probably IIQ gas-rich wells which are not 
burning. 

CO, emissions are rather large but have no 
global significance since roughly equivalent 
amounts would be released if this oil was used 
(as in normal times) as fuel. 

CO emissions are rather low, roughly 1% of 
CO,, indicating unexpectedly efficient 
combustion in what visually appears to be a 
rather inefficient one. 

+ Therefore, the fires’ are a minor contribution to 
the global - CO budget. 



'? Jsuwaiti . oil Iire smoke particle 
size distributions 
(differential mobility analysis by 
T. Clarke, University of Hawaii) 
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Number and volume distributions of the smoke on 
June 3,1991. 

Samples are heated to 3OoC to remove water and then 
3OOOC to remove remaining volatile fractions. ,. 

Roughly 30% of the total particle volume (mass) was 
removed at 300°C. Data shows that the number mode 
was internally mixed, while the volume mode was 
externally mixed. 
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.. 'A Passage from Day to Night z .  

a transect of the center of the 
Burgan oil field 

(350 wells ablaze) at 500m (MSL) 
SWJ 
1500 500 

250 

0 

Approaching the oil field we note a steady 
SWJ and the changes in surfhce albedo causes 
marked variation in SW?. Both visible (SW) 
went to zero inside of the plume. VERY 
DARK! 
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Just How Big were the 
Fires in Kuwait? 

(May 1991) 

Based on estimated oil and gas 
cornbustion rates and mindful of some 
uncertainties in combustion efficiency, 
we calculated a heat release rate of about 
5 X l O I 4  Joules per hour. 

Modest test biomass fires we have 
studied, where about I000 acres of 
logging debris is burned in about an hour, 
also have heat release rates of roughly 
IO X I Oq4 Joules per hour. 

The Yellowstone wildfire in the U S .  a 
few years ago sustained a similar heat 
release rate of at least twice that of the 
Kuwaiti oil fires for more than 30 days. 
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Solar Self-Lofting of Optically 
Dark Aerosol Plumes 

The self-lofting concept-the "hot air 
balloon" mechanism-has been widely 
predicted for optically absorbing 
aerosols. 

I 

Very limited observations of this 
phenomena have been made. 

The prediction of rapid self-lofting of 
the Kuwait oil fire smoke and thus the 
smoke's evasion of cloud scavenging 
had a major role in predictions of a 
long-lived aerosol hazarding regional 
and global climate. 

- 



' 2  . ZL Atmospheric Residence 
Time of Kuwaiti 
Smoke Particles 

Scientists porn the National Center fur 
Atmospheric Research, British Meteorological 
Service, and the University of Washington concur: 

Early suggestions that the smokes would be 
"hydrophobic" and thus resistant to 
atmospheric removal processes have been 
shown to be m O N G .  

+ The smokes have proven to be largely 
"hydrophilic" acting as the nuclei for cloud 
droplet fornation. This places them in the 
class of particles most easily cleansed from 
the atmosphere. - 



Kuwait Lessons (cont.) 

Fossil fuels smokes: single- 

Source 

scattering albedo 

N 

CR) 

pools of aviation fuel 
pools of Kuwaiti crude oil 
" whitest" kuwait crude 
oil and gas fire 
Kuwait composite .plume 
from all fires 

0.32 
0.35 
0.95 

050 .6  - 



Atmospheric Residence 
Time of Kuwaiti 

Smoke Particles (cont.) 

Early suggestions that the smokes would 
rise rapidly in the atmosphere by sola  self- 
lofting and thus escape many particle 
scavenging mechanisms has been shown to 
be largely INCORRECT. 

Solar self-lofting was observed, but the 
combination of a rather low initial 

than expected smoke albedo, and dilution 
have acted to LIMIT self-lofting and render 
it an interesting, but inefficient mechanism. 
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Self-Lofting: Retrospective 

While solar heating of the plume had a 
vigorous role in the smoke plume's 
dynamics (see Cooper et al., in the next 
talk), ili bad a limited role in self- 
lofting. 

The factors which limited self-lofting 
were: 

Rather stable atmosphere above the PBL. 

- Smoke albedo (OS-0.6) was much "whiter" 
than expected (-0.3). 

Dilution of the plume was more rapid than 
expected. 


