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FOREWORD

The reports in this collection are a cross section of the international
research effort on the atmospheric effects of the Kuwait oil fires. All of the
research has been undertaken since February 1991, when over 600 oil wells in
Kuwait were ignited by Iraqi forces. Although some of the selections are final
reports by government agencies, others are still in draft form. Many of the
selections are sets of unpublished statistical tables that summarize the results
of laboratory analysis of smoke plume and ambiernt air samples. Articles
already published in the scientific literature are not included.

The Gulf Program Office of the National Oceanic and Atmospheric
Administration (NOAA) has helped coordinate the US research effort on
atmospheric aspects of the oil fires in Kuwait. This collection is an extension
of that effort, and is in keeping with NOAA's commitment to ensuring that
all data are shared with all concerned parties. The Office thanks all those who
have forwarded copies of their reports and unpublished data for inclusion in
this collection. |
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EXECUTIVE SUMMARY '

The world is facing a unique, man-caused environmental pollution on an
order never before experienced. The 500 or more burning oil wells in the
Kuwaiti oilfields and the o0il released on land and in the Gulf represent
unprecedented threat to the environment and possible severe short- as well as
long-term damage to the health and ambient conditions of humans and animals.
The o0il release began in January 1991 and the oilfield fires began in late
February. It is estimated that extinguishing the oilfield fires will take
about two years and that the affects of the oil spills will last a similarly
long time.

This report represents the views of a group of experts, originating
from 14 countries, brought together by the World Meteorological Organization,
on how to access the effects and coordinate an international response for the
atmospheric part of the joint U.N. response to the Kuwait oilfield fires, as a
component of the joint U.N. Inter-Agency Action Plan (March 1991). A list of
participating organizations and contact persons is summarized in Appendix T.
The WHMO Meeting of Experts report addresses:

(a} the need for augmenting surface, upper-air including aircraft,
and satellite monitoring of meteorological and air quality
variables {(especially of trace gases and particles):;

(b} the data and information flow, both operational and special, from
real-time, delayed, and research sources;

(e¢) relevant meteorological and air pollution numerical models for
local, regional, and global predictions.

The atmospheric part of the response to the Kuwait oilfield fires is
based largely on existing structures of the WMO including the World Weather
Watch and the Global Atmosphere Watch. The World Weather Watc¢h, which
includes meteorological surface, upper-—air and satellite data and a global
network for exchange of data and information, will need augmentation
especially near the source and where observing stations are not functioning.
The Global Atmosphere Watch, which is a system for measuring the chemical
composition and physical characteristics of the atmosphere, must be enmhanced
in the region of the fires and fully activated and augmented in downwind
areas. The improvements to the WWW and the GAW can he assisted by dedicated
contributions by interested Members.

Health problems could result from gases such as sulfur dioxide,
sulfuric acid, hydrogen sulfides, carbon monoxide, nitrogen oxides; from
suspended particles containing partially burned hydrocarbons and metals; and
_from carcinogens such as benzo-a-pyrene. The extent and severity of potential
health impacts are the concerns of the World Health Organization which has its
own special needs for air quality data specifically related to population
areas. The WHO air quality measurements will be coordinated with the WMO
monitoring activity.
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as for the effects of the firas thus far, the local atmospheric
radiation balance has been disturbed, but no global effect has been detacted.
Although, at present, the effect of the fires on the southwest monsocon is
unlmown, the actual difference is expected to be difficult fo distinguish from
natural fluctuations. Global precipitation patterns are not expected to be
impacted by the fires, but regionally, incidences of precipitation containing
pollutants, including oil and soot scavenged from the fire plume, and highly
acidic rain have occurred. Near the source, the lower level winds vary
throughout the year (most recently coming from the north), but the upper winds
which effect global distribution of the plume are generally from the west
throughout the year. Increased concentrations of socot particles are being
detected in Global Atmosphere Watch monitoring sites as far away as Mauna Loa
observatory.

Several numerical models have produced predictions of the location and
concentration of various pollutants from the fires on local. regional and
global scales. Nevertheless, without proper data on source characteristics
and the metsorological environment, and without data to evaluate the model
predictions, it is not possible to select any specific model or set of medels
suitable to provide routine predictions or accurate long-term assessments.
Modellers made known their data needs for monitoring and were encouraged to
continue their modelling activities until such time as comparisons are
possible to determine which models are more appropriate for operational
purposes. Modellers were asked to continue their work including development
and improvement of models specifically to- address the fires problem. WMO was
asked to assist with arranging for timely transmission of model results to the
region as soon as proper communications can be egtablished.

The U.K. presented the preliminary resgults from their recent aircraft
flights in the region. The U.S.5.R. algo presented aircraft data collected
2-3000 km downwind. Germany, the U.S.A., and the U.S.8.R. presented plans for
aircraft monitoring flights in the region. Other countries {e.g. Canada) have
aircraft programmes under consideration. .The meeting identified the most
important aircraft data requirements and urged WMO to co-ordinate among the
measurement £lights in order to establish a sequence of monitoring flights
covering the next several months, with some overlap for intercomparison
purposes. The WMO also was asked to assist with logistical support for the
aircraft programmes including developing focal points and in-country contacts,
and also to assist with data and information flow.

A number of governments and groups of scientists are ready to assist
in carrying out additional meagurements programmes and to help develop
forecasting capabilities. However, no individual group or country is in a
position to plan, organize and coordinate such actions. The meeting strongly
recommended that, as part of the intermational efforts, the WMO establish a
coordination office for atmospheric monitoring and modelling in Geneva as soon
as possible and consider the need to have WMO experts join the U.N.
Interagency Coordination Office in Kuwait City which opened on 26 April 1991.
There, an operational data and a modelling center to support the atmospheric
and environment efforts contributing also to health-related studies, could be
included. Since WMO activities will require funding, which is not provided in
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the reqular budget, countries were encouraged to contribute directly to a WMO
Trust Fund for these purposes. Depending on the availability of funding, the
WMO was asked to establish an operaticnal data and modelling cemtre to support
the atmospheric and enviromment efforts which would contribute also to
health-related studies.

The most immediate needs for atmospheric monitoring include the
re-establishment of Ruwait's surface and upper-air meteorolegical stations:
the placement of mobile air monitoring stations, especially air chemistry
measurements, at locations near the source and in population centres;
enhancement of downwind meteorclogical and air chemistry observations
including special observations important for modelling, -such as carbon socot, |
atmospheric transparency, and components of the radiation balance. Of special
importance is the continuation of monitoring activities along with the
expected changes in the meteorological regimes and of the characteristics of
the source.

WMO was asked to convene several task groups and expert meetings over
the next few months (i) to consider further implementation of monitoring
(immediate area., regional, global), (ii} to examine modelling afforts, thus
far, and related data needs, (iii) to compare aircraft data and coordinate
further programmes, if needed, and (iv) to evaluate overall results and .
recommend further actions.

The meeting noted both the Gulf Regional Air Monitoring Programme that
was presented by experts from Saudi Arabia and the Work Plan for the
Rehabilitation of an Environmental Monitoring Programme for Kuwait that was
made available to the meeting by the Secretary-General of WMO by the courtesy
of the Environmental Protection Council of Kuwait. These two plans, which
have many common elements, will serve as basis for WMO coordination activities
in the immediate area of the fires while the programme in the downwind region
is being developed.
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1. QPENING OF MEETING, ELECTION OF CHAIRMEN AND APPROVAL CF THE AGENDA

AN
1.1 The meeting was opened on Saturday, 27 aApril 1891 at 09:30 a.m. by the i ))
Secretary—General of the World Meteorological Organization, )
Professor G.0.P. Chasi, who welcomed the participants and thanked them for
responding upon such short notice (for list of participants see appendix II).
He exzpressed WMO's appreciation to the Governments who made possible the
attendance of their experts, noting the concern felt by governments and
scientists over the serious environmental problems confronting the Gulf region.

1.2 Professor Obasi stated that. within the U.N. system, the WMO is
charged with the responsibilities for providing the authoritative scientific
information and advice on the condition and behaviour of the global atmosphere
and the climate, and the factors affecting them. Accordingly, WMO has
convened this meeting with the aim of developing a project to monitor and
assess the atmospheric pollution resulting from the Gulf fires. This action
is carried out in the context of the joint U.N. Inter—-agency Action Plan for
response to the consequences of the fires.

1.3 Profegssor Obasi emphasized that the main task of this meeting is to
consider and make proposals for, the rehabilitation and enhancement of the
monitoring systems in the region, for modelling and assessing, both on the
short- and long-term basis, the severity of the pollution within and downwind
from the region. He asked the meeting to recommend establishing predictive
capabilities on a2 semi-operational basis for estimating the adverse effects of
the fires in the Gulf region and other parts of the globe. In conclusion,
Professor Obagi said that WMO stands ready to provide the forum to coordinate
this effort.

1.4 The meeting unanimously elected Dr. F.B. Smith (U.K.) and i:)
. Mr. B.B. Hicks (U.S.A.)as co-chairmen. The provisional agenda (Appendix III)

was adopted with the understanding that it could be amended as necessary

during the meeting.

2. INTRODUCTION TO THE PROBLEM

2.1 Internmational Involvement

2.1.1 Dr. R. Bojkov, Chief of the Environment Division in the WMO Research
and Development Programme Department informed the meeting that apart from its
operational system - the World Weather Watch (WWW) - which provides for
real-time, world-wide monitoring of standardized meteorolecgical parameters and
data communication, the WMO has also the Global Atmosphere Watch (GAW) system
which is a potential source of continuous information on the chemical
composition and physical characteristics of the atmosphere necessary for
detecting changes in the atmosphere, - He then explained that the UN
Inter-Agency Action Plan on the Kuwait oil fires has identified four main
areas of concern and that WMO was the lead agency to develop the atmospheric
component. WMO is willing to assist coordination for its implementation which
will include: .
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- air and precipitation sampling in the immediate wvicinity of the
fires and in downwind regions up Lo 3-5000 !mn:

- rehabilitation and enhancement of the meteorological networks of
the WWW and GAW, including provision of equipment and training:

- establishment of near real time data collection necessary for
modelling of air pollution dispersion and deposition;

- scientific assessments of the atmospheric effect of pollution
updated periodically to serve as advice to decision makers.

2.1.2 Dr. Bojkov further informed the meeting that although there are a
number of GAW gtations in the Red Sea region and further downwind in Pakistan.
India, the southern U.S.8.R. and western China reporting ozone data., only
incidentally precipitation chemistry or atmospheric turbidity is reported.
Therefore, there is an urgent need to reactivate, augment and extend GAW
stations in the affected region in order to monitor anomalous tropospheric
chemistry and physical characteristics. The cooperation with potentially
affected countries and timely contributions by interested Members would be
essential.

2.1.3 Finally, Dr. Bojkov asked the experts to identify ways to provide
answers to the following questions:

- What is the composition and amount of gaseous and particles
by-products being produced from the burning oil wells?

- What is the magnitude of the exposure to toxic substances in the
Gulf region in relation to human health risks?

- What are the expected effects in areas more remote from the
source as regards additional air pollution and deposition?

- Are there any global effects to be expected and what would be the
magnitude and duration?

2.1.4 Mr. S. Mildner, Director of Basic Systems in the WMO World Weather
Watch Department provided an overview of the existing WWW operational
structures in the Middle East. The WWW has about 180 surface observing
stations and about 40 upper air stations in the countries concerned {(See
Figure 1). Recent monitoring at WMO shows that the data regularly available
from these stations for intermational exchange varies between 0% and 90%.
Meteorological satellites, both geostationary (METEOSAT 4 and S5) and
polar-orbiting (NOAA 10 and 11), are providing regular coverage . He noted
that Jeddah (Saudi Arabia) has the role of the Regional Telecommunications Hub
{RTH) and maintains high capacity links to various major meteorological
centres., It also functions as a Regional Specialized Meteorological Centre
(RSMC) providing analysis and forecast products on a regular basis. The
Jeddah RSMC might also be used for establishing a specialized environmental
data base and the exchange of relevant products for the Kuwaiti oilfield fires
emergency. He also noted that the WWW offers the infrastructure needed for
the successful implementation of data flow for the emergency response to this
environmental disaster.
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2.1.5 Mr. G. Ozmolins from the World Health Organization discussed the
activities and plans of WHO with respect to air quality monitoring nesded for
responding to the health needs of Kuwait. A WHO air quality specialist,

Dr, D. Mage., was recently in Kuwait, assisting the Kuwaiti Ministry of Public
Health and the Environment Protection Council in preparing a Workplan for the
Rehabilitation of an Environmental Monitoring Programme for Kuwait. The
Secretary General of the Environment Protection Council (Kuwait) sent the
Workplan by telefax to the Secretary-General of WMO and this was made
available to the meeting (see Appendix IV).

2.1.6 The répresentative from the Commission of the European Communities
(CEC). Dr. A. Ghazi, informed the meeting that CEC has already allocated
several million ECUs as funds dealing with different aspects of pollution in
the Gulf. He pledged close cooperation between the CEC programme and the WMO
and WHO efforts.

2.1.7 Dr. C.C, Wallen, representing the United Nations Environment
Programme, announced that UNEP had been instrumental in establishing the U.N.
Interagency Office in Kuwait City which was opened on 26 April 1991.

2.1.8 The Saudi Arabia Monitoring Action Plan covering the Gulf regional air
monitoring programme (Appendix V) was presented by experts from Saudi Arabia.
The programme was developed in consultation with other countries and
represents the basis for work currently underway in part of the affected
region.

2.1.9 Dr. R. Sartorius, the representative of the German Federal
Environmental Agency informed the meeting that an action was prepared to send
a mobile container for moniteoring air pollutants to Kuwait City. The Federal
Goverrmment is ready to integrate this project into the internmationally
coordinated action by WMO as a contribution of Germany. Aany suggestions and
Proposals are welcome and will be thoroughly congidered. The German Government
has been informed that there is an urgent demand by the Kuwaiti authorities to
have these measurement devices available as soon as possible. Providing that
this meeting supports this initiative and that the WMC as the international
organization involved agrees, Germany would expedite shipment in the beginning
of May. Another project having a more bilateral character, consists of an
airplane measuring preogramme to investigate the extension, behaviour and
chemical composition of the (visible and invigible) plume of the burning oil
wells. Coordination with other airplane measurements would be very useful in
order to achieve mutual supplementation and comparability of results.
Furthermore, groundbased mobile measurements are planned in Iran,

2.1.10 The Kuwaiti repregentative, Mr. M. Behbehani, said that the situation
in Kuwait at the present time is desperate and remedial action is urgent. He
noted that the international aspects to the problem and the need for
.international cooperation to address it. Mr. Behbehani pledged the
cooperation of the Government of Kuwait to a coordinated monitoring and
modelling effort which would benefit hoth local and regional population.

RDP 654



-

-

47°
Oilfields of Kuwait

Oilfield

” Oilfield with HzS gas production

Fig. 2.



-9 -

2.2 Local Effzcts: The Human Health Concern

2.2.1 The focus of this meeting was on the meteorological factors that
influence the fires and the plume from them, not on the health effects or
their causes. Nevertheless, considerable time was spent on discussion of
matters related to exposure and human health, largely to help the audience of
meteorologists gain an improved understanding of the severe problems presently
confronting the Kuwaiti population. Other meetings and other organizations
are addressing the health impact issue more directly.

2.2.2 The meeting was informed that about 500 0il wells are currently
burning in Kuwait., consuming approximately three to five million barrels of
grude 0il and 70 million cubic meters of associated gases daily. The fires
originate in seven oilfields, located both north and south of Kuwait City (see
Figure 2). Based on measurements to date and the known composition of Kuwaiti
crude oil, emissions from the burning wells will include airborne particles,
carbon dioxide, sulfur dioxide formed from the combustion of hydrogen sulfide,
and oxides of nitrogen, as well as considerable quantities of water vapour.
Incomplete combustion products include hydrogen sulfide, carbon monoxide,
polycyclic aromatic hydrocarbons (PAHs) and other velatile organic |
hydrocarbons, and heavy metals. Other secondary pollutants will include ozone
and acidic aerosols, such as sulfuric acid. .

2.2.3 The urgent question faced by the countries in the Gulf region, and in
particular by Ruwait, is the extent and severity of potential health impacts )
on their populations. Informed answers must be obtained so that the affected
countries can act to protect their populations and plan for future health
needs. A concerted, coordinated effort on the part of experts in (i) air
monitoring (ii) local, regional, and global scale modelling (iii) atmospheric
chemistry and (iv) heaith and risk assessment will be necessary. ‘

2.2.4 Emissions from the oilfield fires have the potential of causing both
acute and chronic health effects, although there is considerable uncertainty
as to the magnitude of the risk. Prolonged exposure to lower concantration.
levels of soot and chemical components of the plume may decrease lung
function, and increase the incidence of chronic bronchitis and lung cancer,
Special health concern is focused on individuals working close to the fires,
pregnant women, children, the elderly, and those with pre-—existing respiratory
and cardiac diseases.

2.2.5 A U.S.A. Inter-Agency scientific team obtained some limited real-time
data in Kuwait and in Saudi Arabia on the smcke emissions. The sampling did
not reveal the existence of high concentrations at ground level of sulfur
dioxide or hydrogen sulfide close to the burning wells. Also, no large-scale
acute human health impacts have yet been observed although reports of
respiratory difficulties among local population are increasingly frequent. It
was stressed that the report of the findings, however, were only preliminary
and that considerable follow-up will be necessary to evaluate definitely the
nature and magnitude of the human health, ecological, and atmospheric effects
of the smoke problem.
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2.2.6 The pollutants of primary concern to people are likely to be particles
and sulfur dioxide. According to the U.5.A. preliminary measurements.
hydrogen sulfide concentrations have been found to be very low, thus far, as
were PAHs attached to particles, and volatile organic compounds. Not
surprisingly. a wide variability of the measurements was noted according to
distance from the source and wind direction. The extremes of the Total
Suspended Particulates (TSP) measurements range from a low of 10 pg/m3 at

the U.S.A. Embassy in Ruwait City on a day when the wind was out of the north.
to a high of 5400 ug/m’ within a plume in the Al Magwa oilfield. It

should be emphasized that the space and time sampling of the measurements is
ingufficient and their results should be viewed and interpreted with great
caution.

2.2.7 Physicians in Kuwait fael that they are observing exacerbation of
asthma and non-reversible chronic obstructive lung disease. Furthermore., they
perceive an increase in complaints of upper airway irritation and eye
irritation sometimes associated with conjunctivitis (inflammation of the

eye). All of these phemonena appear to be treatable by standard medical
practice.

2.3 Regional-scale Effects

2.3.1 The local meteorological conditions over the past two mohths have
tended to transport the smoke plume in the atmospheric boundary layer toward
the southeast, with periodic excursions toward the northeast. At altitudes
above 600 m, the pollutants were transported mainly eastward. In the region,
March through July are relatively windy months; there are on average 30 days
of very strong winds from the northwest in this period. Frequent sandstorms
are expected to rapidly ventilate the smcke in the immediate surroundings of
the fires and to spread the pollutants further downwind. As summer advances,
solar-induced convective mixing will increase the maximum height of. the plume
into the upper half of the troposphere, perhaps to above 7 km which is not yet
experienced. It is in these situations that the stage will be set for
extensive long-distance transport of the plume in the middle and possibly
upper troposphere, with associated long-range effects. In August to October.,
the incidence of strong winds should drop sharply, and local conditions may
worsen. . :

2.3.2 Upper-level winds tend to be more consistently from the southwest and
west causing a marked vertical wind shear which has had, as seen from
satellite photos, and will continue to have a profound effect on plume
behaviour.

2.4 Global Effects

2.4.1 The experts felt that, although "self-lofting"” may occur (due to the
heating of the particles in the plume by solar radiation), the top of the
plume should not often rise above 5 km. Large convective cells in the summer
could easily transport material into the upper half of the troposphere.
However, this would rarely happen. It was felt that there is little fear of a
stratospheric injection of plume pollutants, as would be required for severe
global environmental effects.
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2.4.2 In the troposphers, the pollutants should have a residence time from
ten to perhaps as many as 20 days (depending con the prevalling metsorologyl.
This is enough time for the pollutants to be distributed widely over the
Northern Hemisphere. Thus, the pollutants are expected to be detected at
great distances, although their effects on the temperature or precipitation
distribution will likely be small and difficult to distinguish from natural
variability.

2.4.3 While the abcvé arguments rule out major effects on the global
radiation balance, raduced surface temperatures by low degrees C under the
plume have indeed been observed at localities near the fires themselves.

2.4.4 The reported "black rain" or "black snow," precipitation falling from
clouds affected by the plume, are due to pollutants scavenged from the plume,

including ¢il and scot. It remains to be seen how frequently such events will
occur and, therefore, there is a necessity for a rapid expansion of of Global

Atmosphere Watch measurements of carbon soot content precipitation chemistry,

802 and surface ozone from the area of the Red Sea through the Gulf,

downwind (eastward) as far as Iran, Pakistan, northern India, Afghanistan, the
U.S.8.R. and western China.

2.4.5 It is projected that scot deposition over the snow covered mountains
of the Himalayas and northward may c¢ause some faster melting in the spring
season (March-May). The projected slight increase in the temperature contrast
with the Indian Ocean might somewhat intensify the monscon rain (as in an
anomalous year); however, the natural variability is so large that the
detection of a significant change would be difficult.

3. THE SOURCE

3.1 Meteorology

3.1.1 Near-source exposure regimes will be dominated by local metecorological
factors, such as the presence of a land-sea breeze circulation and the
strength of any drainage flow from higher elevations inland. In addition, the
local wind velocity will be affected considerably by the presence of the fires
themselves. Forecasts of periods of high concentration must take such factors
into account. Figure 3 defines the generic source term in the broader context
of local, regional and global meteorological perspectives and the need for
local warning/alerting and forecasting systems.

3.1.2 The area is generally arid with rainfall varying from 50-500 mm/year
(Ruwait has about 115 mm/year). Most of this rain falls from November to May,
with the summer months being particularly dry. Somewhat further afield, and
especially over much of the Indian sub-continent, the annual rainfall is
dominated by the summer monsoons. The shift in rainfall patternm will be
reflected in shifts in the deposition pattern of the fire-plume's constituents.
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(¥3)

.2 Cutput

3,2.1 Current estimates of the amount of oil buraing vary from (:j
3 to 5 Mbl/day. Combustion product formation is highly dependent on fuel
characteristics which vary across the Kuwaiti oilfields, fire size. and fire
dynamics. In particular, scot is often in the form of complex agglomerates.

The products will include a spectrum of particles sizes and types. sulfur

dioxide, carbon monoxide, carbon dioxide, polycyclic aromatic hydrocarbons

{PAHs), volatile hydrocarbons and heavy metals including vanadium. Hydrogen

sulfide will also be present, but will be rap;dly coxidized to sulfur dioxide

if the plume is burming.

3.3 Combustion Products

3.3.1 Preliminary results in the near-field have shown peak concentrations
as follows (see also Appendix VI):

S0z : 2 ppm (instrument detection limit of 1 ppm)

H.S : 42 ppb (close to a pool of o0il)

Voo : 2.5 ppm

Particulates : 5.4 mg/m3 (during plume touchdown in the Al Magwa

oilfield)

Long-term averages of SO: and particulate matter - "fumées noires"
(FN) were measured by the mobile air monitoring laboratory of AIRPARIF, Paris,
France. SO, was recorded at 500 pg/m’ for 8- and l2~hour measuring -
periods with peaks ranging up to 2900 pg/m®. FN reached 700 pg/m* for '\:)

a 6-hour average and the maximum hourly awverage was 1600 pg/mz. The
- Kuwait Qil Company also measured an 18-hour average of 5000 ug/m® of SO
at Ahmadi Hospital (See Appendix IV, Section 2.2).

- While somewhat further away in Saudi Arabia, high levels observed were
600 ug/m* for SOz and 300 pg/m’ for TSP.

3.3.2 P, Foster (France) carried out various simulations of oil burning for
different O:/0il ratios to simulate incomplete burning. Previous analyses of
the exhaust gases where done for CO, COz, NO, NOx, SO: and PAH.

Interactions with aerosols can be studied using a special smog chamber.

3.4 Particle Size Distribution

3.4.1 Particulate aerosols resulting from oil fires, in addition to gases,
pose a health problem to exposed populations. Particles with small
aerodynamic sizes (on the order of one micron) penetrate deeper into the human
respiratory system than do larger particles. Combustion processes can produce
a large number of small particles and thus the size distribution of airborne
particles in addition to the total suspended mass, must be characterized to
determine the level of health threat. Chemical reactions, particles
scavenging, agglomeration, and deposition are a function of the particles size
distribution,
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3.4.2 Soot particles formed from the source have irregular shapes and theair
size distribution depends upon the oil fuel composition and resulting
temperature of combustion. In order to determine the evaluation and fate of
the resulting pollution., size and compesition distribution of the aerosols at
the source and along the plume paths must be measured and modelled.

3.4.3 There are a large number of scientific particles measurement
capabilities which can determine the quantity of Total Suspended Particles
(TSP), Particle Mass below 10 microns (FMio) and the guantity of the varying
chemical composition and mass accross the spectrum of particle sizes (using a
so—called diffusion battery). Such measurements, when compared with upstream
values, are invaluahle for analysis and modelling of source processes and
plume evolution.

3.5 Heat Output

3.5.1 As the emitted oil burns, heat is released into the enviromnment. The
resulting heat is responsible for the initial buoyancy driven plume rise
although additional rise or fall may occur due to the absorption of solar
radiation {self-lofting), and the effect of fire-induced wind circulations.
Super or aggregate plumes result from the contributions of many smaller
fires. While combustion temperatures can be modelled from fuel composition
and mixing approximations, these models are not accurate enough and
uncertainty surrounds’ such calculations. Combustion. temperature and plume
rise measurements can be made by remote and in situ technigues.

3.6 Near-source Monitoring

3.6.1 Figure 3 defines a framework for source term measurements from
individual well fires and total oilfield including the gaseous and particulate
emissions into individual plumes which subsequently merge into the super
plumes. ’

3.6.2 The near-source measurements needed for establishing credible
assessments, models, or forecasts include the following:

- collection of background air samples for particle and gas
analysis, both at ground level and at plume levels,

- characterization of the Kuwait crude oil in terms of its chemical
composition and its product when burnmed in the conditions of the
fires,

- characterization of soot — both organic and black carbon - from
an appropriate range of combustion conditions, including .
geometrical and optical properties., and

- a survey of burning wells in which each well is classified by the
character of its fire (to be updated periodically as the fires
are extinguished).
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These data then can be used to:

- estimate fuel flows,
- estimate heat release rates of individual burning wells and of
. total oilfields,

- estimate detailed well smoke, gaseous and particulate emissions,

- _ coordinate emission estimates resulting from the above source
analyses and from measurements within the super plumes, using
aircraft and surface-based instrumentation,

- develop local induced flow field models in combination with
ground data for local warning system forecasts, and

- develop super plume effective source prediction model to provide
input to regional and global models.

3.6.3 Near the source, the effect on population centres and sensitive
acosystems on land and in the Gulf waters will be influenced by local
meteorological conditions — the presence of strong vertical mixing,
subsidence due to local effects (for example the presence of a closed
circulation due to land-sea differences) or subsidence due to large—scale
synoptic conditions. None of these conditions can be accurately forecast
without extensive information on local wind fields., primarily in the region.
between the sources and the impact areas of concern. Such wind field
information can be provided by an array of meteorological instruments and by a
numerical model that is designed to account for the local surface variability
and is verified against data.

4 REVIEW OF PRESENT MONITORING AND ESTIMATED EFFECTIS OF THE FIRES
4.1 Structure of the Plume

4,1.1 Where they exist, data on the composition of the source oil taken
prior to the fires need to be made available to the modellers. Other data on
flows rates, heat, smoke, gas or particulate emissions are not available.
Consequently modellers have based their calculations on either assumed values
for source term parameters or literature values derived from other., presumably
gimilar cases. This makes modelling the RKuwaiti plume very uncertain. :

4.1.2 Photographs of the burning wells, show a variety of conditions: some
wells have high pressure jet flames shooting straight up, others appear to be
a combination of tilted jets with or without substantial surrounding burning
pools of o0il on the ground; some wells are spewing out large gquantities of
thick black smoke, other have whitish plumes that look more like steam than
burning oil. The meeting was informed that with the creation of a local
heat-island, a distinct inflow of near surface air has been cbserved within
the lower 150 to 300 m above ground level. At times that inflow wind was
estimated to be 5 to 15 m/s. '
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4.2 Current Meteorological and Air Sampling Surface Monitoring (/t)

4,2.1 Surface monitoring programmes are critical to any evaluation of
potential health impacts of the pollutants generated by the Kuwaiti oilfield
fires. Concentrations of these pollutants are governed by emissions and by a
‘wide range of meteorological wvariables. Surface based and upper air
meteorological measurements are essential and currently missing in Kuwait.
‘Therefore, an improved knowledge of the local and regional meteorological
regime 18 urgently required.

4.2.2 Saudi Arabia has a long-standing monitoring capability which is
presently being enhanced to provide more information related to questions
about potential human health effects (see Appendix VI).

4.2.3 There are at pregent only two operational air gquality stations. In
Ruwait City, however, these currently do not measure scot or other particles
fractions likely to be of concern to health physicists. The locations and
coverage of samples are inadequate to cover what is needed for assessment of
the environmental damage and the impact on health.

4.2.4 The reports on Kuwaiti and French measurements of SQ: (5000

pg/m3) are alarming and exceed the WHO standards. Measurements done in
Saudi Arabia show maximum levels of SO (6000 ug/m®, TSP (3000

ug/m’), and PAH when within the plume. Already topsoil (0-5 cm) analyses
show higher nickel and vanadium concentrations than lower soil layers (15-25
cm).

4.2.5 On the regional scale, outside Saudi Arabia and Kuwait, no data are ;
available as yet., At WMO GAW global baseline stations no significant pi:)
_ atmospheric disturbances have been reported vet., but if trends or anomalies in

e.g. atmospheric turbidity would be detected, it is expected that immediate

reports will be available.

4.3 Aircraft Measurements

4.3.1 Observations, taken in late March/early 2pril 1991 by the U.K.
aircraft , are still being anmalyzed (See Appendix VII). However, preliminary
results at a height of 2000 m, at a distance of 100 lm downwind of the fires,
indicate peak values as follows:

S50, NO, PM; o _ Ozone Plume- Plume-~
Sunlight top base
(ppb) {(ppb) (cm™?) (ppb) {km) (Jam)

1000 50 30,000 Reduced levels except at Reduced to essen- 3-4 1-1.5
at plume-top (80 ppb) tially zero

At 1000 lan downwind, PM,. counts reduced to 1,000 per cc.

4.3.2 The rasults taken by the U.S.8.R. aircraft at distances more than 2000

km from the fires in the region of the Caucasus and the Crimea at a height of

1500 - 3000 m indicate soot values of 0.12-0.32 pg/m’ amd a benzo—-a-pyrene
concentration of 0.02 - 0.16 ng/m’ !:)
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4.3.3 The U.S.A. presented & national plan (swmmarized in Appendiz VIII} for
research aircraft flights involving several agencies which is about to be
implemented in the Gulf region. The existence of plans in various stages of
development for activities in the region (for example., Germany and U.S.5.R.)
was noted by the experts. The interested parties were urged to coordinate
their plans and flights with the existing Kuwaiti and Saudi Arabian plans
through the use of the recommended WMO coordination mechanism for this project.

4,3.4 The U.S8.S8.R. proposed an aircraft campaign in order to determine the
geographical distribution of the combustion on the regional scale over a range
up to 3000 !m from the source. Details of the plan are given in the

Appendix IX).

4.4 Satellite Observations

4.4.1 Satellites and the space shuttle observations clearly show the Kuwait
oilfield fire signatures and downwind gas/aerosol plumes spreading out and
merging over hundreds of kilometers. Conventional meteorological, LANDSAT,
SPOT, and other satellites provide a range of gpectral and areal resolutions
which can be used tc identify well and surface fires as well as track the
plumes. Image processing and analysis of satellite data is proceeding to
quantify the character and extent of plume coverage and will provide a means
of verifying predictions. 1In addition, future satellites and shuttle missions
should be considered for new observational tasks.

5. USE OF MODELS TO ASSESS CONTINUING EFFECIS
The meeting heard presentations on the results of several modelling
efforts already performed based on the available data and information. A

review of the models presented is given in Appendix X.

5.1 Near-field Models

5.1.1 At the present time, near-field results depend on data from limited

information about the source, local meteorology, and atmospheric¢ composition
characteristics. Photographs from the oilfields show significant variations
in plumes from nearby fires. ' '

5.1.2 Relatively brief attention was given to the problem of near-£field
modelling, regardless of the recognized importance of this topic. In
practice, the purpose of near-field modelling is largely to warn of the
likelihood of occasions of unusually high exposures, for which application it
is not necessary to have detailed information on emission rates. However, if
it is desired to forecast actual exposure regimes as well as their likelihood
of occurrence, then detailed source data are required. For proper prediction
of downwind concentrations, it is necessary to have reliable input data on the
following parameters:
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a. Source amission rates with time for individual wells and their

locations: “/i)
b. Heat release for each fire and combustion efficiency: .
c. Chemical composition of gases and particles;
d. Oil-water mixing ratio; .
e. Exit velocity and exit temperature;
f. Effective diameter of the ruptured pipe:
g. Effective plume risge;
h.. Variation of transport layer depth with time;
i. Wind-field data at wvarious locations:
j. BStability conditions in time and space.

5.1.3 Dr. U. Schumann presented results from a non-hydrostatic
three-dimensional mesoscale model. The heat release from burning 1.3 Mbl/day
of o0il within an area of 10 Jam x 10 km causes a fire-wind of about 10 m/s
inward and upward. This wind carries the scot from the fire upward up to the
level of increasing tropospheric stratification {(about 3 km). - The plume
penetrates about 500 m into the stable troposphere but is then transported
downwind with the mean wind which was about 7.5 m/s at that level. The soot
cencentration is of the order of 1 mg/kg within a layer from 2 to 3 km in
altitude. Satellite observations of 24 February 1991 confirmed that the plume
gtays below about 3 lms.

5.1.4 The King Fahd University attempted to apply "RAM" near-field software

package in order to estimate concentration of pollutants within 100-150km

radius from the burning oil wells. Thig model when applied in the Gulf area

showed high concentrations of pollutants on l-hour time scale, atmospheric

chemistry development on an 8-hourly time-scale and wet and dry deposition

processes (also see Appendix VI), _ ;':>

5.2 Medium— and Long-range Models

5.2.1 Operational models, both Eulerian and Lagrangian exist for simulating
dispersion on medium~range scales. They simulate .transport, dispersion, wet
and dry deposition. Urban and regional scale air pollution models which treat
the atmospheric chemistry, wet and dry deposition processes are available for
application in the Gulf region. Use of models on this scale is hampered by
lack of meteorological and pollution concentration observations, particularly
precipitation fields.

5.2.2 Some models concentrate on climatological aspects of the problem on
this scale. Other models attempt to give fields (short period or long-term)

of concentration: dosage and deposition; as well as statistics of episodes of
highly acidic rain. Por their wverification, there is an acute need of
atmospheric composition and precipitation measurements in the downwind regions.

5.2.3 The Air Resources Laboratory (ARL) of National Cceanic and Atmospheric
Administration (NOAA) produces operational forecasts of trajectories in the
850~700 mb height range for 36 to 72 hours. These forecasts can be produced
routinely for use in assessments of the movement of emissions from the Kuwaiti
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oilfield fires., Trajectories are integrated from NOAA meteorological forecast
and analysis products. The NOAA "ATDL" model has been prepared for operation
in the Gulf region and beyond, and can give operationally daily information as
well as estimates of climatology.

5.2.4 Both the Lawrence Livermore National Laboratory (LLNL) and the Dutch
National Meteorological Service (KNMI} are able to produce operationally and
routinely patterns of air pollution dispersion in the region. Due to the
uncertainty of the source term and the meteorological input data, these
patterns have a highly qualitative nature.

5.2.5 More detailed mesoscale metecrolcgical models such as the "Pielke"
model have also heen applied to the ocilfield fires. The model has been used
to assess the likelihood of land-sea breeze effects as they might influence
the transport of the plume. NOAA is already supporting and will continue to
support operations in the larger Kuwait area with its modelling tools.

5.3 Global Models

5.3.1 Only a few general circulation models modified to cope with pollutant
transfer are available. They have been used to assess the large-scale
increase in atmospheric dust load and the impact this may have on the strength
of the Indian monsoon, on "black snow”, and the effect of this on overall
albedo. ’

5.3.2 J.P. Blanchet informed the meeting on some preliminary results
obtained with the Canadian Atmospheric Environment Service - Climate Centre
nodel (see Appendix ¥).

5:.3.3 Dr. H. Graf from the Max Planck Institute for Meteorology showed
results of similar calculations and announced that the investigations will be
published in "Nature" (30 May 1991} (see also Appendix X for a summary).

5.3.4 Dr. J. Penmer from the Lawrence Livermore National Laboratory
presented results (Appendix X) from the application of the LLNL global

climate/chemistry model.

5.3.5 Preliminary results from these modelling-activities are summarized
here. They showed that the soot, estimated to be fully two-thirds of the total
world-wide emissions, will certainly have regional implications for climate,
but its global consequences are projected to be negligible although they need
to be further investigated. As it is known, the smoke could either warm the
climate or cool it, depending on its altitude in the atmosphere and on whether
it is thermally coupled or decoupled from the surface. Enhancements to
existing Global Atmosphere Watch stations throughout the region and downwind
on the order of 3000 to 5000 km should be pursued in order to quantify the
amount and spread of the soot as well as the changes in radiation parameters
and atmospheric composition. It has been estimated that the total mass release
of fine particles (less that 2.5 microns} from the burning oilfields will be
on the order of 18x10'? g/y, which is similar or in excess of the annual
world-wide emissions of such particles through c¢ar exhausts. After one year,
the emissions of carbon soot from the fires.will double the present
concentration of these particles in the global atmosphere. For more detailed
results of these studies is referred to Appendix X.
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6. RECOMMENDATIONS

6.1 General .;:)

6.1.1 The experts agreed that plans for activities in relation to the
atmospheric environmental effects of the Kuwait oil firgs should focus on:

a. the fires themselves - their dynamics and products,

b. the plumes - their dispersion and trajectories and their
chemistry,

c. improvement of the meteorolegical and atmospheric composition
monitoring,

d. deposition and effects, such as those related to acid rain and
other chronic environmental impacts,

e. effects on weather, especially concerning the meonsoon, and

£. effects on climate, including the affect on the global radiation
balance.

g. the provision of effective daily rigk asseasments to the Kuwaiti
authorities to help minimize the impact of the pellution on local
centres of population.

6.1.2 The Workplan for the Rehabilitation of an Environmental Monitoring

Programme for Kuwait (Appendix IV) was noted by the meeting. In this respect, {::)
the meeting also recommended that close cooperation be established between the '
monitoring activities of WHO and those of WMO.

6.1.3 The Gulf Regicnal Air Monitoring Programme (Appendix V) was also
endorsed. by the meeting, with the .following suggestions:

a. The possibility that evaporating light fraction from oil spills
could contribute to the dosage of noxious pollutants experienced
in major population centres was noted.

b. The plan focuses on PMio monitofing. The WMO experts group
suggest an additional central monitoring station where many air
pollutant components are measured as well as the standard PM,,.

c. Surface ozone measurements were suggested for key monitoring
stations, with SO: at the source, in order to provide data
related to possible synérgistic reactions.

d. Black carbon measurements in both air and precipitation are
desirable at key locations. There is a need to analyze total
carbon aerosols since black carbon is likely to constitute a
minor fraction of the carbonaceous material.
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e. Some monitoring sites near the coast are suggested in order to
assess deposition fluxes to the water surfsce and possible
accumulation and effects in marine organisms.

£. An emphasis on the source term is needed. Presently, estimates
vary across a range of more than a factor of two on amounts of
0il consumed per day and a factor of ten on chemical and
particulate emissions per unit of o0il consumed.

g. The extension of the plan to wider areas and the global scale was
deemed desirable.

h. Meagurements of optical depth of the atmosphere are needed, with
a few sites arranged around the sources, a few others distributed
globally.

i. Up to 3-4000 km downwind. the GAW/BAPMoN (Background Air
Pollution Monitoring Network) precipitation collection protocols
should be expanded to include measurements of Ni, V., and soot, as
well as of the normal chemical species including pH of the
samples. Collections should be weekly. New stations should be
set up in the immediate as well as downwind region, to augment
the existing GAW/BAPMoN stations,

j. In addition, a major GAW baseline background monitoring station
should be set up in the southwest part of Saudi Arabia at 3000 m
above msl (Abha region} as soon as possible. This station is
essential to the air monitoring part of this project.

6.1.4 The meeting suggested that in order to assist in determining the

-chronic exposure to S0z, diffusion batteries might be used. These are

entirely passive devices and large numbers of them can be deployed. Only one
central analysis facility would be required. Exposure times for the batteries
could be on the order of a few days to a week in duration. In addition to
using the batteries in populated areas, arrays of batteries could be used over
a2 larger area to assist in determining the ground level concentration field of
S0: for comparison with the numerical model predictions of the long-term
average concentrations of S0:.

6.1.5 For an assessment of the acute effects of Total Suspended Particles
(TSP) on human health, a continuous method would be preferred. The meeting
suggested using quartz microbalances which can provide a "continuous" TSP
signal. This can then be used directly with the continuous measurements of
302 concentrations. In addition to the improvement to human exposure
estimates, such measurements can be used to help in assessing the flux of
particles from the source. The ratio of TSP to SO: would be obtained on a
continucous basis and it is probably esasier to estimate the H.S and S0.

source strengths than it is to make estimates of the particles socurce. It is
essential that scanning electron microscope images be taken to reveal partial

morphology.
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5.1.6 The meeting noted that measurement programmes should continue for at
least two years after the last fires are extinguished, to show the complete -/j)
recovery of the atmospheric environment to its unperturbed state. .

6.1.7 In view of the Kuwait Workplan, the Saudi Arabian Programme and
subsequent, discussion as summarized above, the meeting strongly recommended
that an international project be organized under the leadership of WMO, in
close cooperation with WHO and UNEP, with the following components:

a. Establish, in cooperation with the meteorological services of
countries in the region, a network of upper-air and surface
meteorological and background air pollution stations to provide
data required for analysis, forecasts., and advisory purposes, and
to provide input for transport and dispersion models:

b. Establish a network of surface layer wind and other
meteorological observations required near the scurce of the
fires, including relevant air chemistry;

¢. Establish and/or augment existing GAW network of surface
meteorological stations on a regional scale including the solar
radiation measurements (diffuse, global and optical depth),
precipitation chemistry, and essential atmospheric composition
measurements (eg. 30z, soot, surface ozone);

d. Undertake a co—ordinated programme of aircraft measurements and
develop a coordination mechanism for aircraft operations and
other experimental activities (e.g., tethered balloon operations); j)
e

e. ‘Promote the expansion of on-going air monitoring programme within
the Global Atmosphere Watch on a global scale;:

f. Develop formats and procedures. to facilitate the international
exchange of data ensuring that these data requlred in real time
are exchanged through the WMO/WWW mechanisms:

g. Arrange for operational forecasting capabilities and .
international exchange of forecast information using model ocutput
on all scales including determination of the source term, the
prediction of the plume, and the long-range transport of the
pollutants. The objective will be to predict high
concentrations, deposition and optical characteristics in space,
time. and content:

h. Promote observational and analysis activities to test the
validity of models on all scales:;

i, Provide required atmospheric data and analysis to support WHO
programmes for human health assessment activities: and

j. Arrange for workshops and expert meetings as required for
comparison of measurements and assessing progress.
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6.1.8 The meeting recommended that the WMO provide the interface between the
various national efforts participating in this project and also provide a
focus for proposals by all groups seeking to participate.

6.1.9 The meeting noted that the activities envisaged above would require
substantial funds which are not available under the regular WMC budget. 1In
addition to the work of the WMO constituent bodies and their working groups, a
considerable amount would have to be covered by extermal funds and assistance
in kind. This might include support for field operations, provision of
instruments, expert missions, central analysis laboratory, as well as the
egtablishment of a central coordinating office (providing logistic support)
and a coordinating body involving the Organization and interested countries.

6.1.10 Based on availability of funds, WMO will seek to organize a centre for
data acquisition, archiving, and regional environmental assessment in the Gulf
region which will facilitate the archival of all observed data within the
existing system of the World Data Centres.

6.1.11 Based on availability of funds, WMO will seek to organize a centre for
observations and operational support in Ruwait City in conjunction with WHO
activities and with the U.N. Inter-Agency Action Plan. This centre would also
provide in-country legistic support for aircraft studies- and other field
activities.

6.1.12 Based on availability of funds, the meeting recommended that an
operational modelling centre be established for support of health efforts,
environmental efforts, and real-time operational support of measurements and
tactical decisions.

6.2 Aircraft Monitoring Strategy

6.2.1 The meeting recommended that, where possible, aircraft should give
priority to the measurement of source strength and characterization of soot.
the wind and concentration field in near to medium digtances (up to 200 kms),.
the evolution of plume chemistry at long distances downwind (greater than

200 kms) and the temporal variation of source strength, as above, as fires are
put out. :

6.2.2 Since for determination of the amount of soot released per time unit,
the mass-flux is required, it was therefore recommended Lo measure (i) the
mean wind field by aircraft and sondes, (ii) the extent and relative
concentration field within the total plume, (1ii) in-situ measurements of soot
concentration at approximately the same time and at least one flight level
within the plume, (iv) total sulfur concentration by probes and (v) increase
in water vapour within the plume. Considered flight patterns were: vertical
profiles near the source (30 to 80 km)and along the main plume axis at
distances from 30 km to 300 lm and, in addition vertical cross-sections at
large distances from the sources (up to 1000 lm).
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The meeting considered the following items as important for immedlate ,
consideration: ;i:)

a.

The WMO aircraft coordinator should contact UNEP and appropriate
officials within Kuwait immediately to coordinate establishment
within Kuwait of a focal point for coordination and logistical
support of personnel and projects involwved in the implementation
of the aircraft operations,

Funding for provision of logistical support for field projects.
especially aspects of the aircraft programme, must be provided to
WMO by participants either directly or through the U.N.
Interagency Fund {(through UNEP),

All data collected by parties to this programme, particularly in
the region, should be mades available to all parties through WMO,
in a timely manner, in view of the multiple uses for the data and
the urgency of the matter,

A very high priority needs to be placed on the re-establishment
of capabilities in Kuwait for collection of source and local
meteoroclogical data, .

In view of the. continuing critical importance of accurate source
term data, it is essential that efforts be implemented
immediately and provision be made for continuing updates and
digssemination of data.

The coordination of aircraft flights should proceed as follows: . .;:)

a.

A sequence of aircraft f£flights should be made covering each month
with some overlap, where posgible, for intercomparison of
measurements,

. WMO should assist in arranging the c¢oordination of aircraft

activities through national focal points.

WMO should assist aircraft teams to obtain access to national air
space in the region, .

Local support for aircraft teams in the Gulf area is essential.

Aggistance is needed in providing aircraft teams with model
forecasts for flight campaigns,

The WMO should assist in the distribution of £light data. Wide
distribution of flight data will assist in the planning of
subsequent aircraft activities and provide test data for model
evaluation,
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The WM0 should assist, within the next few months., in the
organization of at least one workshop to compare and discuss
aireraft results,

The experts noted that the U.K., U.S.A. and German airplane
measuring programmes were bilateral in character. While
recognizing the need for urgent measurements, the meeting urged
these programmes and future aircraft monitoring programmes to be
structured under the framework of the WMO project.

(More details on the aircraft monitoring strategy are giﬁen in
Appendix XI)

Surface Monitoring Strategy

. The meeting listed the following important considerations in
developing a coordinated monitoring strategy:

a.

b.

Digpersion of the plumes including upper and lower heights, and
lateral spreading,

Particle size spectrum of socot.

Upward and downward short-wave and long-wave radiation fluxes in
order to estimate the heating rate within the plume and the
cooling below the plume,

Turbulence generated by solar radiation heating within the plume
which should be observable by pilot reports and measureable by
turbulence probes (the turbulent motions on the order of much
less that 10 Hz are important),

Particle sedimentation measurements at various distances from
source,

Cbservations of the daposition of soot by precipitation,

Boundary conditions for microscale/mesoscale modelling {(including
horizontal wind-field, vertical temperature~profile, vertical
humidity-profile, accurate information on distribution and
intensity of the single fire sources, cloud cover, background
concentrations of ozone, nitrogen oxides, sulfur, etc., up to
altitudes well above the plume),

Air-chemistry measurements including surface ozone, NC, NO,.
particles, sulfate, nitrate, etc. These measurements would be
essential in determining detrimental interactions between
existing air pollutants (chlorinated pesticides) and the scot
component of the oil fire plumes.

Surface albedo, atmospheric transparency, components of radiation
balance.
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6.3.2 There is an urgent need for a small meeting of axperts on atmospheric p
monitoring to determine the most desirable measurements as a factor of {:)
distance from the fires {immediate, regional, global) and to recommend A
specific actions for WMO to take for implementation, funding, and expert

missions to make these data available.

6.4 Modelling Strategy

6.4.1 The meeting recommended the following strategy for the modelling
community:

a. Emergency response and hazard assessment models should be used
immediately to provide information on possible health
implications and close and downwind guidance for necessary
measurements,

b. Regional and global models must be tested using the available
enhanced data which must be archived and made available,

¢. WMO should designate a task force of modelling experts Lo meet
shortly to examine results of modelling and data gathering
efforts in order to determine how to use these in the larger
scale models and to plan for later aircraft intercomparisons and
comparisons with other data, and

d. Regearch efforts should be made to improve these models and to
transfer advanced technology into operational and assessment
models (the task force may be used to coordinate this technology .
transfer). . A  :)

6.4.2 The meeting concluded that the models discussed in Appendix ¥ have
important capabilities for multiple situations. However, for improved
specific application, research efforts are still needed for regional
atmospheric modelling in the areas of transport and diffusion, terrain
influences, surface boundary layer parameterization, air-land-sea interaction,
oil fire impacts, radiation balance, chemical reactions., deposition, model '
formulation, solution technology., and coupled verification and development
measures. Appendix X also containg a detailed list of modelling
recommendations endorsed by the meeting.

6.4.3 For source-term characterization, a phased approach will be necessary
to include:

a. conducting preliminary exploratory studies of the feasibility of
characterizing individual fire plumes, their heat release, and
their combustion products,

b. conducting full scale programmes including both dynamic and
chemical aspects, :
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<. establishing a micrometeorological network to provide local wind
field data and to verify local flow field models, and
d. implement multi~fire local flow field models.

6.5 Data Collection, Assessment, and Management

6.5.1 MNear field data from Kuwait should be routinely collected and analyzed
in Kuwait City and made available to the authorities concerned. The WMO
office on site in cooperation with these authorities would also serve to
provide local background wind field data for field studies as well as to
effact exchanges of data 2nd amalyses with aircraft and medellers.

6.5.2 The collection of data and exchange of information on an international
scale would be organized by WMO in accordance with agreed WWW procedures using
WWW structures, where appropriate. In particular, use would be made of the
GTS as far as possible for the real-time exchange of data and products and of
the capabilities of the Regional Specialized Meteorological Centre (RSMC) and
Regional Telecommunication Hub {RTH) in Jeddah to provide data base services.

6.5.3 Relevant data collected downwind and globally should be copied to the
RSMC in Jeddah in addition to their normal submission procedures to the World
Data Centres.

7. REPORT AND CLOSURE COF THE MEETING

7.1 The Co—chairmen thanked the experts for their hard work and active
participation during the past four days. They noted that despite the short
time available for preparation and the short meeting time which included a
weekend, a number of important steps had already been taken. ‘

7.2 The meeting reviewed the main parts of the draft report and the
Chairmen promised to assist the WMD Secretariat to produce the final report in
the shortest time possible so that it could be used to meet the urgent needs
in Kuwait and the entire affected region by WMO, by WHO, by other
international agencies, and by countries involved with further contributions.
coordination, and planning.

7.3 The Kuwaiti representative thanked the chairmen and the experts for
their efforts. He reiterated the urgency of the current situation and
appealed to interested countries to make timely contributions and thus
facilitate WMO's effort to proceed with implementation of the meeting
recommendations as quickly as possible.

7.4 The meeting was declared closed at 3:00 PM on Tuesday, 30 April 1991.
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WMO MEETING OF EXPERTS ON THE ATMOSPHERIC FART COF THE
JOINT U.N. RESPONSE TO THE KUWAIT OILFIELD FIRES

{Geneva, 27-30 April 1991)

AGENDA

OPENING OF THE MEETING, ELECTION OF CHAIRMEN AND APPRCOVAL OF THE AGENDA
INTRODUCTIION TO THE PROBLEM

THE SQURCE

REVIEW OF PRESENT MONITORING AND ESTIMATED EFFECTS OF THE FIRES

USE OF MODELS TO ASSESS CONTINUING EFFECTS

RECOMMENDATIONS

REPORT AND CLOSURE OF THE MEETING
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Date 26 APRII. 19914 _ NARN st S0 Eyl=adl
Dr. Obasi
Secretary General W M O
Dear Sir

Thank you and the World Meteorological Organization for hosting

this meeting and for your kind invitation to attend., We are very sorry
we could not come because of the short notice and the unavailability of
flights from Kuwait..- :

Attached please find a copy of a plan for the rehabilitation of the
environmental monitoring facilities of Kuwait. The plan was discussed
with Dr. David Mage of the World Health Organization (WHO) who kindly
agreed to present it in our behalf and express our points of view. We
regret. that he will not be able to return to Geneva until Sunday 238
April 1991. Many other experts, socme of them attending this meeting,
have first hand information of the situation in Kuwait. If Dr. Will .
Pendergraf (NOAA) and Mr. Andy Bond (US EPA) are attending they can
explain to you how desperate our sSituation is and how much help we

need.

. I would like to take this opportunity to thank WMO and all the
organizations represented at the meeting for their interest and desire
to help us. Many organizations and governments have already provided
help. The French Ministry of the Environment helped with the air
pollution measurements and the US EPA provided us some badly needed
equipment and promised more, Many other organizations showed real
concern and willingness to help, which we would like to acknowledge.

Thank you again for your kind assistance.

cerely yoi::)/’

Secretary General,
Environment Protection Council (KUWAIT)
Director General, Environmental Protection Department:

Attachment: Plan for Rehabilitation of Environmental Mahitoring

"e¢: Dr. Hiroshi Nakajima, Director General WHO
Attention Dr. D. Tarantola, ERO and Dr. W. Kreimsel, EHE
Kuwait Mission to the United Nations, Geneva

13104 @ g ot ja oy S GLially YET40 1. o TEYVAAY [ SUio £78°A 1 SLL YEOTVAY L YE0TATO /YT 10l
Tel.: 2452790 - 2456835/36-Telex : 46408 EPCNCL KT Fax : 2421993 - P.0.Box : 24395( Safat ) Kuwait 13104






APPENDIX IV

WORK PLAN FOR THE REHABILITATION OF AN ENVIRONMENTAL
MONITORING PRCGRAMME FOR KUWALT

A, AIR POLLUTION MONITORING
1. Background
1.1 The air pollution problem coming from the burning of approximately 6

million barrels per day of crude oil plus natural gas from the oilfields is
probably the most serious incident of this kind ever recorded. This burning
began in earmest on 22 February 1991 and many people have been exposed to the
resulting fumes since then. The environmental impact of crude oil smoke is
probably unique and previous experience with coal smoke or diesel particulates
is not going to help very much. To our knowledge there is no information on
the composition and toxicity of the chemicals being emitted and no computer
models are available to handle the complex plume behavicur from the burning
oilfields.

1.2 The urban area in Kuwait extends as an inverted L. The short limb
* runs from east to west along the coast of the Gulf of RKuwait.. The longer limb

extends north to south down towards Saudi Arabia (see Figure 2).

1.3 The oilfields on fire are to the southeast and to the northwest of
Ruwait City. The coastal strip will be mostly affected by the oilfields to
the south. These oilfields are quite close to the coastal strip and extend
for almost 80 km on its periphery.

1.4 The meteorological department is not operating at the time, as all
equipment was looted and the facilities destroyed. Based on the previous
records (1957-1982), during the period April-June the synoptic wind is mostly
north or northwest. In the absence of the oil fire heat island effects the

‘wind would be blowing from the southeast for 18% of the time. .Further day and

night differences were recorded and land and sea breeze data had to be taken
into account for the coastal area when the wind speed is low. Ground based
inversions were generally prevalent at night when the sky was clear and
radiation from the surface unobstructed.

1.5 The existing pattern of the surface wind is now probably significantly
different from whit it was before the o0il fires. The burning wells are
creating strong "heat islands” and strong incoming winds towards the fires are
reported at the periphery of the fields no matter what the dirsction of the
prevailing wind in the upper air might be.

1.6 The monitoring facilities for air quality included three fixed
stations measuring the principle pollutants and meteorclegy. Four high volume
samplers and several dustfall buckets were available. Two of the stations
are operating now but the third station is being canmibalized and used up as
spare parts to keep the other two stations operating.

2.1 Air Quality Data
Air quality measurements have been made by several agencies during the
first two months of this o0il fire crisis. Preliminary data show that peak

levels of S0, are exceeding WHO guidelines with an increase in mortality
among elderly and chronically ill people when accompanied by an equal
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concentration of (coal) smoke type particulate matter. Because the crude oil

smoke particles have a different chemical composition. their relative toxicity
compared to coal smoke particles is an unknown. For example., to our «i:)
lmowledge, the rate of catalytic conversion of S0:; to H:50s on the ¢
surface of these oil smoke particles has not been measured. These plumes are

so opaque over the EPD monitoring stations that incident solar radiation is

being reduced to one-tenth of the normal values measured on the same dates in

the past.

2.2 Measurements of SO:

2.2.1 The government of France, through the Department of Police, Paris,
kindly provided the services of a mobile air monitoring laboratory to EPD in
late March and early april 1991. Measurements made on SO: at several
locations in Kuwait found concentrations of SO: reaching high levels.

High values of 470 pg/m for a l2-hour average, with a max1mum
five-minute value of 2900 pg/m’ and a 3-second peak of 3400 ug/m* were
nhtainad, n|"-1nn this Pnr-1nd of nn:lr ng1'|nt1nn tha thermometer recorded a
significant rise of temperature indicating the touchdown of direct plume.
These data were measured during the evening from 3 to 4 April 1991 at the
English school at the 5th ring road of Kuwait City.

On 3 April 1991 at the 7th ring road nearer to the oilfield fires an
8-hour average of 500 pg/m® was measured with a maximum S-minute average
of 1200 pug/m’ and a 3-second peak of 1450 pg/m® with no accompanying
fluctations of temperature.

2.2.2 The govermment of the U.S.A. through the courtesy of EPA provided
measurements of SO: made at several locations in Kuwait from instantaneous ii)
and 20-minute grab samples. Although the measurement technique used had a L
high limit of detection, their results on S0: in the Kuwazt area indicated a

range of instantaneous values up 0 to 1 ppm (2860 pg/m®) at the U.S.

Embassy and up to 0.2 ppm S0; (Summa data) in the oilfields directly in the

plumes. - The U.S. Air Team report states "the SO: levels of 1 - 2 ppm should

be used with caution”.

2.2.3 The Kuwait 0il Company medical facility of Ahmadi Hospital has
recorded SC: by the H,0: hubbler method. ©Cn 22 April 1991 an 18-hour
average of 1.65 ppm (4700 ug/mg®) was measured during a period of direct
fumigation from the Ahmadi oilfield plumes which produced a blackout. During
this period a Professor of environmental studies reported that stinging
droplets of o0il fell on his skin and that two of his female students fainted
while out taking part in a survey of symptoms in the neighborhood.

2;2.4 The Kuwait MOPH/EPD has also measured 24-hour average S0: by the
H20, bubbler method at 4 hospitals in Kuwait City since 13 March 1991.
Maximum daily SO, levels of 200 to 250 pg/m® have been measured.

2.3 Comparison to WHO Guidelines for S0: and Particulate

WHO has recommended that susceptible individuals be protected from
l0-minute peak wvalues of 1000 ug/m* of SO: by use of a safety factor of
2 resulting in a guideline value of 500 pg/m’. This value is consistent
with a one-hour value of 350 pg/m’ under typical urban air pollution
conditions which was therefore chosen as the l-hour average guideline wvalue.

b
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For longer term 24-hour averages of S50: exposures combined with
particles arising from urban sources such as coal, fuel oil and gasoline
combustion, the health effscts associated with these combinations are shown in
Table 1. It is necessary to note again that the chemistry of the particulate
phase resulting from the Kuwait crude o0il fires can vary between the oilfields
as some are sweet (low S) and others are sour (high S) and both will be
different from the winter urban particle mix on which Table 1 is based.

WHO does not provide guidelines for exposures based on carcinogenicity
since no safe threshold may exist. Until the organic constituents of the
plumes are measured and understood prudence regquires avoiding unnecessary
outdoor exposures during blackout periods. '

2.4 Potential for Health Effecks from the 0il Fire Plumes

The measurements described above and their relationship to the WHO
guidelines indicate that a serious air pollution situation exists for the
people regiding in Ruwait. At the present time, the combination of synoptic
meteorology, the heat island effect and the emission source distribution has
lead to rapidly fluctuating positions of maximal impact of the o¢il fire
plumes. Measurements at fixed station locations show the presence of high
concentrations for short periods of time (6 to 18 hours). after which the
plume cloud appears to shift to another location where measurements are not
available and the concentrations decrease at the station.

At the present time, it is impossible to predict accurately what the
seasonal changes in weather patterns will do to the oil fire plumes. Aas the
pressure in the oilfields decreases and oil fires are extinguished the thermal
plume rise and heat island effect will become smaller and much higher ground
levels of SO: and FM, ¢an be expected nearer to the population centres.

In the event of atmospheric stagnation the SO: and PM,s concentrations
could build up to the levels shown in Table 1 which would constitute an acute
air pollution emergency.

It is therefore necessary that an air quality monitoring system
capable of measuring the overall spatial pollution distribution and
meteorological variables be developed to provide real time information and
predictive capabilities so that public health authorities can issue warnings
and take protective actions to protect the people living in Kuwait.

The sections that follow describe the components of the overall plan
that the MOPH/EPD sees as necessary to put in place. There is a need for
funding, supplies, equipment, personnel, consultants and advisors to help the
MOPH and EPD in this period of need until our country can stand on its own as
it did before the war. It is hoped that this outline will show areas of need
so that the international community can provide assistance to Ruwait that is
an element of our plan and not a duplication or superfluous effort.

3. Air Quality Monitoring

The system was designed to locok after the air quality resulting from
traffic, industry and power plants. Of course the problem of the pollution
from the burning oil wells was not anticipated or accounted for so major
changes may need to be introduced to the system to get them in line with the
existing {(or future) plume directions and impact locations. Examination of
the S0: data from the fixed stations shows significantly lower ‘
concentrations than measured by the mobile lab and grab samples taken nearer
to the plume axes.
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A number of facilities including three mobile stations were lootad and
other equipment was badly damaged. This los2 of eguipmeni combined with the
loss of technical personnel and the existing magnitude of the new air ,:)
pollution sources makes it imperative for the complete systam to be expanded N
and updated as soon as possible.

The following sections describe the integrated elements that will be
required for an air quality monitoring system that is proposed by the EPD for
managing the overall programme:

3.1 Fixed Monitoring Station Requirements

The area to the west of Kuwait City, Jahra (150,000 before the crisis)
is not covered in the existing system now. The area is rural but it is now in
the plume shadow of the northern fields. No monitoring stations are now in
the area to the south near the border with Saudi Arabia. Information from
this area will help estimate the transboundary flux. A means for transmitting
the information directly to the central computer in the EPC is needed. An
alarm system should be installed tgo alert us if and when the levels of
pollutants exceed our warning levels (still to be established by EPD}. The
computer capabilities should be upgraded and special software developed for
this system,

3.2 Mobile Air Monitoring Laboratories

All the mobile laboratories were taken away to Irag. At least two
vans provided with pollutant analyzers and meteorology sensors are needed.
The wind direction in the vicinity of the ¢ilfields is c¢hanging very rapidly
and vans are needed to measure the levels up and down the wind axes and to
trace the plumes. The system could determine the probable contributiomn of the “:)
different sources.. The vans are intended to be used in the field and a power
supply (220 V/50 Hz) would provide the necessary flexibility.

The Federal Republic of Garmany has kindly promised to provide one van
to the EPD and the People's Republic of China has offered the services of a
similar van and crew, if transportation and crew expenses can be provided. A
mobile gas chromatograph would be a very valuable complement to this system.

3.3 Monitoring for Particulate Matter

The U.S.A. EPA has kindly loaned us 9 portable PM;¢ samplers. The
equipment will be installed at sites to be agreed on. Three fixed PMio
monitors are available now (2 provided by U.S. EPA) and will be installed at
the fixed stations. The filter papers will be weighed and extracted locally.
Certain heavy metals will be looked for in an attempt.at "finger printing" and
the composition of the hydrocarbon fractions will be determined by the HPLC
and GCMS in the EPC laboratory. )

3.4 Personal and Indoor/Cutdoor Monitoring

Because people will spend most of their time indoors, preferentially
in air conditioned homes especially during times of plume impact and blackout,
their exposures may not be accurately characterized by ambient air quality
data. It is therefore necessary to run some personal monitoring of exposures
to SOz and PM o in areas of expected maximal concentrations in order to
evaluate exposures and protection factors. For certain volunteer subjects
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30, and PMio will also be monitorad hoth indoors and outdeoors to measurs

the protection factors for the various types of hemes and activity diaries
will be kept. Equipment required will be passive perscnal exposure moniiors
{PEMS) for S0: and pump/cyclone cartridge combinations for particles.
Personal samplers for PAH such as those designed by ORNL can be used to get
the vapour phase PAH exposures. (See section 4.2 for discussion of the HEAL
project this will be a part of).

3.5 Meteorology Network

The only available (non-military) data now for metecrology and
modelling are those provided by the two EPC fixed stations in the built up
areas. No predictive capabilities are available from the Kuwait weather
service which was destroyed during the war. The U.S. NOAA was kind encugh to
provide a system of 15 weather stations together with transmitter/receiver
capabilities that can operate remotely using solar powered batteries. This
will cover the problem of the surface data. However, upper air data are not
available and they are needed for tracing the large scale plume transpert.
The alarm system will require this information. A doppler sodar system with
3 km range is needed to replace the one destroyed.

3.6 Quality Assurance

Some grave decisions may need to be based on the information generated
by this system and the quality of the data must be looked into critically,
There are many protocols available and the appropriate ones should be
selected. The U.S. EPA has promised QA/QC help in extracting and analyzing
the PM,4s filters. Before the war EPD used to run duplicate samples with
Kuwait University and Kuwait Institute of Scientific Research (KISR). Now
this must be done through other institutions abroad. The IAEA marine
laboratory {(ILMR) in Monaco was used as a reference lab before the war and
contacts will be established through the UN coordinated plan to reinstate this
service.

3.7 Laboratory Regquirements

The EPD laboratory will need the ability to measure the inorganic and
organic gas phase constituents which are sampled in special studies using
Summa containers or equivalent. The particulate fractions to be collected
will need to be weighted. extracted and analyzed in Ruwait in order to
minimize turn around time and reduce the possibility of sample loss or
transformation during transport. Microbalances and extraction equipment are
required for weighing and sample preparation. The equipment for analytical
procedures, GCFID, GCMS and HPLC are available in Kuwait but new standards for
the crude o0il combustion constituents and spare parts are required.

The toxicology testing of collected fractions of the particle mix and
semi-volatiles (PUF) will be performed by the Harvard School of Public Health
and ancther labeoratory (perhaps at EPA)} and will be needed for an independent
verification or QA/QC control.

3.8 Repair Facility
In order to assure continuocus operation of equipment a repair facility
with modern test kits and diagnostic toeols is required. An inventory of spare

parts most likely to fail must be established and communications arranged with
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suppliers so that axpensive units not stocked can be suppliad immediately on

demand. Although it is planned to have a spare one of each type ¢f monitoring
instrument in the repair/calibration facility the ability to immediately .
repair equipment is needed. The EPD repair facility was looted and a list of g:)
equipment required will be made available for donor support.

3.9 . Data Base'Management

The most urgent requirement is for real time data transmission from
remote stations to the central location for emergency warning capabilities.
There will be a continuous flow of data into the data base from monitoring
stations. meteorlegical stations, chemistry laboratories and other
participating institutes (e.g. QC results). A data base manager will have to
organize sample identification, tracking, storage and retrieval and arrange
priorities for special reports to MOPH along with routine processing.

3.10 Coordination Centre (CC)

The MOPH/EPFD will provide a project director (PD) who will be
responsible for overall management of the entire programme. The PD will
establish priorities and maintain oversight of all activities. The
coaordinating centre will hold a daily briefing in the morning to review the
forecast for daily pollution and weather, to review the previous 24-hour
conditions and to discuss non-routine projects such as special studies. There
will be 24 hour per day coverage at the coordination centre so emergencies
during nighttime and holidays are responded to., and to provide communications
to and from other time zones where collaborators are located., The CC will
also have a finance/budget officer to keep track of spending and maintain
records of the expenditures,

3.11 Data Analysis and Interpretation - ";:)

In the short-term the inflow of data on air quality and meteorology
needs to be analyzed with the aid of predictive models that can reliably
forecast where pollutlion maxima will occur in the next 6 to 24 hours. Summary
reports on pollution extent and possible health impacts (e.g. relation to WHO
guidelines) need to be prepared on a fixed schedule. These data reports will
need to be interfaced with the health monitoring project’ (see section 4 below).

3.12 Logistics

A basic need for any complex international project is for logistical
support. There will be a need for planning and coordination of
transport/vehicles, ordering of parts, supplies and consumables, keeping a
secure storeroom and inventory. plus typewriters, fax, computers, phones,
copiers to keep operational. There will be a need to organize visas, tickets,
customs clearances, mail, shipments, atc.

3.13 Public Relations (PR)
A PR officer (PRO) should be assigned as the contact point to keep the
news media informed of progress and of the general situation. The PRO would

arrange for visits and tours by government officials and others, and would
handle press releases.
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3.14 Public Awareness (P3)

The PA officer (PAQ) would be the official contact to the media and
emergency authorities to provide forecasts of critical situations on-a daily
basis. The PAQ would also be responsible for discussing the health
implications of the situation in consultation with the medical specialists
assigned by MOPH.

4, Requirements for the Study of Health Impacts

The impact on the health of the people residing close to the oil plume
gources is causing due concern. A large proportion of the population is still
outside the country and needs assurance that the situation is quite safe and
that predictive and preventive measures are planned in case the situation
changes. The question of the need to evacuate certain areas was discussed and
although the need didn't arise, and it is hoped that it will not, public
health is our first concern and all precautions must be taken to assure that
appropriate measures are in place.

4.1 Health Status of Populations

The short term impact mostly related to particulates and S0: {and to
a lesser extent NO. and O;) are of immediate concern. 2n epidemiological
gtudy showing the health status of people in relation to the environment and
the various factors that influence their exposure and resulting test outcomes
is needed. Until the carcinogenic potential of the oil smoke plume is
established, the longer term possible effects will have to take second
priority. The investigation should address the selection of a representative
random sample and/or specially targeted populations, designing questionnaires
for the local conditions, clinical examinations, pulmonary function tests, the
taking of blood, urine and sputum samples and other investigations.

The following sections address the other elements that must be
considered in the design of the appropriate health studies for our population.

4.2 Personal Exposures

In June 199Q before the present "disaster, Kuwait joined the WHO/UNEP
Global Environment Monitoring System (GEMS) Human Exposure Assessment
Locations (HEAL) programme. Exposure to particulates was suggested as a
priority because of the wind blown dust problem. Even before the war, Ruwait
had the highest TSP levels reported to the GEMS/Air system and now the
particulates due to the ©il fire plumes will be added to them. In addition,
the wind blown dust will now probably have a high organic content adhering to
it from the crude oil residues contaminating the top soil.’

The U.S.A. EPA has offered to provide the needed technical support for
this aspect of the study if funding can be provided. Personal exposures to
S0; may be added to the particulate studies. A stratified random sample of
the population living in different areas of Kuwait with different age groups
would he selected as part of the health study.

The HEAL protocols used for the exposure portion of this health study
could provide bhetter kmowledge about the short term (SO:) and long term
(PAH) exposure risks of the populations of the subjects under study so that
their total exposures to PAHs from possibly contaminated food or water can be
considered, if they are found to be significant in relation to the air route
exposures. :
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Assistance will be required for the food sampiing and analysis portion
of this study. Because of the possible dermal exposures from the droplsts of
oil falling out of the plume clouds, some measurss of the effects of theses
droplets on total exposure will need to included.

4.3 Quality Assurance

A gquality assurance (QA) protocol needs to be established to cover
each type of measurement in the studies. There needs to be duplicate sampling
and replicate analyses on measurements of exposure variables, biological media
and physiological data. Questionnaire and diary response need to be validated
and the digitized responses should be checked. A QA officer needs to be
appointed with responsibility for carrying out the QA protocol.

4.4 Data Management

There will need to be a person assigned to manage and coordinate the
data flow. There will be physiological and exposure data to he associated
with each subject along with their medical history, questionnaire and diary
responses. @General medical records (admissions) from hospitals and clinics
need to be entered.

4.5 Coordination Centre (CC)

The project manager (PM) from MOPH should be established at the CC
where overall direction for the project can be maintained. The PM would
maintain oversight of all project aspects and hold regular meetings with
medical, exposure, data and record retrieval staff. The CC would handle all
international contacts and interface with the air quality monitoring project
director on a regular basis.

4.6 Data Analysis

The data sets obtained in this study need to be examined on a
continuing basis. Whereas a classical epidemiology study might analyze these
data after the fact, in this case it may be possibhle to discover health
effects associated with the oil smoke now so that prophylaxis can be
considered and susceptible groups can be identified and warned.
Epidemiologists will need to screen these data for early warning signs in
susceptible populations. When the oil fires are extinguished and air quality
returns to the previous regime dominated by wind blown dust, the analyses of
the overall effects can be performed. However. the wind blown dust may then
have a high residual oil component bound to it which could present another
problem. Population data will need to be gathered so that the dencminator can
be estimated for use in incidence rate computations.

4.7 Hospital records:

The national recording system was interrupted on the second of August
1990. The data of the previous years could be retrieved and used as
background for comparative studies. The recording at Ahmadi hospital started
from the first of April 1991 and some data will be available scon. The
records .from the local clinics and regional polyclinics are more difficult to
use and they may not be of the needed quality. Some polyclinics could be
selected and the physicians in charge asked to start the recording of their
diagnoses for a predetermined period. This will give an overall bird's-eye
view of the =zituation and the expenses and labor involved would be within the
existing limitatiomns.
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4.3 Logistics

With many institutions participating in the investigation, a local
group with the MOH or EPC should be appointed and given the task of looking
after the visas, travel, accommodations, transport, mail, ete. This is
usually done as a matter of-routine by EPD, but with the present situation, a
special group would be given that responsibility.

4.9 Emergency Response and Warﬁing

Special risk groups (elderly, asthmaticsg, bronchitics, etc.) may need
prior warning of the worsening air quality conditions. The hospital emergency
rooms at the general hospital should be alerted to the situation of the
pessibility of the plume impacting their catchment areas. The hospitals
should prepare their own protocels for handling the inflow of cases that are
suffering due to the air pellution episode.

4.10 Long Term Follow Up Studies

There should be consideration for the development of a tracking system
for long term follow up studies of the exposed populations. Records that show
development of pulmonary conditions, cancer incidénce and other diseasze data
will need to he established, pending the results of toxicity and mutagenicity
testing.

B. Hater Quality Monitoring
5.1 Drinking Water Supplies

The programme for monitoring the drinking water guality was completely
interrupted by the occupation. Basic water quality parameters will be
overlooked for the time being. Analyses of the residual chlerine shows very
low concentrations owing to the stagnation of the water in the reservoirs.
Samples for bacterioclogical examinations will be collected from the
residential areas on a weekly basis. Positive faecal coliform will he
reported to the Ministry of Electricity and Water (MEW) for examination of the
network for possible sewage intrusion. Examination for bacteriophages for
indication of viral contamination will be resumed after the technical staff is
recruited. -

The programme needs the following support:

a} Four (4) total and faecal coliform field testing kits (about 120
samples per month will be analyzed}

h) Four (4) chlorine test kits

c) Two (2) digital pH meters

5.2 Coastal and Marine Environmental Monitoring

The Kuwait Gulf has been exposed to the biggest o0il slick in history.
However, in the past it was chronically impacted, and a monitoring programme
was established many years ago. The EPD had a large research vessel and
several speed boats for taking samples. The vessels were lost during the
occupation and the sampling programme was suspended.
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Samples of the surface £ilm, watar, sediment and biota will be
collected for PAH and trace metal analyses (Ni, V., Hg. Pbi in{order to .
determine the impact of the oil well spills and oil fire fallout on kthe marine '!:>
environment. Sulfated PAH species may be used to differentiate between the
two possible sources. Baseline data on trace metals and PAHs are available
through the EPC national monitoring programme records as well as through the
ROFME regional monitoring projects, carried out in cooperation with the IAEA
Monaco ILMR laboratory.

Such a study should be a part of an scolcgical assessment of the
marine environment with the objective of assessing the impact of the war
activities, oil spills, well fires and the presence of mines on the marine
environment, with special emphasis on sensitive populations and systems (i.e.
coral reefs, oyster beds, tidal flats, marine turtles, mammals and birds).
The impact on avoidance of mined areas on fishing activities and fishery
resources could also be incorporated in such a study.

The equipment needed for running the programme includes the following

items:

al Two (2) four-man inflatable rubber boats and engines (Zodiac)

b) Two (2) sediment grab samplers (Vanweer)

c) Thrae (3) sets of diving equipment (Scuba)

d) Two (2) sea water quality analyzers (salinity range 10 - 50 ppt.
temperature 0 - 45°C)

e) Two (2) hand held low speed current meters with recorders -;:)

) One (1) meteorological station (wind speed and direction, temperature
and humidity, solar radiation and atmospheric pressure)

g) One (1) 100 foot shallow draft research vessel (cruising speed to
14 knotsg, accommodations for 3 crew and 4 researchers, navigational
and positional fixing aides, echoscunder, sea bed profile scanner,
current meter, temperature probes 0 to 40°C, salinity probes up to
50 ppt, DO, turbidity, water samplers for water quality, trace metals
and bacteriology, PC, refrigerators and freezers).

c. Soil, Flora and Fauna Monitoring Needs

6.1 The desert flora of Kuwait used to suffer from overgrazing, off-road

vehicles and quarrying. Now they are facing new problems. The military
vehicles with their treads probably caused greater harm to the soil surface
than the passenger cars. Abandoned mine fields are a threat that will take
years to eliminate by clearance, if this can ever truly be completely
accomplished. The disturbance to the top soil by mine sweeping dperations
will last for decades. :

In the vicinity of the burning c¢ilfields, the chemical properties of
the soil and its capacity to retain water have probably changed due to its
contamination by oil. Vegetation is suffering from the deposition of soot and
the intensive heat generated by the fires. All the trees and shrubs in the
city of Ruwait were not irrigated during the period of occupation. Water is .
not yet available in sufficient quantity to allow normal watering. The dry ’\:)
hot summer months are coming, and it is not known whether our plants and trees )
will survive.

RDP 654



APPENDIX IV, Page 11

Little is known about the effects of the war on wildlifs., Shsep,
goats and camels grazing in the areas impacted by the burning wells have
turned black from the falling drops of oil and have startsd to lese their fur
and die. Many birds observed flying through the plumes are overcome by heat
and fumes and fall to the ground. Many other birds have died as a result of
the oil pollution when they landed in the oil pools (mistaken for water)
causaed by the freely gushing wells.

The home gardens were a rest place for migrating birds., and the lack
of water has destroyed this habitat. The farms at Abdally and Wafra to the
northwest and south of Kuwait City have heen destroyed and abandoned which
will add to the suffering of the domestic and migrating birds.

6.2 Monitoring Needs

The needs to assess the impact on the top so0il would include an aerial
survey to determine the magnitude of the top soil damage and the extent of the
mine fields in coordination with the military authorities. A survey of the
vegetative cover and wildlife should be organized. The background information
on the prewar conditions is available from surveys sponsored by the EPC. FaC
and non—governmental organizations can provide advice on replanting of new
species, rehabilitation of the soil and the combat of desertificatiomn.

D. Environmental Awareness Campaign

7.1 The problems of water supply, waste and sanitation, air pollution., and
the presence of mines and other unexploded ordinance should be the focus for a '
vigorous public awareness campaign., The production of posters. booklets, TV
short films and radio messages by medical staff, military officers, and
religious leaders should be started immediately. A special short weekly or

" biweekly TV programme on public safety should be centered around interviews
‘with specialists on mines, mine field clearance operations, and mine victim

treatment specialists from the casualty wards to lmpress upon the population
the seriousness of this impending danger.

7.2 Equipment Needs

‘a) Two (2) video cameras compatible with £he national system
b) Two (2) video sets .

c) Two (2) portable tape recorders

d) Film (100 hours)
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TABLE I. SUMMARY OF HEALTH EFFECTS KNCWN TQ BE ASSCCIATED
WITH WINTER TYPE SMOG - LEVELS OF 24-HCOUR AVERAGE CCNCENTRATICHS
QF AIR-POLLUTANT MIXTURES CONTAINING 50. AND FARTICULAIE MATITLER ‘i:)
ABOVE WHICH SPECIFIC ACUTE EFFECIS ON HUMAN HEALTH ARE EXPECTED ON )
THE BASIS OF OBSERVATIONS MADE IN EPIDEMIOLOGICAL STUDIES

S0z Particles (pg/m*) Health effects Overall classification
of effects
200 200 (gravimetric) Small, transient decrements Moderate

in lung function (¥VC, FTEV,)
in children and adults, which
may last for 2-4 weeks.

The magnitude of the effect
is in the order of 2-4% of
the group mean.

250 250 {(black smocke) Increase in respiratory Moderate
morbidity among susceptible
adults {chronic bronchitis)
and possibly children.

500 500 (black smoke) Increase in mortality among Severe

elderly and chronically ill

people.
Note: Effects on human health are thought to become gevere at levels of ;:)
400 pg/m® for both sulfur dioxide and particulate matter. I
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APPENDIX V

SAUDI ARABIA AIR MONITORING PRCGRAMME ACTICN PLAN

GULF REGIONAL AIR MONITORING PROGRAMME

1. INTRODUCTION

: The U.S. Interagency Air Monitoring Team is working with the Saudi
Arabian Meteorology and Environmental Protection Agency (MEPA) to develop an
air monitoring plan for the Gulf region that will provide informatiom to
assess the impact of the fires in Saudi Arabia. This plan is being discussed
and developed with the King Fahd University of Petroleum and Minerals/Research
Institute (K.F.U.P.M./R.I./R.I.) in Dhahran, the Cooperation Council for the
Arab States of the Gulf (GCC), and the Saudi Arabian Qil Company (ARAMCO).

The plan is being developed at the request of Dr. Tawfiq, Vice President of
the Saudi Arahian MEPA. Meetings have been held with officials from all of
the above mentioned organizations.

1.1 Approach

The Team is gathering information on the existing air monitoring
networks in the region operated by MEPA, Saudi ARAMCO, Kuwait, Bahrain, and
the Royal Commission of Jubayl and Yunbo. The spatial distribution of the
existing network in the Region is being reviewed as to the location of sites,
the air pollutants and meteorological variables that are monitored at each of
these sites and the quality of existing data. That review is to determine if
the existing network needs to be expanded in terms of the air pollutants and

"meteorological variables monitored and additional air monitoring stations to
determine the impact from the oil fires. The capabilities of the existing
agencies and govermments to deal with a more complete network is also being’
investigated.

1.2 Objectives of Air Monitoring in the Gulf Region

Air monitoring data is needed for the following reasons:

a. To provide an Early Warning Health Advisory System for the Gulf
Region to respond to the air pollution resulting from the Kuwaiti
oil fires. 'The proposed Early Warning System could be based on
an adaptation of the U.S5. Air Quality Index, the Pollutant
Standards Index (PSI), which can be modified to use Saudi air
quality standards. The index would provide for health advisories
to the affected populations so they can minimize their exposure
to high pollution levels.
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b. To track the air pollution from the Xuwaiti cilfield fires over fi:)
time to assess the potential long term health and ecological :
effects. The air monitoring network proposal being developed is

" being coordinated with a parallel effort to develop a health
monitoring information system,

e. To collect samples of airborne particles to perform toxicity
testing and dose respeonse assessment utilizing in-vivo animal
models.

d. To facilitate evaluations of models which are use to predict the
local and regional scale behaviour of the oilfield emissions.
Data from the expanded GULF REGIONAL AIR MONITORING NEIWORK of
ambient air quality and meteorological data will be important for
those evaluatiens.

2. BACKGROUND

There are currently 516 oils wells burning in Kuwait, consuming
approximately five million barrels of crude oil and 70 million m’ of
associated gases daily. The fires originate in seven oilfields (Figure 1),
located both north and south of the Ruwait City airport. The fires may
represent one of the greatest manmade environmental disasters in recorded
history.

Based on the composition of Kuwaiti crude oil, emissions f£rom the .
burning wells are likely to include airborme particles, sulfur dioxide formed .
from the combustion of hydrogen sulfide, and oxides of nitrogen. Incomplete ‘:>
combustion products include hydrogen sulfide, carbon monoxide, polycyclic . -
aromatic and other volatile organic hydrocarbons, and heavy metals. Other
pollutants, including ozone and acid aerosols, such as sulfuric acid, would be
formed secondarily in the atmosphere.

Meteorolagical conditions over the past two months have tended to
transport the smoke plume toward the southeast, with periodic excursions.
toward the northeast. March through July are relatively windy months; there
are normally 30 days of very strong winds from the northwest in this period.
which produce sandstorms and rapidly ventilate the smoke. August to Octcber,
the incidence of strong winds should drop sharply, and local conditiong will
likely worsen.

As summer advances, solar induced convective mixing will increase the
maximum height or pollutants to levels not yet experienced, perhaps to above
6 km. It is in these situations that the stage will be set for long-distance
transport of the plume in the upper atmosphere, with asscociated long-range
effects.
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Emissions from the well fires have the potential of causing both acuta
and chronic health effects, although there is considerable unicertainty as to
the magnitude of the risk. Thermal damage and poisoning from the chemical
components of the plume are the two major mechanisms of acute pulmonary °
injury. Prolonged exposure to lower concentration levels of smoke may
decrease lung function, and increase the incidence of chronic bronchitis and
lung cancer. Special health concern is focussed on individuals working close
to the fires, pregnant women, children, the elderly. and those with
pre-existing respiratory and cardiac diseases.

The U.S. interagency scientific team has been conducting a
reconnaissance survey of the fire plumes and their effects in Kuwait and Saudi
Arabia since 10 March 1991. The Team obtained limited real-time data on the
smoke emissions, assessaed the existing air pollution monitoring infrastructure
in the region, and conducted a number of interviews with health officials to
evaluats the extent of acute respiratory problems related to smoke exposure.
While only a cursory assessment is possible at this point, some data obtained
by the Team were encouraging. Large—scale acute human health impacts, for
ekXample, have not been observed. ©Nor did limited sampling reveal the
existence of high concentrations of sulfur dioxide or hydrogen sulfide close
to the burming wells. The Team has stressed, however, that their observations
represent only a preliminary assessment and that considerable follow-up will
be necessary to definitely evaluate the nature and magnitude of the human

‘health, ecological, and atmospheric effects of the smoke problem.

2.1 Preliminary Investigation of the Existing Monitoring Networks

The air quality monitoring sites listed in Table 1 have been
identified for each of the Gulf nations that could contribute monitoring
information within the sphere of influence of airborne effluents from the
Kuwait oil fires.

Based upon our review of the existing networks, the principal
pollutants which are missing are in the Saudi network and in the present
Kuwaiti network are PM,o, which represents particulate matter with particles
less than 10 microns in diameter, pelycyclic aromatic hydrocarbons (PAH) and
volatile organic compounds (VOC). With respect to PM,y., these are the
particles which are most likely to penetrate deeply into the lung. It should
be noted that Kuwait has collected particulate data using an Anderson Cascade
Impactor, with limited size distributions below seven microns within a TSP
sample. Because of the importance of this particular pollutant and the large
amount of TSP resulting from the oil fires, the Team is recommending that
special efforts be initiated to gather PM,, data and if possible to
determine its comstituents - trace metals and hydrocarbons. The PMio data
collection effort should be supplemented with the collections of PAH samples
and if possible, grab samples for VOC analysis.
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2n ongoing effort is being conducted to examine the analytical _”i)
laboratory support for air monitoring in Kuwait, MEPA, King Fahd U.P.¥., and kS
Saudi ARAMCO. The Kuwaiti laboratory capability to analyze air and TSP

samples has been left largely intact. As of 27 March 1991, two of the three
continuous monitoring stations have been activated and are collecting data.

The remaining site has its continuous sampling equipment however, like the
analytical laboratory, is without electrical power. There is no projected

date for power at these locatioms. The analytical laboratory has had

experience with polyurethane foam (PUF) extractions for PAH measurements

(PS~1 sampler) and has done pesticide extraction and analysis research. The

most critical need for the laboratory is obvicusly power to provide the basis

of future support to the sampling plan. Additionmal training must be provided

with documented procedures for these new sampling and analytical procedures.

and lastly they are in need of a complete set of standards to support

instrument calibrations for their existing continuous monitors and the new

proposed technologies. Quality control and quality assurance samples and

support for the network should be developed within the available laboratories

but, should be supplemented from an external source.

TABLE I - The Distribution of Alr Pollutant and Meteorologlcal
Monitoring Sites by Gulf Nation

Nation Organization Number of Air and Meteorological
Sites

SAUDI ARABIA MEPA 3 fixed sites - meteorology and air’ :j)
' - pollution at different locations of the

same city
1 mobile site - meteorology and air
pollution
1 fixed meteorology site

Saudi ARAMCO . 8 air gquality sites with meteorology
6 additional metecorology sites

Royal Commission Cluster of Five Stations in

for Jubayl Jubayl

& Yunbo

KUWAIT 3 sites with continuous monitors
(2 with power, 1 without power).
4 sites with Anderson samplers, high
vols. and dustfall buckets. (no power)
1 additional TSP site (no power)
6 additional dustfall sites
4 temporary S0: bubbler sites located
at 4 hospitals (some power)

BAHRAIN 2 sites

QATAR ' 3 mobile monitoring sites

IRAN unknown

TRAQ unknown J;;)
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The analytical laboratory at King Fahd U.P.M. has recesantly been
provided the above procedures to permit a self assessment of their equipment
availability to conduct these detailed analyses. Currently, the K.F.U.P.M. is
conducting experiments on PAH's analysis of high volume filters as a first
gtep in this programme. K.F.U.P.M. has not had any experience with PUF, VOC
canister analysis, or PM,o sampling and analysis. They can expand their
current analytical capability to provide support to the proposed network.

The analytical laboratory of Saudi ARAMCO as with MEPA has had no
experience in cellecting and analyzing PM:o samples, PUF, and canister
samples for VOC speciation and PAHs,

In summary, the current level of technical competence within all of
the facilities visited, MEPA, King Fahd U.P.M., Saudi ARAMCO, and Kuwait,
indicates that upon the procurement of additiconal equipment., standards., and
training, they all could support the sampling and analysis required for this
programme.

A substantial number of meteorological measurement sites exist within
the eastern province of Saudi Arabia and the nations of the Gulf Region. Most
of those sites are along the shoreline of the Gulf. ARAMCD operates 14 sites
with meteorological data. Eight of those sites have collocated air quality
measurements. Three of those sites are over the Gulf waters on platforms or
on an igland. MEPA (Saudi Arabia) has five sites with collocated air quality
measurements. In addition, there are surface observations collected at many
of the airports throughout the Kingdom. Surface meteorological data are being
collected at other Gulf region locations. Their lecations may be identified
through the WMO publications. Previously, there were other surface
measurement sites within Kuwait but their operational status remain unknown at
this time.

Two upper air balloon sounding sites are operating within Saudi Arabia. One
site is at Dhahran and the other is about 115 miles to the southwest of Kuwait
City at Al Qaysumah. Twice daily soundings are collected at those locations,
at 0000 .and 1200 GMT. Prior to the war in Kuwait, twice daily upper air
soundings were made at the Ruwait Intermational Airport. The resumption of
those soundings could be of substantial benefit to describing the airflow
across the areas of Kuwaiti oil fires.

2.2 Meteorological Observations

The following summarizations are based upon first hand observations of
the smoke plumes and fires. Those observations were made during overflights
and during vehicle traverses both within the oilfields and along roads outside
of the burning oilfields. '

For any given day, the prevailing large-scale meteorological pattern

will be the main driving feature which determines where the smoke plumes will
be located and how dense they will be.
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Individual smoke plumes appear to act in mammers typical of buoyant <—>
plumes from ground level sources or plumes from short chimneys. Plume rise,
the development of a bent—over plume geometry, etc., seem to apply to the
individual well-head fires; some have jets of fire and others are nearly
surface based burnings of the more combustible fractions of crude oil spread
across the ground in the vicinity of the well. Most of the fire plumes rise
to between 150 to 300 feet above ground level before becoming mostly bent
over, although some plumes have a significant amount of smoke remaining within
a few hundred feet of the ground.

Collectively, as groups of multiple fires within oilfields with a high
density of burning wells (particularly Greater Burgan), they assert a
meteorological influence of their own. It is suggested that the grouping of
fires with a horizontal diameter of 25 to 40 Jm provides enough of an intense
"heat—-island” that significant additional vertical rise of the smoke occurs
inside the area. That additional plume rise lifts smoke to elevations often
1000, 1200, to 1500 m above ground within the initial few miles downwind.
Eventually, portions of the smoke rise even more, with multiple layers often
forming at heights up to 2400, 2700, 2600, to 3900 m. Between such layers and
at the tops of layers many tens of miles downwind, a generally diffuse and
homogenous zone of smoke has been observed. The esventual smoke height limits
are bounded by the regional vertical temperature structure and syneptic
weather characteristics. Information reviewed to date suggest that those
maximum heights are mostly 2400 to 3600 m within the initial 150 to 300 km
downwind from the Kuwaiti oilfield fires.

With the creation of a local heat-island, a distinct inflow of near ,
surface air has been observed within the initial 500 to 1000 feet above ground !j)
level. At times, that inflow of wind is estimated to be 5 to 15 m/s in- 0
strength. Smoke plumes at the peripheral bounds of the burn area tend to
slant inward toward the centre of the burning field instead of pointing
downwind with direction of the expected ambient wind.

Local variations in daily wind flow, along with the fire-storm like
winds, are likely to preoduce preferred locations and times of day at which
more concentrated smoke plume exposures reach ground level. "Prevailing winds
are from the northwest throughout the year. During the daytime a sea breeze
can be expected to develop at the Gulf shoreline and progress inland as the
day progresses. That inflow of air can readily clear out the smoke plumes and
vield substantially cleaner air at ground level on the Gulf side. &along the
leading edge of the sea breeze front there likely may be a zone of extended
and elevated exposures to fire effluent. That zone may well extend down the
shoreline from Kuwait City some 100 km. The area of greatest susceptibility
appears to be to the southeast of fires in the Al Ahmadi oilfield (part of the
greater Burgan field). ) '
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2.3 Datz Base Management

In addition to evaluating the existing air monitoring networks, the
Team made an initial review of existing data systems to handle the air
monitoring data. The previous meteorclogical, air quality, and visual
observations of the oilfield fire plumes should be archived, along with data
to be obtained during the period of on-going Kuwaiti fires. A dedicated
facility for the performance of that archiving does not appear to exist. The
data management task is likely to be a sizeable task and extend a2 period of a
vear and more.

Some of the general functional needs of the data management system
include the following., The data which will need to be assembled into the data
base will likely come from many different sources and exist in diverse formats
and media. One role of the data base management activity will be to assemble
all information intc a common, uniform structure. The sscond and equally
important part of the data archiving is the provision of a uniform and
consistent mechanism for the retrieval of data by participating agencies. The
degree to which that data base is well formulated, will significantly affect
the efforts of users of the data as they attempt to study and interpret the
measurements. )

A number of possible methods exist for the set-up of a computerized
data base. Commercial software and hardware of various degrees and complexity .
and cost exist which would satisfy the data management needs. Before the '
choices of system software and hardware are made, the functionality of the
overall system and the manners in which users work with the data sets should
be considered. For example,. it may be required that the datd base be a
"relational" data base. Other sources of software that might be used to
handle a large volume of data would be the U.S. Environmental Agency's (USEPA)
Aerometric Information and Retrieval System. That system can handle hourly
data and has considerable software available to both summarize and analyze the
ambient air data.

MEPA has asked the Team to recommend the type of computer and
associated software needed to manage the data collected in order to implement
the monitoring plan. For now, it is more appropriate to defer specific
recommendations. A number of general performance characteristics may be
stated but specific details should be formulated in conjunction with data base
specialists at a later date.

3. RECOMMENDATICONS

While preliminary, the Team believes that the following
recommendations should be implemented based on ocur initial data gathering
exercise. A general objective is listed as a recommended goal and below that
objective are listed several needed items or activities to facilitate the
achievement of the overall goal.
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Cbjective_ 1

Provide a framework for an early warning advisory capability for areas
expected to he impacted by effluents from Kuwaiti oilfield fires.

Needs:

a.
b.
c.
d.

Meteorological data observations and forecasts:
Visual observations from key receptor areas:;
Review existing monitoring data;

Calculate smoke trajectories and concentrations.

Objective 2

Provide a cursory wide—area indication of the distribution and
composition of the Kuwaiti oilfield fire effluents.

Needs:

a, Establish 15 to 20 PM,, monitoring locations using portable
monitors:

b. Train personnel in the operation of the portable PM;, monitors
and develop the analytical support capability within Saudi Arabia
and Kuwait;

c. Define the PM:o to TSP ratios;

d. Define the composition of the plume by XRF analysis for metals,
and GC-MS analysis for limited organic identification;

e, Establish a central media preparation and analysis location:

f. Defire the baseline contribution of the ambient aerosol from the

surrounding desert.

Objective 3

Characterize the aerial smoke plume.

Needs:

a. Collect by fixed or rotary winged aircraft many of the same plume
measurements recommended for the ground monitoring array:;

b. Correct descriptions of the width and wvertical extent of the
smoke plume at several downwind distances;

c. Characterize the regicnal background by samples outside of the

smoke plumes.

Objective 4

Develop a more complete profile of the smoke plume constituents
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Needs:

a. Procure equipment for a limited number of comprehensive air
quality monitoring stations to collect: TSP, PM,.. organic,
and inorganic constituents:

b. Establish a limited number of comprehensive air quality
monitoring stations to collect: TSP, PMiqs, organic, and
inorganic constituents. These should be collocated with the
continuous monitors wherever possible:

c, Train individuals to operate and maintain the sampling
instrumentation in support of the monitoring programme;

d. Procure the necessary analytical laboratory equipment required
for analyses of the samples collected under this objective;

e. Train laboratory personnel in the preparation of the sampling
media, QA/QC procedures required and the subsegquent sample
analytical procedures.

Objective S5

Determine the need for expansion of the monitoring network to a wider
regional coverage.

Needs:

a. Review the data developed from the limited network:

b. Assess the current and projected status of control of the
0ilfield fires and emissions;

c. Review the population health survey statistics;

d. Review the suitability of the sampling strategy. and modify where
needed;

e. Expand the limited network as the situation requires. data
analysis indicates an additional need for data.

Many of the same considerations listed for air gquality above also
_apply to meteorological considerations.

‘Objective 6

Provide a meteorological data stream to facilitate the modelling and
prediction of areas expected to be impacted by effluents from Kuwaiti
0ilfield fires.

Needs:

a. Upper air balloon sounding data representative of the Kuwaiti
oi1lfield fire area and Gulf region plume transport;

b.  Supplemental surface based measurements of wind speed and
direction, temperature, moisture content of the air (dew point,
relative humidity, ete.), solar radiation, atmospheric pressure,
precipitation.
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4.1

RDP 654

Obiective 7 :j)

Provide a meteorclogical data set to investigate the areas of climate
modifications occurring due to effluents from Kuwaiti oilfield fires.

Needs:

a. Supplemental surface based measurements diffuse and direct selar
radiation:

b. Special collections of precipitation throughout the region to
examine the pH and chemistry of the rains:;

c. Aircraft soundings and profiles of smoke, winds and temperatures,

air quality related measurements of plume compositions and
concentrations representative of the Kuwaiti ocilfield fire area
and Gulf region transported plumes.

PHASED AIR MONITCRING PLAN

This section of the report discusses a prioritized plan of stepwise
incremental actions for the phased implementation of the recommendations
discussed above. Five phases for implementing the plan follow.

Phase 1. Provide a Framework for an Early Warning Advisory -

In order to accomplish this task, the following action items need to
be initiated or incorporated into the task framework.

1.

Gather daily weather forecasts to predict meteorological ;:),
conditions which would effect pollution potential in both Saudi
Arabia and Kuwait:

Use visual observations from key receptor sites to determine
possible pollution levels:

Gather existing air monitoring data from fixed and mobile sites
operated by MEPA, Saudi ARAMCO, and the govermments of Kuwait and
Bahrain to develop a data base of existing data:

Establish a daily briefing for representatives of the many
entities concerned with behaviours and fate of the aerial
effluents from the ocilfield fires in Kuwait;

Develop a daily map depiction of the aerial distribution of the
smoke plumes across the region using satellite imagery, for each
day since initiation of the oilfield fires;

Issue a daily general statement about the expected behaviour(s)
of the o0il fire plumes. Areas of potentially adverse conditions
could be treated as locations for which advisories would be
issued: '
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Provide forecast meteorological conditions across the region for
the next 2 to 3 day period, including the expected location(s) of
the smoke:;

Obtain data from the MEPA network throughout the eastern province:

Direct the crews of the SLAR aircraft (USCG Falcon Jet) to
continue on a regular basis the present visual observation and
mapped notations concerning the horizontal extent of the smoke
plumes and the estimations of altitudes of layer bases and tops:

The above information could be compiled initially in hard copy
form. Later it should be stored on electronic media in a way
that an existing PC data management system could readily
incorporate it.

4.2 Phase 2. Establish a ™M, Monitoring Network Using Portable PMiyo
~ Momitors

Working in conjunction with the Saudi Arabian Meteorology and
Environmental Protection Agency (MEPA), the proposed plan has been developed
to collect information on FM,e, which represents particulate matter with
particles less than 10 microns in diameter. At the present time there is no
PM:q monitoring in the Gulf region.

OBJECTIVES

The objectives for this effort are as follows:

1

2)

3)

4)

3)
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Determine the magnitude or the health threat to residents of -
population centres and field-based military personnel impacted by
the oilfield fires and typical sources (windblown desert soils);

Establish a scientifically based capability to alert these
affected populations prior to the onset of the potential health
threats from real-time measurements; =

Establish a technical basis for executing predictive air quality
dispersion models which simulate the oil well fire emissions,
background sources, and consequent impacts over space and time:

Establish a regional network of PM,, stations using a
consistent monitoring methodology across the countries of Saudi
Arabia, Kuwait, and Bahrain;

Train personnel to operate and analyze the media produced by the
network from each of the participating countries;
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8)

Develop a ragicnal data base and encourage the sharing of data f:)
developed from the network with all participants: ~

The above obhjectives convert the foregoing goals into discrete actions:

1)

2)

3)

4)

a)

b)

c)

d)

3)

Determine the spatial temporal frequency, and severity of the
impact to the resident populations and military centres affected
through the application of saturation sampling technigues with
portable PM,, samplers;

Establish the correlation of real-time surrogate monitoring data
to data genmerated from direct sampling methods through the
collocation and simultanecus operation of both methods owver time;

Where possible use impact data collected from samplers as an
input to the dispersion model., run the model "backwards" to
develop a better estimate of the emission rates of the fires and
produce a higher level of confidence in the predictive medelling
results;

Obtain from the literature and/or develop from scurce sampling
analysis chemical profiles of all major pollutant sources in
order to:

Identify those contaminants that pose the greatest health
concerns and to develop an estimate of acceptable ambient levels
(AALs) prior to the conduct of field work.

identify the chemical "signature" of the major contaminants and
other tracers characteristic of the primary sources,

enable apportionment of these contaminants and other tracers
compounds from a simple total mass concentration measured by the
ambient samples, and

attempt to ralate these levels in turn to the surrogate real-time
monitoring metheds for use in issuing timely health risk alerts:

Ensure that the data generated by the network are of a
demonstrably high quality (precision & accuracy)., completeness,
representativeness, and comparability.

APPROACH

Conduct a PM,, saturation saﬁpling study to determine the temporal
and spatial features of the impact of the oil well fires and attempt to
reconcile the data with existing model estimates. PM,;o mass concentrations
would be available within 24-48 hours following sampling. No on-site
meteorological, gas, or aerosol monitoring or chemical analysis is required
{chemistry could be attempted later on the preserved media). One or more
portable nephelometers would be collocated at several sampling sites to
develop correlations between manual and continuous (real-time) methods for
alert advisories. :
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A total of 15-20 portable PM,p, samplers esquipped with guartz filters
would be run simultaneously on a daily basis or "triggered" {(impact forecast)
basis throughout the study area. Network design would involve a "nested”
approach to address the objectives: :

1 samplers sited at background locations (not impacted) by the
smoke plume and samplers in populated areas:

2) samplers in populated areas impacted by smoke.

Samplers could be "ganged" (2 or more) and programmed to run
consecutively at individual sites if filter clogging problems occur because of
high loading. Further, multiple samplers could be collocated at certain sites
to collect fine particles (less than 2.5 microng) and coarse particles (2.5-10
microns) on teflon sample filters (facilitating XRF elemental analysis). One
of the 10-12 sampling sites would be equipped with duplicate samplers in an
effort to develop sampling precision estimates.

This comprehensive programme will yield the following:
L short turnmaround PM,, concentrations:

2) gross estimates of the fire-specific contributions to total mass
could be derived by subtracting background concentrations from
the impact site concentrations:;

3) -applying assumptions on the source profiles to pollutant loading
attributable to the well fires, estimates of individual target
compound loadings could be computed and a comparison to AALs made:;

4) correlations factors can be determined between real-time
surrogate methods and manual methods, and '

5) impacted sampling media would be available for subsequent
intensive chemical analysis in an attempt to reconcile assumed
source signatures and extracts can be used to perform any other
analytical tests (mutagenicity). Special precautions may be
needed to preserve the sample integrity during storage and
transfer.

Limitations: potentially, no on-site meteorological data to calculate
emissions rates, no on-site chemistry (unless developed) to confirm critical
assumptions, and no concurrent gas or acid aerosol measurements to evaluate or
corralate with the particulate data.

Resources: 1-2 professionals, 1 field technician per site, if it must
be operated individually (actual number contingent upon. the network logistics
and potential "clogging" implications), portable PMio saturation samplers,
portable nephelometers, lap-top computer, microbalance, expendables and sundry
support gear.
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In summary, this approach is PM:, mass data- and assumption-rich _f:)

which must be reconciled with a poor and broad pollutant characterization.

SAMPLING AND ANALYTICAL METHODS

The alternate approaches identified above involwve the use of a variety

of sampling and analytical methods summarized below:

RDP 654

Portable PM,y Saturation Samplers

segregate and capture of filter, particles of 10 micron size
{respirable particles) and smaller:;

battery-operated, lightweight, rugged, inexpensive, small, and
quiet:;

easily deployed and operated:

programmable timer for unattended on and off;

rechargeable battery packs:

continuous operation up to 30 hours on a single charge:

precise and accurate;

low detection limit of approximately 5 ug/m’

susta;ned operation under high particulate loadings, e.g. 1000
pg/m or more:

electronic sample flow regqulation:;

electronic sample flow totalizer;

low flow shutoff/warning;

can accept a variety of other pollutant sampling media (e.g. PUF,
DNPH, charcoal, denuders, etc.) or take whole air samples {Tedlar

bagg) with little or no modification. - ;:)

Portable Nephelometers

many of the same attributes of the PMi¢ saturation sampler:
battery operated:

effectively measure particles of 1 micron diameter or smaller;
continuous reading, storing five minute averages:;

rechargeable;

continuous operation from 24~48 hours on a single battery charge:
internal storage for up to nine days of sampling data;

data download to a portable lap-top computer through RS232 serial
port:

operationally equivalent to standard nephelcometers.

Microbalance

five to six place balance;
rugged, transportable while precise and accurate.

Field XRF Unit

similar MQLS with in-situ laboratory units:;
rugged.
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Support Gear

- calibration and audit gear, tools and diagnostic equipment, etc.

PROPOSED NEIWORK DESIGN

The recommendation for siting of the portable PM,, samplers is
predicated on providing a large area of coverage for developing a better
estimate of the areas impacted by the plume, a cross—gampling of population
and troop centres, and to provide the opportunity to transfer this technology
to Saudi Arabia, Kuwait, and Bahrain.

SAUDI ARABIA

- collocated site at K.F.U.P.M. (2 sites);

- two sites in Riyadh (1 U.S., Embassy & 1 MEPA location):

- one site collocated with one of the Royal Commission for Jubayl
and Yunbo sites:

- one site Saudi ARAMCO at Tanajib:

- one site MEPA at Khafji.
Total of seven (7) sites.

RKUWAILT

- three sites (3) located at the two operational continuous
monitoring sites within Kuwait City (one site collocated):;

- one site at Camp Freedom; .

- One site U.S. Embassy:

- Cne site Al-Ahmadi (Kuwait 0il Company Hospital).
Total of six (6) sites.

CENTCOM

- two sites at selected troop locations.
Total of two (2) sites.

BAHRAIN

- one site to be determined.

Total of one (1) site.

A total of sixteen samplers are committed to field sampling with the
remainder as spares or as changes to the sampling plan dicfate.

DATA MANAGEMENT

The data base created by this special PM,, network could be
stored and analyzed using existing PC software.
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2.3 Phase 3. Characterize the Aerial Plume.

This phase should follow closely with Phase 2, in order to
characterize the 3-dimensional nature of the smoke plumes from the fires in
Kuwaiti oilfields. To achieve that goal, many of the same plume measurements
collected by the existing and proposed ground level measurement locations
should be provided by the aerial sampling platform. Obviously, the longer
time integrated samples (e.g., 24 hour total values, averages, etc.) cannot be
reproduced by aircraft borne devices. Short-term and across plume integrated
measurement descriptions may be obtained to characterize the spatial extent
and details of actual constituents of the elevated portions of the oil fire
plumes.

The aerial sampling activities may be separated into measurements
which address the three general zones of plume characteristics, from a
meteorological sense. Those zones are the 1) close-in zone, 2) intermediate
or transition zone and 3) extended or distant zone. Measurements very nsar
the wellhead are difficult to impossible to cbtain due to excessive heat and
great levels of turbulence. Measurements at jintermediate distances will be
difficult and many locations within the clustered groups of burning wells may
be unsafe for aerial traverses due to the extremely dense smoke and hidden
turbulent plumes. Measurements at the longer distances, a few miles downwind
of the last burning wells, should be possible. Measurements from a few to
several hundred miles downwind of the fire area should bhe feasible. Within
that distance range the approximate concentrations, plume dimensions, and
estimated mass flux in the downwind directions may be approximated. The
aerial sampling strategies should concentrate on the obtaining of those types
of information.

4.4 Phase 4. Develop a Complete Profile of the Smoke Plume Constituents.

Cbtain additional equipment to expand existing contlnuous monitoring
high priority sites in Kuwait and Saudi Arabla

The survey conducted by the Team during Phase 1 of this plan indicated
that within the region, respirable particulate sampling technology, aerosol
and total particulate sampling and analysis for volatile organic compounds
{(VOC), semi-volatile organic compounds (SVOC), and PAHs were either not
available or insufficient to properly characterize the effects of the oil well
fires on the population centres and the troop concentrations within the region.

This phase of the plan proposes to bring into the region several new
technologies and to train personnel within the region to operate samplers. to
condition, and analyze the several new media necessary to support this
expanded network. The objective of this process is to develop a stand-along
capability within each participating country for aerosol and particulate
monitoring which will support the Gulf regional air quality characterization
and index plan ocutlined in Phase V.
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During this phase of the plan the Team proposes to expand the
continuous air and meteorological monitoring currently being conducted within
the region at six sites. These sites are recommended based on the need to
jointly develop the sampling and analytical capability within the region to
ensure that it becomes self-sufficient and sustainable. The particular
technologies outlined below are not currently operated within the region nor
are the analytical procedures required to support them currently being
utilized. However, the Phase I survey indicates that with sufficient
training, additional equipment, and some experience with actual field samples
the transfer sheould be relatively smooth.

Initially, the Team's recommendation of six strategically placed sites
along the axis of the area of greatest impact by the oil well fire plume will
generate sufficient samples for the required training, while also providing
critical data not currently being collected by the existing networks or
available through the portable PM:o, network proposed in Phase II. As this
data base develops it can be used to better define the constituents of the
plume and thus permit a more accurate assessment of the potential long-term
health risk.

The equipment listed below should be collocated with the full
compliment of continucus air and meteorological monitors described in Phase V
at these six proposed sites. A brief description of the equipment is provided
below:

- TSP High Volume Sampler - used to collect a 24-hour sample of the
total suspended particles, operated nominally at 50 CFM, and
typically uses 8x10 inch glass fiber or quartz filter media;

- PMio High Volume Sampler - used to collect a 24-hour sample of
the 10 micron and smaller sized fraction of the TSP sample
collected by the TSP sampler above, sampler is typically operated
at 40 CFM, and utilizes an 8x10 inch Quartz or teflon filter
media. Note: glass fiber media should not be used if there is
concern for a known sulfate artifact formation problem:

- PM;¢ Manual Dichotomous Sampler - used to collect a 24-hour
sample of the 10 micron particlt size fraction of the TSP,
sampler operates at 16.7 liters/minute. and utilizes two (2) 37
mm diameter Teflon filters to collect a fractionated sample with
a cut point of 0-2.5 micron (fine fraction) and 2.5 - 10 micron
(coarse fraction);

- VOC Canister Sampler - used to collect up to a 24-hour integrated
whole air sample in six~liter evacuated stainless steel
canisters, interior walls are passivated to minimize sample
degradation, samples volume can be regqulated by either limiting
the volume to ambient pressure or pumping in addition sample to
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an approximate volume of 16 liters, these samples can ke used for . )
the determination of total hydrocarbons or analyzed for specific o
hydrocarbons, multiple analysis are available from a single

pressurized canister sample. WNote: An extensive canister cleanup
process is reguired prior to the collection of additional air

samples:

- Polyurethane Foam (PUF) Low Volume Sampler —~ used to collect
24-hour aerosol samples utiiizing small AC or battery operated
pumps at flow rates less than five liters per minute on
relatively small glass cartridges containing a PUF plug, these
samples can be extracted and analyzed for PAHs, or other SVOCs.
Note: Both the glass cartridge and PUF' plug require an extensive
cleanup procedure prior to re-use:

- Optional Tenex/Charcoal/XAD-2 tubes — these media can be used
with same type of low volume pumps described above -to collect
additional samples for further definition of the constituents of

the plume for SVOCs.

Organic. compounds will be present in all three phase distributions
(particle bound, SVOC, and VOC) and each phage will have to be sampled and
then a determinatiod will have made as to importance of each.

The particle bound phase can be collected for extractible organic
analysis from both quartz, teflon impregnated glass fiber filters, or teflon.

The SVOC phase can be collected on PUF and within the canister. The k::)
VOC phase can be collected with canisters and charcoal tubes. Employment of )
Tenex and XAD-2 sampling tubes in conjunction with PUF, charcocal tubes, and
canisters in an overlapping sampling matrix., can be used to confirm of the
presence or absence of compounds which could be missed by a less complex
sampling matrixz..

PROPOSED LOCATIONS FOR THE INITTAL SIX EXPANDED SITES

The Team recommends that the six locations follow the general axis of
plume drift from Kuwait City south’'into Saudi Arabia. It is further suggested
that the operation of these sites be divided amongst the key network managers
within the two countries: Ruwait, MEPA, and Saudi ARAMCQ. This division of
responsibility supports the philosophy to jointly develop both the sampllng
and analytical capability within all three entities.

Kuwaiti Locations

The Team recommends that two (2) of the sites be located at the
existing operational continuous monitoring stations located in Kuwait City. A
third site should be established in Al-Ahmadi at the Kuwaiti Qil Company
Hospital. This location is situated within 300 - 400 m of several burning
wells and is adjacent to the closest residential area associated with any of
the oilfields.
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Saudia Arabian Locations

The Team recommends that a site be established at King Fahd University
of Petroleum and Miners (K.F.U.P.M.) in Dhahran, one site to be collocated
with Saudi ARAMCO site in Tanajib and the last site should be established by
MEPA in Khafji.

4.5 Phase 5. Develop Regional Air Moniftoring Network to Track the Impact
of the Kuwaiti Cil Fires on the Gulf Region.

This phase of the proposal will be developed in series of stages. The
network is directed at long term fixed site monitoring, which will collect a
battery of both air quality and meteoroleogical data that would satisfy the
objectives identified in this report. Particular attention will be given to
providing an early warning system advising the effected public on what
cautionary steps should be taken to minimize the impact of air pollution on
health. It is proposed that the early warning system will be modelled after
the air quality index used in the U,.S.A.. The second focus will bhe directed
at tracking the air pollution problem over time to be used in determining both
long term health and ecological impacts due to the Kuwaiti oil fires. The
data base will provide information to develop key policy decisions which could
minimize the possible health and ecological impacts.

RECOMMENDED MEASUREMENT PARAMETERS AT EACH SITE

The basic plan is for each site within the regional monitoring network
to consist of the same types of measurement devices. Deviations for that
general consistency will be addressed on an individual basis. Two general
categories of information are proposed for every location. Data measurement
are grouped into either meteorolegical or air quality categories.

a, Meteorological wvariables

The nominal set of meteorological measurements to be collected at each
site are the following:

Wind speed and direction. (at 10 m);

Temperature:

Moisture content of the air:

Dew point, relative humidity, or wet bulb:

Solar radiation;

Precipitation (saved for chemical analyses, pH, etc.).

b. Air quality variables

The nominal set of air quality measurements to be collected at each
site are the following. Two general categories of collection needs exist.
The first set of needs relate to the onset of episodic levels of airborne
concentrations. In those situations a need may be developing for an early
warning advisory for downwind population centres. The second set of needs
relate to the need to monitor for longer term, more subtle risks.
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Episodic/EARLY WARNIWNG measurgments

Longer Lterm monitoring

PM; ¢ (continuocus)
TSP

S0 (continuocus}
(O (continuous)
NOx, NO {(continuous)
Cco {(continuocus)
H:S {continuous)

c. Health Monitoring Survey

Acid aerosels
VOCs

Aldehydes

BaP, other P2Hs
Trace elements
Fine particles

D

Air monitoring data collected through the proposed air monitoring
network will provide basis for interpreting the results of health surveys of
the populations and ecosystems potentially effected by the effluents from the
oil fires in Kuwait. The kinds of health data that could be collected include:

TABLE 2 - Location of existing air meteorology monitoring stations

STAGE
LOCATION OF
IMPLEMENTATICN

NATTON ORGANIZATION

SAUDI ARABIA MEPA Damman

Saudi ARAMCO

The Royal Commission
for Jubyayl and
Yunbo

KUWAIT

QATAR

Hofuf
Tanagib (Mcobile Site)
Riyadh

Udhailiyah

Shedgum

Abgaiqg

Dhahran

Tartut

Rahimah

Juaymah

Tanajib

Safaniyah Qilfield

(met. only)

Marjan Cilfield (met. only)
Abusafahs Field {(met. only)

Cluster of 5 stations
in Jubyayl

Mansoria
Rabia
Rega

3 mobile units, unknown
locations

N e

WHENNNWWW

N W

=1

-
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Health questionnaires:

Blood samples;

Urine samples:

Hair samples;

In-vivo animal studies:

Forced expiratory volumes; . .
Other morbidity parameters. .

Digtribution of Proposed and Existing Air Monitoring Sites

Table 2 lists the location of the existing and proposed air monitoring
sites, while Table 3 lists the locations of the proposed air monitoring
sites. In order to complete the network in an orderly manner, it is proposed
that the network he developed in geveral stages. The first order of business
would be to upgrade key existing monitoring locations so that there exist a
full complement of air and meteorological monitoring equipment, as well as add
new critical air monitoring sites (Stage 1). The second stage would be to
establish those sites that would satisfy the minimum requirements for tracking
the plume caused by the oil fire and to provide an early warning system for
Saudi Arabia, Kuwait, and Bahrain (Stage 2). ' The third and final stage would
be to complete the final network following a review of the quality and
quantity of findings to date (Stage 3).

5. SUMMARY

The initial measurements made by the Team suggest that there is not an
imminent threat from S0: and H.S to the urban populations, while
short—-term measurements of particles are frequently high. Historically, this
region has.high particulate levels due to wind blown dust. The particulate
measurements that were collected by the Team reflect total particles, as
opposed to respirable particles, that is PM;o. There has not been a
principal focus in the Region on total particles, PM,q, and organics up to
now. Therefore, the Team developed the five phased monitoring plan with an
emphasis on better understanding particulates and the aerosol organics
associated with the oil fires in Kuwait. Particulates and organics could be a
source of concern for both health and ecological effects.

The air monitoring proposals presented in this report represent the
Team's collective judgement on what needs to be done. Those judgements are
bazed upon an on-site evaluation of the situation in Kuwait, discussions with
officials from the Saudi Arabian MEPA, Kuwait, Saudi ARAMCO, and the King Fahd
University of Petroleum and Minerals. MNeedless to say more work is needed
regarding data management, statistical design, data analysis and quality
assurance. Because of the complexity and immediacy of this problem, an
extended time commitment will be needed on the part of all Gulf nation
agencles to achieve the objectives outlined here.
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TABLE 3 -~ Location of proposed air meteorclogy monitoring stations )
. STAGE
NATION ORGANIZATION LCCATION oF
IMPLEMENTATION
SAUDI ARABIA MEPA Awiyah 3
Shumlul 2
Sarrar 2
Nuayriyah 2
Lisafah 3
Hafar al Batin 1
28°6' N 2
- 47°51' E '
28°30' N 1
48°1' E
28°55' N 1
47°32' E
29°1" N 1 .
46°39' E D)
KUWAIT ' Mina Saud 1
U.8. Embassy 1
Al Ahmadi (Hospital) 1
International Airport 1
29°23' N 2
. 46°55' E
1 29°50' N 2
) 47°15' E
30°4* N 2
47°42' E
29°33' N 2
47°50' E
BAHRAIN Mina Manama 2
Bahrain University 2
QATAR : Doha - 3
UNITED ARARB Abu Dhabi 3
EMTRATES Dubai 3
OMAN Muscat 3
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SUMMARY

It was reported in the second week of February 1991 that about 200 oil wells were put
on fire in Wafra, Umm Gudair, Minagesh Burgan, and Romeilla oil fields in Kuwait.

" These numbers increased to above 600 by February 24 with the addition of more

wells on fire in Raudhatain, Sabriya, and a large area of Burgan oil-fields. It is
estimated that approximately 2.5 million barrels of crude oil and 35 million cubic
meters of associated gases are on fire emirting approximately 20,000 tons of sulfur
dioxide (SO,), 1500 tons of particulates, 250 tons of carbon monoxide (CO) and 500
tons of oxides of nitrogen (NOx) to the atmosphere on daily basis. In addition to
these, tons of toxic metais and carcinogenic elements are also being released into the
atmosphere.

The above pollutants in high concentration may cause serious health problems. So far
the measured concentration of these pollutants in major cities in Saudi Arabia have
been found within the permissible limits as recornmended by MEPA. However,
simulation study shows very high concentration of these pollutants, particularly SO,
in Kuwait City, Mina al Sand, Mina al Ahmadi, and Bubayan and Faylakah islands.
Depending upon wind direction and wind speed, high concentration of SO has been
estimated few times in cities such as Khafji, Safaniyah, and Basrah. Since it may take
several months to extinguish these wells, it is important to understand the impact of

‘these pollutants on human health.

In order to assess the environmental impact of burning of oil wells, both modelling
and monitoring programs have been initiated by the Research Institute at King Fahd
University of Petroleum and Minerals (KFUPM/RI). The Institute, in addition to its
OWN monitoring program, has also been compiling ambient air pollution data from
various sources such as Sandi ARAMCO, Royal Commission for Jubail and Yanbu,
and the Meteorology and Environmental Protection Administration (MEPA).

This report summarizes various activities being conducted by KFUPM/RI in
collaboration with the Meteorology and Environmental Protection Administration
({MEPA), US Air Team, Ministry of Health, and Saudi Arabian American Oil
Company (ARAMCO).
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INTRODUCTION

Burning wells in Kuwait are producing large amount of gases such as sulfur dioxide,
carbon monoxide, hydrogen sulfide, carbon dioxide, and oxides of nitrogen as well
as particulates containing partially burned hydrocarbons and metals, all of which have
a potental for affecting human health and vegetation growth. Particularly harmful
. gases are sulfur dioxide and the nitrogen oxides. Photochemical reactions between
the nitrogen oxides and hydrocarbons produce oxidants of secondary pollutants which

may also affect vegetation.

The chronic effects of the air pollutants increase the death rate among the elderly and
chronically ill people. The moderate effects may cause increase of prevalence of eyes
and respiratory irritation. Epidemiological data suggests an association between
increased concentration of SO5 and particulate matters. Sulfur dioxide, being a very
soluble gas, is absorbed in the nose and upper airway while breathing which, in turn,
‘produces increased airway resistance in the lung. High doses of SO;1i.e. 2105 ppm
(5200 to 13,000 micrgram/cum) may cause severe impairment of lung functions. In
some cases, a healthy person without any previous history of asthma may develop a
moderately severe attack of the disease. Chronic cough and mucus secretion may
result from repeated exposures.

Of several oxides of nitrogen present in the ambient air, only two are known to affect
human health. These are nitric oxide and nitrogen dioxide. These oxides, if
transferred across the lung-blood barrier, can produce inactive forms of hemoglobin,
It is estimated that eye and nasal irritation will develop after exposure to about 15
ppm nitrogen dioxide and pulmonary discomfort will commence after brief exposure
to 25 ppm. '

Upon entering the respiratory system, carbon monoxide (CO) combines in the Iung
with hemoglobin in the bloodstream to form carboxyhemoglobin (COHb). This
reduces the capability of hemoglobin to carry oxygen to the body tissue.

Sulfur dioxide concentration above 0.5 ppm for a maximum exposure time of three
hours may cause visible injury in most temperate crops. Atmospheric sulfur dioxide
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can enter leaves and can be absorbed by the roots. Prolonged exposure to high
concentrations of sulfur dioxide can be lethal to some plants depending upon a variety
of environmental conditions. Oil buming in Kuwait may cause an increase in
atmospheric acidity. Photo-oxidation of sulfur dioxide is enhanced by the presence of
moisture and results in the formation of sulfuric acid. Similarly nitrogen oxides may
also contribute to acid rain. Should burning of the oil wells in Kuwait continues
unabated for some time, adverse impacts on regional vegetation may occur.

Oil burning will release metals in the smoke. High concentrations of some of these
metals, such as nickel and vanadium, are toxic to both plants and animals. The
availability of toxic elements to crop plant may increase due to acidification of the
soils through acid rain,

The release of huge amount of toxic gases and other oil hydrocarbon compounds into
the atmosphere as'a result of buming of the Kuwaiti oil wells, may result an adverse
health hazard if the level of polynuclear aromatic compounds (PAHS) in the
atmosphere increases. These compounds have both mutagenic and carcinogeric

properties.

This paper summarizes various monitoring and modeling activities to assess the
impact of the pollutants due to burning of well in the Kuwait oil fields.

REMOTE SENSING APPLICATION IN IDENTIFYING BURNING OIL
WELLS

The image processing facilities at KFUPM/RI has been used in
identifying the 1locations and number of burning oil wells in the
Kuwaiti oil fields., Among the wvarious oil fields, the Burgan is the
largast one with more than 600 walls. The average daily production
rate of each well is approximately 4,000 barrels. The National
Ocsanic and Atmospheric Administration (NOAA) Advanced Very High
Resolution Radiometer (A VHRR) computer compatible tapes warae raceived
from NOAA/NESDIS, USA. These tapes were digitally processed at the
Image Processing Center using the thermal infrared band 3 which is
designed to record intense heat sources such as volcanoes and fires.
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The fire at Greater Burgan.increased slightly by January 29, 1991. On
February 4, 1991, number of fires in Kuwait increased while on
February 7, 1991, the fires at the Greater Burgan and Umm Gudair il
fields increased subatantially. Fires reached peak on February 24
Landsat TM band 6 of February 23, 1991 showed more than 300 wells on
fire in the Greater Burgan field.

Based on the information through satellite imagery processing and
other sources, the number of wells on fire in different oil fields
with their capacities were astimated about 600. Their locations,
capacities, and distributions are listed in Table 1, Using US EPA
emission factors for crude oil and associated gases (Ref. 1), the
total emission of S0z, NOx. CO, and particulates were compiled and
‘listed in Table 2.

'The:| total suspended ali' artlculatcs collccted in, March 1991 usmg hlgh yolume
samplcrs ‘on threc locanpms m* ﬂw Eastern I"‘rm.rmce,r of Saud1 Arabla (i.e. Dhahran,
.Tanapb and Nuaynyah) were analyzed for toxlc metal conccmrauon and 011
hydroqarbons including ' somc carcinogenic orgamc compounds The mctals covered
in this study were arsenic, cadmium, cobalt, barium, chromium, copper, manganese,
lead, and titanium while the organic analysis was conducted mainly for the aliphatic
hydrocarbons and polynuclear aromatic compounds. Metal concentrations were
determined using Inductively Coupled Argon Plasma Analyzer (ICAP). The
concentrations of arsenic were determined using hydride generation technique. The
aliphatic hydrocarbons were anallyzed using a Varian 6000 Gas Chromatograph (GC)
cquippcd' with FID detector 'While ‘the polynuclear aromatic compounds were
analyzed using HPLC system equipped with UV and fluorescence detectors.
The “findings, although preliminary * due to limited number of samples, are
summarized below: | - | A

>
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1. Samples collected from Nuariyah, a bordering city near Kuwait,
contained relatively high concentration of most of the metals. Bariurn
zinc, lead, and copper were found high in Dhahran samples.

2. The analysis showed that all of the air particulate filters were
contaminated with the aliphatic and polynuclear hydrocarbons.
Analysis carried out previously on particulate samples collected from

the same locations showed significantly low concentration of PAHs

compounds. It is worth mentioning that the levels of
PAHs found on March 5, 1991 was much higher than those
found on other dates.

The concentration of the total suspended pdrticulatas in March on
24-hour basgis was found in the range of 50 m.crogram/cmn to about 300
microgram/cum in Dhahran area.

Soil samples were also collected from different locations in March and
April and were analyzed for nickel and Vanadium. The concentration of
metals decreased with an ingreagse in the distance from the border.:
Kuwaiti crude oil contains 10 mg/kg and 30 mg/kg of nickel and
vanadium respectively. Atmospheric fallout f£from Kuwait oil fields

' sgem responsible for distance - metal concentration correlation.

Real time measurements of various pollutants in the ambient air are
being carried out on continuous basis in Dhahran, Abgaig, Rahimah.
Jubail, and Tanajib. By analyzing the measured values at these
locations, no significant impact of the burning of ocil wells|in these
areas has been ohserved Pther: pollutants although not reported here;
were much 1ower than th,e:.r: respective limits as spec:.f:.ed. by MEPA.
The standard spec:.f:.ed by MEPA are listed in Table 3.
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Short-duration measurements were also carried out by the US EPA and British
scientific team in Kuwait area and also in the plume. The highest SO2 concentration
reported by these team was less than 2 ppm. MEPA has moved one of its mobile
laboratories to the bordering Saudi cities for continuous monitoring.

MODELING ACTIVITIES

In order to assess the impact of burning of oil wells, the modeling activity has aiso
been initiated. A number of available air pollution modelling packages were
reviewed. The following two types of air pollution modeling packages are currently
being used by the Research Institute:

1.  UNAMAP's RAM Model

The institute has initiated the application of RAM (a multiple-point and area-source D
algorithm), a software within Users’ Network for Applied Modeling (UNAMAP) to

assess the impact of burning of oil wells in the Kuwaiti oil-fields. This package

requires surface meteorological data on wind speed and direction, temperature,

mixing height, and stability classes on hourly basis (Ref. 2-3).

The estimated concentration of 850: on l-hourly and 24-hourly basis
at the selected raegeptor points (cities) for the same period is listed
in Table 4. These concentration values are compared with the standard
specified by MEPA as listed in Table 3. Similar analysis is conducted
on daily basis and the periodic status report is prepared and
submitted th MEPA on reqular basis.

2. ARL-ATAD Model

SO,, once released to the atmosphere, is dispersed vertically in the mixing layer. ,
Once SO, is completely mixed within the transport layer depth or mixing depth, D
further dilution in the concentration is due to horizontal dispersion; subsidence of

-
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clean air into the mixing depth, and removal and transformation processes (Ref. 4).
The, removal of SO, due to dry deposition on the ground is related to the deposition
velocity. The processes by which the removal of SO5 under wet conditions occur are
_ rainout and washout. Rainout is the absorption of airborne material within a cloud,
followed by removal in rain. Washout is the removal of rain falling below the cloud
base. Transformation of SO to SOy take place during transport and due to dry and
wet removal processes.
The methods of calculating the dispersion of SO, are, therefore, basically dependent
on the factors such as the decay rate of SO, in dry and wet conditions, the rate of
transformation of SO; to sulfates, and depth of mixing layer. These factors are
usually not considered in a short-range steady-state modeling while the long-range
transport models take into account some of these factors.

To trace the movement of plume from burning sites on long range basis, and also to
estimate concentration and deposition of pollutants on regional basis (within and
outside the Kingdom), we are planning to use another package called Air Resources
Laboratory, Air Transport and Dispersion Model (ARL - ATAD) (Ref. 5). This model
plots trajectories of the plume for a long duration originating from a number of
sources. Each trajectory is calculated using transport winds averaged in a vertical
layer. Dispersion calculations are also made from these trajectories. The trajectory
position can be mapped. Time avcfagcd surface air concentration and deposition
amounts can also be calculated and mapped.

To run this model effectively, upper air data on wind speed, wind direction,
temperature, and pressure are required on a number of locations at 6-hour interval. In
the eastern part of Saudi Arabia, upper air data, at present, is collected only at
Dhahran meteorological station at 00 and 12z. An other station in the northern part is
Qaisumah where two launches a day are made. Based on the limited data on these two
stations, it was not possible to use the model to draw trajectories and estimate
concentration and dcposition of the pollutants. It was, therefore, decided to retrieve -
information on upper air data from weather charts available for synoptic, 850 mb, and
700 mb pressure levels. These weather charts are prepared by the Meteorology and
Environmental Protection Administration (MEPA) twice a day. MEPA office in
Dhahran supplies these charts on daily basis. KFUPM/RI personnel have been trained
by MEPA on how to read these charts and retrieve the desired meteorological
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information. Eight locations in the Arabian Guif region and in the Eastern Kingdom
have been selected on which the information on wind speed and direction,

temperature, pressure, and height are retrieved.

The use of ARL-ATAD .model is demonstrated in Figs. 13 to 16 for a typical day in
March, 1991 by tracing (a) the movement of smoke from the Kuwaiti oil burning
sources in the form of trajectories originating at 00, 06, 12, and 18z, (b) estimating
the transport layer depth with time for each trajectory, and (c) calculating the
concenwration of SO at different locations with and without deposition option on
daily basis, and (d) calculating the average deposition on the surface for a specific
period.

CONCLUSIONS AND RECOMMENDATIONS

In this paper, the activities being conducted by KFUPM/RI in collaboration with
MEPA, US Air Team, Ministry of Health, and Saudi ARAMCO are summarized to
assess the impact of pollutants due to burning of oil wells in the Kuwaiti oil fields.
The preliminary results presented in this report demonstrate the need of such research
plan to study the behavior of the plume, its movement, decay of the pollutants with
time, dispersion, and deposition with the distance and time. and long-term impact on
human health and surrounding environment.

- The results presented in this report are based on uncertainties in the source input data
and climatological variables. For the effective use of the model, it is important to
have reliable information on the chemistry of the source, burning efficiency, amount
of oil being burnt from each oil well, and exact number of wells and their locations.
In order to study the dispersion and deposition characteristics and to validate the
model, it is equally important to intensify air quality and meteorological network in
the gulf region. US Air Team has prepared a detailed plan on the intensification and
the expansion of the Guif regional air monitoring and meteorological network with
emphasis on the collection of particulate sampling and development of database.

For more reliable prediction of the plume movement, plume rise, and the
concentration estimates, the boundary layer variables should be estimated reliably. To

9
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accomplish this, ARL-ATAD model should be coupled with the planetary boundary
layer model. Model should also be integrated with the general circulation model
applicable in the desert conditdons with the sea-breeze conditions in the coastal
region.
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Table 1: Data on Oil Fields, Well Capacity, and Associated Gases (based on February 24, 1991)

Oil Fields No. of Wells Production Associated Total Oil Total Gas

Under Fire Capacity of Gas/Barrel Bumt in Bumt in

' each Well in cubic bbls/day million
in bbls/day meter cubic meter/
day

Wafra (P1) 25 350 14.14 8750 0.124
Romeilla (P2) 75 4000 14.14 300,000 4.242
Raudhatain (P3) 50 4000 14.14 200,000 2.828
Umm Gudair (P4) . 50 4000 14.14 200,000 2.828
Bahrah (P5) 25 4000 14.14 100,600 1.414
Mina Gesh (P6) 50 4000 14.14 200,000 2.828
Burgan (P7) | 350 4000 14.14 1,400,000 19.796
TOTAL .625 2,408,750 34.060
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Table 2: Total Emission of Gases in Tons/day (based on February 24, 1991)

50, CO NOy Particulates
Due to Oil Burning 21,197 o241 © 60 169
Due to Burning of 1,213 11 486 2.7
Associated Gases
TOTAL 22,410 . 252 546 171.7
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Table 3, MEPA airquality stzndard;.'

Averaging Time Maximum Concentration Exceedances
Sulfur Dioxide (S03) '
1 hour 730 pg/m3 (028 ppm) twice a month
24 hours 365 ‘pg/m3 (0.14 ppm) once a year
1 year 80 pg/m3 (0.03 ppm) (none)
Inhalable Particulates (IP)
24 hours 340 pg/m’ once a year
1 year 80 pg/m? (none)
Photochemical Oxidants (Defined as Ozone, O3)
1 hour 295 pg/m3 (0.15 ppm) twice a month
Nitrogen Oxides (Defined as Nitrogen Dioxide, NO3)
1 - hour 660 pg/m3 (035 ppm) twice a month
1 year - 100 pg/m3 (0.05 ppm) (none)
Carbon Monoxide (CO) :
1 hour 40 mg/m3 (35 ppm) twice 2 month
8 hours 10 mg/m3 (9 pprm) twice a2 month
Hydrogen Sulfide (H,S) -
I hour 195 ug/m3 (0.14 ppm) twice a tnonth
24 hours 40 pg/m3 (0.03 ppm) once a year
Fluorides (F-)
30 days 1 pg/m3 (0.001 ppm) " (none)

"Source: MEPA 1402 H

-13-
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Table 4. Simulated Values of SO, Concentration Using RAM Model (US EPA)

(March 22; Hourly Met. Data - Ju

ail)

Name of City/ Highest Time - Highest
Town 1-Hourly 24-Hourly
{microgram/cum) {microgram/cum)
Dhahran 3 0900 0
Jubail 9 0500 0
Hofuf 4 0000 0
Riyadh 10 1100 1
Nariyah 27 0900 1
Manifa 19 0900 1
Safaniya 40 0500 2
Khafji 170 0900 14
Shedgum 12 0900 1
Juraibiya 0 - 0
Bakr 0 - 0
Jaladi 39 0900 2
Fadhili 112 0500 5
Jaham 3. 1100 0
Khurais 0 0
Abu Jifan 0 . - 0
M. Ahmadi 1770 0500 242
Kuwait City 203 0500 8
Basrah 0 - 0
Luhais 369, 2400 20
Zuluf 865" 0600 77
Bubyan 1220* 0400 101
Falaykah 306 0100 13
Mina Sand 2691* 0800 176
Marjan 705 0600 68
Tanajib 70 0900 3
Rastanura 0 - 0
Abqaiq 22 0900 1
Sarrar 55 0500 2
Nita 10 0900 0
Mulayjah 10 0900 ¢
Jararah 12 0500 1
Al Ula 11 0900 0

'I‘he concentration exceeded MEPA limit of 730 microgram/cum,
* The concentration exceeded MEPA limit of 365 microgram/cum.
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REFORT ON U.X. AIRCRAST MEASUREMENTS IN THE GULF

The MRF C-130 aircraft, based at Bahrain, arrived on 22 March 1991 and
departed on 2 April. Seven successful flights were made into the oil plume.
totalling 55 hours airborne, at a wide range of altitudes and different
distances from Kuwait.

From helicopter flights into the middle of the burning oil wells,
different modes of burning were observed: mostly thick black smoke, others
white, and a few (presumably only gas) were clean.

C-130 measurements through the plume at about 100 km from Kuwait
showed maximum concentrations (about 200 m altitude) of about 1000 ppb of
S0::; 50 ppb of nitrogen oxides. and nearly 30,000 particles of aerosol
{0.1-10.0 microns diameter) per cubic centimeter. Ozone concentration is
generally reduced close to source. Levels of sunlight are reduced to
essentially zero: mnight-time lighting was required on the aircraft flight
deck.

Filters of teflon or quartz were exposed on long booms wound out £rom
the aircraft. and stainless steel bottles were filled with outside air; these
await analysis in the U.K.

Further downwind. strong windshear often carries the top of the plume
away to the northwest, with the remainder typically blowing down the west Gulf
coast. At 100 lam from source, the plume top ig typically 3-4000 m high, with
a base at 1000-1500 m. Here, enhanced levels of ozone are seen, but only up
to about 80 ppb. '

At distances of about 1000 km from Kuwait, aerosol particle
concentrations were reduced to less than 1000 counts per cc, and only the very
smallest particles remain suspended.

The mission was very successful in fulfilling its objectives, thanks

in particular to the skill of the RAF air crew and the excellent co-operation
from the authorities in Bahrain and other Gulf states.
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SIMMARY OF THE U.S.A. INTER-AGENMCY SCIENCE PLAN

The Phase I experimental goals for two research aircraft and their
auxiliary support from satellite observations. forecasting and piume
trajectory analysis are, in brief, as follows:

To characterize the regional emission rates of smoke particles
and trace gases.

To measure radiative properties of the smoke particles, and the
net radiative effects of the plumes, with attention to how
radiation affects the altitudes of the plumes and the stability
of the atmosphere.

To measure characteristics of the smoke particles and determine
if the particles have a hygroscopic component (or acgquire such a

. component through chemical transformations) that would accelerate

their removal from the atmosphere.

To search for direct evidence that the smoke particles are
scavenged in clouds, and to determine the effects of the smoke on
the composition and radiative properties of clouds.

To measure the chemical composition of the plume and determine
how that composition changes with time. Such measurements will
aid in developing estimates of the smoke's atmospheric residence
time. ;

To study regional weather anomalies associated with these smoke
emissions.

The primary tools used to meet these goals are the research aircraft
of the National Center for Atmospheric Research (Lockheed Electra) and the
University of Washington (Convair C-131A):

The Electra will be extensively equipped to provide smoke aerosol
characterization., to study aeroscl/cloud interactions, to measure-
(by a combination of in-situ and remote sensing} the regional

- mass flux of aerosols and trace gases, to detail the chemistry of

the smoke and its alterations with time, and to examine the
dynamical interactions of solar heating on the plume. With more
than twice the range of the Convair and a superior service
ceiling the Electra will devote extra effort to the aged plume
and Eulerian experiments along great lengths of the plume.
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- The Convair, with a long history of studying lacrge firss, is
similarly equipped with special strengths in characterization of
the smoke's optical properties, and the plume's spectral albedo.
The use of grab samplers makes the aircraft especially wvaluable
in the characterization of individual sources and in measuring
specialized emission factors with the carbon balance method.

PHASE II

In Phase II, U.S5. scientists will focus on longer term issues and will
emphasize surface based monitoring, though at some peint the programme would
allow the airborne team to return to revisit issues which remain unresolved.
Tentatively, the surface stations would focus on radiation balance, optical
depth, and precipitation chemistry and would include at least one
precipitation formation over the heat sources, in the smoke downwind and in
unaffected areas to look for acute meteorological anomalies. Some elements of
Phase IT would be of sufficient duration so that the results of the decay of
the sources, as fires are extinguished can be observed. This may be
especially important if weather anomalies are observed that may have
comparatively low initiation thresholds.

An issue of some importance in both Phase I and II studies is the
monitoring of changes in surface albedo associated with wet and dry deposition
of the soot. While redistribution and covering of the sooted soil may occur
rather rapidly, it is easy to see that, given the high insolation and already
high surface temperatures, a large change in surface albedo could dramatically
raise the already high surface temperatures.

Research Goals

The research goals are:

a. Regional emission rates of smoke particles and trace gases,
b. Radiative properties of the smoke particles and smoke plume,
c. Smoke particle characteristics,

d. Smoke plume/cloud interactions,

e. Effects of plume aging, and

f. Regional weather anomalies,

Programme Schedule

The Phase I airborne experiment is scheduled to depart the United
States on approximately 1 May, 1991 for a field experiement of roughly 30 days
duration. Both research aircraft plan to £ly about 100 hours devoted to their
research missions basing either Bahrain or Dhahran. Saudi Arabia. The month
of May is the soonest the airborne teams can reasonably depart. It is at the
crucial-meteorclogical transition to a dry season allowing observations of the
fate of the smoke under both cloudy and cloud free conditions. Climatolegical
modelling of the plume trajectories show that more than 80% of the time the
plumes will remain in airspace accessible to our aircrafts out to plume travel
times of S days or more.

The Phase II schedule has not been determined at this time, although

the aircraft should take samples during the period with the highest
precipitation probability.
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U.S5.5.R. AIRCRAFT PRCGRAMME FOR THE GULF

1. J.S5.5.R. AIRCRAFT MEASUREMENTS OF THE GEOGRAPHICAL DISTRIBUTICON AND
CHARACTERISTICS OF PQOLLUTANTS RESULTING FROM THE OILFIELD FIRES IN THE
GULF

1.1 Introduction

Timely and objective information on the characteristics and
geographical distribution of various combustion products is required. The
existing observational network in this region has no possibility to get the
information.

The first objective is to get experimental data on the physical
characteristics of the fire products and of their geographical distribution
using an aircraft-meteorological laboratory IL-18 "Cyclone" {(four-engine
turboprop).

. Onboard instrumentation of this special aircraft-meteolab allows to
measure a wide range of parameters including:

- characteristics of aerosols (optical depth, vertical profile and
spectral distribution}:

- gaseous contaminants (CO, CO», CHa, ethane, ethylene,
benzo(a)pyrene);

- solar radiation (incident and reflected);

- therimodynamics (temperature, wind, pressure, dew point}:

- remote sensing (IR-teémperature of the surface. eil spills).

The second objective is to anélyze experimental data in terms of
potential influence on the ecolecgy of the particular country.

The third objective is to get this information to the interested
countries, their institutions and to international hodies for further analysis
and consideration.

1.2 Flight plan

Some ideas on the possible f£light routes are shown on the map of the
area. Total flight time required goes up to 95 flight hours which takes about
30 days to fulfill (see Figure IX for tentative flight plan).

1.3 Cost of the project

The preliminary estimate of project's cost is U.S.$ 600,000. This
includes: jet fuel, air traffic control, insurance, aircraft service, hotel,
per diem, etc. A list of Parameters measured by on board equipment of IL-18
aircraft meteolab is given in the next table
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A. CHARMACTERISTICS OF AEROSCL
1. Optical depth of the atmosphere
2. Vertical profile of aerosol concentration
3. Modal size of aerosol particles
4. Spectra of aerosol particles

.B. AIR CONCENTRATICNS
5. CO, COz, CHa, ethane, ethylene,
benzo{a)pyrene
C. SOLAR RADTATICN
5. Incident solar radiation
7. Reflected solar radiation
D. THERMODYNAMIC PARAMETERS

8. Air Temperature
9, Dew point
10. Wind velocity
11. Pressure
E. SURFACE DATA
12, Radiation.temperature of surface

"13. 0il spill detection on water surface

Sun spectrometer
Lidar-polarimeter
Lidar-polarimeter
Particle size
polarimeter

Sampling of gas
probes aboard
followed by
chromatography
analysis on thas
ground

Pyranometer
Pyrancmetar

Resistance
thermometer
Condensation
hydrometer

Inertial navigation

Barometric sensor

Infrared radiometer

Lidar-polarimeter

Remarks:

1. Real-time geographic position of the aircraft and other supporting

parameters are measured and registered.

2. Scientific data are registered using IBM PC compatible formats.

RDP 654



APPENDIX IX, p. 4

2. PRCGRAMME ON AIRCRAFT INVESTIGATIONS INTQO THE ATMOSPHERE POLLUTICN —_
2.1 Introduction

The main measurement objectives are to detect the atmospheric
pollution level, pollutant emissions. fluxes, spatial distribution, and
transformation and removal of the atmospheric pollutants from the oilfield
fires.

The main pollutants are sulfur dioxide and sulfates, nitrogen oxides
and nitrates, ozone, benz(a)pyrene, petroleum hydrocarbons. mercury vapour and
heavy metals.

2.2 Cutline of flight plan

The way of investigation can be schematized as follows: the emitted
pellutants are scanned by aircraft in various sections at distances Ry, R:
«e+s, Rn from the source at heights h;, hz, ..., ha. The maximum
section height is selected to be above or squal to the plume height. The
pollution concentration is measured at each section. The ambient
concentrations in the plume at various distances Q(R.:), Q(Rz), ....

Q(R,.) are found from the result of aircraft observations in the various
sections through integration. The function Q = Q(R) is determined by Q(R:)
values.

The emisgsion value Q. is found through the function Q(R) at R =
The mean time residence of the pollutant in the plume or (t) is calculated -
from the above function relative to the -distance and wind velocity, where ) 2;)
= R/V and V the mean wind velocity. Concentrations measured at various '
distances and heights C(R;. hj) make it possible to estimate possible
~maximum concentrations at the ground level C(R:., h:i = 0) and their threat
to human health and environment. The values Q. and ™(t) are the major
parameters required to provide a reliable estimate of the dispersion of
pollutants from the 0il well fires. The experience gained in the U.S.S.R.
with the airborne studies demonstrates that not less than 200 flight hours are
needed to get reliable values of C(R,, O,) and the parameters Q. and
"™{t) under available fire scales. 100 flight hours are sufficient to
estimate roughly the characteristics of the dispersion.

2.3 Additional information

A detailed theory of the environmental pollution assessments from
aircraft measurement data is given in Yu. A. Izrael, I.M. Nazarov and
Sh. D, Fridman's monograph "Air pollutant transboundary transport modelling",
Leningrad, Hydrometecizdat, 1987, 303 p.

The Institute of Global Climate Ecology under Goskomhydromet and the

U.S5.5.R. Academy of Sciences can provide the aircraft operations on the
condition that the expenditures are paid in hard currency.
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THE AIRCRAFT LABORATORY AN-30R

An aircraft laboratory was designed in the U.S.S.R. on the basis of a

two-engine aircraft AN-30, to measure atmospheric and surface radiocactive and
chemical pollution. It has been operated on a routine basis since 1984. In
1987, the aircraft laboratory was used in the international experiment on the
study of long-range pollutant transport in Czecho-Slovakia. The laboratory
includes gas analyzers, sampling systems, a gamma spectrometer and a
dismountable small-size remote-controlled wehicle.

3.1 Aircraft specifications:

- flight speed 300 to 450 km/hr:

- flight altitude 200 to 7000 m;

- range 2000 km;

- load-carrying capacity 3 tons:

- flight time 5 hours;

- fuel consumption 1 t/hr:

- crew 5 persons; :

- number of flight operators 4 persons:

- ground servicing of the aircraft 2 persons.
3.2 Laboratory equipment specifications

A. Gas measurements
Gases are measured with gas analyzers during the flight (see Table 1).
Table 1
Pollutant ' Detection limit Measurement regime
and technigque
Hydrogen sulfide 2 ug/m’ continuous,
plasma photometry
Nitrogen oxides 4 pg/m? continous,
chemiluminescence

Ozone 3 ug/m’ UV-absorption
Mercury vapour 10°° pg/m? discrete, atom absorp-

tion with gold sorbent
for collection
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B. Aerosol measurements

Aerosol sampling is performed on special filters using two types of
samplers. Samples are analyzed at the laboratory.

. Sampling of the first type ensures simultaneous collection of one to
three samples. The collection filter diameter for single sampling is 120 mm
and the air flow rate through the filter ig 20 m*/hr. In case of a three
sample collection filter, the diameter is 50 mm and air flow rate through each
filter is 6.5 m'/hr. Filters are changed during the flight. The sampling
period in the plumes of industrial sources equals to several minutes. At
background pollution levels the period normally makes up about 30 minutes.
Table 2 presents the most typical pollutants measured. Detection limits are
given as a pollutant amount per sample.

Pollutant Detaction limit Measurement
technique
Sulfate 3 g Turbidimetry with
barium chloride
Nitrate 6 pg Colorimetry
Ammonium 6 pg Colorimetry
Benz(a)pyrene 107% pg - Linear spectra
Petroleum hydrocarbon-s ) 10 ug Gas chromatography
Soot carbon 20 ug Optical IR spectrometry
Heavy metals 107°-10"% g Plasma spectrometry.
atom absorption
Radon decay products 0.3 Bg y-ray f£light measure-
ments

Second type sample provides collection of two large volume (up to
1510° m®/hr) samples during a £light. Filters are changed only at the
ground. '

C. Measurements of the Surface Radiocactive Contaminiation

Measurements are performed by y-ray detection using a dosimeter and
a semi-conductor gamma spectrometer.
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D. Small-Size Remote Controlled Vehicle (SRCVY)

The aireraft laboratory AN-30R includes a dismountable miniature
remote controlled vehicle equipped with a sampling device, SRCV is serviced
by two operators and transported by a motor.car. SRCV is dedicated to aerosol
and gas sampling near emission sources, e.g. plant stacks, where aircraft
laboratory flights are inhibited for safety requirements.

Main specifications of SRCV:

- maximum mass 6.8 kg:

- pavload 1.4 kg:

- wing span 2.3 m:

- length 2 m;

- £light speed 50 to 120 km/hr;

- flight altitude up to 2000 m;

- flight time up to 1.5 hours:

-  maximum distance from the operator 3 lm;

- air rate through the filter up to 10 m’/hr.

3.3 Tentative estimate of aircraft operation costs

According to sanitation standards, the crew is allowed to perform
flights with a total duration of 100 hours (20 5-hour flights) per month.

The approximate cost of 100 flight hours are:

1. Aircraft lease - 150,000 rubles which,maflbe paid by the Institute
of Global Climate and Ecology, Goscomhydromet/U.S.S.R. Academy of Sciences.

2. Operation costs in Kuwait (fuel, airfield maintenance, wages.
hotel expenditures, per diem expenses of the crew and operators) - 150,000
U.8., dollars. The cost of fuel and airfield maintenance ~ 75,000 U.S.

. It would be expedient to urge the countries concerned to provide fuel
free of charge (60,000 U.S. dollars). In this case the cost would equal to
90,000 U.S. dollars.
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REGIONAL ATMOSPHERIC MODELLING RECOMMENDATICONS AND REVIEW

RECOMMENDATICONS

The follawing material was presented to the meeting R.E. Meyers, and
endorsed as a recommendation from the experts:

The range of important regional atmospheric modelling capabilities
presented to the meeting included both real-time and research meteorological
and air quality models. There is no single model which is sufficient for the
accurate characterization and mitigation of the o0il fire problem. However,
there are relevant research and operational modelling capabilities.

a. On a priority basis near real-time operational models should be
used in the near term to provide forecasting of meteorology.
concentrations, dose, and visibility. Both forecast and
diagnostic models can be used to advantage for health, research
operations, placement of sensors, and tactical decisions.

b. Because the problem is likely to continue for more than a year,
it is prudent to upgrade modelling capabilities as improved
models, modules, and scientific formulations become available.

Since unique modelling capabilities are spread over many scientists
and institutions, it is necessary that several modelling capabilities be
developed, both for real-time and research, and that these efforts be
coordinated. Expertise should be drawn from the widest possible circle.

The o0il fires produce effects interrelated on many scales (micro,
local, regional, and global) and it is recommended that multi-scale models be
developed which incorporate high resolution source, chemistry, transport and
diffusion, deposition, heat, and complex terrain modules.

The following enhancements to the models were discussed:

a. Surface boundary layer (shl) parameterization throughout the
diurnal cycle, :

b. Improved flux relations of heat, moisture, momentum, energy., and
chemical species,

c. Influences of complex terrain on sbl,

d. Influences of 0il fires on sbl and entire atmospheric boundary
layer,
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[t}

A better coupling of fire modelling and metzorological modelling
whereby fires affect the meteorology and vice versa.

Improvement in numerical methods which allow solution of the
model equation on multiple scales. including development of
adaptive grids., moving grids. nesting, and mixed eulerian and
lagrangian numerical modelling capabilities to solve the
Navier-Stokes Equations efficiently and with high accuracy,

Major emphasis should be placed on solving the Navier-Stokes
eqguations in as detailed and systematic a manner as is possible
for the multi-scale problem, ’

Improved closures must be made in the turbulence terms of the
Navier—-3Stokes eguation {(the lessons learned from Large Eddy
Simulations and Direct Simulations of the atmosphere must be
brought to bear on the oil fire-—atmospheric problem).,

Improved deposition, both dry and wet:

1. Dry deposition - better gas/aerosol interaction with the
turbulence and surface,
2. Wet deposition -~ better cloud/rain interaction models,

Better chemistry modules which more closely represent the
heterogeneous and homogeneous chemical reactions in the o0il,
combustion, and atmospheric chemicals,

The technology from regional and urban air pollution models. such
as those used in the Los Angeles area, must be adapted to the oil
fire-atmospheric problem,

Because a large portion of the Kuwait oil fire affected region
involves coastal zones, it is important to model the effects of
land-sea interfaces in the models,

Models should be tested against combined sets of air quality and
meteorological data in the Kuwait-Gulf area,

The o0il fire plumes can themselves be used in verifying mesoscale
models, and

The electromagnetic radiation interaction with the oil fire
pollution should be measured and modelled in detail.

Improvements are also needed in the characterization and modelling of
atmospheric transport and diffusion. To aid in this, safe tracers such as
SF6, which are non-reactive and conservative, should be used in field
experiments to characterize plume growth rates under different conditions.
Comparisons should be made with ambient chemicals available in the smoke plume
which are subject to deposition and chemical reaction.
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The following are summaries of the regional models discussed at the
The presenter and affiliation are also listed.

{DLR) Institute for Atmospheric Physics, Federal Republic of Germany
Presented by: U. Schumann

The modelling effort here employed non-hydrostatic solutions of the
Navier-Stokes Equation (MESOSCOP) over a 30 x 30 x 12 km domain for
oil fire meteorology and air pollution (see Fig. X.1). The model can
be enmhanced in resolution and domain coverage as more computer
resources are applied. The modelling effort employed meteorological
and source terms estimated to be representative of the Kuwait oil fire
problem. The methodology iz based on first principles and would be
appropriate for nesting in larger scale models.

Building and Fire Research Laboratory, NIST, U.S.A.
Pregented by: H. Baum

NIST has developed advanced fire modelling capabilities. Individual
fires and ensemble of fires have been modelled. Detailed fire plume
models allow calculation of some of the effects 'of the fires on the
surrounding metecrology and of the meteorological effects on the
fires. The presenter argues persuasively for integrated
meteorolegical and fire models. The presenter also reviewed
verification of NIST fire models and indicates field measurement
capabilities of NIST which can be implemented to provide key source
information and for model verfication.

TASC, Reading, Massachusetts, U.S.A.

Presented by: R.Chase and A. Bass

TASC has developed and has been using operationally a near realtime
meteorological and air pellution impact assessment models using
in-house and government (U.S.) support. These are tied together in an
integrated interactive modelling capability. Starting from a detailed
and updated source database TASC computes the downwind concentration,
dose, and deposition from their dispersion model (see Fig. X.2). The

‘dispersion and transport model gets its meteorology from a spectral

RDP 654

global circulation model and can run from historical analyses or model
forecasts. An improved plume model iz included to represent the oil
fire effects, as is a chemical reaction simulation. Detailed
concentration, dose, and deposition fields can be graphically
displayed as computer and hardcopy color images. TASC has bequn
comparisons of its model output with satellite wvisualizations of oil
fire plumes and general agreement is found. TASC intends to continue
developing its capabilities to include more detailed diffusion.
transpoert, chemistry and meteorology.
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Lawrence Livermore National Laboratorv, U.S.A.
Presented by: T. Sullivan

The Atmospheric Release Advisory Capability (ARAC) which has been used
as an essential tool in mitigating atmospheric hazards (particularly
nuclear ones) hasg been applied to model optical density in the larger
Kuwait area. The capability provides near-real-time assessments of
concentrations, dose, and deposition., and employs a diagnostic
meteorclogical model (MATHEW) to add physical constraints such asg
complex terrain influences to the air Force Global Weather Control
forecasts and analyses (see Figure X.3). Concentration, dosage., and
deposition are included in the analyses. Improved plume rise
modelling has been included in the ARAC models. Dispersion is
calculated by second generation particle—in—cell methods. The
presenter recommends use of ARAC capabilities for Kuwait oil fire
operations.

ARL (NCAA} U.S.a.
Presented by: J. Heffter

ARL produces operational forecasts of tajectories in the 850-700 mb
height range of 36 to 72 hours after Z time {see Figs. X.4-X.6).
These forecasts can be made available around the world. Trajectories
are integrated from NOAA meteorolegical forecast and analysis
products. The ARL trajectory capability has been developed, tested,
and utilized over many years. ARL is also investigating the use of
more detailed mesoscale meteorological models such as the CSO-RAMS
model (R. Pielke). NOAA is looking toward implementing a full
capability real-time hazard assessment and forecast capability in the
near future using advanced computers and communications technolegy.
NOAA is already supporting and will continue to support operations in
the Kuwalt area with its modelling tools.

Metéorologie Nationale, France
Presented by: F. Bompay

" Two main numerical weather mddéls are currently in operation:

Emeraude, a global model, and Peridot, a limited area model. During
the Gulf war, Peridot was applied to Kuwait and used its forecasts
operationally. The model has a 40 x 40 km resolution. A EBulerian
model of atmospheric dispersion wasz developed (MEDIA). It can use
input data from Emeraude or Peridot and yield an operational survey of
the pollution in Kuwait after some changes. It may be considered to
implement it in its operational system of the French weather service
so that it can provide daily outputs (of air concentration, cumulative
deposition, etc.) models, starting in Cctober.
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Meteorological Qffice., U.K.
Presented by: F.B. Smith

A 3-D Monte Carlo model has been used to simulate the transport of the
plume and to assess dry and wet deposgsition, surface layer
time-integrated concentrations, and episodes of highly acidic rain
likely to be damaging to crops {see Figure X.7). The model plume is
compared with a subjectively analyzed meteosat visible plume picture.

Max Planck Institute fur Chemie, Federal Republic of Germany
Presented by: G. Carmichael

Two models could be applied to the Gulf region. Both are eulerian
transport/chemistry/deposition models designed for analysis of air
quality on an event basis,

The Local Scale Model (CALGRID) is an urban—-scale sir pollution model
designed for California Air Resources Board. It covers spatial scale
up to 300x300 lkm®, with a grid resolution of 2-5 km. This "system"
contains a model to prepare meteorological fields from observations,
or hydrostatic meteorological model, and a transport/chemistry/dry
deposition model. It calculates 3-D distribution of S0:. sulfate.
VOCs, NO., ozone for events for a few days.

The Regional Scale Model (STEM-II) covers spatial domains up to 4000 x
4000 Jm?, with horizontal resoclution of 20 to 80 km. It calculates
3-D distributions of S0:, sulfate, €0, VOCs, NO., ozone for events

for days to weeks and includes dry and wet deposition, and size
resolved aerosols (dust and inorganic¢, but can easily add soot).

Cologne University, Federal Republic of Germany
Presented by: H.J. Jakcbs

A regional scale numerical model, EURAD (European Acid Deposition
Model) may be used for episodic case studies during the burning. The
model is deseribed by Hass et al. (1990), it is a eulerian model,
which calculates the transport, chemical transformation and deposition
of atmospheric pollutants. It was designed for case studies of high
pollution events over the European region (Hass et al., 1990 and Ebel
et al., 1991). Although EURAD runs for European applications it can
easily be transformed to other regions of the world like the Middle
Bast. Besides soot (5-10% of the burning oil) the main atmospheric
pollutants like S0; and NC. are emitted. EURAD is able to

calculate not only the transport but also the chemical transformation
and the dry and wet deposition of these constituents.

In the first phase it is planned to prepare the meteorological fields
for several episodes in March - May 1991. Typical weather situations
are selected for the case studies with the EURAD Model (including
frontal passages for the assessment of the wet deposition). An

7
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appropriate amission scenario must be dewveloped for this TURAD
application., neglecting in the first step the backgound emissions.
because this information is difficult to incorporate in a short time
period. When the simulation experiments are conducted, the results
have to be compared and validated with measurements (satellite,
aircraft and surface observations).

Ebel A., Hass H., Jakobs H., J.., Memmesheimer M., Laube M., Oberreuter
A., Geiss H. and Koo ¥. H., Simulation of Oxone Intrusion caused by a
Tropopaus Fold and Cut-0ff Row,. Atmospheric Environment,in press, 1991.

Hass H., Memmesheimer M., Geiss H., Jakobs H.J., Laube M., and Ebel
A., Simulation of the Chernobyl Radioactive Cloud over Europe using
the EURAD Model, Atmospheric Environment, 24A, 673-692, 1990.

Royal Netherlands Meteorological Ingtitute (KNMI)
Presented bv: G. Verver

The Royal Netherlands Meteorological Institute and collaborating
scientists developed and validated with good results a real-time puff
dispersion model for application to emergency situations. The model
has a two layer boundary layer structure plus one "reservoir layer"
aloft. Puffs, nominally released every hour, are transported by
winds, and split to resolve wind shear. A grid is also used to
resolve larger pollution patterms. The model calculates deposition,
concentrations, and total column values. It uses meteorology and
atmospheric boundary layer information from the European ECMWF
prognostic model. The model can be rum against archived
meteorological data or can produce forecasts. Research to improve the
atmospheric boundary layer formulation is underway. The model is
operational both in forecast and analysis mode {see Figure X.8).

U.S. Army Atmospherié Sciences Laboratory, U.S.A.
Presented by: R.E. Meyers

The U.S. Army Atmospheric Sciences Laboratory (ASL) has developed the
Model of Atmospheric Chemical Hazards (MACH) which is a real-time
interactive modelling~-computer system which calculates downwind
chemical hazards. This modelling capability predicts downwind
concentrations, doses. and deposition over complex terrain inciuding
the Kuwait and greater Gulf region. The model reconstructs or
forecasts wind flows and resulting pollution fields using mesoscale
prognostic and diagnostic models, and advanced transport. diffusion
air chemistry modules. The model and computer system are available
for technology transfer. ) :

Additional related research at ASL includes mesoscale modelling, Large
Eddy Simulation medelling and gas and aersol flow modelling over
complex terrain and complex structures (including dense, neutral, and
buoyant gases and aeroscls). ASL has a large number of unique
research rescurces which can be brought to bear on the Kuwait oil
fires problem including:
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Fig. X.7. 48 br forecast io 12GMT 23rd
Feb 1801 of the Kuwait oil-fire plume
made using the U.K. Met Office long
range dispersion model. This shawa the
apread of material (&) in the boundary
Isyer, (b) between 1500 and 3000 m,
{¢) between 3000 and 4000 m assum-
ing & coatinuous relesse commencing at
12GMT 21st Feb. This lorecast may be
compared with an anaiysin of the corre-
sponding Metecaat image st that time
in (d), in which croes-hatched, hatched
and stippled shading subjectively rep-
resent high, moderate and low optical
thickness respectively. (Browning et al,
Nature 30th May 1991, No 6325,

Ll

' PUFF Tot mass

Fig. X.8. Total column 50, mass (mg/mz) for Sunday 28
April 1991, bhased on a forecast made on 25 April 1991
by the Dutch operational dispersion model.
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{2) multi-scale field data for verifigation of models (project WIND)

{b} aerosol, gas, and high resclution optical-spectrographic sansing
equipment

{c) mesoscale modelling verification capabilities

{d) automated meteorological sensing equipment

U.S. Department of Defense
Presented by: R.E. Meyers

The US Department of Defense (DOD) is coordimating, via Defense
Nuclear Agency. a large number of research and operational efforts in
support of mitigating the adverse effects of the Ruwait oil fires.
These effort utilized not only DOD resources, but also those of other
agencies such as the National Science Foundation (NSF) and NCAR.
Research is underway or has been proposed in the following areas:
meteorology upwind of fire site: chemical analysis of raw oil and
gas: oil. gas. water expulsion rate frem well; fire structure:
photographic records of plume: flame temperatures: combustion
chemistry; physics of smeke production: smoke yield based on carbon
balance; gulfur dioxide gas concentrations; carbonyl sulfide gas
concentration; hydrogen sulfide gas concentration: trace gas
chemistry (SO:., NQ, NO., NO,, H202, O3); organic fraction

of smoke; fire effects on close—in meteorology; chemical analysis of
effluent gases in plume and at numerous ranges downwind; smoke
physical parameters in plume and at numerous ranges downwind (particle
morphology, mass density. particle size distribution. optical indicies
of smoke particles); aerosol chemistry; aerosol particulate carbon
fraction, aerosel size distribution, aerosol morphology.
size-fractionalized particulate matter: smoke particulate constituent
concentrations (CQ, CO;, PAN): meteorology downwind of fire size )
(temp., relative humidity, winds, position); transport/diffusion of
smoke and gases (regional and global scales):; smoke buoyancy due to
solar absorption: smoke and cloud track and dimensions: .agglomerate
structure, primary sphere size: cloud nucleation activity; cloud
droplet size distribution; prompt/late-time scavenging (particle
attachment, agglomeration, sedimentation); effect of atmospheric
moisture on scavenging; rain chemistry/precipitation sgavenging:;
interaction of smoke with dust: effects of cloud seeding; light
extinction, IR scattering, absorption, single scatter albedo:;

optical depth, plume spectral emission profiles; plume radiation
map; solar radiation flux; bulk effacts of smoke on solar radiation.
visible light, IR transmission, pheton attenuation, loss of contrast
for imaging; ozone parameters; settled particulate matter, mass, and
conductivity; analysis of material settled on ground (effect on
target appearance, effects on biological systems); rate of
contamination and clogging of air £ilters: corrosive films on
electronic equipment: rate of corresion and contamination of
electrical equipment; organic trace elements in precipitation; rate
of degradation of historic artifacts (both outdoors and within
museums); flame extinction during blowout: high speed photography of
§{lame suppression.
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Further proposals for research related to the oll fires can be szeant to:

Dr. Mohammud Owais
Technical Manager, Radiation Policy Div.
Defense Nuclear Agency
6801 Telegraph Rd.
Alexandria, Virginia 22310-3398
U.S.A.

or
Dr. David Auton
Chief Radiation Policy Div., DNa
6801 Telegraph Rd.
Alexandria, Virginia 22310-3398
U.S.A.

Additional information can be obtained from:

Ronald E. Meyers, Physicist

U.S. Army Atmospheric Sciences Laboratory
White Sands Missile Range

New Mexico, 88002

U.S.A.

Telephone #: 505-678-4037

Lawrence Livermore National Lab.., U.S.A.
Presented by J. Penner

The estimated soot emissions from Kuwait are fully two-~third of the
total world-wide emissions and represent the largest contributor of
soot within the regions. The source rate from Kuwait (spread over a 5
degree by 5 degree zome) would equal almost 15,000 kg/lkm’/yr.

The source of sulfur from the Kuwait fires may also be estimated to be
2.5 x 10'° gS/d. This is 10-15% of the total sulfur emissions in
the latitude band between 20 to 35°N.

The sources of soot and sulfur from Kuwait- fires were input into the
LLNL global climate/chemistry model (c.f. Penner et al. 1591b). It
uses the winds and precipitation fields from the National Center for
Atmospheric Research (NCAR) Community Climate Model (versiom CCM1)
with an resolution of approximately 4.5° latitude by 7.5°

longitude. The model also assumed a 6-day e—folding lifetime for
conversion of S0. to S03 to simulate agqueous conversion

processes. Each species in the model may experience deposition if
parcels are in the lowest 100 mb. Socot, S0:, and S0; were also
scavenged by precipitation and rates proportional to the rate of
precipitation in the model. The scavenging coefficients were set to
2.5 em™', 2.5 cm™’ and 1.0 cm™ ', respectively.
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The monthly averaged surface concentrations for scot {(in ng/m’) for
March is shown in Figure X.9. In March, high winds carry scot as far
east as Mauna Loa. This is particularly interesting in view of the
recent tentative identification of socot at Mauna Loa from the Kuwait
fires (R. Schnell, private communication, 1991). The, socot emissions
are retained closer to the source in July, but average concentrations
of more than 100 ng/m® are experienced throughout the Indian
subcontinent and parts of southwest Agia. This concentration contour
also encompasses much of northeast Africa and extends northward to the
Black Sea. Much of this region will experience a doubling of the
concentration of soot as a result of the fires. Figures ¥X.10 and X.11
show the column abundance of soot from the oil fires in July and from
the ambient fossil fuel calculations for July, respectively. These
figures may be approximately converted to absorption optical depth by
multiplying by a factor of 10. In Figure X.10, there is a column
abundance of up to 0.05 gm~? centered over Kuwait. A large region,
extending from the middle of Africa to southwest Asia experienceas
column abundances of more than 0.001 gm~?, These column abundances
for scot may be compared to the abundances calculated for the ambient
fogsil fuel scenario. These are shown in Figure X.1l. The 0.001

gm™? contour interval in this case extends over much of Europe,
northwest Africa, Saudi Arabia, and to eastern Asia. Two areas, over
eastern Europe and China, experience column abundances of 0.005

gm”™°, The Kuwait fires appear to be capable of increasing the

optical depths from scot by at least a factor of two cover a large area -
surrounding the source region.

Contour intervals of the predicted monthly averaged surface
concentrations of S0; (in ppt) for July are shown in Figure

X.12. 803 is widely spread and covers much of India and parts of
southeast Asia. This is due to the several days time required to form
S04 from S0: in the model and the slower rate of removal.

Most of the H>S is confined to the local regicn, although
concentrations as high as 10 ppt reach out towards India in the east,
towards northeast Africa in the west, up to the Black Sea in the north
and to Saudi Arabia in the south.

The potential emissions of soot from the Kuwait oil fires are large
relative to the global emissions of this substance. The spread of
soot may reach as far as Mauna Loa in some seasons. In other seasons,
the loading of soot within a large area centered about the fires may
more than double. This soot will certainly have regional implications
for climate, but its global .consequences should be investigated. The
smoke could either warm the climate or cool it, depending on its
altitude in the atmosphere and on whether it is thermally coupled or
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decoupled from the surface (Ghan and Penner, 1991}. Enhancemenis o
existing monitoring stations throughout the region should be pursued
in order to guantify the amount and spread of the soot.

The sulfur emissions from the fires are a large source relative to
other sources in the area. The monitoring of 80: and S0z

throughout the region could help quantify the spread of this pollutant
as well.

Ghan, S.J. and J.E. ?enner, "The effects of smoke on climate.,”
Encyclopedia of Earth System Science, in press, 1991.

Novakov, T., J.E. Penner, and H. Eddleman, "An inventory for global
scot emissions from fossil fuel combustion," presented at the 4th
International Conference on Carbonacesous Aerosols in the Atmosphere,
Vienna, Austra, April 3-5, 1991.

Penner, J.E., S5.J. Ghan and J.J. Walton, "The role of biomass burning
in the budget and cycle of carbonaceous scot aerosols and their
climate impact." in Global Biomass Burning: Atmospheric, Climatic,
and Biospheric Impolications, J. Levine, Ed., in press, MIT Press,
Cambridge MA 1991a.

Penner., J.E., C.S. Atherton, J. Dignon, S.J. Ghan, J.J. Walton, and S..
Hameed, "Tropospheric nitrogen: A Three-dimensional study of sources,
distributions, and deposition,"” J. Geophys. Res., 96 959-990, 1991b.

Halton, J.J., M.C. MacCracken and S.J. Ghan, "A global scale

‘Lagrangian trace species model of transport, transformation, and

removal processes, J. Geophys. Res,., 93, 8339-9354, 1988,

Atmospheric Environment Service, Canada
Presented by J.P. Blanchet

The effects of smoke on the local and regiocnal meteorclegical
conditions and short-term climate perturbations hag been
investigated. The concentration of soot in the smoke cloud is
evaluated assuming steady state between a constant injection rate and
a prescribed removal rate. An "e-folding time” of 5-10 days is
assumed to account for removal processes from the volume by dry and
wet deposition as well as advection. Soot concentration depends only
on the volume of atmosphere being filled. This approach is a gross
simplification of the actual situation.

The Canadian Climate Centre General Circulation Model (CCC/GCM) with a
spectral resolution of T32 wavenumbers is used together with a 1-D
radiative convective photochemical model (RCPM). The 1-D RCPM
evaluates "static" solutions for equilibrium surface temperature and
the corresponding radiative forcing. There is a broad agreement
between the 1-D and GCM for the surface temperature versus optical
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depth at most scales. Only on small scales, near the source, smoke
produces surface coeling due to reduced insolation. The large
coolings reflect large optical depths. At regional scale and above,
and for soot located in the lower troposphere, the effects on
temperature change to warming. This is mostly due to relative
increase of the long-wave atmospheric radiation. The magnitude is
particularly sensitive to the height of the smoke layer.

Secondly, the GCM is used for a seven month simulation (January-July)
with the intention of investigating the links between smoke
concentration, radiation and heat budgets, surface and air
temperatures, snow melt, and eventually monsoon activity. In this
experimeént, smoke is restricted to the 700-200 mb layers of the GCM.
The maximum optical depth is reduced to about 2 over Kuwait and
decreases with volume extending eastward from the source. Figure X.13
shows mostly solar heating due to soot in the lower atmosphere. It is
also a good indicator of the smoke distribution in this model run,
Pigure X.14 shows the corresponding change of ground temperature for

“July. In the Kuwait area, the model produces cooling of the order of

15.
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5-10 degrees centigrade. Downwind from the source, warming around 2
degrees are obtained. Beyond 1000 km downwind from Kuwait, natural
variability dominates and nothing can be inferred from this short
run. It is important to note that those temperature changes are
larger than actually expected due to the assumed large optical
depths. This experiment is not a forecast of the actual situation but
a means to investigate the relationships between smoke and
meteorological parameters. It also indicates a trend and provides a
scale for assessment purposes. Figure X.15 shows the corresponding
change of surface pressure in July. With warming east of Kuwait, a
relative thermal low is formed. Figure X.1l6 shows increases in
monsoon precipitation over India due to increased convection and moist
flow in low levels. Figures ¥X.13-X.16 illustrate potential links
between cil fire smoke and meteorological parameters. Those results
are very preliminary and need to be extended and fully diagnosed
before drawing final conclusions. A substantial amount of soot is
being deposited on the snow surface. It is also a concern that the
snow reflectivity would be altered by black carbon. Ewven a minute
amount of soot increases considerably the amount of solar energy
absorbed by the surface. We stress the need for monitoring
large-scale background soot concentration, particles, size
distribution, and smoke optical properties for the evaluation of
short-term climate and environmental changes.

Max PLanck Institute for Meteorology, Federal Republic of Germany
Presented by H. Graf

Model calculations have been carried out with a global c¢irculation
model (T21). It was assumed that present emissions continued during a
year. Two different scenarios were taken for the wave length
dependence of the radiation absorption cross sections. Results
obtained pertain to changes in net surface solar radiation, surface
temperature and precipitation in different months. (Some examples are
given in Figs. X.17, X.18).
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rig. X.17. Ttop) Total deposition of amcot (mg/m") during the 12 month
simulation. Contour of 10, 50, 100, 200, 300 and 400 mg/m® are

depicted.

Fig. X.18. Climate response in summer. Anomalous 2 m temperature for
July (middle); the contour interval is 1 °C. Anomalous precipitation
for May (bottom); the contour interval is 2 mm/day. The zero
contours have been suppressed. Shading indicates regions with local
significance levels larger than 95 %.
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A significant cooling of about 4°C was computed for the summer over
the Gulf region (=500 x 500 km®’). On a global scale

non-significant changes were predicted. Due to the relatively short
residence time of the scoot, it is expected that soon after the
extinction of the fires, effects, if any, will disappear. A
significant weakening of the Indian summer monsoon was estimated to be
unlikely.






APPENDIX XI

AN AIRCRAFT MONITORING STRATEGY

Aireraft should give priocrity to the following measurements:

a. Source strength and characterization of soot including
characterization of particles size, shape and composition which will affect
lifetime, optical properties and effects.

i} Source strength (for individual oilfields and total emissions)
using., where possible, all four metheds (integral of mass., lidar
backscatter, measurement of optical thickness, and comparison of
observed and predicted) used in combination. Flights should be
coordinated with ground-based observations as well as lidar and
satellite measurements.

ii) Characterisation of particles including PAH measurements (chrenic
health hazard), organiec carbon/black carbon ratio in particles,
trace elements, size spectrum, and morphology.

b. Wind and concentration field in near to medium distances (up to 200
kms) of S0: NOx, O:, particles mass and characterization, cptical
density, VOC's, HCHO, CO, COs.

c. Evolution of plume chemistry at long distances downwind (greater than
200 lm) of S0, S04 aerosol, NO., NCy, NOa: aerosol, VOC's, Oz,

optical density, particle mass and characterization. For such measurements a
local based station will be needed for grab sample analysis.

d. Temporal variation of source strength, as above, as fires are put out.

The coordination of aircraft f£lights should proceed as follows:

a. A sequence of aircraft flights should be made covering each month with
soma overlap, where possibla, for intercomparison of measurements.

b. WMO should assist in arranging the coordination of aircraft activities
through national focal points.

c. WMO should assist aircraft teams to obtain access to national air
space in the region.

d. Local support for aircraft teams in the Gulf area is essential. The

meeting recommended that WMO maintain information on the appropriate contacts
in the area throughout the observational period.
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e. Aggistance is needed in providing aircraft teams with model forecasts /i)
for £light campaigns. These forecasts should cover a variety of timescales. \

£. " The WMO should assist in the distribution of flight data as it beccmes
available, recognizing that some data need processing at national facilities.
Wide distribution of flight data will assist in the planning of subseguent
aircraft activities and provide test data for model evaluation.

g. The WMC should assist, within the next few months, in the organization
of at least one workshop to compare and discuss aircraft results.

h. The experts noted that the U.K., U.3.aA. and German airplane measuring
programmes were bilateral in character. While recognizing the need for urgent
measurements, the meeting urged these programmes and future aircraft

monitoring programmes to be structured under the framework of the WMO project.

i. The list of planned measursment campaigns is not complete and because
all relevant data are highly useful, further campaigns (aircraft and
otherwise} at later dates are encouraged.

The status of plans for aircraft monitoring identified at meeting is

summarized in the Table:

Status of Aircraft Plans, 30 April 1991

_Number -Country Organization Period Duration Funding = Meeting Contact l‘\:\)

1, U.K. U.K. Meteoro- March/april 2 weeks Done Smith
logical Office

2 U.S.A, NCAR mid-May 3 weeks Available Baumgardner
University of mid-May 3 weeks Available Hobbs¥*
Washington

1 Germany Umwelt Bundes- * May/June 2 weeks Available Sartorius
amt

2 U.S5.5.R. State Committee Unknown 50 hours Partial Tsaturov

' for Hydrometeo-
rology
Institute of 100 to Partial Nazarov
Global Climate 10 July 91 200 hours
and Ecology . .
Central Aerclo- 20 June 91 100 to Partial
gical Observa- 150 hours
tory

2. Germany DLR June, July, 2-3 weeks  Partial Schumann

August
1 U.S.A. Pac.NW Labs July, 4 weeks Unknown Hales*
August

* Not present at the meeting
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Collaborative work Ln association with the aircraft programme is

necessary:

a. Field measurements and laboratory studies associated with source
characterizations should commence as scon as possible.

b. Near-field modelling of individual plumes is important for the
aircraft programme., Attendant to this, a micro-network of meteorclogical
field monitoring stations is needed in addition to those already planned or in
place for other purposes. These should include precipitation and dry
deposition sampling.

c. Collaborative laberatory studies between atmospheric fire scientists
and aerosol chemists are needed to expand understanding of critical
carbonaceous aerosols including formation, chemistry. characterization, and
aerodynamic proparties.

The following items require immediate consideration:

a, The WMO aircraft coordinator should contact UNEP and appropriate
officials within Kuwait immediately to coordinate establishment within Kuwait
of a focal point for coordination and logistical support of persomnel and
projects involved in the implementation of the aircraft operations.

b. Funding for provision of logistical support for field projects,
especially aspects of the aircraft programme, must be provided to WMO by
participants either directly or through the U.N. Interagency Fund (through
UNEP) ,

c.  all data collected by parties to this programme, particularly in the
region, should be made available to all parties through WMO, in a timely
manner, in view of the multiple uses for the data and the urgency of the
matter.

d. A very high priority needs to be placed on the re-establishment of
capabilities in Kuwait for collection of source and local meteorological data,

e. In view of the continuing critical importance of accurate source term
data, it is essential that efforts be implemented immediately and provision be
made for continuing updates and dissemination of data.

For determination of the amount of soot released per time unit, the
mass—-flux is required. Tt was therefore recommended measuring:

a. The mean wind field across the plume by aircraft and sondes,

b. The extent and relative concentration field within the total plume.
(These can be obtained by Lidar measurements from, for example, the German
Falcon by flying across the plume's cross—-section at altitude above the plume
(about 5 km) at a distance from Kuwait where the optical depth is small enough
to get signals from the ground).
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c. In-situ measurements of soot concentration at approximately the same {:)
time and at least one flight level within the plume,

d. Total sulfur concentration by probes,

e. Increase in water vapour within the plume. (The German aircraft

proposes to try DIAL measurements. However, it was noted that the increase in
water vapour may be too small to be detected.}

The following possibilities were considered for flight patterhs:

a. vertical profiles near the source {30 to 80 km).

b. vertical cross-sections along main plume axis at distances from 30 lm
to 300 km and

c. vertical cross-sections at large distances from the sources (up to at
least 1000 Jm). (This measurement has high priority because of its importance
for global modelling). .
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Phased Air Monitoring Plan

Phase |l.

Phase II.

Phase lll.

" Phase V.

Phase V..

Provide é Framework for an Early
Warning Advisory o

Establish a PM'® Monitoring Network
Characterize the Aerial Plume

Develop a More Complete Profile of
the Smoke Plume Constituents

Develop a Gulf Regional Air Monitoring
Network to Track the Impact of the Plume



Phasé L.
Provide a Framework
for an Early Warning Advisory

e Gather Daily Weather Forecasts to Predict Meteorological
Conditions

e Use Visual Observations

e Gather Existing Air Monitoring Data from Fixed and Mobile
Sites Operated by Saudi MEPA, Saudi ARAMCO, and the
Governments of Kuwait and Bahrain



| Phase .
Provide a Framework
for an Early Warning Advisory

(continued)

e Establish a Daily Briefing

¢ Develop a Daily Map Depiction of the Aerial
Distribution of the Smoke Plumes

* Issue a Daily General Statement about the Expected
Behavior(s) of the Oil Fire Plumes



. Phase Il.
Establish a PM'° Monitoring Network
Using Portable PM'® Monitors

 Working in Conjunction with the Saudi Arabian
Meteorology and Environmental Protection Agency
(MEPA), the Proposed Plan Has Been Developed to Collect
Information on PM', Which Represents Particulate Matter
with Particles Less Than 10 Microns in Diameter (at the

present time there is little or no PM'® monitoring in the Guif
Region)



Phase Il.
Establish a PM'° Monitoring Network
Using Portable PM' Monitors

(continued) -

e Conduct a PM' Saturation Sampling Study to
Determine the Temporal and Spatial Features of the
Impact of the Oil Well Fires and Attempt to
Reconcile the Data with Existing Model Estimates

* Total of 15-20 Portable PM' Samplers Equipped
with Quartz Filters Would Be Run Slmultaneously
on a Daily Basis

C



 Phasell.
Establish a PM'® Monitoring Network
Using Portable PM'™ Monitors

(continued)

e The Recommendation for Siting of the Portable PM™
Samplers is Predicated on Providing a Large Area of
Coverage for Developing a Better Estimate of the
Areas Impacted by the Plume, a Cross-Sampling of
Population Centers, and to Provide the Opportunity
to Transfer this Technology to Saudi Arabia, Kuwait,
and Bahrain |



Phase Ill.
Characterize the Aerial Plume

* To Achieve This Goal, Many of the Same Plume
Measurements Collected by the Existing and Proposed
Ground Level Measurement Locations Should Be Provided
by the Aerial Sampling Platform

« The Aerial Sampling Activities May Be Separated into
Measurements Which Address the Three General Zones of
Plume Characteristics, from a Meteorological Sense

= Close-In Zone
» [ntermediate of Transition Zone
« Extended or Distant Zone



Phase IV.
Develop a Complete Profile
of the Smoke Plume Constituents

* Obtain Additional Equipment to Expand Existing Continuous
Monitoring High Priority Sites in Kuwait and Saudi Arabia

* The Survey Conducted by the Team During Phase | of This Plan’
Indicated That within the Region, Respirable Particulate
Sampling Technology, Aerosol and Total Particulate Sampling
and Analysis for Volatile Organic Compounds (VOC), Semi-
Volatile Organic Compounds (SVOC), and PAHs Were Either Not
Available or Insufficient to Properly Characterize the Effects of
the Oil Well Fires on the Population Centers and the Troop
Concentrations within the Region |



Phase V.
Develop a Complete Profile
of the Smoke Plume Constituents

(continued)

e The Plan Proposes to Expand the Continuous
Air and Meteorological Monitoring Currently

Being Conducted within the Region at Six Sites

S



Phase IV.
Proposed Monitoring Equipment

« TSP High Volume Sampler

- PM' High Volume Sampler

- PM'® Dichotomous Sampler

« VOC Canister Sampler

 Polyurethane Foam (PUF) Low Volume Sampler
 Optional Tenax/Charcoal/XAD-2 Tubes



Phase V.
Develop Regional Air Monitoring Network
- 1o Track the Impact of the Kuwait Oil Fires
| on the Gulf Region

e This Phase of the Proposal Will Be Developed in Series of Stages

* The Network is Directed at Long Term Fixed Site Monitoring,
Which Will Collect a Battery of Both Air Quallty and
Meteorological Data

* Particular Attention Will Be Given to Provndlng an Early Warning
System Advising the Effected Public on What Cautionary Steps

Should Be Taken to Minimize the Impact of Air Pollution on
Health

0

o
C



Phase V.
Develop Regional Air Monitoring Network
to Track the Impact of the Kuwait Oil Fires
on the Gulf Region

(continued)

* Recommended Measurement Parameters at Each Site
= Meteorological Variables
* Wind Speed and Direction
* Temperature
* Moisture Content of the Air
* Dew Point, Relative Humidity
e Solar Radiation
* Precipitation
» Air Quality Variables



- Phase V.
Develop Regional Air Monitoring Network
to Track the Impact of the Kuwait Oil Fires
on the Gulf Region

-(continued)

Episodic/Early
Warning Measurements

Longer Term
Monitoring

PM'® (continuous) Acid Aerosols
TSP VOCs

SO, (continuous) Aldehydes

O, (continuous) B[a]P, Other PAHs

NO , NO (continuous)
CO (continuous)

Trace Elements
Fine Particulates

H,S (continuous)

®



Phase V.
DeveIOp Regional Air Monitoring Network
to Track the Impact of the Kuwait Oil Fires
on the Gulf Region

(continued)

* Health Monitoring Survey

* Health Questionnaires

» Blood Samples

» Urine Samples
~ » Hair Samples

= In Vivo Animal Studies

= Forced Expiratory Volumes
= Other Morbidity Parameters



- Phase V.
Develop Regional Air Monitoring Network
to Track the Impact of the Kuwait Oil Fires
on the Gulf Region

(continued) -

» Distribution of Existing and New S.ites Air Monitoring Sites

Locations Existing New Sites
~ Saudi MEPA 4 10
Saudi ARAMCO 11 0
- Kuwait 3 8
Bahrain 0 2
Other Locations 8 4
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KUWAIT OilL FIRES
INTERAGENCY INTERIM REPORT

k. SUMMARY

More than 500 oil well, storage tank and refinery, and facility fires are currently raging in Kuwait and
each day produce an enormous amount of smoke and other pollutants. The quantity and character of
the smoke piumes are not vet certain, and the fires are expected to continue for some peried. The
fires originate in seven oil fields, located both north and south of Kuwait City, with the majority
centered in the Al Burgan oil field south of the Kuwait City airport. The fires may represent one of the
most extraordinary manmade environmental disasters in recorded history.

In response to this situation, the Saudi Government requested U.S. technical assistance on the public
health and environmental impact of the fires. The U.S. Embassy in Saudi Arabia concurred in this
request, and voiced its additional concerns about the health effects of the fires on the hundreds of
thousands of U.S. troops in the region as well as the thousands of American citizens residing in Saudi
Arabia and the other Guif countries. Similar concerns were also expressed in Kuwait. An Interagency
Air Assessment Team consisting of representatives from the Environmental Protection Agency, the
National Qceanic and Atmospheric Administration, and the Department of Health and Human Services
was formed and deployed to the Persian Guif area. In country, this team was supplemented by
representatives of the United States Coast Guard, the Department of Defense, and the Department of
Energy.

The specific mission of the team was to assess the conditions through air sampling and monitoring in
oil fields and other areas to determine the effect on public heaith; to review the health infrastructure;
to determine the capability of the region to deal with the health threat through air monitoring and
appropriate corrective action; to provide technical assistance; and to consider appropriate follow-up
action. )

Meteorological conditions over the past two months have tended to transport the smoke plume toward

the southeast, with periodic excursions toward the northeast. March through July are relatively windy

months; there are normally 30 days of very strong winds from the northwest in this period, which-
produce sandstorms and rapidly ventilate the smoke. From August to October, the incidence of strong

winds should drop sharply. The plume is generally below about 12,000 feet. As the summer

progresses, it is possible that the height of the plume will increase and that it will then be evident to

greater distances.

Emissions from oil fires may have the potential of causing health effects of both an acute and chronic
naiure, -aithough there is considerable uncertainty as to the extent of the threat. Chemicals such as
sulfur dioxide and hydrogen sulfide as well as carbon monoxide and polycyclic aromatic hydrocarbons
are often found along with particulate matter in oil fires. While only a limited assessment is possible
at this time, the Team did not detect such chemicals in any significant quantity; also, preliminary
analysis of the substantial amount of particulate matter did not reveal any chemicals at levels of
concern, Additional testing is needed to better define if other toxic materials may be associated with
the high levels of particulates found. :

The host nation governments also provided the Team with an abundance of preexisting air monitoring
infermation covering the past several years in Saudi Arabia, Kuwait, and Bahrain. These data provide




a useful baseiine on limited parameters for comparing the conditions that exist and may evolve during
the next several months. The Team concurrad with the Saudi Government’s view that the considerable
Saudi public and private sector competence in air monitoring would need to be suppiemented with
support and technical assistance. This situation is even maore acute in Kuwait City due to the lack of
power and to the disruption of the governmental and scientific infrastructura, The Team considered
it of critical |mportance that additional technical assistance be made available to the countries, if
requested.

There is need to consider the overall problem from several perspectives so as to ensure economy as
well as success. First, because high levels of particulates were found in the air, and prolonged
exposure to particulate matter may contribute to respiratory discomfort and perhaps long-term or
permanent respiratory disorder, it wiil be necessary to find out what is in the plume and how it varies
over time and distance. Second, we should assess the immediate and long-term human health risk.
Third, we should guantify effects on the environment, especially on crops and climate.

iI.  TEAM’S ACTIVITIES AND FINDINGS

With the assistance of the Saudi and Kuwaiti Governments, the U.S. Interagency Air Assessmant Team
has been conducting a reconnaissance survey of the fire plumes and their effects in Kuwait and Saudi
Arabia since March 10, 1991. The primary objective of the Team was to obtain preliminary, short-term
data on the emissions from the smoke emanating from the oil well fires at a variety of locations, in

order to:

1. Determine if there is an acute health threat associated with the Hydrogen Sulfide (H,S)
and Sulfur Dioxide {SO,) and particulates, three poliutants that might be emitted from
burning oil waells;

2. ldentify and quantufy the gaseous and particulate byproducts being produced from the
burmng oil wells; and

3. Determine if the materials associated with these fires are affecting areas where
American citizens are located.

4, Assess the potential extent of the heaith effects related to the emissions from the fires

and the status of the Kuwaiti and Saudi health infrastructure.

Based on these objectives, limited, real-time data was obtained directly from the Kuwait oil fields, as
well as from Kuwait and Saudi Arabia locations where embassy officials, troops, and citizens work and
reside. Additionally, the Team conducted a number of interviews with heaith officials to evaluate the
extent of acute respiratory problems related to smoke exposure. While only a cursory assessment is
possible at this point, some data obtained by the team were encouraging. The preliminary findings are
as follows:

1. Limited sampling did not reveal the existence of high concentrations of sulfur dioxide
or hydrogen suifide near the burning wells or in population areas in the path of the ol
well emissions;

2. High levels of particulate were found in the air;




3. The resuits of the current monitoring findings and health interviews with medical
personnel in the affected areas suggest that at the present time susceptible
subpopulations, such as individuals with asthma and chronic obstructive lung disease,
may experience exacerbation of their symptoms. Special health concerns, warnings,
advisories, and precautions are clearly warranted for these individuals. This situation
does not appear to be life threatening under current exposure conditions but, if
meteorological conditions change, i.e., poor air mixing or plume touchdown, there
could he adverse health effects for these susceptible individuals; and,

4, The long-term effects on health are not readily ascertainable at this time due to
insufficient data on the populations exposed, the composition of the smoke plume, the
impact of oil poois, and long-term meteorological patterns. Both the Kuwaiti and Saudi
health communities have expressed great interest in obtaining training and support
from the US medical community that can be continued by themsaeivaes in future years.
Aggravating the problem is the severe damage done to the scientific infrastructure of
Kuwait thus limiting the current in-country analytic capabilities. Any response by the
US wouid have 1o inciude both training and equipment.

The Teamn has stressed, however, that their observations represent only a preliminary assessment and
that considerable follow-up wiil be necessary to evaluate definitively the nature and magnitude of the
human heaith, ecological, and atmospheric effects of the oil fires. Such follow-up activities will need
to be carefully coordinated with the governments in the region as well as with other governments and
international organizations, such as WMO, WHO, and UNEP, which are seeking to assist in evaiuating
the situation,

. PROPOSED PROGRAM

The local populations are being exposed to an increased .health risk, the magnitude of which cannot

be estimated with any degree of certainty without further measurements and surveys. The extent to
- which conditions may worsen needs to be understood and a forecast capability developed. Without
‘such measurements and assessment, and development of a predictive capability, the regional
population remains exposed to an uncertain risk, and reconstruction of the area may be impeded.

Moreover, without such input, an accurate and defensible quantification of environmental effects will.

not be possible.

In addition to providing direct answers to questions regarding the effects of the smoke plumes on the
atmospheric environment, intensive studies of the plumes will accelerate progress in understanding
manmade effects on regional and global air quality, meteorology, and climate. Because the expected
changes in air chemistry, solar radiation, and cloud microstructure are so large, observations of these
processes couid circumvent the need for many years of study directed at much lesser phenomena.

The program proposed below is comprised of three primary elements: human heaith surveillance and
risk assessment, air monitoring, and deveiopment of a forecast capability. These elements will be
closely linked to achieve the goals of understanding and predicting the degree of human health risk and
the effects on atmospheric processes.




1. Air Monitoring

The objective of the air monitoring praogram is to coilect the necessary data to determine the nature
and concentration of pollutants associated with the fires, and demonstrate the recovery of the
environment as the fires are extinguished.

The development and deployment of an integrated monitoring network wiil serve several interreiated
purposes. It will assure data consistency throughout the region. It wiil provide better data to assess
the immediate health risk and potential for long term risks. It will be used to initiate, test, and refine
forecast models discussed later in this plan, and thus greatly assist in the development of location and
condition specific alerts -- assisting in issuing special advisories for populations at risk under unique
conditions., Lastly, it will provide a better hasis for scientific understanding and knowledge of the
important regionail and international issues and will assist in asseassing possible extended consequences
of the fires.

The U.S. Interagency Air Assessment Team is working with the Saudi Arabian Meteoroiogy and
Environmental Protection Agency (MEPA), Saudi ARAMCO, and King Fahd University of Petroleum and
Minerals 1o develop an air monitoring plan for the Guif Region that will provide the air monitoring data
to assess the impact of the Kuwaiti fires in Saudi Arabia. While focused primarily on the needs of
Saudi Arabia, the pian forms the general basis for a regional network that should meet the needs of
other Gulf nations as well.

~The following activities are proposed in cooperation with and support of the host governments:

L Immediate steps would be taken to collect and analyze meteorological observations and
forecasts, record visual observations of the smoke plume, and review existing
monitoring data. Plume observations via sateilite would be obtained daily,
supplemented by periodic on-scene aerial transects designed to characterize the overall
geometry of the plume. _

L] A ground-based sampling network of portable equipment would be installed by EPA and -

" others at approximately 15-20 locations to measure particulate matter less than 10

microns in diameter (the particle size most likely to penetrate deeply into the lungs).

The ratio of the less than 10 micron particles to total particulate load would be
established. Limited organic analysis would be undertaken.

* Measurements of carbon monoxide, carbon dioxide, methane, hydrogen suifide, sulfur
dioxide, particle size distribution, elemental and organic carbon, metals, polycyclic
aromatic hydrocarbons, and acid aerosols would be obtained close to the fires by
NASA and NIST. These measurements should attempt to characterize and categorize
emissions from several specific wells.

. Specially equipped aircraft from the University of Washington (April 15 to May 15),
NCAR (May 1 to June 1), and NOAA (July 1 to August 1) would be deployed to
measure downwind plume composition and dispersion, radiative properties and climatic
effects, and effects on clouds and precipitation. On the basis of the initial aircraft
results, a longer-term sampling program would be designed to monitor the relaxation
of the atmospheric environment as the fires are extinguished.




L4 Six additional comprehensive air quality monitoring stations would be established along
the general axis of the plume from Xuwait City to Saudi Arabia to coilect data on
particulates, as well as on the organic and inorganic constituents of the piume.

L Meteoroiogical stations would be co-located at as many as possible of the selected
monitoring sites. Data would be collected on wind, temperature, humidity, direct and
diffuse radiation, soil temperature, and precipitation: Ten precipitation monitoring
stations operated by WMO would be upgraded to measure departures in precipitation
chemistry and restabilization to normal levels.

L A data and information system would be designed to provide world-wide access to
data of all types reiated to the fires. High speed data transmission capability would be
established to enable image, graphics, and text exchange among participants in the
maonitoring, forecast, and health elements of the program. In the short-term a
temporary archive would be developed to avoid loss of key data sets.

2. Development of a Foracast Capability

The objective of this activity is to develop an early warning advisory system for the Guif and downwind
regions. The system would forecast the trajectory of plumes created by the fires and compute the
atmospheric concentrations of several constituents of known human health and potentiai environmental
impact. '

Mathematical models of the fires and their effects are being developed by institutions in Saudi Arabia
and the United States to assess the impact of the fires. The modeis detail the combustion pracess
associated with each well, and predict plume rise, chemical transformations, transport and dispersion,
and particle deposition. These models are in turn linked to other algorithms and databases to predict
"the impact of the plume on human heaith, and the local and distant environment (including effectsion
crops).

A number of activities would be undertaken to complete the development of a forecast system:

o Short-term meteorological forecasts would be used immediately to predict the

orientation and general concentration of the smoke plume throughout the region.

L Existing modeis in the U.S., Saudi Arabia, and elsewhere would be tested through air
quality measurements obtained through the monitoring program described in the
preceding section. As testing is completed, the models would be used to adjust the
location of portable monitoring stations for optimal sampling and provide improved
forecasts of plume characteristics.

. Selected models, when tested, would be assembied into a single computer system
linked to weather forecast models available through NOAA's Nationai Climatic Data
Center. The system would form the basis of an early warning system with terminals
into the system available both in the United States as well as from the Gulf region.

] At the conclusion of model development and testing, training and equipment would be
provided to allow the modeling capability to be fully operated by appropriate agencies
in the Guif region. :




3 Human Health Surveiffance and Risk Assessment

The objectives of this activity are to assess initial data obtained by the U.S. Interagency Air

Assessment Team, 10 set up the needed infrastructure, and to conduct medical surveillance,

epidemiological studies, and clinical field studies for the purpose of examining specific health endpoints-
in order to ascertain whether there are short-term and/or long-term trends in morbidity and mortality

associated with exposure to the oil smoke plumes and deposition.

Developing plans for and conducting a cross-disciplinary approach to human health risk assessment
and health advisories is a difficult, complex and time-consuming task. The plan presented below can
proceed only after accomplishing a coordinated interagency evaluation and assessment of the EPA
monitoring data and other information. At that time, additional monitoring and modeling may be
required. On that basis, the scope of effort, the type and number of heaith personnel both here and
abroad, equipment, and other items cannot be identified in any detail. However, continued
coordination and coilaboration with the DOD and the Kuwaiti and Saudi health authorities is necessary
to maintain established information sharing. Continued information sharing will aid in the development
of Gaseline data for a compiete human heaith risk assessment. in addition, this can heip provide
Kuwait with some important needed assistance in reestablishing their medical and heaith care
infrastructure.

The following tasks need immediate attention:
L Health advisories shouid be reviewed and updated for use by military and non-military
personnel based on an assessment of the U. S. Interagency Air Assessment Team data .

and observations.

L] Interim preventive measures should be identified and initiated including, but not limited
" to, the use of dust masks and limiting exercise during periods of severe smoke.

L Medical facilities should be alerted to the potential increased frequency of asthma
attacks and eye irritations and ensure adequate supplies of appropriate medications.

* Protocol shouid be established to alert military, indigenous, and other non-military

transient populations of potential heaith risks, particularly for high risk popuiations such
as asthmatics, people with heart disease or chronic obstructive puimonary disease,
children, and pregnant women.

L A pian should be developed to collect needed medical and demographic information on
affected populations including health examinations and a permanent archive of service
records for all U.S. personnel stationed in the Guif. These records will be vital in order
to answer future questions on the health impact of U.S. personnel serving in the Gulf.

L Host governments should be assisted, as requested, in baseline studies of affected
populations.
L Develop plans for conducting medium- and long-term epidemiological and clinical

studies, and establishing medical surveillance systems.

L Establish criteria for assessing the effectiveness of an early warning system to protect
the U.S. and civilian personnel. Based on the monitoring system established by the
host countries, an early warning health advisory system should be established.




These efforts should promptly follow:

L] Non-plume and plume samples for short-term in-vitro. and in-vivo toxicity and
mutagenicity testing and dose response assessment should be collected.

L] Acute and chronic health risks based on integrating information from exposure
assessments, epidemiological/clinical studies, and in-vitro and in-vivo toxicity studies
must be assessed.

. Assess the impact of oil pooling and combustion deposition on potential exposure
pathways.

Iv. INTERNATIONAL COORDINATION

The U.S. Interagency Air Assessment Team currently working in the Gulf region has undertaken several
first steps to coordinate planning with the governments of Saudi Arabia, Kuwait, and Bahrain, To
achieve the gbjectives of this plan, several further steps toward international coordination are
necessary:

* Arrangements shouid be made with the government of Kuwait to complete the
reactivation of the three air monitoring stations which were operating before the war.
These stations will be critical to obtaining key observations near the source of the fires,

L] The British Meteorological Office is currently conducting long-range sampling of the fire

plume by aircraft. Coordination of data exchange and research plans between
programs should be arranged through WMQ.

] WMO should also be requested to arrange for collaboration of modeling efforts with
Canadian and British scientists who work on similar programs.

o Collaboration is needed with Kuwaiti and Saudi health authorities to assess the
' effectiveness of an early warning system to limit or reduce air pollution-related
mortality and morbidity, and to monitor trends in respiratory disease.

L The design and conduct of short-and long-term epidemiological and clinical studies’

must be integrated between Kuwaiti, WHO, and other countries providing assistance.

L To the extent feasible, and, when requested, U.S. agencies should work with
multinational organizations to rebuild the public health infrastructure in Kuwait.




APPENDIX A

AIR SAMPLING AND MONITORING

The initial air sampling and monitoring program conducted by the U.S. Interagency Air
Assessment Team in Kuwait and Saudi Arabia had the following objectives:

1. Determine if there is an acute heaith threat associated with the Hydrogen Sulfide (H2S) and
Sulfur Dioxide {SO2} gases being emitted from the burning oil wells.

This objective was accomplished by collecting Real Time Measurements (i.e. instantaneous
readings} using portable instruments for the following parameters: H2S, 502, oxygen, and total
particulate. These measurements were collected at 13 locations in Kuwait and Saudi Arabia, U.5.
Embassies in Kuwait and Riyadh, MEPA Dhahran, at five oil well fields, and at various locations near
the oil fields in Kuwait. The results from the March 13-20 monitoring are summarized in Table 2.

The highest readings were recorded from measurements taken in the smoke plumes in the oil
fields. The results from this monitoring did not indicate an acute heaith threat. However, if conditions
change, {i.e., fires are extinguished without capping, allowing high levels of gases} an acute threat near
the wells may occur.

The highest levels observed were: particulate 5.4 mg/m3, VOCs 2.5 ppm ({adjacent to large

. pools of oill, H2S 42 pph, and SO2 2 ppm. It shouid be noted that the detection limit for the SO2

meonitor is 1-2 ppm. A different SO2 monitor with a detection limit 0.1 ppm did not indicate S02.
Also, the field personnel wer ; unable to detect.any sulfur odors at any of the locations. Therefore,
the SO2 levels of 1-2 ppm should be used with caution. '

The only elevated levels observed in the monitoring conducted in the population areas were for
particulates. A reading of 480 ug/m® was obtained at MEPA in Dhahran, Saudi Arabia. Based on field
observation this reading was probably a combination of smoke from the fires and sand. Baseline
particulate levels due to blowing sand in Saudi Arabia and Kuwait range from 200-3000 ug/m?®. '

Further sampling and monitoring occurred from 3/24 - 3/27. These resuits are aiso attached.
The results from this monitoring are similar the previous monitoring resuits. In general, the particulate
concentrations at ground level in the oil fields were lower than in the downwind areas outside the
fields, except when in the direct path of a ground level plume. The downwind locations most heavily
affected vary, depending on wind speed, temperature, humidity, and other diurnal factors.

The real time particulate readings during this phase are 15 and 20 minute averages. The highest
reading occurred at the Ahmadi Hospital, with a 20 minute average reading of 0.935 mg/m® with a
single highest reading of 1.16 mg/m3. Other successive 20 minute averages taken at this location
display the variation in particulate levels at the same location, as conditions such as wind direction
change.

2. The second objective was to identify and quantify the gaseous and particulate byproducts
that are associated with the burning oil wells.

This objective has partiaily been accomplished. Samples from 10 locations have been analyzed
by ERT's laboratory in the U.S. The air samples were collected for the following parameters at all




locations:  volatile organic {(VOCs}, polycyclic aromatic hydrocarbons (PAHSs i.e naphthalene,
benzolalpyrene), heavy metals, SO2, and inarganic acids {i.e. sulfuric, nitric, etc.}. A limited number
of samplas were collected for H2S, formaldehyde, CO, and total nuisance dust. For specific findings
relevant to these samples see the section entitled "Air Sampling Resuits.”

3.The third objective was to determine if the materials associated with the fire were effecting
areas where American citizens were located.

This objective will partially be accomplished by reviewing the data from the samples taken at
MEPA Dhahran, Saudi Arabia, U.S. Embassies in Kuwait and Riyadh, Camp Freedom Kuwait, and Port
Shuaybah, Kuwait, and reviewing the air monitoring data being collected by MEPA and ARAMCO in
Saudi Arabia air monitoring stations and suifur dioxide data taken at temporary hospital locations in
Kuwait City.

in order to compiete this objective in a sound scientific manner, sampling for PM,, particulate
(i.e. particuiate less than 10 microns in size), which are the respirable particulate, and samples from
the piume abave ground ievei shouid be taken. Also, the air monitoring network proposed by the U.S.
Interagency Air Assessment Team should be implemented.

AIR SAMPLING RESULTS:

The results from the air sampies coliected for sulfur dioxide, volatile organics, and inorganic
acids from 3/13 - 3/20 in Kuwait and Saudi Arabia confirmed the real time measurements and sampling
and analysis performed by the Kuwaitis and the Saudis. These resuits confirmed the conclusion of the
U.S. Interagency Air Assessment Team that the primary hazards from the oil well fire is with the
particulate matter.

The highest level of sulfur dioxide {0.68 ppm) was detected in th: smoke plume of the Burgan
Qil Field. This level is above the EPA 24 hour {0.14 ppm) and 3 hour (0.5 ppm} limit. None of the
suifur dioxide samples coliected in populated areas exceeded the EPA air quality limits.

The organic vapor analysis showed that compounds associated with petroleum (i.e. benzene,

toluene, and aliphatic hydrocarbons such as n-heptane (n-C7}} were detected. The highest levels li.e. .

10-20 ppb level) were detectad in the smoke plume in the oil fiaids and a grab (SUMMA) sample
collected at ground level near a pool of oil in the Sabirivah well field. The inorganic acid analysis
showed low ppb levels for both sulfuric and nitric acid. Based on this limited data, the suifur dioxide
and nitrous oxide that may be byproducts from the burning of the oil are not being formed in large
amounts,

. The results from the particulate analysis for polycyclic aromatic hydrocarbons {PAHs) and heavy
metals showed very low levels of hoth parameters in the samples collected in the populated areas and
in the oil fields. The only metals detected were those associated with materials found in the sand
particles (i.e. sodium, aluminum, magnesium, etc.).

Based on these limited number of samples, the major hazard associated with the oil well fires .

seems to be the particulate matter being emitted. The monitoring and sampling program discussed in

the Air Monitoring Strategy Plan should help further define the hazards associated with the
particulates.

The complete results from the sampling are summarized in the attached exhibits. Oniy the
compounds detected are listed.




PARAMETERS:

The air samples callected at the oil well fields, Camp Freedom, MEPA Dhahran, Saudi Arabia,
and U.S. Embassies in Kuwait and Rivadh, Saudi Arabia were analyzed for the following
parameters: '

PAHSs: (NIOSH Method 5515) :
Naphthalene, 2-Methylnaphthalene, 1-Methyinapthlalene, Biphenyl,
2,6-Dimethyinaphthalene, Acenaphthylene, Acenspthene, Dibenzofuran, Flucrene,
Phenanthrene, Anthracene, Carbazole, Fluoranthene, Pyréne, Benzo[a]anthracene,
Chrysene, Benzolblfluoranthene, Benzolklflouranthene, Benzolelpyrene,
Benzo{alpyrene,indeno(1,2,3-cd}pyrene,Dibenzola, hlanthracene,Benzolg,h.ilperylene.

Inorganic Acids: (NIOSH Methods 7903)
Hydrochloric, Phasphoric, Sulfuric, Nitric, Hydrofluoric.

Metais: (NIOSH Methods 7300)
Platinum, Titanium, Molybdenum, Zurcomum Siiver, Aluminum, Beryilium, Cadmium,
Caicium, Chromium, Cobalt, Copper, Iron, Magnesuum, Manganese, Sodium, Nickel,
Lead, Tin, Vanadium, Zinc.

Volatlle organics: (Modified Method 1500 1501, 1003) .

1,1,1-Trichloroethane, Cyclohexane, Carbon Tetrachloride, Benzene, Cyclohexene,
n-Heptane (n-C7), 1,2-Dichlorpropane, Trichlorcethane, 1,4-Dioxane,
Methylcyclohexane, Methylisobutylketone, Toluene, n-Octane (n-C8},
Tetrachloroethane, Chliorobenzene, Ethylbenzene, para-Xylene, Bromoform, Styrene,
o-Xylene, n-Nonene, n-Nanane (n-C3), 1,1,2,2-Tetrachloroethane, Cumene, Mesitylene,
Alpha-methylstyrene, 1,3-Dichlorobenzene, 1,4-Dichicrobenzene, 1,2-Dichlorobenzene,
Benzyl Chloride, alpha-Terpine, D-Limonene, 4-tert-Butyitoluene,
1,2,4-Trichlorobenzene, Naphthalene, 4-Phenylcyciohexene, n-Decane {(n-C10j},
n-Decene, n-Undecene, n-Undecane (n-C11), n-Nonanal, n-Dodecane {n-C12},
n-Tridecane (n-C13), n-Tetradecane {n-C14), n-Pentane (n-C15), n-Hexadecane (n-
Cc186). ‘ -

Qthers:
Formaldehyde and Suifur Dioxide.




EXHIBT 1: Air Sampling Resuits j)
\

U.S. EMBASSY, KUWAIT

Results for 3/16

PAHSs:
none 