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PREFACE
 

This report -- prepared by the Koppers Co. of
 
Pittsburgh, U.S.A. -- is hereby transmitted by the World
 
Environment Center to the Government of Tunisia.
 

It is the result of a detailed survey of the
 
ELFOULADH steel complex (Societe Tunisienne de Siderurgie),
 
Menzel Bourguiba, Tunisia, by M.G. Morris, Manager, Air
 
Quality Engineering and E.F. Harchelroad, Staff Engine-er.
 
The Center wishes to express its deep appreciation to the
 
Koppers Co. for making their services available for this
 
project. The report itself is of the highest professional
 
quality and should be of great value to the Tunisian
 
authorities and plant management in mitigating adverse
 
environmental impacts at ELFOULADH.
 

The Koppers mission to Tunisia was carried out
 
under a new program of the Center, the U.S. Agency for
 
International Development and American industry. It
 
provides technical assistance to developing countries to
 
help them solve their industrial pollution problems. U.S.
 
companies provide the services of experts free of charge
 
to eligible countries requesting assistance as a voluntary
 
contribution to improving the quality of life in those
 
countries.
 

The World Environment Center is a not-for-profit
 
information and education service on international
 
environmental issues. It was established in 1974 with
 
funding from the United Nations Environment Program
 
(UNEP). The Center has overall planning and administrative
 
responsibility for the technical assistance program.
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DISCLAIMER
 

Tha technical advice and services provided to the Government of the Republic of 
Tunisia (Tunisia) and its agents during the period May 1,1982, through December 
31, 1984, by expert.; from United States institutions working under the sponsorship 
of the World Envii onment Center of New York, New York, U.S.A., was and is to 
be furnished on a free-of-charge basis to Tunisia. As a result, the World 
Environment Center, the experts provided by it, and their United States 
institutions hereby disclaim any legal responsibility and liability, whether under 
the laws o' Tunisia, the United States, or any other jurisdiction, vis-a-vis 
Tunisia, its agents and its residents for the advise and services provided by such 

experts (which advice includes explicit and implicit suggestions and the omission 
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Executive Summary 

Koppers Company, Inc. of Pittsburgh, Pennsylvania, USA, is a participating 
member of the World Environment Center's International Environment & 
Development Service to assist developing countries with their industrial pollution 
problems. 

At the request of the Center and the US Agency for International Development, 
Koppers Company, Inc. sent two senior engineers to make suggestions for 
environmental improvement at the ELFOULADH steel plant Menzel Bourguiba, 
Tunisia. ELFOULADH is a complex integrated steel plant producing rod, 
galvanized wire and structural pylons. The plant survey occurred on October 26 
through October 28, 1982. 

The ELFOULADH steel plant has the potential for the same environmental 
impact which exist at any integrated steel plant of its size and finished product 
mix. At the present time in Tunisia, there are few governmental regulations or 
guidelines to control the discharge of pollutants and solid wastes to the 
atmosphere, receiving waters and landfills. Although ELFOUL.ADH is under 
little regulatory pressure to control emission sources, the plant management is 
generally aware of the environmental problems and has with limited financial 
resources, made efforts to minimize the plant's adverse environmental impact. 

In most instances, the plant has been provided witn basically sound air pollution 
control and water treatment systems, needing in some cases, only a relal.vely 
minor upgrading to improve performance. There are, however, several large 
sources in the plant which are considered to be first priority items for the instal
lation of environmental controls. These are the two LD furnaces and the 
electric arc furnace which were installed without any particulate control 
equipment. The emission from these furnaces are no doubt adversely impacting 
the surrounding area, Lake Bizerte, and the town of Menzel Bourguiba. The 
particulate from these sources is even adding considerable solids to the steel 
plants recirculated water systems. 
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Technology has been available for control of particulate emissions from these 
furnaces since their inception. It is interesting to note that one internationally 
accepted reference source states that there cre only three LD furnaces in the 
world which were built without dust control, two of these are at ELFOULADHI. 

Control equipment recommendations, for the LID furnaces and the electric arc 
furnace, are discussed in Section 3.2 of the report. The recommendations are 
only tentative since it is obvious that a final decision must be based on a 
thorough engineering and cost study. A detailed analysis such as this is not 
within the scope of this report. 

The alternate control technologies, for the LD furnaces, are electrostatic 
precipitators or a hi-energy venturi scrubbers. Due to the high temperature of 
the LD furnace off-gas from the combustion zone, a baghouse is not a feasible 
selection. An electrostatic precipitator is selected as the preferred control 
device based on generalized cost data indicating lower installed and operating 
costs. An electrostatic precipitator for ELFOULADH's furnaces would cost in 
the USA in the range of from $500,000-$750,000 (equipment only). 

The alternate control technologies for the electric arc furnace are electrostatic 
precipitator, a hi-energy venturi scrubber, or a baghouse. A baghouse is selected 
as the recommended control device based on the cost data referred to above. 
The cost in the USA of a baghouse for ELFOULADH would be in the range of 
$100,000-$200,000 (equipment only). 

Adams, R. W. 1982. BOF Steelmaking: A publication of the Iron and Steel 
Society of the American Institute of Mining, Metallurgical & Petroleum 
Engineers, Warrendale, PA USA 15086, Volume Two, Chapter 10, p. 648. 
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Several other options for furnace control are presented in the report. These 
include a suggestion to consider the instuillation of one large precipitator to 
handle the waste gases from all of the furnaces. The precipitator size will 
depend on the mode of operation of the furnaces. Evaluation of the feasibility of 
using mechanical collectors as the first phase of a two phase control program is 

suggested. Each of these options would require a detailed study. 

This report covers other areas of environmental concern and a number of sugges
tions and recommendations are presented. The desirability of instituting a 
monitoring program for air and water to establish the present baseline is also 
reviewed and a preliminary plan outlined. Monitoring information would be of 
particular value for ELFOULADH, since it is essentially an isolated source. The 
data generated would reflect the plant's impact. Comparison of this information 

with recognized criteria would indicate the magr-itude of the problem, and would 
provide valuable control design information. 
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1.0- Introduction 

The purpose of this report is to present the results of an environmental 
survey made at the ELFOULADH steel plant located at Menzel Bourguiba, 
Tunisia. The survey covered of onthe impact the plant operations air, 
water, solid waste disposal, and safety and industrial hygiene. 

Visits were made to the plant on October 26, 27, and 28, by Mr. Emmet 
Harchelroad and Mr. Miles Morris, engineers from Koppers Company, Inc. 
On the initial visit to the plant, Koppers engineers were accompanied by 
engineers from Dr. Ali Ben Gaied's staff and Dr. Whitman Bassow and Dr. 
Gene Wailen of the World Environment Center and US AID, respectively. 
Mr. Abou Baker Zaak, President-Director General, PDG, conducted the 

plant tour. 

Koppers Company, Inc. is a diversified manufacturing corporation with 
specialized engineering and construction capabilities. Headquartered in 
Pittsburgh, Pennsylvania, USA, it has more than 250 operating locations 
and makes.more than 100 types of products. Koppers is one of the world's 
largest designers and builders of basic steel plants, including coke ovens 
and related by-product chemical plants, continuous casting installations, 
sinter plants and pollution control equipment for the steelmaking process. 
The Engineering and Construction Group is also presently engaged in the 
engineering and development of a synthetic fuels plant to produce 200,000 
gallons per day of fuel grade methanol. 

The diversity of Koppers' operations affords its environmental and 
occupational health staff a wide range of technical and scientific 
interfaces, enlarging its knowledge base and improving its ability to 
provide expertise to economicaily solve many difficult environmental 

problems. 

Messrs. Harchelroad and Morris utilized the expertise of a number of 
people in the Engineering and Construction Group and the Environmental 
Resources Department in the preparation of this report. Individuals who 
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made significant contributions included Dr. Andrew C. Middleton, V.P. 

Environmental Resources; John R. Smith, Manager of Water Quality 

Engineering; Charles P. Brush, Manager of Environmental Planning; Charles 

W. Flicidnger, Manager of Industrial Hygiene; Elizabeth A. Millard, Air 

Quality Engineer; William L. Gleason, Pollution Control Sales Engineer; 

and Gregory 3. Emish, International Sales ENgineer. 

It is Koppers' sincere desire that the report will be useful to all concerned 

in the efforts being made by the Tunisian goyernment to minimize the 

environmental impact of industrial development. 
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2.0 Process Description 

ELFOULADH is an integrated steel plant producing reinforcing rod, wire rod, wire 
with a variety of finishes such as bright basic, black annealed, galvanized and copper 
coated and galvanized pylons fabricated from round bar. The raw materials consist of 
local Tunisian ore aiid limestone and imported coke, all delivered to dockside on Lake 
Bizerte. Scrap comes from revert scrap, local Tunisian sources and a small amount 
which is imported. Main production units are: 

One (I) sinter plant 160,000 metric tonne per year 
One (I) 4 M blast furnace 150,000 metric tonne per year 
One (I) pig machine 
Two (2) 20 tonne LD converters 140,000 metric Tonne per year 
One (I) 15 tonne electric arc 
furnace 40,000 metric tonne per year 

Three (3) two strand continuous 

casting machines for 105 
mm billets 80,000 metric tonne per year 

One (I) bar mill 20,000 metric tonne per year 
One (I) wire mill 60,000 metric tonne per year 
One (I) wire mill for less than 
5 mm 25,000 metric tonne per year 

One (I) structural fabrication shop 10,000 metric tonne per year 

In addition to the rod which is produced within the plant, approximately 100,000 tonnes 
is imported for the wire machine producing the under 5 mm wir. size and for bar rod. 

Supporting facilities include the power house with a turbo-blower and turbo-generator, 
an oxygen plant, lime kiln and various maintenance shops. 

KOPPERS 6 
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3.0 Environmental Evaluation 

3.1 General 

The environmental evaluation which is presented in the following section of 
the report describes the problem areas, discusses the control technologies 
which are available and provides control recommendations. 

Equipment cost estimates are given for the recommended approach. How
ever, these estimates should be considered very preliminary. They are 
included to give the rektive magnitude of the cost for pollution control 
equipment, and do not include site specific costs such as ductwork 
modifications, piping, foundations and/or supports, electrical equipment or 
installation labor. Additional data and a detailed engineering study are 
required to develop a complete cost estimate. It should be realized that 
the installed costs may be several orders of magnitude greater than the 
cost shown in this report. 
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3.2 Air 

3.2.1 General 

The very nature of the iron and steelmaking operation is particularly 
conducive to the generation of particulate matter which is dispersed into 
the surrounding atmosphere, unless equipment is installed to reduce the 
volume of emissions and to capture that which is generated. Particulate 
emissions begin with the rezeipt of the raw materials-iron ore, coke, 
limestone, and sinter. These materials, when unloaded and at each transfer 
area, will separate according to size and the finer particles will become 
airborne. During the casting operation at the blast furnace, kish and 
particulate are generated as the molten iron combines with the oxygen in 
the air as it flows along the runners and into the ladle car. Slag flowing 
into a dry pit is also a source of particulate emission. A furnace slip which 
causes the bleeder valves to open will propel smaller coke, ore and sinter 
and limestone into the atmosphere. 

The steelmaking operation is an area where large volumes of particulate 
are generate,' particularly during the oxygen blow at the LD furnaces and 
the meltdown and refining with oxygen lancing at the electric arc furnace. 
The transfer of the molten steel from the furnaces to the ladles will create 
some pollution. 

The sinter plant and lime kiln can each be a major source of air pollution if 
they are not equipped with pollution control devices which are properly 
operated and maintained. The sinter plant is controlled with an 
electrostatic precipitator which appeared to be operating satisfactorily. 
The lime kiln area was not visited. 

The blast furnace operations included a dust catcher and wet scrubber 
system for cleaning the furnace top gas. Cleaning of the top gas is 
essential to the furnace operation since the gas is a source of energy and is 
fired at the three stoves. 
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During the three-day visit to the plant, it was not possible to fully evaluate 

the effectiveness of the installed air pollution control equipment within the 
plant. The most certain observation was the lack of pollution control 
equipment at the two LD furnaces and the electric arc furnace. The plume 
from their respective stacks is visible for many kilometers from the plant. 
These furnaces should receive first priority for any expenditures for 

pollution control equipment. 

The selection of control equipment for any particulate source such as the 
furnaces, is in the final analysis based on the system which meets the 
required performance at the lowest capital and operating costs. The 
physical parameters affecting the selection criteria include the particulate 
size and characteristics, the gas characteristics and the by-products of the 

operation, such as contaminated water or dust. 

The particulate characteristics include particle size distribution, 

concentration, bulk density, moisture content, electrical resistivity and 

flammability. Gas characteristics include average and extreme flow rates, 

pressure, temperature, moisture content and reactivity. The method of 
disposal or treatment of the by-products is also a consideration. Space 

availability is also frequently a major factor. 

The single most important physical parameter in the control device 

selection is particle size. For instance, the particle size distribution of the 

particulate in LD furnace off-gas is reported as 85-90 percent by weight 
less than one micron and 10-15 percent less than one-half micron. 

Rference to Figure I shows, based on this particle size distribution, that 

mechanical collectors such as multiclones are ineffective. The only 

control devices which would be applicable are the electrostatic 
precipitator, verturi scrubber or fabric filter. A fabric filter, however, 

cannot be used for the LD furnace application due to the high (27600C) 
hood combustion zone temperature. The available technology for the LD 

furnaces, therefore, is an electrostatic precipitator or venturi scrubber. 
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The electric arc furnace particulate emission is similar in size to the LD 

furnace. The technology available for control is the same as the LD 
furnace except a baghouse can be used due to the lower gas temperature. 

The lime kiln was not visited ond may not have been operating at the time. 

The following sections will review those areas where dust collection and 
suppression systems are typically installed in the steel plants of 
industrialized nations. In some cases, alternative ideas are suggested. The 
final decisiun to install dust collection equipment and the type of 
equipment can only be arrived at after a detailed engineering and cost 

study for the particular emission source. 

3.2.2 LD Furnaces - Particulate Emission 

The ELFOULADH steel plant has two 20 metric tonne capacity LD 
furnaces producing an annual total of l0,000 metric tonne of molten steel 
(see Figure 2). The furnace shop has no equipment to capture the 
particulate from the off-gases during the furnace blow. 

The off-gases are directed into an open, membrane type, water-cooled 
hood. The fume and particulate ascend up the stack and discharge into the 
atmosphere at approximately 34.75 meters above yard elevation. 

Fumes generated during reladling of the hot metal at the mixer and while 
charging the hot metal into the LD vessel and while tapping the molten 
steel from the vessel, ascend through the building structure and discharge 
to atmosphere through the building ventilators. 

A rough estimate of the weight of particulate which will be discharged 
during the oxygen blow is 1-1/2 to 2 percent of the metallic charge. For an 
annual production of 140,000 metric tonnes per year and a yield of 87 
percent, the total metallic charge is 161,r0 metric tonnes. Therefore, the 
weight of particulate which may be discharged to the atmosphr-.re is 2,400 
to 3,200 metric tonnes per year. 
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The particulate is composed essentially of Fe20 3 with small amounts of 

FeO and MnO3 and traces of the oxides of silicon, calcium, aluminum and 

phosphorus. The particle size is typically very fine with about 85 percent 

by weight being less than one micron and 15 percent is less than 0.5 

microns. 

The dust loading in the waste gases at the LD furnaces will vary widely 

during the oxygen blowing period (15 minutes) and will reach a peak after 

the CO evolution begins. 

Because of its fineness, the dust may be scattered over a wide area. At 

the stack discharge, elevation 34.75 meters, the fume and particulate are 

dispersed, at the vagaries of the prevailing winds, across the surrounding 

country side, Lake Bizerte and, on occasion, the nearby city of Menzel 

Bourguiba. 

3.2.3 LD Furnaces - Particulate Control Technology 

Particulate emissions from the LD furnace shop can be divided into two 

broad categories. First and foremost are those which are generated during 
the oxygen blow--a period of about 15 minutes for each heat. Secondary 

emissions are those generated while reladling from the mixer ladle to the 

charging ladle, while charging from the ladle into the LD furnace, and 
when tapping the furnace into the steel ladle. 

At present, the primary emissions are directed into the water-cooled hood 

and ascend through the stack and discharge to atmosphere. The optimum 
method for collecting the particulate can only be determined by a detailed 

engineering study. This report can only suggest guidelines which would be 

considered in the study. 

One of the initial determinations should be the adequacy of the existing 

hood for collection of the fume and particulate. A few minutes of 

observation by the survey team seem to indicate that the hood was of 
adequate size. However, this needs to be reviewed. The operators may 

E-18 
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provide some input,, particularly if they have observed fumes ascending 
through the shop in addition to the stack. It is possible the hood may need 
to be enlarged or it may need to be brought closer to the vessel mouth to 
restrict the infiltration of air to that needed for combustion. It is probable 
that the hood arrangement at this plant would be an open type. Steam and 
water sprays would be installed in the hood to quench the hot (16500C) 
gases. 

One method which has been used to contain the fumes to minimize their 
dispersion to the upper levels of the furnace shop is to provide an enclosure 
around the furnace between the operating and service floors. The 
enclosure is arranged to direct the fumes into the hood. Figures 3 and 4 
illustrate a three-sided furnace enclosure. The open side was necessary 
because a charging machine on the operating floor was used to charge the 
scrap. A similar three-sided enclosure would be applicable to the 
ELFOLILADH furnaces which are generally located in hhe charging crane 
and building lines. mouth of the veselcolumn The rotates into the 
charging aisle so that side must remain open. Thefe furnaces are charged 
and tapped from the same side while the slag is drained from the opposite 

side. 

The enclosure consists of a steel framework with loosely fitted hematite 
panels to resist warping by the heat. Rolling or man doors can be provided 
on the slagging side of the furnace. The roof of the enclosure would be 
arranged to direct the fumes into the hood. 

3.2.3.2 Venturi Scrubber 

High energy venturi scrubbers can be very effective in collecting the dust 
with efficiencies in excess of 99%. The scrubber itself requires a minimum 
of space and can normally be located near the furnaces, thus keeping the 
capital cost low. However, entrainment separators, exhaust fan, and 
treatment of the scrubber effluent requires additional space for the 
flocculator-clarifier, vacuum filter and pumps. These units can, if 
necessary, be located remote from the furnace area. 

KOPPERS 
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Scrubber and effL ent treatment equipment are generally low maintenance 
items but high energy consumers. The wetted dust from the vacuum fWter 
is easily handled for transport to a landfill or to the sinter plant raw 
materials bins. This dust may be objectionable if it contains zinc since this 

metal adversely affects the operation of the blast furnace. If the scrap 
charge contains large amounts of in-plant scrap from the galvauizing 

operations, then the dust should be dumped inio a properly designed and 
operated landfill. The scrubber frercently has a steam plume discharging 

from the stack and onder certain circumstances, can create a negative 
reaction from the general public which may consider the plume as 

pollution. 

3.2.3.3 Electrostatic Precipitators 

Electrostatic precipitators provide high collection efficiercies at low 
power consumption. They have greater space requirements and need more 

maintenance than scrubbers. The dust can be emoved either wet or dry, 
however, the wet precipitator will require a clarifier to separate the dust 
from the water. Dry dust, on the other hand, can br difficult to handle and 
this is particularly true for the fine dusts from the LD furnace. Capital 

costs for precipitators are usually higher than for the scrubber, but an 
engineering and economic study must be made for an accurate judgement. 

If electrostatic precipitators are selected, it is important that sufficient 
excess air is drafted through the hood to bum the CO to CO2 , otherwise 

the potential for an explosion in the precipitator exists. It is also 
important not to draft an excessive amount of air through the furnace hood 

since this will increase the size requirement for the precipitator. 

Availability of a precipitator is nearly 100 percent. Failure of discharge 

wires and plates can usually be isolated so that the balance of the system 
can operate. Dampers can be provided to block off sections for repair 

while gas cleaning continues at a reduced rate. 

KOPPERS 17 
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3.2.4 LD Furnace Control Recommendation 

The technologies available for control of the LD furnaces, as previously 
described are an electrostatic precipitator or a high energy venturi 
scrubber. Many LD type furnaces in the United States are controlled by 
electrostatic precipitators. 

It is recommended that ELFOULADH consider installation of a precipitator 
on the LD furnaces rather than a venturi scrubber. It is obvious that the 
recommendation is tentative since a detailed engineering and economic 
study would be required before a final decision could be made. 

This recommendation is based on generalized cost data since there was 
insufficient time and information available for a detailed analysis. 

Figures 5, 6, and 7 present comparative USA costs (as of 1976) for 
precipitators, venturi scrubbers and baghouses, versus removal efficiencies. 
While this data if generalized and the costs somewhat dated, the relative 
differences are oelieved to be valid. 

Note that for the two control options considered here, the electrostatic 
precipitator is the best selection in the efficiency range covered. The 
venturi scrubber has the highest installation and operating costs. 

The cost of a precipitator (equipr.,nt only) for ELFOULADH's LD furnaces 
is estimated to be in the range of $500,000-$750,000 USA. 

There are other alternatives which could be evaluated when the detailed 
study is initiated. One option is that it may be feasible to use one large 
precipitator to handle the waste gases from both the LD furnaces and the 
electric arc furnace. This approach would reduce the overall cost. 

A second option, which certainly would not be considered in the USA and 
may technically feasible, be use anot be would the of mechanical 
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collector. Since this control would cost much less than a precipitator, it 

may be worth investigating. 

Consider that in the USA, regulations require the best available technology 
for furnace emisions control. This means a device with particulate 
removal efficiency of 99+% and an exhaust vent gas stream essentially 
invisible. If ELFOULADH would for an interim period accept a removal 
efficiency of perhaps 70 percent and a visible stack plume, a mechanical 
collector might be adequate. It should be noted that this device does not 
remove the fine particulate which are a greater impact on health than the 
larger particles. The cost, of course, would be about one-tenth of a 

precipitator cost. 

The feasibility of the above option depends on the particle size distribution 
from an uncontrolled furnace. Data presented in this report indicates that 
85-90 percent, by weight, of the furnace particulate is less thorn one 
micron. There is, however, other particle size distribution data available 
in the literature which shows 25% of particulate less than one micron. The 
distribution is such that a multiclone could possibly remove 70 percent of 

the particulate. It has not been possible to establish the validit, of either 
set of data. 

In order to evaluate this option, it would require establishing a reliable 
particle size distribution from an uncontrolled operation, perhaps by actual 

source test. 

There is no doubt that the best solution to the LD furnaces emission would 

be a precipitator, if the capital were available. Even if a mechanical 
collector could achieve 70 percent efficiency, additional control would be 
required in the future, as the government's environmental program 
progresses so that the final cost would appreciably exceed an initial 

precipitator installation. 
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3.2.5 LD Furnace - Secondary Emissions 

Secondary emissions are those which are generated while pouring the hot 
metal in and out of the mixer ladle and while charging and tapping the L.D 
furnaces. The intensity of the emissions during these operations is not 
nearly so great as during the oxygen blow, nevertheless the emissions can 
be considerable. In one USA shop, it has been estimated that 0.0776 Kg per 
metric tcn of hot metal is generated when transferring hot metal between 
ladles and the furnace. 

These emissions consist of two components, kish which is primarily 
graphite platelets, and fume which is finely powdered iron oxide. By 
weight, about 80 percent is kish and 20 percent is fume. Typically, the 
particle size is 99 percent less than 3 microns and 70 percent less than I 

micron. 

The kish and fume are known to create problems with cranes, causing 
excessive wear in bearings, gears, drums, rails and fouling electric 
circuitry. Accumulations of this particulate can make walking in the area 
difficult and dangerous. 

These secondary emissions are presently dispersed through the shop 
atmosphere and either settle on the equipment, building steel and floor 

are, s, or ascend to the roof and discharge to atmosphere through the roof 
ventilators. These emissions have a greater effect on the shop operations 
than they do on the areas and populace adjoining the steel plant. 

Increasingly, steel plants in the industrialized countries are capturing these 
particulates to meet the requirements of the local clean air regulations. 
Where hot metal is poured, hoods are installed over the pouring or 

receiving vessel, whichever is more convenient. The fume and kish are 
then ducted typically to a baghouse. The low temperatures and small 
particle size are particularly adaptable to bag filter collection. Draft is 
provided by a fan. A stack with a relief valve at the top is provided to 
release the fume to atmosphere during emergencies. 

23KOPPERS 
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During charging and tapping of the LD furnaces, the furnace is rotated out 
from under the hood and the fumes generated during these operations 
ascend through the building structure and out the roof ventilators to the 
atmosphere. A hood could possibly be installed over the vessel mouth when 
in the slag dumping position. The fumes could be ducted to the new dust 
collection system at the furnace. It does not appear possible to collect the 
fumes during the furnace charging or tapping period since the vessel mouth 
rotates well out into the charging aisle and this would create an 
interference with the charging crane. 

There can be a reduction in the secondary emissions if the hot metal and 
molten steel are p-ured slowly. However, this is not a very satisfactory 
solution to the emissions problem; hooding and baghouses provide a more 
effective means for fugitive emissions reduction. 

3.2.6 Electric Arc Furnace - Particulate Emission 

The single 15 tonne capacity electric arc furnace is equipped with a fourth 
hole in the furnace roof (see Figure 8). The fumes generated during 
melting and refining are aspirated from the fourth hole and flow via 
ductwork to an underground flue which crosses the furnace aisle. The fume 
is then vented through a stack at the building column row. The 
uncontrolled particulate is discharged to atmosphere at an elevation of 36 
meters. In addition to this "process particulate," fugitive particulate is 
generated during the charging and tapping operations. 

The fume from the arc furnace is similar to that from the LD furnace in 
that it contains the oxides of iron and is in the submicron range. The 
intensity of the fume is greatly affected by the content of oil in the scrap 
and by the amount of oxygen used during scrap meltdown and refining. At 
present, oxygen is used only during the refining period and little or no oil is 
present in the scrap. The size of the furnace dust collection equipment 
will be increased if fuiure plans call for oxygen use during the meltdown 

period. 
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The waste gas volume passing through the fourth hole is in the range of 
1,200 cubic meters per tonne of steel and the dust loading will range 
between 2.5 to 8 kg per tonne of steel. 

3.2.7 Electric Arc Furnace Control Technolo y 

Particulate laden fumes are generated at the electric furnace during the 
charging, meltdown and tapping phases of the cperation. Current 
regulations in the USA require that the particulates generated during 
meltdown and the fugitive particulates emitted during charging and tapping 
be controlled. 

Various methods are being used to implement the current requirements as 

follows: 

3.2.7.1 Total Enclosure 

The most effective method for capturing both the process and fugitive 
particulate is to enclose the furnace and tapping area as shown Dwg.on 
24258-15AI05 and Figures CH-I through 4. This system has the additional 
benefit of muffling the noise of meltdown. Doors are arranged in the 
enclosure to admit the scrap charging bucket, a mobile charger, and 
personnel. The fourth hole in the furnace roof is filled with a short, 
upright chimney rather than a direct evacuation elbow. Fumes emitted 
from the fourth hole, electrode openings and other apertures in the 
furnace, as well as tapping fumes are contained by the enclosure and 
evacuated at a controlled rate through a baghouse. High ratio jet pulse 
filter modules are used to collefct the dust which is then pneumatically 
transferred to a dust bin. The average particulate concentration in the 
vent gas stream is 0.07 gr/Nm3 (dry). 

3.2.7.2 Canopy Hood & Direct Evacuation 

Another, though less effective solution to capture the fugitive particulate 
is to install a canopy hood over the furnace. The meltdown emissions are 
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collected by direct evacuation from the fourth hole in the furnace roof. A 
typical arrangement is shown schematically in drawing 24073-79-BB. Much 

of the particulate which escapes capture by the direct evucuation system 
will be picked up by the canopy hood system. This will include particulate 

which escapes through the electrode holes, and that which is generated 

when charging and tapping the furnace. 

Hot air currents from the furnace operation carry the fugitive particulate 
into the canopy hood where it is then ducted to a baghouse for removal of 

the particulate. This arrangement does not muffle the noise, requires a 
larger baghouse and evacuation fans than total enclosure because a grecter 

proportion of ambient air is drawn into the system. These factors result in 
higher capital and operating costs. Figure CH-5 illustrates the 

comparative costs between the clean house enclosure and combination 

canopy hood with direct evacuation dust collectors. 

The above solutions for capture of both fugitive and process particulate 

from the electric arc furnace are best implemented during the original 
design and construction of the facility. To add a new enclosure, hoods, and 
ductwork to an existing installation may require substantial alterations and 

strengthening of existing structures. 

3.2.".3 Particulate Removal - Technology 

The available technology for removal of particulate from electric arc 

furnace off-gases is basically the same as for the LD furnaces since the 
particle size distribution is very similar. In the case of the electric arc 
furnace, due to the lower exhaust temperature, a baghouse could be used as 

well as either a precipitator or venturi scrubber. The majority of USA 
installations utilize a baghouse. The discussion on precipitator and 

scrubbers covered under the LD Furnace would also apply to this source. 

The baghouse depends on a filter media to remove dust from the gas 

stream and is capable of efficiencies for removal of fine particulate equal 
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COMPARISON BETWEEN THE CONVENTIONAL SYSTEM
AND CLEAN HOUSE SYSTEM 

Conventional system Clean house system 

Canopy dust collector 

Clean house
Canopy hood Clean house C:
 

etdust ;zcollectorSchematic C40 
illustration 

-"1a* cooler. Direct evacuation -c .[
Melting furnace dust collector Melting furnace 

Capacity of dust Canopy dust collector 15.OCOm 3 /min

collector Direct evacuation dust collector 3 ,000m3 /min Clean house 
dust collector 5 ,000m'imin 

Canopy dust Eo-5ectorFb're-ct evacuation

Construction cost dust collector+Gas cooler+o: 
 Clean house+dust collectora' :Canopy hood +modification of building 100
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Running cost 150 100 
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to electrostatic precipitators and high energy venturi scrubbers. Baghouses 
are simple to operate and have essentially 100 percent availability. 

3.2.8 Electric Arc Furnace - Control Recommendation 

The technologies available for control of particulate from the electric arc 
furnace are an electrostatic precipitator, venturi scrubber, or a baghouse. 
A baghouse can be considered for use with the electric arc furnace, since 
the off-gas temperature is not nearly as high as in the case of the LD 
furnaces. The majority of the electric arc furnaces in the USA have 
baghouses for particulaie control. 

It is recommended that ELFOULADH consider installation of a baghouse on 
the electric arc furnace rather than a precipitator or venturi scrubber. As 

with the recommendation on the LD furnaces, this suggestion is tentative 
and further study is required before a firm decision is reached. 

This tentative recommendation is based on the use of the generalized data 
shown in Figures 5, 6, and 7. From a review of this data, the baghouse has 
the lowest installation cost and is comparable to the precipitator with 
respect to operating and annualized costs. The venturi scrubber is not 

competitive. 

The cost of a baghouse (equipment only) for the ELFOULADH electric arc 
furnace is in the range of $100,000-$200,000 USA. 

The alternates discussed in Section 3.2.4 for the LD furnace are also 
applicable to the electric arc furnace control. 

In sizing the dust collection system, consideration must be given to the 
future use of oxygen for increasing the meltdown rate. Use of oxygen 

increases the gas flow rate and, therefore, the size of the baghouse. 

Dust particles collected in the baghouse will not be suitable for recycling 

through the sinter plant and blast furnace. The dust particles are very fine 
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and difficult to handle, but most importantly the elements which make up 
the dust-zinc, lead, sulfur, phosphorus, sodium and their compounds--will 
cause problems in the operation of the blast furnace. Zinc in the blast 
furnace burden will accelerate refractory failure and cause scaffolding. It 
has also been known to cause breakage of coolers, failure of the iron shell, 
fill the gas offtakes, and block the bells. The scrap for charging the 
furnace at ELFOULADH will contain zinc from the recycled galvanized 
steel. 

There are no known economical methods for separating the nonferrous 
elements from the iron oxides, and the relatively small quantity of dust 
collected from a 15 tonne capacity furnace would not justify the expense, 
in any case. The dust will have to be disposed of in a properly designed and 

operated landfill. 

3.2.9 Blast Furnace Cast House - Particulate Emissions 

The cast house emissions at ELFOULADH were not particularly obnoxious 

so correction is not a high priority. The following discussion is presented 
for information and reference. 

Casthouse emissions control is receiving increasing attention in the 
industrialized nations. Most Japanese blast furnaces have capture 
equipment in place. In 1982, 57 percent of the furnaces (100 percent of 
operating furnaces) in the USA will have equipment in place; and in Europe 
mpny furnaces are equipped or in the process of being equipped. 

During tapping of the molten iron, exposure of the iron and slag to the 

oxygen of the air and lancing the tap hole results in the emission of 
fugitive particulate. The magnitude of the emissions varies with each 
furnace and each cast; but at one large furnace, the particulate averages 
0.65 Kg per metric ton of hot metal. 

There are thres genf:ral methods, with variations, used to capture the 
fugitive particulate--total evacuation, local hoods, and noncapture 

KOPPERS
 
E-18 



shrouding systems. In the total evacuation system, the full cast house air 

volume is eiacuated at a rate of one to two air changes per minute. This is 

the most costly of the alternatives from both capital and operating costs. 

Energy costs are particularly high. Only a few furnaces utilize this method 

to control the cast house emissions and it is not recommended for 

ELFOULADH. 

The second method, local hoods, is the most extensively used of the 

operating systems. There are several variations of the hood system. One 
variation consists of a hood about two meters above the tap hole, covers 
over the iron pool and dam, over the iron and slag runners and evacuation 

hoods over the iron pool, iron and slag spouts. The gas cleaning system is 

usually a baghouse, but wet scrubbers and electrostatic precipitators have 

been used. In this system, the hood at tie iron trough, adjacent to the tap 

hole, is removed for drilling and plugging. 

Such a system can be very effective in capturing about 100 percent of the 

emissions except while lancing the tap hole when the capture rate may 

drop to 70 percent. 

The most recent technology for cast house fugitive emissions is noncapture 

shrouding systems. There are several variations of this technology, but the 

basic premise is to keep oxygen away from the molten iron and slag. The 

technology is at present, of a proprietary nature; however, it is available 

for a licensing fee. 

In one system, the iron pool and runners are covered with closed, refrac

tory lined hoods to exclude air. The runners and trough are lined with 

precast, high temperature, long life refractories. The precast shapes can 
be furnished in a single or two piece configuration. Refer to Sketch 22084-

SKI. The runner refractories remain hot between casts and it is claimed 
that this allows for better separation of the iron and slag and permits the 

metal to flow without skulling (freezing). This system eliminates energy 

costs from the baghouse and exhaust fans and reduces maintenance of the 

runners. There is less de+-rioration of the refractories because there is a 
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decrease in temperature fluctuations between casts and the higher duty 
refractory is better able to resist chemical attack. The trough covers are 
mounted on monorails and use electric drive winches which can remove or 
replace the covers in five seconds. Cover bases are sealed with sand after 
each change. Operating costs will be substantially less than for the hood 

system described above. 

A variation of the above noncapture shrouding system is to use a gas flame 
or steam blanket to exclude air at the tap hole and at the iron and slag 
spouts. The runners have simple, refractory lined covers as shown on 
sketch sheet 22084-SKI. As with the previous system, high temperature, 
single or two piece, precast shapes are used in the runners. 

There is some indication that the noncapture shouded systems will result in 

a small increase in hot metal yield and higher temperature of the hot metal 
delivered to the LD shop. 
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3.3 Water 

3.3.1 General 

The quality of water at the plant has an impact on the utilization of water 
as a process fluid, and as a source of environmental pollution. Effluent 
from the facility has the potential to degrade both ground and surface 
waters. In order to establish a baseline against which to judge the quality 
of effluents, we have included as an attachment to this report a copy of 
Quality Criteria For Water U.S. Envirotnmental Protection Agency, 
Washington, D.C. 20460 USA, July 1976 (U.S. Government Printing Office, 
Washington, D.C. 20402 USA, Stock No. 055-001-0104-4). That document 
provides a basis for judgement in the United States for programs that are. 
associated with water quality considerations. 

The plant water system is designed to utilize the water as efficiently as 
possible since the supply is not overly abundant. Segregation of the various 
water streams with subsequent treatment and recirculation is practiced 
wherever possible. 

The major source of water for the plant is from the National Water 
Distribution System. This water is a combination of well and dam water. 
The maximum usage rate is 400 m3/hr. City water from Menzel Bourguiba 
is also supplied on an intermittent basis. 

The plant maket, water is treated, filtered, and a portion softened for use 
in the LD furnace cooling system. The water for steam generation and a 
portion of the water for continuous casting is demineralized. Hypochlorite 
treatment is provided for the plant potable water. This system is 
designated as circuit /I. The plant process water is divided into three 
circuils (2, 3, and 4), which are arranged in a cascade type system. Each 
circuit is a recirculating loop with the blowdown from the decantation 
basin going to a lower quality water circuit. 

KOPPERS 
E-18 



Circuit 2 provides cooling water to the pusher furnaces, oxygen plant, 

sinter plant and other miscellaneous users. Makeup for the continuous 
casting cooling loop and the rolling mill tower is also drawn from this 

circuit. The makeup rate to circuit 2 is 150 M3/hr. Plant personnel 
indicated that the water treatment system for the continuous casting plant 
was experiencing difficulty. The water which is recirculated is treated and 
filtered. Oil which is entering the water has been fouling the filters, thus 

requiring frequent backwash. 

Circuit 3 furnishes cooling water for the blast furnace cascade and supplies 
the slag notch and tuyere coolers. 

Circuit 4 is the blast furnace gas cleaning system water supply. The 

particulate removal device is a venturi scrubber. The contaminated water 

is pumped to a clarifier where the overflow is recycled back into the 
system. The underflow is sent to a static filter. The blowdown from this 

circuit is used to quench and granulate the slag. The excess water from 
the slag quench, approximately 80 M3/hr, is sent to a treatment system 

where ferrous sulfate is used to fix the cyanide present. After treatment 
the stream is discharged to Lake Bizerte. 

The pickling and galvanizing operation generates a liquid waste stream 

consisting of contaminated rinse water and the spent pickle liquor. This 

effluent is presently neutralized and discharged to the lake. The plant 
personnel indicated that some difficulty was being experienced in the 

neutralization step. 

The following section (3.3.2) of this report will present suggestions and 

recommendations for upgrading ELFOULADH's water treatment facilities. 
The discussion will deal mainly with the treatment of the slag granulation 

waste water, pickling wastes neutralization and the continuous casting 

circulating water. 

Since a minimal amount of data was available, the discussions and re
commendations in this section are based an "typical" influent and effluent 

KOPPERS 
E-18 



quality criteria for steel plants in the United States. The source of these 
"typical" compositions is the U.S. Environmental Protection Agency, 
Development Document for Effluent Limitations Guidelines and Standards 
for the Iron and Steel Manufacturing Point Source Category. Since each 
steel plant will have specific operational conditions that will affect the 
wastewater characteristics, the typical composition used in this section 
may not adequately represent the wastewater streams at the ELFOULADH 
plant. After a review of the data thefrom water quality monitoring 
program outlined in Section 4.3, the adequacy of the assumed compositions 
can be determined. 

As discussed in Section 3.1, the cost estimates provided in this section 
should be considered very preliminary. They are included to give the 
relative magnitude of the cost for pollution control equipment and do not 
include site specific costs such as piping, foundations, supports, electrical 
equipment, or installation labor. Additional data and a detailed 
engineering study are required to establish a complete cost estimate. 

It should be noted that due to the short period of time spent reviewing the 
water system at the plant site, there may be discrepancies between the 
information in this section and the actual conditions. If, in some instances, 
this is the case, an apology is offered. Nevertheless, it is believed that the 
discussion provided will be of interest and value. 

3.3.2 Wastewater Treatment Conceptual Design Recommendations 

The following presents suggestions, operational modifications, and 
conceptual design recommendations for treatment of: 

(l) 
 Blast furnace gas cleaning and slag quenching wastewaters, 

(2) Pickling liquor wastewaters, and 

(3) Continuous casting spray chamber circulating water. 
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During the recent plant visit by Koppers personnel, these four streams 

were designated as being problem areas. 

A conceptual design and brief description of each respective treatment 

scheme needed for these waste streams follows. Wherever possible, an 

itemized cost estimate for each design is also given. The designs are based 

on limited data resulting in numerous assumptions being made. Due to this 

fact, equipment sizing may not be realistic. Only through plant 

wastewater characterization and treatability studies can the information 

needed for technically and economically attractive solutions be obtained. 

On-site plant studies also serve to supply information which can be used to 

determine any process changes that will reduce wastewater flowrates along 

with possible reuse of treated wastewaters as cooling waters. Reduced 

wastewater flowrates result in smaller sized treatment equipment and less 

treatment chemical usage. Thus, both capital and operating treatment 

costs are reduced. Specifics of a plant water qualiTy monitoring study are 

given in Section 4.3. 

3.3.3 Treatment of Blast Furnace and Slag Granulation Wastewater 

Existing Treatment Process 

The present blast furnace treatment system entails venturi scrubbing of 

contaminants and solids from the blast furnace gas stream. The liquid 

stream flows from the scrubber to a pumping sump, then to a clarifier for 

suspended solids removal. A chemical coagulant (NALCO 4047) is added 

ahead of clarification to enhance suspended solids removal. Overflow from 

the clarifier passes through a cooling tower before being recycled back to 

the venturi scrubber. Settled solids from the clarifier are thickened in a 
settling basin with the supernatant added to the clarifier overflow and 

recycled. The solids are returned back to the sintering plant. Blowdown 

from the scrubber water is used for slag granulation, then treated and 

discharged to Lake Bizerte. The treatment involves mixing of the 

wastewater with lime Ca(OH)2 and ferric sulfate (FeSO4), followed by 
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settling of suspended solids prior to discharge. The settled solids are 
disposed of on the plant site. 

Possible operational problems associated with the existing treatment 

system may include: 

1. 	 Operation of the recycle scrubbing water clarifier. Solids removal 
could possibly be enhanced by more efficient mixing of the coagulat
ing chemical (NALCO 4047) and the scrubber water. A proper mixing 
scheme includes: complete mixing of the chemical and cooling water 
for one minute, slow mixing at 30 rpm (flocculation) of the chemical 
and cooling water for 20 minutes, and finally scttling of the 
coagulated solids. Flocculation of the wastewater and chemical 
causes an increase in the size of suspended particles by bridging 

individual particles into a larger and denser settling mass, thus 
enhancN. settleobility of the suspended solids. 

2. 	 Mixing in the slag granulation wastewoter treatment process. 

Lime Ca(OH)2 addition, along with a subsequent wastewater pH 
increase results in heavy metal precipitation and removal. But only 
through the proper mixing scheme (as described for the scrubber 

recycle water clarifier) can metals removal with lime be optimized. 

3. 	 Cyanide fixation as iron cyanide resulting from the addition of ferric 
sulfate (FeSO4) to the slag granulation wastewater. Iron and cyanide 
together in a wastewater stream form soluble complexed iron 
cyanides (ferrocyanide and ferricyanide). These particular complexed 
species are difficult to remove. Total cyanide includes both free 

cyanide and complexed cyanides. Free cyanide is extremely toxic to 
aquatic organisms whereas iron complexed cyanides represent a less 
toxic form. Free cyanicie can also be destroyed very efficiently by 
chlorination and non-iron complexed cyanides. A consideration with 
the existing treatment system is the formation of iron cyanides. 
Once discharged to Lake Bizerte, iron cyanides are broken down by 
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ultraviolet light from the sun into free cyanide. The free cyanide 

form can then be very toxic to aquatic organisms. Evidence of this 

toxicity, e.g., fish kills, may not be apparent because aquatic 

organisms avoid toxic conditions and they would not travel in regions 
of Lake Bizerte with relatively high free cyanide levels. For this 

reason, consideratioii should be given to removal of all forms of 

cyanide before discharge to the lake. 

4. 	 Decreasing the recycled cooling water blowdown rate. With more 

efficient suspended solids removal in the venturi scrubber clarifier, it 

may be possible to increase the cycles of concentration of the cooling 

water, and thus decrease the blowdown rate. Subsequently, the 

blowdown to the slag granulation could be distributed evenly over the 

hot slag in a manner that increases the amount of granulation water 

evaporated. These two operating changes will serve to decrease the 
quantity of wastewater requiring treatment before discharge to the 

lake. If the estimated recycle cooling water flowrate of 300 M3/hr 

and a blowdown rate of 80 M3/hr are typical, then reducing the blow

down rate by the methods described above should be seriously con
sidered. It als( may be very possible to treat the wastewater after 

slag granulation to a degree whereby it can be reused in a plant 

cooling water system. The actual degree of treatment needed will 
depend upon the specific cooling water system and the degree of 

treatment required. The information needed for such an evaluation 

can only be determined by on-site plant studies. 

Proposed Treatment Processes 

The existing treatment system handling blast furnace scrubber water 

appears to be fundamentally sound, but may be enhanced with certain 

modifications. The following process changes represent only minimal 

additions needed to the existing process to increase treatment efficiency. 

These include: 
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1. 	 Mixing of the venturi scrubber water and the NALCO coagulating 
chemical before clarification. This process provides for the scrubber 

water and the chemical to be combined and completely mixed by an 
in-line static mixer. The flow is then flocculated in a separate tarK 
by a low rpm mixer, and finally the solids and clarified liquid are 
separated by gravity in the existing clarifier. The underflow solids 
stream is pumped to a gravity thickening tank or basin. The overflow 
from the thickening iank is sent back to the recycle scrubber water 
sump and the thickened solids sent to the sintering plant. 

Table 3.3.1 gives the sizing and itemized cost of the additional 
equipment needed to increase suspended solids removal from the 
recycled scrubber water. Also given in the tcble are the assumptions 
made in order to estimate the equipment sizes. The possibility of 
modifying the existing clarifier to also serve as the floccuation 
chamber can be examined only by a plant study. 

2. 	 Treatment of cooling water blowdown after slag granulation. As 
illustrated in Sketch 3.3.1, blowdown after slag granulation goes 
through alkaline chlorination, breakpoint chlorination, dechlorination, 
heavy metal precipitation by pH adjustment with lime, neutral
ization, sand filtration, and finally, lake discharge. Sludge generated 
from this process can be handled in the same manner as is presently 
done, or mc/ be thickened and dewatered in a separate sludge 
handling system if an economic evaluation proves it to be feasible. 
Refer to Sectiun 3.3.2.4 for discussion of sludge dewatering. Alkaline 

and breakpoint chlorination entail the addition of chlorine to two 
tanks in series. The pH of the first mixing tank is to he maintained 
at 10 or greater. Here, the chlorine oxidizes the free cyanide (HCN, 
CN-) and non-iron complex cyanide. Overflow from this tank is 
pumped to a se:ond tank with the pH maintained within a range of 
8.2 to 8.6. Any ammonia present is oxidized to nitrogen gas with 

some organics present (e.g., phenol) oxidized to carbon dioxide and 
water. In the United States, chlorine addition is typically 
accomplished by the injection of chlorine gas into the mixing tanks, 
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TABLE 3.3.1
 

ELFOULADH STEEL PLANT, TUNISIA
 
EQUIPMENT LIST FOR SUSPENDED SOLIDS REMOVAL
 

FROM VENTURI RECYCLED SCRUBBER WATtR
 

I. ASSUMPTIONS MADE FOR EQUIPMENT SIZING
 

a. 	Recycle Water Flowrate (estimate from process flow diagram

for ElFouladh Plant)
 

Qr 300 M3/hr
 

b. 	Total Suspended Solids in Scrubber Water'
 

TSSi = 1340 mg/L
 

c. Total Suspended Solids in Clarified Effluent
 

TSSe = 50 mg/L (based on average solids concentration
 
from clarifier overflow)
 

d. Sludge Pumping Rate from Clarifier Underflow
 

Qw = 19.35 M3/hr (based on 2% solids in clarifier
 
underflow)
 

e. 	Sludge Production from Settling Basin to Sintering Plant
 

Ps = 9.68 M3/hr (assumes sludge thickens to 4%
 
solids concentratioh)
 

f.. Estimate of Polymer Usage
 

Qp = 3 kg/hr (assumes polymer dosage of 5 mg of polymer 
per liter of wastewater) 

II. EQUIPMENT 
 COST
 

a. In-line Static Mixer ------------------------------- $ 600 

b. 100 M3 Flocculation Tank with Flocculator Motor--------- 7,000 

c. 2 M3 Chemical Mix Tank with Metering Pump for 
Polymer Addition ----------------------------------- 2,000 

TOTAL---------------- 9,600(2) 

(i) U.S. EPA, Development Document for Effluent Limitations Guidelines and
 
Standards for the Iron and Steel Manufacturing Point Source Cateory,
 
Vol. II,Table VIII-3, p 356.
 

(2) Equipment Cost Only
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or by the addition of a liquid such as sodium hypochlorite (NaOCl) 
into the mixing tanks. For the design given here, the addition of 
NaOCI is assumed but Cl 2 gas may prove more economical once a 
detailed design is developed. One possible concern with chlorine 

addition is the formation of chlorinated hydrocarbons which are 
suspected carcinogens. However, recent pilot plant studies 
conducted in the United States "Show negligible chlorinated 
hydrocarbon formation."' Hydrogen peroxide (H202) or ozone (03) 
may be substituted in place of chlorine as suitable oxiding agents for 
cyanides but not ammonia. 

After breakpoint chlorination, any residual chlorine present in 
solution is removed (dechlorination) in another tank with sodium 

sulfite (Na2SO 3 ). Here, the remaining chlorine is reduced to chloride 
ion and the sulfite (503-2) ion converted to sulfate (S0 4- 2). 
Dechlorination is necessary to remove residual chlorine substances 

which are very toxic to fish. 

After dechlorination, heavy metals are removed by pH adjustment 
with lime. This entails complete mixing of the lime and wastewater 
followed by flocculation and settling of the metal sludge along with 
other settleable solids. Metal flocculation and settling can be 
achieved in a clari-flocculator. This is one tank which is divided into 
separate sections for complete mixing, flocculation, and settling. 

The treated clarified effluent is neutralized with sulfuric acid 
(H2SO4 ), passes through sand filtration, and is finally monitored for 
flowrate and sampled for water quality testing before discharge to 

Lake Bizerte. 

IU.S. EPA, Development Document for Effluent Limitations Guidelines and 
Standards for the Iron and Steel Manufacturing Point Source Category, Vol. II, 
U.S. Government Printing Office, p. 346. 
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Table 3.3.2 lists the equipment sizes and itemized cost of the various 
treatment process components required along with the estimates and 
assumptions made to determine sizing. 

Table 3.3.3 gives the influent and treated effluent wastewater quality 
expected for the proposed treatment scheme. As indicated, this process 
greatly reduces the pollutant loading to the lake. The individual treatment 
process components comprising this treatment scheme represents known 
technological principles presently practiced in the United States. 

Cost Estimute 

The total equipment cost for upgrading the blast furnace scrubber water 
treatment process is estimated at $86,000. Refer to Tables 3.3.1 and 3.3.2 
for an iteriized list of equipment. The cost is only an approximation, and 
does not include installation costs such as labor, pumps, piping, controls, 
valves, and foundations. Plant study results can be used to optimize the 
treatment process by modifying and using existing equipment (e.g., existing 
treatment basin) and by reducing the wastewater flowrate wherever 
possible. 

3.3.4 Treatment of Acid Pickling Wastewaters 

Existing Treatment Process 

There exist three separate pickling operations at the ELFOULADH Steel 
Plant. These include: an H2SO4 pickling operation for continuous copper 
coating of wire, an HCI pickling operation for continuous galvanizing of 
structures, and an HCI pickling operation for continuous galvanizing of 
wire. Wastewater streams from all three operations are comprised of 
continuous rinse wastewaters and spent concentrated pickle liquor. Fume 
scrubber wastewater is also generated from the continuous wire plant 
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TABLE 3.3.2
 
!ELFOULADH STEEL PLANT, TUNISIA
 

EQUIPMENT LIST FOR TREATMENT OF SCRUBBER WATER
 
BLOWDOWN AFTER SLAG GRANULATION
 

I. ASSUMPTIONS 	MADE FOR EQUIPMENT SIZING
 

a. Flowrate
 

QT = 80 M3/hr (estimate from process-flow diagram for
 
ElFouladhPlant)
 

b. Estimate of Water Quality Parameters both Before and
 
After Treatment
 

See Table 3.3.3
 

c. Chlorine Required for Both Alkaline and Breakpoint Chlorination
 
as NaOCl
 

NaOCL = 70 kg/hr (for ammonia, cyanide, and phenol removal)
 

d. Sodium Sulfite Required for Dechlorination
 

Na2SO3 	= 1 kg/hr 

e.. Sludge Pumping.Rate from Clari-Flocculator Underflow
 

Qu = 0.4 M3/hr (assumes 2% solids inclarifier underflow)
 

f. Sludge Production from Clari-Flocculator After Thickening
 

Ps 	= 0.2 M 3/hr (assumes sludge thickens to 4%
 
solids concentration)
 

NOTE: 	 Usage of H2SO4 , Ca(OH) 2 and NaOH cannot be estimated without
 
a wastewater characterization and wastewater treatability
 
studies.
 

continued
 

~5i
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TABLE 3.3.2 (continued)
 

ELFOULADH STEEL PLANT, TUNISIA
 
EQUIPMENT LIST FOR TREATMENT OF SCRUBBER WATER
 

BLOWDOWN AFTER SLAG GPANUJLATION 

II. KEMENT COST 

a. 50 M3 Alkaline Chlorination Tank with Mixer---------- $20,000
 

b. 	50 M3 Breakpoint Chlorination Tank with Mixer---------- 20,000
 

c. 	5 M3 Chemical Mix Tank with Metering Pumps for
 
NaOCl Solution ------------------------------------- 3,000 

d. 	50 M3 Dechlorination Tank with Mixer------------------ 20,000 

e. 	2 MI Chemical Mix Tank and Metering Pump for
 
Na2S03 Addition ---------------------------------
 2,500
 

f. 	Clari-Flocculator with Upflow Surface Area of 33 M2
-... (90,000*)

(based on sludge settling rate of 2.4 M/hr)
 

g. 	5 M3 Chemical Mix Tank and Metering Pump for
 

Ca(OH)2 Addition -------------------------------- 3,000
 

h. 	2 M3 Neutralization Tank with Mixer ------------------ 2,500
 

i. 	pH Control Systems for Controlling: the dosages of
 
either NaOH or H2SO4 to the chlorination tanks, and
 
dosage of H2SO4 to the neutralization tank, and
 
also the Ca(OH) 2 dosage to the clari-flocculator.
 
The pH electrodes will be equipped with ultrasonic
 
cleaning to prevent electrode scaling---------------- 15,000
 

j. 	Downflow Dual Media Sand Filter with Area of 12 M 2-- --  (50,000*)
 

(based 	 M3/hr flow
on application rate of 7.2 


TOTAL -------------------- $86,000(0)
 
* Not 	included in the total cost based on the assumptions
 

that equipment in the existing cyanide treatment system
 
would be adequate.


(1) 	 Equipment Cost Only 



TABLE 3.3.3
 
ELFOULADH STEEL PLANT, TUNISIA
 

ESTIMATE OF POLLUTANT REMOVAL EFFICIENCIES
 
FOR BLAST FURNACE SCRUBBER WATER
 

BLOWDOWN TREATMENT PROCESS'
 

Wastewate.r Stream Wastewater Stream
 
Water Quality Concentrations After Concentrations After 

Parameter Slag Granulation Treatment 


[(mg/L) except pH] [(mg/L) except pH] 


GENERAL POLLUTANTS 

Ammonia as Nitrogen 103 <1 

Total Cyanide 15 <l 

Phenols 4 0.1 

Fluoride 20 10 . 

Total Suspended Solids 50 15 

pH 6-9 6-9 

Hexachlorobenzene 0.01 0.01 

2,4-Dichlorophenol 0.05 0.05 

2,4-Dimethylphenol 0.25 0.05 

Fluoranthene 0.08 0.01Y 

Phenol 3.2 0.05 

Benzo(a)pyrene 0.01 0.01 

Chrysene 0.01 0.01 

Pyrene 0.05 0.05 

METALS 

Antimony 0.04 0.04 

Arsenic 0.15 0.05 

Cadmium 0.07 0.05 

Chromium u.23 0.15 

Copper 0.39 0.1 

Lead 14.24 0.25 

Nickel 0.93 0.1 
Selenium 0.06 0.06 

Silver 0.034 0.01 

Zinc 24 0.3 

Removal
 
Efficiency
 
(percent)
 

>99
 

93.3
 

97.5
 

50
 

70
 

-


0
 

0
 

80
 

0
 

*98.5
 

0
 

0
 

0
 

0
 

66.7
 

35.8
 

54.5
 

74.4
 

98.3
 

89.2
 

0
 

70.6
 

98.8
 

(i) U.S. EPA, Development Document for Effluent Limitations Guidelines 53 
and Standaris for the Iron and Steel Manufacturing Point Source Cate
gory, Vol. V, U.S. Government Printing Office, Table VII-6, pp 396-397. y 



hydrochloric acid pickling operation. General wastewater charactaristics 
and mass loadings expected from the three separate pickling operations are 
given in Tables 3.3.4, 3.3.5, and 3.3.6. 

The 	 wastewater data listed in the tables indicates that the mass of 
pollutants are mainly generated by the rinse wastewater for threeall 
pickling operations and also the fume scrubber wastewater for the HCI 
wire operation. The pollutant concentrations in the spent concentrate are 
generally greater than the rinse wastewaters and the fume scrubber 
wastewaters, but the total pounds generated per day by the spent con
centrates is less than the rinse wastewaters due to the low daily average 
flowrates of the spent liquors. The liters per day (L/day) flowrates used to 
estimate the total mass of pollutants of the spent concentrates are total 
monthly flows distributed on a daily basis to more evenly distribute the 
pollutant loadings to treatment. 

The present treatment methodology for all three pickling waste streams 
entails flow equalization, neutralization with lime, settling of solids, and 
finally lake discharge. Specifically, the wastewaters from both the sulfuric 
acid and hydrochloric acid wire pickling operations are combined in an 
equalization pit and treated as a single flow. The waste streams from the 
hydrochloric acid galvanized structure pickling operation are treated in a 
separate, but comparable, neutralizing treatment process. Neutralization 
treatment of pickling operation wastewaters is the method most employed 
in the United States, and represents one of the more cost effective 
treatment schemes. The existing neutralization system at the 
ELFOULADH plant represents this methodology, but minor changes may 
enhance its effectiveness. 

Possible operational problems associated with the existing neutralizing 
treatment processes may include: 

I. 	 Mixing of the various wastewaters in the equalization pit. Adequate 
mixing can only be achieved by mechanical agitation. This will serve 
to blend the rinse wastewaters, fume scrubber wastewaters, and the 
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TABLE 3.3.4
 

ELFOULADH STEEL PLANT, TUNISIA
 
AVERAGE WASTEWATER CHARACTERISTICS EXPECTED FROM
 

CONTINUOUS SULFURIC ACID PICKLING OPERATIONS'
 

Wter Parameter 


Dissolved Iron 


Oil and Grease 


Suspended Solids 


pH, units 


Benzene 


MethyleneChloride 


Diethyl Phthalate 


Dimethyl Phthalate 


Arsenic 


Cadmium 


Chromium 


Copper 


Lead 


Nickel 


Silver 


Zinc 


Rinse Wastewater Spent Concentrate
 
Concentration Mass Loading2 Concentration Mass Loading3
 

(mg/L) (kg/day) (mg/L) (kg/day)
 

280 9.99 43,800 0.117
 
4.1 0.142 16.6 4.4 (lO-)
 
63.7 2.2 
 2706 0.0073 

1.6-6.4 - 1.0 
(4) (4) 
 (5) (5)
 

0.048 0.0017 0.055 1.5 (10- 7) 

0.010 0.00035 (s) (5) 
(4) (4) (s) (s)
 

-
0.33 0.011 0.2 5.34 (l0 )
 

0.06 0.0021 0.41 ll (10-6)
 

0.98 0.0339 26 6.94 (lO- ) 
3.52 0.122 (s) (s)
 
0.09 0.0031. 1.19 3.2 (10-6). 
1.54 0.053 14.4 3.85 (l0- )
 
0.28 0.0097 0.28 7.5 (10- )
 

0.08 0.0028 2.5 6.67 (lO- ) 

NOTE: Flowrates obtained from plant process drawings.
 

(1) U.S. EPA, Development Document for Effluent Limitations Guidelines and
 
Standards for the Iron and Steel Manufacturing Point Source Category,
Vol. V., U.S. Government Printing Office, Table V-3 and V-4, pp 230-231. 

(2) Estimates with concentrations given and assuming flowrate = 34,560 L/day.
 
(3) Estimates with concentrations given and assuming flowrate = 2.67 L/day.
 
(4) Concentration less than 0.01 mg/L. 
(s) Not analyzed.
 



TABLE 3.3.5
 
ELFOULADH STEEL PLANT, TUNISIA
 

AVERAGE WASTEWATER CHARACTERISTICS EXPECTED FROM CONTINUOUS
 
GALVANIZED HYDROCHLORIC ACID PICKLING OPERATIONS
 

Rinse Wastewater 
 Spent Concentrate
 
Water Quality Parameter Concentration' Mass Loading2 ' Mass Loading3
Concentration
 

(mg/L) (kg/day) (mg/L) (kg/day)
 

Dissolved Iron 
 2700 12.96 51,050 0.051
 

Oil and Grease 20.3 0.097 3.33 3.33 (10"s)
 

Suspended Solids 37.5 0.18 445 4.45 (10")
 

Chloroform 
 0.007 3.4 (10-5) 0.022 2.2 (10-)
 

Fluoranthene 
 0.013 6.24 (10") (a) (') 

pH, ui s 1.0-5.0 
 0.6-3.0
 

Methylene Chloride 
 0.2 9.6 (10") 0.55 5.5 (10"7)
 

4,6-Dinitro-o-cresol 0.002 9.6 (10-6) 
 (0.) () 
Phenol 
 0.005 
 2.4 (10-F) 0.003 3.0 (10-4)
 

Bis(2-ethylhexyl phthalate) 
 0.79 0.0038 0.344 3.44 (10-7)
 

Butyl benzyl phthalate 0.006 2.9 (10- 5) 0.011 1.1 (10 )
 
Oi-n-butyl phthalate 0.025 
 1.2 (10-4) 0.007 7.0 (10-')
 

Diethyl phthalate 0.002 9.6 (10") (a) 
 (a)
 

Dimethyl phthalate 0.011 5.3 (10") 
 (.) "(4) 

Tetrachloroethylene 0.012 5.76 (10") 0.006 6.0 (10)"
 

Trichloroethylene 
 0.010 4.8 (10-s) 0.006 6.0 (10-')
 

Antimony 0.124 6.0 (10") 2.14 
 2.14 (10- 6)
 

Arsenic 
 0.23 0.0011 0.155 1.55 (10- 7)
 

Cadmium 0.005 2.4 (10- ) 0.12 1.2 (10-7)
 

Total Chromium 
 0.28 0.0013 13.0 
 1.3 (10-5)
 

Copper 0.60 0.0029 11.0 1.1 (105)
 

Lead 0.10 4.8 (10" ) 3.1 3.11 
(10-')
 

Nickel 
 0.52 0.0025 10.2 1.02 (10-5)
 

27.1 0.13
Zinc 14.7 1.47 (10-1)
 

NOTE: Flowrates obtained from plant process drawings.
 
(i) U.S. EPA, Development Document for Effluent Limitations Guidelines and Standards for the Iron and
Steel Manufacturing Point Source Category, Vol. V, U.S. Government Printing Office, Table V-8 and
 

V-9, pp 235-236.
 
(1) Estimates with concentrations given and assuming flowrate - 4800 L/day.
 
(3) Est~mates with concentrations given and assuming flo~irate = 1.0 L/day. 
(a) Not analyzed. 



TABLE 3.3.6
 

ELFOULADH STEEL PLANT, TUNISIA

AVERAGE WASTEWATER CHARACTERISTICS EXPECTED FROM THE CONTINUOUS
 

WIRE PLANT HYDROCHLORIC ACID PICKLING OPERATIONS
 

Rinse Wastewater Spent Concentrate Fume Scrubber Wastewater
 
Water Quality Parameter Mass Loading' Mass Loading 2 Concentration3 Mass Loading'
 

(kg/day) (kg/day) 
 (mg/L) (kg/day)
 

Dissolved Iron 
 358 76.3 440 12.7
 

01 and Grease 
 2.7 0.05 63.0 1.8
 

Suspended Solids 
 5.0 0.66 353 10.2
 

Chloroform 9.2 (10-4) 3.29 (10-5) 0.091 
 0.0026
 

Fluoranthene 0.0017 
 (s) (5)() 
pH, units --
 1.0-3.7
 

Carbon Tetrachloride (5) 
 (5) 0.004 1.2 (10')
 

Pentachlorophenol 
 (5) (5) 0.011 3.2 (10")
 

Methylene Chloride 0.026 8.2 (10") (5) (5)
 

4,6-Dinitro-o-cresol 2.6 (10-4) (s) (5) 
 (5)
 

Phenol 6.6 (10-') 4.5 (10- 6) (5) (5)
 

Bis(2-ethylhexyl) phthalate 0.105 
 5.14 (10-') 0.083 0.0024.
 

Butyl benzyl phthalate 7.9 (10-4) 1.64 (10 5) 0.090 0.0026
 
-


Di-n-butyl phthalate 0.0033 1.05 (10-5) (a) (5)
 

Di n-octyl phthalate (a) 0.109(a) 0.0031 

Diethyl phthalate 2.6 (10") (5) (5) (s) 

Dimethyl phthalate 0.0015 (5) (5) (S)
 

Tetrachloroethylene 0.0016 8.96 (10"- ) (5) (s)
 

Trichloroethylene 0.0013 8.96 (10-6) (5) (5)
 

Antimony 0.016 
 0.0032 0.103 0.003
 

Arsenic 
 0.03 2.32 (10") 0.036 0.001
 

Cadmium 6.6 (10") 
 1.79 (10-4) (5) (5)
 

Total Chromium 
 0.037 0.019 0.12 0.0035
 

Copper 
 0.079 0.016 0.31 0.0089
 

Lead 0.13 0.46 0.009 2.6 (10-4)
 

Nickel 0.069 
 0.015 0.095 0.0027
 

Zinc 3.59 
 0.022 0.46 


NOTE: Flowrates obtained from plant process drawings.
 

(i) Based on same respective concentrations as given inTable 3.3.4 but with flowrate - 132,488 L/day.
 
(z) Based on same respective concentrations as given inTable 3.3.4 but with flowrate 1,494 L/day.
= 

(3) U.S. EPA. Development Document for Effluent Limitations Guidelines and Standards for the Iron


and Steel Manufacturing Point Source Category, Vol. V, U.S. Sovernment Printing Office,
 
Table V-l0, p 237.
 

(') Estimates with concentrations given and assuming flowrate - 28,799 L/day.

(s) Not analyzed.

0.013 



spent pickling liquors into a uniform stream more quickly, thus 
preventing slugs of highly acidic wastewaters from upsetting the lime 
neutralization chamber. 

2. 	 Mixing, flocculation, and settling in the neutralization treatment 
process. An efficient neutralization treatment process entails: rapid 
mixing of the wastewater and the lime for approximately five 
minutes, flocculation of the suspended solids and lime for 
approximately 20 minutes, and finally, settling of the settleable 
solids. The pH electrode for the automatic pH control system should 
be placed in the rapid mix chamber with the pH measured 
determining the lime addition. The pH electrode should also be 
equipped with ultrasonic cleaning ar,1 should always be kept 
immersed in solution to prevent drying of solids on the electrode. 
Upon a review of a plan view drawing of the lime neutralization 
process, it appears that proper mixing, flocculation, and settling is 
not provided for. Short-circuiting in the various treatment chambers 

appears evident. 

Proposed Treatment Process Changes 

The following additions to the existing neutralization treatment system 
will serve to enhance its effectiveness. These include: 

I. 	 Mechanical agitation in the equalization basin. Requires one or two 
mechanical agitators in this basin. 

2. 	 Mechanical agitation in the neutralization basin with better control 
of the lime addition through an upgraded pH control system. 
Requires one agitator and a smaller mixing basin. Polymer additions 
should also be considered. 

3. 	 Mechanical flocculation of the precipitated suspended solids after 
mixing requires a flocculator (slow rpm) mixer. 

KOPPERS 
E-18 



4. 	 A settling chamber providing sufficient settling area. 

Wherever possible, the existing treatment equipment and basins should be 
upgraded to provide the proper mixing and settling scheme. Due to 
insufficient data, it is not possible at time to recommendthis specific 
upgrading measures. Rather, Table 3.3.7 lists the equipment and sizes 
needed to provide for an efficient neutralizatien treatment process for 

three separate cases. The cases include: 

I. 	 Neutralization of combined wastewaters from both the HCI and 
H2S04 wire pickling operations. Present system. 

2. 	 Neutralization of wastewaters from HCI galvanized structure 
pickling operations. Present system. 

3. 	 Neutralization of combined wastewaters from all three separate 
pickling operations. Proposed system if proven economical. 

Cases I and 2 represent the pre;e-nt flow scheme, Case 3 assumes combined 
treatment of pickling wastewators. Note that Case 2 represents only a 
very small percentage of the treatment equipment needed for Case 1. 
Thus, if it is at all possible, combining all three streams, as in Case 3 
should be seriously considered. Table 3.3.7 gives only estimates of the 
equipment sizes needed to provide adequate neutralization and treatment 
of the waste streams from the pickling operations. Using this information, 
a comparative evaluation of the existing treatment processes and 
equipment can be made to help determine if any existing equipment is 
undersized. No cast estimates for the three cases is given since that only 
minor modifications to the existing system may be needed to upgrade the 
equipment to the specifications given in Table 3.3.7. 

Table 3.3.8 lists the treated wastewater quality attainable by a proper 
neutralization treatment system. The data given are actual values 
measured at a USA steel plant employing a treatment process basically 
comprised of equalization, neutralization with Ca(OH)2, flocculation, and 
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TABLE 3.3.7
 
ELFOULADH STEEL PLANT, TUNISIA
 

EQUIPMENT SIZING FOR TREATMENT OF
 
PICKLING OPERATION WASTEWATERS
 

Equipment Size
 
Equipment Description 	 Equipme Size
Case 1 Case 2 Case 3
 

Equalization Tank 290 M3 34 M3 324 M3
 
(mixer to be included)
 

Mixing Tank Volume for
 
Lime and Wastewater
 

(mixer and pH electrode 1 M3 0.2M 3 1.2 M3
 
to be included)
 

Flocculation Tank Volume
 
(flocculation mixer to be 3 M3 
 0.2 M3 3.2 M3
 
included)
 

Settling 	Tank Upflow Area 10 M2 1 M2 
 11 M2
 
(assume depth of 2 M)
 

a. Waste Sludge Produced
 
(dry weight basis) 575 kg/day 16 kg/day 591 kg/day
 

b. Waste Sludge Volume
 
(assumes 	4% solids 14,375 L/day 
 400 L/day 14,775 L/day

concentration)
 

NOTE: 	 Equipment based on respective wastewater data in
 
Tables 3.3.4, 3.3.5, and 3.3.6.
 

CASE 1: 	 Combined wastewaters from both the HC1 and H2SO4
 
wire pickling operations. Flow = 197,336 L/day.
 

CASE 2: 	 Wastewaters from HCl galvanized structure pickling

operations. Flow = 4800 L/day.
 

CASE 3: 	 Case 1 and Case 2 wastewater flows combined.
 
Flow = 202,137 L/day.
 



TABLE 3.3.8
 
ELFOULADH STEEL PLANT, TUNISIA
 

AVERAGE TREATED PICKLING WASTEWATER CHARACTERISTICS
 
ATTAINABLE WITH A PROPERLY OPERATED
 

LIME NEUTRALIZATION PROCESS
 

Water Quality Parameter Effluent Concentration'
(mg/L)
 

Dissolved Iron 0.26
 

Suspended Solids 8
 

Oil & Grease 4.3
 

pH, 	units 7.9
 

Benzene 
 0.033
 

Copper 0.074
 

Chromium 0.9
 

Nickel 0.37
 

Zinc 0.07
 

Fluoride 9.5
 

i) 	 U.S. EPA, Development Document for Effluent Limitations 
Guidelines and Standards for the Iron and Steel Manufacturing
Point Source Category, Vol. v, Table VIII-14, p 298.
 



solids settling. The wastewater pollutant concentrations before 
neutralization treatment are comparable to the values given in Tables 

3.3.4, 3.3.5, and 3.3.6. 

Specific treatment system upgrading recommendations can only be made 
after a complete evaluation of the existing process is conducted. The 
evaluation consists of on-site wastewater characterization and wastewater 
treatability studies. The final design recommendations will be based on 
study results along with an economic evaluation. 

Cost Estimate 

Due to lack of sufficient data, it is impossible to estimate the cost of 

upgrading the pickling wastewater treatment system. As mentioned 
earlier, all that may be needed is the installation of a tew mechanical 
mixers in the existing neutralization basins along with further com
partmentizing of the basins. Only by a plant study can a specific design be 
developed. 

3.3.5 	 Treatment of Continuous Casting Spray Chamber Recirculating 

Water 

Existing Treatment System 

The present treatment process used at the ELFOULADH steel plant is 
basically the same as the processes used in the United States. The process 
includes a primary settling basin (scale pit) for suspended solids removal, 
with the overflow pumped through three filters in series. The treated 
water is then recycled through a cooling towe-. Oil removal of the settling 
basin overflow is not provided for. Current prcctice in the United States is 
to remove floating oils ahemi of the filters to ?revent Louling. 
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Table 3.3.9 lists the average wastewater characteristics expected in a 
continuous casting spray chamber recirculating water. As shown, only 
total suspended solids and oil and grease are present in any appreciable 
quantities. 

Possible operational problems associated with the present treatment 
system may include: 

I. 	 Underdesign of settling basin. This will cause a large percentage of 
solids to be present in the overflow, thus causing clogging of the 
filters. The addition of a coagulating polym;'r, along with a proper 

mixing scheme, may enhance solids settling. 

2. 	 Insufficient oil removal from the settling basin overflow. Just as 
with solids, oils will also cause clogging of the filters. When a 
wastewater containing oils goes through a centrifugal pump, 
emulsification of the oils can occur. Chemical addition is usualy 
required to remove emulsified oils, which will also clog the filter. 

3. 	 Improper filter operation. In addition to solids and oils clogging the 
filters, it is also possible that filter problems can be attributable to 
undersized filters, improper backwash cycles, and even the wrong 
type of filters or filter material being used. Several different types 
of filers are used in the United States. Flat bed filters, with 
disposable filter belts, or deep bed filters are often used. The deep 
bed filters require backwashing to clean the filter media. Flat bed 
filters use a media which is disposed of along with the solids filtered. 
The deep bed filters discharge backwash waters to sludge tanks. 
Filtered solids are then disposed of in landfills. The capital cost of 
flat bed filters is approximately one-third that of deep bed filters. In 

addition, flat bed filters do not require the backwashing and other 
equipment necessary to operate deep bed filters effectively. Four 
casting plants in the United States presently use flat bed filters, 
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TABLE 3.3.9
 

.ELFOULADH STEEL PLANT, TUNISIA
 
AVERAGE WASTEWATER CHARACTERISTICS OF A CONTINUOUS
 

CASTING SPRAY CHAMBER RECIRCULATING WATER
 

Water Quality Parameter 


Total Suspended Solids 


Oil & Grease 


pH, units 


Parachlorometacresol 


Chloroform 


2,4-Dimethylphenol 


Fluoranthene 


Di-n-butyl phthalate 


Di-n-octyl phthalate 


Toluene 


Chromium 


Copper 


Lead 


Selenium 


Zinc 


Concentration' Mass Loading2
 

(mg/L) 
 (kg/day)
 

40 327
 

11.5 94
 

6.6-9.4 

0.03 0.25
 

0.0047 0.038
 

0.008 0.065
 

0.0055 0.045
 

0.011 0.09
 

0.054 0.44
 

0.005 0.041
 

0.012 0.098
 

0.027 0.22
 

0.0012 0.01
 

0.073 0.60
 

0.17 1.39
 

(i) U.S. EPA, Development Document for Effluent Limitations
 
Guidelines and Standards for the Iron and Steel Manufacturing

Point Source Category, Vol. III, Table V-2, p 422.
 

(2). Computed based on concentrations given and an estimated re
circulating cooling water flowrate 
= 8.18 (106) L/day. Flow
rate based on flow of 5.68 (10) L/hr per strand. Total flow 
is for six strands. 



thirteen plants employ deep bed filters, but nine of these plants use 
central treatment systems. 2 . In these cases, the deep bed filters 
treat other wastewaters in addition to continuous casting 
wastewaters. Filtration of the continuous casting discharge will 
remove toxic metals entrained in the suspended solids, as those 
metals are in particulate form rather than in a dissolved state. 

In these cases, the deep bed filters treat other wastewaters in addi
tion to continuous casting wastewaters. Filtration of the continuous 
casting discharge will remove toxic metals entrained in the suspended 
solids, as those metals are in particulate form rather than in a 

dissolved state. 

Proposed Treatment Process 

It is expected that problems presently experienced with the cooling water 
treatment system may be alleviated with only minor modifications. These 

include: 

1. 	 Upgrading of the existing settling basin to remove oils from the 
overflow to the filters. It may only be necessary to install a 
baffle arrangement in the basin to capture and remove floating oils. 

2. 	 Chemical addition and proper mixing of the influent to the basin. 
This may serve to enhance solids settling. It is possible that a small 
section of the existing basin could be partitioned off to serve as a 
flocculation chamber. 

2 UoS. EPA, Development Document for Effluent Limitations Guidelines and 

3tandards for the Iron and Steel Manufacturing Point Source Category, Vol. I1, 
Table VIII-3. 
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3. 	 Filter operation. Rather than run the filters in series, parallel 
operation may prove more advantageous. This will serve to increase 
the surface loading rate to the filters and possibly increase their 
efficiency. 

It ;G difficult to be more specific with regards to giving modifications 
aimed at increasing the effectiveness of the present treatment process due 
to lack of both equipment data and operational data. For this reason, 
Table 3.3.10 lists the treatment equipment sizes needed to effectively 
remove suspended solids and oil and grease from continuous casting recycle 
spray water. The sizes given can be compared to the existing system to aid 
in specifying possible treatment equipment sizing problems. Again, it 
should be. slressed that only from data obtained by on-site water 
characterization and water treatability studies can efficient and 
economical treatment system modifications be obtained. 

Table 3.3.11 lists the treated wastewater quality attainable by a properly 
operated treatment process handling continuous casting spray water. The 
data given are actual values measured at a USA steel plant, with the 
treatment process nearly identical to the one used at the ELFOULADH 
Plant. The wastewater pollutant concentrations before treatment are 
comparable to the values given in Table 3.3.9. 

Cost Estimate 

No cost estimates can be given at this time due to lack of sufficient 
operating and process data. Indications are that the problems experienced 
with the existing treatment system are more operational than with the 
equipment, and can be solved with minor upgrading measores. 

3.3.6 	DewaterinQ of Water and Wastewater Treatment Sludges 

It is not known whether sludge dewatering is economically applicable to the 
ELFOULADH Steel Plant at the present time. The following discussion is 
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TABLE 3.3.10
 

EL FOULADH STEEL PLANT, TUNISIA
 
EQUIPMENT SIZING REQUIRED FOR EFFICIENT
 

TREATMENT OF CONTINUOUS CASTING
 
RECYCLE SPRAY WATER 

Equipment Size
 

Solids Clarifier Overflow Area 280 M2
 

'(with skimmer) 

a. Mass of Dry Solids Produced 327 kg/day
 

b. Volume of Sludge Produced 8.175 L/day
(assumes 4%solids Concentration) 

Dual Media Downward Flow Filter Area 56 M2 

ah r f l owQassume loading rate of 7.2M/

M2 area /
 

NOTE: Sizing based on assumed flowrate of 
8.18 (106) L/day and the concentrations
 
yiven in Table 3.3.8. 



TABLE 3.3.11
 

ELFOULADH STEEL PLANT, TUNISIA
 
AVERAGE TREATED CONTINUOUS CASTING SPRAY
 
WATER CHARACTERISTICS ATTAINABLE WITH A
 

PROPERLY OPERATED TREATMENT PROCESS
 

Water Quality Parameter Effluent Concentration'

(mg/L)
 

Suspended Solids 
 16
 

Oil & Grease 
 6
 

pH, units 7.6-8.1
 

Chromium 
 0.026
 

Copper 
 0.21
 

Lead 
 0.06
 

Selenium 0.01
 

Zinc 
 0.33
 

(') U.S. EPA, Development Document for Effluent
 
Limitations Gui'elines and Standards for the
 
Iron and Steel Manufacturing Point Source
 
Category, Vol III, Table VIII-3, p 438.
 



meant only to familiarize the reader with present United States practices 

concerning sludge dewatering. 

In the United States, the disposal of sludges from water and wastewater 

treatment operation represents a substantial percentage of the total 
treatment operational cost. Presently, sludges are either incinerated or 

disposed of in secure hazardous landfills. Water from these sludges 
(leachate) usually contains significant quantities of toxic pollutants, and 

measures must be taken to prevent sludge leachate from adversely 
affecting the environment. To this end, it is now advantageous for sludges 

to be mechanically dewatered to reduce the sludge volume and thus dis

posal costs. 

The process of dewatering generally involves gravity thickening of settled 

solids from different treatment clarifier underflows (e.g. wasted biological 

sludge, lime solids, etc.) in a central tank. Here the sludge usually thickens 

to an average concentration of 4 percent solids by weight (40 gm/L). After 

thickening, the sludge is either dewatered by centrifuging or belt filtering. 

Centrifuging displaces the water from the sludge by centrifugal forces 

while belt filtering squeezes the water out of the sludge. Both processes 
usually concentrate the sludge to an average concentration of 10 to 14 

percent solids depending upon the sludge material and operating conditions. 
A sludge containing 10 to 14 percent solids is no longer liquid. In most 

cases, polymer addition to the gravity thickened sludge usually enhances 

dewatering. 

Based on these facts, it is possible that the volume of sludge generated at 

the plant can be reduced to approximately one-third (1/3) of its present 

value. Just considering the treatment sludges from the blust furnace 
operations, the pickling operations, and the continuous casting 

recirculating spray water, it is estimated that the volume of sludge can be 
reduced from an average total flowrate of 27,800 L/day of 4 percent solids 
sludge to approximately 9,260 L/kay of 12 percent solids sludge. Only an 

economic evaluation can determine if dewatering should be seriously 
considered. The evaluation should include all appreciable quantities of 

sludges generated at the plant. 
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3.3.7 Storm Runoff Control 

Present United States Practice 

With regards to control of storm runoff, the USA practice is segregation of 
plant areas into contaminated and non-contaminated storm runoff areas. 
Curbing or diking of areas is used to achieve segregation. 

Contaminated Runoff 

Contaminated areas include plant process areas. Here it is likely that 
leaking pump s'als, valves, etc. will contaminate the ground with 
pollutants, and thus runoff. Oils, suspended solids, and organics are the 
pollutants most likely found in contaminated storm runoff. Runoff (both 
storm and sterm condensate) from these areas must be collected in a storm 
surge tank or basin, the water quality tested, and either treated or directly 
discharged to a lake or receiving stream depending upon the water quality 
results. For a large storm runoff, the dilution effect may be enough to 
allow direct discharge. If runoff is found to be contaminated, then 
treatment is required. In some cases, oil and suspended solids removal is 
all the treatment necessary. After treatment, the water is either 
discharged from the plant or used as cooling tower make-up water if the 
water is treated to a sufficient degree. A surge tank or basin isneeded to 
dampen the high peak storm flows which would hydraulically overload the 
treatment process. 

Non-Contaminated Runoff 

Non-contaminated areas include roadways and tank farms where the ground 
is relatively free of contaminants which would be incorporated into the 
surface runoff. Usually runoff from these areas is discharged directly from 
the plant area. Insome instances, monitoring is required to insure that the 
discharge is free of pollutants. As a preventative measure in the United 
States to contain spills, tank farms must be diked, with the volume of the 
enclosed area large enough to contain the contents of the largest storage 
tank plus a one-inch rainfall. Runoff from these areas can be discharged 
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only after water quality testing shows it to be clean enough for plant 
discharge. Provisions are also included to pump tank farm runoff or tank 

spillage to treatment if needed. 

Preliminary Plant Segregation Plan 

It is not possible at this time to propose a specific storm runoff segregation 

plan for the ELFOULADH Steel Plant. Rather, efforts should first include 
a plant study to determine contaminated and non-contaminated areas along 
with proposed measures to achieve segregation of areas. Specifics of a 
storm runoff segregation study. are given in Section 4.3. 

ELFOULADH presently has a project underway for segregation of storm 

runoff. 
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3.4 Solid Waste 

Solid wastes are generated from a number of sources within the steel plant. 
Slags are generated at the iron and steelmaking units; dusts containing valuable 
iron units are collected by various dust collecting devices; sludges accumulate at 
the thickeners and clarifiers and in settling basins; used refractories accumulate 
from relining, maintenance and repair activities; shipping containers accompany 
the receipt of materials, equipment and spare parts. 

Some of these solid wastes can be recycled or have other useful applications; the 
balance of the solid wastes require a method of disposal. 

3.4.1 Blast Furnace Slag 

Blast furnace slag has a number of useful applications. The ELFOULADH steel 
plant is granulating the molten slag for use as a raw material in cement 

manufacture, as aggregate in concrete and as a road material. Slag, which is not 
granulated, is used as ballast under railroad track, as a base for roadways and as 

a construction fill material. 

3.4.2 Steelmaking Slag 

Slag from the steelmaking operations--LD and electric rc furnaces--has 
relatively few useful applications. The property of steelmaking slog which limits 
its useful application is its tendency to expand in the presence of moisture. The 
free lime and MnO in the slag cause it to expand. The free CaO hydrates rapidly 

and can increase the slag volume by 10 percent in a matter of weeks. The MgO 
hydrates more slowly and expansion of the slag volume may continue, at a 

reduced rate, over several years. 

Steelmaking slag is frequently stored in open stock piles for a minimum of six 
months to allow expansioij of the volume. The slag can then be use,. in 
applications which are non-confining. T.ase uses include railroad ballast, road 

shoulders, parking areas and open fill. 
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3.4.3 Sanitary Landfill 

The last use, open fill, suggests an area wherein the steel plant and the city of 

Menzel Bourguiba can cooperate to their mutual benefit in the disposal of solid 

wastes. Currently, the steel plant is dumping the slag into a nearby swamp area 

adjoining the Lake Bizerte. The city, or individuals, are meanwhile dumping 

garbage in open piles in an adjoining area. These open piles are potentially a 
great health hazard to the populace since they are the feeding and breeding 
grounds for rats, flies and birds which can carry disease. These piles are alksa a 

possible source of air pollution should they be ignited. By joint effort, the 

swamp area, which is now a breeding place for mosquitos, can be more quickly 

converted from an unsi' "Jble area to useful land for future steel plant expansion 

or other industrialization. 

banita ry landfilling is an engineered melhod of disposing of solid wastes on land 
by spreading them in thin layers, compacting tie waste to a minimum practical 

volume, then covering them with soil each working day in a manner which 

protects the environment. Solil wastes from the steel plant can be used as a 

partial substitute for the soi. It is not likely that the volume of slag generated 

during steelmaking will be sufficient to provide ali of the cover, therefore, other 

snurces of soil cover must be located. 

The following sketch illustrates the basic principles to be followed in operating a 
sanitary landfill. The working face should be establishAd on a 20 to 30 degree 

slope with the garbage deposited at the base. The refuse is then spread in a thin 
layer, approximately 0.5 meter alcig the face of the slope and compacted by the 

equipment wheels which pass over it from two to five times or until the apparent 

compaction )f the material exceeds the rebound. 

A sanitary landfill handling up to 40 tonnes per day can be worked with a single 

crawler or rubber tired tractor equipped with a dozer blade or a landfill blade. 

The tractor capacity size we'jld be about 14,000 Kg. 
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3.5 Safety and Industrial Hygiene 

3.5.1 General 

These areas of environmental concern were given a somewhat superficial 
review due to the lack of time. Obviously, however, worker safety and the 
condition of the work place atmosphere is quite important. Worker 
efficiency can be adversely affected by unsafe conditions and an un

pleasant work place. Lost time and accidents can also result. This 
situation can lead to reduced production. 

During the plant tour, certain inadequacies were noted. The use of safety 

glasses and hard hats did not appear to be enforced, even in those areas 
where signs indicated that hard hats were required. There also were 

several open holes in the floors into which a person could fall and be 
injured. These were not roped off. In the structure fabrication area, 
worker protection, such as gloves, was not in evidence. 

There were certain work places in which the conditions could be improved. 
The area which should receive attention first is the structure galvanizing 

plant. The zinc fumes were quite noticeable in this building. Dust and 
fumes which occur in iron and steel making operations were in evidence in 

the blast furnace casthouse, but were not particularly obnoxious. 
Casthouse emission control was discussed in Section 3.2.9. 

In Koppers and other United States plants, it is the responsibility of plant 
management to establish and enforce requirements, which provide for 

worker safety and exposure. 
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3.5.2 Safety Recommendations 

This section will present Koppers plants organization and approach to plant 
safety rather than specific recommendations for various hazards. This may 
present some new thoughts which could be incorporated into 
ELFOULADH's safety program. The hazardous gas area at the blast 
furnace top will be reviewed separately indicating United States safety 
practices. 

Koppers has, at each plant, one person whose title is Safety Director. This 
individual reports to top plant management. It. is his responsibility to 
maintain a safe operating plant. Two safety meetings are held per month, 
one of which includes the union safety committee leader. The director is 
also responsible for industrial hygiene. 

Each plant has a booklet entitled, "Plant Safety Regulations." A copy of 
the index of these regulations is shown in Exhibit 3.5. Each new employee 
receives a copy of the safety regulations and is responsible for adhering to 
the regulations. Exhibit 3.5.1 indicates the contents of the Index, Section 
K, Protective Clothing and Equipment. The safety requirements are 
enforced and repeater offenses can require time off. While this infor
mation is not specific to steel plants, it presents requirements generally 
applicable to any industrial facility. 

There are other aids to the plant safety program. These include Material 
Safety Data Sheets and data from the National Safety Council. Examples 
of this information are shown in Exhibits 3.5.2 and 3.5.3. These are safety 
data sheets for hydrochloric and sulfuric acid. 

The gas hazard which exists at all blast furnaces is due to possible gas 
leaks which contain 24% to 28% carbon monoxide. Carbon monoxide 
combines with the hemoglobin of the blood and prevents it from carrying 
oxygen to the tissues. Depending on the carbon monoxide concentration, 
the effect can range from headaches and dizziness to suffocation. 
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Koppers practice normally classifies the hazardous gas areas as being from the 

casthouse floor to the funace top, around the furnace proper. No access is 
permitted to the furnace top during operc?,i0 n. Workers in hazardous gas areas 

are required to carry carbon monoxide monitors and portable fresh air escape 
devices. Exhibits 3.5.4 and 3.5.5 describe the monitor and escape device. 

3.5.3 Industrial Hyg!ene Recommendations 

This section deals with the area at the pInnt which appeared to have a poor work 
place atmosphere. The facility is the structure galvanizing plant. 

3.5.3.1 Galvanizing Plant 

The fumes from the galvanizing bath operation are quite corrosive and 
obnoxious. In addition, the zinc present could cause what is commonly called 

zinc fume fever. There are documented accounts where wnrkers when exposed 
to zinc fumes, experience a condition similar to influenza. It is recommended 

that this situation be corrected. 

There are, no doubt, a number of possible solutions to the fume emission, 
including the use of personnel protection, i.e. respirators, air curtain over bath 

and an exhaust system. Plant personnel indicated that it is difficult to get 
workers to use respirators. The present plant thinking is to install an air curtain 

on the bath. 

Since Koppers experience with air curtains has not been successful, it is 
recommended that a slot-type ventilation hood be considered. Since the fumes 

are quite corrosive, fiberglass reinforced plastic duct work, fan, and housing 
should be used. If this material is not available, galvanized duct coated with 

Koppers' bitumastic super service black (see Exhibit 3.5.6) would be satisfactory. 

Due to the overhead craneway, the exhaust duct work would be carried at floor 

level to the side of the building and then through the roof. 
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The design procedure for a slot type hood is shown in Exhibit 3.5.7. The 
installation of a slot hood would correct a work place problem and reduce 
building corrosion in the galvanizing bath area. 
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4.0 Baseline Data Generation 

4.1 Seneral 

The environmental i.act of an industrial facility, particularly an isolated 

source such as ELFO.LADH, can best be definer b , establishing the plant's 
impaci on the ambent air and water quality by ambient monitoring. The 
data generate.i serves as a basis for determining the magnitude of the 

problem by comparing the data with established levels such as the USA Air 

and Water Quality Standards. The information is also invaluable in 
designing control facilities for the emissions. 

Monitoring is recommended for ELFOULADH as a cost effective apprua,h, 

to emission control. Much of a monitoring program can normally be 
implemented by plant personnel depending on the quality of laboratory 

facilities, equipment, and personnel. In any case, an environmental 
consultant such as Koppers Company, Inc., Environmental Department, 

should be retained to prepare the monitoring plan, furnish key personnel, 

provide training and direct the operation. 

The following sections present preliminary monitoriog plans for both air 

and water. Since information was not obtained on the availability of either 

testing or annlytical equipment to ELFOULADH, the n c:nssary equipment 

has arbitrarily been added to the monitoring plans. 

The ambient water quoaity study (Section 4.3) has been divided into two 
main sections. The first is a monitoring plan to establish the plant's 

effluent impact on Lake Bizerte. The second is an in-plant 
water/wastewater survey 'o obtain data which can be used to develop 

economical engineering solutions to problems and to optimize the plant's 
water usage and treatment systems. 
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4.2 Ambient Air Monitoring Plan 

4.2.1 General 

The purpose of monitoring ambient air at an industrial facility is to 
determine the impact of the emission sources on the environment. Com
parison of the numbers generated with ambient air standards such as those 
established in the United States, which are based on health effects, would 
indicate the magnitude of the problem. 

The pollutants of first concern to essentially any industrial facility are 
total suspended particulates and sulfur dioxide. Monitoring for these two 
items at ELFOULADH would establish a baseline from which decisions for 
control could be made. The only sources of sulfur dioxide emssion in the 
plant are the steam generation facilities, which burn a mixture of blast 
furnace gas and fuel oil, and the furnaces which burn fuel oil. The 
envirr 'ental impact from these sulfur dioxide emissions should not be a 
problem. Establishing the present concentration, however, would provide a 
reference base for the future. 

The collection of continuous air quality data requires steady, reliable 
monitoring to ensure data validity. Collection and processing of data can 
be accomplished by following specific monitoring procedures. This section 
has been prepared to describe how monitoring is done in the United States, 
and to advise how these procedures may be suited to ELFOULADH. The 
following subjects will be addre,;sed: 

4.2.2 Mu;aitoring Site Location 

4.2.3 Particulate Monitoring 
4.2.4 Sulfur Dioxide Monitoring 
4.2.5 Equipment required and Estimated Costs 
4.2.6 Air Monitoring Program Cost 
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4.2.2 Monitoring Site Location 

4.2.2.1 Dispersion Modeling Concept 

The monitoring equipment must be located in the area where the maximum 

pollutant concentration will occur. The location of this area is determined 
through the use of a computer dispersion model. 

A dispersion model is a mathematical representation of the meteorological 

transport and turbulent diffusion processes that occur in the atmosphere. 

Generally, such a model relates pollutant emissions from a source, such as 
a stack, to the concentration at a number of points (called receptors) 

located t ground level within the impact area of the stack emissions. 

For a given source, the data required as input to a dispersion model are 

average emission rates, stock heights, stack diameters, exit velocities, and 

exit temperatures. The input data required for receptors are the 
coordinate locations relative to that of the pollutant source. The 

parameters used to characterize meteorological processes are: wind 

direction, wind speed, atmospheric stability, temperature, and mixing 

height. Wind direction determines the direction of movement of the 

plume. Wind speed affects the initial dilution of the pollutant as it is 
emitted from the stack. Atmospheric stability determines the rate of 

turbulent diffusion of the plume as it moves downwind. Stability charac

terizes the thermodynamic structure of the atmosphere in terms of 
sustaining disturbances. It may be classified as stable, neutral, or unstable. 

Mixing height determines the depth of the atmosphere through which 
pollutants can be dispersed in the vertical. One year's meteorological data 

is required for the dispersion model run. 

4.2.2.2 CRSTER Model Description 

The model most suited for application at ELFOULADH is the Single Source 
(CRSTER) model. This model has been used primarily in simulating the 
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behavior of stack effluents from combustion sources. Although designated 
as the Single Source (CRSTER) model, the computer program offers the 
capability of considering up to 19 stanks simultaneously which are located 

at a common site. 

The CRSTER model can be purchased on magnetic tape by ordering 
UNAMAP 4 dispersion model tape (PR81-16-600) from the following 

address: 

National Technical Information Service 

Springfield, Virginia 22161 

The CRSTER program is written in Fortran V language for execution on a 
UNIVAC 1100 computer. 

CRSTER is -:omposed of two parts, namely, a plume rise model for 
estimating the effective release height of the pollutant plume from a point 
source, and a diffusion model to calculate the downwind dispersion of the 
plume. The rise of an emission plume above its source height often 
accounts for a significant reduction in related ground level concentrations. 
A sub-model in CRSTER calculates the rise of plumes under varying 

meteorological conditions. Representation of the transport and turbulent 
diffusion of a source plume is accomplished by a Gussicn plume model. 
This model provides a representation of the time averaged spatial 
distribution of poiutant concentrations downwind of a continuously 

emitting point source. The rate of expansion of the plume is c€'laracterized 
by a series of empirical dispersion coefficients which are functions of 
atmospheric stability and downwind distance from the source. 

4.2.2.3 CRSTER Oitput 

The output generated by CRSTER can be classified into the following two 

categories: 
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Printouts of input data
 
Printouts of concentration tables.
 

An example of the CRSTER output is included in Appendix I. 

The input data printout indicates tht source emission information, 

meteorological data for each day concentrations ore calculated, receptor 
elevation data, and program control parameters and options. 

The concentration tables printout include summaries for the highest and 
second highest one-hour, three-hour, and 24-hour concentrations at each 
receptor point. Also, a table of the 50 highest concentrations for the 

entire year for each averaging time is included. Annual mean 
concentrations at a set of 180 receptors are also printed out. The annual 
mean concentrations are used to establish the maximum impact area and, 

therefore, the monitoring site location. 

4.2.2.4 Determination of Monitoring Site Location 

The CRSTER output data in Appendix I will be used to demonstrate how 
the site location is established. The maximum impact area is sche

matically described by constructing an isopleth drawing using the annual 
mean concentrations. An isopleth drawing defines areas of equal pollutant 

concentrations. Figure 4.2.2.4 is the resulting isopleth from the example 
CRSTER run in Appendix I. 

In constructing an isopleth, the grid is drawn with 36 radials (each 100 
apart). The downwind ring distances complete the construction of the grid. 
The annual mean concentrations at each receptor computed by the 
CRSTER model are plotted on the grid. All the points of equal 
concentration are then connected. From Figure 4.2.2.4, it is apparent that 
the hypothetical maximum impact area is 1.2 km northeast of the source. 
This then would be one area in which a monitoring station would be 
established. 
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4.2.2.5 US Ambient Air Quality Standards 

In the USA, the ,'-ncentrations generated from a monitoring program are 
compared to ambient air quality standards shown below. Monitored con
centrations which exceed the numbers shown are, of course, in violation. 
The standards are based on health criteria. 

NATIONAL AMBIENT AIR QUALITY STANDARDS 

Pollutant Averaging Time Standard 

ug/M 3 

(micrograms/M 3) 
Particulates Annual 75 

24-hour 15C 
Sulfur Dioxide Annual 80 

24-hour 365 

3-hcur 1300 

4.2.3 Particulate (TSP) Monitoring 

4.2.3.1 Sampling Procedure 

In order to determine the air quality impact of the source without any 
background interferences, monitoring for TSP is frequently performed 
upwind and downwind of the source. One of these TSP monitors should be 
in an appropriate location in order to determine the air emissions impact 
on Menzel Bourguiba. Monitoring will occur over 24-hour periods for the 
duration of one year. Monitoring for TSP is accomplished with the use of 
high volume samplers (hi-vol method). A picture of a hi-vol sampler is 
included in Figure 4.2.3.1. 

Air is drawn into the covered housing and through a filter by a high-flow 
rate blower at 1.1 to 1.7 m3,rmin. Particulates with diameters of 0.1 to 100 
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um are collected on glass fiber filters. When a sample is collected at an 
average flow rate of 1.7 m3 /min for 24 hours, an adequate sample can be 
obtained even in a low TSP concentration area. 

The TSP mass concentration (ug/m 3) in ambient air is computed by measur
ing the mass of TSP collected and the volume of air sampled. Initial and 
final flow rate readings for each sample must be recorded in a log book 

which should be maintained with the sampler. 

The sampling and analytical methods for TSP monitoring are in Appendix 2. 

4.2.3.2 Filter Selection and Preparation 

The high volume sampler filter can also be used to determine trace metals 
and hydrocarbons. In this czse, a spectral-quality grade filter is 
recommended for use rather than the traditional grade filter. This filter 
contains less organic and inorganic contaminants, and therefore is 
suggested for use where additional chemical analyses are anticipated. 

Each filter should be visually inspected for defects such as pinholes, tears, 
creases, or lumps. The filter must be equilibrated in a conditioning 
environment for 24 hours before weighing to minimize errors in the weight. 
The conditioning environment should average between 200 and 250C with a 
relative humidity less than 50% without vary.,g more than ± 5%. The tare 
weight of the filter is determined immediately after equilibration. 

4.2.3.3 Analysis of Samples 

To determine the mass of particulate, the exposed filters are equilibrated 
for at least 24 hours in the same conditioning environment previously 
described. The filters should be weighed to the nearest milligram on an 

analytical balance. 

Trace metals such as copper, iron, magnesium, nickel, and zinc can be 
measured accurately to a small fraction of a mg/l by atomic absorption 
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spectrophotometry. In atomic absorption spectrophotometry, the element 
being measured is aspirated into a flame or injected into a carbon arc 
furnace and atomized. A light beam is directed through the flame, into a 
monochromator, and onto a detector that measures the amount of light 
absorbed by the atomized element. Because each metallic element has its 
own characteristic absorption wavelength, a source lamp composed of that 
specific element is used to minimize spectral interferences. The amount 
of absorption of the characteristic wavelength is proportional to the 
concentration of the element in the sample. 

Poiynuclear aromatic (PNAs) hydrocarbons may be determined in the 
following manner. The filter paper containing the sample is placed in a 
paper extraction thimble. The thimble is dried in a hot-air oven for 30 
minutes and then filled with glass wool. The sample is then extracted in a 
Soxhlet apparatus using methylene chloride for a 24-hour period. The 
resulting extract is further concentrated and the PNA concentration is 
established by ultraviolet and fluorescence detection methods with the 
High Performance Liquid Chromatography (HPLC). Column liquid chroma
tography isa well established separation method. A small diameter column 
(1-3 mm) is packed with particles of diameters less than 50 um. The 
effluent is pumped through the column at a high flow rate (1-5 ml/min) 
resulting in a significant pressure drop (7.03 Kg/cm2 for a one meter 
column). The sample components migrate at different velocities through 
the column causing a separation. Each component peak occjrs at a 
characteristic time as it comes off the column. 

The analysis for trace metals and PNAs would be performed on a monthly 

basis. 

4.2.3.4 Calculations and Data Reporting 

At standard temperature and pressure (STP), the volume of air sampled 

may be det..rmined from the following equation: 

V = (Gi + Qf)/2 t 
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V = Air volume sampled, m 3
 

Qi = Initial air flow rate, m 3/min at STP
 

Qf = Final air flow rate, m3 /min at STP
 
t = Sampling period, min. 

The TSP sample concentration is determined by: 

TSP =(Wf - Wi ) 106 /V 

Wf = Weight of exposed filter, g 

Wi = Tare weight of filter, g 

All original calculations and concentration levels (ug/m 3 ) must be recorded 
in an operational monitoring log. 

4.2.3.5 Model GMWL-2000 for TSP Sampling 

Figure 4.2.3.5 is the manufacturer's information on a specific TSP hi-vol 
sampling system. The filter assembly and flow meter are housed inside an 
aluminim shelter for outdoor service. The power required is 115 V, 60 Hz, 

3.7 amp. 

4.2.4 Sulfur Dioxide (SO2) Monitoring 

4.2.4.1 Sampling Procedure 

Sulfur dloxide is absorbed from ambient air into a solution of potassium 

tetrachloromercurate (TCM). A complex called dichlorosulfitomercurate 

(DSM) is formed which resists oxidation by oxygen in air. This complex can 
be considered stable at 250 C only during sampling. After sampling, the 

sample must be stored at 50C until analysis to prevent any further 
degradation (thermally controlled sampling equipment is commercially 

available). The DSM is reacted with pararosaniline (PRA) and formal
dehyde to form an intensely colored dye (pararosaniline methyl sulfonic 
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_MODEL GMWL-2000 
High Volume Air Sampling System 

MODEL GMWL-2000 AIR SAMPLER 
This basic unit is widely used by government andindustry to collect and accurately measure airborne
particulate matter by monitoring large volumes ofair. Utilizing paper media, the Model 3MWL-2000traps parlicles as Imallas .01 micron in size. 

Deslgned and built for continuous, 24-hour a dayhghlpeed motr is coaine i e btiht.sampling, the heavy duty turbine type blower witha cug 

wightspeed ousiIs o uronti 
 sIa cesbulet 
permit motor removal for periodic brush replace
ment. 
The air flow rate Is measured by a variable orificemeter which must be calibrated periodicallyto main-fain on-ste accurAcy. 

A preclllon bored flow meter, Model GMW 2009-2.may be substituted optionally. Encapsulated In dur-able acrylic, the deluxe flow meter is designed towithstand extended field service, 

Specifications:
 
Motor Hp - 0.6
 
Speed - 18,250 R.P.M.
 
Amperage - &25
 
Wattage - 745
 
Max. Flow Rate - 0 C.F.M.
 
Min. Flow Rate - 20 C.F.M. 

Power Source-i 5V, I phase, 60 Hertz (other electricalcharacterislics available on request)
Net Weight - 45 lbs. 
Shipping Weight - 55 lbs.
Complies with Federal Register Vol. 36. No. 84 dated 
April 30, 1971 

MODEL FH-2100 FILTER HOLDER 
Designed to accommodate a* x 10' filter paper. .'eModel FH-21QO Filter Holder is made of Type ..34staieltss steel for maximum strength and durabil -y.Its .t,avy duty seamless construction is leakpr,.ofand conical In sh pe for maximum support. F.r
ished complete with support screen and neopr -egasket for positive seal, the Model FH.2100 FiilerHolder also accommodatesFilter Paper Cartridge without modification. The fit-erthe Model GMW.3C O 

holdor attaches to the sampler with a threaded rig
gasket for easy assembly.

MODEL GMW-8500 ALUMINUM SHELTERHeavily reinforced, the shelter Is constructed of.080" aluminum anodized for outeoor service. tiegablo roof and large door are equipped wilh hea+y
duty aluminum hinges affording complete access :othe components housed within. A horizontal bafl.eprgvents sampler exhaust dust and aluminum hasosfacilitate locking the gable toof in either the open orclosed position. 

._7 
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acid), and the absorbance of the dye is measured spectrcphotometrically. 

The S02 concentration can then be related to the absorbance of the dye. 

The collection method involves the use of a sampling train consisting of 

polypropylene bubbler tubes and critical orifices for flow control. The 
absorber consists of: 

I) 	 A polypropylene container that is 164 mm in depth and 32 mm in 

diameter. 

2) 	 A two port polypropylene tube closure. 

3) 	 A glass impinger tube that is 152 mm in length and 6 mm in 
diameter and that has an outlet orifice diameter that fits a No. 79 
jeweler drill. The required orifice size is between 0.368 and 0.406 

mm. 

Figure 4.2.4.1 is a diagram of the bubbler sampling train. 

As with TSP, sampling will occur over a 24-hour period for a duration of 

one year. One monitor should generate sufficient data. 

Sampling and analytical methods for 50 2 may be found in Appendix 3. 

4.2.4.2 	 Analysis of Samples 

When the sampling period is over, the final flow rate must be checked and 
corrected to standard conditions. Then the average flow rate should be 

calculated. 

Pararosaniline and formaldehyde is reacted with the absorbing solution and 

analyzed with a spectrophotometer. A calibration curve shows the 
relationship of the ug of S0 2 to the absorbance. The SO2 concentration is 

calculated as follows: 
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ug S02/m 3 = 103(A-Ao)Bs/Vr D 

103 = Conversion of I to cm3
 

A = Sampl eabsorbance
 

Ao = Rean4,it blank absorbance
 
Bs = Calibration factor, ug/absorbance unit
 
Vr = The sample air volume corrected to 250C and 760 mm Hg
 
D = Dilution factor (for 24-hour samples, D = 10)
 

4.2.4.3 RAC 3-Gas Sampler 

Appendix 4 contains the manufacturer's information on the RAC 3-Gas 
Sampler for SO2 collection. This system is supplied in a portable all
weather shelter model for outdoor use. It contains a thermoelectric 
cooling-heatiig system which maintains the SO2 reagent at optimum tem
perature for sample stability. 

4.2.5 Equipment Required and Estimated Costs 

The following equipment list is based on the assumption that facilities are 
available in Tunisia for analysis of hydrocarbons and metals by 
chromotography and atomic absorbtion, respectively. 

4.2.5.1 Particulate Monitoring 

Item Cost 

us $ 
Analytical Balance 4,000
 

Orifice Calibration Unit 120
 
Sampler 2 @$420.00 820
 
Spectral Grade Filters 400
 
TOTAL 59360
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4.2.5.2 Sulfur Dioxide Monitoring 

Item Cost 

us $ 
Sampler 1,200 
Orifice Calibration Unit 300 
TOTAL $1,500 

The monitoring program recommended for ELFOULADH would tentatively 
consist of two stations for monitoring particulate and one station for sulfur 
dioxide. The stations would be operated for one year to obtain a data base. 

The field work necessary would be daily visits to each station to replace 
filters and solutions. These would then be taken to the analytical 
laboratory for analysis as described in other sections of this report. 

It is suggested that a consultant be retained to determine the monitoring 
station locations, assist in the setup of equipment and provide a start-up 
and training program for the operating personnel. This approach would be 
helpful in assuring the collection of valid data. 

The cost of the initial setup and training would be $25,000 US, plus travel 
and living expenses. This estimate is approximate, and does not include the 
equipment cost indicated in Section 4.2.5. 
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4.2.6 Air Monitoring Program Cost 

The monitoring program recommended for ELFOULADH would 
tentatively consist of two stations for monitoring particulate and 
one station for sulfur dioxide. The stations would be operated for 
one year to obtain a data base. 

The field work necessary would be daily visits to each station to 
replace filters and solutions. These would then be taken to the 
analytical laboratory for analysis as described in other sections of 

this report. 

it is suggested that a consultant be retained to determine the 
monitoring station locations, assist in the setup of equipment and 
provide a start-up and training program for the operating personnel. 
This approach would be helpful in assuring the collection of valid 

data. 

The cost of the initial setup and training would be $25,000 US, plus 
travel and living expenses. This estimate is approximate, and does 
not include the equipment cost indicated in Section 4.2.5. 
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4.3 	 Ambient Water Quality Monitoring Plan 

This section discusses the specifics of a water quality monitoring study for 

the ELFOULADH Steel Plant. Included are: 

(I) 	 Effect of plant discharges on Lake Bizerte. 

(2) 	 Specifics and objectives of water/wastewater characteriza

tion nd treatability studies. 

(3) 	 Equipment list with itemized cost. 

(4) 	 Cost estimate of stude. 

The monitoring plan presented is as detailed as possible based on limited 
plant information. As such, the monitoring plan presented is only 

preliminary. The program could be broken into two separate phases. The 
first phase would establish the plant impact on Lake Bizerte as described in 
Section 4.3.1. Depending on these results, all or portions of the study 

presented in Section 4.3.2 could be implemented, as Phase 2, to provide 

design data for cost effective engineering solutions. A preliminary visit by 
a team of three environmental engineers is first warranted to more 

narrowly define the study specifics and the cost estimate. Regardless, the 
study proposal given here discusses the basic principles of a plant water 
quality monitoring study. A discussion of each section now follows. 

4.3.1 	 Effect of Plant Discharges on Lake Bizerte 

The following presents a preliminary monitoring plan for determining the 
impact of plant discharges on Lake Bizerte. Plant discharges include: 

I. 	 Treated and untreated wastewater streams. Continuous flow is 

assumed. 
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2. 	 Storm runoff flows. These are intermittent flows with flowrate 
determined by storm intensity. 

4.3.1.1 Specifics of Discharge Assessment Study 

Due to insufficient data, only study generalities are given. The following is 
to be done for all plant discharges (both continuous and intermittent): 

i. 	 Flowrate iaeasurment and concurrent sampling for water quality 
analysis of all plant discharges. Flows (both continuous and 
intermittent) are to be measured and recorded over a 24-hour period. 
This information will give daily variations in flowrates. Intermittent 
storm runoff flows are to be orrelated with rainfall and runoff 
areas. Portable weirs and flowmeters are to be utilized wherever 
possible. Both composite or grab sampling of all plant discharges is 
also to be conducted. 

2. 	 Dye studies of all plant discharges. By adding fluorescent dyes to 
plant discharges, the mixing pattern of the plant waters with lake 

waters can be visually determined. 

3. 	 Lake sampling near the vicinity of all plant discharges. A total of 
nine lake sampling points plus the discharge itself is needed for each 
outfall. As indicated in Figure 4.3.1, lake sampling at each discharge 
point is to be conducted in a concentric-radial manner. The radial 
angles are set at 450, but the distance between the arcs (D) will be 
determined by the proximity of other plant discharge points. The 
distances will be set to insure no overlapping of plant discharges. A 
composite grab sample is to be obtained at each lake sampling point 
with samples taken at the surface, at one-third the total depth, and 
at two-thirds the total depth. Radial angles and distances are to be 
determined by a surveying transit set up on shore. 

4. 	 Sampling of lake bottom sediments near plant discharges. Lake 
bottom samples are to be collected at each of the nine sampling 
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FIGURE 4.3.1 

ELFOULADH STEEL PLANT, .TUNISIA 
TYPICAL LAKE SAMPLING LOCATIONS 

FOR A PLANT DISCHARGE 

LAKE BIZERTE 

A 4.-.\450 
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N 
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45 5 

-PLAN'T DISCHARGE 

NOTES: * Nine sample locations 
Transects A, B, C 7 

" Distance between concentric arcs (D)to 
vary depending on proximity of other 
plant discharges. 



points for each outfall and analyzed for specific water quality 
parameters. This information will be used to determine the deposi
tion of suspended particles and contaminants near plant discharges. 

5. 	 Fish bioassays are to be conducted on each lake discharge. These 

tests entail adding native fish to various dilutions of wastiewater with 
the fish survival rate recorded. Wastewaters both before and after 
various stages of proposed treatment will be examined. Results give 
a quantitative comparison of different treatment schemes. 

4.3.1.2 Discharge Assessment Analytical Testing 

The specific analytical tests to be carried out on both lake samples and 
sediment samples are to correspond to water quality parameters 
representative of the specific plant discharge. Refer to Table 4.3.1 for a 
list of representative parameters. Analysis of the sediment samples will 
require different pretreatment steps before standard water quality analysis 
can be conducted. The specific pretreatment step will vary with the 
parameter determined. Pretreatment usually involves either agitation in a 
low pH solution or a chemical digestion step. It is hoped that all analytical 
testing can be performed on site. This will serve to reduce the cost of 
analysis, plus results will be obtained more quickly than if a private 
laboratory was used. 

4.3.2 	 Water/Wastewater Characterization and Treatability Studies 

Before economically attractive and sound engineering solutions aimed at 

upgrading the existing water/wastewater treatment systems can be 
developed, a complete evaluation of the plant's water/wastewater flows 
and treatment processes must be conducted. Here, water refers to plant 
cooling waters, and wastewaters refer to flows which are too badly 
contaminated to be used in plant processes and must be treated prior to 
lake discharge. 
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TABI E 4.3.1
 
ELFOULADII STEEL PLANT, TUNISIA
 

ANALYTICAL TESTS REQUIRED FOR WATER/WASTEHATER

CHARACTERIZATION AND TREATA3ILITY STUDIES
 

Water Quality Parameter 


Alkalinity 

Ammonia Nitrogen

Nitrate Nitrogen 

Total Cyanide 

Free/Fixed Cy.,de 

Cyanide Amenable to Chlorination 

Phenols 

Fluoride 

pH1 

Total Suspended Solids 

Dissolved Iron 

Oil & Grease 

Chemical Oxygen Demand 

Chlorine 

Chloride 


Total Solids
Total Dissolved Solids 

Conductivity 

Hardness 

Phosphate (total) 

Phosphate (ortho) 

Sul fate 

Lead 

Zinc 

Copper 

Nickel 

Chromium 

Arsenic 

Antimony 


NOTE: x = indicates test to be done. 

Water and Wastewater Flows 
Blast Furnace Pickling Liquor Continuous Casting 
Scrubber Water Wastewaters Spray RecirculatingWater Cooling Waters Storm Runoff' Sludges 

x - x 
X - -X - -
X - -
x - -
x - . 
x ... 
x ... 
x x -
x x x 

x -
x x 

x x -
x 
X - - _ 
_xx x -
x x -
x - x 
_ 

- -
x X x 
x x -
x x x 
x x -
- x -
- x -
• x -
-x -

Water quality parameters measured will depend upon the specific runoff areas. 

samples.
 

x 


x 
x 


x 

x 

x 

x 

x 

X 

x 


X 

x 

x 
X 
x 
x 
x 

x 
x 
x 

x 
x 
x 
x 
X 

x 

x 
x 
x 

-
-

Those parameters indicated will be measured in all runoff
 



It is difficult to give detailed specifics of the water/wastewater 
characterization and treatability studies mainly due to the fact that 
preliminary sampling and testing results dictate the subsequent tests to be 
conducted. For this reason, only a general discussion is given. 

4.3.2.1 Study Specifics 

Water/wastewater characterization and treatability studies are to be 
conducted on the following: 

I. 	 All process wastewater streams. To include blast furnace scruiber 

water, pickling operation wastewaters, continuous casting spray 
waters, plus any other wastewaters generated by the plant. 

2. 	 Storm runoff waters. 

3. 	 Cooling waters. 

4. 	 Sludges produced from water and wastewater treatment processes. 

A water/wastewater characterization study and a water/wastewater treat

ability study are basically different in their concepts, but results from both 
are equally needed to develop sound engineering solutinns tn wastewater 

problems. 

Water/Wastewater Characterization Study Outline 

Water/wastewater characterization involves determination of flowrates 
and water quality of all water and wastewater streams within the plant. 
For those flows that receive treatment, samples both before and after 

treatment are analyzed. Specifics include: 

I. 	 Measuring flowrates and cooicurrent strecm sampling. Flowrates are 
measured by various methods. These include the installation of 

portable weirs, ultrasonic flow measurement, estimates from pump 
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discharge pressures, and as a last resort, a bucket and stopwatch. 

Whenever possible, two methods are used to check results. 

Sampling of the streams for water quality analysis is to be done 

either automatically on a 24-hour composite basis, or by grab 

sampling. The method usually depends upon the specific stream. The 
water quality parameters selected for analysis will vary depending 

upon the respective flow. Refer to Section 4.3.1.3 for the parameters 

to be determined in the different streams. 

2. 	 Conducting a plant water balance. This ertails measuring flows in an 
attempt to balance the incom;ng plant waters with the plant 

discharge waters. 

3. 	 Evaluation of the plant's existing storm sewer system. Segregation of 
ii,. entire plant area into contaminated and non-contamirated areas 

will be examined. Whether an area is determined to be contaminated 
or non-ccn aminated will depend upon its physical appearance along 
with water analysis results of runoff generated from the area. The 

possibility of collecting storm runoff for use within the plant is also 

be be looked at. 

Water/Wastewater Treatability Study Outline 

Water and wastewater treatability studies serve to examine the treatment 

capabilities of both existing and proposed treatment schemes. The studies 
can involve bench-scale or full-scale testing of treatment processes. 

Bench-scale treatability studies entail simulating an existing or proposed 

treatment process on a laboratory scaie and subsequently measuring the 

treatment efficiency. In laboratory-scale studies, only a one- or two-liter 
volume of water or wastewater is subjected to varying chemical additions, 

varying mixing intensities, varying mixing durations, varying pH, and 

varying solids settling times. The optimal treatment scheme and operating 
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conditions determined by bench-scale testing is examined on a full-scale 
basis, if it is possible without major process changes. 

Full-scale treatability studies involve making minor operational changes to 
an existing treatment process and subsequently measuring the effect on 
treatment efficiency. Operational changes may include varying the 
chemical addition, enhancing mixing of the chemical and wastewater, 
changing the point of chemical addition, and reducing the wastewater 
flowrate. Usually, any changes are based on bench-scale (laboratory) 
testing results. 

Advantages of laboratory-scale studies over full-scale studies are: 

I. 	 Laboratory-scale studies are more easily controllable. The effect on 
treatment of varying operating parameters can be examined with 
relative ease. 

2. 	 The cost of laboratory-scale studies is less than full-scale studies. 
Only a very small quantity of treatment chemicals is needed. 

3. 	 An estimate of sludge produced from treatment processes can be 

easily obtained. 

4. 	 The feasibility of proposed treatment processes can be quickly and 
easily simulated and evaluated. 

The only main disadvantage of bench-scale studies is that unforeseen 
operational problems (e.g., automatic control of chemical addition) are not 

clearly evident. 

4.3.2.2 Study Objectives 

Results for both the water/wastewater characterization and treatability 
studies are to be used concurrently to develop economical engineering 

solutions which will: 
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1. 	 Reduce the process wastewater flowrates requiring treatment. To be 

achieved by making appropriate process changes, decreasing the 
blowdown rote from recycled cooling water systems and examining 
water reuse. Lower flowrates will serve to reduce the required size 

of respective treatment processes along with decreasing usage of 

treatment chemicals. 

2. 	 Optimize efficiencies of existing treatment processes. Through 
economically attractive system modifications, the most optimal 
operating conditions of the treatment processes can be developed. 
These include mixing schemes, operating pH, chemical additions, and 

proper process equipment controls. 

3. 	 Determine which water/wastewater streams can be combined and 

treated. This will depend upon the nature of the waters, the degree 
of treatment required, and the plant locations where the flows are 

generated. 

4. 	 Provide adequate sludge handling and disposal. Study results will give 

an estimate of the sludge produced both from wastewater treatment 

processes and water treatment processes. The economic feasibility 
of sludge dewatering can be examined. 

5. 	 Aid in segregating the plant into contaminated and non-contaminated 
runoff areas. The water quality of the runoff from various parts of 

the plant will be measured along with the flows expected. Along with 
this will be an evaluation of the feasibility of storing and using storm 

runoff as plant makeup cooling water. Treatment to the required 

degree will also be examined. 

6. 	 Consider reuse of treated wastewaters as make-up waters for cooling 
systems. The degree of treatment required will depend upon the 
particular wastewater and the particular cooling water system. 

ell 
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4.3.2.3 Analytical Testing 

This section gives the different analytical tests needed for comprehensive 
water/wastewater characterization and treatability studies. 

Table 4.3.1 lists the specific tests required for both cha|rvcterization and 
treatability studies of different water and wastewater flows. Only those 
water quality parameters that were measured in concentrations greater 
than 0.5 mg/L in comparable flows at various United States steel plants are 
indicated in the table. The number of tests required f'o- each flow will 
vary depending upon preliminary monitoring study results. All water 
quality testing is to be done at the plant site. Section 4.3.3 lists the 
equipment needed to perform the required characterization e'nd 

treatability studies. 

4.3.3 Water Quality Monitorinq Study Equipment List with Itemized Cost 

This section gives the equipment (with cost) needed to conduct a complete 
water quality monitoring study at the ELFOULADH Steel Plant. The 
equipment specified is that which is needed to perform sampling, flow 
measurements, treatability studies, and water quality analysis. Once the 
monitoring study is complete, the equipment can still be used by the plant 
for in-house monitoring and control purposes. 

Table 4.3.2 lists the major equipment (with cost) needed to perform 
sampling, flow measurements, and treatability studies. For an intensive 
water study, duplication of some equipment (e.g., flow recorders, samplers, 
etc.) is usually necessary, but this should be supplied by the firm 
conducting the study. 

Table 4.3.3 lists the analytical equipment (with cost) needed to perform all 
the required water quality tests for the parameters listed in Table 4.3.1 
except for the heavy metals lead, nickel, arsenic, and antimony. These 
analyses will have to be performed by a private laboratory if capabilities 
are not available at the plant. Disregard any equipment specified which is 
presently available at the plant. 
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TABLE 4.3.2
 
ELFOULADH STEEL PLANF, TUNISIA
 

WATER QUALITY MONITORING STUDY EQUIPMENT LIST
 
FOR FLOW MEASUREMENTS, SAMPLING, AND TREATABILITY STUDIES
 

Equipment Name 


Automatic Sampler' 


Recording 

Flowmeter1 


Ultrasonic 

Flowmeterl 


Six-Paddle 

Stirrer' 


Settlometerl 


Hydrolabl 


Portable V-Notch 

Weirs' 


Rain Gauge' 


Water Sampler 


Core Sampler 


Fluorescent Dyes 


Quantity 


1 


1 

1 


1 


1 


1 set 


1 


1 


1 


2 bottles 


Equipment Description United States

Cost
 

Isco Model 1680 composite and dis- $ 2,000
 
crete sampler w/ batter option
 

Isco Model 1870 recording flow- $ 3,000
 
meter
 

Portable ultrasonic flowmeter $ 1,500
 
to measure flows in closed
 
pipes.
 

Aluminum frame stirrer 
 $ 760 
illuminator base. For use in
 
simulating treatment processes
 

Mallory direct reading settlome'cer $ 80 
for suspended solids settling 
studies 

Digital water quality measurement $ 4,500
 
system for temperature, pH,
 
dissolved oxygen, and conductivity
 

Portable v-notch weirs to fit 
 $ 600
 
pipe diameter range from 0.2
 
meters to 1.07 meters
 

Universal recording rain gauge $ 1,000
 

Wildco water sampler to sample $ 400
 
lake at various depths
 

Wildco Ballcheck deep water core $ 700
 
sampler. Can sample lake bottom
 
to depth of 60 meters
 

Red and yellow fluorescent dyes to $ 50
 
be used in dye studies
 

TOTAL $14,590
 

NOTE: Boat rental for approximately one week period is not included. 

(i) See Appendix 5 for detailed information on equipment. 105, 
\f 



The water quality monitoring study equipment list given may be able to be 
narrowed down once a preliminary plant visit is conducted and the plant's 
analytical capabilities specifically examined. 
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TABLE 4.3.3
 
ELFOULADH STEEL PLA1
.T, TUNISIA
 
WATER QUALITY MONITORING STUDY
 

ANALYTICAL EQUIPMENT LIST
 

Equipment Name Quantity Equipment Description United States 
Cost 

Water/Wastewater Analysis 
Kits. for: 
Alkalinity 2 150 tests per kit @ $36 each $ 72 
Chloride 2 150 tests per kit @ $63.50 each 127 
Chlorine 2 150 tests per kit 0 $43 each 86 
Chromium (+6) 2 150 tests per kit @ S35.50 &ach 71 
Chromium (total) 2 150 tests per kit @ 52 each 104 
Copper 2 150 tests per kit @ $47 each 94 
Hardness 2 150 tests per kit 0 $50 each 100 
Dissolved Iron 2 150 tests per kit @ $37.50 each 75 
Anmonia Nitrogen 2 150 tests per kit @ $40 each 80 
Nitrate Nitrogen 2 150 tests per kit @ $50 each 100 
Phosphate (total) 2 75 tests per kit @ $46 each 92 
Phosphate (ortho) 2 50 tests per kit @ $39 each 78 
Sulfate 2 150 tests per kit @ $30.50 each 61 
Zinc 2 100 tests per kit @ $60 each 120 
Chemical Oxygen Demand 2 100 tests per kit @ $500 each 1,000 

Phenols 1 
(includes digestion rack) 

30 tests per kit @ $40 each 40 
5refill packs 30 per refill @ $17 each 85 

pH Meter 1 Orion Specific-Ion Analog Meter 1,000 
pH Electrode 2 Orion combination pH el~ctrode @ $90 each 180 

Fluoride Specific IQn 
Electrode 

2 Orion fluoride electrode to be used with Orion 
specific-ion analog meter @ $425 each 950 

Lyanide Analysis Equipment 2 Distillation apparatus @ $400 each 800 

Total Suspended Solids and 
Total Dissolved Solids 

2 Includes filtering flask funnel, and filters 
for 500 tests @ $200 each 400 

Analysis Eqoipment 

Vacuum Pump 1 To be used for total suspended solids analysis 400 

Spectrophotometer 1 B&L Spectronic 20 - to be used with water/ 900 
wastewater analysis kits 

Balance 1 Mettler PK-300 electronic top loading balance 3,800 

Conductivity 1 Fisher portable conductivity metar 600 

Drying Oven 1 Fisher gravity convection airflow drying oven 
(temperature range of 250C to 200 C) 

300 

Oil & Grease Analysis 
Equipment 

2 Includes equipment for freon extractable 
method - includes water bath, nitrogen gas 
source, and separatory funnels (@ S500 each) 1,000 

Miscellaneous Laboratory 
Items 

Includes magnetic stirrers, glassware, 
chemical reagents, pipettes, and desiccator 
estimated cost 2,000 

TOTAL S14,715 

N(OTE: 	 Equipment provides for all required analyses except lead, nickel, arsenic, and antimony.

These analyses will have to be provided for by the plant or a private laboratory. IO \
 

(i) Cost includes reagents and glassware. Spectrophotometer needed.
 
I
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4.3.4 Water Quality Monitoring Cost Estimate 

The cost of the monitoring plan, described in the previous sections, is 
dependent on the information obtained as a result of a preliminary visit by 
several engineers, as recommended in Section 4.3 This survey would enable 
the engineers to prepare a detailed monitoring study which would serve as 
a firm cost basis. 

The cost of the survey and monitoring plan preparation would be 
approximately $18,000 US. This does not include travel or living expenses. 
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EXHIBIT 3.5
 

PLANT SAFETY REGULATIONS
 

INDEX
 

A. SMOKING RULES
 

B. PLANT INJURIES
 

C. SAFE CONDUCT
 

0. FOREMEN ARE SAFETY ADVISERS
 

E. TEAMWORK
 
F. INSTRUCTIONS
 

G. FIRE PROTECTION
 

1, Organized Fire Department
 

2. Use of Fire Protection Equipment
 
3. Preventing Fires
 

4. Using Open Flames
 
5. Fire Watch Requirements
 

H. GOOD HOUSEKEEPING
 

I. PREVENTION OF FALLS
 

J. HEALTH SAFETY
 
K. PROTECTIVE CLOTHING AND EQUIPMENT
 

1. Eye, Head, Foot and Arm Protection
 

2. Protective Equipment
 

a. Safety Belts
 
b. Respiratory Protection
 

c. Goggles of Faceshields
 

L. COMPRESSED AIR AND GAS
 
M. RAILROAD AND MOTORIZED EQUIPMENT
 

N. SPEEDING
 

0. SAFE USE OF LADDERS
 

P. SCAFFOLDS
 

Q. ELECTRICAL WORK
 

R. GRINDING
 

S. MAINTENANCE SAFETY
 

1. Lockout Procedures
 

2. Confined Space Entry
 

.3. Care of Rope
 
4. Operating, Oiling and Repairing Equipment
 

KOPPERS
 



5. Excavations
 

T. WELDING AND CUTTING
 

U. MATERIAL HANDLING
 

V. SAFETY AWARDS
 

W. PROCEDURES
 

1. Operating Pumps
 

2. Steam Driven Reciprocating Pumps
 

3. Cent.rifugal Pumps
 

4. Air Compressor Operations
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EXHIBIT 3.5.1
 
PROTECTIVE CLOTHING AND EQUIPMENT
 

EYE, 	HEAD, FOOT AND ARM PROTECTION
 

a. 
Approved safety headwear issued by the Plant Safety Department
 
shall be worn by all personnel while working in the Plant.
 

b. 	Safety glasses are required to be worn in all areas of the plant
 
at all times, except when inside the areas or situation listed:
 
Guard Office, Clock Office, Service Building, Main Office, Plant
 
Office, Labor Office, Maintenance Office, Engineering Building,
 

and so on.
 

Contact lenses shall not be worn in the plant.
 

No tinted lenses of any kind shall be worn in the plant unless
 
express permission isgiven by the Safety Department.
 

c. 	Clothing which covers the upper part of the body must have sleeves
 
that cover the arms to the wrists and shall be worn in that fashior
 
Legs must be covered to the ankles.
 

d. All new employees, after 30 days employment, shall wear safety
 
toe shoes. Tennis shoes, or any shoe of similar porous nature
 
are stictly prohibited in the plant. 
 Cleats are also prohibited
 
on the heels or soles of shoes worn in the plant.
 

e. 	Appropriate clothing shall be worn suitable for the work being
 
performed as directed by the supervisor.
 

f. 	Do not wear loose coats, sweaters, flowing ties or clothing with
 
loose or torn sleeves or torn trouser legs when working around
 
machinery.
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g. 	Greasy or oily clothing may easily catch fire. Clothing which
 
may have absorbed acids is also dangerous to the body. Have work
 

clothes laundered frequently.
 

h. 	Keep shoes in good repair. A good sole isprotection against
 

nails, sharp objects and falls.
 

i. 	Safety shoes should be worn by'all employees to prevent toe inju

ries.
 

J. 	Visitors and employees of private contractors performing work
 
within the plant are required to comply with the above rules with
 
regard to wearing protective apparel.
 

k. 	When a supervisor orders an individual to wear a piece of safety
 
equipment, the individual shall wear it,or subject himself to
 
disciplinary action.
 

2. 	PROTECTIVE EQUIPMENT
 

a. Safety Belts shall be worn when it is necessary to work in an
 
elevated or overhead position that isnot protected by railings
 
or platforms and/or exposed to noxious or toxic gases or where
 
such work cannot be done safely from the use of ladders or scaf
folds, or where catch platforms, or temporary floors are imprac

tical.
 

Employees must be trained on the use of safety belts and harnesses
 
so that they can automatically use same without requiring instruc

tions.
 

Lifelines, safety belts and lanyards shall be used only for em
ployee safeguarding. Any lifeline, safety belt or lanyard sub
jected to unsafe loading shall be tagged and immediately removed
 
from service and discarded. Every safety belt and lifeline shall
 
be properly stored, maintained and periodically inspected.
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Safety nets shall be provided when workplaces are more than 25
 
feet above the ground or other surfaces where the use of ladders,
 
scaffolds, catch platformis, temporary floors, safety lines, or
 
safety belts is impractical.
 

b. 	Approved respiratory protection, as specified in the Plant Respi
ratory Protection Program, shall be worn when it is necessary to
 
enter a tank, tank car, still or other closed vessel or when
 
directed by their supervisor.
 

No employee shall wear a respirator until trained in its use and
 
limitations as well as 
its proper fitting and maintenance.
 

Respirators are to be issued for one shift only and under no circum
stances can a respirator be loaned to another employee for that
 

shift or for a subsequent shift.
 

A "tool loan order" form showing date of issue, description of
 
respirator, and your name shall be completed and presented to the
 
storeroom keeper in charge of safety prior to your receiving a
 
respirator. At 'the end of your shift, the "tool 
loan order" form
 

will be returned to you after your respirator has been logged as
 
being returned.
 

c. 
 In addition to safety glasses, GOGGLES OR FACESHIELDS shall be
 

worn as specified below:
 

(1) Goggles or faceshields shall be worn when taking samples
 
that are corrosive, flammable, or hot.
 

(2) 	Full faceshields shall be worn when breaking steam, process
 

or fuel lines. In addition, faceshields shall be worn when
 
breaking any line in the Acid Plant.
 

(3) Goggles or faceshields as determined by the Supervisor, shall
 
be required to be worn when working on plugged lines where
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the line has been broken unless the Supervisor in charge has
 

determined that they will not be needed.
 

(4) Except for posted aisleways, goggles shall be worn in the
 
Acid and Caustic Plants.
 

(5) Goggles and/or faceshields shall be worn at the Acid and
 
Base Barrel Docks as spe7ified.
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EXHIBIT 3.5.2
 

MATERIAL SAFETY DATA SHEET U .RIC ACID, 

CORPORATE RESEARCH & DEVELOPMENT 5o 0 CONCENTRATED 

SCHENECTADY, N. Y. 123(15 . t V? RSxOi 
Phone: (518) 385-4085 DIAL CW 8*23S-4085 INFPJAATION Data October 1980 

SECTION 1. MATERIAL IDENTIFICATION
 

IATEIIAL NAME: SULFURIC ACID, CONCENTRATED
 
OTHER DESIGNATZONS: Oil of Vitriol, Hydrogen Sulfate, 112SO4CE Material D4A2, 

CAS 0007 664 939 
DESCRIPTION: Material consists of about 93-982 H2SO4 with vater and traces at 

impuritics. 
MANUFACTURER: Available from many suppliers. 

SECTION II. INGREDIENTS AND HAZARDS X HAZARD DATA 

Hydrogen Sulfate (H2SO4) 93-98 TLV 1 mg/a 
3 
for 

Water alance sulfuric acidt 

Human. mist inhal. 

'Material is obtained by the reaction of SO3 and water. TOD3 m*/m
3, 24 wk 

Can contain law impurity levels, such e 0.02% max at (Toxic Mouth Effects 
iron as Fe. Properties vary with H2SO4 content. 

tCurrent OSHA standarc. and ACGIH (1989) TLV. 1OS1 hasiD 50  210 
a 10-hr-TWA, 40 hr work week, of 1 &/w,3.m/.kg LD5O 2140 


SECTION Ill. PHYSICAL DATA 

93.19Z "2S0 4 98.33Z Ui2SO4 1009 11 SO 
Boiling point, 1 atm, deg C - a 81 c 338 7--'30dr) 
Specific gravity (60/60 F) 1.8354 1.84 1.84 
Deg. Bause 66 -
olatilus. Z at 340 C - cc 100 ' 100 ca LOO
 
halting point, deg C ca -34 ca 3 10.4
 
Vapor press. m Hg @ 100 F . . <
 

Water solubility: Completely miscible.
 
L .MlA.- 1 - -1-. . I,... 4 41.. .4 4. -

SECTION IV. FIRE AND EXPLOSION DATA rLowERIuPP
 
ush Point and Method Autolnition Temp. Flamaabili Limits In Air
 

None - nonflammable N/A N/A N/A N/A
 

Even thougk sulfuric acid is nonflammble; it is hazardous uhon present in a fire area.
 
Small fires may be smothered with suitable dry chemical. Cool exterior of storage
 
tanks of H2SO 4 with water to avoid rupture if exposed to fire. Do not add water or 
other licuid to the acid! The ace, especially when diluted with watar. can react 
with metals to liberate flaable hydrogen gas.
 

Sulfuric acid mists and vapors from a fire area are corrosive. (See Sect. V.)
 
Firefithrers to wear self-covtned breathing ecujoment and full protective clothine.
 

SECTION V. REACTIVITY DA'A
 

Sulfuric acid is stable under normal conditions of use and storage. It does not undergo 
hazardous polymerization. 

It is a strong mineral acid reacting with bases and nmetals.The concentrated acid iv a 
strong oxidizing .,enrand can ca.me ir.nition of combecitble aiterlnlli on 'nnflt:AL. 
T111:nncunrteud asid Ir ;iwu a dohsydrnting auunt, pickInu up wol.uturu ruadliy (ro 
the air or other materials. 

Reacts exothermically with water. (Acid should always be added slowly to water. 

Vater added to acid can cause boiling and uncontrolled splashing of the acid.) 
Sulfur oxides can result from decomposition and from oxidizing reactions of sulfuric aci 

GENERALvo,ELECTRIC .
 



EMHIBIT 3.5.3
 

. 3A30 ANo.
MATERIAL SAFETY DATA SHEET 

CORPORATE RESEARCH A DEVELOPMENT M HYDROOLORIC ACID 

SCHENECTADY, N. Y. 
Date October 1977 

SECTION I. MATERIAL IDENTIFICATION
 

MATERIAL NAME: HYDROILORIC ACID 
DESCRIPTION: This material in a water solution of hydrogen chloride San. 

OlHER DESIC2ATIONS: lHuriatic Acid, Conientraced Hydrochloric Acid. OE Material D4A3 

CAS' 007647010 

)HNMUFACTURERt Availabla f-Nim many suppliers
 

X MAZARO DATASECTION 11. INGREDIENTS AND HAZARDS 


Hydrogen chloride (MCl) <38 TLV 5 ppm (C)
 

Impurities (depends on acid grads) Traces 

ceatr Balance
 

C denotes a ceiling concentration that should oct be 

exceeded in the wockplaoe 

' 
SECTION I1I. PHYSICAL DATA 1805o1 0oad 220Ba 230.' 

Weight X HCl 27.9 31.4 35.2 37.1 

Boiling pt. 1 at%. de F - 208 182 l4 123 

Froing polnt, dug I' -43.6 -63.4 -86.3 :-101.2 

Specific gravity. 60/60 F ------ 1.12 1.160 1.179 1.189 

Vapor pressure. 25 C. am Hg . . 25 .... 

Materiala are completely water solublo and nearly 100Z volatile. 

App'aranco & Odor: Cnlnrless to It. yellow fuming liquid with a pungent. suffocat
loltodor.
 

SECTION IV. FIRE AND EXPLOSION DATA ILOWERIUPPER 

N/A * N/A N/A 

LxtI.iguisiki auJ/u: Sltiu CltIL4ulLUblu rur surruwtidi.g firIe. 

metals, such as iron, to produce.This nonflammable material can react uith many 
The acid can be neutral icd with bases such as slaked 

Jime or soda ash. -

Us water spray to cool fire exposed containers to prevent rupture. 

Firefighters should use 

flammable hydrogon gas. 

full protective clothing and self-contained breathing ap

paracus when this taterial is involved in a fire situation.
 

SECTION V. REACTIVITY DATA
 

This material is stable when properl; contained and handled. It is a strong mineral
 

as metals, metal ox.idos,
acid and is, thus, highly reactive with racrials such 

It is highly corhydroxides. amines, carbonares and other alkaline caterinls. 


rosive. to many rterials.
 
room temperature whel
It can liberate significant levels of HCI by vapor pressure at 


conce'ntriated and large amounts of MlI.uhen heated.
 

Reaction with most metals will 
produce hydrogen gas. 
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Data Sheet MiniCO" 
08-00-31 

Carbon Monoxide
Indicator, 

EXHIBIT . Model I and 
Model IU 

.... .. .... ... .*'....... 


WIN' 

n.- , T 

maw.. 
 " ...vr : 

Application Description Principle of oieration 
The MInICCO" Indicator from MSA Isa The MinICO indicator Isa completely The sensor Isan electrochemical
battety-powered. pocket-size device self-contained Instrument that meal- polarographic call. This ceil electrothat provides anaccurate, economical urea concentrations of carbon mon-. oxidizes CO to CO in proportion to 
and easy means of measuring carbon oxide inair. ItIsengineered for easy, the partial preasure Inthe sampte areamonoxide concentrations inemhlent tow-cost maintenance. Reliable solid- and the resulting electrochemicl 
air. Itcan beused wherever workers state circuits are packaged inalugged, signal isamplified arid temperature
are exposed to conditions requjiring weather-reistant housing and the compensated to drive the meter.continuing chects for CO, and can be sensor assembly, which can last up to Samples are introduced to the sensorcarried inthepocket, on the belt, or twelve months, Isfield replaceable. by diffusion through agas poroul.simply handheld. The user can obtain The battery power supply lasts up to tetrafluoroethylene membrane. 
ameter readout sthowing parts per twelve months under normal use or
Million OfCO by $imply pishlng a 100 hours of continuous operation.
button. The Model I has ameasuring attery powur level can be checked 
range of 0-100 ppm carbon monoxide- simply by pushing abutton and observ
In-air; the Model Uiscalibrated for a tIg an indicator light Replacement 
range of 0-500 ppm CO-in-air, batteries are commercialiy available.

The unit can be field calibrated using 
an MSAG Calibration KIt. 

... ..",. ., . :-'.; . .. ;. ;. : .V 
• .! :t" 
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A clear advantage over other escape devices. 
REQUIRES NO SPECIAL INVENTORY OF SPARE -PARTS FOR RECHARGING 

Air Capsule was designed for human 
beings. You'll see what we mean when you 
compare it to the others, 

Take the gas mask, for example. It 
clings to your lace and just a smile might 
loosen its air seal. And some models have 
nose and moutipieces that can muzzle you, 
so it's difficult to make yourself clearly 
understood in an emergency. Besides, a gas 

mask is only safe if the atmosphere contains 
enough oxygen. And unlike Air Capsule, a 
gas mask never considers anyone wearing 
a beard or glasses. 

On the other end of the spectrum, you 
have elaborate survival systems complete 
with bulky and heavy cylinders and 
regulators. Gear that appeais more suitable 
for an astronaut or diver-not for a human 
being trying to escape from danger. 

Air Capsule isn't anything like that. It 
fills the existing escape device gap. With 
a hood that offers all.around 
vsibility, nonconfining protection 
and a continuous air flow that keeps out 
any hazirdous atmosphere-no matter how 
toxic, our constant flow regulator gives 
you five minutes of air regardless of how
fast or deeply you breathe. 

Equally important, our compact,
 
low.profile Air Capsule weighs only 41A
 

. pounds and can be donned in less than 
10 seconds. This way, you can get a head start 
in your fight for survival. It's simply the must 
natural escape device around. That alone is a
 
clear improvement over the others.
 

The Air Capsule reservoir is warranted to 
retain its air supply for 3 years. If used, the 
Air Capsule can be recharged and used again. 

Robertshaw Control Company 
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EXHIBIT 3.5.67 3.. 
 7 TECHNICAL DATA SHEET 

TYPEProtective Coatings 

Product: 

DESCRIPTION: 

USE: 

TECHNICAL DATA: 

Number of coats: 

Volume solids: 


Theoretical coverage: 


Coverage to achieve
 
minimum dry film thickness: 


Film build ratio:
 
Minimum dry film required
 

per coat: 


Wet film required
 
per coat: 

Drying time at 700 F. 

and 50%relative humidity: 

To touch: 

Between coats: 
Prior to .ibrnerging: 

COAL TAR 

BITUMASTIC SUPER SERVICE BLACK 

A sif.priming, heavy-duty, cold.applied, water resistant coating 
made from pitch derived from suitable tars, selected solvents, mineral 
fillers and special additives. 

FOR INDUSTRIAL USE ONLY. NOT INTENDED FOR USE IN 
THE HOME. 

One of its outstanding features is providing a thick film that will 
protect metal and concrete from severe chemical fumes and corrosive 
vapors. It has proven especially effective in the sewage industry by 
protecting metal and concrete against the deteriorating effects of 
raw and industrial waste materials and hydrogen sulfide gas. It can be 
used on all metal and concrete surfaces which will be buried or 
immersed. 
When exposed to sunlight and effects of weathering, the coating 
should be aged approximately 2 to 4 weeks, then topcoated witfi 
Bituplastic 'No. 28 or Bituplastic No. 33. This minimizes weathering 
effects that result in alligatoring or cracking of co dtar films. 
Do not use for the interior of tanks, containers or pipelines designed 
for containing potable water. 

Two, minimum 
68% 

1,090 mil s. ft./gal. 

60 to 70 sq. ft./gal./coat on smooth metal surfaces. (Allows for 
approximate 20% application loss.) Concrete surfaces, first coat, 
50 to 60 sq. ft./gal./coat. (Includes 20% application loss.) Coverage 
will depend on surface profile and porosity. 

12 to 14 mils 

18 to 21 mils 

6 to 12 hours 

24 to 48 hours 
14 days after final coat is applied 

R'oaaers Com nv. Inc.. Pittsburah. Pennsvlvania 15219 
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EXHIEIT 3.5.7 

DESIGN OF LOCAL
 
EXHAUST SYSTEMS
 
FOR OPEN TANKS
 

Open.Surface Tanks 

Open-surface tanks may be controlled by canopy
hoods orby slothoods, as illustrated in Figure 10. 
The latter are more coinmonly employed. The 
ventilation rates required for open-surface tanks 
may be taken from Table 4, which is a modifica
tion of the American Standards Association code 
Z9.,1. These values shouldbe considered as min
imrnumnder conditions where no significant drafts 
will interfere withthe operation of the hood. When 
slot hoods are employed the usual practice is to 
provide a slot along each long side of the tank. Theslots are designed for a velocity of 2,.000 fpm 
through the slot face at the required ventilation 
rate. For a tank with two parallel slot hoods, the 
ventilation rate required and the slot width b s may 
be taken directly from Figure 11, which graphs 
the American Standards Association code i 9. 1. 



34 -S!GN O- LOCAL EXHAUST SYSTEM/.S 

Table 4. 'ENTILATVON RATES FO? OpEr.SURFACZ TANKS 

(American Air Filter Company, lnc., 1964) 

Minimum ven:i|a:lon rate, Miirnu.-n ventilation rate. A 
cim per- .4 of cim per fit of tank area. 
hood opening Lateral exhaust 

Process Enclosing Canopy t/L. width 
hood hood tank length 

One Two Three Fe r W/L W/L ';7L 
open open open open 00 to 0.24 0. 25 to 0. 49 0.50 -0 
side sides sides sides A B A B A F 

Plating 
Chromium (chromic acid mist) 75 100 125 175 1US 175 150 ZOO 115 25A•c.nic (arsine) 65 90 100 150 53 130 110 10 130 171
Hydrogen cyanide 75 100 125 175 125 175 150 200 175 Z2Cadmium 75 100 125 175 125 17S is0 ZOO 175 22Anodizing. 75 100 125 175 125 175 SO 200 175 225 

Metal cleaning (pickling)
Cold acid 65 90 100 150 90 130 110 IS0 130 17/
Hot acid 75 .100 12 175 125 175 
 150 200 175 224 
Nitric and sulfuric acids 75 125 125100 175 175 150 200 175 2.
Nitric and hydrofluoric acids 75 100 125 175 IZ5 175 IS0 200 175 22 

Metal cleaning (degrasing)
Trichloroethylene 75 100 125 175 125 175 150 200 175 23
Ethylene dichloride 75 100 125- 175 125 175 150 ZOO 175 2.5 
Carbon tetrachloride 
 75 100 125 
 175 125 175 150 ZOO 175 2. 

Metal cleaning (caustic or electrolytic)
Not boiling 65 90 100 150 93 130 110 150 130 171Boiling 75 100 125 175 125 175 150 200 175 2M

Bright dip (nitric acid) 75 1001 125 175 125 175 150 ZOO 175 23 
Stripping 

Concentrated nitric acid 75 100 125 175 125 175 150 200 175 22-
Concantratednitricand sulfuricacids 75 100 12S 175 125 175 150 200 175 225Salt baths (molten salt)" 50 75 75 125 60 90 75 100 90 112 

Salt solution (Parkerise,Bonderine, etc.)
Not boiling 90 90 100 150 90 130 110 150 130 171
Boiling . 75 100 125 175 125 17S 150 200 175 23 

Hot water (if vent. desired)
Not boiling 50 75 75 125 60 90 75 100 90 11
Boiling 
 175 100 125 175 125 175 150 200 175 2Z 

aColurn A refers to tank with hood along one side or two parallel sides when one hood is agasa a 
wall or a baffle running length of tank and as high as tank is wide; also to tanks with exhaust .
 
fold along center line with W/2 becoming tank width in W/L ratio.
 

Colrum.%n B refers to freestanding tank with hood along one side or two parallel sides. 
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be used by assu.Lt-g the tank to be half of.a ta-

twvice as widehaving slothoods V.', Sthsides. This 
procedure is illus:rated below. 

Example 4 

Given: 

The s&fme tank as Ik Exarmple'3. but a slot hood 

is to be installed along one side only. The other 

side is flush with a vertical wall. 

Problem: 

Determine the total exhaust rate and slot width 

Figure 10. Slot hood lot contr0' required.
 
of emissions fros open-suffice tanks
 
(Adapted from Industrial vY-toa.JU 
 Solution:
1960). 

The ventilation rate in cfm per foot of tank lenr-h 

Neither the code nor Figure I makes allowance is taken as half the rate for a tank twice as wide 

for drafts. The use of baffles is strongly recoin- fiom Figure 11. Use width of 4 feet. 

mended wherever possible to minimize the effect V 

ofdrafts. It baffles cannot be used or are not suf- 880
 
440 "emper foot
 

ficiently effective, the ventilation rate must be in- L Z 

creased. The slot width is also increased to hold 

the slot face velocity in the range of 1.800 to Total exhaust volume required 

Z.I.00 fpm. 

T"he use of Figure II is illustrated in the follow- Vt X 440 x 3 'I,3Z0 cfn 

ing problem: 

Slot width is rod directly from Figure 11 for wica 

Example 3 the width bs a 2-5/8 inches. 

Given:
 

A chrome plating tank, 2 feet wide by 3 feet long, 

to be controlled by parallel slot hoods along each Z MC ________21 

of the 3-foot-long side. 2 
q. - a. -


Problem: 

Determine the total exhaust iate required and the
 

slot width. * 


Solution: 
- -

-

e 
From Figure 11, the ventilation rate required is
 

390 cfm per foot of tank length. Z"

t a 390 x 3 1,l7OcfrnI 

1j!J11111111111
kIt I h II I lljjIII 
From Fi.gure 11, the slot width is 1- inches. 


8 1 . X. 40 50 ec 

La slot hood is used on only one side of a tank to
 

side of the Figure 1. Minimum ventilation rates
capture emissions, and the opposite 


tank is boundcd by a vertical 
wall, Figure 11 can required for tanks. 

i 

http:vY-toa.JU


APPENDIX 1
 

CRSTER AIR QUALITY
 
DISPERSION MODEL
 



CR3TC (VE1S1Ol0 00)37)

AN AIM IIUALITY DISPrRSuOU OnDEL..in
 
SECTIUN 2. GUITcLiME Nnli.s (19i)
 
IN uIIANAP (VERSION 4) DEC so
 
SOURCES flL I ON UNANAP MAGNETIC TAPE rOMN MTIS.
 

PLANT NAMES COSTER SIMULATION VIM P1II.IITANTI TSP CNISEIGN UNITSI'IN/SCC 
 ATP OUaLITY IINSTSt GMMN*3I
 

MEt reL REOUESTED 
zTu NO. IN 5Y Mn. TI 

3UNFACC 
UPPER AIR 

1)137 
136l0 

14 
14 

13)737 
1308 

74 
74 

PLANT LICATIONI RURAL. 
ANEMOMETER HEIGIT IS 7.01 METERS 
-$Nl PNUFILC EIPONENTS AREs 0.104. 
NO TAPE OUTPUT 

0.150. 0.200, 0.250, 0.00. 0.200, 

MET DArA -ILI. NOT BE PRINTED 

I I 
fIAI.I 
tI 

1 
I I I 

I 
II I I III 

I I I II I 1 I I II II I I 

I II II II I I I lI .I 
II It a I I I I I I I I 1 t I I I I I I I I I 

I I I I I I I aI I III I I a 
l~~ 11 t I I I I I I I 

a I ' 

ALL TA"LrS. IMCLIJOIMG S|)URCE CDMTRIMUTIOMg, THAT COUTAIo IAMNUAL' IN 
TIlE READING ARE UASED ONLY Op THOSE 
OATS
 

MARKED BY 
-I- IN THE ABOVE TAHLE
 



WING DISTANC[S|K.SJ 0.$3 0.69 0.90 
 1.23 1.60
 

PLANT ELEVATION CYET-ASOVC 3SA LEVME)-
 PLANT XLEVATIaM
0.0 CNTCr3s AyflVE SEA LeVEL).- 0.0
 
4ECEPTnR ELEVATIONS 
(rEET ASOVE SEA LEVEL) 
 RrCEPTOR Cr7VATIONS (NWTENS ABOVE SEA LEVEL)
 

UIRCTI O 
 mgmu gI BIMGl2 INGI) 3INGI4 HIINGIS 
 mlif lt alGIo" RINGI1 
RI1 4 RmnGIS
 

1 0.0 0.0 0.0 
 0.0 0.0
1 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 
 0.0 0.0 
 0.0
1 0.0 0.0 
 3, 0.0 0.0 
 0.0 0.0 0.0 0.0 0.0
4 0.0 
 0.0 0.#4 0.0 


$ no 0,0 0.0 
0.0 0.0 0.0 0.0
0.0 0.0 


0.0 0.0 
 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 n.O
 

1 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.00.0 0.0 
 0.3 0.0 0.0
* 0.0 0.0 0.0 0.0
0.0 0.0 
 0.0 
 0.0 0.0
0.0 0.0 0.0 0.0
0 0.0 0.0 
 0.0 0.0 
 0.0 0.0 
 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0 
 0.0 0.0 0.0 
 0.0 0.0
II 0.0 0.0 11.0 0.0 


12 0.0 0.0 
0.0 0.0 0.0 0.0 0.0
0.0 


0.0 0.0 
 0.0
Ii 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 
 0.0 
 0.00
14 0.0 0.0 n.0 0.0 0.0 
.0
 

0.0 0.0 0.0 0.0 0.0
Is 0.0 
 0 0.0 
 0.0
II 0.0 Oo 0.0 0.0 0.0 0.0 0.0 0.0
Q0.0 0.0 

1 0.0 0.0 0.0 
 0.0 0.0 0.0 0.0 0.0
II .0 
 00 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 0.0

20 0.0 .0 0.0 0.0 0.0 0.0 0.0
21 0.0 0.0 0.0 0.0 0.0O.C 0.0 
 0.0 
 0.0 0.0 0.0
22 0.0 0.0 0.0
0.0 0.0 
 0.0 0.0 

2) 0.0 0.0 0.0 0.0 0.0
0.0 0.0 
 0.O 0.0 0.0 
 0.0 0.0
24 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0
 
0.0 0.0.
22 0.0 0.0 0.0 0.0 0.0 
 0.0 0.0 o.0
21 0.0 0.0O 0.
0.0 0.0 
 0.0 0.0 
 0.0 0.0
2) 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 


25 0.0 0t.0 0.0 0.0 0.00.0 0.0 0.0 0.0 0.0 
 0.0 0.0
29 0.0 0.0
0.0 0.0 0.0
0.0 0.0 
 0.0 
 0.0 0.0 0.0
J 0.0 0.0 0.00.0 0.0 

23 0.0 0.0 0.0 0.0 

0.0 . 0.0 0.00.0 0.0 0.0 0.0
32 0.0 0.0 0.00.0 0.0 
 0.0 0.0 
 0.0 0.0
In 0.0 0.0 0.0 0.0 0.0 0.00.0 0.0

24 0.0 0.0 0.0 0.0 O.00.0 .0 0P.0 0.0 0.0 
 0.0 0.0 0.0 
 o.0 0.0
13 0.0 0.0 0.0 0.0 
 0.0
0.0 4.004 0.0 U.0 

0.0 
0.0 

0.0 0.0 0.0 0.0

0.0 0.0 
 *.0 0.0 
 0.0
 

36 00 00 
 . . .000 00 0. . .
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STACK a &--STACK I
 

STACK MONTH 
 9RISSION MATr 4EIGHT DIAMETE •EXI VELOCITY TEMP VOLUMETRIC rLnV 
(GMS/SC) (METERS) (mEERS) (NISfrC) (OEG.K) (m'3/sr.c) 

I AL. 5.2500 45.12 1.47 31.75 I50.00 J2.27 

Q 

bw 
40 

8v 



PLANT NAMEt CHSTEN S3MULATIN NUN PULLIITANTI TSP rNISSION INIT31 GM/SEC AIR QUALITY UNWtSt G9N99 

(jAT RATIO 0 I 1 MS 2 4-NO I 

CONCE4TIATnNE RCTI3N OISTANCE(KNI OURV CONCENTRATION O|RECTION DISTANCE(KN) 
1 2.0S5 2.o4SS24C-05 6 0.90 I .2.757677F-0b 20 |.2) 
2 3.635 1.27996ne-0s 24 1.60 Is 3°S2oOc-00 20 .4o 
3 6.442 1.275154C-0S 20 3.60 1 1.919416-06 I 1.6o 
4 3.51 1.216207E-05 19 1.60 S6 3.33978ac-06 19 •.40 
S 4.0912 1.2917364E-05 I9 1,60 14 3.17nu2u2-06 22 1.60 
4 10.069 1.134172-o05 6 3.60 t0 1.126442C-C0 S 1.0 
7 ^.540 1.327120-os 31 1.69 9 I.$519bIE-06 i 1.•0 
a 9.93, 2.02403C-OS 20 0.90 13 2.016537E-06 23 1.60 
9 1.1O 1.330792E-05 24 1.60 22 1.85141c-06 7 1.60 
10 1.334 1.360270C-0s 3 1.40 24 1.854644E-06 3 1.60 
it 4.026 1.445202C-05 3 1.60 1 2.995470C-46 3 1.23 
12 4.130 1.2S0410C-05 IN 1.60 12 , .04944:-d6i to 3.40 
13 1.145 1.167295C-oS It 1.60 13 3.03554&E-06 39 1.60 
14 11.278 1.441144&-05 4 3.•0 i 1.739413E-06 a 1.60 
is 2.50 9.306230U-05 V 3.60 24 , S.IA3211E-06 4 1.40 
16 4.340 2.016440E-0S 7 0.90 9 4.0107:E-06 7 3.23 
37 4.912 1.841102E-OS 27 1.0 I 3. 60464C 06 24 3140 
Is 3.120 1.272140E-05 24 1.60 33 3.421311E-06 24 .i0 
19 7.814 1.4S2772C-05 7 3.40 14 1.65713j-06 S 1.60 
20 6.839 1.333761e-0s 22 1.60 9 j 1.9SO79E-0 20 3.40 
21 13.111" .495641E-0S 34 1.40 10.140773E-04 4 3.23 
22 11.62 2.35172C-05 34 0.90 .i3S394E00 34 I43.23 
23 4.482 1.400020E-0S S 123 S 2.is3S24Eo06 3 3.23 
34 2.193 1.2967n2-05 I9 3.40 13 4.491664X-06 20 1.60 
25 3.407 1.313761C-O 20 1.60 16 3.915172[-Ot 20 1.60 
26 7.834 I.958]C-0S 3 1.60 24 .32469-00• 3 1.60 
27 .46.3 1.963&0E-OS & 160 Is 2,160E0t06 4 3.2) 
23 .761 1.40189E-0S 4 1.60 3.7116842E-04 1 1.40 
29 
30 

12.671 
IS.4t9 

2.244516E-05 
1.421354E-05 

II 
22 

0.90 
3.40 

10 
14 

1.710467C-06 
9,oA00023E-01 

' 21 
14 

q.60 
I0 

it 3.140 I.34446E-0 • 1.60 to 2.623464E-06 S 3.40 
32 8.507 2.200313C-0S 27 0.69, 12 2.54649r-06 26 0.90 
J) 3.428 1.40)35IE-OS 21 1.60 22 4.0936S7C-0• 5 1.60 
34 3.535 t.3335130r.-S 21 1.60 1 3.772449K-06 to 1.60 
is 1.432 1.o03322E-0S 14 1.60 IS 3.15,44E-04 17 1.23 
36 3.905 1.13611C-05 is 1.60 S 2.9160166-06 35 1.60 
37 4.395 1.647201E-05 34 0.90 9 2.0099S8e-04 3 3.23 
Is 7.319 1.459SI1C-05 It 1.60 34 91.166695-0• 7 3.60 
39 5.514 1.187903C-05 14 1.60 22 2.1S4376V-0• 22 1.23 
40 4.S66 1.9324J3E-05 to 0.90 13 2.256344C-06 17 1.23 
41 10.240 2.10133[e.0s 21 0.69 13 2.052074C-06 23 1.60 
42 7.R07 I.22532C-05 I5 1.60 19 1.5S3771o-06 Is 1.60 
43. 12.06d 1.42677$E-05 a 0.90 346 1.51375c-06 4 1.60 
44 !.244 1.14521GE-05 S 1.60 9 2.S65124C-Ob 3 1.60 
4% 12.N58 1.41994S-0 9 3.•0 7 110422C-00• 24 1.60 
44 1.412 1.261946C-03 24 3.60 23 3.6443906,o 21 .23 
47 4.6132 1.2941tC-65 21 1.60 a 2.403169E-06 22 1.60 
41 4.10S 1.3349149-05 lb 1.60 17 1.105100-04 14 1.23 
41 9.190 2.16u30F.-0 " IQ 0.49 14 2.41643]C-06 is 3.23 



PLANT MANE: CRSTM SIOULATI(IN SII POLLUTAMT: TSP EMISSION UNITS: aGNSEC AIR QUALITY UNITSI CGoN/e)
 

NA) HOURLy 4&1 24*N0U8 

DAY 
SO 
SI 
S2 
Si 
54 
55 
56 
S 
5 

RATIO 
5.310 
h,139 
8.S6 
7.239 
4.676 
33.S22 
4.0S9 
5.3l3 
13.210 

CONCKTIIATION 
1.410414E-05 
I,]02)29r-OS 
2.3292S3e-OS 
1.249474C-05 
1.24571I0E-0S 
2.3951E-05 
1:259082-0S 
1.96?:Nqc-05 
2.7i23K-005 

DIRECTION 
34 
1 
24 
35 
a 

23 
35 
17 
39 

OISANCe(tNI 
I.&O 
3.60 
0.69 
3.60 • 
3.60 
0.90 
I.60 
0.90 
0.69 

lInUR 
1 

2 
Is 

23 
16 
12 

CONCENTRATION 
2.647296C-06 
1 :,]1693E:06 
,112.191I6M-06 
1.64S002E-06 
2.664053E-06 
1.623651C-06 
],1019It-06 
3.643249E-06 
1.121702E-06 

DIRECTION 
33 

24 
5 
9 
30 
14 
36 
23 

DISTANCE(KI) 

3.60 
.).21 

0.69 
1.23 
1.2) 
0.90 
1.1.0 
1.2) 
0.90 

rol 
960 

6 
2.468t3.Sl4 
7.,416 

1.316513-051,)59842[005 
2.01472mr-05 

324 
5 

1.60 1.6 
'0.o0 

20IT 4.519690E-06.066[ 6 
2 :67412!;:0:k 

451 
512 

1.23 

62 6.274 
61 1.14154 7.429 

65 6.404 
66 9.009 
47 30.701 
69 77 
69 5.673 
10 .395 
1[ 2.736 
12 4.455 
73 9.912 
74 10.195 
i5 800 
76 5.841 
77 7.076
7.1 5,1401 .4 

19 3.795 
|0 9.424 
@1 4.819 
92 7.269 
I1 4.559 
$4 4.079 
* 5 6.566 
96 11.190 
1 4.019 
48 4.062896.us6 
90 4.237 
91 14.653 
92 5.136 
91 2.1A0 
94 
9 7.09Z 

96 3.033 
97 5.924 
99 4.592 
99 6.114 

2.151716-905 4 
1.320024 3.1942-62.)251116-05 23 

1.42495$C-05 )0 
0.400264E-0S 9 

2.71734E-O05 26 
:6.631401:0S 20 
3.409690 -OS 20 
1.254290-oS 26 
1.31110SE-0S 23 
1.215091E-OS 14 
1.431226E-05 17 

7 
1,]752Ec-' 33 
1.2911149-05 14 
:3.61432&-o: 1:
1.305195[-5 71,0.fSSr.S 1.0 

1.284137E-0S 22 
l.J01031e-05 36 
2.144251-05 25 
1.9149713-05 22 
1.955916c-0s 9 
3.22332;3-O5 20. 
2.2043E-05 24 
2.152104-00 34 
2.4'4771E-fl 14 
.359142 -0S 25 

1.328492E-S 
1.285402C-0 9 
2.00605ur-Oa 1S 
1.355350K-05 a 
2.4201)N-05 2 

s.6f11.41513E-0S 2 
JESS424)K-05 34 

1.320 441-_0s 12 
2.442083K-OS S 
t.452719Ac*0s 34 
I.I551.* -O5 1 

0.90 

1.60 

1.60 
0.69 
0.69 
1.60 
1,60 
1.bO 
1.60 
1.60 
0.90 
0.69 

3.60 
1.60 
1.60 

1.0 
1.60 
0.90 
0.90 

0.69 
1.60 
0,69 

0.90 
0.69 

3.60 

1.60 
0.90 
1.23 
00. 
3.60 
3.60 

1.60 
0.90 
3460 
1.60 

1117 
1A 

13 
12 
35 
35 
17 
+4 
2. 
12 
3 

38 
2 

32
11 

20 
7 

16 
30 

12 
21 
30 
36 
33 
13 

224 
12 
in 
17 
13 
2) 

16 

I 
33 
20 
14 

3 
).294-0 

2.22491E-06 
2.000261-06 
2.S)IST6C-06 
3.5797]31E0 
2.4941A3E-06 
2.324021E-06 
4.79Sooe-06 
1.54199E-0o 
3.112402c-06 
2.36984E-0S2.31478E:06 

170 46E-06 
2.1711211[-06 
3.923916-4 
2.540640E-0 

3.31374-06 
1.)2723r-06 
3.IIS4&OE-n6 
2.730130E-06 

2.215429E-06 
2.991269-04 
3.4729,0-10 

1.923241-06 
1,771;19E-06 

1.341556E-0A 

2.393526061A 
2.033137.-06 
1.369017-06 
2.611544C-06
).193%Till-06 
2.491756-nA 

2.1922 6K-0 
4.,.O716-06 
4.456160K-06 

2.362426-6 
2.194)636fn6 1I 

45 
30 

9 
23 
i9 
23 
26 
22 
17 
31 
3 

2 
12 
12S16536 

2) 
36 
i9 
22 

1 
21 
5 

24 

33 
25 

II 
35 
A3 

4 
30 
4 

3 

0:90 
3.21.23 

.1.60 

1.23 
1.23 
1.60 

.60 
1.60 
1.60 
1.60 
1.23 
3.23 

160 
1.21 
1.21 

,.60 
1.60 
1.23 
1.21 

1.2) 
1.60 
3.27 

0.90 
0.69 

3.60 

3.23 
1.21 
3.2)23 
3.21 

1.231 
1.60 
0.90 

1.60 
1.60 



PLAINT NAMES CMSTCR SBmUL&TInm 3l13 POLLUTANTS TSP rMISSIOM UNITS: GN/SEC 
 AI OUALITI UMITSI CR/X$*9
 

01 A X IIU I,tAR a f " A 
a 2 4 - It i S ES 

AT RATIO ctoNCETRATION otiaRCTIOM OiSTANcr(Kni HOio CORCMTRATIn"
In0 S.11 1.341601C-Os 
 oiRCC10TI OI?ANCE(94)
I1 C.59 1II 2.303l159-06301 7.213 2.196546E-05 IS 3.50
22 
 0.53 
 12 3.045129C-06102 24
5.554 1.406039E-OS 0.104 8.60 S 2.401937Eo0803 ).104 l.495&1,c-OS 4 1.05 8.60 2 ,I.99271E-06 
 S 8.60
 

104 S.2112 .170642E-04 
 2 0.59 
 12 3.541147C-05
1OS a.411 2.O54333C0S 5 I.10
38 0.69 
 12 2.452304C-01
805 82.241 2.4:0201lE-S 23 7 1.23
0.53 13 
 1.967053E-05 
 24 0.90

107 1.179 2.440114E-05

ICR 13.104 2.472A9E-OS 

2 @.3 120: 2,144425[.05 23 0.5922 1.23 17 1.139507JE01 
 21 0.90
809 11.293 2.571017-os 13 
 0.53 11 
 2.211722C-06 
 23
Ig0 9.541 2.71271e-05 1.23
 
3 27 0.53 
 13 2.843249r.01
Ut 23 0.19
5.909 .241794C-05 
 a 0.53 
 83 4.702121E-05
812 6 0.31
S.335 8.1S9941C-0S 
 6 0.69 it 
 1.299053[*O5 8.23
6
18.617
tI 2.126332e-OS 
 a 0.19 1 1.430430C-06 1 8.23
81, 4.931 t.4441775-OS 19 1.60 1 
 2.01685ssy-0 20 
 8.50
it5 7.325 1.4124ISE-0S 
 20 0.9 811 
 2.474205C-01 
 20
i' 6.504 2.20700SE-05 I.23
14 0.59 13 3.393309E-05 84 0.90


3 ! 
 4.145 2.540720C-0 
 29 0.53 
 3 5.353314C-06 
 27 0.69
*. 6.402 2.61444E-05 
 4 0.53 1 3,I6S3ISE-05 4339 32.365 3.16562SE-05 0.901 O.$3 14 
 2.60197.-0 
 S 1.50
20 9.206 " 2.9671i4C-05 
 88 0is9 9 
 3.222&3?C.06
328 24 0.3
1.529 2.7111317C-0 
 20
2 0.59 31 2.17479SC-06
122 7.9t9 19 1.23
.n90372E-05 
 24 0.9n 13 2.539553£00 
 21 8.23
823 10.142 3.999300x-Os 
 s0 0.59 84 I1.61140C-06 
 9 1.23
124 4.692 2.38954@E-05 
 20 0.90 19 
 2.149131E00
1 23 8.233.633 1.198724E-05 2S 3.10 17 1.668152E-06
126 27 8.509.122 2.743298E-00 
 5 0.69 t4 2.7647S7E-0 A 1.611271 7.204 2.325447E-05 
 22 0.69 *4 3.227193E-01 
 23 1.23
123 7.0S5 2.301b60E-05 31 
 0.513 o 3.26969]r-01 38I
119 82.971 2.314409E-05 0.69
35 0.90 
 17 1.714254-06 
 36 0.90
130 23.261 2.932s80c-OS 
 9 0.19 
 84 8.260509E-O6 
 25 0194
III 5.175 2.828176Eo0s 
 25 0.90 1 
 3.$214o5Eo06
832 25 8.50
5.641 1.422517C-oS 
 4 1.6c 2. S20l8C006
833 7.13 4 3.23
2.63676aEo0o 
 23 0.13 14 
 3.i94799c-O0
134 '.315 2.11311E-0S 23 0.59
3 0.6992 84
9 23. 0i-01 3 8.23
335 5.h23 8. 98449-05 3 0. 
 1 12 3 o371)90:06 1 8.23

116 7.J9 2.11671jC.0 S 0.33 
 1 M r 8.23
 
331 
 7.707 2.44787%E-05 
 7 0.69 
 10 1 3.22793OE-0. 
 1 0.90
814 14.214 2.261076.F-05 
 It 0.90
139 S.714 2.1092997-OS a 1.Sg&721E-0 89 0.6924 0.13 
 10 4:604:25-06 
 21 3.23
840 6,441 2.307710-05 25 0.90 80 I 05191i-0 24 0.60 

to 0.69 9 1.512121-01 
343 30.15 2.411199£-05 
142 J.1i)l I.21595SC-15 27 0.90

S 0.59 83 4.160131-01141 " .10 1.4141Ile-05 • "$ 8.23Io e 3 3.8143910-6 1 8.23144 1.64d 23111499:ol 5 0.03i1597.-Ol 

145 4 0.909.611 2.7756117.-05 
 21 0.513 
 i 2.019092E-06 
 22
146 11.344 2.57680?E-05 0.90
24 0.S3 12 2.271570E-01 
 20
47 4.2449 1.409247-0S 1.60
4 3.60 
 24 1.70.213-06
145 12.570 2.17407.-05 26 8.3
- I 0.53 
 14 1 2.0S002-9r.0cs
4 8.421 1.44%147*-05 is 0.53
35 8.50 2 3.49442r-O1 5 8.23 

mailto:2.38954@E-05
http:3.222&3?C.06
http:2.843249r.01
http:2,144425[.05


P3.06? NA.... CHS? 31L9T~n4 RUM Pfl3LUTANTI 
 TiP E"ISSiO 
 iTS, Cm/SEC AIR OUAI.fT UNITSI 
G/IMS'3
 

9 A 1 010 It L 
 6 lk 24-H0UROAT HATIn CINCENTRATIu 
 DIRECTION o35tANCE(Kx) 
BnUR; COnrCNTRATION 
OIRECTION 0ISTAMCE(Kq)
150 11.031
10 14.046 2.$4|1NS5-05 1 ~ 2.S4355.0s O | .. 04SA]V-06
7 0.90 it 1 9.2)
|13 |13.O3 2.7156&1C-OS 3.053:-6 71
23 0.53 12 2.53264E-06
352 6.411 2.460334C-05 21 3.2)
. 13 0.69 
 14 3.922154E-06
£13 I3
12.090 2.33172-05 0.90

U.bu
2 i'd .glT|83C-06
154 S.921 1.447523E-05 26 1.60 

3 I.6O

I0 2.466696c-06
ISS 1.497 II 3.60
2.&)1376E-05 
 23 0.5) £3 
 2.929100*-06
Is3 10.311 2.410473E-03 24 0.69
24 
 0.13
157 Ii 2.:))291C-06
5.219 2.171210E-05 27 1.23
23 
 0.69 
 13 4.312901C-09
159 24
3.952 3.34636SC-0$ 1.2)
 

319 
£9 1.23 Is 1.69|132-06 2)
2.601 1.)96537c-OS 21 1.60 1.73
 

160 10.125 I 4.993207E-06
1.42512o0-05 23 Is 1.230.53 
 12 3.317964E-06
3&3 7.190 23 0.53
2.538079r-os 
 S 0.69 12162 1.209 I.S]0146E-042.474115*-os 6 0.69
22 0.53 16 
 3.6629E-09

393 2) 0.6931.33 1 J.01591SC-0 0.90 
 11 2.661694E-06
164 .654 2.232530g-os 

IS 
is 0.69
27
165 10.292 t3 2.519635E-O6
2.70)363-05 

0.69 23 1.2320 0.S) is 2.626550C-06 
 27
396 1.606.169 2.9641913-0S 
 30 0.5)
167 D.41 1) 4.315030C-06 302.3115571-05 0.5)30 0.64 is 2.14356E-06
7.027 2.325111*-OS 31 0.69
161 7 1.60 5 ).304917C-06 2£
169 2.23
6.940 2.763173-0s 
 3 0.69 0 ).091711E-o6170 1.30S 2.921D04*-OS 10 0.699 0.S111 1I 3.209116E-06
0.100 2.11[73*-oS 0.69 
36 0.69
4 
 12 2.6160$C-06
172 S3.36D 3.693110*-0s 0.90S 
 0.90 
 7 5.931369C-06 
 S 0.90
313 31.410 3.S3S434*-o5 is 0.5)174 11.9)2 3.104603*-os 12 2.621594C-06 Is
£o 0.530.90
175 4.17 33 2.605290*-0&
1.406379C.03 24 9 0.69
21 ).1S56S1a-06
176 6.414 2.461663C-05 

1.90 i1 3.2)
 
31 

2 0.90 17 2.9usoor-Oo 
 23 1.23
1
12.514 
 2.436526C-OS 
 24 
 It 1.941060C-n&
179 6.741 1.140)8C.05 29 
0.%0 24 0.90
1.60 7 
 2.249513-06 25
t79 7.141 1.23
.31690DC.05 
 • 
 1.60
D0 1.51 £6 1.711996E-06
2.34711[-0s 21 It 1.60
I
3 3.:11177:E-06
3l 6.219 2.424095£-05 
0.90 22 1.2)
6 0.90 :: .132 1.41r69*nh
6.040 2.33405*-05 4 3.23
6 O.3. 14 " 1.96464OC-06133 13.3 0 3.S)S]60E-OS 23 0.53 

5 3.23 
14 2.64D21*6-06
1 4 23
7.731 2.523662-o0S 0.5)6 0.69 9 3.270296c-06
lo t .34 3 3.90

5 0.0fl6-05 300.69 2.002457E-06
Il9 D.608 2.21)45C-05 0.69 
S 0.90

4 
 14 2.630206E-0617 4.62S 2.3317"5*-O5 6 0.90S 0.61 a338D S.042033c-039.31i 2.712229c-05 4 1.6019
369 14 1.449094r-061.602 3.044214E.05 21 
0.53 20 0.690.S) 
 33 3.90165[-06 22390 . 0.633.2191*-0S $ 0.69 IS 
 2.79652-0.393 11.411 3.313%2E-05 9 0.90in 0.69 36 2.923)617-o6192. 1.967 2.274%21c-06 3J 0.5324 0.99 13 2.536549C:-06
193 
 6.510 2.73211-C0S 3 3.23Io 0.13 32 
 ).19)4*-n6 20
394 0.90
14.442 3.20v13c-o$ 24 
 o.S3 14 
 2.79144c-06
3is 13" 0.19
7.956 1.07023$r-6 s 14 0.51 1 2.186S£C-06
19 3o.Jq 3.021v62-05 W 0.69
4 0.53 II 
 2.90m4o64* 
 30 0.0
139 4.017 1.454121k-OS 20 0.99 13 1.0&luhC-n630l 4.044 2.6334031C-5 20 0.2321 0.13 
 I3 1.006590E-06 22 0.6399 9.431 2.6331?71..S 
 4 0.90 
 II 2.777216r-n9 
 2 0.90
 

http:3.044214E.05
http:1.140)8C.05
http:1.406379C.03
http:2.S4355.0s


PLANT NAME: C03T. SIMUL.ATION 
Nil, PnLLUTAXT 
 IIS3510113
TSP ITSt GN/ISC AIR OUALIrT 
U6ITSt CRIN.63
 

N A X H 0 U R h 1 MAX 24-SO0
11v 
 RATO CUNCENTUATION 
DIRECTION DISTAMCCC(R)
200 1.0i 1.72005E[-05 6 
Hal013 CONCENTRATZW OImCTzOv OaSrA.Cccgh
1.60
201 21 2.427111F-01
6.091 2.176297c-os 9 1.23
202 0.69
33.273 2.00009cos 

19 at I.S7272S5[0-
21 20
0.69 1.23
It 2.9615sic-o&
a 9.025 2.1693s1Y.[O 2] 0.3 
21 0.69 

204 6.451 It 3.204016C-062.S42091E-Os 23 0.69
23 0.13205 Lt.2d6 II 3.00240E-06
2.34139c10 23
6 0.90
0.90
206 i.13 t3 1.316017C.062.267906c-os 320 1.230.90
207 It 2.664179E-06
1.104 15S920-05 23 0.9033 .3.60206 12.415 If 2.149352F-06
1.599401c-0S 3421 1.60
3.60 
 17 
 1.24620SC-01
209 30.549 30
2.199944C-05 1.60
25 
 0.53
310 13.J62 16 2.74905&E-06
3.n249644-OS 21
21 1.23
0.S) 14
213 2.66314&c-0
9,672 2.11697U-OS 24 0.53
3 
 3.23 
 3i 2.914702C-04
232 115.065 2.4929fe-o 1.23
I1 
 0.53
213 14.316 13 2.21807E-06
1.55451]E-05 S
3 0.90

214 4.191 3.90 1 1.040154c-06 36
2.S1 54V-o5 1.90
3 
 0.90
21 I1 1.124195C-096.11 2.010025C-05 2 3.2
3 0.69 1) 
216 1.075 3.15913g-06
1.502515C-0S 1
5 1.901.10
217 13.l3 2.451132E-O5 24 2.12572SE-06 2
J6 1.60
0.90
214 12 2.075614C-06
7.533 1.39027]r-OS S 1.0
24 
 3.90
239 ISI.3 IN 1.845196C-06
1.614311100S 21
7 1.60
1.90
220 12 1.06541E-06
13.011 1
2.719214E-0o 1.23
22 
 0.1
221 Ii 2.$24660-n6
V.014 2.220940C-05 323 0.901.60222 9 2.764429E-065.462 2.0263416-OS 3623 3.909.9 
 to '.1102nor-oG223 4.382 1.6462Jr-0s 22 2) 1.23
 
224 %.079 0.19 [1 1.024611mr-o 21
2.129042E-0S 
 23 1.232 0.69
225 IS.156 14 4.251217-6
.90172C-o05 .23 0.6911 
 0.99 
 13 
 1.I16530E-96
226 it
5.914 0.69
2.037211r-05 
 4
221 0.5312.794 2.969831E.s0 13 4.7474S7C-0623 0.51 4 0.69228 13 2.336204E.06
12.142 233.0353S7e-05 0.1326 0.53229 1.990 I1 2.420012C-0I
2.5119lE-05 34
4 3.22
0.52230 11 2.793940-C-o6
5.003 2*9644E-O1 3 1.0
22 
 0.1
238 5.55 14" S.972171E-06
1.910713Co05 20
31 0.19
0.69
232 33 3.513910£-06
4.224 2.1543&E-05 24 1.60
22 
 0.69
233 is 5.10645?7-O2.251 1.S35302C-0s 24 1.2325234 15.494 2.71021C.00s 

I.1O 24. 6.82noSSE-q3 23
23 3.23
0.90
235 13.57 it 1.747230£-06
2.16129C-05 3339 3,60

236 12.121 ).054227E-OS 

1.23 
3 3.90
 

1 1.904374C-06 

b 
 0.$3
237 11.120 3) 2.51972S5-06 7 O.S
2.400027-05s 
 10 
 0.99
226 II.179 30 2.907830£006
2.6734791-05 30
29 0.90
0.53 
 13 l.954361E-06
29 31.315 3.429660c-05 0.53 

29 0.49
34

240 3 3.012520£-064.049 3.0v1al1s-0s 29 0.69
 
241 6.510 

2 13 1-.530S C-0
0.53 

1.990S73c-0s S
3i 0.19
0.99
242 12 3.ass359>-01
6.516 S
2.14404i1-oS 1.60
1 
 3.60
243 " 1 3.2S0435EC0
.542 2.1227,C-05 * 4 1.21


244 9.461 1.564444r-O$ 
1 t0: ).292653(on9
0.53 

2 0.53 9 0.19

245 t0 S.499541mf-a
30.399 5
2.O0&AISC-Ol 2 3.2
24 
 0.90
24 6.64 13 .022513E-00
-1.721105£-0S 24
3 1.23
247 0.61
4.3V2 1.461524r-US 12 2.597123c-o 4
16 t.23
W3 1.416294r-06
246 3.630 1.514i54r.5 
3.0 

Is 1.6020 
 3.0 14 4.11330S-o9
240 3.464 1.S0131r.-05 22 3.22
is 
 1.90 1 3.9Nsnqlr-o9 3.6022 

Best Available Docunment 
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PLANT NANEI CSTE SIMULATION MUM PDLLT3NT TSP EmISSION UNITS, GN/SEC AIR DUALITY UNITU CN/Mlf) 
MNA IIOURLY MN 24-Mourn 

330 RATIO CONCENTRATION ImacCTi3O OIST&NCC(KK) HOUa CONCENTRATION DIRECTION OISTA0CC3IM)
250 4.JS3 1.469629g-05 23 3.0 20 .3.1195r-06 21 
 1.60
IS3 7.22 2.32391E-65 
 24 0.10 3? 3.215015C-06 22
21M 5.374 2..0|56E-O5 

3.60
 
23 0.90 17 4.5S02|[-00 32 0.90
253 7.234 2.710723C-oS 22 0.9 3a 3.1517C-06 3 0.09 

254 30.305 2.3190916-0S 34 0.33 It 2.10701C-06 I 0.692S5 12.57 3.024201E-0S 5 0.51 is 2.405357E-06 S 0.69256 0,147 2.522327e-0S 1 
 0.69 IS ).O9573E-06 2 3.22257 4.319 1.62419E605 G 3.0 130
 

258 9.SO 2.443723E-05 23 0.90 16 2.Sl9sse-O& 
 23 0.90
259 6.419 2.52305E-05 to 0.13 30 3.19673E-o06 21 0.90200 23.991 1.9S53159-0s 3 
 1.60 13 0.141771r-07 
 33 1.60201 10.409 2.95322-o05 24 
 0.53 Is 2.741150r-06 
 20 0.04
262 1.21. 2.3719Ote-0s 24 0.90 9 1.259920E-006 23 0.90
203 12.531 2.525222C-05 21 0.90 t0 2.015253E-06 33 1.60

264 9.142 k.4N3504C-0S 1 1.60 8 1.622775E-006 
 4 1.60
 
265 4.155 1.4*6190C-0S 23 
 3.60 20 3.27017c-D0 22
260 4.11S 1.29SS40C-05 Is 1.60 1.60
to 2.171073r-06 
 i 1.23

21 4.30 2.091574c-OS 23 
 0.90 14 4.283156E-06 
 21 1.00
261 9.269 2.464374C-05 
 a 0.69 14 2.6501BE-06 1
261 0.18 3.190446C-05 23 

0.69
 
0.69 t3 1.232015C-06 
 23 0.09
210 14.051 2.753506@-0 20 0.09 30 t.1*S501-0o 24 0.069 

213 5.194 1.5136751-05 
 30 l.0 17 2.10S13E-06 32 1.60

212 6.259 1.S1197GE-05 
 1 .060 4 2.S22157C-06 I 3.60
213 11.440 2.53501E-05 
 12 0.90 16 2.319544E-06 35 1.23214 3.S43 2.52594IC-05 32 0.13 13 2.91227C-006 231
275 5.280 1.354353-05 21 1.60 

0.9
 
4 2.S65238-06 a? 
 1.23
 

270 3.044 1.261920o-9S 
 IS 1.60 231 3.423117-06 IS 3.0
217 31.011 2.5275.16-00 23 0.69 
 -14 1.391817-o06 
 is 0.90
216 1.059" 2.63220€-o05 
219 

23 O.S 14 3.436546-006 23 0.09
1.214 2.539231K-oS 22 
 0.53 12 3.51910-o0' 23 0.69
111 9.533 2.5150177-05 23 
 0.90 9 2.941401-06 22 0.90
 
283 4.059 1.260641r-05 t 1.23 34 3.105924E-06 20
282 .32.1T3 2.32613it-OS 17 0.90 3 3.23311021110o6 31 0.90 
233 1.474 2.74951K-os 32 0.09 14 3.61064E-06 9 0.90234 1.133 2.1313K-OS 33Is 0.09 33 3°490132K-00 0.0
 
231 1.590 2.2712271-O05 5 
 0.90 30 2.99243@C-00 13
230 30.551 2.223N9C-05 20 
 0.90 33 2.201269E-06 20
231 10.191 2.524445o0S If. 0.69 

1.23 
10 2.321942E-06 
 1 3.00
 

211 11.631 ).717564E-05 36 0.90 16 
 3.2505167006 3 .0
289 10.353 1.461524K-0 5 3.00 31 0 3.230.411753C-Ob 
290 11.013 2.61795]C-05 20 0.69 13 2.342013C-06 
 to 1.23
291 S130) 1076913-0 
 23 1.60 24 2.S96425[-Ob 20 1.23

292. 6.29) t.306230C-05 22 1.60 3 2.OSS1VE-06 *ill329) 9.298 2.014¥07e-0s 14 0.90 33 2,16619o[-06 34 1.23 
294 4.2231 1.2471732-05 1 1.6a a I.I54119E-o Is 060215 31.000 2.435911-O 31 0.069 11 1.314113K-06 33 0.91
290 9.039 2.406404C05 17 
 0.90 34 2.1313263-06 31 0.90
297 6.430 2.J44445r-0S 
 22 1.33 14 3.4$il03KC0o 22 3.3
I3 S.367 1.4115231-OS 2 160 33 ,.11|9C-oO 4 1.00
 
299 1.242 2.145N44r-us 
 to 0.90 is 2.94261&E-06 19 
 0.90
 

Best Available Docu ent
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.1 

PLANT NAMES CESTEE S1913LATION NUN POLLUTANTI 
 TSP EMISSION UIJTSI 
GM/ScC Ala OULITY U'iI?51 GM/0o'
 

MAI 30Ua3. 1 MAX 24-M0U6
 

iaT RATI) COMCKMTRATivoe 
 OeCCi9 OSTAnCe(ta) OI1k COnCCATRATION 01RC7TIN OISTANCC(K)
J00 15.142 2.914132eOS 19 
 0.619 12 
 1o7074946-06 
 27 0.69

j0 1.95 1.459516Eo05 
 33 3.0 
 23 3.4487SE-06
302 10.314 2.222015E-@S 35 29 1.60
0.90 is 2.139247E-06 
 35 t.23
303 12.031 2.&340966C05 25
35.60: 2.9420:::-:: 0.5) 33 2.:9347E:00
36 00:0 32 1,115001:-:: 24 0.9
::: ::0,6 
o30 .,10N 25e7210E.05
4. 7.95|
1422 1 r 0 1 0.90
2 e,5] 1212 3.001152e-0b
3.&27841£-06 227 0.90
60
 

307 1 70.44 2.951filt-as Is 1 2,141741€-06 23 0.69

)0 011 2,513°5 1.00 

S 3.74133 1.4t51S0 0.69 Is 21313-l 301
(I) 1.60 1 2.3042-0l 
 4 I.23
 

)| .5 .2:0319005 3:.6 1 
 2.6131726-0& 20 
 16
Ji3 3.243 1.404021E-u5 1. 14 
 3 4.332765:-5l 36 
 10
 
332 5.5311 5I, C-S 
 36 t.10 33 2.392491£-ol 
 1 3.60
Du3
".191 
 59 ,3691916E-os55 2,56511[-ol
0.90 
 36 1.23
334 9.714 1.445670C-0s 
 20 0.90 35 I.166301£-0& 22 1.23
335 54.4;4 3:4295329-05 3 
 0.90 12 t.16531?E-fl6
331 1.994 1.499774E-aS 36 24 0.90
31 5.920 31323K£0$ 16.0 1, 1.116030£-06 16 1.60
6 3.10 4 2..11]9476oo6 9

316 4.596 1,239031£o05 4 

3.23
 
310 22 2.69113E01 
 3 133
 

33i 1.621 2.01149OS
Is 
I'2 4,569 " 1,141039.00s 

32 0.0 .1 2.09 187Kc" 12 1.3)
29 0.90 35 2.141366r-06
323 31.132 5.310230-o0S 23 1.2)
33 3100 1 5. I5l021C-o1 33 310
 

322 14.022 1.14S?31°-05 33
I.0 
 34 13170944c-07 
 33 310
111 5.014 1.303031£-os

A 10 3.60 2.3 1134CQ06 S .060324 7.253 :::14721K-O5 
 4 1.10 6 2.036124C-0E
125 2.930 3.2.5995:-OS 6 2 3.&0
360 0 4.24694 WC I126 4.204 3.10


1
5 6 310 1]621110 3.253212C.06 12 
 ..0
327 5.560 2.16211s -0S 22 
 0.90 9 3.414S99r-od 23 

:76 :1,85E-05 5 3,60 

3.23
01324
1 .302910 5 5 9 3-637o0s505 s 1.60
10&a * 
 1.941259C-06 
 4 l.0
230 3.910 3.1102W-OS 
 31 1.00"" 23 .W1507£-0. 35 10
111 21.494 2.31110?-OS 26 
 33 '.O"
1,0074C-0 
 22 0.90
332 1.9;: 2.314745E-05 9 
 0.90 
 6 Is t.13320E-0.60

6
333 33.i63 1,111352C-0S 
 20 01:0 54 1-355349E-O 21 1223


O3)34 33.6 I.5253l9e-o0 0.60 9
22 
 2.1671-O6 23 
 3.25
its 9.239 1.3242a0-05 
 32 .23 416006 
 21 .6
316 4.242 1,31K-05 3.23

4 10 23 3.012:-0s 
 5 3.23
331 4.714.031 1.30154K-OS
.311431-0S 34 3106
336 13 .1O Is3 2.:62591£-043.0141216-00 3533 3123
3.10
 

39l 6.306 3,II1166E-a 2 
 13.23 34 2142911-l 22 
 0.90
40 7.1.12 1.117J1e£-05 
 25 1.10 11 I.I501SSc-n&
341 9.354 2 33359-05 23 0.90 23 3.60
13 2.20701-06b
:27 1,41I6o s.4 22 0.90
,6 1,:''. 1.679484 00 "11 J.O]4)" 191 ,175-0 10 
 ,0. It l.01s2942-n6 
 9 f.2 
J44 10.62s 2,0I4106e-O 1 0,0 14 3.qA200iC-n6 .2.3
45 10311 220124£-0 
 0.90 . 3293.336209-O 
 2 0.90 •
34.21Q11 1,215201M05 
 4 3.10 II b
tl-0i 
 5 5.60
347 5.044 I.229N11E-OS 
 39 1.10 It .3104261K-cl
34H 6.953 1.116411:-0s 30 2& 3.10
1.61 I 1I.N1429z-0& 
 20 3.60
349 @.Val 23 to
0.96 105.62E.0S2.061944E-O 
 30 1.60
 

http:105.62E.0S
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PLANT NAME COTM3 SIPUL&T[#II IN POLhI.TANTs TSP E8ISSI0 IINITSI G/ICC AIR QUALTI? 

M A I to n U a L y a 1 
 2 


DA0 MATIO CIIMCEWTVATIflM PIlICTION D0STANCC(KA) HOUR CONCENTATION DIKCTION 

iso 4.633 1.340171c-oS 32 1.60 3. .2.936009C-06 32 

ISI 14.91S .4141650C-05 a 1.60 to 1.661230C-06 30 

352 5.15 13.29244]E-03 , 12 160 1 2.4111516-06 13 

353 3.069 1.356075C.0S S 1.60 24 4.416191E-06 s 

3S4 5.394 1.34115BE-oS 23 1.60 15 1.486546E-06 23 

3S5 i1.005 1.3593G0C-OS 7 160 20 i.23S20BC-06 to 

356 14.572 l.701173c-os is 0.90 10 1.172217E-06 13 

357 4.616 1.33S141r-05 s 160 20 2.772422E-06 S 

56 4.297 1.4772? o-05 7 1.60 21 3.43674E-O06 7 

195 5.515 1.44417)-0OS 6 1.60 3 2.591933E-06 6 

360 6.070 1.24472C-05 23 0.9a 15 3.00SO61-E06 17 

361 3.71. 1.1392231-0S S 1.60 24 3.302431C-06 5 

362 61.32 13.0093bE-05 21 1.60 13. 1.472142C-06 21 

363 4.47 1.34SS4IC-O6 S 3.60 3s 2.71071E-06 5 

364 7.599 1.394432E-05 5 1.60 2 1.135050C-06 7 

355 11.637 1.377902E-0S 32 1.60 132 1.14093E-06 S 


Best Available Document 

UNITS: CR/ms) 

4 - 11 0 U it 

D1STAMCC(KMV
 
1.60
 
1.23
 
1.23
 
1.60
 
1o6b
 
1.60
 
1.60
 
1.60
 
1.23
 
1.23
 
1.60
 
1.50
 
1.60
 
3.60
 
1.23 

. 3.60 

http:1.356075C.0S


PLAMT NANCt 
CRSTER SIMULATIO 
 kilN POLLITANT: TSP EMISSIn" UMITS! CM/SEC 
 AIR OU&LITT UNITSZ 
GO/Uee)
 
MAXIM1I 
 MEAN CUMC. 6.7162L-07 DIMECTItiN. 
 S DISTAnCl. 1.2 EM 

ANIPAL MEAN CONCENTRATION AT rACH RECEPTOR
MANGE 0.5 KM 
 0,7 IM 
 0.9 KM 
 1.2 KM 
 1.16 X
 
I 
 1.66469E-06 
 1.37214E-07 
 2.08037C-07 
 2.41444E-07
2 2.45S50O-07
9.Jm104C-0U 
 t.56499E-07 
 2.3*415E-07 
 2.04SO&E-0
I I.29204E-07 2.1A1731:.07
2.27KSPE-07 
 3.49b23E-o 
 4.IS23C-07
4 4.11651£-O72.0429iE-07 
 3.426A5E-Ol 
 5.0240SE-07 
 . 1R1&1.-07 
 S.62191E-07
 

S _R4S|][-076.71624E-07 6.52227r-07
 
S 2.4981?|-o7 4.04711E-0E 

6 2.t2692C-0 
 3.2439E-07 
 4.39212E-07
7 1.SJ04*C-07 4.1251I-07 4.5421@r-07
2.13570E-07 
 3.1573)E-o 
 1.47554E-07
I 3.29094C-O
I.ISOOSE-o7 
 i.1SO4SC-0l 
 2.327S

9 V-:0 2.52471C-07 2.1759qE-07
1o26761C-01 
 I92204CE07 
 251137-07 
 2.69910L-07
I0 2.5;025C-01
1.1694i9-07 
 1.67635C-07 
 2.095I1C-07 
 2.164S3E-O0
iI I.O157C-07 lg.9025C-07
1.44764E-01 
 .14A31C-O7
12 9.77579[-08 1.9127],-O1 I.Oi020C-07
1.43595C-07 
 1.9464IC-07 
 2.1693]r-07 12.1131C-07
11 1.02277E-07 
 1.42503-07 
 1.85161E-07 
 2.02764E-07
14 I.93630E-0?
2175342E-05 
 1.2256@e-07 
 .1134]IZ-07 2.11847C-07 
 2.06740E-o7
Is 5.q0737E-04 
 9.17112£-O
9 I.5762r-07 
 1.94927r-07
I S.3126E-08 1.951S3£*07
.47320E-01 
 I.2384E-07 
 .IS484c-07
17 I.5533E-07
4.196?2l-01" 
 I.45552C.07 
 2.06320C-07 
 3.307f9C-07 2,18016r-07
Is 
 1.49217E-07 
 2.41304e-07 
 J.S721IE-07 
 C.05701£-07
19 3.1655E-07
1,61266L-07 
 2.S196E-07 
 3.45277&.-07 
 3.79741c-07 
 3.57841r-07
20 
 1.90937C-07 
 2.qS921c-o1 
 4.107*r-07 
 4.51124E-07
21 4.]4129E-072.J746kE-u7 
 3.43164C-O7O] 
 4-0 
 4. 143-0
23 4.57:17-07
).)0540E-O7 
 4.52423E-07 
 S.S003£C-07 
 5.60994r-07
23 3.781SOE-*O S*O ISE-0
S.1554]C-07 
 6.2SO6)o07 
 6.40174E-07
24 5.40493C-07
].018oc-07 
 4.0429IC-07 
 4.73217E-07 
 4.73184e-O
2S 4.23689-07
1.19137E-07 
 2.4E501E-07 
 2.11402E-&7 
 2.91642C-07
26 2.64615£-07
1.12764E-07 
 1.416A1c-07 
 1.7A945c-01 
 1.162VAC-07
27 1.75991E-07
I.0094C-U7 
 I.4I143r-07 
 1.72179E-07 
 I.01MOC-07
21 0.62s511-Ol 1.69792E-07
I.I59IY,-07 
 I.37611C07 
 1.41670r-07
29 I.IS97C-07
7.52597C[OA 
 9.N5214t-o1 
 1.1547IC.07 
 I.19044C-07
30 7.V4l3JE-0 I.II12)C-07
1.09152c-07 
 1.34236C-07 
 1.43257E-0
3I I.36400E-07
6.AA032£-o1 
 9.761.0 
 1.25n77r-01 
 1.40009E-07
32 1.367S)E-07
4.9550C-on 
 7,1214tC-01 
 1,1316OC-07
33 1.SSiC-Ol
S.0S34£-0,. 1.39015r-07
7.71461-08 
 1.0626AC-07 
 1.21204E-07 
 1.21242C-07
34 
 5.19304E-01 
 7,617Ol£-ol 
 1.00704E-07
9 1.14664E-07
15 1.15741C-07
6.31475E-04 
 .530S4e-o 
 1.29799E-07 
 1.41&77E-07 
 1.47790-:7
36 0.11l03e-Od 
 1.32212E-07 
 1.92854r-07 
 2.31354E-07 ;::636 E;07
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PLA.T KAk6z CRSTER S1MULATION 011V P1t,.LUTANT:c SP C-lSSIOu IMNITS G'/SEC AIR OUALITT UVITSt Gg/Mi:l
 
VCARLT MAINUM 24-11011M COhC. 7.5301-O6 UIRCTInis. s nlsrApcr 0.7 KM IIA30240 

"IGHST 24-HOUR CONCENTRATION 
At CACII RCcEPTOR
 
RANGE K 
 0. K 0.9 sMDIN 1.2 KM 
 1.& KM16K
I 2.4457C-o6 
1170) 2.7071E-O6 (254) 
 2.7720K-06 ('93) 
 3.|126K-os
2 2.6931-O06 (244) 3.0726E-06 (244) 

C 9)) 3.3592E-06 (215)
3.1362E-06 (345) 
 3.1249-o06 (2141
I3.J742C-06 (2441 4.090SE-06 (244) 

31091-06 (214)
4.29609-06 (244) 3.9512C-06 (244)
4 4.7201C04, 1226) 4.745-06 3.711K-06 C 23)(226) 4.46SIE-06 C 91) 4.5Sy1-Uo C $915 6.96.9c-06 S.0420C-06 (117
(240) 7.5303K-06 (240) 6.$393J-06 (240) 
 5.1821-0S 1121
6 6.3499E-06 (240) 6.5953C-06 (240) 3113-06 (172)

5.61SIE-06 (240) 
 4.9540K-06 C 15)
1 3.0121E-06 (I1) 3.1543E-06 Z114) 

5.163E-06 C 15)4.09170-06 C 16) 4.011C-06 ( 16)
a 2.J1J23-06 4.5544K-06 C 16)
(2611) 2.6511E-O6 (268) 3,211[-O06 (325) 4.1919E-06 (125)9 3.263le-06 (195) 4.2469K-06 (325)
3.1S31:oS06 (195) 3.7246K-06 (195) 3.0016-ot (35)10 3.2096K-06 (195) 3.2472E-06 (395) 
2.6094E-06 f 54)3.OS41E-06 (169)


11 2.5514£.06 (319) 
4.1623K-06 ( 96) 4.3071-O06 ( 96)
7.6500K-06 (169) 2.5463C-06 (!69) 
 3.0317E-06 ( 90)
12 2.6610K-00 2.9792E-O f 90)
(191) 2.7096-06 
(191) 2.1259os06 (169) 2.9437E-06 (326) 3.2531K-06 (326)
13 2.9311E-06 (152) 
 3.7431-0 


14 2.1024-t, (1951 
(152) 3.0222E-06 (152) 3.2902-O06 (152) 2.7200K-06
3.2139E-06 (116) 3.3933K-O (116) 

(3)7)
 
I5 2.26Eo-06 (17) 3.1051C-06 ( 43) 1.1020K-06 1 43)2.6617K-O6 (163) 
 2.5492E-0- (276) 3.431@C-06 (276) 3.4922-O06 (2176)
16 2.0461[-06 (113) 1.4529E-06 C 51) 3.1902E-06 
(311) 4.2121E-06 (311) 4.3324E-06 (11)
11 2.0m95o-06 
(227) 2.5239C-0 
 C 51) 1.1649C-06
1 2.99%7f-06 (284) 3.5490C-06 (214) 

( 51) 3.1565K-06 C 35) 1.086SK-06 C 25)
4.1029C-06 (15)
19 3.2612C-06 (2301 3.4729- 010 
4.9133K-05 11591 4.3544K-06 (159)
C310)
(220) 3.7631K-06
20 S.2051E-06 (230) 3.9529-OK7 (300)
5.9729C-06 (230) 
 5.410#E-06 (230) 
 4.1761F-OS ( 24) 4.4017C-06 ( 24)
21 5.70I2K-06 (1961 5.3691C-06 1191) 
 4.1606K-06 (191 
 4.226K-06 (261)
22 65.301£-06 C191) 7.0066E-06 (191) 4.213K-06 (267)
6.0594C-06 (193) 
 4.49711-O6 C 71) 4.7951E-06 ( 11)
23 4.1270-O06 (224) 
 4.2592E-06 (224) 
 5.44]60-06 (23!) 
 6.1201-06 (23))
24 3.6794E-06 (224) 3.T76ZE-06 (139) 

6.631E-06 (233)
4.3165K-06 (139) 
 5.1065-06
25 2.7677r-0 (20)3 (232) 4.9699K-06 (232)
3.1511-o06 (203)

26 2.6569K-06 (1I) 3.1719E-06 (117) 

4.0109K-cS (139) 4.6845-O06 (139) 4.6095K-06 (13)
3.0499C-O*

21 4.16461-06 (117) 

(it?) 2.7110K-06 (351) 2.4491C-06 s55)
5.3534K-O6 (17) 
 5.2437-O06 

20 2.22br.-04 

C1171 4.1303E-06 9117) 3.6612C-06 (125)
(2n21 2.49721:-06 (202) 2.5065K-06 ( 22) 
 2.2457K-O
29 2.1390K-06 (Ib6) ( 32) 1.7636-o06 (166)
3.O125K-Os (239) 
 2.9237-06 (2391 
 2.2741K-o6 (23)
30 4.3150E06 (166) 1.34191:-06 166) 2.725-06 (121) 
2.0336-06 (349)


2:2133E-06 (126)
It 4.13391-06 jib) 4.03651-06 (166) 
2.210-os (6 6) 

32 2.2327EK0-
3.7246K-0 (166) 3.1746C-06 166) 2.5351E-06 (166)
(220) 2.5199K-0 (220) 2.52MIK-Go (220) 2°1949K-06 (350)
33 1.9222E-0 291601:O6 (350)
(239) 3.77111-0S (270) 1.9044E-06 (128) 2.4943-06 ( SO)
34 1.9675E-06 1119 2.:413K-O6 (7 S)
2.1947K-06 (139) 1.9)05-OS (1119) 112K-06 ( 50)
3s 2.2509E-06 (1101 2.1494K-06
2.213E-06 (10) 2.1005K-06 (302) 2.1394K0' (302) 

(207
 
36 3.1494:-06 (:70) 3.2091K-06 (1701 


2.0347K-06 (302)

2.6469C-06 (110) 
 2.9712-O-6 (238) 
 2.123K-06 (211)
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PLANT NAMES CNSTER SINIILATIMN RIN POLLUTANTS TSP EMISSION 
UNITS: GNISEC AIR QUALITY UNISS GA/MN0)
 

TLAN61 SECIIND MAIUIMN 71-I1II1 CnMNC 5.9344E-0 OIRECTION S DISTANCE* 0.9 AN OW1172 

SECO"O*IIIGHCST 24-MOUN COkCEWTRATIOII AT CACK ICCEPTON
 
NANGE 0.5 MN 0.1 Ko 0.9 AN 1.2 KM 3.6 94
 

I 2.3442C-06 (254) 2.5536E-06 (170) 2.7416E-06 (256) 3.OS2IE-O6 (21SX 7.9714E-06 1 93)

2 1.8904C-06 (1441 2.4277E-O (145) 2.8512E-06 (256) 3.O95qC-06 (25£) 2.9217E-06 (ZS6)

3 2.d§617-06 C1261 2.6292E-06 (226) 
 2.993SE-06 1 £3) 3.6427E-06 ( 631 1.49)3E-06 ( 63)
4 3.S&76A-O6 (244) 4.3379E-O6 (2441 4.3793E-06 (244) 4.5641E-06 (187) 4.54E-06 ( S9)
5 3.V&97-006 (1111 4.NI7E-o06 (172) 5.9314e-06 (1721 5.499sE-06 (244) S.0903C-06 (244) 
6 4.1025E-06 .111) 4.4SI6-06 (1111) 3.5971E-06 (111) 4.0624C-06 (240) 3.5413E-06 (104) 
7 2.9231C-06 (240) 2.9sosE.06 (305) 3.2219C*06 (11) 3.436£9-Oa (3S8) 3.3111E-06 (358)

I 2.u713T-06 (1911 2.394$E-06 (184) 2.3800E-06 (283) 2.5514C-06 (336) 2..:16C06 (3£)
9 2.1466E-06 (243) 3.503SE-06 (213) 3.6796£C-06 (23) 2.995IC-06 (283) 2.A.3C-06 (200)

10 2.6371Eo06 (111 3.0917E-06 (1691) 2.9457C-06 ( 961 2.6171E-0 (169) 2.2491-06 ( 54)

iI 2.431I8-06 (195) 2.299AC-06 (119) 2.3701I-06 1 90) 2.0132C-06 1 891 2.193SE-0 ( 691
 
12 2.1-42E-06 (195) 2.62&C-06 (152) 2.5040C-06 (1521 2.616se-0A (137) 2.632]E-06 (3371)
 
13 2.?2I38-06 (191) 2.7333C-06 (191) 2.5944E-06 
(194) 2.7676-0& (331) 2.6345C-06 (152) 
14 2.484IC-06 (11£) 2.224C-06 (163) 2.3719E-06 1 481 2.880]E-06 ( 56) 3.1020E-06 I56)

15 2.05SoE-06 (1631 I.936iE-06 (173) 2.4969E-06 (163) 2.9846E-05 
(330) 3.0641E-06 (333)
 
1I 1.2419E-06 (2172 1.6392E-06 (313) 3.03"--06 ( 57) 3.6432C-0 1 571) 3.404E-0 ( 57)

I I.6299 -06 
(2961 2.4103E06 (29£) 2.7., 0£ (296) 3.1245C*0A C 57) 3.0059oE-0 (340)

If 2.IOS3C-0 1221) 2.2901coO (160) 3.2343C-06 (234) 3.6902E-06 (257) 1.7003C-06 (251)

19 2.49Oo-06 (7641 2.1764C-06 (284) 2.9426E-06 (299) 3.6959E-06 ( 34) 3.7724E-06 C 341
 
20 2.7612E-06 (1911 3.0011E-06 (193) 1.569£E-06 (201) 4.16SOE-0 
 (230) 3.9592E-06 (310)
 
21 3.S940C-06 (2301 3.S46E-0£ (230) 
 3.8967E-06 (259) 3.6444E-06 C 46) 3.5747E-06 C 46)
 
22 3.90IIE-06 (199) 3.6357E-06 (253) 3.4691C-06 (306) 4.3933C-06 (191i f.0192C-0A 
(246)

23 3.)SOE-OA (1621 3.9166E-06 (162) 4.6785Co-0 (232) 5.0767V-06 (232) 1.720@E-06 (232)

24 3.2226E-06 (1201 3.?15C00 (224) 4.2388€-06 (232) 4.1307E-06 (1)9) 3.122$E-06 (157)
 
25 2.2244E-06 (120) 2.919GE-0£ (139) 3.24t1C-06 (1401 3.2012E-06 (131) 
 5.3476E-06 ( |8)

2. 2.2001E-06 (221 2.1111E-06 (155) 
 2.63OE-06 (155) 2.4436T.06 (1171 2.324#E-06 C 10)

27 2.3503C-06 (202) 2.&11£E-06 (202) 2.5213C-06 (1411 3.4212E-06 (125) 2.9915E-06 (i11)
 
21 2.0295r-06 (183) 2.170E-0£6 (III) 2.2511-06 (311) I.95C.06 (15£) 1.1676506 ( 
321
 
29 2.3774E-06 (219) I.9544E-06 (233) 1.9157210 C:32) 1.92£9E-06 (349) 1.148C-06 (301)

30 2.5277E-06 (112) 2.9140C-06 (120) 2.3409C-06 (166) 2.106IC-06 (16?) 2.066SE-06 (349)

31 1.766r-06 (123) 3.26497E06 (123) 3.151S1[06 (128) 2.5£SOC-06 
(1231 2.016£-06 (2711

32 1.4194E-06 166) 1.91tE-06 (166) 2.1740C-06 (330) 
 2.4466E-06 (211) 2.7SIE-06 (2711)

33 1.47lbe-06 (220) 1.A89*C-06 (2T) i.7156E-06 (229) 1.9516C-06 (22-) 2.01S)Efl6 (2631

34 i.e02SE-06 (23i) 1.1SSE-06 (270) 1.1441-06 (270) 1.7379E-06 (207 
 2.02A0£e06 (SO)

3S 1.191IC-06 (1393 2.1441C-06 (IS3) 2.o00s-06 (119) 1.734GE-0 (19) 
 1.7014E-06 (2711)

J6 1.5492E-06 (244) 1.@4QbE-06 ( 93) 
 2.4524-06 (2108) 2.4201C-A .228) 2.764SEo04 (221) 
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PLANT MAXEI CQSTTR SIMUILATI1 RUN POLLUTANT& TSP CMISSION UNITS: GM/SEC AIR OUALITT UMITSI 
GM/MM'3 

IAMLt MAXIMUIJM I-1111 CIIMCJ 2.8474C-0S DIMECTIOI. S PISANCE. 0.5 KM DAT-240 rIME PERIOD. 4 

HICHEST 3-11Ik CIONCENTMA ION AT EACH RECEPTOM
 
MANGE 0.5 KM 
 0.7 KM 0.9 Km 1.2 K# 1.6 

I 1.37)[1EOS (144, 4) 1.5015E-oS (144,4) 
 1.7471E-05 (144. 42 1.2643Z-0S ( 91, 1) 1.2727E-05
2 1.3003E-0S (199. 5) 1.281&r-oS (199. 3) 1.41)36-05 (345, 52 2.SOISE-05 (30, 42 1.3215S-OS3 ;.3814E-05 (244, 41 1.4653E-QS (244. 3) 1.5554E-05 (244. 3) 1.3442E-05 (244. 3) 
 I.24S9:-0 1
4 1.9331E-OS (244. 4) 2.fOOISE-0S (244, 4) 1.6712C-OS 1 97, I) 1.6212E-05 (to). ) 1.4022eo0s 1
S 2.8474E-05 (240. 41 2.6904E-O5 (240. 4) 
 2.057S-0S (140. 4) 1.6500E-05 (244. 6) 1.4169K-os I6 2.3614E-05 (240. 4) 2.20b1E-05 (240, 4) t.1630-05 (let, 3) 2.4199E-"S (I1l. 3) 1.2441-0S 4- 17 .926SE-O05 (1. 4) 2.3029C-0S (114, 4) 2.1326&-0S (114. 4) 1.6166C-05 (84, 1.1793E-os
4) 01 1.4305E-OS (191. 41 IS22E-05 (:91. 4) 1.377E-0S (191. 4) 1.0802C-OS ( 92. 4) 1.02611-0S 1
9 1.5309E-oS (143. 5) .9gS7C-OS (190, 31 2.2302C-05 (190. 32 1.9652K-OS (190. 31 1.5206E-0S 120 12.745K-05 (121. 6) 1.996K-OS (191 6; I.782]E-o5 (191, 
6) 1.4245K-05 (2)7, 42 1.067C-05 (
21 2.0325K-05 139, 4) 
 1.626K-0S (111V.4) t.35l7.-OS (;9, 4) g.632E-06 (169. 3) 8.7277C-06 112 I.J921E00S (195, 4) 
 1.4090E.OS (209, ;) 1.1947E705 (og, I.) 1.12ia7E05 (126, 2) 1.2655E05 I1) 2.1840E-05 (195. 42 1.9216-05 (11-, 5) 1.0309-0S (3s2. 5) 
 1.4155-05 (152, 5 1.0115-OS
14 7.1591K-OS (195. 4) 1.4045E-05 
(19S. 4) 12.329-OS (.116,4) 9.5056E-06 (116. 4) *.9271E-06
IS 2.0924E-05 (17), 4) .500tr*0S (173, 4) I.S76c-OS t163. 4) 2.n7!7E-0s (131, 4) 1.1019c-os16 1.6008-OS (1, 42 2.145K-OS (173. 4) 
 9.6069E-06 (304. 4) 1.2402-05 (32l. 2) 2.2672-05
27 1.SS6E-0S (227. 4) 1.S704C-OS (227. 4) 1.5002E-05 (313, 4) 1.226K-05 ( 13, 42 
 1.1442r-05
29 1.7501-05 (221. 42 1.6693K-OS (227. 4) .5630K-OS (107. 4, 1.2105E-OS (307. 4) 1.1674E-05I2 1.4824K-OS (214. 41 1.7692-05 (214 4) 
 1.6171C05 (284, 4) 1.1999-OS (214, 4) 1.070&0-05
20 1.92T|Z-OS (230, 4) 2.0010K-OS (230. 4) 1.7975-05 (230, () 
 1.405E-0S (216, 5) 1.346)-05
21 1.9949E-05 (198, 5) 1.9K-Os (198. S) 1.5899K-OS (259. 4) V.413K-05 (161, 6) 1.2937K-CS C22 2.4296K-05 (19d, 4) 2.554EnS (191, 42 1.892K-oS (198. 4) 1.3404-O05 (306, S) t.226SE-523 2.2956K-05 (224, 5) 1.3190K-OS (224, 52 2.1612K-05 (279, 5) 1.7307E-0S (279. S) 1.4629E-05 (24 1.9443C-OS (224. 5) 2.112-OS (139. 4) t.9410E-05 (13, 4) .4514E-0S (1139, 4) 1.3147K-05 t
25 1.5443K-OS (209. 6) 1.7203-O05 (209. 4) 1.5292K-OS (209, 6) 1.1153C-05 (31O. 3) 1.1641E-05
26 1.7454K-OS (237, S) 1.5959-05 (227. 5) 1.9774E-05 (221, 5) 9.7491C-96 (171. 4) 9.5373-O0617 1.8413C-OS (221. 5) 1.7347E-o0 (221. S) 1.4020C-05 (117, 5) 1.3675-05 (125, 4) 1.2431C-O5 I29 1.987C-05 (239. 1) 1.4061-O05 (239, 5) t.345SF-OS (325, 5) 1.1563-O05 (M1, S) 02.3062c-OS
29 2.Sts3E-05 (231. 5) 2.SI8Oc-05 (239. 5) 1.43450.-9 1 32, 52 1.3100K-05 ( 32. 5) 1.0500c-OS
3U I.Y639-0-S (166, 
4) t.SS5]-OS (166, 42 1.5442-05 (227, 6) I.33311-0S 1351, 4) I.t5I2E-Os
3 1.690E-0S (166. 4) 1.533K-05 (166. 4) 1.3732K-OS (290, 6) 1.1793-OS (190, 6) 1.0324E-0532 9.3824E-06 (230, 52 i.0292K-OS (220.,5) 1.0422r-05 (225. 6) 1.28631-05 (254. 6) 1.3036E-0s 433 9.3410E-06 (210, 5) 2.0050-05 (202, 5) 9.66SM-0 (202. 5) 9.9116E-06 (228, 6) o1S.e15-OS f 
34 1.5740K-05 (II. 6) 1.755-OS (169. 62 1.5431C-OS 11,9 6) 1.1209C-os (109. 6).6624K-OS (170, 4) 1.714£-OS (189. 6) 1.254E-0S IJS 1.5951K-05 (l89. .) 1*.2422E-05 (302, 5) 1.0174C-05
56 4.6794E-05 (170, 42 (.5570K-OS (170, 42 1.6069E-05 (26, 4) 1.7010K-05 (261. ) I.S980E-5 

Best Avzaijajnjc 
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PI&MT KAME: CUSTER S19116ATInIN PUM POLLUTANT3 TSP EX1SSIOn UIIT5 G4/AEC
3 AIR QUALITY UMOTSI CM/use)
 
TEANLl SECIJUD AAK-Um 
 J-knhlls COHC- 2.1771K-OS 
 O3IRCTIOM. 23 IDISTANCE. 0.7 K" 
 OAT.279 
 rImK PERXIO. S
 

SKCON"NnMHIf
01RAN ST 3-4OUR ClINCENTUAT3ng
0.5 94 AT EACH RECEPTOR
0.1 KM 
 .9 Ka 
 1.2 Km 

I 1.349S[0 (251, 4) 

1.6
 
1.4215-OS (254, 4) 1.1999E-05 (254, 4) 
 1.0760-05 (27.
2 1.2136C-oS (244, 4) 21 1.25SKOS
1.2293K-O5 
(345, 5) 1.29134-OS (303,
3 1.3214-OS (.26, 42 4) 1.23106o0S (345. S)
1.3403*-O5 (244. 4) I.]00 0E5
1.332K'-05 ( 97. 5) 
 3.3295K-05 (221. 3)
4 £.I656E:OS (226. 42 1.7410K-Os (226, 5) 13.lS1£-0S


1.5950-OS (244, 4) 
 1.4169C-05 (269, 1)
S .$940E-05 (ii, :.6657 3 .1E-cOS
 
6 1.9951E-05 (111, 

5 05 (134, 4) 1.6912K-05 (212. 3) I*.S03c-OS (212. 3)
4) 2.1482K-OS (111. 1.4560+-0
4) ".6342K-OS (111. 
4) 1.276SK-0
I 1.4662-OS 1 74. 41 1.7639K-03 1 74, 
(I)S, 6) 1.2009:05
 

l I.I520K-Os (Z64, 4) 
4) .6551K-CS (117, 4) 1.34)16-OS (2136. 4)
1.3056K-0S (261, 4) 1.1653K-OS
1.1418-05 (317 4) 9.9102E-06 (191,
9 1.3426K-os (190. 4) 9.6716£*06
3) I.P314C-oS (24), 52 1.6906COS (243.
30 1.$799K-05 (13. 5) 1.5454K-0 (190, 3) 

5) 1.3453-OS (1), 4) 1.1765K-05
1.6243-0S (237 4) 
 1.3043K-O5 (93,
it 1.330K-O5 (195. $1 1.3609K-o5 (169, 3) 

62 1.0617SE0S
1.261$K-OS (169. 3) 9.2559E-0
12 1.J52C-o (119. (319. S) 8.356SE*064) 1.1626K-05 (395,13 1.5320K-OS (153. 4) 1.1231c-os (369, )) 1.1019c-OS
5) .1306-05 (195, 41 1.5036K-05 (261, 5) 

(373. 6) S.$O0-os
 . 1.2270K-OS (269, 5)14 1.2424K-05 (13. 9.71874-05
4) 1.2301E-05 (163, 
4i 1.6292K-0S (163.
IS 1.2S32r-OS (195. 4) 1.2190K-06 (247, 3) 6.9133-0S
4) 3.330iC-OS
9 (163, 42 ,.2064K-06
16 .7124C-06 (212, 

(IiJ, 4) 1.0353K-0 (311, 8) l.0523K-00
1.7121E-06 
(304. 4) 9.3716K-Og (3)11, 21
17 1.0204K-05 (313. 4) 1.4552K-OS (3113 
1.3352E-06 ( 51, 2) 1.5302K-0S4) 1.3220c-Os (160, 3) 1.2144K-05 ()3),
1 1.3576C-OS (264. 5) 4) 9.9719K-O0
1.6617-05 
(307, 4) 1.463SK-05 (294, 5) 1.1660K-OS (257.
39 1.3713-05 (230. 4) 5) 1.1221C-O5
3.4662K-OS (201, 4) 
 1.3407C-05 (201,
2U 1.291@K-05 (230. S) 1.45t5F-05 (230, 6) 

4) 1.1133K-05 (299. 5) 9.3364K-OS
1.5916C-05 C233, 6)
21 1.3509K-OS (230, 6)
3.711S6-05 (230. 5) 3.6531K-OS (274, 5) 1.1366K-0S

1.5673C-05 (191,
22 1.9622E-05 (210, 52 1.49?7O-05 (253, 5) 

5) 1.21135-05 (259, 4) 1.1681K-OS
1.7.32K-05 (12723 1.9116K-OS (13. 52 1.3402K-05 (180, 5) 1.201K-0S51 2.1721E-05 (279, 5) 1.9578K-05 (224. 5) 1.7272K-05 (327 
 5) 1.423K-05
 
1.641K-05 (303, 5) 


24 1.9925K-0 (120. 4) 1.9036K-S (224. S)21 1.2766K-05 (303. 5) 1.4369K-OS (140, 4) 1.2601K-OS (303. 5) 1.1656K-OS1.4001K-05 (140, 4) 
 1.129SK-05 (209, 62
26 3.3091K-OS (108. 51 1.01SSK*0
3.221SK-05 (30i. 5) 
 1.1212K-OS (365,
21 3.2713K-05 62 9.4560CJ06 (355, 6) 8.2|55K-06
ill1. 4) 1.4065C-05 
(117, 51 1.318K-05 (227
21 1.0653K-0S (202, 4) 3.1982E-05 (315. 5) 
5) 1.1166K-05 (117, 5) 3.1119-O5
1.2674E'05 ( 22. 5)29 1.303E-OS (239. 5) 3.1216K-OS (166. 3) 8.7607E-063.5635K-Os 

O 1.4341E-0S (166. 5) 
(236, 5) 1.4215-05 (239, 5) 1.0466K-05 (239, 5) 1.0214K051.4657r-0S (227, 6) 
 13.3214-OS (9,
it 1.2663E-o0 (121. 4) 1.3091K-05 (123, 

&) 1.2116-O5 ( 55, 51) 1.0994K-OS
4) 1.2666C-05 (1%6, 4) 1.16)3K-OS (166. 6)
32 I.4211K-06 (220, 4) 9.11E9K-0&9.3536K-06 (220, 4) 1.0315-OS (220. 5)
31 1.23S3K-Ok (239, 41 9.1280E-06 (269. 42 
1.1959-OS (350. 3) 1.2155.0-S9.3940K-nA (12t, S)34 11422K-05 (239, S) 2.9042€-06 12 ,4.]949K-06 (191, S) 1.0361K-055) S.4317E-0 (290, 6) 1.0393K-OS (239. 3) 
 1.0493K-05
IS 3.4333C0S (119, 
61 1.5102K-O5 (130, 4)36 1.0l6)K-OS (144, 1.4193K-OS (302. 5) 1.205K-054) 1.2liS5-O5 (144, 42 (199, 6) 9.4391K-O6
1.310E-OS ( 93. 3) 1.0991K-OS (221, 
6) 1.2211-05
 

mailto:1.291@K-05


PLAT M&HEI CISTk SIMULATION RUN POLLUTANTi TIP EMISSIOM UMIYSI CM/SEC AIR OUALITI UNITS: GM/X*)
 

TIEALINMIMUM 1-HIIIURCONC. 3.9210O-05 DIRECTION. 24 DISTANCE- 0.5 MM OT.194 MOUR14 

HIGHEST t-IIoUH CNaCcoTRATION AT EACH NECEPTOI
 
HINCE 0.s KA 
 0.7 KM 0.9 KM 1.2 KM I.
 

DIP
 
I ].3S54E05 (244,101 3.1033E-OS (244,101 
 2.16t1:-05 (l*, i) 2.2774E-O5 (261,11) 1.9431E-OS
 
2 3.S44E-05 (244.10) 3.3089E-05 (244.10) 2.4201E-O5 1 93.13) 2.510SE-OS (303,111 2.1097C-05
 
3 2.31761-0S (226,111 2.1773-OS (144, 9) 2.6952[-OS (144. 9) 2.1190E-OS (211.11) 2.4272C-05
 
4 3.0220-O05 (196,11) 3.)371:-OS (244.11) 2.8199:-OS (244.11) 
 2.6524-OS (269. 9) 2.6895-O05
 
S 3.1345-05 (190,15) 3.236.G1-05 (190.15) 2.73301-Oi (212, 9) 2.634E-oS (212, 1) 
 2.369@E-05

b 3.2486C-0S (111,13) 2.812-OS (194,16) 2.6052C-0S (25S. 0) 2.2343E-0S (2.SS, ) 1.7993E-05
 
I 2.99S1E-0S (26.12) 2.0953-05 (216.121 2.5573:-OS (305,12) 2.2029E-0S (150.11) 
 2.32S1-OS
 
I 2.7651E-OS (191,111- 2.6912:-oS (119.ll) 2.7081E-0S (119.15) 2.5564E-OS (261.10) 
 2.4866£-OS
 
9 2.921$E-0S (t70,tI. 2.93211-0S (M)0,14) 2.7187E-OS (130014) 2.592)1-OS (190. 7) 2.518:-0S
 
10 J.24)6V-OS (191.161 3.3364-OS (191.16) 3.10@6r-OS (174,11) 2.6419-OS (237.11) 2.143:-OS
 
II 2.91ro:-OS (119,|01 2.9017-OS (22S.13) 2.6624E-OS (225.13) 2.13SIC-05 ( 67. 91 2.3813E-0S
 
12 2.911:-OS (174,121 .2.7702-O5 (189, 9) 2.7376:-05 (191,173 2.3s92E-OS (307. 9) 2.03M1°-OS
 
13 3.0431C-OS (191.12) 3.0616E-OS (113, 9) 2.7092C-05 (194,10) 2.4399E-05 (194.10) I.90100-05
 
14 3.0102:-OS (195.12) 2.66950-05 (191,14) 2.5216-05 (190,10) 2.0431-O5 (259. 1) 1.615S1-OS
 
15 3.5354E-0S (173.123 2.9911-0-S (163. 9) 3.01G0C-O5 (163.11) 2.404?C-05 (163.11: i.3;,2L-05
 
16 2.9137E-05 (212,133 2.6341:-OS (304.12) 2.9421E-0S (304.12) 2.374174-OS (3I..21 1.6311°-01

17 2.5106E-OS (227.111 2.4360[-OS (295,11) 2.4619-05 (296,14) 2.6161:-OS (111.10) 2.3563-OS
 
If 3.086)E-OS (190.14) 2.967)E-0S (120, 9) 2.7551-OS (107.11) 
 1.9964-05 (307.11) 1.824C-0OS
 
19 2.1221:-OS (210.13) 2.73531-0S (214,121 
 2.7261£-0S (163,12) 2.4656E-05 (163,12) 1.9256C-OS
 
10 2.d514-OS (230.11) 2.6504E0S (230.11) 
 2.5642-OS (160.16) 2.1261E-05 (124.11) 1.1803:-OS
 
21 3.0442-05 (119,11) 2.92S1[-05 (230.15) 2.533C-0S 007,15) 
 2.2329-OS (131.16) 2.0653E-O5
 
22 3.41231-OS (173,13) 2.942S£-05 (230.14) 2.5511COS (111.13) 2.41S4C-0S (101.11) 2.0566£-OS
 
23 3.S3S4C-0S (163,14) 3.290S1-05 (269,111 2.7414E-05 (224,14) 2.63121-OS (234.11) 2.32511-O0
 
24 3.921C*-OS (19.14) 3.18711-OS (113.14) 2.59S1:-05 (173.14) 2.34151-OS (253. 9) 2.0593£-OS
 
25 3.2701E-05 (14,14) 2.690 C-05 (209,16) 2.6005:-OS 
(111.15) 2.5979C 05 (224, 9) 2.322£-0S
7
 
26 2.70131-OS (202.11) 3.1044-nS (239,12) 2.10S310S (239,121 2.60311-0S (220, 9) 2.2920C-0S
 
27 2.1666E-OS (227,14) 2.10391:0- (221,14) 2.5912e-05 (162,171 2.S222E-0S (162.171) 2.0401E-OS
 
3d 3.OS4r-OS (22?.113 3.014|£-OS (IVO,16) 2.6461!-0S (160,11) 2.667S-05 (160.17) 2.1531C-0S
 
29 2.673E5-05 231.13i 2.673CC-OS (239,14) 2.72441!-05 (239,16) 2.30811-OS (239.16) 1.150E-0S
 
30 2.9642-0S (166,131 2.61Sl[-OS (166.11) 2.7476-05 (304,15) 2.4765C-05 (304,15) 1.9309C-0S
 
31 2.6191S-OS (166.123 2.39111-0S (120,16) 2.41371-05 (210,14) 2.3074-0S (315,121 1.95S-OS

)2 2.1666t-OS (220.13) 2.7162C-05 (220,13) 2.577T -OS (22S,1I) 2.3233£-OS (225,17) 1.19411-0S
 
IJ 2.49)0E-OS (210.1)) 2.9184C-05 (269,12) 2.74411-OS (269,12) 1.9949£-OS (269,12) 2.0152C-0S
 
34 J.42671-OS (239.13) 2.$6171:-OS (119,16) 2.52691-05 (270, 13 2.1367-O05 (270, 9) 1.6947-OS
35 3.036S[-OS (239,13) 3.17371-OS (191.15) 2.391-05 (191.15) 1.22001-OS (239.10) 1.9nl9c-0S 
36 2.6201:-05 (170.123 3.2412-OS (21.16) 3.7161-OS (21816) 3.4322-OS (211,161 2.791CV-05 

mailto:3.10@6r-OS
mailto:2.369@E-05


PLANT VAmc: CKSTCU 31XULATION mom9 
 PI'LITAMTS 
 TSp VMISSIOH UNITS, GM/SEC 
 AIR QUAL|TI UMITSs C N 
 63

WEARLT SCIINO nAlliliJM |-1Iuu1 CoqC. 3.4991r-OS DfINECTIOus I5 DISTANCE. O.5 Km nAT-2;2 "(lUx.I| 

SKCOND11IGll&:STRANGE 1-MOUMR CDMCCMTMATILlO.s KA AT EACH arCKPIR 
Din 0.7 KM 

02 * q|l09K 

I ).165S600 (119.14) 
 3.O3l&CK0S (119,14) 72.4sg6K-os (233.23)2 3.0190K-oS (240.131 2.4581K-o5 (244, 9) 2.3178C.05 (153,34) 2.047 E-05 (233,13) 1.5921r-o,
2.0984K-OS (244. 7) 1.6404C*05
1 2.3 40 K-05 244, 9 ) 2 .3T57- S (2 4 )(21 11 2.3030 0-os 2 22 0 -o.(2174.71)
4 2.6312:-OS (224 133 2.0357 -05 (2136,14) 2.317 -05 (23,14) 2.S503S-OS (243 7) 2.11S9-O000 9
S 2.O25q05 (221(22 2..9109-s (71. 1) .3002c-09 (13, aj 2.0636-O.
 

2
 
S 3.05 92r-OS (23 ,13 . 4330 05 ( 2 ,14) 2.5318 -05 (20 ,13) 2. 0031004-O 5 7 .72 4E(4
7 2. 694 K*05 240, ) 22 6 C-OS (240, 9 ) (150 11) 2.19945 -oS ( 18 . 7) 1.7224 -O'.l09 2. 4 l 9-OS
6 2.143 9K-Os (23 , 4 ) .6 -OS(1 ,1 11 ) os )
29 3K 
 2 5373 0- (2 1, 30 2.2034C-05 (35 3,0 2.31S15 o0
9 2.7 554 -05 (191,13) 2.873S-05 (370.14) 
 2504 o05 (205. 1) 2.3955K-0S (305,4) !.I6 'cos
0 2.670-05 (96o33) 2.9595K-OS (274,1 ) 1 .7)75-O5 (5317) 2.473 -OS (74,111032-0' ..I 2.. 0 3K-O$ (103, 31 2. 953 K-0S( 9, 0)4 2. 419 0 52
22 2.1749 5-Os (19S, 3) 2.795-

.2 2 -o ( 44 , 6) 1.9 9 £-. . .
 0 4 2.552-0S (307, 9) 2.3o91K-Os (227. 7) I.M722M-u13 2. -s2.4 .
5 -0 (263. ) 2.2935K-05 (214. 9) 1.1241 -_0s4 2. 4 2 K-OS (19 . 14) 2.5942 K- , 3)OS ( 39 
 2 .4304E 0 5 (259t 61 2.030 3-OS (190.10 ) 554 3-O
11 3.401 0tc05 (212,13) 2.- 95 1K-0s(112,11) 2.51 96-s0 (15 0 9) 2.09 9 - S (12 1,121 

I. 
1.0943 -O0
 

25 2. 12 4 K- o5 ( 173 , 32 )12 2.4 - (952.592- . 2 3 7 K0 05 (160, 6) 2 . 3 20 1K- O S (3 50,22,11) 2.2734-OS(316.3) 2.260-OS(295.4) 1 4 8 9 0 K- O I
) 1. 04 2 c- o5 ( 50 . 34) .529K-Ol19 2.1032-OS (1194.13 2.9S12-0 (23.14) 2.S520-OS (14, 9) 
 2.942 3E-05 29,0) 1.592KO
39 2.6725-O5 (369,3) 2.7914 K-OS (300 3,2 ) 
 2. 921 -o5 ( 4 5,4) 2. 345 K-OS (237 .2) 1
20 2.$193-OS (191,14) .7043 - Os
.510-Os (290.2) 2.542E-05 (180, 5) 2.8928 -OS (2fOl 5) 
 1. 40Eo0
21 2.9 1S5-05 (230.15 2.592K -OS 235,13) 2.553 -os 
(2 9,3) 2.215K-0 (307,5) 3.654-0S
22 2.90 £-Os (2 0,4) 2.91020-O (20.3) 25252K-o5 (9,1 ) 2.401-05 (290.14 1.5532-Os
25 ",4256 o105 0 
, 2) 2.9290 K-o5 224,4 2.7102-O5 (2 4,131 2.395-09 (34. 9) 2.3 6924 3.0059-OS ( 29.141 3 0
2.944K S05(29,.33 2.435[005 (77,33) 2.242 K-05 (139 , ) 1.7102-25 .02 KE-OS(210 4) s
2.043-oS (290.14) 2.6005-os (23 .15) 
 2 .3700 -05 (10. 7) 2.035nK-os57,123 3000 3-OS (202.1|) 2559-OS (220, 9) 2.347S-oS (234, 7) 2.0593K-OS 

11 2.215-os ( 
27 2.7239 K-OS(212,1 )1 2.*767 -o5 (1 0 .3) 
 2.2100 -O S( 141.15 ) .0 3 S5 4c, 10)£ 005C . 4 7 3 K-0l2- 2.9 K-Os 
(13.3)9 - (302,12) .55L 05 (3 ,7) 2.234-o5 ((16,14)
29 2.537-OS (1 5,13) 1.7459-0
2.5139 -05 (202,14) 2.5S$4-o5 (2 3,17)
2 2.154E-os (25371) 1.7423c05
0 2.557-o5 (156,12 .7253K-O5 (220112) .4707K s05(227,11) 2.1945K-05 (353,3. ) .1221KOS
)3 2.30 7-9OS 226,14) 2.340-OS (27014) 

22.495-o5 (315,122 2.0679-05 (70,4) 1.714E:5
22 2.475S3-os (21.:) 
 2.7079 -OS (220,14) .271 0 05 
(220, ) 2.04 5-OS(32S7.3) 1.909112 2.47S1 ((21.14) o01-O 2 (29.11) 2.401SK-oS (202,13) .9772-O5 (202.2)
24 2. ,35 E 05
s
2.97239 -O (2t9,11) .81165 -Os (11,1,) 2.5259K-o5 (290,25) 2.33 5E-05 (290.3) 1.2S5K005It 2 70 93- OS ( 370.2) 
 2 .137 K-0s (113 ,10) 2.431 0K- 5 ( 226.0) 2 .373 K-OS (304 ,4) 2.1 19]E O
32 2.4102-5s (2379,01 2.9550-OS (244,20) 2.7704-E-0 (3441301 2.*72-S (22. 9) 2.4172cos 
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PLANT NANE 
CASTER SIMULATION RUN 
 PiLLUTANT& TSP ENISSION UNITS: GN/5CC AIR DUALITY UNITS: GA/NO'3 

NAXKIUN OA1I.T COOCENTRATdIONS 

DAY 24-HOUR CONCENTRATION "IIECTIOM DISTAr£c 

240 7.5301C-06 
 S 0.619. 7.0066C-O& 
 22 0.69
23) 6.6201c-06 23 1.23
230 S.9729E-06 
 20 0.69
 
172 5.9384c-06 5 
 0,v0
244 5.4995E-06 
 S 1.23

I1? 
 5.3534C-06 
 27 0.69
 
is S.163)E-06 
 6 1.60
 

232 
 5.1065C-06 
 24 1.23
 
359 

317 5.0420C-06 
 4 3.60


4.9i118.06 
 to 1.23
 
16 4.9001C-06 
 7 1.2.3
71 
 4.795IC-06 
 22 1.60
 

226 4.7475E-06 
 4 0.69
III 4.7025C-06 
 6 O.S3
 
139 
 4.6045E-06 
 25 1.23
 
142 4.6609£.06 
 5 1.23
 
59 4.5197C.06 
 4 1.23
 

252 4.5102E-06 
 23 0.90
24 4.4117E-06 
 20 1.60
 
97 
 4.4563E-06 
 4 0.90
 

353 4.4109C-06 
 5 1.60
 
96 
 4.1107E-06 
 t0 1.60
 
31 4.3324&-06 
 16 1.60
166 
 4.3150E-06 
 30 0.53
267 
 4.21316-06 
 21 3.60 
224 4.25112-06 
 23 
 0.69
 
325 4.24696-06 
 I 1.60 
63 4.943E-06 
 4 0.23


241 
 4.1613C-06.-
 22 1.23
 
157 4.112§C-06' 
 24 1.23
 
33 
 4.0937C.06 
 5 1.60
249 3.99Sle-06 
 23 
 1.60


162 
 3.9966C-06 
 23 
 0.69
 
31 
 3.9592E-06 
 20 1.60
103 ].9393C-06 
 5 1.60
 
25 3.9152£-06 
 20 
 1.60

144 
 3.90376-06 
 4 0.90IO19 
 3.9038-0 
 22 O.S.
 
se3 
 3.0910c006 
 4 1.23

259 3.9967C-06 
 21 0.90
 
149 3.89p3-06 
 5 3.23
"327 3.2846C-06 
 23 
 1.23

309 
 3.l738l-Ob 
 S 1.60 
312 3.0646E-OA. S 1.21
195 3.9591:-06 
 9 0,69
152 3.9222C-06 
 33 
 0.90

136 3.409S-06 
 6 1.23 
34 3.7724C-06 
 3, 
17 1.760$r-00 
 24 1.10
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PLANT MANEt CUSrER SINU6ATIDO RUN 
 POLLUTANT: TSp ENISION UNITSt GI/SrC AIR OUALITY UVITS$ G/N'03
 

MAXIMUM 3-iOURLTY CONCENTRATIONS
 

PAT 3-101JM CONCENTMATION DIReCTIoN DISTANC£ TIME PERIOD 

240 2.8474£-as 5 0.53 4 
240 2.69164C-o5 S 0.69 4* 
19l 2.4296E-0S 22 Q.S3 4 
224 2.3190K-05 23 0.69 5 
240 2.314E-0S 6 0.13 4 
19N 2.35S4E-0S 22 0.69 4 

1£4 2.3029C-05 7 0.69 4 
224 2.2956C-0S 23 0.S3 5 
240 2.23011-03 6 0.69 4 
ISO 2.2301E-0S 9 0.90 1 
195 
279 

2.184ac-O5 
2.1721E-05 

13 
23 

0.5) 
0.69 

4 
5 

2)9 2.1612C-OS 2 0.90 S 
195 2.0S9IE-0S 14 O.SI 4 
III 2.1442E-05 6 0.69 4 
104 2.1326E-0S 7 0.90 4 
306 2.1£7S-05 13 0.69 4 

139 2.1132E-os 24 0.69 4 
171 2.0924E-05 IS 0.53 4 

230 
240 

2.010E-0S 
2.OS1SE-0S 

20 
S 

0.69 
0.90 

4 
4 

162 2.0340C-0S 23 0.69 S 
i1 
269 

2.0325E-0S 
2.0104E-05 

it 
23 

0.5) 
0.69 

4 
4 

244 2.00£SE-0S 4 n.69 4 
191 1.9909e-05 21 0.53 S 
£91 £.99l&6-OS 10 b f9 6 
all 1.99S6E-0s 6 0.53 4 
a9 1.9957E05 '1 0.69" 3 
173 1.9sl6r-05 21 0.53 S 
190 1.9652C-06 9 1.23 3 
162 1.9645E-05 23 0.S1 5 
166 1.963SE-05 30 0.53 4 
fit 1.9630E-0s & 0.90 3 

210 1.9622E-OS 22 0.53 s 
224 1.9571E-05 2) 0.90 S 
I96 i.9sIe-0S 21 0.69 S 
224 1.9443)-05 24 0.53 S 
139 i.9410E-00 24 0.90 4 
306 1.936AE-OS 23 0.90 4 

244 
£52 

1.92)1E-05 
1.9276C-05 

4 
13 

0.53 
0.69 

4 
S 

184 1.9265E-05 7 0.53 4 
230 1.9171E-0S 20 0.5) 4 

224 1.903le-OS 24 0.69 5 
253 1.4970E-05 22 0.69 S 
lit 1.940C-O05 5 0.53 S 
£96 1.6928E-05 22 0.90 4 
120 I1.925E-05 24 .153 4 
1£ i.0550flE-s 6 0.69 3 

Best Avacla"As DocuarneAL
 



PLANT RANKS CNSTEN SIMULATIONum 
 POLLUTANTS 
 TsP CNISIOM UnITS Gp/SC AIR QUlITy UNITSl G4/N.0
 

NAIIUM IIOIIAL CowC3NTMATtnS 

DAY 
 1-11011H CONCENTRATIOK 
 DIRECTION 
 DISTANCE 
 HOUR
 

194 
 3.92106-O5 
 24 
 a.53
211 ].7876C-0 14
36 0.0244 3.5644C-OS 16
 
2 
 0.53 
 to
173 
 3.5354C-05 
 is 
 0.53
033 12
3.5354C-05 
 23 
 0.3 14712 
 3.4929r-os 
 Is 
 0.53 
 13
173 3.48236-05 
 27 
 0.53
211 Is3.4322C-05 
 36 
 1.23 
 36
239 3.42AI2-05 34 0.3 13 

330 3.4254E-05 
 23 
 0.53 
 12
244 
 3.3554-503 
 3 0.53191 10
3.3164E-05 
 to 
 0.69 
 16
244 
 3.30196-05 

269 2 0.69 to3.29056-05 23 
 0.69 it
194 
 3.2701E-O5 
 25
III 0.53 143.24811-OS 
 6 
 0.53 
 IS
391 
 3.24366-os 
 10 
 0.53
23V 163.2432E-00 
 36 
 0.69 
 36
190 
 3.23666-05 
 S 
 0.69 
 is
173 3.I17t3-OS 
 24 
 0.69 14269 
 3.174SE-05 

393 23 0.33.1737E-05 Is
3s 
 0.69 is
It9 
 3.1656E-05 
 1 
 0.53
190 14
3.145E-05 
 5 
 0.51
244 Is
3.1337E-05 
 4 
 0.69 
 at
i3 
 3.1164E-O5 
 23 
 0.53
174 13
3.1096E-OS 
 to 
 0.90 
 It
239 
 3.1044E-05 
 26 
 0269 
 12
244 
 3.10336-05 
 1 
 0.69
190 t0
3.0943E-05* 
 38 
 0t5o 
 34
173 
 3.01596-0S 

240 23 0.33 1)
3.079g5-os 
 - 2 
 0.53 3)
395 3.0702C-05 
 I4 
 0.53
133 12
3.0616E-05 
 I3 0.69 9236 3.0542E-05 
 6 0.3 13
139 
 3.04426-os 
 2t 
 0.53 
 at
391 
 3.0439C-05 
 13 
 0.53 
 12
239 
 1.03656-0S 
 i5 
 o.53
225 13
3.0354E-05 23 0.53 it
119 
 3.0316-o05 1 
 0.69
210 14
3.0267C-05 
 25 Is53
34
24c 
 3.0259E-aS 5 
 O.S3 
 1
30"25S 
 3.02:3-05 
 .5 
 0.53 it
396 3.02206-OS 
163 4 0.b1 It33.03606-05 35 
 0.90 
 33
390 3.0141C-05 
 20 .69 16
236 3.0136E-0: 4 
 0.69 
 14173 
 3.00596.03 24 
 0.53
202 343.0003E-fa 26 
 0.69 
 it
I6 
 2.9976-oOS 
 Is 
 0.69 
 9 

sAvaialec~ 
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APPENDIX 2
 

REFERENCE METHOD FOR DETERMINATION
 
OF SUSPENDED PARTICULATES
 

INTHE ATMOSPHERE
 
(HIGH VOLUME METHOD)
 



REFERENCE METHOD*
 

Ay/rz:ex B-Rrrzr.iacc XL-zxon roi Txz 
Dr rA%n%,:io.x or Sv5PLrniD PATICULATvCS 
XX THC Ar=:Os?M. (IGzcH VOLe X 
Nz-T2oD) 

I.- Prin~cipleand ApplJicability.
1.1 Air is drawn Into a covered houstng

and through a ilter by means of a hgh-low-
rate blower a%a Sow rate (1.13 to 170 ,Imn.: 40 to GO ft.,/min.) that allows sus-
pended particles havLng diameters of less 
than 100 im. (Stokes 'equivalent diam-.eter)
to pass to the l~er surface. (I) Particleswlthoan e ste rne o 100 to 0.1). race-
ter are ordinartly collected on glass fZber 
ers. Tae class concentrntion of suspendedparticulates In the ambient airo ( supedeIs 

compu:ed by measuring the mazcs of collected 
particula~es and the volume of air sampled.

1.2 This method is applicable to measure-
ment of the ,-nss concen~trion of suspended
pnrticulateS in rmblent Air. The size of the 
sr.mple collectedothe. nnIs lyseusually adequate for 
oher Analyses. 

2. Rcngc and ScrnsitivitY.a
2.1 Wn'en the sampler is operated at an 

aene flow rate of 1.70 m./mIn. (60 -10/avr.e hor24 bofr 1.70 mdequira. (60~pew/ 
mi.) for 24 hours. ar adequate sample will 
be obtained even in an Atmosphe:e habing
concentraions of suspended parc!culates 2 

.low A. I 4./m.s. It particulate levels are 
unusually h 'h. a , %t!sf.,ctor-sample may be
ob,ancd in 6 to 8 hours or less. For deter-

ard san'.plin$ perIod oe 24 aoutand-
reco:aanded. 

2.2 -%c:7h.3 are determined to the near-e~z l r.. ~ow ,es are determitned to 
o nearest 0.03 m.'/mn, (1.0 1t.'/mln.),tines ,re dcte..'ned to the nearest 2

timnesarennde..nas o he nearestr2m iutes . And m ss concentration.m are e-
ported to the nerest microgram per cubto 
meter. 

3.;Inicr/ercnes. 
3.1 Particulate matter that Is oily, such 

as pho:ochcmlcal smo; or wood smoke, may
block tbe l:er and cause a r ,Id drop != 
s:r!1or at s nonuniform rite. -)ense fog or 
high huaidity can c.use the .tJtcrto become 
too wet and severely reduce the aLs-ow 
thro'ih the al;er. 

3.2 Glass-Mber Miters are comparativelT
insensitIve to changes :n relative hur-dRty.
but co':ec.ed partculates can be bygro-
scoplc. (2) 

4. Prcc son. Ac.urccy, and Stcb.liUy. 
4.1 Based upon collaborative testing, the 

rel-tle s'andard d-v!:ton (coelcient of 
varia::on) for s~ngle arnlyst variation (re-
pcat. b-'.ty cf the =thod) Is 3.0 percent.
The cc-respandin; value for muitl!abc.rtory
vr..ariaon (reproducbOilty of the method) is 
3.7 percent. (3) 

4.2 The accuracy w~th which the sam-n1er 
-cures the true averge concentr-ion 
dep::ds upon tho constancy of the a:r.ow 
rite thrcu;h the sampler. The L.rfow rate !3 
aifec'ed by the concentration and the nature 
of the d.s; In *he a ,o0phere. Under thu. 

mlnacion of average concentrations of s.us.npeen. pari hler ti ipr~~ono tes incmbentairs of su 

conditions the error In theMeasured aver
ago concett:&tlon =ary be In exces of -- 0 
percent o- the t.-ue average conce'ttration. do. 
pending on the amouzt of reducUon of sir. 
.ow rLti and on the va:Tition o: the =aa
concentrstion. of dust veth time during the-hou:r saoan.ng pehod. (4)

5 Apprs p 
5.1 ScinpUhng.
5.1.1 

t .1.e $niP(1 . Dte sapler aonsists of 
three lits: (1) t.h faceplate and gaket.
(2) the Zlte. adapter assembly. and (3) themotor unit. Figure B1 shows an exploded
view of these par,, their relatOoship to eachother, and how they are assembled. Thesanpler must be capable of passing environ. 

mental air through a 406.5 em., (63 In.a) 
portion of a clean 203 by 25A cm. (8. by
10-in.) glas-fiher -lter at a rnto of at le-t1.70 o -./nin. (60 I t.'!mnn.). The motor mustbe capable of continuous operation for 24
hour plods with i'put voltaes ranging 

mpr10Wod12 T mlt Voltcestrom 110 to 220 rolts. 50 anin-60 cycles alternat .in; currct and must have third-wire safety 

ground. The hous!ng for the motor unit 
may be of any convenient construction solong ns the uni re,.Ians aLirnlht and leak. 
free. The lifo o: the szmalcr motor can be 
extended by lowerin the voltae by about 
10 percent ',ih a small "buck or boo 
tzusfonmer between the sampler and power
Outlet 

5.1. Sc.npl¢- S)el~cr. It is importat 

that the sr.npler "ze properly lnstnlled in asul•b:e shelter. The shelter Is subjected to 
extremes of temp.rrature. humidIty. and all 
t cps o0f ir pollutzts. For tbese reasonsthe materials ef the shelter must be chosen 
cae,'uy. Properly pi'nted exter.or plywoodor heavy gau;e alu.i..nurn servo welL Thesa.- pler must be -loun=ed velclly In theshelter so h atthe gla .lb er !ilterIs paral.
lel with the g:ound. The shelter mist be 
provided w'it,t a roof so that the lter is pro.
tooted .*ron%precipitation and debris. The 
lnte:r al arrzneme=t and conaL-uration of 
a suitable shelter w:th a gable roof are shown 
In Figure 32. The clearance area between the 
main hous!= and the roof at its closest 
point should be 580.5-)3.5 c.' (90±30
In.'). The main housing should be rectangu. 
lar, with di ensio=s c. about 29 by 38 c=. 
(111/2 by 14 in.).

5.1.3 Rotcmetcr. Marked In Arbitrary 
unts, 4requently 0 to 70. and capable of 
being calibrated. Other devices of at least 
compaable accuracy may be used. 

5.1.4 Orifce Cclibrcfion Unit. Consisting
of a metal :ub: 7.6 cm. (3 In.) 1D and 15.0 
c.mn. (61 in.) long w.'th L stalic pressure tap
5.1 cm. (2 in.) irom.cme end. See Figure
B3. The tube end nearest the pressure tap is 
-an.ed to about 10.8 c.-M. (414 in.) 013 with 
, ma:e thread of the sze ze as the Inlet 
end cf the high-Tol-e aL- s.-aplcr. A single
metal plate 9.2 cm. (31 !n.) in d!ameter and 
0.24 c. (.. in.) .h;."ck a central orlce 
2.9 c=. (IV, In.) in d!=--eter is held In place 
at 'he air Inlet cad W:th a female threaded 
rng. Tao other end c. the tube is fanged to 

Reproduced from Code of Federal Regulation 40, Part 50.1',

Appendix B, July 1, 1975, Pages 12-16.
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series of loadplates, one ft a time. between Q=.Mow rate. rnm/in.1h ciNiobrICn untt and the primary stand. T=Time of flow, min.ard. Plrkclng the orifice before the inlet reduccs Lhe pressure at the Inle. of the primary 9.2 Srple Volume.
 
scecdar4 below ar.mospheric; therefore, & 9..1 Volume Conversion.Convertthe Wcorreczion must be made for the increase in taIs end :!=al rotameter rtdgaMs to t-ue
volume caused by this dec:eased Inlet pres- LL=o* rate, Q. uasing caWlbratioa8.r	 curve ofsure. At:r.ch one end of a second dleretinUal '4f .	 o~umcooao, empled
Limnameer to am Inlet pressure tap of theprimary standard and leart the other open
to the mmosphere. Durng each of the con. *V- X
stan;. ir;low measrenents .do sharove, 2meaure the true Inlet pressure of the VAlrvolume sampled,pri-mary stndard with this second dieren- V -- r 

.,
=I do rae .m stial manc.,eter. Measur. atmospheric pres- QnLftIMAI3.-dOwr ate, rn.o/mn.sre 	and temperature. Correct the me.surcd QT=Sap:ln -fowrate,z ,in.air olume to true air volume as directed in TSamPdn time, mn.9.1.1. 	 then obtain true airflow. rate. Q. as 9.3 Ccculate mass concentratfon of su.directed in 9.1.3. Plot the di.1 erential manom- pended particulates

etir readings of the orifcee unit versus Q.
8.1.2 	 Jllgh-l'olunic Sempler. Assemble a 	 iWa--WI) Xlogbhgh-volume samp~er uith a cleian Alter Inpiace and run for at least 5 minutes. Attach Va rotamc:er. read the bal!. trcjust so that the 52.=I:ass concentraton of suspendedbaill reads ,5.and seal the adjusting mech. parlculates, .ug/-n.eannsm so that 1; cannot be changed easily. W1=Intialwe!ght ofilter,g.Shu: 	o:. motor, remove the filter. end %ztach Wt=linzl welgmhz o Alter, g.the oriflce calibrat:on unit in Its place. Op- V=Alr volure sampled, mnuerate the hlgh-volunie saimpler ht k series of 10'=Converslon of g. todU'erent. but constat. al rfows (usualy six). 	

g." 
10.


Record the renadng of the di.erential manometer on the orifice callbration unit, and (Z) Robson, C. D. and Foster, M ..record the readtn;s of the rotmeter at each "Evaluation of Air Par.ticulateZow. Measure atnrcspher:c pressure and ten. 	 Sam-"
pling Equipment", Ain. Ind. U1lg.perature. Convert the dlfferen:lal manometer Assoc. J. U2.404 (1062).read-ng to m.'/Qln., Q. then plot ro==cter (2) Tierney, 0. P.. and Conner, W.re.%ding versus Q. 	 "Hygros oplc D.,ects on Weight Detrr. 

8.1.3 	 Corrccgtn ,feorDfcrence, in Pressure g..Az.ealcua~for ~nInations of Partictilstes Collected enor Tcmperc:ure. See Addendum B. oc.J, 25, 363Gncib (1967).r 363(2'.6)ltrs", Am. in..9. Calulcons. (3) Unpublished databased on i collabomz.9.1 Clibai~tCol of Or(Ifce. Uso 	test oinvolvlng 12 particlpwta.9.1.1 	 True Air Volume. Calculate the Mr conducted under the drc ion of tbavolume r..essu:ed by the positive displace. Methods St:ndardlza:LIon IServrces Soc.mant primary standard. tlion of the . itional Ar Pollution cn
(P.--?) trol AdninistraUon. October. 1Q70.V,) (VU) (4) 	Zarrison. W. X., ?NAder. J. S., and g

for P. S. "Constant Flow Regulators,X .h-Vol~imeman, 
Air Sarmplor". Am.Vs= True air volume at aLmospberc pres- Ird. i;lg. Assoc. J. 2Z, 114-120 (196q0).sure, m.9 (5) Pate. J. 3., an'd Tabor. E. C., "Analytir.st " P. =Erometric pressure, mzn.Hg. Aspects of the Use of Glass.Iber r1lP.*=Pressme drop Lt l1e1 of p.aLM • ters for the Collection and Analysis of

standard. mm. Hg. Atmospher~c Particul-ato Matter", Am.Vv=Voluinc measured by primaxy stad. Ind. Jiyg. Assac. J. 23, 144-150 (1962).ard, 	 =iL4 A )D1 

9.1.2 	 ConversionFactors. A. Alternative Equipment.Inches H;.X25.4=nim. Hg. A .od ftcation of the hlgh-volurne xsamplerInches waterx73.X10-'=Lzches Hg lncorpora:ing a mehod fcr recording theCubic feel.arXO.02S4=c*:-bic =&ter air. actual Lir.low over the entire sL=pllng pe9.1.3 	 True Airflow Rate. for beariod has desc:!bed,me:sur:ug and Is acceptablethe concentration of mum-
V1 	 pendd pn.tlc.!ntes (Henderson. J. S.. ElglthQ=- Conlerence on Miethods in Air Pollution a;:dT •ndus-rial Hygiene Studies, 1967, 	 Oakland, 

O
 

Q 

U
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qeerences.
 

+(Qi Q.I
*This equation should read V = 	 x T2 
 ,xT
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Figure 82. Assemrbled sampler and sholler. 
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Figu~re 83. Orifice ca;;bration unit. 



APPENDIX 3
 

REFERENCE METHOD FOR DETERMINATION
 
OF SULFUR DIOXIDE INTHE ATMOSPHERE
 

(PARAROSANILINE METHOD)
 



Best A="L P O
 
REFERENCE METHOD * 

S•P.CrEL;' . FoXT_:~~cto 
DZT'M-.UATION OFwSu:rUa DIoxIDE LNAT:ospurng (PAAacOs...Nz Mm.nOn) 

TI 

1.' ."ncfip, and A, plicabflfty. 1.1 Sulfur 
dioxide is absorbed fron air In a solution of
pousiium tetachloronercuraia (TCM). A 
dchlorosulflomcrcurate complex, whIch re-
sisis oxidatlon by -he oxygen ia the air. is
formed (2,2). Once formed, this complex It 
s:ablo to strong o.dants (e.g., ozone. oxides 
of ni-rcgen). The comnplex is reac:cd ,.th:
pararosaniline and formaldehyde to fcrm lif-

tensely colored pararosar. l1ne methyl au-
tonic acid (3). The rbsorbance of the solu-
tion Is rmeasured spcctrophotometrIcally. 

1.2 T7he mechod Is appicsibbe to the mes-
uremcnt of. sul i: ib:eztz airr dioxide r 

usin; mblIn periods up to 24 hours. 


2. Rance cnd Scns.:i:vi.y. 2.1 Corcentra. 
tions of sulfur dioxide In tble rango of 25 to
1.030 pr/m. (0.01 to 0.40 p.p.m.) :an be means-
u:cd undc- the co:nditions Civen. One can 
me.%sure ccncentrations btlow 25 ,,./m.8 by
sarnp~ln- lar;er volumes of air, but only if 
the absor..lon e, clcr.cy of the particular sys-
term Is first determined. Higher concentra-
t!ons can be analyzed by usinC smaller can 
sa.np!es, a *.argercollection volume, or a suit-
ablo al iqu¢t uf the collectcd sanmple. -,eer's
Liw is folowed throu;h the vor:cng ranige
from 0.03 %o 1.0 absorbance unts (0.8 to 27 
sz. of sul:*,e Ion In 25 :rl. finl solution CO=-
pu:ted as SO:).

2.2 Tae lower limIt of det"ecion of -sulfur 
di.oxido In 10 ml. TC!. :s 0.75 mg. (based on 
.%vice %hestandard dceviation representing a 
concentr-;air smpcon of 25 A[;./=!3 (0.03 p.p.m.)In an of 30 l(t.es 

3. r.tc;crcnc:s. 3.1 ""e e!!ectz of the 
princlpal ''nown lnter:creuces have been 
.. nIn..aei or elimiiated. interferonees by
oxides rofnitrogen are c!minnted by sulfamic 
acd (4,5 ,, ozone by l=e-de'ay (G). and 
heavy imrla.s by ZDT/. (eth;icnediamine. 
.etraacc:ic acid, dlsodium zat) and phos-
phorlc acad (4,6,). At st 60 p- Fe (III),
20 t-. Mn (I.), and 10 p:g. Cr(IIL) In 10 ml 
absorh!ng rea--e=t can be tolerat4d In the, 
proceUre., No s!gn-Iacant interference w.s 

.oundw~th 10 p .Cu (11) and 22 pg. V(V). 
4. Prccjsion, Accuroqj, and StabiZly. 4.1 

P.l.litve standard dev!atlon at the 95 percent
conIdence level is 4.6 percent for the analy-ical procedure using standard samples. (S) 


4.2 After sample collec:ion the solutions 

are relat vely s..ble. At 22" C. losses o. sulfur 

dioxide occur at the :ato of I percent per
dfy. When samp:es -re stored at 50 C. for
.0 .uays, no detec able losses of sulfur diox-
Ide occur. The presence of EDTA enhances 
the rtabilnty of SO.In solution, and the rute 
o: decay is zrmdependent or the concentration 
•
-fSO.. (7) 


*Taken from CFR 40, Protection o 

July 1. 1975.
 

5, Apparatus. 
5,1 Sampling.
5.1.1 Absorber. Absorbers normlly, used 

In aU pollution szmpllng are acceptable fol 
concentrations above 25 jg./m., (0.01 p.pra),
An al-glass midget impinger, as shown In 
Figure Al,1irecommended for 30-minute and
1-hour samples. 

For 24-hour sampling, assemble an Lb. 
aorber frorn the following parts:

.Pol.rprooyiie 2-port tube closures, speclai
zmanufacture (available from Bel.Ar Prod. 
Xic5. Pequa.nock .NJ.).

Glass Imp!n~ers, 6 m. tubing. 6 Inches 
long. one end drawn to small diameter such 
that No. 79 jewelers drill will pass through,
but .o.78 jewelers drill will not. (Other end 
fire polished.) 

I'clypropylene tubes, 164 by 32 rim. (Nal. 
gene or equya).

5.1.2 Pump. Capable of maintaining an 
air pressure differential greater than 0.7 at. 
mosphere &tthe desired flow rate. 

5.1.3 Air Flounmeter or Crfifcal Oriftes,
A ca'lbrated rozamnecer or critical ur1lce c3. 
prble of measurlng aL now within t2 per.
cent. For '0-minute sampling, a 22-gaugs
bypod;rmic needle 1 inch long may be used 
as a critic:.l orifIce to give a Dow of about 1 
l ~e/minute. For* "-hour sampl!ng, a 23
gau;e hypode.rnic needle fnve-eighths of an 
Inch long may be used as a critical orifce to 

give a fow of about 0.5 lterminue. For
1 sampling, a 77-gaut;e bypoieamlc

needetrcte~gthsof an Inch long L~ay be-ee.le hre.-elghchs ou 0.inc r/min ut 
used to give a flow of about 0.2 liter/=Lnut.Use a m'embrane 1lter to protect the needle 

(Figure Ala). 
5.2 A:alysis. 
5.2.1. Spectrophotometer. Su'table for 

measurement of absorbance at 548 nm. with 
an creccIve spectral band width of less than 
25 n-'. fc-.er. b:znk problems m-a.y occur 
writh speczrophotometers having greater
spectral band Tidth. The wavelength call. 
bratlon of the Ust.-menet should be ver-fiedL 
1 transmittance Is measured, this can be 
converted to absorbance: 

AlOg.(,) 
S. Reagents. 
6.1 Sampling. 

6.1.1 D'stilied witer. Mfust freebe from 
oxidants. 

6.1.2 Absorbino Beagent [0.4 Af Potas. 
shin Teirachloromercurate(TC.;) J.Dissolve 
10.86 g. mercuric chloride. 0.066 g. EDTA

"'.etbyened:.mfne:e:.azce.i acid. disodlum 
salt). and 0.0 S. PcAmssium chloride in water 
and bring to mark In a 1.OCO-ml volumetrieIiask. (Caut:on: h!,ihly poisonous. If spilledmonsln. flush o. w:*.h wat:e- Imacdliaely).
The ": of this rena cn should be approxi.
marely 4.C. but I".has been shown that there 
is no apprecible d:-erence In collection
e..clemcy oer the range of pH 5 o pPH 3.(7) 
The a6borbnm, regent Is normally stable for
6 =1oaths. 1f a pre::;itzao forms, discard the 
reagent. 

'thc rivironment, Part 50.11,
 



.= to the prescribed analytical procedure
and to the spec.-bcd concentration of the dye:
(3) the calibration curve (Sect!on 8.2.1)
should have a slope of 0.030±0.002 absorb-
ance units/pg. SO at this p.th length %rhen 
the dye Is pure and the sulfite solution Isproperly standardized. 

6.2.10.2 Prepcration o1 Stock Soluton. A.
specially puriled (99-)00 percent pure) so-
lution of pararosanilline, which meets the
above specIfications. is ccm.'*ercllly aicil-
able in the required 0.20 percent concen-
tratfon (Hrleco). Altrnatively. the dye
may be urlfied, a stock so!ution prepared
and then assayed according to the proce-
dure of Scarrngell et r!. (4) 

0.2.11 Parcroscnilint icogent. To a 250-..l.volumetric fBasL, add 20 ml. stoc par-
arcsanillne solution. Add an uddftional 0.2
=l. stock zolution,for each percent the stock
aisays below 100 percent. Then add 25 ml.
3 M phosphoric acid and dilute to volume
with dstiled water. This reagent is stable
for at l t9 mon s. 

7. Procedur.7.1 Sampling. Procedures are described 
for short-term (30 m!nutes and 1 hour) and
for ln;-term (24 hours) sampling. One can
select dIercnz combinations of sanmplng
ratC and time to meet xpec~al needs. Sample
volumas should be ad)us:ed. so that lincr:ty
is maintained between absorbance and ccn-centratio: over tile dynamic range.

7.1.1 30-,lnuo cud 1-Hour Scmp1fn7:.
Insert a mld et impl:ger Into the sampling 
system,Figure Al. Add 10 .ml.TCNI solu:lnto the imp:nger. Collect sample at 1 liter/

minute for 30 minutes, or at 0.5 lite:/mInte

for I hour, using either a rotameter, as

shown in Figure Al, or a critical orlce, aw
showun In Figure Ala, to control flow. Shlde
the absorbing rcagent from direct sunli'bh
durInz and alter sampling by coverlng toe

Impl:ger with aluminum foil, to prevent
deroratiom Determne the volume of nir
sampled by multiplying the low rate by thetime in minutes and record the atmos-
pheric pressure and temperature. Remcve
and stopper the irnpinger. If the sample
=ust be stored for more than a day befcreanalysis, keep it at 5" C. In a refrlgera:or
(see 4.2). 

7.1.2 24-Hour Sampling. Place 50 ztl.TCM solution in a large absorber and c€l-
lec the sample at 0.2 liter/mnute for 24
hours f:om midnight to midnight. Make sure no entrainment of solution results with the
impinger. During collection and storage pro-tec; from direct sur.::ht. Deterine tbe 

total i volume by multlplying the air flowrate by' the time in r.lnutes. Tne correctionof 24-hour meAsurenents for temperature 

AIler tmencl-addoe , 00th and Woodland 
Avenue, Philadelphia. PA 19143. 

and pressure Is extremely dif.cult and Is no.ordirnarily done. 1cjwever, the accuray of
th, Me su.ene:!. w.ll be lmp)Tec if mean.
1n;ful correelons can be app:led. If storage
Is necessary, refr:ger-e a. 6* C. (see 4.2).

7.2 Anc!ysis.
7.2.1 Scmple PrepCracton.Alter collection,

It a precipitate is observed In the sample,.
remove It by ce~ntr:fuga-:on.

7.2.1.1 30-k:.nu:e cand 1our Scm.pl.
Tramsfer the sample quantiatvely to a 25.
ml. volume'r' flask,: use about 5 =1. distilled. 
water for rins'ng. Delay analyses for 20 =in.
Utes to allow any econe to decompose.

7.2.12 4-Hour Sanmple. Mute the eepo.
Pspleto 50 =I. with absorbing solution. 

Pipet 5 :ML. of the Sample into a 25-mi.volume-ic 2as1k for chemical analyses. Bring
volume to 10 -l. with absorbing reagent.
De!ay analyses for 20 minutes to allow any
ozone to decontpose. 

7.2.2 Deferminc:.on. For each set of di
ter:. . nations prepare a reagent blank by add.
In; 10 =l.tinexposed TCM. solution to a 25
ml. volumet:!c -1!:k.Prepare a control solutio- by add•rg 2 zr..of working sulfitc-TCM 
solution and a L-..TC.M%solution to a 25-wl.
volume:ric 2elsk. To e.ach fl.as: containing el.
ther sample, cc=trol solution, or reagent
blank, add 1 =1. 0.8 percent sulamio 
aold and allow to rect 10 m=nutes to de
stroy th: =Itr.te from o cdes 
 of nitrogen.Accurately pipet In 2 ml. 0.2 * percent
formaldehyde solution., then 6 mL par
arosanlllne so!utIon. Star a laboratory
 
timer that has been set for 30 ren~utes. Bring
all !1as)n to volume with freshly boiled and

coolee distiled water and 
=,ix thoroughly.
kft.er 30 mJnutes and before 60 Linutes, de
%ermine the absorbances af the sample (de.
note as A). rergoent, bla" (denote as L.) and
the cortrol solution at 548 nm. using 1-cm.
optic.l path lenrh cell.. Use Cistaled water,

not the reagent blank. 
 Ls the reference.
(.o7CI ,his Is Impcrtant because of the color
 
senaltlt'vty of the reagent blank to tempera.

ture chan;es 
 wh~ch can be induced In the
cell co-pt,-.mont of a spectrophotometer.)
Do not Allow the colored solution to stand
in the aborban-ce cells, because a film of dyemay be depcslted. Clean cells with alcohol 
aer use. L2 the te=me-ature of the determi
nations' does not diLer by more than 2" C.from the =X;bratlon temperature (8.2). the 
reagent blank should be within 0.03 absorb. 
anee unit of the y-ntercept of the calibra.
tion curve (8.2). If the reapent blank differs
by mre than 0.0,1 tbsorbnnce unit from thatfound in the calibration curve, prepare a new 
curve. 

7.23 Absor.ance Range. If the absorbanca
of the saple sout:onand 2.0, tle snpe ranges betwveen 1.0 can be d!'uted 1:1 with 
a potion of the reagent blank nnd read 
within a few minutes. Solutions with higher 
absorbance can be diluted up to slxfold with 

http:Deferminc:.on


9.2.1 'be= sulfite solutioms are used to 
prc.nare cal*bration curves, Compu:te the Con-
centratiun of sulfur dcloxde In t-!e sa.ple: 

(A-A..) (102) (B.)
n .SOS/z = ' 	 XDg 

A =Sa, .ple Absorbance. 
A•=Peagen; b:annl: xbsorbance. 
01--Conve-rslon of litersto cubic meter-. 

Va ="e sawlp~e corrected to 25" C. na 
,0,m. 2-g lite,-s. 

B. =Calibration factor. q./absorbazce 
unit. 

D =D1lution factor. 

For 30-mlnu,4b a, - 2-bour samples, 
For 24-hour samples. D.30. 

9.2.2 	 When SO: Cas standard atmospheres.
re used to prepare calftlat'on curves. corn-
poLo the suliur dioxide in the sample by the 

following :ormu~a: 

SO,. ;;./m.3= A.-) w 
A =S:;:npie absorbanco.Ao=eaSenpblankAborbane. 
3c= (Sae 8.2.2.3j. 
9.2.=(See rio o.2/.p9/n'.p~.n
92.3 	Coucra.on of
d e s i red 	 g./am o p.p.rrM.=I. t he c o c en tra o mo f su k:u 	 -l dioxidef 


:nay be calcu.aed as p.pin. SO at referencecon, itiona as fo~lowa: 

p.p... SO.=. SO,/rM.' X3.82 X . 

10. .c/crenccs. 
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APPENDIX 4
 

THREE POLLUTANT GAS SAMPLER
 



Relable AcurmteControl 

-features 


" Moets or exceeds EPA specifications
for sampling SO, & NO, in ambient 
air 

" 	Thermoelectric cooling-heating 

system maintains SO, reagent 

between 7 & 17*C for optimum

sample stability at ambient temps
from -25 to 50'C 

" Both all-weather shelter & indr.,r
models are portable, easy-to-operate 

" All-weather unit can be equipped 
with timing mechanisms (optional) 

* Critical cilices provide 200 mi/mmn

flow rate (nominal) through system 


" All orifices are protected by inline 
filters &demislors to prevent
clogging & flow reduction 

" Sampling train compartment has an 

adjustable heater & fan for non-
thermoelecrically-controlled 
bubblers 

" 	Bubblers & clo.ures supplied in 
colors; demistors-traps in natural 
plastic 

" 	Modification kit is available to adapt
existing RAC 5-Gas Samplers 
(outdoor models) touse thermo-

FIGURE,,Ithermoelectric 

All-w,th*r Shelter In oetin
configuration (top opened t6 

show options!limr).p 

- application 

The RAC 3-Gas Collecting Sampler Is 
a wet-chemical system that will sample 
ambient air for any poliatant gas for 
which there Is a suitable reagent (tb-
sorbing solution). Itteats for sulfur di-
oxide (SOI), nitrogen dioxide (NO,),
hydrogen sulfide (H2S), ammonia (NHt),
aliphalic aldehydes (R-CHO), and other 
gases reactive to specific aqueous rea-
gents. This system can be used virtually 
anywhere that line power is available to 
serve widely diversified gas sampling 
requirements. 

In its basic configuration, the RAC 
3-Gas system is designed to collect 
samples of SO,, NO:, and a third 
(optional) gas simultaneously. Modular 
components permit easy changes In 
sampling train configuration - except
for the SO, arrangement (Station I)-to
meet varying sampling needs, 

Maximum SO, Sampling Accuracy 

Recent tests performed by the Environ-
mental Protection Agency (EPA) re-
vealed that the accuracy of established 

versatile
3-GAIS 
SAMPLER 
designed to sample up to 
three different pollutant 
gases simultaneously, this 
unit features a unique 

system to assure maximum accuracy 
for SO sampling 

is ldveely affected by high ambient 

temperatures. At 50"C (122"F). for 
example, about 75% aof the SO, in
collected or stored sample will be lost 
because of thermal instability within a 
24-hour period. Sample degradation 
begins in the 20"C (68"F) range, with 
an Initial loa1 factor of approximately
0.9% in24 hours, and progresses at an 
increung rate as the ambient temper. 
aturerises. 

The RAC .- Ga design eliminates 
this problem In eO0 It leasmpling. 
lures a rugged solid-state thermo
electric (Peltler Effect) cooling-heating 
system (Patent Pending) that maintains 
the temperature of the SO, bubbler and 
reagent between 7 and 17"C (44.6and 
62.C'F) in an ambient temperature 
rang from -25to50'C (-13to 1221F),
As a result, all the SO, collected during 
a sampling cycle is preserved for opti. 
mum accuracy of sample evaluation by 
standardized wet chemistry and spec.
trophotometric procedures. This exclu
sive feature is another pioneering 
"first" in air pollution sampling equip.
ment developed by Research Appliance 
Company. 
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FIOURE2 
Samplig mndtemperature-regulating modules in operating position,
Temperatureof SO;,bubbler (in Insulating lacket) is controlled solely
byathermoelectric cooling-heating silstem. Heater and circulating fan
assembly.at right, maintains temperature in Insulated om arlt 
above 16C for reagentsin other bubblers. but doesnot affect SOS 
bubbler. 

design 
The RAC 3-Gas sampling system is sup-
plied in a portable all-weather shelter 
model for outdoor use and in a smaller, 
lighter weight, steelcase enclosed in-
door model. Both are furnished com-
plete and ready-to-operate. In addition, 
a modification kit is offered to adapt 
existing RAC 5-Gas Samplers (shelter 
models only) to use the new thermo-
electric cooling-heating system for SOl 
sampling. 

All-Weather Shelter Model 

This self-contained design includes a 
heavy-gage steelcabinet with a hinged. 
lockable top member, two separate 
compartments, and a weather-resistantbaked enamel finish.
The preassembled 


complete sampling train, the thermo-
electric system, and a thermostatically-containing reagents. The tO0 ml bubblers 
controlled heaterassembly are installed and both types otclosures are supplied in
in an insulated compartment the sys- red, yellow, and blue colors,one complete

set in each color. Their related denistor.tep 

electrical junction box are Installed Intha second compartment, which has 

louvers on three sides for heat di.sl'.:' 
lion. A 3-wire power cord is supplied 
as standard. 

. SAMPLING TRAIN-The RAC gas 
sampling train assembly includes a 
polypropylene inlet tube with a conical 
rainshield and an aluminum rack con- 
taininga 3-branch glass inlet manifold, 
3 polypropylene 100 ml bubblers with 
irterchangeable closures% 3 polypro-
pylene demistor-entrainment traps, 

3 critical/limiting orifices, a 3.branch 
exhaust manifold, and all necessary 
connecting tubing. The sampling rack
is positioned on a base module that 
supports the thermoelectric device for 

•Threaded closures tar thepolypropylenebubbler tubes are a P.hole inlet-oullet unitused (t sampling operations and a solid 
leak.light cap used to transport bubblers 

the SO, bubbler and the nonrelated 
compartment heater and blower assem
bly. The complete sampling module is 
easily removed for tilling, cleaning, or 
change in configuration (except for the 
SO, arrangement). The base module 
also is easy to remove for periodic in
spection or servicing. 

The bubblers in Station I (SOa sam
piing) and Station [] (third gaa sam
pling) contain orifice-type 0.35 mm 
glass bubbler tubes. The unit in Station 
H (NO, sampling) has a fritted glass 
dispersing element (70 to 100 .). 

TEMPERATURE CONTROL-The SO, 
bubbler is encased in an insulating 
jacket and its temperature is controlled 
between 7 and 17"C solely by the ther
moelectric cooling-heating system. To 
preventreagents in the other Iwo bub
bler fromfreezing during cold weather, 
a constant (variable) temperture above 
16'C (60.8"F) is maintained in the in
sulated compartment by the integral 
heater, which does notaffect the tem
perature of the specially insulated SO 
bubbler. 

The newly-devebped theimoetaectric 
system uses a fC.ned heat sink and 
blower combination for efficient heat 
transfer, and is protected by a thermal 
cutout on theheat sink as well as two 
fuses in the electrical circuit. 

FLOW-REGULATING ORIFICES -
The critical/limiting orifices can be 
either the stainless steel needle type or 
precision-bore glass tubing encased In 

Tygon plastic tubing. Both types pro
vide a 200 ml/mln flow rate (approx) to 
allbubblers, and are easily cleaned In 
small RAC ultrasonic baths. 

DETACHABLE LEGS - The all.weather shelter model has sturdy 

angle-iron legs that can be attached 
flush with the cabinet for carrying/ 
transporting. The legs are securely attached in either the extended or retracted position by rust-resistant bolts 
threaded into captive nuts. 

TIMING MECHANISMS -To meet a 
variety of sampling requirements, three 
different types of timing mechanisms 
can be supplied with the RAC 3-Gas 
all-weather shelter model: a 24-hour 

timer. a 7-day skip timer, or a 1-out
of-6 days timer. All timers are optional 
accessories. 

Indoor Model 

This unit is comprised of an insulated, 
louvered, steelcarrying case, an ex
ternal vacuum pump with gage, and a 
3-wire power cord. it uses the same 
pump. comolete sampling train, and 

base module as the shelter model, and 

cu,
 

tem'svacuum pump. vacuum gage. and unitsarefurnished onlyin natural plastic.providesthe same versatile sampling 



capabilities for indoor applications. If 
desired, the Indoor configuration can 
be used to sample outdoor air by pass-
Ing the Inlet tube and rainhield through 
any convenient structural opening or 
by connecting them to an air Inlet duct. 
The sampling case and pump should 
be shielded from inclement weather 
conditions at all times. 

Modification Kit 

All-weather shelter models of the RAC 
S-Gas Collecting Sampler can be 
adapted to use the thermoelectric 
cooling-heating system for SOa by 
means of a packaged modification kit. 
The kit Includes o steel cabinet of mod. 

manifolds, the new solid-state thermo
electric system, and the adjustable 
compattment heats; assembly. Since 
all other components of a 5-Gas Sam
pler can be interchanged without alter. 
ation, the kit does not include vacuum 
pump, bubblers, demistors-trapa, ori. 
fices. inlet tube and rainshield. con
necting lines, or power cord. If any 
of these standard components are re
quired. hey can be ordered as replace. 
ment parts. 

e operation 
NOTE: When sampling for SO, a mre-. 
brane-type partictulate filtershould NOT 
be used between the air inlet tube andmanifold because It may absorb a majormoriold bfteaSe2 Ifmay sabesra mor 
portion of the SO, in the sample stream. 

In operation, the vacuum pump draws 
ambient air in through the conical rain. 
shield and Inlet tube. (Rainshield isinverted to prevent precipitation from 
entering the sampling triln.) The inlet
manifold divides the air stream into 

equal volumes that flow through Teflon 

tubing to the bubblers. Each bubbler 

has a 2-hole cap with a standard glass

bubbler tube, either constricted or frit- 

led, on the inlet port (see details under 

SAMPLING TRAIN). The sampla air 

passes through these tubes into 50 ml 

of reagent contained in each bubbler, 


After bubbling through the reagent,

the air exhausts through Tygon tubing


oed
connected to the outlet port In the cap.Each sample stream then passes
through another polypropylene bubbler 
containing a demistor followed by a 
membrane filter.Tlisdual-trap arrange-
ment protects the critical orifices from 
moisture or other entrainments, and 
helps to maintain continuous full-flow 
operation for optimum sampling etli-
ciency. The scrubbed air streams then 
flow through the critical oritices to the 
exhaust manifold and are discharged 
through the aumo. NOTE: The mern. 

FIGURE 3
Arrangementof 3-Os systemcomponentsin sll-w ;ather shelter. A 
24-hour or t-out-of- daystimer mechanism can be usedIn place of 
th -day timer shown. Timers araoptional. 

brane 
shoufilters andthe demlltors-trap 
should b replaced periodically in
accordance with the procedures being 
used. 

In this Instrument, contaminate gas 
samples contact only polypropylene.
Teflon, or glass before entering the ab-
sorbing reagents. This design concept
provides for optimum sample collec-
lion. All materials in contact with the 
sample stream are widely recognized 

for their nonconlaminating character-
istics wlen used in probes for a broadhoeo ncrange of -airpollutants. 

.x
After a sampling cycle is completed,

the sampling train assembly is removed 
from the shelter (or carrying case). The 
reagent tubes are removed from the 
rack. and the 2-hole closures are re. 
placed with solid, leak-tight, threaded 
caps. These then are taken to a labo-
ratory for analysis of contents acccrd-
ing to appropriate procedures. Tub.9s 
containing thermally unstable gas sam. 
ples, such as SO,. should be trans. 
ported in refrigerated contaners, 

specifications 
V 

Vau u 
X.hp. 0.5 cfm free-flow, continuous 
duty, overload protected 

Electrical 
SHILT R5MvEl 6L:HOz 37ES:5 o t, 60 Hz, 3.7 am pOpt: 220 volts. 5060 Hz, 1.9 amp
INDOOR MODEL: 

Si: 115 volts. 60Hz. 1.9 amp 
Opt: 220 volts, 50/60 Hz. 1.0 amp 

Olmensions 
SHELTER MODEL: 

69.9 cm (2714) H t 45.7 cm (18") W35.7 cm (14,) Ow/legs extended:
39.2 cm (15R.") H wllegs raised. 

INDOOR MODEL: 
39.2 cm (15%'.) H x 33.7 cm (113%" 
W x 21 cm (814") D 

Weights 
SHELTER 	MODEL: 

15 kg (33 Ib) including pump 
(without timer installed)
10.9 kg (24 Ib) Without pump
 
VACUUM PUMP: 2.7 kg (6 ib)
 
24-HOUR TIMER: 1.4 kg (3 Ib)
 
7.DAY TIMER: 2.7 kq I6 Ib)
 

INDOOR MODEL: 



Isremovable for periodic inspection or servicing. 

ordering Information 	 RAC 3-Gas Collecting Sampler, All-Water Shelter Model, Complete:Both the all-weather shelter and Indoormodels 	 With GLASS Orifices CAT. #209060of the RAC 3-Gas Collectingfatrsnd3PISawieageoSampler are shipped complete and With NEEDLE Orifices CAT. #209069modes oftheRACwprecision-GasColectig 

FIGURE 4
Samplingtrain assembly is easily disconnected and removedfromshelter or carrying casa) for filling anl cleaning, Base moduleailso 

ready-to-operate. The specific models 
include the components listed in the 
Design section of this bulletin. In addi. 
lion, a pack of critical/limiting orifices 
(3) and a pack of membrane filters andbackup discs (3 each) are supplied with 

each instrument. 

Specify the model, voltage, and power line frequency desired-plus any 
optional timer mechanism - by full 
name and catalog number. Unit prices 
and catalog numbers for the individual 
system components are furnished on 
separate sheets. 

RAC 3-Gas Collecting Sampler, Indoor 
Model, Complete: 
With GLASS Orifices CAT. #209071 

With NEEDLE Orifices CAT. 7209072 

RAC14-Hour Timer CAT. #992424 

RAC ?-Day Skip Timer CAT. #992425 

other sampling equipment 
Research Appliance Company manu. 
facture and supplies a wide range ofinstruments and aysatema 
designed for sampling/monitoring an
vironmental air, water, and noise poilu
lion. Write for descriptive literature,
Indicating the types of products on 

which Information Is desired. 

RESEARCH APPLIANCE COMPANYAoulell O sona. Pa I.,44 . 412-443-5935 

Fnvtonmnental Instrunents /Laborgoty Pod,,rs 

Best AvallmaS1 Docun ent
 



Appendix 5
 

Water Quality Monitoring Equipment
 

a. ISCO Model 1870 Recording Flowmeter
 

KOPPERS
 



recording 
flow meters 

ISCO integrating ilow meters accurately measure and 
record open channel flow in manholes and streams, and 
in water. wastewater. and industrial plants. They are 
suitable for portable or stationary use, and can also 
trigger automatic samplers at intervals based on
volume of passing fluid rather than time. Flow 
proportioned samples more closely represent the truecomposition of the stream, and decrease the risk of 
missing intermittent events such as dumping of 
individual tanks. Flow volumes over wide ranges can be 
preselected so that a sampler will be triggered as each 
volume passes. Most ISCO samplers add-t;onally have
flow multipliers which expand available :low volumes 
even further. 

ISCO flow meters can be used. in conjunction with a
user-supplied primary device (flume or weir) having a 
know relationship between flow rate and water level or 
in certain other open channel applications where a
primary device is not or cannot be installed. Upstream
water height is measured and continuously indicated 
showing the actual water level, not just a percentage of 
maximum range. This value is electronically converted 
intoan instantaneous flow rate which is then integratedwith time to provide totalized flow. 

ISCO flow meters have a sixdigit, resettable totalizer 
directly r..ading total flow in gallons, liters, or whatever 
unit has been selected. No correction tables or 
multiplication factors are necessary. The flow rate can 
be recorded on a built-in recorder in the Model 1870 or 
the signal from a Model 1530 or 1700 may be 
transmitted to an accessory strip chart recorder for a 
flow rate vs. time record. An accessory digital printer
provides a permanent tape record of totalized flow at 
preselected time intervals, eliminating the manual
integration necessary with conventional recorders 

The optional, externally accessible Nicad battery will
typically operate a Model 1870 recording flow mete,- for 
72 hours per charge, a Model 17O flow meter for 200 
hours or a Model 1530 for 4rA)hours For extended 
remote c'noration. an external 12 volt automotive 
batlr. may be us-d ; inwierr'nnverfi-r reltlare th,-
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ISCO flow meters use proven methods to determine 
water level. The Models 1870 and 1700 have a 
submerged plastic tube which continuously emits 
bubbles just upstream from the primary device. As thewater level fluctuates, pressure changes in the tubing 
are accurately measured with a sensitive electronictransducer. The Model 1530 flow meter detects head 
heoght changes with a float Both methods have
demonstrated their reliability over many years' service 

Level-to-flow rate conversion in the Model 1870 is 
accurately accomplished by the Primary Device 
Characterization Module, in which the level-flow rate 
relationship of the primary device has been digitally
stored. Using the stored level-flow information, the 
flow meter's microprocessor-based circuitry converts 
the level signal from the transducer to a signal 
proportional to flow rate The Models 1530 and 1700 
utilize inlormation stored on an optically coded function 
generator discto convert water level to flow rate. This 
system provides substantially superior accuracy,
resolution, and versatility than can be obtained with 
rams, cnnve-nuional PROM svthins. o- analog power
iirtiini go,-no,-ratr (Jnl%' flit, m rnlirnronr-hasld 



model 1870 
The Model 1870 Recording Flow Meter has established 
a new standard in open channel flow measuring ease, 
accuracy, and versatility. Even under ideal conditions, 
measuring flow in open channels is tough. The Model 
1870 Recording Flow Meter makes the task of providing 
accurate, reliable flow data easier. It has the versatility 
necessary to accommodate changing conditions or
situations and is suitable for a variety of open channel 
flow monitoring applications including: 

" Inflow and infiltration studies 
" Sewer flow measurement 
* Industrial waste monitoring 
" Wastewater treatment plant flow measurement 
. Natural stream flow measurement 

" Irrigation flow measurement 
" Combined sewer overflow and bypass studies 
" Flow proportional pacing of automatic samplers 

The Model 1870 can be used in conjunction with weirs, 
flumes, or any other open channel flow situation for 
which a known relationship exists between level and 
flow rate Liquid level is measured by the reliable.
field-proven ISCO bubbler system. A small inside 
diameter tube is submerged in the primary device. Air, 
supplied by an internal compressor, is bubbled out of 
the tube at a constant rate, resulting in a pressure in 
the tube proportional to the level in the primary device. 
A troiri-r mPtiarec fiy nlr-torP And cmn-ni it 

Flow rate (or level) Is recorded on a rugged, built-in 
strip chart recorder and total flow is displayed on a six 
digit resettable totalizer. Both the recorder and 
totalizer operate in terms of real volumetric units. 
which the operator selects. No multiplying factors or 
percentages of maximum flow are involved. 

The reprogrammable plug-in Primary Device Charac
terization Module stores level-flow rate information on 
not just one, but on four different primary devices or
other open channel flow situations, as specified by the 
user. The device to be used is selected by a front pariel
switch. Modules can be interchanged if flow through
more than four different devices is to be monitored, and 
the modules are factory reprogrammable. Level 
measurement is also switch selectable 

Units of measurement are established by a pushbutton 
Scaling Constant switch. Any volumetric unit may be 
chosen, whether it's cubic feet, gallons, cubic meters,
liters, or any other unit. Settings for the Scaling 
Constant switch are supplied on a data sheet which 
accompanies each characterization module. 

The Ilow meter records flow rate or level on a four inch 
wide by sixty-five foot long strip chart, capable of 
storing several months of data. A disposable, easily 
replaceable fiber tip pen is positioned by a lead screw 
mechanism. pro%iding riliable, accurate operation The 
mi ririv.-snr-h.Asri r,-nrdpr rirritirv handles the 



When recordinq flow rate, the recorder full scale span
is automatically established according to the setting on 
the Scaling Constant switch, with an additional switch 
to provide two expanded scales, if necessary. When 
recording level, three full scale spans are available. The 
rec. der also has an indicating over.ranging feature 
which automatically repositions the curve to the base 
line when full scale span is exceeded, preventing the 
accidental loss of data should much larger than 
expected flows occur. 

A bright, four digit LED display is provided to indicate 
either liquid level, flow rate, or recorder full scale flow 
rate. Level can be indicated in either feet or meters, as 
selected by a front panel switch. The indicated level is 
easily adjusted to match actual liquid level by use of a 
lockable control, making initial calibration of level a 
simple matter, 

A standard feature of the Model 1870 is a sampler
initiation output signal which allows for flow propor-
tional pacing of an automatic liquid sampler. An event 
mark will be placed on the chart record each time a 
sample is collected, 

Operable on either 12 VDC battery power or 117 VAC 
line power, the Model 1870 is equally well suited for 
temporary or permanent installations. The optional.
externally accessible Nicad battery will typically 
operate the flow meter for 72 hours per c;;-rge.For 
extended remote operation, an automotive battery 
cable is available, which permits the use of an external
12 volt automotive battery. An AC power converter 
replaces the battery when the instrument is to be used 
on line current. When the flow meter is used with an 
ISCO sampler, the sampler can supply power for both 
unit. 
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The compact, self-contained Model 1870 is housed in a 
rugged, high impact strength "A" 'hick structural 
foam case. Realistically designed to survive the harsh
demands of open channel flow measurement sites, the 
flow meter is fully gasketed against moisture or 
accidental submersion, and features all stainless steel 
and anodized aluminum exterior hardware. Instrument 
electronics are based on highly reliable CMOS 
integrated circuitry with conservative design through
out. 

Optionally available for use with the Model 1870 is the 
Model 1710 Digital Printer, described on page 10. The 
Model 1710 provides a digital printed record of 
incremental and total flow volumes at several switch 
selectable time intervals, plus month, day of the month,
and time of day information. It provides the user with a 
dated hard copy record of incremental and total flow. 

the model 1870 is easy to 
install, set up, and use 

typical open channel flow monitoring site is usually 
far from what would be considered ideal. Often remote,
cramped, dark. damp and dirty, the average manhole is 
not a pleasant place for man or his machines. The 
Model 1870 was designed to minimize the operator'sexposure to such environments It is easy to install, 
setup, and use. even under the most difficult 
conditions. 
The Model 1870 is compact. rugged, and easily 

transported Since it is entirely self-contained, installa
lion time is minimized A built-in compressor supplies 
bubbler air; there is no need to worry about an external 
source of pressurized gas 

The flow meter can be conveniently mounted in a 
mnunberit avs It can simply lo! located on a flat 

if.'
 



Because it is a bubbler, the Model 1870 does not have 
to be mounted over a stilling well, directly above the
primary device, or even close to the flow stream, as 
with other types of flow meters. The flow meter itself 
can be installed at a convenient location and the bubble
tube routed to the measuring point. A separation of up
to 200 feet is possible. For example, the flow meter 
could be mounted at ground level for easy accessability.
Then, the manhole would only need to be entered once,for bubble tube installation and calibration. The actualinstallation of the bubble tube in the flow stream is 
normally uncomplicated. Most flumes can be specified
to include an integral bubble tube fitting. 

Because of electronic calibration, the end of the bubble 
tube does not have to be installed at exactly the zero
level of the weir or flume. Rather, it need only be
installed so that the end is slightly lower than the
minimur, level expected. Then, using the flow meter's
level adjusto nent control, the level indicated on the LED 
display is ,usted to match the actual level in the flow 
stream. .tie remainder of the set-up consists of
adjusting other controls to obtain desired m-'asuring
conditions. 

Once installed and set-up, the Model 1870 is easy to use
and maintain. The flow rate chart and totalized flow arevisible through a window, without opening the case. A 
digi'.al
display of liquid level is available at the push of a 
button, without disturbing the flow rate record.Installing a new chart is uncomplicated, and a single
strip chart can last up to eiht months. The flow meter 
was designed to havz low power consumption, so
battery life is long, a decided advantage for remote
sites. Changing the external battery pack requires only
a few seconds. The only routine maintenance required
is the occasional changing of regenerable desiccant
 
cartridges.
 

the model 1870 is accurate 
Open channel flow monitoring is at best an inexact 
science. There can be significant errors associated withthe primary measuring device (weir or flume) due
basic device inaccuracies, improper construction or

to 
installation, poor maintenance, etc. However. these 
potential primary device errors certainly do not justifysimilar errors in the secondary measuring instrumenta-
lion, as is the case with many flow meters. Any
compromise in flow meter accuracy will add theto 
over-all flow measurement system inaccuracy The
Model 1870 was designed using state of the art 
technologv to provide extremely accurate level measur-
ing and level-ln-flnw raip cnnversinn %vitem4 

sures the pressure in the bubble tube and hence the
liquid level. This transducer is designed especially for
the Model 1870 flow meter, with superior accuracy and 
temperature coefficient to provide accurate, stable level 
measurement. The bubbler system has none of the 
accuracy or long term stability limitations inherent in
typical ultrasonic and certain other level measurement 
systems. 

Level-to-flow rate conversion is accomplished throughthe use of a non-volatile integrated circuit memory
device, a programmable read-only memory (PROM).
The PROM stores a tabular set of actual level-flow rate 
values for a particular open channel flow situation
(usually a weir or flume). Intermediate values are 
generated by a precise mathematical technique, made 
possible by the superior computing power of the
microprocessor-based electronics of the flow meter.
The result is a very accurate level-to-flow rate
conversion system which also has excellent flow rate
resolution throughout the entire level range. This 
conversion system is more accurate and versatile than
tyical mechanical cam or analog systems, and far more 
precise than PROM based systems not utilizing 
microprocessors.
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Accurate presentation of flow data has been a problem
with open channel flow meters. Many units have usedtwo inch wide pressure writing strip chart recorders or 
circular chart recorders of questionable accuracy.
resolution, and readibility. The Model 1870 overcomes 
these problems with a strip chart recorder designed and
manufacturedby ISCOspecifically for the application of 
open channel flow monitoring The entirely digital
rf-,-nrd,.r ii s .i Pl'wpre nrprwixnn oa.tnI,., stvl lp.id 
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the model 1870 is versatile 
To keep up with expanding capacities or changing
flows, new or revised regulations, or to accommodate a
variety of measuring sites, an open channel flow meter 
needs to be versatile. The Model 1870 was designed to
have a high degree of built-in versatility, 

10.0'CA
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The Primary Device Characterization Module. which 
contains the level-to-flow rate conversion PROM, has 
the capacity to store flow data on four different primarydevices At the time of order, the user can specify any
combination of weirs, flumes, or other open channel
flow situations for which the module is to be factory
programmed. Then, by simply turning a switch, the
Model 1870 can be set up to monitor flow through any
one of the four devices 

Since level-flow data is stored in the module digitally,
any open channel flow situation for which a definab.,
relationship exists beiween level and flow rate can be
accommodated: standard and nonstandard weirs and
flumes, gravity flow using the Manning formula, 
natural channels for which stage-discharge data exists, 
etc. This is not the case with flow meters using analog
power function generator conversion systems. Suchanalog systems are normally limited to primary devices 
whose level-flow equation Is of a certain form, usually
single term power function. Analog converters can at
best only approximate open channel flow situations
which do not exactly fit the power function form (e.g.,
Palmer-Bowlus flumes, contracted rectangular weirs,the Manning formula, etc.). The entirely digital Model

conversion system does not have this veryrestrictive limitation. 

Additional plug-in Primary Dcvice Characterization 
Modules are available, making the adaptability of the 
flow meter virtually limitless. Changing from onemodule to another is a simple matter, requiring less
than thirty seconds to adapt the flow meter to fourentirely different primary devices. As an added feature. 
the modules are factory reprogrammable. 

The Model 1870 can be set up to record flow rate and 
totalize flow in any volumetric unit desired. It can also
be easily set up to record liquid level only, instead of
flow rate This may be useful when the level-flow
relationship of the primary device is in question, or
when only liquid level information is required 

1 



model 1870 flow meter specifications 

"o9Qn, 
Width 
000111 

15 114In. 1381 cml 
5i tn. (27.0cml 

10 3,8 on. 126.4 CM) 

Flowmete. 
AC odwe. n fer. 

12ioti DC 
1I?7 oil500oH 
1234voale 55"0 H&oilIroll 

I 

Wei" 25 Ila It1.3 1g, 1ked SallowYUlf 72 hr. Aveage(alte Is r chaw"I 

Liquid LO. RAn.e 
Engl.ShWill 
Metric UMIn 

0.3.0 ft. 
0"10m. 

Rceedor Ful Scale Spo. 

Levl moe 
Flowmtode 

/. 

1.2.3 It .2. 5. 1 m 
.01.02. 05, .1.2._. 1.2.5. 10 W. unIVos*C. 

*.W mm nt Laoe4o.Flow Rate 

ACoCy a015%tof uWAW41laorm CmeSrsion Preciion a 0.05% O1tecorder full ScSle 14.. 

Rael Rsalu1rm 8t411l IWa 0.1% of full mo " A - A ChIt Speed 118,,14.112. 1.2.4, inJou. 

OpwtBle mode 1.010 
Flow rato tlouglh any oan 0f lour olmary 

Ch ytP.9.. 
Widlh 4 in.. clibrated 

0C" .L lh 65I, 

4Spec"4ealtended I "&ngel -Mleconsultfactlry 

FLOW METR 

11~
 



ordering information 
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Anyone engaged in open channel (Ioo measuiement 
should have a copy of ISCO'S n~ewoats handbook. It 
Contains over 80 pages of t It material describing the 
various aspects of open chansiel flow measurement, the 
types of weirs and flumes used and their installation,
and gravity floor in open channels It also cintains over 
125 pages of weir and flume discharge tables. This is
the most comprehensive handbook currently available 
on this subject. You may get your copy by sending your
check for S7.95 to ISCO HANDBOOK. 3621 N.W. 35th 
Street. Lincoln, NE 68524 Paymeni maist accompany 
the aordlar 

http:accteotnad.le
http:AtdLacb.tt
http:rcnllU.ew
http:25O00(.05


b. ISCO Model 1680 High Speed Sequential Sampler
 



model 1680 
high speed 
sequential 

sampler 

A Model 1680 sequential sampler can really simplify.,your 
pollution nonitoring program. Reliable operation provides
reproducible results you can trust; programming versatility 
insures against obsolescence due to changing regulations: 
and manhole-prif ruggedness withstands coriosive at. 
mospheres wear and lear, and frequent hosing or even total 
submersion. For taking a single composite sample, the 
standard 28 bottle sequential hase section may he replaced 
with a base accommodlating asingle wide mouth container. 

' 
N
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Typically, over one hundred full samples may be taken on 
an 18 hour charge of the removable Nicad or lead acid 
battery. An auxiliary battery within the controlier maintains 
the logic for about eight hours in case of a power failure. 
While it will not power the pump, it accommodates power 
interruptions and battery changes without losing the pro. 
gram or time. 



Thtt xv Ie-L'. clIpg.p x)f tolating linni-il carries, ,amtlleq! to 

tIhe distribultor plate withoul pa.ing ihrjugh any rotating 
,eah oir hardl.to=-clean luling; the s tep trough angle pref. 
vents %edimenlation. Samples are conducted into indi. 
vidual bottles by a diuribunr plate. Both the funnel and 
distributor plate can he quickly removed for cleaning. 

The base holds 28 bottles - fouir more than usual, to take 
the pressure ol 24 hour servicing schedules. A large ice 
compartment is provided for cooling biological specimens. 
Its capacity is adequate to maintain samples at about 40'F 
behw ambient for at least 12 hours, and 30*F below am. 
blent for 24 hours. Construction is douhle-walled Irigh im
pact plastic with foamed-in-place insulation having a 

nominal tlicklwss of I". Additional bases with covers and 
bottles may be obtained to retrieve samples from the tield 
without interrupting collection. The cylindrical sample 
bottles are available in unbreakable, high density 
r.-;Iyethylene (500 mlt or glas, (400 mll. They are much 
easier toclean than wedge.shaped hotiles since they have a 
wide mouth to admit a large brush and have no inaccessi
ble corners. Polyethylene bottles can be washed in a dish
washer but not autoclaved. Glass bottles can be auto
claved and are also suitable for samples having organic 
components which may be absorbed by plastic bottles. All 
britle, are supplied with caps with polypropylene liners to 
in, irt' 'aiv handling. Teflon* lid liners are available sepa. 
ratelv tir all ISC() btile. 

Outside dimnsions are 21" high by 19vi" diameter, and 
tkse We ;.,i i , 40 lbs. with batterV and polyethylene bottles. 
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"hr all-electronic controller provides collection intervals 
determined by the I to 999 minute quartz cmtal timer or
by any ISCO flow meter. Up to 999 signals from the flow 

meter can be combined for each sample. This greatly ex-
pands the range of flowstream volumes originally available 
in the flow meter, and simplifies interfacing with flow me-
ters of other manufacture. Sampling normally commencrs 
immediately upon setup, but the initial sample can he de-0-
layed up to 999 minutes if desired. All values are entered 
with a pushbutton digital switch. An LED display shows the 
interval remaining before the next sample is taken. 

Model '1680 
controller 

Maximum sample volume is 500 ml. selected with a 9 

position switch. The switch scale indicates volumes for 
head heights to21'. Another switch provides fnr the selec-
lion of six different suction line lengths. An optional mul. 
tiplexer piumits compositing 1. 2, 3, or 4 samples into each 
bottle, allowing a maximum of 112 samples to be plated 
into the 28 bottles. This provides more representative col-
lection and reduces the danger of missing short term 
changes in slreatm com position. The multiplexer a.m can 

he used to distribute the sample over 1,2, 3. or 4 bottles, 
ptermittsng a largser sample volume or the use of several 

hsdifferent preservatives. An automatic shutoff stopsthe sim-
pling program after the last bottle is filled. An optional 
switch is available to by-pass the automatic 28th bottle 

.hutnff when using the composite base accesworv. When 
the sampler is returned to sequential sample collection, the 
switch may be placed in the shut-off position tocease sam-

isle collection after the 28th bottle has been collected. 
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c. Six Paddle Stirrer
 



'Six-Paddle Stirrer 
Saves time in 
water/wastewater laos 

Six stainless-sleel paddles stir six waler 
samples simultaneously, at same sreed. 

Provide identical test conditions for all 6 
samples. Ideal for determining optimum 
amounts of alum or ferric sulfate for floccula-
lion tests in water and sewage. 

Six paddles, 25W x 76mmL (1 x 3")driven by 
'/3ohp variable speed motor from 10 to 
100rpm. Speed shown on tachometer dial. 
Paddles operate at same speed; paddle 

depths adjustable, any paddle can be re
moved without stopping the others. 

Orderln! Information: Aluminum frame, 
25L i, t07W x 36cml (IO.x 42 x 14"). Without 
beVKers. 120V 60Hz. 
15443-50 ...........................................
575.00 
Illuminator Base. For use with 15-443-50 
stirrer. Consists of fluorescent lamp mounted 
below trans'!urent plastic plate to provide dif
fused cold light oirough floc samples. Steel 
base. With fluorescent tube. 120V 60Hz. 
15-443-55 ...........................................
175.00 



d. Direct Reading Mallory Settlometer
 



Direct Reading
-MallorySettlometer 
2-titer graduated cylinder for determination of 
activated sludge zone settling rate as outlined 
inAPHA Method 213 D.Also used to deter
mine settled volume of activated sludge ac
cording to APHA Method 213C. Graduated In 
cc/Uter and in hundredths of a foot. Glass,
 
13 dia. x 18cmH (5 x 71).

15-443-25 ............................................. 79.25
 



e. Hydrolab Digital Water Quality Measurement System
 



MWF\ ,T 400 SERIES/ DIGITAL.. 4041 
i NGITAL WATER OUAL!TY MEASUREMENT SYSTEM 

PRODUCT DATA [TEMPERATURE, pH, D.0. CONDUCTIVITY_ _j 

3=-TMD NO. 4041-8/80 

DI 'l+iL 4041 
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MI~X910.874-1335 
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' '2 BASIC DIMENSIONS 
SERIES DIGITAL.. 404.1 

NOTE: ALL DII'ENSIONS GIVEN IN INCHES 

INDICATG( UNIT 

A -UNDERWATER CABLE TO SONDE TRANSPORT CASE 
B - 4.PIN CONNECTOR (12 VOLT DC). 
C - HINGED CARRYING HANDLE,...-- ... ............ 
O-CONTROL KNOB 
e -3W DIGIT DISPLAY (LCD)' '.' , 
F -CALIBRATION ADJUSTMENTS-~ 

DRAWN ALUMINUM CASE " ' "", 
LT. BLUE VINYL PAINT FINISH " i . -

/ SILICONES,. ". - . . ACRYUC PANEL 

F 

SONDEICIRCULATOR ASSEMBLY 

A -CAELE TO INDICATOR UNIT F - IMPELLER 
8- STORAGE CUP G - THREADED ADAPTER 
C - CIRCULATOR ASSEMBLY H -SENSOR GUARD 
0 -UNDERWATER CONNECTCR J - PREAMP HOUSING 

000e 

CLEAR LEXAN 0 
PRESSURE
 

SHOUSING 

e 0 SENSOR CHAMBER J 
A 

H 
o 


GL 
0

X1 10.0ed* 

if 0 

D 
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f. ND Instruments, Inc. Portable V-Notch Weir
 



11 - Delta Equipment Sales, Inc. 

1302 Uncoln Highway 

NNorth Versailles, PA 15137 
SNB INSTRUMENTS, INC. PHONE: (412) 823-9320 

PORTABLE V-DRJOTCH WEIRS 
For Measuring Flow in Manholes 

9.--

/ 


.. .; 

900 

FEATURES 

* Less than five minutes for installation 
* Precalibrated in US ,allons/24 hours 
* Available for use in p"pes from 6"through 60' 

* Usable under very low .flow conditions 
* No tools required 

1B's V-Notch Weir is the most economical device for 
testing new sewer lires or for nikht flow studies of 
existing lines.' 

Wherever the level of ground 'ztcr isabove sewer 

grade. usc of the V-Notch Weir isthe fastest and mostConomnica Method of testing tightn:ss of"lines, both 

for presumptive testing during construction and 
acceptance testing on completion of work. The 
adaptability of the device to very low flows also makes 
it useful in night flow studies inexisting sewers. 
Theoretically. the hcad to be measured in using a V-
Notch Weir must he unstream nof the drawdown. with 

, - ,...;. . .-. .
 

;" - 4 :;j, , 

/ .: . 

22%0 

impossible to realize ina manhole. Therefore, N8 
Instruments hat calibrated itsseries ofV.Notch Weirs 
using an adjusted table based on the Coneformula: Q=2.49H2.48 where Q=dicharge over weir
incubic feet per second and H:head on weir, in feet. 
For care of use, the plexiglas notch is vcibed with 
levels to show flow in terms of US gallons pr24 hours. 
Tlh, head of water against the plastic it simply read 
directly to give the daily flow.The onlycaution which 

.•"
 

|
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must be observed is to allow sufficient time for the flow 
to back up and level off behind the weir. generally less 
than an hour. 

NB Instruments V-Notch Weirs are available with 
either 22%0 or 900 notches and come in sizes suitable 
for 6", S', 10', 12', aad 15' pipes. A set or adaptors
makes the 157 weir suitable for use in 18'.21",24",27".
30% 36, 42% 54", and 60' pipes. Larger adaptors are 
available on special order. For pipes up to 12', the weir 
is simply positioned, leveled by the spirit level at the 
bottom of the device, pressed down into place to seat 
the gasket, and then wedged tignt with the clamping
wedge. The 15' weir is positioned in the same way, but 
a hand screw instead of a wedge is used to clitmp the 
weir tight. For larger pipes, the 15' weiris set into the 

proper adaptor and the same procedure used. For any

size pipe. installation takes less than two minutes. No(

tools of any son are required.
 
**CBV-Noteh Wei~rs
areprotected by U.S. P.3.276.411. 

V-NOTCH WEIR 
MAXIMUM READINGS 

S a HEAD (K) 
O 

22 , 

O 
HUD(114 

10o00 1.563 2.601 1.750 
a 17.000 1.93 4.236 2.125 

10 
12 
Is 

40.900 
74.750 

206.000 

2.750 
3.500 
5.250 

8.01 
14.150 
3s.975 

.750 
• "'s 

5o0O 



g. Portable Ultrasonic Doppler Flowmeter
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Hot it all started 
InOecember 1975. there was 
installed for the first time an 
instrument which was to 
subsequently revolutionize part 
of the flow measuring industry. 
The instrurm ent? The first 
production ultrasonic doppler 
flowmeter. The company 
producing it? Flowmeter 
Company based inHouston, 
Texas USA. The instrument 
was the result of 4 years 

How we did it 

We first decided to generate an 
ultrasonic signal to penetrate 
the pipe wall end go into the 
fluid. Theoretically, if the fluid 
were moving there should have 
been a change of frequency 
within the fluid. And there was. 
The change inpitch, compared 
to the original sound was 
definitely proportional to the 
velocity of the fluid. 
However. inorder to detect 
the change, we had to compare 
it with the transmitted sound. 
back at the sound source. This 
meant that the sound had to 
bounce back to the transmitter 
and be detected on areceiver. 
in our labs, it was rapidly 
discovered that inorder for 
that to occur there had to be 
something within the fluid to 
bounce the sound off. We found 
that if the fiuid was absolutely 
homogeneous - with no 
discontinuities within it - the 
sound literally whistled down 
the pipe and never came back. 
There had to be entrained 
discontinuities, either solid or 
gaseous innature scattering 

research and development in 
Europe and the United States 
and. since that date. doppler 
flowmetering is grown into a 
multimillion dolle r industry with 
Fowmeter Compiany playing a 
leading role in the development 
and production of these units, 
The principle of operation is 
deceptively simple. We hear i's 
effect every day of the week. 
Whenever an ambulance10
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Transmitter 4)) 
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71 
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- mage eous 

-
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the beam of sound, some of 
which came back to the 
receiver. 
When we had achieved this, we 
knew we were inbusiness 
measuring the flow rate of 
contaminated fluids, where 
generally most other types of 

MINING SLURRIELP ~ --q 
SEWAGE 

WPER 

approaches you with its siren 
on. the sound appears higher in 
pitch than when the ambulance 
is stationary with its siren on. 
Here at Flowmeter Company 
we decided to try to utilize the 
effect inorder to determine the 
rate of flow of liquids within 
existing pipes without broaching 
the integrity of pipes.

-ok 
HIGH PITCH 

ormal Pitch 

ud
 
-

_ 

No Retur 

Fluid 

-Z Wrtlcui F 
l u-id
Wi-thieturnng--

flow meters failed. 
Four and ahalf years and over 
2,000 units later, we have 
evolved acomplete range of 
equipment and systems. We 
found along the way there are 
some basic do's and dan'ts for 
succersful measurements. 

TOTALLY 
OGER81£flipse 

NOgI'TUA8UL&T 
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Two basic conditions exist in 
flowing liquids. One is turbulent 
flow, where the velocity of the 
fluid is the same at the pipe
wall as it is in the center. 
The other is laminar flow, where 
the flow at the pipe wall is very 

III Turbulent Flow 
1%J Solids
Expected Accuracy t±2%Repeataty t 0.5%.TPe 

(2) Laminar Flow 
F, Solids tI'% Solids 
FRepostodalilky % 

(33 Turbulent Flow 

Ex£pected604b SolidsAccuracy + 3.5% 
Repeataby t 0.54a 

()Liliminar Flow 
00%GAc4)cyi SolidsmiSe below 

Rep~asti t 0.5%ow 

As can be seen from Diag. 4, if 
the fluid is so dense that the 
sound cannot penetrate to the 
center of the pipe a laminar 

Pipe Material 

Most metal pipes are suitable 
for doppler application, but 
some old cast iron pipes have 
air bubbles which tend to 
scatter the beam. Plastic pipes 
are best for giving readings to 
our equipment, and a much 
lower volume of particulate 
matter may be tolerated The 
transducer may be attached in 
one of two manners For normal 

slow, and gradually increases to 0.25% entrained air as the 
a maximum at the center of the reflective medium. Pipe 
pipe. diameter does not affect 

accuracy. and shown here are 
some typical results that may 

In the factory. all equipment is be expected in different 
calibrated against water with situations. 

-4-llll- ouclf 
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flow condition will cause the reflections occur. This problem 
flowmeter to read low due to a may be resolved by recalibrating 
lower flow rate existing at all on the pipe. 
the points at which sound 

glueo onto the pipe with a fast gained over the last few years. 
setting epoxy resin. For We have found that nearly 
temporary readings such as every flow problem has its 
with one of our portable unique pcints which have to be 
flowmeters, the transducer considered, so if you have a 
should be taped to the pipe with problem and you're not sure if 
siliccne grease or similar ultrasonics can do the job.
material taking the place of the telephone us, WE WILL LEND 
epoxy resin. Obviously, the YOU A PORTABLE FREE TO 
above does not cover even a FIND OUT IF IT IS SUITABLE 
small percentaqe of the OR NOT 

') 



As has been mentioned At Flowmeter Co. our flowmeters to systems such 
elsewhere very often the design staff is constantly at as that shown below where 
flow problems are unique work on special applications 75 pipes in 5 banks of 15 
and require custom building ranging from simple had to be ionitored 
to customer specifications. modifications on single sequentially 5 at a time. 

L. -- Y 

II ,S* S I1 Ilk -h 

If you have a problem flow your particular application equipment would have you 
why not contact your we will tell you so. Some think otherwise. Every type 
nearest Flowmeter Co. mtufaccturers of doppler of flowmeter has its 
distributor or telephone the flowmeters are making limitations and doppler is 
factory directly. We will be exaggerated claims for no exception. However, in 
pleased to discuss at length their equipment. For this brochure wa have tried 
your particular flow example there are many to explain where doppler 
probrems. We may be able flow streams where a flowmetera function best 
to solve the problem in a magnetic flowmeter is so that you, the end user. 
very economic and efficient vastly superior to a doppler will be able to decide 
way, but if we think that unit, though at least one whether or not to "go 
doppler is not suitable for manufacturer of doppler doppler." 

PFOWMETER COMPANY 
5800 Corporate Drive, Suite C-6 
W- t-Sn TV 77r1'3= I C A. ,7 i 7 1~7 annaff 



. UNIMETER 
F SERIES 
PERMANENTFLOWMETERS 

The 'F series of flowmeters amedesigned a general purpose 

.'• sueai "w hove bomT wkie~acceptance in a variety of 
..... . .......... ions ranov from 

c-oir waw anmini ore 
Sskrries to swage Ines. 
do, wastes aid the Ike. 
The basic unit is te UNI FI. aniniatn flow v tmwx. 
Man ifeen ptosam 
awmieblK both standwt and 
custom. m order to tor te
wmtrumentation edS* for 
specfic needs and appications. 

BASIC UNI Fl 
RDWRANCE Go--a% u wcuswa wU*lO 0lspofid byDAumnwkin£ or vAk biKt Idamu~ 0.1On OP. 

ni of mitan tun c:tamad am 
INXCATION 3",27O*wW " I=al O% 
ACCURACY Twclcv Ism" dmn4qk 

REPEATASUTY Bw*-U'm lM 

OUTPUT 4.mA. 10O- 20 A.O-,Allpcfly'.mDn. 
PowER 11522oVArC5WI/WH 
TRANSOUCER Lw0gWTer wawl17WjF.Or. 
CASE NEMA4b Wlm 1r 175 vLWtm@l8 sII*x7*O~a2l5z 
OPTIONS. SXWavmiLftwobeMsd nULFt. 

SUFFIX 
A.C ---.- CHAfT MCOIPO9l 2 "-Vmld WG'ral Spadg h'm0.12:5ipht 

T- ..... TOTAUZIR Six dot rusattabi Wwaamsu prmrwemfts 
8.-_J=UT bOINS. H -Lo 10%-100%of rutm.C Im contacts out. 
I rATCHMEU. wvwwmmMi 001-99L C fon conum Out.3 dt 


L.Jghfmnwu" usuddce upt 3050F. 15O'C.
 
Truasduc arofdiff-m Wngf avmii up to 500. (Conmit fatory befor ordwwngL
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UNIMETER 
m 	 P SERIES 

PORTABLE....... ""R.OWMET'EPS

ii i' These flowmetere feature high 

portability where spot checks of 
flow, periodic calibrations, or 
any temporary flow measure

~ * 	 ments are required They are 
also useful indetaminn where 
suitable applications exist for 
dedicated flowmeters of the 
doppher type
There are two basic models. 
ePl Series i rigid vinyl shoulder 

,. ,,strap case. 
.t @P2 Series in NEMA 4 fibergloss 

.. ....
..

case the fSeares b;esP 

UNO . • series, also has a 4-20 mAUNI :. 	 " I.I ". .output. 

Uni P1 A/ P2 A Uni P1-C IP2-C 

FLOW PATaS 	 V-5 0.10j 020rn 0..5 0, Or 

Ol 04'7051ed2 
Aci'cytiyAqiin~be~wec imUui4% , 30 OL P41W4P~ W. 

INDICATION T WW mie w" chmd feed race 
Aaacv t'v~caf bu, Um 4qU 

TOTAUTZATION 	 Soft d~i LCO I'me pvwmum" Et dig LCOrmad Pmu l" 

20 fet 	 20 femtTRANSOUCER CABLELEJNTH 

or hi cs 
115/220 VAC 50/60 HZ va charger 115/22OVAC50/60HZv-scharge 

POWER SOURCE 	 20 hour 6(e recirgeable cat 20 houe Wai m sttehel 

DIMENSIONS .5"(2 15m.) 	 6"1152nvnIPIAP2A 12'12 120,mm05Wd9" 230rx x 7" 117Efnr Swm = PtA/P2& 

WEGHT 	 P1A6Ss',(295Kg) P2A95mI.I43K1g PIC9.51bel3Kg P2C12.51u(S.KgJ 

TRANSDUCER 17 * [
 
Theswtmad Uuuce maplm mJ m .a WoWg and a wtMvid 1Pooatwoweamw Of i to 5 F1
wih the &M 

Lanmsi av&WftipISLo 507 IC0nsI* tacty b9lo1sOWeN4HaghterIowacw, vr sawaersavalableWvPovem~an uptoI 305oF 

PLOWMETER COMPANY 
91100 r orinritr nrive. Suite C-F. Houston. TX 77036 U S A. (713) 771-9006 


