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I. INTRODUCTION

Pursuant to the technical assistance program for Central and Eastern European
countries funded by the United States Agency of International Development, the World
Environment Center (WEC) team conducted on January 16-25, 1994 an
environmental/waste minimization assessment of Akmenes Cementas (Akmenes) in
Akmene, Lithuania. During that visit, waste minimization opportunities were identified for
Akmanes and equipment and process modifications were recommended by the WEC

team.



. EXECUTIVE SUMMARY

On January 16-25. 1994, the WEC team consisting of Frank C. Stevens and Charies FFox
visited Cementas Akmenes (Akmenes) located in Akmenes, Lithuania. The purpose of
the visit was to assess Akmenes' operations and production of products (primarily
cement) and generation of waste materials and emissions, in order to identify waste
minimization opportunities. The WEC team visited and made preliminary assessments
of Akmenes coricrete products plants, steam generation plant (used for heating the Plant
and the town of 15,000 people), the Akmenes Lime Plant, and the quarry for Akmenes
Cement. They also visited lime and building materials plant of Venta Building Materials,
located near the town of Akmenes.

Built in 1952, Akmenes Cement Plant (Akmenes) uses the wet process system for the
manufacture of cement. This is a complex process, requiring a large capital investment
and is labor intensive in production and maintenance of equipment. Under Russian
standards, plant labor, fuel, and maintenance costs were considered average, however,
Akmenes is not currently competitive when compared to Western European standards.
Capital investments are required to update Akmenes, which has not been modernized

since its opening.

The most significant problem for Akmenes is the lack of a cement market for its product
since the former Soviet Union stopped buying the full output of the Plant. During 1990,
the production and sale of cement was 3,350,000 tons annually which is the full output
of the plant. In 1993, the output of the plant was reduced to 726,900 tons (22 per cent
of full production), utilizing only 1.8 kilns out of a possible 8 kilns. In order to be
competitive with other cement producers outside Lithuania, Akmenes must reduce
operating cost by installing new equipment and introducing modern technology. The
capital investment for a new low production cost cement plant will be at least
$100,000,000 U.S. and could range up to $150,000,000 U.S., depending on inflation,
equipment, and construction costs.

Akmenes also needs environmental monitoring equipment capable of measuring air flow
in kilns and grinding systems, particulate emissions, and performing kiln exit gas
analyses for oxygen, carbon monoxide, nitrogen oxides and sulfur oxides, such
monitoring equipment would cost approximately $350,000 U.S.

Other immediate capital requirements of Akmenes are for instruments and operating
controls in the raw grinding cement kilns and cement grinding departments of the Plant,
and for the equipment necessary for converting the fuel from oil to coal. (Russian oil
currently costs $70 U.S. per ton, where as coal from Poland and Russia cost
approximately about $30 U.S.) A capital investment summary follows:
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o] Basic instruments and operating controls for grinding and kiln operations
for two of eight kilns. Estimated cost is $800,000 U.S. Payback period is

less than two years

0 Updating and improving operation of 1 kiln and 1 cement grinding mill.
Estimated cost is $350,000 U.S. Payback period is less than 1.5 years.

0 Environmental testing_equipment for emissions of gases and particulate.
Estimated cost is $350,000 U.S. Payback period is less than 1.5 years.
Estimated cost is 3,060,000. Payback period is less than two years.

o) Coal, handling, pulverizing and kiln firing equipment and controls for two
of the eight kilns. Estimated costs is $8,500,000 U.S. payback periods -

less than three years.

Payback periods for these capital investments are calculated based on improvement in
production, better quality clinker and cement, improved environmental monitoring and

control, and savings in fuel costs.

Another method for reducing fuel costs, while maintaining good production rates of
clinker and cement, above standard quality of product, and improved and acceptable
environmental emissions meeting the requirements of the Lithuanian Government, is the
use of alternative waste fuels. Such alternative wastes include organic wastes from
petroleum refineries, automobile and manufacturing plants; plants using coal, oil, and
natural gas as the raw materials for their chemical products; and chemical plants using
and producing organic materials. The cost of a system for handling organic wastes
including, tires, agricultural products, and selected trash and garbage (organic) is
estimated to be $5,000,000 U.S. to $6,000,000 U.S., with a payback period of less than
2 years. This capital investment will include kiln controls, environmental monitoring
equipment, and will utilize the existing facilities of two large wet process cement kilns at

Akmenes.

By comparison with other cement plants built in 1952, the WEC team found Akmenes
to be clean and well-maintained, with good production rates, good quality cement, and
acceptable environmental emissions, except in the case of particulate emissions which
are more than twice the allowable level in Western Europe and the U.S. Akmenes has
an excellent training programs for health and safety and welfare of the plant employees
and their families that live in the town of Akmenes. Results will be further improved when
the proposed capnal improvements are implemented.

Following this imitial assessment, Akmenes will be participating i, WEC's Waste
Minimization Impact Project.
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Section |

INTRODUCTION

World Environment Center (WEC), under an Agreement of Cooperation with Akmenes
Cementas (Akmenes), signed December 13, 1993, agreed to complete an
environmental/waste minimization of plant operations. The primary goal of the
assessment was to identify opportunities for low cost activities which could provide
environmental and economic benefits for Akmenes, and to familiarize plant personnel
with assessments techniques and procedures. The assessment was completed by the

following team:

o) Ms. Gretchen Mikeska, Project Manager of WEC, New York, N.Y.

o} Mr. Charles W. Fox, President of Fox Industries, Cottonwood, Arizona,
Senior Consultant Volunteer Expert for Cement and Process Industries.

o] Mr. Frank C. Stevens, President of Stevens Consulting, Yucaipa, California,
Senior Consultant Volunteer Expert for Cement and Process Industries.

o] Mr. Simonas V. Anuzis and Mr. Algimantas Mituzas, Director and Technical
Director, respectively, of Akmenes, Akmene, Lithuania.

o] Dr. Jonas Kapturauskas, WEC Country Coordinator, Vilnius, Lithuana.

WEC's assistance to Akmenes will continue through Akmenes participation in WEC's
Waste Minimization Impact Project (WMIP) for Lithuania.

The WMIP commences with a waste minimization workshop (May 24-27, 1994),
attendance by Akmenes personnel at the Institute of Electrical and Electronics Engineers
(IEEE) 1994 Cement Industry Technical Conference, and visits to the U.S. cement plants
(May 30 through June 4, 1994). Further study and the methods for financing will be
continued through 1994 and early 1995.
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1.1

Background

Akmenes Cement plant and facilities were built by the former Soviet Union in
1952; an expanded plant was completed in 1972. The plant was situated in
Akmenes hecause of excellent raw materials, skilled work force, availability of
USSR fuel and electricity, the need for cement in Lithuania, export access
eastward to the former Soviet Union, and the excellent work ethic of the

Lithuanians.

In addition to the annual production of up to 3,350,000 tons of cement, Akmenes
has facilities for making numerous concrete products and generates steam for
heating of the Plant and the town of Akmenes. The Cement Asbestos Products
Plant, which currently produces asbestos sheeting and pipe, is changing from
asbestos-based products to a mineral and cellular fiber based cement products.
(Asbestos is no longer used because of health problems.) Akmenes maintenance
shops manufacture metal products for other industries and businesses throughout
Lithuania. The supply of fuel oil from the former Soviet Union and maintenance
parts for repairs of Akmenes equipment have been very costly and only
sporadically available, due to the increasing difficult political climate between
Lithuana and Russia since the independence of Lithuania in 1991.

When the former Soviet Union took over Lithuania in 1940, almost one million
Lithuanians were killed. The population today, is about 3,700,000 people. The
citizens work very hard, primarilv in agriculture, farming, and animal raising as
their main source of income. Lithuania is slowly changing to an industrial
services economy. The environmental outlook is very good, with compliance to
Western standards a goal of Lithuanian government officials. Large enterprises,
such as Akmenes, are generally in need of financial assistance in order to be
competitive in world markets. Outside investments are required.

While the WEC team was at Akmenes in January 1994, the Plant exported 3000
tons of high grade cement to Sweden which was then shipped to Africa.
Akmenes is alsc pursuing other export markets. The plant management is doing
an outstanding job of maintaining jobs for employees who have no other source

of income.

Akmenes is now 52 per cent privately owned, and is controlled by employees
operating and managing the company and plant. The Lithuanian government and
of the private investors have a 48% minority investment without control. With
financial assistance, the Akmenes management, technical and engineering,
supervision, and plant employees are competent with a good work ethic, ad are
capable of operating a clean, well-maintained, environmentally acceptable, and
profitable plant that is needed in Lithuania for its development and economic
strength in the free world.
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1.2

Manufacturing Process

Akmenes uses the wet process for grinding and blending of raw materials
(limestone and clay). These raw materials sent to long rotary kilns equipped with
chains at the feed end to dry and preheat the raw materials, and a fuel oil burning
system at the discharge end of the kiin to supply heat for clinkering the kiln feed
into cement clinker at 1450°. The clinker, after cooling, is ground with 5 per cent
gypsum into a fine powder called cement. Cement is reactive with water, sand,
and crushed stone and forms concrete - the basic building material for all types
of construction, homes, infrastructure, buildings, highways, concrete products,
and factories. The process requires about 140 KWH of electricity per ton of
cement and 1600 kcal per kg of clinker produced in the kiln. The equivalent fuel
oil use is 160 kg per ton of clinker produced. For the 3,000,000 tons of annual

production, approximately 1800 employees are required.

Raw material sources are generally located near the Plant and are owned by
private Lithuanian companies. Since all of the equipment was engineered and
manufactured by former Soviet companies which are no longer available to
Akmenes, the Plant is salvaging parts from idle equipment, while developing other
sources of supply, including fabricating equipment in their own shops.

Most of Akmenes plant kiln dust is collected and returned to the system. Sanitary
waste water from the Plant is recycled for cooling purposes. Effluent from the
town's water treatment plant is incompliance with government standards, and is
recycled to Akmenes where it is used to make raw material water slurry. This
slurry, containing up to 40 per cent water, is the raw feed for the cement kilns.

When economic conditions improve in Lithuania and a market develops, for
cement exports to countries of Eastern Europe and Western Europe, Akmene's
annual production is projected to be 2,500,000 tons per year.

Akmenes does not have any electronic equipment controls or instruments which
are needed for production, maintenance, laboratory, equipment operation, and
office functions. Environmental instrumentation are also urgently needed.

Akinenes product quality is superior, considering their lack of instrumentation and
that the processing of materials (from quarry, crushing, biending, clinkering,
cooling, cement grinning, to the cement storage and shipping) is very complex.
The process of making cement and the equipment required are presented in
Appendix.

Details of Akmenes, statistics, product composition, manpower, organization,
environmental information, government standards, training, and health and safety
programs, are presented in Appendix. A flow chart of the process is provide in
Appendix B3-2.

1-3
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2.1

Section 2

OBSERVATIONS AND RECOMMENDATIONS

Plant Operations

Akmencs staff was very willing and eager to assist the WEC team in the
assessment, answered all our questions, complied with our requests, and were
willing to listen to our advice. Information supplied to the team and not presented
in the body of this report, is presented in the Appendices.

Although Akmenes' equipment is cld, dating back 20 to 45 years, it is well
operated, maintained, and kept clean. Managers and department heads are
aware of technical developments in the cement industry, but lacked funds to travel
to seminars, make plant visits, and/or purchase technical literature. Through
constrained by limited funds and lack of up-to-date technical information and
equipment, Akmenes has optimized their production process within the limitations
of their equipment.  Plant personnel are proud of these improvements.

Plant water supply is adequate. The Plant receives fresh water from near-by wells
and process water from the waterwaste treatment plant, which is operated by the
plant for the town of Akmene.

Electric powér is obtained from a Soviet-built nuclear power plant, located near
Lithuanian’s border with Belarus. When possible, the plant uses off-peak power
to save on electrical power costs and balance the power plant load.

Akmenes uses some iron ore mixed with the limestone and clay to optimize the
chemical composition and burnability of the raw materials in the kiln to clinker.
Gypsum is added to clinker at a rate of 5 percent to control the setting and
hardening rate of the cement. Pozzolan is also used as a cement mixture, with
additions of up to 30 per cent to the clinker and gypsum and ground to a fine
powder for suitable pozzolan cement.

In Appendix B-4 is a copy of the brochure entitled "Akmenes Cement", written in
Lithuanian, English, and German. This is filled with excellent history, operations,
data, and interesting features of the Plant.

2-1
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2.2

Alternative Fuels

As previously described, Akmenes uses the wet process for handling raw
materials and feeding the kiln, which requires a higher fuel usage (1600 K cal per
kg. of clinker versus modern kiln that uses 50 per cent less fuel). Akmenes can
recuce its fuel costs by 50 per cent by using coal instead of the high price fuel
oil from the former Soviet Union. With the addition of alternative waste fuels
replacing up to 50 per cent of the fuel, whether it is oil or coal or both, fuel cost
could be negligible, considering the income that the generators of waste fuel
would pay Akmenes when this market develops.

At the present time, Akmenes is paying fines for excess emissions of carbon
monoxide (CO), sulfur oxide (S0,), and nitrogen oxides (NO,). Using good kiln
insirumentation and controls, emission monitors for kiln exit gases, and low NO,,
burners, emissions of these gases would be reduced considerably. Such
instrumentation and control would also make it feasible and safe for Akmenes to
use alternative fuels (coal and waste organics). Not only would Akmenes benefit
from less expensive fuel supplies, but existing waste stock piles generated from
Lithuanian industry could be reduced.

Many wet process plants in the United States and other countries have been
incinerating wastes safely, improving the environment, and lowering operating
costs since 1975. The publication "All Fired Up" (see Appendix B-5) states that
burning of organic wastes results in the following benefits.

energy recovery from combustible wastes,
conservation of fossil fuels such as coal and oil,
reduction in cement production costs, and
destruction of hazardous organic wastes.

O O OO

This publication is considered by many cement industry experts to be the best and most
authoritative text on the subject.

2.3

Environmental and Waste Minimization
The gaseous (CO,,NO, and SO,) and particulate emissions from the kiln systems

in Akmenes re considerable less than most of the cement plants in Eastern
Europe, primarily because the Plant has well-maintained equipment.
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2.4

The dust collection for raw materials, crushing and grinding, clinker production
and handling, and cement grinding processes are adequate. However, particulate
emissions from the cement kilns following electrostatic precipitation is more than
twice the allowable level in Western Europe and United States.

Gaseous emissions from the kiln system are similar to those in other cement
plants in Western Europe and United States, and contain constituents similar to
a properly operated fuel-fired electric power steam generation plant. Emissions
can be reduced to acceptable levels by installing instrumentation and process
emission controls. The electrostatic precipitators, which collect dust from material
handling systems, kilns, arnd grinding systems, can be made more efficient by
enlarging electrode plates, adding modern electron emitting electrodes and better
high voltage supplies and inculators, and by optimizing precipitator control. With
outside financing, these improvements can be implemented, and will result in a
cleaner environment, higher production rates, and lower operating costs.

As previously described, water for the wet process section of Aknienes is supplied
by the effluent from the Plant and the town’s water treatment plant. Electrical
power usage could be reduced in the Plants grinding and handling systems, but
only with a large capital expenditure. Currently, this is not a critical use of capital,
as the cost of electricity from the nearby nuclear power plant is about two cents
U.S./KWH, as compared with higher electric costs in other parts of Europe.
However, electric power use is becoming critical, as poorly built Soviet nuclear
power plants are shut down and the power costs continue to increase. The cost
for reducing electric power costs and the payback will be estimated during
Akmenes WMIP.

Man-hours required to produce a ton ot cement are several times higher at
Akmenes than in western Europe and United States where plants are more
modern. The average labor cost is the equivalent of $100 U.S. per rmonth per
employee, based on 4 litas per U.S. dollar. Man-hours could be reduced with a
new modern plant, which would require a very large capital investment.
Considering unemployment in Lithuania and other manpower intensive projects
providing Akmenes with both economic and environmental benefits, these
expenditures can not be justified at this time.

Health and Safety

Akmenes has a written and enforced environmental policy and health and safety
policy. Each employee receives 30 hours of safety training. Each year, about
200 new employees are trained and about 350 workers improve their
qualifications. Approximately 110 technologists and engineers improve their

professional qualifications and safety engineering each year. Supervisory and
management personnel receive training and specialized instruction when

available and required.
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2.5

The Department of Labor is in charge of the worker's medical examinations, safe
labor working conditions, and environment measurements such as noise,
vibration, dust, air and lighting conditions throughout the Plant.

Actions for Improvements

For employees and their families, there is a good health protection plan with
doctors and nurses. The Plant also hac six remote resort locations that operate
from June through August for workers' rest, relaxation and rehabilitation. In the
Plant, there is an excellent sports palace and large swimming pool. However,
these health and welfare services that benefit all employees need updating,
including new equipment, latest training procedures and manuals, updated
medical and laboratory instrum: nts and procedures.

Environmental testing equipment is needed for field and laboratory, as it is
practically nonexistant at the Plant. Immediate needs will cost about $350,000.

Kilns and grinding mills require new instruments and controls, plus updating the:
clinker coolers, kiln chain systems, precipitators and the electrical and electronic
systems in the grinding mills and kilns. The minimum cost for updating one kiln
and one cement grinding mill is estimated to be $3,000,000.

We recommend that at least twe and up to four of the larger kiln systems be
converted to coal firing and waste fuel firing. The estimated cost is about
$8,500,000 U.S. for 2 kilns. The payback on this conversion to alternative fuels

is less than two years.

Plant management has previously considered these improvements and is capable
of implementing them, with western technical assistance and funding.

2-4



Section 3

CONCLUSIONS AND RECOMMENDATIONS

In summary, the assessment of Akmenes Cementas follows:

o] Akmenes is vital to the economy and welfare of Lithuania. Cement is the
basic building material for homes, buildings, industries, and infrastructure.
The plant and country need immediate money infusion. Capital for the
improvements previously described are necessary for securing Akmenes
position in the competitive western cement market.

Capital for the improvements previously described are necessary for
securing Akmenes' position in the competitive western cement market.

0 Lithuanians are diligent hard working, intelligent, and are very capable and
able to make the needed improvements.

0 The kiln system needs improvements that will result in a cleaner
environment and lower costs, with higher production rates. Priority for the
capital investments are as follows:

1. Emission testing equipment $ 350,000 U.S.
2. Basic instruments and controls for two kilns $ 850,000 U.S.
3. Coal burning for two of eight kilns $8,000,000 U.S.
4, Waste fuel system for four kilns $5,500,000 U.S.
5. Updating and improving operation of 1

kiln and 1 cement grinding mill $3,000,000 U.S.

While money is being obtained for this list of 5 capital investments, the following no
cost/low cost equipment should be purchased:

o} Provide technical literature, seminars, and direct training for
upgrading Plant operations and management know-how.

o] Obtain at least five personal computers and programs for Plant use.
0 Initiate a program for completing studies and justifying capital
investments.
3-1
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Following a second Plant visit during Autumn 1994, present this
report to the World Bank and USAID.

Continue work with WEC’s WMIP which includes a Waste
Minimization Workshop (May 24-27, 1994, in Palanga, Lithuania)
and a cement industry tour in the United States, May 29 through

June 5, 1994,
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Appendix B-1

Charles W. Fox Report of Visit to
Akmenes Cementas, January 16-25, 1994

Plant Name/Address:
Akmenes Cementas

Dalinreviciaus 2

5464 Naujoji, Akimene, Lithuania

Contacts:

Stock Company:

Translators:

Complex Facilities:

Consists of:

Dr. Algimantas Mituzas, Technical Director
Tel. 370-95-54150,58634
Fax: 370-95-53301

52% private and 48% Lithuanian Government

Dr. A. Mituzes, Technical Director
Julius Mituzes, Chemical Laboratory Equipment Engineer
Dr. Jonas Kapturauskus, WEC Country Coordinator, Lithuania

Engineered and constructed by former Soviet Union

Cement Plant

Cement Asbestos Plant manufacturing pipe and siding. Presently
Presently being converted to cement-cellulous.

Line Burning Plant - Due to depressed building economy, plant
may be shut down.

Limestone Quarry - Reserves in excess of 50 years, 60 feet of

uniform quality limestone.

Effluent Water Treatment Plant - Built 1914 by the former Soviet
Union: Serves the Cement Plant and City of Akmene, (5,000
homes), central heating plant (Complex and City of Akmene)

Cement Heating Plant - Serves the Cement Plant and City of

Akmene



Cement Plant No. 1 - Wet Process, kilns Nos. 1-4, commissioned in
1952; consists of:

400 T/H jaw crusher (1)
175 T/H hammermills (2)
52 T/H, 2.4m x 13m raw grinding mills (2)
100 T/H, 3.2m x 15m raw grinding mills (1)
16 T/H, 6m x 127m rotary kilns viith satellite coolers, Nos. 1-3 (3)
32 T/H, rotary kiln with grate cooler, No. 4 (1)
17 T/H, 2.2m x 13m cement grinding mills (3)
(2 compartment, no separators)
17 T/H, 2.4m x13m cement grinding mills (2)
(2 compartment, no separators)
43 T/H, 3.2m x 15m cement grinding mills (1)
(2 compartiment, no separators)
In 1990, Plant No. 1 procduced 800,000 tons of clinker.

Cement Plant No. 2 -
- Wet Process, kilns Nos. 5-8, commissiones in 1972; consists of:
800 T/H jaw crushers (2)
800 KW hammermills (2)
140 T/H, 4m x 13.5m raw grinding mills (4)
72 T/H, 5m x 185m rotary kilns with grate coolers (4)
80 T/H, 4m x 13.5m cement grinding mills with separators (5)

T/H - tons/hour

(1) Number of units
KW - kilowatts

m - meters

Storage and Handling

Quarried limestone, clay and iron oxide, materials required for kiln feed are stored in
covered open storage and are reclaimed by traveling bridge crane to bins feeding the
raw milk where water is added for grinding kiln feed slurry.

Kiln product, clinker, in stored in silos. Plant No. 1 capacity - 25,000m°, Plant No. 2
capacity - 43,200i1°.

Gypsum and puz-olin are stored in open covered storage and reclaimed by traveling
bridge crane to bins for proportioning by feeders serving the cement grinding mills.



Preventative Maintenance Plant is clean and appears to be well maintained

Froduction
Operation costs:

Raw materials

Energy

Wages

Repairs

Non production & other
Amortization

Clinker

(tons)
1990 3,057,510
1991 2,855,000
1992 1,366,495
1993 635,971

Man Power

Production Employees
Nonproduction [zmployees

Staff Distnibution:

Directors

Administration

Engineering and Technical
Workers

Other

% of total Operating Cost
16
20
30
12
16
6

100%

Cement
(tons)

3,359,000 (last year under former
Soviet control)
3,125,000
1,484,804
726,872 (300,000 exports)

1,594
228

1,822 (Total No. Employees Jan. 1994)

102
239
1355
119

I



Energy Sources

Electrical power is received by 2,110KW transmission lines from Lithuanian Energy
System. Power consumption is 140 KWH/ton of ton cement.

Fuel: heavy oil from refinery 55 kilometers from plant, or by rail car from Russia, is used
to fire cement kilns, drier, lime kilns, and central heating plant. Cement kiln heat
consumption is 1,500-1,600Kcal of clinker. Fuel oil costs range from $52 to $58 ton in
summer to $70/ton winter. Coal can be delivered for $20/ton. Present plans are to

convert No. 4 kiln to coal.



Cement Physical Properties

1 day 3 Day 7 Day 28 Day

Tensile 49 6.6 9.2
Compression 18.3 26.5 46.3 58.7
Blaine 4663

Init. Setting 185 mins.

w/C 0.5

H.,0 28.4

SO, 2.0

Expansion 0.0

Liter Weight 1019

Water Sources and lreatments:

During full cement plant production in 1991, water consumption was 2.6x10°m”. In 1991, the City of
Akmene used 3.0x10°m° of water. Water is obtained from wells, the Agluome River, and a 2.0x10°m*®
capacity pond. Effluent water from Akmere is mechanically and biologically treated at the 10.0x1 o6m’®
capacity treatment plant. The treated water is returned to the cement plant and consumed in

producing the slurried kiln feed.

Treatment facilities are in compliance with government requirements. The 300 tons/yr. of sludge
produced is deposited as landfill.

Environmental Data

The plant has 96 sources of emissions.

Five sources are tested every three months by the Lithuanian Government for particulate, CO, NO, and
SO, emissions. They are:

Plant No. 1 - Kiln Nos. 1, 2 and 3
Plant No. 1 - Kiln Nos. 4

Plant No. 2 - Kiln Nos. 5 and 6
Plant No. 2 - Kiln Nos. 7 and 8
Plant No. 2 - Clay Drier

During the last test, the following emissions exceeded government standards:

Nos. 7 & 8 Kilns - particulate and CO

Nos. 1 & 3 Kilns - particulate and SO,

91 sources are tested for particulate emission only. During the last test, the following exceeded
government standards.

Nos. 7 & 8 Clinker Cooler

los. 3 & 4 Cement Mills



All particulates collected are returned to process. None are wasted. There are 22 electrostatic
Qrecipitator dust collectors and the balance are cloth filter collectors. Age of collectors in range age

from 1946-1972 and appear to be well maintained.

For the kilns, there are no instrurents that permit the kiln operator to monitor the CO, O, and SO,
emissions. Monitoring of CO and O, optimizes the air/fuel ratio. Reduced kiln gas volume leaving the
kiln reduces particulate carry-out and improves precipitator efficiency. Fine penalties range from

$30,000 to $40,000/yr.

Health and Safety

The Plant has a written environmental policy and a written health and safety policy. Each employer
receives 30 hours of safety training per year. Each year, the Plant trains about 200 new workers and
about 350 workers improve then qualification. Approximately 110 engineers and technologists
improve their qualifications in their professional sphere as well as in safety engineering.

The Department of Labor Protection is in charge of the workers’ check up, medical service, safe labor
conditions and their control. This department measures the noise, vibration, dust and lighting levels.

Akmenes has a health protection system available to all workers. A doctor and six nurses take care
of the patients at the Plant. In the City of Akmene, the Plant has a sanitorium with three doctors and

34 medical workers to take care of patients.

'he Plant also maintains a 983m® sports palace with a 24m x 18m pool.
The Plant has six remote resort locations that operate from June through August for workers' rest and

rehabilitation.



Typical Chemical Analyses of Akme _s Raw Materials and Products (%)

Constituents Lime- Clay Iron Fuzz Raw Mix Clinker Kiln Gypsum Cement
Stone Oxide Olan (Kiln Dust
‘ Fired)
Sio, 3.0 47.70 13.21 40.66 13.6 21.0 13.8 20.6
A1,0, 0.14 13.90 8.28 1.42 3.4 5.3 4.6 5.1
Fe,0, 0.74 5.97 70.02 0.99 1.1 z8 2.1 3.6
ca’ 51.13 10.66 2.47 26.16 42.4 64.3 45.6 35.02 64.1
MgO 1.37 3.86 1.03 1.15 1.7 3.14 1.9 3.1
SO, 0.16 0.13 2.71 0.85 0.7 0.82 4.8 35.44 2.75
41.08 16.02

Na,0 0.43
K,O 4.3 0.18
Free Ca0 4.6
S/R 2.70
A/F 1.9
Ca/Sio, 3.13
C.S 64.0
C,S 11.0
C.,A . 8.0
CAF 8.0 |

0.32
Tons (1991) 4,321,700 1,315,800 70,300 404,519 2,855,000 3,125,500
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Lietuvos Respublika - sena, is
naujo atgimstanti valstybé, gra-
Zus krastas rytinéje Baltijos jiiros
pakaaséje. Cia derlingi laukai,
Zydri eZerai ir upés, nedideli tvar-
kingi miestai. Gyvena Cia darbs-
tis ir nuosirdiis Zmoneés, svetingi

savo Salies Seimininkal.

Tokia Lietuva po penkiy inkor-
poravimo | buvusiq TSRS deimt-
meciy griZta | pasaulio tauty
Seimg. Ji nori ir siekia paZinti
pasaulj ir jame pritapti, siekia,

kad ir pasaulis jg paZinty

Sis iliustruotas pasakojimas -
apie vienq i§ stambiausiy ir sta-
biliausiai dirbanciy Lietuvos
statybiniy medzZiagy gamykly -
Akmenés valstybing jmoneg ,, Ak-
menés cementas”, esanciq pa-

Cioje Lietuvos Siauréje.

[moneés produkcija padéjo atsta-
tyti po Il Pasaulinio Karo su-
griautq Lietuvos ukj, fmonés
z'm()ni:g‘;Iurlms jamzintas ne tik
Lietuvos, bet ir kit krasty mies-

ty pastatuose, kaimuy sodybose.

Lithuanian Republic is an old
and beautiful state near the Bal-
tic sea going through the period
of rebirth. One can see fertile
soil, blue lakes and rivers, small
neat towns here. There live dili-
gent and sincere people in Lithu-
ania who are well known for

their hospitality.

Lithuania is coming back to Eu-
rope and to the family of the
world nations after fifty years of
Soviet incorporation. It is eager
to know the world and to find its
place there. At the same time
Lithuania wants the world to
know it.

Here is s story about one of the
largest Lithuanian plants of
building materials - ,Akmené
Cement”. It is one of the most
stable working plants, situated in
Akmené, in the north of Lithua-

nia.

The plant’s production helped
too restore Lithuania after the
2nd World War. Its production
can be seen not only in Lithua-

nia but in other countries as well,

Litauische Republik ist ein alte,
neuerstehender Staat, el
schines Land auf der ostliche.
Ostseeksiite. Fruchtbare Felde
himmelblaue Seen und Fh

kleine, ordentliche Stidte. Hie
leben fleissige und herzlich
Menschen, tiichtige Gastgeber.

Nach fiinf Inkorporationsjahr
zehnten in die ehemalige Sl
kehrt also das Litauen in Freieu
ropa und in die Familie de
Weltvolker zuriick. Es streb
nach Welterkenninis, wiinsch
sich in sie einzuschalten, streb
nach Weltanerkennung,

Diese illustrierte Erzihlung stell
einen der grossten und stabilster
Baumaterialienbetriebe Litau-
ens vor - Akmenéer Staatsunter.
nehmen [ Zement von
Akmeneé”, das sich im Norden
Litauens befindet. ‘

Betriebsproduktion trug zu
Aufbau der zerstirten Volks
wirtschaft Litauens nach dem 2.
Weltkrieg bei. Tiitigkeit der Fabj
nkarbeiter wurde nicht nurin Li
tauen, sondern auch in
Stadrgebauden und Bau
ernhdofen anderer Regionen vere-
wigt.



CEMENTAS PASAULYJE

Né vienas krastas negalt iSsiversti
be statyby. Kuo statybos sudétin-
gesnés, tuo patikimesniy reikia
risamuju medZiagy. ypac astriai
Siqg problemq iSkélé spartejantt
civilizacijos raida, poreikis staty-
. didelius tvirtus tiltus, pastatus
ir frengimus vandenyje.
XVIT a. Anglijoje i§ molingy
klinciy ( mergelio) imta degti
hidraulines kalkes. 1796 m.
angly technikas Parkerts atrado
bitdq i mergelio gaminti cemen-
tq. 1824 m. tas pats isradejas,
aukstoje temperativroje degda-
mas klinciy ir molio mifing, pa-
gamino naujq rifamqgjq
medZiagq, spalva primenanciq
Portlando provincijos uolienas,
ir pavadino jq portlandcemen-
¢ Jo gamyba greitai plito Ang-
lijojeir Pranciizijoje, o nuo 1856
m. - ir kitose Vakary Furopos
valstyhése, Rusijoje, JoAV.
Nuo XX a. pradZios cementas -
svarbiausia ir placiausiai nau-

CEMENT IN THE WORLD

No land can exist without
constructions. The more
complicated the construction,
the more reliable materials it
demands. The development of
civilazition showed how acute
this problem was in building
bridges, houses and construction
in the water.

In 18 c. in England hydraulic
lime was made from marl. In
1796 the English technician
Parker discovered how to make
cement from marl. In 1824 the
same inventor made a new
binding material, burning clay
and limestone at very high
temperature. The new material
was called portlandcement
because its colour reminded of
the rocks in the province of
Portland. Its production was
rapidly spreading in Fngland
and France. Since 1836 it huas
been produced in Western

ZEMENT IN DER WELT

Kein Land kann ohne Bau aus-
kommen. Je komplizierter der
Bau, desto zuverldssigere Binde-
mittel werden gebrauche. Mit der
intensiven Zivilisationsentwic-
klung, dem Bediirfniss nach Bau
von grossen und festen Briicken,
Gebduden und Einrichtungen
im Wasser tauchte dieses Prob-
lem besonders scharf auf.

Im 18. Jahrhundert begann man
in England aus kalkhaltigen
Tonen (Mergel) hydraulische
Kalke zu brennen. 1726 hat der
englische Techniker Parker Ze-
mentherstellungsmethode aus
Mergel gefunden. 1824 erzeugte
derselbe Erfinder durch Brennen
der Mischung von Kalkstein und
Ton ein neues Bindemittel, das
den Gesteinen der Provinz Port-
land dhnelt, und nannte es Port-
landzement. Seine [erstellung
verbreitete sich rasch in Fngland
und Frakreich, vom Jahre 1856
auch in anderen Lindern Wes-
teuropas, Russland, USA.



dojama risamoji statyby me-
dziaga. 1929 m. pasaulyje jo pa-
gaminta 68 min. t.

Cemento gamyba didZiausiose
pasattlio valstybése
1990 m. (min.t)

Kinija 203,0
TSRS 137,3
JAaV 75,5
Japonija 84,45
Italija 41,69
VFR 39,26
Pranciizija 20,98

Didzioji-Britanija 14,0
CEMENTAS LIETUVOJE

Grupé Lietuvos verslininky
1912 m. (karé |, Lictuvos port-
landcemento bendrove . Jos jga-
liotas inZinierius ir mokslininkas
PJodelé suprojektavo ir savo ze-
méje, tarp Varénos ir Valkinin-
ky, pastaté fubriky, kuris 1914
m. i$ Cia kasamuy kreidos irmolio
pradejo gaminti cementy. Pir-
mojo pasaulinio karo metais

Europian countries and in
Russia as well as in the USA.
Since the beginning of the 20 c.
cement has been one of the main
and most used binding
materials. In 1929 the world
produced 68 milion tons of
cement.

The production of cement in the
largest countries of the world in
1990 (min. t.)

China 203,0
USSR 137,3
USA 75,5

Japan 84,45
Italy 41,09
GFR 30,26
France 26,98
Great Britain 14,0

CEMENT IN LITHUANIA

In 1912 a group of Lithuania
businessmen founded the
company WLithuanian
portlandcement ™. It supported

P. Jodelé, an engineer and

Vom Anfang des 20. Janhrhu
derts ist Zement das Wichtigs
und gebriiuchlichste Bindemit:
im Bau. 1929 wurden 68 Mill
Zement in der Welt hergestellt
Zementherstellung in de
grossten Staaten der Welt

LJ. 1990 (mill. t)

SU 137,3
USA 735
Japan 84,45
ltalien 41,69
BRD 30,26
Frankreich 26,98
China 2030
Grossbritanien 14,0

ZEMENT IN LITAUEN

Eine Gruppe von litauische
Unternehmern grundete 191
»Gesellschaft des Portlandze
ments Litauens”. [hre Vertrau
ensperson Ingenieur un
Wissenschafiler I Jodelé projek
tierte und baute in scinem Flet
mailand, zwischen Varéna un
Druskininkai, eine Fabrik, in:



imoné buvo sugriauta, jrengimai
sunatkinti.

Nepriklausoma Lictuvos Res-
publika [918-1940 m. cementq
importuodavo i DidZiosios Bri-
tanijos, Belgijos. Danijos, Latvi-
jos, Norvegijos, TSRS bei
Vokietijos.

Cemento jveiimas Lietuvos
Respublikoje ( titksi. t.)

1926 m. 31
1928 m. 47
1938 m. 124

Cemento gamyklos statybos
klausimas ne kartq keltas 1930
- 1940 metais, bet Lietuvos Res-
publika stokojo tam lésy, o uz-
sienio firmos, brestant I1
Pasauliniam Karui, nesiryZo in-
vestuoti Lietuvoje kapitalo. Vis
delto 1940 m. pradétas statyti
cemento fabrikas ties Skirsne-
mune, bet prasidejes karas staty-
bg nutrauke. Diskutuota ir
galimybé statyti cemento gamyk-
lg Akmenés apylinkése, kur jau
buvo isZvalgyti dideli klinciy klo-
dai.

Nusiritus | Vakarus [T Pasauli-
nio Karo bangai, iskilo retkalas
kuo greiciau atstatyti sugriautq
itkj. Griuvésiais buvo paversti
daugelis miesty ir miesteliy, ga-
mykly ir fabriky. Lietuvg vél
okupavusios TSRS partiné ir
valstybiné valdzia ieskojo gali-
mybiy Pabaltijo ir Baltarusijos ir
Kaliningrado srities atstatymui
cementq gaminti Cia pat, panau-
dojant gausius  darbo jégos is-
teklius.

Vykdydama centrinés valdZios
"‘Iirektyvas, twometiné Lietuvos

s

scientist, who on his own piece of
land between the towns of
Varena and Valkininkai, built 1
Jactory which produced cement
from local chalk and clay.
During the Ist World War this
factory was destroyeted.
Independent  lithuanian
Republic imported cement from
Great
Denmark, Latvia, Norway,
USSR and Germany in the
period of 1918 - 1940.

Import of cement to Lithunia
(thousand tons)

Britain, Belgium,

In 1926 31
In 1928 47
In 1938 124

The guestion of building a
cement plant was discussed
several times in 1930 - 1940, but
Lithuanian Republic was poor
and couldn’t afford it, and
foreign firms didn’t risk to invest
their money on the verge of the
2th World War. In 1940 the
construction of a cement plant
near Skirsnemuné began, but the
war stopped it. There began a
discussion about building a
cement plant in Akmené district,
because huge resources of
limestone had been explored
there.

The wave of the war moving to
the West, there arose a great
demand to restore the devasted
aconomy. A number of towns,
factories and plants became
ruins. The occupant power of the
USSR in Lithuania wanted to
produce cement using cheap

man (914 aus den hiesigen Ton
und Kreide die Zementherstel-
lung begann. [n den Jahren des
1. Weltkriegs wurde der Betrieb
zerstort, die inrichtugengen
vernichtet.

1918-1940 importierte die unab-
hangige Litauische Republik
Zement aus Grossbritanien,
Belgien, Danemark, Lettland,
Norwegen, SU und Deut-
schland.

Zementeinfuhr in der Litauis-
chen Republik (tausend t)

iLJ. 192631 -

LJ. 192847

LJ 1938124 -

Die Frage eines Zementbetriebs-
baus wurde mehrmals in den
Jahren 1930-1940 aufgeworfen,
Litauische Republik aber emp-
fand Bedurfniss nach den Geld-
mitteln und auslandische
Firmen konnten sich nicht
entschiiessen, ithr Kapital in Li-
tauen anzulegen, indem der 2.
Weltkrieg heranreifte. 1940
wurde immeerhin der Bau ¢ines
Zementbetriebs bei Skirsnemu: -
né begonnen, der Krieg aber
hatte den Bau unterbrochen. Be-
sprochen wurde auch die Mog-
lichkeit einen Betrieb in der
Umgebung Akmené zu bauen,
wo grosse Kalksteinschichten ge-
funden wurden.

Nach dem 2. Weltkrieg entstand
das Bedurfniss so schnel wie
moglich die zerstorte Wirtschaft
wiederherzustellen. Der Krieg
hinterliess die meisten Stadte
und Stadtchen Betriebe und
LFabriken in Ruinen. Besat-
zungsbehorden der USSR such-
ten nach Moglichkeiten,
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TSR liaudies komisary taryba
[945 m. liepos 27 d. priémé nu-
tarimg statyti Lietuvoje cemento
vamyklq. Statybai §f kartq pasi-
rinktas Akmenés regionas, ku-
riame jau buvo i$tirti gausis
cemento gamybai tinkarmuy klin-
¢iryg ir molio klodai. Pirmgji pro-
Jjektqg rengé Leningrado
institutas ,,Giprocement”. 1947
m. pradéti statybos darbai. Pir-
moji cemento gamybos techno-
loginé linija paleista 1952 m.
rugséjo 20 d.

LIETU? OS RESPUBLIKOS
VALSTYBINE [MONE
» AKMENES CEMENTAS ”

IS fmoneés vizitinés kortelés
Sprendimas pradéti statybq:
1945 m. liepos 27 d.
Projektavimo pradzia: 1946 m.
rugsejo 11 d.

Statybos darby pradzia: 1947 m.
JZkurta pirmoji sukamoji kros-
nis: 1952 m. ugséjo 20 d.

IMONES DIREKTORIAI

Ustinas JURAGA (1947 - 1949)
Pavias PURMALIS (1949 -
1951)

Leonidas ZASEDATELLS
(1951 - 195.4)

Aleksandras ANDROSOVAS
(1954 - 1950)

Viktoras MARKEVICIUS
(1956 - 1959)

Aleksandras SPUDULIS (1959
- 1962)

Leopoldas PETRAVICIUS
(1962 - 1990)

Simonas Vytis ANUZIS ( nuo
1990 )

labour force, whish was wery
necessary not only for rebutlding
Lithuanian towns, but other
republics as well.

Under the directions of central
power, the Comissars® Soviet of
Lithuanian SSR issude an order
1o build a cement plant. It was
decided to choose Akmené
district, as it was rich in
limestone and clay thatwas good
for making cement. The first
project was made by institution
»Giprocement” in Leningrad. In
1947 the construction of plant
was started. The first
technological line of cement
production began to operate on
September 20, 1952.

LITHUANIAN STATE PLANT
wAKMENE CEMENT”

Important data:

The decision to build the plant:
July 27,1945

The beginning of the project:
September 11, 1946

The beginnig of construction:
1947

The first rotating kiln started to
work: September 20, 1952

MANAGERS OF TIIE PLANT

Justinas JURAGA (1947-1949)
Pavlas PURMALIS
(1949-1951)
Leonidas ZASEDATELIS
(1951-1954)
Aleksandras ANDROSOVAS
(1954-1956)
Viktoras MARKEVICIUS
(1936-1959)
Aleksandras SPUDULIS
(1959-1962)

Baltikum, Belorussland und Ge-
biet Kaliningrad mit 1lilfe der
Zementherstellung an Ort und
Stelle Vervedung der ergiebigen
Arbeitskrafte auf:ubauen,

Der damalice Rat der Volks-
kommuissare der Litauischen
SSR hielt sich an die Richtlinien
der Zentralregierung und fasste
den Beschluss, einen Zement-
herstellungsbetrieb in Litauen zu
bauen. Fur den Bau wurde Ge-
biet Akmené gewahlt, wo grosse
fur Zementherstellung notige
Kalkstein-und Tonschichten ge-
funden wurden. Den ersten Bau-
entwurf machte das _[nstitut
W Giprocement” von Lenengrad.
1947 begannen die Bauarbeiten.
Die erste technologische Linie
der Zementherstellung wurde
am 20. September 1952 in Be-
trieb gesetzt.

STAATSUNTERNEHMEN
DER LITAUISCHEN
REPUBLIK

wZEMENT VON AKMENE”

Aus der Visitenkarte des Unter-
nehmens:

Beschluss zum Baubeginn: der
27. Juli 1945
Projektierungsanfang: der 11.
September 1940

Anfang der Bauarbeiten: 1947
Der 1. Drehrohrofen in Betrieb
gesetzt: am 20. September 1952

DIREKTOREN DES
UNTERNEIIMENS
Ustinas JURAGA (1947-1949)
Pavias PURMALIS (1949-
1951)
Leonidas ZASEDATELIS
(1951-1954)

2
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STEBETOJU TARYBA Leopoldas PETRAVICIUS Aleksandras ANDROSOVAS

ISrinkta 1990 m. gruodzio 27 d.
Stebétojy tarybos pinnininkas
Valerijus ZAVIALOVAS
sekretorius Klemas RIMUTIS
nariai Pulia BINKULIENE
Vytautas Jonas BORUSEVI-
CIus .

Edmundas DIMITREVICIUS
Edmundas KRIPAS

Julius USPARAS

DIREKTORIY VALDYBA
Patvirtinta 1991 m. sausio 29 (.

Simonas Vytis ANUZIS - direk-
torius, valdybos pirmininkas
Vincas MONTVILA - direkto-
rius pavaduotojas, valdybos
narys

(1962-1990)
Simonas Vytis ANUZIS (since
1990)

SUPERVISORS COUNCIL

Elected on December 27, 1990.
The head of the council
Valerijus Zavjalovas

Secretary Klemas Rimutis
Members Dalia Binkuliené
Jonas Borusevicius

Eimundas Dimitrevicius

Julius UZparas

THE COUNCIL
OF MANAGERS

Aproved on January 29, 1991
Simonas Vytis AnuZis -
manager, the head of the council

7

(1954-1956)

Viktoras MARKEVICIUS
(1956-1959)

Aleksandras SPUDULIS (1959-
1962)

Leopoldas PETRAVICIUS
(1962-1990)

Simonas Vytis ANUZIS [ANUS-
HIS/ (vom 1990 an)

AUFSICHTSRAT

Am 27. Dezember 1990 gewdilt.
Vorsitzende des Aufsichtsrates
Valerijus ZAVIALOVAS
Sekretir Klemas RIMUTIS
Mitglieder Dalia BINKULIEN L
Vytautas Jonas BORUSLVI-
CIUS

Edmundas DIMITREVICIUS
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Albinas KLIMAS - direktorius
pavadiiotojas, valdybos narys
Olius DANYLA - direktoriaus
pavaduotojas, valdybos narys
Romualdas NORKUS - direkto-
riaus pavaduotojas, valdybos
narys

Algimantas MITUZAS - vyriau-
stasis inZinierius, valdybos narys

Valstybinéje jmonéje
wAkmenés cementas™
pacaminta 1991 m.
cemento - 31255 tkst. tony,
hanguoto siferio ( ashesteernen-
o ) - OVSO1 uikst. sutartiniy
laksty,
wshestcementiniy vamzdZiyg (sit-
tartinio diametro ) - 1885,2 km.

Vincas Montvila - assistant
manager, council member
Albinas Klimnas - assistant
manager, council member
Olius Danyla - assistant
manager, council member
Romualdas Norkus - assistant
manager, council member
Algimantas Mituzas - chief
engineer, council member

The state plant , thmené
Cement” produced in 1991:
cement - 3125,5 thousand tons
ruffled slate (asbestos cement) -
09501 thousand leaves

pipes made of asbestos cement
(set diameter) - 1885,2 km

10

Edmundas KRIPAS
Julius USPARAS

DIREKTORIUM

Am 29, Januar 1991 bestditigt.
Simonas Vytis ANUZIS - der Di-
rektor, Vorsitzende des Direkto-
rims

Vincas MONTVILA - der stel-
Ivertreterde Direktor, Mitglied
des Dircktoriums

Albinas KLIMAS - der stellvert-
retende Dircktor, Mitglied des
Direktoriums

Olits DANYL.AA - der stellvertre-
tende Direktor, Mitelied des Di-
rektoriums
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"AGRINDINIAI GAMYBOS
"ADALINIAT

[-OJICEMENTO GAMYKI.A:
+ sukamosios krosnys. Gamyk-
loje yra trupinimo ir misiavimo
hei pakavimo skyriai, Zaliavy,
degimo, malimo, dulkiy surinki-
mo, mechaninis, ¢lektros, re-
monto ir statybos, laboratorijos
cechai.

Gamykloje dirba 778 2monés, i§
J4 700 darbininky, 78 specialis-
tai, melstrai vadovai,

1991 m. pagaminta:
portlandcemencio M400 -
119000 ¢,

grett kietéjancio portlandcemen-
¢io M40O0O - 430000 ¢,
smélinio portlandcemendio -
143000,

cemento keliy dangai - 39000 t.
2-OJICEMENTO GAMYKILA:
4 didziosios (185 m. ilgio, 5 m.
diametro) sukamosios krosnys.
Gamykloje 3 barai - degimo,
malimo, energetikos. Dirba 405
Zmones, i jy 373 darbininkai, 32
vadovai, specialistai, meistrai.
1991 m. pagaminta:
portlandcemencio M400O -
125000,

greit kieléjancio portlandcemen-
¢io M4OQO - 1634000 ¢,
M500 - 605000 1.
ASBESTCEMENCIO GA-
MYKLA: dirba 293 Zmonés, is jiy
271 darbininkas, 22 specialistai,
melstrai ir vadovai.

Gamina: banguotus asbestce-
mencio  (Siferio) lakStus
(1750x1130x5,8 mm), jrairaus
diametro ashestcementinins
vamzdZzius ir movas sléginiams ir
beslégiams vamzdynams.

THE MAIN PRODUCING
SECTION
CEMENT PLANT I: 4 rotatory
kilns. In the plant there are
crushing, sorting and packing
devisions, raw materials,
burning, milling, dust collecting,
mechanical, electric, repair
building, laboratory

departments.

There work 778 people at the
plant, 700 are workers, the rest
78 are specialists, masters and
chiefs.

In 1991 it produced:
portlandcement M400 - 149000 ¢
fast hardening portlandcement
M400 - 430000 ¢

sand portlandcement - 143000 t
cement for road cover - 39000 t.
CEMENT PLANT 2: 4 big (185
m. long, 5 m. diameter) rotatory
kiln. There are 3 sections -
burning, grinding, energetics.
There work 405 people - 373
workers, 32 chiefs, specialists,
masters.

ASBESTOS CEMENT
PLANT: there work 293 people
271 workers, 22 specialists,
amsters and chiefs.

It produces:

nuffled ashestos cement (slate)
leaves (1750x130x5,8 mm)
pipes and cluthces of variuos
diameter made of asbestos
cement for using under pressure
and without pressure.

RAW MATERIALS AND
THEIR PROVIDERS

Data of 1991
Limestone (local pit Karpenai) -
4321,7 th. t

11

Romualdas NORKUS - der stel-
lvertretende Direktor, Mitglied
des Dircktoriums

Algimantas MITUZAS - der
Chefingenieur, Miglied des Di-
rektoriums

Produktion des Staatsunterneh-
mens ,, Zemeni von Akmene”
LJ 1991

Zement - 3125,5 tausend ¢,
Wellschicfer (Asbestzement) -
69501 tausend Vertragsplatten,
Asbestzementréhren (im vert-
raglichen Durchmesser) - 1885, 2
km.

HAUPTUNTERABTEILUNGENM

Der 1. Zementbetrieb: 4 Dreh-
rohréfen. Im Betrich sind:
Zerkriimelung-, Sortier-und
Verpackungsabteilungen, Roh-
stoff-, Brenn-, Miihl-. Staub-
sammlung-, Maschinen-,
Elektro-, Reparatur-und Bau-,
Laborabteilungen.
Beschdftigtenzahl: 778 (700 sind
Arbeiter, 78 sind Fachleute,
Werkmeister, Leiter)
Herstellungsprogramm i. J,
1991:

Pontlandzement M400 - 1490001,
schnellverhiirtender Portlandze-
ment M 400 - 430000 ¢,
Sandportlandzement - 1430001,
Zement fur Strassenbelag -
39000 t.

Der 2.Zementbetrieh: 4 Rie-
sendrehrohrofen ( 185 m lang, 5
m Diameter). Im Betrieb gibt es
Brenn-, Miihl-und Energiepro-
duktionshereiche. 4105 Leute
sind beschaftigt, 375 unter ihnen
sind Arbeiter, 32 Leiter, Fach-
lewte, Werkmeister.
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ZALIAVOS IR JU TIEKEJAI

1991 m. duomenys

Klintys (vietinis Karpény karje-
as) - 43217 tikst. t;

Molis (Saltiskiy molio karjeras)
- 1315,8 tikst. &;

Gipsas (Saurieso kasykla Latvi-

joje) - 5 tikst. t;

Pirito degenos (Kingisepo gamy-
binis susivienijimas ,, Fosforit” )
- 70,3 tizkst. t;

Opoka (Stoniskiy karjeras) -
46,6 tikst. t;

Fosfogipsas (Kédainiy chemijos

gamykla) - 52,1 titkst. t;
Fosfogipsas (Gomelio chemijos
kombinatas Baltarusijoje) - 23,8
tnkst. .

KURO IR ENERGILIOS
SALTINIAI

1991 m. duomenys
Mazutas (pagrindiné tiekéja -
faZeikiy naftos perdirbimo
{moné) - 469, 2 titkst. t,
Gamtinés dujos (gamybinei ka-
tiliner) - 54776 tikst. kub. m,
Elektros energija (gaunama 2
maitinimo 110 kv linijomis is
Lietuvos energtinés sistemos) -
397257 min kWh,
Mazuto nkj aptarnarga 28 Dar-
buotojai.

AUTOTRANSPORTO UKIS

fmoné turi 146 jvairiy markiy ir
paskirties automasinas, & jy 76
savivartes, 14 autobusy.
1991 m. pervezta-5353 titkst. kro-
vinitg. Autotransporto uki aptar-
nauja 1035 darbuotojai.,

GELEZINKELIO UKIS

‘eleZinkeliu 1991 m. iSsiysta:

Clay (SaltiSkiai clay pit) - 1315,8
th.t

Gyps (Siauries pit in Latvia) - 5
th.t

Pyrite (Kingisisep plant
»Phosphorite”) - 70,3 th. t
Opoka (Staniskiai pit) - 46,6 th .t
Phosphogyps (Kédainiai
chemical plant) - 52, 1 th. t
Phosphogyps (Gomel chemical
plant in Bielorussia) - 23,8 th. ¢

SOURCLES OF FUEL AND
ENERGY

Data of 1991

Oil (the main provider is
MaZeikiai oil plant) - 469,2 th. t
Natural gas (for boilers) - 54776
th. cubic m.

Electric energy (it comes in 2
lines 110 kV from Lithuanain
energetic system) - 397257 min.
kwh

28 workers are in charge of oll.

MOTOR TRANSPORT
SERVICE

The plant possesses 146 vehicles
of all kinds, among them - 76
trucks, 14 buses.

1991 they caried 5353, 1 th. t of
load. 105 workers are in charge
of transport service.

RAILWAY

In 1991 there were sent by
railway: 44732 carriages of
cement (among them [645
carriages were exported), 972
cariages with slate, 1258
carriages with asbestos cement

pipes. The plent has 11 steamn

engines. 287 workers are in
charge of railway.
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Heerstellungsprogramm i.J.
1991:°

Portlandzement M 400 -
125000,

schell verhartender Portlandze-
ment M 400 - 1634000,

M 500 - 605000 t.
Asbestzementbetrieb:
Beschdiftigtenzahl 293 (271 Ar-
beiter, 22 Fachleute, Werkmeis-
ter, Leiter)

Produktion:

Wellschieferplatten ( Asbestze-
ment ) (1750x1130x5,8 mm)
Asbes:zeme)ztréhrenﬂwzd-muf-
fen mit unterschiedlichem
Durchmesser fiir Druck-und
drucklose Leitung.

ROHSTOFFE UND
LIEFERANTEN

cngaben fiirs Jahr 1991
Kalkstein ( hiesige Kalksteingru-
be von Karpenai ) - 4321,7 tau-
send t,

Ton ( Tongrube von Saltiskiai )
-1315,8 tausend ¢,

Piritushorst ( Produktionsverei-
nigung , Fosforit” von Kingisep )
- 70,3 tausend ¢,

Kieselkalkton ( Grube von Sto-
niskiai ) - 46,6 tausend ¢,
Fosfogips ( Chemiewerk von Ke-
dainiai ) - 52,1 tausend t,
Fosfogips ( Chemiewerk von
Gomel in Belorussland ) - 23,8
tausend .

BRENNSTOFF-UND
ENERGIEQUELLEN

Angaben fiirs 1991

Masut  (Hauptanlieferer-
Erdolraffinerie von Mazeikiai) -
409, 2 tausend ¢,

U
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44732 vagonai cemento ( tame
tarpe 1645 vagonai - eksportui ),
972 vagonai Siferio, 1258 vago-
nai asbestcementiniy vamzdziy.
[mone i 11 Silumveziy. Gele-
Zinkelio ik aptarmauja 287 dar-
buotojai.

SILUMOS UKIS

Per metus jmoné pagamina 419
titkst. gigakalorijy Silumos.
Asbestcemencio gamyklai ir
valstybinei gelibetonio jmonei
»Karpenai” 1991 m. patickta
66,9 titkst. Geal garo.

Karsto vandens 16000 Geal
swnaudota jmonéje. Naujosios
Akemenés-miestui patiekta 66,4
Gecal Silumos (Sildymas ir kars-
tas vanduo).

VANDENS UKIS

Technologinéms reikmems 1991
m. sunaudota 2622 tikst. kubi-
niy metry vandens IS Agluonos
upesir 1333 tikst. kubiniyg metry
- I8 Sablauskiy tvenkinio,

THERMAL SERVICE

Every year the plant produces
419 thousand Gcal of heat. In
1991 the plant of asbestos
cement and the state
concentrate plant ,,Karpénai”
recieved 66,9 Gceal of steam.
Theplant consumed 16000 Geal
of hot water. It supplies the town
of Naujoji Akmené with 66,4
Gcal of heat (heating and hot
water).

WATER SUPPLY

In 1991 technological processes
demanded 2622 th cubic metres
of water that came from the river
Agluona and from the
Sablauskiai pond.

The area of Sablauskiai pond is
123,8 ha, its size is 2 min cubic
metres.

Drinking water supplies reach
SO44 th cubic metres peryear. In
1991 the town of Naujoji
Akmené got 3021 th cubic
metres of drinking water.

13

Erdgas (fiir den Betriebskessel-
raum) - 54776 tausend Kubik-
meter,

Elektroenergie (Versorgung
durch zwei 110-kv-Leitungen
vom Verbundsysthem Litauens)
- 397257 kwh.
Masutwirtschaft wird von 28
Werktditigen bedient.

TRANSPORTWESEN

Das Untemehmen verfiing iber
146 verschiedenartige Krafifahr-
zeuge, darunter 76 Kippautos 14
Autobusse.

Giitertransport fiirs Jahr 1991:
53531 tausend t.
Beschiftigtenzahl 105.

EISENBAHNWESEN

Bahntransport im Jahre 1991:
44732 Giitenwvagen mit Zement
(darunter 1645 Wagen zur Aus-
Juhr), 972 Giiterwagenmit
Schiefer, 1258 Ciitenwagen it
Ashestzementrohren. Das Un-
ternehmen verfiigt tiber 11 Die-

W



Sablauskiy tvenkinio plotas
123,8 ha, tiris - 2 min kubiniy
metry.

Geriamo vandens verslovés pa-
jégumas 3044 tikst. kubiniy
metry per metus. 1991 m. Nau-

Josios Akmenés miestui patiekta
3021 tiikst. kubiniy metry geria-
mo vandens.

EKOLOGINIS UKIS

[monés eksploatuojamy van-
dens valymo jrengimy pajégu-
mas 10 tikst. kubiniy metry
vandens per parq. Per metus is-
valoma 2,5 min kubiniy metry
vandens.

Per metuy sugaudoma 1125
tizkst. t klinkerio dulkiy. [rengti
22 elektros filtrai. Prie cemento
maliiny, cemento ir klinkerio si-
losy bei pakavimo masinyg jreng-
ti per 40 rankoviniy filtry.
Sugandyvtos dulkes grqZinamos §

sukamayias krosnis

EKNLOGICAL SERVICE

The cleaning eguipment used by
the plant has industral capacity
of 2,5 min cubic metres of water
per year.

Every year 1125 th t of clinker
dust is caugnt. There are 22
electric filters. There are over 40
sleevelike filters near the cement
mills, cement and clinker silo,
packing machines. The caught
dust is turned back to the
rotatory kilns.

TRAINING OF SPECIALISTS

Every year the state plant
JAkmene Cement” trains 200
new workers on average, 350
workers improve their
qualifications, 2000 workers are
tested anew. Every year about
100-120 engineers and
technologists improve their
qualifications in  their
professional sphere as well in
safety engineering.

15

sellokomotiven, Beschiiftigten-
zahl 287. |

WARMEWIRTSCHAFT

Jaihrliche Warmeerzeugung: 41
Geal.

Dampfanlieferung dem Asbest
zementbetrieb und dem Str
shetrieb , Karpénai” iJ. I%. ..
66,9 tausend Geal.
Heisswassergebrauch: 1600q
Gcal. Wiirmeanlieferung fiir die
Stadt Naujoji Akmené: 66,4
Gceal Wirme (Heizung um{
Heisswasser).

WASSERWIRTSCHAFT l

1991 hat man 2622 tausend m3
Wasser aus dem Fluss Agluong
und 1333 tausend m3 Wasse
aus dem Teich Sablauskiai fiil
technologische Zicle gebrauch.
Der Teich Sablauskiai mit einel
Fliache von 123,8 ha, Fassungs:
vermogen von 2 Milln 3,

Kapazitit der Wasserwirtschaft:
S04 tausend m3 pro Jahr. An4
lieferung der Stadt Naujoji Ak-

\7
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DARBUOTOJY RENGIMAS
IR MOKYMAS

Per metus valstybinéje jmonéje
wAkmenés cementas” parengia-
ma vidutiniskai po 200 naujy
darbuotojy, kvalifikacijq pake-
lia 350 darbuotojy, peratestuo-
juma 2000 darbuotojy.
Kasmet 100-120 inZinerijos
technikos darbuotojy pakelia
profesing kvalifikacijq, amauji-
na ir pagilina saugumo techni-
kos, darbo apsaugos Zinias.

DARBO APSAUGOS SISTEMA

Kolektyviné sutartis ir kiti susita-
rimai jmonés administracijg
{pareigoja- wZtikrinti sveikas ir
saugias darbo sqlygas. Sveikatai
kenksmingiausi faktoriaiyra vib-
racija, jrengimuy triuksmas, dul-
kétumas, auksta temperatiira
gamybos patalpose. Darbo sau-
gos profilaktika, prieZira, kont-
role, darbuotojy konsultavim ir
medicininiu aptarnavimu ripi-
nasi pmonés darbo apsaugos i
saugumo technikos skyrius.

THE SYSTEM OF LABOUR
PROTECTION

Collective and other agreements
oblige the administration of the
plant to garantee safe working
conditions. The factors harmful
for health are the following:
vibration, noise, dust, high
temperature in working places.
The departament of labour
protection is in charge of the
workers medical check up,
medical service, safe labour
conditions and their control,
The workers of this departament
measure the noise, vibration,
dust, lighting, instruction
workers on safe methods of
work, check up the equipments
in working places.

The rate of the worker’s illnesses
and professional diseases is
stable. During the year every
worker is ill for 10 days.

H
HEALT'PROTECTION

The plant , Akmené Cement”
has created a reasonable health

17

menéiJ. 1991: 3021 tausend m3
Trinkwasser.

OKOLOGIEWIRTSCHAFT

Kapazitiit der Wassereinrichtun-
gen fiir Reinigung: 10 tausend
m3 Wasser pro Tag und Nacht.
Jihrlichwird 2,5 Mill. m3 Wasser
gereinigt.

Jahrlich wird 1125 tausend ¢
Klinkerstaub aufgefangen. Es
sind 22 Elektrofilter eingerichtet.
An den Zementmiihlen, Ze-
ment-und Klinkersilos, Verpac-
kungsmaschinen sind mehr als
40 Armelfilter ein gerichtet. Auf-
gefangener Staub wird in die
Drehrohrifen zuriickgegeben.

BESCHAFTIGTENSCHULUNG

Jahrlich werden durchschnit-
tlich 200 neue Arbeitstiitige im
staatlichen Unternehmen |, Ak-
menes cementas” angelernt, 35()
Beschiiftigte weiterausgebilder,
2000 Werktdtige umeeschuly,
Jihrlich bekomnmuen 100-120 In-
genieure und Techniker Weite-

wd



Skyriaus darbuotojai tikrina
trivksmo, vibracijos, dulkénemo,
apsvietimo parametrus darbo
fetose, rengia instruktaius ir
saugiy darbo metody mokymo
uzsiemimus, kelimo ir Sildymo
jrengimy eksploatavimo patikri-
nimus bei kitas kontroles prie-
mones.

Imonéje stabilus bendrasis bei
profesinis darbuotojy sergamu-
mas. Per metus vienas jmonés
darbuotojas serga vidutiniskai
10 dieny.

SVEIKATOS APSAUGA

»

[monéje ,.1kmenés cementas’
sukurta patogi ir visiems darbuo-
tojams prieinama sveikatos ap-
saugos sistema.

Pacioje jmonéje veikia sveikatos
punktas. Jame pacientus aptar-
nauja gydytojas ir 6 medicinos
Jersonalo darbuotojal. Atlieka-
mos visos fizioterapinés proce-
diros, injekcijos, veikia
stomatologinis kabinetas.
Naujosios Akmenés mieste vei-
kia jmonés sanatorija profilak-
toriumas. Cia ligonius
aptarnauja 34 darbuotojai, is juy
3 gydytojai. Veikia fizioterapinis,
purvo, vandens procediing sky-
riai, gydomosios fizkultiiros, in-
haliacijy, stomatologinis ir
procediiry kabinetai, yra poilsio
patalpos. 1991 m. sanatorija
profilaktoriumas aptarnavo
1470 Zmoniy i, Akmenés ce-
mento” bei kit miesto jrmoniy ir

Zinyby.

protection system, which is
accessible to all the workers.
Health service operates at the
very plant. A doctor and 6 nurses
take care of the patients. All
kinds of physiotherapic
treatment, injections,
stomatological service are
available here.

The plant has a propohylactic
sanatorium in the town of
Nauyjoji Akmené. 34 medical
workers take care of patients
here, among them there are 3
doctors. There one can find all
sorts of  procedures:
physiotherapic, mud, water,
gymnastics, inhalations. The
prophylactic sanatorium in 1991
treated 1480 people from
sAkmené Cement” and from
other enterprises.

CONDITIONS FOR
WORKERS’ REST AND
REHABILITATION

For the worker's summer rest the
plant , Akmené Cement” has its
own residence near the Baltic
sea and in the health resort
Druskininkai. There is a
beautiful place for for weckends
near the river Virvyté, 30 km
from town of Naujoji Akmene.
The plant has the places for rest
in the following health resorts
near the Baltic Sea:
In Palanga - 80 places
In Pervalka (Neringa) - 20
places
In rucava (Latvia) - 40 places
In healt resort Druskininkai 16
places
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rausbildung, ermcucern und ver-
tiefen thre Arbeitsschutzken-
ninisse.

ARBEITSSCHUTZSYSTHEM

Vertrag der Belegschaft und an-
dere Verubredungen verpflichten
die Administration des Unter-
nehmens gesunde und sichere
Arbeitsbedingungen zu garantie-
ren. Gesundheitschidlichste
Faktoren sind Vibration, Ein-
richtungenlirm,Staubigkeit,
hohe Tempcratur in Betriebs-
raumen. Die Arbeitsschutzabtei-
lung des Unternehmens sorgt fiir
Sicherheitstechnikprophylaxe, -
aufsich und - kontrolle,
Beschiiftigtenberatung und me-
dizinische Betreuung.

Die Mitarbeiter der Abteilung
priifen Lirm-, Vibration-, Stau-
bigkeits-, Beleuchtungsparame-
ter an  Arbeitsstellen,
veranstalten Belehrungen, un-
terrichten in Betriebssicherheit-
smethoden, kontrollieren den
Hebe-und Heizeinrichtungen-
betrieb u.a.

Stabile Allgemein-und Beruf-
smorbiditit der Beschdftigten.
Jahrlich ist ein Arbeiter im
Durchschnitt 10 Tuge krank.

GESUNDHEITSSCHUTZ

Das Gesundheitsschutzsysthem
des Unternehmens ,, Zement von
Akmené” ist bequem und fiir
alle Arbeiter zugdinglich.

Es funktioniert cine Sa-
nititsstelle. Da bedient die Pa-
tienten ein Arzt, ihm helfen 6
Mitarbeiter des Gesundheitswe-
sens. Es werden alle Physiothe-
rapieheilverfahren durchgefiihrt,

W



DARBUOTOJY POILSIO IR
REABILITACIJOS SALYGOS

Darbuotojy vasaros poilsiui
nonc ,, Akmenés cementas” turi
nuosavas bazes Baltijos pajiiryje
ir Druskininky kurorte ir trim-
pam savaitgalio poilsiui - prie
Virvytés upes, uz 30 km nuo
Naujosios Akmenés miesto.
Baltijos pajiiryje veikia Sios poil-
sto bazés:
Palangoje - 8O viety,
Pervalkoje (Neringa) - 20 viety,
Rucavoje (Latvija) - 40 viety.
Poilsio bazé Druskininky kuror-
te turt 16 viety.
Trumpalatkio poilsio baze , Vir-
wyte” - 160 vietyy.
Poilsio bazés veikia pamainomis
nuo birZelio 1 iki rugséjo 1 d.
Aktyviai sportuojantiems jmo-
nés darbuotojams bei jy Sei-
moms  skirti ,Akmenés
cemento” sporto riimai. Juose
" yra 983 kv. m ploto sporto zaidi-
muy salé, 25x14 m plaukymo ba-
seinas. [moné turi Saudymo
sporto baze. Ji remia aviacijos
technikos sporto klubg, rengiantj
sklandymo ir parasiutizmo spor-
to entuziastus. Lictuvos ir Ak-
meneés rajono pirmenybése
dalyvauja jmonés krepsinio, fut-
bolo, tinklinio, Saudymo, Such-
matininky komandos.

EKONOMIKA IR FINANSAI
Istatinio kapitalo struktiira

[mones bendras [statinis kapita-
las 100 proc.

tame tarpe: valstybinis kapitalas
90 proc.

keinis kapitalas 10 proc.

For short rest in Virnvyté” - 160
places.

The places for rest operate in 9
shifts from June till September.
weAkmenés Cement” has a sports
palace for its workers and their
famulics. There is a big hall (983
sq. m.) for games, a swimming
pool (25x1-4m). It has a place for
shooting. It suppors the aviation
club training glider pilots and
parachute jumpers. There are
good basketball, football and
voleyball teams, many
chessplayers at the plant.

ECONOMICS AND FINANCE

Genaral regulations capital of
the plant 100 %

including: state capital 90 %
capital of shares 10 %

PROFITABLENESS

1991 indexes

The profitableness of plant
according to production costs 37 %
The profitableness of the plant’s
regulations capital 33 %

INCOME STRUCTURE AND
RESOURCES
1991
Incomne in
Income Income
thousand
resources structure 7o
roubles
General 2744488 100
income
forcernent 212161,3 773
for slate 18623,1 6,79
Jorasbestos | s 4 618
cement pipes
for other 26713,0 0,73
production

EXPENSES STRUCTURE
1991 (%)

_ dpense [T et
The whole costs 100
raw and basic 3
materials b
additional materials s
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Injektionen gemacht, zur
Verfiigung steht ein Stornatolo-
ge.

In der Stadt Naujoji Akmené
gibt es das Betrichssanatorium.
Die Kranken werden hier von 34
Mitarbeitern des Gesundheit-
swesens (3drzten) bedient. Es
funktionieren Physiotherapie-
zimmer, Moorbdder, Wasser-
heilverfahrenabteilung,
Kabinette fiir kurative
Korperkultur, Stomatologie,
Heilverfahren, Entspan-
nungsrdume. 1991 hat das Be-
triebssanatorium 1480
Menschen aus,, Zementvon Ak-
menée” und anderen Betrieben
der Stadt behandelt.

ERHOLUNGS-UND
REHABILITATIONSBEDINGU
NGEN DER WERKTATIGEN

Zur Erholung im Sommer hat
das Unternehmen eigene Erho-
lungsheime an der Ostsee und
im Kurort Druskininkai, zur Er-
holung am Wochenende - am
Fluss Virvyte, 30 km von Naujoji
Akmeneé entfernt.

Am Ostseestrand funktionieren
folgende Erholungsstationen:

in Palanga - 80 Pliitze,

in Pervalka (Neringa) - 20
Pliitze,

in Rucava (Lettland) - 40
Pliitze.

Im Kurort Druskininkai gibt es
16 Pliitze, in ,Virvyté” 160
Pliitze. Erholugsstationen sind
vom [.Juni bis zum [.September
in 9 Schichten in Betrieh.

Fiir aktive Sportler steht der
Sporipalast zur Verfiigung. Da
gibt es eine 983 m3 grosse Turn-
halle, ein 25x14 m grosses Hal-

'
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Rentabilumas

1991 m. rodikliai

[monés rentabilumas pagal pro-
dukcijos savikaing 37 proc.
[monés [statinio kapitalo renta-
bilumas 33 proc.

PAJAMU STRUKTURA IR

SALTINIAI
1991 .
Pajurmyy | Pajamuy kiekis | Pajamy
Saltiniui kst rb_ [struknira proc.,
.’}.emlm_r.m.r 2744488 100,
pajamos if jy:
wuf cementy 2121613 77,3
1t Siferi 186231 679
ué asbestce-
neentinius 169514 6,18,
vamurdtius
1t kitg 5
' 20713,0 9,73
produkcijg
ISLAIDY STRUKTURA
1991 m. (proc.)
[$laidy pobadis Proc.
Visa jmoneés savikaina 100
tame tarpe
Zfaliavos ir pagrindinés
L 8
medigns
pagalbinés medsiagos 5
energetiniai resursai 60
darbo apmokéjimo Is
lésos
amortizacija
remonto ir kitos pinigi- 6
nés léos
negamybinés islaidos 3
PELNAS IR JO
PASKIRSTYMAS 1991 m.

13 viso gauta pelno 1991 metais
73766 titkst. rubliy

Pelno panaudojimo
tkslas

Proc.

Visi valstybintui
mokesciai | biudletg
peino mokestis Jo
pahikanos u¥
valstybinio kapitalo 12
naudojimg
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| _[monei likgs pelnas 58
priskaidiuoti
dividentai akcininkams
panaudotos labda-

o

rainaujos technikos

te

diegimui projektavimo
| durbums

Smoketa premijy, N
f it 10

intjel jearres
Jantjernyf durbuotojum

_sources of enerss, o)
o s o
____ amortization o
repair & other cypenses o
nonproduction ;
COPCILSES B R
PROFIT AND ITS
DISTRIBUTION

1991

The whole profit in 1991 was
73766 thousand roubles

use of profit “o .
All state tax for budget 42
including: profit tax _
interest for using state 12
capital -
The profis remaining 5y
ar the plant B
including: dividends )
for shareholders -
charity,new technical 5 T
devices,projects -
premiums and 10
bounties for workers
| for social and culnu al 8
programms
reserve fund 14
reserve fund of share >
capital -
TRADE UNIONS OF
WORKERS

There is the trade union of
construction workers at the state
plant ,Akmené Cement”. [t
consist of 1700 members. There
are 29 organizations at differents
departments.

The highest organ of the union is
conference, taking place every 3
years.

Committees of primary
organizations make reports on
their work and are elected every
2years.

The committee of trade union of
the plant consists of 27 mémbers,
delegated by primary trade union
organizations of other
departments.

The chairman of the committee
of plant’s trade union Drgsutis
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lenschwinembad, cinen Schic
splatz. Das Unternehunen .
terstitzt den Lufttechnikkin
der Segelflieger und Fa
Ischirmspringer aushildet.
Meisterschaften Litanens .,
des Bezirks Akmené nehme
Fussball-, Basketball-, Volle
ball-, Schiess-, Schachspiele
mannschaften tell.

OKONOMIK UND FINANZE]
Struktur des Grundkapitals

Grundkapital des Unternel
mens [00%

darunter:

Staatskapital 90%
Aktienkapital 10%

Eintraglichkeit
1991

Eintraglichkeit des Unterneh
mens

nach Produktionsselbstkoster
37%

Eintriglichkeit des Grundka,
tals 33%

STRUKTUR UND QUELLEN
DER EINNAHMEN
1991
Quellen der | Frnahmen- | ot vur der

. menge tausend|
Einnahmen Einnahmen %
RbL
Allgemeine "\ 148 100
Linnahmen
du{unlcr:ﬁ:r 2121613 773
Zement
[iir Scivefer 186233 6,79
fuir Asl.w‘mlze» 169514 618
mentréhren
firandere Pro-f )2 9,73
duktionsarten
AUSGABENSTRUKTUR
1991 (%)
dwsgabencharakeer | -0
Selbstkostenpreis des 100
L Uneemehmens {0
darunter: Rohstoffe u. q
Hauptimateriulen )
Hilfsmaterialien 5
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DARBUOTOJU PROFESINT
SYUNGA

Valstybinéje imonéje | Akmeneés
cementas” veikia Statybos ir sta-
tybiniy medziagy pramonés dar-
buotojy profsqjungos
organizacija. Joje 1700 profesi-
nés sqjungos nariy. Jkurtos 29
pirminés (cechy, bary) organi-
zacijos.

AukSciausias profesinés sqjun-
8os organizacijos organas - kon-
ferencija, saukiama kas 3 metai.
Pirminiy organizacijy komitetai
atsiskaito irrenkami kas 2 metai,
[mones profesinés sqjungos ko-
mitete 27 nariai, deleguoti pirmi-
niy (cechy, bary) profsqjungos
organizacijiy.

{monés profsqjungos komiteto pir-
mininkas Drasutis LAKAVICIUS,
Brinktas 1991 m. kovo 12d.

IMONE IR MIESTAS

Darbininky gyvenvieté 3 km nuo
cemento gamyklos per 4 desimt-
mecius isaugo | Nawjosios Ak-
menes miesty, kuriame dabar
gvena l4-takstanciy Zmoniy.
[moneés ir miesto tkis glaudziai
susije. Per daugelj mety jmoné
pastaté 3180 buty ir individug-
liy namuy. fmoné miestui tiekia
Stlumaq ir karstq vanden;, eksplo-
atioja geriamo vandens verslo-
ve. Daugely meny |, Akmenés
cementas™ atlicka arba finan-

LAKAVICIUS was elected on
Muarch [2, 1997,

THE PLANT AND THE TOWN

The workers® settlement, 3 kmn
from cement plant, grew into the
town of Naujoji Akmené during
4 decades. the population is 14
thousand at present. The
economics of the plant and the
town are tied together. In the
period of years the plant has built
3180 flats and individual
houses. The plant supplics the
town with heat and hot water,
operates drinking water
enterprisé.

In 1958 the plant built a palace
of culture which became the
center of the town’s cultural life.
All kinds of banks, folk music
groups, choirs, performers,
children’s art studio find place
for work, rehearsals and shows
under its roof.

The plant ,Akmené Cement”
operates a number of
engineering networks, supports 3
secondary schools and the
central hospital. The people of
the town are allowed to make
use of the plant’s resting places.
The town and people living in the
vicinity can watch TV
programms broadcasted via the
transmitter set up by the plant.
The activity of the ,Akmené
Cement” keeps in line with the
directions of activity of other
plants in the town. The state
plant of construction materials
in Naujoji tkmené supplies the
cement production with lime
and clay, operates the pits and
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DER ERTRAG UND
VERTEILUNG

1991

Ertrag fiire Jahr 1991: 73766 tau-
send Rbl.

Ziel der

Ertragvenvendung %

Alle Staatssteuern des 2
Budgets -
tarunter: Govinnseeued ™30

Lombard-Zins fiir

Gebrauch des 12
Staatskapituls
Dem Unternchunen
. - 58
yebliebener Gewinn
darunter: Dividenden »
Jiir Aksiondre -
Wohltitigkeis,

Automatisierung u.
Mechanisicrung, 10
Projekiicrarbeiten

w.Cratiszugaken den

Miturbeitern
Sozial-und
Kulrprogramm 8
Gewinnreservefonds 14
Reservefondds des 22
Aktienkapituls -
GEWERKSCHAFT DER
WERKTATIGEN

Im Unternehmen wirkt Ge-
werkschaft der Bau-und Bau-
materialienindustrie. Sie
umfasst 1700 Mitglieder. Es sind
29  Grundorganisationen
gegriindet.

Héchstes Organ der Gewerks-
chaft ist Konferenz (alle 3
Jahre).

Komitees der Grundorganisatio-
nen werden alee 2 Jahre gewdihir
Imm Komisee der Unterneh-
mensgewerkschaft sind 27 Mit-
glieder aus
Grundorganisationen,



stoja miesto valymo, gatviy as-
faltavimo darbus, apsvietimg.
[958 metals pmoneés pastatyti
Cultiiros ronal yra miesto kulti-
(nio gVvenimo centras, juose re-
petuoja ir koncertuoja choras,
liaudies kapela, vokaliniai an-
sambliai, spektaklins ir koncer-
tus  rengia atvykstantys
profesionalits meniniai kolekty-
vai, veikia liaudies teatras, vaikiy
dailés studija.
JAkmenés cemento” jmoné nu-
tiesé ir eksploatuoja daug miesto
inZineriniy tinkly, teikia paramg
mieste esancioms 3 vidurinéms
mokykloms, rajono centrinei li-
goninei. Miesto gyventojai turt
galimybiy naudotis cementinin-
ky sanatorijos prifilaktoriumo
paslaugomis, miesto ir jo apylin-
kiy gyventojams i§ cementininky
jrengto retransliatoriaus trans-
liuojamos televizijos prograrnos.
Akmenés cemento” gamybiné
veikla susijusi su kity miesto
fmoniy veiklos profiliu. Naujo-
sios Akmeneés valstybiné statybi-
niy medziagy imoné tiekia
gamybai klintis ir molj, eksploa-
tuoja karjerus ir atlieka daug
frengimuyg remonto durby. Valsty-
biné autotransporto jmoné spe-
cialiomis masinomis cementq
pristato Lietuvos teritorijoje
esantiems klientams.
Keletas imonés darbuotojy is-
rinkti Akmenés rajono Tarybos
deputatais.

IMONE IR LIETUVA
welkmenes cementas” jan daug
metty yra viena i didZiausiag ir
viena i§ stabiliausiai dirbanciy

provides repair of ihe

equipments.  The state
transportation plant provides
sectal trucks for canving cement
to different places all over

Lithuania.

THE PLANT AND
LITHUANIA

For many years , Akmenée
Cement” has been one of the
biggest stable working plants in
Lithuania, having a big
importance to the economics of
the whole state. The production
of the plant can be met in
different corners of Lithuania.
Everything built or restored in
Lithuania during the past 40
years couldn’t do without
Akmené cement. One can
mention Kaunas and Elektrénai
power stations, restoration of old
towns, churches, theatres, health
resorts, Klaipéda's port etc.
wAkmené Cement” was one of
the first plants in Lithuania that
freed itself from the direct the
Moscow rule. The plant gave
financial help to Lithuanian
SAJUDIS and donated 20
thousand dollurs to Lithuanian
1V, destroyed by the Soviet army
which occupied the TV tower on
January 13, 1991.

THE PLANT AND THE
WORLD

Since the very begining up to
1990, Akmence Cement” was
integrated into the industry of
building materials of former
USSR und was one of the most
progressive plants according to
the Soviet standards. That’s why
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Der Vorsitzende des Gewerks-
chaftskomitees ist Drasutis 1.1
KAVICIUS -
LAKAVITSCIHIUS, am
12.Mirz 1991 gewdihlt,

DAS UNTERNEHMEN UND
DIE STADT

Arbeitersiedlung in - 3 km vom
Zementherstellungsunternehm
en ist in o Jahrzehnten zur Stadt
Naujoji Akmené geworden, die
heutzutage 14 tausend Mens-
chen zihlt. Die Wirtschaft der
Stadt und des Unternehmens
sind eng verbunden. In den vie-
len Jahren hat das Unternehmen
3180 Wohnungen und Einfami-
lienhdiuser gebaut. Es liefert Hei-
zung und [Heisswasser der Stadt.
Seit vielen Jahren fiihrt es durch
und finanziert die Arbeiten der
Stadtreinigung, Strassenasphal-
tierung und- beleuchtung.

Der 1958 vom Unternehmen ge-
baute Kulturpalast ist zum Zent-
rum des Kulturlebens der Stadt
geworden. Dort arbeiten: Chor,
Volkskapelle, Vokalensembles,
Volkstheater, Kinderkunstschu-
le. [hre Vorstellungen und Kon-
zerte veranstalten zur Gastrolle
kommende Schauspielerkollek-
tive, Kulturgruppen.

Das Unternehmen hat das Inge-
nieurnetz der Stadt gebaut und
betreibt es, leistet den 3 Mittels-
chulen, dem Zentralkranken-
haus des Bezirks Beihilfe. Die
Stadteinwohner diirfen das Be-
triebssanatorium besuchen,
Fernsehsendungen beobachten,
die vom Unternchmen einge-
richteter Fernsehzubringer
iibertrdgt.
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Lictuvos gamykly, reitkSminga
visos valstybés ekonomikai. Ak-
menes cementininkiy darbo péd-
sakus Standien aptiksi visuose
Lictuvos kampelinose. Kauno
hidroclektriné ir Elektrény Silu-
miné elekiring, restaurnoti seny
miesty kvartalai ir baZnycios, te-
atrai ir kurortai, Klaipédos uos-
tas - visa, kas per pastaruosius
40 mety Lietuvoje pastatyta ar
restaurnota, daryta naudojant
Akmenés cementq.

Ldkmenés cementas” buvo
viena is pinnyjy tiesiogiai Mask-
vai pavaldziy Lietuvos jmoniy,
issivadavusiy 1§ TSRS diktato ir
peréjusiy | Lietuvos reguliavimo
sferq. [moné materialiai paréemé
Lietuvos Sqjidj jo kirimosi me-
tais, skyre 20 tikst. doleriy oku-
pacinés TSRS karinomenés
nuniokotai po 1991 m. sausio 13
- osios Lietuvos televizijal.

IMONE IR PASAULIS

Nuo pat pradzios iki 1990 mety
wAkmenés cementas” buvo tvir-
tai integruotas j buvusios TSRS
statybiniy medZiagy pramong
kaip viena stambiausiy ir pagal
TSRS lygi viena paZangiausiy
cemento garmykly. Suprantama,
kad jmonéje dirba TSRS paga-
minti jrengimai, iS ten iki Siol
gaunama Zaliavy, remonto me-
dZiagy. Savo ruoZtu ilgq laikq
daugiau kaip pusé Akmenéje pa-
gaminto cemento buvo tiekiama
kitoms buvusioms TSRS respitb-
likoms ir sritims. Atkdares nepri-
Klausomy 1ietuvos valstybg, su
buvusios TSRS jmonémis for-

there work cguipments made in
the USSR and some raw
materials or the materials used
Jorrepair are brought from there.

Fora long time more than a half

of the cement produced in
Akmené had been sent to other
republics of the former USSR.
After the restoration of the
independent Lithuanian State
useful trude and exchange are
encouraged on both sides.

A number of workers from
cement plants of Cuba,
Vietham, Iraq and other states
used to work probation or
improve their skills at ,,Akmené
Cement”. At the same time 37
workers from the plant worked in
cement produstion in Egypt,
Cuba, Iraq, Bulgaria, Poland,
Mali, Yemen, Mongolia.

Small quantities of ,Akmené
Cement” production has been
exported to Poland and
Yugoslavia for a long time. Since
1988 its cement has been
exported to Finland, later - to
Sweden. There are connections
with German cement plants and
firms, Export of cement from
Akmené has all the possibilities
to expand.

THE MOST IMPORTANT
MOMENTS FROM THE
IHSTORY OF
L AKMENE CEMENT”

27. 12 1945 - decision to build a
cement plant in Lithuania

11 09. 1946 - the beginning of
the project

1947 - beginning of construction
in the village of
Karpénai,building of the railway
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Die Betriebstitigkeit ist eng mit
den anderen Studthetrieben ver-
bunden. , Zement von Akmené”
bekommit Kaltkstein und Ton
vom Bawmaterialienbetrieh, der
auch Linrichtungenreparatur
durchfiihrt, Gruben betriebt.
Staatliches Fransportunterneh-
men liefert den Kunden Litau-
ens Zement.

Einige Werktiitige sind Deputierte
des Bezirksowjets von Akmené.

AS UNTERNEHMEN UND
LITAUEN

»Zementvon Akmene” zihlt seit
vielen Jahren zu den grossten
und stabilsten Unternehmen Li-
tauens, das auch fiir die Staat-
swirtschaft bedeutend ist. Die
Arbeitsspuren der Mitarbeiter
kann man iiberall in Litauen
finden. Pumpspeicherwerk von
Kaunas, Warmekraftwerk von
Elektrenat, restaurierte Kirchen,
Theater, Wohnviertel der alten
Stadte und Kurorte, Hafen von
Klaipéda - das ist alles, was mit
Zement von Akmené in 40 Jah-
ren geleistet wurde.

»lement von Akmene” war
eines der ersten Unternehmen,
das sich von der Zustandigkeit
Moskaus befreit hat. Is hat der
nationalen Befreiunsbewegung
Litauens , Sqjidis” in ihren
Griindungsjahren materiell ge-
holfen, 20 tausend Dollar dem
am 3. Januar 1991 von der
Sowjetarmee venwiisteten Fern-
sehen ausgezahlt,

DAS UNTERNEHMEN UND
DIE WELT

Vom Bauanfang an bis zum
Jahre 1990 war ,,Zement von

o



muojasi abipusiskai naudingi
prekybos ir mainy santykiai.
Akmenéje yra staZavest ir keélg
kvalifikacijq Irako, Kubos, Viet-
namo ir kit valstvbiy cemento
gamykly darbininkai bei specia-
listai. Savo ruoétu 37 . Akmenes
cemento” darbininkai ir specia-
listai yra dirbg [sisavinant ce-
mento gamybos pajegumus
Egipto, Mali, Kubos, Irako,
Mongolijos, Jemento, Bulgari-
jos, Lenkijos gamyklose.

Jau seniau , Akmenés cemento”
produkcija nedideliais kickiais
buvo eksportuojama | Jugoslavi-
ja, Lenkijq. Nuo 1988 mety Ak-
menéje pagamintas cementas
eksportuojamas | Suomijq, ve-
liau - | Svedijq. Dalykiniai rysiai
uZmegzti su Vokietijos cemenio
gamyklomis ir firmomis. Ce-
mento eksportas i§ Amenés turi
galimybiy pléstis.

SVARBESNI , AKMENES
CEMENTO” ISTORIJOS
PUSLAPIAI

1945. VL. 27 - priimtas nutari-
mas statyti cemento gamyklg
Lietuvoje.

1946, 1X. 11 - jrmones darby pra-
dzia.

1947 m. - pradeéti statybos darbai
Karpény kaime, tiesiamas gele-
Zinkelis.

1950 m. - pradeéti Karpény klin-
¢iy karjero atidengimo darbai.
1952, IX. 20 - paleista pinnoji
sukamoji krosnis.

1953. X - paleista antroji suka-
moji krosnis.

1956 m. - atlikta abiejy techno-
loginiy linijy rekonstrukcija, na-

1950 - beginning to operate
Karpénai limestone pit

20. 09. 1952 - the first rotatory
furnace starts working

1956 - reconstruction of both
technological lines, increase of
efficiency 40 %, the plant starts
stable operation

09. 1959 - the construction of the
3rd cement production line is
finished

15. 07. 1961 - the Hth rotatory
furnace started working

1963 - the plant of asbestos
cement is built, producing
ruffled slate

1964 - beginning to produce
asbestos cement tubes. Oil is
used for fuel instead of shale

02. 1967 - the beginning of the
construction of 5th and o0th
cement technological lines

10. 1969 - the construction of 5th
technological line is finished

06. 1970 - 6th rotatory furnace
begins to work

08. 1974 - 7th rotatory furnace
begins to work

11. 1974 - 8th rotatory kiln
begins to work, construction of
2nd cement plant is over

1975 - the plant reaches the
efficiency of 3 min. tons a year
1988 - Akmené starts cement
export to Finland

1990 - the plant gets into
Lithuanian jurisdiction
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Akmené” fest die Baumateria-
lienwirtschaft der SU intergriert,
als eines der grossten und besten
in der damalige UdSSR. Selbst-
verstindlich werden hier die in
der SU hergestellte Einrichtun-
gen und cAnlagen betrieben,
Rohstoffe benutzt. Lange Zeit
ging die Hilfte der Zementliefe-
rungen an ehemalige Sowjetre-
publiken. Beim Wiederaufbau
des unabhdngigen Litauens bil-
den sich eitrigliche Handels-
und Umtauschbeziehungen
heraus. -

In Akmené haben Arbeiter der
Zementherstellungsunternehm
en und Fachleute aus Irak,
Kuba, Vietnam u.a. Staaten
Weiterausbildung bekommen.
37 Mitarbeiter aus dem litauis-
chen Betrieb haben in Agypten,
Mali, Kuba, Mongolei, Jemen,
Bulgarien, Polen gearbeitet.
Schon frither hat man die Pro-
duktion von ,Zement von Ak-
mené” in kleinen Mengen an
Jugoslawien, Polen, vom Jahr
1988 an Finnland, spiter an
Schweden geliefert.

Das Unternehmen hat Fachbe-
ziehungen mit Zementherstel-
lungunternehmen und Finnen
Deutschlands aufgenommen.
Zementausfuhr hat gute
Moglichkeiten.

WICIITIGERE SEITEN DER
GESCHICHTL ,,ZEMENT
VON AKMENE”
1945.07.27 - Beschluss zum Bau
des Zementherstellungsunter-

nehmens in Litauen.
[946.09.11 - Anfung der Projek-
tierungsarbeiten.
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Sumas padidéja 40 proc., jmoné
pradeda dirbti stabilial.

1959. IX - baigta 3-iosios tech-
nologinés cemento gamybos lini-
jos statyba.

1961. VIL 15 - paleista 4-o0ji su-
kamoji krosnis.

1963 m. - pastatyta asbestce-
mendio gamykla, pradéta ban-
guoto Siferio gamyba.

1964 m. - pradéiigaminti asbest-
cemencio vamzdZiai. Kurui vie-
toj skaliany imtas naudoti
mazutas.

1967. II - pradéta 5-osios ir 6-
osios cemento technologiniy li-
nijy statyba.

1969. X - baigta 5-osios techno-
loginés linijos statyba.

1970, VI - paleista 6-oji suka-
moji krosnis.

1974. VIH - baigta montuoti ir
paleista 7-0ji sukamoji krosnis.
1974. XI - paleista 8-oji sukamo-
ji krosnis, baigta 2-osios cemen-
to gamyklos statyba.

1975 m. - jmoné pasiekia 3 min.
tony cemento per metus nasu-
mq.

1988 m. - Akmenés cementas
pradedamas eksportuoti | Suo-
mijq.

1990 m. - jmoné tampa pavaldi
Lietuvos Respublikai.

1947 - Beginn der Bauarbeiten im
Dorf Karpénai, Eisenbahnlegung.
1950 - Eréffnung der Kalksteing-
rube von Karpénat.

1952.09.20 - Anlassen des ersten
Drehrohrofens.

1953.11 - Anlassen des zweiten
Drehrohrofens.

1956 - Rekonstruktion der bei-
den Technologielinien. Hebung
der Arbeitsproduktivitiit zu 40%.
1959.09 - Ende der bauarbeiten
der 3. technologischen Linie.
1961.07.15 - Anlassen des é.
Drehrohrofens.  ~

1963 - Bauende des Asbestze-
mentbetriebs, Anfang der Wel-
lenschieferherstellung

1964 - Beggin der Herstellung
von Asbestzementrohren. Masut
gebrauch man als Brennstoff.
1967.02 -Baubeginn der 5. und
6. Zementherstellungslinien.
1969.10 - Anlassen der 5. tech-
nologischen Linie.

1970.06 - Anlassen des 6. Dreh-
rohrofens.

1974.08 - Anlassen des 7. Dreh-
rohrofens.

1974.11 - Anlassen des 8. Dreh-
rohrofens, des 2. Zementbet-
riebs.

1975 - Hebung der Arbeitspro-
duktivitit bis 3 Mill. t Zement
pro Jahr.

1988 - Zementausfuhrbeginn
nach Finnland.

1990 - Zustindigkeit des Unter-
nehmens der Lit. Republik.

"KM ENES CEMENTAS", Naujoji Akinené, 5464, Lithuania Tel. (8 - 295) 54140, 54995,

54097, Fax (8 - 295) 52198
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EXECUTIVE SUMMARY

Innovative ideas and new technologies are continually needed to manage hazardous waste. At
present, one of the more controversial options in waste management is the burning of

hazardous waste in cement kilns. This practice can resultin the following, benetits:

® cuneryy recovery trom combrstible wastes with a high energy, low chlorine, and low
metals content

e conservation of fossil fuels, such as coal and oil
e reduction in cement prmlm'tiun costs

e destruction of hazardous organic waste.

The issues associated with burning hazardous waste in cement kilns are not gencerally reported
in publicly accossible literature. This document has been wrilten as a resource to help answer

many of the questions that arise when evaluating this technology.

[n presenting a comprehensive overview of the technical and regulatory issucs surrounding the
use of hazardous waste as a 3;upplumuntdl fuel in cement kilns, this document addresses the

following, topics:

® the cement prmluction process
e restrictions on the wastes that can be used by the cement industry

e characteristics of a cement kiln that make it a suitat-le combustion device for the

treatient of hazardous waste
e federal regulations that govern cement production facilitics burning hazardous
waste

e the fate of the constituents in the hazardous waste fuel

* the potential for adverse human health effects.

This analysis conchudes that the organic and metal emissions of a well-designed and properly
operated cement kilu burning hazardous waste are not substantially different from the
emissions of a cement Kiln burning only conventionat fuel. In addition, the byproduct of the
production process (i.e., cement kiln dust) and the final product (i.c., cement) do not appear to
differ substantially as a result of burning hazardous waste as a supplemental fuel.

Because no substantial increases in organic and metal components have been observed in
emissions, in cement bitn duast, or in cement when hazardous waste is burned as a
oo adverse health effects due to the use of hazardons waste are

1

."-ll}’l‘l(‘”h'lll‘ll foeceb o e
Ao ettt of Teealth risks from emissions and cement Riln diest from kldns in the

('xl)('(‘h'(!
LS, have ~11[\}mrh-<! thr. concluston. Thus, properly n}wmlmi cement production factlities
under current (1991 resulations do not pose a greater risk to public health when o portion ot

the conventional fuel is replaced by hazardous waste.

i
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SOMIE QUESTIONS AND ANSWIERS ABOUT
BURNING HAZARDOUS WASTL IN CEMENT KILNS

The tollowing, questions are conunonly asked about cement Kilns and hazardous waste. The

answers below are briet and thus greatly simphtied. Comprehensive answers may be found in

the sections ot the document noted in parentheses. 1_,(/ /o . .
bl ey LI(;@,
Why does the cement industry burn hazardous waste? 3 't‘,' DA Yo o O,

Cement production is an energy-intensive process.  Hazardous waste replaces some of the
nonrenewable fossil fuels (e.g., coal) required to make cement. I the U.S. cement industry
replaced 25% of its energy requirement with hazardous waste, 3.8 million tons of domestic coal

or [4.4 million barrels of domestic crude oil could be saved cach year. (Sections 5.1, 5.2, and 5.3)

What types of waste are burned ina kiln?
The cement industry burns wastes that are now restricted from landlills, such as spent organic
solvents and used oil. Energy values of these wastes are typically comparable with those of the

fossil fuels that they are replacing,. (Section 3.2)

Do any restrictions exist on the types of waste that can be used by the cement industry?

For the waste to serve as fuel, it must be combustible and have a significant energy content, low

chlorine content, and low metals content. (Section 3.2)

Are toxic wastes burned in cement kilns?

Yes, but only if they are combustible and meet the criteria mentioned above. In addition, the
organic components that make these wastes toxic are destroyed at the high temperatures that

exist in the kilns. (Sections 3.2 and 4.1)

Is this practice a recent development?
No. Cement production facilitics have been using hazardous waste as a supplemental fuel
since the 1970s. Approximately 1.8 billion pounds of hazardous waste are burned in cement

kilns cach year. (Chapters 1.0 and 3.0)

Is the hazardous waste destroyed when it is burned as a supplemental fuel in cement kilns?

Hazardous waste consists of a variety of metal and organic constituents. The conditions (i.e.,
high temperature, turbulence, long residence time, and sufficient oxygen) that exist in cement
Kilns ensure destruction of the organic components in the hazardous waste. Metals are not
destroved by any combnztion deviee; however, the vast majority of the metal components in
the hazacdous wact e tuel are ultunately incorporated to the cement or the cement kb duost.

(Section B and ¢ Tapter )

!



APCDH
ASTM
BIE

Btu
CAA
CEFR
CKD
CRI
DRE
1SP
MEL
NAAQS
NESHATP
NSPS
PCA
I'CBs
I'CDDs
PCDFs
PICs
POLICs
ppm
ppmv
RCRA
TCLP
TSCA
U.S. EP’A

ACRONYMS

Alr P()“ll[ioll control device

American Society for Testing and Materials
Boilers and Industrial Furnaces rale
British thermal unit

Clean Air Act

Code of Federal Regulations

Cement kitnh dust ‘
Combustion Research Institute
Destruction and removal etficiency
Electrostatic precipitator

Maximum v\‘posvd mdividual

National Ambient Air Quality Standards
National Emission Standards for Hazardous Air Pollutants
New Source Performance Standards
Portland Cement Association
l’()ly(,‘hlm'in.llml biphenyls
['olychlorinated dibenzo-p-dioains
Polychlorinated dibenzofurans

Products of incomplete combustion
[’rincipal organic hazardous constituents
Parts per million

Parts per million by volume

Resource Conservation and Recovery Act

Toxicity Characteristic Leaching, Procedure

Toxic Substances Control Act

United States Environmental Protection Agency




Do the emissions ot a well-operated cement hiln burning, hazardous waste fuel ditfer trom

the emissions ot a cement kiln burning only conventional fucel?

The organic and metal emvcaons o o well designed and property operated cement kidn burnig:
hazardous waste ana sapplemental tuel are not substantially ditterent from the emissions o g
cetment hilncbrondg onlv conventional tuel ncaddition, recent data indicate that the by produet

ot the production process (e, cement Kiln dus) and the final product (e, cement) do not digter

substantially as a result of burning hacardous waste. (Chapter 7.0)

Why are these wastes called hazardous?

These materials are labeled as hazardous waste for two reasons:(1) they no longer have
commercial value and require disposal (this characteristic makes them a waste), andl?;) they are
cither specitically listed by the ULS. Environmental Protection Agency (U.S. EPA) or meet one of
the four ULS. EPA harzardous waste characteristics (ignitability, corrosivity, reactivity, or
toxicity). Althongh the fuels (e.es, coal and oil) that have been burned in cement kilns for
decades have commercial value and do not require disposal, they would meet at least one of the
U.S. EPA hazardous waste characteristics. Thus, in a sense, the ditference between the types of
fuel (i.c., conventional versus hazardous) is primarily one of regulatory labels and definitions

rather than any inherent hazardous characteristics. (Sections 3.1 and 3.3)

Are cement production facilities burning hazardous waste regulated?

Cement production facilitics using hazardous waste as a supplemental fuel are required to imeet
a host of federal and state regulations that govern air emissions, waste transportation, waste
storage, and worker satety. In February 1991, the US. EPA finatized the Boilers and Industrial
Furnaces (BIF) rule. This rule, which is now in effect, includes enission standards for organic
compounds, metals, hydrogen chloride, chlorine gas, and particulates.  Inaddition, cement
production facilities that burn hazardous waste must comply with any rules and regulations

applicable to other hazardous waste treatment, storage, and disposal facilities. (Chapter 6.0)

What if an “u pset” in the production process occurs?

The BIF rule requires that an automatic shutoff be installed in the waste fuel line so that the
tlow of waste to the Kiln would cease incthe case of an upset. Due to the large heat capacity of
the kiln itself and the material inside the kiln, a significant change in temperature in a brief
period of time is not possible. Therefore, the organic waste present inthe kil at the time of

upset will be destroyed at the high temperature inside the kiln. (Sections 4.1, 4.4, and 6.1.1)

Where can [ get further information about this process?

The attached document provides an overview of the technology and the carrently available
information on the ettects of burnime hazardous waste in cement bilns, The references provide

ackehitional ourtees ot mronmation,

G






FIGURE 1.1 Locations of Active Portland Cement Production Facilities in the U.S.

(Map courtesy of Rocx Producis NMagazine, 1990;
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Chapter 22 Cement Production

TABLE 21
CONCENTRATIONS (ppm) OF METALS AND HALOGENS PRESENT IN THIE
CEMENT RAW MATERIATS ANDIN THE EARTHS CRUST

CONSTIT 5t NS SSSTRIME ChAav/SHALE o Crtiog 2

Mirars

Antimony NDA Y NDA ¢
Arsenic 0.2-12 13-23 5
Barium NDA NDA 250
Beryllium 0.5¢d 3¢d 6
Cadmium 0.035-0.1 0.016-0.3 0.15
Chromium 1.2-16 Y0-109 200
Lead 0.4-13 13-22 16
Mercury 0.03 0454 0.5
Nickel 1.5-7.5 67-71 80
Selentum 0.194d 054 0.09
Silver NDA 007¢ 0.1
Thallium 0.05-0.5 0.7-1.6 0.6
Vanadium 10-80 98-170 150
Zinc 22-24 59-115 132

FlarL.oGENs

Bromine 5.9 1-58 1.6
Chlorine 50-240 15-450) 314
Fluorine 100-940 300-990 300
lodine 0.25-0.75 0.2-2.2 0.3

T CRC(1982).
b NDA = no data available.
C Estimated concentration.

d Wedepohl (1991).

Source: Sprunyg, (1955), unless otherwise noted.

The presence of metals, halogens, and organic compounds in the raw materials can complicate
interpretation of emissions testing, conducted at cement kilns. The complications arise because
many of the components in the raw materials are identical to the components in the hazardous
waste uscd as fuel. Oncee the raw materials and the hazardous waste are fed into the cement
Kiln, it becomes impossible to distinguish the source of identical components For example, if
cadimivm were present mchoth the raw materials and the hazardons waste and were detected in
the empessions, the origin ot this metal could not be established by simply montoring th
cmisstons. T tact, tne Us: EPA stady (G, 19900) dhscassed above seas undotaken to
determine it the organic compounds in the raw feed could be responsible for the organic

tal
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\'mnpuumir; detected in the emissions, The ULs EPA report conciuded that the amount of

organic constituents in the ahule could account tor the total amount ol hydrocarbons detected in

the crmissions of the cement production facility under study.

22 THEPRODUCTION OF CEMENT

After beinyy blended and sronindd, the mined raw materials are fed into the inclined end ot the
kiln. Five thermal zones are present in the kiln (Peray, 1986). The zones and the correspondimg,
temperature ranges of the material in the kiln are listed inTable 2.20 Temperatures of the pases
‘her than the temperatures of the material. For example, the gas

within these zones are even hig,
temperature in the sintering zone is typically greater than 3,50071 (1,927°C), compared to the
material temperature of approximately 2 700°F (1,482°C). The location and length of these

zones depend on the manutacturing process (see Section 2.3).

TABLE 2.2
7ONES AND TEMPERATURE RANGES OF THE MATERIAL IN A CEMENT KILN

TEMIERATURE RANGES OF MATERIAL

ZONES o °C
Drying and preheating, 60-1,480 15-805
Calcining, 1,48)-2,192 805-1,200
Uppcr—tr;msit ion 2,192-2,552 [,200-1,400
Sintering 2,552-2,750 1,400-1,510
Cooiing (lower transition) 2,750-2,350 1,510-1,290

Source: Peray (1986).

In the drying and preheating zone, the free and chemically bound water is evaporated and the

temperature of the feed material is raised to 1A80F (805°C) (Peray, 1986). In the calcining zone,

where the material reaches temperatures as high as 2,192°F (1,200°C), carbon dioxide is

dissociated from the calcium carbonate to give calcium oxide, commonly referred to as lime. In

addition, the small amounts of magnesium carbonate typically present in the raw teed is

converled to magnesium oxide with the liberation of carbon dioxide. This liberation of carbon

dioxide from these carbonate species is known as calemation.

The Last three thermal zones of the bilncare collectively referred to as the burning zone, where

the material i heated to approamatels 200 T ULAS. ) (eray, 1980), Inthe upper transition

Jone el to some estent, methe calemime cone, dicalanm silicate and mitermediete aluminate

and territe componnds are tormed. T the aantering zone, tricalonm sihcate, tricalenunm

aluminate, and tetracalcium aluminoterrite are tormed. T addition, the senahiquid material

|91
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Chuapler 20 Cement Production

condenses to form clinker, nodules approximately 0.1 to 075 mmches (3 to 20 mm) in diameter
(Taylor, 1990). The choker solidities and begins to cool i the Last 10 to 20 teet of the cement
kiln, which s destgnated as the cooling or fower transition zone (Peray, 1980). The tinal cooling,

of the cinker takes place ontside of the cement kil in the clinker cooler.

The composition ot the clinker, as well as the names and tormulas ot the clinker components,
are histed in Table 230 “Traditionally, the composition ot chinker is given as oxides of the
clemental components. This convention originated in the carly nineteenth century when the
chemical structure could not be determined precisely (Pike et al., 1988). Consequently, since
caleium, silicon, aluminum, and iron are the major elements in clinker, its composition is
typically listed in the following way: 67% calcium oxide (CaQ), 22% silicon dioxide (5i0;),
5% aluminum oxide (Al Os), 3% iron oxide (I'e>04) and 3% miscellaneous components (Taylor,

1990).

TABLE 2.3
CLINKER COMPOSITION FOR PORTLAND CEMENT

Cremical NAME CremicAL FORMULA COMPOSITION 1IN
(CoMMON NAME) (COMMON NOTATION) PORTLAND CLINKER
Tricalcium silicate (alite) Cas5105 (C55) 50-70%
Dicalcium silicate (belite) Car5i0, (C,5) 15-30%
Tricalcium aluminate Cas Al Of (C3A) 5-10%
Tetracalcium aluminoferrite CayAlyFe,O4g (ChAE) 5-15%

Source: Taylor (1990).

'To complete the production of Portland cement, the cooled clinker is ground with a small
amount of gypsum (CaSO,;*2H,0). Gypsum is added in an amount sufficient to result in a
total sulfate composition of 2 to 3% in the cement (Kerton and Murray, 1983). Without the

addition of gypsum, the cement would set too quickly.

23  TYPES OI' PROCESSES FOR THE PRODUCTION OF CEMENT

Cement may be produced by one of three processes: the wet, semiary, or dry process (Peray,
1986). In the wet pluvun\‘;, the kiln feed is blended with water to promote homogenization ot the
mixture. The resulting sluery, swhich s typieally 30 to 40% water, is fed divectly into the inclined
end of the kiln. Evaporation ot water trom the Kl feed requires both a cement kil ac long,
drying and preheating zone and a subctanad cnery investiment.. A typical wet process cement
Bl is illustrated m Fieare 2000 Althoush o more homogeneous mixture of the raw matertals i,

obtained in the wet process, this process requires more energy than the other two.

6
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FIGURE 2.1 Typical Wet Process Cement Kiln
(Source: Adapted from Hazelwood, et al., 1982)
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The semidry process isabso reterred to as the prate or Lepol process. Inthis process, water,
typically 10 to 15%, 15 added to the ground dry teed material The pellets that resalt are Joaded
onto a traveling grate through which the coment kiln's hot exit gases are drawne By the time
the teed materiab reachos the Kiln entrance, the water has evaporated and calemation has begun,
Since the hot exit cases of the Riln are used to dry, preheat, and initiate calemation ot the feed

material, the semidry process i extremely energy ethicient,

In the dry process, the feed material enters the kilnina dry powdered form. This process s
characterized by three types of cement kilns: the dry kiln, the preheater kiln, and the precaleiner

kiln. The oldest type resemibles the wet process kiln and is known siiply as the dry kiln.

The preneater kiln, which is llustrated in Frgare 2.2, became popular atter World War [l This
type of kil is equipped with a tower of heat-exchanging cyclones (e, a preheater) inwhich
the dry feed is preheated and partially caleined by the kiln’s hot exit gases prior to entering, the
actual kiin. Because of the buildup of volatile components such as alkahi saits in the lower
stagies of ine tower and kiln entrance, the preheater kiln s otten equipped with a bypass to
divert a portion of the kiln's hot exit gases from the tower to air pollution control devices

(APCIDI).

The precalciner xiln represents the most recent technological advancements. The precalciuer
“in is identical to the preheater kil except that a secondary firing; device (i.e., precalciner) is
added to the lower stage of the preheater in which further calcination of the material occurs.

Consequently, the majority of the material that enters the kiln is completely calcined.

24 CEMENT KILN DUST

[n a cement kiln, the hot kiln gases trom combustion flow countercurrent to the raw feed. As

the raw materials are fed into the entrance of the kiln system, hot kiln gases are exiting,.

Particulates are carried by these gases to APCDs. which remove the vast majority of the
D

particulates from the gases. This collection of particulates is referred to as cement kiln dust

(CKD).

CKD is typically returned to the kiln with the raw feed. As a result, some cement production
facilities do not generate waste CKD. However, because of the butldup of alkalt salts, which
can disrupt operating conditions, a certain portion of the CKD is occasionally removed. CKD is
used by other industries to neutralize acidic effluents and to stabilize and solidity wastes.  In
addition, the agricultural and construction industries use CKDY as a lime substitute (Haynes and
Kramer, 1982). The portion of the CKD not used as aresource s typically landfilled.

Restrictions on the disposal of CRDY are discussed e Section 6.1 o
}

In response to che vrowme concerns recarding the potential environimental citectss of the
oY () [ g

disposal of large volumes of CKD, the TS Burean of Mines conducted an imvestigation to
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FIGURE 2.2 Typical Preheater Cement Kiln
(Source: Adapted from Hazelwood, ¢t al., 193




»

Chapter s Coment Prodiuchion

characterize the constituents in CKD and to determine whether CKD should be classitied as a
hazardous weste (Havnes and Kramer, 1982). For this study, T3 samples trom 102 Ub. cement
production tactlities were collected and analyzed. The major constitients were tound to be
calcium carbonate (calcite), calcinm oxide (ime), and caleium sultate Ganhyvdrite), with various
amounts of silicon dioxide (quartz or sand) and caleium magnesiuin carbonate (dolomite). The
presence of alkali salis was also noted. The report concluded that CRDY s 7a potential resource
as a substitute for lime. Any environmental considerations are minor”™ (Haynes and Kramer,
(982). The same conclusion was reached in a recent report by the Portland Cement Association
(IPCA) (I'CA, 1991). (Sce Section 7.2.3 for a discussion of the recent study.)

)
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3.0 HAZARDOUS WASTE AS A SUPPLEMENTAL FUEL

Typically, a cement Kilnor fired with coal, petroleam coke, oil, o1 natural o However, since

the 19704, some cetent production focilities have used hazardous waste s woetlas tsed ol and

tires to replace a portion ol their conventional fuel. .»\ppm\mmtn-l_\,‘ L bithon pounds ol
harardots waste are incinerated incement kilns cach year in place ot tosst] fuels (Costner and

Thornton, [990).

Although the term “hazardous waste” is frequently used, it is rarely detined. This Chapter

addresses the following questions:

o What is a hazardous waste!?
*  Whal types of hazardous waste are burned in cement kilns?

e tow do the constituents in fossil fuel compare with the constituents in the

hazardous waste fuel?

3.1 DEFINITION OF A HAZARDOUS WASTE

A hazardous waste is a material that no longer has commercial value and requires disposal, and
that is either specifically listed by the US. EPA or meets one of the four characteristics defined
by the U.S. EPA. The characteristics (ignitability, corrosivity, reactivity, and toxicity) are defined
by an extensive list of criteria [Title 40 of the U.S. Code of Federal Regulations, Part 261 (40 CIFR
261)]. Typically,'if 4 waste meets one of these crileria, it is labeled as a hazardous waste. The

criteria for cach of the four characteristics are outlined below.

An ignitable waste is defined as one of the following (40 CFR 261.21):
e aliquid with a tlash point of less than 140°F excluding an agueons alcohol solution
with less than 249 by volume of alcohol
e a substance that ignites “through friction, absorption of moisture or spontaneous
chemical changes and ... burns so vigorously and persistently that it creates a
hazard” (40 CFR 261.21)

e anignitable compressed gas specifically listed by the US. EPA

e anoxidizer f:pm'ifimlly fisted by the US. LA

Examples of substances that could be lasetfied as ignitable wastes are acetone and methanol,

11



iy
S
A
2
Yy
o
r~

AR NITE AN IS A 9

3
3

TNTAAL L,

ot &

v
?

CAMIAW A PV ¢

T —

Ulwe 15

ey = l\.. o

(e

RNTH

wiy

Chapter 5. Flazardons Wasde asa Supplesnental Fuel

A corrosive waste i detined as one of the following, (10 CEFR 201.2.0):

* anaqueous acid (pH less than or equal to 2)
* anaqueons base (phEgreater than or equial to 12.5)
° a liquid that corrodes steel at a rate greater than 0.250 inches per year at a

temperature of 1307E
(FLAacims

Examplcs of substances that could be classified as corrosive wasles arc/‘wetic acid and

ammonia.
A reactive waste is defined as one of the following (40 CFR 261.23):

e an unstable substance that undergoes violent change without exploding

e ., substance that reacts violently with water
® 4 substance that combines with water to create an explosive mixture

e 4 substance that produces a significant quantity ot toxic fumes when mixed with
water

e 4 cvanide or sulfide containing substance that releases a significant guantity of toxic
D

fumes on exposure to an environment with a pH range of 2to 12.5

* an explosive substance that is either capable of detonation or specifically defined by

the U.S. EPA as an explosive.

Examples of substances that could be classified as reactive wastes are trinitrotoluene (TNT) and

nitroglycerine.

The designation of a waste as toxic is somewhat more obscure than the designations discussed
above. Officially, the U.S. EPA defines a toxic waste as a waste that contains components that
have demonstrated mutagenicity, carcinogenicity, or teratogrenicity (40 CIFR 261.11). Benzene is

an example of a mmpound that could be classified as a toxic waste.

The generic toxie label also includes two other U.S. EPA classifications: a “toxicity
characteristic™ waste and an “acute hazardous”™ waste. These classifications are defined in the
following way. If an extract of a representative sample of a waste contains concentrations of
compenents listed by the .S, EPA that equal or exceed the limits set by the U.S. EPA, then the
waste is desiznated as a tosicity characteristic” waste (10 ¢ TR261.2.D. The individual limits set
by the ESEPA for the Dded components represent the concentrations above which the bisted
cotnponents exhibit the choracteristic of toxicity. An cuample of o compenent {that has been
ated by the TRSCEPA 10 Fead  An actte hazardous™ waste is one that contains components that
are cither fatal or believed to be fatal to humans in small quantities (40 CIR 201.11). Potassium

cyanide is an example of compound that could be classificd as an “acate hazardous™ waste.

12 )
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Vith lists of the hazardois waste enteria, the process ot classitving, o wante would appear to be
straighttorward. T awaste meets one of the hazardows waste characteristios or o specitically
listed by the U BEPA, thero it Should be chesatied as hoardous Becau e ot the e ninber of
exemption, the hazardoe waste classitication system v ol as simple it appears, [F'or
caample, hotsehiold wante 1specibicathy exempt, althonsh ome nouschold waste wuch an
tm'pvnlin»', oven cleaner, and many automotive thaids would meet at feast one of the criteria
dincussed above, However, because of s exemption status, thin waaste s not evaluated. Asa

resull, many types of waste that are in principlv hazardous do not have the othictal US, EPA

hazardots waste label.

3.2 TYPES OF HAZARDOUS WASTE USED BY THE CEMENT
INDUSTRY

For the harzardous waste to serve as a suitable :‘.upplcnurntul fuel, it must be combustible and
have a significant energy content. Although the recent repulations only require the hazardous
waste fuel to have an energy content of 5,000 Btu per pound (U.S. EPA, 1991), lypic.\l hazardous
waste fuel can have an coerpy content greater than 10,000 Btu per pnund (I’eters ef al., 1980).
Since the primary function of the hazardous waste is to replace a portion of the conventional
fuel, a cement production facility does not burn hazardous waste that is either corrosive,
reactive, or toxic, unless it is also combustible with a significant energy content. Litghly
corrosive and reactive wastes are generally avoided, since they could damage cither the cement

Kiln itself or the tanks, piping, and valves associated with the cement manufacturing process.

Restrictions other than combustibility and energy content exist. For example, the chlorine
content of a hazardous waste fucl 1s restricted. When chlorinated wastes, such as those
containing carbon tetrachloride or trichlorobenzene, ave burned ina cement kiln, hydrogen
chloride (FHICD is typically generated. This acid gas reacts with potassium and sodium oxide in
the kiln to form alkali salts, which volatilize in the burning zone and condense in the cooler
portions of the kiln. If a large quantity of these salts are formed, due to high chlorine content in
the waste, then blockages can oceur in the kiln system, These blockages upset the cement
manufacturing, provess (Weilzman, 1983). For this reason, the chlorine content of the waste is
strictly monitored by the cement production facility.

Restrictions on the metal content of the hazardons wasle also exist. As discussed in

Section 7.2.1, the majority of the metals are im‘()rp()mlcd into the process solids (L.e., clinker or
CKD). Since the setting of the cement can be adversely atfected when the concentrations of
certain metals exceeds 019, these metal concentrations in the hazardous waste fuel must be
peoulated (Rerton and Murray, tos . This pedriction atbudes toa g nibeant point. The coment

pnnlm‘ml Dy o company nuist meel strict perterinance Landards et by the Amcetean Society

tor Testing and Matertals CASTAND. Consed ently, e cement industry Joes not b any
8 | )
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Chapter 5o Haandon W e e supplerecatal bl

hazardous waste fuel that wonld compromize the quahity ot its cement and inpair s abihity

toselb the cement it produces.

In addition to the waste restrictions and requiremnents descussed above, the cement industey
chooses not to burn polvehloniated biphenvE (PCH) wante cre,wastes contaming vieater than
S0 ppm oot PCES)L The major reason tor this decision s the quabity ot the OB wetes, PCRB

wastes are highly chlorinated and, as discussed above, these tvpes of wastes ane avorded,

When all of the restrictions and requirements are considered, only a select stream ot hazardous
waste can be ettectively utilized by the coment industry. Examples ot hazardous wastes burned
by the cement industry are spent organic solvents that oriyinate trom the “paint and coatings,
auto and truck assembly, solvent reclamation, ink and printing, cosmetics, toy, medical and
electronic™ industries (Engineering Digest, 1989). [n peneral, only combuntible wastes with a

high energy, low chlorine, and low metal content are burned in a cement kiln,

3.3 FOSSIL FUEL VERSUS HAZARDOUS WASTE FUEL

Although petroleum coke, oil, and natural gas are sometimes burned, the most common fucl
used by the cement industry is coal (Weitzman, 1983). Similar to the raw matertals and the
hazardous waste fuel, coal canccontain significant quantitics of metals and halogens. Thus, coal
may contain antimony, arsenic, barium, berylinm, cadmium, chromium, lead, mercury, nickel,
selentum, silver, thallium, vanadium, zine, bromine, chlorine, tluorine, and iodine. Averape
concentrations of these components are listed in ‘Table 3.1 Ranges are presented when these
data were available. The actual metal and halogen concentrations of a specitic coal depend on

the area in which it is mined.

For comparative purposes, the metal and halogen concentrations in used oil are also presented
in Table 3.1. The status of used oil (i.c., hazardous versus nonhazardous) depends on the
constituents present (40 CFR 266.40).  Although some metals such as zine and lead might be

higher in used oil, other metals such as thallivm might be higher in coal,

Although coal contains metals and halogens, the majority of coal, as is the case tor the
hazardous waste fuel, is organic (Kirk-Othmer Encyclopedia of Chemical Technologry, 1979).
The organic compounds in coal are generally aromatic. Consequently, when coal is burned,

aromatic compounds, such as toluene and benzene, are emitted (Branscome ef al., 1985).

For the same reasons discussed in Section 2.1 with regard to the raw materials, the presence ol
metak halogens, and orgame compoundsan the coal can complicate the iterpretation ot the

cindeston te e conducted at veement bidon Do hocardons e e

/\
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TABRLE 5.1

S — e S S G
CONSTIHHENT Coal Uik O, RS E R
MeETat
Antimony 1.19 ¢ NDA b
Arsenie Y-51 <001 100 ¢ 5.0
Barium 2454 0-3,9006 ¢ fpo. o
Beryllium 2274 NDA
Cadmium 0.1-10 4 i.c
Chromim 5-80) <H-5d .0
Lead 11-270 10-21,700 5.¢
Mercury 0.2:4 ¢ NDA 0.2
Nickel 20-80 3-30
Selenium 3.56 4 NIDA 1.0
Silver 0.06 NDA 5,0
Thallium 0.2-1 <0.02
Vanadium 30-50 NDA
Zine 16 220 2:40-3,000
HALOGENS
Bromine 7-11 NDA
Chlorine 100-2,800 100-2,200
Fluorine 50-370 NDA
lodine 0.8-11.2 NDA
I OrConnor, (1091,
bNDA o dataavalable
Cous ElaA s
Source: Spruy, (1959, unless otherwise noted.
15
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Chapter -8 Charactens oot i v foli
1.0 CHARACTERISTICS OF A CEMENT K11.N

One of the most entieal saues to address s whether the conditione e the cetnent brinare
adequate tor the incineration of hazardons waste, The charactert e thaat teabe the venent Biln

an nppmpri.lh- combuntion device tor the treatment ot hazardous waste are dracreed below,

41 HIGH TEMPERATURE AND LONG RESIDENCE 'TIME

To ensure the destruction of organic compounds by incineration, general combustion criteria
have been developed for both halogenated and nonhalogenated compounds.  Halogenated
compounds contain at least one of the following: bromine, chlorine, thiorine, or indine.
Nonhalogenated compounds do not contain any bromine, chlorine, tiuorine, or todine. The
temperature and residence tune required in o combustion chamber and the oxygen
concentration required in the et pas to ensure destruction ot both classes of compounds are

listed m Table L

TABLE 4.1
COMBUSTION CRITERIA

WASTE RESIDENCE OXYGEN
CLASSIFICATION TEMPERATURE *f Time 4 CONCENTRATION &
N()nlml();;vnntcd 1,832 °F (1,000 °C) 2 seconds 2%
I'Ialug;cnnt('d 2,192 °[F (1,200 °C7) 2 seconds 3%

PCBs 2,192 e (1,200 °C) 2 seconds 3%

I’CBs 2,912 °F (1,600 °C) 1.5 seconds 2%

I i the combustion chamber.
b1 the s edting the combueion chamber.

Sonrce. Bronner (1050

Since I'CBs (see Section 7.1.1.5) are considered to be the most difficult type of halogenated
compounds to incinerate, the two combustion criteria developed for them are also listed in
Table L1 From these two different eriteria, one can see that the higher the temperature, the
lower the residencetime and osygen content required. T either eriterion s met, then PCBs are

considered to be destroved tBrunner, FO59)

pedesrened Ty oaeet Fhee combrrdron cnternn Accondmes iy, the
of 100 1o

Fhosardonaow e meineiaton s a
averdee operating temperatare i the combustion chatnber e Lson b wath o range

2 3007 and the average vas restdence time i the combustion Chamber v 2 wecond s, watha

ranve ot Lo 6 Hoaeconds (o )Hu'll, 1986).
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Tor determine whether a cement Liln l)():“-t".nn'xl the necessary operating parameters o destroy

organic wastes, Weitzinan (195 %) calenlated o cumulative gas restdence Hme verss shan

temperabine pxulih' tor o coment Biloodey paocees 5 et 500t This relationship v

Hliatratod in Freore 1 Accordmg to thi o prottles the s e cement kil spends

creater than 200 0E The oo condittons

\:}v}»xn-lm.xt\-l\.' Voevornl gl temnpenatune. el bt

enceend e g temperature and time Fequitetnents for the et on ot both halogenated and

nontodosenated compounds given i Table 41 They also eoceed the typical operating,

conditions tor o hazardous waste imamerator Although the oavgen content m the thue pas was

estitated at only L75%, the Tonger pas restdence tine and higher temperature ctfectively
compensate tor the oxyyen requirements. WWeitzman (19s5) condluded that the conditions mea
cement kil were more than adequate tor the destruction ot even the most difficult-to-destroy

organic compounds (e.g., POBS). Weitziman's (1983) conclusions have been substantiated by the
resulis of actual ficld testing that demonstrates the ability of a cement kiln to destroy organie

watstes Caee Section 701,

4,500
o l | | | | ‘ | |
4,000 —
™
Q-
W 25001 L
o
>
koo | _
< 2,000
w
o
= 1,500[— _
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1 000 —
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FIGURE 4.1 Cumulative Gas Residence Time Versus Temperature for a Cement Kiln
(Source: Weitziman, 1983)

The cement prmlm'li(m process requires the kiln to be (»pcmh'd at the high temperatures
needed to destroy organic hazardons waste To produce clinker, the material inside the Liln

et st tetapetature oba N T TIN TRE DR E D PP ¢y Fleadinge the material to the
! i I

etperadnie teguurre tlhame e tatinre of o Lo d oo b oo e (Fngineerning Presest,
[RERSED 1 heveee, coetivend Lyl Hpvl.llc' At the connbition . l~'«‘ll|lt'<| tor eneete destinction ot thee

Organt cotnponents, because tese conditions are canential tor the pnnlm'liun ol cement.




Chapter 42 haractere i opa Cenent Saln

4.2  NATURAL ALKALINE ENVIRONMENT

.

One of the problems with the incineration of some hazardous waste is the generation of acid
gases (egn, HOD. Consequently, hazardous waste incinerators have acid serubbing devices,
which use alkaline compounds, such as sodnim hodroside or lime, to neatralice the acid gases

(Brunner, [959).

Cement kilns do not have acid serubbing devices because the envirconment in the Kibnoos
naturally alkatine. As discussed in Section 2.2, one of the main steps in the production of
cement is the caleination of the calcium carbonate to produce lime, which is the same material
used in hazardous waste incinerator acid scrubbing devices. Other atkaline components, such
as magnesium oxide, are also generiated in the production process. Therefore, as the acid gases
travel from the burning zone through the calcining and drying zones, the majority of these

yases are neutralized by the alkaline material in the kiln.

4.3  MINIMIZATION OF WASTE GENERATED

Another problem with the combustion of wastes in a hazardous waste incinerator is the
generation of ash. Since this ash is derived from the combustion of hazardous waste, it is
classificd as hezardous waste and must be disposed of in a manner approved by the US. EPA
(40 CFR 261.3).

No ash equivalent exists in the cement production process. The only byproduct of the
manufactiring, process is CKD. As discussed in Section 2.4, CKD primarily consists of raw
material (e.g7., limestone) and partially processed raw material (.., lime). CKD is typically
recycled and fed back into the kiln in an effort to minimize the loss of the raw materials.
Depending on the manufacturing process and the concentration of the alkali salts in the CKD, a
portion of the dust may not be recycled but instead removed and either sold as a resource or
managed in a manner approved by the U.S. EPA. 1lowever, whether all the dust is recycled or

only a portion, the “waste” generated in the cement production process is minimized.

44 THERMAL STABILITY

Because the cement kiln is a large manufacturing, unit with a high heat capacity, a significant
change in kiln temperature in a brief period of time is not possible (Black and Swanson, 1983).
Consecquently, if an upset in the normal operating conditions oceurs, any organic waste in the
kiln will be adequately destroyed, provided the tlow of hazardous waste to the Kiln s stopped.
Recently passed repulations require a facility to install an automatic shutott to the hazardous
waste feed to gnarantee that the How of waste s discontinued 1 the event of ancupset (see

Sectionn e FoEy
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5.0 BENEEITS OF BURNING HTAZARDOUS WASTE
IN CEMENT KHLNS

The benetits of burnine hasardon e s fe mecement il melude tecovering the cnerey value of

the hazardous waste, conserving norenewable to ol foels, reducing, manutacturing costs, and

using, an existing, techunology o manerate Lirge volumes of hazardons wastes These benehts

are brietly addressed i the following wections.

5.1 RECOVERY OF ENERGY VALUE FROM HAZARDOUS WASTE
A large quantity of hazardous waste generated in the ULS has asignificant energy content.
This sonree of potential enerpv iz one of the primary reasons for the cement mdustry’s interest
m burning hazardous wantes Becanse the waste 15 burned as a fuel ina manufacturing, process
and, theretore, the enerpy value ot the waste is recovered, this practice has been designated as

Crecyching.”

This practice is consistent with the national waste management policy, whose primary goalis to
reduce the quantity of waste that is generated. If waste is generated, then it should be recycled
or reused. The preferred management option for the nonrecyclable portion of the waste is
treatment by cither incimeration or physical, cheneal, or biological methods. I incmeration is
chosen as the treatment option, then a device such as a cement kiln that recovers the energy
value is preferred. The least preferred waste management option is long-tern storage (..,
landfilling). This preference is supported by the tazardous and Solid Waste Amendments to
the Resource Conservation and Recovery Act (RCRA). These amendments required the
U.S. EPA to develop restrictions on the types of wastes that could be fandfilled (U.S. EPA,
1989a). As a result, the amount ot hazardous waste that must be treated prior to landtilling has

dramatically ncreased.

5.2  CONSERVATION OF NONRENEWABLE FOSSIL FULELS
One of the most significant advantages of using hazardous waste as supplemental fuel incthe
cement industry is the conservation of nonrenewable fossil fuels, such as coat and vil. The
amouni of fossil fuel that could be saved by this practice is substantial. For example, it 25% of
the energy used in the production of cement in the U5 were replaced by hazardous waste, then
1S million tons of dometie coal o Lt mithion barcels of domestic crude ol conld be caved
cach vear. (See Appendie A tor the caleolation ot thewe values) This estimate ot tosal tuel
cavings toconservative becane the pesiations, Heod covern the b of hazardon wasde
Cotnent Uil dless e o e on e ceent ol ineb to e peplaced by Bosardon e te

LSRN, P N prantiee ot conhd e e oty ol notitettew abbe resonmoe s deerves

Ceniots cotbaderation
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53 REDUCTION IN PRODUCTION COSTS

The production of cement toan energy intensive process. The portion ob the manutacturing,
costs attributed 1o tuel can range trom 207% 1o 25% (Enginecring Digest, 1980 Consequently,
cement production costs are heavily driven by fuel prices. As a result, "most cement plants
have made the capital investinent necessary to achieve fuel tlexibility and can sclect energy

sources according to cost™ (Engineering Digest, 1989).

Since the hazardous waste fuel is substantially cheaper than any of the conventional fossil fuels,
the industry has an incentive to use this poltential source of energy. The replacement of even a
fraction of the conventional fuel with hazardous waste fuel can signiticantly reduce

manufacturing costs.

54 USE OF EXISTING TECHNOLOGY TO TREAT LARGE VOLUMLES OF
HAZARDOUS WASTE

The U.S. is facing a waste crisis. The rate at which hazardous waste is produced far exceeds the
present capacity for treatment and disposal in a manner that prevents long-term exposure (Us
Congress, 1989). Innovative ideas and new technologies to manage hazardous waste are
needed. Unfortunately, the design and construction of new hazardous waste treatiment and
disposal facilities are extremely expensive processes.

One of the advantages of using cement kilns is that the technology and the facilities are already
in place. In addition, the use of a cement kiln, as opposed to the construction of a new facility,
does not result in the creation of a new source of emissions. Therefore, cement kilns provide an
attractive option for the incineration of large volumes of certain types of hazardous waste.

The cement kiln option for the disposal of large volumes of hazardous waste does not promote
the peneration of hazardous waste. Interest in the reduction of waste might be lost when the
grenerator also owns the treatment facility or when treatment is more profitable than reduction
or tecycling. However, such is not the case for cement production facilities because they do not
srenerate the hazardous waste fuel they burn. Since the generator still must pay for treatment
or disposal of the waste, the incentive for reduction or recycling remains. Theretore, cement
kilns do not provide an incentive to generate more hazardous waste, but a means of treating,

some types of hazardous waste that cannot be minimized or otherwise rccyclcd.
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6.0 FEDERAL REGULATIONS GOVERNING CEMENT
KILNS THAT BURN HAZARDOUS WASTLE

Cement production factlities using hasardons waste as a supplemental fuel are required to meet
a host of federal and state repulations that povern air cnissions, waste transportation, waste
storage, and worker safety. In February 1991, the U5, EPA finalized the Boilers and Industrial
Furnaces (BIF) rule, which applies additional requirements to the actual burning, of hazardous
waste in cement kilns as well as other boilers and industrial furnaces. This rule specitically sets
stringent performance and operating standards for combustion devices that choose to burn
hazardous waste for energy recovery. The BIE rule and other federal regulations that govern
cement kilns burning hazardous waste as a supplemental fuel are discussed in the following

seclions.

6.1 THEBOILERS AND INDUSTRIAL FURNACES RULE

The U.S. EPA has classified a cement kiln as an industrial furnace. Accordingly, a cement
production facility that uses hazardous waste as a supplemental fuel in its kilns must comply
with the regulations defined in the BIE rule. These regulations include emission standards tor
organic compounds, metals, hydrogen chloride, chlorine gas, and particulates In addition, the
U.S. EPA states in the BIF rute that facilitics burning hazardous waste as a supplerental tuel
must comply with the rules and regulations applicable to any other waste treatment, storage,
and (lisp()sal facility. This rule became effective August 21, 1991 [U.S. EPA, 1991 (p. 7130

In the following sections, the BIF regulations are discussed in detail. Although the BIF rule
applies to a variety of combustion devices, the discussion focuses on those regulations that

specifically affect the cement industry.
6.1.1  ToxiC ORGANIC EMISSIONS

The BIF rule requires that a facility demonstrate a 99 999% destruction and removal efficiency
(DRE) for principal organic hazardous constituents (POHCs) in the waste stream. A DRE ot
09.99% means that out of 1 ton put into the system, less than 4 ounces are actually emitted in
the stack gas. Achieving this tovel of DRI “will ensure that constituents in the waste are not

emitted at levels that could pose significant risk” [US. EPA, 1991 (p. 7146)].

The DRE is establishied ina trial burn, which is the demonstration that a facitity 15 in
("Hll\l'“.lllt'(‘ with the regsulatory reguirements. POHCs are l'e'}m~r.an1tivv of the u)mpmlmls i
thee s obe streain that are the mond Aot and the mostdittieadt to destrey Accorduey
hlorated and aromatie \'umpmunln, el s carbon tetrachlonde and trichlorobensene, are
often Chosen because they are tj,'pi(‘.ll components i the waste stream and dittienht um\})nlimi\
to destroy. A DRE 15 determined for cach of the selected POHCS by tirst measuring, the mass ot

the selected POTC entering, the combustion device in the waste stream and then measuring the
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mass ot that selected POHC exating, the combustion device e the stack. The DRE value is

finally calealated accordmg, to the equation given below,

DIRE O, W0/ W) s 100

Where:
Wi, = the mass of the selected POHC entering, the combustion device in the waste
stream
W, = the massof the selected POHC exiting in the stack gas.

A DRE of 99.99% must be demonstrated for cach of the selected POLICs for the facility to

deronstrate regulatory comphiance.

A special permilling process exists for the incineration of “dioxin-listed™ wastes. These wastes
actually include two distinet classes of compounds: polychlorinated dibenzo-p-dioxins
(PCDDs) and polychlorilmlcd dibenzofurans (PCDIs) (40 CER 261 Appendix VII). In gcncral,
PCDDs are referred to as dioxins and PCDEs are referred o as furans. These wastes are
considered to be acutely hazardous. Therefore, an even more restrictive DRE of 99.9999% must
be demonstrated in a trial burn [U.S. EPA, 1991 (p. 7146)). A DRE of 99.9995% means that out

of every 100 tons put mto the system, less than 4 ounces are actually emitted in the stack gas.

A high DRE does not ensure complete destruction of the organic constituents to carbon dioxide
and water. If good combustion conditions are not maintained, prod wcts of incomplete
combustion (PICs) may be emitted. The U.S. EPA defines PICs as “unburned organic
compounds that were present in the waste, thermal dec omposition products resulting from
organic constituents in the waste, or compounds synthesized during or immediately after
combustion” [U.S. EPA, 1991 (p. 7149)].

To guard against significant emissions of PICs, the BIF rule requires that the carbon rnonoxide
levels and, where appropriate, the total hydrocarbon concentration in the flue gas be
continuously monitored [US. EPA, 1991 (pp. 7150-7156)]. Compliance with one of two options
is mandatory. Under option [, the carbon monoxide emission of a cement kiln burning
hazardous waste cannot exceed 100 parts per million by volume (ppmwv). Complmnw with this
option is difficult for many kilns that normally operate above this emission limit even under

ideal combustion conditions with conventional fuct.

Consequently, the BIF rule offers a second option. Under option 1, the carbon monoxide
ctnission can excecd 100 ppmy, but the total hydrocarbon concentration inust be continnously
Honatored and connot erceed o fechnotormy bocaed Tinnt ot 20 ppiy The evact carbon
donos ide Tevel e tabhnhed durore e foad boens A alternative totabhydiocarbon level may
he entabliched on a case by case basis o the raw materials e, shale) ased o the process are

found to contain orpenic compounds that signihicantly add to the hydrocarbon crmissions.
3




Chapter o: Pederal Redaciens

Three final points im'm‘pur.m-(l it the BIF rule guard against the release ot tosie quaniaities of

organe compotnd

o 1 hazardow. waste 1o bed o any other poni U tHe hot end or the end wheie the
fuel is traditionally debivered, then the total hydrm".n’lmn content st be
continuonsly monitored, even i the carbon monoxide concentration is bulow
LO0 ppmv JUSEPA, BT (p. 7158},

e An automatic cutoft device i the waste fuel line must be installed and linked with
the continuous carbon monoxide monitor and, if appropriate, the continuous total
hydruc.n‘lmn monitor. Therefore, if the emissions limits are exceeded, then the waste

fuel is cut off to the combustion device [US. EPA, 1991 (p. 7159)].

o [mission testing and dispersion modeling must be conducted if the facility has the
potential for envitting, significant quantities of PCDHDs or PCDEs. This analysis must
ensure that the hypnlhulicnl maximum exposed individual (MED is not subjected to
a concentration of these compounds that would result in a lifetime cancer risk
greater than 1 in 100,000 [US. EPA, 1991 (p. 7162)]. As defined in the BIF rule, the
hyp()tluvliml MET s assumed to reside at the location of maximum possible exposure
for 24 hours per.day, 265 days per year over a 70-year lifetime. This evaluation must
be completed repardless of whether anyone actually lives at the point of maximum

exposure [U.S. EPA, 1991 (p. 7170)].

All of these regulations were developed to ensure that the organic waste constituents in the
hazardous waste fuel are destroyed and that no toxic organic compounds are released in

quantitics that would adversely affect public health.
6.1.2 Toxic MEraL EMISSIONS

The BIE rule sets emission standards for 10 metals: antimony, arsenic, barium, beryllium,
cadmium, hexavalent chromium, lead, mercury, silver, and thallinm [US. EPA, 1991 (pp. 7171-
7179, The Ub. EPA selected these melals because of their p()l(rnlial for adverse etfects to
human health and the environment. These metals are classified as cither carcinogenic or
noncarcinog2Nic. Arsenie, berylhum, cadinium, and hexavalent chromium are classitied as
carcinogenic metals. Although some debate exists regarding the scientific basis of the risk
standards (T, 1992), the standards for these four metals were developed by the US. EPA such
that the hypnlln'lil'.nl MET would not be subjected to concentrations that would result ina
lifetime cancer risk exceeding, Tin 100,000, The individual risks due to the exposure ot cach ot
these carcinoventc metals mued e srnnumed so that the total visk to the hy pothetical Mt et

developaie canee et oo D D RO

Antrinony, bormnog bead e ronry, Cver, and thallom cee e sundated accordime o ther
noncarcinogenic eftects. e crsston standards tor theae sis mictals are based either onoora!
reference doses (REDs), which are levels below which no adverse health effects have been noted.

or, in the case of lead, on the existing, National Ambient Air Quality Standard (NAAQS)

o
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The standards for both the carcinogenic and noncarcinogenic metals are met by compliance
with one of the three tiers disctseed below These tieiare designed such that the Loos tentmygy
and analysis that s conducted, the more coneervative the asamptions wsed by the TS, 1A to

set the altowed metal mput into the biln.

Under tier 1, no emission testing, which determines the specihic metals and their concentrations
in the stack gas, and no site-specitic dispersion modeling, which estimates the concentrations of
the metals in ambient air, are conducted. In the absence of any testing, two assumptions are
made. The first is that all metals entering; the device are emitted in the stack pases. Inother
words, no removal of metals by the APCD is assumed and no incorporation of the metals into
the process solids G.c., CKD or clinker) 1. assumed. The second assumption is that worst-case
dispersion of the metals occurs, Therefore, a facility that 1s pcrmittcd under tier ['must comply

with inetal feed rates that were established using the mmost conservative assumptions.

Under tier 11, emission testing is conducted. The emission testing must prove that metals are
retained in the process solids (i.e., CKD or clinker) and that the APCDs are cffective in
removing, metals from the flue gas. If the crission testing shows that the amount of metals fed
into the system is more than what is emitted, then a higher metals concentration is allowed to
be fed into the kiln. However, since no site-specific dispersion modeling is conducted, worst-
case dispersion of the metals from the stack is assumed. Comphance with this tier, as opposed

to tier [, would allow a greater concentration of metals to be fed into the kiln.

Under tier I, both emiission testing and site-specific dispersion modeling are ~onducted. Asa
result, the concentrations of metals in the stack gas are determined and the concentrations of
the emitted metals in ambient air are evaluated. Compliance with this tier would allow the
maximum amount of metals to be fed into the kiln since allowances are made for the removal of
metals by the process solids and APCDs and for local conditions such as climate and geography
that affect dispersion of the emitled metals. In general, large facilities such as cement plants opt

for compliance with this tier.

A special restriction exists for cement kilns, As discussed in Section 2.4, the CKDY is lypically
recycled and fed back into the kiln. Because of this procedure, the concentration of the metals
‘0 the CKD could increase over time. Accordingly, the total amount of metals entering, the kiln
could increase over time. To account for this possibility, the BIF rule requires that the facility
comply with one of the following, criteria: daily testing of the collected particulate matter, daily
cmission testing, or establishing the metal cquilibriten in the cement kiln prior to compliance
testing, so that the metal concentration would not change over time and would be representative
of the metals being fed into the Kilncatany time (U5 EPA, 1991 (p. 7H7))

Rewrardless ot the ey, the azardons s te tned o a ety ot be analyeed tor the 10
reculated metats [Eametal v onntted trem the analy s, stiiication tor this omesion must be

made.
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6.1 HYDROGEN CHLORIDE/CHLORINE EMISSTONS

When chlorinated unnpmnnlr; are tcnetated, cithien hydrosen chlovide ore HWorine is tormed,
Jepending on the combrtion envizenment o protedt appainet srenthicant cintedons of ctther
rnmlnnnul, the BIE prile et ctisston b o these «'umpnnml“. Pased on inhalation clicots
(s, EPA, foot (pe 716:0]. The rule speaties a three tiered ‘\H»nuu'h identical to that for the

noncarciogenic melals emissions discussed in Section o0 2 US EPA, 1out (pp- S179, 7181
6.1.1 PARTICULATE EMISSIONS

To prevent the potential tor adverse effects to human health and the environment resultiy
from excessive particulate cmissions, the BIF rule setsa particulate emission limit of 0.08 grains
per dry standard cubic toot (g /dscD. I This standard is another safeguard against the release
of metals and organizs Lo the environment because these components can adsorb to particulate
matter [US. EPA, 1991 (p 7141

6.1.5 [NTERIM STATUS

Facilities that were using ot had made certain commitments to use hazardous waste as a
supplemental (el before the effective date of the BIF rule were allowed to apply for “interim
status.” This status aliows facilities to continue using hazardous waste while obtaining, the
newly requircd permits. While operating under interim status, a facility must comply with the
carbon monoxide, total hyd rocarbon (if appmpriatc), metals, hydrogen chloride, chlorine, and
particulatc emission limits within a prcscribml schedule {US. EPA, 1991 (pp- 7180, 7181, The
only requirement that 1s not Applicablc to a facility under interim status is the Jdemonstration of
2 99.99% DRE. The U.S. EPA believes that if the carbon monoxide and total hydrocarbon
standards are met, then the facility will be burning hazardous waste with a DRE 0 99.99% (USsS
EPA, 1991 (p. 718}, However, a facility under interim status is not allowed to burn *dioxin-
listed” wastes because a DRE of 99.9999% cannot be assured [U.S. EPA, 1991 (p- 71841

A r;pwi‘\l restriction exists for cement prmhu'lion facilities. The US. EPA has only conducted
eraission testing with tacilities that feed hazardous waste directly nto the kilne Although
future testing, may denwonstrate the complete destruction of the waste when fed to locations
othier than the Liln, o facility under interim status must feed the hazardous waste directly into
the kiln in order to ensure complete destruction. Accordingly, the burning ol hazardous waste

ina pru;alx‘ilwr i< not allowed under interim status [US. EPA, 1991 (p. 7189)).

While interim stalus edlensions may be g.',x'.mh-(l, a tacility has | year from August 1991 to
complete complianee testing, (116 EPA, 10Tty 71sDL

T

' Corrected to 7% oxygen.
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6.1.6  THie BIF RULE AND THE BEVILL AMENDMENT

One of the biggest debates tesardimg the uae of hazardows waste tuel in cement ibus e the
repulation of CRDC Hinder the anthority of RORAL the TESEPA has mandated that any neadne
generated from the treatment, storage, or disposal of hazardous waste be clasatied s a
hazardons waste repardless of whether the waste exhibits hazardous characteristies
(40 CFR261.3). A statutory exemption known as the Bevill Amendment excludes CKDY (40 CER
261.4). Therefore, it has not been classitied as a hazardous waste regardless ot whether

hazardous waste has been used as a fuel in the cement production process.

Under the BIF rule, a facility must show that the CKD penerated when burning, hazardous
waste fiel does not differ significantly from the CKD generated when burning, conventional
fuel {US. EPA, 1991 (pp. 7196-7200)]. A two-part test is outlined. For the first part of the test, a
facility must show that the toxic 2 components in the CKD generated while burning hazardous
waste are not present at statistically significant higher fevels than the toxic components in the
CKD generated while burning only conventional fuel. For the second part of the test, a fadility
must demonstrate that the concentrations of the toxic components in the CKD do not exceed
the health-based standards set by the U.S. EPA. If a facility can demonstrate that the
concentrations of toxic compounds in the CKD generated when burning, hazardous waste do
not exceed the health -based standards, then the facility does not have to prove that the CKID
generated while burning, hazardous waste has the same composition as the CKD generated
while burning, conventional fuel. Only if the CKD fails both parts of the test is it considered to
significantly differ. If the CKD is found to significantly differ, then it loses the Bevill exemption

and must be handled as a hazardous waste.

6.1.7 COMPARISON OF BIF REGULATIONS TO HAZARDOUS WASTE INCINERATOR
REGULATIONS

At present, the BIF regulations are even more stringent than the regulations governing
hazardous waste incinerators.  Although a hazardous waste incinerator must demonstrate a
DRE of 99.99% for sclected POHC, and a DRE oi 99.9999% for “dioxin-listed™ wastes
(40 CER 264.343), no carbon mono<de or total hydrocarbon emission limits similar to those

outlined in the BIF rule exist for hazardous waste incinerators.

The US. EPA has nol spccifically set any metal emission standards, similar to those outlined in
the BIF rule (see Section 6.1.2), for hazardous waste incinerators. [ lowever, under the authority
of the Clean Air Act (CAA), the TS EPA has set emission standards for arsenie, beryllinm,

fead, and mercury that would apply to hazardons waste incinerators (see Section 6.2).

2 The usare of the word “toxic” i consistent with usage in the BIF rule. However, any substance can be “toxic™ if

present in suthvren quasttities, Toxicity 15 a tunction of dose
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A hazardous waste incinerator s allowed to enmt }'Ullll(i.‘» per hour ot hydroven chlonide o
demonstrate o removal efficiency ot voou (0 CER 2o sa b Uinhhe the hydroven chlond.:
cinission standards et by the BH mite (ee Section o010, this standard s not o headthe bae e

standard

Althoughea few ot the standards are basically the same, such as the particulate eonssion hint,
the majority of the standards tor 4 cement production tacthity burning, hazardous waste are
more restrictive than those for a hazardous waste incinerator. Despite these difterences,
compliance with the edisting regulations should ensure that no adverse impacts occur tronn

cither type of facility.
6.1.8 Ouvrcome oF THE BIF Rutk

Two significant outcomes should result from the enactment of the BIF rule. The BIF rule should
prevent any poorly operated boiler or industrial furnace from burning hazardous waste and
provide some assurance that the remaining, facilities are operating in a manner that will ensure
protection of both human health and the environment. In addition, a reduction in the halogen
and metal content of wastes should result, since the BIEF rule restricts the quantity of these

components that can be burned at these facilitics.

6.2 AIRPOLLUTION CONTROL REGULATIONS

Before compliance with the BII rule became mandatory, cement kilns burning hazardous waste
were required to meet tederal, state, and local air pollution control regulations that were
established as a result of the CAA. Under authority of the CAA, the U.S. EPA established the
NAAQS tfor pollutants such as particulates, lead, and sulfur dioxide. These standard:. were
ceilings that were not to be exceeded anywhere in the U.S. and were set to protect oth human

healtlvand the environment (Pedersen, 1987).

The CAA empowers the states to develop the regulatory framework to meet these standands.
The State hinplementation Plans, which are the result of this empowerment, * st include a
description of the aur quality ... an emissions inventory ot sources tha:! it the pollutant in
question, emission limitations and compliance schedules to reduce poltutant emissions to a
level low cnough to achieve the NAAQS, a permit program for review of new source
construction to insure new emissions will not cause a violation of NAAQS, monitoring and
reporting require.nents, and enforcement procedures™ (Pedersen, 1987). State and local
provernments through the Prevention of Significant Deterioration program mav also <ot

emisston hiats such that no siemticant deyrradation of air quality ocevrs,

P acdedition bothe SEAAC D the T BEA Do et Diewy Sortee Pettormanee Starwdards (8N
aned SNoatiorad Frnceaon Standards tor Hazardons Ao Pollutantc GO8nESHTATY, Botl meas ot e
aned castig, sourees undergomy moditications that are considered to be signiticant contibutons

to air pollution are required to meet the NSPS. These standards are technology-based and
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“must retlect the (!l-;-‘(my ol cinession redoction achievable’ Hll‘nll}'_h the best t(‘('[\ll\'ln}"y”

demonsdrated (Pederen, 1o

The NEFSHATS were ongmalle eatablished to account tor hasardous pollutants (e, arsenie,
beryllinm, and merciry) entted by o few sourees such that an NAAQS was not warranted.
These standards apply to both existing, and new sources and must “he setat alevel adequate to
protect the public health with an ample margin of satety™ (Pedersen, 1987). The list of these

pollutants was siggniticantly expanded in the CAA Amendments of 1990,

6.3 TRANSPORTATION REGULATIONS

Under authority of RCRA, the U.S. EPA regulates the transportation of hazardous waste, which
includes hazardous waste to be used as a supplemental tuel in cement kilns. According to

these regulations (40 CFR 263), a transporter must perform the following tasks:

e  obtain a U.S. EPA identitfication number

® comply with the manifest system (ie., a system which ensures the integrity of the

shipment tfrom the point of origin to its destination)
® maintain the appropriate records

® take immediate action in the case of a release to ensure the safety of the public and

the environment

* remediate (i.e., clean up) any releases to the environment.

The U.S. EPA coordinates its efforts with the U.S. Department of Transportation (DOT), which
under the authority of the Hazardous Materials Transportation Act establishes regulations for
the transportation of all hazardous material which includes hazardous waste (49 CIR 100-177).
[n gencral, the U.S. EPA’s “regulatior . «.corporate and require compliance with the DOT
provisions on labeling, marking, placa-dine, using proper containers, and reporting discharges”
(Halketal, 1957).

[n addition to the regulatory functions of the U.S. EPA and the DOT, several agencies perform
nonregulatory functions to ensure the safety of the public and the environment in the
transportation of hazardous materials (National Governors” Association, 1988). For example, as
one of its many functions, the Interstate Commerce Commission investigates interstate carriers
to ensure that the services, equipment, and faciiities that they provide are adequate tor meeting,
alt the necessary revulations. The Federal Emergency ;\L‘um;;mn-'nt Apency provides the
necessary s tanee to date andd Jocal sovernment o creaee then response tooa havardows
materinbs emergenc I o eelese of hazardous materials oconn o the National Transportation
Safety Board mvetpades the acadent to determine the probable Cones fheae aeencies ane st
a few of the many that are involved with some phase i the transportation ot hazardous

materials. For a discussion regarding, the risks of transporting, hazardous waste, sce Section 8.5.
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6.1 STORAGE REQUIREMENTS

Under anthority of REORAL the T8SFPA hae entabhished strict hazardous waste storage
revttlationss which apply to cement production tacihities that store hazardous waste on site (1)

CEFR 2006.35). General tacility standards require the tollowing:

® waste analysis (10 CEFR 26:0 13 and 265.13)
® security provisions (1) CEFR 264,11 and 265.1.1)
* taality mspections (400 CEFR 26015 and 265.15)

*  personnel training (40 CEFR 26416 and 265.16).

A contingency plan and emergeney procedures must also be established. “The contingency
plan must be designed to minimize hazards to human health or the environment from fires,
explosions, or any unplanned sudden or non-sudden release of hazardous waste or hazardous
waste constituents to air, soil, or surface water™ (40 CFR 264.51 and 265.51). Records must be
maintained such that the fate of the stored waste is documented (410 CFR 264.73 and 265.73).
Finally, the storage area must be designed and maintained such that the integrity of the
groundwater is assured [40 CEFR (264 and 265) Subpart F]. These requirements are just a few of
the many thai are in place, and were in place even betore the BIF rule was developed, to ensure

the safe storage of hazardous waste fuel at cement production facilities.

6.5 WORKER SAFETY REQUIREMENTS

The Federal Mine Safety and Health Administration establishes regulations that protect
workers at quarries and cement production facilities, including those that use hazardous waste
as a supplemental fuel. The regulations include standards for worker exposure to airborne
contaminants and requirements for the use of protective clothing and equipment when dealing

with hazards. These regulations and many more are documented in 30 CER Parts 1 to 199,

Labor organizations that represent workers at cement production facilities have publicly
endorsed the use of hazardous waste as a supplemental fuel in cement kilns. Both the United
Paperworkers International Union and the International Brotherhood of Boilermakers, lron
Ship Builders, Blacksmiths, Forgers and Flelpers have written letters to their congressional
representatives urging them to endorse legislation that supports this practice. (See Appendix B

for copies of these letters.)
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7.0 EATE OFTHE CONSTITUENTS INTH i
HAZARDOUS WASTE FULL

w b s o toed Py thie cernent udi ey con et oanly op oreany nuaterial,

The hazandon .

bt also contatn . varton Lmounts of metal components o detentne whetheror not o cement
Liln can buri haoardeus wvaste tiel ettectively, the tate ol both the oreanice and melal
constitients et be determimed. Inother words, what happens to the components in the

combustion process? The following, sections address this s

7.1 ORGANIC CONSTITUENTS

Complete combustion ol an oryanic compound composed only ot carbon and hydrogen
prodhuces carbon dioxide and water. if the organic compound contains chlorine, then hydrogen

chloride or chlorine vas s also produced, depending on the combustion conditions. In

addition, it the orgenic u»xnpuund conlains nitrogen or sulfur, ther oxides of these elements
(e, NOor 5 )) are produced. An OryLAnic compound 1o considered o be destroyed if the

pl'mluvtr; mentioned above are the only ones formed.

If combustion conditions are not conducive to the complete Jdestruction of the organic
compoumls, PICs can be emitted from the combustion device. One of the steps in determining,
whether a cement kil can burn hazardous waste effectively is the Jdemonstration of the
destruction of the organic components. This denonstration requires measurement of the DRE
and the PLC emissions. The tollowing, sections evaltuate the results from trial burns that

establish DREs and investigate PIC emissions.
711 DREs ror Seekcren POl 1Cs

One of the criteria developed to evaluate the destruction of organic constituents in the
hazardous waste is the DRE. The BIF rule requires that a coment kiln demonstrate a DRE of
99 9977, for selected POFICS ina Lrial burn (see Section 6.1.1). The following, sections address the
problems that are encountered with determining the DRE and the results of trial burns from the

19705, 19805, and 19905, as well as trial burns that focused spccil'imlly on PCBs.
7100 Propress Wit THE IIETERMINATION OF THE [IRE

Betore the results ot the {rial burns are reviewed, lmlvnli.ll pml)lt'mr; with the determination of
the DRE in cement kilns should be noted. The prm‘mlm‘v tor the determination of the DRE was
orivinaty developed tor hazardous waste incinerators. A illnstrated in Section .11 only the
cotn it dion ot Hie organics Onetients i the uzardon e beanes oneacdered when the DRE

o eatenbated For o cement Lt this method o pose o desntoant probleme Organte

constittent are prosent not onky in the Taardote wanie cuterime the combrrtion Jdevioe, but

also in the raw material and the other fucl. It the raw material or other tnel contame the

-
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compound selected to colenhate the DEE, then the concentiation of this compound cntenng, the

combustion deviee will be tderestinated e meas g, e concentration anly in the

Porardons wante, The onedere e e el ceond i e ahonlaton of ancartiticalby Tose DRE

b additron, if the cotnpond v preens st fa eed entening the cooler pottion o the
cerment kil then the addionsl amonnt ar the compound e most hikely gomg to be volatilized

rather than destroyed. This phenomenon et g sreater concentration inc the stack sas and

a lower calculated DIRE

This type of problem is not uncommon. For vaample, in 1970, Peerless Cement Company in
Detroit, Michigan conducted a trial burn to determine whether PCBs (see Section 7.1.1.5) could
be safely destroyed in their cement kiln (Lauber, 1987). 'CBs were detected in the stack gases
cven when no PCB wastes were burned. The water trom the Rouge River, which was used to
shirry the raw material for theirwet pioces L, woas tound to be the souice of the POBs. Sinee
the shurry was fed into the cooler end ot the Biln, the majorty of the PCBs were volatilized
rather than destroyed. As a resalt, the cateulated DRE value was artilicially low because the

PCBs entering the Kilnin the shurry water were not taken into account

Similar to the “contamination™ problems deseribed above, selection of a POTC that is also a PIC
produu*d from the combustion of conventional tuel leads to the calculation of an artiticially low
DRE. For example, toluene is tvpically pm(hm'li when coal is burned.  If toluene is chosen as
the POLHC to determine the DRE of a combustion device that is also burning coal as part ot its
fuel requircment, then an unrealistically Tow DRE will be obtained because the emission of

toluene from the combustion of coal 1s not taken into account.

Regardless of these potential problems, the DREs demonstrated by many cemnent production
facilities are extremely high. The following, four sections review DREs established ina number

of studies for a variety of POHCs.
7.1.1.2 Restirs FROM TRIAL BugNs CONDUCTED 1 THE 19705

fn the mid-1970s, a series of tests were conducted at the St Lawrence cement plant in Canada to
measure the destetction of various chlorinated waste streams being, fed into their wet process
cement kiln (Branscome and Mournighan, 1987 [auber, 1987). The overall DRE established for
the chlorinated compounds was greater than 99.986%, This valne is artificially low because the
water used to slurry the raw feed was contaminated with low molecular weight chlorinated

COMpPONN |4,

In 1978, a series of tests was conducted at the Stora Vika Cement Plant in Sweden to evaluate
the effictency of therr wet proce ccement Brdnom destrovime varions chlorinated waste streans
(AR, Ty Nthonehes Bilorotorie s Povinnd e the s b e the magonity of the hlormated

w»nl['mun]-. wete nol detected SV DIRE et it v s determmoned tor methyvlene
chloride and a DRE peater thoan oS emonsbrated o trehloroctliviene The pealis

frorn these tests confirm the ability of the cement kiln to destroy the organic components in the
H

%
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Hasandon cwante fael o part of standard o werations, even betore U.S. revulations were in Hace
‘ [

reuInInG, th lewed ot destruction.
P i iy e b CU sl b die B
that lli}',‘ll vt could be obtaned

Treal toones condin teed 1 the TS contintied to demonstrate

tor the oreanic constituents, in the hazardons woste tael brned in cenient B The resalts ol

trial burns lc'pul’hwl by Branscome of ol (19siy o one wet and one dry proce. cement kaln
Hnetrate the typreal values obtained for DRES The PORC aelected tor the tral burnes were
methviene chloride, 11,2 trichloro-12.2 tritluorocthane (Freon T3, methyl ethyl ketone, REE
trichlorocthane, and toluene.  As cummartzed i Table 700, the majortty of the DREs were

greater than 99097 DREs Tess than 99.094% resulted trom either laboratory contamination

P blems or unproper soelection of the POHCs Gaee Sechion 1D,

TABLIE 7.
AVERAGE DREs @ FOR A WET AND A DRY PROCESS CEMENT KILN

SrrecTeD POHCS WET PrROCESS RN Dy Procrss KitN
Methylene chloride P 94 98350 99.96%
Freon 13 99 Y 99,9999,
Methyl ethyl ketone 99.988% 139.998%
{,1,t-Trichlorc wthane 99,9959 =>99.999%
Toluene © 49 V61 99 995%

sence of POHCs in laburatory blanks. Ths

a3 DREs were not adjusted to compensate for the pre
corred tion would result in higher DREs.

b PRE artificially low because of laboratory contamination problems.

C  Emission of toluene attributed to the combustion of coal (i.e., level of emission did not change

when a portion of the coal was replaced by hazardous waste fuel).

Souree: Branscome ¢t al. (1985).

Additionat DREs were obtained in the trial burn for the dry process cement kiln. Sinee styrene,
cthylbenzene, e-xylene, and benzaldehyde were also present in the waste stream, DREs were
determined toz cach of these components, =ven though they were not specitically selected as
POHCs. Similar to toluene, henzaldehyde was detected i stack emisstons whether the fuel
conaisted solelv of ceal or o mixture of coal and hazardous waste. Regardless ol this
ocenrrence, o DRE of Q09987 was calculated tor benzaldehyde. The othen components were
qof detected in the stack g and theretore the DREs were determmmned to be greater than

(NI IR AN

Thio ot o drates anhicant pomt. bven woheen OO are not detected the sback e a

DEIE of T00Y% 15 not obtained because all mstruinents toed o analyze the sta by have

detection limits (e, the smallest possible uantities thal can reliably be measured by the

e T

—
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instrument). Fheretore, unless an metrnment o developed that can detect intiiatestimal

quantities o a componnd Jdetnonstration ol o LG of TovLowldh be llll[‘n‘;ﬂl}‘l(ﬂ

SLLA RE e prost Pepar Brpespo Cosdbnio i i diie It

Trial burne conducted in the 19005 Lave tocused on the selecaon of compounds as PORCS that
would not tvpically be present as contaminants or penerated [l trom the combustion ot

conventional tiel T of this eriterton has resulted inmore accurate DREs bemg obtamed.

Von Seebach and Tomphins (1991 recently reported the results of DRE testing ot a dry process
cement kiln equipped with a preheater. Carbon tetrachlonde and trrchlorobenzene were
chosen as the POHCS When hazardous waste fuel was fed to the burning zone ot the kiln,
DIRES obtained were vreater than 999997 for carbon tetrachlornde and yrreater than Y9.995% for
Srichlorobenzene . To determine the limits ot the system, DREs were also determined when
these POHCs were ted to the entrance (i.e., cooler end) ot the kiln alony with tires. DREs
obtained were preater than 99.999% for carbon tetrachloride and greater than 99.996% for

trichlorobenzene.

Recent DRE testing conducted at a cement Kiln owned by United Cement supports the
forepoing, results (Tracer Technologies, 1991). Sultur hexathioride was chosen as the POHC
because of its thermal stability and case of measurement in the stack pases. In addition,
“contamination” problems and PIC interferences are unlikely with the use of this compound.

DRESs preater than 99.9998% were obtained inevery case.

These test results illustrate that extremely high DREs can be obtained for cement kilns even

when POHCs that are difficult to combust and destroy are used.
7.1.1.5 Rrsurrs rroat TriAL Burns tiat Focusen on PCBs

The results of trial burns involving PCBs provide additional support for the ability of a cement
kiln to destroy the organic constituents in the hazardous waste fuel. PCBs are a class of
chlorinated orpanic componnds that have the general chenneal structure shown in Figure 7.1
The most common trade name in the .50 0s Aroclor. A tour-digit number that gives
information on the chemical structure is associated with the trade name. For example, the
designation Aroclor 1242 indicates that the compound s a chlorinated biphenyl (12) and that it
contains 42% chlorine (42), or approximately three chlorines per biphenyl ring, (Merck Index,

19853).

Becanse of their nseful characteristios, such as thermal stability, exceptional dielectric

propertie . and nontlmmability, PC B were wadely ased icthe CS (Back and Swanson, T983),

Dy b 1000 the aconmmlation of PO e the cnvironinend aned then toseity m laboratonry

et overe tecovnteed N te e the pradion tion ot e compomuedowan Panned by the 11,

Congere o 19000 Nothe e e, the Tooe S b e cntrol Aot clhe o wlach eealaten
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FIGURE 7.1 General Chemical Structure for ’CBs

X N

the (lisposal of PCBs, wan p.\s'.s;ml. Incineration was recognized as the only acceptable method
for the dif;p()ml of signiticant concentrations (e, greater than 500 ppnv of PCBs. A DRE of
09,9999 1s required by TSCA for the incineration of these (‘umpuunds. In other words, out of
100 tons that are fed into o comnbustion device, less than - ounces are allowed to be emitted 1n
the stack gas. This level of destruction prevents future exposure to the vast majortty of this

wasle.

The potential for using cement Lilns to incinerate PCBs has been investigated. sinee PClhs are
such stable compounds, the ai ility of a cement kiln to destroy these compuumls indicates the
overall ability to destroy the majority of organic constituents in the hazardous waste fuel. The
DREs determined from several trial burns conducted in other countries are listed in Table 7.2.
The majority of cement kilns burning, hazardous waste as fuel in the U.S. have chosen not to
birn PCB wastes for the reasons discussed in Section 3.2, Regardless of this decision, the
results indicate that cement Lilns are ettective at destroying, I’Cls. In addition, in all but one
case, which is the earliest coment Liln test pcrh)rmcd, the TSCA standard of 99.9999% was

exceeded.

TABLE 7.2
DIREs FOR PCBs

Faciiry Tyver or K DRE REFERENCE
St. Lawrence (Canada) Wet process Y9986 Lauber (1987)
Stora Vika Gaveden) Wet process QU QOGO Ahling (1979
Degerhamn (Sweden) , Dy pocens SO9.999997% Fauber (1987)
Noreem GNonway) Wt procees 9 Qa7 [ auber (1987)
AT RXR P prroce RN TINIE O Pronestad cfaam

The DRI values presented above tora variety of orgaiic compounds, including PCEs, idicate

that cement kilns can acheve a DRE of 99.09% or greater. These results sienify that cement

PSS
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Lilns can achieve one of the eriteria that indicates the destructioncot the organic constituents i

the hazardons waste tuel,
712 Probucts OF INCOMPLETE COMBUSTION

A hueh DRE for selected organie components does not ensure that small quantities of PECs are
not erutted in the stack s, As discussed i Section 0.1 1, the BIF rule requires the continuons
monttoringe ot carbon monoxade and, i appliml»lv, total hvdrocarbon emisstons, Phe US EPA
(1991) notes that it these emission rates are kept within the altowed limits, good combustion

conditions will be maintained and the emission ot PICs will be mintmized.

The Norwegian yovernment has supported and encouraged the investigation of the practice of
burning hazardous waste in cement kilns. Consequently, some ot the most detatted test burns
have been conducted by the Norwegian cement companies Joauber, 19875 Benestad, 1989). The:
results of one of the most thorough investipations were reported by Benestad (1989). The
rosults from these studies, conducted in 1983 and 1987 with a dry process cement kiln, indicate
that the cmissions of organic compounds and particulates are dependent on the operating,

conditions and not the fuel type (e, fossil versus hazardous waste) that is burned.

Several U S, studies invesiigating the emission of PICs trom cement production facilities
burning hazardous waste as a supplemental fuel have been completed. The results from these

studies are discussed in the following sections.
7.1.2.1 COMPREHENSIVE STUDIES

PIC emissions were investigated in the studies of the wet and the dry process cement kilns
rcpnrlcd by Branscome ¢t al. (1985). When coal was burned as the only fuel in the wet process
kiln, toluene, benzene, xylene, biphenyl, naphthalom‘, and methyl naphthalene were among the
compounds detected in the emissions. The rate of emission for benzene when either coal or
hazardous waste was burned ranged from 15 to 50 milligrams per second (mg,/sec). The rates
of emission for the other compounds when either coal or hazardous waste was burned ranged
from | to 10 my/sec. The highest rates of emission of these components occurred when normal
operating, conditions were disrupted while brrning coal. “No statistically siynificant increase in
emission rates was observed when the waste fuel was burned” (Branscome ¢f al., 1985). The
results for the dry process cement kiln were similar to the results for the wel process cement
kiln. The only exception was that the rates of emission were an order of magnitude fess (e,

Appmxim‘m‘lv 0.3 my/see) than the rates of emission detected in the wet process cement kiln.

Recently, the THS, EPA (Gary, 1990b) reported the resalts of cimesion wsting, of o wet process
cement L The levels ot emsdon of both volatde and semvolatie PICs were determmmed. A
bbby e et cond o e ooty el conl et beetab e heds Theretons o combimation ol
Cond i dee ol et e e o estable e becelme conditions Nosagmteand meerease i crthe

the ot o coneentraton ot PHess oo trred whenoa ln»rtiun of the tocal fuel v 1.-§~] foecr DY

hazardous waste.  The author noted that the number and the concentration ot PICs Tor this
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cement kil appeared to be greater (han those tor a typical hazardous waste meinerator

However, this observation is based on tests involving, eight incinerators but only one cement

Litn, As a result, no generalization concerning, PO emissions from cement kilns versus those

from havzardous waste incmnerators can be made,

The Ui, EPA (Garg, 19900) also reported (he results of emission testing of a dry process cement
Liln equipped with a precaleiner. The cmission of P1Cs was investigated under the tollowing,
three operating, conditions: no waste feed (e, coal only), liquid waste fired into the burning,
~one of the kiln, and liquid waste fired into the burning, zone wilh containerized solid waste fed
into the kiln entrance. Inall the tests, the precaleiner was fueled with coal. The gas in the main
stack and bypass duct was analyzed for 10O compounds classified by the US EPA as priority

pullutn nts.

Twelve volatile C()mpounds and one semivolatite (:ompnund were detected in the bypass duct
for the three different operating conditions. Concentrations of PICs for the three different
opemting conditions were similar, except for higher emissions of benzene, monochlorobenzene,

and toluene when both liquid and solid waste were fed to the kiln.

By comparison, 10 volatite componmls and 5 semivolatile (:ompounds were detected in the
main stack for the three operating, conditions. 'IC concentrations were similar amony, the
different operating, conditions. Overall, concentrations measured in the main stack were higher
than the concentrations measured in the bypass duct. Benzene, ethylbenzene, and toluene in
particular were significantly higher. Since the main stack receives gases from the kiln and the
precalciner, whereas the bypass duct receives only kiln gases, the higher emissions of benzene
and toluene were attributed to the combustion of coal in the precalciner. In general, the number
and concentration of PICs detected in both the main stack and bypass duct were lowest when

liquid waste was fired into the burning zone of the kiln.

The author concludad that both the type and concentrations of PICs from this cement kiln were
comparable with the type and concentrations of PICs from a typical hazardous waste
incinerator. Since the results of one cement kiln test were being compared with the results of a
series of tests from eight incinerators, no genceralizations concerning PIC emissions of cement

kilns versus PIC emissions of hazardous waste incinerators can be made.
7.1.2.2 Srubits FOCUSED ON THEL FMISSION Of PCDDs anp PCDOFEs

Many studies evaluating, PIC emissions focus on PCDDs and PCDFs. The general chemical
structures for these two classes of compounds are shown in Figure 7.2, Based on the number
and position of chlorine atoms on the ring structure, 75 isomers of dibenzo-p-dioxin and 135
fsomers of Jdibernsoturan are pn:;f;ilvle- (Miles er al., TOS7). As Jiscnased in Section 6.1.1, the BIF
rule requires any g ity with the potential tor cmission of signiticant quantities of these

compounds to conduct erntssion testing and dispersion wleling,
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FIGURE 7.2 General Chemical Structures for PCDDs (a) and PCDFs (b).

The presence of PCDDs and PCDFs in the emissions of cement kilns burning hazardous waste
as a supplemental fuel has been investigated. In trial burns at several different kilns, these
compounds were not detected in the stack gas (Branscome et al., 1985; Lauber, 1987). In general,
when these compounds are detected, their concentration in the stack gas when hazardous
waste fuel is burned is similar to their concentration in the stack gas when no hazardous waste

fuel is burned (Garg, 1990a,b).

The U.S. EPA (Miles et al., 1987) conducted an extensive study on the emission of PCDDs and
PCDFs from combustion sources. The primary objective of the study was to identify the
combustion sources that emitted these components and the quantity of these emissions. The
sccondary objective was to determine the factors that influenced these emissions. The results
from their extensive literature survey and emission testing are summarized in Table 7.3.
Cement kilns burning hazardous waste as a supplemental fuel do not appear to emit significant
quantities of PCDDs and PCDFs. In fact, emissions from cement kilns are, in some cases, 10,000

times lower than the measured emissions from other combustion devices.

The U.S. EPA (Miles ~t 17 1987) discovered two factors that significantly influence the emission
of PCDDs and PCDEs. One of the factors was the combustion temperature. Devices that
employed a low-temperatare comb ustion process emitted the largest quantities of PCDDs and
PCDEs. Sinee cement kilus operate withe a high cornbusuon temperature, long pas residence
time, and sufticient mixing and oxyeen content the emissions of these componnds should not

be significant.
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The other tactor was the composition ot the teed material Ahding (1979 mvestigated the
enuission of PCHDs and PODES trom a cement kil when burning, compounds (e, chlormated
phenols and phenovy acids) believed to give rise to emissions of these components: No tetra-
or hexachlorodibenso pdiovns or furans were detected. Although the presence of hesta- and
octachlorodibenzo-p-drovins and octachlorodibenzoturan was indicated, contirmation of these
components in the stack gas was impossible because they were not tormed in sutticient

quantities for positive identification,

Both the comprehensive studies and the studies that focused on I'CDDs and 'CDFs indicate
that cement kilns burning hazardous waste fuel do not appear to emit a greater quantity of

these ’ICs than cement Kilns burning only econventional fuel.

7.2  MLETALS

Although a metal compound is changed in the combustion process, a metal, like any element, is
not destroyed in a combustion device. Accordingly, metais will be present in either the
emissions, the CKD, or the clinker. As discussed in Section 6.1.2, the BIF rule places limits on

the concentration of 10 metals that can be emitted from the stack.

In addition, the concentrations of 12 metals in the CKID are indirectly regulated by the BIF rule
(see Section 6.1.6). The facility must prove that the concentrations of these metals in the CKD
do not significantly change when burning hazardous waste or show that the concentrations of
these metals that leach from the dust do not exceed the health-based limits set by the U.S. EPA.

The BIF rule does not regulate the composition of the clinker produced from a cement
production facility burning hazardous waste. However, as discussed in Section 3.2, the
concentrations of metals in the clinker are limited because the quality of the cement cannot be
adversely affected if the cement is to meet ASTM standards.

Regardless of these regulations and requirements, determining the fate of the metal constituents
is important. In Section 7.2.1, the general behavior and distribution of metals in the cement kiln
are discussed. The remaining sections address metal emissions and the metal concentrations in
CKD and cement, as well as the metal concentrations in CKD and cement leachate.

7.2.1 GENERAL BEHAVIOR OF METALS IN tTHE CEMENT KILN

Since lead was considered to be the major metal component in waste tfuel that was also
associated with adverse health etfects, the carliest investigations focused on the fate of this
metal. Branscome and Mournighan (1987) have reviewed the results of the carly tests. The
results from the St Lawrence cement company in Canada represent the general trend. When
waste oil containing « high concentration ot lead, but a low halogen content, was burned in
their dry process cement biln, no tncreose i lead enssions was observed. The majoriv ot the
lead was retained in the clinker. However, when chlorinated wastes with a low lead content

were burned in their wet process cement kiln, lead emissions increased. In this case the
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majority of the tead was retained in the CRD. Simnlar resutts trom one dry process and two et
process cement kilns also revicwed by Branscome and Mournighan (1987) support this

ohservation.

These results indicate that Tead enssions can increase when burning chlorinated solvent. I
addition, the distribution ot the tead shitts tron the clinker to the ChD becanse of the tormation
of the more volatile lead chloride. The most signiticant observation, however, s that the
majority of the lead is retained i the process colids Geen, elinker or CKIYL Branscome and
Mournighan (1987) conclude that a coment kiln can retain at least 99% of the lead in the process
solids, whereas a boiler burning waste oil will retain only 40 to 50% of the lead from the waste
oil in the ash. The other 50 to 609 of the lead is emitted from the stack as opposed to the 1%

emitted from a cement kiln stack.

The more recent studies have focused on the metals that might be present in the raw materials
or fuel involved in the cement production process. Sprung; (1985) investigated the behavior of
arsenic, cadmium, chromium, lead, nickel, thallium, and zinc. The majority of these metals ted
into the kiln were retained in the process solids. Sprung's (1985) investigation indicated that
the distribution of a metal between the clinker and the CKD can depend on the quantity of the
metal fed into the kiln, the chloride content, or the manufacturing, process.  lor example, the
distribution of zinc was relatively insensitive to both the production process and the chloride
content, and was largely bound in the clinker. FHowever, the distribution of lead i the process
solids depended on both the manufacturing process and the chloride content. Arsente,
chromium, and nickel behaved like zing; cadmium behaved like lead. Thallium was the most
volatile of the metals investigated. Less than 5% of the thatlium intake was bonded in the
clinker. Because of the high volatility of this metal, Sprung (1985) recommended that its intake

be strictly monitored.

The most recent and extensive study investigating the fate of metals in the cement kiln system
was carried out by von Scebach and Tompkins (1991). Three dry process cement kilns
equipped with precalciners, two dry process cement kilns equipped with preheaters, and one
wet process cement kiln were used in the investigation. Hazardous waste was burned in two of
the Kiln systems. The metals investigated were antimony, arsenic, barium, beryllium, cadmium,
chromium, lead, nickel, selenium, silver, vanadium, and zine. The concentration of metals fed
into the kiln systems was varied by at least 1 order of magnitude. The total input and output of
the metals were analyzed to estimate the retention in the process solids versus the
concentrations in the emissions. In all but one case, greater than 99% of the metals was retained
in the process solids. Selenium was the exception. Its retention rate was greater than 95%. No
difference in the emissions of these metals was noted when a portion of the coal was replaced
by hazardons waste fuel. Althongh the emission of the metals was generally less than 19 ot the
metals ted into the Kin, the anthors soeeest that the inpat ol antimony, cadmium, lead,

celeninm, silver, and zine be carctnlly monitored regardless of the fuel being burned.

The fate of the more volatile metals (e.y., mercury and thallim) were also examned by von

Seebach and Tompkins (1991 under the test conditions described above. Variability between
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the kiln systems made the test results ditticudt to mterpret. Regardless ot this problem, the
retention of thallinm averaged Y0% and the retentioncob mercury averaged o1V, Because ot the
lower retention of these metals within the process solids, the authors noted that the mput of
these metals into the kiln should be caretullv monitored and recommended further

investisation of the belavior of these metals,

The studies discussed above focused on the fate of the metals fed into the cement kilne: The
results indicate that the majority of the metals entering in cither the raw feed or tuel are
retained in the process solids and that the emissions are not significantly ditferent when a

portion of the conventional fuel is replaced by hazardous waste.

7.2.2  EMISSIONS

Although the results of the literature studies discussed above indicate that metal emissions do
not signiticantly change when burning hazardous waste tuel, metal emissions continue to be a
major issue. Consequently, the Combustion Research Institute (CR1), a division of
Environmental Toxicology International, has established a database to evaluate potential

differences in metal emissions due to burning hazardous wasle.

The raw data are summarized in Table 7.4, From a cursory inspection of the summary table, the

TABLIE 7.4
COMPARISON OF METAL EMISSIONS (mg/sec)
FROM CEMENT KILNS (CKs)

CKs BURNING CONVENTIONAL FUEL CKs BURNING HazAarRDOUS WASTE FUEL

MeTAL Avy, Std Dev Min Max Avyg, Std Dev Min Max
Antimony 0.685 1.58 <0.0100 5.76 0.808 1.78 <0.0100 5.08
Arsenic 0.991 1.65 ~ALUG736 570 0.592 0.890 <0.00723 2.80
Barium 10.7 377 0.0354 166 19.9 47.3 0.0218 144.76
Beryllinm 0.0438 0.108 <(0.00050%) <().364 0.0452 0.110 <0.000499 <(.326
Cadmium 0.344 0.376 =20.0220 1.29 0.209 ().317 <(L.0218 1.34
Chromium 20.6 58.5 <0.0100 RIER 12,5 52.4 <0.0100 2991
Lead 1.95 237 0.0527 12.0 583 10.4 0.0210 50.8
Mercury 0.981 239 0.0537 1.7 2.14 2.96 0.132 9.81
Nickel 17.3 40.1 <0.0603 138 11.0 345 0.06Y%6 171.4
Selenium 0.0719 0.0678 <().(0736 0.260 0.0455 0.0684 0.0x0029 <(.195
Silver 0.555 1.04 <(L.0220 3.96 0.886 2.26 <0.0217 7.94
Thallinim 1.10 195 000730 577 (1.806 1.78 <0.00723 5.08
Vanadium 03735 1.221] <0886 - 0.620 0.359 0.245 <0.0868 0.62
Zine R4 ' 033 7.8 153 1.58 0.1.47 6S

NOTE: Data repoeted ot Jeeoss than the detection ot were et to beopreent at the detection haots e order to
calenlate the averages and standard deviabions Lhes prrocedune will overedrnate the actinal coneentration,

present.

0,
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averages and ranges of metab eimptons for cornent kil brirnine only conventional tuebappea

to be similar to the averages and ranges ob metal emipsions tor cement kilns replacing, o portion
of their conventronal fuel seth ocardons e te I Ll averacse crnssions are lower for seven
metalswhen a portion ol the conventional tuel voreplaced with bocardone waste

The raw data e d to comprle the summny Cable weere eva b ared to determime ot ally
significant ditterences methe metal ctnetons tipringborn 199 The statintieal model
attempted to minimize the vartation between bilns due to difterences i cngneeriy o testing,
mothods. As a result, the model identitied those ditferences in metal emissions due only to

replacement of o mventioral fuelswith havardous waste tuel.

One final note on the evaluation of these data concerns values reported at less than the
Jdetection limit. When a tacility indicated that the result was ess than the detection limnit, the
detection limit was used in the geaeration of the summary table and in the evaluation of the

data tor statistical signiticance. This method ensured that the most environmentally

conservative result was achieved.

The results o the statistical analysis, which are summarized i Table 7.5, mdicate that tor the
majority ot metals no statishically significant ditferences exist in the cmissions from cement
kilns burning, hazardous waste as oppoesed to those burning only conventional tuel. The two
exceptions are lead and mercury, which appear to exhibit statistically signiticant hagher
crmissions from cement kilns using, hazardous waste fuel. Although statistically sigticant
differences in the lead and mercury emissions were noted, the average emissions for these two
metals presented in Table 7.4 ndicate that the differences are less than an order of magnitude.
As discussed in Section 8.2.1, these ditferences are not substantial in terms ot potential tor
adverse health effects. The statistical analysis also suggested that selenium emissions from
cement Kilns burning hazardous waste fucl are significantly Tower than those trom kilns

burning only conventional fuel.

The lack of a significant difference fora majority of the metal emissions might be surprising in
light of the results of a trial burn conducted in 1983 at a wet process cement kiln, in which

emissions of cadmium, copper, lead, mercury, and selenium were signiticantly higher when

burning, hazardous waste fuel (Bolstad ¢f al., 1985). Although these enussions imcreased, the
nickel emissions were found to significantly decrease when hazardous waste fuel was burned.
These differences could be due to the quality of the hazardous waste burned i the carly 1980s.
In her review of results from trial burns conducted in Norvway in 1983 and 1987 with a dry
process cement Liln, Benestad (1959) noted that the concentrations ot lead and cadmium

decreased signiticantly in the typieal waste fel between FO85 and 1987 An aresalt of thes

decrease, stenificant ditterences an lead and cadmitm emisions i the 19587 Norwegan tests
worpe s obnerced wren housardoms wonte waes burned e tesnlt e eest that the

Basardon s waste toeel o the o may Tase eapetien e the wame trend
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the Lo systems made the test results dithicali to mterpret. Regardless ot this problem, the
retention of thallium averaged 90% and the retention of mercury averaged 017, Becaus: ot the
fower retention of these metals within the process solids, the authors noted that the input of
these metals into the kiln should be caretully monttored and recommended tarther

investization of the behavior of these metals,

The studies discussed above focused on the tate of the metals ted into the cement kilne The
results indicate that the majority of the metals entering in either the raw feed or fuel are
retained in the process solids and that the emissions are not signiticantly different when a

portion ot the conventional fuel is replaced by hazardous waste.

7.2.2  LEMISSIONS

Although the results of the literature studies discussed above indicate that metal emissions do
not signitficantly change when burning hazardous waste tuel, metal emissions continue to be a
major issue. Consequently, the Combustion Research Institute (CRID), a division of
Environmental Toxicology International, has established a database to evaluate potential

ditferences in metal emissions due to burning hazardous waste.

The raw data are summarized in Table 7.4. From a cursory inspection of the summary table, the

TABLE 7.4
COMPARISON OF METAL EMISSIONS (mg/sec)
FROM CEMENT KILNS (CKs)

CKs BURNING CONVENTIONAL FUEL CKs BURNING HAZARDOUS WasTE FUEL
METAL Avg Std Dev Min Max Avy Std Dev Min Max
Antimony 0.685 1.58 <0.0100 5.76 0.808 1.78 <0.0100 5.08
Arsenic 0.991 1.65 <0.00736 5.70 0.592 0.890 <0.00723 2.80
Barium 10.7 37.7 0.0354 166 19.9 47.3 0.0218 144.76
Beryllinm 0.0438 0108 <0.000500 <0369 0.0452 0.110 <0.000499 <0326
Cadmium 0344 0.376 <0.0220 1.29 0.300 0317 <0.0218 1.34
Chromium 20.6 58.5 00100 26 12.5 52.4 ~0.0100 2991
Lead 1.9% 237 - 00527 12.0 5.83 10.4 0.0210 50.8
Mercury .98 234 0.0537 107 214 2.96 0.132 9.81
Nickel 173 0.1 <0.0663 135 1.0 34.5 0.0696 1714
Lelenium 0.0719 00078  <OO0736 0.260 0.0455 0.0684 0.00029 <0.195
Sttver 0.555 1.04 <0.0220 3.96 0.8586 2.26 -0.0217 7.9
Thallium 1.40 195 0007236 577 ().806 1.78 <0.00723 5.08
Vanadium 0333 0.2 <0088 1620 0.359 0.2:45 <0.0868 0.62
Zine 27 R (03] 780 153 .54 0.1.47 64

NOTE Drata repeotted at bees tian the detection bt were aeenneed o bee piesent o the detes ion hnats i order to
calenlate the averageand tanebard devianion e procaduare will overe ate the actnal concentrations

present.
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averages and ranges of metal emissions tor cement kilns buening only conventional taelappear
to be similar to the averages and ranges of metal emissions tlor cement Kilns replacing, a portion
of their conventional el with hacardoms waste, [ Lact, averase einissions are fower for seven
metals when a portion of the conventional tued s n'}\l.u'ml with harardous waste.

The raw data used to compile the summary Leble were evalited to determine statistieally
significant difterences in the metal cmisstons (Springborn, 1990, The statistical model
attempted to minimize the variation between bilns due to ditferences inengineering, or testing,
methods, As a result, the model identiticd those differences in metal emissions Jdue only to
replacement of conventional fuel with hazardous waste tuel.

One final note on the evaluation of these data concerns values mporlcd at less than the

detection limit. When a facility indicated that the result was less than the detection Himit, the
detection limit was used in the geaeration ot the summary table and in the evaluation of the

data tor statistical significance. This method ensured that the most environmentally

conservative result was achieved.

The results of the statistical analysis, which are summarized in Table 7.5, indicate that for the
majority of metals no statistically significant ditferences exist in the emissions from cement
kilng burning, hazardous waste as opposed to those burning only conventional fuel. The two
exceptions are lead and mercury, which appear to exhibit statistically significant higher
cmissions from cement kilns using hazardous waste fuel. Although statistically signiticant
differences in the lead and mercury emissions were noted, the average emissions for these two
metals presented in Table 7.4 indicate that the differences are less than an crder of magnitude.
As discussed in Section 8.2.4, these ditferences are not substantial in terms of putcnlial for
adverse health cffects. The statistical analysis also suggested that selenium emissions from
cement kilns burning hazardous waste fuel are significantly lower than those from kilns

burning only conventional fuel.

The lack of a significant difference for a majority of the metal emissions might be surprising in
light of the results of a (rial burn conducted in 1983 at a wet process cement kiln, in which
emissions of cadmium, copper, lead, mercury, and selenium were signi(i(rnnlly higher when
burning hazardous waste fuel (Bolstad et al., 1985). Although these cimissions increased, the
nickel emissions were found to significantly decrease when hazardous waste fuel was buined.
These differences could be due to the quality of the hazardous waste burned in the early 1960s.
In her review of results from trial burns conducted in Norway in 1983 and 1987 with a dry
process cement Kiln, Benestad (1989) noted that the concentrations of lead and cadmium
decreased signiticantly in the typical waste fuel between 1983 and 1987: As a vesult ot ths
decrease, signiticant differences in lead and cadmitm emissions in the <1987 Norwegian tests
were not obacrved when bazardons woste s burned s These resnlts sueeest that the

havardons waste tuel to the TR muay ]l.l'\'(‘«'~.}'«'H«‘llt'('ti the sane trend.
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Tabili /o

METAL ENMISSTONS COMPARISONS ¢

METAL

Antimony
Arsenic

Bartum

CROHWE 2w CR/CE ©

o ~.i‘s’,lllih‘.|lll ditference
Noosignincant difterence

Ne sivniticant ditference

Beryllium No signiticant ditference
Cadmium No signiticant difference
Chromium No significant ditference
Lead CK/HWE - CK/CF d
Mercury CK/IIWE - CK/Cld
Nickel No signiticant difference
Selenium No signiticant ditference €
Silver No signthicant difference
Thallium No significant difference
Vanadium No signiticant difference
Zinc No signiticant difference

a4 Conclusions bascd on a 952 contidence level (1., 95% confidence that the
results were not obtained by random chinee).

b Cr/HWE = coment kiln burmng hazardous waste tuek

€ CK/CF = cement kiln burning only conventional fuel (., coal).
CK/HWE = CK/CE = vinissions from cement kiln burning hazardous waste
greater than emissions from cement kiln burning only conventional fuel.

€ Statistical trends sugryrest CR/HWE < CR/CE

As more data are collected and compiled in the CRI database, the results presented above could
change. This assumption is supported by the fact that a preliminary statistical analysis of data
initially compiled in the CRI database indicated that no significant differences existed in any
metal emissions (Kelly and Pascoe, 1991). As more data are collected and compiled from
compliance burns, which represent the worst-case scenarios with the highest metal inputs,

additional significant differences in the metal emissions might be indicated.
7.23  CemenT Kien Dust

Two separate issues exist regarding the CKD generated by a cement production facility. One is
the concentration of metals in the CKD and the other is the potential of the metals to leach from
the CKD. These issues are discussed below,

Z20 N R CORC PN TEAT IO MR D)

On behalt ot the POA, the Constrnction: Techmolosy Laboratories recently completed o research

project to evaluate the metal concentrations i CRD (CA, 1991). Preliminary data that have

6
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been C(\mpilvd in the CRI database support the results and conclusions ot the PO report. A

sunmmary of the results of the PCA report and the CRE database are presented i the tollowing,

sections
[’(_‘.‘\ {'\'(':;.'(“.‘-'

Samples of CKD from 97 North American kiln systems were collected and analyzed tor the

PCA report (PCA, 1991). The results, whiclh are sununarized in ‘Table 7.6, represent samples

from both cement kilng burning hazardous waste and those burning, only nonhazardous fuels.

TABLE 7.6
METAL CONCENTRATIONS (ppm) IN CKD:
1991 INVESTIGATION

Merat AVERAGE ! Minivonm O MaxiMum €
Antimony d 2.0 0.3 34
Arsenic 18 2 159
Barium 172 35 767
Beryllium (.65 0.13 3.54
Cadmium 10.3 0.1 59.6
Chromium 41 8 293
Lead 360 € 34 7,390 (2,680
Mercury 0.660 0.004 25.500
Nickel 22 1 60
Selenium 28.14 2.68 307.00
Silver 10.53 4.80 40.70
Thallium 43.24 1.40 776.00

A Average of measurable values.

b Minimunt of measurable values.

€ Maximum of measurable values.

d Majority of values were below detection limit.

€ Anomalously high value (7,390 ppm) excluded from calculation of average in accordance with standard

statistical procedures. Average value if value of 7390 ppmis included is 434 ppm.

f

Second highest value.

Source: 'CA (1991).

The averages presented in ‘Table 7.6 are artificially high because only measurable values were
wsed i the caleulations. For example, antimony was detected in 9 ont of 95 samples analyzed.
Ondy these nine values were then tsed to caleulatthe average Tisted o Table 700 This

procedure resulted in highly conservative average metol concentrations i CKEY.
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Although the majority of the metal concentrations listed in Table 7.6 appear to be low, the Tead
concentration (i.e, 360 ppin) may appear to be high. “To put this value i perspective, Mixoand
Murphy (198D caleulated the lead concentration that might be present in the CKD from a
cement Kiln replacing a portion of its conventional fuel with hazardous waste tuel. "Fhe value
that they obtained was o2 ppm. They comumented that “this level of contamination is typical
ot surtace soil concentrations in ULS, eities and perhaps a thicd the value of urban street dust.”
The average lead concentration measured in the more recent PCA report is roughly halt o the

value calculated by Mixand Murphy in 1984

On examination of the maximum values, the PCA (1991) concluded that the most significant
factor in determining the metal concentrations in CKD is the amount of CKI that is recycled to
the kiln. If a cement production facility uses raw materials and fuels that contain volatile
metals (c.y., cadmium, lead, selenium, and thallium) and recirculates the majority of the CKD,
then the metal concenirations in this CKD will be higher than those at a facility that recirculates

only a portion of their CKD.

A perspective on the average metal concentration: measured for the PCA report can be
obtained by comparing the recent PCA results to the results from the U.S. Burcau of Mines
study conducted in 1982 (see Section 2.4 for description of their study). The U.S. Burcau of
Mines study analyzed 113 samples of CKD collected from 102 cement production facilities. The

results of this carlier study are }'n'cﬁcnlcd in Table 7.7.

TABLE 7.7
METAL CONCENTRATIONS (ppm) IN CKD:
1982 INVESTIGATION

METAL AVERAGE 2 MiNIMUM MAXIMUM
Antimony b 7.5 <1.6 70
Arsenic 24 1.3 518
Barium ? -- <55 <55
Beryllium b -- <2 <2
Cadimium 23 <15 352
Chromium 42 11 172
Lead 264 <26 1750
Mercury ¢ 0.52 <0.13 1.0
Nickel 30 <12 91
Selenium No data No data No data
Silver 8.3 ] 17
Thallium --d <60) 185

4 Nverace of mea aarabde valbie.

b Majonty of values wete below the detection finmt.

€«

EANTIN R

Ouly fo-cnple s analvocd torimerany
donhite acene du b ot data),

Source: Haynes and Kramer (1952)
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average metal concentrations determined in the TRS, Burean of Mines study

Comparison ot the
als that no substantial

to the average metal concentrations determined in the PCA report reve
(i.e., order of magnitude) changes have occurred over o period of Hyears, Revardless ot the
signiftcant changes in facility desien, tuels, and raw materials, the metal concentrations in CKP)

have rematned relatively constant.
CRIE Revults

The CRI database has been designed to evaluate potential ditferences in metal concentrations of
CKD due to burning hazardous waste in cement kilns, although very little data have been
compiled to conduct this evaluation.  Available compiled data are summarized in Table 7.8.
This summary should be reviewed with caution because it represents a small sample of the

cement industry and may not be rcpx'vsvntativo of the whole industry.

TABLLEE7.8
COMPARISON OF METAL CONCENTRATIONS (ppm) IN CKD

CKS BUurNinG CONVENTIONAL FUEL CKs BURNING HAZARDOUS WASTE FUEL
METAL Avg  Std Dev Min Muax Avy Std Dev Min Max
Antimony 16 36 1 105 15 38 <1 124
Arsenic 25 12 12.8 4401 23 19 1.67 65
Bariuin 161 49.8 119 271 137 57.4 56.1 279
Beryllium 1.0 0.96 <0.5 2.63 1.6 0.88 <l 3.93
Cadmium 5.6 7.3 1.9 25 93 11 0.5 40
Chromium 83 18 273 84.4 50 29 17.6 113
Lead 83.1 41.0 232 144 277 228 66.9 788
Mercury 0.4 0.6 0.0369 <2 0.4 0.8 0.0218 3
Nickel 40 7.7 26 505 22 11 6.27 47.1
Selenium 9.4 4.6 348 16.8 15 16 <0.5 39.1
Silver 6.0 7.5 <1 25 2.5 3.4 <l 10
Thallium 10.5 25.1 0.594 67.5 7.8 19 <l 60.5
Vanadium 127 35.5 56.5 167 63.0 33.7 10.1 101
Zine 149 816 68.3 207 150 52.5 96.3 241

NOTE: Data reported at less than the detection limit were assumed to be present at the detection limit in order to
caleulate the averages and standard deviations. This procedare will overestimate the actual concentrations

present.

A cursory inspection of Table 7.8 indicates that the average metal concentrations in CKD for

cement kilns barning only conventional fuel do not differ substantially from the average metal
concentrations in CED tor coment Lilnes burning hazardons waste fuel. None ol the averages

ditfer by coen an order of magnitnde. T addition, the ranges of metal concentrations are not

substantially lifterent.
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Thus, the prelinvnary data trom the CRI databease support the vonclusion ot the 1'CA report
that the use of hazardous waste tuel is not the determining, tactor in the metal concentrations ot

the CKD generated at a cenent production facility.
7252 Mitar Corcrirganosa 1 TCLP Lxreacts rros CRD

Although the concentration of a metal in the CKD s important, the potential tor this metal to
leach from the CKD is equally or more isnportant. In other words, the presence of a component
does not necessarily indicate the etfect (Kelly, 1991, As a result, the U EPA has developed
the Toxicity Characteristic Leaching, Procedure (TCLPY to estimate the potential of a substance
to leach trom a matrix, such as soil or concrete, and cause adverse effects (10 CFR 261
Appendix 1), Brietly, this test requires that the sample be reduced to a specified size and then
continuously extracted with the appropriate acidic solution for approximately I8 howrs. The
resulting mixture is then filtered and the liquid extract analyzed tor the specitied contaminants.
The maximum metal concentrations allowed in the TCLE extract are given ictable 7.9 These

limits are health-based standards.

TABLE7.Y
METAL CONCENTRATION LIMITS FOR THL TCLP EXTRACT

METAL CONCENTRATION (ppm)
Antimouny l
Arsenic 5
Barium 100
BeryHium 0.007
Cadmium 1
Chromium 5
Lead 5
Mercury 0.2
Nickel 70
Selenium 1
Silver 5
Thallium 7

Source: US. EPA (1991); p. 7234 Appendix VIL

[Technical correction to Appendix VIE LS. EPAL [Y91. Federal
Register (July 17) 56 : 320691

For the POA report di tssed above, the DS EPA TOLE test was pertormed on each ot the
CKD samples and the metal concentrations m the TCLDE eatract determined. The resalts are

summarized in table 7.1,
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TABLE7.10

METAL CONCENTRATIONS (ppn) INCTCLEP EXTRACTS FROM CKD

MTal AVERAGE Mzt P A ESSISIEINED
Antimony 0.012 (oo 0.0
Arsenic 0).000 0.003 T
Bariuim 1.0 0.12 9. 14
Berylinm ¥ 0.0004 0.0001 0.0029
Cadmium ¢ 0.0289 0.0001 0.2200
Chromium 0.10 0.01 1.29
f.ead (0.349 0.002 9.718
Mercury 0.00183 0.00015 0.02230
Nickel ¢ 0.13 0.06 0.32
Selenitin 0.152 0.006 1.711
Silver 0.07 0.03 0.17
Thallitim (.38 0.01 4.50

a Average of meastirable values,

c

Minimumn of measnrable values.

[

Maximum of measurable values,
d Majority of values were below detection limit.

Source: PCA (1991).

Although the averages are overestimated by using only the measurable values for the
calculations, none of the average values exceed the TCLP health-based standards listed in
Table 7.9. In addition, the maximum concentrations of all but two metals do not exceed these

standards.

Lead and selenium are the only exceptions. Two out of the 95 samples analyzed exceeded the
TCLP standard for lead. Both of these samples were collected [rom a cement pr()cluclion facility

that operates two cement kilns. One of the kilns is opomlcd with only conventional fuel and

the other with a mixture of conventional and hazardous waste fuel,

concentration in the TCLP extract resulted from the CKD sample collected from the cement kiln

that burns only conventional fuel.

The maximum lead

Similar to the lead scenario, only 2 out of the 95 samples analyzed exceeded the TCLP standard

for selenium. Both of these samples were coltected from a facility that operates a cement kiln

with only conventional fuel and another cement kiln with conventional and hazardous waste

fuel, The masamum seleniim concentration in the TCLE extract resulted from the kiln that

burns ondy conventional trel

An important result ot the PON report was that no staiistical correlation .II‘IH'.H'Q"! toy st

between the quantity of metals i e CRD and the quantity of metaks that teached trom the

\\J
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CKD. For example, the CRD sample that contamed the highest concentration ol Lead did not
producc the TCLE extract with the highest lead concentration. I tact, the CKD sample chat
contained 7,390 ppim ot lead viclded a TCLP extract that contained 135 ppim ot fead, whiclhvis
more than an order of toagnitude below the health-based TCLE standard. This result reinforees

the fact that leachability is more than just a function of the metal concentration i the CKL.

The results of the PCA report are relevant in light ot the public coneern regarding
contamination of groundwater from three Supertund hazardons waste siles that contain waste
CKD. Two of these sites are located in Mason City, Towa, and the third is in Salt Lake Clity,
Utah. The site in Salt Lake City contains chroimium retractory Kiln bricks, which were classified
as hazardons waste, and CKD. The other two sites in Mason City contain only CKD. Althongh
some leaching of metals has been detected, the primary concern at these sites is due to the
atkalinity of the waste CKD and not metal leaching from the CKD (BE&LE/FIT, T988; lowa
Department of Natural Resources, 1990; Utah Department of Health, 1990).

Some debate exists over the applicability of the TCLP test as a tool to predict the potential of
metals to leach from the CKD. For example, Mix and Murphy (1984) state that the CKD
disposal site is likely to become very alkaline. Lead would have a higlh solubility under these
conditions and the TCLDP test does not adequately account for alkaline environments.
Regardless of this debate, the U.S. EPA has designated the TCLP test as appropriate ror

determining the hazardous characteristic of waste which includes waste CKD.
7.2.4 CEMENT

Similar to the issues regarding CKD, the issues regarding cement involve the actual
concentrations of the metals in the cemeat and the potential of the metals to leach from the
cement, once the product has been used in a construction project or other application where

people can be exposed to it. Both of these issues are addressed below.

7.2.4.1 METAL CONCENTRATIONS IN CEMENT

Recognizing the public concern over metal concentrations in cement, the Construction
Technology Laboratories investigated cement metal concentrations in conjunction with their
study of CKD (PCA, 1991). In addition, CRI has begun to compile data to evaluate the potential
differences that might arise due to burning hazardous waste. The data from the PCA report

and the CRI database are summarized in the following sections.
PCA Results

For the PCA report, cement samples v collected from 97 North American kiln systems
representing, both Rilns burning, hazardous waste and Kilns burning only nonhazardous fuel

(PCA, 1991). The resulits of the analysis are stinarized i Table 7040
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TABLE7.11
METAL CONCENTRATIONS (ppm) IN CEMENT

METAL AVERAGE Miniatong £ NAXIMINM ¢
Antimony o R 0.7 4.0
Arsenic v 5 71
Bartim 280 vl 1402
Beryllium 1.1 0.3 3.1
Cadminm ¢ 0.3:4 0.03 .12
Chromium 70 25 422
Lead 11 1 75
Mercury 9 0.01409 0.00005 0.03900
Nickel 31 10 129
Selenium ¢ 1.42 0.62 2.23
Silver 9.20 6.75 [9.90
Thallium ¢ 1.08 0.0t 2.68

L average of measurable values.

Minimum of measurable values,

9}

Maximum of meastrable vilues.
d Majority of values were below detection limnit.

Source: PCA (1991).

The averages presented above are overestimates because only measurable values were used in
the calculation procedure. In pnrticular, the averages for antimony, cadmium, mercury,
selenium, and thallium are highly conservative because the majority of the values were below

the detection limit.

Similar to the results of the CKD analysis, no direct correlation between the use of hazardous
waste fuel and the maximum metal concentrations could be discerned. For example, the

maximum barium concentration resulted from a facility that did not use any waste fuel or
waste ingredients. The factors that contribute to the observed metal concentrations in cement

include the raw materials used, the fuels burned, the system design, and the operation of the

factlity.
CRI Results

The CRI database has been designed to evaluate the potential for differences in cement metal
concentrations related to the use of hazardous waste. Because the concern regarding burning
hazardous waste in cement kilns is a fairly recent one, very little data exist with which to
cvalinte this issue. However, a summary of the data that have been collected for metal
concentrations i clinker s presented in Table 120 Sinee cement s simply pround clinker
mived with o small amonnt of sypaam, e metal concentrations in clinber are expected to be

representative of the metal concentrations i cement, The information presented in this table

should be reviewed with caution because it represents only a limited number of test results.
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TABLE L2
COMPARISON OF METAL CONCENTRATIONS (ppm) IN CLINKER

CRS BURNING CONVENTIONAL FEL CRs BurNiNG Hazarbous Wasre Furl.

SMirat Avy, Sted Py Min Mo Avy Std Dev Min Max
Antimony L5 0.4 <1 28 AR 176 1.l RN
Arsenic 11.2 2.55 R BN 25 22 21 6.5
Barium 44 156 130 los 130 42.9 76.5 Q8
Beryllimm 0.5 0 <05 <05 1o 0.76 < 218
Cadmium 3 0 <3 3 0.7 0.2 <15 <
Chromium NO DATA 71.1 38.6 43.8 128
Lead 6.7 4.7 <l 143 17 42 <1 163
Mercury 0.2 0 <02 <(1.2 0.2 0 <().2 <0.2
Mickel NO DATA 49.6 7.57 10.4 56.3
Selentim 0.6 0 <0.6 <06 9.1 12 <05 27.5
Silver 3 0 <3 <3 1. 0.67 | 249
Thallium 0.5 0 <.5 0.5 1 0 < <
Vanadium 156 19.5 131 180 82.3 23.2 46.7 127
Zinc 23 17 SN 50.3 619 34.2 13.55 113.7

NOTE: Data reported at less than the detection timit were assumed to be present at the detection limit in order to
calculate the averages and standard deviations. This procedure will overestimate the actual concentrations

present.

The average metal concentrations in clinker produced from cement kilns burning hazardous
waste do not appear to differ substantially from the average metal concentrations in clinker
generated from kilns burning only conventional fuel. The ranges also appear to be
approximately equivalent. Similar to the results of the PCA investigation, the majority of the
clinker metal concentrations for cadmium, mercury, selenium, and thallium were below the
detection limit for both cement kilns burning hazardous waste and those burniug only

conventional fuel.

The data from the CRI database support the conclusions of the PCA report.  Differences in

clinker metal concentrations are more than just a function of the type of fuel that is burned in

the production process.
7.2.4.2 METAL CONCENTRATIONS IN TCLIP EXTRACTS IROM CEMENT

One of the major public concerns is the potential of the metals in the cement to leach into the

environment once the cement has been used in a construction project (e.g., road, building, or

ratio). For the PCA report, the US, EPA TCLDE test was conducted on cach of the cement
]

samples collected from the 97 Kiln systene (FCA, 19910, The results are summarized in

Table 715
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TABLE 13
METAT CONCENTRATIONS (ppm) IN TCLP EXTRACTS FROM CEMENT

Miral Avipagpd Mg P MAvIvun v

Antimony ¢ SIR 0003 0003

Arsenic 0027 0.005 0084
Baritmnm 1.35 (.40 407
Bcrylliuln 0.0005 0.0001 0.0031)
Cadmium v 0.0020 0.0063 0.0123
Chromiun 0.54 0.07 1.54
Lead @ 0.011 0.002 0.11
Mercury 9 0.00055 0.00010 0.00:497
Nickel ¢ 0.11 0.06 0.17
Seleninm ¢ 0.011 0.001 0.025
Silver 0.07 0.05 0.12
Thallium ¢ 0.010 0.002 0.028

e

1 Average of measurable values.

Minimum of measurable values.

Maximum of meastrable values.

Majority of values were below detection limit.

O o

Source: 'CA (1991).

Although the averages presented above are overestimated by having used only measurable
values in the calcnlations, none of the average metal concentrations in the TCLP extracts
exceeded the health-based standards listed in Table 7.9. As indicated by the maximum values,

none of the TCLP extracts from cement exceeded any of the TCLY limits.

The results of the PCA report are supported by an carlier study conducted by Hansen and
Miller (1990). They evaluated the leaching, of seven metals from mortar cubes (i.e., cubes
composed of cement and sand). When cement is used in a construction project, it is generally
mixed with water, sand, and gravel to produce concrete. Cement is actually the glue that binds
the solid materials together. The typical concentration of cement in conerete is 10 to 15% by
weight of dry solids. By comparison, the concentration of cement in the mortar cubes analyzed
by Hansen and Miller (1990) was 27% by weight of dry solids. Conscqucntly, the results of
their study are conservative estimmates of the quantity of metals that would leach from cement in

a construction prnjm:t.

acilities that burned fossil i:iu-l and by facilities that

The pnh-nli.\l of the metals to leach from the

The mortar cubes were pmvinlml by f
burned hazardous waste asa nllppl'-lm'nt.\l fuel.
cubes was evaluated by the Tiss, FIA TCTE test, Sinee the sammpleswere crushed as part ot the
standard procedire, the atount ol surface area exposed s nurcalistically high compared with

veal tite conditions. Again, the results represent the worst case enviromnental conditions.
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The ditferences in the results oblained tor coment kilns burtng, only conventional tael
opposed to those obtained for kilns using hazardous waste tuel did notappear to be significant.
In fact, the results were almost identical. More importantly, none of the concentrations ot the

metals in the TCLE extracts exceeded the health-based standards.

The results of both the PCA report (PCA, jout) and the Hansen and Miller (1990) study indicate

that the leaching of metals from cement is extremely low.

73  ACID GAS EMISSIONS

Because of their ability to cause adverse effects at high concentrations, hydrogen chloride (FC1)
and sulfur dioxide (SO5) are two acid gases of regulatory concern in the emissions from cement
Kilns. The results from HCTand SO, emission testing for both wet and dry process cement kilns

are discussed below.,
7.3.1 HCI EMISSIONS

When chlorinated solvents are burned, HCl s pmduccd. As discussed in Section 4.2, the
alkaline environment of the kiln acts to neutralize the majority of the HCI generated.
Accordingly, the gas typically reacts with calcium, sodium, and polassium oxide in the kiln to
produce calcium, sodium, and potassinm chloride, rospcctivcly. These salts are volatile at the
temperatures inside the kiln and are typically removed with the CKD. Occasionally, calcium
chloride or waste FICI is intentionally added to a cement kiln to control the alkali content of the

cement being produced.

The results of several HCI emission tests for both wet and dry process cement kilns were
reviewed by Branscome and Mournighan (1987). Despite the variability that existed between
kilns as well as within the same kiln, HCI emissions appeared to increase when chlorinated
wastes were burned. The majority of the chlorine, however, appeared to be retained in the

process solids (i.c., clinker or CKD).

If wastes with a low chlorine content are burned, then HIC] emissions do not increase when
conventional fuel is supplemented with hazardous waste fuel. Benestad (1989) reported the
results of HCI emission testing conducted for a Norwegian dry process cement kiln. When only
coal was burned, the T emission rate averaged 8.5 nmilligrams per cubic meter (mg/m:‘).
When waste oil was burned, the average HCL emission rate decreased to 4.4 mg/m3. The
average HCT emission rates for the typical waste (7.9 my/m?) and the PCB waste (6.9 my,/1n?)
were less than the average HCL emission rate for coal. Theretfore, the emission of P ¢ '..!':

actually decrease depending onthe waste material burned.

One potential problem with the FECT teating s interterence from other compounds (e,
ammonium chilovide, potassinm chioride, and sodinm chloride) generated e the cement
production process that can yield the chloride ion. ‘To measure the emission of FICL a sample of

the stack gas is basically passed through a solution into which the HCEHdissolves. The

|93
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concentration of chloride wnon the woluntion - doternuned. The amount of chilorrde 1on

detected in the solution s then vquated to the amount ol FICT emitted from the stack ot the
tacilite. Sinee the test s not specitie for Chlotnde sone o HOL an chloride oo the solution
will b desivnated e chloride fon ovisinazios tror H 1T The Lo FEA methods manual
(s EPAL Toona, which deanbe s thee fet pre ccivpe s peciealhv notes Svobatile nuaderads
which produce chlorideons upon dismolution darmne campling are ebviow s mterferences e the
deastirement of FCL™ Fheretore, it type ob iterfeis e eoctis, unreali-tically high PR

cmission will be recorded.

The US, EPA (Garg, 1990a,1) recently reported the results ot emission testing of one wet and
one dry process cement Kiln where the possibility of this type of interference was invesiigated.
The results of the tests suggpested that what was being measured as HCD was actually
ammontui chloride. The author of these reports concedes that at the stack gas temperatures,
anunonium chloride wourtkd be rmnplvh-ly dissociated into HOCT and ammonta. However, on
cooling in the ambient air, the HCL and atmonia would recondense to forim ammoniutn

chloride. Therefore, ammonium chloride and not HCL is actually being, cmitted to the

cnvironment.

The results and conclusions of these .S, EPA Lests have been substantiated by the
fnvestigations of von Geebach and Gossman (1990). By determining, the presence and quantity
of other jons in the solution besides the chloride ton, they discovered that the source of the
chloride ion was not HCL but ammenium chloride and other chloride salts. They concluded
that this method of testing for HCL in the cement kiln environment is inappropriate and yields

incorrect results.

On the basis of these test results, the US. EPA has initiated further investigation of the standard
method being used to measure LIC] emissions from a cement kiln (Segall, [1991). In these tests,
the HCI emissions will be measured by the standard US. EPA method. At the same time, the
system will be continuously monitored with an instrument that specifically measures HCL

Restlts of these tests should reveal the nature of the actual emissions.

The test methods for measnring the emission of FICT were originally designed for hazardous
waste incinerators.  Before any definite conelusions can be made concerning FICH emissions
from cement kilns, the npplimlwilily of these test methods for cement kilns must be validated to

ensure that they can also accurately measure [1C] emissions at cement kilns.
7.3.2 50O, EMISSIONS,

Sirnilar o HCL the vast majority of SO is removed by the alkaline environment in the cement
Liln Althotsh the tvpe of foel borned i cement Biln does attect the eiissions ot 50 many
other fctors are involved. Some of these brtors mehnde oxypeen input, Biln temperatare,

n_'nmpmitinn of taw material and toel and concentration ot FICT in the Rl thrancome and

Mournighan, 1087).
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Branscome and Mourorshan (Fs7) Lo eed the resnitcor the SO cmesaon testimgy of three
wet process and three dry process cetnent Kilns, The emston of SO5 decreased dramatically
one of the dry process and two ol the wet process cement Libns wwhen hacardous waste was
burned. No changee m the emission of 50, wae obaerved e the other o dry process cement
Db whien harardons wasbe was burned. Tooondv one e, the other wet process cement Riln,
was a4 sigmticant mcrease observed when hoacsardons wode was burneds The imerease was
Gttributed to two factorss a decrease in oxyeen input and o acnticant rrantity of HOE already

presentin the kiln,

Although the type of fuel is just one factor that affects SO, emissions, replacing a portion of the
sulfur-containing fossil fnel with hazardous waste that does not contain a signiticant amount of

sulfur can result in a significant decrease in 50, cimissions.

7.4 PARTICULATIL EMISSIONS

As discussed in Section 6,14, excessive particulate emissions have the potential for causing,
adverse effects to human health and the environment. - Accordingly, particulate emissions are

stringently regulated (see Sections 6. L4 and 6.2).

Burning chlorinated wastes potentially increases particalate emissions. As explained in
Section 7.3.1, when chlorinated wastes are burned, HCT s cenerated. This acid gas reacts with
the alkaline components in the kiln to form alkali salts. These salts volatilize at the
temperatures in the kiln's hot end and condense in the kiln's cooler end. Typically, the gases in
the kiln carry these particles Lo the APCD where they are collected. However, alkali salls are
fine particles with a different resistivity than the normal particulates generated. Consequently,
the efficiency of an APCD, such as an electrostatic precipitator (ES1), may be affected.

Weitzman (1983) discussed the effect of burning chlorinated wastes using, the results of the
emission testing conducted at the St. Lawrence wel process cement kiln in Canada and the
Stora Vika wet process cement kiln in Sweden. Both of the cement kilns were equipped with
ESPs. When the amount of chlorinated waste fed to the kilns was increased, the particulate
ernissions increased as well, Weitzman (1983) concluded that the particulate emissions were

dependent on the amonnt of chlorinated waste burned.

More recent test results have shown that particulate emissions do not necessarily increase when
cMorinated wastes are burned (Branscome and Mournighan, 1987). A corresponding, increase
in particulate emissions did not result when chlorinated wastes were burned ina San juan wet
process Kiln equipped with a baghouse (i, an APCD with fabric filters). More importantly,
these recent studies have shown that particalate enissions in coment kilns equipped with ESPs
do not necessarily inerease when chlorimated wasies burned. No increase in particulate
et o waes observed swwhen chlormated wastes were fed to one wet and one dry process
Corneent Brdn bothoegunpped coth ESl L e bk o o peaeae i poafienlate e tones b been
winbeted to adpetment s made to e APCT Ctocomypres e fol the ditterenace. e pattionlate
Deatter thot os e veheen B, chlonmated seasdes o the more tecent test resudts nudicote
that particulate einissions can be controlled regardless ot the tuet that s burned and the APCD

with swhich the kiln i equipped.

Y
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Chapter 8: Potential Effects bo Human Hlealth
8.0 POTENTIAL EFFECTS 10 HUMAN HEALTH

Hlumans tmay be v\pw;vd to chemicals from cement prmlm‘tinn facilitios in emissions,
byproducts of the manutacturing process, or the fini-hed product. Exposure to the hazardous
waste tsed as fueb may also oceur during, transportation of fuels to the facility. Persons exposed
to high concentrations ot facility cmissions or process solids can experience adverse health
effects. Typically, high concentrations are found only in the workplace, generally in countries
other than the U.S., and not in locations where public health would be affected. Tigh
occupational exposures are nonetheless useful for elucidating some of the potential human
health effects from cement production when adequate public health studies are unavailable.
The following sections address impacts to public health due to burning hazardous waste as a
supplemental fuel in cement Kilns,

81 BACKGROUND

Despite the decades of operations and extensive public exposure to cement plant emissions in
this country, often at higher levels than are found today, neither clinical nor cpidcmioloz;ical
studies have been lu'rfurmud that examine the effects on public health of a cement prmlnclinn
facility burning, cither conventional or hazardous waste fuel. Evidence of problems with local
public health has not been sufficient to cause concern or to trigger public health studies, and no
major health agency has considered cement plants to be a threat to public health. This lack of
concern may result in part from the low rate of occupatioml illness in the cement industry (i.c.,
24.8 incidences per 10,000 workers), which is less than one-fourth the average incidence rate for
any type of manufacturing (i.e., 108.3 incidences per 10,000 workers). These occupational

illness rates, as well as many others, are listed in Table 8.1.

'
The available studies on cement plants in other countries conclude that lack of emission
controls can result in extremely high concentrations of particulates in ambient air. Exposure of
local communities to these ciissions has resulted in increased cases of respiratory discases,
skin discases, eye irritation, and gastrointestinal tract discases (Borka, 1986; Krishnamurthy and
Rajachidnmbamm, 1986; Mishra and Tiwari, 1986; Anda, 1987). Since the 19705, the
increasingly strict controls on emissions from cement plants have considerably reduced the

potential for public exposure to hazardous emissions in the U.S.

With the recent increase in the use of hazardous waste as a supplcmcntal fuel in cement kilns,
the issue for public health has become whether the chemicals cmitted from cement plants
burning hazardous waste might now be a threat to public health. This concern is largely based
on the supposition that such plants emit much greater amounnts of potentially toxic chemicals

than those using, only conventional tuek
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TABLE S
OCCUPATION AL TLLNESS RATES, 1959 <

Meat Pl‘ndm‘(\'

Ship and boat building, repair

Motor vehicle and eqpiipment
manufacture

Plumbing and heating products
manufacture

Flouschold appliances manufacture

Footwear manufacture

[eather tanning, and finishing

[lats, caps and millinery

Men’s and boys” furnishings

Engine and turbine manufacture

Metal forgings and stampings

Preserved fruits and vegetables

Toys and sporting goods manutacture

Office furniture manutacture

[’ens, pcn(‘ils, office and art supphes

Musical instrument manufacture

[ron and steel foundries

Forestry

Greeting cards printing and publication

Bakery products

Girls” and children’s outerwear

Tire and inner tube manufacture

Coal mining,

el
A1

3405
2753
2747
2399
196.5
15501
1743
172.4
1145.6
1447
1324
121.3
1LY
100.5

86.7

79.2

75.6

68.9

68.1

62.6

Drug, manutacture
Chemicals and allied produets
Paper and allied products
Petrolenm retining,
Guided missile, space vehicles,
parts manufacture
Photographic equipment and supplics
Soaps, cleaners and toilet goods
Comprter and office equipment
Watches, clocks, watcheases, and
parts manufacture
Agricultural chemicals
Painting and paper hanging,
Costume jewelry and notions
Concrete, gypsum,
and plaster products manufacture b
Newspaper printing, and publication
Residential building construction
Services
Transportation and public utilities
Women’s and misses” outerwear
Cut stone and stone products
Retail trade
Finance, insurance and real estate

Asphalt paving and roofing materials

600

S]]
~
4t

0
52.0

o
(]

37.3
36.9
32.4

28.3

218
22.3
17.8
16.7
16.0
159
149

7.7

6.1

5.5

4 Incidence vates per 10,000 tull-tine workers.

b This category inchudes manutacture of ready iy concrete and Portland cement.

Source: U.S. Department ot Labor (1991).

This issue is addressed by reviewing the available information on the potential health threats

from cement plants supplementing their fuel with hazardous waste

only conventional fuel. Three major sources of exposure are evaluated in this review:

o Stach e don . from the cement ol ol

e CKD, the byproduct ol the cement mantfacturing process

e Cement, the tinal product.

> and from those burning
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Another potential source of exposure to hazardois waste fuel at cement plants may be
transportation ot the tuel to the tacility.  This source is evaluated by reviewing statistics on

spills and ceadents of hazardous materials transportation,

For cach muajor source of exposure, the potential ettects to human health are discussed below
reiative to both berning hazardous waste and burning: conventional tuel. Potential CAPOSUTes
are abso viewed in light of recent VLS, EPA vegulations (e, the BIE rule) that further rediuce
vintsstons from cement Kilns. Despite the absence of epidemiological studies, the analysis
suggests that the threat to public health from burning hazardous waste fuel in properly
operated cement kilns does not differ from the threat associated with the use of only

conventional fuel.

8.2 CEMENT PLANT EMISSIONS

Humans may be exposed to cement plant emissions from both the stack and from fugitive
emissions. The following sections discuss the components of stack and tugitive emissions, the
factors aftecting their dispersion into ambient air, and the potential threats to human health due

to exposure to these emissions.
8.2.1  Srack Eaissions

The constituents in emissions from cement plant stacks that are of human health concern are
divided into three broad categories: organic chemicals, metals, and particulates. The organic
chemicals include unburned compounds present in the waste, thermal decomposition products,
and compounds newly created from the burning process. In general, ten metals are of concern.
Four are regulated as carcinogens-arsenic, beryllium, cadmiun, and hexavalent chromium; six
are regulated as noncarcinogcns—antimony, barium, lead, mercury, stlver, and thallium.
Particulates are of concern for two reasons. Excessive inhalation of dust parti'cles in general can
be harmful to health, and toxic metals and organic chemicals adsorbed to particulate surfaces
may be released when they contact skin or lang tissue. [owever, in the US., emissions from
cetent plonts are passed through APCDs that remove the vast majority ot the particulates, thus
mitigating exposure to the high levels of particulates associated with adverse effects (sce

Section 7.4).

Once released from the stack, emissions are diluted by ambient air and may be transported as a
plume away from the facility. Any potential health effects to the public are directly related to
the amount of exposure after transport away from the stack. The meteorological conditions at
the facility, such as wind speed and direction, and the local terrain are major factors that attect

the direction of transport, the amount ot dilution, and sh e of the cmitted plume.

As the plue nugrates away fron the tcility, 10 continnes o disperse,and emitted componnds
become turther diluted in ambient aiv. Concentrations Lo which the public may be exposed are

dependent on the extent of ditution and on the deposition of gases and particulates on soils and
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surface water by vravity, wind, and precipitation. These modes of dispersion and deposition

are illustrated in Frgure 8.1

The components remaining in the air atter dilution and deposition are the major souree of direct
exposure to compounds from the facility. Chemicals in the remaining gases and suspended

particulates may be inhaled, or they may come in direct contact with skin.
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FIGURE 8.1 Modes of Dispersion and Deposition for Facility Stack Emissions.

Contact with emitted compounds may also occur through ingestion of water or of food grown
in soils on which contaminants were deposited.  Ingestion is considered an indirect route of
exposure. Another indirect route of exposure is inhalation of resuspended dusts. Th 5 exposure
occurs when constituents that have been transported away from a facility are deposited on local
soils and then resuspended in the air by wind crosion, where contact follows by inhalation.
Resuspended dusts from stack emissions in these cases do not contribute substantially to public
exposure (Clement, 19858). The public health threat is low largely because the particies have
been diluted with soil material, the oreanic chemicals have been degraded or volatitized, and

both oreame chienncals and metad cmay boees Bached to deeper ol

Despite the larege quantity of metals present in the production ot cement, cement kilns
contribute relatively small quantities of metals to public exposure in the U'S. compared with
other sources. For example, cement kilns contribute about 0.1% to the atmospheric chromium
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emissions i the USof which 0290 is estimated to be in the most toxic hexavalent form
{ATSDR, 19S7). In contrast, combustion of coal and oil trom all sources accounts for ono of the
atmospheric chromium, or about 660 times sreater than the contribution from coment Kilns,
Similarly, cement Kilns contribute approsimately 0200 (o the almospherte lead in the 1S, as
compared with the s9.b 7 from sesoline combustion CYTSDR, 1990, Gr L6 G vreater than

the contribution from coment Kilns,
8.2.2 FUGITIVE ErlISSIONS

Fugitive emissions arise from sonrces other than the stack and are usually associated with
normal plant operations, storage, upsets, or leaks at the facility. Fugitive emissions associated
with the actual kiln contain essentially the same chemical constituents as stack emissions;
however, they may contain more particulates than do stack emissions, since fusitive emissions
do not pass through the ACDs, Fugitive emissions associated with storage and transfer of the

hazardous waste ruel to the Kiln would contain the same components as the waste,

The population exposed to fugitive emissions al cement plants consists primarily of workers at
the facility vather than the general prbiic., Fugitive emissions occur at lower clevations and
@] hal
have larger particle sizes than stack emissions, resulting in dispersion over a smaller sround
Rl [ el
arca. Offsite transport and exposure to the general public are thereby minimized, as is the
potential for adverse health effects. Any nonstack emissions that manage to escape a facility are
L“SPL‘I'HL‘(l i the envirorment by the same tactors that soverndispersion of stack emissions (i.c.,

local climate, geography, and chemical properties of the emissions).
8.2.3  REGULATED RISKS TO HUMAN HEALTH

The potential for current stack emissions from cement plants to adversely affect public health is
governed partly by the recently enacted BIF rule. The BIF rule regulates cmis;si()ns from cement
kiln stacks on the basis of potential risk to public health (see Section 6.1). The limits set in the
BIE rule are described as risk-based since they start from an acceptable risk limit and work
backward to maximum allowable emissions, By contrast, a risk assessment starts with
cmissions and works forward to quantity the risks to health without a predetermined outcome,
'l'hruu;;h the use of risk-based exposure limnits, the BIF rule attempts to prevent exposures of the
public to high levels of emissions from cement plants that could cause long-term illness or
cancer. Even though higher emissions from cement plants may have existed prior to
regulations, adverse health effects associated with the emissions have not been documented.,
Thus, reduced exposure under the new BIF rule is expected to result in still lower potential for

adverse health effects.

For selected POHCS in hazardons waste, the LS EPA determined for the BIHE rule thet with o
HUOOTL DIRE cxpostire or afitetine to the tas e concentrabions in oo sencrally
would reandt o pi o developine cancer ot T Loooonn o e [Liss Bl Juny (pe
This level of riak i e to the TS ERA S most conservative detinition of “aceeptable” risK and

is well below other types of federally regulated risk, as deseribed in Section 8.2.5. The BIF rule
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further states that o 90007, DIERE will “ensure that constituents in the waste are not enmdted at

levels that could pose significant pishoin victually all scenarios™ JUSERA, 1991 (po 7 o,

The DRE required tor “diosin lated™ waste s under the B rule (and for PCBs under TSCN), s
9099997 These reguirenients oot evposure to such compotnds to levels well betow
revulatory thresholds of public health convern. Because of these reguirements, the USCEPA has
stated that emissions ol PICs =do not pose signiticant rishs when BIEs and incinerators are

upumtul under good combustion conditions™ [ULSCEPA, 19T (p. 7150 .

The BIF rule also regulates carcinogenic metal emissions on the basis of protecting public
health. According to the rule, emissions of BiF-reguelated metals from cement Kilns are lmited
so that lifelony exposure to the maximum amounts of all BIF meials in ambient air through all
pathways of possible exposure fromea tacility resulls in a visk of contracting cancer no greater
than 1 in 100,000, For noncarcinogenic metals, the BIF standards are intended to prevent
adverse health effects to the public even under maximum exposure to all possible exposure

routes [US. EPA, 1991 (pp. 7169-717 DL

Of the BlIF-regulated metals, thallium may be of partictilar concern for releases from cement
kilns. Although some forms of thallium are considered highly toxic, with dermal contact being,
the primary route ot entering the body, little is Enown about potential health effects from
chronic low exposures (Kazantis, 19800 As discussed in Section 72010, the high volatility of
thallium can result in less bonding in clinker, resulting in less removal ot thalliun to the process
solids and its subsequent enhancement in the dust vhases in the kiln (Sprung, 1985; Kirchner,
1987). Such elevated levels, which can be avoided by l.wrimlically removing CKD from the
process, have been shown in the past to lead to excessive thallium emissions from cement kilns
(Bambauer and Schifer, 1984). For those Kilns burning hazardous waste as a fuel, the emission

of thallium is regulated under the BIF rules, requiring that public health impacts be avoided.

[n summary, cement plants that meet the regulations described in the BIF rule are operating
under conditions identificd by the U.S. EPA as associated with risks below those of regulatory

concern.
8.2.4 HEALIT ASSESSMENTS OF BURNING HIAZARDOUS WASTE AND CONVENTIONAL FUEL

Although epidemiological studivs of current public exposures to cement plants are not
available, the potential risk to the health of residents living near cement plants has been
estimated in a fow recent studics. These studies are especially useful to evaluate the potential
differences in exposure and associated risks between the use of conventional fuel and the use of

hazardous waste for a portion of the tael o cement ke,

[ oo major studies meeolvie borbe o die ted awel process cement Filnc (Coary, 1990a,b), the

Lo I tormed hat the armonnt or PR o s and turans citted wrnde boorning, hazardous

TS

waste were stinilar to the amounts crattted wwhen only conventional tuel was burned. The

U.S. EPA (Garg, 1990b) also examined potential public health effects due to emissions from
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burning conventional tuel (Les o mictuee of coal and dieseh and conventional fuel mixed with
hazardous waste i the wet process Kl Under the conservative assuptions that a member ot
the public breathed diosin emissions from the plant tor a lifetime, the ULS0EPA estimated that
nsk ot developing cancer when conventional tuel was brened was 2 in 1000000, and essentially

the same- 2 fosbin LOOO00o when hazardons seaste was mised with the conventional tuel.

A simalar assessment of health risks was performed tor a cement kiln in California. Fhe
vestigators estimated plausible exposures for the inhalation route as well as fromingestioa of
sotl, crops, and fish exposed to emissions deposited downwind of the site (Stein and Lowe,
1990). Estimated risks of developing cancer from metals and a number of organic compounds
were equal for both hazardous waste tuel and conventional fuel, at 2 to 3 in 1,000,000, These
risks are virtually the same as those estimated by the US. EPA (Garg, 1990b). More
importantly, the mvestigators found that the estimated health risks actually decreased for the
plant as the conventional fuel (ie., petroleuny coke) was increasingly replaced by hazardous
waste tuel at amounts or fol and 37% of the volume. Many ot compounds present in ihe
petroleum coke were not present in the hazardous waste fuel, resulting in an overall decrease in

emisston of hazardous constituents and risks.

Further evaluation of the potential difference in healtlc effects between cement production
facilities burning hazardous waste and those burning only conventional fuel may be made with
the available data on metal emissions in the CREdatabase. As shown earlier in ‘Table 7.5, which
is based on emissions data collected through September 1991, the average amounts of most
metals currently emitted from kilns burning hazardous waste are not significantly different
from the amounts emitted from kilns burning only conventional fuel. Emissions for the two
exceptions to this trend, lead and mercury, were two to three times higher for kilns burning

hazardous waste as a supplemental fuel.

On the basis of this finding, the major concern for public health is whether thé increases in lead
and mercury emissions are sufticient to affect the health of people residing near cement plants.
Flowever, no health or epidemiology studies have been reported on cement kiln emissions in
this country. In the absence of such studies, one way to evaluate the increased emissions is to
compare them to similar emissions from a specitic cement kil for which potential public health
risks have been estimated. Comparison of the average lead and mercury emissions in Table 7.1
with those from the cement kiln in California discussed above shows that they fall within a
range of .75 to L5 times their concentrations in emissions from the California kiln. At the
emission rates for the California kiln, the downwind concentrations of lead and mercury were
estimated Lo be 2 orders of magnitude (mercury) to 4 orders of magnitude (lead) below their
respective health eriteria (Steinand Lowe, 1990). By extrapolation, one would expect that an
merease in ernsstons of mercury and lead by a tactor of 2 to 5 from kilns purning hazardous
waste wouldb il result e averace ortsite concentrations well below public health concerns,

posstbly by 2o order o marnitude

On the basis ot this analysis, the potential health effects due to metals exposure trom kilns

burning only conventional fuel or a mixture of conventional and hazardous waste fuel appear
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to be essentially the same. This conclusion is supported by the above review of current

regulations of cement kiln stack emissions.
825 “AccErrasy” Risk

[ general, the studies discassed above indicate that the public’s risk of developing cancer from
cement Kiln emissions, whether burning hazardous waste or conventional fuel, is less than a
tew in a million. The US. EPA and other regulatory agencies (e, Us. Food and Drug
Administration, California Pepartment of Health Services) usually consider health risks near or
below 1in 1,000,000 to be de minimus, or below the level of concern for regulation by the
government (lravis ef al,, 1987; Kelly and Cardon, 1991). At this level, the incremental risk of
developing cancer equates to an increased chance of 0.0003% after accounting for the
approximately 33% chance of developing cancer in the US. from all sources. Risk levels less
than [ in 1,000,000 have typically not been regulated, and even levels up o« in 1,000 are
seldom regulated. De mnifestis visks, or risks that are of regulatory concern, have generally
beencconsidered to be a few in a thousand for developing caneer (lravis of al., 1987). Risks from
cement kilns burning hazardous waste are thus considerably below levels of “acceptable™ risk
by most regulatory standards, although the ultimate determination of acceptability is a value

judament and not a scientific decision.

In summary, andlysis ot current cement Kiln emissions demonstrates that concentrations of
emitted chemicals from facilities burning hazardous waste as a supplemental fuel are not
substantially different from those burning conventional fuel. Since the threat to public health
from conventional fuel sources has been accepted by the US. EPA as negligible and within
acceptable limits, it follows that the similar exposures from properly operated kilns burning

hazardous waste under current conditions would also result in negligible health effects.

8.3 CEMENT KILN DUST

The major exposures of the public to CKD occur either to the dust itself or to chemicals that
have Teached from the dust. The following sections address the potential tor adverse effects to

human health due to exposure to dust or feachate.
8.3.1 Dusr

As a byproduct of cement plant operations, CKD exposures are generally of concern to onsite
workers because they may be exposed when dust is suspended in the air or during
maintenance activities. Dusts may pose minor exposures to the public when contained in
emisstons that migrate otfsite. Likely rontes of exposure are inhalation, ingestion, and contact

aof the dost weth shin.
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8.3.1.1 OCCUPATIONAL STUDIES

Because earlier concerns regarding the effects of CKD on human health focused primarily on
workers at cement plants, the only available information on potential health effects is trom
high-dose occupational studies. It must be kept in mind when evaluating these studies that
past process conditions might have been substantially different from these at current plints

burning, hazardous waste as a supplcnu:ntal fuel.

The primary occupationnl concern with exposures to CKD is dermatitis, as indicated in
Table 8.2. The presence of such alkaline material as calcium oxide in CKD results in corrosive
action when it contacts moisture in skin, lungs, eyes, and the intestinal tract. Flowever, the
alkalinity of CKD is not known to change with type of fuel, and the type of fuel burned,

including hazardous waste, would not be expected to affect related health problems.

TABLES.2
OCCUPATIONAL ILLNESS RATES @ FOR THL
CONCRETE, GYPSUM, AND PLASTER PRODUCTS INDUSTRY ?

Skin Discases or Disorders 4.0
Repeated Trauma Disorders 2.6
Respiratory Conditions Due to Toxic Agents 2.3
Physical Agents 1.7
Poisoning ‘ 1.1
Other 3.0
Total Cases 24.8

2@ QOccupational illness rate per 10,000 full-time employees, 1989
(Because of rounding, components do not add to total)
b This category includes manufacture of ready-mix concrete and Portland cement.

Source: U5, Department of Labor (1991).

[n addition to dermatitis, occupational exposures to very high levels of CKD have resulted in
decreased lung function, increased incidence of lung diseases other than cancer, and intestinal
discase (Amandus, 1986; Abrons ef al., 1988; Wright ef al., 1988). Some of the respiratory etfects
observed with occupational exposures at cement plants are also observable with high exposures

to other types of dusts.

[ seneral, the more seriots adverse health effects of CKD are largely related to the presence of
froe silica. Concentrations of free silica in CKD may range frowm -+ to 6% (Utalt Department ot
Health, 1990), and free silica is the primary factor in lung diseases in occupational exposures
(Wright et al., 1988). Free silica is toxic to immune system cells in the lungs and results in
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silicosis (e, buildup of (ibrous tissue). The tibrotic noduales that characterize silicosis can
restrict lung function; in severe cases, the eftect can be crippling, and fite-shortening. High
exposures to sihea dnsts can also cause tilling ot alveolar air spaces with a lipid-protein
material containing silica (ACGIH, 1986). Silica has been shown to canse Tung, cancer inrats in
laboratory studies; however, human studies do not show a connection between lung cancer and

stlica eaposures (Lahn, 1989).
8302 Pustic Heavro Ivieacrs

No health studies have been performed on exposures of the public to CKD from cement plants,
S0 it is difficult to know whether CKD from conventional or hazardous waste fuel has
presented threats to public health. As noted carlicer, public health effects have apparently not

been high enough to trigger health studies or health agency concerns,

The major health concern during, possible exposures of the public to CKD from kilns burning,
hazardous waste is related to the presence of free silica, as noted above for occupational
exposures. The silica content of CKD is directly related to the content of silica in the raw feed,
which does not change with the type of fuel used. If a minimal effect of the hazardous waste
fuel on silica formation is assumed, then the silica content of CKID generated wnen burning,
hazardous waste fuel would be no different trom the silica content ot CKD produced when
burning only conventional fuel. Consequently, the potential health effects from exposure to

silica in CKD would be expected to be independent of the type of fuel used.

Since CKD effectively traps metals contained in the fuel source, exposure to metals in the CKD
from hazardous waste fuel is a potential concern to public health. However, data are
insufficient at this time to statistically determine whether metals contained in CKD from
hazardous waste fuel differ from those in CKD from conventional tuel. At most, the data
presented in Table 7.8 are suggestive of possible trends, with greater contents of certain metals
(e.g., beryllium, cadmium, lead, and selenium) in CKD when hazardous waste fuel is used.
However, inspection of the ranges of values for all the metals suggests that any apparent
increases are not substantial, and no differences in potential ettects on health would be

expected.

[n fact, the average lead content in CKD of 360 ppin (see Table 7.6) is actually less than the
average concentration of lead (1,600 ppm) in soils in urban residential areas in the U.S.
(US. IiPA, 1989b). The same concentration of lead in soils (i.e., 360 ppm) is considered
insufficient to cause a noticeable change in blood lead concentrations of exposed children or to
affect a child’s health (U.S EPA, [990b). Children are of primary concern for exposures to lead
m soils becanse children tend to invest sothcand becase they are relatively more susceptible
P adndies tooie fovae ettecton e confeal nervon sy e Tncontrant, evels of ap to 13,000

et e becnnmeasured taeban et e (0 BRI JUsob),

To evaluate increases in cadmium content in CKD due to burning hazardous waste tuel, a

comparison can be made between its concentration in CKD from hazardous waste fuel and its
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concentration in CKID at contaminated waste sites tor swhich risks to public health have been
assessed. [ such a comparison, the average concentration ot cadmium in CKD from currently
operating plants (see Table 7.8) is similar to the range of concentrations CE 13 ppo) for cadminm
in CKD waste piles at an older cement plant in Utah (Utah Department of Health, 1vo),
According to the USEPA, the cadmimm concentration in the wante piles does not pose a risk to
public health; the alkalinity of the waste is the major problem (Litah Departiment ol Fealth,
1990). The cadmium concentration in CKD from coment plants currently burning hazardous

waste as supplemental fuel would therefore not be expected to create a public health problem.

The U.S. EPA and other regulatory agencies generally have not considered concentrations of
berylliunm and selenium in waste CKD at older cement plants to be a concern for public health
(E&L/FIT, 1988; [owa Department of Natural Resources, 1990; Utah Department of THealth,
1990y, Their presence in CKD from plants burning hazardous waste and operating under

current regulations would similarly not be expected to posce a health concern.
8.3.2  LEACHATE

The primary concerns regarding long-term exposure to small amounts of CKD are that it
becomes corrosive following exposure to water and that some of the metals may leach into the
environment. The corrosive properties ot highly alkaline CKD leachate can result in contact
dermatitis and other damage to ocular and intestinal tissues. The US. EPA regulations for
allowable leachate concentrations of metals from CKD are intended to be proteetive of human
health (see Table 7.9). As reported in Section 7.2.3.2 (see ‘Table 7.10), the current average metal
concentrations in CKD feachate do not exceed the U.S. EPA limits, and are often orders of
magnitude lower than these limits. This comparison suggests minimal potential for adverse
effects to human health from exposiire to metals leached from CKD, particularly when present

in concentrations at or below the U.S. EPA health-based limits. ,

The concern over corrosiveness of CKD is not a problem associated with current facility
operations meeting BIF regulations, but is a potential concern with long-term uncontroiled
disposal. Such concerns have been raised where contamination of surface and groundwater
from improperly disposed CKD resulted in the elevation of pll to unaceeptably high levels,
exceeding drinking water quality guidelines (lowa Departiment of Natural Resources, 1990;
Utah Department of Flealth, 1990).

Cement plants that improperly dispose of CKD may also have elevated concentrations of the
certain metals in waters and soils. However, even the elevated concentrations at such sites have
been determined to be insufficient to pose a threat to public health (Iowa Department of
Natural Resources, 1990; Utah Department of Health, 1990).
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8.4 CEMENT

Cement poses o concern to pablic health prinmrilv becatse of the metals tneorporated it or
that mav leach from it Exposures to cement may be of importance not only to the public but to

4 aumber of occupations that involve the handling ot cement.
S-hl Dusr

Since cement is composed of ground clinker mixed with a small amount of gypsum, evaluations
of health effects from ground clinker are used interchangeably with those from cement in the

following discussion; very few studies are available on the effects of exposure to cement itselt.

Human exposure to cement usually occurs by dermal contact, inhalation, or ingestion. Dermal
contaet with cement can occur while handling cither wet or dry cement. Cement dust has a
very fine texture, with 50% of the dust particles capable of being respired deep into the Tungs.
In addition, larger particles of inhaled cement dust may be swallowed or accumulate in mucus
that is then transferred to the stomach during clearance of lung airways (IPhalen and Prasad,
1989). Incidental ingestion of cement may occur with poor hygiene habits, such as handling of

food iterns without washing hands after mixing cement.
S LT OCCHRATIONAL STUDIES

Occupational studies have provided the bulk of information on human exposures to cement,
supplemented with a few clinical studies of suicide cases. Occupational exposures were also
identificd as the source of most exposure information in a recent review of the potential

exposures to cement and cement products (ESE, 1991).

The occupational investigators found increased respiratory and gastrointestinal disease in
workers exposed to high concentrations of cement (McDowall, 1984; Amandus, 1986;
Abrons et al., 1988; Jakobsson ¢t al., 1990; Vestbo and Rasmussen, 1990). According to the
studies, coment dust exposure in the workplace may cause bronchitis and a decrease in lung
function. Although the evidence that lung cancer is associated with high occupational
exposures to cement is contradictory, exposure to very high levels of cement dust may be
associated with colorectal and stomach cancer. Ingestion of very large amounts of cement
results in solidificd masses in the stomach that may need to be surgically vemoved

(Visvanathan, 1986).

The exposures examined in the occupational studies reviewed herein were much greater than
would be encountered by the public near a cement plant. Many of the occupational studies
conbd not weparate exposures of the workers to CRD rom evposures to cement or raw
tmaterials, and wome of the shadies were conducted i conntries sath unresulated working,
conditions. The tuels burned in the cetnent production process were trequently not identitied
i tie older studies: ks not clear whether the observed health ettects were assoctated with

conventional or hazardous waste fuel.
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For these reasons, the conclusions reached 1 the m-\-uwm»ml dudies mav not necessanly
applv to public exposures. o any case, public health citects can be expected to be much Tess

severe than occupational exposures, but it cannot B sand Dosy mnch less,
SCEL P s Bopeact

Most public health ettects trom exposure to cement are dassoctated with use of cement as a
product (ACGIH, 1956; Lachapelle, 1980; Potts, 1956; Avnstorp, 1959). The components of
concern in cement dust are the same as those of concern in CKD (e, alkalies, silica, and certain
metals), However, the free silica content of cement must be less than 12 to meet ASTM
standards (ASTM, 1990) too low to cause the same desree of eftect tn the Tangs as CKDL Health
effects from exposures to cement dust include dermatitis, allergic shinresponses o some metals
(e, hexavalent chromiti, nickel, cobalt), and albali burps o the skinand eyes. s pointed

ut carlier, however, these healtiveoncerns are primarily of relevance to oceupational exposures,
The magnitude and length of public exposture to cement dust and cement products are not on

the same scale as m'vn},mtinn.ll CXPOSUTEs, norare the consequent cttects.

Since the public can contact cement and conerete as a tinal product, public health concerns
center on the availability of the metals for transter from the cement or conerete during, human
contact. However, the bioavailability of metals in cement made while burnmg hazardous waste
fucl, and its concrete products, is likely quite linated (van der Sloot, 1991). Under the
assurnption that the bioavailability of metals from Portland cement 1s limited to 10%, ESE
(1991) calculated concentrations that would be allowable in cement. These “acceptable levels™
are derived from occupational exposure limits set by regulatory agencies (ESE, 1991). The
proposed limits are from 1 to 3 orders of magnitude (i.e., 10-1,000 times) greater than the

concentrations typically found in Portland cement. This comparisou is tllustrated in Table 8.3.

It should be noted that these “acceptable levels™ are for comparative purposes only. Lven
making the worst-case assumption that all the metals are absorbed from cement following,
ingestion or other exposures (i.e., 100% bioavailability), as was done during an assessiment of
potential risks at o coment plant with timproperly disposed CKD (Utah Departioent of Health,
[990), the concentrations of metals in cement produced while burning hazardous waste as o
supplemental fuel would be below those usually associated with cancer risks ot regulatory

cOoncerrn.
8.4.2  LEACHATE

When water or other liquids come into contact with cement dust or hardened concrete,
impuritics may feach out. Exposure to the Teachate may occnr by ingestion of contaminated
wotlcor woder s or by direct contact with the Teachater b copoanre may e concetin ot
public heaith where Lirpe amonnts of chemreals mav lee e Hlossever compartaon ot leachate
datacin Table 70 weith the TRSCFPA Timits o Tabhe 2770 ogeeesi s that none of the metals i the

TCLP extracts exceeded the health-based standards, and that the potential is minimal for large
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FABLE S5
COMPARISON OF PROPOSED “"ACCEPTABLE" METAL CONCEN FRATIONS WITH
AVERAGE METALS CONCENTRATIONS IN PORTEAND CEMEN T

Metal Avceptable Level Porttand Cement
(ppm) (ppnv)
Antimony 50.000 2.4
Arsenic 200 19
Barium 50,000 280
Beryllium 50 1.1
Cadmitin 1,060 0.34
Chromium [l 50,000 --
Chromium Vi 100 --
Total Chromium - - 76
Lead 5,600 11
Mercury 5,000 0.01409
Silver 1,000 9.20
Thallitm 10,000 1.08

2 Gource: ESE (1991). Based on occupational exposure limits with assumed bioavailability of 107%.
b Gee Table 7.11

amounts of chemicals to leach from cement. This analysis suggests that the metals present in
cement produced when burning only conventional fuel or a mixture of conventional and

hazardous waste fuel would pose no increased threat to human health.

8.5 RISKS OF TRANSPORTING HAZARDOUS WASTE

A concern has been raised that the use of hazardous waste fuel in cement kilns will signiticantly
increase the health risks to local residents due to transportation spills and accidents. Flowever,
the data do not indicate that this is the case. For every mile traveled by truck or rail, the
nuimber of accidents, damages, and injuries involving hazardous waste are statistically less than
the number involving hazardous materials (e.g., gasoline). I fact, “gasoline historically has
Killed or injured more people in transportation accidents than all other hazardous materials

combined” (Hernann, (99,

Fhe Dy Depariment ot Teansportation rechates Tuzardons wasle asacstubaet of hacardon,
matertals, Their statistics tor the [0-vear period endingy, 1990 nulicate that hasardons waste
accounted for 2.9% ot all hazardous materials releases, 2.3% of the damages, and 0.5% ot all

deaths and injuries, with only one death reported due to interstate hazardous waste incidents
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i 10 years (LES. Department of Transportation, 19910 Yet in 1952, hazardous waste accounted
for 570 of all trucKload s and 7% of all miles traveled, indicating, much sater aceident statistics {or
hazardows waste per shipiment or per mile travelled compared with hasardous matcrals (Roy,
(s Furthermore, the industry’s safety record has continned to mnprove over tie poet several

’

vears (Rov, [VSY),

Two tactors may explain the difference in transportation safety between hazardous waste and
hazardous materials. One, hazardous wastes are generally spent or diluted byproducts, not
concentrated raw materials, which makes them inherently less hazardous than most hazardous
materials when spilled. Two, hazardous waste transport is more highly reculated than
hazardous materials transport (Roy, 1989). Stricter transportation regulations generally reduce

the number ot accidents associated with a given type of shipment.

The above information suggests that the risks of transportation incidents and injurics will not
likely increase due to transportation of hazardous waste to a facility, particularly for those
facilities currently accepting shipments of commercial fuel designated as hazardous materials.
For those facilities using nonhazardous materials to fuel the kiln, the statistical risks of
hazardous waste accidents are sufficiently low that a major increase in risk to residents along,

the transportation route to a kil is unlikely.

8.6  SUMMARY OF POTENTIAL HEALTH EFFECTS

The toregoing review of current literature on the health effects of emissions, CKD, and cement
from properly operated cement production facilities using hazardous waste fuel and in
compliance with regulatory requirements indicates minimal potential for adverse etfects to
human health. In fact, the potential health effeets from kilns supplementing fuel with
hazardous waste are not expected to be different from those that could be encountered. from
burning conventional fuel alone. This conclusion is based on a review of the concentrations of
organic chemicals and metals in emissions from kilns using cach type of fuel source, and a
review of assessments of potential health risks from a variety of facilities under various

operating conditions.

The potential for adverse health effects is higher in occupational settings; however, unsate
exposures are unlikely except at unregulated plants outside the US. The health effects from
such high exposures would not be expected to oceur to the public in this country with the
extremely low concentrations of chemicals that must be achieved under current BIF and CAA
regulations. The relatively low incidence of occupational illness within the coment industry
and the overall reduchon meoemiedons treon coment plant over the Tast tevo decades Tead s to
the tollovane concliion the potenial tor tnpacts to pubhic healthc trom conent Sl are oy
and hikely have decreased over the decades with inereasing cimisadons conitol . The coment
mdustry, already unique moats low madence ot occuapational and public health impacts, does
net pose a greater risk to public health due to burning hazardous waste at properly operated

facilities.
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9.0 CONCLUDING REMARKS

On February 25, 1991, the U.S. EPA tinalized the BIEF rule, which regulates the burning of
hazardous waste in cement Kilns, The BIF rule sets emission standards for organic compounds,
metals, hydrogen chloride, chlorine gas, and particulates. These repulations are even more
stringent than the present regulations tor hazardous waste incinerators. In taet, a LS, EPA
assistant administrator in the Office of Solid Waste and Emergrency Response stated that these
“facilities will have to meet our most stringent requirements, ensuring, public safety near these
sites” (Bureau of National Affairs, 1991). Consequently, if a cement production facility that
wants (o burn hazardous waste cannot meet these performance standards, then it will not be

permitted (i.e., allowed) to burn hazardous waste.

Regardless of the regulations, many want to know if the emissions, the byproduct of the
production process (i.e., CKD), or the final product (i.e., cement) is changed in any way by
using hazardous waste as a supplemental fuel. Recent studies have shown that the organic
emissions from cement kilns burning hazardous waste do not appear to differ from cement
kilns burning, only conventional fuel. In fact, these studies indicate that organic emissions are

not dependent on the fuel that is burned, but on the operating, conditions.

The majority of the metals in the hazardous waste, as well as in the raw materials and
conventional fuel, are retained in the clinker or the CKD. Consequently, recent studies indicate
that the majority of metal emissions do not significantly increase when conventional fuel is

supplemented by hazardous wasle.

This observation leads to the question: are the concentrations of metals significantly different in
the cement or CKD? The preliminary results from the CR1 database indicate that, for the
majority of metals of concern, substantiai increases in metal concentrations do not occur. More
importantly, a recent report by the PCA indicates that the type of fuel is not the primary
determinant in the distribution and concentration of metals in cither the CKD or the cement. In
addition, the PCA study demonstrated that the leaching of metals from cement and CKD is not
significant. None of the average metal concentrations in the TCLD extracts from either cement

or CKD exceeded the health-based standards set by the U.S. EPA.

All of these results have important ramifications for the evaluation of health effects associated
with the practice of burning hazardous waste in cement kilns. Since no substantial increases in
organic and metal components have been observed in emissions, CKD, or cement when
burning hazardous waste, no increases in adverse health effects are expecled to occur.
Assessients of health risks from emissions and CKD trom factlities inc the ULS. have supported
this concluston. Thus, the current evidence mdicates that properly operated cement kalns do
not pose a greater risk to public health wnen conventional tuch s sapplemented by hazardous

Wasie,
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10.0 GLOSSARY

Acidic: possessing, the ability to donate o
proton (e.g., HED oraccepta pair ot elec

trons (0., SO); or having a phess than 7.

Alkaline: possessing, the ability to aceept a
proton or Jdonate a pair of electrons; or

having a ptgreater than 7.

Alumina: common name for almninum
oxide (AbOY); o necessary ingredient in

the manufacture of cement.

Aromatic compound: an organic compound

simnilar in molecular structure to benzene.

Air pollution control devices (APCDs):
devices used to remove p.\rlivu!'\tv:; from
the gases of the cement kiln betore release

to the environment.

Baghouse: a typc of air pulluli(m control
device that uses fabric filters to remove

particulatcs {rom the {lue gases.

Boilers and Industrial Furnaces Rule
(BIE): regulations passed by the US. EPA
in 1991 that govern the actual burning of

hazardous waste in cement kilns.

British thermal unit (Btu): the amount ol
energy required to raise the temperature

of 1 pound of water by 1°F

Calcining zone: the thermal zone in the ce-
ment kil in which carbon dioxide is lib-
erated from carbonate species, such as cal-

citm carbonate.

Caleium carbonate: CaCO the major 1mn

credient needed to manttactiure cement.

Carcinogenicity: the potential ot o sub-
stance to catise caneer.

v

Cement: mistire of pround clinker and o

small amount of gy psun.

Cement kiln dust (CKD3: the collection of
Imrlicnl.\tu matter removed from the Kiln

§LASCS by the air p()llutiun control devices.

Chlorinated wastes: wastes that are com
posed primarily of organic compounds

containing chlorine.

Clinker: nodules composed of tricalcinm
silicate, dicalcium silicate, tricalcium alu-
minate, and tefracalcium aluminoferrite
that form in the sintering, zone of the ce-

inent kiln.

Combustible: relating to the case with

which a material catches fire and burns.

Concrete: a mixture of cement, sand, and

;‘;mvcl.

Cooling zone: the last 10 to 20 feet of the
cement kiln in which the clinker begins to

cool.

Corrosivity: one of the four US. EPA haz-
ardous waste characteristics (see Section
3.5,

Destruction and Removal Lfficiency
(DRE): a parameter developed by the
1S EPA to determine the ability of a
combunstion deviee to dentroy and/or
remove the organie components ol the

hazardous waste feed.
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Dioxin: the common name tor polychlor
inated  dibenzo-p-dioxins (PCDDs).
Production ot these compounds has been
assockrbed wiih low tetnperature cotnbur-
tron processes and high exposare to thee
(‘ulll}mnndﬁ has been associated svith ad-
verse health effects, particularly in fabora

tory animals.

Electrostatic precipitator (ESP): a type of
air pollution control device that uses an

electric charge to collect particulates.

Eptdemiology: the study of the sources and

distribution of discase in a population.

Flash point: the minimum temperature at
which the vapor-air mixture above a
volatile substance ignites when exposed

to a tlame.

Fossil fuels: fuels such as coal and oil that
are generated by the decay of plant
and/or animal matter under conditions of

heat and pressure.

Fugitive emissions: nonstack emissions
usually associated with normal plant

operations or leaks at the factlity.

Furans: the common name for polychlori-
nated dibenzofurans (PCDEs). Generation
of these compounds has been associated
with low-temperature combustion pro-
cesses and high exposure to these com-
pounds has been associated with adverse
health effects, particularly in laboratory

animals.

Gypsum: the common name tor calaum
sultate dibiydrate (0SB0 e T, g e
sential meredient ol cement that controls

the rate ol sething,
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Halogen: any one of the elements (e, thoo-
rine, chlorine, bromine, odine, and asta-
tine) that occupy columin Vifa of the pert

odic table.

Hazardous waste: material that ao fonger
has commercial value and requires dis-
posal and 1s either specitically listed by
the ULS. EPA or meels one of the four haz-
ardous waste characteristics defined by
the U.S. EPAL

Heat-exchanging cyclones: a unit used in
the cement production process that uti-
lizes the kiln's hot exit gases to heat the

raw materials prior to entering the kiln.

tHydrocarbons: compounds composed of

carbon and hydrogen.

[gnitability: one of the four U.S. EPA haz-
ardous waste characteristics (see Section
3.0).

Iron oxide: Fe,O4; one of the necessary in-

gredients in the production of cement.

Kiln: the manufacturing unit in which

clinker is formed.

Leaching: the process by which a soluble
component 1s “washed” from a solid
material typically by percolation of a
liquid through the solid material. The
solution which contains the soluble

components is known as the leachate.

Lime: the common name for calcium oxide
(CaO); formed in the caleming zone of the

cement kiln

Mavimum Exposed Individaal (NED: o
!l')'lmlln'lit'.ll individual that receives the
maximum possible exposure to a chemical

from all possible sources and pathways.
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2



Chapter 1 Cileseatry

Mutagenicity: the potential of a substanee
to cause o mutation or an adverse change

i DNA e, senetic material).
Organic: cotnposed primarily ot carbon.

l’nlychlmin.\tul biphenyls (1'CBs): chlori-
nated aromatic gnm}muml:; that were
banned n the 19705 becanse of their toxic-
ity to laboratory animals and tong-term

stability in the environment.

Portland cement: the most common variety

of cement.

Precalciner kiln: identical to a preheater
kiln except for a secondary firing in the
tower of heat-exchanging, cyclones which
nearly completes the calcination ot the

feed material

Preheater kiln: a cement kiln uluippcd
with a tower of heat-exchanging cyclones
which preheat and p;n'tially calcine the

feed material.

Principal organic hazardous constituents
(POHCs): organic compounds chosen to
determine the DRE of a combustion
device in a trial burn. POHCs are
roprof:vnmliw,‘ of the (‘mnpmmr:ls in the
waste stream that are the most abundant

and the most ditticult to destroy.

Process, dry: a cement mantfacturing, pro-
coss in whicl the feed material enters the

kiln system indry pnwdurcd forin.

Process, semidry: a cement manufacturing,
process in which water, ty}»imllv 10% to
I

terial and then fed mto the Faln svetetnn

abded to the o dey feod tha

Process, wels a cemeit manutacturing pro
coss in which water, typically 500 to 407,
is added to the feed material and theen ted

into the kil

Products ot incomplete combustion
(P1Cs): “unburned organie compounds
that were present in thoe waste, thermal
decomposition products resulting trom
organic constituents in the waste, or
compounds synthesized during, or
immediately afeer combustion™ fULS EPA,

1991 (p. 714N,

Reactivity: one of the four LS, EPA haz-
ardous waste characteristics (see Section
3.0).

Residence time: the amount of time that a
gas spends ina particular location or ata

p.n'livnlnr temperature.

Silica: the common name for silicon diox-

(510,); the

ingredients in the production of cement.

ide one ol necessary

Sintering zone: the thermal zone in the kiln

in which clinker s formed.

'I‘cmtogenicity: the p()tenlial of a substance

to cause defects to the developing, fetus.

Toxicity: one of the four U.S. EPA haz-
ardous waste characteristics (see Section

3.D.

Toxicity Characteristic [.eaching Procedure
(TCLP): a U.S. EPA test developed to
evaluate the p()t(‘nlinl of a component to

leach frony a substanee.
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ABSTRACT

This study w#as fnitiated by the Pacific Basin Consortiua Ifor
Hazardous Waste Research (PBCHWR) to document current knowlisdge aad
operating experience in the United States, Canada, and elaewhers
concerning the use of cement kilna for the deatruction of nazardous
waste. The report summarizes results of testa in the United States by
the Environmental Protection Agency (EPA) and State agencies, and in
Canada, Norway, and Sweden. The predaminant types of wastes teated
included chlorinated organic compounds and metal-contaminated waste
o1l. Ziln types included dry, wet, and preheat procesaes.

Parameters investigated in this study include destruction and
removal efficiency (DRE) of principal organic hazardous constituents
(POHCs), particulate and HCl emissions, metals, and the effect of
burning hazardous waste on sulfur dioxide (SOZ)’ nitrogen oxide (HOX),
total hydrocarbons (THCs) and carbon monoxide (CO) emissions.
Sampling and analytical procedures required to monitor and dispose of
wastes 3afely are discussed. Technical and econamic factors, and
rlsks assocciated with the use of cement kilns to destroy waste
materials are reviewed.

Potential applications of cement kilns for economic and
environmentally sound disposal of some hazardous wastes in developing
countries are examined. Many existing cement kilns in the

Asia-Pacific region, when properly operated, have the potential to

economically dispose of a substantial share'of the organic chemical
wastes generated in that region with acceptable risk of adverse
affects on human health and the environment. More than twenty cement
kilns in the United States are currently being used for hazardous
waste disposal.

Site-specific feasibility studies, risk assessments, and trial
burns are reccmmended in order to determine limiting conditions that
may be applicable. Risk assessment can help determine whether
potential benerits can be achieved at acceptable levels of risk.

This study constitutes the Consortium's initial phase of research
on this topic.



1. INTRODUCTION

1.1 Background

High-temperature industrial processes have often been used for
the disposal of organic wastes. Process heaters and boilers are amoag
the most common industrial processes; however, since the equipment for
these cannot tolerate more than trace quantities of organic chlorine,
they cannct be used for many wastes currently generated.

Consequently, a number of other processes (e.g., cement kilns, lime
kilns, aggregate kilns, and blaat furnaces) that can destroy
chlorinated wvastes have been proposed. Cement kilns are of particular
interest because of their potential for reducing the environmental
impact of disposal in a cost-effective manner. The promising
characteristics of cement kiln disposal include:

® Existing high-temperature combustion processes at 2,500° to
3,000° F (1,350° to 1,650o C), long gas residence times of up

to 10 seconds or more, and strong turbulence in the kiln -

virtually assure the complete destruction of even the most
stable organic compounds (Hazelwood et al. 1982).

e Rapld temperature drops are unlikely because of the huge
thermal inertia.

e The alkaline environment in a kiln absorbs and neutralizes HC1 ~

from chlorinated waste combustion products.

e Kilns are operated under draft (slight vacuum); therefore,
there 13 little outward leakage of fumes.

e Burning of liquid organic hazardous wastes as a replacement
for primary fuels (oil, coal, or gas) allows for the recovery
of substantial amounts of energy from these wastes. Liquid
waste fuels typically being burned in U.S. cement plants have
a heat value of 10,000 to 12,000 Btu/lb, a heat content
comparable to coal (Peters et al. 1986).

e There i3 a potential for earning disposal fees from waste X

generators by treating wastes in a kiln.



v o Cement kilns have the potential to dispose of large volumes of
liquid organic wastes. A typlcal cement plant in the United
States can burn 25,030 zallona (about 100 tona) of hazardous
liquid waste per day (3eers 1987) .

7 e Cement quality is relatively inasensitive to the addition of
most of the impurities found in hazardous wWastes and waste
oils (Mournighan et al. 1985).

e DBottom ash is incorporated into the clinker precduct,
eliminating bottom-ash disposal problems. Any metals
contained in the bottcm ash are incorporated into the cement
product in an inert form (Branscome 1985).

» @ Modification of existing cement kilns to accept hazardous
waste fuels requires relatively small capital investment
(Beers 1987).

The scope of this paper is limited to cement kilns. However,
mich of the discussion on oonortunities and constraints is also
applicable to lims kilns.

The combustion of hazardous waste in cement kilns has been
investigated in Canada (Berry et al. 1975; MacDonald et al. 1977),
Sweden (Ahling 1979; Piasecki and Davis 1987), Norway (Calonius 198%4;
Viken and Waage 1983), and New Zealand (Holden et al. 1983), as well
as in the United States (Weitzman 1983; Lauber 1982; Hazelwood et al.
1982; Branscome et al. 1985; Mournighan and Branscome 1988; Argonne
1981). Some researchers report that disposal in cement kilns i3 often
preferable to other hazardous waste disposal options, particularly for
chlorinated organics (Black and Swanson 1983; Lauber 1982; USDOE 1983;
Beers 1987; Holden et al. 1983).

Papers have also been published indicating actual and potential
risks associated with hazardous waste combustion (Mix and Murphy 1984;
Bouse and Kamas 1987). A number of kilns using different waste fuels
have been tested under varied operatizg conditions (Day et al. 1985;
Jenkins et al. 1982; Ducket: and Welss 1980; Peters et al. 1984;
Branscome et al. 1931; Swanson Environmental 1976; Carter and Benson
1984; Stohrer 1986). <ome of these tests have been very

comprehensive. Purposes of tests have included determination of
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effecta of various wastes on stack emissions and on cement quality,
détermination of the fate of metals and chlorine, and identification
of preducta of incomplete combustion and mechanisms of thelr formation
(Branscome et al. 1985; Mournighan and Branscome 1988; Viken and Waage
1983; Higgina and Helmstetter 1982; Oppelt 1987; Peters et al. 1984).

Over the past decade, there has been a gradual increase in use of
this technology in the United States. Bouse and Kamas (1987) have
addressed opportunities and corstraints, have documented the uce of
cement kilns for disposal of solvent-derived fuels (SDF) at seventeen
U.S. sites, and have cited at least three additional plants that were
scheduled to begin such disposal in 1987. Relatively slow acceptarce
o' the process has been partly due to public perception of risks

associated with the siting of any facility dealing with "hazardous”
wastes.

1.2 Purvose

This investigation was initlated by the Pacific Basin Consortium
for Hazardous Waste Research (PBCHWR), a group of research
institutions. The purpose is three-fold: first, to assemble and
analyze reports on current and past use of cement kilns for the
destruction of hazardous wastes; second, to discuss same of the major
issues associated with burning hazardous wastes in cement kilns; and
third, to investigate the potential application of cement kilns for
safe disposal of hazardous wastes generated in the Asia-Pacific

region. This study constitutes the Consortium's initial phase of
research on this topie.

1.3 Methods of Study and Analysis

To accomplizh the stated purpose, it was first necegsary to obtain
technical reports of laboratory tests and demonstration projects.
These reports included Jetailed descriptions of cement production

processes, waste fuel handling systems, and technical capabilities and
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limitations. Operational data, where available, wWere obtained to
assess performance of kilns while burning wastes. Information was
also sought on energy savings [rom substlitutlon or' wWwaste fuel for
primary fuel. Information wag gought from the USEPA on regulatory
measures, license and permit requirements, and state-of-the-art
technology. A thorough search of the literature availlable in this
field was made. Discussions were held with cement manufacturers, EPA
personnel, and researchers at Argonne National Laboratory and the
Portland Cement Association. Information was also sought from
selected PBCHWR members about research or operating experiences in
their countries.

Specific critical issues addressed in this study are (1)
operating experience, waste types and character istics, and test
results—--destruction and removal efficiencies (DREs), emissions,
products of incomplete combustion (PIC); (2) sampling and analytical

procedures; and (3) economics of waste fuel use.

1.4 . Organization of the Report

First, a brief overview of the cement industry, the technology of
cement production, and waste fuel handling systems are presented.
Second, the operating history of burning hazardous waste in cement
kilns and a summary of test results are discussed collectively under
various emission categories of interest. Third, the economics of
waste fuel burning is discussed. Fourth, risks assoclated with the
burning of hazardous wastes in cement kilns are evaluated. Last, an
overview of cement plants in selected Asia-Pacific countries is
presented from which one can infer potential for hazardous waste

disposal. Findings and reccmmendations follow.



2. CEMENT PRODUCTION

Tals section provides a brief overview of the cement industry in

the United States and descrlbes the technology of cement production.

2.1 Overview of the Industry

Portland cement is one of the largest scale mineral commodities
produced in the United States with an annual production in 1985 of T4
million tomns. About 200 cement plants with more than 325 kilns are
located throughout thirty-eight states.

The cement industry is capital-intensive and is dependent on the
conscruction industry. Energy costs normally amount to 33 to 40
percent of the total cost of cement manufacture, but in scme cases may
even be as high as 65 percent. Energy efficiency improvements have
been made since 1950 when about 7.8 million Btus were required per ton
of product. The estimate for 1979 was 6.5 million Btus per toa for
the wet process cement kiln. This figure has probably coatinued to
decline based on historical trends (USDOE 1980). Preheater
modifications on dry process plants have reduced energy consumption to
as low as 3 million Btu per ton in some instances (Branscome et al.
1985). 1In 1972, only 39 percent of the industry's energy was supplied
by coal, but conversion to coal started in the 1970s. In 1978,
pulverized coal accounted for 53 percent of the fuels used in cement
production (USDOE 1980). Currently, more than 90 percent of the

installed capacity uses coal as the primary fuel (Mournighan and
Branscome 1988).

2.2 Process Descrintion

Portland cement 1s produced by controlled high-temperature
(2,500° to 2,800° F; 1,400° to 1,500° C) processing of a carefully
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'proportioned mixture of finely zround limestone, silica, alumina, and
iron oxide-bearing raw materiala in a rotary kiln.

For a typical U.S. cemen:t plant, the raw zateriala--lizmestonz,
silica, and iron ore--are proportiopately milxed together in
approximately 4:1:.07. The crusning and mixing i-ay be elther
performed dry or wet (il.e., as slurry with 30 to 40 percent water).
For several years, the wet process wWas preferred by the 0.S. cement
manufacturers because of its advantages in control of blending and
ease of grinding (USDOE 1980). Recently, however, there has been
inereased conversion to improved forms of dry processing primarily

because of lower energy requirements for the dry process (5;5 million

Btu/ton for the dry process, as compared to 6.7 milion Btu/ton for the
e/ eon 2o MR RRILED A !

wet process).

Thermal processing of the mixed raw materials may be viewed in
three stages: drying, calcining, and clinkering. The first stage
(drying) applies primarily to the wet process and requires
temperatures in the neighborhood of 212° F (100° C). The second and
third stages (calcining and clinkering) apply to both the wet and dry
process. Calcining is the controlled heating of the mixture in order
to dehydrate the materials and to drive off carbon dioxide from the
limestone. Calcining temperatures are in the range of 1,000O to
1,800° F (550° to 1,000° C). Clinkering (scmetimes called "burning")
is the term for the chemical reactions that coavert the raw materials

into hardened granular masses of calcium aluminates and calcium

i e e —

ferrites. The clinker reactions take place at temperatures in the
range of 1,800° to 2,500° F (1,400° to 1,500° C). The resulting
clinker is then air-coolad and ground to a fine powder (90 percent
<200 mesh) for use as portland cement. The solid's residence time
varies from kiln to kiln and is comtrolled by the kiln's revolution.
Typical solids residence times are on the order of 2 (range of 1 to h)
hours. Often, gypsum (i.e., calcium sulfate, CaSou) is added to the
clinker during grinding ian ordsr to retard the setting time of the
cement. Portland cement ofs-n coatains 5 So 9 percent gypsud.

For most (about 80 percent) of the cement production in tne

United States, all three stageas of thermal processing take place in a
rotary kiln. Figure 1 is a schematlic of a typical cement plant. The

/_' -
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wet or dry mixture ol raw mrteriala antars the rotating cylinder at
the upper (or back) and of the kilz and sraces=da through Zones of

dryinz (only for the wet proceas), calelaing, and clinkering uncd

-
emy

[

e

reacheg the lower (front) end of tl=2 Liln wners Lo 2xits ag clinker.

Heat for the operatlon of the wila ia suppliad by 3uapension firing of

o

fuels through burners located at the lower =nd of the xiln. As
indicated in the figure, the flow of the neated gases in the kxiln 13
countercurrent to the flow of the solid raw materials. Gas residence
times range from 3 to 8 seconds. Rotary kilns for cement-making range
in size from 8 to 25 feet (2.4 to 7.6 @) in diameter and from 200 to
600 feet (60 to 183 m) in length, and are inclined at approximately 3
to 6 degrees.

Two features of the cement-making process ars of special interest
when coal and easily combustible solid wastes are used for fuel.

First is the fact that much of the ash from combustion of these fuels
becomes incorporated into the clinker. It is a standard practice 1n
the cement industry to adjust the raw materials feed to account for
incorporation of ash into the clinker (USDOZ 1980). Second is the

)//fact that the kiln itself acts scmewhat as a scrubber for sulfur
oxides, thus removing some potential pollutants from exhaust gases.
This scrubbing effect is partially present in the calcining zone of
the kiln where calclium carborate in converted to calcium oxide (lize),
which can react with the sulfur oxides to fora calecium sulfite and
sulfate. This scrubbing effect rermits the kilns to use relatively
hizh sulfur fuels {reportadly up to 4 percent) wWithout axceeding air
pollution codes (Ahling 1979).

The exhaust stream leaving the upper end of the kiln must undergo
cleaning before discharge to the atmosphere. The mcat ccmmon types of
air pollution control devices that are used to clean the exhaust are

/ electrostatic precipitators (sP), or baghouses, often preceded by a

centrifugal separator. As auen as 125 tona of particulates may be

collectoed during th2 productlon of 1,000 zzna of cemeat clinker. Moat
=} : ’
of theas parsizxalatey (3) persent o0 —ora) are Stne sarticlen of

cement or raw mterialy rather i2an parzicles of [ly ash {rem the
fuel. In scme cases, the collected dustd are recyclad througn the

kiln, but in other instances--for environmental and safety
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reasona--the dusts are conaidered detrimental to the process and are
therefore dlascarded as wastes.

Several (0.5, and Zuropean cement ranufacturers have bd2gzun
modiiying thelr planta to accaumodate lower priced fuela and to
incorporate energy-conserving proceas changes. In addition to
shifting toward the use of the dry process, most of these
modifications involve scme separation of the three thermal processing
phases carried out in a coanventional rotary kiln. Such modifications
include the use of preheaters (either suspension or grate type) and
the use of so-called "precalcinera™ to carry out drying and
caicination of the raw raterials before the milxture enters the rotary
kiln. The rationale for performing the three thermal processing
stages 1in separate furnaces 13 that each furnace can be designed to

optimize a specific function, and the rotary kiln can then be used for
clinkering alone.



3. USE OF WASTES AS FUELS

3.1 'Waste Tuel Syatens

Many liquid hazardous wastes have heating values of 10,000 Btu/lb
or more. Bouse and Ramas (1987) atate "The annual estimated

generation of all types of hazardous waste in the United States 1s 265

N

million short tons. Fifty-five percent of that total is estimated to
be combustible. EPA data suggest that 26 million tons of hazardous
waste fuel with a heating value 8500 Btu/ lb i3 available and that

only 7 percent i3 presently committed to enerzy use."

Liquid organic wastes that are presently burmed in cement kilns
include:

e Spent halogepated and nonhalogenated solvents generated by a
wide variety of manufacturing processes, including
metalworking, degreasiné, painting, and printing;

Still bottoms frcm solvent recovery;

Petroleum industry wastes;

A number of used and off-specification organic chemicals; and

Waste oils, consisting primarily of engine crankcase oils, but
also including transmission fluids, hydraulic and compressor

fluids and coolants.

Although cement ¥ilns have the potential to incinerate all types
of organic wastes, cement manufacturers have been interested to date
only in burning high-Btu wastes. Due to a desire to avold public
opposition, these facilities have not burned "high-profile" hazardous

— ———

!§§£g§4_§uch,as‘polygplog;ga&gd§§£g§sgzig_ﬁgFBs), on an cngoing basis,

despite the fact that test burns have demonstrated the ability of

cemeat xilns Lo destray.these substances (Laubgr 19837).

in order to properly durn complex chem!zal wastes in cexent
kilns, it iz important to have technical djata such as shown in
Table 1. Instruments required to analyze waste fuel in an on-site

laboratory include an atomic absorption spectrometer or emission

11
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Table 1. Data pertinent to incineraton of chemical wastes

Cridcal waste incineration
parameters

Physical and chemical propertes

Uldmate analysis

Meuls

Halogens

Heating value

Solids

Liquids

Gases

Organic portion

Special characteristics

Toxicity

C.H. O, N, s, ash, and moisture

Ca. Na. K, Cu. V, Ni, Fe, Pb, Hg, Cr, Cd, as,
atc.

Chlorides, bromides, fluondes

Btu/lb or cal/gram

Size, form, and quantity to be received

Viscosity, specific gravity and impurities, HO
Density and impurites

Percent total organic carbon

Corrosiveness, reactivity, flammability

TLV (Toxic Limit Value), carcinogeniciry,
aquatic toxicity, etc.

Sourcas: Lauber (1982).

3ranscome =€ al.

(1985).
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spectrodcope, 1 bomb calorizeter (for neat value measurezent), a
hydrometer (for density measurement), a vigscosimeter (for viscosity
measurement), farl FTisher apparatus (for water~content analysia), a
gas chromatogriph/za3s 3dpectrometer with flame lonfzatilon (for orgzani:
specification/quantification) and an elactron capture detector, and 2
combustion bomb with combustion product analyzer (for ultimate
analysis of gas and ash content) (Branscome et al. 1985; Bouse and
Kamas 1987).

Tank truck shipments of waste fuel are analyzed for the
parameters described in Table 1 before unloading. Approved shipments
are unloaded into storage tanks. Each shipment is filtered as the

% m—r

truck is emptied. The storage tank contents are kept well mixed by
agitators and a bottam-to-top recirculation line._‘E;;“;;;E;/fuel is
filtered agaln before being pumped to the kiln's burner line.

The waste fuel pumped to the burner floor enters the waste fuel
line inside the burner pipe. Fuel supply pressure varies from 30 to
about 50 pounds per square inch gauge (psig) depending on burner
capaclty and size of kiln. Air ie also introduced into the waste fuel
through a whirling vane near the burner nozzle to aid in atamization.
Alr pressure supply ranges from 40 to 70 psig (Viken and Waage 1983;
Ahling 1979; Branscome et al. 1985).

3.2 Plant Modifications Required to Burn Hazardous Wastes

Cement plant nodifications required to burn liquid hazardous

wastes as a supplemental fuel Iinclude:

® Installation of relatively sophisticated laboratory equipment

to characterize wastes on site;

e Conatruction of waste recelving, storage, blending, and piping

¢4
v

equlzzent; an

A
sy sl

S

r-
«

e Mcdlifticatlion of tihe ¥Xiln's fuel injection aystem.
In 1986, capital costa for construction of plant modifications at -

a U.S. cement plant planning to burn 16 million gallons of waste fuels
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2

1

‘annually were estimated at a little more than $1 million (Henz 1936).

Costa of peramitting insurance, safety equipment, and public relatlons
were additlonal.

On an =xperimental baals, gelected solid wastes can be fed into 2
xiln together with primary fuel. For gsome solid wastes, a prexiln
must be installed. The prekiln is set or programmed to suit the type
of waste that 1s being destroyed. In some cases, combustion of the
solid waste takes place in the prekiln, and in other cases oaly
low-toiling substances from the 3olid weste are driven off 1in that
kiln. There are two kinds of prekilns available, namely, rotary kilns
and pyrolysis gasifiers (Ahling 1979; Weitzman 1983).

Despite the potential for burning solid hazardous wastes 1n
cament kilns, any ongolng commercial burning of hazardous wastes in
cement kilns has been limited, insofar-as 1is known, to pumpable
liquids containing minimal amounts of water. To acccmmodate solid

wastcs, major plant modifications would be required (USEPA 1986).

0\



Y. QPSRATING EZYPERIZNCE AND TOT RESULTD

4,1 Introduction

A number of test burns have been conducted at cement facilities
to determine the impact of burning organic hazardous wastes on
emiasions of many air pollutants, including organic constituents and
product3 or incomplete combustion, lead and other metals, hydrogen

chloride, particulates, and sulfur and nltrogen oxides.

Trial burns conducted at more than a dozen_cement plants over the

e

past 9 years 1in the United States, Canada, and Europe have

demonstrated that these facilities have the capability tou destroy s
,‘-‘\../——‘V/‘- \ =
greater than 99.99 percent of even the most difficult-tc-incinerate X

organic substances (Beers 1987). Although exceptions te¢ the 99.99 —~

percent destruction and rr-oval ef ficiency (DRE) were noted during
some of the trial burms at two of these facilitles, the majority of
these tests demonstrated DREs approaching 99.999 percent. Those tests
at which the 99.99 percent DRE were not obtained appear to have
resulted from a failure to properly atcomize wastes or other operating
errors.

Small amounts of hazardous waste burned in an 1incinerator
achieving a DRE of 99.99 percent may escape complete destruction and
be emitted to the atmosphere. The resulting concentration of unburned
waste in exhaust gases can range from 5 to 50 parts per billion
(Fennelly 1986). These emission levels of unburned waste are below
the New York State Department of Environmental Conservation's
regulatory air emission standards for the classes of solvents and

organlc chemicals that cement facilities incinerate.

4,2 OoerutinxgﬂiatofzJ With Hizhlights of Tast Burns

Pyroprocessing of hazardous wastes 1in the cement kilns began in
the 1970s in Canada, Europe, and the United States. An outline of
this early experience is Included in Table 2. Before 1980, waste fuel

15
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Table 2. Operating history of cement kilns

Primi rest Prog. Parameters .
Plant Yewr Process APCD Fu:{y " POHCB‘ PICs ClL == Fuel types tested
S5
Sibuwrence Cement | 1974 Dry-Prcheaty  Sp Fueloil | x - - - Lubricating oil contaminated with mietal
Mississagua, Ontario
1975-76 | Wt ESP Fueloil | x X I Chlorinated aliphacics (ety.
dichloride); chlorinated
i aromatics; PCBs
Peerless Cement 1976 Wet ESP Coal - x - X PCBs
Deuuit, M
Stora Vika Cement 1978 Wet ESP Coal x x x X Chiorinated aliphatics; chlorinated
Sweden aromatics; Chlorophenols und phenoxy
acids; Freon 113
Norcenm Cement 940- i -
Slemmestad, Norway 1980-82 Wt ESP Fuel oil X X - X Tar {aikunes, alkubenzences, poly ‘
stomatics, hydrocartons - PALY
M e Cement 1981 PCBs (48% C1)
apgueite ¢imel ESP Coal .
Oyglesby, IL Dry X - X Chlorinated aliphatics, MEK, toluene
Sun Juun Cement 1981-82 We achous -1 0i cted alinhatics
Puerto Rico ¢t Baghouse| Fucloil X x X X Chlorinated aliphaucs
Alphas Cement 1982 Wet . Coal X . . s emTumnte (halogens = 3¢ .
Cemeniton, NY ESP X Waste solvents (halogzns = 390 ppri)
Generel Pontlund 1982 D - Aromatics and chlorinated aliphutics
Los Robles, CA 7| Baghous¢| Coal i e
General Portand
P:uld;;lg.Oll 1983 Wel ESP Coal X X X X Chlorinated aliphacics, MER,
toluene
Lone Star ¢ D - v
Ogleshy, 1L 1983 y ESp  |CoallCoke | X | x X |x Chlorinated aliphatics, MEK, toluene

Suurceni Mournighan and Branscome (1988).
Branscome et al,
Viken and Waage (1983).

(1985),

APCD; air pollution control device

ESP; electrostatic precipitator

gt
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was used at St. Lawrence Cement, Peerless Cement, and Stora 7ika. The
waste burned at all taree locations included PC3s and other orzanics.
Test data generally ladizated acceptable perrormance fn terz3 of kiln
operations and emissions; however, since there was adverse public
reaction to burning PC33 at St. Lawrence Cement and Peerless Cenent,
hazardous waste burning was discontinued at both locations (Berry et
al. 1975; Bouse anc Xamas 1987).
The 19803 have seen continued testing of waste fuels in cement

kilns at several cement plants. Table 2 continues with the axperience
of the early 19803. This gection presents highlights of tests at esach

Specific site, with pertinent comments on operating history and tast
results.

4.2.1 St. Lawrence Cement Company

From 1974-76 the St. Lawrence Cement Company, Mississagua,
Cntario, burned waste chemicals in two separate kilns. The test in
1974 burned waste lubricating oils contaminated with lead and zinc in
the company's dry process kiln with a l-stage preheater. Test results
indicated that these metals became incorporated into the clinker.
Waste chlorinated hydrocarbons, consisting of approximately 45 percent
PCBs, 12 percent aliphatics, and 33 percent chlorinated aromatics,
were burned in 1975 in a wet process kiln.

Extensive tests were conducted during these trial burns of
chlorinated organics. Stack tests performed during the trial burms
indicated a destruction efficiency of at least 99.986 percent for the
chlorinated hydrocarbons. PCBs were not found in the clinker. About
50 ppb of volatile low molecular welght compounds (carbon
tetrachloride, chloroform, dichloromethane) were found in the emission
samples. A mass balance carried out for chlorine indicated that
essentially all the chlorine had reacted with the proces3 solids.

This demonstrated that acid gases such as HCl, which are generated by
the pyrolysis and oxidation of chlorinated hydrocarbons, are
effectively neutralized by process lime in the cement kiln (Mournighan
and Branscome 1988; Hazelwood et al. 1982). This provides an
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additional benerit. Some cement plants have a need to produce low
alkall cement products. In 3uch cases, the burning of chlorinated
hydrocarbons diraectly resuita in the lowering or the alkallinity ol tae
cement producta.

During test burning of chlorinated wastes, the average
replacement of primary fuel with waste fuel was about 12 percent, |,
whereas the heating value of these wastes averaged about 10,000
Btu/lb. Fuel requirements for the kiln were reduced by about 65
percent of the actual energy content of the wastes burned (Hazelwood
et al. 1982). It was demonstrated that chlorine can be added to a
typicaL wet process kiln at rates of about 0.4 to 0.7 percent or
clinker weight without disrupting kiln operations.

The burning of PCB waste at St. Lawrence was a technical success
in that the wastes were destroyed to below analytical detection
1limits. For about 2 years, wastes with up to 10,000 ppm of PCBs, a
most difficult compound to destroy, Wwere burned completely without
accident. Public opposition, including resentment, developed because
they had not been informed. PCB operatlons were subsequently
suspehded after extensive public hearings.

4.2.2 Peerless Cement Company

In December 1976, a test burn of PCB wastes (a mixture of 40
percent archlor 1260 PC3 with primary fuel) was conducted at the
Peerless Cement Plant, Detroit, Michigan. The waste was pumped at a
rate of up to 0.75 gal/min directly into the main coal flame of the
kiln using an auxiliary burner. The burning zone of the kiln was at
2,650o F with a residence time of 10 seconds.

Stack euissions during PCB tests showed a DRE of 99.99 percent.
However, when background stack tests were performed with no PCBs belng
injected into the kiln, some low-level PCB emissions were detected in
the kiln omission stack. The paradox was that PCBs were detected 1n
the plant's feed water used in the raw materials feed slurry.

Followlng these PCB waste destruction tests, considerable public
opposition developed and hearings were held.

A



4.2.3 Stora Vika Cement Plant

detWween February and July 1978, various chlorinatad chemical
wastes wWere burned at the Stora Vika Cement Plant, about 70 kilozeters
south of Stockholm, Sweden. Chlorinated aliphatics, PC3s,
chlorophenols, and phenoxyacids were burned during these testas.
Average chlorine content was 17 percent of waste fuel welght.

Chlorine content in the wastes averaged 0.35 percent of clinker
weight. There were no kiln operational problems so long as chlorine
input was kept below 0.6 pernent of clinker weight; at higher rates,
alkali halogen rings began forming in the kiln. These problems
disappeared when chlorine feed rates were reduced (Hazelwood et al.
1982). Destruction and removal of PCBs was 99.9999 percent.

Analyses were also conducted for dioxins and furans, but no
detectable quantities were found. Dust emissions from the plant
increased during the trial burns due primarily to an increase in
potassium chloride concentrations in the kiln dust. Water was used to

extract these chlorides from the dust before recycling.

4.2.4 Norcem Cement Plant

At the Norcem Cement Plant in Slemmestad, Norway, an
energy-saving program using hazardous waste fuel was initiated in the
early 1980s. By introducing 30 percent combustible hazardous waste,
energy consumption of primary fuels was reduced from 1,000 to 700
kcal/kg of clinker (Viken and Waage 1983). A high temperature (above
1,“00o C) in the combustion chamber was maintained for decomposition
of stable materials such as PCBs and other polyaromatic hydrocarbons
(PAH). DRE for PCBs was 99.9999 percent. Specilal efforts were made
to detect dioxins and furans, but none were found. MNo organics were
detected in the dust from the electro-filter or in the clinker.
During the burning of these PAfls, instrumentation allowed detection of
heavy organics in the stack emission at extremely low level:s (e.g.,
PAH, ketones, alkanes at 14, 23, and 150 ug/Nm3, respectively). The
detected levels of these decamposition products did not vary greatly
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from emisszions under basellne conditions (i.e., without hazardous

waste fuels).

4.2.5 Marquette Cement Company

During 1981, the Marquette Cement Plant, Oglesby, Illinois,
burned chlorinated aliphatics, methyl ethyl ketone (MEX), and toluene
as waste fuel in their dry process cement kiln. Test programs
ineluded POHC analysis, metal analysis, and THC analysis. DREs for
various organics ranged from 99.94 to 99.999 percent. When lead
contaminated waste oil was burned, reduction in lead emissions down to
a level comparable with lead emissions from burning primary fuel
(coal) only. was reported (Mournighan.et al. 1985). Quantitative data
was not included in the report available. The Marquette Cement

Company 1is currently owned by Lone Star Industries.

B.2.6 San Juan Cement Company

During fall and winter of 1981 and 1982, the USEPA conducted
several worst-case trial burms of highly chlorinated chemical wastes
at the San Juan Cement Company in Puerto Rico.

The San Juan tests were conducted in a wet process cement kiln
fired with bunker fuel (no. 6 oil) as the primary fuel. Eight test
burns were conducted. Process temperature was 2,1400o F. Gas
residence time was U seconds. Chlorine content of some waste fuels
was as high as 38 percent. The fuel mixture with the "most difficult
to destroy" constituents included 1.4 percent methylene chloride, 4
percent chloroform, and 8 percent carbon tetrachloride.

One of the objectives of the program was to determine if
polychlorinated dibenzodioxins (PCDD) and polychlorinated
dibenzofurana (PCDF) werz emltted as products of inccaplete ccmbustion

while hazardous waste was being fired to the kiln.

<\
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The report of the San Juan testa states (Peters et al. 1984):

nCONCLUSIONS

Some of the results observed in this demonstration program wWers

contradictory to results from other cement xiln incineration

tests; e.g., lower DRE3, no change in particulate emissions, and

significant changes in SO2 and NOx emissions. The conclusions

presented below apply only to this particular kiln and the

results from this demonatration orogram.

The inability of this kiln to conaistently achieve
99.99% DRE (a value which hazardous waste incinerators
must demonstrate) of the POHCs is attributed to

unatomized waste introduction to the kiln flame and the

difficult incinerability of the POHCs. These compounds
(CH2012, CHC13, and CClu) are occdsionally employed as
fire retardants because of their ability to remove
hydrogen atoms from the free-radical branching
combustion reactions to form HCl. Combustion of
chlorinated species containing less chlorine may have
resulted in higher DREs.

Chlorinated dioxins and chlorinated dibenzofurans are ‘>(/'
not produced at detectable levels (1.6 ng/m3) when a
cement kiln firing chlorinated wastes 1s operating
normally.

Cement kilns will absorb over 99% (about 99.7%) of the
22 e T T

HCl1 formed during the combustion of chlorinated
—_—

hazardous wastes. This absorption is partitioned
between the clinker and baghouse dust.

At San Juan Cement Company, approximately 82% of the
chlorine fed to the cement kiln appears in the clinker.
This limits the chlorine content of the total fuel to
less than 1%. Thiz may vary at different cement plants
because quarry alkalinity (ability to absorb chlorine)

varies at each cement plant.
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13.

Achievable fuel savinss are a Sunctlion of the chlorizae

content of the waun2 and 2ach nlant'a abillty %o abuarh

cnlorine. A% Zan Juan Zomens Thapany, 1 hazardous
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waste containing 1233 than 53 Will rezcult {n at leass a
20%_393}ngsﬁin fuel zosts. Higher fuel saviangy zay 5e
posaible for higher chlorine contents at other planta.
Production of zalable cement product i3 possible when
burning chlorinated hazardousa wastes provided the
plant'as chlorine abgorbability limit i3 not 2xceeded.
Atomization of the wast2 fuel would be desiruables, il a
flame configuration can be obtained which does not
alter the praizary fuel flame corfiguration.

High feed line pressure (1,380 to 2,070 kPa (200 to 300
paig)] i3 not required for waste injection to the kiln.
This pressure requirement may change depending on the
type of atcmizing nozzle used.

There 13 no significant change in particulate emissions
due to burning chlorinated hazardous wastes. This
result was observed on a cement kiln equipped with a
fabric filter air pollution control system. A cement
kiln with an electrostatic precipitator may not achieve
similar resulta due to a change in dust resistivity.
Emiassicns of aulfur dioxide, total hydrocarbons, and
hydrogen chloride increased significantly when waate
was burned. A cement kiln with a higher alkalinfity
feed than that at the San Juan Cement Company may not
have an increase in SO, emissions.

2
Emissions of nitrogen oxides decreased significantly

when waste was burned.

There 13 no change 1in particulate ambient air quality
due to hazardous waste combustion in cement kilns.

The 30lld waste (bagzhouse dust) generated by hazardous
wasce burnliaz ind {53 ACRA eazract (loachate) are

suitable for landfilling.m
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4.2.7 Alpha Cement Company

Durins summers 13341, the buraing of wassne solveats waa begun in
the wnt procosgs co2ment $iias at Alpha Cement Coataay, Cementon, Hew
Tork. During t2a3ts, up t2 15 zal/min of waste solwventa contiining up
to 2 gercent chliorinated organics were burned at this dezonstratlion
project. These waste fuels were fired at up to 25 percant replacemeat
of primary fuels. Front-end kiln temperatures were 2,200o T and
above. Gas residence time was 5 seconds. In the testa, DRE3s of 99.99
percent were achieved for the POHCa. The demonstratlon project
indicated about 58 percent lower SO7 emissions than when the primary
fuel (coal) was burned alone.

The firm planned to conduct additional worst-case trial burns

involving various higher halogenated principal orgauic hazardous
compounds in the near future.

4.2.8 General Portland Cement Company

The cement kiln at Genmeral Portland Cement Company, Paulding,
Ohio, uses the wet process with coal as the primary fuel. Beginning
in 1983, normal operation of this kiln included co-firing of waste
solvents as supplemental fuel.

An EPA demonstration test at this plant in 1983 included 4 days
of baselline testing and 5 days of testing during the waste burn. The
POHC3 in the waste fuel included methylene chloride, MEX, toluene, and
Freon 113. The waste fuel was fired through a separate burger pipe
inside the coal burner with air atomization of the solvents. Process
temperature was in the range of 2,500O F to 2,600O F with a gas
residence time of 4 seconds.

Test resulta indicated DREs of 99.99 percent for Freon 113 and
299.99 percent for trichloroethane. There waz no statistically
3lzaificant dilference baetwean averagne POHC oxzisgsion rates Ior the
baseline and waste fuel burn. Thia was also true for PICa.

Most of the chloride (about 95 percent) was removed with the

dust. Leas than 5 percent left with the clinker and stack gas. There
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Were emissions of Cd, Cu, Hg, Pb, and Ce when waste fuel was burned.

Dibenzclurana and dibenzodtoxins found in the 3tack gas were at a

concentration level of l2u3 than 0.17 ppb.

4.2.9 Lone Star Industries

The first trial burn in this plant at Oglesby, Illinois, was
conducted in 1981 when it was formerly owned by Marquette Cement
Company. In 1983 there was a second demonstration project at this
plant, now owned by Lone Star Industries. The test used paint
solvents composed of chlorinated aliphatics, MEX, and toluene. The
waste was 3spiked with Freon 113 and fired through a separate pipe
under the coal burner with pressure atomization. DREs were in the

range of 99.999 percent.

4.3 Test Results

Test results have shown that use of waste fuels does not affect
cement quality. Other specific test results for each of the
demonstration projecta are discuased here collectively under various

categories of emisaions interest.

4.3.1 DREs for POHCs

Deatruction and removal efficiency (DRE) is a simple efficiency
calculation based on the amount of a compound emitted from the stack
after thermal destruction and gas treatment in the control device
compared to the quantity of that compound entering the kiln with the
waste. Demonatration projects for atudy of hazardous wasto disposal
in fncinerators and cement kilngs uae the SPA-developed VOST (volatile
organic sample train) and Modiried Method 5 (MM5) techniques to
determine the concentration of principal organic hazardous

constltuents (POHCs) in stack gases.



The DRE reaults for aome or the dezonstration projects are
sumzarized in Table 3. The reported DRE2 are >99.99 percent Ior
wastes with moatly chlorinated orzanics, >99.939 percent for

chlorinated aromatics, and >99.936 percent for PC3 aixtures.

4.3.2 POHC Emission Rates

POHC emission rates are 3summarized in Table 4. The tests at
Paulding, Lone Star, and Los Robles showed that the difference in POHC
emissions between baseline burns and waste burns was not statistically
significant. During the trial tests at Stora Vika, the only compounda
detected in the stack gas were chloroform and Freon. In burns at
Peerless Cement, there were low-level PCB emissions during both the
baseline and PCB burn. PCB was detected in the plant's feed water
used in the raw materials feed slurry, which accounts for PCBs in
baseline emissions. At San Juan, lower DREs were attributable to
upatamized waste introduction to the kiln. Also, the most

difficult-to=-burn compounds were chosen as POHCs (i.e., CHzclz, CHC1

3’
cc1u).

4.3.3 PICs (Products of Incomplete Combustion)

The burning of complex mixtures of organic compounds yields
emissions of compounds other than POHCa. Several tests at kilns have
attempted to quantify concentrations of both volatile (boiling point
<100° C) and semivolatile organic compounds that are emitted under
baseline and waste fuel conditions.

Table 5 lists the types of compound3a that appeared as PIC3 in the
tests. The results show that when hazardous wastes were burned, there
geaerally were ainor incr2aszes in PIC3 comparad ta baseline
coanditfona. The regulty Jor baaeline durng (L.o., no hazardous wagte)
indicate that many of the POHC3 are by-products ol coal ccmbustion.

Trace quan:ities of PICa were found at San Juan during kiln upset



Table 3. Summuary of DREs

Plant

Waste Compound

Destruction and
Removal Erfeiency

(DRE)

St. Lawrence Cement
Mississagua, Ontaro

Peerless Cement
Derroit, MI

Stora Vika
Sweden

San Juan Cement
Puerto Rico

General Portland
Los Robles, CA

General Portland
Paulding, OH

Mamuette Cement
Oglesby, [L

Lone Star
Oglesby, IL

Norcem Cement
Norway

Chlonnated aliphaties
Chlonnated aromancs
PCBs

PCBs

Methylene chlonde
Trnchloreethylene

All chlonnated hydrocarbons
PCBs

Chlonnated phenols
Phenoxy acids

Freon 113

Methylene chloride
Trchloromethane
Carbon ietachlonde

Methylene Chlonde
1,1,1-Trichloroethene
1,3,5-Trimethylbenzene
Xylene

Methylene chlonde
Freon 113

Methyl ethyl ketone
1.1,1-Trichlorethene
Toluene

Methylene chlonde
Freon 113

Methyl ethyl ketone
1,1,1-Tnchloroethene
Toluene

Styrene
Ethylbenzene
O-Xylene

Benraldehyde

PO

> (,)().O()
> 99.939
> 99.930

99.9981-99.9934

> 99.995

> 99.9998
> 99.983

> 99.99993
> 99.99999
> 99.99998
> 99.99936

93.262-99.997
92.171-99.96
91.043-99.996

> 99.99
> 99,99
> 99.95
> 99.99

99.956-59.998
> 99.999

99.978-99.997
99.991-99.999
99.940-99.9383

99.94-99.99
99.999
99.997-99.999
> 99.599
99.986-99.998

> 99.999
> 99.999
> 99.999
> 99.998

SSHPRIPISIP

Sourcas:

Branscome et al.

(1ves3).

Mournighan and Branscome (1988).

|
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Table 4. Summuary of POHC emission rates

Baseline

Waste hurn

Test Location POHC; emissions SITuUsSSion
(mu/s) (me/s)
San Juan Methylene chlonde 1.4 94
Chloroform 11.0 94
Carbon tetrachlodde 71.0 191
Paulding Methylene chlonde 0.6 1.1
Freon 113 <0.02 <0.025
1,1,1-Tnchloroethane 0.04 0.149
Methyl ethyl keone 0.77 0.54
Toluene 4.7 170
Stora Vika Methylene chlonde - <73
Trichlorcethylene . <0.3
Chloroform - 10.0
PCBs * <0.04
Chlorophenols . <0.025
Phenoxy acids * <0.05
Freon 113 * 0.03
Peerless PCBs 0.1-0.75 0.13-0.33
Los Robles Methylene chloride <0.1 - 0.43 <0.003
1,1,1-Trichloroethane 0.13- 0.34 0.005
1,3,5-Trimethyl benzene <0.1 - <7.5 <0.42
Xylene <0.1 - <3.1 <0.21
Benzene 35-54 75.00
Lone Star Methvlene chlonde 4.8 09
Freon 113 0.43 0.075
L1,I-Tachloroethane <0.025 <(0.014
Methyl ethyl ketone 0.17 0.14
Toluene 1.3 0.98

* None of the target compounds 2xcept chloroform was found during the baseline test.
Sources: dranscoue =2t al. (1933).

Mournighan and 3ranscome (1983).
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Table 3. Proctucts of incomplete combustion (PIC)

Tests

Baseline combustion

Waste combuston

San Juan, Puerio Rico

Los Robles, CA

General Pordand,
Paulding, OH **

Lone Star, Oglesby, IL

Stora Vika. Sweden

Benzene

Toluene

Methylene chlonde
Trichlorethene

Methyl ethyl ketone
Teluene

Benzene

Biphenyl
Naphthalene

Toluene
Benzene
Biphenyl *
‘laphrthalane

Benzaldehyde

Phenol

Alkylbenzene

Benzoic acid

Naphthene iscmecs

Anthracene

Polychlonnated

dibenzofurans (C': 3,6,7

isomers)*

Methyl ethyl ketone

Toluene
Benzene
Eiphenyl
daphthalene

Biphenyl

Naphthalane

Chlorofora*

Sources:

3ranscome 2t al.

(1985).

Yiken and Waage (1983).

*Trace quantities

kxYo incroase due to waste fuel combustion



conditions, and trace quantities may have been present wnen
chlorophenols and phenoxy-acids were burned at Stora 7ika. Howaver,
tests at two other kilns (Ozlesoy and Paulding) and zoss of =he
analyses at Jan Juan and Stora Vika revealed no detectahla gquantitia

of PIC3 a3 detarmined by MM5 and VOST (Branscome =t al. 1985;

Mournizhan and 3ranscome 1938).

4.3.4 Particulate Emissions

Emizsions of particulates from cement and ligntweight agzregate
kilns may increase slightly when waste fuels are burned. This occurs
because the presence of chlorine in the waste feed changes the
resistivity of dust particles, which in turn reduces the effectiveness
of electrostatic precipitators in capturing particles in exhaust
gases. However, by making certain operating adjustments, facilities
utilizing 2lectrostatic precipitators have demonstrated She ability to
meet regulatory standards for particulate emissions (Mournighan et al.
1935).

The effect of waste combustion on particulate emissions has been
of interest because the earlier cement kiln tests (St. Lawrence and
Stora Vika) indicated that burning chlorinated wastes increased
emissions of rparticulates. Subsequent tests indicate that the burning
of hazardous wastes does not affect the emission of particulales from
facilities that utilize a baghouse filter or scrubber system to trap
dust particles. A summary of particulates emissions in scme of the
tests i3 presented in Table 6. Average particulate emissions during
waste burns, anout 0.65 lb/ton of product ia most of the later tests,

were lower than during baseline burns (0.87 lb/ton of product).

4.3.5 Fata of Chlortine

Zaissions of nydrogen chloride (HCL), a hizhly acidic compourd,
often present problems for ccmmerclal incinerators burning chlorinated

organic wastes. However, BCl emissions from cement kilns are minimal.
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Table 6. Eaisaions of particulate matter

~1 (ez/m:
Particulate matiar “‘1$£§/m%
clinker)
Site Tesat condition gr/SCr Ib/n 1b/c  into kiln
St. Lawrence Chlorinated aliphatics  0.21 1237 3* b.0
Chlorinat=d aromatics 0.086 45 1.1 5.5
PCBs 0.078 44 1.1 2.5
Baselline 0.038 21 0.5 -
Lubricating oil 0.064 33 0.7 -
Baseline 0.107 139 1.1 -
Marquette Waste golvents 0.104 . 58 <1 1.1
Baseline 0.093 50 <0.3 -
Alpha Cement Solvents 0.0 EP] 0.8 -
Baseline 0.050 53 1.1 -
San Juan Wastes 0.043 22.4 0.66 5.5
Baseline 0.041 21.7 0.64 -
Paulding Wastes 0.030 18.9 0.65 2.2
Baseline 0.030 19.6 0.64 0.2
Lone Star Wastes b b b 1.2
Baseline 0.17 116 2.0 0.2
Stora Vika Aliphatics 0.039 21 0.33 L.y
Baseline 0.009 4.7 0.21 0
PCBs 0.024 12.7 0.53 3.6
Baseline 0.011 5.9 0.2¢ 0
Chlorophenols and 0.058 32.9 1.36 0.95
pheaoxyacida
Baseline 0.014 7.7 0.34 0
Freon 113 0.062 33.3 1.39 1.7
Baseline 0.022 1.7 0.49 0
Sourcea: Mournighan and Branscome (1988).
Branscome et al. (1985).
330z formation and 5P ALffisulties
bES? mal uactioned
o

\
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decauss conditloas wWithin the cement %iin arae nizhly caustic,
virtually all ot the chlorfine =nterling the kiln i3 nz2utralized by
alkaliz to Hra caleiua chloride, sedium chlorile, and potazziun
chloride, substances which are not acidic. The Paulding tes: report
indicated that most of the chloride wags removad with the wasz2 dust.
Less than 5 tercent was emitted with the clinker and stack zas.

Data in Table 7 show that during scme waste burns there were
increases in chlorlde emissions compared to baseline conditions, and

in other cases there were decreases.

1.3.6 NO. and SQ» Emissiona

Unlike cosl, which typically contains significant amounts of
sulfur, hazardous wastes usually contain little or no sulfur.
Therefore, the use of hazardous waste as a supplemental fuel in cement
manufacture provides the indirect benefit of reducing emissions of
sulfur dioxide from the kiln (Branscome et al. 1985). Nitrogen oxide
emissions generally are not affected by the burning of waste fuels.

NOx and SO2 emission results are summarized in Tables 8 and 9,
respectively. Tests at Lone Star and Paulding showed higher NOX
concentrations during the waste burms. This was probably due to the
higher O2 input (Branscome et 2l. 1985).

302 test emission results show that substitution of the
s fur-containing primary fuel with a low sulfur waste fuel decreased
302 amission in the tests at Alpha Cement, Marquette Cement, and
General Portland at Paulding. The San Juan test showed an lncrease in
502 emissions when waste fuel was burned. The increase was attributed
to a lower O2 input (as evidenced by low NOx emissions) and
competitive acid gas scrubbing from HC1 in a relatively low alkaline
kiln when burning the highly chlorinated wastes (Mournighan and

Branacome 1233).



Table 7. HCl emissions

HCL
Test a
Site condition (lo/h) (1b/t) Notes
Alpna Cement W 5.3 0.11 Organic halogens In fuel =
B 2.4 0. 590 npm
Marquette W 115 1.9 Avg. 1.1 kaCl/mg clinker for
B 190 3.2 waste burn; waste avg. =
4.5% C1
San Juaa W J.79 0.02 Avg. 5.5 «zCl/og clinker for
B <0.19 <0.06 waste burn; waste avg. =
6.5 - 35.12 C1
Los Robles W 1.03 0.015 Waste = 2% Cl; avg. 1.1
B 0.55 0.007 kgCl/mg clinker
Paulding W h.62 0.16 Avg. 2.2 kgCl/mg clinker;
B 1.25 0.04 waste avg. = 2% C1
Lone Star W 25.3 0.46 Avg. 1.2 kgCl/mg clinker;
B 2.9 0.054 waste avg. = 1.93 Cl
St. Lawrence W <1 <0.02 6.8 kgCl/mg clinker, max.
B <1 <0.02 0.7 kgCl/mg clinker for

baseline

Source: Mournighan and Branscome (1988).
'
B

waste burn
baseline
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Table 8. Suamary of NO~< amiasiona

M0
- X
Tagt .
Site condition’ (1b/n) (1n/%) (pez)
Marquette ) 275 4.6 54y
B Loy 5.7 920
San Juan W 31.3 0.9 68
B 60.4 1.8 136
Lo3 Robles W 304 5.3 4E6
B yigh 8.2 630
Paulding ) 174 6.0 473
B 140 4.6 371
Lone Star W 72 8.6 214
B 371 6.9 520

Source: Branscome et al. (1985).

3y

B

waste burn
baseline



Table 9. Summary of 302 emissions

SO

2
Tsut

Site condition® (1b/h)  (1b/t)  (ppm)
Alpha Cemént W 58.5 1.1 33 S in coal = 2.6%; S in waste

B 138 2.7 78 S during waste burn = 2.0%
Harquette W 11.5 0.19 18 in waste = 0.08%

B 57 .1 0.95 93 in coal = 7
San Juan W 264 8 450 in fuel oll = 2.15%

B 170 5 279
Los Robles W 21.7 0.36 21 in coal = 0.43%

B 23.7 0.38 27
Paulding W 207 6.8 265 ~Jn coal = 4.3%

B 526 17.2 636
Lone Star W 14.7 .12 19 in coal/coke = 2.7%

B 5.6 .10 7

Sources: Mournighan and Branscouwe (1988).
Branscome et al. (1985).

= wasteburn
B = baseline

e
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4.3.7 THC3 and CO Emissions

Test results for THC3 and CO are swummarized ia Table 10. THC3
increased duriag waste ruel combustion at three test locationa (San
Juan, Paulding, and Lorn2 Star), decreaced at one test location
(Marquette), and remained the same at another (Stora Vika).

The results of CO emissions indicate that combustion of waste

fuels does not significantly affect CO concentrations.

4.,3.8 Metals

Because waste olls and many hazardous wastes typically contain
metallic constituents, most notably lead, concerns have been raised
over emission of metals in cement kiln exhaust gases. The data on
metal emissions from hazardous waste incinerators are less well
developed than the data characterizing destruction and removal
efficiencies for organic substances (Oppelt 1987). However, evidence
published to date indicates that the burning of waste fuel in cement
and lightweight aggregate kilns results either in no ircrease or in
only a slight increase in alr emissions of lead and other metals
(Higgins and Helmstetter 1982). Studies have shown that greater than
99 percent of the lead contained in warte fuels i3 either lncorporated
in an inert form in the clinker product or is adsorbed onto kiln < .st
particles that are removed by air pollution control devices (Bransacome
et al. 1384). For comparison, a recent survey of trial buras ia which
wastes contalining lead incinerated in cement kilns concluded that lead
emissions frcam six of the seven facilities tested were less than lead

emissions from several autcmobiles burning leaded gasoline (Mournighan
et al. 1985).

b.3.9 Dioxing and Furang

Two types of highly toxic PIC3, dioxins (TCDDs) and furans
(TCDFs), have received special attention because they have been

>
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Table 10.

In

Summary of THC and CO concentrations

Site Test condition THC (ppm)a co (pom)
Marquette Waste burn 4702 -
Baseline 1,250°
San Juan Waste burn 12.7 2“-7382
Baseline 8.3 25-349
‘o3 Robles Waste burn d 25-100
Baseline 4 10-518
Paulding Wasrtz burm 21 190
Baselin= 10 212
Lone Star Waste burn 5 2&-492
Baseline 2.5 35-40
Stora Vika Chlorinated aliphatics <10 300--1500
Baseline <10 1500
PCBs <10 100-1500
Baseline <10 100
Chlorophenols/ 10 50-500
phenoxyacids
Baseline 10 50
Freon <10 100-500
Baseline <10 100

Source: Brarscoue et al. (i198%).

aExpressed as ppm methane unless otherwise noted

b

Total nonmethane hydrocarbons

cRange of test averages

dHot measured

N
=



identified in alr emissiona {roa a aumber of 3olid waste incizeratora,

However, a aurvey of test resulta from trial burna conducted at cezent
xilns and other irdustrial hazardous waste incilnerators indicatss that
emissions of dioxina aand Juraina from these facililties are aot
sigpiffcant (Cppelt 1937). Tz2 dioxin isomer of gre=atest concera
(2,3,7,3-TCDD) has not bean datected In emissions from any of
seventeen harardous waste incinerators wWhere tests for these
substances have been conducted. Although other iscmers of dioxins and
furans have been ldentiffed in stack gases at several of these
facilitiea (lacluding during a trial burn conducted in 1985 at the
Lehizh Cement facility in Cementon, New York), emiasions from

hazardous waste incinerators appear to be approximately 3 orders of

magnitude less than those reported for municipal incinerators (Oppelt
1987).

"
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5. ECONCMICO CorF WAUTZ FUZL UG

This 3Jectlon =2xamineg the <2concarce feaainy:ilicy of duraing
hazardous waztes fa cement kilna. Fromothe viecwpoint o a cement
plant zapager, there aust be 2 reazcnable asgurancee of lzcreasad
profit or reduced cost to the plant before expgenses for burniag wastes
can be incurred. One U.3. cement plant with 1.5 million ton/yr cement
capacity anticipates an annual net savings of 33 aillion by providing
35 perc2nt of 1ta =2nergy requirementa with liquid chemical wWaates
(Beera 1937).

A report by Hazelwood et al. (1932) indicates that buraning
hazardous liquld wastes in cement xilns generally can be econcmically
attractive (i.e., for the waste generator, cement kiln disposal costs
less than ccmmercial incinerator dispcsal; and for the cement plant
manzger, net energy costs are reduced substantially). Bouse and Xamas
(1987), Mournighan and Branscome (1988), Ahling (1979), Viken and

Waage (1983), and Henz (1986) have confirmed this economic
attractiveness.

5.1 General Zennomic Factors

Energy costa in the cement industry normally amount to 33 to 40
percant of total cement production coa3ta, and in some cases may be as
hizh as 65 percent (Bouse and Xamas 1987). Organic wastes buraed in
cement kilns can reduce fuel cost substantially and thus affect the
economics of waste disposal. The amount of waste fuel that may be
used at a particular plant depends primirily on the characteriatics of
the waste and the ability of the plant to store and pump wastes in the
required quantities.

Fees charged for waste diaposal at cement kilna vary with heating
value, toxicity, wuter coatent, chioride contoens, 2odizent contans,
metalas and 3o0lids content, and waaste sampling ara analyais required.
Fees vary widely from region to region depending on the availability
and continuity of waste supply.
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Capital costa for plunt modifications (L.e., for storage,

handling, fuel injeczion, and laboratory aquipzent) are cequiced Lo

burn waste fucly, nus oo oawlditional capital costa for onneal of
particulate 2aisaicons are asc232ary At a1 g2zent nlantc. =Zlaecuroatatic
precipitators and faoriz Uili2rs are already an easenctial part ol the

engineering design tn zodern c2ment plants. HoWever, 3cas i{ncreazed
oparating and malntenance co3ts 2ay be neceszary in ovcder to
accommodata waste fuels. Compliance testing will also increase costs.

Waate characteristics are necessary concernd in :ne desizn and
conatruction of waste sransport and handliang system.  Tor example, 1f
sludge acccmpanying 2 Wa3t2 S0 be durnad it pe digpozed of
separately, 3mme add2d 2apital and operating cost z2ust b2 anticipatad.

Additional insurance coverage in the form of environmental
1mpairme§pﬂl;abil;ty_is a cost factor in asceasing the economics of
;;;ént kilns for waste disposal.

One set of factors that influences costs and fees has to do with
the responsibility for laboratory analyges of primary fuels and waste
fuels. In the case of primary fuel, the fuel supplier i3 responsible
for laboratory analysis of the product that he sells to the cement
kiln, and the fuel costa include necessary analytical cost3. In the
case of hazardous waste fuel, the burden of laboratory costs may fall
on the cement kila unless by admg contractual arrangezents these costs
are to be assumed by the waste gzenerator. Whoever 13 respcasible ror
the quality of the waste (user or generator) must assuze the
analytical cost, which for most ccmplex wastes is considerable. In
addition, the cost of flue zas saampling and analysis for compiex POHC3
and PIC3 would be the responsibility of the cement kilan. These
analyses are far beyond the scope and ccst for normal environmerital
regulations of cement kilns. In some cases, proper saapling =quipment
may well cost 3100,000 or more. Continuous emisaslon zonitors mighgwi
5130 be réquired, derending on applicable regulations. At abdout
320,000 to 350,000 for -ach parametaer deasurad, users 2t aupploemental
wasse fuoly atrhc oot owion o acocent the risk ot aansine onotans
waszte quality either roam the astandpoint of thelr own cunent quality
or from an environmental regulatory position. The cost of

establishing a field laboratory for burning of scme waste might be in



RS

the range of 3500,000 to $700,000 with annual operating costs in the
range of 3$100,000 to $159,00C (pers. com. Malcola Wilson, Noveamber
1983).

The continuizy of waste fusl supply in the Juture may Se affected
by the impact of gradual raduztlon ‘n the quantitfes of certaln
hazardous wastes (2.z., 2C33) wWhose manufacture, at least {n the

United States, has been -ermicated.

5.2 Economic Data for Yodel Plant 4

Hazelwood 2t al. (1982) and Brazscome et al. (1985) have
developed a cost model for hazardous waste disposal in a hypothetical
cement plant. This model demonstrates the relationship between costs,
disposal fees, and return on investment. The features of the model

are as follows:

e Tae small wet process kiln has an annual capacity of 230,000
tons;

° Waste fuels are delivered by truck;

. Coal_is the primary fuel;

e Air and water pollution control systems--ESP, exhaust air, and
waste-water treatment are available with excess capacity;

e Adequate space for siting of any needed facilities is

availablea.

Table 11 presents cost estimates for the additional installed
equipment and operating expenses necessary for hazardous waste
disposal in the kiln.

Annuaiized cost i3 composed of fixed cost, including loan
repayment over 5 years, interest, labor, utility, maintenance, and
insurance costa relatad to waste buraing. A3 shown in the table,
annualized =apizal and operatlog 2osty are 23timated to total
approximately 343,200. On a production basis, this would be
equivalent to 19 cents/ton of clinker produced (for the one 230,000
tons/yr kiln utilized). Considering production cost of cement (about

\c‘\y')
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245/ten), this (3 an tnaiznifLeant outlay. Novyercheloaa, to odzaln 2
15 percent rs=turn on talds wdditiopal investaent for conatructisn and
operation of =i wadso—nandling systen Would coquirm: 4 Total
from the operation > at Least 45,700 2 year. TwWo coJdt geenarios are
presented here oo Illustrate s pousltive net savings due Lo
substitution of waste fuesl for primary fuel.

The following data are ccazon to both the cost scenarios:

e Kiln production--230,000 tona/yr;

e Unit fuel cost for prizary fuel-~3$2.46/million 3tu;

e Chlorize limit--0.5 parcent of xiln production, or 1,440
tona/yr;

e Heat value of waste--10,000 Btu/lb;

e Existing kiln monitoring systems and on-3site laboratory
facilities are adequate, 30 no additional investment is
required for this purpose;

e Annual return of capital + 15 percenc profit = about
450,000/yr.

EPA has used these data in calculating revenues resulting from
¢wo levels of waste fuel use (two scenarios) and three levels of waste
fuel cost (Hazelwood et al. 1982). The net savings estipated for the

two scenarios are presentad here.

5.2.1 Cost Scenario I

In the firat cost scepario, it 13 assumed that a waste containing
20 percent by welzht of chlorinated hydrocarbons is avallable and that
80 percent of the wWaste's heatingz value can be recoversd.

The maxiaua amcunt of chlorinated waste that can be used,
asauning a shlorine Lizit of 0.5 percent of clinker wWelzht, 13 1,480

tona/yr, Aiviioel oy 13 gercoat, o T Ar anch migad el ownieh L

Ty

chlorinated hydrocarbons (i.e., 7,200 tons of waste per year). TL‘
recovered heating value of the waste fuel used will total 1.15 x 10
Btu. This 1s equivalent to T.9 percent fuel substitution.
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If the waste 13 deliverad at no cost to the cement plant (l.e.,
disposal fee = (), total aaviazs will be 3233,000 per year. llet
Javicgs, subtractiag invest;ent costd plus a 15 percent retura on
investzent, would be 3223,000 per year or 97 centd per ton or cezent
producead.

If the cement plant purchased the waste for $1 per aillion Btu of
waste, net savings would be 49 cents per ton of cement produced.

If the cement plant charged a dlsposal fee equivalent to i1 per
million Btu of waste fuel heating value (332/ton of waste), net

savings would be esquivalent to $1.45 per ton or cement produced.

5.2.2 Cost Scenario II

In thn second cost scenario, it is assumed that a waste
cortaining 10 percent by weight of chlorinated hydrocarbons is
available and that 90 percent of the waste's heating value can be
recovered.

The maximum amount of waste that can be used is 14,400 tons/yr.
The recovered heating value of this quantity of waste 1s about 2.59 x
. 1011.Bt? or 17.8 percent of the kiln's fuel re~uirement.

Net savings cer ton of cement produced Will be:

e 32.45 if the waste 13 delivered to the cement plant at no

cost;

e 31.37 Lf 31 i3 pald per million Btu of waste fuel by the

cement plant; and

e $3.53 if $1 L3 charzed per milllon Btu of waste fuel by the

cement plant.

5.3 Eeonnxzic Data for Mod21l Plant 3

The economic data in these models are rough estimates with only

partial information and should only be taken as guidelines for
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econcmic analysis. The costs of equipment and facilitiesa at any
specific plant may vary conslderably.

In the model, costs for saapling and analysis of wastes anc
emissions were not included. In a routine ongoing waste disposal
operation, these sampling and analysis coats are relatively small.
However, during a trial burn to establish satisfactory plant operating
conditions for hazardcus waste disposal, these sampling and analysis
costs could be significant.

USEPA (1985b) has developed a cost model for another plant about
double the size of Plant &, w.th higher required investment costa to
burn hazardous wastes and with higher waste fuel substitution rates.

The features of this model are:

e The medium-size wet process kiln has an annual capacity of
500,000 tons;

e 50 percent fuel substitution 1s assumed;

e Waste fuel feed rate is 1,900 gal/hr with a heat value of
10,000 Btu/lb;

e Waste fuel costs $4 per MBtu; plant uses 2,500,000 MBtu/yr so
waste fuel costs 310 million/yr.

A. Capital costs for olant modification (1985 dollars)

Four 25,000-gal storage and blending tanks $ 240,000
One 150,000-gal working tank 150,000

Pumps, motor, and auxiliary equipment and
instrumentation 180,000
Containment :ystem, sump3, and paved areas 70,000
Laboratory building 100,000
Laboratory equipment and safety equipment 120,000
Fuel delivery system 50,000
Contingencies, 203 180,000
31,090,000

4
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8. JAnnualized coats for plant modification

plus operations and naintenance

Matertials and supplies $ 30,000

Maintenance 20,000

Operating labor and overhead 160,000
Capital recovery (8 15% interest,

10-year life) 220,000

$ 430,000

In Model B, significant additional costs have been estimated as

follows:

Annual cost Annual cost
first year in subsequent years
Permits $ 250,000 $ 140,000
Public education - 100.000 10,000
Extraordinary measures 350,000 100,000
(not defined)
$ 700,000 $ 150,000

First year total costs = $430,000 + 3700,000 = 3$1,130,000
Subsequent year annual costs = $150,000 + $430,000 = $580,000

A 32.5 million/yr net fuel savings is reported for the 50 percent

fuel substitution case. These savings in relation to costs clearly

indicate attractive econcmies.

It i3, however, important to establish the economics of waste

disposal on a case-by-case basis for each individual cement kiln since

many economic factors differ substantially from kiln to kiln.
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6. RISX ASSESSMENT

There are risks in any method of hazardous waste digsposal. This
section attempts to put the risks of cement kxiln disposal in
perspective.

The USEPA has conducted a risk assessment of the potential health
effects of toxic organic and metals emissions based on trial burnms
conducted at nine hazardous waste incineratlon facilities. This risk
assessment conservatively estizated that the increased cancer risk for
an individual exposed to incinerator emissions over a 70~-year period
ranges from 1 in 100,000 to 1 in 1 million. Because this is a
worst-case estimate, it likely overstates the actual risk of cancer
resulting from emissions from hazardous waste incinerators. Although
EPA's risk estimate was based on data from a relatively smal) number
of facilities, other available risk assessments corrohorate EPA's
assertion that emissions from properly operated hazardous waste
incinerators do not pose a significant threat to public health or the
environment (Oppelt 1987).

Interestingly, the 99.99 percent destruction and removal
requirement, which has generally been used for permitting hazardous
waste disposal in cement kilns and lncirerators, is not based on any
risk assessment of the environmental hazards associated with emissions
from a facility meeting this standard. Rather, the 99.99 percent DRE
target was developed by EPA as an achievable standard based on the
results of approximately 50 trial burns conducted during the 1970s.
Some authors have argued that the 99.99 percent DRE standard is a
highly congservative requirement, as existing air emission standards
for many organic chemicals from industrial process sources are 10 to
100 times less stringent than this requirement (Beers 1987).

The remainder of this section provides details on risks of

tranaportation, astorage, handling, kiln emisslons, and other risks.

47
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6.1 Transportation Riaks

Any waate that aust be disposed of at a site other than i{t3 point
of generation will require transport to the disposal aite and will,
duriag its tranaport, create a risk of spillage and/or rire. GSuch
risks are not unique to a given methed of off-site dispozal and will
be incurred whether the waste i3 to be disposed of by incineration,
landfilling, or destruction in a cement kiln.

Wastes supplied to cement plants for disposal are likely to be
transported by tank trucka over public highways or by rail. In the
United States, compliance with federal or state environmental
regulations serves to mitigate risks involved in transporting
hazardous wastes. In addition, plants utilizing waste fuels should
exercise managerial procedures that further reduce risks to the
public. These procedures include selection of a reputable licensed
waste hauler, identification of most favorable transport routing, and
insistence on, and drill in, emergency contingency plans (Bouse and
Kamas 1987).

In scme cases, transporting of waste fuels from the source to the
cement plant is the responsibility of the waste supplier; in other
cases, it 1s the responsibility of the cement plant. In either
situation, both parties are likely to share the respoansibility for
safe transport. Therefore, the cement manufacturer must be actively
involved in selection of the fuel transporter and fuel transport
methods. It is also likely that cement plants, when contracting for
delivery of waste fuels, will assign the responsibility for safe
transport to the waste supplier. Transportation rigsks will norzally
be the responsibility primarily of the waste hauler and secondarily of
the waste generator. In the United States, the "eradle to grave”
manifest system inherently formalizes this responsibility.

In planning for delivery of wastes, care shogld be taken to route
shipment to minimize potential public exposure to hazards from
tranaportation 2ccidenta.  This will involve identification of
alterpaclive routegs, assesszent of roadway conditions, and analysis of
population exposures along alternative routes. A principal concern in

evaluating transport routes is likely to be the population along

/z/do
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proposed routes. Environmental impact assassment of tranaportation
should lncorporate risk factors involved in accideatal apilla.
Assuming an average wWaste fuel heating value of 10,000 3Btu/lb or

90,000 Btu/zal, and a typical tank truck capacity of about 45,000

(=

pound3 or 5,000 gallons, it 13 poasible to calculate the number of
shipments required for various levels of waste {usl utilization at a
cement plant. The number of shipments can be used to estimate total
ton-miles of transport required. Probability of accidental spills in
any given year can be estimated by the means ol the Pcisson

distribution, which governs infrequent random occurrences as follows:
=X, 0

e X

n n!

where x

no. of accidents/yr of this type country-wide from trucking

industry records or insurance company statisties;

n = no. of truckspill accidents expected over lifetime of the
specific cement facility;

P = probability of an accidental spill during transport for
that cement facility in any one year.

Based on historical accident rates, probability of a
transportation accident resulting in a spill exceeding a certain level
of damage can be estimated (Menzie 1979).

Risk is a function of probability and consequences of an
unfavorable event. Consequences of the event must be calculated for
specific types and locations of such events after functional analysis

of a proposed operation.

6.2 Storaze and Handling Risks

Storage and handling of waate fuels at cement plants entaill risks
similar to those encountered by many industries that use or generate

flammable or toxic materials. Techniques commonly employed to

i
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mitigate such risks are woll doveloped and can be applliad with zinimal
modification. Jtoraze and handling requirements will dirfZar according
to charactaeriastics of th2 wazt: being used. Yariablas Lo De

conaidered in aelaecting appropriate equipment and handlizg metheds
include the wasta's toxizity, rlammabllity, corrosivity, reactivity,
vapor pressure, viscosity, and solids content.

Principal concerns in storage and handling of fuels are the risks
posed by spills and fires. A apill of waste fuel can result in the
contamination of 3oil, zroundwater or surface water, and releaze of
hazardous vapors. Additional risks associated with waste fuel fires
are those of property damage, personal injury, and zro3l contamination
of air with combustion preducts.

Off-loading of tank truck3 must be conducted in a way that
minimizes vapor releases into the air. Closed transfer lines should
be used between tank vents.

Through use of well-designed systems and procedures, probability

and sevérity of accidental spills during storage and handling can be
limited.

6.3 Other Risks

It is conceivable that tkere might be scme potential
contamination of the cement product with the hazardous waste fuel. In
the review of plant histories, there is evidence that such a risk is
insignificant (Mournigzhan and Branscone 1983; Berry et al. 1975;
Lauber 1932).

The consensus among studies investigating cement dust disposal by
on-site landfilling has been that although certain precautions may be
necessary to prevent wind dispersal or direct runoff to surface water,
the disposal of kila dust from cement kilns burning hazardous waste
does not appear to present 2 3igniflicant environmental risk (Hazelwood

2% 1l. 1232).



6.4 Xiln Emiazsion Riuskn
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Risk posed by stack =2m133ion3 from cement kiing utilicing wast:
fuala will wvary wWith chapractaristics of the waste used, rate of waatiz
injection into the kiln, axisting kiln chemiscry, and erricizncy ol
the particulate control devices =mployed ror cleaning stack gases.
Attention must also be 2ffectively directed to fugitive emissions of
kiln dust.

Toxic orzanic =missions could pose scme risk to the community
during upcet operatlion due to 1 rapid movement of clinker down “he
viln and into ‘the clinker coolar. Alzo, substantial nonuniforaiti=s
in.waste fuel composition from batch to batch may increase the
difficulty of maintaining stable operations. During such an upset,
emissions of incompletely combusted toxic organic compounds are
usually evident from the smoke and dust cloud accompanying their
release. Continuous emission monitoring may be neces3ary. Prompt
termination of waste feed flow to the kiln when an upset is detected
can prevent waste fuel from further contributing to those products of
incomplete combustion that might pose scme risk. A number of
investigators have studied the chemical reactions that occur under
conditions of upset kiln operation (Mix and Murphy 1984; Branscome et
al. 1985). These investigzations serve as a guide to minimizing upsets
and dealing with the impacts.

Incineration of chlorophenols and other chlorinated aromatics can
result in the emission of dioxins or furans. Reports of trial burms
roviewed during this study indicate that emissions from cement plants
burning chlorinated waste tuels have shown no evidence of ma jor
health concerns (Mix and Murphy 1984).

Trial burns at the General Cement Plant, Paulding, Ohio,
introduced waste fuels containing phosphorus and zinc. However,
phosphorus and zinc amisaiona were relatively insignificant in
ralation £o Shoir zencoaanrations in the paw materiala used to produce
comant clinker (Jranuceme 2% 2l 1535). Theroerore, th2ic low 23ounts
in waste fuels are expected to present no asignificant health riska.

Waste lubricating oils burned at the St. Lawrence and Stora Vika
kilns were contaminated with lead and zinc. Lead emissions in the

<
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kiln exhaust zases did not increase az a result of burning that waste
oil. In all the trial burma using wWaste oil, most or the lead was
encapsulated in the cement clinker. CSome of the lead from the waste
olla waa rfound in the kiln dust. Xiln dust dizpoaal problems zay
increase when hazardous waste fuels are ucsed. However, xiln duat can
be affectively marnaged, principally by recycling througzh the kiln or
through landfilling. Because cement dust is a highly buffered
alkaline material, the leachability of metal oxides from kiln dust i3

low (Peterz =t al. 1986).

6.4.1 Dispersion of Xiln Emissions and Health Risk Assessment

The magnitude and nature of health risks posed by air emissions
of a cement kiln burning hazardous waste can be estimated by use of
mathematical models. Many diverse air-dispersion models and exposure
assessment methodologies are available to determine the dispersion
concentrations of pollutants in the atmosphere (Kelly 1986; Dobbins
1979). These models feature a high degree of uncertainty in the
absence of more definitive data. However, they are also generally
recognized as the only tool currently available for procedures suca as
estimating the magnitude of envirommental pollutant concentrations
associated with exposure to air pollutants.

Using the Gaussian Plume Model to account for pollutant
dispersion downwind of the source, off-3ite downwind emissions
concentrations have been estimated for four principal organic
hazardous compounds that are likely decomposition products from
burning chlorinated organic hazardous wastes. These compounds
(methylene chloride, chloroform, carbon tetrachloride, and benzene)
are of principal concern because of their known or suspected
carcinogenicity and their relatively high emission levels in most of
the observad trial buras (Table 4). iHexachlorobenzene and
pentachloracinenol have also deen sugg2est2d 13 compounds of concern

whose dispersion mizht well be investigated.

The Gaussian Plume formula provides only rough estimates of

downwind concentrations. Unsteady emission rates, varying
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zeteorological conditions, chemical reactiona, scavenging, waspout,
and uncertainty of plume trajectories are not accounted Jor.
Axial mean concentration of the plume (C) at on2 kilszater

distance from the source is computed using the Gaussian Plume Forzula.

Q -2
- exp
Tug,J, 20,°

Axial mean concentration (ug/m

Where C 3)

Q = Pollutant source emission rate (g/3)

u = Mean wind speed (m/3)

- Lateral Gaussian Plume dispersion coefficient
Vertical Gaussian Plume dispersion coefficient

= Stack height (m)

woN S
"

In the absence of more definitive location data, we have
estimated axial mean concentration (C) for a windy location (Case 1)
and for a worst-case location (Case 2) under night inversion
conditions. Most actual cases are likely to fall within these
extremes.

Hypothetical Case 1:

Cement plant location = Windy island
6 m/3s
20 m

Dispersicn classes (Dobbins 1979:223-226)

Average wind speed

Mean stack height, H

Day time class is C (Varying amounts of incoming solar
and sky radiation with slight
convective activity)

Night time class is D (Neutral stratification when net
radiation flux is C)

Dispersion co=fficients (Dobbins 1979:226)
Day tize: J 106.96; 3 = 73.10

i z
v TS .A8T; 9, 27.33

"

"

Night time: o}

1]
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Hypothetical Case 2:

Cement plant location = Inland with niznt inversion
Average wind speed = 1 a/3
Dispersion claszes,.
Day time = D (Meutral stratification)
Night time = E (Radiation inversion may form and
will give rise to poor dispersion)

L & 3
Dispersion coerflicients

27.33
25.61

Day tinme: Jy = 75.487; oz
Night tize: I, = 53.50; s,

200 m

Mean Stack Heizht (H)

Axial mean concentration (C) values computed for two hypothetical
cases are presented in Table 12. Using the values from Table 12,

health risk for an individual can be estimated as fcllows:

Health risk R = Q xD where Q = Unit risk factor (USEPA
19852) (ug/m>)”"
D = Dose (ug/m3)
But D=CxAxF where C = Axial mean concentration
(ug/m3)
A = Absorption efficiency of
lungs

= 0.75 (approxizately)
F = Fraction or time apent

outdoors (assume 0.15)

»

Q xCxAxPF
4

Q xCx0.11

Therefore, Risk R

11

Table 13 presents the potentlal individual health risks f{rom
expoaure to the four POHC3.

The risk v2lue 727 caloulated Jor carcinogans, 2t 2 ziven dage
"D, indicates the number or additional cases of cancer to be =2xpected
within a population due to a lifetime (70 years) exposure to dose "D.7

-6
A risk of 1 x 10, for example, indicates that in a population of



Table 12. Axial mean concentration of the plume (C) 1 km downwind from source

Hypothetical Case 1 Hypothetical Case 2
POHCs Day Night Day Night
ng /w® ppb ng/m® ppb ng/m® ppb ng/w’ ppb
Methylene Chloride 0.6 0.2 1.8 0.5 11.0 3.2 15.9 1.6
Chloroform 0.5 0.1 1.6 0.4 9.9 2.0 14.3 2.9
Carbon Tetrachloride 0.8 0.1 2.4 0.4 14.3 123 20.6 3.3
Benezene 0.3 0.1 0.8 0.3 4.8 1.5 6.9 2.2

Mote: These ppb concentration levels are all below regulatory air emissions standards

" {n the State of New York.

cc




Table 13. Health risks from kiln emissions of four POHCs (Estimated upper limit of maximum individual health risks
of kiln emissions--R values) *

Hypothetical Case 1

Hypothetical Case 2

POHCs
Day Night Day Night
Methylene Chloride 1.2 E-08 3.6 E-08 2.2 E-07 3.1 E-07
Chloroform 59 E-07 1.8 E-06 1.1 E-05 1.6 EE-05
Cuarboit Tetrachloride 1.3E-06 3.9 E-06 2.4 E-05 34105
Benzene 1.Y E -07 6.0 E-07 3.6 E-06 5.2 1:-06

» In using Table 13 for judging risks from cement kiln emissions, it is pertinent 1o note that these R values assumne
70-yeur lifetime exposures at the assumed periodic concentrations for 15% of each duy (or night). Offsite exposurcs

10 einissions from hazurdous wastes in cement kilns are nonmally periodic and of short duration, compared 10 4 70-ycur

litethne.
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1 miltion, one additional cancer may sccur as a reault of this
exposure. Off-iite pollunant concentrations calculated [rom tle

Gaussian Plume foraula represent a caxioum individual doce 2xpected.

|95

The unit rick value or Q* is the estimated probability or contracting
cancer as the result or continuous 2xpo3ure to a concentration of 1
microgram per cubic meter (1 ug/m3) over a TO-year lifetime. It is
derived from the potency for a specific chemical as calculated by the
USEPA through use of conservative linear models that extrapolate
bicassay data from animal studies to =3timate response at low doses.
This responge is further axtrapolated to estirate human health arrectg
based on dJdirferences in vody weizht and inhalation ratezs. The unit
risk iz multiplied tizes the doge to give the health risk "R.”"
Resulting risk estimates represent the upper liimit of expected health

effects from this exposure and are subject to uncertainties of several

orders of magnitude. A risk of 1 x 10_6 or less 1is generally
acceptable. Risks in the range 10_6 to 10—M or less are currently
considered acceptable for many situations (USEPA 1985a).

Table 13 shows that carbon tetrachloride and chloroform risks are
calculated to be 1 x 10~2 (i.e., within an acceptable risk range).
Given the multiple uncertainties in the assumptions for the
calculation, the calculated maximum expected health risk is highly
uncertain. We can compare predicted concentrations shown ia Table 12
with those measured in typical polluted urban air in U.S. cities shown
in Table 14. For conditions typical of a windy island, all

corcentrationa are for short axnosures leas than that found in the

polluted U.S. cities. Under inversion conditions, the concentrations

of methylene chloride, chloroform, and carbon tetrachloride are much
higher than found in U.S. cities under polluted conditions. Table 14
also shows the International Agency for Research on Cancer (IARC)
clasaifications of carcinogenicity for these substances. Before
burning chlorinated organic wastes in a specific cement kiln, trial

burng are suzrsgestad Lo de

%

rmine -mission rates and downWind

t

Lt

concenLratlons 97 JcacliL

<

candifdase nazardous wastas, and Lo Taxe
calculations of health risks under dif ferent conditions. For example,

in scme locations of specific cement kilns, it may be desirable to
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Table 14. POHC concentricions in typical polluced U.5. cicizs

(classificacion »I car:tinogenicicy and POHC concentzations)

SOHCS [ARC Classification| Weight of Evidence| Ll
(1979-32) for Carcinogenicity | SOneentrion
in polluted
U.S. Ciues* (ppb)
Methylene Chlonde 3 [nadequate humnan 05 -0
and animal
Chloroform B Sufficient animal; 0.1-02
inadequate human
Carbon Tetrachlonde o3 Sufficient animal; 0.1-03
inadequate human
Benzene 1A Sutficient human 10 - 6.0

*Source: Shah and Heyerdahl (1988).

avoid burns of some hazardous wastes during some conditions such as
atmospheric inversions. In scme cases, it may be desirable to change
stack heights.



7. CEMENT XILNS LN SELECTED ASIA-PACIFIC CCUNTRIZS

In June 1983, at the outset ol tie 3tudy of this topie,
Consortium members were requested o provide information on cement
kilns in their country. 3Specifiically, they were requested to provide
an inventory of cement kilns lizting plant capacity, trpe of process,
approxirate age of plant, current ownership, location, population
density, and type of surrounding land use, together with any notes on
operating experisnce for those piancts that aizht be certinent in
considering these plants as candidates for hazardous waste disposal.

Table 15 preczents 1988 data provided by Congortium meaberg in
Malaysia, Korea, and New Zealand. These data give some insight into
the potential for using cenment vilns for disposal of hazardous waste
in those countries. Hopefully, in subsequent phases of this study,
similar data will be available from Consortium members in other
Asia-Pacific countries. Even though recent experience in the United
States indicates hazardous wastes can best be introduced as only a
small percentage of input feedstock, a review of Table 15 indicates
that cement plants in those three countries have a substantial
potential for disposing of large quantities of hazardous wastas. Ir
site-specific studies confirm the potential for safz and econcmical
disposal, it will be possible to avoid major capital expenditures ror
new hazardous waste disposal facilities to the extent that certain
cement kilns can be used for that disposal function.

It is of scme interest to review the 1988 data in Table 15 in the
lignt of scme 1984 data in Table 16 from global statistica. As of
1984, the Asian region alone accounted for about 138 percent of wWorld
cement production; China accounted for about 35 percent of Asia's
production, followed by Japan (22 percent), India (8 percent), and the
Republic of Xorea (6 percent).
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Malaysia, and Xorea. This zrowth probably alzo represents increasing
opportunities for prudent and econamical hazardous waste disposal

through use of cement kilns in those countries.
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Irarila of ceaent plants tia satactad Asta-2ictllT countries (aa 37 1333

?roductlon Agn of 2atzam
Yizae ind locatlon capaclty Tyee of »lant of Tyoa of
Country af z2emmnt plant (tonne/yr) procass (yr3) owne=snlp surrounding land-uale
Malaysta Assoclated ?1a 1,000,000 ot 15 Private Rmstdential-cun-urdan
Malaystan Cezant, Li=attad ar=a
Rawang, Seolangor
Parak-danjong 1,000,000 Dry 2 Private Jasidential areas, fruit
Stzen, ?rdang, tiattad arsharda, jpaddy (telda,
?adang ?erax and ruobar 2atatas
Cement [ndustrien 1,000,300 Ory 13 Publtic Reatiential areas and
of “alaysia 3arnag, 1iatted rober 23tates
?arils
Tasak Cement 1,000,0C0 Semt-dry 25 Public Iadustrial
3arnad, Jopn Perak and dry 1iaitad
Kedah Ceaent 3dn, 600,000 Dry ] Governaent- Rubber and <siunut
Lanekawi, Xeden owoed satates, paddy Cields,
fruit orchards, and
residential areas
Associatad Pan 403,700 Wot 28 Private Rubber estates and
Malayatan Cement, linited residertial areas
Chernor, Perak
Malaysta Industrial 60,000 Dry 29 Public Restdential areas and
Mining Corporation, linited limestone hills
Batu Cava, BDelangor
Rook Cheamical 12,000 Dry 13 Private Rubber estates
Industries, lahat, lintted
Perak
Korea Dongyang Cement, 5,168,750 Dry with u6 NA Ursan; population
Samchuck suspenstion denatty of 905/sq k=
preheat
Saangyoug Tanghon 10,385,710 Dry with 20 NA Urban; population
Cement, Dornghan suspension denatty of 509/3q km
preneat
Seangyong 7anghon 2,336,950 Dry with 13 HA Rural; population
Cmaant, Taongnul suapension density of 74/3q ka
preheat
Seangyong Yanghon, 317,550 Vet 31 NA Urban; population

Munkyung

denstty of 1209/3q xm



Production Aze of 2iztarm
Naae ana location sapacity Type of alanc aof Typa of
Country of zemant plant (tonne/yr) process (yr3) ownaranip surrunding land-use
Hanil Cnanent, 3,222,750 Dry witha 24 NA Rural; population
Danyang suspenston 0/3q &
preneat
Hyundat Cement, 3,212,000 Dry with 28 NA Rural; population
Danyang suspenston 30/3q @
preneat
Asea Ceaant, 2,387,100 Samsl-dry 22 NA Rural; populatton
Jeocnun and dry h2/3q k=
Sungshin Yangnhoe 3,639,050 Dry vitn 19 HA Rural; population
Canant, Ywnyang suspenaton 30/ 3q @
preneat
Goryu Cesent, 730,000 Dry with 13 HA Rural; population
Jangsung suspenston 159/3q ka
preheat
Halla Cement, 1,313,000 Dry with 3 NA Rural; population
Okgynu suapenaton 89/3q kn
prenheat
OUnion Ltd, 109,500 Dry with T NA Rural; population
Chungjoco suapension 169/3q k=
preneat
Hew Golden Say Cement 500,000 Dry with 6 NA Rural; nearest village
Zealand Co., Portland near suspension has 80 houses and
Whangarat preneat 2 k= distance
Mi{lburn Yew Zealand, 220,000 Wot 32 NA Aural
Ltd., Cape Foulwind
near ¥eatport
Milburn New Zealand, 125,000 Wat 52 NA Aural; aearest house

Ltd., 3urnstde,
Grasen I3landg

13 about 0.5 to 1 ko
away
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World

Africa

M. America

Usa

S. America

Zurope

Asia
Caina
Hong Xong
India
Indonesia
Japan
Korea, Republic
Malaysia
Philippines
Singapore
Thailand

USSR

Oceania
Augtralia
Fiji
dew Caledonia

YNew Zealand

Source: United Nations (1987).



8. FINDINGS

Dispozal of selacted hazardous wast2s ia currently being safely
conrducted at more than 20 cement planta in the United States, with
stecific and 3ignirficant sconcmies being achisved. Other plants
are in various stages of planning to use combustible hazardous

waste as fuel.

Although data on cement-xiln dispocal for a ccaplete spectrun of
hazardous waste types were not available during this initial phase
of study, there is substantial information on cement-kiln disposgal
of sgigggngggizgg_fgglg_ignEs). SDF constitutes a large fraction
of hazardous wastes in many regions. Since rany SDFs have high
heat value and can be used as a partial substitute energy source
for cement kilns, there is substantial economic motivation for
developing countries to concentrate on SDFs in their initial trial
programs for disposal of hazardous wastes in cement kilns. Bouse
and Kamas (1987) provide information coacerning disposal of SDF in

cement kilns.

The Introduction listed many promising charactaristics of th
cement manufacturing process that can lead to opportunities for
environmentally sound and economically attractive disposal of
hazardous wastes. However, evaluation of this technology to date

jndicates that the following constraints must be recognized:

e Waste type characteristicg: Cement kilns are limited in the

types of waste they can accept. Solid hazardous_wastes, for
example, do not appear to be econcmically attractive at
present. ‘Wastes with low heatinz value (e.5., under 8,000
3tu/1lh) may e marginally atsractive.  Cholorine contaent ol
waste Suels must conorally be host undar 3.9 percent of clinkar

welght. Water content of the waste fuel must not be excesasive.
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e Pormiti nnd reguiations: To date

, at least in the Unitad

States, the peraitting process (including tost Surna) Lo
P L : 3

usually time-conguming, ccmplox, and xpeniive. Tnig
discourases scme plant owners/manaz2rs rom adopiing Tnis
tecrtnology. Moreovar, regulatory requirementd for continuing

monitoring and recordke2ping lncrease costy.

e Liability aud insurance: Processing hazardous wagtes often

intreduces additional liability and insurance co3ts.

e Wasts ruel supnly: There gust be a reliable and continuing

supply of waste fusl availabls within a reasonablz distance at
a reasonable price (or fee) to justify the investment necessary

for burning the waste fuel.

e Public and employee acceptance: Due to a desire to avoid public

opposition, some cement plants have not burned well-known
hazardous wastes such as PCBs on a continuing basis, despite
the fact that test burns have demonstrated the ability of
cement %ilns to destroy these substances (Lauber 1987).

Some cement plants, particularly those near residential
neighborhoods because of inadequate attention to fugitive dust
problems, have in past decades been considered as undesirable
neighbors, regardless of what fuels the cement plants were using,
or might use in the future. As a consequence, the public may
often view new proposals concerning any changes Whatsoever in

cemeat operations with suspicion.

Despite the preceding constraints, it is conaidered that this
technology in many instances can provide mutual benetr'ita to both

industry, which gensratas such wastes, and to acciz2ty and

governmenty that Want IO 1lapose of harcardous Waston

L
]

coparly. A
nd

o8]

thougn““ul well-dnJ‘ zned communitj educat;on prozran

appropriate risk assessment are necessary.
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propos=d for disposal;

e Unique operating characteristics of a plant;

e Local Gtopography and meteorology at a plant site (which, for
exampl2, mignt be relatad to stack neizht); and

e Unique regulatory and permititing requirezents.

Accordingly, acme f{orn of risk assessoent for each apecific waste
at each specific site appears to be a prudent step to take before

_—

making any commitment to this technolog}z Section 6 presents the

concepts of such risk assessment. If an initial risk assessment
indficates a potentially unacceptable risk to human health or
ecosystems, an adjustment of stack height, or added scrubbers, or
reduction in firing rate (reduction in percentage of hazardous
waste in feedstock) may be adequate mitigating actions to reduce
risk to an acceptable level. Other risk management measures such
as avoiding hazardous waste burns during atmospheric inversions

may be available.

Even in a case where cost3 of dealirng with concerns about health
and the a2nvironment exceed energy savings, the cement-kiln
disposal option might be the most prudent if other disposal

options are still more expensive.
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I. INTRODUCTION

New York State's industries generate Jgreater zhan
172,000 tons of ligquid organii hazardous wastes and 187,000
tons of waste olls each year. In July, 1987, the Legisla-
ture enacted legislation (Chapter 618, Laws of 1987) mandat-
ing that New York's primary longterm strategy for dealing
with these wastes should be to encourage industries to
substantially reduce their generation of hazardous wascte
through source reduction and on-site recycling. However,
even under a scenario of maximum waste reduction, consider-
able quantities of hazardous wastes and waste oils will
continue to be generated for the foreseeable future. Due to
technical and economic limitations, many of these wastes
cannot be recycled. Therefore, there is a strong need to
develop innovative, advanced-technology options for treating
and destroying hazardous wastes in New York State.

Incineration -is one of the most promising options
currently available for destroying organic hazardous wastes.
The U.S. Environmental Protection Agency (EPA) has deter-
mined that: :

Incineration . . . is a valuable and environmen-
tally sound treatment option of liquid hazardous
wastes. . . . Risk assessments conducted by EPA
indicate that properly designed and operated
incinerators which meet the regulatory require-
ments for destruction and removal efficiency pose
minimil risks to human health and the environ-
ment.

Hazardous waste incinerators have the potential to destroy
virtually all types of organic hazardous wastes, reducing
complex organic compounds to several relatively harmless
substances, primarily carbon dioxide, water, ash and trace
amounts of other substances, including stv1fur dioxide,
nitrogen oxides and hydrogen chloride.

At present, commercial hazardous waste incigeration
capacity is extremely limited in New York State. However,
two types of existing industrial furnaces -- cement and
lightweight aggregate kilns -- currently operating in New
York have the potentlal to successfully destroy large
quantities of organic liquld wastes and waste olls. Tests
conducted at a number of faclilities in the United States,
Canada and Europe have demonstrated that cement kilns can
safely destroy almost all types of organic wastes, whlle
providing the added benefit of recovering substantial
amounts of energy that would otherwise be discarded.
Lightweight aggregate kilns can also be an effective



ITI. OVERVIEW OF CEMENT AND LIGHTWEIGHT AGGREGATE
KILN TECHNOLOGIES

A. CEMENT KILN TECHNOLOGY

Cement manufacturing is one of the largest mineral
commodity industries in the United States, with an estimated
proguction capacity of greater than 86 million tons annual-

ly. The principal chemical elements required for the
production of cement are calcium, silicon, aluminum and
iron. Calcium is provided by a calcareous material,

typically limestone, that usually is mined close to the
plant site. Silicon and aluminum are provided by an appro-
priate mixture of clay, shale, slate and/or sand. Iron is
provided by iron ore or steel mill scale.

Cement is produced in a horizontal-rotagy kiln lined
with temperature~resistant refractory brick. These kilns
are quite large, ranging in size up to 760 feet in length
and 25 feet in diameter. -'The kiln is inclined at a slight
angle (3 to 6 degrees) to facilitate the movement of materi-
als down the kiln. Heat is applied at the lower end of the
kiln by a powerful coal, gas or oil flame. The cement feed
material is introduced at the elevated end of the kiln. As
the cement kiln rotates, typically at speeds of 50 to 70
revolutions per hour, the feed material slowly moves down-
ward towards the firing end of the kiln. Feed material
residence times in the cement kiln typically range from two
to four hours.

Several distinct thermal zones exist within an operat-
ing cement kiln. The specific physical and chemical reac-
tions that lead to the formation of cement occur in these
thermal zones. The elevated end of the kiln at which feed
material is introduced is known as the drying and preheating
zone. In this zone, all water is evaporated out of the feed
product, and the temperature of the feed is raised to
approximately 1480 degrees Fahrenheit.

The preheating zone is followed by the calcining zone
of the kiln. Calcination is the process through which
carbon dioxide is driven off from the limestone materials 1n
the feed, leaving free lime and magnesia. Feed material
temperatures in the calcining zone of the kiln reach 21590
degrees Fahrenheit.

Once calcination is completa, the feed material enters
rthe sintering zone of the kiln, commonly referred to as the
burning zone. In this zone, the chemical reactions leading
to the formation of cement take place at temperatures
exceeding 2550 degrees Fahrenheit. The feed material, which
at this point is in a semi-liquid state, forms into small






physical sctrengch. The cooled material LS then srzed ol
use in concrete productlon.

Lightwelghit agjregate ilns oSporage L0oa councer
current fashion, similar to cement vilns. Freed mater:ials
slowly progress down a slight incline, wnile combustion
gases and kiln dust travel in the opposite direcrtlon,
exiting to pollution control equipment at the elevated end
of the kiln. Most aggregate kilns utilize either a scrubber
system or an electrostatic precipltator to remove kiln dust

and air pollutants from exhaust gases.

The manufacture of quality lightweight aggregate
requires that the temperatures within the kiln be controlled
within a narrow range. In order to produce aggregate, the
temperature of the feed material must reach at least 1300
degrees Fahrenheit. Combustion gas temperatures of between
2050 and 2300 degrees Fahrenheit are necessary t?4assure
that the feed material attains this temperature. Further,
combustion gas residence times in aggregate kilns generally
exceed two seconds. '

There are presently two lightweight aggregate plants in
operation in New York State: Norlite, located in Cohces,
which operates two kilns fueled by a combination of chemical
wastes, waste oils, fuel oil, natural gas and coal; and
Northeast Solite, located in Mount Marion, which operates
three kilns, each of which is fired exclusively with coal.
Annual production of lightweight aggregate at both of these
facilities varies substantially in response to demand on the
part of the construction industry.

A comparison of the combustion temperatures, Jgas
residence times and size of cement kilns, lightweight
aggregate kilns and standard hazardous waste incinerators 1is
presented in Table 2. :



III. THE TECHNOLOGY FOR BURNING OF HAZARDOUS WASTES FUELGS IN
CEMENT AND LIGHTWEIGHT AGGREGATE KILNS

A recent national survey identified 17 cement kilns and
18 lightweight aggregate kilns that are presently burning
liquid organic hazardouslgastes, primarily industrial
solvents and waste oils. In 1985, these 35 kilns inciner-
ated a total of 86 million gallons cf hazardous was©es.
several of these facilities, primarily lightweight aggregate
operations, utilize waste fuels to provide one hundred
percent of theilr energy needs during normal kiln operation.
However, most of these facilities burn hazardous wastes as 4
supplemental fuel, replacing between 25 and 50 percent of
the energy that would otherwise be cupplied by coal or
another primary fuel. This section provides a description
of the technical aspects of burning hazardous wastes in

cement and lightweight aggregate kilns.

A. THE ADVANTAGES OF CEMENf AND LIGHTWEIGHT AGGREGATE KILNS
AS A HAZARDOUS WASTE DISPOSAL OPTION

Cement Kilns

In comparison to other types of hazardous waste incin-
erators, cement kilns possess several characteristics which
make them an efficient technology for destroying organic
wastes. These characteristics include:

-~ combustion gas temperatures and residence times in
cement kilns exceed those generally experienced in
commercial hazardous waste incinerators (Table 2).
These high combustion temperatures and long residence
times, along with the strong turbulence encountered in
cement kilns, virtually assure the Complet?7destruction
of even the most stable organic compounds;

-- due to the large size and amount of heated material 1n
cement kilns, these kilns exhibit high thermal
stability. In other words, temperatures within the
kiln change very slowly. Thus, even if a cement kiln
is forced into an emergency shutdown resulting from a
loss of primary fuel or severe upset, all hazardous
waste in the kiln should be completely destroyed,
provided that automat%c cutoffs prevent further
injection of wastes;

-- cement kilns operate under alkaline conditiomns.
Therefore, virtually all of the chlorine entering the
kiln is neutralized to form calcium chloride, sodium
chloride and potassium chloride, relatively non-toxic

9
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-- while compustlon gas Temperdcures 1o Lighuwelrgnt
aggregate kllns are equivalent to those encouncorad 1
commercial nhazardous wasto ipcineractors, hevy ar
significanzly less than hoso experienced L Coment
xilns (Table 2). Similarly, alchough aggregate xilns
exhibit relatively high thermal stapbilicy, they are
smaller than cement kilns, and therefore, may
experience more rapid changes 1n temperature; anad

-- unlike cement, which is produced from limestone,
lightweight aggregate is produced from slate or shale.
Therefore, the alkaline conditions encountered in
cement kilns do not exist 1in aggregate kilns.
Accordingly, aggregate kilns burning chlorinated wastes
must utilize additional air pollution control
equipment, such as a scrubber system, to ccatrol
emissions of hydrogen chloride, a highly acidic
compound. Some concerns have also been voiced that,
because of the absence of an alkaline environment,
aggregate kilns burning highly chlorinated wastes may
be mors ,prone to emitting dioxins than are cement
kilns. These concerns, however, have not been
documented in the literature describing trial burns
conducted to date (information on emissions of toxic
pollutants from cement and aggregate kilns is presented
in section IV).

B. TECHNOLOGICAL LIMITATIONS

The primary drawback of cement and lightweight aggre-
gate kilns as a hazardous waste disposal option is that they
are limited in the types of wastes they can accept. 1In
order to assure complete combustion, hazardous wastes must
be injected into the firing end of the kiln. At present,
only pumpable liquid hazardous wastes containing minimal
amounts of water can be incinerated in these kilns. Al-
though solid materials could theoretically be disposed of in
cement kilns, major plant modifications, includingzghe use
of combustion gas afterburners, would be required. To
date, the viability of burning golid hazardous wastes and
contaminated soils in cement kilns has not been demonstrat-

ed.

Because metals are not destroyed in the incineration
process, wastes containing significant quantities of metal-
l1ic constituents, including lead, arsenic, mercury, cadmlum
and chromium, are poor candidates for incineration Ln cement
and lightweight aggregate xilns. Therefore, regulatory
agencies typically set maximum acceptable concentrations
(usually in the parts per million range) for metalllc
constituents in waste fuels. 1In addition, chlorine tends to
accumulate in kilns in the form of alkali chlorides, which
may adversely effect the production process and lead to

11
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prior to acceptlng that spipment o dortermlne LTg ferdatind
value and to certify thatc rhe wasta meets parameters 5pucl-
fied in the facility's operaTing DoIrmLT These speclilcda-
rions are designed to prevenc violen:t reactlons Or 2xpLlo-
sions resulting from the mixture o: incompatlble wastes, ©O

assure that wastes do not contain unacceptable concentra-
+ions of halogens Or metals, to assure that unauthorized
wastes, such as PCBs Or exXcess concentrations of metals, are
not injected into the kiln, anggto protect cement product

quality and process equipment.

The major plant modification required to burn hazardous
wastes 1is the construction of waste receiving, storage and
handling areas. A typical waste storage area consists of a
tanker truck unloading area, four or more 30,000 gallon
waste storage tanks, one Or more 30,000 gallon blending
tanks, and associated piping, valves di equipment to pump
wastes to and from the various tanks. The design and
operation of hazardous waste handling areas are strictly
regulated under the Resource Conservation and Recovery Act
(RCRA), and are specified in the plant's RCRA treatment,
storage and disposal facility (TSDF) permit. Storage and
handling requirements, which are similar to those placed on
industries that routinely nandle flammable or hazardous

materials, include:

-- waste fuel storage tanks must meet design and
installation regquirements that minimize the likelihood
of leakage or tank rupture. Tn addition, tank storage
areas generally are constructed with secondary
containment systems with capacity exceeding 110 percent
of the largest storage tank;

-- when handling ignitable or reactive wastes, a facility
must utilize special precautions to prevent accidental
explosions or releases. For example, nitrogen usually
is pumped into storage tanks during unloading of
organic solvents and waste oils;

-- storage tanks must be equipped with vapor control
systems, and must utilize automated pressure, Vapor
release and tank overflow monitors. In addition,
facilities utilizing underground storage tanks
generally are required to install leak detection and

groundwater monitoring systems;

-- procedures must be established which minimize or
eliminate the risk of spills during the transfer of
hazardous wastes. For example, rransportation tanxker
unloading areas are usually constructed with secondarvy
spill containment exceeding 110 percent of tanker

capacity:

-- pumps, valves and piping must meet design standards

13
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contracting with commercial facilities for disposal oI uhuse
wastes.

Althougn DEC, in conjunctTion with the state Znergy
Office, is mandated by state law to monitor the generation
and disposal of waste oils 1in New York State, this informa-
tion has not been collected since 1981. Data gathered at
rhat time indicated that 46.8 million gallons (approximately
187,000 tons) of waste oil was generated during 1981l. of
that amount, it was estimated that 35 million gallons was
potentially available as waste fuel. The majority of waste
0il collected in New York 1is burned in industrial or resi-
dential boilers without reprocessing to remove hazardous
constituents, a pracgice rhat may present unacceptable

environmental risks.

The above data indicates that a minimum of 90 million
gallons of liquid organic wastes are generated annually in
New York State, and that the actual amount may be much
greater. For comparison, the largest cement kiln waste fuel
project proposed to date in New York State would have a
maximum annual disposal capacity of 20 million gallons.
However, it is not clear what percentage of the 90 million
gallons are available for use as waste fuels. Depending cn
market factors, a portion of this waste stream may be
recovered and recycled by solvent and waste oil refiners.
For example, commercial solvent recovery firms in New York
reprocessed an esg%mated 3 million gallons of industrial
solvents in 1984. Other organic wastes may not meet
permit requirements governing total halogens content,
concentrations of metallic constituents, or minimum Btu
content for waste fuels. Therefore, it is not currently
possible to precisely quantify the availability of waste
fuels in New York State. However, the fact that three
facilities located in New York are pressing forward with
proposals to burn hazardous wastes suggests that these
facilities believe that they will not encounter problems
securing adequate supplies of waste fuels.

Income and Cost Projections

At present, cement and lightweight aggregate facilities
are charging industrial generators between ten and thirty
cents per gallon to accept organic solvents and waste olils.
However, it is difficult to project how the fees that firms
are able to charge to accept waste fuels will fluctuate 1n
the future. For example, RCRA contains provisions that will
prohibit the land disposal of most liquid organic wastes
over the next several vyears. These prohibitions could ralse
the price that facilities are able to charge for accepting
hazardous wastes. In contrast, the proposed waste fuel
projects at Lehigh Cement Company and Blue Circle Atlantic

would raise commercial hazardous waste incineration capacity

15
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of $9 per ton (3 1/2 cenus peor gallon) under =
State Superfund program. And third, a commerc
waste disposal facilitvy may be subject to a lo
receipts assessment

the gross recelDZS

up ro flve percent (lniormacion on

i
old
ssessment 1s presented below).

3

Once a firm has estimated the annual costs and savings
of constructing arnd operating a waste fuels project, the
company is then able to calculate the return on investment
it can expect from utilizing this technology. The fact that
three of the six cement and lightweight aggregate companies
operating in New York State are actively seeking permits to
burn hazardous wastes indicates that, despite the high
initial investment required, the economic return from a
waste fuels program is favorable.

K. COMMUNITY IMPACTS OF A WASTE FUELS PROJECT

A waste fuels project clearly has the potential to
impact on rasidents living in the vicinity of the facility.
The host community must bear the risks associated with the
transport, sctorage and incineration of hazardous wastes.
Although the public health and environmental risks associat-
ed with the burning of liquid organic wastes are extremely
small, they cannot be completely eliminated. Furthermore,
even though these risks appear to be negligible, they may be
perceived by persons living near the facility to be unac-
ceptable. Such perceived risks, whether based on available
technical and scientific evidence or not, impose real
burdens on individuals forced to bear them. In addition,
many citizens fear that the siting of a commercial hazardous
waste facility in their community may result in a decrease
in local property values, as well as in a tarnisning of the

community's image.

However, in contrast to these potentially negative
impacts, a waste fuels project may provide several mitigat-
ing benefits to the community in which it 1is located.
First, the cement and lightweight aggregate industries are
highly competitive. By reducing a facility's energy costs
and by providing a new source of revenue, the burning of
waste fuels may significantly increase a cement plant's
economic viability, thus enhancing its competitiveness.
This increased profitability may translate to the creation
or retention of jobs in the community, a strengthening of
the local tax base and other indirect economic beneflts to
the community.

Second, New York State enacted a law 1n 198» which
allows the city or town in which a commercial haczardous
waste facility is located to impose an assessment of up to
five percent on the gross rggeipts of the waste management
activities of the facility. This gross recelpts
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IV. ENVIRONMENTAL CONCERNS RELATED TO THE 3BURNING OF
HAZARDOUS WASTES IN CEMENT KILNS

The environmental and public health concerns stemmlng
from the use of hazardous wastes and waste oils as supple-
mental fuels in cement and lightweight aggregate production
can be grouped into four general areas: emissions of toxic
pollutants; risks associated with the transportation of
wastes; risks associated with the on-site storage and
handling of wastes; and, releases of toxic constituents from

cement kiln dust disposal sites.

A. EMISSIONS OF TOXIC AIR POLLUTANTS

A number of test burns have been conducted at cement
facilities to determine the impact of burning organic
hazardous wastes on emissions of a number of air pollutants,
including: organic constituents and products of incomplete
combustion, lead and other metals, hydrogen chloride,
particulates, and sulfur and nitrogen oxides.

Destruction of organic wastes. Trial burns conducted
at over a dozen cement plants over the past nine years in
the United States, Canada and Europe have demonstrated that
these facilities have the capability to destroy greater than
99.99 percent of ev g the most difficult-to-incinerate
organic substances. Although exceptions to the 99.99
percent destruction and removal efficiency (DRE) were noted
during some of the trial burns at two of these facilities,
the majority of these tests demonstrated DREs approaching
99.999 percent. Those tests at which the 99.99 percent DRE
were not obtained appear to have resulted from a failure to
properly atomize wastes or other operating errors.

It is conceivable that very small amounts of hazardous
waste burned in an incinerator achieving a DRE of 99.99
percent will escape destruction, and thus, may be emitted to
the atmosphere. However, the concentration of unburned
waste in exhaust gases from a properly operating incinerator
can be eﬁgected, at most, to range from 5 to 50 parts per
billion. These emission levels of unburned waste are
considerably below DEC's regulatory air emission standards
for the classes of solvents and organic chemicals that the
cement Eaci%icies located in New York State are proposing to

incinerate.

in comparison to cement kilns, relatively few trial
burns investigating destruction and removal efficiencies for
hazardous wastes have been conducted at lightweight aggre-
gate facilities. Because aggregate kilns burn at lower
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temperatures Or COMDUSTLION QIILIlency drops Delow sumons .
levels.

Formation of Dioxins and Furans. Two t
toxic PICs, dioxins (TCDDs) and turans (TCDFs3),

ceived special attention because they have been 1denciiiad
in air emissions from a number of solid waste incinerators.
However, a survey of test results from trial burns conducted
at cement kilns and other industrial hazardous waste incin-
erators indicates that emissions of d%gxins and furans from
these facilities are not significant. The dioxin isomer
of greatest ccncern (2,2,7,8-TCDD) has not been detected in
emissions from any of seventeen hazardous waste incinerators
where tests for these substances have been conducted.
Although other isomers of dioxins and furans have been
identified in stack gases at several of these facilities,
including during a trial burn conducted in 1985 at the
Lehigh Cement facility in Cementon, New York, emissions from
hazardous waste incinerators appear to be approximately
three orders of magnitu%g less than those reported for
municipal incinerators. :

To date, no data has been published characterizing
emissions of dioxins and furans from lightweight aggregate
kilns. Lightweight aggregate kilns lack the caustic condi-
tions encountered in cement kilns. Therefore, the chlorine
contained in halogenated solvents burned in aggregate kilns
combines with hydrogen to form hydrogen chloride, a highly
acidic compound, rather than reacting with calcium to form
non-toxic compounds, as is the case in cement kilns. Some
experts have theorized that this availability of chlorine
molecules increases the likelihood that lightweight aggrey
gate kilns may emit trace amounts of dioxins and furans,>
although evidence supporting this theory has not been
collected.

Metals Emissions. Because waste oils and many hazard-
ous wastes typically contain metallic constituents, most
notably lead, concerns have been raised over emissions of
metals in cement kiln exhaust gases. The data on metal
emissions from hazardous waste incinerators is less well
developed than the data characterizing destrggtion and
removal efficiencies for organic substances. However,
evidence published to date indicates that the burning of
waste fuel in cement and lightweight aggregate kilns results
either in no increase or in only a g%ight increase in air
emissions of lead and other metals. Studies have shown
that greater than 99 percent of the lead contained in waste
fuels 1s elther incorporated in an inert form in -he clinker
product or is adsorbed onto kiln dust parrcicles that are
removed by air pollution control devices.’ For comparison,
a recent survey of trial burns in which wastes containing
lead were incinerated in cement kilns concluded that lead
emissions from six of the seven facilities tested were less
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E. SUMMARY OF RISKS POSED BY INCINERATION OF HAZARDOUD
WASTES IN CEMENT AND LIGHTWEIGHT AGGREGATE XILNS

The U.S. Znvironmenctal Protoeliion Jaonoy nas Toniucuod
a risk assessment Of the porentlal neodll 2frazns 2T Toxic
organic and metals emissions based on trial purnsg,conducted
at nine hazardous waste incineration facilitias.'™ This
risk assessment conservatively estimated that the increased

cancer risk for an individual exposed to ilncinerator emis-
sions over a seventy year period ranges from one in 100,000
to one in 100,000,000. Because this is a worst case estil-
mate, it likely overstates the actual risk of cancer result-
ing from emissions from hazardous waste lnclnerators.
Although EPA's risk estimate was pased on data from a
relatively small number of facilities, other available risk
assessments corroborate EPA's assertion that emissions from
properly operated hazardous waste incinerators do not pgge a
significant threat to public health or the enviromaent.

Hazardous wastes will contlnue to be generated 1in New
vYork State for the foreseeable future. Therefore, New York
State must develop technologies for treating or destroying
these wastes in an environmentally sound manner. No tech-
nology for managing hazardous wastes can be risk-free.
cement and lightweight aggregate kilns are no exception to
this rule. However, the risks stemming f£rom the use of this
technology either appear to be extremely small (as is the
case with emissions of toxic pollutants or the potential for
hazardous releases from storage and handling areas) or will
be incurred by New York State regardless of the disposal
technology utilized (as is the case with transportation
risks). Furthermore, as discussed in the next section, any
facility proposing to burn hazardous wWastes aoust comply with
a rigorous set of environmental standards and regulations
and must complete a lengthy permitting process designed to
identify and mitigate any potential risks associated with
the project.

25



IV. THE PERMITTING PROCESS

Any cement or lightweight aggregate facility proposing
to burn hazardous wastes must complate a complex and leng=hy
permitting process. As a part of this regulatory review
process, the facility must:

-

-- comply with the New York State Environmental Quality
Review Act, which will likely require the preparation
of an Environmental Impact Statement and the holding of
public hearings;

-- obtain several state air pollution control permits;

-- obtain a state hazardous waste treatment, storage and
disposal permit pursuant to the federal Resource
Conservation and Recovery Act; and

-~ comply with New York's hazardous waste facility siting
requirements.

Because waste oils presently are not regulated as a hazard-
ous waste in New York, a facility intending to burn waste
oils, but not hazardous wastes, needs only to obtain the

necessary air permits.

A. THE SEQRA PROCESS

An application for permits to burn hazardous wastes oOr
waste oils as a supplemental fuel in a cement or lightweight
aggregate kiln will be evaluated by the Department of
Environmental Conservation (DEC) pursuant7&o the State
Environmental Quality Review Act (SEQRA). Initially, this
review serves to determine whether construction and opera-
tion of the project will present a significant environmental
impact. DEC has indicated that it will make a determination
that a proposal to burn hazardous wastes or waste oils in a
cement or lightweight aggregate kiln presents a significanc
environmental impact, and therefore 1is subject to the full
SEQRA review process.

Under SEQRA, any project deemed by DEC to have a
significant environmental impact must undergo a detailed
environmental analysis through the preparation of an envi-
ronmental impact statement (EIS). The EIS must address a
number of factors, including: a description of the environ-
mental setting and the important environmental impacts of
the proposed action; a description of mitigation measures
that will be used to minimize identified adverse environmen-
ral impacts; and a description and evaluation of any
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-- the exhaust gas must be analyzed for emissions
POHC and for emissions oI oxvgen and HCL;

-- the destruction and removal @fziclenc v {DORZ) mustc bo
compuctad £or each POHC; '

-~ the emission of particulates and carbon monoxide must
be quantified; and

-- fugitive emissions from the incinerator must be
identified.

DEC may then issue a final RCRA permit for the facility
provided that che trial burn results indicate a DRE of at
least 99.99 percent for each specified POHC, and provided
that the facility's application also satisfies all general
RCRA requirements placed on TSDFs.

Because no real-time monitoring method is currently
available for determining the waste destruction performance
of hazardous waste incinerators, the final permit will
specify a number ‘of operating requirements designed to
assure that the 93999 percent DREs are maintained during
normal operation. These operating conditions, which are
set on a case-by-case basis, set specifications for:

-- combustion temperature: temperatures within the kiln
must meet minimum levels. These temperatures are
continuously monitored by thermocouples in various
parts of the kiln;

-- carbon mcnoxide: the concentration of carbon monoxide
in the exhaust gas is closely monitored because it
provides an ancurate indicator of combustion efficiency
within the kiln. In a properly operating incinerator,
the oxidation of carbon and hydrogen molecules in
organic wastes results in the formation of carbon
dioxide and water. The presence of carbon monoxide in
the flue gas, which is relatively easy to monitor on a
continuous basis, indicates that conditions for
complete combustion of wastes are not being met within
the kiln;

-- waste composition and maximum feed rate: parameters
are set for minimum Btu content and maximum allowable
concentrations of halogens, PCBs and metallic
constituents in the waste feed;

-- combustion gas velocity: gas velocity in the kiln is
measured to assure that hazardous wastes remaln in the
burning zone of the kiln for a minimum of two seconds;

-- fugitive emissions: because the use of a powerful
induced draft fan lncated at the elevated end of the
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VI. DESCRIP1ION OF EXISTING AND PROPOSED WASTE FUEL
PROJECTS IN NEW YORK STATE

currently, one lightweight aggregate plant located in
New York State is burning hazardous wastes, and two cement
facilities are in the process of submitting permit applica-
tions to implement this technology. In addition, a second
lightweight aggregate manufacturer burned waste oils in the
past, but is no longer doing so. This section provides a
prief description of the operation and permitting status of
these four facilities.

It should be noted that Norlite, Lehigh Cement and Blue
Circle Atlantic all plan at present to burn only high-Btu
organic solvents and waste oils. Although there are cur-
rently no technical barriers preventing these facilities
from incinerating other hazardous wastes, such as pesticides
and organic chemical products, none of these facilities has
proposed accepting such wastes.

A. Norlite

Norlite, a producer of lightweight aggregate, has been
burning hazggdous wastes at its Cohoes, New York facility
since 1979. This facility receives between 4 and 8
million gallons of waste fuels annually, of which approxi-
mately 90 percent consists of a variety of halogenated and
non-halogenated organic solvents. The remaining 10 percent
consists of waste oils. when sufficient supplies -of sol-
vents are available, Norlite utilizes waste fuels to provide
all of its energy needs for its two kilns. Wastes are
stored at the site in six 24,000 gallon underground storage
tanks.

Norlite received air and hazardous waste permits to
burn waste fuels from DEC in 1983. At that time, however,
facilities burning hazardous wastes for energy recovery were
exempt from most RCRA regulations. In 1985, New York State
eliminated the energy recovery exemption from the RCRA
program. Accordingly, Norlite has submitted an application
to DEC for a Part 370 RCRA permit to store and Lncinerate
hazardous wastes. As a part of the permit review process,
Norlite anticipates conducting a trial burn in the spring of
1988. Because Norlite began burning nhazardous wastes prior
to 1979, the facility is not subject to the requirzmenns of
New York's hazardous waste facility siting stacute, and thus
is not subject to review by a state siting bcard. However,
Norlite is subject to full regulatory review under RCRA.
Until this permit review is completed, Norlite will continue
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C. Blue Circle Atlantic Cement Company

Y —~ § . - 1 . U
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Tn Augus=z, 1987, Blue Tuir
370 RCRA permic applicacion to C 1w
million gallons of chemical solvents and waste J1ls annualiy
ar its Ravena, New York facility, and Ls considerlng ﬁ%ply—
ing for a ceparate permit to burn waste oils as well.
Under this proposal, hazardous wastes would be utilized to
replace up to 35 percent of their energy requirements
presently supplied by coal. Blue Circle Atlantic would
operate this project in conjunction with Systec Corporation,
a consulting firm that would provide engineering and labora-
rory services and would act as a fuel broker. This 1s a new
proposal; Blue circle Atlantic has not burned waste fuels 1in
the past. Therefore, this project will require approval
from a State siting board prior to receiving its RCRA

permit.

M 1

Blue Circle Atlantic has obtained a major demonstration
grant from the New York State Energy Research and Develop-
ment Authority (NYSERDA) to finance a significant portion of
the design, permitting, construction and public relations
costs of implementing its waste fuel proposal. Assuming
this waste fuels project comes to fruition, the NYSERDA
grant will provide Blue Circle Atlantic up to $450,000, or
roughly thirty percent of the total costs of the project.

D. Northeast Solite

Northeast Solite, located in Mount Marion, New York
currently operates three lightweight aggregate kilns. From
1976 to 1982, Solite burned varying amounts of organic
industrial solvents in its facility. -During this period,
Solite experienced several serious problems associated with
the operation of its waste fuels program. Groundwater
monitoring wells installed at the site revealed chemical
contaminants in water flowing beneath the facility. These
contaminants were believed to have originated from leaking
storage tanks and/or on-site spills of hazardous wastes.
Solite officials contend that the contamination problem
disappeared with the cessation of waste burning. However,
the facility is currently addressing further ground water
contamination problems stemming from settling lagoons that
accept wastewater from the facility's air pollution scrubber

system.

In addition, it was discovered in 1982 that 3olite had
unknowingly accepted and incinerated waste 0lls contalnlng
pC3s, in violation of 1its permit requirements. This discov-
ery prompted DEC to obtain a summary apatement order 1n
October of 1982 prohibiting further waste burning activicies

at the site.
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VII. FINDINGS AND RECOMMENDATIONS

A. SUMMARY OF FINDINGS

1.

New York State's long-term nazardous waste management
strategy should be to encourage industries to reduce
their generation of hazardous waste through source
reduction and recycling practices. However, even under
a scenario of maximum waste reduction, significant
quantities of organic hazardous wastes and waste oils
will continue to be generated. At present, high
temperature incineration is the preferred technology
for managing these wastes. Properly designed hazardous
wastes incinerators have the capability to destroy
virtually one hundred percent of all types of liquid
organic wastes. Unfortunately, however, commercial
hazardous waste incineration capacity 1is extremely
limited in New York State.

Cement and lightweight aggregate kilns have several
characteristics which make them a desirable technology
for incinerating hazardous wastes. Combustion gas
temperatures and gas residence times in these kilns
equal or exceed those generally encountered in other
types of commercial hazardous waste incinerators. Data
collected during trial burns conducted at a number of
cement and lightweight aggregate facilities have
demonstrated that these kilns have a destruction and
removal efficiency (DRE} of greater than 99.99 percent
for liquid organic hazardous wastes. Furthermore,
energy recovered through the burning of organic
solvents and waste oils can yield substantial energy
savings for New York State.

Nationwide, 17 cement and 18 lightweight aggregate
kilns are burning ignitable hazardous wastes as
supplemental fuels. In New York State, one lightweight
aggregate manufacturer is currently burning hazardous
wastes, and two cement plants are pursuing proposals to
implement this technology. As proposed, these three
facilities could manage a total of 38 million gallons
of liquid hazardous wastes annually.

A number of studies have been conducted to chlaracrerize
air emissions ~Zrom cement and lightweight aggragate
kilns burning hazardous wastes. Alr pollutants tnaz
have been monitored Include: unburned wastes, produclts

of incomplete combustion, dioxins and turans, necals,
hydrogen chloride, particulates, and sulfur dioxide.
The data collected to date strongly indicate that
cement and lightweight aggregate kilns have the ability
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alkaline

Btu

clinker

DEC

dioxins (TCDDs)

Destruction and Removal
Efficiency (DRE)

EIS
EPA

furans (TCDFs)

halogen

lightweight aggregate

GLOSSARY

N

a highly Das:ic anuironment (exihlDiTin
a pH of greater chan 7)

British Thermal Unit. The guantity C
heat required toO raise the temperatur
of one pound of water one degree
Fahrenhelit

small nodules, consisting of dicalcit
and tricalcium silicate, tricalcium
aluminate and retracalcium alumino-
ferrite, which are the product of
cement kilns. clinker is ground 1lntc
a powder along with gypsum to make

cement

N.Y.S Department of Environmental
Conservation

a class of 75 chlorinated organic
compounds. The term "dioxin" often
used to refer to the most toxic of t
dioxin isomers -=- 2,3,7,8-TCDD

a measurement (usually expressed 1in
percent) of the ability of an
incinerator to gdestroy hazardous
wastes

environmental impact statement
U.S. Environmental Protection Agenc

a class of organic compounds simila
in structure to dioxins (see above)

any of five elements (chlorine,
fluorine, bromlne, iodine and
astatine) which may pe combined wit
numerous types of organic molecules
form a wide varlety of highly useft
(but difficult to incinerate and ot
toxic) chemical compounds

a low-weight construcTion material

used in place O: sand and gravel o
stone in che production of concret
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catalyst for discussion with and input from all Interested
parties on how best to integrate source reduction and waste
combustion and on ways by which we can better assure the public
of safe operation of hazardous wasts combustion facilities.

This draft combustion strategy consists of a discussion of
the goals and objectives for this project and a series of short
and longer-term actions that can be taken to achieve our goals.
These actions are intended as the starting point for discussions
with the public and industry. The list of actiona in this
documant are prasented for debate and additional ideas. However,
while that discussion is taking place, EPA intends to
aggressivaly pursue sevaral of the intarim activities.

II. EPAN’
A. Backqground faor the Goals

Combustion is currently a large componant of hazardous waste
management in the United States. It has bacome a large compcnent
as tha nation moved away from land disposal in the 13980’s and
into treatment to reduca the volume and toxicity of hazardous
waste. As this shift ocourred in the 1980’s, citizens in areas
whera incinerators or boilers and industrial furnaces (BIFs) are
located have increasingly challenged the need for these hazardous
wasta combustion facilities. cCitizens avidence concarn that
waste combustion is too frequently used whera sourcs reduction
may be the preferred altaernative. Ccitizens also raise concerms
regarding facility siting and potential health risks posed by
waste management facilities.

Hazardous wastes being burned today ara generated by major
sagments of American industry, and rapresent a spectrum of
commonly-encountared wastas, including spent solvents, sludges
and distillation bottoms, and off-spec organic chemicals and
products. About 5 million tons of thess highly organic wastes
are being combusted each ysar -- some 40% in incinerators and 60%
in BIFs. Based on our most recent data, it appesars that
substantial dxcess capacity exists for combustion of hazardous
wasta, particularly liquid wastes. It should also be recognized
that although some additional wastes are untrezated today, these
wastes will soon ba subject to treatment requirements mandated
under the Hazardous and Solid Waste Amendments of 1984 (HSWA).
These treatment requirements could use up much of today’s surplus
capacity over ths next saveral ysars.

Incinerators and BIFs burning hazardous wasta are regulated
by EPA and authorized states under the Resource Conservation qnd
Recovery Act (RCRA). EPA’s incinerator permit regulations, first
promulgated in 1981, control emisasions of principal organic
hazardous constituents (POHCs), hydrochloric acid (HCl1), and



demand for combustion and othsr waste management
facilities.

o To better address public participation in setting a
national source reduction agenda, in evaluating
technical combustion issues, and in reaching site-
spoecific decisions during the waste combustion
permitting process.

o To develop and impose implementable and rigorous state-
of-the-art safety controls on hazardous waste
combustion facilities by using the best available
technologles and the most currant sciencs.

o To ensure that combustion facilities do not pose an
unacceptable risk, and use the full extent of legal
authorities in permitting and enforcement.

-0 To continue to advance scientific understanding with
regard to wasta combustion issues.

These goals address tha major issues surrounding hazardous
waste combustion today and provide an appropriate framework for a
broad assessment of how source reduction and combustion of
hazardous waste can be integrated into a national waste
management program. This assessment will be comprised of many
different activities, many of which will be led by the EPA-~State
Committee. The Committee and other interested parties are
encouraged to examine these goals critically and to consider
whether and how they can be improved.

Under RCRA, EPA and the Statas are partners and co-
requlators of the generation, transportation, treatment, storage,
and disposal of hazardous waste. EPA therefora is firmly
committed to the view that any evaluation of the role of
hazardous waste combustion in our hazardous waste management
strategy must be undertaken as a joint federal and gtate effort.
To that end, an BPA-State Committae will be formed under the
aegis of the EPA-State Operations Committee. A8 mentioned
earlier, the initial charges to this Committee includes components
dealing with aggressive source reduction, improvements to
technical and psrmitting standards, altarnative treatment
tachnologies, and a better sciantific foundation for decision
making.

In each of these areas, this draft strategy lays out a
series of short and longer-term actions for public discussion.
EPA intends to involve all stakeholders in this dialogue. EPA is
providing these ideas as a starting point for discussion on
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-- DPerfornm site-speciflc risk assessments, including
indirect exposure, at incinerator and BIF
facilities in the permitting process

-~ Use omnibus permit authority in new permits at
incinerator and BIF facilities as necessary to
protect human health to impose upgraded
particulate matter standards and 1f necessary
additional metal emission controls, and to impose
l1imits on dioxin/furan emissions

-- Egtablish a priority for reaching final permit
decisions for incinerators and BIF facilities

--  Enhance public participation in permitting of
incinerators and BIFs

==  Enhancs inspectidh and enforcement for
inoinerators znd BIFs.

The longer-term actiona include:

o Continued efforts to build an aggressive source
reduction program, including exploration of the
usefulness and feasibility of setting a national
capacity reduction goal for generation of combustible
waste

o Investigation of feasibility and risks associated with
alternative waste treatment technologies

o Upgrades to EPA’s rulas on emission controls at
copbustion facilities and on continuous emission
monitoring techniques

o Upgrades to EPA’s rules on the permitting and public
involvement process for combustion facilities

A. ghort Torm Actlons
b Integration of Aggressive BSource Reduction and Waste

combustion
° Uas of parmit prioritiss to stimulats sourca
reduction

over the next 18 months, as the national dialogue on source
reduction is held, EPA will give low priority to permit-related
requests for additional combustion capacity except where that
capacity offsets the retirement of existing combustion capacity, -
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o Targat ganarating industrias that produce
combustibla wastes both for 3ourca reduction 2
inspections anad for requiring generators to -
conduct waste minimiszation audits.

EPA will give top priority to ensuring compliance with waste
minimization requirements/guidance at those facilities that are
* driving the demand for waste combustion. In addition, at the
same facilities, EPA will to the maximum extent possible include
audit requirements in enforcement settlement agreements, pernits,
and as part of corrective action orders. The aundits will allow
these companias to investigata the maximum possible usa of source
reduction to the extent that they are not already doing so in
partnership with EPA and the states.

° Maximum public involvement and information
regarding source reduction and its integration
with waste combustion )

EPA will also establish a program to more effectively
provide information to the public on the types of wastes going to
combustion units and the sources of thosa wagstes. First, EPA
will compile information from the Blennial Report and will
collact information from commercial combugticn facilities. This
information -- such as the specific types and volumes of wastes
being sent for combustion as wall as the generators of thesa
wastes -- will be complied in a raport and be provided to the
public. This information will apprise citizens of those
industries that raly on combustion of their wastes and will allow
the public to better focus their attention on the appropriata
generating facilities. '

2. Immediate Actions in Combustion Pacility Permitting

The Agency’s goal is to continuously improve the regulation
of hazardous waste combustion to reflect advancas in scientific
understanding so that adecquate protection of human health and the
environment is assured. During the time it takes to propose and
finalise updates to national regqulations, EPA will use its
omnibus authority on a case-by-case basis as necassary to protect
numan health and the environment to include the appropriatas
conditions in permita being lssued.

At this time, EPA believes that ragions and states should
use the RCRA omnibus provision and RCRA permit modiflcation .
requlations to add permit conditions as necessary to protect
human health and the environment whenever a combustion facility
owner /operator is seeking issuance of a new permit or reissuance
of an expiring permit, or, in appropriate circumstances, when



interim measuras emission limits of 30 ng/dscam (based on the sum
3f all tetra thr~ugh octa dioxin and furan congeners). This
standard is the same as the New Source Performance Standard for
new municipal waste combusters. Regions and states should
supplement this with more stringent emission limits if the site-
speclific risk assessment warrants.

o Pernit Controls on Incinerators and BIFs

EPA regions and gtates should bring incinerators and BIFs
under permit controls as soon as possible. This will be
implemented through establishment of a schedule for calling in
all BIP permits for final daeaterminations. PBach reqgion will
develop a plan that provides for commercial BIP psrmits to be
called in within the naxt 12 months and for all other BIF permits
to be called in within the succeeding 24 montha. Permits
represent one of tha most effactive means by which EPA and the
authorized states can devalop and enforce conditions on the
operation of incinerators and BIFs. At this point, no BIFs have
had final permit decisions. Thus, permit determinations should
be made as expeditiously as feasible to effectively control those
operations that can be operated safaely as well as deny permits
at those facilities that can not be operataed safely.

o Enhanced Public Participation

Public participation is ona of the major cornerstones of
EPA’S environmental programs. EPA is committed to meaningful
public involvement in its permitting programs. Local citizens
must be given the opportunity to assure themselves that
facilities in their neighborhoods will be opserated safely.

EPA will immediately provide for greater public
participation in the permitting of BIFs and incinerators, and
will initiate amendments to its rules to reflect nhsw avenues for
public participation. Prior to these amendmants beaing finally
adopted, EPA will diract all regions and statas to provide
immediately Yor ndditional public participation opportunities
during permitting of combuetion units - particularly at earlier
stages than now provided for under EPA’s current parmitting
ragulations. These should include, but are not limited to,
public comment on the trial burn plan. EPA will also direct that
local citizens be given the opportunity to participata during the
riskx assessment procsass at combuation facilities.

o Enhanced Inspection and Enforcement

EPA will continue and enhance its current enforcement .
efforts regarding combustion units through aggressive inspection
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) Upgrads BPA’S3 rules to rsflact stata-of-tha-art
advancanants

EPA will initiate a rulemakling to upgrade our combustion
rules. TIn doing so, EPA will explore the feasibility of a
technology-based approach, particularly with respect to setting
emission controls on metals, dioxins and furans, acid gases,
particulate matter, and products of incomplste combustion. 1In
addition, EPA will continue to refine its risk assessment
quidelines to ensure that all risks are effectively addressed by
national regulations or sitae-spaecific permit conditions. :

o Upgrede EPA’s rules on parmit process for
combustion units

While EPA is directing regions and statas to immediately
afford greater public participation on a parmit-by-permit basgis,
wa will seek to modify our rules.-to reflect expanded public
participation. EPA will initiate a rulemaking to codify our goal
of increased public participation at earlier stages in the
permitting process for incinaerators arid BIFs. n particular, EPA
will address thc trial burn procass and the public’s role in that
procass.

EPA algo baliaves there is a need to explors a rulemaking to
reform the parmit appeal process for combustion units whose
permit applications have been denied by the Regional
Administrator or Stats Diraector. In particular, where the unit
has been burning waste under interim status, EPA will seek to
astablish rules that prevent the continued burning of waste
during administrative appeals of a permit denial decision. EPA
will also explore additional guidance or a rulemaking to clarity
the number of permissible trial burns allowed bsfore permit
denijial. :

o Use and Peasibility of a Long-Term National
Capacity Reduction Goal

EPA will explore the usefulness of devsloping a long-term
raduction goal (e.g., a 25% reduction in combustion capacity over
the next 10 years) to reduce combustion capacity beyond that
which can be achjeved through source reduction aefforts. The
purpose of such a goal would be to give more concrote national
guidanca on how best to mesh combustion demand with capacity.
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