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CONTROL TECHNOLOGY ASSESSMENT FOR COAL GASIFICATION
MD

LIQUEFACTION PROCESSES

Final Study Plan

I. INTRODUCTION

A. Background and Scope

As a result of the William-Steiger Occupational Safety and Health Act of
1970, the National Institute for Occupational Safety and Health (NIOSH) was
established as part of the Department of Health, Education and Welfare.
NIOSH was given authority and responsibility under the Act to conduct research
studies of industry and to develop needed information regarding toxic sub­
stances and exposure 6f industrial workers to these substances.

For the study "Occupational Health Control Technology Assessment for Coal
Gasification and Liquefaction Processes". NIOSH requested a multidisciplinary
assessment of control technology that is available to prevent occupational
exposure to hazardous agents in the coal gasification and liquefaction con­
version industries. Technology which should be built into future plants will
be identified. as will areas where additional research and developr.lent is
required to assure that this technology will be available when needed. NIOSH
is conducting several other studies of coal conversion processes, and a part
of this study requires the contractor to be familiar with these studies and
to cooperate with them. In addition. the contractor is to perform the study
as a logical extension of work on the criteria document for coal gasification
and coal liquefaction processes .

. The approach in this study to outside evaluation of engineering controls
must be planned with special care because coal conversion is not an
established commercial technology. It is a developing industry. with no
commercial high-Btu operations and on·ly a few low-Btu commercial

_gasifiers in the United States.
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The NIOSH philosophy on control technology is to make an engineering study
and evaluation of existing installations, to recommend changes where better

controls are available, to recommend areas where research and development is
required to eliminate problems, and to communicate the accumulated informa­
tion to interested parties.

NIOSH has selected Enviro Control, Inc., to perform this study of occupa­
tional health assessment for coal gasification and liquefaction processes.

B. Objectives of This Study.

The objectives.of this study are as follows:

• To document and evaluate effective engineering control technology
which the coal conversion facilities are using to minimize worker
exposure to, and emission to workplace of, toxic chemical agents
and harmful physical agents;

• To assess and document monitoring devices and work practices used
to reduce or eliminate such worker exposures and emissions;

• To assess and document personal protective equipment which may be
used by workers ;n the plants and processes of interest to this
study;

• To review and assess the validity and accuracy of existing plant
sampling data;

• To determine research needs for new control technology;

• To seek to obtain accurate cost data for the design, installation,
operation, and maintenance for the controls evaluated; and

• To produce a control technology document that will provide a set
of guidelines for:

(1) Selection of the best available engineering approach to

control the most cornmon exposure/emission problems in
the coal conversion industry; and
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(2) Identification of situations where personal protection may
be requi red to' suppl ement engi neeri ng control s, and
recommendations for the most appropriate personal protection.

c. Method of Approach

The project is designed to be accomplished in three major phases.

• Phase I - preparation of a study plan that includes a
. literature survey of existing coal liquefaction and coal

gasification projects, and a review of the status of other
NIOSH, EPA, and DOE programs relevant to the present study.
Enviro will continue to identify and obtain all available
information on process control technology in coal con­

version from literature sources, attendance at technical
meetings, and personal contact with the managers of various
projects under the DOE program; this information will be
included in future reports.

• Phase II - evaluation of field plant surveys of performance
of engineering control systems at various coal conversion
plants and analogous industries. Enviro is scheduling visits
to the offices of a number of engineering and construction
companies to study' controls.now being designed for future
plants.

• Phase III - preparation of the final report for NIOSH which
is to include information from individual plant surveys and
to discuss the projected future of the coal conversion
industry. Enviro will include recommendations for control
technology transfer between different segments of the
industry, including analogous industries such as petroleum
refineries and the ammonia manufacturing industry. Areas

needi ng additi ona1 stud; es for improvement o·f contra 1 tech­
nology will be identified.

3
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The plants in which site visits will be conducted include those which are
subjects of NIOSH industrial hygiene characterization studies on coal
gasification and liquefaction. The control technology assessment site visits
are to be conducted at the same time as the industrial hygiene surveys to
assure that observed operating parameters correspond to observed levels of
workplace hazards. Site visits will also be conducted inat least two of
the plants in the Gasifiers in Industry program. (Planned site visits are
outlined in Table VI.)

Individual case study reports will be made for each site visit. Each
report will be of sufficient depth, quality and format to be included
directly in the final report. Enviro is planning to make some of
these visits in conjunction with staff industrial hygienists working on
two other NIOSH contracts, IIIndustrial Hygiene Characterization of Coal
Gasification Plants ll and IIA Study of Coal Liquefaction Processes". A semi­
quantitative analysis will be made at the beginning. of the three-week
in-depth industrial hygiene survey Enviro is making as a part of the
characterization studies. Based on this sample, additional in-depth
characterization studies can be made by the industrial hygienists during
the three-week survey at each plant site. A description of process unit
operations, hazard potential, exposure sources, number of people working,
start-up modes, and shutdown modes of each process wi 11 be i ncl uded. Any
special controls associated with each mode will be noted so that in cases
where the normal processes are used, Enviro will be able to assess the value
of the additional control of the operating unit.

Enviro is scheduling three-week in-depth surveys at plant sites as part of
the industrial health characterization of coal liquefaction and gasification
studies. The control technology assessment (CTA) team is scheduled to
cooperate with each of these surveys. The eTA survey at each site is
scheduled for one week--that is, the first week of the in-depth survey.
The analyses of samples fram the in-depth survey will be a part of the eTA

<; •

report. As a result of this plan, the control technolosy assessment study
will be broadened without additional cost to NIOSH.
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D. Approach to Occupational Health Control Technology

Control technology, as considered from an occupational health perspective,
includes several categories of applied engineering. Traditionally,
occupational health engineering controls h~ve been grouped into three major
categories:

• Substitution

• Isolation
• Ventilation

In theory, application of these principles in appropriate combinations can
achieve satisfactory control over the workplace environment and can assure
an environment of suitable quality.

Coal conversion technology is in the demonstration stage. All previous

NIOSH CTA studies have been made in mature functioning industries where
the cost effective limitations were severe. In this study, NIOSH has the
opportunity to participate in the development of the industry and in the
identification of engineering control technology at a basic level in a cost
effective manner. (NIOSH is aware that to freeze engineering control
technology at this basic stage could result in greater, rather than less,
occupational health exposures.) Therefore, Enviro feels that an expansion
of these categories is in order. For this study, Enviro plans to examine
the following categories of control technology:

• Category I: Elimination by substitution of unit process
or hazardous materials;

• Category II: Application of current technology to specific
equipment designed to contain emissions within process equip­
ment;

• Category III: Devices to control hazardous emissions once
they enter the work environment;

• Category IV: Controls used to isolate workers or prevent
contact with the toxic agents; and

5
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• Category V: ~onitoring systems which warn ~/orkers of hazards

and initiate corrective methods.

This approach. when combined with the unit operations segregation of the
process, classifies the hazards within the very complex coal. liquefaction

and gasification operations.

The following examples further define Enviro's proposed categories and
describe_how each of these categories fit into the evaluation of various
controls in the coal conversion plants and·related industries. In providing
these examples. Enviro has drawn heavily on the experience of our engineers
and hygienists from their work in the coal gasification and liquefaction
industries.

Category I

Toxic materials are controlled by elimination or substitution of entirely
different processes, equipment, or materials. These types of controls de­
pend on state-of-the-art technology in each specific industry and may be
implemented primarily to upgrade the technology of the industry rather than
to control health hazards. An example of this technology comes from commer­
cial operation of the Lurgi gasifiers at SASOL.

Heavy tar produced by the Lurgigasifiers at SASOL is dirty
(40% solids). is difficult to handle, and has little value. For
years, SASOL has buried the tar; however, in early 1978 SASOL
completed tests on a new SASOL-Lurgi design to recycle heavy
tar back to the gasifier to produce additional gas and light
tar-oil and to eliminate the cost and potential exposure of
handling the tar.

Category II

Current control technology is applied in an attempt to contain the harmful
agent within the process equipment and to prevent its release into the work
environment.

The equipment in all coal conversion plants, manufacturing either gaseous or
liquid fuels, includes high and low pressure pumps, which can be centrifugal
and/or reciprocating; high and low pressure valves; flanges; some sort of



feed mechanism such as.lockhoppers; instrumentation; heating furnaces;
pipin'); and many miscellaneous tanks and storage bins. In all processes.
liquids with solid particles (slurries) are pumped. In some instances.
all three phases are in the same stream. The equipment is subject to
erosion. corrosion. hydrogen embrittlement. and heat expansion and con­
traction. Gasketing materials suffer degradation and become loose.

Slurries and contaminated liquors erode equipment. especially rotating
equipment and valves. Acid gases such as hydrogen .sulfide attack most.. .
equipment. especially at elevated temperatures. Alternately. chloride
stress cracking may occur at the lower end of the temperature spectrum. at
the dew point of water. Iron carbonyl formation may occur at still lower

--ambi ent temperatures. Hydrogen embrittlementand cavita ti on weakens
structures. As a result, gases leak from equipment. liquor spills occur.
and in some cases these leaks cause explosions. Maintenance personnel who
take equipment apart come in contact with fumes, liquors, and solid deposits
on the equipment. Table I lists the potential exposure points to be studied.

In pilot plants built to date. much of the pumping equipment, valves.
packings, etc., have.been off-the-shelf items not fabricated to meet the
unique demands of process streams in coal conversion plants, as in the
following example:

At the Koppers-Totzek plant at the Modderfontein #4 Ammonia Plant
in Johannesburg, South Africa, minus 200-mesh coal is passed from
a 200-ton surge bin to Fuller pumps which feed the coal into a
pneumatic conveyor system. When originally installed. the Fuller
pumps leaked coal copiously. The problem was overcome by slowing
the pumps from 1800 rpm to 450 rpm and by substituting a nitrogen­
purged stuffing box for the original mechanical seal.

The instrumentation that will be required to control the process presents a .
special problem in coal liquefaction and gasification. The in-line instru­
mentation selected for use in coal liquefaction and gasification processes

7
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Equipment or Process

1. Slurry pumps

TABLE I

Potential Exposure Points

Remarks

• Leaks at gaskets and flanges
- Personnel contamination during ma;nte~ance
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2. Pressure pumps

3. Grf nders and
pulverizers

4. Piping

S. Letdown and control
valves

6. Gasllfquid
separation tanks

7. Qistil1ation units

8. Gas purification

9. Residuals and
catalysts

10. Coal charging
mechanism

11. Ash di schargi nq
systems

12. Poke holes

13. Valves

• Leaks from gaskets. seals. and flanges.
• Leaks due to erosion and corrosion

- Dust leaks at joints
- Inert and/or flue gas leaks

- Leaks due to erosion and corrosion
- Leaks due to erosion. corrosion. and cavitation

in three-phase systems

- Leaks due to erosion and corrosion of valve
intema Is

- Leaks due to gasket failure

• Leaks due to erosion and corrosion of tanks.
joints. and valves

• Leaks due to gasket failure

Leaks at joints. valves and piping
• Liquid spills at pumps, flanges, valves

• Leaks due to corrosion (may leak H,S, ca. and
combustible gases)

- Dusting from catalysts
• Contamination from spills

- Leaks from lockhoppers in high pressure systems

• Leaks frem erosion and corrosion
- Leaks in letdown mechanism

- Leaks around seals
- Leaks during test; ng

• Leaks from erosion and corrosion on valve seats
· Leaks from tar buildup
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can contribute to worker exposure. Factors that contribute to worker
exposure include the following:

(1) Leaks in the instrument and at points where the instrument
sensors are connected to process equipment;

(2) Emissions of hazardous components during calibration of
instruments;

(3) Emissions of hazardous components during routine maintenance
and troubleshooting; and

(4) Off spec products and emissions, and spills of process
streams which may occur when in-line instruments fail to.
function. •

The study plan proposed here considers the following:

• Needs of coal liquefaction processes for in-line process instru­
mentation;

• Commercially available in-line process instruments whose published
performance specifications indicate they are suitable candidates
for ~oal gasification and liquefaction processes;

• Performance of these instruments in cOlm1ercialprocesses with.
unit operations and process equipment operated under conditions
similar to those encountered in coal liquefaction processes;

• Assessment of in-line process instruments now in use in coal
gasification and liquefaction plants; and

• Identification of areas in existing coal gasification and
liquefaction plants which need better in-line process instru­
mentation.

Needs for additional instrumentation will be identified during discussions
with plant engineers responsible for the design and operation of coal
liquefaction and gasification process plants. The needs then will be
ranked in order of importance on the basis of potential for reducing
worker exposure or for maintaining existing acceptable exposure levels.

The sampling points are another ~rea for exposure of workers to toxic
materials in coal conversion plants. These sampling points are often
located on bypass lines. Once the sample is obtained, the sampling line
is cooled off, then the line is broken and the sample is taken to the lab
for analysis. When the line is broken, the worker may be exposed to fumes
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from the liquid in the line between the two shutoff valves. In addition,
workers in analytical laboratories may also "be exposed to toxic materials
if proper precautions are not taken during analysis of these samples.

Category I II

Controls which are designed to remove or reduce the concentration of contami­
nants from the workplace environment once they have escaped from process
equipment will be discussed in Category III. It will be necessary to study
the composition of the process streams to determine the possible toxic
~ateria1s which may be a part of workplace emissi~n~.

The classic example of this type of control is the application of ventilation
to ~ontro1 vapors and gases. Other examples include the use of special work
practices to remove coal tar residues from equipment and other surfaces in
order to prevent contact with skin. Examples are given below.

Removal of tar from structures and equipment is difficult. At
SASOL, hot gas-liquor (containing over 3000 ppm phenols) is
recommended; at the SRC pilot plant, an a1k~line solution is
recommended; and at HYGAS, steam-cleaning is used. In all cases,
solutions to the cleaning problem pose hazardous conditions of
their own. One of the nonhazardous solutions recotmlended
in the Criteria for a Recommended Standard... Occupational
Exposure in Coal Gasification Plants is the use of strippab1e
paints or whitewash on structural surfaces.

Most coal conversion plants are of open construction, so that there is little
or no accumulation of toxic gases in any of the plant areas. However, there
are occasional operations or tasks where local ventilation is used, as in the

following examples:

(1) At the SRC plant. a local exhaust system has
been installed at the Sandvik belts so that toxic
gases developed along the length of the belt may
be removed quickly.

(2) At Cresap. an exhaust hood is used to remove toxic
gases during the drum filling operation. At other
times. the system is shut off.

(3) And also at the SRC plant, mobile flexible exhaust
ducts ar~ used to control fugitive emissions from the
precoat (diatomaceous earth and asbestos) uddition
glove boxes.

10



Such a local, periodic~lly used system may be installed:

• In areas where periodic leaks are anticipated and cannot
be controlled by other means;

• In areas where onstream maintenance will be required;
• When sufficient sampling data is available to make

informed decisions on duct placement;

• As an interim measure until long-range control technology
is developed and installed; and

• Where exposure sources are intermittent (e.g., in reactors
during maintenance).

Category IV

Controls which remove or isolate the worker from toxic agents in the work­

place are discussed in Category IV. Examples of these include remote controls
located in isolated control rooms, protective clothing, respiratory pro­
tection, and administrative controls such as job rotation and other work
practices.

(1) The main control rooms at coal liquefaction and coal gasification
pilot plants and commercial plants surveyed by Enviro are generally
located away from the main process areas. This includes HYGAS,
Agglomerating Ash, METe, CO 2 Acceptor, Bi-Gas, Synthane, Synthoil,
Solvent Refined Coal, Cresap, SASOL, Modderfontein, Ruhrgas, and
the University of ~innesota. The low-Btu commercial plants are
notable exceptions, however, only at the SRC plant did we notice
shelters located apart from the process area. One of the observa­
tions at Cresap was that the crowded conditions make it difficult
to maintain and/or service the equipment. In future plants, ECI
recommends additional spacing between the various pieces of
equipment, thereby reducing the exposure of the maintenance
crews because of more efficient operation. Better spacing would
aid in reducing the exposure points to which an employee would be
subjected at anyone location.

(2) The SRC pilot plant has the most conscientious clothing code of
any plant surveyed to date. This includes frequent changes of
clothing and necessary protective equipment. Most important,
all clothing is changed at the end of the shift and is then
cleaned and washed. Workers have a dirty-clean locker room with
mandatory shower.

11
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(3) Respirator protection is available at all pilot plants but
does not seem to be greatly used. SASOL may have the
most practical program: If a leak occurs--get out. A
properly protected inspection crew then investigates.
All employees working in tanks or other areas containing
toxic fumes wear air line respirators with filters to
remove compressor oils.

Work practices concerning safety are carefully followed in all plants.
These work practices are consistent with the requirements for each plant,
and are established because of the equipment, raw materials used, end
products, and waste materials end prbducts. Some of these work practices
are detailed in Recommended Stando::t'ds for Occupational Health and

Safety in Coal Gasification Pilot Plants.

Category V

Controls and monitoring systems are designed to warn the worker of hazardous
concentrations of agents and to initiate remedial action. Examples of such
controls in various industries are numerous and include systems for labeling
and for monitoring certain toxic substances such as carbon monoxide (CO),
vinyl chloride, hydrogen sulfide (H2S), oxygen (02), etc.

(1) At the CO2 Acceptor pilot plant--a totally enclosed structure-­
CO monitors were placed in all rooms. Then. all potential
leak points were tightened until all gauges read below 30 ppm.
The coal gasification criteria document recommends that an
indicator gas system be used to define leaks' of substances
which may be hazardous at concentrations lower than the
NIOSH-recommended levels for the indicator. Such gases might
be CO, H2 S, or methane (CH4). depending on the unit operation
being monitored. Such a system was also in use at the
Agglomerating Ash pilot plant.

(2) Rapid leak detection continues to be essential to the success
of vinyl chloride control programs: (1) it allows timely con­
tainment and/or repair of leaks soon after they occur; (2) it
assists in reducing exposure by activating visual alarms when
high concentrations of. vinyl chloride exist and respiratory
protection is needed; (3) it serves as an indication of
control effectiveness and need for action; and (4) it directs
the efforts of the control program by pinpointing recurring
problem areas. It should be no less successful in coal
gasification.

12



Such rapid leak detection systems are typically designed to
initiate alarm lights in the affected areas and the control
rooms. Actuation of the system may require that respiratory
protection be used and/or that employees evacuate the area.
Simultaneously, a protected worker using a portable hydro­
carbon detector locates the emission source and makes the
necessary repair.

The rapid leak detection strategy for the coal conversion processes is
essentially identical to that used in the PVC plants (NIOSH research
report, Engineering Control Technology Assessment fo~ the PU1stics and

Resins Industry~ March 1978). However, because of the comp1exity, and
difficulty of ana1ysis of the ccmponents of the workp1ace emissions, the

substance to be monitored wi 11 have to be an "indicator" substance. De­
pending on the unit operation, the "indicator" wi11 be either CO or H2S.
Total analysis of the process gas will be required for each coal used so
that the relationship between the toxic substance and the indicator can be

estab1ished.

E. General Comments

As in many other industries, the process development units (PDUs) and pilot
plants are subject to complex air, water, and occupational health regula­
tions promulgated by the Environmental Protection Agency, the Occupational
Health and Safety Administration, as we11 as state and local regulatory
agencies. However, because this is a new industry, the regulatory agencies
have been more concerned about the possibil i ties of exposure of the workers
(and environment) to toxic agents. For example, for the WESCO project a
total of 53 permits must be obtained before the plant can be bui1t. All of
the engineering and construction companies and the operators of the various
PDUs, pilot plants, demonstration plants, etc., have recognized the need for

protection of the workers and are investing substantial amounts of money in.
engineering control applications. However, these controls are based on
information avai1ab1e at the time of installation and construction, and in

some situations, workers .continue to be exposed to hazardous chemical
physical agents. It is the aim of this and other NIOSH studies to reduce
worker exposure to within acceptable health levels.

13
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The majority of the occupational toxic hazards which have been identified
in the coal conversion industry occur via inhalation. In the case of
maintenance workers, exposures by contact with tar substances are more
prevalent. Work practices are a major component of control technology.
However, the introduction of new controls may cause workers to become
complacent; they may actually be exposed to greater amounts of toxic
materials after the improvements are made than before. Installation of
engineering control equipment, although important, is more effective with
proper operation by the worker. Proper maintenance of this control equip­
ment ass is ts in mi nimi zi ng hazardous .exposure and i·nsures optimum perfo rmance
of the equipment. Reducing exposure of workers depends partly on the mainte­
nance program and on the skill, motivation, and expertise of the operators
in the area.

II. PROCESS ASSESSMENT

The field of coal conversion is undergoing very rapid .changes; consequently
it is necessary to establish a flexible study plan which can be modified
to meet the introduction of new feat~res in the technology over the period
of the contract. It is also necessary to establish and maintain excep­
tionally close liaison with the project Officer so t~at visits to the
various plants can be coordinated and completed within the time specified.

This study plan ·is structured to include equipment currently being developed
in the construction and maintenance field. Enviro will assess the applica­
bility of control technology, identify deficiencies which can be met by
research and development targeted to specific needs, and estimate the time
by which these needs must be met. The plan emphasizes identification of
technology which should be included in future demonstration and full-scale
conversion plants, as well as in pilot plants.

The study plan is based on the combined past experience of Enviro personnel
from visits to over 30 PDUIS, demonstration plants, commercial plants, and

engineering and construction companies. It is also based on the personal
experience of Enviro personnel in manufacturing, research and development,

14



pilot plant operation, process design, equipment design and instrumentation
in both coal conversion and analogous operations. Further, Enviro is using
its existing library of literature on coal conversion for initial support in
development of this study plan. This library is currently being supplemented
by literature searches under NIOSH contracts for characterization of coal
liquefaction pilot plants and for characterization of coal gasification
plants. In addition, information specialists are searching the literature
for information that is specifically concerned with the control technology
used in coal conversion plants. The study plan will be augmented at future

. .
dates to include the various aspects of control technology as it affects coal
conversion and may well be amended as new information is acqui.red either at
the research site or from the literature.

"

Most of the publications may be out-of-date in some respects. For example,
the quarterly reports published by the Department of Energy, Division of

Coal Conversion, are nine to twalve months behind the date of the contract
monthly reports, and twelve to eighteen months behind the actual work
itself. Enviro will contact the managers of various plants and research
projects in order to keep abreast of this swiftly moving frontier of tech­
nology. Enviro wi;l also make full use of contacts in industry; personal
contacts with project managers on the extensive EPA projects; the Electric
Power Research Institute (EPRI); and the trade associations, in particular
the American Gas Association (AGA). the Gas Research Institute (GRI), and the
American Petroleum Institute (API). Another source of information, in
addition to that obtained frc:m literature and personal contacts, will be the
existing knowledge and understanding of the project manager and all the
members of the assigned staff, supplemented and updated by Enviro's involve­
ment in parallel projects such as oil refinery characterization, surface mine
respiratory hazards, Gasifiers in Industry, etc.

A. Unit Operations

Enviro will use the unit operation concept to systematize and to analyze
the engineering control technology under assessment. Enviro has previously
used this concept in preparing the C~~teria for a Reaomm~nded Standa~d ...

,.
Oaaupational Exposure in Coal Gasifiaation Plants and the R~aommendftd Health
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and Safety GuideLin.es for Coal Gasifioation. Pilot Plants. Thi s approach ...JdS

also used by EPA for evaluation of background data relating to new source
performance standards for Lurgi gasification written by Cameron Engineers

and by DOE in subdividing various coal gasification and liquefaction
processes. (It should be noted that some unit operations, such as water
biological treatment, oxygen generation, steam generation, power generation,
tailgas incineration, stack gas scrubbing, and other utility operations will
not be studied in this assessment. These items are more properly the subject
of separate studies for those particular fields.i

The breakdown in Table II is an example of process division into unit
operations; the breakdown for each site visit will be unique to that

particular plant.

B. Site Visit Arrangements

Enviro recognizes the importance of establishing a good working relation­

ship with the plant management prior to initiating any control technology
assessment survey. In thi s program, Envi ro w'i 11 be deal i ng wi th pri vate
industry and federal agencies .

.~s a result of the NIOSH-ERDAinteragency agreement of 1976, standard
protocols for plant visits have been established for DOE-funded projects.
According to this protocol, it is the responsibility of the NIOSH project
officer to establish contact with the designated DOE interagency officer
and to explain to him the purpose of the work NIOSH wishes to have per­
fanned. (At the present time, the ~es i gnated DOE offi cer i s ~lr. John
Abrahams, DOE/FE/ESP.)

Following the initial contact, the Enviro program manager, with the approval
of the NIOSH project officer, will establish a regular cOlilmunication with
the DOE officer, and through the ~OE officer, with the DOE program manager
to keep him informed on the specific plants that are to be visited and of
the proposed visit schedule. In the visit-planning stage, the Enviro
program manager, with the approval of the appropriate NIOSH and ~OE

officials, will contact and work closely with the pilot plant or progra~

manager and other staff members as required.

,~



TABLE II

POTENTIAL BREAKDO~~N OF COAL CONVERSION OPERATIONS INTO UNIT OPERATIONS

-------------------------------
..;------------------------- Unit Operations -----------------------

<----------Coal Gasification <---- Coal Liquefaction -----

----------
High-Btu
(Lurgi)

• Coal Storage
• Coal PreUdration
• Coal Feeding

(high-pressure lockhopper)

• Gilsification
• iojater Quench

• Gas--Gas-Liquor Separation

• Gas Coo ling
• CO Shi ft
• Gas Purification (Rectisoll

• Methanilt ion
• Feed to Pipeline

Low-Btu
(StOic Two-Stage Gasifier)

• COill Stol'age
• Coal Preparation

• COil 1 Feeding
(low-pressure lockhopper)

• Gilsification
• Electrostatic Precipitiltion

Cyclone

• Tar Reco~ery &Storage

Consol Synthetic Fuel

• COil 1 Storage
• .Coal Preparation

• Coal Feedi ng
(slurry mixing, high-pressure _PlJ1lping)

• Preheat
• Ex trac t1 an

• Cooling
•. Solids Separation

• Liquid 0istillation
• Solvent Recovery
• Solvent Return to Slurry
• Extract Feed to Hydrogenation
• Catalytic Hydrogenation

• Gas Recycle &Coaling
• Liquid Recovery

• Distillation

-------------------Aux il iary Processes ---------------------
• Tar, Tar-ail, Gas-Liquor

Separat ion

• Gas-Liquor Treatment
(Phenoso han)

• Gas Sulfur Recovery
(Claus, Stretford)

• AlIIlIonia R.ecovery
• ~ater Biological Treatment

• Oxygen Generation
• Steam Generation
• Power Generation
• Product Storage
• Miscellaneous Utilities
• Tail Gas lncineriltl0n
• Stack Gas Scrubbing

17

• Solids Residue &Hydro Residue
Liquor Recovery

• Water Trea tment

• Gas Sulfur Recovery
(Claus, Stretford)

• Ammonia Recovery
• Water Biological Treatment
• Coal Gasification (medium-Btu)
• Oxygen Generation
• Steam Generation
• Power Generation

Product Storage

• Miscellaneous Utilities
• Tall Gas Incin-eratlon

• Stack Gas Scrubbing----- --------------



,

A lead time of up to several months may.be required for a site visit.

Actual visit dates should be flexible because there is never any guarantee
that a coal conversion pilot plant will be onstrea~ on any given date.

Enviro has established a working relationship with AGA. GRI. ·and other
private industries during the development of the coal gasification criteria
document. These contacts will be equally beneficial for the development of
coal control technology assessment. Likewise, our contacts with API and
EPRI, created through mutual interes~ in occupat\onal health aspects of
coal conversion, will be advantageous for this study.

In addition, Enviro will coordinate the study with labor groups as
appropriate under 42 CFR 8Sa.

C. Site Visit Protocol

Before each site visit, Enviro will prepare a site visit protocol that
generally will be the same for each site. However, because of the differences
that will be encountered during each visit, the specifics of each protocol
will be adjusted to make the greatest use of the time spent on site .. These
protocols will be sent to the project officer for his approval and.
following the NIOSH project officer's approval, to the DOE or industry
representative before the site visit. These protocols will be designed
so that the report for each visit may be included directly into the final
report. Enviro will complete the site visit report within 30 days of
receiving the analysis of the samples taken during the comprehensive in­
dustrial hygiene characterization survey. In cases where Enviro visits
an engineering office, the site visit repnrt will be completed within 30
days of completion of the visit.

A copy of the preliminary report will be sent to the project officer and to
the manager of the site visited. Comments fram both the project officer and
the site manager will be incorporated into the final site report. These
final site reports, intended for inclusion in the public files, will be

18



forwarded to the NIOSH project officer and the site manager within two weeks
after comments have been received by Enviro. (Trade secret information will

be handled according to 42 CFR 85a, S.b.)

In addition to the information generated by the site visits, ·information
about control technology for coal liquefaction and gasification plants will
be generated by continuing literature searches. However, much of the
pertinent "how-to ll information of interest to this project does not get into
the literature. In many cases, especi:ally at the. p.ilot plant level, such
information may not even appear in the monthly reports. Enviro will obtain
this information by telephone conversations with those actively engaged in.
the given project. In other instances, Enviro will refer to its trip
reports of site visits to the Fluor and WESCO offices in Irvine, California;
the ANG plant in Detroit, Michigan; and especially the SASOL and Modderfontein
plants in South Africa and the Ruhrgas plant in Gennany. In several cases,"
pilot plant operations have been completed and the plant closed down since
they were visited by Enviro while researching the Criteria for a Recommended

Standard. .. Occu.pationaZ Exposure in CoaZ Gasification PZants. Such pl ants
include the C02 Acceptor pilot plant in Rapid Ci·ty, South Dakota; the
Agglomerating Burner coal gasification plant located near Columbus, Ohio;
the Synthoil PDU and the Synthane pilot plant located in Bruceton, Pennsyl­

vania; and the Steam Iron pilot plant located near IGT's HYGAS plant in
Chicago, Illinois. In these cases, the experience of the Enviro personnel
will supplement information in the Enviro file.

D. Survey Sites

Table III is a list of po~sible liquefaction survey sites that may be
available for visits by Enviro personnel. Table IV is a list of possible
gasification survey sites. Table V lists the possible site visits that
deal with equipment studies, product studies, and services rendered by
construction and engineering companies that might be of interest to the
coal technology assessment.

19



,
BEST AVAlLA~L~ CO~V

TAOLE II!

CONTROL TECHtlOLOGY ASSESSt~niT:

PDSSIBLE LIQUEFACTION SURVEY SITES

This proy,'.,n ., I r ile In al tern;ltlve
to SRC [I,

Important "ajur effore of t~ctlnolugy

currently or inte.'est wi II carrel He
th,l "ork WI~rl Fe. LewiS PIIul i'lalit

Previously
~i,jted

Fluol' 'h .. s Oil-Site e'P~"iellc" 1n dnl~1I
of two major -]a';,;ltiCJthlll ~.H·uJr:I.LS

and the expcri"n,e uf ulJ~rolt1rIIJ tile
CSF p"o.:CSS H (re,Jp, [n pJsl "UI",

they gelv. IlIaj:JI' ~UIJport t" UUt P'Uj~.:ts,

Site 0" Pr(lce» Loca t i on StHuS

I, ':.iol .. t:Ont RerlneJ Coal Bi nninqham, On-Goinu Oes I(1/1

SRC I Alabama

~, So 1v<,n t Rerined Coal Denve,', On-Goln~ De;; qn
SRC II Colorado

j, Fluor Con"ruct;on and Irvine, On ·Gu i '"l llc> i tin
En'~ineCr"lnq Call fornla

~, POW. COED, SRC
(~, Jol, Pa,';un.1

Los Angeles,
California

P(jI'':)UU~ rlr:l':! Dee'l uc:ullrlg ·... 1 UI 11I.luC'~

fell:tlOIl >I11(;~ I~bl jna r. "u~(I.lly

know l edljeab 1~ 011 !1l~ t.drl d h u f COrl'"

structlulI, Pil,',unS Jevel,,""J the f,rst
of UI~ rr:lt:n')t,.'u \Jl.·Vi.:LJIJIII~nt. Ul::loIIJI1S

5, Ma rcus Hook,
Pennlylvanla

On-GoIng Deslyn

6, CSF Procell Cresap,
\leH VirginIa,

OperHlno Pi lot
Planc, Fiscal 1979

Majer pi lot plallt ",illY l:QlIlb1l1ation of
li~uetactioll proce".s, Lung nistory
of proble",s anu probl.", solvln9,

7, SRC or SRC I [ Ft. Lewis,
lJashington

Opera t; nq Pi lot
Planc. Fiscal 1979

Major 1'11Ut plelnt ClSln'l :orr'Olnatlon of
liquefaction ,,,'oceSlel, Lon9 nl,tory
of problerrls and prob1,,:rr ,alvin~,

3, H·Coal Catlettsburg,
KentUCky

Start up Icheduled
early 1979

Larqelt uf pi Jut plants VUlety or
prucesl~s to be luo'eU H, II joined
wieh Alhland ilil kerille,'y,

9, TOSCOAL Golden,
Colorado

Awa 1 t I nq OO~

Fundinq
Only ~ossibllltY to revi." PY"olYlis
prucesl alld rutatin~ ki I" o;J",'Hion

10, SRC 1/1 I Sal/VI lle..,
Alabama

Opera t i nq POU
Fiscal 1979

Repeat cd Ft, Le"is wperHlonl to
,oere extene. '1';I'Y rei iabl., Smaller
uni t,

12,

Occidental Oi I

cas TEAH

Laverne.
California

Grand Forks,
North Oakota

Shu tdown,
S~,'ing 1978

PDU Opera t I no
1979

Pl'il/dte u~~r·.JtiOll. S~t:':lal izetJ pI'OleS:),

(nt"Clr'lIlatloll IIld,! :~-= ui ffjl,.ul t e.o Otlt~ln

Proces S 0 F ~u tell t 1d 1 r!COn(,HIII C 1n t.~res c..

13, SRL Grand Forks,
NorCh Oakn ta

P,'oject Corll~leted Pr'ocess ot ;:iOli:rlC.ial ~COIl(;:U1C ir1tt,;r~S:'.

S(:, fhu IL Bruce Con,
Pennsylvania

Plnnt ~"otllba lied

IS Bay town,
Texas

~tiI"t up >Clledul~d

19f1O
~~l:IJOr' piLI_ I,JeHIe. ~JSlf\iI '1.:"III1;fl

e,x\/cr'l t'1'C~

I'

lIyJrOC.H'OUlll:' 1 C I.,W

lIt''': CnIUI'lJ~

Oak Ridge,
Tennessee

L i b"drY,
Pennsylvania

Rench >ca 1e
opcr'ittion 1979

Sfllelll POU Operation
1979

Oerlc h SLd: I I; UI.H:f',j ~ I uri ,I t ;JI 1··H~n t
Process IILJt I)r wlJl! ·H.... :~ lrILt":I·~~t,

,'I,.lbll -. Cool-Hewanol
ll.;i:loQ I j n.:

PaulSboro,
N"" Jersey

Lln~ rack oper. t I on

I, CuED Prlnceton,
ii~l~ ,~er1t!y

Projec t cOlllP Ie ted Pt:'rsullllE:1 n::uLdLt,"I! ~1:rUr!::<.1r:.:ull ,~I i:
bc dl rrlClil ~ til O~.(a~1t
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TABLE IV

corHROL TECllllOLOG'( IISSESSIIErlT:

POSSIBLE GASlFICATturl SuRvEY SITES

LOCH ian Sta tuS
Pre, liJU~ 1y
vjsltell

------------------------------------------------
I. Windsor,

Connec t icu C
Operatina Pilat.
Plant, Fiscal
1979

Gnly 10.. ·Otu pi lot ~'ant U~'" HIOII

spec, f icallI des i ~l1e,j fOI" aI I'".; l

use H uCII i ti"s.

Bruce tan,
. Pennsy 1van ia

S1.\'19 I I\~ LUI'Y 1 Grand Forks,
~ol·th Oakota

Oper'atinq P'ilot
Plalrc, Fiscal
1979

·1. CII i 090,
III i noi s

O~erating Pilat
Plill1t, Fi>ea1
1979

l~111 rIJIIC' flr'itl1d!lU "'11(.J\l!i,;"; .. )r: ~t,l Vll:Jr,

c lJI1s,u1 tC!lt~.

Rapid City,
Sou th Oa <a ta

Project Call1pleted £C[ lidS lllri,JI"1I13tIOn fr'olll 1J1'~""I\J~j::'

"i"i 1 t.

StirreoJ Fhed a~d Me nla nto.,." I

\<esc Vir9inia
Operating, Fi ;ca I
1979

Oper.:a t lOll Ulluet.E:l'Ill\ n~(j. 1l\":IU r r 11.. 1~nl

inr·onnd.tioll frl1l1l Pr"~"iOlJ':li "i';)j L'l

CII \ca~o,
11 \ i noj S

P,'ojec t Tenll; noted (oll'iultd.nts' UcH.\',,(J(UumJ 111fonllcl.tIOIl.

Jackson, Ohio Project Terminated ~ersllnnel r'elaca~~d Eel .,11 olt""I~r"

piIOlH~ contact foT' elluipUlent lrlrOnlio.tlurl.

~. aI ·G.as Home" CIcy,
Pennsylvania

Opel-atinq Pilot
Plant. FiSC'll 1979

Complete plarlt oper"HIOIiS.

G.E F i ,ed ad Sene nee tady,
New YOrk

Operating Pilat
Pldnt. Fi~cal 1979

\1. lola 1tz Mi 11 ,
Pennsyl,ania

OperOC'inq Pi lot
Plant. Fj~c31 19/9

Po'S')ib\e t11ternlOll~, lllfullnrJLIUIl IJtJCt;Jl(l~

aale I,,,r,, ahu H"Ii"~I" H ocn"r si ces.

I.:. Man ,"Oe, i 11 e,
Pennsylvania

Operating Pi lot
Plant, Fiscal 1979

~ossibl" al terIlH""

I" Cnicago,
Illinois

Operatinq Pilot
Plant. Fi~C31 1979

11ls,uffi<.:1l::nt ",Hit:: .Jlh1t:.Jl. '"nll ulJl:alll

infonllat1on f"ull~ I",Ul\'::lu: ~~llt

14, Chicago,
111 i no i ~

OperatTnq Pilot
Plant, Fiscal 1979

IIlSut'flClerlt W1Ul.: JiJjJ~Ql ',;1~1 uDtu.1f\

infoln:a.tlon rl'(Hl1 ~orl)\,1 L..Lllt')

SIIIal1 sc"l~

clJalul1ti v n.

Scnedu1ed Start-u~

1980

I~Ulll"oe' i \ Ie.
Pennsy 1van i a

Pekin,
III i no i ~

IS.

,: ~ lullll\" ~ I lfl/",. Ll3nv<]G PJr'k,.

C.J Ii fOr'llld

fJu~,·~ c. i ,IlJ ,
FisC31 1979

';"p1,ell [e.:/l11011l9Y C~r~,

Pittsaur~n, Pellllsyl,ani.
P,t CSbu,·gl'.
Pennsylvania

h. Not cut of POU Stdtu> ?rivC1tely (je~eluLJ~J IIICI..l:':~. 1.... 1V.~=

ll,ronllatioll .Jlj'ull.Jlllt.:. ~1I..Jj 1I~i: ~tllt~I..Jll'C'

~Ilut ~1.lIt .

.'(, . Punca City.
u. I J 110111"

- I . 1'1 t tSOUI 'JIl,
Pennsyl vall la
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5tdtu>
---_._------- ,----'--------- --_._----- .. - -_ .. -

Loc.tiun

-------------------------- -------- ----
rl'!~\lllJU~ I 'J

'II> I t~d

----------
r,
'"r.Jl.ll c

22 Nefll~his.

T~'"lessee

~Iajor IlleJiLJI1I-lItli Jt::::.llln far' l'lll:r"-

lIlecJi a te :J]dlil. \1111 Ul.: lISt:J '.." Ii. ~,

GrJce for 111:111\.1 fa"; t~r'e u r' .I11:1!I:;r: i j.

~ J , u-GJ i Meillphi s ,
Tenne>see

On-Goillq Desi',ln Of int~l·e~t. Hill 00(.111\ IllrUlilldtlon

f,'om cons,,1 tdllt.

LC"", 1·(011 Ne" '101'1"
New Yor~

Te rill i na t~d ~lll \lllilt O'·dV.LJ fUr" Infu!~l..itio'l uri
th's ~roj0Ct,

25. Detroit.
Michigan

Start ~lont Call'
struction 1979 (.)

Detailed deSI'!11 nt' "Idllt >',QuIJ 0<
ad.anced,

20

27,

E1 ~HO Na tura I G.s EI Paso.
T~.as

Houston.
Texas

Plant at ~esi"n

s tag~

Plant at ~esign

stage
x •

Inr.er~stecJ in OCCr••II'·.d.lufl,11 n~;J1 UI jlld

eTA no t ta r a~,,,"c~J,

Dors ten,
Germally

Operating ~I.llt

~') , ~,~SQL I Saso I burg.
Mrt ca

Opera t i nq D1dl1 t

JJ. Los Angeles,
Cal; fOrnia

At des i gn can·
struc ~ ion SCJq"

J1. lie st fie 1d •
Scotland

Used as research
fac iii ty

Does not WI)!I La iJartlCliJoIlt: III

tt:!chnica,lly Jt:tdll(.;1,j lJUl,'l ic ~"I.~,.]lllJL:.

J2 _ Mo.ldderron te ill JOhannesbul'g,
,H,';ca

Ope,'a t i nq 1·/ i 11 a~~ 1y iii 10 rlllJL i UII ul; t., lie,] til
CTA,

33. G~en·Gery York. Read i ng,
Pennyslvania

Operating Alltracite qasificatlon, lie., cOlilrol
technology. Put of G." flot'S 111
[ndustry progra,". PIJllts ",,11 lUll.

J4 _ Nat 10na 1 Linu:
Stone Co.

Gal'y,
Ohio

Opera t i n9 Ha.e viSited, I~ill Ui" COt.';i"~ 111'
forllla,ion on CTA,

J5_ HOI~ton Kingsport.
r~lIn~ssee

Operating Hd~e "'I~i ted. !'Iill u'i/:' ~LJr.:jil.c:J 111'

fonllatiol1 011 CT~,

Jo Do... Chemical Ml dl and,
r~iciligan

P,-i.ately de'/elol,eJ, """IIUll'JII
Ijquefa...:tloll.lld',e rlut ((,II)IWcrt.:d

c0l1t"01 ,echllorclC]!

ii, Utllver<iili" of ~'iFlIIC'':IolJtd' DIduCh.
M"""eso ta

Fully ope,'a­
tional 1978

(lloJsi fien in lndllsr.,"} \.ll'rHJr::llll_ P~d.llt

Oll'itrea.lo. Has i:"tdl~I.I· lrl,lu·.Lr IJI
/",~altI1 iO'llc:ititjdLlnrl, 11;1':lI !1L'\"' C'..J11~

trol teCllnology '('1'010' i~ t.Jelf:Y Irh'c':lLl­

go ted by UII i .e,·s 1t} oj f i'l r ':1:",0 lJ cnud
~1I'ectioli of nR~L,

J.~ , Pi'~ County Pi'e Coun~y. Design staqe
'~ntucky

;~ , ~oc.etdYI1" Canuga Park. Semi ·PDU
C.lirornia Operating 1979

-., 'C I I .J.c!r·OS~d\.c , OuFrdlo. PDU Ope,'a t ion
T~xt"Ofl n~w ro 1'''

GelS I fl~rs in Indus t.'y l;r· ...n.H·(III:

,,"<ler cons true t I,)11

fo'rujcct not pr'I:'::l~lltlj wi ~'.JII~!L"I Ii..J I

'" ,e,'es t,

.,.,-/
I
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TAUIE ~

CO~ITI'.CJL TECIINULO::;V AS~ESSI'IE!If,

POSS[~LE SlTE ~ISlTS--EUUIPMENr. sruulES, SERVICEs

E'I'J'\JIII!:nt "r PruJuct ~tuJy

S~C Hyd,'oproce;> i IIg (H-D i 1)

F, J t~,· C~lIst""CtIOil

Sol.ent Prectpltdtl0n

LUJ\ F!:~de,·;

Lo.1 Feed!:r

\~l,,;.ll GI' l11J II\'J

~ Iquid ~n"se ~l~thoflQtlon

~ed trom
·,Ie copy.

COIIIVOIlY' or Loco lion

Can Ed
New Var~. N, V,

Cities Service
loke Charles, La,

Te.aco. Inc.
Las ~ljeJ~s. Cd.

Jahns ·Manv i I Je

LUIIIIlUS

Kerr·McGee

Co naco

tngerso 11 Rd na

Generdl Electric

Lockheed

Consolidated Controls

,,11 rch i I d

OHtdlle

CIIl111 ~ys tems
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On-going

On-goilllj

Fi 1ter ti:st~J

To L~ test"ct
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T~ b" test~1.I at
'~ll;onvlI1!:.
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Cr!:sav, W,~.,
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UIIJ!:!' ~~s ~

1977-79

23
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III. CONTROL TECHNOLOGY ASSESSMENT PLANS

As a result of the range of site characterizations required for this
project (see Table Jl), ECI has developed four site visit plans:

Plan A--Nonplant Sites
Plan B--Pilot Plants
Plan C--Plant Sites Previously Characterized
Plan D--Plant Sites of Special Interest

Two to five days will be required to complete the on-site control
technology/sampling aspects of each visit. At each site, Eel will:

• Explain the purpose of the eTA project, how it fits into the
NIOSH program, and the scope of our plans for the visit;

• Request information concerning the plant process operations
from plant personnel; and

• Complete a preliminary walk through of the plant to
permit the eTA team to become familiar with the physical
realities of the plant so that final details of sampling
can be worked out. (This item will not be included in
Plan A.)

A. Plan A--Nonplant Sites

Plan A will be used for those site visits which are made to offices in
engineering or corporate headquarters. The bases for these discussions
will be flow sheets, P&I drawings (where available) and Enviro's background
knowledge of the process.

The eTA team will discuss the project with the engineering staff and other
appropriate company representatives. The basis for discussion will be the
site visit protocol developed especially for the visit and mailed to the
company prior to the visit. (It is Enviro's experience that detailed
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protocols stimulate disscussions.) The engineering staff will be inter­
viewed by the full eTA team (engineers and hygienists). The engineers will
concentrate on the specific technology, while the hygienists will interpret
the discussion from an occupational health viewpoint.

During the meeting, costs of engineering control technology installation
and maintenance will be discussed by the eTA engineer(s). The eTA
hygienist, who will be present at these meetings, will approach the
problems brought up during the discussion from the viewpoint of
the industrial hygienist.

B. Plan B--Pilot Plants

The initial procedure under Plan B will be similar to that of Plan A.
Discussion here, however, will center on the experience and learning process
of the pilot plant personnel. Questions on maintenance will be directed
toward finding out what type of system works better and why one system was
chosen over another. Special emphasis will be placed on sampling equipment
and/or work practices for taking samples in order to determine the worker
hazard during both the sampling and analytical activities.

This sampling plan will be used by the control technology assessment team
when the site visit is made with the industrial hygiene characterization team
under either of the NIOSH contracts. The eTA visits will be made at the be­
ginning of the three week in-depth industrial hygiene survey. The eTA team
under this plan will take a minimum number of samples. The industrial
hygiene characterization team will make a detailed study of the site and
will take the number of samples required to make an in-dept~ industrial
health characterization of the site. The data obtained from this industrial
hygiene characterization will be used, where applicable, by the eTA team.
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The cost of the installation and maintenance of control equipment will be""
discussed. The eTA team will obtain the history of the maintenance that has
been done on a specific piece of equipment in the area. Enviro will attempt
to determine whether a better piece of eqiupment has become available since
the installation of the equipment in question in any particular area. The
eTA team will endeavor to get opinions from the plant personnel concerning
the capability of the equipment that is in use.

In addition to the discussions, the eTA" engineer will study each piece of
equi pment, equi pment subsys terns, and·the overall ·process whil e it is in

operation. Particular pieces of equipment such as hot high pressure slurry
reciprocating pumps may be examined several times during the visit to de­
termine whether any deterioration has taken place during the visit.

While the engineer(s) are making their studies, the industrial hygienist(s)
will study actual fugitive emissions from the equipment. For this purpose.
calibrated direct-reading instruments. such as a carbon monoiide indicator
(MSA), hydrocarbon analyzer (HNu 101), and Draeger or MSA detector tubes,
will be used for:

• .Ammoni a
• Carbon disulfide
• Carbon monoxide
• Hydrogen cyanide
• Hydrogen sulfide
• r~ercaptans
• Oxides of nitrogen
• Oxides of sulfur

Should the level of contamination be excessive in the vicinity of specific
equipment, the hygienist will obtain sufficient readings to develop isoline
around the equipment. Readings will be taken around all equipment in each

section.
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C. Plan C--Plant Sites Previo~slyCharacterized

The Plan C format is the one that will be used when the eTA team visits

sites at which industrial hygiene characterizations have been made by plant
personnel or other investigating groups. An example of this"type of
operation is the Exxon Donor Solvent plant at Baytown, Texas. The plant,
which is being built by Exxon using available refinery experience, is being. "

carefully monitored for the industrial health aspects. The eTA team will

obtain this information from the Exx~n industria! nygienistand use it as
a part of the analysis of the control technology.

The initial procedure under Plan e will be similar to that of Plan A.
However, the discussions will concentrate on the control technology designed
into the equipment in each of the unit operations. Enviro engineers will
also discuss with plant engineers the installation and maintenance costs
of each of the installed pieces of control technology equipment. A history
of the frequency of maintenance and remedial actions taken will also be

discussed.

At these s.ites, the industrial hygienist will use a hydrocarbon analyzer
(HNu 101) to locate points where hydrocarbons are found. He will also,
where appropriate, attempt to establish isolines for higher levels of con­
centration of the gases. ~ The industrial hygienist will also use MSA or
Draeger detector tubes for analysis of the following:

• Ammonia
• Garbon disulfide
• Carbon monoxide
• Hydrogen cyanide
• Hydrogen sulfide
• ~ercaptans
• Oxides of nitrogen
• Oxides of sulfur
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In addition, Enviro may include limited area sampling by the following -.
methods:

a. Charcoal tubes
l. aliphatics
2. low molecular weight aromatics

b. Silica gel tubes
l. phenols

2. aromatic amines
c. Silver membrane filter/Chromasorb cassettes

l. PAH's

2. benzene-solubles
d. PBC filter cassettes

l. total particulates
2. respirable dust

e. Cellulose acetate filter cassettes for trace metals

Plan D--Plant Sites of Special Interest

In Plan D, the control technology assessment team will take a complete
series of samples in order to categorize worker exposure to toxic gases
at each of the unit operations. Enviro anticipates using this plan
at the H-Oil process plant at Lake Charles, Louisiana; at the Glen-Gery
plant in York, Pennsylvania; and at the Pike County Gasifiers in Industry
unit in Pike County, Kentucky.

Discussions will be based on the experiences which the plant operating
and maintenance engineers have had with the control technology in each of
the unit operations." At the H-Oil processplant~ similarities with the
H-Coal process will be discussed and evaluated.

At the Glen-Gery plant, changes which can be made in control technology
as a result of gasifying anthracite will be determined.
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r-·,
,he CTA team will also make a walk through survey with the plant engineer and

, .
other appropriate plant representatives. During the survey, unit operations
where controls are present will be inspected, and those with no controls will
be identified. Unit operations where frequent leaks occur will be identified
and inspected, and activities which involve a break in the integrity of the
closed system will be identified.

The CTA industrial hygienist will be present at these meetings and during
the walk-through survey, and he will determine the type of sampling which will

~

be required in order to obtain the information which Enviro will use for the
analysis of the control equipment.

The HNu 101 hydrocarbon analyzer will be used for the survey; in addition,
M5A or Draeger tubes will be used for:

• Arrmonia
• Carbon disulfide
• Carbon monoxide
• Hydrogen cyanide
• Hydrogen sulfide
• ~1ercaptans
• Oxides of nitrogen
• Oxides of sulfur

The area sampling will be conducted with the following sample devices, with
the actual type being determined by the type of plant and the operating
conditions:

...

•
\

a. Cha rcoa 1 tubes
1. aliphatics
2. low molecular weight aromatics

b. 5il i ca gel tubes
1. phenols
2. aromatic amines
~ilver membrane filter/Chromasorb cassettes

PAH's

benzene-solubles
.....
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d. PVC fil ter cassettes
1. total particulates

2. respi rabl e dust
e. Cellulose acetate filter cassettes for trace metals

As discussed in the best and final offer for "Occupational Health Control

Technology As.sessment for Coal Gasification and liquefaction Processes,"

Enviro will only acquire and analyze incremental samples for the purposes

of this study. This incremental number consist~ of those samples re­

quired for information not being provided by other ongoing contracts.
These contracts include our industrial hygiene characterization of coal

gasification and liquefaction facilities as well as studies (e.g.,
petrol eum refinery) bei ng performed by other NIOSH and EPA contractors.

The following sampling strategy also incorporates comments made by the
project officer on 29 January 1979 ..

ESTIMATE FOR NON-DIRECT READING S~1PLES REQUIRED FOR THE

OCCUPATIONAL HEALTH CONTROL TECHNOLOGY ASSESSMENT FOR

COAL GAS I FICAT ION AND LIQUEFACT ION' PROCESSES

Method of Analysis

Metal Analysis--Filters analyzed qualitatively
by emission spectroscopy

Chromasorb Absorbent Analyses*

Benzene Solubles (BSFTPM) Gravimetric
Impinger Samples Using Colorimetric Methods

Charcoal Tube Analysis for Organic Solvents

TOTAL SAMPL ES

Sampl e No.

5

20

25
30

50

130

*Tenax absorbent ;s being replaced by Chromasorb because more
reliable sampling results are obtained with Chromasorb.

The actual sampling required will be unique to each plant and will be
detailed in the individual site visit protocols. Because of the
different type? of sites to be visited, the above four plans have been

established to meet the requirements of the contract.
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IV. ~ROPOSED SITE VISITS

The NIOSH contract states that "site visits to twenty plants, including one
foreign plant, will be conducted" (i.e., in-depth surveys which include a
description and an evaluation of control technology); also, of these
twenty visits the contractor shall visit those pilot plants previously de­
fined in NIOSH contracts for the characterization of coal liquefaction and
coal gasification plants. Further, two of the Gasifiers in Industry low-Btu

plants shall be visited. Enviro recommends a visit to two countries for a
study of the Lurgi process and a visit to the International Coal Conversion

Agency for an exchange of information. The contract specifies nine of the
twenty site visits, leaving the balance of eleven to the contractor's office.
Those site visits specified in the contract and additional site visits
selected by the contractor are detailed below.

A. Site Visits Speclfied in Contract

Liquefaction

• CFS process ~ Cres~p, West Virginia

• SRC process - Ft. Lewis, Washington
• H-Coal process - Catlettsburg, Kentucky
• TOSCOAL - Golden, Colorado

Gasification

• Synthane process - Bruceton, Pennsylvania
• Combustion Engineering entrained-bed gasifier ­

Windsor,Connecticut

Gasifiers in Industry

• University of Minnesota at Duluth - Duluth, Minnesota
• Pike County Project - Pike County, Kentucky

(alternate: Glen-Gery Colonial Plant - York, Pennsylvania

Foreign Plants

-. lurg; process - East Germany and Yugos 1avi a
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B. Additional Site Visits Selected by the Contractor

Analogous Processes

For the related-industry visits, Enviro will make visits
fineries and to a large ammonia manufacturing facility.
site visits to demonstration plants are recommended.

to "two oil re­
In addition,

Oil refineries will be chosen to maximize the nu~ber of processes which are
related to those which might be found in a commercial coal liquefaction
or high-Btu coal gasification plant. In a refinery, Enviro personnel will
be able to study the high-pressure catalytic cracking plant, the acid-gas
treating plant, the sulfur recovery plant, distillation and other handling
of oils which contain a high percentage of aromatic oils, and the treatment
of water which contains dissolved oils or phenolic materials. Enviro will
visit Cities Service. in Lake Charles, Louisiana. and Exxon Donor Solvent,
in Baytown, Texas.

Enviro recommends that the eTA team should not make a visit to a coke-oven
plant. These relatively open processes bear little or no resemblence to
the high-pressure coal liquefaction and coal gasification processes or
low-pressure. low-Btu operations and would not contribute to this study.

Ammonia plants are of particular value to this project because of their
long record of interest in occupational safety and health. The W. R.
Grace &Company ammonia plant will be visited to observe control tech­
nologies used to handle flammable gases at high pressures and high

. temperatures, acid-gas facilities and other high pressure operations

associated with an ammonia plant.

Contractors are actively engaged in the design of four DOE-sponsored demon-
. stration plants and are a good source of control technology engineering

information. Enviro will visit the group in charge of designing the Slagging
Lurgi coal gasification demonstration plant in Ponca City. Oklahoma. The
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second visit will be to Fluor Engineers and Constructors, who are doing a
"conceptual design for an advanced coal liquefaction commer:::ial plant" in
Irvine, California. The third visit will be to the Parsons Corporation,
Pasadena, California, which is in the process of making a major conceptual
demonstration plant design. The fourth will be to the Gulf_Minerals Resources
Company, Denver, Colorado, which is designing a 6,OOO-tpd, SRC-II plant to
be built in Morgantown, West Virginia.

Commercial High-Btu Coal Gasification

The ANG Coal Gasification Company in Detroit, Michigan, is committed to build
a commercial plant at the earliest possible date and is seeking DOE/FERC
permission and means for financing commercial coal gasification plants. ANG
has actively sought and received DOE help in applying for a loan guarantee.
Because of ANGls advanced state of preparation, Enviro has targeted them for
a site visit.

Medium-Btu Coal Gasification

Because of the importance of Lurgi coal gasification in the early develop­

ment of high-Btu coal gasification in the United States, Enviro will visit
at least one Lurgi plant located in the United States. Because of the time
constraints of this contract, the only possibility of such a visit may be
to the Illinois Coal Gasification group, located in Chicago, Illinois, to
discuss the pipeline gas demonstration plant. In addition, Enviro will
visit the W. R. Grace &Company plant in Memphis, Tennessee, to discuss
the synthesis gas for ammonia production demonstration plant, which
utilizes the Texaco Partial Oxidation coal gasification process.

Enviro will discuss processes that may be of potential economic interest and.
in addition, will meet with the construction and engineering companies that
have had past experience in the design of coal conversion units. Enviro will
meet with major construction companies that are in the process of designing
coal conversion units at the present time, in order to keep current on the
latest information on control technology.



In Europe, Enviro will visit the East German Lurgi gasifiers. Enviro has
received reports that the East Germans have improved operations more than
their counterparts in West Germany or at SASOL. While in Europe, Enviro
will visit the Kosovo Coal Gasification Plant in Yugoslavia, which has been
in operation for a number of years. This plant uses the Mark IV design of
the Lurgi gasifier. The Yugoslavs have developed the operating procedures
for this modern plant with little outside help. DOE recommends a visit

to the International Coal Conversion Agency in Paris so that there can be
an exchange of information on the various operations concerning coal con­
version that are being developed in the European community.

Table VI lists proposed site visits for the control technology assessment
contract. As additional information is obtained, the list may be revised
so as to include site visits which may provide more information than those
currently listed.

The site visits were selected to provide a broad range of experiences from
design through commercial plJnts in a number of ongoing processes. Enviro
recognizes that, for reasons beyond our control, some visits may have to
be postponed or cancelled. At that time, Enviro will contact the project
officer with alternate site visit plans.
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,
v. ANALYTICAL PROCEDURES

The procedures which are being used for the analyses of samples taken
for the control t2chnology assessment for coal gasification and lique­
faction processes are described in detail in the report. "Sampl ing and
Analytical Procedures for the Industrial Hygiene Characterization of
Coal Gasification and Liq:.:efaction Pilot Plants."

This report. which will be periodically reviewed and updated. was
prepared for Contracts 210-78-01 01 • ," A Study 0 f"L i quefact ion Processes,"
and contract 210-78-0040, IIIndustrial Hygiene Characterization of Coal

Gasification Plants."
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VI. LITERATURE REVIEWS

Literature reviews are being conducted under contracts 210-7P-010l,
"A Study of Coal liquefaction Processes," which is an industrial hygiene
characterizat,ion of coal liquefaction plants, and contract 210-78-0040,
"Industrial Hygiene Characterization of Coal Gasification Plants."

Since these surveys also serve as a general backgroun~ for the present
study, copies will be forwarded to the CTA project offices when the.
surveys are completed. An ongoing survey of literature pertaining to
relevant process and control technology will continue over the life of
the control technology assessment.
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