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FOREWORD

Development and deployment of a commercial indirect liquefaction industry.n
has been proposed as a meaﬁs of reducing United States dependence on
foreign sources of energy.

Deployment of a commercial industry on an environmentally acceptable
basis requires identification and evaluation of potential enviroumental
problems. This assessment is an attemﬁt to anticipate potential environ-~
mental hazards that may be posed by commercial-scale facilities to pro-
vide an improved basis for planning and implementing environmental re-
search.

The study comprises £our major tasks: characterization of hazardous
materials released from an indirect liquefaction facility; assessment ‘
of ecological hazards; assessment of public health hazards; and assess—’
ment of occupational health hazards. The report is organized in the
same manner. Volume I is an overview and summary of the results; volume
II presents stream characterization data; and volumes III, IV and V present
assessments of ecological, public health §nd occupational bealth hazards,
respectively. )

This study was sponsored by the Technology Assessment Division of the
Department of Energy. Organizations participating in the assessment were
General Research Corporation, Oak Ridge National Laboratory, and Argoune

National Laboratory.
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EXECUTIVE SUMMARY

[
3N
. N

Indirect liguefaction of coal' is a promising technblogy for
producing synfuels. Recent studikes indicate that if any portion of the
national synfuels goals for 1987 and 1992 is-to be met with coal lique-
facrion, the bulk “of the production is 1likely to come from indirect.
processes. The empha51s that the Synthetlc Fuels Corporatlon is placing
on technologies that are available for deployment on a commerc1al—scale
may provide further impetus for indirect processes,-several of which are
in operation or Dbeing desi;ned on a commercial scale imn foreign

countries.

1

" An indirect coal liquefaction industry will benefit the nation by
providing a critically needed supplement to our dwindling oil and gas
reserves., ngevgr development and degloyment of a commercial coal
indirect liquefaction industry is not without risks. To ensure develop-
ment and deployment of inqirect processes in an environmentally accopt—
able 'manner, potential hazards to the general public, occupational
personnel and ecosystemS must be assessed and factored into the desién,
siting and operation of commercial facilitieé. At present the potential
adverse environmental impactsfof iﬁdirect liquefaction facilities are,
not well understood. Especially lackiquis information on the identity
and quantity of trace contaminants thatwkay be released from process and

waste streams.

The purpose of this asSessmgn: is .to anticipate and define the
potential hazards posed by trace pollutants emanating from the indirect
‘liquefacrion of coal. This will provzde a}nasxs for planning and per-'
forming environmental research necessary to mitigate or eliminate future
i:environmental problems, thereby allowing deployment of a commercial in—
girect liquefaction industry on a timely and environmentaily acceptable

[ - . N . B . '
basis. The results of this assessment, if integrated with information



‘Ek;on control technologies and existing or on-going environmental assess—
ments of criteria pollutants (such as particulates and nitrogen oxides,
‘etc.), should provide the rype of information reciu:npd for the perfor-
mance of a risk ¢ssessment associated with the deployment of specific
1nd1rect 11quefactlon processes. In addition, the results of this study
should be of general use to investigators and decision makers interested
in the evaluation of control=technology options and siting of indirect
llqucfaction fac111ties.

“l‘he assessment met:hodology is 1llustrated in Flgure S~1. Selec—
tlon of a specific process is the startlng point of the assessment.
Indirect liquefaction of coal is essgntlally a two-phase opergtlon:
gasification of coal to pr?duce_synthesis gas, followed by catalytic
“Synthesis of liquid products“ffaé\the synthesis gas. Several process
options exist for each phase. Lu??f%dry ash gasification and Fischer-
Tropsch synthesis have been selected t:(.‘\ represent the gasification and
catalytic synthe51s phases, respectlve_y. These processes have been
selected because they are proven om/a commercial scale; and technical
and environmental data £rom the pro::e..ses, although limited, are more
readily available and more representative of commercial-scale operations

than are data from other processes.

A

A hypothetical commercial-scale Lurgi/Fischer-Tropsch plant has
been designed to provide the basis for estimating the Eypes and quanti-
ties of pollﬁtants that might be released from a commercial facility.
The model plant includes production faci;ities, support facilities and
‘envirommental controls. Facility streams include products, by-products,
internal process streams, gaseous emissions, aqueous eleuPnts, solid
wastes and leachates. A simplified block flﬂw diagram of the plant is

presented in Figure §-2.° %

A wide variety of controls have been proposed for use in coal
conversion faciliries. The environmental controls spec1fled in the
hypothetical plant, have been selected as representative of the types of
coantrols that have been proposed. The wastewater treatment Ssystems

proposed for the hypothetical plant have been designed to achieve zerg
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“discharge and recover contaminants as by—products wherever economlcally

feasible. These systems include tar/01l separatlon, phenol recovery,|‘h.

ammonia stripping and recovery, blologlcal hrea:ment, and reverse*
osmosis. A variety of control processes have been selected to control
atmospheric em1551ons, 1nclud1ng bag houses, lime slurry scrubber.
electrostatic precipitator. (ESP), venturi scrubbers, sulfur recoyery,:
incineration, and spec1al vessels for storing products and by—products.

Solid waste streams from the model ‘aclllty are assuned to be disposed:

of in the mine. Spent’ catalysts are assumed to be reclalmed.

. A mass balance for the faclllty has: been developed. Mass flows

.:

_o; magor stream components are based largely, though not exclusively,

upon information in a report prepared by the Mobil Research and -

Development Corporation, Research Guidance Studier to Assess Gasolire

J
from Coal by Methanol—-to-Gasoline and SASOLrtypeJ%ischér-Tropsch Tech-

4
nologies. Estimates of mass flows of minor s'tream components are based

‘on a variety of data sources and engineerlng judgements, and generally

have been used to 1dentify hazardOus streams that ; require further

characterization.

Selection of streams for the assessment is based on consxderatlon‘
of three factors: 1) stream flow rate, 2) probab111tv of: release to the

environment, and 3) presence of hazardous components.

Hazardous components considered in the assessment, include:

ammonia 01ls :
aromatic amines : oxygen heterocycllcs
substituted benzenes phenols

carbon monoxide
carbonyl sulfide
hydrogen cyanide
mercaptans
nitrogen’ heterocycllcs “trace elements

nitrogen oxides aliphatic, alicyclic aree
hydrogen cyanide and carboxylic hydroccrbons
nickel .carbonyl nitroSamines

polynuclear aromatics
sulfur heterocyclics
sulfur oxides

. bars

1



'

Review of the literature indlcates that chemical characterization
data for releases from commerc1a1—scale Lurgl/Flscher-Tropsch plants are
very limited. Chemical charache ization of streams has . been accom-
plished using experimental data ;rom the 11terature, whenever possible.

For those environmental releases for: wnlch little or no data ware avail-

. ~ [ Rt

"+ able, pollutant. coneentratlonb have been estimated by characterizing

precursor streams .and them estimating the quantity of each pollutant
that would remain in streams after treatment. Stream characterization
is 11m1ted to, Lnose streams that would be released under normal operat-
ing conditions. Releases during upset conditions and accldents have not

been -considered due to the lack of data. /f

Characterlzatlon of the types, concentratlons and quantities of
chemlcal components in streams released to the env1ronment provides the
‘b351s for estimating the resultant exposure concentrations. Because of
_ the relative scarcity of pollutant data, and the lack of information on
site-specific characteristics, sophisticated environmental modeling has
not™ been used to evaluate pollutant-.dispersion. In may cases, esti-
mation: of post-dilution pollutant concentrations are based upon the use
of either the U.S.- Env1ronmental Protection Agency's Sotirce Analy51s

Model (SAM/I), or other very simple environmental dilution models. ;

The hazards posed by each pollutant are then asseosed in relaelon
to three groups of potential receptor populations (1.e7, general public,
occupational personnel, and ecosysfems) by comparing the projected post-
dilution, pvllutant concentration with quantitative benchmarks, such as
biological . thresholds or recommended acceptable pollutant levels, and

) average ambient air or water concentrations.
Benchmarks used in assessing ecosystem hazards include:

Proposed Freshwater Criteria,

Estimated Permissible Concentratxons,
Lowest Observed Toxic Concentrations,
Lowest Observed Lethal Concentrations
-Mean Toxie Concentrations, -

Daphnla Chronic Toxic Concentrations,
Threshold Biocaccumulation Concentrations




e Ambient Freshwater Concéntrations,
e Most Stringent Criteria,
e Ambient Air Concentrat:ion's.

Benchmarks used in assessing hazards to publlc health :anlude.

. = : o

. Fst:unated Perm:.ss:.ble/(.oncentrata.ons, g']

e National Ambient Air Quality Standards,

e Drinking Water Standards.

Relative hazards posed by each pollutant to each receptor are
categorized: based on the ratio of the._estimated post—dilution concentra-
tion to toxicologic benchmarks. Cempounds with a 'i)os‘t—diluti‘en concen- -
tration to benchmark ratio® greater than 10 are classified as "Probable
Hazards.“ Those W:Lth a rat::.o of 10 or less, but greater than or equal
to G. l are clas::Lf:Led as P0551b1e Hazards Those with a ratio less

than 0 1 are classified as "Unllkely Hazards
JI
Assessment of occupational health hazards requires evaluation of

the toxicity of potential stream constituents and the exposure of occu-
pational personmel to these toxic constituents. Unlike the assessments
of public hezlth hazards and ecosystem hazards, which emphasize faciliry

waste streams released to the .environment, the assessment of occu-

_pational’ health risks focuses on internal process streams that could

. Telease toxic substances due to leaks, fugitive emissions, spills and

other non-routine evenrts. Problematic stream constltuents are identi-
fied by using an indicator compound concept and compos:.te hazard index
methodology. In this approach, the concentrations of gaseous components
in process streams that may leak into the occupational env:Lronment: are
compared with the:.r appropr:l.ate threshold limit values (TLVs). The
process stream concentratlon to TLV ratio has been computed for each
constituent and then compared with a s,z:..milarly derived ratio for carbon
monoxide, which was selected as the indicator compound for the assess—
ment. These ratios then.are used to calculate the allowable leak rate
for each stream compounent relative to the allowable leak rate for carbon
monoxide, assuming that carbon monoxide would be monitored carefully in
the occupational setting. Hazards to the occupational population then
are categorized based upon the value of the relative allowable leak

rate, Compounds with a relative allowzble leak rate less than 0.1 are

h class:l.f:Led 4s "Probable Hazards".. Those with a relative allowable leak



rate greater than 0.1 but less than 1.0 are classified as "Possible .
Hazards". ' Finally, those with a relative allowable leak rate greater
than 1.0’are classified as "Unlikely Hﬁgards".

B#éed upon the use' of carbon ﬁgnoxide as an indicator compound
within the workroom enviroﬁhenc, the results of the occupational health
assessment iﬁdicateﬁthat tars and oils from the gasifier are the only
Probable Hazards to workers. Carbon dioxide and methane represent
"Possible Hazardé from one or more process streams. Emissions of nickel

carbonyl and hydrogen sulfide also may pose some concern.

Projected hazards to the general publlc and ecosystems posed by
components of six selected facility streams are summarized in Tables S-1
and S-2. Evaluation of the results indicates that hazards vary by

receptor group, Stream and chemical class of constituents.

Stack gas produced as a result of utilities generacion.is %he
largest planned environmental release from the hypothetical faciliry,
with a flow rate of approximately 7.1 million pounds per hour. Compari-
son of estimated post-dilution concentrations of sulfur oxides, nitrogen
oxides and trace elements with public healthand ecologidal benchmarks
indicgtes that none of the stream constitueﬁts pose a Probable Hazard,

but each represents a Possible Hazard to public health and ecosystems.

Cooling tower atmospheric losses for the hypothetical plant are
projected to be 2.4 million pounds per hour. Although many industries
have cooling towers, the emissions from the hypothetical plant ére
unique because treated process wastewater is used in the éooling system
tower. Comparison of the estimated post—-dilution concentrations with
health benchmarks results in the classification of arsenic and ammonia
as Possible Hazards to public health. The cooling towen losses appear
to pose the greatest short—term atmospheric threat to local terrestrial
ecosystems due to the large quantities of organics: and trace elements
released, but quantitative estimatés have not been made due to lack of
data regarding pollutant partitioning among drlft eﬁaporation, and

blowdown. _3
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Comparison of estimated post~dilution concentrations with

ecologicél and public ‘health - benchmarks indicates that nome of the

components intcpaf lockhopper vent gas pose.a Probable Hazard to either’

public health or ecosystems. Ammonia, hydrogen sulfide and nickel

carbonyl are classified as Possible Hazards to public health.

Concentrated waste from the reverse osmosis unit is the largest

aqueous waste stream requiring ultimate disposal. Although precursor

wastewater streams are treated rather intensively (i.e., tar/oil

'aeparatlon, phenol recovery, ammonia recovery and blologlcal treatment)

prior to concentration of pollutants in the reverse -osmosis unit, the
quality of the cpncentrated waste, stream is such that inadvertent
release into groundwater (through leaching) .or surface water (through

leaks), as assumed in this study, may pose hazards to human health and

_ecosystems."Comparison of estimated post—dilution pollutant concentra-

tions with ecological and public health benchmarks indicates the eleven
classes “of compounds (trace elements and ten classes of organics) may
pose a Probable to Possible Hazard to humans and ecosystems. gased on
results of the screening process, six trace elements (As, Be, Cd, Hg,
Mn, and Ni) are classified as Probable Hazards. The other fopr trace
elements for which post-dilution concentration have been estimated (Pb,
B, ¥, and V) are categorized as Possible Hazards to ecosystems and
publiic health. Three classes of orgagics (phenols, polynuciear
aromatics and mercaptans) are categorized as Probable Hazards and two
classes (carboxylic acids and substituted benzenes) are estimated to
pose Possible Hazards. Five additional classes of organics (aromatic
amipes; nitrosamines; and sulfur, nitrogen and oxygen heterocyclics) are

classified as Possible Hazards because the lack of information or

‘toxicological benchmarks results in a very large degree of uncertainty.

Leachate from ash and sludge disposal is mnot a planned environ-
mental release, but may occur if disposal is in the mine, as assumed in
the hypothetical plant.’ Results of the hazard screening process,
indicate that none o9f the trace elements pose a Probable Hazard to
either public health or ecosystems. 5ix elements (al, Cd, Fe, Pb, Mn,

and Se) are cla531f1ed as Possible Haza1ds.

1




XXvil

No data are available regarding the composition of sludge
generated by biological treatment of ILurgi/Fischer-Tropsch wastewater,
or the composition and quantity of biosludg'g leachate. Toxic materials
in biosludge have been estimated by asSuming that removal of trace
elements and the polynuclear aromatic hydrocarboms is via adsorption and
sedimentation with the biosludge. The toxic contaminants are assumed to
leak into a small (10 cfs) st:.ream. Comparison of estimated post—
dilution concentrations with toxicologic benchmarks indicates that trace
metals and polynuclear aromatic hydrocarbons may pcse a Probable Hazard

to ecosystems. The hazard to public health was not assessed.

Tables 8-l and S-2 present the hazard to ecosystems and public
health by specific compounds in individual streams for which post—
dilution pollutant concentrations have been estimated. The overall
hazard posed by each class of pollutants, however, depends on the total
envirommental loading due to all streams released to the environment.
Because concentrations of pollutants cannot be estimated for many
streams, the overall hazard has been assessed only qualitativer. The
probability that process and ‘waste streams may release potentially
hazardous substances int;o the environment has been estimated for many of
the unquantified streams. Table S~3 summarizes information for all
streams that have been quantitatively characterized and identifies all

other streams that have been determined to have a high ot medium
probabhility of release.

Finally, the information presented in Table S-3 has been modified
slightly to account for the degree of uncertainty '-';ssociated with
certain estimates of total environmental loadings, toxicologic
benchmarks, control t:ech’hology oi)tions » and b’iodegradation .
Consideration of these 'f-actors has resulted in the reclas"sific.:ation of
some hazard categories for specific pollutants (i.e., some Unlikely
Hazards have been reclassif:iTed as Possible Hagrards and vice versaj.
Table S-4 lists the final hazard categories for the classes of cé;x_npounds
addressed in this assessment. - .
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TABLE S-4

FINAL ANALYSIS OF HAZARD CATEGORIES FOR CHEMICAT
CLASSES RELEASED FROM THE MODEL
LURGI/FLSCHER-TROPSCH FACILITY

PROBABLE HAZARDS ' POSSIBLE HAZARDS UNLIKELY HAZARDS

Trace Metals Aliphatiecs, aliéyclics, Ammonia*
. and fatty acids

h

Polynuclear Aromatic Carbonyl Sulfide .

Hydrocarbons Benzenes, and Substituted
. Benzenes . Hydrogen Cyanide
Mercaptans .
Phenols : Carbon Dioxide
Tars and Qils - . ‘
. Sulfur, Nitregen and

Oxygen Heterocyclics*®
Aromatic Amines¥
Nitrosamines#
Hydrogen Sulfide
Nickel Carbonyl

i Sulfur and Nitrogen

i, Oxides

*These chemical classes have had their hazard level either upgraded or
downgraded from that identified in Table S5-3 based upon consideration

of these additional factors: the degree of uncertainty associated with -
estimates of environmental loading, toxicologic benchmarks, control

' . technology options, ‘and biodegradation. - u



*xxi

In summary, 79 process and waste streams from a model Lurgi-
Fischer-Tropsch fééility have been identified for initial evaluation.
Of these, nine gaseous emissions streams, ten aqueous and solid waste
streams, and numerous internal process streams have been characterized
in more detail. Based upon the assumptéons and limitations of the
present study, trace metals, polynuclear'aromatic hydrocarbons, mer-
captans, tars and oils have been classified as Probable Hazards to ome
or more receptor groups (i.e., occuptional personnel, general public,
and/or ecosystems). In addition to these constituents, aliphatics,
alicyelics and fatty acids; substituted benzenes; phenols; aromatic
amines; nitrosamines; hydrogen sulfide; nickel carbonyl; and nitrogen

oxides and sulfur oxides are classified as Possible Hazards.

Probable Hazards were identified in the reverse osmosis waste
stream, leachate from biosludge, and internal gasifier streams. Possi-
ble Hazards were associated with ﬁhese_and other streams, inclu&ing coal
lockhopper vent gas, stack gas froﬂﬁhtilities, evaporative losses from
utilities generation, leachate from ash/scrubber sludge, and several

intermal procecs: streawms. e -

It is exéremely difficult to assess the hazard pﬁtential associ-
ated with trace contaminants froE a precperational facility.. A number
of factors that may affect the ﬁ?ge, magnitude and.severity of hazards
posed by a future facility canmot béﬂdetermined at this time; therefore,
a great deal of uncertainty must be associated with the results of this
assessment. However, the presént study represents a comprehensive
summary of the available information concerning the identity of both
_organic and inorganic trace contaminants associated with the Lurgi/
Fischer-Tropsch technology. Some basic assumptiéas, cautious extrapo-
‘lations, and simple diffusion models have been applied to this informa-
tion to estimate the éotential exposure concentrations of potentially
hazardous chemicals and chemical élasses to workers, the gemeral public,
and both aquatic and terresuial ecosystems. The information presented
provides a source of data which should assist environmental research and
development planning activities, the evaluation of ‘control technology
options, the siting of facilit;es, and the development of a more

detailed assessment of risks from indirect liquefaction processes.




1 INTRODUCTION

1.1 BACKGROUND AND PURPOSE

Indirect liquefaction processes are leading technological
:candidates for the production of syntheﬁic fuels from coal. A recent
Government Accounting Office report concluded that if any portion of the
pational synfuels production goals for 1987 and 1992 is to be met with
coal liquefaction, che bulk of the production is likely to come frem
indirect processes.lgg And the Synthetic Fuel Corporation's emphasis on
established technologies ready for deployment on a commercial scale may
provide afi additional impetus to indirect processes, several of which
are operating or under development on a commercial scale in foreign

countries.

An indirect coal liquefaction industry will bemefit the mation by
providing a critically needed supplement to our dwindling oil and gas
reserves. The synthetic 2il and gas produced will be environmentally
compatible and clean burning, the producﬁs will be both storable and
transportabie, and synthetic oil and gas‘will make us less dependent on

unstable and costly foreign supplies.

However development an& deployment of a commercial indirect coal
liquefaction industry is not without risks. To ensure that technology
development and deployment proceeds in a timely and eventually
acceptable manner, potential hazards to the general public, occupational
personnel and ecosystems must be assessed éad considered in the design,

siting and operation of commercial facilities,.

-~

At present the potential adverse environmental impacts of an
indirect liquefaction industry or facility are not well understood. A
nunber of recent studies have attempte&-gg{gésess the hazards assoéiated
with coal liquefaction. However, the assessments generally have been
limited to major pollutant species (e.g., sulfur oxides, wnitrogen
oxides, and total suspended solids). Although trace elements and trace
organics have been identified as potzntially significant problems,

efforts to estimate the environmentq;ﬁénd health hazards associated with
§



their release from indirect commercial liquefaction facilities have been
limited due to lack of data. The purpose of this assessment is to
anticipate and define rthe potential hazards posed by trace pollutants to
" provide ‘a basis for. planning and accomplishing environmental research
necessary to mitigate‘ or eliminate future environmental problems and
allow deployment of a commercial indirect liquefaction industry on a
timely and environmentally acceéptable basis. This information also
should provide a framework from which a more detailed environmental risk
assessment could be performed. Furthermore, the results of this study
should be of general use to investigators and decision—-makers
responsible for the evaluation of control technology options and the

siting of commercial facilities.
1.2 OVERVIEW

Lack of adequate, standardized methodologies and a paucity of
data make envi:'ronmental hazard assessment difficult, even for those
technologies that have been in existence on a commercial scale for many
years. Assessment of hazarﬁs associated with technologies such as
indirect coal 1liquefaction, which do not have a long history of
operation in the U.8., is even more difficult because an historical ‘data
base is not available, and x:mcertainty regarding market’ penetra;tiq_}m and
geographic deployment of a commercial industry makes evalﬁgtiop of site-
specific factors very difficult. .

The .ssessment methodology, illustrated in Figure 1-1, is an
attempt to link the process technology, pollutant releases, pollutant
impacts, environmental factors and receptor 'grou:‘ps‘ for a specific

indirect liquefaction process.

Selection of a specific process has been the starting point of
the assessment. Indirec_t liquefaction of coal is essentially a two—
phased operation: gasification of coal to produce syntt';esis gas,
followed by catalytic synthesis of liquid products from the "synt:hesis
gas. Several process options exist for each phase.

gasification and Fischer-Tropsch synthesis have been s
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repreéent "the gasification and catalytic synthesis 4 phases,
respectively. ' These processes have been chosen because they have been
proven or: a comme;c_:ia:'l.__ scale; and teéchnical and envirommental data “from
these processes, aELl:hOpgh limited, are more readily available and more
representative of commercial-scale -operat:ions than are data from other

processes.

Determination of the types and quantities of hazardous pollutants
that might be released from a commercial-scale Lurgi/Fischer-Tropsch
facility is a critical, difficult step in the analysis. It is a
critical step because the types of pollutants determine the associated
hazards, and the quantities of pollutants determine the resultant
post—dilution environmental concentrations and exposure levels due to
stream discharges. It is a difficult step because data are very
limited. To provide a basis for the identification .of hazardous
pollutants, a hypothetical Lurgi/Fischer-Tropsch facility has been
designed. The hypothetical plaat iﬁcludes production facilities,
support facilities and environmental ggnt';;rois'. : facility streams incl_ucfe
products, by-products, intg'r_;r_lal"”ﬁrocess . 5treams, gaseous emissions,
aqueous effluents, ‘§olid "wastes and leachates. Process operating
conditions an’d’;._,af 'N')'r';ming subbituminous feed coal have been specified to

facili!:ate"”f:dllutant characterization.

Chemical characterization of streams has been accomplished using
experimental data from the literature, whenever possible. For those
environmental releases for which little or nof data are available,
pollutant conceuntrations have been estimated by gaharac:eriéing precursor
streams and then estimating the quantity of each .pollutant that would
remain in streams after treatment. Stream characterization is limited
Lo streams released ﬁnder ‘h\brjmal operating conditions. Releases during

3

upset conditions and accidents are not consid‘f\ered due to the lack of
o

data. ‘ _ % .

|
b

Characterization of the types, concentrations .and quantities of

. y ;
chemical components in streams released to the epvir_ohmen.t provides the

he

B ¥
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b;sis for estlmatlng the resultant env1ronmental exposure concen—
trations. Because of the relative scarclty of pollutant data, and: the
lack of information on site—speciflc\ characteristies, sophistlcat;ed
environmental wmodeling has not  been used to evaluate pollutant
transport. Instead, dilution factors, based' upon either the Source
Analyr'::.s Model (SAM/I) being developed for the U.S. Environmental
~Protbﬂtlon Agency or other very simple env1ronmental dilution models,
havg. been applied to the projected env:.romnental releases to estimate

environmental concentrations resulting from facility discharges.

The biological effects of each pollutant have been identified in
the literature to determine the hazards posed by the pollutants to each
potential receptor group. Quanu.tative benchmarks, such as biological
thresholds or recommended acceptable levels, “have been used as
references for comparison with pfojected bdilutant coneentrations.
Based wupom the ratios of estimated pollutant concentrations to

toxicologic benchmarks, the wvarious chemical constituents have been

categorized by degree of hazard (i.e., Probable, Possible and Unlikely).:

The ecological, public health, and occupational health

assessments are based upon a common but flexible approach that has

K . I
allowed each assesswment to differ, depending upon the specific
assumptions and available data associated with the .different exposure

populations.
1.3 ORGANIZATION OF THE REPORT - : v

The assessment comprises four major tasks: 1) characterizatien
of hazardous materials released from an indirect liquefaction fac:.l:.ty,
~ 2) assessment of ecological hazards; 3) assessment of public “health

hazards; and 4) assessment of occupational health hazards. The report
' is organized in the same manner. This volume is a compilation and
integration of results of the overall study; Volume II presents facility
and stream characterization ddta; and Voiumes III, IV aund V pr"ésent
assessments of hazards to ecosystems, the general public and

occupational persomnel, respectively.



Y

2 FACIL;TY AND STREAM CHARACTERIZAIION
I

b

2.1 OVERVIEW

The ﬂﬁrgi/Fiégher-Tropsch process was chosen as the basis of the

i .
assessment, because 1t is a proven technology, currently operating on a
'qommercial scale at the SASOL facility in South Africa, and has been

hﬁroposed for use_in the United States.

Although the characterization 'data base for Lurgi/Fischer-Tropsch
is more extensive than those of other indirect liquefaction processes,
it is largely incomplete, ;particularly with regard to the types and

q\concentrations of trace ‘elements ‘and trace ;organics in treated and

‘"untreated waste streams. A data base of potential enviroomental
releases from a commercial scale Lurgi/Fischer-Tropsch facility was
developed in the initial phase of the -assessment to provide a basis for
assessing the health and environmental implications of such a

facility. The data hase was developed in several steps:

1 identification of classes of chemical compouands associated with
indireet liquefaction that are known or suspected to be
hazardous to humans or ecosystems;

- 2) -. design of a hypothetical commercial-scale Lurgi/Fischer~Tropsch
T facility;

3) ° development of a mass balance for the hypothetical facility;

4) selection - of ‘priority streams for the assessment, based on
toxicity, - probability of release to the environment and
uniqueness to indirect liquefaction processes;

5) characterization of priority streams.

—S e

o ? “"The method and results of the streams characterization effort are
summarized in this chapter. A more detailed description of data
bourcés, assumptions and methodology is presented in Volume II of the

report.

2.2 - IDENTIFICATION OF CLASSES OF COMPOUNDS OF ENVIRONMENTAL CONCERN

Representatives of Oak Ridge. National Laboratory, Argonne
National Laboratory, Battelle Pacific Northwest Laboratory, and



International Research and Technology Corporation selected ‘several

classes of process streanm componénts to emphasize in the .énalysig.
These, classes of compounds and elements, listed «in i‘abie 2-1,: were
selected _because they had been associated with coal liqdefaptioh- and
gasification processes, and were known or suspected of posin'g"hazards to

- human health or the environment.
TABLE 2-1

STREAM COMPONENTS SELECTED FOR INCLUSION IN THE ANALYSIS

Aliphaties, alicyclics and fatty ac‘:f'.ds - Nitrogen Oxides
Ammonia . . ' Nitrosamines

Aromatic amines , ’ Oils

Benzene and substituted benzenes I‘. Oxygen;n heterocyclics
Carbon moribxide ' {Phenols

Carbonyl sulfide e Polynuclear aromatics
Hydrogen cyanide : o -~ Sulfur heteroc;c':lics
Hydrogen sulfide . | Sulfur oxides
Merclaptans ’ ’ . Tars

Nickel carbonyl : Trace elements

Nitrogen heterocyclics

2.3 DESIGN OF HYPOTHETICAL COMMERICAL-SCALE LURGI/FISCHER-TROPSCH
FACILITY
A t;ypothetical Lurgi/Fischer-Trepsch plant processing low sulfur
Wyoming subbituminous coal was designed to provide the basis for
estimating the types and quantities of pollutants that might be released
from a commercial‘/f':fac'ility. The plant configuration, developed .by
engineers at Oak Ri_dge National Laboratory, was based largely, I:hoﬁgh

not exclusively upon information in a report prepared by the Mobil

i .
Research and Development Corporation, Research Guidance Studies to

L2 )



Assess Gasoline from Coal by Methanol—-to-Gasocline and Sasol-type

Fischer-Tropsch Technolog;es.les’

The hypothetical facility was designed to process approximately
28,000 tons per stream day (TPSD) of as-received Wyoming subbituminous
coal. The proximaté and ultimate analyses heating value, and trace

element content of the feed coal are presented in Table 2-2.

A simplified block flow diagram of the plant is presented in
Figure 2-1. A list of plant process and waste streams is presented in
Table 2-3. )

2.3.1 Process Description

Sized coal (+ /' to 2") is gasified in Lurgl gasifiers at 450
psig using steam and oxyéen to' yield a raw synthesis gas (syugas)
product. The raw syngas exits the gasifiers at 9002 F. This gas is
cooled and scrubbed to remove the attendant particuléces, tars, oils,
phenols, ammonia, and water. These components, which together are
called gas 1liquor, are separated from the gas in the gas/liquor
separator. The partially cleaned syngas is the&&split into two streams;
one stream is further cooled while the other stream undergoes shift-
conversion to. adjust the HZICO ratio such thaq this ratio of the
combined gas stream is in the desired range for the Fischer-Tropsch
reaction. The two streams are then comiﬁgled and further purified using
the Réctisol‘process to remove the sour gaéés (HZS and C02) and naphtha
from the syngas. . )

The éieaned gas from the Rectisol process is fed td the Fischer-
Tropsch reactors:where it is catalytically comverted (over a proprietary
iron catalyst). o mainly aliphatic hydrocarbon products. The Taw
products from tﬁe Fischer-Tropsch reactors are further processed and
upgraded using ﬁonventional petroleum refinery processes to produce the
plant product -slate (see Table 2-4). Details of the product upgrading
section have been omitted from the flowsheet because: 1) product
upgrading consists of conventional petroleum refinery-type processes;

and 2) the major unknowns regarding environmental and occupational



TABLE 2-2

COAL ANALYSIS, HEATING VALUE, AND TRACE ELEMENT CONTENT

Proximate analysis, as—-received basis, wt.%165

I

Volatile matter
Fixed carbon
Ash PR
Moisture
Total

w W

"33.1
3.8
S.1
8.0
00.0

28.0
10

Ultimate analysis, moisture and ash-free (MAF) basis (wt.%)165

Carbon
Hydrogen
Oxygen
Nitrogen
Sulfur
Total

74.45
5.10
19.25
0.75
0.45
160.00-

Heating value, MAF basis, (Bt:u/lb)165

High heating value
Low heating value

Trace element._content,

~. 12,720

12,236

dry :basis (pPM)74

Aé 0.06~0.43
As 0.57-1.2 R
B 32

Ba 87

Be 0.71-0.8
Br -

Cd 0.31-0.8
Ce -

Co 0.55
cr 4.2-16
Cs ‘ _ s
Cu 8.9-10
F 65-67
Ga -

Ge -

Hg 0.11-0.17
]"_ -

In -

La .

Li 3.6-15.0

Mo 2.2

Mn 2.8-3.4
NL . 1.7-14
P -

Pb 0.51-12
Rb -

Rll -

Sb 0.08-1.5
Sc -

Se 0.33

Sn 0.14

Sr -

Ta -

Te -

U 0.88

\') 10~-14
w -

Y -

Zn 0.23-8
ar -
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TABLE 2-4

PRODUCT SLATE OF HYPOTHETICAL FACILITY163

A Product Amount

SNG, MMSCE/SD* .. 173
C3LPG, BESD™* : 1,707
C,LPG, BPSD 146
Gasoline, BPSD 13,580
Diesel fuel, BESD S 2,307
Heavy fuel oil, BPSD 622
Mixed alcohols, BPSD 1,825
Sulfur, TESD “ 61
Anhydrous ammonia, TPSD . 103
Total product, BESD FOE! ' 44,950

*

**MMSCF/SD = Million standard cubic feet per stream day

BESD = Barrels per stream day
T FOE = Fuel oil equivalent at 6 x 10% Btu/barrel fuel oil

health concerns are associated with the £front-end (i.e., syngas

production section) of the process.

The acid gases from the various processing steps are sent to the
sulfur recovery unit where elemental sulfur is recovered using the
Stretford process. The sulfur produced is sold as plant product. Tail

gas from the Stretford process is incinerated in the plant boiler.

Boiler stack gas cleanup facilities reduce 509 to 0.2 pounds per
million Btu of fired heat. In addition, an electrostatic precipitator
is included to reduce the particulate matter to 0.l pound per million

Btu of fired heat duty.

The gas liquor recovered in the syngas cleanup steps is collected

and processed further to separate the oils, dust, tars, crude phenols,




and ammonia from the water. The Tecovered water undergoes additional

treatment prior to Teuse im the process. Waste products recovered from

the gas liquor are diéposed of as indicated below.

0ils and tars are recovered from the waste water by settling and
d.;acam:at:ion. The oils are processed further in the product upgrading
section to yield additiomal plant products; the 't:ars a;:e inciﬁergted in -
the plant boiler. Crude phenols are recovered from the was.'::’éwéter by
_ using the Phenosolvan process. The crude phenols are incinerated in the
plant boiler. Anhydrous ammonia is recovered for sale by using the

Chemie-Linz/lurgi process.

The wastewater from the amwonia recovery step is biologically
treated to reduce its BOD and COD levels by reducing the residuval
organics present in the water.  The water is the..n subjg';cted to a reverse
osmosis treatment to reduce its metal salts content prior .to reuse in
the process. The biosludge (from the biological treatment step) is

disposed of with gasifier ash in tﬁe mine.

2.3.2 Facility Envi ronmental Comtrols

A wide variety of controls have been proposed for use in coal
conversion facilities. The \envilzonmental controls -specified in. the
hypothetical plant, presented in Table 2-5, were selected as
representative of the types of controls that have been cproposed. Many
altema'tive controls are available or under development. Selectiom of
specific controls will de’pend' upon the overall plant design, site-

specific conditions, and economics.

The wastewater treatment philosophy in the hypothetical plant was
to achieve zero discharge and recover contaminants as by—prodl.fcts
whenever economically feasible. The wastewater Creatment syétem
specified for the hypothetical plant ‘is similar to the treatment schemes
at the SASOL Lurgi plant, and those incorporated into the design of

proposed commercial Lurgi facilities in the U.S.
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ENVIRONMENTAL CONTROLS IN THE HYPOTHETICAL PLANT

LIQUID STREAMS

STREAM

Coal Pile Leachate (27)

Ash Quench Sluice Water (38)
Waste Liquer (42)

Tar/0i1 Separator Effluent (46)
Phenol Recovery Effiuent (48)
Ammonia Recovery Effluent (50)
Biotreatment Effluent (82)
Reverse Osmosis Brine (53)
Reverse Osmosis Permeate (54)
Cooling Tower Blowdown (32)

CONTROL _PROCESS

Tar/0i1 Separator

Reverse Osmosis

Tar/0i1 Separator

Phenol Recovery {Phenosolvan)

Ammonia Recovery {Chemie Linz Lurgi}
Biological Treatment (Activated Sludge)

Reverse (smosis
Evaporation Pond
Used in Cooling Tower
Usad to Quench Ash

GASEQUS STREAMS

STREAM

Coal Preparation Dust (24)
Utility Stack Gas (28)
Cooiing Tower Atmospheric
Emissions (29)

Ash Lockhopper Vent Gas
Ash Handling Yent Gas (35}
Rectisol Sour Gas (55)
Stretford Tail Gas (36)

Napirtha Hydrotreater Offgas (64)

F-T Heater Stack Gases (66)

F-T Upgrading Offgas {68)

Coal Lockhopper Vent Gas (72)

caLPG Storage Emissions (73)
LPG Storage Emissions (73)

GQSOIine Storage Fmissions (73)

Distiliate Fue) 0i1 Storage
Emissions (73)

HYeavy Fuel 01 Storage Emissions (73)

Alcohol Storage Emissions (74
F-T 011 Storage Emissions (75
F-T Tar Storage Emissions {(76)
Phenols Storage Emissions (77
Ammonia Storage Emissions (78

SOLID STREAMS.

STREAM
Utility Boiler Ash (33)

Utility FGD Scrubber Sludge (33)

Gasifier Ash (34)

Spent F-T Synthesis Catalyst (63)
Wastewater Treatment Bicsiudoe (70)

Spent Shift Catalyst (7%9)

CONTROL PROCESS

8ag Housa
Lime Scrubbing/ESP
Makeup Water Treatment

Venturi Scrubber

Venturi Scrubber

Sulfur Qecoverv/lnc1nerat10n
Incineration in Loiiity Soiler
Sulfur Recovery/Incineration
Incineration in-Utility Boiler
Incineration in Utility Boiler
Yenturi Scrubber

Pressure Vessel

Pressure Yessel

Floating Roof

Cone Roof

Cor- Roo?
Fldating Roof
Fixed Roof
Fixed Roof
Fixed Raof
Pressure Vessel

CONTROL PROCESS

Disposal in Mine
Disposal in Mina
Disposal in Mine
Reclamation
Disposal in Mine
Reclamation
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A variety of control processes are used to control atmospheric
emissions, including bag houses, lime slurry scrubber, electrostatic
p'r.'ecipitator (ESP), venturi scrubbers, -sulfur recovery, incineration,

and special vessels for storing products and by-preducts.

Solid waste streams from the hypothetical plant are disposed of

in the mine. Spent catalysts are reclaimed.
2.4 DEVELOPMENT OF FACILITY MASS BALANCE

The mass balance for the facility wds deveioped by staff
engineers at Oak\"-‘, Ridge National Laboratory. The mass balance -is
presented in the JAppendix (Table: A-l). Mass flows of major stream
components are based largely, though not exclusively, on Base Case 2 of
the Mobil report.155 Estimates of mass flows of minor stream components
were based on a variety of data sources and engineering judgemént:s and
were used largely to identify hazardcus streams that should be

characterized in more detail.
2.5 SELECTION OF PRIORITY 3TREAMS FOR THE ASSESSMENT

Selection of priority streams for the hazard assessment was based
on consideration of three factors: 1) the probability of release to the
environmenty; 2) the presence of h:azardous components; and 3) flow
rates. The presence of hazardous components and flow rates were taken
from the mass balanmce. Each stream was assigned a pro'bability ‘of
release to the enviromment from high to low. All facility strezams
designed to be released directly to the enviromment were assigned a high
prohability of release. Internal streams were assigned a probability of
release based on evaluation of six stream parameters: temperature;
pressure; presence of corrosive materials; presence of leak= oxr failure-—
prone components in stream containment (e.g., valves); housekeeping
requirements; and maintenance requirements. The probability of release

assigned to each stream is presented in the Appendix (Table A-3).

Classes of toxic components expected in Streams with a high
or medium probability of release are summarized in the Appendix (Table
A-4). :



Streams with a high prebability of releaee and toxic components,

were selected for further evaluation.
2.6 CHARACTERIZATION OF PRIORITY STREAMS

Review of the lﬁ:érat:ure indicates that characterization data for
releases from commerical;scale Lurgi/Fischer-TIropsch plants are very
limited. No experimentél data regarding specific constituents in
treated effluents from commercial-scale Lurgi/Fischer-Tropsch processing
of Wyoming subbituminous coal are available. Priority streamé have been
characterized using data from a variety of sources. The assumptions,
data and methods used to characterize each stream are discussed briefly

in the following sections.

2.6.1 Characterization of Aqueous Streams

Aqueous streams characterized in the analysis’ are 'presented in
Table 2-6 and Figure 2-2. The assumptions, methodology and data

utilized in characterizing each stream are discussed in the following

sections.

Raw Bas Liquor (Stream 43) - Coal, steam and oxygen are fed to - '

the Lurgi gasifier. Raw synthesis gas (mostly Hy, CO, CO,, and CHy),
condensible organics (Lurgi tars and oils), and steam are produced.
This stream is cooled, thus condensing the tars, oils, and steam. This
liquid strean;,,___qa_t_}led raw gas liquor, is sent to the Tar/0Oil Separation
Unit where thenaqueous portion, which contains dissolved organics and
trace elements, 1s ,.separated from the immiscible tars and oils. The

aqueous effluent from the Tar/0Qil Separator Umit is called gas liquoT.

Raw gas liquor (Stream 43) is the key .liquid stream of interest
because it represents the largest and most highly contaminated
wastewater stream in a Lurgi/Fischer-Tropsch plant. It is also the
major influent to the wastewal:er.: treatment facility in the plant; the
types and quantities of constituents present in Stream 43 1érgely
determine the types and quantities of pollutants which will be present
in the liquid and solid effluents from the wastewater treatment facility
(i.e., streams 53, 54, 70 and 71).
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RAW GAS LIQUOR
(Stream 43)

COA%szilégngl;‘):ﬂlE——a TAR/CIL SEPARATION

Stream 46

PHENOL RECOVERY
(PHENOSOLVAN)

Stream 48

AMMONIA RECOVERY

o (CHEMIE LINZ LURGI)
Streém 50
BIOLOGICAL TREATMENT | BIOSLUDGE
(ACTIVATED SLUDGE) *(Stream 70)
Stream 52

ASH SLUICE WATER

i '
ya
e

CONCENTRATED WASTE TREATED EFFLUENT TO
SOLUTION COOLING TOWER
{Stream 53) ) . (Stream 54)
FIGURE 2-2

AQUEQUS STREAMS CHARACTERIZED IN THE ANALYSIS



TABLE 2~6

AQUEQUS STREAMS CHARACTERIZED .IN THE ANALYSIS

STREAM NAME STREAM NUMBER*

Raw gas -liquor 5 43
Coal pile leachate : 27

s --Tarfoil separation unit effluent 46
Phenol recovery unit effluent - 48
Ammoru.a strlpplng unit effluent " 20
BlOlOglC&l treatment unit effluent 52
Reverse osmosis concentrate 53
Reverse osmos:{s permeate 54
Ash sluice water - . 38
Fresh make—up water to cooling tower ) 31

*Stream numbers refer to the plant block flow diagram (F:Lgure 2~1) and
table of plant streams (Table 2-3). i

The concentrations of trace elements in Wyoming subbituminous
coal on a moisture free, whole coal basis were identified in cthe
74

literature. The quantities of these trace elements in the aqueous

portion of the raw gas liquor then were calculated based on experimental
trace element distribution coefficients developed for Lurgi at B5AS0L
presented in Table 2-7.

The concentrations of .trace organics also were calculated for the
aqueous portion of the raw gas liquor. TFirst the organic compounds
l;}ggly to be presen}: were identified.’ '1‘1“1:'.5 information came from three
soirces: test runs of a dry ash Lurgi gasifier using Mowtana Rosebud
coal in Westfield, ‘Scoflandln' gas liquor samples from SASOL]'S; and

characterization data for coal tars produced by a laboratory bench-scale

- ”gaSJ.f:Ler ‘us:mg Wyoming™ Subbituminous coal.33

g

I
-~
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ST oenT -

re oo TABLET 2-7
TRACE ELEMENT DISTRIBUTION FOR LURGI AT SASOL’Z -
(Percent of Element in Coal)

s
R
-~ A i
[ - i
-, ki

i, Element Ash Liquor Taxr lz

B8 . 333 53.3 17.0
B | T 8.8 © 2.0 { 0.0
v oo  99.9 0.1 0.0 | 7 0.0
Mo 99.9 0.2 0.0 0.0
Ni 90k | 0.4 0.0 1§ 0.0
as 5 26.9 67.2 S O T B G-
ad " 51.9 45.5 0.6 F Lk
sb 50.0 45.0 3.8 % 0.6
Ce - 99.9 0.1 0.0 s F0.0
Hg 51.9 41.6 6.4 0.6

“ Pb 94.2 1.7 . 4.3 0.0
B 10.0 88.9 0.1 %0
F - 56.3 43.8 0.0 ' 0.0

c1 : 52.6 47.4 0.3 0.0

f
i

"
1
;

’




The data from Westfield amd SASOL, although not complete

characterizations of the gas 1liquor stream, provided quantified
eséﬁmates of the compounds that weré identified. The data from the
laboratory gasifiier study provided the amount of each organic compound
produced per pound of coal”gasifled. Next, solubility data were used to
estimate the amounts tbat would be dissolved in the aqueous portion of
the strean. Preliminary research results at Oak Ridge National
Laboratcry87 indicate that compounds with 4 or more rings reached 100%
of their equilibrium solubility while aliphatic compouads and compcunds
with 3 or less ri;gs reached only 10Z of their equilibrium solubility.=
These findings were incorporated inton tﬁé calculations. Estimated
coancentrations of constituents in the . raw gas liquor are presented in

Table 2-8.

“These data may be subject tol‘considerablé error and their
reliabiliﬁy is uncertaiﬁ. The SASOL and Westfield data have been
assumed to be representative of the hypothetical plant. However
differences in_.feed coal composition and gasifier operating conditions
may affect the concentrations of pollutants in the gas liquor. The
es;imated concentrations - of substituted benzenes, PNAs, - acridine and
mefcagpans, which were based on the RTI study, data, are uncertain
' because several factors could not be comnsidered. Thesa factors include
differences in composition of tars from commercial-scale Lurgi gasifiérs
and the RTI bench-scale unit; partitioning of compounds between water
and tar/oil phases of the gas liquor; tendemcy of polynuclear aromatic
hydrocarbons to adsorb to particulate matter; and the greater solubility

of PNA in organic-solvent-water mixtures than in pure water.87

Coal Pile Leachate (Stream 27) — The concentrations of trace

elements in tne coal pile leachate were taken from the literature.32

The reliability of these data is uncertain because the coal type, coal

composition, and conditions of measurement were not reported.

—.
_.

Lo . . hY
Concenttations of organics were not included in the data, but are

assumed to be negligible due to a low Chemical Oxygen Demand in the
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TABLE 2-8

Estimated Concentrations of Constitueuts
in the Raw Gas Liquor

CONCEN'{RATIONS IN STREAM CONCENTRATIONS (ppm
STREAMS ' ASH SLUICE
RAW SAS LIQUOR COAL PILE LEACHATE WATER 3LOWDOWN

CONSTITUENTS (STREAM 43) - (STREAM 27) (STREAM 38)
TRACE ELEMENTS
Arsenic 0.55 (1) 0.01 (2) 0.02 (3)
Boron 1.9 (1)
Beryllium 0.29 (1) 0.01 (2)
Cadmium 0.25 (1 0.006 (2) 0.00064 (3}
Fluorine 2.0 Q1 .
Lead .14 (1 0.023 (2) 0.09 {3)
Mercury 0.049 (1 0.027 (2) 0.0003 (3)
Manganese 0.0047 (1 110.0 (2) 0.5 (3)
Vickel 0.0038 (1) 0.32 (2) 9.35 {3)
Vanadium X 0.0096 (1)
CARBOXYLIC ACIDS .
Acetic Actd 171. {4
Propanoic Acid 26. {a
gutanoic Acid kR (4
2-Methylpropionic Acid 2. {4
Peptanoic Acid 12. {4
3-Methylhutanoic Acid - 1. {a
Hexanoic Acid 1. (4
BEMZENE AND SUBSTITUTED BENZEMES
Biphenyl . 0.7  (5):
Ethy 1benzene 15. (5
Indan 8.9 (5
Toluene 50. (5
1,2,4 Trimethylbenzene . 6. (5
0-Xylene ' 18. (5

- MONOHYDRIC PHENOLS
Phenol 3100. (6)
2-Methylphenol 340. (6)
3-Methylphenol . 420, {6)
d-ethylphenol Joo. (6)
2,4-Xylencl 120. {(8)
3,5~-4ylenol 50. {6)

. | DIHYORIC PHENOLS

Catechol 550. {6)
3-Methylicatechol 400. (€)
4-Methylcatechol 385. {6) 2
3,8-Dimethyicatachol 45, (6) -
Resorcinol ) 275, (6}
5-Mathylresorcinol 55. {6}
4-Methylresorcinol 38, (6}

-




TABLE 2-8 (CON'T)

. CONCENTRATIONS IN
STREAMS

CONSTTTUENTS

STREAM CONCENTRATIONS (ppm)

RAW GAS LIQUOR
(STREAM 43)

COAL PILE LEACHATE
(STREAM 27)

ASH SLUICE
WATER BLOWDOWN
(STREAM 38)

POLYNUCLEAR ARCHMATICS

Acenaphthylens
Anthracene

Benz(a) Anthracene
Benzo{g,h,i)perylens
Benzo(a)pyrene
Benzo(e)pyrene
Chrysene
Fluoranthene
Fivoraene
Naphthalene
Perylene
Phenanthrene
Pyrane

—

[=4
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o000 —n
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SULFUR RETEROCYCLICS

Methylthiophene
Thiophene

NITROGEN HETEROCICLICS
Acridine
2,4-Dimethylpyridine
2,5-Dimethyipyridine

3-Methylpyridine
4-Methyipyridine
Pyridine
Quinoline

2-Methylpyridine ...

ONYGEN HETERGCYCLICS

MAloEN N iEabblhnils
3enzofuran
Dibenzofuran

MERCAPTANS
Methanethiol

20. {(7)

ARGMATIC AM(HES
Aniline

12. (4)

(1) Esclmace based ou SASOL discribution coetflclents (71).

(2) Reference 32
(3) Reference 170
(4) Reference 14

¢5) Estimate based on KII daca (33).

(6) Reference 173

(7) Estimace basad on RTL data (3J).

Llmlted by compound solubllity.

Limiced by compound produccion race.
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leachate (9 mg/l). Further research is needed to verify this

assumption.

Tar/Qil Separation Unit Effluent (Stream 46) ~ In the Tar/0il

Separation Unit the aqueous portion of the raw gas liquor is separated
from the tars and oils, and after combining with the coal pile leachate
stream it 1s sent to the Phenol Recovery Unit. No removal of dissolved
trace elements or dissolved organics occurs in the Tar/0il Separation
Unit.

Phenol Recovery Unlt Effluént (Stream 48) — Removal efficiencies
18,152

reported in the literature are 99.5% for monohydric phenol, 60%
for polyhydric phenols, and 15% for most other organics. -There were no
reports of trace element removals occuring along with the phenol

extract.:.on .

Ammonia Recovery Unit Effluent (Stream 50) — No déta were found

for the removal efficiency of ammonia from thg,dephen;lized gas liquor,
or for the removal of organics and trace elements as unwanted
contaminants with the ammonia streanm. It was assumed that ammonia
removal would be in the 90+%Z range and that no organics or trace
elements would be removed with the ammonla, although some removal of

.volatile organics during stripping operatlons has been reported.

Biological Treatment Unit Ef £luent (Stream 52)-- Data relatlng

_ to the removal of organics and trace elements in a biological treatment
unit came from a varie%y of sources. The percent oxidation of phenol,
catechol, resorcinol, o=, m-, and p-cresol, and 2,4-, and 3,5-xylenol
achieved in three hours Sy phenol-acclimated bacteria came f+ Qm a 1964
study by Tabak.174 Removal efficiencies for other organic compounds and
trace elements came from an analysis of laboratory-scale activated
sludge treatment of Hygas wastewater and numerous other studies., Widely
different removal efficiencies often were reported by different
researchers for the same compound, indicating the importance of
operating conditions in the biological reactor (e.g. residence time,

type of bacteria present, and whether the bacteria were acclimated to
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the wastewater). Some studies also moted that some of the components of

' the wastewater were toxic to the bacteria.

Reverse Osmosis Unit Effluents (Concentrate=53 and Permeate-54)

- The feed to the reverse osmosis unit consists of two streams,.effluent
from the biological treatment unit (Stream 52) and ash sluice water
(Stream 38). The percent removal of organics by reverse osmosis was
taken from the report by Concentration Specialists, Inc.47 These
results were based upon the use of a polyamide membrane, zero
dissociation of the molecules, and zero récovery. Zero recovery
corresponds to the highest solute rejections possible. Data on metals
rejection were obtained primarily from two sources: Bostwickl® reported
percent rejection of metals with a cellulose acetate membrane, and
Gadd1567 reported rejection of metals ip textile wastewater with poly
ether/amide membranes. Based upon the rejeétion data discussed above
and on assumed 80% recovery (80% permeate, 20% concentrated vfaste), the
concentrations of organics amd trace elements in the permeate and
concentrate (waste stream) from the reverse osmosis unit were

calculated.

a8

The effluent from the reverse osmosis unitl'is recycled for

cooling tower water make-up.

Ash Sluice Water (Stream 38) ~ The concentration of each trace

element in the ash sluice water was assumed to be equal to the
“concentrations of trace elements in Ffirst column volume leachate
fractions of ash from Lurgi gasification of Montana Rosebud coal.ﬂ0
The data were assumed to give a good approximation of Wyoming
subbituminous coal because the composition, trace element content and
heating value of both coals are similar. No information could be found
concerning the presence of corganics in Lurgi gasifier ash; however,
analysis of Lurgi ash slurry supernatant indicates that the COD is low
(i.e., 2 ppm) at natural pH conditions. Therefore the concentration of
organics is assumed to be low, but research is needed to verify the

assumption.



25

Evaluation of Estimated Pollutant Concentrations in Aqueous

Streams - Characterization dapa for aqueous streams are summarized in
Table 2-9; Chemical constituehts in raw gas liquor are listed in Column
1. Estimated concentrations are listed in Colump 2. Column 3 lists the
overall removal efficiency of each constituent (and class) as the raw
gas liquor and coal pile leachate proceed through tar/oil separation,
phenol recovery, ammonia recovery and biotreatment. The resultant
constituent councentrations in the biotreatment effluent (Stream 52) are
présented in Column 4. Constituent removal efficiencies in the Teverse
osmosis unit are presented in Column 5. The concentrations of
constituents in reverse osmosis'é%fluents (i.e., permeate - Stream 54
and concentrated waste - Stream 53) were estimated by applying the
removai efficiencies (listed in Column 5), adjusting for inclusion of
the Gasifier Ash Sluice Water (Stream 38), and assuming a permeate to
concentrate ratio of 80:20. The results are presente& in Columans 6 aéﬂ
7. )

Column § presents an expected range of pollutant concentrations

in coal conversion wastewaters .212

Comparison of estimated
concentrations (Column 2) with the sxpected values (Column 8) indicates
that most of the estimated values fall within the feed fanges. However,
there are several exceptions. The estimated concentration of arsenic is
a little below the fee& range, while estimated levels of cadmium, lead,

mercury, PNAs and quinoline are slightly greater than the feed range.

Column 9 presents ranges of effluent concentrations that can be
considered as covering possible standards that may exist for released
waters_at the time (5 to 15 yeérs) when commercial-sized plants can be
expected to be deployed. The high end of the range corresponds to the
present situation or that anticipated for the immediate future.
Considerable uncertainty exists as to how far toward the lower end of
) the range the standards may go. Although the specified ranges are for
released water, they do provide a benchmark for evaluating the
reasonableness of the pollutant concentrations in treated water from the
wastevaters treatment section (i.e., reverse - osmosis permeate - Stream

54). Comparison of the estimate