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FOREWORD 

Development and deployment of a commercial indirect liquefaction industry 

has been proposed as a means 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 environmental 

problems. This assessment is an attempt =o 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 four 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 suma, ary of the results; volume 

II presents stream characterization data; and volumes IIl, IV and V present 

assessments of ecological, public health and occupational 5ealth 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 Argonne 

National Laboratory. 
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EXECUTIVE S UFLMAKY 

-% 

Indirect liquefaction of coal ~ is a promising technology for 

producing s.ynfuels. Recent studies indicate that if any portion of the 

national synfuels goals for 1987 and 1992 is to be met with coal lique- 
• |i 

faction, the bulk 'of the productlon is likely to come from indirect. " 

processes. The emphasis that the Synthetic Fuels Corporation is placing 

on technologies that are @vailable for deployment on ~ commercial-scale 

may provide further impetus for indirect processes, "several of which are 
~ 

in operation or being designed on a commercial scale in f~reign 

countries. 

"Au indlrect coal liquefacEion IndusKry will benefit the nation by 
-r 

providing a critically needed supplement to our dwindling oil ~nd gas 

reser~,es. ~owever development an~ deployment of a ~ommercial coal 

indirect liquefaction industry is not without risks. To ensure develop- 

ment and deplo~ent of indirect processes in an environmentally accept- 

able manner, potential hazards to the general public, occupational 

personnel and ecosystems must be assessed and factored into the design, 

sihing and operation of commercial facilities. A~ present the potential 

adverse environmental impacts:of indirect liquefaction facilities are: 

not well understood. Especially lacking is information on the identity 

and quantity of ~race contaminants that may be released from process and 

waste s~reams. 

The purpose of this assessment is .~o anticipaE~ and define the 

potential hazards posed by trace pollutants emanating from ~-he indirect 
,~\ 

• liquefaction of coal. This will provide ~'fbasis for planning and per- 

forming en'rironmental research necessary to mitigate or eliminate future 

,. environmental problems, thereby allowing deployment of a commercinl in- ... 

direct liquefaction industry on a timely and environmen~aily acceptable 

,b'~. asis. The results of this assessment, if integrated with 1:information 

O 
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"-:-~on control technologies and existing or on-going environmental assess- 

ments of criteria pollutants (such as particulates and nitrogen oxides, 
6 

~" 'etc.)~ should provide the type of information requiT.'ed for the perfor- 

mance of a risk ~-.ssessment associated ~th the deployment of specific 

indirect liquefac~ion processes. In addition, the results of this study 
~, ' ,? 

should be of geheral:;use to investigators and decision makers interested 

in the eva'iuation of contrOl:=.-technology opt'ions and siting of indirect 

liquefaetlon facilities. 

~The assessmen~::me~hodology is illustrated in Figure S-I. Selec- 

tion of a spedlfic process is the .4=ar'ting point of the assessment. 

Indirect liquefaction of coal is essentially a two-phase operation: 

gasification of coal to produce synthesis gas, followed by catalytic 

Synthesis of liquid products"fr'om the synthesis gas. Several process 

?????;? !!iii!:!:i!!i:i??: 
• " . • .-" :: . " " ~ i  " - 

• " ~..~"i "-- " 
t.~/- 

selected because they are proven o~,a commercial scale; and tecbnical 

and environmental data from ~he proce'=ses, although limited, are more 

readily available and more representative of commercial-scale operations 

than are data from other processes. 

A hypothetical commercial-scale Lurgi/Fischer-Tropsch plant has 

been designed to provide the basis for estimating the "~ypes and quanti- 

ties of pollutants that might be released from a commercial facility. 

The model plant includes production facilities, support facilities and 

environmental controls. Facility streams include products, by-products, 

internal process streams, gaseous emissions, aqueous effluents, solid 
,-r 

wastes and leachates. A simplified block flew diagram o~f the plant is 

presented in Figure S-2. <~: 

A wide variety of controls have been proposed for use in coal 
,l 

conversion faciliKies. The environmental controls specifisd in the 

hypothetical plant, have been selected as representative of the types of 

controls that have been proposed. The wastewater treatment systems 

proposed for the hypothetical plant have been designed to achieve zero 
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1 
:~ ° 

0 

:~.ischarge and recover contaminants as by-products wherever econ.omically 
• ~,k " . 

feasible. These systems include tar/oil separa'ti~n, phenol recovery, ,i 

ammonia stripping and recovery, biological ~,r@~nt, and reverse": 

osmosis. A variety of control processes have been selec£ed to 'control 

atmospheric emissions, including bag •houses, !ime Fslurry ~scrubber. 

electrostatic precipitator~ (ESP), venturi scrubbers~ sulfur recovery,. 
2" 

incineration, and spec.ial, vessels for storing proihcts and by-products. 

Solid waste streams from the model': facility are assn,'ned to be dlsposed: 
iF: # 

o f  i n  t h e  m i n d .  S p e n t  c a c a l y s = s  a r e  assumed ¢o be r e c l a i m e d .  

A mass balance for the facility has been developed, b~ss flows 

.of major stream components are based largely, though noc exclusively, 

upon informa=ion in a report preplred by the Mobil Research and 

Development Corporation, Research Guidance Studien to Assess GasoliDe 
/ 

from Coal by Methanol-to-Gasoline and SASOL-tyDeSFIscEer-TrOpsch Tech- 
// 

nologies. Estimates of mass flows of minor s!iream components are based 

on a variety of data sources %n'd. ~nglneering judgements, and generally 

have been used co identify hazardous .;streams tha~ [ require further 

characteri zation. 

Selection of streams for the assessment is based on consideration 

of th'ree factors: i) stream flow rate, 2) probabilit~ iof: release to the 

environment, and 3) presence of hazardous components. 

Hazardous componeRts considered in the assessment, include: 

• ammonia 
• aromatic amines 
• substituted benzenes 
• carbon monoxide 
• ca~bonyl sulfide 
• hydrogen cyanide 
• mercaptans 
• nitroge~ heterocyclics 
• nitrogen oxides 
• hydrogen cyanide 
• nickel.carbonyl 

• oils 
• oxygen heterocyclics 
• phenols 
• polynuclear aromatics 
• sulfur heterocyclics ., 
• sulfur oxides 

• ':'trace elements 
• aliphatic, alicyclic ~).: 

and carboxylic hydrocarbons 
• nitro~amines • 

1 

A 

d 
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Review of the literature indlca~es that chemical characterization 

data for releases from commercial-scale Lurgi/Fischer-Tropsdh plants are 

very limited. Chemical chara'~,.~='f:zation of streams has been accom- 

plished using experimental data frQm the literature, whe~ever possible, 
I 

For those environmental releases for:i'%~hich little or no data were avail- 

"able, pollutan=.concentratlons--have been estimated by characterizing 

precursor streams and then estimating the quantity of each pollutant 

that would re,~in in streams after treatment. Stream characterization 

is limited to:those streams that would be released under normal qperat- 
j-'.~i-r: 

ing conditions. Releases during upset conditions and accldents have not 

~been considered due to the lack of data. : . . . .  

"" Charactgrizati6n of the types, concentrations and quantities of 

chemi=~l components in streams released to the envlronment provides the 

basis ~or estimating the resultant exposure concentrations. Because of 

the relative scarcity of pollutant data, and the lack of information on . 

site-specific charact'eristlcs, sophisticated envlronmental modeling has ~ 

not'~been used to evaluate pollutant.,:dispersion. In may cases~ esti- 

mation, of" post-dilution poll usan= concentrations are ba~ed upon the use 

of either the U.S.-Environmental Protection Agency's Source Analysis 

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

The hazards posed by each pollutant are then ass~'~-sed in relation 
• \. 

to three groups of potential receptor populations (i.e., general public, 

occupati6Aal personnel, and ecosystems) by comparing the projected post- 

dilution, pollutant concentration with quantitative benchmarks, such as 

biological, thresholds or recommended acceptable pollutant levels, and 

average ambienL air or water concentrations. 

BencLhmarks used in assessing ecosystem hazards include: 

• Proposed Freshwater Criteria, 
• Estimated Permissible ConceRtrationip 
• Lowest Observed Toxic Concentrations, 
• Lowest Observed Lethal Concentration~ 
• -Mean To=~c Concentrations, 
• Daphnia ~hronic Toxic Concentrations, 
• Threshold Bioaccumulation Concen=racions 
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• Ambient Freshwater Concentrations, 
• Most Stringent Criteria, . ,÷- 
• Ambient Air Concentrations. 

. f, . . 

Benchmarks used in assessing hazards tO publf9 health include: 

• ~s~ tima~ed Perm~sslble Concentrations, " 
• National ~6fent Air Quality S~ahdards, ~' 

• Drinking Water Standards. 

Relative hazards posed by each pollutant to each receptor are 
C 

catbgorizedtbased on the ratio of the~.estimated post-dilution concentra- 

tion to toxicologic benchmarks = ~mpounds with a post-dilution concen- • 

tration to benchmark ratio': greater than I0 are classified as ~'Probable : 
? 

Hazards." Those with a ratio of I0 or less, but greater than or equal 
~. ~,  .~ .  

to 0.i, are classified as "Possible Hazards". Those with a ratio less 

than 0.I are classified as "Unlikely HalYards '' . 
,[~__j, 

Assessment of occupational health'hazards requires evaluation'of 

the t'$xicity of potential stream constituents and the exposure of occu- 

pational personnel to these toxic constituents. Unlike the assessments 

of public health hazards and ecosystem hazards, which emphasize facility 

waste streams released to the ~environment, the assessmen~ of occu- 

pational "~ health risks focuses on internal process streams that could 

release toxic substances due to leaks,' fugitive emissions, spills and 

other non-routine events. Problematic stream c6nstituents are identi- 

fied by using an indicator compound concept and composite: hazard index 

methodology. In this approach, the concentrations of gaseous components 

in process streams that may leak into the occupational environment are 

compared with their appropriate threshold limit values (TLVs). Th~ 

process stream concentration to TLV ralio has been computed for each 

constituen~ and then compared wi~h a s~milarly deriveo ratio for carbon 

monoxide, which was selected as the indicator compound for the assess- 

ment. These ratios then.are used Eo calculate the allowable leak rate 

for each stream component relative to the allowable leak race for carbon 

monoxide, assuming ~hat carbon monoxide would he monitored carefully in 

the occupa=d~onal setting. Hazards to the occupational population then 

are categorized based upon the value of the relative allowable leak 

rate~ Compounds wlth a relative allowable leak rate less than 0.1 are 

classified as "Probable Hazards".• Those with a relative allowable leak 
i, 
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rate greamer than 0.I 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 Hazards". 

Based upon the use of carbon monoxide as an indicator compound 

within the workroom environment, the results of the occupational health 

assessment i?}dicate-,that., tars and oils from the gasifier are the only 

Probable Hazards to workers. Carbon dioxide and methane represent 

Possible Hazards from one or more process streams. Emissions of nickel 

carbonyl and hydrogen sulfide also may pose some concern. 

Projected hazards to the general public and ecosyste~ posed by 
.3 

components of six selected facility streams a@e summarized in Tables S-I 

and $-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 generation is ~he 

largest planned environmental release from the hypothetical facility, 

with a flow rate of approximately 7.1 million pounds per hour. Compari- 

son of estimated post-dilution concentrations of stt~fhr oxides, nitrogen 

oxides and trace elements with public healihand ecological benchmarks 
indicates ~hat none of the stream constituents pose a Probable Hazard, 

b~t each represents a Possible Hazard to public health and ecosystems. 

Cooling tower a~mospheric losses for the hypothetical plant are 

pro~ected ~o be 2.4 million pounds per hour. Although many industries 

have cooling towers, the emissions from the hypothetical plant are 

unique because treated process wastewater is used in the cooling system 

tower. Comparison of the estimated post-diluEion concentrations with 
O 

health benchmarks results in the classificatioa of arsenii and ammonia 

as PoBsible Hazards to public health. The cooling towem losses appear 

to pose the greatest short-term atmospheric threat Lo local terrestrial 

ecosystems due to the large quantities of organics: and trace elements 

released, but quantitative estimates have not been made due to lack of 

data regarding pollutant partitioning among drift, evaporation, and 

blowdown. ¢ 
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Comparison of "estimated post~dilution concentrations with 

ecologic~ and public 'health. benchmarks indicates that none of the 

components in, coal lodkhopper vent gas pose.a Probable Hazard to eiu~er' 

public health 07' ecosystems. Ammonia, hydrogen sulfide and nickel 

carbonylare 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 
D 

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

~eparation, phenol recover~,..ammonia recovery and biological trea=ment) 

prior to concentration of pollutants in th~ reverse osmosis unit, the 

quality of the concentrated 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 pod.t-dilution pollutant concentra- 

tions with ecological ahd public health benchmarks indicates the eleven 

classes "bf compounds (trace elements and ten classes of organics) may 

pose a Probable to Possible Hazard to humans and ecosystems. Based on 

results of the screening process, six trace elements (As, Be, Cd, Hg, 

~hl, and Ni) are classified as Prohahie Hazards. The other four trace 

elements for which post-dilution concentration have been estimated (Pb, 

B, F, and V) are categorized as Possible Hazards to ecosystems and 

public health. Three classes of organics (phenols, polynuciear 

aromatics and mercaptans) are categorized as Probable Hazards and two 

classes (carboxylic acids and substituted benzenes) are es=imated to 

pose Possible ~azards. Five additional classes of organics (aromatic 

amines; 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. 
i 

Leaehate from ash and sludge disposal is not 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 of the ~race elements pose E Probable Hazard to 

either public health or ecosystems. Six elements (AI, Cd, Fe, Pb,'Mn~ 

and Se) are classified as Possible Haza~:ds. 
.~.- 

-" 
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No data are available regarding the composition of sludge 

generated by biological treatment of Lurgi/Fischer-Tropsch wastewater, 

or the composition and quantity of biosludge leachate. Toxic materials 

in biosludge have been estimated by assuming that removal of trace 

elements and the polynuclear aromatic hydrocarbons is via adsorption and 

sedimentation ~ith the biosludge. The toxic contaminants are assumed to 

leak into a small (I0 cfs) stream. Comparison of estimated post- 

dilution concentrations with toxicologic benchmarks indicates that trace 

metals and polynuclear aromatic hydrocarbons may pose a Probable Hazard 

to ecosystems. The hazard to public health was ~ot assessed. 

Tables S-I and S-2 present the hazard to ecosystems and public 

health by specific compounds in indivldual streams for which post- 

dilution pollutant concentrations have been estimated. The overall 

hazard posed by each class of pollutants, however, depends on the total 

envirorunental 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 qualitatively. The 

probability that process and waste streams may release potentially 

hazardous substances into 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 or medium 

probability of release. 

Finally, the information presented in Table S-3 has been modified 

slightly to accouqt for the degree of uncertainty :associated with 

certain estimates of total environmental loadings, toxicologic 

benchmarks, control tee~hology options, and ~odeEradation. 

Consideration of these ~actors has resulted in the reclassification of 

some hazard categories for specific pollutants (i~e., some Unlikely 

Hazards have been reclassified as Possible Hazards and vice versa~. 

l'able S-4 lists the final hazard categories for the classes of compounds 

addressed in this assessment. 

i 
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• TABLE S-4 

FINAL ANALYSIS OF HAZARD CATEGORIES FOR CHEMICAL 

CLASSES RELEASED FROM THE MODEL 

LURGT/FISCHEK-TROPSCH FACILITY 

PROBABLE HAZARDS 

Trace Metals 

Polynuclear Aromatic 

Hydrocarbons 

Mercaptans 

Tars and Oils 

POSSIBLE HAZARDS 

Aliphaties, alicyclles, 

and fatty acids 

Benzene~ and Substiuuted 

Benzenes 

UNLIKELY HAZARDS 

Ammonia* 

Carbonyl Sulfide .. 

H y d r o g e n  C y a n i d e  

Phenols Carbon Dioxide 

Sulfur, Nitrogen and 

Oxygen He=erocyclics* 

Aromatic Amines* 

Nitrosamines* : 

Hydrogen Sulfide 

N i c k e l  Carbonyl 

I! Sulfur and Nitrogen % 
i!.: ox ides  

*These chemical classes have had their hazard level either upgraded or 

downgraded from that identified in Table S-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. 
f- 
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In summary, 79 process and waste streams from a m'odel Lurgi- 

Fischer-Tropsch f~cility have been identified for initial evaluation. 

Of these, nine gaseous emissions streams, t@n aqueous and solid waste 

streams, and numerous internal" process streams have been characterized 

in more detail. Based upon the assumptions and limitations of the 

present study, trace metals, polynuclear aromatic hydrocarbons, mer- 

cap~ans, tars and oils have been classified as Probable Hazards to one 

or more receptor groups (i.e., o~cuptional personnels general public, 

and/or ecosystems). In addition to"these constituents, aliphatics, 

alicycllcs and fanty 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 w&ste 

stream, leachate from biosludge, and internal gasifier streams. Possi- 

ble Hazards were associated with the@eo and other streams, including coal 

lockhopper vent gas, stack gas fro~9;~l~ties, evaporative losses from 

utilities generation, leachate from ash/scrubber sludge, and several 

internal process-s~reams. ~- ,: ..... 

It is extremely difficult to assess the hazard potential associ- 

ated with trace contaminants from a precperational facility.. A number 

of factors that may affect the tyRe~ magnitude and severity of hazards 

posed by a future facility cannot he'.determined at this time; therefore, 

a great deal of uncertainty must be associated with the results of this 

assessment. However, the present study represents a comprehensive 

summary of the available information concerning the identity of both 

organic and inorganic trace contaminants associated with the Lurgi/ 

Yischer-Tropsch technology. Some basic assumptions, cautious extrapo- 

-lations, and simple diffusion models have been applied to this informa- 

tion to estim~.te Khe potential exposure concen~raLions of potentially 

hazardous chemicals and chemical classes to workers, the general public, 

and both aqua=ic and terres=ial ecosystems. The information presented 

providesa source of data which should assist environmental research and 

development planning activities, the evaluation of control technology 

options, the siting of facilities, and the development of a more 

detailed assessment of risks from indirect liquefaction processes. 
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1 INTRODUCTION 

I.I BACKGROUND AND PURPOSE 

Indirect liquefaction processes are leading technological 

candidates for the production of synthetic fuels from coal. A recent 

Government Accounting Office report concluded that if any portion of the 

national synfuels production goals for 1987 and 1992 is to be met with 

coal liquefaction, the bulk of the production is likely to come from 

indirect processes. 199 And the Synthetic Fuel Corporationts emphasis on 

established technologies ready for deployment on a commercial scale may 

provide a{~ 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 benefit the nation by 

providing a critically needed supplement to our dwindling bil and gas 

reserves. The synthetic oil and gas produced will be environmentally 

compatible and clean burning, the produc~s will be both storable and 

transportable, and synthetic oil and gas will make us less dependent on 

unstable and costly foreign supplies. 
: 

However development and 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 and considered in the design, 

siting and operation of commercial facilitieS. 
" 

At present the potential adverse environmental impacts of an 

indirect liquefaction industry or faeiii~ are not well understood. A 

number of recent studies have attempted ~assess the hazards associated 

with coal liquefaction. However, the assessments generally have been 

limited to major pollutant species (e.g., sulfur oxides, nitrogeR 

oxides, and total suspended solids). Although trace elements and trace 

organics have been identified as potentially significant problems, 

efforts to estimate the environmental:~and 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 

annicipane ann define nhe 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 acceptable 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. 

I. 20VERVIkTq 

Lack of adequate, standardized methodologies and a paucity of 
.[ 

data make environmental hazard assessment difficult, even for those 

technologies that have been in existence on a commercial scale for many 

years. Assessment of hazards associated with technologies such as 

indirect coal liquefaction, which do not have a long history of 

operation in the U.S., is even more difficult because ~n his~orical'da6a 

base is not available, and uncertainty regarding market penetration and 

geographic deployment of a commercial industry makes evaluation of site- 

specific factors very difficult" 

s, 

The ~sessment methodology, illustrated in Figure I-i, is an 

attempt to link the process technology, pollutant releases, pollutant 

impacts, environmental factors and receptor "groups for a specific 

indirect liquefaction process. 

Selection of a specific pr'ocess has been the starting point of 

the assessment. Indirect liquefaction of coal is essentially a two- 

phased operation: gasification of coal to produce synthesis gas, 

followed by catalytic synthesis of liquid products from the synthesis 

gas. Several process options exist for. each phase. Lurgi dr.y ash 

gaslficaEion and Fischer-Tropsch synthesis have been "sel~;ctdd~ to ~ 

~f 
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represent "the gasification and catalytic synthesis ";) phases, 

respectively. These processes have been chosen because they have been 

proven o~' a commercial scale; and technical and environmental data •'from 

these processes, although limited, are more readily available and more 

representative of commercial-scale operations than are data from other 

processes. 

Determination of the types and quantities of hazardous pollutants 

that might be released from a commerclal-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 j 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 plant i~cludes production facilities, 

facilities and environmental controls. Facility streams include support 

produc~s, by-products~ internal'::process streams, gaseous emissions, 
• .=-'" 

aqueous effluents, solid wastes ana leachates. Process operating 

conditions and a:'Wyoming subbituminous feed coal have been specified to 

facilitate~ollutant characteriza~ioa. 
> 

~" Chemical characterization of streams has been @ccomplished using 

experimental data from the literature, whenever possible. For those 

environmental releases for which little or n6~ data are available, 

pollutant concentrations have been estimated by•~harac=erizing precursor 

streams and then estimating the quantity of each .pollutant that would 

remain in stream~ after treatment. Stream characterization is limited 
.%- 

to streams released under 'normal opera~ing condiKions. Eeleases during 

upset conditions and accidents are not considered due to the lack of 

data. I~ 

Characterization of the types, concentrations and quantities of 
; 6 , 

chemical components in streams released to the environment provides the 

P 
/ 



basis for estimating the resultant environmental exposure concen- 
• . ~.'. 

trations. Because of the relative scarclty of pollutant data, and" the 

lack of information on site-specific-.', characterlstics, sophisticated 

environmental modeling has not been used to evaluate pollutant 

transport. Instead, dilution factors', based upon either the Source 

Analysis Model (SAM/I) being developed for the U.S, Environmental 
/f" 
t. o . . . . 

• Protectlou .Agency or other very. 91mple envlronmental dzlutlon models, 

':" have 'been applied to the projected environmental releases to e.stimate 

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. Quantita=ive benchmarks, such as biological 

thresholds or recommended acceptable levels, ~ have been used as 

references for comparison with projected pollutant concentrations. 

Based upon the ra=ios of estimated pollutant concentrations to 

toxicologic behchmarks, the various 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 
Y f 

allowed each assessment to differ, dep~hding upon the specific 

assumptions and available data associated with the different exposure 

populations. 

1.3 ORGANIZATION OF TKE REPORT '" ~, 

The assessment comprises four major tasks: i) characterization 

of hazardous materials released from an indirect liquefaction facility; 

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'If presentsfacility 
C 

and stream characterization d~ta; and Voiumes Ill, IV and V present 

assessments of hazards to ecosystems, the general public and 

occupational personnel, respectively. 

'I 
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2 FACILITY AND STREAM CHARACTERIZATION 

2.1 OVId. RVIEW. 

The L'urgi/Fischer-Tropsch process was chosen As the basis of the 
l 

assessment, because it is a proven technology, currently operating on a 
l 

'commercial scale at =he SASOL facility in South Africa, and has beea 

,.proposed ~o ~ 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 

ok concentrations of trace ~elements ~and trace corganics in treated and 

untreated waste streams. A data base of potential environmental 

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 base was developed in several steps: 

I) identification of classes of chemical compounds associated with 
indirect liquefaction that are known or suspected to be 
hazardous to humans or ecosystems; 

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

3) develgpmeht of a mass balance for the hypotheticsl faciiity; 

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. 

.--~c--E;-~The method and results of the streems characterization effort are 

summarized in this chapter. A more 'detailed description of data 

isources, assumptions aud 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 Labpratory, Battelle Pacific Northwest Laboratory, and 

A' 
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International Research and Technology Corporation selected 'seVeral 

classes of process stream components to emphasize in the .analysis, 

These. classes of compounds and elements, listed ~Zh Table 2-I~. were 

selae=ed ..because they had been associated with coal liqdefaction and 

gasification processes, and were known or suspected'of posing'hazards to 

• human health or the environmenK. 

TABLE 2-1 

STREAM COMPONENTS SELECTED FOR INCLUSION IN THE ANALYSIS 
IH . ., H 

Aliphatics, alicyclics and fatty acids 

Ammonia 

Aromatic amines 

Benzene and substituted benzenes 

Carbon ~mo~ide 

Carbonyl sulfide 

Hydrogen cyanide 

Hydrogen sulfide 

Mercap tans 

Nickel carbonyl 

Nitrogen heterocyclics 

Nitrogen Oxides 

Nitrosamines 

Oils 
I 

, Oxygen heterocyclics 

'~Phenols 

Polynuclear aromatics 

Sulfur heterocyclics 

Su]"f ur oxides 

Tars 

Trace elements 

2.3" DESIGN OF HYPOTHETICAL COMMERICAL-SCALE LIK{GI/FISCRER-TROPSCH 
FACILITY 

A hypothetical Lurgi/Fischer-Tropsch plant processing io~ sulfur 

Wyoming subbituminous coai was designed to provide the basis for 

estimating the types and quantities of pollutants that might be released 

from a commercial" facility. The plant configuration, developed :by 

engineers at Oak Ridge National Laboratory, was based largely, though 

not exclusively upon information in a report prepared by the Mobil 
I' 

Research and DeVelopment Corporation, Research.Guidance S~udies to .~z:~ ~ 

° 



Assess Gasoline from Coal b7 Methanol-to-Gasoline and Sasol-type 

.Fischer-Tropsch Technologies° 165> - 

The hypothetical facility was designed to process approximately 

18,000 tons per stream day (TPSD) of as-received Wyomlng subhituminous' 

coal. The proxlmat~ and ultimate analyses heatin E value, and trace 

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

A simplified block flow diagram of the plant is presented in 

Figure 2-I. A list of plant process and waste streams is presented in 

Table 2-3. 

2.5.1 Process Description 

Sized coal (+ i/b~' to 2") is gasified in Lurgl gaslflers at 450 

psig using steam and oxygen to yield a raw synthesis gas (syngas) 

product. The raw syngas exits the gasifiers at 900 ° F. This gas is 
t. 

cooled and scrubbed to remove the attendant particulates, tars, oils, 

phenols, ammonia, and water. These components, which together are 

called gas liquor, are separated from the gas in the gas/liquor 

separator. The partially cleaned syngas is theu~spliK into two streams; 

one stream is further cooled while the other stream undergoes shift" 

conversion to. adjust the H2/CO ratio such that this ratio o~ tile 

combined gas stream is in the desired range for the Fischer-Tropsch 

reaction. The two streams are then com~'ngled and further purified using 

the Ractisol process to remov~ the sour ga~s (H2S and C02) and naphtha 

from the syngas. 

The cleaned gas from the Rectisol process is fed to the Fischer- 

Tropsch reactors-where it is catalytically converted (over a proprietary 

iron catalyst).: ~o mainly aliphat~c hydrocarbon products. The raw 

products from the Fischer-Tropsch reactors are further processed and 

upgraded using ~onventional petroleum Tefinery processes ~o produce ~he 

plant product slate (see Table 2-4). Details of the product upgrading 

section have been omitted from the flowsheet because: I) product 

upgrading consists of conventional petroleum refinery-type processes; 

and 2) the major unknowns regarding environmen=al and occupational 



TABLE 2-2 

COAL ANALYSIS, HEATING VALUE~ AND TRACE ELEMENT CONTENT 

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

Volatile matter 
Fixed carbon 
Ash 
MoisKure 

"33.1 
33 .8  

,: :,. 5.1 
28 .0  

Total I00.0 

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

Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfur 

74.45 
5.10 

19.25 
0.75 
0.45 

Total I00.00 

Heating value, MAF basis, (Btu/Ib) 165 

_, 12,720 
12,236 

High heating value 
Low heating value 

As 
B 

Ba 
Be 
Br 
Cd 
Ce 
Co 
Cr 
Cs 
Cu 
F 
Ga 
Ge 
Hg 
I 
In 
La 
L£ 

Trace element, content, dry :basis ('PPM) 7 4 

0.06-0.43 Mo 2.2 
0.57-1.2 ::: Mn 2.8-3.4 

32 N£ i .7-14 
87 P - 

0.71-0.8 Pb 0.51-12 
-- RD - 

0.31-0.8 Ru - 

- Sb O. 08-1.5 

0.55 Se - 
4.2-16 Se 0 .33  

- : Sn 0.14 
8.9-I 0 Sr - 

65-67 Ta - 
-- Te - 

- g 0.88 
0.11-0.17 V 10-14 

-- W - 

- y - 

" Zn 0.23-8 
3 . 6 - ! 5 . 0  Zr - 

I I 
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TABLE 2-4 

PRODUCT SLATE OF HYPOTHETICAL FACILITY 165 

Product Amount 

s~G, ~SCF/SD* 
C3LPG, BPSD** 

C4LPG , BPSD 

Gasoline, BPSD 

Diesel fuel, BPSD 

Heavy fuel oil, BPSD 

Mixed alcohols, BPSD 

Sulfur, TPSD 

ARhTdrous ammonia, TPSD 

Total product, BPSD FOE ~ 

173 

1,707 

146 

13~580 

2,307 

622 

1,825 

61 

103 

44,950 

* C ,MMS F/SD = Million standard cubic feet per stream day 
WBPSD = Barrels per stream day 
FOE = Fuel oil equivalent at 6 x 106 Btu/barrel fuel oil 

health concerns are associated wi~h 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 ~he 

Stretford process. The sulfur produced is sold as p~ant product. Tail 

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

Boiler stack gas cleanup facilities reduce 302 to 0.2 pounds per 

million Btu of fired heat. In addition, an electrostatic precipitator 

is included to reduce the particulate matter to 0.1 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, 
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and ammonia from the water. The recovered water undergoes additional 

treatment prior to reuse in the process. Waste products recovered from 
I' 

the gas liquor are disposed of as indicated below. 

Oils and tars are recovered from the waste water by settling and 

decantation. The oils are processed further in the product upgrading 

section t o  yield additiodal plant products; the tars are incinerated in 

the plant bofler. Crude phenols are recovered from the was~water by 

using the Phenosolvan process. The crude phenols are incinerated in the 

plant boiler. Anhydrous ammonia is recovered for sal~ by using the 

Chemie-Linz/Lurgi process. 

The wastewater from the ammonia recovery step is biologically 

treated to reduce its B0D and COD levels by reducing the ~esidual 

organics present in the water. The water is then subj@'ctad co 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 gasifler ash in the mine. 

2.3.2 Facilit 7 Environmental Controls 

A wide variety of controls have been proposed for use in coal 

conversion facilities. The environmental controls .specified in.the 

hypothetical plant, presented in Table 2-5', were selected as 

representative of the types of controls that have been rproposed. Many 

alternative controls are available or under development. Selection of 

specific controls will depend 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-prod~cts 

whenever economically feasible. The wastewater treatment system 

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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TABLE 2-5 

ENVIRONMENTAL CONTKOLS IN ThE HYPOTHETICAL PLANT 

L[QUIO STREAMS 

STRF.~I 

Coal Pile Leachate (27) 
Ash Quench Sluice Water (38) 
Waste Liquor (43) 
Tar/Oil Separator Effluent (46) 
Phenol Recovery Effluent (48) 
A~nia  Recovery Effluent (50) 
Biotreatment Effluent (52) 
Reverse Osmosis Brine (53) 
Reverse Osmosis Permeate (54) 
Cooling Tower Blowdown (32) 

t 

CONTROL PROCESS 
Tar/Oil Separator 
Reverse Osmosis 
Tar/Oil Separator 
Phenol Recovery (Phenosolvan) 
Ammonia Recovery (Chemie Linz Lurgi) 
Bio]ogical Treatment (Activated Sludge) 
Reverse Osmosis 
Evaporation Pond 
Used in Cooling Tower 
Used to quench Ash 

GASEOUS STREAMS 

STREAM 
Coal Preparation Dust (24) 
Ut i l i ty  Stack Gas (28) 
Cooling Tower Atmospheric 

Emissions (29) 
Ash Lockhopper Vent Gas 
Ash Handling Vent Gas (35) 
Rectisol Sour Gas (55) 
S~retford Tail Gas (56) 
Naphtha Hydrotreater Offgas (6~) 
F-T Heater Stack Gases (66) 
F-T Upgrading Offgas (68) 
Coal Lockhopper Vent Gas (72) 
C3LPG Storage Emissions (73) 
C~LPG Storage Emissions (73) 
G~soline Storage Emissions (73) 
Disti l late Fuel Oil Storage 

Emissions (73) 
~avy Fuel Oil Storage Emissions (73) 
Alcohol Storage Emissions (74) 
F-T Oil Storage Emissions (751 
F-T Tar Storage Emissions (76) 
Phenols Storage Emissions (77) 
Ammonia Storage Emissions (781 

CONTROL PROCESS 
Bag House 
Lime Scrubbing/ESP 
Makeup Water Treabnent 

Venturi Scrubber 
Venturi Scrubber 
Sulfur Recove~i/Incineration 
Incineration in ~ i i i t y  Boi;br 
Sulfur Recovery/Incineration 
Incineration in 'Ut i l i ty  Boiler 
Incineration in Ut i l i ty Boiler 
Venturi Scrubber 
Pressure Vessel 
Pressure Vessel 
Floating Roof 
Cone Roof 

Co~ Roof 
Fl~ting Roof 
Fixed Roof 
Fixed Roof 
Fixed Roof 
Pressure Vessel 

SOLID STRE~]4S. 

STREAM 
Ut i l i ty  Boiler Ash (33) 
Ut i l i ty  FGD Scrubber Sludge (33) 
Gasifier Ash (34} 
Spent F-T Synthesis Catalyst (63) 
Wasteweter Treatment BiosludO e (70) 
Spent Shift Catalyst (7g) 

CONTROL PROCESS 
Disposal in Mine 
Disposal in Mine 
Disposal in Mine 
Reclamation 
Dispos~tl in Mine 
Reclamation 
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A variety of control processes are used to control atmospheric 

emi'sslons, including bag houses, .lime slurry scrubber, electrostatic 

preclpltator (ESP), venturi scrubbers, .sulfur recovery, incineration, 

and special vessels for storing products and by-products. 

Solid waste streams from the hypothetical plant are disposed of 

in the mine. Spent catalysts are r,eclaimed. 

[ 

2.4 DEVELOPMENT OF FACILITY MASS BALANCE 

The mass balance for the facility was developed by staff 

~i' engiffeers at Oa ,Ridge National Laboratory. The mass balance -is 

presented in the Appendix (Table A-I), 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 e~ineering judgements and 

were used largely to identify hazardous streams chat should be 

characterized in more detail. 

2.5 SELECTION OF PRIORITY STREAMS FOR THE ASSESSMENT 

Selection of priority streams for the hazard assessment was based 

on consideration of three factors: i) t he  probability of release to the 

environment; 2) the presence of hazardous components; and 3) flow 

rates. The presence of hazardous components and flow rates were taken 

from the mass balance. Each stream was assigned a probability of 

release to the environment from high to low. All facility streams 

designed to be released directly to the environment were assigned a high 

probability 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- or 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 ~re summarized in the Appendix (Table 

A-4). 
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Streams with a high probability of release and toxic components,, 

were selected for further evaluation. 

2.6 CHARACTERIZATION OF PRIORITY STREAMS 

Review of the literature indicates that characterization data for 

releases from commarlcal~scale Lurgi/Fischer-Tropsch plants are very 

limited. No experimental data regarding specific constituents in 

treated effluents from commercial-scale Lurgl/Fischer-Tropsch processing 

of Wyoming subbituminous coal are available. Priority streams have been 

characterized using data from a variety of sources. The assumptions, 

data and methods used to characterize each s~ream are discussed briefly 

in the following sections. 

2.5.1 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 Gas Liquor (Stream 43) - Coal, stem and oxygen are fed to 

the Lurgi gasifier. Raw synthesis gas (mostly H2, CO, C02, and CH4), 

condensible organics (Lurgi tars and oils), and steam are produced. 

This stream is cooled, thus condensing the tars, oi.ls, and steam. This 

liquid stream,~called raw gas liquor, is sent to the Tar/Oil Separation 

Unit where the aqueous portion, which contains dissolved organics and 

trace elements, is separated from the immiscible tars and oils. The 

aqueous effluent from the Tar/Oil Separator Unit is called gas liquor, 

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 wastewater treatment facility in the plant; the 

types and quantities of constituents present in Stream 43 largely 

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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COAL PILE LEACHATE 
(Stream 27) 

~JD 

ASH SLUICE WATER 
(Stream 38) 

RAW GAS LIQUOR 
(Stream 43) 

TAR/OiL SEPARATION 

"I Stream, 46 

PHENOL RECOVERY J 
(PHENOSOLVAN) 

';": I Stream 48 

I AMMONIA RECOVERY I 
(CHEiVllE LINZ LURGI) 

I Stream 50 
i .  

I BIOLOGICAL TREATMENT I 
I (ACTNATED SLUDGE} 

I Stream 52 

l i t  

REVERSE OSMOSIS 

/ 
CONCENTRATED WASTE 

SOLUTION 
(Stream 53) 

_~ B[OSLUDGE 
" (Stream 70) 

TREATED EFFLUENT TO 
COOLING TOWER 
(Stream 54) 

/-.. 

FIGURE 2-2 

AQUEOUS ST~S CHARACTERIZED IN THE ANALYSIS 
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TABLE 2-6 

AQUEOUS STREAMS CHARACTERIZED .IN THE ANALYSIS 

STREAM NAME 

RaW gas liquor .= 

Coal pile leachate 

~- ...... :~ar/oi! separation unit effluent 

Phenol recovery unit effluent 

Ammonia stripping unit effluent 

Biological treatment unit effluent 

Reverse osmosis concentrate 

Reverse osmosis permeate 

Ash sluice water :~ 

Fresh make-up water to cooling tower 

STREAM NUMBER* 

43 

27 

46 

48 

50 

52 

53 

54 

38 

-," 31 

*Stream numbers refer to the plant block flow diagram (Figure 2-I) and 
table of plank streams (Table 2-3). ,.% 

The concentrations of trace elements in Wyoming subbituminous 

coal on a moisture free, whole coal basis were identified in the 

litera=ure. 74 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 SASOL 

Presented in Table 2-7. 

The concentrations of trace organics also were calculated for the 

• .-. aqueous porKion of the raw gas liquor. First the organic compounds 

:: likely to be present were identified.' This informav.ion came from three 
,>:u " 

sources: te's~ runs of a dry ash Lurgi gasifier using Mor~tana Rosebud 

coal in Westfield, ,=Scotland173; gas liquor samples from SASOLI8; and 

characterization dati"for coal tars produced by a laboratory bench-scale 

. . . . .  -bgasifier ' using Wyoming-sub bi tuminous coal. 33 

f;. 
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TRACE ELEMENT DISTRIBUTION FOR LURGT AT'SASOL 72 ~, 
(Percent of Element in Coal) 

° ,  % 

i 

i , i  i i i 

%. Element Ash Liquor 

53 3 

8.8 

O.l 

0.2 

0.4 

67.2 

45.5 

45.0 

0.I 

41.6 

1.7 

88.9 

43.8 

47.4 

Tar 

17.0 

2.0 

'0.0 

0.0 

0.0 

1.9 

0.6 

3.8 

0.0 

6.4 

4.3 

0.i 

0.0 

0.3 

• - B ' g  " 33.3 

':" B ". 90 

V 99.9 

Mn 99.9 

Ni . . . . . .  = 9 9 . , - 4  . . . . .  

AS : 26 • 9 

Cd 51.9 

Sb 50.0 

Ce 99.9 

Hg 51.9 

~" Pb 94.2 

Br' 10.0 % 

F 56.3 
' "2 

Cl 52.6 

oii 
.f 

/ 

'i 

~;}i" 1.4 
~ 0.6 
"i}: • ° L - .  

• ': 0 , 0  

0 . 6  

0 . 0  

m o  

o . o  

0 . 0  

,'i, 

0.3 

0.0 

0,0 

0.0 

0.0 

.:-o 

,% . 

#' "t 
.:. . - .: 
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The data from Westfield and $ASOL, although not complete 

characterizations of the gas liquor strew, provided quantified 

esthetes o~ the compounds that we{~ identified. The data from the 

laboratory gasifier study provided the amount of each organic compound 

produced per pound of coW, gasified. Next. solubility data were used to 

estimate the amounts th~t would be dissolved in the aqueous portion of 

the stream. Preiiminary research results at Oak Ridge National 

Laboratory 87 indicaue that compounds with 4 or more rings reached 100% 

of ~heir equilibrium solubility while aliphatic compounds and compounds 

with 3 or less rings reached only [0% of their equilibrium solubility~= 

These findings were incorporated into the calculations. Estimated 

concentrations of constituents in the.raw gas liquor are presented in 

Table 2~8. 

~These data may be subject to considerable error and their 
t• 

reliability is uncertain. The SASOL and Westfield data have been 

assumed to be representative of thd hypothetical plant. However 

differences in .feed coal composition and gasifier operating conditions 
t- 

may affect the concentrations of pollutants in the gas liquor. The 

estimated concentrations of substituted benzenes, PNAs,. acridine and 

mercaptans, which were based on the RTI study~ data, are uncertain 

because several factors could not be considered. These factors include 

differences in composition of tars from comn~rcial-scale Lurgi gaslfiers 

and the KTI bench-scale unit; partitioning of compounds between water 

and tar/oil phases of the gas liquor; tendency of polynuclear aromatic 

hydrocarbons to adsorb to particulate matter; ahd the greater solubility 

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

Coal Pile Leachate (SCream 27) - The concentrations of trace 

elements in the 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. 

Concentrations of organics were not included ih the data 2 hut are 

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

Estimated Concentrations Of C o n s t i t u e ~ ' L C s  
in the Raw ~ Gas Liquor 

"~CONCENTRATIONS IN 

CONSTITUENTS 

TRACE EL~EP.TS 
Arsenic 
Boron 
Berylllum 
Cadmi um 
Fluorine 
Lead 
~ercur~ 
Manganese 
~ickel 
Vanadium 

CARBOXYLIC ACIDS 
Acetic Acid 
Propanolc Acid 
Butanoic Acid 

STREAM CONCE,tRATZO,S .(p~) 
ASH SLUICE 

RAW GAS LIQUOR WATER BLOWDOWN 
(STREAM 43) (STRF.~H 38) 

l" 

o.5s (1) 
1.9 (1) 
O.Z9 (I) 
0,25 (l) 
2.0 (I) 
o.14 (]) 
0.049 (I) 
0.0047 (I) 
0.0030 (I 
o.ooge (1) 

171. (4) 
26. (4) 

'13. (4) 

COAL PILE LEACHATE 
.- (STREAH27) 

O.Ol (2) 

O.Ol (2) 
0.006 (2) 

0.023 (2) 
0.027 (Z) 

110,0 (Z) 
o.3z (z) 

0.02 (~) 

0.00064 (3) 

o.o9 (3) 
0.0003 (3) 
o.s (3) 
0.35 (3) 

2-Methylpropionic Acid 
Pentanoic Acid 
3-Me P-hylbutanoic Acid 
Hexa~9tc Acid 

BEHZENE AND SUBSTITUTED 8ENZENE$ 
Biphenyl 
Ethyibenzene 
I,dan 
Toluene 
I,Z,4 trl~ethylbenzene 
O-Xylene 

MOffOHYDRIC PHENOLS 
Phenol 
2-Hethylphenol 
3-Hethylphenol 
4-HethylphenoI 
2,4-Xylenol 
3,5-Xylenol 

OIHYORIC PHENOLS 
Catechol 
3-Methylcatechol 
4-Methylca ~echol 
3,6-Dime~hylcat~chol 
Resorcinol 
5-Me'chylresorcinol 
4-Methyireso~inol 

2. 
12. 

I. 
I. 

0.7 
lS. 
8.9 

50. 
6. 

18. 

3100. 
340. 
420. 
300. 
120. 
50. 

550. 
400. 
385. 
45. 

275. 
65. 
35. 

[4) 
.(4) 

(4) 
(4) 

(5): 
(S) 
(S) 
(S) 
(5) 
(5) 

(6) 
(6) 
(6) 
(6) 
(6) 
(B) 

(6) 
(6) 
(0) 
(6) 
(6) 
(6] 
(6) 

mm 

i 

"\ 
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TABLE 2 - 8  (CON' T) 

~ .  CONCENTRAT~ONS IN 

CONSTITUENTS 

POLYNUCLFJ~R AROHATIC5 
Acenaphthy]ene 
Anthrzcene 
Benz(a) Anthrecene 
BenzoCg,h,i}pe~,lene 
8enzo(a)pyrene 
Benzo(e)pyrene 
Chrysene 
Fluoran~hene 
Fluorsne 
NaphCha|~ne 
Pery|ene 
Phenenthrene 
Pyr~ne 

SULFUR 8ETEROCYCL ICS 
Hethyl~hiophene 
rhiophene 

NITROGEN HETEROCTCL£CS 
Acridine 
2,4-Dimethylpyridine 
2,5-Dimethylpyridine 
2-Hethylwrtdtne 
3-MethYlpyrldine 
4-Methylwrid~ne 
Pyridine 
quinollne 

OXYGEN HETEROCTCLICS 
~eneo fu r~ f l  

DibenzoFuran 

i MERCAPTANS 

MeChanechiol 

RAN GAS LIQUOR 
-CSTREAH 43) 

0.4 (5) 
o.1 (51 
O.Ol Is) 
0.0003 5! 
0.004 (5) 
0.004 (5} 
O.OOZ {5) 
0.2 (5) 
o.z (s I 3.2 [5 
o.ooo¢ (s) 
o.1 (s) 
o.z (s) 

2.2 (7) 
I. (4) 
]. (4) 
70. (4) 
Ze. (4) 
6, (4) 

117. (¢) 
~s. (4] 

2o. (7) 

, .  i 

STREAH CONCENTRATIONS (ppm) 

COAL PILE LEACHATE 
(STREAH Z7) 

, ,  , ,:'~' 

/, 
/!: 

¢ 

! 
F 

::L 
V2~. 

~z. (4) 

ASH SLUICE 
WATER BLONOOWN 

($TREAH 3a) 

AROHAT[C AH[NES 
Ani]ine 

k , ' s  

t; 

(1) Escln~ce based ou SASOL d l s c r t b u t J o n  uucfEL¢l=ats  (71). 
(2) ReFerence 32 
(3) ReEerence 170 
(4) Refecence lh 
(5) Esclmate  based on ~ f I  ddca (3~) .  Llmttcd by compotmd sulub£1£cy.  
(6) Reference  173 
(7)  Eeclmace based on g ' f I  d a t a  (33 ) .  Ltmtced by compound producc£on r a t e .  
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leachate (9 mg/l). Further research is needed to verify this 

assumption. 

Tar/Oil Separation Unit Effluent (Stream 46) - In the Tar/Oil 

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 is senK to the Pheaol Recovery Unit. No removal of dissolved 

~race elements or dissolved organics occurs in the Tar/Oil Separation 

Unit. 

Phenol Recovery Unlt Effluent (Stream 48) - Removal efficiencies 

reported in the literature 18,152 are 99.5% for monohydric phenol, 60% 

for pol.yhydric phenols, and 15% for most other organics. There were no 

reports of trace element removals oecuring along with the phenol 

extraction. 

Ammonia Recovery Unit Effluent (Stream 50) - No data werefound 

for the removal efficiency of ammonia from the dephenollzed gas liquor, 

or for the removal of organics and trace elements as unwanted 

contaminants with the ammonia stream. It was assumed that ammonia 

removal would be in the 90+% range and jthat no organics or trace 

elements would be removed with the ammonia, although some removal of 

.volatile organics during stripping operations has been reported. 

Biological Treatment Unit Effluent (Stream 52)- Datfa relating 

~o the removal of organics and trace elements in a biological treatment 

unit came from a variety 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 |~y phenol-acclimated bacteria came f'-om a 1964 

study by Tabak. 174 Remov~l efficiencies for other organic compounds and 

trace elements came fro~ 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 

operauing 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 noted 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 recovery. Zero recovery 

corresponds to the highest solute rejections possible. Data on metals 

rejection were obtained primarily from two sources: Bostwick 16 reported 

percent rejection of metals with a cellulose acetate membrane, and 

Gaddls 67 reported rejection of metals in textile wastewater with poly 

ether/amide membranes. Based upon the rejeition data discussed above 

and on assumed 80Z recovery (80% permeate, 20% concentrated ~ste), the 

concentrations of organics and trace elements in the permeate and 

concentrate (waste stream) from the reverse osmosis unit were 

calculated. 

The effluent from the reverse osmosis unitI~ 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 first column volume leachate 

fractions of ash from Lurgl gasification of Montana Rosebud coal. 170 

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 organics 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. 
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Eva luatlon of Estimated Pollutant Concengrations in Aqueous 

Streams - ~haracterization da~a for aqueous streams are summarized in 
I' 

Table 2-9. Chemical constituents in raw gas liquor are listed in Column 

I. Estimated concentrations are listed in Column 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 concentrations in the biotreatment effluent (Stream 52) are 

presented in Column 4. Constituent removal efficiencles in the reverse 

osmosis unit are presented in Column 5. The concentrations of 

constituents in reverse osmosis effluents (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 presented in Col~mns 6 a~ 

7. 

Column 8 presents an expected range of pollutant concenErations 

in coal conversion wastewaters. 212 Comparison of estimated 

concentrations (Column 2) with the expected values (Column 8) indicates 

that most of the estimated values fall within the feed ranges. However, 

there are several exceptions. The estimated concentration of arsenic is 

a little below the feed range, while estimated levels of cadmium, lead, 

mercury, PNAs andquinoline are slightly greater than t~e 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 years) when commercial-sized plants can be 

expected to be deployed. The high end of the range corresponds to the 

present situation or that anticlpaned for the immediate fuKure. 

Considerable uncertainty exis6s 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 

wastewaters treatmen~ section (i.e., reverse-osmosis permeate - Stream 

54). Comparison of the estimated effluent concentration (Column 7) with 
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the effluent goal ranges (Column 9) indicates that most of the estimated 

values fall within the ranges. There are a few exceptions. Estimated 

concentrations of arsenic and phenols are high, while the estimated 

concentration of boro~ is low. Overall, the results appear to be in 

line with the expected values listed in Cclumn 9. 

2.6.2 Characterization of Gaseous Streams 

Data on the charac£erizaton of gaseous streams are very limited 

in the published literature. No experimental data could be found 

regarding specific gaseous constituents "from Lurgl/Fischer-Tropsch 

processing of Wyoming subbltuminous coal. 

Gaseous streams selected for the analysis are presented in Table 

2-10 and Figure 2-3. The analysis focused on two general classes of 

pollutants (trace elements and organic compounds) that have been 

identified as potential causes of concern in gaseous streams from coal 

conversion facilities. 

In general the types and quantities of pollutants in each stream 

reported here were derived from the literature and modified, as 

necessary, to reflect the composition of the feed coal, and size of the 

conceptual plant used in this analysis. The types and quantities of 

trace elements present in the gaseous streams were estimated using trace 

element characterization data for Wyoming subbituminous coal. The 

distribution of trace elements from the gasifier is based on SASOL 

data 72, (see Table 2-7) and the distribution of trace elements from the 

utility boiler is based on data from the WESCO Coal Gasification 

Pro~ect 202 (see Table 2 -ii). The assumptions and methodologies used to 

chara=terize each stream are discussed below. 

Utility Stack Gas (Stream 28) - Utility stack gas is generated 

by burning undersized coal, and Lurgi gasifier tar and phenols in steam 

boilers. Parriculates in the stack gas are reduced by an electrostatic 

precipitator to 0.i pound per million Btu of fuel fired. Lime slurry 

serubblng is employed to reduce SO 2 emissions to 0.2 pounds Of SO 2 per 
% 
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MAKEUP WATER 
(Stream 3] ) 

[ 

TREATED UNDERSIZED GASIFIER 
PRDCESS WATER, COAL TARS 

' (Stream 54) (Stream 3 ) , .  (Stream 44) 

i i 

UTILITIES GENERATION 

STACK GAS COOLING TOWER 
TO ATMOSPHERE ATMOSPHERIC LOSSES 

(Stream 28) (Stream 29) 

PHENOLS 
(Stream 47) 

1' 
I 

SIZED 
COAL OXYGEN 

(Stream 2) (Stream 4) 
STEAM 

(Stream 6) 

LURGI GASIFIER 

COAL LOCKHOPPER 
VENT GAS 

(Stream 72) 

PRODUCTS AND BYPRODUCTS 
(Streams 18-23,44,45,47,49,60). 

I 
l i , ,  i 

PRODUCT AND I 
BYPRODUCT STORAGE 

EVAPORATIVE LOSSES 
(Streams 73-78) 

FIGURE 2-3 

GASEOUS STREAMS CHARACTEKIZED IN THE ANALYSIS 
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TABLE 2-10 

GASEOUS STREAMS CHARACTERIZED IN THE ANALYSIS 
i 

STREAM NAME STREAM NUMBER* 

U~£1i~y stack gas 

Cooling'Cower atmospheric losses 

Coal lockhopper vent gas emissions 

Evaporative losses (Streams 18-23) 

Evaporative losses (Stream 60) 

Evaporative losses (Stream 45) 

Evaporative losses (Stream 44) 

Evaporative losses (Stream 47) 

Evaporative losses (Stream 49) 

28 

29 

72 

73 

74 

75 

76 

77 

78 

*Stream numbers are keyed to the plant block flow diagram (Figure 2-i) 
and table of plant streams (Table 2-3). 

TRACE 
ELEMENT 

TABLE 2-i 1 

DISTRIBUTION OF TRACE ELEMENTS FROM UTILITY BOILER 202 

DISTRIBUTION OF TRACE ELEMENT INTO FACILITY (%) 

BOTTOM ESP STACK GAS ATMOSPHERIC 
ASH FLY ASH SCRUBBER EMISSIONS 

As 4.4 94.6 0.8 0.2 

Be 16.9 82.2 0.7 0.2 

Cd 16.0 82.7 1.0 0.3 

F 1.2 26.8 , 57.6 14.4 

Hg 4.4 13.0 0.I 8Z.5 

Pb 9.7 89.3 0.8 0.2 
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million Btu of fuel fired. The flowrates of the major constituents of 

the stack gas (COg, N2, O2, H20,.SO x, and NO x) have been calculated by 

Schreiner 165 and are presented in Table 2-12. 

TABLE 2-12 

COMPONENTS OF UTILITY STACK GAS (STREAM28) 

• 0 

Component 

CO2165 

N 2 + Inerts 165 

02165 

H20165 

S0 x (as SO2) 165 

N%154 '. 

Trace Elements* 

.!;.. . ~ s e n l c  

Beryllium 

Cadmium 

Fluorine 

, Mercury 

lead 

Flow Rate (ib/hr.) Concenuration (wt.%) 

...° 

2,739,799- 39.46 

3,632,785. 52.33 

71,264. 1! ,~ I'03 

4 9 7 , 6 7 6 .  ~" ,. , : , , 7 .17  

960. .. i38. ppm 

176. = 25. ppm 

• 0008 .0001 ppm 

.00085 .0001 ppm 

.0007 .O001 ppm 

2.875 .41 ppm 

.0541 .0078 ppm 

.0086: .0012 ppm 
°-'" 

i | i ,.,, 

*Estimate based on trace element content of Wyoming Subbituminous coal 
and trace element distribution coefficients for coal gasification 72 and 
utility boilers 202 . 

Any of the trace elements found in the coal may be present in the 

stack gas ; however, sufficient information was available to quantify the 

concentrations of only six of the trace elements (As, Be, Cd, F, Hg, and 

Pb). The quantity of each trace element entering the ~tility boiler 

with the coal was calculated from iche flow rate of the coal and the 

trace element composition of the coal. The quantity of each Krace 

element entering the utility boiler in the tar from the gasifier was 
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calculated from the flow rate of the tar and the trace element 
I 

distribution data from SASOL. 72 The quantity of each trace element 

emitted with the stack gas was calculated from the distribution of trace 

elements from the utility boiler. Results are presented in Table 2-11. 

Coolin~ Tower Atmospheric Losses (Stream 29) - Cooling tower 

losses to the atmosphere consist of evaporation and drift. The quantity 

of losses to the atmosphere was estimated to be 2,413,000 Ib/hr. 165 The 

composition of the streamers estimated by assuming that the atmospheric 

losses would contain the pollutants present in the two streams combined 

to provide cooling tower make-ap water, i~e., reverse • osmosis permeate 

(Stream 54) and fresh make-up water (Stream 31) .... The estimated 

composition of Stream 29 is presented in Table 2-13. 

Coal Lockhopper Vent Gas Emissions (Stream 72) - Coal is fed to 

a lockhopper which must be pressuriz@d to the same pressure as the 

gaslfler before the coal can be discharged into the gasifier. The gas 

used for pressurization is the gasifier product gas after cooling and 

separation of the condensibles. When the coal locks are depressurized 

to receive the next load of coal, the pressurization gas is released. 

The portion . which is. released down to atmospheric pressure is 

recompressed and fed back into the gas processing stream. The small 

quantity of gas escaping during the charging operation of the coal locks 

is not recompressed due to the presence of air, and is exhausted through 

a venturi scrubber to the atmosphere. It is assumed that the flow rate 

of lockhupper gas vented to the atmosphere is equal to .1% of the total 

flow rate of product gas entering the gas/liquor" separator, 74 The 

composition of the vent gas is derived from several studies. 33~74,173 

Estimated flow rates of classes of components of the Coal Lockhopper 

Vent Gas are p~esented in Table 2-14. 

Evaporative Emissions from Product and By-Product Storage 

(Streams 73-78) - Flow rates of evaporative emissions from product and 

by-product storage are estimated based on unpublished EPA da~a. The EPA 

data, developed for a smaller size plant, have been adjusted to 

correspond to the product and by-product production rates of the 
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TABLE 2-13 

COMPONENTS ,OF COOLING TOWER ATMOSPHERIC LOSSES (Stream 29) 

Stream Component 

Ammonia 

Arsenic 

Beryllium 

Boron 

Cadmium 

Fluorine 

Lead 

Mercury 

Nickel 

Vanadium 

Acetic Acid 

Aniline 

Butanoic Acid 

Ca=echol 

Hexanoic Acid 

Pencanoic Acid 

Phenol 

Propanoie Acid 

Pyrldine 

Kesorcinol 

2-Methylphenol 

2-Methylpropionic Acid 

2-Met hylp yridine" 

2,4-Dime thylpyridine 

2,4-Xylenol 

2,5-Dime thylp yridlne 
S" 

3-Me£hylbutanoic Acid 

.o. 

.'... 

Flow Rate (lb/hr) 

.0E+I 

4.4E-2 

2. IE-2 

~5 1.3E-I :, 

2.4E-2 

9.5~-I 

4.6E-2 

k-3.7E-3 

1.2E-3 

3.7E-4 

5.1E 0 

3.2E-3 

2.9E-I 

2.3E 0 

2.2E-2 

2.6E-I 

6.7E-2 

5.3E-1 

4 .4E-3  

7.7E-I 

1.8E-2 

4 . 4E-2  

2 . 6E . 2  

3- 7E-4 

1 .6E-2  

3 . 7E-4  

2 .2E-2  

.L. 

C o n c e n u r a ~ i o n  (PP~7) 

4.9E-I* 

3.5E-4 

1.7E-4 

i. IE-3 

1.9E-4 

8 • OE-3 

3.7E-4 

2.9E-5 

9 • 8E-6 

2.9E-6 -,~- 

4. IE-2 

2.6E-5 

2.3E-3 

1 • 9E-2 

1 • 8E-4 ~: 

2.2E-3 

5.5E-4 

4.3E-3 

"6.3E-3 "~'. 
. 

l. 5E-4 
I, 

3.5E-4 " 
i 

2.2E-4 

2.9E-6 

1.3E-4 

2.9E-6 

1.8E-4 

*The; "E" is used to signSfy scientific notation (i.e., 4.9E-I = 4.9 x i0-I). 
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TABLE 2-13 (Concluded) 

Stream Component 

3-M~ thylcatechol 

3-Methylphenol 

3-Me thyipyridine 

~I" 3,5-Xylen~l '/ 
3,6-Dime thyiia=echol 

4-Methyl Resorcinol 

4-Me thyl catechol 

4-Methylphenol 

~Me thylpyridine 

5-Methyl Resorcinol" 

Acenaphthylene 

Anthracene 

Benz (a)Anthracene 

Benzo(a) Pyrene 

Benzo(e) Pyrene 

Benzo(g,h,i)Ferylene 

Biphenyl 

Chrysene 

Dibenzofuran 

Et hylbenzene 

Fluoranthene 

Fluorene 

Indan 

M~thanethio'l 

Naphthalene 

Perylene 

Phenanthrene 

Pyrene 

Quinoline 

Toluene 

o-Xylene 

Flow Rate (ib/hr) 

0.0E 0 

1. IE-2 

9.5E-3 

2.3E-i 

I. 9E-I 

l.SE-I 

1.6E 0 

1 • 6E-2 

2. IE-3 

2 • 6E-I 

4.8E-4 

1. IE-4 

1.2E-5 

4.8E-6 

4.8E-6 

3 • 7E-7 

2 • 4E-3 

2.4E-6 

3.2E-3 

6.7E-I 

2.4K-4 

2.4E-4 

3.2E-2 

2.6E-I 

1. IE-2 

4.8E-7 

1.2E-4 

2.4E-4 

3 • 4E-3 

2.2E 0 

7.7E-I 

Concentration(PPM w) 

'~, 

O.0E 0 

9.2E-5 

7.6E-5 

l. 8E-4 

1.5E-3 

1.2E-3 

I • 3E-2 

1.3E-4 

I. 8E-5 

2.2E-3 

3.9E-6 

9.6E-7 

9.6E-8 

3.9E-8 

3.9E-8 

2 • 9E-9 

2.0E-5 

• 1.9E-8 

2.5E-5 
5.5E-3 

1 • 9E-6 

1.9E-6 

2.5E-4 

2. IE-3 

9.2E-5 

3.9E-9 

9.6E-7 

1.9E-6 

2.8E-5 

1.8E-2 

6.2E-3 
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.o, 

(-. 

Component 

N 2 

H20 

CO 2 

CO 

H2 
CH4 
C2H 4 

H2S 

COS 

Ni(CO) 4 

Tars 

Oils 

Naphtha 

Phenols 

Ammoni'a 

Fatty Acids 

l~ercaptans 

Thiophenes 

HCN 

Aromatic Amines 

Ni ~ros amines 

PAHs 

Trace Elements 

TOTAL 

T~LE 2-14 

COAL LOCKBOPPEK VENT GAS, (STREAM 72) " 

Flow Rate (ibs/br) :'~- 

8.4 

1422 

1483 

602 

89 
, c 

206 

2.5  

• ' 5.4 .,. 

.006 • 

4 .4  

3 8 . 5  

1 5 . 7  

5 . 2  

8 . 1  

1 . 0  

. 0 2  ' 

. 0 1 6  

. 0 0 8  

.004 

.002 

.002 

• .002 

"~- Concentration (wt. %) 

,002 

36.37,4 
r~ 

3 7 . 9 3 4 '  

15.399 

2.277 

5.269 

0.064 

0.138 

0.003 

1.5 ppm 

.I13 

. 9 8 5  

.402 

.133;." 

. 2 0 7  

~926 

5 .1  PPm" 

4 . 1  ppm 

2 .0  ppm 

1.0 ppm 

• 5 ppm 

• 5 ppm 

• 5 ppm 

2 

3909.4 9 9 . 7 9  



36 
L 

conceptual, facility used in this study, .~Estimated emission rates are" 

presented in Table 2-15. 

2.6.3 Characterizition of Solid Streams 

No experimental data could be found regarding specific 

constituents in solid wastes from Lurgi/Fischer-Tropsch processing of 

Wyoming subbituminous coal. 

Solid streams selected for this analysis are presented in Table 

2-16 and Figure 2-4. 

The analysis foc,,sed on tw[o c;lasses of pollutants that have been 
%, 

identified as potential causes of environmental concern in solid sLreams 

from coal conversion facilities: trace elements and organic compounds. 

In general the types and q~antities of pollutants in ~aeh stream 

were: ",Y 

• estimated from the literature and modified, as necessary, to 
reflect the size of the conceptual plant and the composition of 
the feed coal used as the basis of this analysis, or 

• estimated by assuming that pollutants will be removed from the 
gaseous and liquid streams by the mechanism of adsorption onto 
the solid wastes going to disposal. 

The data, assumptions and methodologies employed in characterizing each 

stream are discussed in the following sections. 

Boiler Bottom Ash, Fly Ash, and Scrubber Sludge (Stream 33) - 

The flow rates of major stream components are taken from Schreiner. 165 

All 22 of the trace elements present in Wyoming subbituminous coal will 

be present in these streams, however data on the distribution of trace 

elements were available for only six (As, Be, Cd, F, Hg, Pb). 

The quantities of the six trace elements fed to the boiler were 

calculated using the feed rate and trace element composition of the coal 

and tar fed to ~he utility boiler. The trace element composition of the 

tar was determined from trace element distribution data from SASOL. 72 
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TABLE 2-15 

EVAPORATIVE EMISSIONS FOR PRODUCT AND BY-PRODUCT STORAGE 
(STREAMS73-78) 

Product/By-Product 

Diesel Oil (Stream 73) 
%, 

Fuel Oil (Stream 73)* 

Lurgi Oil (Stream 75) *e 

Lurgi Tar (Stream 76) % 

Alcohol (Stream 74) ;'T 

Phenols (Stream 77) § 

Ammonia (Stream 78) 

C3LPG (Stream73) 

C4LPG (Stream 73) 

..,:. 

Flow Rate 
(Ibs/hr.) 

0.513 

0.014 

12.625 

6.750 

1,500 

3.750 

No Data 

No Data" 

No Data 

The fuel oil is reported to be all C 7 + hydrocarbons. 165 

**The following compounds are reported to be present in the Lurgi oil: 
benzene, thiophene, toluene, xylenes, phenol, alkyl phenols, 
naphthalene, cresols, benzoKhiophene. (gPA unpublished da~a.) 

% The following compounds are reported to be preseut iR the Lurgi tar: 
napththalene, anthracene, fluoranthene, phenanthrene, pyrene, cresols, 
phenol, fluorene, dibenzofuran. (EFAunpublished da=a.) 

c 

%%The alcohol is reported to be ethanol and C 3 + alcohols. 165 

§ The following phenolic compounds are expected =o be present: phenol~ 
catechol, resorcinol, me=hylcaaechol, methylresorcinol, cresols, 
xylenols. 
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TABLE 2-16 

SOLID STREAMS CHARACTERIZED IN THE ANALYSIS 

STREAM NAME 

Utility ash and 802 scrubber sludge 

Gaslfier ash 

Combined ash and scrubber sl,,~ge 

Spent Fischer-Tropsch catalyst 

Leaehate from ash (Stream 36) 

Biological sludge 

Leachate from blosludge (Stream 70) 

Spent shift catalyst 

STREAM NUMBER* 

33 

34 
2- 

36 

69** 

7O 

...~ 71 *~ 

79  

*Stream numbers refer to the plant 51ock flow diagram (Figure 2-1) and 
table of plant stream (Table 2-3). 

**Liqtdd stream, but emanating from a solid waste after disposal. 
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The distribution of these trace elements between the bottom ash, fly 

ash, scrubber sludge, and stack gas was determined from the 

literature. 202 Estimated components of utility ash and FGD sludge are 

presented in Table 2-17. 

Gasifier Ash (Stream 34) - Schreiner 165 reported the flowrates 

of the major classes of components in the gasifier ash (see Table 2- 

18). Data were available for calculating the concentrations of nine of 

the 22 trace elements that are expected to be present in the gasifier 

ash. The feed rates of these trace elements (As, Be, Cd, F, Hg, Pb~:::B, 

Ni, V) to the gasifier were calculated from the feed rate of;5o~i and 
(f 

the trace element composition of the coal. The estimated amounts of 

these trace elements in the gasifier ash are based upon the distribution 

of these trace elements among the ash, liquor, tar, and oil, as reported 

in data from SASOL. 72 

TABLE 2-17 

COMPONENTS OF UTILITY ASH AND FLUE GAS 
DESULFURIZATION SLUDGE (STREAM33) 

_Component 

Minerals 
Sludge . 
Trace. Elements 

Arsenic 
Beryllium 

• Cadmium 
Fluorine 
Mercury 
Lead 

TOTAL 

Flow Rate (ib/hr.) 

20,950 
2,577 

0.003 
0.003 
0.003 

ii.50 
.0001 

0.034 

23,538.54 

Concentration (wt.%) 

89.00 
10.95 

.13 ppm 

.13 ppm 

.13 ppm 
0.049 
.0042 ppm 

1.4 ppm 
-c 

I III IIIBIIB III 
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TABLE 2-18 

COMPONENTS OF GASIFIERASH (STREAM34) 

Component 

Water 

Minerals" 

Coal" 

Sulfur 

Trace Elements 

~senic 
Beryllium 
Cadmium 
Fluorine 
Mercury 
Lead 
Boron 
Nickel 
Vanadium 

Flow Rate (ib/hr.) 

199,486 

96.031 

7.038 

.66 

0.44 
0.36 
0.57 

51.64 
0.12 

15.48 
39.43 
19.05 
19.15 

I 

! 

,f 

Concentration (wt. %) 

65.89 

31.72 

2.32 

.022 

1 . 5  ppm 

1 . 2  ppm 
1 . 9  ppm 

. 0 1 7  
• 39  ppm 

51 p p m  
.013 

63 ppm 
63 ppm 

TOTAL 302,767.24 

Dewatered GasifierAsh, Boiler Ash, and Scrubber Sludge to Final 

Disposal (Stream36) - Schreiner 165 i'eported the flow rates of the major 

classes of materials in this stream. The flow rakes of nine of the 

trace elements were calculated by summing the flow razes contributed by 

each s~ream and subtracting the amounts of these trace elements removed 

by solubilization of the element in the ash sluice water. The amount of 

trace elemen£ sol~bliized was computed from first column volume leachate 

fractions of Montana Rosebud subbituminous coal ash from the Lurgi 

gasifier in Westfield, Scotland. 170 Components of .. Stream 36 are 

presented i~ Table 2-19. 

Spent Fischer-Tropsch Catalyst (Stream 63) - Commercial Fischer- 

Tropsch catalysts include cobalt (fixed-bed) and iron (fixed- and fluid- 

bed). Although iron is the base for both units, e~talyst preparaKion 

and formulation are extremely different and very specific for each unit 

type. 
t~ 
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TABLE 2-19 
l 

COMPONENTS OF DEWATEEED GASIFZER/UTILZTY ASH 
AND SCRUBBER SLUDGE TO DISPOSAL (STREAM36) 

Components 

Water 

Minerals 

Coal 

Sulfur 

Other 

Trace Elements 

Arsenic 

Flow Rate (ib/hr.) Concentration (wt. %) 

20,000 13.6 

116.989 79.7 

7,038 4.8 

66 .05 

3,542 1.8 

0.81 5.5 ppm 
Bryllium 0.79 5.4 ppm 
Cadmium 0.81 5.5 ppm 
Fluorine ~ 66.73 .045 
Mercury 0.13 .88 ppm 
lead 19.67 .014 
Boron 39.4 .027 
Nickel 19.02 .013 
Vanadium 19.15 .013 

TOTAL 147,802.00 99.9 

Although spent F-T ca=alyst is removed periodically, not 

continuously, Sehrelner has reported the repladement rate of F-T 

catalyst on a continous basis to be 30T/SD. Catalyst life is 

approximately 50 days. 

Due to the proprietary nature of 6he catalyst, very limited 

informtion is available regarding chemical composition, economics of 

regeneration or metal recovery from spent catalysts. It appears that 

the cobalt based catalyst could be economically recovered. Ousite 

regeneration of iron based catalyst may not be practical or economical, 

and hence it may be either sent to metals/catalyst vendors or disposed 

of as a solid waste. 

characteristics. 

No data are availab1'e regarding leachate 

i 

l 
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Leachate from Ash and FGD Sludge (Stream 69) "~ Characterization : 

data are not available .~'for leachate from ash generated by Lurgi 

gasification.of Wyoming subbitumlnous coal~ Leachate data are available 

for ash from Lurgi gasification for M6ntana Rosebud subbituminous coal, 

and are assumed to be representative of this study. 

Two potential sources of inconsistency are i) differences in 

characteristics of Rosebud and Wyoming subbituminous coal and ash, and 

2) the leachate data are derived from first column volumne leachate 

fractions, while the ash in the hypothetical facility is quenched, 

slurried and dewatered prior to dlsposal in the mine. Differences in 

composition of the Wyoming and Eosebud coal are not expected to resuln 

in significant differences in leachate composition for two reasons. 

First, the two coals are very similar regarding trace element 

concentrations, heating value and proximate analysis (the most" 

significant difference being ash contenK (dry basis) which is 12.9% in 

Rosebud and 5.58% in Wyoming subbitumiuus coal). Second, a recent 

evaluation 82 of coal conversion solid waste and leachates indicltes that 

there is a strong similarity between the soluble constituents found in a 

solid waste and the treatment it undergoes, i.e., ashes from Lurgi 

gasification of three dissimilar coals (Illinois #5, Illinois #6 and 

Rosebud) yielded nearly the same soluble constituents. 

The composition of ash leachate is presented in Table 2-20. 

The flow rate of ash/sludge leachate (Stream 69) is estimated by' 

calculatin E the acreage required for disposal, and assuming that the net 

annual precipitation falling on the suface of the disposal area leaches 

into the ground and becomes leachate from the disposal area. An average5 .° 

net annual precipitatioff of 30 inches is assumed for the calculation. 

The estimated flow rate of leachate is 6,985,000 gallons per year or 

0.85 liters/second. 

To simplify the analysis it is assumed that most of the soluble 

portion of trace elements would be leached from the ash and sludge 

within the first year, and that concentrations of trace elements in 

Q 
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TABLE 2-20 
COMPONENTS OF LEACHATE FROM COMBINED 

ASH AND SCEUBBE~ SLUDGE (STREAM 69) 170 

Component Flow Rate (ib/hr) Concentration (ppm) 

Aluminum i .3E-3 Z.0E-I 

Arsenic 1 • 3E-4 2.0E-2 

Cadmium 4.3E-6 6.4E-4 

Copper 2.0E-4 3.0E-2 

Iron I. IE-2 I. 6E O 

Mercury 2.0E-6 3 • 0E-4 

Manganese 3.3E-3 5. OE- I • 

Nickel 2.3E-4 3.5E-2_ 

Lead 6.0E-4 9.0E-2 

Selenium 4.0E-4 6.0E-2 

Zinc 1 • 9E-5 2.9E-3 

Other Trace Elements No Data No Data 

Organics No Data No Data 

leachate would be negligible after the first year. The validity of this 

assumption is not known. However, evalua=ion of the leachability of 

solid wastes from Lurgi gasifiers 170 indicates that many potentially 

toxic trace elements are rapidly mobilized during ash quenching. Ash 

quenching, slurrying and subsequent dewatering, as specified in the 

hypothetical plant, may reduce the concentration of trace elements in 

leachate generated at the ash disposal ~site. Research in this area is 

necessary to determine the actual period of nime during which leaching 

will produce significant concentrations of trace elemenKs. 

Biological Sludge (Stream 70) - The flow rate of wastewater to 

the biological treatment unit was taken from the Mobil report. 165 The 

amount of sludge production was calculated from data in the WESCO EIS 
2"-" 

Report 202, which reported wastewater flow rate and the production rate 

of 'dry biological solids. ~ This information was used to calculate the 

sludge production rate in terms of pounds of solids/gallon of 
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wastewateT. Using =his factor and the assumption that ~he sludge would 

be disposed of 20% wet, the sludge production rate of the hypothetical 

facility is estimated to be 3~900 ibs/hr. 

Data regarding the chemical composition of biosludge from 

indirect liquefaction facilities are n o t  available. Quantities of 

several potential contaminants in the biosludge are estimated by 

assuming that biorefracKory comp6unds in biotreatment influent (Stream 

50) are removed via non-destructive mechanisms and incorporated into the 

biosludge. 

Data from the !iterature 154~212 indicate that although PAHs are 

biurefractory, high removal efficiencies ~re achieved by the mechanism 

of adsorption and sedimentation. : Seventy percent removal of PAHs with 2 

rings and nineCy percent removal of PAHs with more than 2 •rings were 

assumed. The lower removal efficiency for 2-rin~ PAHs was assumed 

because of the higher solubility of the less complex PAHs. Removal 

efficiency of trace elements in the biological sludge came from a 

variety of sources. 31'64'212 Results of the calculations are presented 

in Table 2-21. 

Leachate From Biosludge (Stream 71) - Biosl%dges generated by 

- wastewater treatment operations may be disposed of by incineration, 

landfilling, or soil application. Incineration has'been successfully 

practiced for municipal and industrial biosludges for many years and is 

a reasonable alternative where land is not available for' sludge 

disposal. Most sludges, however, are disposed of in conventional 

landfills and it is expected that the biosludges from indirect 

liquefaction facilities would also be handled in a similar fashion. In 

this study it is assumed that the biosludge is combined with ash and 

other solid wastes, and buried in the mine. 

No data are available regarding chemical characteristics of 

leachate from biosludge generated by treating wastewaters for indirect 

f acili ties. 
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TABLE 2-21 

COMPONENTS OF BIOLOGICAL SLUDGE (Stream 70) 

Q 

Spent Shift Catalyst (Stream 79) - The average useful life of 

shift catalyst is 3 years. An indirect liquefaction plant producing 

45,000 BPSD fuel oil ~equivalen= would have an inventory of about 400 

tons 6~f shift catalys£. 165 Therefore once every 3 years 400 tons of 

spent shift catalyst is replaced. The spent catalyst may either be 

disposed of or reclaimed. Because of the high price of cobalt it is 

likely that spent shift catalyst will be reclaimed. The trace element 

content of spent shift catalyst is given in Table 2-22. 

• Compound Flow Rate (ib/hr) Concentration (ppm~ 

Acenap hyt hlene 156 • 4 0,61 

Anthracene 38.5 0.15 

Benz (a)anthracene 3 • 8 O .015 

Benzo(g = h,i) perylene 0.1 0.00046 

Benzo(a)pyrene 1.6 : ~ 0.0061 

Benzo(e) pyrene 1 • 6 ~ O. 0061 

Chrysene 0.8 :~ 0.003 

Fluorannhene 79.5 % 0.31 

Fluorene 79 • 5 0.31 

Naphthalene 974.3 , 3.80 

Phe hart hr ene 38.5 0.15 : 

Pyrene 76.9 0.30 

Arsenic ~ 141.0 0.55 

Beryllium 74.4 i : 0.29 

Cadmium 41.0 . 0.16 

Mercury 11.8 0.046 

Lead ,. 51.3 ' ~ 0.20 
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TABLE 2-22 

S'PEND SHIFT: CATALYST ( Stream 79) 
i ii w .  i i ,i, 

Constituent Elements Concentration (% wt) 

Cobalt 5-15 

Molybdenum 15-25 

Sulfur 5-20 

Carbon 5-10 

Arsenic 0.7-7.0 

Lead 4-10 

Selenium 0.3-1 

Mercury 0.2-0.8 

2.6.4 Streams Not Addressed 

Several streams with an estimated high probability of release 

were not characterized in detail because they were not unique to =he 

process, or they were not expected to contain hazardous components or 

not enough data were available. These streams include undersized coal 

(Stream 3)~ nitrogen from air separation (Stream 5), raw gas from coal 

gasifier (Stream 7), dust from coal preparation (Streams 24 and 25) , 

coal preparation bag house vent gas (Stream 26), deaerator losses for 

' u~ility gasificatio= (S{ream 30), ash handlin ~ vent gas (Stream 35), 

waste air from biotreatment (Sir@am 51), waste steam from FT upgrading 

(Stream 65) and CO 2 purge gas from FT upgrading :(Stream 67.). 
/ 



3.1 INTRODUCTION 

48 

3 ECOLOGICAL ASSESSMENT /i ~ 

Process waste streams generated by a/commercial-scale indirect 

liquefaction facility employing Lurgi/Fischer-Tropsch technology may 

affect surrounding aquatic and terrestrial ecosystems. In this 

assessment of ecological risks, process waste streams that have a 

reasonable " possibility of directly or indirectly entering the 

environment are identified. For each of these process waste streams, 
~. 

inorganic and organic contaminants most likely to Qccur~ are identified 

and their expected concentrations following appropriate dilution in The 

ambient environment are calculaKed. These concentrations are compared 

with background concentrations and various toxicoiog±c benchmarks (such 
as, biological effects thresholds, legal standards, and federal 

recommended, criteria) to determine the potential hazards associated with 

each contaminant or class of co~t~inants. 

3.2 METHODOLOGY 

The assessment of risks to aquatic and terrestrial ecosystems 

from an indirect liquefaction facility was accomplished using the 

approach illustrated in Figure 3-i. Many assumptions, qualifications 

and uncertainties were reflected in this analysisf ~ variations in the 

processes, controls, scale, feedstock, and operating conditions of a 

facility are expected to alter significantly the~chemical constituents 

and toxicity of the process, product, and waste streams~ The many 

analytical assumptions and caveats associated with the ecological 

assessment are'"described in Volume III of this report and will not be 

dealt with in detail in this chapter. Host of these assumptions and 

caveats contributed t o  a conservative, t h o u g h  not necessarily "worst 

case" analytical approach. " . ¢ -  

Additive, antagonistic, and synergistic interactions among.~ 

various toxic components of complex mixtures are probable; ho~.~er, 

these interact$ons could not be estimated reliably, and were not 

considered in this report/ This analysis also assumed negligible loss 
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FIGURE 3-1 :" 

MAJOK STEPS IN THE ECOLOGICAL RISK ASSESSMENT 
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with Reasonable Possibility 
of Release to Environment 

.. ~: ~'. 

I Identify Chemical Constituents I 
of Each Stream 

.Categorize Constituents Based 
on Availability of Toxicologic 

Data and Quantitative 
Characterization Information 

Category a 
Constituents with 
- Known Concentrations 

Known Toxicologic 
Benchmarks 

",v 

¢. 

I <, 

I Category B ~. 
I Constituents with " I I- Estima=ed Concentratibns 
[- Known Toxicologic 

"L Ban  arks ' ' 

. . , ~  

I Estimate Post-Dilution I 
Environmental I 
Concentrations I 
Due to.Process _ I 
Strea~Discharge " . J. 

'7 

and/or Toxicologic 
Information 

Develop I 
Estimates of 
Hazard Potential~ 
and Identify ~ " 
Research Needs' I 

IDENTIFY AND CATEGORIZE 
CONSTITUENTS OF CONCERN 

Category C 
Constituents with - Inadequate Quantative 
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or transformation of process constituents by biological, physical or 

chemical processes. 

In the first step of the ecological assessment processs seven 

waste streams were characterized as having a reasonable possibility of 

contaminating the environment surrounding a commercial facility: 

o Ash (stream 36) 

o~; Ash leachate (stream 69). 

# . 

o Biosludge from the biological treatmen£ unit (stream 70) 
• A', 

o Concentrated waste soluti6n:~r~m'.the reverse osmosis unit 
(stream 53) 

o Utility §tack gases (stream 28) ~ 

o Cooling tower atmospheric losses (stream 29), and 

o Lockhopper vent gases (stream 72). 

The chemical constituents of these streams were identified as a 

second step based upon the stream characterization data presented in 

Volume If, and summarized in Chapter 2 of this report. 

In the third step, each constituent was placed in one of three 

categories depending upon the availability of releven~ toxicologic 

benchmarks and estimated concentrations in the process waste streams. 

The first category (Category "A") had no entries because it 

represented empirical data from a commercial scale Lurgi/Fischer-Tropsch 

facility indencical to the conceptual reference facility (and such daia 

are not yet available). The second category (Category "B") included 

substances that were quantified in waste streams, based upon da~a from 

processes slmiliar to the reference, facility. Category "C" included 

process constituents that were inadequately characterized owing to a 

lack of quantitative estimates or toxicologic benchmarks. 

For constituents in Category "B", ambient environmental 

concentrations wer~ estimated by applying dilution factors, as 

identified in Table 3-1, to the estimated wasne stream concentrations. 

These projected ambient environmental concent, ations then were compared 

winh various toxicologic benchmarks. 
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Toxicologic benchmarks used in this analysis included: 

:e Proposed freshwater quality criteria for protection of 
sensitive aquatic organisms 

• Proposed estimated permissible concentrations (EPC's) for 
water and ecology, or air and ecology 

• The lowest reported concentrations that elicit a biological 
response (generally sublethal) 

a Mean toxic concentrations 

• Daphniamagnachronic toxicity concentration 

• Threshold bioaccumulation concentrations 

• Lowest observed median lethal concentrations (LCs0'S) 

• Most stringent criteria based upon National "Primary and 
Secondary Ambient Air Quality Standards or NIOSH Permissible 
Exposure Limits (whichever is the most stringent criterion) 

• Published toxicities regardless of species, endpoint~ and 
• exposure conditions. 

These toxicological benchmarks are further described in Table 3-2. 

More rel~vant toxicologic data such as Maximum Acceptable Toxicant 

Concen t ra t ions  (MATCsl, and No-Observed-Ef fec t  Concen t r a t i ons  (NOECs): 

generally were not available for the pollutants' of igterest. 
,) 

Estimated ambient environmental concentrations of waste stream 

constituents also were compared with average ambient concentrations of 
C 

these constituents in unpolluted or "normal" environments. 

Very few relevant toxicologic benchmarks were available for 

assessing '~he effects of airborne contaminants on terrestrial biota. 

To assess the chemical hazards, the ratio of -the projected 

ambient environmental concentration for each chemi~l,,., ,~oy, stituent, or 

class of constituents, to the corresponding toxicolbgic beichmark(s) was 
• ,, • , 

computed, The g r e a t e r  the  r a t i o ,  the g r e a t e r  t h e  : ~ e l a t i v e  hazard .  
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TABLE 3-2 

TOXICOLOGIC BENCHMARKS 

J. 

TOXICOLOGICAL 

PROPOSED FREShWATeR CRTTERL%(PFC) EPA proposed ~reahuacec Cricer ia~ 09~ 210, 211 

~STZ~T~ ~£.RHISSInC~ CO~C~Z~,~ZZO~ 
(z?c) 

A~bienc Level Goal. Concencrac~on o£ a pollutant An emission 
scTeam ~h~ch, a f t e r  disparst0n~ u ~ l t  noc cause che leve l  o~ concam- 
inac£on In  the ambi~nc media co exceed a sa fe  continuous exposure 
concencrac~o,. EPC's are one of the ~!ulc:[~edla Eovtromnencal Goals 
f o r  env£ror~encaL assessment proposed by J.G. Cleland end G.L. 
Kingsbuw,  Research Trlangle Inacicuce.  £PC's are scared separate ly 
for  a i r ,  uacer ,  and land e f f e c t s  ~or bo~h human heal th  and ~or 
e c o l o g i c a l  e~£eo=s.34, 35, 36. 37 

o 

LOUDEST O~SEEVED TOXIC CONC~tTRATZON Lowest observed coneeucracion e l i c i c t n  8 a Co~lc response, reBerdless 
(LOTC) oF type Of responue, species o r  exposure cond i t ions .  ~9 

,~AN TOXIC C0NCENTP~TI0~ .~. Mean concencrac¢on tox i c  co Ereshuacc¢ cruseacesns "unlo~s,o~her- 
(MTC) u:Lse noted. 131 ,. ,.,.'./ - --. 

DAPHNIA CBRONZC TOXICITY CONCENTRATION Concert=rat/on of concamh~anc fcv.~d by Bleslngdr and Cizri~.ceneen 
CDCTC) I co elieic a 16Z cepcoduccive impairment ,ln_Danh~ia zmzea, a 

sensitive a.usclc species ~£car. 2 : 6 e ' e k ~ - ~  z -  " 

. , ,  " ~ (~',,.<,. ~-.-" 

TP~SHOL9 BZOACCL~4~L%TION Conoencracdon of concam~nsn~ in  ~ c e ~ h ' ~ h  could aecumulsce 
CO~CE:.'TRATION (13C) 

LOWEST OBSERVED LC50 [LOLC) 
., 

MOST STR':¢~=-~T CRITERIA (HSC] 

TOXIC C~gCE,%~RATIO~ (TC) 

co l e v e l s  in  f i s h  c tssuc  which in  tu rn ,  might  pray& co be barelF : 
c-~£c ~hen consumed by man. i"nase a re  computed by Hildebrand 
and Cushman ~V u¢in~ the n~.chsd oE Damson, ~h ich  is  based on 
drtnkTuE ~acur s tandards  (DYS), publLshed b.~oaccu~ulacten fac to r s  ]~l  
and the asscuned huma~.,c.enst~pcion o£ O.06kg o f  ~ish perday. The 
m a x ~ , ~  s a f e  da¢ly A u c a ~ : b y  man ~as cons~d~:ced co be squiva lsac  
co the  quant i ty  o~ the ¢l¢~enc represence~ by che consunpc£on o~ 2 
l~cars o~ "dater ~onca~n£ng ~he element ec che O;;S standard. 

-Theeshold 31o- .~ DWS(m~II£Eer) x Z(l¢ccrs wacer/da~) 
accumulacton(ms/ l icer)  0.06 (k~ f i sh /day )  x BF 

DWS = Drinktn~ Wooer Standard 
BE m Bioaecumulaclou Eaecor ~or ££~n 

The ca lcu la ted concentrat ion o~ a subscance in  e i t he r  a~c or w s ~ r  
(as s e p a r a t e  f£Eures) uhich w i l l  c&~se chc dea th  of ~0 percent o~. 
an exper imenta l  animal pepuZacion under con t ro l l ed  condi t ions and 
c ~ e  exposure, mss~ o~can 96 hours f o r  aquat ic  species. ~e/erenoos 
f o r  s p e c i f i c  compounds are given i n  Ecolosy sccclsn. 

NaCtcllal Primary or Secondary ..~b~en¢ Air Quality Standards se~ 
by EPA: "o~'~.~ermles£bls F.~posuce Lt r~cs  determined by NIOSR 
(uhichevec is" the ~osc s t r i n g e n t  c r i t e r i o n ) .  80 

<~° .  , 

Published coxlc£cles regardles~ of  s p e e l e s ,  endpelnc, and ~xpcsure 
caudIEions. ~n case of classes (e.g. ~AH's) Cox~ciEies are for 
specific compSunds (e.g. naphthalene). 34, 3~o ~b. ~7, 130 

U: 
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? - .  

Based upon these ratios, three degrees of concern were specified: 

• Probable ~azards, Possible Hazards, and Unlikely Hazards, as described 

in Table 3 " 3 .  

In the final step~ the constituents that represented the most 

significant hazards to aquatic and terrestrial ecosystems ~:were 

identified by reviewing the various classes of hazards identified in all 

waste streams likely to enter the aquatic, terrestrial or atmospheric 

environments, t,~ 

3.3 RESULTS ~= 
~ . 

Serious constraints limit the validity of comparing expected 

contaminant concentrations with various published toxicological results, 
i 

legal standards or recommended acceptahl~ concentrations. Among, these 
' .~ .~' 

constralnts are the lack of standardizet~on among testing procedures, 

exposure ~ .c6~ditions, and test organ£sms; the variations zn the 

ass umptlons ~ and uncertainty associated with different toxicologic 

benchmarks; and the uneven quality and quantity of research directed at 

the: various contaminants. It is even more difficult to compare the 

relative potential hazards among several contaminants. Ideally only 

results representative of identical test conditions and target species 
J. 

should have been used to compare the toxicity of one constituent with 

another. Because this was rarely possible, several toxicologic 

benchmarks have been used with the acknowledgement that ~ great deal of 

uncertainty is associated with these results. 

The results are presented separately for each stream analyzed. 

Ash and Ash Leadhate: (Streams 36 and 69) - Information on ash 

and ash leachate produced by indirect liquefaction processes ,~sing 

Wyoming subb~tumlnous:,coals is not available. However, leachate data 
,..: 

are avaiXable for ash,. fro/ a similar coal-process,; combination, i.e., 
'~'3 ; -=, 

gasification of Montana Rosebud coal in the modified dry ash Lurgi 

gasifier in Wes tfield, Sco tland170," and have been used in the 

analysis. These data are limited to trace elements and do not allow 
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TABLE 3-3 

DEFINITION OF DEGREES OF CONCERN 

DEFINITION DEGREE OF CONCERN 

PROBABLE HAZAi~ 

POSSIBLE HAZARD 

• "{,Z 

UNLIKELY HAZARD .~ !k 

......... III I 

RATIO OF PROJECTED AMBIENT 
POLLUTANT CONCENTRATION TO TOXI-. 
ICOLOG!C BENCHMARK: 

GREATER THAN i0 

RATIO OF PROJECTED AMBIENT 
POLLUTANT CONCENTRATION TO TOXI- 
COLOGIC BENCHMARK: 0.i - 10.0 

01% 

EXISTING DATA ARE INADEQUATE 
TO ASSESS THE SUBSTANCE 

RATIO OF PROJECTED AMBIENT 
POLLUTANT CONCENTRATION TO TOX#'- 
COLOGIC BENCHMARK: LESS THAN 0~i 

E-n" 

SUBSTANCE IS KNOWN TO PRESENT 
NO SIGNIFICANT TOXICOLOG[C 
PROBLEMS 

o e 

i 
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estimation of the hazard potential of organic contaminants in the ash. 

~or the purpose of t.his analysis, ash has been assumed to be trucked to 

an off-site landfill. The leachate from the resulting ash pile has been 

assumed to enter into a small receiving stream {10cfs), and thereby, 

into the aquatic environment. When "the diluted ambient environmental 

concentrations for the constituents of the Westfield leachate are 

compared to various toxicologic benchmarks, no Probable Hazards are 
%:' 

identified (see Table 3-4). Copper and manganese are placed in the 

Possible Hazards category. Iron and selenium exceed average ambient 

freshwater concentrations but neither of these metals exceed any 

toxicologic benchmarks. 

In order to generate an additional sec of values for comparison~ 

a hypothetical, worst-case leacha~e has been compiled usin E the highest 

observed concentration of each contaminant found in a literature search 

of leachates from gasifier ash, regardless of coal or specific 

process. Again, with the exception of ammonia, only trace element data 

are available. Dilution factors are the same as those applied in the 

¢ case of Lurgi/Montana Rosebud coal. For this hypothetical, worst-case 

leachate, examination of the limited information indicates that numerous 

trace elements exceed average ambient freshwater concentrations (see 
/ 

Table 3-5). Iron, aluminum and zinc exceed one or more t0xicologic 

benchmarks by an order of magnitude or more, and therefore are 

classified as Probable Hazards. ~senic, boron, cadmium, chromium, 

cobalt, copper, lead, manganese, mercury, nickel, silver, and vanadium 
,[. 

are cla'ssified as Possible Hazards.. Ammonia' also exceeds its EPC in 

this worst case scenario, and is classified as a Possible Hazard. 

It is extremely unlikely that a commercial facility will operate 

in a mode that will result in leachate values approaching this worst- 

case situation; therefore, the final evaluation of the hazards _ .. 

associated with ash and ash leachate is based on the conceptual ~ facility 

design and empirical data from Westfield, Scotland. 
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Biosludse: (stream 70) m Biological sludge wil~ be generated by 

an indirect liquefaction facility. Because the question of its disposal 

is yet to be resolved, the hazard posed to ecosystems by thls waste has 

been assessed by assuming that the sludge will be stored in or on the 

ground and that all of the contaminants ultimately will be released into 

a small (i.e., [0cfs) receiving stream. It should be noted that many 

potential contaminants probably will be tightly bound to soil or the 

solid waste matrix and will "not be extremely mobile; therefore, this 

assumption tends to exaggerate the potential exposure. Comparisons of 

the resulting ambient environmental concentration for each substance in 

the biosludge to toxicologic benchmarks, indicate that cadmium and 

mercury appear to present the greatest hazards (see Table 3-'6). Their 

ratios for EPGs, lowest observed toxic concentrations, threshold 

bioaccumulation concentrations and proposed freshwater criteria fall 

into the Probable Hazard category. Lead and arsenic also exceed these 

c~teria, but the ra~ios are lower. Beryllium is present at levels 

greater khan 700 times proposed freshwater criteria; however, its low 

solubility and apparent propensity to adsorb to particulates and 

hydrolyze to form insoluble compounds will probably result in 

concentrations far below hazardous levels. All of the above mentioned 

metals exceed average ambient freshwater concentrations. 

Polynuclear aromatic hydrocarbons (PAHs) in the biosludge may 

also pose a problem. Of those few PAH's for which toxicity data exist, 

naphthalene is a Probable Hazard, exceeding the lowest observed toxic 

concentration by a factor of 170. The suspected carcinogens 

phenanthrene and fluoranthene are Possible Hazards. Lack of information 

on .~-the bioaccumulation~ chronic toxiciKy, toxic interactions, 

carciRogenicity and mutagenicity of PAH's~ in general, prevents a 

conclusive evaluation of their threat to the aquatic biological 

community. As a class, PAH's shouli be considered a Possible Hazard 

owing to the h~gh degree of uncertainty associated with these compounds. 
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Concentrated Waste Solution From the Reverse Osmosis Uni~.: : 

D w 

.,~, 

i! 

(Stream 53) -This stream is the largest aqueous waste stream generat~,d 
j 

by the indirect llquefac=ion facility. Its race of flow is nearly I00 

times =hat of the ash leachate. Several disposal options for th/is 

s Cream are possible including deep-well disposal and evaporation i 

ecologlcal 
l, 

ponds. To facilitate comparisons of the relative hazard'; 

posed by St:ream 53 with the hazards posed by other streams from the" 
/"" I 

conceptual~I plant, it has been assumed chat the entire was're streak 

enters, and is fully diluted by a small freshwater scream (10cfs). {: 

The limited data available indicate that the waste solu ion from 

the reverse osmosis unit is likely to exhibit high concentrations of 

several toxic trace elements and organic compounds (see Table 3-7 and 3- 

8, respectively). Arsenic, beryllium, cadmi-m, ~nganese, .mercury, and 

nickel are classified as Probable Hazards, because =hey exceed 

toxicological benchmarks, by a factor of ten or more. Boron, fluor.J.ne, 

and lead are identified as Possible Hazards. 

The total organic content of this stream, even after dil,,tion, is 

relatively high (24mg/l) • Data are very limited for toxicologic 

beDchmarks for organic compounds. PheNols and polynuclear aromatics are 

the greatest concerns. Cacechol, resorcinol, total phenols, and 

naphthalene, are classified as Probabie Hazards; me~hanethiol, e~hyl 

benzene, indan, toluene, o-xylene, and acetic acid are Possible Hazards. 

Many ocher polynuclear aromatics and nitrogen heteroeyclics are 

expected to be present in this waste stream, but toxicologic data are 

too limited to assess the degree of hazard that these compounds 

represented to aquatic ecosystems. For this reason they are considered 

constituents of potential concern. 

Utility Stack Emissions: (Stream 28) - Utility stack emissions 

comprise a major source of air pollutants .and may represent an important 

regional stress to the surrounding environment. Toxic gases 

particulates, and trace metals present th4.,;~eatest hazards (see Table 

3-9).. Based upon the dilution factor derived from EPA's Source Analysis 

Model\ I (SAM/I) for the disperison of atmospheric eu~ssions, maximum 

% 
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TABLE 3-8: 
.'( 

7O 

REVERSE O~OSIS WASTE (STREAM 53): COMPARISON OF 
PROJECTED POST-DILUTION ENVIRONMENT.SL CONCENTRATIONS 
OF ORGANICS WITH ECOLOGICAL BENC~S 

A ~ ~ Al~ " qr C J A/ C 

Es |:ima~'ed Lowe.q t :Lowest 
Post- Observed Obse rved  

Dilution L c s o a  Toxicb 
Colle. Cost • 
m~tl mg/l m~/1 

T~CZ zz.m~Zs . . . .  

Aluminu,, 

Arsenic 

B e r y l l i u m  ,, 

Boron ..... . [ 
Cadmium .: .:'., "; . 

Copper .I 

Fluorine, 

Iron 

Lead  ," 

M a n g a n e s e  ,, , ".'. 

Mercury 

Nickel 

S'elen£um 

V a n a d i  ,um 

Ztnc  , ,, .-, 
i. 

TOTAL TRACE ELI~ENTS:-:, 

ALIPHATICSp ALTCYCLICS ~'~:1 
AND FATTY ACIDS ~ 

A c e t i c  Ac id  ~ 3 .3  ~, 7E+I 7,0E-2 J 
I [ L'. 

Bu~an, o i c  A c l d  :: 3 .1E-1  6 .1E+I  5 .1E-3 2.0E+1 
;: 

Hexano ic  Ac id  ;: 2 .4E-2 2 .2E+ l  l . l E - 3  1.0E-2 

3-Methy lbu~ano£c Actd~: ' 2 . 6E-2  

2 - M e ~ h y l p r o p a n o i q  Acid  6 . 8 E - 2  3.5E+2 

Pentanoic Acid .-"" 2.8E-I 7.7E+I 3,6E-3  

Propanolc .Acid 6.3E-i, 5. OE+I 1.3E-2 

TOTAL FATIY ACIDS 

BENZENES b SUBSTITUTED 
B ENZENES /t - - "  /i 

Biphen71"  1 ,6E-1  

E l : h y l b e n z e n e  7 . 3 E - 1  3 . 2 E + l  2 . 3 E - 2  

I n d a n  2.0 

T o l u e n e  2.6 9 . 5  2 .5E-1  3 .1  

I r 2 T 6-Trlme thy Ibenzene 

o - X y i e n e  8 . 3 E - 1  5 .0  

1 . 6 E - 2  
2.r. 

s.sE',, 

7 .7E-1  

1 .7E-1  

n AID 

l EPC c :~" ~: 
wc 

" m g / t  . 

5.0E-1 

3-9 

2 . 5 E - I  

,,.qB-1 
2 . 5 E ÷ I  

.5.n~-i 

II 

6 . 6  

5~5E-3 

7.3E-2 

2.9 . . . .  

2.9  

9 . 6  

1 . 7  
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° N u 

/TABLE 

/!' ' 
i /  

;,- i :  

/ /  A S A/B 

Et;tln~ated Lowest 
II,/Pos C - Observed 
~!Dilutlon LC ~ 
'/ Conc. 50 
" mgll mgll, 

.PHENOLS 

Catechol I 4.6 I. 4E+1 3. IE-I 

, '~,~,,6-Otmeth~lcatechol/J 3.6E-I  

3-Ng~hylcatechol  /~[ . 

!;i" ~-He~hylcatechol  3.1 

2-Hethy~ph. enol  [,[ 3.3E-2 5.0 6.6E-3 

3-Hn~hylphenol i!! 4.8E-2.. I. gE+l 2,5E-3 
3_ 

~-He~hylphenol '~'~, . 3. DE-2 1.4 2...1~--_2 

~-Me~hy l resorc ino l  ', 2.8g-1 

5-Heuhy l resorc ino l  : \ 5 .3E- I  

Phenol ~9.6E-2 

Resarctnnl  !~.. 5 

2 r4 -Xy leno l  §~lE-2 

'3~5-Xy leno l  D.'3E-I 

TOTAL PHENOLS. 10)~ 

PNLYNUCLEARAROMATIC ~.I 
I~DROCARBONS ~ 

AcenaphthaXene 3.0~-2 

3-8 (continued) 

1.4 6.9E-2 

8.0E-1 1.9 

1.3E+I 7.OE-3 

5.0E+I 2.6E-3 

:" c .. ^Ic 
Lowest 

Observed 
Toxic.  b 
Cone.. 
mgl l  

D 
EPC e 

we  

rnnll 

6.6£-1 

9.6E-1 

6. OF.-I 

1.9E-2  

1.5E+l 

9,1E-2  

1 .3E- I  

1.0E+2" 

5.0 3.0E-5 

1 .oz-1  1.5E-~ 

2,0 3 .o~ -3  
3. OE-I I'~OE-2 7.0E+I 

1.0 3.0E-5 

6.9E-3 1. t,E-3 5.6E-1.. 

I. 1. OE÷I i .  5E-3 

R1]-~m mlRq_4-~5 

I 

5.0 

1.0 

= .'.i:. "" - 

1 .oE-~ q . 6  

t.S'E+Z 8.1E-3 

Z.SE-;~ 
7.6E-6 I 

."J~nl:hraeene ..: . . . .  7.6'}i-3 .... 
I i  

Benz (a) anthracene 7.61'~-4 
IJ  = 

Benzo(g h, ¢) pery lene 2.2E-5 

.B enzo (a) pyrEne 3.0~!-4 

8enzo (e) pyrene 3.0~-4 " 

Chrysene 1.5£-4 

Fluoran~hene i. 5£-2 

Fluorene . I.,~E-2 

Naphthalene 7: IE-I 2.4 

Perylene ] .  2E-4 3.0E-5 

Phenanthrene 7.6E-3 1.1 

Pyre'ne I. 5E-2 

TOTAl., PAll ' s 

SULFUR HETEROCYCLICS : 

H n th 71 th:l.ophone '-': "~" 

Th £0 ph e n e [ 
i 

.",:OT.~L ~z0P.ENEs I 

7.0E+1 4.4E-2 

2.O 1,7E-2 

7.0 ~' 6.9E-3 

5.OE-2 d 

%OE-2 d 

5.OE-2 d 

s.oE~ 
I .  0E-1 

1.0 e 

~.o e 

I.OE-1 

3.0 1.5 1.0E-I 

A/D 

~. 4E+I 

..: 



TABLE 3-8 (concluded) 

• e "  • . R . e  ' . 

2 , 4 - D i m e t h y l p y r l d i n e  

2TS-Dimethylpyrldlne 

2 - H e t h y l p y y i d i n e  

3 - M e t h y l p y r l d l n e  

4-Me~hylpyrldine 

P y r i d l n e  

.:"! C A/D A B AIB A/C D 

E s t i m a t e d  Lowes~ . |~west EPC c 
Pose- Observed : Obsez~ek d ~e 

D~lu~ion LC.0 a I To x ic - -  
cone. ms~ [ Cnn~. 
mS/l ~ I m~/1 mg/1 

6.6E-4 

6.6E-4 

4.6E-2 

i, 7E-I 

t,,IE-I 

7.5E-3 

6.3E-3 Quinol~ne 

OXYGEN HETEROCYCLICS 

B e n z o f u r a n  .. 

D i b e n z O f u r a n  5 .6E-3  

4 ERCAF1L'AI~IS 

Hethanethiol 1.5 " 5.0E-I .... , 

TOTAL HERC~. TANS ...... 

ARONATIC AHY~ES 

A n i l i n e  

TOTAL ARUMATICAMINES 

NIIRDSAMIN~ 

H~SCELI.J~NEOUS 

Ammonia 

6.3E+2 1.2E-5 1.SE+I 5.0E-4 5 . 0  1.5E-3 

1.0E+1 6.3E-4 3.8 1.7E-3 5.0E-I 1.3E-2 

C a r b o n y l  S u l f i d e  

H~dro~en Cyanide 

Hydrogen Sulfide 

Nickel Carbonyl 

3.0 

I ..... 

3.3E-3 4.0E-I 8.3H-3 5.0E- l 6.6E-3 

i 

ROX ,,, 

P a r t i c u l a t e s  

SO x 

{ Tars, OilsJ Naphtha . . . . . . . . . . .  J 

k 'W . -  ,,, 

;i 
t 

aValues are for Daphnias_j !. or fish, 24-96 hr/References for individual 
compounds are given in Ecological/Report. 

t, 

bRegardless of species, endpoint ~r exposure condiEions 49 
/" 

CEstimated Permissible Concentrations for water and ecoloEy 34'35. 

dValue is for total cresols l 
• 2!'° / 

evalue is for total xylenols / 
.r 

I 
i: 
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"L..AC E EL~EhTS 

TABLE 3-9 .: 

UTZLETY STICK GAS POLLUTANTS (STRF~%.M 2 8 ) :  C0LxfPARISON OF 

PROJECTED POST-DILUTION.ENVIRO .NMENTAL CONCENTRATIONS WITH 

~ ~. ECOLOGICAL BENCHMARKS 

A B A/fl C A/C O AID 

Estimated! Host [~west EPC 
Pest- S~ringen~ Observed E d 

Dilution CrIcerla, Toxic (p~/m 3) 
Conc~ (~R/m3)" Cone. C 

(~S/p~)a (us/m3) 

,Alu.ninum 

Arsentc 

nez~lllum 

~oron 

,Cadmtv~ " ,  

Coppe r .  ~' 

Fluorine .... 

~ r o a  

,,Lead . . . . .  

~an~anese 
Hercur 7 

~ickel 

Selen i ' ,~  

Yanadi~ 

Zlnc 

TOTAL TRACE EL~E/qTS 

ALIPIIATI~S; ALICYCLI~ 
AND FATTY ACIDS 

kcet ic  Acid 

Butanoic Acid 

Hexanoic Acid 

3-Math71buranalc Acid 

2.Me ~h~lpyopanoic Acid 

Pentanoic Aci~ 

Propanolc Acid 

TOTALFATTY ACIDS 

BEHZENES & SOHSTI~TE]) 
BENZENES 

Biplmnyl" 

E~hylbQnzene 

Indan 

Toluene 

1,2,6-Trlmethylbenzene 

o-Xylene .... 

C 

Amb~en~ 
Air 

C~RC, 
(uglm3) e 

5.8E-4 2 2.9E-~ 5 '.n~-3 1.2E-I 1.5E-2 3.9E-2 

6. IE-4 2 3.1E-~ " } :~K+l ~. 7E-5 ~.0[-3 I, 2[-I "2.0E-6 3.1 

5.1E-4 4..OE+I 1.3E- 5 1.0E+I 5.1E-5 1.2E-I 4.3K-3 I.OE-3 5.]E-t 

1 

6.0E-3 1.5 4 . 0 [ - 3  .: 3.6E-1 1.1E-1 2.2E-2 2 .7E- I  

3.9E-2 5.0E+I 7.8E-4 1.0E+I 3,9E-3 I.OE-1 4.NE-I 7.0E-5 " 5,6[+2 

o. 

i #*% 

• . . : . . . .  : ,  . . l . . . . . ;  

'" -D 

I" 
i '  

: i  

t 
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PHENOLS 

Calechol  

3 ,6-Dimethv lcacechol  

3.-.HethylcaCeehol 

4-Hethylcat~ehol , 

2-Hethylphenol 

3-Hethylphenol 

4-Hethylphenol 

~-Hechylresocclnol 

5-Hechylre~ozelnol 

Phenol 

A 

E s t i ~ t e d  
Post-  

D11uuion. 
Conc~ 

Resocciuol, 

2,&-Xylenol 
,3 ,5-Zy lenol  

TO,.TAL PHENOLS 

POLY~tJCLF_~R AROHATIC 

Aeenaphthalene 

A~thra~ene 

nenz(a)aochracene : 

Benzo(~h~i)pe~ylene 

Benzo(a)pyrene 

Benzo(e)pyr~ne ,.. 

Chrysene 

Fluoranthene 

Fluorene 

Naphthalene ...... 

Perylene 

Phenanthrene 

P y ~ e n e  

TOTAL Ptd~'s :" ~ 

TABLE 3-9(Continued) 
%. 

l 

B A/B C 

Host Lowest 
SCrlngen= Observed 
Cr i t e r i a .  Toxic 

(~g/m')D C°nc3 c 
I ( u ~ / m )  

C, 

j', 

} t  

A/C 

?-. 

SULFUR IIETEROUYCLIUS 

Hethyl thlophene 

~llophene, : 

TOTAL "rHTOPHENES 

t 

1 L'"' ' t I I '"" 

v AIr Z 

EPC E Ambient 
(|,g/ 3)d /i Air 

,, ~n~- e 
:' (~glm) 

I 

I 

II I 

AtE 

i 



TABLE 3-9 (Continued) 

NKTRO0 EN IIS"TERO~CLICS 

2v4-DimeChylpyr~dine 

2 , 5 - D i m a t h y l p y d d i n e  

2-Hethylpyrldlne 

3-Methylpy~idlne 

4-Methylpyrldlne 

PTrldlue 

qu£nellne 

OXYGEN IIEEEROCYCLICS 

BenzuEuran 

Dlbenzofucan 

MZRCAFr~S .::LC-: 

HetlTsna~hlol 

TOTAL HERCAPTAN$ 

AROHATIC AMINES 

Aniline 

TOTAL AROHATIC AMINES 

NITRO$/sMINE$ 

HISCELLANEOUS 

Anmonla 

Carbon71 Sulfide 

llydrogen Cyanide 

Hydrogen SulE£de 

Nickel Carbon71 

NO z 

Partlculares 

SO x 

Tars. OLls  1 Naphtha 

^ ~ A/B 

Estimated Host 
Post- Stcln~ent 

D~lu~Ion Crlterl@ 
Cone. (p~/m3) ° 

(~g/mJ~ a 

;r 

I.SE÷~ 

1.3E+2 I~'OE+2 

2.0 60 

7.0E+2 8.0E+1 

1.3 

3.3E-2 

8.8 

c 

Lowest 
Obsewzd 
Toxic 
Cone. ¢ 

4.&I~+2 

8 • 6E+I 

Alc 

3. OE-I 

8.1 

EPC 

E d 
(Fg/m3) 

| 

1.0E-1. 

A'/D 

. . 
~mblent 

Air  
.CO,Co 
(~R/m31 e 

',\ 
,I 

9.0~-2 

^I~ 

/./. 
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TABLE 3-9 (Concluded) 

abased on dilution factors derived from SAM/I model no data were available for 
many other poll,,tants~½~kely to be present such as selenium, boron, fluorine, 
manganese or vanadium--- 

bNa~ional Primary and Secondary Ambien~ Air Quality Standards O_~R NIOSH 80 

CLowest toxic concentrations regardless of species, response, exposure conditions 35 

35 
dEstimated permissible concenr-rations in air for ecology 

ZMedian concentrations for USA 17' 190 '" 
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ground-level concentrations have been obtained for several constituents 

of this waste stream. Ratios of maximum ground level concentrations to 

toxicologic benchmarks result in the classification of mercury~ arsenic, 

berylllum~ and lead as ~ossible Hazards. Other trace elements such as 

boron, barium, cobalt, chromium, copper, fluorine, manganese, selenium, 

tin, uranium,' vanadium and zinc are likely to occur in stack gases; 

existing information however, was inadequate for quanti:fying emission 

rates for these elements. 
..,b. 

The estimated maximum ground level concentration of sulfur oxides 

is almost nine times the National Secondary Ambient Air Qualit~ 

Standard; consequently sul~ur oxides are placed in the Possible Hazard 

category. Nitrogen oxides also are Possible Hazards, because their 

maximum ground level concentrations also exceed the National Ambient Air 

Quality Standard. 

Table 3-10 presents the results of an attempt to estimate soil 

deposition flux of several trace elements from stack gas emission 

rates. Using a model-generated relationship between emission rates and 

maximum deposition flux for a site near St. Louis 213, deposition rates 

have been calculated for a hypqthetical liquefaction plant with a stack 

300 meters in height. As shown by Table 3-I0~ with the exception of 

mercury the annual maximum deposition of each meta~ from the 

hypothetical plant represents a small percentage of the total natural 

flux from rock weathering, rain, and dust fallout of that metal to an 

"average" uncontaminated and uncultivated soil. Even if 100% rather 

t~an 6% deposition of trace elements within 50 km of the site had been 

assumed, project-related deposition of the metals would have been a 

relatively small fraction of natural metal flux, except for mercury. In 

view of the considerable toxicity of mercury compounds as well as the 

potential magnitude of "releases estimated from indirect coal 

liquefaction, emissions of mercury should be considered a potential 

ecological threa~ deserving the highest research priority. 
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Cooling .Tower Atmospheric Losses: (Stream~29) - Table 3-I"I lists 

the estimated e~.~ion rates~for  several contamivants expected to occur 

in the cooling tower evaporative losses and drift. Other trade elements 

and compounds, some potentia]~ly harmful, may~he released by this stream, 
I 

but "existing information islIinsufficieRt for even a rough estimate of 

their emission rates,• ~ ~=:~ 

Estimated ambient concentrations for the constituents of this 

stream could n o t  be derived for the ecologica~ ~analysis .because 

partitioning of the contaminants between the vapor phase and liqu~ 

droplet phase could not be determined, and it was expected that such 

partitioning would lead to substantially different contaminant 

concentrations in ~he two phases. ~ 
~, 

, ~ 
Aithough contaminants from,.this waste stream are not categorized, 

a qualitative assessment has been developed. Based on such physical 

characrerlstlcs as solubilities and vapor pressurep the trace elements 

and polynuelear aromatic hydrocarbons might be expected to dominate the 

dr~f=, while phenols and low-molecular weight, heterocyclic, nitrogen- 

substituted compounds (pyridines) may favor the vapor phase. 

Partitioning of contaminants between the two phases is important 

because the drift(droplet) phase will settle to the ground over a much 

more limited area relatively close to the plant than will the vapor 

phase. Thus, whatever contaminants are present in the drift phase, will 

tend to become enriched,on the surface of vegetation and in soils within 

one or two kilometers of the plant. Over the life of the plant, salts, 

metals, and the more persistent polynuclear aromatic hydrocarbons may 

reach concentrations in the soil deleterious to soil communities, 

vegetation, and animals. 

On the basis of relative release rates, the presence of 

substantial levels of organics~ the problem "of drift, and the 

uneeruainties related to potential ambient environmental concentrations, 

S~ream 29 appears to represent the most important short-term threat 

(among atmospheric emissions) to local terrestrial and aquatic 

ecosystems, although stack gases may represent a more important regional 

stress, 
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TABLE 3-11 

COOLING TOWER EVAPORATIVE LOSSES AND DRIFT (STREAM 29) 
ESTIMATED EMISSION RATES OF EXPECTED CONTAMINANTS 

Compound/Trace " Emission 
Elements Rate mg/s 

Arsenic : 5.5 

Beryllium 2.6 

Cadmium 3.0 

Fluorine 120 

Lead 5.8 

Mercury 0.46 

Nickel 0.15 

Vanadium 0 • 046 

Ammonia 7,600 

AC e~ic acid 640 

Aniline 0.40 
,-~_. 

Butanoic acid 36 

C,a t acho.1.. 290 

Hexanoic acid 2.8 

Pentanoic acid 33 

Phenol 8.5 

Propanoic acid 67 

Pyridine 0 • 55 

Resoreinol 9 7 

2-Me thylphenol .2.3 

2-Methylpropionic acid '.5.5 

2-Me thylpyridine ~3.3 

2. • 4-Dimethylpyridine 0.046 

2, 4-Xylenol 2 • 0 

2 • 5-Dimet hylpyridine 0.046 

3-Methylburanoic acid 2.8 

3-Methylphanol 1.4 

3-Methylpyridine 1.2 

.,O 

Compound/Trace Emission 
Elements Rate mg/s 

C 
3,5-Xylenol 2.8 

3,6-Dimethyl cateehol 24 

4-Methyl resorclnol 19 

4-Methylcatechol 200 

4-Methylphenol 2.0 

4-Methylpy#idine 0.27 

5-Methylresorcinol 33 

Acanaphthylene 0.061 

Anthracene 0.015 

Benz(a)anthracene 0.0015 

Benz(a)pyrene 6.1x10 -4 

Benzo(e)pyrene 6.1x10 -4 

Benzo(g,h,i)perylene 6.1x10 -5 

Biphenyl 0.30 

Chrysene ~ 3.0x10 -4 

Dibenzofuran 0.40 

Ethylbenzene 85 

Fluoranthene 0.030 

Indan 4.0 

Methanethiol 33 

Naphthalene 1.4 

Perylene 6.1xlO -5 

Phenanthrene 0.015 

Pyrene :0.030 

Quinoline 0.43 

Toluene 280 

o-Xylene 97 
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C°al" Lockhopper Vent Gas: (Stream 72)" The overall emission rate 

for the f}oal loekhopper vent gas is rela~xvely low. With the exception 
/ 

of "gas/~s, very little information is available on the individual ,~,,, 
s 

consti'Tuents of this waste stream. There also is a paucity of data on 

the ,'~oxicological effects of gaseous pollutants On ecosystems with the 

exc;~pTion of some of the Federally-regulated emissions. Therefore, much 

of' the information on coal lockhopper vent gases has been assessed based 

}'~pon standards and criteria, for ciasses of compounds rather than 

/i~dividual compounds. Similarly, in some cases the toxic concentrations 

/ for a class of compounds is based upon the toxic concentrations of a 

single chemical member of that class. 

Of the constituents that have been evaluated, none are identified 

as Probable Hazards (see Table 3-12). 0nly the phenols were identified 

as a Possible Hazard. However, cars, oils and naphthas are emitted in 

relatively high rates and are expected ~o contain polycycllc aroma=it 

hydrocarbons, phenolic derivatives, and aliphatic hydrocarbons. The 

implications for the health of local ecosystems are unkuow~ for these 

contamirL~nt s • 

3.4 DISCUSSION 

The operation of an indirect liquefaction facility may affect 

surrounding aquatic and terrestrial biological communities. In general 

the aqueous effluents and leachates represented the greatest potential 

threats to aquatic ecosystems, and atmospheric emissions represent the 

most likely candidates for affecting terrestrial biota. Of course 

leachate, if toxic, may also affect terrestrial soil communities and the 

vegetation that they support. Similarly, atmospheric emissions may be 

deposited in surface waters, thus adding to the total aquatic pollutant 

load. Based upon the results of The ecological assessment, the waste 

streams and toxic substances that appear to be of the greatest 

ecological concern are described in the following sections. 
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TABLE 3-12: LOCKHOPPER VENT GAS EMISSIONS (STRFAM 72): 
COEP~RTSON OF PROJECTED POST-DILUTION E.~. I R O N N E N ~  CONCENTRA- 
TIONS WITH ECOLOGICAL BENCHMARKS ~': 

i , ,  

""~ i A • 

• ,... ~stlmated 
/ l'os L- 

i 
TRACE ELE'~NTS 

B AIB 

Toxic b 
P~nc. 

DLlution (pR/m 3) 
I Cone= 
(uglm~) a I 

Aluminum 1 ! 
Arsenic [ 

Beryllium i'" 
Soron I:'" 
Cadmium !" 
Covuer ! 

Fluorine } I 
leon I 

ManRanese 1 I 

H~rcurv ':. ! 

Nickel i 

Selenium 

Vanadi~a 

Zinc 

TOTAL TR~CE EL_rHENTS 2.5E-2 §.0E-I c 5~0E-2 

~ITPHATICS, ALICYCL1CS 
~ FATTY ACIDS 

Acetic Acid 

5ucanoic Acid 
Hozanoic Acid 
3-Hethv]butanoic Acid 

2-=lethylpropanoic Acid 

F'encanoic Acid 

Proonnoic Aci~ 
TOTAL FA'ITY ACIDS 

I 

T 
| 

] 
! 

! __-- ..OE+..~. s_. s_E- L 

3E~ZE~ES & S~BST~TUTED I 
5ENZENES I 

Bto~env] 

Inda° 
Toluene 

I I 

] ,2,4-Tr~=othvlhen'-'ene I [ I 

i n,,,, 
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TABLE 3-12 (continued) 

!i 
t 
/: 

PHENOLS 
I 

Catechol  

3 . 6 - D ~ e c h v l e a t e c h o l  

,i 
A - 

Es tlmated 
Posc-D£1~ 

¢£on 
Coe¢, 

3 -He thv lca techo l  

&-Hethv lca tech~ l  

2-Hechvlohenoi: 1 ' 

3-Hethyluhenol 

4-MethvlDhenol 

~-Heth~ l resore~no l  

~CS-Methv l reso rc ino l  

Phenol 

Resorcinol 

2,4 -Xv ]eno ]  

3~3-Xylenol 

TOTAL PHENOLS; 6.~E+1 

POLY~CLEAKARO~LKT~C 
HYDROCARBONS 

AeenaDhthelene 

Anthracene 

Benz(a]anthrac%ne 

Benzo(g,h,~)pe~vlene 

CBenzo(a)~vrene 

Benzofe)ovrene 

Chrvsune 

Fluoranth~ne 

Fluorene 

~aohthalene 

Pervlane 

Phenanthrene 

P v r e n ~  

TOTAL P A H ' s  2 . ~ E - 2  

SULP!JR H~-TKROCYCLICS 

Methv~ th~o~hene 

ThJoDh~ne 

TOTAL TH.]OF~ENE5 2.0£ZI,, 

B b AIB~ 

Tox£c 
C0~¢. 

h 

I 

i 

I 1 , O E + 2  I 6 . ~ E - 1  

I 
. I  

I , 

I 

i 
I 
J [ 

.{ ; 
I ! 

. . . .  

I I 
3.0E+7 I ,E'7E-q 

V., 
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TABLE 3-12 (continued) 

NITROG E~! HETEROC@CL~CS 

L.J 
P o ~ t -  

Con% I 

2 . A - D i m e  thv  lpyrld i n  e 

2 . 5 - D l m e t h v l  p v r , ! d i n e  . . . . . . .  

2-He thy lpv r id ine  

I 3-Hethylpvr:[dlne . ,  

~-H. ethv1~vrldlne I 
Pvrfd±n,  t I 

OXYG~ HETEROC~CLICS 

Benzoiuran . . . . . .  

Dibenzsfuran I 

MERCAPTA~ S 
, . ._Hethaneth io l  

B AIB 
b 

~ o x i c  
Cono. 

I 
! 

I 
i I 
[ i 

! 
I I 

.... , : , , ' : ' , , ' ,  ,, 

l I 
• ~ , ~ -  MERC~T,~S .. 2.5~--~. i .-~,.oE+7 i i ;3F . -8  

[ AKOHA.~ZC AMINES 
I' 
i A n i l f ~ e  

TOTAL AROHATIC AM[.KES ".BE-2 

WIT~OS~MIN~ 

HISCELLA~EOUS 

,,Amuonta 

Carbonvl SuLfide  ,, 

i t,. t.4-5 1 1.1E-7 

2.4E-2 i 4.8E+4 5.OE-7 

..... Hydrogen Cyanide 

~ydrogen S u l f l d e  

Nickel CoE~onvl 

I ...... 
I 

1.0E÷2 .1.OE+,3 9.9E-2 

] l . , .  i ,.1E÷6 ~ =o~_-7 
• L g : 6 E - 2  i 4.4~+_1 I ~ _ ~  

I e . e E + l  I Z.~E+.'. i. 2 . 4 ~ - 3  
,[ 7.2E-2 e [ 

.... NO~, ] 

Partlou]at es I 
s%: I 

,% 
"Tars,  O~is. ".~:,'~htha 

L i 
i I 
i ! 

I ~.IE+_, } l 

abased on dilution factor of 24,000 derived from SAM/I model 221. 

bPublished toxicities regardless of species, endpoi~t, end exposure 
conditions. In case of classes (e.g., PAH's) toxicities 
compounds (e.g., naphthalene)S5, 36, 130, 215. 

CValue is for Vanadium 34 . 

are for specific 
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3.4.1 Aquatic Ecosystems 

In the present 

J. 

analysis ash leachates, biosludge, ,and 

concentrated waste solution from the reverse osmosis .unit are assumed to 

release contaminants to the aquatic environment. Trace metals and 

phenols appeared to present the greatest overall concern to the aquatic 

enviro~ent from the waste streams analyzed; although, beuzenes and 

substituted henbanes, polynuclear aromatic hydrocarbons, and possibly ;, 

nitrogen heteroc~,c.lics, may also present problems. .~: 
., 

Trace elements are anticipated to be released by all_three waste : - 

streams. Arsenic, beryllium, cadmium, and mercury are identified as 

Probable Hazards [~')~.n more than one waste strea~n. Post-dilution 

concentrations of arsenic~ cadmium, lead, manganese, and mercury may ~.= 

exceed threshold bioaccumulation concentrations by an order of 

magn.itude. This suggests that these metals may pose a serious threat to 

public health foods are consumed by the public.. These elements in the 

aqueous waste streams, however, are just par~ of the overall trace 

element problem. Trace elements in the stack gas and cooling tower 

drift may add to the total environmental loading of trace .'elements. 

Benzenes and substituted-benzenes, and phenols are associated 'primarily 

with the reverse osmosis unit waste. 

Polynuclear aromatic hydrocarbons are expected to be present in 

the reverse osmosis wastes and biosludge, but very little information is 

available to assess the potential toxicity of the individual compounds 

suspected to be present. Similarly, little is known about the potential 

toxicity of nitrogen heterocyclic hydrocarbons that also are expected to 

be in the reverse osmosis unit waste. These classes of compounds should 

be considered potential problems until further research has been 

conducted. 

Ash leachate from the conceptual Lurgi/Fischer-Tropsch indirect 

liquefacBion facility using Wyoming subbltuminou~ c=al is not expected 

to pose i~isurmountable ecological probiems'~'~-but attention should be 

given to careful design, lining and operation of ash disposal 
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• acili=les. Biosludge appears to be a hazardouswaste requi~:ing either :~ . 

gaslfication or effective containment in well-ideslgned and operated 

~disposal facilities. The reverse osmosis unit waste poses ~he greatest 

hazard to aquatic ecosystems due to: i) the number of potentially 

hazardous materials in the waste, 2) the relatively high concentraLion 

~ of trace elements and organlc~,~ and 3) the relatively high:flow rate of 
/ 

this stream. FurEhermure, the organic constituents of this sEream~ if 

discharged ~o surface waters, may cause oxygen depletion, which in turn 

may increase Ehe'toxlclty of many substances ~oaquatic organisms. 
: /j" 

3.4.2 Terrestrial Ecoszs.tems ,"~ 
/ 

The uC~ity stack gas, coolinE tower atmospheric losses, and 
J 

lockhopper ve~t gas have been iden~ifled as the major sources of 

emissions that could potentially effect • terrestrial ecosystems. 

Possible Hazards include trace elements~ Easeous sulfur, c~mpounds, 
C 

nitroEen oxides~ fatty acids, phenols, mercaptans~ ammonia, nickel 

carbonyl and nitrosamines. 

i 
In the case of atmospheric emissioas~ S~ream 29, the evaporation 

losses and coolin E tower drift~ may pose the Ereatest hazards to 

terrestrial ecosystems. This is due to the quantlties of both orEanic 

and inorganic contaminants released, and to the fact that" the mode of 

release is in the form of both drift and vapor. Unfortunately, wlthouL 

knowinE how the constituenns of this stream will partition between the 

liquid and vapor phases, no quantitative estimates of polluKanc 

concentrations can be derived. #, 

Nex~ in order of apparent ecological hazard is Stream 28 (utiliCy 

stack gases) which produces levels of sulfur oxides and nitrogen oxides, 

that exceed National Ambient A/r Quality crlteria. In addition to these 

constituents, arsenic, beryllium, lead and mercury are Fossible 

Hazards. Furthermore, an assessment of the impact of trace elements on 

soil systems has indicated that mercury contamination from s~ack ~ases 

is a poKen~lally serious problem. Given ~he considerable toxicity of 

mercury compounds and the maEnitude of estimated releases from an 
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indirect liquefaction facility~ mercury should be considered a Probable, 

rather than Possible Hazards. 

The lockhopper vent gases "(Stream 72) are expected to release 

relatively large quantities of tars, oils, and naphtha; they are present 

'~ in concentrations that exceed three times the National Primary Ambient 

Air Quality Standards for non-methane hydrocarbons (160 ug/m3),. 

Emissions of trace elements and organics in Stream 72 are lower than 

those for other streams. The major impact of this stream is as a 

contributor to the overall pollutant loading in the vicinity of the 

plant. ::" 

(- 




