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Ultimately, the large scale production of synfuels from U.S. coal and oil shale 
will become a reality. The U.S. Department of Energy (DOE) has a charge to 
foster the commercialization of energy conversion technology that is environ- 
mentally acceptable. "Environmental acceptability" is perceived to extend 
beyond meeting environmental compliance standards at a given piant and to include 
the "acceptability" of subtle, longterm health and ecological effe=ts and the 
composite of low level environmental effects associated with an aggregate of 
synfuel installations .• DOE has a hierarchy of site-specific environmental 
assessments integral to DOE development and demonstration activity. The 
objective of these assessments is to provide a data base for a determination 
of environmental readiness by the Assistant Secretary for Environment. An 
• evaluation of the adequacy of the envir~nmenta! control technology is a key 
component of these determinations. 

In assessment of control adequacy, many alternative approaches present them- 
selves. Some of these control options result from a natural synergism of 
combining process needs; for example, an auxiliary power plant that recovers 
flue gas SO 2 in a concentrated stream can be advantageously coupled to H2S 
recovery from the conversion process to produce by-product sulfur via Ciaus f 
er an entrained type gasifier can be included with a series of Lurgi gasifi- 
cation units to handle rejected coal fines and oxidize highly contaminated 
condensate wastewaters. • Other control options follow from making controls more 
cost-effective and/or environmentally superio r. Wastewater reuse to extinction 
(zero discharge) and the catalytic incineration of process tail gases are 
examples of improvements over conventional technology. In the case of small, 
site oriented industrial gasifiers, process simplicity and re!lability are a 
driving force for improved controls or the absence thereof; for example, ia/- 
gasifier sulfur scavenging to eliminate subsequent H2S cleanup or "dry-quenching '' 
of product gas to eliminate the difficulty of w astewater treatment. 

This presentation ~ll overview a number of select environmental Control options 
whose technical and economic feasibility has Been recently established. The 
direction that future resultant control technology is expected •tO take will De 
outlined. 
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ENVIRONMENTAL CONTROL OPTIONS FOR SYNFUEL PROCESSES 

INTRODUCTION 

There has been considerable activity within the Department of Energy recently with 
regard to synfuels related initiatives. Some of this proliferation results from 
synfuel process development activity, which has been a long time in being and is 
now reaching the critical pilot plant or demonstration phase (~igure i). However, 
much of this activity stems from industrial response to DOE's alternative fuels 
initiative (Figure 2). Most of these synfuel projects are in various stages of 
engineering and design. The alternative fuels efforts include both feasibility 
studies (preliminary design efforts) and cooperative agreements to share precon- 
struction and construction costs. 

To one who has been "exposed" to these designs, several premi'ses become clear: 

o the energy conversionprocess design is tailored to the feedstock, 
end-product mix, and specific site~ 

o the environmental control technology is integrated with the process 
(end-of-the-pipe phi!osphy does not generally prevail); and 

o a large number of environmental control options exist. 

The innovative integration of environmental .controls with the conversion processes 
is a relatively new area of process design. This innovation has resulted in new 
and different controls required as a result of recent and evolving environmental 
standards (especially in the synfuels area). The evolution of controls with the 
technology facilitates a beneficial synergism that can be missed if considered 
mutually independent. The development of such control synergisms can involve 
different sections of the plant and be based on the integration of both multimedia 
and mu!tipollutant interactions. It has long been the contention of the ~sistant 
Secretary for Environment that environment control development should be handled 
integral to the technologies. 

'in this symposium Pollution-Control Guidance Documents (PCGD) will be discussed.- 
These documents attempt to deveiop an environmental data base for synfuels process 
configurations. A number of representative plant configurations have been selected 
and preferred control options concomitantly delineated. These generalized studies 
reinforce the fact that a large number of control options e/ist for a given synfuel 
process. Because of these many options and their different effect on overall process 
characteristics~ it is indeed a challenging and difficult task to spe~y a "Best 
Available Control Technology" (BACT) for these emerging technologies. Perhaps it 
is best to return to the BACT concept after a brief discussion of control options. 

In this presentation I would like to develop an appreciation for the comp!exity of 
the control systems and their high variability as reflected in recent designs, to 
stress the potential benefits resulting from integrating multimedia controls to 
the conversion process, and to outline some control options that possess an economic 
incentive for further development. The intent is to provide an overview of the 
numerous control options that are emerging and the direction future controls may 
take. The discussion will be confined to coal based synfuel processes and the 
conversion process per so, however, it may be considered representative of other 
areas such as oil shale and biomass conversion. 
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CONTROL OPTIONS i L 

in considering the environmental impact of coal conversion: the total process train 
should be taken into consideration (coal mining, heneficiation, transporation, 

• preparation, synfuels production, and product upgrading, distribution and end-use). 
The conversion process is typically supported by an au~!ia~ boiler/power'plant. 
At the synfuel plant site, the auxiliary boiler plant is normally the major source 
[of emission of criteria 2o!iutants. .... 

The maj or synfue! conversion processes, gasifications[and liquefaction (direct and 
in-direct), are environmentally similar relative to inorganic pollutants, i.e., 
sulfur, N0 x precursors, particulates, solid wastes, trace elements, etc. • With 
regar~ to the production of heavy organics, there is a wide variation between 
processes, not so much as to "type" of organics, but to degree, since a wide range 
of aromatic based tars and oils are typically produced. However, there can be a 
marked difference in the bioactivity of "the liquid fractions; as a disproportionate 
portion of mutagenicity (which is indicative of carcinogenicity) has been found to 
reside in high boiling primary aromatic amines which can vary widely between processes. 
Entrained gasification, being a high temperature process, cracks most of the organics 
thereby producing a product gas and quench water which is nearly devoid of heavy 
organics. This is in contrast to the ~eavily organic laden condensate/quench waters 
associated with direct, low temperature gasification processes and/or liquefaction. 
For catalytic processes, the effect of spent catalyst on solid and aqueous wastes 
varies process to process. : 

Environmental control options are conventionally segregated into types which deal 
specifically with gaseous, liquid and solid pollutants. This follows in part from 
the euvironmental legislation Which is primarily concerned with impact on the 
acepetormedia, e.g., air, water, and land. However, in evaluating a control option, 
effects on other media must be taken into consideration, ideally, the pollution 
control process is fully integrated with the conversion process to take advantage 
of economics of energy consumption, reduced pollutant production, water reuse 
p otential and by-Pr0duct production. 

Complexity and Variability of Environmental Controls 

Major potential pollutant sources which require' the use of control processes are: 

i. flue gas fram a ilia  pow  p!ent/boilers ' 

2. s u l f u r  c o n t a i n i n g  ta_q.1 gases  from a~..id gas s e p a r a t i o n .  

3. wastewater from multiple sources i(product gas quench, coal pile 
runoff, sanitary sewer, etc.) . : 

4. au~liary power plant/boiler solids (bottom ash, fly ash, scrubber 
sludge) 

5. conversion process solids (ash/s!ag~ wastewater sludges, spent catalyst, 
etc.) 

power plant/b0iler flue gas - 

EPA, DOE, and industry continue to develop a large inventory :of control options' to 

. . . • • 



reduce the emissions of sulfur oxides, nitrogen oxides and particulates from 
the combustion of coal. ~or sulfur control, coal bemeficiation and lime/limestone 
flue gas desulfurization (FGD) have received primary emphasis and are considered 
commercial processes. A number of other alternatives are at various stages of 
development and demonstration, e.g., double alkali, dry-~GD, fluidized bed combus- 
tion (~BC), and co-generation. In the arem of N0 x control, combustion modification 
including low excess air, staged combustion, and burner modifications appears capable 
of meeti~ the emission requirements specified by current New Source ~erformance 
Standards (NSPS). NSPS particulate release standards (0.03 ib/MBtu) can he met by 
deploying enhanced electrostatic precipitators or fabric filters. I~ is emphasized 
that these NS~S apply to compliance criteria and are current. ~uture changes can 
be expected in the regulations concomitant with major synfuels activities over 
the next 10-20 years. 

tail gases- 

The gaseous sulfur compounds generated during the coal conversion process (primarily 
H2S , some COS, CS2~ mercaptans, and thiophenes) are generally removed along with 
C02 by the acid gas treatment train. The acid gases may be non-selectively 
absorbed and partitioned into a K2S enriched stream (40-60%) and a E2S lean 
stream (2-10%); the enriched and lean streams are typically routed to a Claus 
unit and a selective absorption unit, respectively, for sulfur recovery (Figure 
3). The nominal C02 tail gases from these systems generally contain trace residual 
sulfur--the Claus system removes all but a few percent of the H2S, while the 
absorption system can produce a tail gas with about 100 ppm H2S. Incineration. 
represents the preferred treatment for the H2S-dep!eted streams which also may 
contain some low level hydrocarbons. Stringent sulfur emission standards could 
necessitate additional H2S absorption prior to incineration or scrubbing of the 
incineration flue gas with a conventional FGD system. In any event, it is 
apparent that high K2S removal efficiency (~97%) can be confidently achieved 
with existing commercial equipment. 

wastewater - 

Coal gasification and liquefaction typically produce_ a_highly contaminated 
"condensate" water which represents a by-product of the conversion reaction, extra 

• steam for cooling, a quench for direct cooling and scrubbing product gases, etc. 
A wide range of organic loading is experienced; however, compositions tend to be 
%~_~i~er wi~h -phenolic compounds usually predominating. Condensate waters ~r~at- 
iug from a high te~erature process (non-tar producer) can be essentially devoid 
of organic material+ Most plants tend to design for "zero" discharge of conden- 
sate waters, that is, no condensate water is discharged to a surface acceptor; 
however~ such water may be rejected to the atmosphere through evaporation and 
concentrated aqueous wastes, or may be disgosed~ of via land-fill, ash surface 
wet-down, deepwel! injection (in accordance with applicable underground injection 
control regulations), etc. Some process schemes consume the contaminated water 
as recycle to gasification. In addition to condensate waters, various blowdowms 
produced from feedwater] ~reatmen-t~-boi!er and-cbo-lin~-t6wer~operati6n, Seal piIe 
-rb~--off~d-s~tary wastes are ganera~!y integrata~-~nto-£~ overall wast~fe-f 
treatment train. For example, if one examines the design of the wastewater treat- 
• mant trains for the major gasification projects DOE is involved with, one finds a 
"wide variation of process trains (Figures 4-8). The wastewater treatment options 
may involve the combination of streams to enhance treatability and evaporation of 
silt !aden 516w--d6wh-s.i The variability betwdeh-£~e§e-w-aste~ter--t~a-tm~t schemes 
is stressed. 
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7 

One common characteristic of the wastewater systems thatmust handle an organically 
charged condensate water (Conoco, ICGG~ and ANG) is that, there is "zero discharge" 
for this stream. • The rationale for the selection of the "zero discharge" alterna- 
tive with respect to condensate waters is that while activated sludge tends to be 
a universal process for adequately treating •condensate waters to effluent qualities 
• reflective of ~urrent regulations, •the nature of these wastewaters~ i.e., high 
organic loading~ toxicity of certain compounds, presence of refractory organics, 
heavy metals and trace elements, causes uncertainty with respect to the evolving 
• Federal regulations resulting from • the Toxic Substance •Control Act (TSCA) and the 
Resource Conservation Recovery Act (IICRA). While the technical feasibility of 
additional steps to the conventional activated sludge train for controlling 
effluents to more stringent standards has been demonstrated, the treatment processes 
become more complicated and costly. - 

solid was tes - 

The major solids produced by coal conversion facilities obviously result from the 
mineral content of the coal feedstock. The characteristics (state) Of the slag 
or ash associated with the conversion process are dependent on the nature of the 
process per se, since high temperature entrained gasification produces a relative 
inert glassy material while non-slagging fixed bed gasifiers produce an ash. 
Preliminary leaching tests indicate that both forms have weathering properties 
similar to powe r plait bottom ash. Depending on the method of controlling SO 2 
emissions, there may be c0nsiderable Scrubber sludge from the auxiliary power 
plant which typically gets disposed of along with wastes from the conversion 
process. Wastewater sludges , salts from evaporator ponds and/or concentration 
equipment, spent Catalysts and absorbents are representative of relatively low 
volume secondary wastes that are likely to require special treatment in order 
to be disposed in a manner consistent with RCRA requirements. The individual 
treatment and/or disposal methods must be tailored to the .specific waste and 
site. 

integration of Muit'~=edia controls wi~,,.,Coal s~uelProces~es 

In incorporating the afore discussed controls into a plant design, • a number of 
trade-offs exist, e.g., sltuations where by-products, contaminated water, spent 
solids, waste heat, etc. can advantageously be used within the process and/or 
environmental control area (Figure 9). A number of these "options" have appeared 
in process designs and the literature. Others have been "conjured up" to give 
• some indication where innovative engineering might lead to improve the efficacy 
of theprocess. In my judgement, this is an area tha£ deserves further analysis 
to determine the more promising options and their respective incentives. 

One might ask "What are the economic incentives for some of the synergisms which 
have been projected?" That is, are they really worth the undertaking of the 
development and associated risk in the epplication? The answer to tKis question 
is best satisfied by a detailed trade-off analysis. However, one can develop a 
"feel" for potential savings. A very approximate breakdown of costs of environ- 
mental controls for a major coal •synfuels facility is given in Figure ~I~. Product 
costs are estimated to be in the neighborhood of $5-8/MBtu for SNG, thus environ- 
men£al controls should typically accounZ for 10-20% of the totalproduct cost. 
• Reducing overall environmental control costs by say 50% (which is[~high!y unlikely) 
would result in a saving of merely 5-10% in product costs, not a large incentive 
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FIGURE 9. C A N D I D A T E  SYNERGISMS FOR C O A L  CONVERSION PROCESS A N D  
E N V I R O N M E N T A L  CONTROLS 
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ENV1RO CONTROL/ 
CONTROL UNiT OP SYNERGISM POTENTIAL B ~ I "  
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from the perspective of the producer and potential risks incurred, if the control 
~rocesses encounter difficulties and disrupt operations. However, if one looks 
at the incentive in absolute terms, for a single major facility, a 10¢/MBtu 
saving translates into $7.5 M/yr. or $200 M over the life of the facility. 
Savings of 10G/MBtu in the environmental control area are not unrealistic. It 
is this driving force that has encouraged the study of the feasibility of 
improved environmental control options in DOE's Environmental and Safety 
Engineering Division (ESED). 

Control Options Studied 

As a result of a continuing assessment of environmental control adequacy within 
DOE/ESED, a number of candidate control options have become worthy of a 
determination of technical-economic feasiblity: 

sulfur - 

Sulfur absorption technology is well established and based on experience in the 
petroleum industry. There has been some minor concern for possible contamination 
of the absorption media with complex hydrocarbons, trace elements and dust; 
however, operating experience, on coal gases indicate such effects can be 
accommodated. " . . . . . . .  

With the intent of simplifying the clean-up technology for an on-site industrial 
fuel gas producer, the control of sulfur within the gasifier proper using a 
calcium treated coal has been studied (Figures 11 and 12) 3 Ah important advan- 
tage of the use of a treated coal feedstock to small users is that it eliminates 
the environmental problems associated with the treatment and disposal of sludges 
end waste water generated from flue gas-clean-up end fuel gas desulfurization. 

• .... Another significan~ advantage fro--cdnsfder ~is the ~mproved process-r~liabiilty ~ ~ 
expected from this approach relative to product (fuel) gas dleanup and FGD options. 
The user simply needs a supply/inventory-of treated coal to keep running or make 
a fuel switch. For those applications where intermittent operations are contem- 
plated due to prime fuel curtailment, the use of treated coal would eliminate 
t - ~ 6 - K ~ - d - t 6 ~ b ~ - r a ~ e - _ a n d  - i f iF~.~kt i in  a c-l£enic~L-sci~ubbfmg s y - g t ~ m .  " 

Laboratory screening studies have demonstrated that a coal treated with CaO at 
ambient conditions can effectively remove sulfur and produce a low-sulfur fuel 
gas in a moving-bed, a fluidized-bed, or an entrained bed gasification system. 
The sulfur captured in the gasification ash is converted to essentially inert 
calcium sulfate for environmentally safe disposal. Sulfur removal efficiencies 
of calcium treated coal relative to untreated coal are shown in ~igure 13. 

A preliminary economic evaluation of "conversion to coal" (oil/gas backout) by 
typical industrial users has shown the treated coal to be competitive with the 
direct combustion of coal and ~ri't_h. t_he gasification of untreated coal that 
requir4 flue gas desu!furization and fuel (product)~gas desulfurization respec- 
tively, for controlling sulfur emissions. Results of a preliminary cost evalua- 
tion of industrial steam generating systems with a peak load of 100,000 Ib/hr 

steam and an average load of 60,000 ib/hr steam are presented in Figure 14 to 
compare various fuel-rep lacement/retrofit options. 
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FiGuRE 13. NOMINAL  SULFUR CONTROL LEVELS-CALCIUM TREATED COAL 
(LABORATORY SCREENING STUDIES} 

Moving-Bed' Gasification 

Fluidized-Bed Gasification 

SULFUR REMOVAL, PERCENT 

UNTREATED " " TREATED 
COAL COAL 

4 (8) SO 

(b) 

Entrained Gasification 

PRODUCT GAS 

H2S 45OO 37O 

HCN 33 10 

SCRUBBER WATER FLASH GAS 

H2S S300 

HCN 180 25 

s02 a¢0 =co 

CONCENTRATION, PPM 

UNTREATED TREATED 
COAL COAL 

|a) Agglomeration cc=urrad but ~ =  f lew through peJlet= allowed test to be completed... 

(b} Test u n s u c ~ u l  due to =evem•aggiomerat~=n of unCte~zed ¢=a! in fluld~zed-bed • gosificatfon. 

Co~cractor - e";~ ,e  

FIGURE 14. PROJECTED ECONOMICS FOR CONVERSION OF INDUSTRIAL GAS-FIRED 
BOILERS TO COAL 

. .  CAPITAL COST, 
SYSTEMS $10 5 

Coai-Rred Boiler wi th FGD 
(Boiler and Scrubber Newl 

Gasffication with FGD 
(Boiler Retrofit, New ScrubberI 

- Gasification with H2S Removal 
(Boiler Retrofit) " 

• Gasification Of Calcium Treated Coal 
(Boiler Retrofit) 

u 

•9.1 

9.8 

'io.4 

7.7 

OPERATING COST, 
$10e/YR 

:L8 

3.1 

3.1 

3.0 

STEAM COST, 
$11DL~0 LB STEAM 

10.7 

11.6 

11.9 

10.3 
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tail gases - 

The reference control technology for the tail gases associated with acid gas 
stripping operations is direct incineration at approximately 1,600°F with a 
clean fuel gas. Alternative control methods which showed promise in a preliminary 
assessment study were incineration in a coal fired boiler at 4¢/MBtu (product gas 
basis) and catalytic incineration at 5¢/MBtu, while tail gas incineration with 
clean fuel gas is projected to cost in the neighborhood of lO-12¢/MBtu 4. Commercial 
catalyst have been screened to determine the effect of temperature~ space velocity, ~ 
and the presence of H2S and COS on hydrocarbon and carbo~ monoxide conversion 
(Figure 15) 5 These bench scale studies indicate the most effective catalysts 
are precious metal catalyst on a monolith substrate and a non-precious metal oxide 
deposited as micro spheres on a solid substrate (~igure 16). The more promising 
catalysts H, G~ and A are currently undergoing life tests. A detailed analysis 
of the coal-fired incineration option is to be made by a commercial incinerator/ 
boiler manufacturer. 

was tewater - 

The control options for treating condensate wastewaters in a conventional mode 
have been demonstrated at bench scale. It appears that ~ activated sludge is 
sufficient for coal wastewaters to meet existing discharge standards. Prior to 
biotreatm~t, gross ammonia and organic removal is required to render the feed 
non-toxic'~ 

Coal condensate waters contain dissolved ammonia, up to 2%. This NH 3 is usually 
neutralized by dissolved CO 2 that is produced in driving the conversion process; 
thus the condensate waters are strongly b~ffered and to change the pH via the 
addition of chemical reagents is normally quite expensive. Some coals contain 
high chloride which enters the condensate water and provides a strongly acidic 
anion to retain the NE 3 as NK4C!. In such instances, it is necessary to add a 
strong base (CaO) to enhance NH 3 strippabilit 7. Normally such coals occur in 
the East and the additional salt loading due to reagent addition presents no 
critical problem with effluent discharges. 

Phenolic compounds contribute to the b~k of BOb (5,000-10,000 ppm) and along with 
other organics, pose a severe stress on sludge microorganisms. One typically 
resorts to solvent stripping and/or dilution to bring the levels down to 1000- 
2000 ppm, at which level acclimated organisms can do a reasonable job. An on-going 
study is determining the trade-offs between NH 3 and organic stripping options _ 
attempting to conserve reagents and at the same time, reduce steam requirements I. 

Coal wastewaters contain some ring structures~ palynuclear aromatics (PNi's) and 
heterocyclics (i-I0 ppm)= some of which are biorefractory. The more refractory 
compounds are adsorbed on the sludge, with effluent concentrations running in the 
range of 10-50 ppb. Laboratory bench testing has indicated that a significant 
reduction of PNA type materials can be achieved if the ef_fluent is subjected to 
partial ozonation followed by activated carbon adsorption ~. It appears important 
that the ozonation precede the sorption step, lest the large ring-structure 
compounds be too large for the pores of the carbon. Current efforts are focused 
at determin~ the efficacy of regeneration techniques for the spent carbon. 
Another study is attempting to demonstrate the viability of powder activated 
carbon (PAC) to help stabilize the bioo~iation of--soivent 19tripped condensate 
waters and improve the efficacy of activated sludge systems. Biological screening 
tests are being performed on the various intermediate process waters to ~elp 
ascertain the completeness of the treatment with regard to mitigating any low 
level adverse biological impact that may result by the release or use of partially 
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treated effluents (Figure 17) .8 Note that the to.xicity after biotreatment 
is suspected to resul~ solely from ino#ganic species, i.e,, the conversion of 
thiocyanates to ammonia during biotrea~ment (laboratory unit not as :fully. aerated 
as a commercial operation) and conversion of trace,• residual eyanates to cyanide 
on ozonation. In some instances, a color problem has been associated with the 
aging of trace polyhydric phenols which may be overcome with a carbpn polishing 
step or the addition of PAC to the activated sludge system. Unit operations can 
be arranged in a condensate treatment train that would produce almost drinking 
quality water. Relatively high treatment costs are likely to bar such intensive 
treatment (Figure 18); however, it should be noted that the cost impact under 
current standards is considerably less, exDecially since only 10-20 gallons of 
condensate water may be produced per MBtu ID Costs also can be reduced if it is 
practical to resort to PAC in lieu of ozonation and activated carbon. 

As indicated in the plant designs, the trend for wastewater control is to perform 
some partial treatment on the wastewater stream (solvent~ extraction, activated 
sludge) and use cooling towers to concentrate the stream to a" point where a reason- 
ably sized b!owdown stream can be fed to evaporation ponds or multiple effect 
evaporators. Ideally it is economically desirable to use as poor a quality of 
water as the reuse application will permit. An on-going study is evaluating 
water quality requirements for a number of reuse applications, such as cooling 
towers, many of these applications have been previously outlinedl. I 

Special attention has been gived to reducing the quantity of wastewa£er associated 
with the quench operation by instituting a two stage quench -the initial stage is 
a low volume recycledhighly contaminated water while the second stage consists of 
a much larger volume of relatively clean water, the strong acid gases condensing 
out in the first stage. ~ne incentive Zor such a system has been shown to reside 
with coals having a halide content greater than 0.15% CI, i.e., generally Eastern 
coals (Figure i9) 12 it is likely that future plant designs will adopt water 
conservation measures and desalting technology to preserve the water balance 
within the plant so that a concentrated, highly contaminated, low volume waste 
stream will be produced. T herNia! oxidation techniques, e.g., gasification (recycle 
to the conversion process), wet-air oxidation, and even incineration, are expected 
to become" viable treatment practice for the concentrate. 

solid wastes - 

As indicated, it is desirable to dispose of solid wastes in a manner tailored to 
the specific properties of the individual waste. Studies have been supported 
to classify major gasification and liquefaction sla~s/ashes as hazardous or 

• . 13 a ears that such materlal non'hazardous under EPA/RCRA protocols • (Figure 20). It pp 
may be disposed in i conventional manner, which ca~ mean iandfii!ing during mine 
restoration for strip mining operations near to the conversio~ facility. With 
the intent of better defining the true environmental acce~ptability of waste 
disposal practi~e for such materials, a series of laboratory column leaching 
and !ysimetric tests are being performed to develop an understanding of leaching/ 
mobilization phenomena and identify viable control procedures. Preliminary 
studies have shown high initial sulfur releases from gasifier slags and ~ their 
auto-oxidation to sulfuric acids may preclude the natural capacity of geologic 
material to adsorb migrating trace heavy metals. Incorporating an alkaJine 
material <l~in-es£one~-spent sc~6b-er siudge,-e£c.)--~ith the -siag ash would tend 
t~ discourage acid formation during these critical, early leach cycles (Figure 
21). 
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RAW WASTE WATER 

I EQUALIZATION 1 

.1 
STEA STRIPPING 

1 
pH A D J " ~  

NU.~AIIR----~,. BIOOXIDATION ~ SLUDGE 

I FILTRATION '"i 

1 . ~  PARTIAL "i • OZONg ." OZONATiON 

1 - 

1 
EFFLUENTS 

APPROXIMATE COST 
$/1~0 GAL 

. -  = - -  

NIL 

2-5 

SUBTOTAL 

3 .  7 " 

2-8 
J 

7- 20 (PRES;:I~]" STANDARDS) 

0.1-0.2 

2-5 

TOTAL 

10 - 15 
19- 40 (FUTURE STANDARDS) 

. - .  . . 

IRGURE 18. REPRES;:NTATIVS WASTE WATER TR~=ATM~T PLAN 
FOR COAL CONVERSION EFFLUEFTtS 
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CONCLUSION " ~ :  i 

Hopefully whathas been conveyed by this broad-brush presentation is that a large 
number of environmental control options exist, that many of these control options 
are integratedinto the process to improve the efficacy of t~e overall conversion 
process and lessen the concomitant environmental •insults Of the conversion process 
The inventory of viable control options are rapidly evolving; under such 
a dynamic situation where actual performance data on full-sca!e, enviro~entally 
acceptable facilities is lacking, it appears premature to develop firm BACT 
criteria. What would appear to be of greater service to the nascent industry 
would be a set of reasonable technology based emissions regulations or guidelines 
that would provide industry with the requisite freedom and flexibility and the 
incentive for innovation to operate withi_n such bounds~ In a nut shell, let's be 
prudent. . [.. 
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TECHNICAL AND ENVIRONMENTAL ASPECTS 

OF THE GP~EAT PLAINS GASIFICATION PROJECT 

Remarks of Gary N. Weinreich 

Manager, Environmental and Community Affairs 
@ 

American Natural Ser~.ice Company 

Ladies and gentlemen, it' s • a pleasure to have this opportunity 

to speak beforeyou today about the Great Plains Coal Gasification 

Project. Unlike our presentations during the last seven years, 

today we can talk about a synthetic fuels facility that is under 

construction, a'facility that will be the first commercial-sized 

substitute natural gas (SNG) plant in the Unihed •States, and a 

facility that represents a signal-to the world that this country is 

serious in its efforts to reduce its dependency on foreign countries 

for iks ~cr~cia! energy suppiy. While this plant is by no means a 

panacea, it most definitely represents a major and difficult first 

step on the part of •industry and government that ~ Will eventually 

lead to a successful new synthetic fuels industry in this country. 

Synthetic fuels, coupled with energy conservation and successful 

developmental efforts in the areas of solar power, non-conventional 

and renewable•energy Sources, wi!i-enable the United States to enter 

the twenty-first century in a muchbetterenergysupp!y and national 

security posture than is maintained today. 

• We must give a great deal of Credit to the US. Department of 

Energy for •their assistance in the form of a federal !o~ guarantee 

for the project. With DOE's pledge of assistance, •Great Plains was 

ab!eto maintain the 1980"construction start date •and•avoid further 
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delays in this long overdue venture. As you may be aware, the 

Federal Energy REgulatory Commission approved the Great Plains 

Project in November, 1979, but General Motors Corporation and three 

state commissions opposed the consumer-backed financing arrangements 

approved by the FERC. The federal loan guarantee alleviates this 

situation and has permitted the project to proceed. Ground was 

broken in August and construction of the facility will continue 

through to the completion date in 1984. 

I was asked to speak on the technical and environmental 

a 

considerations involved in a coal gasification facility such as the 

Great Plains Project. As you can imagine, • this is a very broad 

subject to cover in 25 minutes. I will try to address the highlights 

and the bases for some of the environmental decisions involved in 

our project. 

A brief organizational description of the Great Plains Project 

might be appropriate for those of you who are unfamiliar with the 

project. Great Plains Gasification Associates is a consortium made 

up of subsidiaries of five major natural gas pipeline companies. The 

project was originally proposed by ANG Coal Gasification Company, 

a subsidiary of American Natural Resources Company of Detroit, Michigan. 

ANG is now an equal partner in the project as well as the project 

administrator responsible for the design, construction and operation 

of the facility for the consortium. The other members of the consor- 

tium are subsidiaries of the Peoples Energy Company, Transcontinental Gas 

Pipe Line Corporation, Tenneco, Inc. and Columbia Gas Transmission Co. 

The project consists of a 275-million cubic-foot per day hi 

coal gasification plant which is being built in two half-size phases. 
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TheprQject is located in Mercer County, North • Dakota, six miles 

northwest of the town of Beulah (population approximately • 3,000) 

and seven miles south.ofthep!ant's water supplY~ Lake Sakakawea. 

The plant is located immediately adjacent roan 880-megawattsteam 

electric generating plant • current!y being constructed by Basin 

Electric Power Cooperative of Bismarck, North Dakota. _Together, the 

two plants will share common facilities such as water supply, rail- 

road, plant access and coal ~<mining. The po~er plant will supply 

electricity to the Great Plains facility whileusing the lignite 

fines Which •are unusable in the Lurgi gasifier. Together, the two 

plants complement•each other and provide economic iadvantages while 

reducing the adverse environmental impacts of two separate plant sites. 

The air pollution control systems included in the design of the 

Great Plains facility, represent the largest sinqie pollution control 

cost. The air emissions control system can be divided into four 

broad categories: l) coal gasifica£~on,. 2)' steam generation, 3) coal 

handling, and 4)incinerators, flares and miscellaneous sources. 

Each category is.unique and merits a brie f explanation of the control 

alternatives. 

The Great  P l a i n s  '.. g a s i f i c a t i o n ,  s y s t e m ,  l i k e  t h a t  .of m~.y  . o ther  

proposed SNG pl~ts •in the United States,;wi!l ~ploy the Lurgi 

R e c t i s o !  p r o c e s s  t o  r e m o v e  a c i d  g a s e s  f r o m t h e . s y ~ - ~ i e s ~ s [ g a - s  s t r e a m .  
2 

The Rectisoi process uses a cold methanol wash to absorb C02, H2S 

and other sulfur compounds from the product gas, and ~e methanol is 
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then regenerated. Our engineers considered several options for 

treating the sulfur-containing off-gas streams from Rectisol. At 

first a Claus unit with tail-gas clean-up and a We!iman-Lord stack 

gas scrubber was considered. Detailed investigation, however, 

raised a number of questions about the operating reliability of the 

Claus system on a feed stream containing variable concentrations of 

H2S. For this reason as well as high cost, a system uti!izing the 

Stretford sulfur recovery proces~was selected fo~ the Great Plains 

plant. The Stretford process is known to effectively reduce ~2 S to 

less than i0ppmv; however, the Stretford process has not been proven 

on streams with as high a CO 2 content as that of the Rec~iso! off-gas." 

For this reason, our plant includes a Stretford system designed 

to remove H2S to a level less than i0ppmv, but our permit takes credit 

only for the vendor-guaranteed removal efficiency or !00ppmv. Of 

course, we are hopeful that the higher removal efficiency wil! be 

achieved and theplant-wide sulfur emission will be much lower. 

The tail-gas from the Stretford unit will contain residual H2S 

and virtually all the organic sulfur and hydrocarbons present in the 

feed from Rectisol. For this reason, incineration of the Stretford 

tail-gas is required. In the case of the Great Plains plant, this 

tail-gas will be incinerated in the plant boiler system, recovering 

the BTU value of the gas while converting the E2S, organic sulfur and 

hydrocarbons to compounds acceptable for emission to the atmosphere. 

Although the Stretford tail-gas contains a very small BTU value on a 

cubic foot basis, it constitutes a major fuel source by virtue of 
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its large volume. We, therefore, have found that c~mbusting the 

Stretford tail-gas is preferable to flaring from an energy utilization, 

conservation and environmental standpoint. THe environmenta! 

benefit results from increased energyefficiency which ~ reduces the 

need to burn additional sUlfur-containing fuel. In addition, with- 

this boiler design, the gasification section of theGreat Plains plant 

will comply fully with EPA's guidelines for the Control of Emissions 

from Lurgi Coal Gasification Plants (EPA-450/2-78-012) . 
o 

This brings us to our second air emission source, the plant 

steam generation system. Several sources of steam generation are 

available to the designer of a modern SNG facility, including genera- 

tion from coal fines or liquid by-products, recovery from exothermic 

processes (such as~methane . prhdu~tion), and recovery from gasifier 

steam jackets. The Great Piainsp!ant will utilize p!antbyproduct 

tar, tar oil, naphhha, and phenols plus the Stre~ford ~aii-gas to 

generate the Steam required above and beyond that recovered in an 

extensive in-piant steam recovery, reuse and conservation system. 

EPA's new source performance standards for steam generation apply to 

this section of the plant. However, the EP~ emission standards are 

not suited to direct application in the case of Great P!ainsdue to 

the innovative energy conservation approaches utiiized~ First, EPA 

has nosulfuremission standard fora Sulfur-containing gaseous fuel 

suchas the Stretford tail-gas. Further, EPA's N0xemission standard 

does not considerNO x emission from a iiquidfuei (e.g.~ tar and 

tar oil) with ahigher entrained nitrogen value than conventional 

liquid fuels. Fortunately, the North Dakota Sta~4 Department of 

Health, from the time of our first project ann0uncement,has be~%wi!!ingto 
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evaluate our ~roposa!s in detail, carefully considering and balancing 
J 

environmenta!/ economic, energy conservation and safety criteria. 

After a thorough review with an invitation for public comments, the 

Eealth Department made determinations of i) best available control 

technology for the project, 2) compliance with the federal guidelines 

for the Control of Emissions from Lurgi Coal Gasification Plants, 

3) compliance with ambient air quality standards and 4) compliance 

with the Prevention of Significant Deterioration regulations at the 

Class i area 100 kilometers west of the plant site. The North Dakota 

State Department of Health, in their 167-page analysis of the G~eat 

Plains Project, found that the facility as proposed would comply with 

all federal, state and. local air quality regulations. The EPA, 

Region VIII, then reviewed the state's analysis and congratulated the 

Health Department, stating that their technical effort "may well become 

the standard to which new source reviews of this office and the other 

Region VIIi States are compared-~ 

It is evident that in this case a very thorough evaluation of 

a new synthetic fuels facility was completed by means of a "case-by- 

case" review. The existence of new source performance standards, 

pollution control guidance documents or the like could very possibly 

have made permitting of the facility more difficult due to the inherent 

inflexibility of the regulationsand the restrictions they impose when 

considering special situations and innovative techniques. A case in 

point is EPA's 1979 Environmental Assessment Report on Lurgi Coal 

Gasification Systems for SNG (EPA-600/7-79-120). This report contains 

an exceI!ent overview of the environmental aspects of a Lurgi SNG 

facility. However, when applying the EPA guidelines and new source 
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performance standards, the report incorrectly states that the Great 

Plains Project (refered to in the report as ANG) exceeds federa! 

standards for SO 2 emission from the gasification section, exceeds the 

federal standards for SO 2 emissions from the steamandpower genera- 

tion section, and exceeds the federal standard for TSP emission from 

the steam andpower generation section. This is after the Health 

Department and Region VIII certified that the facility is in 100% 

compliance with all regulations. The lesson to be l earned is that 

hard-and-fast standards are not appropriate for comp!ex emerging 

technologies such as those found in .the synthetic fuels ~ industry. A 

very thorough case-by-case review is highiy preferable until such 

time as sufficient operating data on modern facilities have been 

compiled and verified and valid standards can be developed. 

The other two sources of air emissions are l) coal handiingand 

2) incinerators, flares and miscellaneous sources. Particu!ate emissions 

from the coal handling facilities will be controlled through the use 

of covered conveyors and baghouse collectors at all transfer points. 

EPA new source performance standards for Coal Preparati0nPiants 

applies to this section of the plant. The low-volume intermittent 

gaseousstreams in the plant will be incinerated where such treatment 

is appropriate and does not represent a safety hazird. "Start-up gases 

and expansion gases from gas-liquor separation wi!iberouted to a 

start,up incinerator for controlled combustion. Tke majority of the 

coal lock-gas will be recovered, desu!furized and reused, resulting 

in a very small Vent, less khan 2% of the total lock gas ov, olume. The 
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flare system is the primary plant safety system and is capable of combus- 

ring the entire gas :fl~ from either ~rain of the plant in the event of an 

emergency shut-down of a gas processing unit. 

The weterpo~lution--contro!--systems-included in the Great Plains 

Project are designed to eliminate the discharge of process wastewaters 

to surface streams. A complex recycle and reuse system will be 

employed within theplant followed by utilization of the plant cooling 

tower, multiple effect evaporators and a liquid incinerator to 

concentrate, then destroy all organic components of the plant waste- 

water. A brine solution from the regeneration of deminera!izers and 

softeners will be disposed of via a deep well into an aquifer where 

the natural water quality is six times more brackish than the waste 

stream. Stormwater runoff will be collected in ::sedimentation ponds 

prior to discharge and the coal pile has been covered to minimize 

suspended particulate loading from that potential source. Sanitary 

wastewater will be treated in a package plant and the effluent will 

be discharged to therunoff pond which will provide tertiary treat- 

ment in the form of a polishing pond prior to discharge. 

This system for handling liquid effluents was selected over other 

alternatives such as solar evaporation ponds, activated carbon 

adsorption and biological treatment after detailed engineering, 

economic and environmental review revealed that the present system 

is the best suited for our particular plant design and location. 

Solid waste fromthe gasification plant consists primarily of 

coal ash from the gasifiersand from the liquid incinerator. 

mately 2200 tons per day of ash will be generated by the full p~an~. 
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This•waste doesnot qualify as hazardous under the EPA's extraction 

procedure toxicity test and is further exempted as a coal combustion 

waste. Nonetheless, care will be taken inse!ecting and developing 

disposal areas within the mine. Disposal will be limited to dry 

locations where natural or empiaced clay•barriers will prevent the 

formation and migration of ash leachates, in west-central North 

Dakota, the natural soil and groundwater conditions exhibit a re!a- 

tively high pH and acid formed by the oxidation of pyrites is quickly 

buffered. Acid conditions and the resulting leachate problems 

evidenced in other parts of the country are not encountered in the 

Northern Great Plains region. 

The in-mine disposal technique proposed to•be used at the Great 

Plains Projectrepresents a considerable improvement over the primary 

alternative which is ash s!uice ponds. In-mine disposal eliminates 

four prob!em, areas that occur with sluice ponds: i) the commitment 

of large acreages for ponds, 2) the need • to dispose of decanted water, 

3) the need to reclaim the filled pond to a useful end-use and 

4) the need to protect the groundwater from infiltration of ~sluice 

water For these reasons, it is felt that proper in~mi~e disposal 

represents state-of-the-art in solid waste disposal. 

In the area of employee health and safety; the Great P!ains 

Project is designed to protect the Worker from the potentially 

hazardDus substances thatare present in all synthetic fuels faiili- 

ties. Containment of these substances and a good work practices 

con£rol program coupled with • a'thorough medical sui~.eil!ance program, 

are the essential elements of the occupational health and safety 
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program. Our consulting agreements with the South African Coal Oil 

and Gas Corporation, Ltd. of South[Africa enabled our engineers to 
I 

discuss possible solutions to various air, water and process emissions 

and to select the most efficient means of control based on years of 

operating experience. As you may know, the Saso! plantwas visited by 

an investigative team from the National Institute for Occupational 

Safety and Health (NIOSH) in 1977. The plant was given a clean bill 

of health by that group, a remarkable achievement for a facility that 

has been in operation for over 25 years. 

In summary, we are confident that the Great Plains Coal Gasifi- 

cation Project can be bui!tan~operated in compliance with all 

requirements for environmental, health and safety control. In additi~ ~ 

our monitoring and surveillance programs will go beyond that required 

by regulation and will include data gathering programs necessary to 

develop a data base for future synthetic fuels pro~ects. As always, 

we pledge our Cooperation and assistance to the EPA and the other 

federal and state agencies wherever possible and we look fo~ard to 

sharing the non-proprietary portions of our operating data so that 

sound s~bstantiabie regulations may be developed. 

On behalf of the partners of the Great Plains Gasification 

Associates, I appreciate the opportunity to speak before you today 

and wish to extend an invitation to each of you to come to Beulah, 

North Dakota in 1984 and visit the first operating commercial-sized 

synthetic fuels plant in the United States. 

Thank you. 
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Introduction 

The SRC pilot plant was designedto convert coal into a 
low sulfur and ash product in either solid or lSquid form. 
The process that yields the solid product is called SRC-I, 
while the liquid product mode is referred to as SRC-II. 
This paper deals with the SRC-II operation. 

The primary objective of this study is to evaluate 
environmental implications of the SRC-II technology on the 
basis of data obtained from the Fort Lewis SRC-II pilot 
plant. Efforts were made to sample andanalyze non-site- 
specific streams that could be scalable to a full-size 
commercial plant. Although the characteristicsof some of 
the streams collected may differ somewhat from their commer- 
cial counterparts, they may provide general qualitative 
information on pollutants expected from a commercial facility. 
Data obtained fromthis pilot plant must be carefully evalu- 
ated in order to determine their applicability and sea!ability 
to a commercial-sizefacility. ~• 

This paper first establishes basic similarities and 
differences in process and operation betweenthe Fort Lewis 
SRC-II pilot plant and an expected commercial. SRC-II facility. 
It then discusses an SRC-II sampling and analytical program 
being conducted by HittmanAssociates, Inc. (HAI), and 
provides the data obtained~thus far. 

SRC-II Process Description- 

The SRC-II process involves non-catalytical treatment 
of c0al with'hydrogen at an elevated temperature (454~C) and 
pressure (13.SMPa). In this process, a dried, pulverized 
coal is mixed with a process-produced recycle Slurry to form 
a coal slurry. The coal slurry is then mixed with hydrogen 
and pumped through a preheater .to a reactor where coalis 
dissolved and hydrocracked -, liSerating gases such as H2S, 
H20, NH~, COo, ~ and hydrocarbons. The reactor effluent 
enters ~-serTes ofpressure iet-downvessels whereprocess ~ 
gases and ~_~.~$d. are-separated. -T~e gases are 'sent to an 
acid-gas absorber unit-for the removal of HoS and CO 2 . The 
H2 S is .further processed into-~ .salable sulfur product. 
Light hydrocarbons and unconver£ed, excess hydrogen .leaving 
the absorber are cryogenically separated; the.hydrogen gas 
is recycled to the process and the light hydrocarbons are 
processed into salableproductgases. The light liquid ~- 
stream isfractionated into naphtha andfueloil. The 
product slurry issplit •into two streams. One of the streams 
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is sent to the front end as recycle slurry to be mixed with 
feed coal, while the other stream passes to vacuum distilla- 
tion where fuel oil is further recovered. The high-ash and 
low-sulfur residue (referred to as vacuum bottoms) from the 
vacuum distillation tower is sent to a gasifier for the 
production of make-up hydrogen or synthetic gas. 

The Fort Lewis SRC-II pilot plant (Figure i) does not 
have some of the process features described above. Many of 
the processes it emp!oy~ are unique to thepilot plant and 
therefore would differ from those of an anticipated commer- 
cial facility. These differences are given in Table i. 
Only if and when these differences are fully understood, can 
the data obtained be successfully extrapolated to the 
commercial operation to provide pollutant characterization 
and control technology information. 

Sampling and Analysis Program 

Background 

HA1, under contract to the U.S. Environmental Protection 
Agency, began an SRC-II sampling and analysis effort in 
March 1978. The purpose of this effort was to evaluate the 
SRC wastewater treatment system and characterize the SRC-II 
products. Because of the important role of coal liquefaction 
to our nation,s energy self-sufficiency and the environmental 
implications of this technology, this initial effort soon 
evolved into a comprehensive environmental assessment program 
to measure pollutants associated with the SRC-!I operation. 
This program uses the EPA phased sampling and analytical 
approach to characterize emission and effluent streams from 
various processes and control units. 

The first phase (Level i) environmental assessment be- 
gan in February 1979, and is now completed• Environmentally 
significant streams and their chemical components were 
identified, screened, and prioritized for more detailed 
second phase (Level 2) analysis. However, the SRC-!I pilot 
plant underwent major system modifications and since then 
experienced start-up problems, which delayed the planned 
phase 2 sampling program. :Meanwhile, the original SRC-II 
operation schedule was altered and the feedstock used (Pow- 
hatan No. 5) during the Level i sampling period was replaced 
with Powhatan No. 6. As a result of the process modifica- 
tions and coal type change, the original Level 2 test plan 
was revised to include Level 1 and Level 2 sampling to be 
performed simultaneously to obtain the required sequential 
data. This combined Level 1/Level 2 sampling and analytical 
effort began in March 1980. Analyses of these samples are 
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TABLE I. 
Vs. 

THE FORT LEWIS SRC-II PILOT PLANT 
CO~VfERCIAL SRC-II FACILITIES 

Fort Lewis Facility Commercial Facility 
Affected Stream 
Characteristics 

No gasification of 
Vacuum Bottoms. 
Vacuum Bottoms 
currently stored 
for outside dis- 
posal. 

A portion of Sour 
Water is being re- 
cycled to provide 
a quenching stream. 

Middle and Heavy Dis- 
til!ates produced 
separately. 

Sour Water is not 
treated but diluted 
with non-process 
water prior to 
treatment. 

Fuel gases and 
purged hydrogen are 
being flared. 

No hydrotreating 
of product fuels 
including Naphtha. 

Vacuum Bottoms 
be gasified, and re- 
sultant slag will be 
landfi!ied. 

Oil quenching is 
currently under 
consideration. 

Blended to yield 
fuel oil. 

Sour water w i!! be 
pretreated to recover 
NH 3, H2S, and phenols. 

Fuel gases will be 
recovered. Cryogenic 
hydrogen separation 
obsoletes hydrogen 
purge. 

Products may have' 
to be upgraded. 

No emissions and waste 
discharge associated 
with Vacuum Bottoms 
solidification. However, 
in commercial practice 
slag and quenching water 
from gasificationmay 
pose disposal problem. 

Alteration in process 
sour water character- 
istics expected. 

Will not affect overall 
pollutant balance. How- 
ever, chemical con- 
stituents in the fuel 
oilmay vary depen- 
ding on the blend ratio. 

The pretreatment of sour 
water will affect the 
stream entering the waste- 
water treatment system. 
Consequently, different 
treatment process may have 
to be considered. 

Flare input stream is not 
representative of that 
of commercial facilities. 

Lower heteroatomic 
compounds in the hydro- 
treated products. 
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still in progress. Preliminary data obtained from selected 
samplingstreams are presented in this paper. 

With the exception of analyseswhich •called fornon- 
composite Sampling, such as volatile organic analysis, each 
aqueous or solid stream was sampled three times per day, 8 
hours apart, for six sampiingdays~andwas_cgm~gs_ilt~dto 
constitute a single representative "sample for a given 
stream. All aqueous samples were preserved according to EPA 
procedures, by organic extraction, or by refrigeration. 
Product streams were sampled once a day for six sampling 
days. In addition, a total of 36 samples were •collected 
from four streams - wastewater treatment plant infiuent and 
effluent, and middle and heavy distillates - in order • to 
perform a comprehensive statistical evaluation Of process 
variability, sampling andanalytical variability. 

• Gaseous streams• were sampled once or twiceper Stream 
during the entire sampiing period. Inorganicand organic 
species were collected in evacuated glass flasks, teflon 
bags, andTenax GC and XAD-2 sorbent columns. Impinger 
bottles were used for species such as ammonia, cyanide, and 
volatile elements which cou!dbe collected and analyzed more 
effective!yby wet-chemical or other methods. Collected 
volatile species such"as H2S , CO, COS, SO2~ and mercap£ans 
were analyzed immediately using onsite GC columns equipped 
with species-specific detectors. Tenax GC columns were 
thermally desorbedand analyzed on aGC/MS system for the 
volatile species lost during extraction. Higher boiling 
organic compounds were extracted with methylene chloride in 
a Soxhlet extraction apparatu~ and subjected to EC/MS analy- 
sis. Table 2 presents the environmental source tests being 
:performed on the collected: SRC-II stream .samples. 

Table 3 showsmetals present in' dried c0al ( 2 percent 
moisture) with their distribution among various products/ 
by-products and their recycle process water ~pr0cess sour 
water). As expected, most of the non-volatile metals pre- 
sent in the •feed coal findtheir way into the vacuum:bot- 
:toms. Use of the vacuum bottoms for a commercial gasif{er 
wi!i•igenerate'•siag m~terial whichconsists primarily of 
inorganic elements. Leaching characteristics of this material 
must be •thoroughly investigated for the development of a 
safe method of disposal. Thisslagcontains high levels of 
metals such ~s aluminum, iron, andtitanium (seeTable 3). 
The recovery of these elements may provide•a potential -. 
• disposal alternative.. High levels of vanadium~sodium, 
iron, and other elements present in the elemental sulfur do 
not originate in the feed coal, but rather in the Stretford 
solution. Currently, the Fort Lewis plant producesunwashed 
sulfur which is transgorted for outside disposal. T~e 
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TABLE 2. SUMMARY OF TESTS TO BE PERFORMED 
- ON THE SRC SAMPLES 

ANALYSL~ 

5TBE~ 
ZDENTIFEC_J~'~QN 

i01 Condensed water from 
coal dryer 

102 iesut DE~. Solution 

103 Recycle Process water 

i 04  Flare Knockout Condensate 

I05 Solvam: Fraeuion~cion ATaa Runo.E.g 

106 DissolvlnE and Separ~Clon Area Runoff 

107 S~cet-'for ~I Pad Runoff 

I08 Feed Cooling ~acer 

i09 Cooling Water 

ii0 ~asCewa=e= Treatment Plant I~luen~ 

111 ~io-unit Tn£1_uent 

112 ~ic-uni= Ef~luen= 

113 Sand FClter Effluent 

114 Naphtha 

115 Middle D£sCillate 

I16 Hezvy D~cillace 

201 P u l v e r i z e d  & Dried Coal 

202 Recycle Slurry 

203 Vacuum Bottoms 

20@ Elemental Sulfu~ 

205 FJ.ot:Cazu= Ski~m/nRs 

206 Clr~.-ifie= Sectlment 

207 Digester Contents  

301 6-7-urry Blend Tank Venn 

302. Puzge HydroRen =o Flare 

303 Light Hyc=ocarbons fr=m Naptha 
-- Flash I~ru~ Co Flame 
30Z~ 0~r.f Gas from St~'~.t'fc~d U n i t  

305 SCreCford Oxidize= Tank Vent 

306 Hot ~ei?. Tank Vent 

307 rnpuc S~=eam I:o Flare System 
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levels of metals found in the products are generally related 
to product volatility. Generally, levels of trace elements 
present in the heavy distillates are high when compared with 
either the middle distillate and naphtha. Heavy distillates 
are least volatile, middle distillates are next~ and naphtha 
is most volatile. Process sour water contains low levels of 
metals, with the exception of boron. High pH and sulfide 
-appe-a~-o- be responsible for low metal concentrations in 
this stream. 

Table 4 shows the reductions in various water quality 
parameters and trace elements from the wastewater treatment 
system. The wastewater treatment system is depicted in 
Figure 2. On the average, a 20 to 93 percent reduction in 
metals was accomplished by the treatment process. The table 
also shows trace elements found in the clarifier sediment 
and fiottazur skimmings. Trace element analyses on RCRA 
extracts of these streams are currently being performed. 
Table 4 reveals that a high level of phosphorus is entering 
the treatment plant. The high level of phosphorus is attri- 
buted primarily to the blowdown from the cooling tower and 
boiler systems. 

Figure 3 shows the effectiveness of this treatment in 
reducing organic class compounds. This figure, which was 
derived from the previous Level 1 data from the SRC-II 
operation with Powhatan No. 5 coal, indicates that the 
treatment system appears to be effective in lowering levels 
of organics such as aliphatic hydrocarbons, benzene and 
substituted benzenes, and fused polycyclic hydrocarbons. 
The effectiveness of the treatment system in reducing biologi- 
cal toxicity is shown in Figure 4. This fignre was also 
derived from the previous Level 1 data. Neither the influent 
nor effluent demonstrated toxicity on the Ames or the rodent 
tests. 

Analytical results of the SRC-li gaseous streams are 
shown in Table 5. While the slurry blend tank vent, the 
oxidizer tank vent, and the hotwell tank vent are emission 
streams discharged directly into the atmosphere, the Stret- 
ford offgas stream is sent to theflare system. Although 
the existing flare system receives emissions from the various 
pressure relief vessels, major input sources are the purged 
hydrogen, offgas from the Stretfordunit, and iight hydro- 
carbons from the naphtha scrubbing unit. Since fuel gases 
were not recovered but were being flared at this pilot 
plant, the characteristics of these flared gases would be 
quite differentfrom those of a commercial facility. From 
an operational standpoint, the pilot plant flare unitis 
very similar to a commercial flare system operating under 
plant upset conditions. 
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FILTER FILTER 
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.l Ic.m  oA 41 113 FI LTER I 
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I00's; LIQUID SAMPLES 
200's; SOLID SAMPLES 

CLARIFtER AND 205 
F---'~" FLOTAT I ON "~--" ] 

SKIMMING 
_!" 
~l CLARIFIER 

206 

CLARI FI ER 
S ED I MENT 

l 
DISSOLVED AIR 
FLOTATION UNIT 

,,(FLOTTAZUR TM) 

I NH 3 ADDITION 
H3PO 4 
HYDROCARBON 

STEAM2L~ j ADDITI.ON 

i 
i i i i  

112 BIOLOGICAL 111 HOLDING 
UN IT '" TANK 

J L ~  DIGESTER~'~- 

L BAC KWASH WATER 207 
I 
I 
I 

]I, 
I FILTER J BACK- I 

WASH 
TANK 

DISCHARGE 

IWHEN WASTEWATER IS LOW IN NUTRIENTS DURING THE SRC PROCESS PLANT 
SHUTDOWN 

2WHEN THE TEMPERATURE OF WASTEWATER IS LOW FOR NORMAL BACTERIA 
ACT I V I TY 

.3THE SPENT BACKWASH WATER IS ROUTED TO THE SURGE RESERVOIR 

4CHARCOAL FILTER WAS NOT IN USE DURING THIS SAMPLING 

Figure 2. Overall flow schemtic of the SRC pilot plant 
wastewater treatment system showing sampling points. 
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The Stretford offgas and the oxidizer tank vent are the 
Stretford process-related streams. The slurry-blend tank 
vent was designed to remove various fumes and vapors gener- 
ated during the slurry/coal mixing. These pollutants are 
cooled and further condensedby a steam ejector prior to 
atmospheric release. Because.sampling occurred at a point 
before the steam ejector, the information on pollutant 
characteristics shown in Table 5 is of limited value. For 
the Not well tank vent, the sampling probewas not placed in 
the vent duct, but rather, over the open end of the vent. 
Furthermore, the vent cycle could not be determined; thus, 
the concentration data shown in Table 5 provide only compara- 
tive quantitative information on the identified pollutant 
species. Table 5 "shows the organic species identified by 
GC/M_S. Compounds present in the streams did not vary greatly. 
Quantitative information on the identified speci@s is not 
yet available, but is expected to be in the ~=/m ~ range. It 
should be noted here that accurate sampling of high molecular 
weight compounds was difficult because samples could only be 
taken from existing sampling valves which were connected 
through a long, unheated sampling line to the main process 
streams. As a result, many high boiling organic compounds 
probably condensed out, and therefore, were not collected at 
the outlet. 

For the selected liquid stream samples, volatile organic 
compounds were identified by GC/MS using the purge and trap 
technique (Table 6). Although the treatment plant influent 
contained volatile compounds which were collected from 
various sources, no detectable amounts of these compounds 
were present in the effluent. This probably resulted from 
atmospheric loss in the aeration unit rather than actual 
biological degradation of these substances. 

Table 7 shows several important water quality para- 
meters of the recycle process water. This stream was char- 
acterized by extremely highalkalinity with very low hard- 
ness and low levels of alkali metals. Actual COD for this 
stream should be somewhat higher than the value shown in the 
table. Volatile organic substances, including some phenolic 
compounds, were believed to be lost by purge gases (mostly 
~ ) formed during acidification for sample preservation. 

phenol level shown in the table was somewhat higher than 
~p~cted (normally about 0.7 percent). Since a portion of 
this stream~is recycled to the process, the phenol level at 
a given time'~s dependent on the recycle ratio, assuming 
that all other process conditions are constant. 
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TABLE 7.i CHARACTERISTICS OF RECYCLE 
PROCESS WATER (SIX-DAY AVERAGE) 

pH 

Alkalinity (as CaCO3) 

Hardness (as CaCO 3) 

Ammonia (as N) 

Sulfide (as S) 

Cyanide (as CN) 

• Chemical Oxygen Demand 
(as 02) 

Phenol 

Cresols 

Xylenols & C 2 phenols 

C 3 Phenols 

9.0 

97,000 mg/L 

i0 mg/L 

36,000 mg/L 

30,000 mg/L 

i. 3 mg/L 

26,000 mg/L 

7,600 mg/L 

2,850 mg/L 

1,250 mg/L 

2,200 mg/L 

L 
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Conclusions 

More detailed analytical data and plant proceSs;infor- 
mation are still forthcoming. The results discussed herein 
are preliminary in nature, and require further confirmation 
and expansio~ asmore data become available. 

Most of the metals present in feed coal were almost 
entirely recovered in the vacuum bottoms. Use ofthis 
material for a commercial gasifier will generate slag, con- 
sisting almost entirely of inorganic elements. Detailed 
leaching characteristics must therefore be investigated in 
order to develop a safe method of disposal. Th e recycle 
process water contained mostly ammonia, sulfide, and phenols, 
and was essentially free of metals, except for boron. The 
boron level in this stream was over 200 mg/L. Because at 
levels exceedingl mg/L, boron has deleterious: effects on 
thehuman body and the ecosystems, it may be necessary to 
re, hove it, along with a~onia, sulfide, and phenols, from 
this stream. In the coal drying process at the Fort Lewis 
pilot plant, moist air from the coal. dryer is cooled with.a 
dehumidifier and the condensed water is sent to wastew~ter 
treatment. Thisstream contains a number of pollutants of 
environmental sig~lificance. /~Ithough their levels are : 
relatively low, these pollutants may have to be controlled 
since, in commercial facilities, the moist air resulting 
from coal drying is eA-pected to be-discharged as vapor into 
the air. 

Due. to several process upsets, the-wastewater treatment 
samples miy not fully reflect normal operating conditions. 
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CHEMICAL/BIOLOGICAL CHARACTERIZATION OF SRC-II PRODUCT 

AND BY-PRODUCTS 

W. D. Felix, D. D. Mahlum, W. C. Weimer 
_R. A._Pelroy and+B~_R~_W~tson_ 

Pacific Northwest Laboratory 
'Richland, WA 99352 

ABSTRACT 

Biological and chemical tests in concert with engineering analyses of 

plant operations have been used to provide data for the assessment of health 

and environmental effects of a mature coal liquefaction industry. In this 

report, we describe the methodology whereby biological testing is used to 

guide the chemist in the analysis of fractions of selected pilot plant mate- 

rials. The principal components of an unmodified disti l late blend from the 

SRC-II process are two-and three-ringed aromatic and heteroatomic species. 

Phenolic and pblynucTear aromatic components are generally present at higher 

levels than expected in petroleum crudes. Biotesting, with the Ames test as 

the primary f i rs t  t ier method, revealed mutagenic activity. Chemical frac- 

tionation in conjunction with Ames testing implicates the primary aromatic 

amines as the compound class of primary concern. Chemical biotesting of a 

hydrotreated disti l late blend showed a significant reduction of the primary 

aromatic amines as well as polynuclear aromatic hydrocarbons. Hydrotreating 

also can result in the reduction of sulfur- and oxygen-containing compounds, 
e.g., thiophenes and phenols. 

Prepared for the U.S. Department of Energy under Contract DE-ACO6-76RLO 1830 
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CHEMICAL/BIOLOGICAL CHARACTERIZATION OF SRC-II PRODUCT 

AND BY-PRODUCTS 

Dependency of the Uni.ted States upon foreign oil has led to the rapid 

implementation of programs oriented toward the developmen t of new energy 

technologies. Simultaneously with the development of these synfuel processes, 

i t  is necessary to perform studies which will determine the poteni~ial health 

and environmental effects as'sociated with the given technology. The •purpose 

of this paper is to discuss the method and approaches used at the. Pacific 

Northwest Laboratory in providing chemical and biological data dealing with 

SRC (Solvent Refined Coal) materials. The approach we have taken is designed 

to provide meaningful health effects data to the technology developers within 

the time frame which permits technology changes to be made optimally to ame- 

liorate potential problem areas. • 

In evaluating the health effects associated with ~a coal conversion in- 

dustry, i t  is essential that •the chemist and biologist coordinate •their re- 

search efforts • toward a common goal..The usual scenario, however, results in 

the biologist asking the chemist to give him the compounds or materials with 

which he should be performing his assays. The chemist, on the;other hand, asks 

the biologist which compounds are biologically active in • order to orient his 

analyses toward these selected materials. The end result is usually one of 

• utter frustration and mutual distrust leading to.the confirmation as far as 

the chemist is Concerned that the biologist doesn't really know what he is 

doing. The biologist, of course, already knew that about the :chemist. 

The problem is that the chemist is oriented toward the precise measure- 

ment of specific elements or compounds. Given a defined corn.pound, a chemist, 

in many cases, can measure to femtogram levels. However, in the ~ early stages 

of a developingtechnology such. as coal-liquefaction, the given compounds of 

concern have •not yet been identified by the chemist nor has -the biologist de- 

fined those materials which 'are biol.ogically active. The chemist is thus 

faced with a horrendous task. He has in front of him whatamounts to 

Beilstein's bucket of compounds and the effects with which the biologist is 

concerned may involve compounds Whose toxicity orbiological effects are so 

potent that miniscule quantities in this milieu of Compounds may-indeed be 
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important. On the other hand, the engineer, who is concerned about the de- 

velopment of the process, usually doesn't give serious consideration to the 

problems of contro l l ing his processes at micro levels. Yet, as we ' l l  see in 

th is  paper, changes in the process w i l l  s ign i f i can t l y  af fect  the biological 

and chemical response of end products present at extremely low concentrations. 

The evaluation, therefore, of the biological impact of a given process r,e- 

quires ef fect ive coordination among the ac t i v i t i es  of  the b io log is t ,  the 

chemist, and the engineer. In th is paper, we w i l l  describe how this in ter -  

action has led to the def in i t ion of  specif ic compounds of probable concern 

within the SRC process. Interaction with engineering personnel has led to 

the logical investigation of process parameters which may d i rec t l y  impact 

biological ac t i v i t y  in coal l iquefact ion materials. One of the results of 

such interact ion at Paci f ic Northwest Laboratory has been the ident i f i ca t ion  

of primary aromatic amines as compounds of principal concern. Hydrotreating, 

as w i l l  be seen, leads to a reduction of  the biological ac t i v i t y  of the SRC 
materials. 

Chemical and biological characterization studies at the Pacific North- 
west Laboratory have included GC, GC/MS, LC/MS analyses, specialized separa- 

tions procedures for providing biological testing materials, microbial muta- 

genesis, in vitro mammalian cell toxicity and transformation assays, epider- 

mal carcinogenesis (skin painting), acute and subchronic oral toxicity, 
developmental toxicity, dominant lethal assays, inhalation toxicity, and 
dosimetry and metabolism studies. 

The approach to the study of SRC materials proceeds in basical ly three 

steps: in the f i r s t  step, an engineering analysis defines the process and 

ef f luent  streams in the p i l o t  plant which are expected to be important in 

the f ina l  developed technology or to which there are expected to be high 

levels of  occupational or populace exposure; in the second phase, materials 

selected in Phase I are subjected to biological screening tests and chemical 

characterization. Biological ac t i v i t y  is usually detected using microbial 

assay systems. On evidence of  ac t i v i t y ,  the material is chemically f rac t ion-  

ated and the fract ions subjected to bioassay. On the basis of the results 

of  the microbial assay and the chemical characterization studies, materials 

are then selected for  fur ther  study using mammalian cel l  cultures. The 
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combination of results from cel lu lar  and microbial systems along with chemi- 

cal characterization are then used to select materials which w i l l  be exten- 

sively analyzed by animal assays in the th i rd phase. In this phase, mate- 

r ia ls  are entered into animal systems for study ofacute,  subchronic, 

mutagenic and developmental e f f e c t s  Certain long-term effect studies are 

also designed. Obviously, at each level of testing, other materials are 

employed including shale o i l ,  petroleum crudes, other fossil-derived mate- 

r ia ls  and pure known chemical mutagens and carcinogens for  comparative 
purposes. 

Material used in the studies described were obtained from the SRC pi lo t  

plant at Ft. Lewis, Washington. This p i lo t  plant is oPerated by the Pi t ts-  

burg and Midway Coal Mining Company for the Department of Energy. Mate- 

r ia ls  from the p i lo t  plant were selected on the basis of engineering design 

data for  the projected demonstration planes of both the SRC-I and SRC-II 

processes. The selection of materials was based upon one or a l l  of the 

following criteria: • :. 

a) The material is produced in significant quantity; 

b) The material .has potential for occupational and/orecological enviorn- 
mental exposure; 

c) The material can be obtained in a form which, is considered by the •best 

engineering estimates to be representative of demonstration or commer- 
cial level plant operations; . 

d) The material contains components whi.ch are already of known biological 

concern. 

Consequently, the following process streams in the SRC pilot plant have been 

investigated: l ight oi l ,  wash solvent and process solvent from the SRC-I 

process; and l ight, middle and heavy disti l lates from the SRC-II process. 

The boiling point ranges and specific gravity.ranges for these materials are 

given in Table I .  The materials in. all caseswere obtained during equilib- 

rium run conditions When the process was being operated for material balance 

determination. Given• the conditions of pilot plantoperations and pilot 

plant design objectives,- these materials are probably not fu l ly  representa- 

tive of materials expected from a commercial or  demonstration plant. 
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However, the materials do provide information that may be of use in evaluat- 

ing areas of  toxocological concern whthin a given proposed process slate of  
products and ef f luents.  

TABLE 1. 

Process Material 

SRC-I Light oil 

Wash sol vent 

Process Sol vent 

SRC-II Light d is t i l la te 

Middle di st i l  I ate 

Heavy d is t i l la te 

Boil ing Point Ranges of SRC Materials 
Used in Biological Experiments 

Boi l ing Range (°F) Density 

ambient to 380 O. 72 

• 380 to 480 0.96 

480 to 850 1.04 

134 to 353 0.82 

366 to 541 0.99 

570 to 850 l .lO 

CHEMICAL AND BIOLOGICAL STUDIES 

The Ames mutagenesis assay provides a low cost method for the analysts 

of large numbers of samples in preliminary screening activities. In our lab- 

oratory, tests are carried out by mixing the test material with the Salmo- 

nella TA98 strain in the presence of mammalian l iver microsomal enzymes ($9). 

By counting the number of revertants (from dependency on histidine in the 

media to nondependency on histidine) an index of mutagenicity induction is 

obtained for various test materials. As seen in Table 2, the heavy d is t i l -  

late and process solvent streams exhibit substantial mutagenic act ivi ty 

whereas the l ight o i l ,  wash solvent, l ight d is t i l la te  and middle d is t i l la te 

show no detectable activity. (z) By comparison, raw shale oi l  showed limited 

activity, and a crude petroleum (Prudhoe Bay) does not show activity in the 

Ames system. 

To further define the response from the heavy d is t i l la te  and process 

solvent materials, two-fractionation procedures were employed: an acid-base 

scheme and a method based on LH20-Sephadex coupled with HP/LC. These schemes 

are diagrammed in Figures 1 and 2. While the acid-base sequence produces 

larger quantities of materials in a short period of time, the LH20-Sephadex 

method, when coupled with HP/LC, ultimately produces more refined cuts of 
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material with less crossover among fractions. Fractionsifor biological test-  

ing are collected from HP/LC separations made on reverse!phase NH 2 columns. 

Where minimal amounts Of materials are required for biol~gical testing, thin- 

layer chromatography has been effect ively used to provide both separation 

and material for  analysis. Acid and neutral fractions derivedfrom HD by 

using the acid-base separation scheme showed re la t i ve l y i i t t l e response  to 

the Ames testwhereas the basic, basic tar and neutral tar fractions were 

mutagenically active.(2) The data for the basic and tar fractions yielded 

essentially l inear dose-response data as seen in Tab le '3 .  While the spe- 

c i f i c  ac t iv i ty  was about one-half that of the basic.fraction, the total muta- 

genic ac t iv i ty  in the basic tar  and neutral tar fractionswas greater than 

that i n t h e  basic fraction because of the substantially greater mass of the 

tars. I t  is interesting that the neutral (non-tar) fraction which conta ins  

most of the PNAs exhibited l i t t l e  act iv i ty .  This is probablydue to the 

large number ofcompounds in this material which potential ly prevent meta- 
bol ic activation of the PNA components. 

TABLE 2. i I )  Comparison of the Mutagenicityof Solveht Refined 
Coal Materials, Shale Oils, and Crude Petroleums 
in Salmonella Typhimurium TA98 

Material s 

SRC-I 
Process solvent 
Wash solvent 
Light o i l .  

SRC-II 
Heavy d i s t i l l a te  
M~dd!e d i s t i l l a t e .  
Light d i s t i l l a te  

Shale Oil 
Paraho-16 
Paraho-504 
Livermore LOI 

Crude Petrol eum 
Prudhoe Bay 
Wilmington 

Pure Carcinogens 
Benzo(a)pyrene 
2-Aminoanthracene 

Revertants/R 9 Of Material • 

12.3 ._ ~ 1.9 
<0. Ol 
<0.01 

40.0 -+ 23 
<0. Ol 
<O.Ol 

0.60 z O.19 
0.59 -- 0,13 
0.65+_0.22 

<0.01 
<O.Ol 

l l 4  _4- 5 
5430 _ 394 
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TABLE 3.(2) Mutagenicity of Basic and Tar Fractions 
from SRC-II Heavy D is t i l l a te  (HD) 

Sample a_~ b _ _ t  

Basic fraction 198 7 l.O0 

Basic tar fraction 88 4 0.9 

Neutral tar fraction 78 lO 0.89 

Controls 

2-Aminoanthracene 

benzo(a)pyrene 

DMSO only 

14,000 rev/~g/~ DMSO 

406 rev/5 ~g/5 ~ DMSO 

41 _+ 15 rev/5 ~ 

Data for HD is in form Y = ax + b in rev/~g where a is 

the slope, b is the interrupt, and @ is correlation 

coefficient, x is the amount "of material in pg. 

Analysis by TLC using a solvent system designed to preferentially sepa- 

rate the polar compounds from less polar constituents is presented in Figure 

3 for the heavy d is t i l la te  (HD) basic fraction. The TLC chromatograms were 

cut into strips, extracted with hexane/acetone mixtures and the extractant 

subjected to Ames assay using an $9 enzyme system. The activity associated 

with each of the separated fractions is shown in the section of Figure 3 

designated $9. The chromatographic behavior of the materials shown here cor- 

responds very closely to that expected for polar compounds such as aromatic 

amines. Similar results were obtained with the basic and neutral tar frac- 

tions of heavy dist i l la te.  High resolution mass spectrometry and GC/MS 

studies on the materials also indicated the presence of nitrogen containing 

compounds and, specifically, aromatic amines including aminonaphthalenes, 

aminoanthracenes, aminophenanthrene, aminopyrenes and aminochrysenes. 

High resolution MS data also allowed a tentative identification based 

on elemental compositions for aminofluorenes and aminocarbazoles; confirma- 

tion of these assignments wi l l  require further work with adequate stan- 

dards.(2) Isomers of the various amines were separable by capillary GC as 

142 



¢ 

L.J 

i 

I 

Lt- 

I 
I 

~= =I ...,,I ~--~! . 

I 
I 

, I m ~  

• ~i ~ ::, 
. . .1 

@ l ~ ! ~  ~ I ~ I ~  ~ ~I ~ 

I: 

Iii 

II 

i . , i I  

. 

- . . i  

i i ¢  

i, 
I 

I 
I 

,~ , .  , ~  I',,,,- , ~  ~ ' ~  ~ f ' ~  ~',,~ ~,.,.,,,~ 

NO Ig.-~:1,011 

i 

I 

X 

I - -  
Z 

o° 

E 

E 
o 

i, 

i - -  

E 
o 
L 

Ila 

.f,. I~I 

O e . , ~  

. >'~ O -  
i i I  

~ u  

~,j i..I. 

Jt 
143 



shown in Figure 4. Assignments specifically indicated in the figure were 
made on the basis of retention times of authentic standards.(2) 

The correlation of the aromatic amine content with the biologically 

active regions from TLC of the heavy disti l late basic fraction is shown in 

Figure 5. The relative concentrations of aminoanthracenes, aminophenanthrenes, 

aminopyrene and aminochrysene are seen robe highest in the regions with the 

strongest mutagenic activity. With the exception of aminonaphthalene, pri- 

mary aromatic amines were not found in regions that lacked mutagenic activity. 

Aminofluorenes and aminocarbazoles have also been tentatively identified in 

the active regions. Analyses of these materials indicate that three and four 

ring primary aromatic amines are important mutagens, but that two ring amino- 
naphthalenes contribute l i t t l e  to mutagenic activity. 

Since both GC/MS analyses and Ames results from the TLC fractions impli- 

cated the aromatic amines as the mutagenically active agents in the basic, 

basic tar: and neutral tar fractions of HD, a series of experiments were per- 
formed to further support this conclusion. One approach used the unique 

catalytic properties of mixed-function amine oxidase (MFAO), a purified liver 

enzyme system. This enzyme is specific for the metabolic transformation of 

primary aromatic amines to a mutagenically active state but is inactive with 

BaP and other polycyclic aromatic hydrocarbons. The 2-aminonaphthalenes are 

also not activated probably due to instability of the enzyme product. Muta- 

genic activity after activation of the HD basic fraction with $9 appears pri- 

marily in TLC regions with r f 's  of approximately 0.08 to 0.20. When activa- 

tion was performed using MFAO, the same distribution of mutagenic activity 

among the TLC regions was found as with $9 as is seen by referring again to 

Figure 3 and comparing the MFAO wi~h the $9. These results thus provide fur- 

ther evidence that aromatic amines are both present-and capableof expressing 
their  mutagenicactivi ty in the basic fraction of HD. (~,a) 

The above data were considered as presumptive for the involvement of  the 

primary aromatic amines as causative agents in the mutagenic act iv i ty  of the 

basic fraction and of  the heavy d is t i l l a te .  Another more direct approach is 

also available to support this premise. Treating HD and i ts  basic fraction 

with nitrous acid diazotizes aromatic amines and renders them nonmutagenic 
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in the Ames system. Thus, disappearanceof mutagenicactivi ty in the basic 

fraction or in the heavy d i s t i l l a te  after nitrous acid treatment•would pro, 

vide direct evidence for the mutagenic importance of this class of compounds. 

In Figure 6, i t  can be seen that the mutagenic ac t iv i ty  of a pure aromatic 

amine 2-aminoanthracene is almost completely lost while the act iv i ty  of 

benzo(a)pyrene or benzacridine is not affected by the nitrous acid treatment. 

Act iv i ty  seen in heavyd is t i l la te ,  process solvent and their  basic fractions 

is also mostly eliminated by nitrous acid treatment. AS shown in Figure 6, 

ac t iv i ty  of these materials after treatment with nitrous acid, is reduced to 

less than lO%•of the original act iv i ty .  I t  thus appears thatmuch of the 

mutagenic ac t iv i ty  is probablydue to the presence of primary aromatic amines 

i n  both thecrude material and in the basic fractions.(3) 

HYDROTREATING 

Sinc.e materials from coal liquefaction processes may at some •point be 

used for chemical feedstocks or for further refining, i t  is possible that 

hydrotreating processes may eventually be employed in commercial SRC based 

plants. Hydrotreating, however, may also be expected tO significantly• impact 

nitrogen-containing compounds, particularly on deamination o f  the primary 

aromatic amines. Carbon-carbon bond cleavage w i l l  also occur.which will also 

result in destruction of larger ring systems to form lighter weight alkylated 
and/or hydrogenated species. Loss of sulfur, nitrogen and oxygen in the form 

of H2S, NH~, and H20 is also expected in heterocyclic compounds. Materials 

from the Ft. Lewis pilot plant which had been subjected to hydrotreatment 

were therefore examined. 

While the hydrotreated samples were generated under process conditions 

which represent current co~ercial practice, f inal demonstration scale de-.' 

signs a.re not yet available. Thus the results :of the hydrotreatment proc- 

essing can be evaluated only in general terms. " 

Material obtained from tankage accumulated over a series of pilot plant 

runs extending from October 1978 into the early part of 1979 was subjected 

to hydrotreating by Universal Oil Products. A middle d is t i l la te to heavy 

d is t i l la te blend ratio 2.9 to I.0 was determined f.rom the ave#age yield 
• ,ratios of runs during this period. Obviously because of the long-term 

• , , . , . . . 
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k .  

accumulation period, there are some di f f icu l t ies in assessing sample repre- 
sentativeness and processing history dueto the numerous modes ran~ing from 
steady state to upset conditions of operation and. to the unavoidable product 
variabil ity from one run to another. Materials were hydrotreated in standard 
research fixed bed reactors using a commercial UPO catalyst. Analysis of the 
materials of the dist i l late plant before and after hydrotreatment showed dra- 
matic differences in gross chemical composition. "GC/MS runs were made with 
SE2250 or SE52 coated capillary columns. Examples are given in Figure 7. The 
reconstructed total ion chromatogram s of the materials show that there is a 
dramatic reduction of multiring Compounds and phenols With subSequent conver- 
sion into hydroaromatic materials, specifically tetralins and their alkylated 
homologs. Table 4 summarizes the GC-and GC/MS data and gives Lthe concentra- 
tions in ppm for various compound classes before and after hydrotreatment, 
Severe hydrotreatment resulted in the reduction of total phenolsfrom 130 ppm 

to 17 ppm in the total dist i l late blend. Aromatics and N-heterocyclic com- 
pounds show significant reduction. Introduction of hydrogen to. the rings is 
obviously demonstrated by ,the appearance of compounds such as ~etrahydro- 
q uinoline, tetrahydrocarbazole and tetrahydrozapyrene, tetralinS and other 

hydrogenated multiring compounds. • Primary aromatic amides, in i t ia l l y  present 
at a total concentration of 1.9 ppm, are below, the detectable range of GC and 
GC/MS following hydrogenation under theconditions employed. .Figure 8 gives 
a graphic summary of the results for the compound classes affected. 

Biological activity associated with the basic, base-induced tar, acid- 
indbced tar and isooctane-induced tar fract.ions of the dist i l late blend fol- 
lowed the trend shown by Chemical characterization in loss of the primary 
aromatic amines (Figure 9). Moderate hydrotreatment, for example~ reduced 
the mutagenic activity of the basic fraction from 16.2.to 2.2 revertants per 
microgram (Table 5). This is a reduction in the weightedcontribution to 
.total mutagenicity from ,86 to .03 revertants per microgram feedstock. The 
tar fractions were reduced in potency to levels below the limits of detec- 
'tion. While the specific effects of hydrotreatment upon chemical composition 
and biological activity of a given coal-derived fuel product wil l  depend up- 
on reaction conditions, catalysts,, and starting material composition, i t  
nonetheless appears.that hydrot~eatment wi l l , - in  general,~result ~n products 
with reduced mutagenic activity. This is probably due to thereduction of 
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LEG~D TO FIGURE 7 

Reconstructed total ion .chromatograms comparing unfractionat~ S~C-!I 
feedstock, Figure 7a, with the severely hydrotreated material, Figure 7b. 
Principal peaks are identified in both chromatograms: (a) -i: phenol, 
2: C 1 phenol, 3: tetralin, 4: naphthalene, 5: indole, 6: C 3 phenol, 
7: C i naphthalene: 8: biphenyl, 9: C 2 naphthalene," lO:'phenylether, 
I i :  dibenzofuran, 12: acenaphthene, 13: fluorene, 14: C1fluorene, 
15: dibenzothiophene~ 16: phenanthrene..(b) i: methyldecalin, 2: methylindan, 
3: methyltetralin, 4: tetralin, 5:. dimethylindan: 6: dimethylindan, 
7: methyltetralin, 8: dimethylindan, 9: methyltetralin, !0: ethyltetralin + 
dimethylbenzofuran, 11:ethyltetralin, 12: ethyletralin, 13: biphenyl + 
hexahydroacenaphthene, 14: phenylether, 15: C4-indene, 16: ¢4?tetralin, 
17: C3'dihydronaphthalene, 18: tetradecahydroanthracene, 
19: tetradecahydrophenanthrene, 20:C3-dihydronaphthalene: 
2i: C4-tetralin, 22:.C5,indan or ~ C4-tetralin, 23: C5-indan or 

C4-tetralin, 24: C4-dihydronaphthalene, 25: hexadecahYdropyrene, 
. 26: octahydroanthracene. 

/ 
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those compound classes in coal liquids which are primarily responsible for 

induction of mutagenic activity, namely, the nitrogen containing aromatics 

and especially the primary aromatic amines as well as reduction of the con- 

centration~ of polynuclear aromatic hydrocarbons. Other biological assays 

including mammalian cell culture and skin painting studies are also under 

way but are not reported in detail here. Generally, there has been rela- 

t ively good agreement among the-assays--use~L.--Tabl~6;-a-comparison of data 

from three biological assays, demonstrates this agreement. Differences do 

show up, however, in the results from 2-aminoanthracene and for heavy dis- 

t i l la te .  The mutagenic activity of 2-aminoanthracene is very high whereas 

tumorigenic activity is  only moderate. The reverse is true for heavy dis- 

t i l la te ;  tumorigenicity is high whereas mutagenicity is moderate relative to 
standard control compounds. (3) 

Information such as reported here wil l obviously have some impact upon 

the development of a liquefaction industry. Samples used were selected with 

engineering guidance. Criteria included suitabil i ty and relevance to future 

demonstration or commercial design and operation. However, since one can, 

in practice, only anticipate or scale up to a limited number of the condi- 

tions in a final design configuration, caution must be applied in the appli- 

cation of pilot plant derived data. Certainly further data is required. 

But more important, interaction between chemists, biologists, ecologists and 

process engineers must be on a continuous basis such that pertinent and 

meaningful data is prepared within a time frame commensurate with the process 
deveiopment. 
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TABLE 6. 

Material 

Light d i s t i l l a t e  

• Heavy d i s t i l l a t e  

Shale o i l  

Crude petrol eum 

Benzo (a) pyrene 

2-Aminoanthracene 

Comparison of  Mutagenicand Carcinogenic Ac t i v i t y  
fo r  Several Crude Fossil-Derived Materials 

Ames Assay 

w ~ m  

4-F 

+ 

Mammalian Cell Culture. 

m m D  

+ ÷  

+ 

sl ight  

4 - ~  

. Skin Tumorig,enesis 

m m m  

÷ 

b 

~ w  
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