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FOREWORD 

This document represents the contribution t o  the ERDA/DBER Balanced 
Program Plan ( B P P )  t h a t  was coordinated by the Oak Ridge National Labora- 
tory.  
DBER.  
published i n  October 1975 as ERDA-116 and i s  available from the National 
Technical Information Center. Volume 2 i s  en t i t l ed  "BPP: Categorical 
Research," Volume 3, "BPP: Coal Extraction, Processing, and Combustion," 
and t h i s ,  Volume 4 ,  "BPP: Coal Conversion." 

I t  i s  the fourth in a se r ies  of eleven tha t  will  be published by 
Volume 1 ,  "Balanced Program Plan - Overview and Summary," was 

The ERDA Assistant Administrator f o r  Environment and Safety (AAES) 
i n i t i a t ed  the Balanced Program Planning ac t iv i ty  within the Division of 
Biomedical and Environmental Research i n  April 1975. ERDA had just come 
in to  existence and the AAES recognized the importance o f  establ ishing 
an environmental health and safety program t h a t  would be b o t h  responsive 
t o  an anticipatory of ERDA's needs as regards R&D and ultimate commercial- 
i zation of energy-producing technologies. The BPP ac t iv i ty  represented 
a formalization and integration o f  thinking and interaction with con- 
t r a c t o r  personnel t ha t  had  taken place fo r  a t  l ea s t  a year pr ior  t o  the 
formation of ERDA.  

I n p u t  i n t o  the B P P  was n o t  limited t o  E R D A / D B E R  and contractor per- 
sonnel. A work ing  session a t  ORNL in May 1975 on Coal Conversion Tech- 
nology was attended by representatives of industry, un ivers i t ies ,  ERDA 
Energy Research Centers, and the ERDA mu1 t i  purpose 1 aboratori es . Each 
had valuable i n p u t s  t o  t h i s  document. This working session, as well as 
other a c t i v i t i e s  involved i n  the preparation of t h i s  document, were co- 
ordinated by Dr. C.  W .  Gehrs of the Environmental Sciences Division a t  
Oak Ridge. Dr. C. R. Richmond, Associate Laboratory Director for  Bio- 
medical and Environmental Research a t  Oak  Ridge, had overall responsi- 
b i l i t y  f o r  the project .  ORNL a lso participated actively b o t h  pr ior  t o  
and d u r i n g  the June 1975 workshop held i n  Germantown, Maryland. 
workshop served the important function of integrating the e f fo r t s  of the 
mu1 tiprogram laboratories planning a c t i v i t i e s  as regards spec i f ic  tech- 
nologies and  the ERDA/DBER s t a f f  concerning Biomedical and Environmental 
Research categories.  The 1 a t t e r  evolved from several environmental 
planning a c t i v i t i e s  re la ted t o  national energy problems; for  example, 
the Ray report  of December 1973, "The Nation's Energy Future," WASH-1281 
and the King-Muir Interagency Study of November 1974, "Report o f  the 
Interagency Working Group on Health and Environmental Effects o f  
Energy Use. I' 

The 

The goal of the BPP i s  t o  a p p o r t i o n  the research a c t i v i t i e s  spon- 
sored by the AAES among the technologies of i n t e re s t  t o  ERDA and the 
spec i f ic  categories o f  Biomedical and Environmental Research t o  help 
ensure tha t  unnecessary duplication i s avoi ded and meaningful programs 
can be implemented. 

i i i  



i v  

The ERDA National Plan f o r  Energy R&D submitted t o  Congress on 
June 30, 1975, contains a commitment t o  protect and improve the nat ion 's  
environmental qual i ty .  We a t  ORNL a r e  proud t o  be pa r t  of the j o i n t  BPP 
ac t iv i ty  w i t h  ERDA. We now look forward t o  the implementation of the 
BPP so tha t  we can work w i t h  ERDA toward honoring i t s  commitment t o  
protecting and improving the qua l i ty  o f  our environment as we proceed 
w i t h  the  important job of securing the nat ion 's  energy future.  

/ >  
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ABS T RACT 

OAK RIDGE NATIONAL LABORATORY. 1976. Balanced Program Plan. 
Volume IV: Coal Cociversion. ORNL-5123. Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 31 4 pp .  

This document contains a description of the Biomedical and Envi ron-  
mental Research necessary t o  ensure the timely attainment of coal con- 
version technologies amenable t o  man and his environment. 
i s  divided i n t o  three sections.  The f i r s t  deals w i t h  the types of 
processes currently being considered fo r  development; the data currently 
available on composition of product, process and product streams, and 
t h e i r  potential  e f f ec t s ;  and problems tha t  migh t  a r i s e  from transporta- 
t i o n  and use of products. Section I1 i s  concerned w i t h  a description 
of the necessary research i n  each o f  the King-Muir categories,  while 
the t h i r d  section presents the research s t ra teg ies  necessary t o  assess 
the potential  problems a t  the conversion plant ( s i t e  spec i f ic )  and those 
problems tha t  m i g h t  e f fec t  the general public and environment as a re- 
s u l t  of the operation o f  large-scale coal conversion plants.  

T h e  document 
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I NT RO DUCT I ON 

The technology f o r  the conversion of coal t o  l iquid and  gaseous 
hydrocarbons fo r  fuel and petrochemicals i s  being actively developed 
by ERDA and private industry. 
ing because of dwindling domestic supplies of natural gas and petroleum, 
and because o f  environmental requirements fo r  clean desulfurized fuel ~ 

The development o f  t h i s  technology should proceed in such a way t h a t  
conversion processes can be optimized n o t  only economical l y ,  b u t  a lso 
f o r  maximum protection of human and envi ronmental health . 
experience in the 1950's a t  a large coal hydrogenation p i lo t  plant 
demonstrated a variety of industr ia l  hygiene problems. The most serious 
of these was the incidence of skin cancer resul t ing presumably from con- 
t a c t  with process materials containing polycyclic organic compounds s A 
careful assessment of potential health and  environmental impacts of coal 
conversion i s  required as the technology develops so tha t  adequate pra- 
tection for the industr ia l  workers, fo r  the population in the vicini ty  
of conversion plants,  for  the general public, and for  the environment 
can be designed and engineered in to  conversion processes. Health and 
environmental protection should be important c r i t e r i a  in process develo 
ment and design select ion,  comparable in importance t o  conventional eco- 
nomi c consi derati  ons . 

The need fo r  t h i s  technology i s  increas- 

However, 

The purpose of t h i s  document i s  t o  present the biomedical and envi- 
ronmental research necessary t o  ensure the development of coal conver- 
sion technologies optimized n o t  only economically, b u t  a lso for  maximum 
protection t o  man and his environment. The document i s  divided into 
three sect ions,  the f i r s t  of which contains a detailed description o f  
various components of the fuel cycle. I t  includes descriptions of the 
various a1 te rna t i  ve processes of b o t h  gasi f i  cati  on and 1 i quefacti on 
(Section I . 1 ) ,  a discussion of e f f luent  materials (Section 1.2) ( b o t  
what i s  currently known and potential biomedical and environmental 
problems), problems associated with waste mandgement (Section 1 .3) ,  
and i nformati on regarding t ransportat ion,  s torage,  and f i  nal use of 
products (Section I .4) .  

Section I 1  i s  subdivided in to  two par t s .  The f i r s t  includes a brief 
overview of research necessary in each King-Mui r category ( sc i en t i f i  c 
discipl ine)  t o  evaluate any technology. The second p a r t  o f  Section 11 
includes the research problem areas (Problem Definitions) and spec i f ic  
research plans (Program Units) necessary t o  support a developing coal 
conversion technology. These i ncl ude mi les tones and suggested funding 
levels f o r  1977-1981. 

There are three parts t o  Section 111. The f i r s t  i s  a matrix d is -  
play by King-Mui r categories and selected demonstration and/or  commerci a l  
plant s i t e s .  
which must be conducted a t  the specif ic  plant s i t e .  
Section I11 begins with a matrix display o f  King-Muir categories and fuel 
cycle components. 

Included in th i s  i s  a brief discussion of t h a t  research 
The second pa r t  o f  

This includes a discussion of research applicable t 
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the d i f fe ren t  conversion al ternat ives  b u t  able t o  be conducted a t  research 
f a c i l i t i e s  removed from spec i f ic  plant s i t e s .  In both o f  the matrix d is -  
plays pr ior i ty  rankings for  each of the categories ( sever i ty ,  extent ,  i n -  
formation, and urgency) have been included a t  each matrix in t e r sec t .  The 
f ina l  par t  of Section I11 includes summary budgetary sheets by Program 
Units fo r  the f i r s t  f ive  years of the Program. 

One appendix i s  included, which i s  composed of chemical composition 
information of process, product, and e f f luent  streams of the various con- 
version a1 te rna t i  ves . 

Coal conversion technologies are  young and quickly evolving. Infor- 
mation on biomedical and environmental implications is sparse.  The re- 
search suggested here has been kept suf f ic ien t ly  f lex ib le  t o  allow rapid 
response t o  chang ing  technological pr ior i  t i e s .  



I .  FUEL CYCLE COMPONENTS 

1.1 COAL CONVERSION PROCESSES 

I .  1 .1  Introduction 

Conversior; of coal i n to  clean fuels and in to  chemical feedstocks i s  
I n  a desirable use f o r  the enormous coal reserves i n  the United S ta tes .  

terms of energy, these reserves are estimated t o  be 80 x 1017 B t u ,  com- 
pared t o  domestic o i l  reserves a t  2 x 1017 B t u . '  
i s  laden with su l fur  and ash, both of which are undesirable in fuel com- 
bustion and i n  chemical processing, because coal conversion products 
must be clean. 

Unfortunately, coal 

Coal pyrolysis (destructive heating) has long been used t o  produce 
coke, coal tar ,  and fuel gases. Rudimentary coal gasif icat ion was de- 
veloped i n  the l a t e  nineteenth century, and Siemans conceived of under- 
ground or in-s i tu  gasification as early as 1868. 
manufactured gas had peaked as the primary source fo r  the eastern U.S. 
residential  gas marketY2 Lenin had inspired large-scale in-s i tu  gasi-  
f icat ion projects in R u s ~ i a , ~  and the Bergius hydrogasification proc- 
esses and the Fischer-Tropsch hydrocarbon synthesis were meeting major 
fractions of German needs for  hydrocarbon l iquids .  Nevertheless these 
processes were ine f f i c i en t  and/or  expensive, so commercial coal conver- 
sion in the United States was pre-empte by b o u n ~ ~ ~ u l  supplies of cheap 
o i l  and natural gas. 
gether with an increased need t o  use coal. reserves i n  an environmentally 
safe  manner have prompted renewed i n t e r e s t  in coal conversi on. 

By the 1940's, 

Diminishing domestic o i l  and gas reservesg to -  

For purposes of technology review, coal conversion processes will be 
broken in to  f ive  categories : 

( I )  Surface gasification 
( 2 )  In-situ gasification 
( 3 )  Liquefaction - carboninat ion/hydrocarboniza%ion 
(4 )  Liquefaction - solvation 
( 5 )  Liquefaction - ca ta ly t i c  hydrogenation 

One example process under each category will  be discussed SO as t o  pre- 
sent  charac te r i s t ics  of the coal conversion type. 

I .  1 e 2 Characteri zati  on of Coal Conversi on 

Coal differences are  rooted in the physical processes by which the 
coal was created. As prehis tor ic  plants died,  accumulated, and were 
gradually buried, subterranean heat and compression combined t o  drive 
off vo la t i l e  fragments from the basically carbon molecular skeletons.  
The varying degree of t h i s  devolat i l izat ion ~ r o d ~ c e ~  variations from 
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(, - i anthracite ( the  lowest in vola t i le  content) t h r o u g h  bituminous and s u b -  

bituminous coal, l i gn i t e ,  and peat. Accordingly, these are  broad clas-  
s i f ica t ions  which represent approximations of the differences in coals.  

Theories of coal s t ructure  produce models such as t h a t  in Fig. I . l -1.  
This diagram shows high-volatile bituminous coal (an intermediate clas- 
s i f i ca t ion )  as being composed of aromatic c lus te rs ,  linked in to  huge 
molecules by carbon bridges and by hetero-atom groups l i ke  OH, C O Y  COOH, 
N H 2 ,  C N ,  S ,  and SH. 
f ree  or maf bas i s ) ,  organic matter normally can be 70-90% carbon, 2-6% 
hydrogen, 1-2% nitrogen, 0.5-6% su l fur ,  and 2-20% oxygen (by w e i g h t ) .  
Moisture content of  f reshly mined coal will depend on ground water, b u t  
changes due t o  transport  from mine-mouth t o  consumption s i t e ,  open storage,  
and pretreatment vary widely. Inorganic matter i s  measured as ash, nor- 
mally ranging from 3-30%. Ash i s  primarily oxides of s i l i con ,  aluminum, 
iron, and calcium, b u t  a lso has important amounts of FeS2, FeS04, CaS04, 
and t race elements. 

Ignoring water and ash content ( a  moisture- and ash- 

The essent ia l  nature of many coal conversion processes i s  produc- 
t ion of hydrocarbons, which are enriched in hydrogen as compared t o  the 
original coal. 
hydrocarbon fuels  (Fig.  1.1-2) shows the hydrogen deficiency o f  coal re la-  
t i ve  t o  l iquid or gaseous hydrocarbons. 
lower H / C  r a t i o  than bituminous coal , while subbituminous coal and l i g n i t e  

the vola t i le ,  hydrogen-rich organic content t h r o u g h  pyrolysis , leaving a 
high-carbon char or coke; by adding extra hydrogen t o  the carbon con- 
tained in the coal; o r  by producing CO and H2 from the coal and catalyt-  
i ca l ly  reacting the molecules t o  form C H 4  and/or higher hydrocarbons. 
important variation from t h i s  generalization of conversion as hydrogen 
enrichment i s  d i rec t  combustion o f  CO and H 2  from gasif icat ion.  

Comparison of the atomic r a t i o  of hydrogen t o  carbon for 

Anthracite would have even a 

would be approximately the same. Enrichment can be performed by removing 
/ \  

\ 

An 

Coal conversion routes are  summarized by Fig. 1.1-3. As shown in 
the t o p  two l ines ,  coal gasification can produce e i t h e r  a range of low- 
t o  high-heating value fuels o r  synthesis gas (H2  + C O )  fo r  chemical manu- 
facture ,  depending on the number of steps (and expense) t ha t  are applied. 
High-temperature, low-Btu gas may be the key t o  increasing coal -generated 
e l e c t r i c i t y  production from i t s  present 35-40% efficiency up t o  60% ef-  
f i ~ i e n c y . ~  I t  i s  low in heating value because of dilution by nitrogen 
from a i r ,  b u t  contains much sensible heat from the high temperatures of 
gasif icat ion.  In contrast ,  by gasifying w i t h  oxygen, di lut ion by nitrogen 
i s  prevented, leaving a medium-Btu gas consisting primarily of C O Y  H2, 

and some C H 4 .  This mixture i s  sui table  e i t h e r  for producing pipeline- 
quali ty gas by methanation (reaction of CO and H2 t o  form C H 4 )  or fo r  
processes such as Fischer-Tropsch hydrocarbon synthesis,  methanol produc- 
t ion ,  and ammonia synthesis. 

The bottom three l ines  represent the three basic coal l iquefaction 
routes. 
i n e r t  atmosphere, or i t  may be carr ied under moderately high hydrogen 

Pyrolysis or carbonization may be carried o u t  under a re la t ive ly  

par t i  a1 pressure (hydrocarboni za t i  o n ) .  Di ssol uti on i s  general ly under c\ 
\ )  
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\ /  moderate hydrogen pressure; depending on the degree of hydrogenation, 
the product can be qui te  l iquid or v i r tua l ly  so l id  a t  room temperatures. 
Final ly , hydrogenation under h i g h  hydrogen pressure can take place i n  
the presence of a ca ta lys t ,  and the extent of hydrogen addition can be 
controlled t o  produce l iquids ranging from heavy boi le r  fuels  t o  syn- 
t h e t i c  crude oi 1 s (syncrudes) . 

Within process types , important differences i n  product composition 
can resu l t  from changes in process variables.  
peratures and,  frequently, high pressures are  necessary t o  convert coal 
t o  clean fue ls .  
a b o u t  400-700°C, and gasif icat ion temperatures vary between 600-1500°C. 
Because of thermodynamic equi l ibr ia  and kinet ic  considerations, h i g h  
pressures are necessary for  hydrogenation. 
t o  increase reaction r a t e s .  Other important process variables are coal 
type as discussed above , coal par t i  c le  residence time , part i  a1 pressures 
of reactants and products ( parti  cul a r ly  H2) , and recycle sol vent composi - 
t ion f o r  certain processes. 

Generalizing, high tem- 

Temperatures ranges for  l iquefaction processes are 

Catalysis may be required 

I t  must be assumed t h a t  coal conversion will  be called upon t o  pro- 
vide clean energy forms for  the United S ta tes .  The magnitude of future  
commercial production by coal conversion can only be subject t o  reason- 
able guesses; however, i t  wi l l  probably be dependent on crude petroleum 
avai labi 1 i t y  and economics , coal conversion process development , govern- 

a somewhat f a s t e r  development than the Project Independence "business \ 

as usual" case and using estimates from the Department of Commerce Ad- 
visory Board, by 1985 a production r a t e  of 1 .4  b i l l i on  cubic f ee t  per 
day of gas (natural gas equivalent) and 100,000 barrels  per day of l iquid 
hydrocarbons (crude o i l  equivalent) i s  estimated. Projections f o r  the 
year 2000 are  8 b i l l i on  cubic f ee t  per day of gas and 1,000,000 barrels 
per day of l iqu ids .  

mental economic supports , and environmental factors .  However, assuming / - -  

1.1.3 Discussion o f  Specific Processes 

Current s ta tus  of important coal gasif icat ion processes i s  displayed 
in Table 1.1-1, and the s ta tus  of coal l iquefaction development i s  shown 
in Table 1.1-2. These l i s t i n g s  are  r e s t r i c t ed  t o  processes which are in 
p i l o t ,  demonstration, or  commercial plant development fo r  the United 
S ta tes .  Possible time of commercialization with respect t o  1985 i s  a lso 
noted. No dis t inc t ion  i s  made between processes l ikely or unlikely t o  be 
commercialized a t  a l l  beyond 1985. Many other conversion processes have 
been used abroad or proposed f o r  domestic development, b u t  they are  
e i t h e r  unsatisfactory or  unproven. Other sources discuss the many d i f -  
fe ren t  process schemes more extensively.2 y 4  

For detai led discussion of coal conversion, i t  i s  best  t o  describe 
the best-developed and most-favored processes, chosen as examples o f  



Table 1.1-1. Technological s t a t u s  of coal g a s i f i c a t i o n  processes 

Current 
Product gas Reactor Number of Pressure/ temperature  capac i ty  Possible  

Process (developer) Btu content  bed type s tages  (a tm/ C 1 ( t / d )  c o m e r c i a l  i z a t i o n  

Commercial 
Koppers-Totzek (Koppers GmbH) 
Lurgi (Lurgi Mineraloltechnik GmbH) 
We1 lman-Gal usha (McOowell-Wellman) 
Winkler (Oavy Powergas) 

Demonstration 
Lurgi - using agglomerating coa ls  

P i l o t  Plant  
BI-GAS (Bituminous Coal Research) 
Cogas (FMC) 
C02 Acceptor (Consolidated Coal) 
HYGAS ( I n s t i t u t e  of Gas Technology) 
SYNTHANE ( P i t t s b u r g h  Energy Res. Ctr. ) 
Union Carb ide /Bat te l le  
S t i r r e d  fixed-bed producer 
(Morgantown Energy Res. Ctr. ) 
Combustion Engineering/ 
Consolidated Edison 
Westi nghouse 
P i t t sburg  & Midway Coal Mining 
U-Gas ( I n s t i t u t e  o f  Gas Technology) 
Laramie Energy Research Center 

Medi urn 
Med i urn 
Med i urn 
Medium or  
1 ow 

Low 

Medi um 
Medi urn 
Medi urn 
Medi urn 
Medi urn 
Medium 

Low 

Low 
Low 
Low 
Low 
Low 

Entraine6 
Moving 
Moving 
F1 ui di zed 

Moving ( s t i r r e d )  

Entrained 
F1 ui di zed 
Fluidized 
Fluidized 
Fluidized 
Fluidized 

Moving 

Entrained 
F1 uidized 
Entrained 
Fluidized 
Underground 
( i n  s i tu )  

1 
1 
1 
1 

1 

2 
1 
2 
2 
1 
1 

1 

1 
2 
2 
1 

1 

1/950-2150 850 Avai 1 ab1 e now 
20-30/600-750 1000 Avai lable  now 
1 /600 100 Avai lable  now 
1-3/800-1000 1500 Avai lable  now 

20/ 500 2000 By 1985 

70-1 00/900-1500 120 By 1985 
2-4/900 53 (char )  Near 1985 
10-20/900 40 Near 1985 
70-1 00/700-1000 80 By 1985 
40-70/900 75 By 1985 
7/1000 25 ( U . C . )  Near 1985 

20/550 20 Near 1985 

1-1 0/1150+ 1 20 After  1985 
10-1 6/900-1000 and 11 50 14 Near 1985 
4-35/1150+ 30 Near 1985 
20/1050 30 After  1985 

1 O / ?  13-46 Near 1985 



Table 1.1-2. Technological s t a t u s  o f  coal l iquefac t ion  processes 

Pressure/temperature Possible  
Type of hydrogenation (a t m /  “C ) Current capaci ty  commercialization Process (developer) - 

Demonstration (none operat ing)  
Coalcon (Union Carbide, B e l l e v i l l e ,  I11 . )  

H-Coal (Hydrocarbon Research, I nc. Cat1 et tsburg , 
KY. 1 

P i l o t  Plant 
COED (FMC Corp., Princeton, N.J.) 
Consol or Pro jec t  Gasoline 

(Consolidated Coal, Cresap, W .  Va.) 

Exxon (Baytown, Texas) 
H-Coal (Hydrocarbon Research, Inc. ,  Trenton, 

Solvent Refined Coal or SRC (P i t t sburg  & Midway 

SYNTHOIL (Pi t t sburgh  Energy Research Center) 

N.J.) 

Coal Mining Co.) 

Hydrocarboni zat ion 

Ca t a  1 y t  i c 

Carbonization 
Solvation & Cata ly t ic  

Catalyt ic  
Ca ta l  y t i  c 

Sol vation 

Cata ly t ic  

App. 70/500 (est imated)  (Contract l e t  in  ear ly  1975; 
operat ion expected in  1979 
a t  2600 t / d )  
(Contract l e t  in  l a t e  1974; 
operation expected i n  1977 
a t  600 t / d )  

200/450 

2/ 31 5,4 55,540,870 
25/400 (sol vat ion)  
240/400-450 ( c a t a l y t i c )  

? ( l i k e  H-Coal , SYNTHOIL) 1 t /d  

36 t /d  
20 t / d  so lva t ion  and 
13 t / d  c a t a l y t i c  s h u t  down 
i n  1970 

200/450 3-8 t / d  

70-1 50/450 

150-300/450 

6 t / d  (Alabama) and 50 t / d  
(Washington) 
0.5 t / d  

Near 1985 

Near 1985 

After 1985 
After 1985 

After  1985 
Near 1985 

(see  above) 
After 1985 

After 1985 
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general categories. 
below: 

Process types and spec i f ic  processes are 1 i s  ted 

Surface gasification - Lurgi  
In-situ gasification - General description 
Carbonizationlhydrocarbonization - Coal con ( C O E D )  
Solvation - Solvent Refined Coal 
Catalytic liquefaction - H-Coal 

Detai Is a b o u t  Coalcon , the leading candidate in carbonization/hydrocar- 
bonization, are v i r tua l ly  unavailable, while COED,  a s imilar  and well- 
developed process near the demonstration s tage,  i s  well -documented; 
therefore,  COED will be discussed instead of Coalcon. No U.S. process 
for underground gasification i s  currently s la ted  fo r  a demonstration 
plant,  so discussion will be general , describing the current develop- 
ment e f f o r t s .  

The above categories a lso neglect Fischer-Tropsch synthesis.  
i s  n o t  included because, as with ammonia and methanol synthesis,  i t  can 
operate on any stream of CO and  H 2 .  
mittedly linked more logical ly  t o  coal; while steam reforming o f  methane 
t o  CO and H2 i s  practical  fo r  producing ammonia or methanol, shortages 
of natural gas make i t s  conversion t o  higher hydrocarbons unlikely. As 
Fig. I .  1-4 shows , the Fischer-Tropsch product composition i s  dependent 
on temperature, pressure , and ca ta lys t  rather than on feedstock. Eco- 
nomics do  not  favor American use o f  the process, although a Fischer- 
Tropsch plant has operated successfully in S o u t h  Africa since the mid- 
1 9 5 0 ‘ ~ . ~  
for  operation on coal feedstock within the next decade. 

I t  

Fischer-Tropsch synthesis i s  ad- 

I n  contrast ,  ammonia and methanol synthesis may well be b u i l t  

1.1.3.1 Surface Gasification - the Lurgi Process 

Lurgi gasification i s  in many ways typical of most surface gas i f i -  
cation processes. As the oldest  o f  the processes expected t o  produce 
gas i n  the United S ta tes ,  i t  a lso exhibits drawbacks which other proc- 
esses attempt t o  eliminate. 

For understanding of gasif icat ion in general , Lurgi gasif icat ion 
chemistry i s  informative. 
seven qua l i ta t ive ly  describe the process: 

Among the complex reactions in the gas i f i e r ,  

Pyrolysis 1 .  Coal + heat -+ C + vola t i le  hydrocarbons 
2 .  C + H20 + heat CO + H P  
3. CO -+ H20 2 C02 -+ H2 + heat 

Hydrogasi f i ca t  i on 

Hydrogenation 

Combus t i  on 

+- 
4. C + 2H2 -+ CH4 -+ heat 
5. CO + 3H2 CH4 + H20 f heat 
6. C -+ O2 C02 + heat 
7. C + 1 / 2  02 CO + heat 
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Reactions 2 and 6 are most important  in understanding gasif icat ion 
i t s e l f .  
generated in te rna l ly .  
process and most others (reactions 6 and 7 ) ,  a lso producing CO which can 
be sh i f ted  with steam (reaction 3)  t o  H Z  before methanation. Purified 
oxygen i s  used as the oxidizing agent when pipeline gas i s  produced. 
production of a h i g h - B t u  gas, hydrogenation (reaction 4)  t o  produce 
methane i s  necessary, b u t  insuf f ic ien t  hydrogasification occurs in the 
gas i f ie r .  
and 3 are formed and then methanated using reaction 5 in a separate 
ca t a ly t i c  process following the gas i f i e r .  

El Paso Natural Gas Company planned t o  bui I d  the f i  r s t  modern, com- 
mercial-scale pipeline gas plant in the Four  Corners area of New Mexico. 
Their plans have been delayed,6 b u t ,  although EPNG may n o t  have the 
f i r s t  p lan t ,  i t s  design i s  typical of Lurgi development. A detailed 
Lurgi flowsheet based on t h e i r  plans i s  presented in F i g .  1.1-5, and 
some intermediate flow rates and compositions are shown in Table 1.1-3. 
High-Btu gas a t  288 million cubic f ee t  per day will be produced a t  a 
cost competitive with imported natural gas. Actually , both steam- 
oxygen gas i f ie rs  f o r  product gas and steam-air gas i f ie rs  f o r  plant 
u t i l i t y  generation will be used (see points 1 and 2 on Fig. 1.1-5). 
Tars produced during gasification wi 11 be washed o u t  a f t e r  gasif icat ion,  
followed by a s h i f t  reactor (gasif icat ion reaction 3 ) ,  H2S and C 0 2  re- 
moval, and  f i na l ly  methanation. 
ducti on. 

Because reaction 2 i s  so important ye t  endothermic, heat must be 
Part ia l  combustion furnishes th i s  heat in the Lurgi 

For 

Instead, CO from reactions 2 and  7 and  H 2  from reactions 2 

Heavy l ines  mark the main flow of pro- 

Reactor design de ta i l s  are  not  included in the flowsheet. Coal i s  
dropped in to  the t o p  of the Lurgi gas i f i e r  from lock-hoppers. A t  the 
reactor bottom, steam and oxygen are introduced th rough  a slowly rotat ing 
grate ,  th rough  which ash can f a l l  i n t o  an ash receiver.  Pyrolysis takes 
place a t  the t o p ,  thus preserving the high-Btu pyrolysis products, while 
gasif icat ion takes place lower in the moving bed. 

Important  advantages of the Lurgi  method of operation are gas i f i -  
cation a t  pressure (20 atm) and conservation of gas sensible heat. 
Pressurized operation i s  valuable b o t h  because gas volumes flowing 
t h r o u g h  the process units are  minimized and because pressure i s  neces- 
sary t o  thermodynamical ly dri  ve methanation reacti  ons . Heating of 
fresh coal a t  the bed t o p  by the r i s ing  gasif icat ion products e f f i -  
c ient ly  uses the heat produced during gasif icat ion.  This e f fec t  con- 
t r ibu tes  t o  improving overall thermal eff ic iency,  estimated a t  72% fo r  
the EPNG plant i f  by-product heating values are included. 

Restrictions t o  s ized,  noncaking coals and t o  re la t ive ly  low feed- 
ra tes  of coal are the primary disadvantages of the Lurgi route. Fines 
produced by grinding the coal cannot be used in the gas i f i e r  and must 
be disposed o f  elsewhere. Development o f  a Lurgi process t o  handle cak- 
i n g  coals i s  we1 1 advanced; a s t i  r r e r  i s  used t o  break up caked masses 
formed in  the bed. An additional disadvantage i s  t ha t  a s ingle  Lurgi 
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Table 1.1-3. Stream compositions for Lurgi gasif icat ion flowsheet. [Source: Booz-Allen - -  
Appl ied Research, "Emi  ssi ons from Processes Produci n q  Ciean Fuels , I' Report 
prepared f o r  U.S. Envi ronmental Protection Agency Office o f  Air Qual i ty  
Planning and Standards under Contract Number 68-02-1358, March 1974.1 
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Table 1.1-4. Commercial development of g a s i f i c a t i o n  i n  the Uni ted States* [Coal Age 80, No. 3, 94 (1975).] 

Gas Control 1 i ng company( s )  S i t e  p l  ants ( t / d )  ( m i l l i o n  f t /day) S t a r t  o f  operation 
Number o f  Coal feed 

288 Postponed beyond 
1977-1 978 

28,250 E l  Paso Natural  Gas Company 

Texas Eastern Transmission Corp. 
and P a c i f i c  L igh tn ing  Corp. (WESCO) 

Panhandle Eastern Pipe1 i n e  Co. 

Natural Gas P i p e l i n e  Co. o f  h e r i c a  

American Natural  Gas Co. 

Northern Natural  Gas. Co., 
C i t i e s  Service Gas Co. 

Four Corners area, 1 
New Mexico 

Four Corners area, 4 
New Mexico 

Eastern Wyoming 1 

Dunn County, 4 
North Dakota 

B i  smark, 4 
North Dakota 

Powder River Basin, 4 
Montana 

02 , 500 000 1 s t  p l a n t  1978 

25,000 

08 , 500 

-I 

270 1978-1 980 m 

000 1 s t  p l a n t  1982 

- 1000 1982 

- 1000 1 s t  p l a n t  1979-1980 

*Note: Each p r o j e c t  w i l l  use Lurgi  gas i f i ca t ion .  
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and financial  costs could be eliminated. 
serves as found i n  the Western United States might be recovered f a r  more 
completely than by deep mining. 

Furthermore, deep, thick re- 

Although f i r s t  suggested i n  1868, development began in the Twentieth 
century. Russian development was most extensive, operating on a large 
scale  beginning in  1932. An example of Russian production is the year 
1956, i n  which 116 b i l l ion  f t 3  of  gas a t  85 B t u / f t 3  were produced.2 By 
comparison, t h i s  i s  about the same volumetric production rate  as the 
planned E l  Paso Natural Gas f a c i l i t y ,  b u t  a t  less than 10% of the B t u  
content. Experimentation was carried o u t  i n  a t  l e a s t  e ight  countries 
between 1945 and 1960, including the United S ta tes ,  b u t  control problems 
and economics precluded further development. 

New technology, hei ghtened envi ronmental consci ousness , and increased 
ERDA now sponsors three energy needs have spurred fur ther  development. 

research and development approaches t o  underground gasi f i  cation : 

(1 ) 

( 2 )  

(3 )  

Linked vertical  -we1 1 process - Larami e Energy Research 
Center ( L E R C )  
Underground packed-bed reactor process - Lawrence Liver- 
more Laboratory ( L L L )  
Longwall generator process - Morgantown Energy Research 
Center (MERC) 

Potentially these might generate e i the r  a medium-Btu gas u s i n g  oxygen 
or a low-Btu gas by u s i n g  a i r .  
methanated as necessary, much l ike  a surface gasification process ex- 
cept w i t h  no coal mining and with a d i f fe ren t  type of  gas i f ie r .  

Process streams would e cleaned and 

Coal seam preparation most d i s t i nc t ly  characteri zes the i n-si t u  
processes. In the L E R C  process, par t ia l  combustion u s i n g  high-pressure 
a i r  or oxygen drives a flame-front t h r o u g h  the coal seam from one gas 
well t o  another. After this linkage t o  construct the "reactor," a i r  
(o r  oxygen) and steam are  fed t o  a countercurrently moving gasification 
front .  The L L L  process would l ink the top and bottom of a 50-200-ft- 
thick coal seam by explosively fracturing the seam. Oxygen and steam 
would feed a cocurrently moving gasificatiov/pyrolysis zone. 
MERC process, para1 1 e l  boreholes woul d be dri 1 led d i  rect i  onal ly a1 ong 
a coal seam. After further pretreatment, oxygen and steam would be 
fed i n t o  every other hole, driving gasifi  cation/pyrolysis zones along 
the en t i r e  hole lengths toward the product gas holes. 

In the 

The principal advantages o f  underground gasification are elimina- 
t ion o f  coal m i n i n g  problems and improved resource recovery. Manpower 
requirements would be completely on the surface,  and problems o f  coal 
transportation and storage would n o t  occur. 
tha t  deep, thick seams n o t  mineable by s t r ipping or underground mining 
may be recovered. 

The second advantage i s  

Disadvantages are environmental and technical. Only ash wi 11 be 
l e f t  i n  the seam, so tha t  subsidence of the ground surface and leaching 
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round water are  potential problems. Control o f  the gasif icat ion 
f x t n t  and leakage o f  gaseous product i n t o  sur rounding  rock s t r a t a  have 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ y  been major technical problems , b u t  be t t e r  instrumentation 
and wise choice of s i t e s  may overcome these d i f f i c u l t i e s .  Finally,  the 
gasifying medium must n o t  bypass the reaction zone, o r  product gases 
w i  11 contain oxygen 

Field experiments are underway on the LERC process, so tha t  com- 
mercialization i s  possible by 1983. The LLL and MERC processes are 
preparing for f i e l d  experiments now, so t h a t  successful development 

S U I %  i n  commercial production by the l a t e  1980's. 

I .  1 . 3 . 3  Calpboni za t i  on/hydrocarbonizati on - COED (Coal con) 

Carbonization or pyrolysis was the original method o f  producing 
liquSd hydrocarbons from coal. However, yields  o f  l iquid product from 
pyrolysis are 1 imi ted by the atomi c hydrogen/carbon r a t i o  (Fig. I .  1-2) 
and by the corresponding vola t i le  content. In order t o  convert so- 
called fixed carbon or refractory carbon, hydrogen pressure must be 
maintained d u r i n g  the pyrolysis - a hydrocarbonization process. 

~ e n e ~ a ~  Tire & R bber Company, wi 11 construct a demonstration hydrocar- 
~ ~ ~ l ~ ~ n   any, a j o i n t  venture of Union Carbide Corporation and 

plant under contract with the ERDA Office o f  Coal Research. 
tons o f  coal per day, 39910 barrelslday o f  clean boi le r  fuel 

l ion cubic feet/day of pipeline qual i ty  gas wil l  be producede8 
Having been privately developed, t h i s  process i s  n o t  y e t  well-documented. 
The COED process, a multi-stage pyrolysis, has been under development a t  
Princeton, N.J. 
Research. 5 e ~ ~ u ~ e  COED i s  the next most promising process 
s imi la r i ty  t o  the Coalcon processl the  COED process wil l  b 

since 1962 by FMC Corporatio for  the  Office of Coal 

A typical COED process ( F i g .  1.1-6) pyrolyses coal i n  a series of 
beds beginning with a low-temperature pyrolysis (315°C) 

s i n g  i t  on t o  a 455" bed, then t o  a 540" bed, and f ina l ly  into an 870" 
bed .  
t ~ m ~ ~ r ~ t u ~ e ;  more o r  fewer stages may be used, depending on agglomeratin 
tendencies of the par t icular  coal. Heat f o r  the process is  
by par t ia l  combustion o f  char i n  the f ina l  stage.  Only s l i  
( 5  p s i g )  i s  applied. 

pas- 

A g g l o ~ e r a t i o ~  o f  coal ash i s  prevented by th i s  staged increase i n  

E D  pyrolysis products are  a re la t ive ly  heavy o i l ,  a mdium-Btu 
gatis and a pa r t i a l ly  burned char. 
~~~~~ o i  1 

l o  convert the  o i l  t o  a synthet ic  
hydro~rea~me t is  required. Hydrogen f o r  the hydrotreating 

y steam reforming o f  the product gas (as shown 
asif icat ion of the product char. 
cessary in any case, as will  treatment of waste- 

Cleaning of the 

~ ~ ~ ~ i ~ ~ t i o n  o f  char fo r  gas i f ica t i  combustion i s  important t a  -\ 
\ I  o f  the COED process. Any liquefaction process must p r ~ ~ u c e  k- 
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so l ids ,  l iquids ,  and gases, b u t  pyrolysis would leave more carbon in i t s  \-,/I 

so l id  product than would other routes.  
would l ike ly  be h i g h  in su l fur  content. 
so l id  carbon t o  1 iquid products i s  further reason for hydrocarbonization. 
Desirabil i ty of t h i s  end i s  ref lected i n  plans being made fo r  a Coalcon 
demonstration plant,  while plans were being scrapped f o r  a COED demon- 
s t ra t ion  plant  because of economics . '' 
development, b u t  only COED and Coalcon are ready fo r  demonstration plant 
construction. 

In addition, pyrolysis char 
Increased conversion of the 

Other processes are  under 

1.1.3.4 Solvation - Solvent Refined Coal 

Coal i s  an organic rock containing inorganic minerals as impurit ies,  
so a logical method f o r  separating organic and inorganic consti tuents i s  
dissolution by organic sol vents. 
t h i s  concept i s  Solvent Refined Coal or  SRC. Pit tsburg & Midway Coal 
Mining Co. has s t a r t ed  up  a 50-ton/day p i l o t  plant a t  Fo r t  Lewis, Wash- 
i n g t o n  y w h i  l e  Southern Services, Inc. and the Electr ic  Power Research 
I n s t i t u t e  are operating a 6-tonlday SRC system a t  Wilsonville, Alabama. 
Differences in  the two flowsheets are  principally due t o  differences in 
t h e i r  scales  of operation. 

The best  developed process employing 

Figure I .1-7 shows a general flowsheet fo r  a SRC plant using about 
11,000 tons/day of coal. Some flows and compositions are  included i n  
Tables 1.1-5 t h r o u g h  1.1-7. 
derived solvent are f i r s t  mixed as a s lur ry .  Hydrogen is  added next, 
and the mixture passes through a preheater and in to  a dissolver.  A t  
70-150 atm and 440-455"C, mild pyrolysis and hydrogenation take place 
together w i t h  t rue  solvation. Typically 5-10% o f  the coal will  remain 
undissolved as f ine  par t ic les ,  either o f  ash or  o f  heavy organics such 
as asphal tenes . 

/ \  

In the process, crushed coal and a process- 

Following dissolution, unreacted hydrogen and product gases are  sep- 

Solids are presently f i l t e r e d  o u t  using 

arated from the s lur ry  and desulfurized. 
and mixed with fresh hydrogen f o r  the hydrogenation, and the remainder 
i s  used t o  fuel plant u t i l i t i e s .  
precoat f i l t e r s .  
and separated from each other. 
(melting point 150-200°C) i s  so l id i f i ed ,  producing a clean boi le r  fue l .  
Hydrotreatment of the heavy l iquids  i s  also possible. ' '  

problems in  the SRC process. 
ranges) must be separated from very viscous l iquids .  Apparently tempera- 
tures of 290 t o  370°C will  be necessary t o  lower l iquid viscosity f o r  
f i l t r a t i o n  a t  7-14 atm.l' This problem i s  not unique t o  SRC, b u t  i t s  
solution i s  central  t o  the SRC concept of de-ashing. Furthermore, the 
m i  I d  degree of hydrogenation produces an especi a1 ly  heavy 1 i q u i  d product. 
In the flowsheet o f  F i g .  1.1-7, nearly 50 million f t3/day of hydrogen 
are  produced from steam reforming of natural gas f o r  consumption by the 

Part  of the gas i s  recycled 

Light o i l s ,  phenols, and cresyl ic  acid are  flashed off  
Finally,  the remaining l iquid product 

Sol i d-1 iqui d separations and hydrogen consumpti on are  the principal 
Very small par t ic les  (micron and submicron 

/-\ 

' 1  
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Table 1.1-5. Composition o f  gaseous streams from 
Research, "=sf;l' ons f r o m  Processes 
U.S . Environmental Protection Agency O f f i  
under Contract Nurnber 68-02-1 358 March 9 

36.73 
2.30 
4.38 
-- 
-- 

43.88 
9.50 
2.85 
0.36 
-- 
-- 

22.24 
1.49 
3.15 
-- 
-- 

27.54 
6.63 
2.40 
0.42 

36.13 - 

36.73 
2.30 
4.38 
-- 
-- 

43.88 
9.50 
2.85 
0.34 
-I 

- I  

____ 
100.00 

3.22 
9.12 

8,499 
i 3,072) 
2,617 
1387 
I__ 

- 
-- 

~ 

- 
I__- 

36.73 1485 
2.JO 2.83 
4.38 11.71 
-- 
-- 

43.88 40.84 
9.50 19.15 
2.85 9.12 
0.36 1.50 
-- - -  
I- _- 

_- ____I 

i00.00 100.00 

1.23 130.95 
1.14 2.42 

19.17 0.75 
-- 

-- 
9.12 42.71 

23.07 12.02 
35.22 4 1 8  
1T.CS 0.77 
_I I-" 

33.92 -- 
IOppmV 27.55 
appmv 72.45 -- -- 
-- -- 
46.8 I 
13.18 
5.24 
0.85 

9.10 -I 

2.14 16.55 
16.98 3.55 
-- d . 1 6  -- 7 9 m  F.14 

33.01 -- 
21.02 
13.71 
4.04 -__. 

-- 

--- 
ioo.00 100.00 100.00 

i .33 
3.77 

3,500 
(441) 

1,101 
499 
- 
- 
- 

100.00 

5.34 
15.12 

14,094 
(1,777) 

25,138 
1 1,403 

1.89 0.62 
5.35 1.76 

4,999 1,644 
1630) 1207) 

1,516 1,261 
678 572 
-- -- 
I _ _ _ _ I  

-- -- 

2.33 0.22 
6.60 5.62 
6,535 589 
(7743 174) 

3,155 - 
r>567 -- 
-_I ___ 
__I- - 
_ _ _ -  
I _ _ -  

- -  
1_- I_ 

108,558 
49,242 

3,000 
f,36 i 

- -  
-I 

Jonly the water vapor content or' ibis stream can be estlrnared frs .ri he source dam. 

\ 

\ 



Table I . l -6 .  Composition of l iquid streams from SRC flowsheet. [Source: Booz-Allen Applied 
Research, "Emissions from Processes Producing Clean Fuels," R e p ~ r t  pcepared for 
U.S. Environmental Protection Agency Office of Air Quality Planning and Standards 
under Contract Number 68-02-1 358, M 

18.20 
2.60 

11.02 
41.34 
16.44 
8.37 
2.03 

8.80 
2.11 

17.24 
32.44 
21.09 
14.04 
4.28 

!00.00 

1,275 
(161) 

3 1,295 
14,195 
- 
- 
- 
- 

100.00 

318 
(40) 

24,462 
11,096 
- 
- 

106,979 

0.8 I 
1.04 0.67 

24.93 14.02 
15.90 4.98 
23.23 16.33 
23.70 40.23 
11.20 22.96 ~- 

100.00 300.00 

I 1  123 
(1) (15) 

4,572 47,983 
2,074 21,765 

- -  
59,962 54,797 

0.75 
0.70 

14.89 
5.85 

16.88 
38.91 
22.02 

100.00 

134 
(17) 

52,555 __ 
23,839 - 

2.59 
2.87 

14.33 
30.26 
25.42 
18.93 
5.60 - 

IM).OO 

503 
(63) 

_- __  22,521 
- - 10,216 

8.37 
0.73 
7.16 

44.70 
39.24 

100.00 

52 
(6) 

- 51877 
- 23,531 

3,000 .- 
1,361 - 

~ 

- -  

21.33 
2.76 
8.94 

44.30 
14.89 
6,49 
1.29 

27,199 24,856 52,055 52,055 42,650 94,704 - - - 3.529 - - 
114,759 114,759 94,025 208,784 - - - 7,780 - - 



24 

Table 1.1-7. Composition of so l ids  streams from SRC flowsheet. [Source: 
Booz-A1 len Applied Research, "Emissions from Processes 
Producing Clean Fuel s ," Report prepared fo r  U.S. E n v i  ron- 
mental Protection Agency Office o f  Air Quality Planning 
and Standards under Contract Number 68-02-1 358, March 1974.1 

Stream 

Components, weight % 

C 

H 

N 

S 

0 

Ash 

Moisture 

Total 

Coal, lb/hr 

(kg/hr) 

Precoat, lb/hr 

(kg/hr) 

6 5 .BO 

4.36 

1 .oo 
3.14 

9.56 

6.63 

9.5 1 

100.00 

896,000 

406,426 

- -  
- -  
- -  

- -  

- -  

- -  

1 1,924 

6,624 

27 .O 1 

- -  

- -  

9.60 

- -  
63.69 

- -  

100.00 

- -  

- -  

250 

113 

90,025 

40,835 

- -  
- -  

4,191 

2,328 

3.95 

- -  
- -  

0.54 

- -  
95.5 1 

- -  

100.00 

- -  
- -  

25 0 

113 

- -  
- -  

59,750 

27,103 

- -  
- -  

El 

88.16 

5.23 

1.54 

1.17 

3.42 

0.48 

- -  
100.00 

488,376 

221,527 

- _  
- _  
-.. 

- _  
- _  

- -  

15,768 

8,760 
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process. W i t h  natural gas avai 1 abi l i  ty  dwindling, another source of 
hydrogen such as coal gasif icat ion will  have t o  be used. 

1.1.3.5 Catalyt ic  Liquefaction - H-Coal 

Catalytic l iquefaction routes are  logical extensions of solvation 
processing. Instead of  mild hydrogenation of a solvent/coal s lu r ry ,  
more severe hydrogenation is  accomplished t h r o u g h  heterogeneous ca ta l -  
ysis. H-Coal i s  the most advanced modern ca t a ly t i c  hydrogenation process. 

search, Inc. s ince 1965. In November 1974, the ERDA Office of Coal 
Research announced par t i  a1 funding of a 600-ton/day H-Coal demonstration 
plant t o  be constructed a t  Catlettsburg,  Kentucky. This plant wil l  have 
f a c i l i t i e s  t o  produce e i t h e r  a heavy fuel o i l  o r  a synthet ic  crude o i l . ’  

The H-Coal process has been under development by Hydrocarbon Re- 

Figure 1.1-8 shows the flowsheet of a conceptual lOO,OOO-barrel/day 
(29,000 tons/day of coal) H-Coal ref inery,  including some flow ra t e s .  
Upstream of the reactor ,  the process is  s imi la r  t o  SRC - coal i s  s lu r -  
r ied with process o i l  and injected in to  a reactor  with hydrogen a t  
approximately the same temperature and pressure (45OOC and up t o  200 
atm). The hear t  of  the H-Coal process is i t s  reactor ,  a three-phase 
f luidized bed or ebullated bed. In i t ,  ca t a lys t  pe l l e t s  are  f luidized 
by the  upward flow of solvent ,  gas, and f ine  coal pa r t i c l e s .  Agitation 
o f  the bed minimizes ca ta lys t  fouling, and the  coa l /ca ta lys t  s i z e  d i f -  
fe ren t ia l  permits retention of the ca t a lys t  pe l l e t s  w i t h i n  the reactor .  l 2  

Following l iquefact ion,  gases and l i g h t  l iquids  a re  separated from 
the  heavy o i l / so l id  s lu r ry  by flashing and d i s t i l l a t i o n .  After  so l id-  
l iqu id  separation i s  accomplished (presently by precoat f i l t r a t i o n ) ,  
l iquids  a re  passed on t o  fu r the r  ref ining as necessary, and so l ids  are  
pyrolyzed and f ina l  ly  burned. 

The SYNTHOIL process d i f f e r s  in i t s  reactor  design and  level of  de- 
velopment. resently 0.5 tons/day of coal are  s lu r r i ed  and fed t o  a 
f ixed bed of ca t a lys t  maintained a t  450°C and 140-280 atm. Hydrogen 
moves the s lu r ry  turbulently t h r o u g h  the reactor ,  preventing the ca t a lys t  
fouling and accomplishing 94% conversion of coal t o  o i l .  A 10-ton/day 
Synthoil p i l o t  plant i s  expected t o  s t a r t  up i n  the summer of 1976. 
Other developing processes us ing  ca ta ly t i  c 1 iquefacti  on or combi nati  on 
with a solvation route a re  the Consol process of Consolidation Coal and 
the Exxon coal l iquefaction process. 2 

Similarly t o  S R C ,  sol id- l iquid separations a re  a problem f o r  ca ta l -  
y t i c  l iquefact ion,  b u t  ca ta lys t  a t t r i t i o n  and deactivation become impor- 
t an t .  Hydrocarbon Research has experienced c o n t i n u i n g  d i f f i cu l ty  in 
separating the f ine  sol ids and has i nvesti gated magneti c separat i  on. 
This problem i s  closely t i e d  t o  ca t a lys t  maintenance because ca t a lys t  
recovery from separated so l ids  is  an economic necessity.  
s ive  nature of  coal , a t t r i t i o n  and loss  of ca t a lys t  are  l ike ly .  

By the abra- 
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COAL 

TO FUEL GAS 

W A R .  BURNED 

Figure 1.1-8. Design of 100,000 barrel/day H-Coal refiner-y. [Source: Project H-Coal 
Report on Process Development, February 1965 ~h~~~~~ ~ ~ ~ ~ ~ ~ i b ~ ~  19 
Office of Coal Research, R&D Report No. 26,] 
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I .  1.4 Summary 

Coal conversion processes are avai lab le  and bei ng further devel oped 
t o  produce clean fue ls  and chemical feedstocks as a l te rna t ives  t o  petro- 
l eum and natural gas. Severe processing condi t i  ons are  necessary a and 
some f rac t ion  of the coal energy is  expended t o  provide energy f o r  the 
conversion and supporting processes. Steady improvements i n  processing 
are  expected t o  continue. 

Surface gasif icat ion of coal t o  produce h i g h - B t u  gas wi l l  probably 
contribute f i r s t  t o  U.S. energy production by coal conversion. By 1985, 
operation of the 14 Lurgi gasif icat ion plants now planned (Table 1.1-4) 
would produce 4.5 b i l l i on  cubic feet/day of high-Btu gas. Other surface 
gas i f i  ca t i  on processes and i n-si t u  gasi f i  cation a re  1 i kely t o  be operat- 
i n g  commercially by 1985 (Table 1.1-1). 

If the Coalcon and H-Coal demonstration plants are  successful ,  com- 
mercial plants  could be onstream i n  1985 producing a t  l e a s t  the current 
projection of 100,000 barrels/day. Coal con and H-Coal are  presently ex- 
pected t o  be avai lable  f i r s t  because of  t h e i r  advanced s t a t e s  of develop- 
ment, b u t  o ther  l iquefaction processes (Table 1.1-2) could experience 
accelerated development and process improvements t h a t  would result in  
ear ly  commerci a1 operati  on. 
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Table 1.2-1. Byproduct water analysis from Synthane g a s i f i c a t i o n  o f  var ious coals, 
m g / l i t e r  (except pH). [Source: A. J .  Forney, Wm. P. Haynes, S. J .  Gasior, 
G. E. Johnson and J .  P. Strakey, Jr., "Analyses o f  Tars, Chars, Gases and 
Water Found i n  E f f luen ts  from the  Synthane Process,'' Technical Process 
Report 76, Bureau of Mines, P i t t sbu rgh  Energy Research Center, U.S. Depart- 
ment o f  the  I n t e r i o r . ]  

I l l i n o i s  Wyoming North Western P i t tsburgh 
Coke No. 6 subbituminous I l l i n o i s  Dakota Kentucky seam 

p l a n t  coal coal char l i g n i t e  coal coal 

PH 
Suspended so l  i d s  
Phenol 
COD 
Thiocyanate 
Cyan i de 
NH 
Chlor ide 
Carbonate 
Bicarbonate 
Total  s u l f u r  

9 
50 

2,000 
7,000 
1,000 

100 
5 , 000 

8.6 
600 

2,600 
15,000 

152 
0.6 

8,100a 
500 

6 ,OOOb 

1,400C 
11,000b 

8.7 
140 

6,000 
43,000 

23 
0.23 

9,520 - 

7.9 9.2 8.9 9.3 
24 64 55 23 

200 6,600 3,700 1,700 
1,700 38,000 19,000 19,000 

27 22 200 188 
0.1 0.1 0.5 0.6 

2,500 7,200 10,000 11,000 
31 - - - 

a85% f r e e  NH3 

bNot from same ana lys is  

cs= = 400 
SO; = 300 
S O i  = 1,400 
s20; = 1,000 
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Table 1.2-2. Trace elements i n  condensate from an I l l i n o i s  No. 6 coal 
gasif icat ion t e s t .  [Source: A .  3. Forney, Wm. P .  Haynes, 
S .  3. Gasior, G ,  E. Johnson and J .  P.  Strakey, J r . ,  
“Analyses of Tars, Chars, Gases and Water Found i n  Efflu- 
ents from the Synthane Process , ‘ I  Technical Process Report 
76, Bureau o f  Mines, P i t t s b u r g h  Energy Research Center, 
U.S .  Department of the In te r ior . ]  

Average 
( by we i g h t ) No. 1 No. 2 

Ppm: 
Ca 1 ci um 
Iron 
Magnes i urn 
A1 umi num 

Ppb: 
Sel eni um 
Potass i urn 
Bari um 
Phosphorus 
Zinc 
Manganese 
German i urn 
Arsenic 
Nickel 
Stront i  um 
T i n  
Copper 
Col umbi um 
Ch romi um 
Vanadi urn 
Cobalt 

4.4 
2.6 
1.5 
0.8 

40 1 
117 
109 
82 
44 
36 
32 
44 
23 
33 
25 
16 

7 
4 
4 
1 

3.6 
2.9 
1.8 
0.7 

323 
204 
155 
92 
83 
38 
61 
28 
34 
24 
26 
20 

5 
8 
2 
2 

4 
3 
2 

0.8 

360 / 

160 \ ’  
130 
90 
60 
40 
40 
30 
30 
30 
20 
20 

6 
6 
3 
2 
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Table 1.2-3. Ammonia l iquor  composition ( i n  mg/l i ter) .  
[Source: Office of Coal Research, Depart- 
ment o f  the In t e r io r ,  "Development o f  a 
Process for Producing Ashless, Low-Sulfur 
Fuel from Coal , ' I  R & D Report No. 53, 
In te r ior  Report No. 5.1 

Phenol i cs 
Free ammonia, as NH3 
Fixed ammonia, as NH3 
Carbonate, as C03 
Cyanide, as  CN 
Thiocyanate, as  SCN 
Oil and t a r s  
Suspended sol ids 
Total dissol ved sol ids 

300 - 4,000 
1,300 - 2,000 
2,600 - 4,000 
2,300 - 2,600 

10 - 100 
50 - 500 
20 - 40 
30 - 120 

4,000 -13,000 
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Table 1.2-4. National ambient a i r  qua l i ty  standards. [Source: Office 
of Coal Research, Department of the In t e r io r  , "Devel opment 
of a Process f o r  Producing Ashless, Low-Sulfur Fuel from 
Coal," R & D Report No. 53, In t e r io r  Report No. 5.1 

Primary standard Secondary standard 

Averaging PPm PPm 
Contaminant In terva 1 ug/m (by v o l . )  u g h  (by v o l . )  

Suspended 
pa r t i c l e s  

1 year 75 
24 hours 260 

60 
150 

Sulfur 
d i  oxide 

1 year 80 
24 hours 365 
3 hours -- 

0.03 
0.14 

-- 
-- 

1,300 -- 
Carbon 

monoxi de 
8 hours 10,000 
1 hour 40,000 

9.0 
35.0 

10,000 
40,000 

9.0 
35.0 

Photochemical 
oxidant 

1 hour 160 0.08 160 0.08 I' 
I 

Hydrocarbons 
(non-methane) 

3 hours 160 
(6-9 a.m.) 

Q.24 160 0.24 

1 year 100 0.05 100 0.05 Nitrogen 
di oxi  de 

Notes: 1 .  All values other  than annual values a re  maximum concentrations 
not t o  be exceeded more than once per year. 

PPM values a re  approximate only. 

--- --- 
2. 

3. All concentrations r e l a t e  t o  a i r  a t  standard conditions o f  
25°C temperature and 760 m i  11 imeters of mercury pressure. 

4. Annual average re fers  t o  ar i thmetic  mean f o r  gases and geo- 
metric mean fo r  par t icu la tes .  



Table 1.2-5. Guidel ines f o r  ma?imum atmospheric emissions from a commercial SRC p lan t .  
o f  t he  I n t e r i o r ,  
I n t e r i o r  Report No. 5.1 

[Source: O f f i c e  flf Coal Research, Department 
R & D Report No. 53, Development o f  a Process f o r  Producing Ashless, Low-Sulfur Fuel from Coal, 

P o l l u t a n t  Source category Maximum emission t o  t h e  atmosphere Reference o r  g u i d e l i n e  

S u l f u r  

P a r t i c u l a t e  
ma t te r  

Hydrocarbons 

Combustion u n i t s  
burn ing gaseeous f u e l s  
(bo l i e rs ,  heaters, 
f l a r e s ,  etc.) 

S u l f u r  recovery p l a n t  

No more than 0.10 gr/dscfa (230 mg/Nm3) o f  hydrogen 
s u l f i d e  (H2S) i n  t h e  f u e l  gas being burned. 

Proposed €PA new source standards f o r  petroleum 
r e f i n e r i e s .  

The lesse r  o f  0.01 l b  SO2 per  l b  s u l f u r  recovered; 
or ,  bes t  a v a i l a b l e "  c o n t r o l  technology. s i g n i f i c a n t  a i r  q u a l i t y  degradation. 

Ohio S ta te  regu la t i ons ;  Federal proposal t o  prevent  

Combustion u n i t s  
burn ing s o l i d  o r  
l i q u i d  f o s s i l  f u e l s  

Process s tack 
emissions 

F u g i t i v e  emissions 

V i s i b l e  emissions 

Combustion u n i t s  
burn ing f o s s i l  f u e l s  

Storage vessels 

Other processes 

No more than 0.8 l b / l 0 6  E tu  ( l i q u i d )  o r  1.2 lb/106 
B tu  ( s o l i d )  f o r  heat  i n p u t  r a t e s  of 250 m i l l i o n  Btu/ 
h r  o r  more. 

No more than 0.02 g r /dsc f  (50 mg/Nm3) o f  u n d i l u t e d  
exhaust. 

No emissions may cross o r  be v i s i b l e  beyond t h e  
p roper t y  boundary; reasonable care must be taken 
t o  prevent  f u g i t i v e  emissions. 

No mare than 10 percent  opaci ty ,  except f o r  3 
minutes i n  any 1 hour per iod.  

No more than 0.10 lb/106 Btu, f o r  heat  i n p u t  r a t e s  
o f  250 m i l l i o n  Btu/hr  o r  more. 

Maximum emissions r e s t r i c t e d  by r e q u i r i n g  t h e  
f o l l o w i n g  equipment on s torage tanks o f  65,000 
ga l l ons  o r  more capac i t y  w i t h  t r u e  vapor pressures 
a t  t h e  i n d i c a t e d  l e v e l s :  

- < 78 mm Hg (1.52 ps ia ) :  

78 t o  570 mm Hg (11.1) ps ia ) :  

> 570 mn Hg: 

V o l a t i l e  organic  compounds cannot: 

(1 )  Be s to red  i n  tanks i n  excess o f  65,000 gal lons 
unless equipped w i t h  a vapor-loss c o n t r o l  
device. 

Conservation, vent  or 
equiva lent .  

equiva lent .  
F l o a t i n g  r o o f  o r  

Vapor recovery system o r  equiva lent .  

Federal new source s tandard f o r  steam generators 

Proposed Federal new source performance standards 
f o r  petroleum r e f i n e r i e s  ( f l u i d  c a t a l y t i c  crack ing 
u n i t s ) ,  l ead  smelters, brass i ngo ts ,  and s t e e l  
p l a n t s  (bas ic  oxygen furnance); Pennsylvania State 
regu la t i ons .  

Various s t a t e  regu la t i ons .  

Ohio S ta te  regu la t i ons ;  proposed new source 
standards f o r  s t e e l  p lan ts ,  aspha l t  p lants ,  sewage 
treatment p lan ts  and petroleum r e f i n e r i e s .  

Federal new source standard f o r  steam generators. 

Proposed Federal new source performance standards 
f o r  petroleum r e f i n e r i e s .  

Ohio and o t h e r  s t a t e  regu la t i ons .  



Table 1.2-5. (continued) 

P o l l u t a n t  Source category Maximum emission t o  t h e  atmosphere Reference o r  g u i d e l i n e  

(continued) 
Hydrocarbons (2) Be s tored i n  any vessel o f  more than 500 ga l l ons  

unless equipped w i t h  a permanent submerged f i l l  
pipe. 

40,000 ga l l ons  pe r  day unless equipped w i t h  a 
vapor c o l l e c t i o n  and d isposal  system. 

(4) Be in t roduced i n t o  a water  separator  which 
recovers more than 200 ga l l ons lday  unless such 
equipment i s  f i l l e d  w i t h  a vapor-loss c o n t r o l  
device . 
per  day o r  3 pounds i n  any one hour from any 
piece o f  equipment unless s a i d  discharge has 
been reduced a t  l e a s t  85%. 

day by any means which w i l l  pe rm i t  evaporat ion 
o f  such ma te r ia l .  

(3) Be loaded from a f a c i l i t y  l oad ing  more than 

(5) Be discharged a t  a r a t e  o f  more than 15 pounds 

(6) Be disposed o f  i n  excess o f  1-1/2 ga l l ons  p e r  

Carbon A1 1 processes 
monoxide 

No more than 0.050 percent  by volume, d ry  bas is .  Proposed Federal new source performance standards 
f o r  petroleum r e f i n e r i e s .  

Ni t rogen Combustion u n i t s  No more than 0.20 l b  pe r  m i l l i o n  B tu  heat  i n p u t  
f o r  sources w i t h  heat  i n p u t  r a t e s  o f  250 m i l l i o n  
Btu/hr  o r  greater .  

No odors may be de tec tab le  beyond t h e  p roper t y  
l i n e ;  i n c i n e r a t i o n  o f  H2S be fo re  exhaust. 

Federal new source performance standard for gas- 
f i r e d  un i t s ;  var ious s t a t e  regu la t i ons .  

Pennsylvania and West V i r g i n i a  S ta te  regu la t i ons .  

oxides (gaseous fue l )  

Odors A1 1 processes 

g r /dsc f  = g ra ins  pe r  day cub ic  f o o t  a t  standard condi t ions.  a 

w cn 
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( 3 )  Solid waste. I f  chars and t a r s  are burned for fuel d u r i n g  
coal -conversion processes they need not be considered as sol i  d wastes 
(Compositions will be given i n  process streams sect ion) .  
and  so l id  residues result ing from incineration (and possible airborne 
par t iculate  material) may be environmentally s ignif icant .  Leachate 
analyses are impor tan t .  
metals may be a s ignif icant  factor.  Disposal methods could also be 
c r i t i ca l  * 

However, ash 

Possible use o f  ash for recovery of certain 

(4)  Process streams. All process streams may possibly be hazardous 
t o  workers, b u t  the t a r s  result ing from high temperature processes may 
be most hazardous i n  terms o f  quantity of carcinogens. 
contains typical composition of t a r s  result ing from the Synthane process. 
Many of  the ident i f ied constituents may be hazardous. 

Table 1.2-6 

I f  the chars result ing from the Synthane process are disposed of 
i n  a l and f i l l ,  as indicated i n  a published flow sheet4,  they may present 
a more serious problem than i f  incinerated and disposed of as ash. 
Table 1.2-7 contains analyses of typical coals and char residues. Infor- 
mation i s needed concerni ng organi c cons t i  tuents , 1 eachate , etc .  t o  eval- 
uate disposal methods for  such chars. 

Gaseous streams result ing from pyrolysis of coal may contain chem- 
ica ls  o f  environmental concern. Table 1.2-8 contains analysis of gas 
samples produced i n  high-pressure, fixed-bed gas i f ie rs .  
1.2-9 show the concentration of minor components of a gas sample pro- 
duced by the Synthane process. 

volve ancil lary industrial  processes such as catalyst  preparation and 
regenerati on. 
s i  bly pose a regeneration problem. 
metall ic wastes o r  aqueous wastes may be o f  significance. 

Data i n  Table 

(4a)  Ancillary process streams. Many coal-conversion processes in- 

In both preparation and regeneration, 
In the case of regenerati on ,  organics compounds may pos- 

Decontamination of process equipment could be of environmental sig- 
nificance particularly t o  workers b u t  also w i t h  respect t o  d i sposa l  o f  
aqueous wastes and sol vent materials . 

( 5 )  Products. The chemical composition of  gasesous and l i q u i d  pro- 
ducts from coal -conversion technologies i s  extremely important and may 
govern the use by consumers. 
ni f i  cant PAH concentrations would not be very acceptable for consumer 
use. Therefore detailed quantitative information concerning chemical 
compositions of product materials i s  v i t a l ly  important. Table 1.2-10 
displays d a t a  on the composition o f  gas products result ing from use of 
Lurgi gasif iers  followed, i n  the case o f  the high-Btu gas, by an ad jus t -  
ment of the gas composition and methanation. 

For example, synthetic gasoline w i t h  s ig-  

Data on the composition o f  two samples from an in-situ gasification 
experiment a t  Hanna, Wyoming, are presented in Table 1.2-11. 
ferences in composition re f lec t  changes in operating conditions . 

The dif-  
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Tab1 e I .  2-6. Mass spectrometr ic analyses o f  the benzenesol ub l  e t a r ,  vo l  ume-percent. 
[Source: A. J.  Forney, Wm. P. Haynes, S. J. Gasior, G. E. Johnson and 
J .  P. Strakey, Jr. , "Analyses o f  Tars, Chars, Gases and Water Found i n  
E f f l uen ts  from the Synthane Process,'' Technical Process Report 76, 
Bureau o f  Mines, P i t t sburgh Energy Research Center, U.S. Department of 
the  I n t e r i o r . ]  

~~ ~~ 

Run HP-1 Run HPM No. 111, Run HP-118 
S t ruc tu ra l  type No. 92, Run HPL Montana No. 118,a 
( includes a1 k y l  I1 1 i noisa No. 94, subbituminous P i t tsburgh 

de r i va t i ves )  No. 6 coal l l g n i t e  coal seam coal 

Benzenes 2.1 4.1 3.9 1.9 
Indenes 8.6b 1.5 2.6 6 . l b  
Indans 1.9 3.5 4.9 2.1 
Napthalenes 11.6 19.0 15.3 16.5 
F1 uorenes 9.6 7.2 9.7 10.7 
Acenaphthenes 13.5 12.0 11.1 15.8 
3 - r ing  aromatics 13.8 10.5 9.0 14.8 
Phenyl naphtha1 enes 9.8 3.5 6.4 7.6 
4 - r i ng  pericondensed 7.2 3.5 4.9 7.6 
4 - r i ng  catacondensed 4.0 1.4 3.0 4.1 
Phenols 2.8 13.7 5.5 3.0 

9.7 9.6 (b) 
1.7 1.5 .7 

Naphthols b )  
Indanols .9 
Acenaphthenol s - 2.5 4.6 2.0 
Phenanthrol s 2.7 - .9 
D i  benzofurans 6.3 5.2 5.6 4.7 
D i  benzothi ophenes 3.5 1 .o 1.5 2.4 
Benzonaphthothi ophenes 1.7 
N-heterocycl i csc (10.8) (3:8) (5:3) (8:8) 

Average molecular weight 21 2 173 230 202 

aSpectra i n d i c a t e  t races o f  5 - r ing  aromatics. 

bIncludes any naphthol present (not resolved i n  these spectra).  

'Data on N-free bas is  s ince iso tope cor rec t ions  were estimated. 
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Table 1.2-7. Representative analyses of coals and chars, ( i n  weight-percent). 
[Source: A. J. Forney, Wm. P. Haynes, S. J. Gasior, G. E. Johnson 
and J.  P. Strakey, Jr., "Analyses o f  Tars, Chars, Gases and Water 
Found i n  Eff luents from the Synthane Process," Technical Process 
Report 76, Bureau o f  Mines, P i t tsburgh Energy Research Center, U.S. 
Department o f  the I n t e r i o r . ]  

~ ~ -~ 

I l l i n o i s  Western Wyoming North Pi t tsburgh 
No. 6 Kentucky subbituminous Dakota seam 
coal coal coa 1 l i g n i t e  coal 

Coals: 
Moisture 
V o l a t i l e  matter 
Fixed carbon 
Ash 
Hydrogen 
Oxygen 
Carbon 
N i  trogen 
Su l fu r  

Chars ( f rom above 
coals)  : 

Moisture 
Vol a t i  1 e matter 
Fixed carbon 
Ash 
Hydrogen 
Oxygen 
Carbon 
Nitrogen 
S u l f u r  

8.3 
37.5 
43.0 
11.2 
5.3 

15.9 
63.0 

1.1 
3.5 

.8 
4.0 

69.9 
25.3 

1 .o 
1.3 

70.4 
.6 

1.4 

4.3 
34.6 
44.5 
16.6 
4.7 

10.9 
62.7 

1.2 
3.9 

1.2 
4.8 

63.3 
30.7 

1 .o 
1.1 

64.5 
. 7  

2.0 

18.1 
31.9 
32.0 
18.0 
5.4 

30.3 
45.2 

.6 

.5 

.5 
5.1 

38.1 
56.3 

1 .o 
1.2 

40.6 
.4 
.5 

20.6 
32.9 
38.2 
8.3 
5.7 

32.6 
51.5 

.7 
1.2 

1.2 
10.0 
50.2 
38.6 

.9 

.o 
58.9 

.2 
2.0 

2.5 
30.9 
51.5 
15.1 
4.9 
9.3 

68.4 
1.2 
1.3 

1.4 
1.6 

69.3 
27.7 

1 .o 
1.7 

68.9 
.5 
.2  

\ 



Table I .2-8. Typical gas composition f o r  high-pressure fixed-bed 
gasif icat ion process. [Source: Booz-A1 len Applied 
Research, "Emissions from Processes Producinq Clean 
-a Fuels I' report prepared f o r  the U.S. Environmental 
Protection Agency, Office o f  Air Quality Planning and 
Standards, under contract  number 68-02-1 358, March 1974, 
Table VI-3.1 

Composition of gas produced (volume percent) 
Steam-oxygen process 

Gas B i  tumi  nous Steam-ai r process, 
component Anthracite coal Lignite various coal sa 

c02 
co 

H2 

CH4 

N2 

H2° 
cos 

H2S 

28.5 

21 .o 
42.9 

7 .O 

0.4 

27.5 

21 ,o 
41 ,O 

8.8 

0.4 

32.2 13.3 

18.1 13.3 

37.0 19.6 

12.0 5.5 

0.3 37.5 

- 10.1 

- 0.1 

- 0.6 

' \  

a L i  gni t e  , subbi  t u m i  nous, and noncaki ng and weakly caking bi t u m i  nous coal s 
can be used. 



41 

Table 1.2-9. Components i n  g a s i f i e r  gas, ( i n  ppm). [Source: A. J. Forney, Wm. P. Haynes, 
S. J .  Gasior, G. E. Johnson and J. P. Strakey, Jr., "Analyses o f  Tars, Chars, 
Gases and Water Found i n  Eff luents from the Synthane Process," Technical Process 
Report 76, Bureau of Mines, P i t tsburgh Energy Research Center, U.S. Department 
o f  t he  I n t e r i o r . ]  

I11 i n o i s  Wyoming Western North P i t t sbu rgh  
No. 6 I l l i n o i s  subbituminous Kentucky Dakota seam 
coal char coal coal 1 i g n i t e  coal 

~ ~~ ~~~ 

9,800 186 2,480 2,530 1,750 860 
150 2 32 119 65 11 
31 .4 10 5 13 42 Thiophene 

Methyl thiophene 10 .4 7 
Dimethyl thiophene 10 .5 11 6 
Benzene 340 10 434 100 1,727 1,050 
To1 uene 94 3 59 22 167 185 
Cg aromatics 24 2 27 4 76 27 

10 1 6 2 10 10 
10 

Methyl mercaptan 60 .1 .4 33 10 8 

%: 
- - - 
- 

so2 
CS2 - - .. - - 

\ 
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Table 1.2-10. Composition of  Lurgi process gas 

Intermediate 
Composition low B t u  (volume %, High B t u  

Component B t u  (mole %)a dry basi s )a ,b ,c  (volume %)d 
~ 

co2 

H2S 

‘ZH4 
co 

14.86 

0.01 

0.25 

17.49 

23.31 

5.09 

0.38 

38.61 

28.13 

0.01 

0.40 

20.27 

39.89 

11.17 

0.61 

0.31 

1.8 

- 
0.01 

4.1 

93.0 

1.1 

aBoo~-Al 1 en Appl i ed Research, “Emissions from Processes Producing C1  ean 
-9 Fuels ‘ I  report  prepared for the U .S. Environmental Protection Agency, 
Office of Air Qual i ty  Planning and Standards, under contract  number 
68-02-1358, March 1974, Table VI-3. 

bFigures adjusted f o r  reduction of H2S from 0.37% t o  0.01%. 

‘Draft Environmental Statement, E7 Pan Gasification Project,  f o r  Juan 
County, New Mexico, p.  1-56. Issued by the Buereau of Declamation, 
U.S. Department of the  In t e r io r ,  S a l t  Lake City,  Utah (1974). 

-3 Fuel s ‘I report  prepared f o r  the U. S. Envi ronmental Protection Agency, 
Office of Air Qual i ty  Planning and Standards, under contract number 
68-02-1358, March 1974, Table VI-1, Column 9 (f igures  rounded). 

d B ~ ~ ~ - A l  1 en Appl i ed Research, “Emi ss i ons from Processes Produci nq C1 ean 
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Very l i t t l e  in format ion appears t o  be a v a i l a b l e  on the  composition 
o f  t a r ,  t a r  o i  1, and crude phenol by-products o f  t he  Lu rg i  g a s i f i c a t i o n  
process b u t  t a r  products from the  Synthane process have been b e t t e r  char-  
a c t e r i ~ e d . ~  Table 1.2-6 contains data i n  the  benzene-soluble t a r .  These 
data i n d i c a t e  the  wide v a r i e t y  o f  o rgan ic  compounds found i n  t a r  products,  
many of which have n o t  been screened f o r  ca rc inogen ic i t y .  The composi- 
t i o n  of coal t a r  products i s  known t o  vary w i t h  process cond i t ions .  

\ 
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Table 1.2-11. Gas analyses on co l l ec t ion  dates.  [Source: S. B. King, 
C .  F. Brandenburg and W .  J. Lanum, "Characterization of 
Nitrogen Compounds i n  Tar Produced from Underground Coal 
Gas i f ica t ion ,"  presented a t  the American Chemical Society 
Spring Meeting, Philadelphia,  PA. , April 1975.1 

Sample 1 Sample 2 
August 4,  1973a December 10, 11973 

Hydrogen 
Argon 
Nitrogen 
Methane 
Carbon monoxi de 
Ethane 
Carbon di xoi de 
Propane 
Propene 
n- Butane 
iso-Butane 
Hydrogen s ul f i de 
Heating Value 

9.5 
1.17 

55.62 
9.62 
0.80 
0.81 

21.90 
0.16 
0.12 
0.01 
0.05 
0.23 

(1 54 Btu/scf) 

6.14 
1.01 

53.84 
3.74 
6.94 
0.28 

17.91 
0.08 
0 
0 
0 
0.05 

(119 Btu/scf) 

\ 

Values a r e  expressed i n  mole %. a 
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I .  3 WASTE MANAGEMENT 

Depending on the degree of envi ronmental control technology applied 
to  the wastes, waste management may or  may n o t  be a s ignif icant  concern. 

The largest  amount of sol id  waste generated are the ash from the 
combustion process and the f l y  ash removed from the gaseous eff luents .  
Many of  the proposed process flow-sheets indicate tha t  t h i s  material 
will  probably be returned t o  the mine from which the coal was extracted. 
The method o f t r a n s p o r t  i s  reported to  be as a s lurry u s i n g  treated 
l i q u i d  waste eff luents .  
material may be the possibi l i ty  of polluting ground o r  surface waters due 
to  leaching of inorganic and organic materials from the ash. Although 
chars and  tars are  also produced, these products wi l l  be used as fuels 
unless markets f o r  sa le  ex i s t  i n  the sur rounding  area. 

A potential waste management problem w i t h  this 

L i q u i d  wastes resul t  from the storage of coal (leaching due to  rain- 
f a l l  on the storage p i l e ) ,  from coal washing i f  required, from coal pre- 
paration i f  wet g r i n d i n g  i s  used, from wet scrubbers, and from other 
process operations. These 1 iqui d wastes wi 11 contain heavy metal s and 
miscellaneous organics. An e a r l i e r  section ( I  . 2 )  has described the 
possible composition o f  these eff luents .  Environmental control technol- 
ogy wil l  be applied t o  these wastes prior t o  any release t o  the environ- 
ment in  order t o  meet eff luent  standards. 
flow-sheets indicate t h a t  treated effluents might be evaporated t o  dry- 
ness, e i t he r  i n  lined ponds or i n  incinerators.  

Certain of the proposed 
, 

Many liquid eff luent  streams from coal conversion f a c i l i t i e s  are 
expected t o  be a t  higher temperatures than ambient natural waters. I t  
i s  expected t h a t  most of the waste heat load will  be dissipated to  the 
atmosphere via evaporative cooling towers, or dry cooling towers where 
there are  large amounts o f  vo la t i le  materials present. 
heat load i s  expected t o  remain i n  waters t h a t  are e i ther  processed i n  
waste treatment f a c i l i t i e s  o r  released t o  the environment. 

However, some 

Warm waters entering most biological o r  chemical waste treatment 
systems may be a benefit  t o  the e f f i c i en t  operation of the system. 
i s  because rates  of  decomposition usually are fas te r  t h a n  a t  warmer 
temperatures. Some added heat content t o  waste streams may t h u s  be 
viewed as advantageous. Research i s  required t o  determine optimum 
temperatures for the par t icular  waste treatment (which w i  11 depend 
upon chemical composition). Temperature control may thus be used t o  
optimize treatment, using the increased temperature of the waste as 
the heat source. 

T h i s  

Some heat load may be released direct ly  to  the environmental by 
wastes. 
evaluated u s i n g  the abundant information developed over several years 
fo r  large thermal discharges from steam e l e c t r i c  generating s t a t i o n s .  

This release and the ecological effects  from i t  should be 
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, 
Gaseous wastes a re  produced during combustion and in various other 

processing steps.  These gases wi 11 contain par t iculates ,  sulfur  com- 
pounds, and  vo la t i le  organics. 

1.3.1 Effluent Standards 

I .3.1.1 Liquid Wastes 

t h a t  the Environmental Protection Agency establish effluent guidelines 
and standards tha t  must be achieved by point sources which discharge 
in to  navigable waters of the United States .  Sections 301 and 304 of 
P L  92-500 specify achievement by July 1 ,  1977 of eff luent  l imits using 
"best practicable technology currently available" (BPTCA) .  By July 1 ,  
1983, new limitations are promulgated that  are based on the use of 
"best available technology economically achievable" ( B A T E A ) .  The Act 
fur ther  s e t s  as a national goal the complete elimination of a l l  dis-  
charges o f  pollutants in to  navigable waters by 1985. 

The Federal Water Pollution Control Act of 1972 ( P L  92-500) requires 

To date EPA has selected 28 industrial  classes of industry as the 
producers of the most severe water pollution problems. Coal conversion 
i s  n o t  one of the industrial  categories i n  which eff luent  guidelines 
and standards have promulgated. 
ards have been promulgated fo r  the petroleum refining industry (40CFR 
419), the iron and s teel  manufacturing industry (40CFR 420), and steam 
e l e c t r i c  power plants (40CFR 423). I t  can be anticipated that  the guide- 
l ines  fo r  the f i r s t  two industries will be similar t o  those applied t o  

However, eff luent  guidelines and stand- 

on i f  eff luent  guidelines and standards are developed. coal convers 

The EPA 
ards i n  some 
eff luent  lim 
they be less  

guidelines may not be as s t r i c t  as s t a t e  and local s t a n d -  
areas of the country. Individual s t a t e s  may have s t r i c t e r  
tations than those proposed by EPA; however, in no case can 
s t r ingent .  

The appropriate guidelines fo r  consideration i n  coal conversion are 
the guides f o r  new sources (these are essent ia l ly  the same as for  ex is t -  
i n g  plants applying "best available technology economically achievable"). 
Table 1.3-1 presents the eff luent  guidelines fo r  new petroleum refineries 
(40CFR 419, Subpart E - Integrated Subcategory). Table I .3-2 presents 
the guidelines fo r  by-product coke production (4OCFR 420, S u b p a r t  A ) .  
In the i n i t i a l  d ra f t  of the guidelines f o r  by-product coke a l imit  was 
s e t  on BOD-5 (9 l b s  per 1000 tons of coke produced); however, t h i s  l imit  
was removed i n  the f inal  s e t  of guidelines. I t  can be seen that  cyanide 
i s  included in the coke standard b u t  i s  not included i n  the refinery 
standard. Also, the refinery s tandards have l imits on the amount of 
organic matter present (as  measured by BOD and C O D )  and include total  
and hexavalent chromium. 
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Table 1.3-1. Effluent guidelines and standards for petroleum 
ref iner ies  (new sources-integrated subcategory) 

Effluent limitations 
Average of da i ly  

values f o r  30 
Eff 1 uent Maximum f o r  consecutive days 

cha rac t e r i s t i c  any 1 day shal l  not exceed 

BOD5 
TS S 
COD 
Oil and grease 
Phenol i c compounds 
Ammonia as N 
Sul f i de 
Total chromium 
Hexavalent chromi urn 
PH 

English units (pounds per 1,000 
bbl of feedstock) 

14.7 7.8 
8.7 5.1 

4.5 2.4 
0.105 0.051 
8.3 3.8 
0.093 0.042 
0.22 0.13 
0.0047 0.0021 

W i t h i n  the range 6.0 t o  9.0 

104 54 

/ 

Note: There are fac tors  t o  apply t o  these standards depending on plant  
size (bbl per day) and process configuration. 
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Table 1.3-2. Effluent guidelines and standards f o r  iron and s t e e l  
mil ls  (by-product coke production). 
parentheses a r e  i n  lb/1000 tons] 

[Numbers i n  

Effluent l imi ta t ions  
Average of da i ly  

values f o r  30 
Effluent Maximum f o r  consecutive days 

c h a r a c t e r i s t i c  any 1 day shal l  not exceed 

E n g l i s h  units (lb/1000 l b  of coke) 
Cyanide (A) 0.0003 ( 0.60) 0.0001 ( 0.20) 

\ Sulf ide 0.0003 ( 0.60) 0.0001 ( 0.20) 

Phenol 0.0006 ( 1.20) 0.0002 ( 0.40) 
Ammonia 0.0126 (25.20) 0.0042 ( 8.4 ) 

, ’  Oil and grease 0.0126 (25.20) 0.0042 ( 8.4 ) 
TSS 0.0312 (62.40) 0.0104 (20.8 ) 
PH W i t h i n  the  range 6.0 t o  9.0 

Note: Cyanide ( A )  indicates  those cyanides amenable t o  chlor inat ion.  
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The effluent guidelines fo r  the petroleum refineries are based on 
the quantit ies of raw material processed and the values fo r  coke produc- 
tion on the amount of coke actually produced such tha t  the d i rec t  appli- 
cation of e i ther  these guidelines requires an assumption of raw material 
t o  product  r a t io  for  any application t o  coal conversion. I t  has been 
reported that  0.69 tons of coke per t o n  of coal i s  a reasonable yield 
for  most coking operations. T h u s  a l l  figures in Table 1.3-2 can be 
raised by a factor of  1.45 i f  i t  i s  assumed that  this type of guideline 
would be applied t o  coal conversion technology. In the case i n  which 
petroleum standards would be applied i t  would be necessary t o  assume a 
relationship between raw material input and coal consumption. 

In the case of l iquid effluents from steam e lec t r i c  power plants ,  
effluent guidelines a re  expressed in terms of maximum daily and 30-day 
average maximum values. Although nine categories of waste types are  
described in 40CFR 423, essent ia l ly  a l l  of the wastes must have concen- 
t ra t ions lower t h a n  those l i s t ed  in Table 1.3-3. Major variants i n  the 
defined waste releases are  the requirement for  no total  suspended sol ids  
or o i l  and grease in f l y  ash transport water, and the elimination of 
standards fo r  copper and iron in certain types of waste. 

Thus, in order t o  make any comparisons between coal conversion and 
coal combustion i t  i s  necessary t o  make assumptions about the equivalent 
amounts of o i l  and coal and have available the amounts of waste produced 
by the various coal conversion processes. I n  any case i t  appears t h a t  
short  of "zero discharge," waste materials in l iquid form will be dis- 
charged into e i ther  the aquati c or terres  t r i  a1 envi ronment. 

1.3.1.2 Air Pollution 

Much the same problems ex is t  in discussing a i r  pollution standards 
as were previously described f o r  l iquid eff luents ,  namely there have 
been no e f f l  uent guidelines devel oped for  coal conversion technologi es . 
However, guidelines have been established fo r  petroleum ref iner ies ,  
s teel  mills (basic oxygen furnaces), and steam e l e c t r i c  power plants.  
These gui del i nes address themsel ves mainly t o  particulates , sul fur  
dioxide, and opacity. A summary of these standards is  given in Table 
1.3-4. I t  can be seen that  sulfur  dioxide i s  not included in the s tee l  
standards, and t h a t  NOx and CO are only concerns in the steam e l ec t r i c  
plants and petroleum industry respectively . Again the problem exis ts  
of using different  ways of expressing the standards. Since the steam 
e l ec t r i c  standards are on the basis of heat i n p u t  assumptions will have 
t o  be made t o  determine the a i r  flow th rough  the plant ,  o r  the grains/ 
dscf will  have t o  be converted t o  a B t u  basis.  In  any case there will  
be emissions from the plant regardless o f  the control technology applied 
i f  e i ther  s e t  of standards i s  applied. 

/ -  
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Table 1.3-3. Effluent guidelines and standards for new steam 
e l ec t r i c  power plants ( 1  arge uni t subcategory) 

Effluent 1 imitations ( i n  mgJl i t e r )  

values for  30 
Effluent aximum for cmsecutf ve days 

character is t ic  any 1 day shall no t  exceed 

TSS* 
0 i 1  and grease* 
Copper, total  * 
Iron, t o t a l  3k 1 .o 
Free avai 1 ab7 e 0.5 

chI ori  ne*'' 

34 
15 

1 .o 
1 .o 
0.2 

\ * \- / Low volume waste sourc s g  bottom ash transport. water, metal clean- 
i n g  wastes, boiler b l o  down (See 40CFR 423, Section S 423.15). 

cooling water, cooling tower blowdown (See 40CFR 4 ** 



Table 1.3-4. Air emissions from various sources - EPA regulations 

Source 
Particulate Sulfur Carbon 

matter di oxi de Opaci t y  monoxi de 

Petroleum refinery 0.022 gr/dscfa 0.10 gr/dscf <30%b 0.050% 

Steam e l e c t r i c  plants 0.10 lb/106 B t u  1.2 lb/106 B t u  - 0.7 lb/106 B t u  

agr/dscf = grains per dry cubic f e e t  a t  standard conditions. 

bMay be exceeded no more than 3 min in any 1 hr. 

Iron and s tee l  0.022 gr/dscf - <lO%Csd - - 
cn 
Iu 

May be exceeded no more than 2 min  in any 1 hr. C 

dProposed b u t  not  promulgated. 

eMay be allowed t o  exceed th i s  value up  t o  40% f o r  2 m i n  in any 1 hr. 
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1.3.1.3 S o l i d  Wastes 

Residues w i l l  be produced bo th  i n  the  conversion process ing opera- 
t i o n  and a l s o  i n  t h e  environmental  c o n t r o l  equipment. Many o f  the  
proposed coal  convers i  on processes are p lann ing  t o  remove t h i s  mater i  a1 
and p lace  i t  back i n t o  t h e  mined o u t  areas. Whether t h i s  opera t ion  
would be r u l e d  a l a n d f i l l  i s  n o t  c lea r ,  and as a r e s u l t  what gu ide l i nes  
would be app l ied .  The Environmental P r o t e c t i o n  Agency has issued 4OCFR 
24Q, 241 which proposes gu ide l i nes  f o r  thermal process ing and land  d i s -  
posal o f  s o l i d  wastes which would apply t o  t h e  b u r i a l  opera t ion .  
r e c e n t l y  t h e  EPA s o l i d  waste program has centered on the  hazardous waste 
d isposal  problem i n  t h e  Un i ted  States,  and i t  i s  e n t i r e l y  poss ib le  t h a t  
t he  res idues f rom coal  conversion w i l l  be c l a s s i f i e d  as hazardous wastes 
and have s p e c i f i c  gu ide l ines  app l i ed  t o  them. 
steam e l e c t r i c  power p l a n t s  oes n o t  appear a t  t h i s  time t o  have s p e c i f i c  
gu ide l i nes  e i t h e r .  

More 

F l y  and bottom ash from 

However, bo th  4OCFR 419 
and s tee1 manufactur ing)  i nc 
wastes : 

"(e)  SOLID 
considered. The 
i r o n  and s t e e l )  
o f  meta ls  i n  v a r  
p o l  1 u t a n t .  Best  
a v a i l a b l e  cont ro  

(pet ro leum r e f i n e r y )  and 40CFR 420 ( i r o n  
ude t h e  f o l l o w i n g  statement about s o l i d  

WASTE CONTROL. S o l i d  waste c o n t r o l  must be 
waterborne wastes f rom the  petroleum ( o r  
ndus t ry  may con ta in  a considerable volume 
ous forms as a p a r t  o f  t h e  suspended s o l i d s  
p r a c t i c a b l e  c o n t r o l  techno1 ogy and b e s t  

technology as they are  known today r e q u i r e  
d isposal  o f  t h e  p o l l u t a n t s  removed f rom waste waters i n  t h i s  
i n d u s t r y  i n  the  form o f  s o l i d  wastes and l i q u i d  concentrates.  
I n  some cases these are nonhazardous substances r e q u i r i n g  
on ly  minimal cus tod ia l  care.  However, some cons t i t uen ts  may 
be hazardous and may r e q u i r e  spec ia l  cons idera t ion .  I n  o rde r  
t o  ensure l ong  term p r o t e c t i o n  o f  t h e  environment f rom these 
hazardous o r  harmfu l  cons t i t uen ts  spec ia l  cons idera t ion  o f  
d isposa l  s i t e s  must be made. A l l  l a n d f i l l  s i t e s  where such 
hazardous wastes are disposed should be se lec ted  so  as t o  
p revent  h o r i z o n t a l  and v e r t i c a l  m i g r a t i o n  o f  these contami - 
nants t o  ground o r  sur face  waters.  I n  cases where geo log ic  
cond i t i ons  may n o t  reasonably ensure t h i s  , adequate precau- 
t i o n s  (e.g., impervious l i n e r s )  should be taken t o  ensure 
l o n g  term p r o t e c t i o n  t o  the  environment f rom hazardous 
mater i  a1 s . 
m a t e r i a l s  d isposal  s i t e s  should be permanently recorded i n  
the  appropr ia te  o f f i c e  o f  t h e  l e g a l  j u r i s d i c t i o n  i n  which 
t h e  s i t e  i s  located."  

Where appropr i  a t e  the  1 o c a t i  on o f  sol i d hazardous 
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1.4 T R A ~ S P O  USE OF PRODUCTS OF COAL CONVERSION 

SCOPE 

tion we are concerned primarily with the hazards resul t -  
nsportation and use of products from coal conversion 

consider only those products t h a t  have economic value 
o ~ ~ s ~ ~ ~  the conversion plant. The wastes produced in the processes and 
t h e  products t h a t  are reprocessed in the plant are thus excluded from 
this discussi n .  Furthermore, we are looking only a t  those hazards 
which are  di r  c t l y  a t t r ibutable  t o  t h  coal conversion processes and 
are n o t  prese t when the same product come from other sources such as 

trsleum and ~ a t u ~ ~ ~  gas. 

1.4.1 Coal Gasification - burgi Process 

I .4.1 . I  General Comments 

The primary ~ ~ ~ d u ~ ~ s  of coal gasification, r e g ~ ~ d ~ e ~ s  of the proc- 
ess used, can be classi f ied as l ow  and intermediate B t u  gas or as high 
B t u  gas. As de cr i  bed el sewhere low t u  gas (TL 150 Btu/scf) resul ts  
from reaction o coal with a steam-air mixture while production of i n t  
mediate B t u  gas (Q 300 Btu/scf) requires use of oxygen instead o f  a i r ,  
i-lish B t u  gas i s  produced by adjusting the composition s i  intermed 
B t u  gas followed by methanation. Table I ,2-10 gives d a t a  on repr 
t ive gas compositions for  a l l  three gas types produced by the Lur 
Process. This process i s  emphasized here because the f i r s t  commercial 
coal gasification plants presently expected t o  be bui l t  in th i s  decadeg 
those planned by E l  Paso Natural Gas Company (EPNG)l and Western Gas 
Company (WESC0),2 b o t h  will have Lurgi gas i f ie rs .  I n  e i ther  caseg t h  
low quality of the gas does n o t  permit transportation of the gas very 
far from the gasification plant. Pipeline technology i s  suff ic ient ly  
advanced t h a t  the likelihood of s ignif icant  leaks during transportation 
i s  quite small. 
content of the gas could create a health hazard.  In  addition, there i s  
a hazard due t o  the potential explosivity o f  the leaked gas when i t  i s  
introduced into a confined area. 
natural gas pipelines which have been used extensively t o  t r a n s ~ ~ ~ t  gas 
throughout the United States for  many years with relat ively few exp’lo- 
s i  ons reported. 

If  a leak should occur in a populated area, the CO 

This hazard, however, 

Since the nickel catalyst  used in the methanation step in the pro- 
duction of pipeline quality gas i s  very sensi t ive t o  sulfur  in the gas, 
t h i s  contaminant must be e f f ic ien t ly  removed prior t o  methanation. Con- 
sequently, the subst i tute  pipeline gas (SPG) will contain less of t h i s  
common contaminant t h a n  much of the marketed natural product. Available 
information on the composition of SPG (see Table 1.2-10) does n o t  show 
the presence of any products t h a t  are l ikely t o  have s ignif icant  adverse 

- )  
\ ,  
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ef fec ts  on people or plants exposed to  combustion products of the gas .  
Further, any appreciable differences in composition between SPG and 
natural gas will be diminished by blending the SPG with larger q u a n t i -  
t i e s  of natural gas .  For example, the i n i t i a l  output of EPNG's Burnham 
I plant, '  288 million f t3/day,  will be fed into the i r  pipeline serving 
the Southern California market. 
million ft3/day of gas. 
15% o f  the total  gas flow. The ultimate o u t p u t  of EPNG's Burnham I and 
11 plants,  estimated t o  be 785 million f t3/day,  represents abou t  41% o f  
the total  pipeline gas flow and impurities in the SPG would be diluted 
t o  a smaller extent.  

This l ine  carries approximately 1908 
T h u s  the Burnham I o u t p u t  represents only about 

I .4 .1 .2  Coal Gasification By-products 

While variations occur in the by-products of various coal gasif i -  
cation processes, those produced in plants using Lurgi gasif iers  are 
considered here for  the reason s ta ted in the previous section. As 
indicated in the draf t  environmental statement for  the EPNG project, '  
s i x  by-products are expected to  be produced: 
phenol, n a p h t h a ,  sulfur ,  and 20% ammonia solution. No final disposi- 
tion of these products can be postulated, pending the resul ts  o f  market 
studies.  I f  the combustible products such as tars and t a r  o i l s  cannot 
be marketed a t  a prof i t ,  they could be used as fuel a t  the plant s i t e .  
T h i s  i s  n o t  a very l ikely mode of disposition for  these materials. 
Since rat1 and w e r  transportation are not available a t  EPGN's Burnham 
plant s i t e ,  the only viable alternatives for  transporting products t o  
markets are pipelines or tank trucks. The l a t t e r  seem to offer  greater 
probability of loss of these potentially carcinogenic materials t o  the 
environment. Table 1.2-8 l i s t s  compounds l ikely t o  be found in these 
products. These materi a1 s w i  1 1 probably requi re chemical processing 
t o  prepare separated products fo r  marketing for  uses that have not ye t  
been defined. Such processing will bring the possibi l i ty  of exposure of 
plant operators t o  carcinogenic compounds. The data reported e a r l i e r  i n  
Table 1.2-6 were obtained w i t h  tar  produced by the Synthane process. 
Comparable data on Lurgi process material do n o t  appear t o  be available 
a t  present. Variations in processing conditions undoubtedly cause vari - 
ations i n  the quantity of tar  products and the i r  composition b u t  these 
changes seem unlikely t o  modify the above conclusion. 

t a r s ,  tar o i l s ,  crude 

The by-product h a v i n g  next highest potenti a1 fo r  environmental ef-  
fec ts  i s  the crude phenol material. The mode of transportation and the 
market for  th i s  mixture of compounds also remain t o  be defined b u t ,  in 
order t o  be very useful, the crude product will probably need t o  be re- 
fined and thus will require chemical manipulation as in the case of the 
t a r s  and tar o i l s .  The hazards o f  processing the crude phenols and the 
end uses of refined and/or separated products have not been established. 

The fourth by-product t o  be considered here is naphtha. 
cludes hydrocarbon compounds w i t h  molecular weights roughly in the range 
o f  natural gasoline b u t  with a higher aromatic content. 

This i n -  

Use of this 
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material in motor vehicles i s  a possibi l i ty .  Since emission of polynu- 
clear aromatic hydrocarbons (PAHs) and phenols in automotive exhaust i s  
a matter of 
as a subst i tute  for  gasoline or as a diluent of the petroleum product 
will increase the PAH or phenol content of exhaust gases needs t o  be 
examined carefully. Since PAH compounds have high molecular weights , 
they would n o t  be expected t o  be very vola t i le  and should n o t  present 
a problem i n  regard to  exposure t o  vapors during handling or use. 

The l a s t  two by-products, sulfur  and 20% N H 3  solution, should n o t  
d i f f e r  s ignif icant ly  from similar products produced by other methods. 
Transportation and use of these products would n o t  be expected t o  pre- 
sent  special hazards. 

the question whether use of by-product naphtha 

Freudenthal, L u t z ,  and Mitchell have examined the carcinogenic haz- 
ards of coal gasification i n  a recent r e p ~ r t . ~  They s t a t e  in the i r  
concl usi ons : "The greatest  carci nogeni c potenti a1 probably exis ts  i n  
the early stages of the processes in which the coal passes through a 
ser ies  of structural  degradations of complex organic compounds t o  com- 
pounds with simpler chemical structures.  I t  is in these early stages 
of  the gasification processes tha t  leaks and s p i l l s  must be avoided t o  
minimize the carcinogenic potential t h a t  may ex is t .  As the gas i f ie r  
o u t p u t s  approach a typi cal gas composi t i  on, the carci nogeni ci ty i s  
eliminated or  minimized. However, i f  besides the typical gas composi- 
t i o n ,  the crude coal gas contains t a r s  of  high-boiling o i l s ,  the compo- 
s i t i on  must be considered to  represent a potential hazard, and safe  
hand1 ing and disposition or destruction are mandatory. " This statement 
i s  i n  essential  agreement w i t h  the above discussion although i t  con- 
s iders  a processing hazard n o t  addressed in our discussion. 

I .4 .1 .3  I n - S i t u  Coal Gasification 

A1 though underground coal gasi f i  cation has been i nves t i  gated i n 
most western countries, i t  has recently received increased attention 
because o f  potential advantages due t o  greater resource accessibi l i ty  
as well as economic and environmental advantages. In the f a l l  of 1972, 
the ERDA Laramie Energy Research Center i n i t i a t ed  an in-situ coal gasi- 
f ication experiment a t  Hanna, Wyoming.* Analyses' of two gas samples 
from th i s  experiment were given e a r l i e r  i n  Table 1.2-11. The e a r l i e r  
statements on potential environmental effects  o f  th i s  gas product apply 
equally well here. Some of the products of th i s  process which might 
be expected t o  pose environmental or biomedical problems are the coal 
t a r s  produced along with the product gas. These coal tars are unique 
in the sense that  they are generally low boiling, low molecular com- 
pounds which are a potential fuel source or  petro-chemical feedstock. 
The chemical composition of these t a r s  varies w i t h  changes i n  in-s i tu  
gasification condition using the linked vertical  well process. Conse- 
quently, the composition of these ta rs  i s  being investigated in order 
t o  assess potential environmental problems. 

, / -  \~ 

i 



57 

'\ 

\ -  

A number of compounds were identified i n  the tar base fraction of  
a sample obtained a t  Hanna.' 
4-picolineY 2 ,  6-, 2 ,  4-, 2 ,  5-, and 2 ,  3-lutidineY trimethyl and ethyl 
pyridine, ani l ine,  2-methylaniline, dimethylaniline, quinoline, and 
methylquinoline. Other tar fractions have been studied i n  less de t a i l .  
Other in-situ experiments soon t o  be in i t i a t ed  will most l ikely produce 
t a r s  of higher molecular weight due t o  the different  processing condi- 
t ions.  Consequently, the ta rs  produced from these forthcoming experi- 
ments will also merit investigation. Potential markets for these coal 
gasification products and modes of  transportation t o  such markets remain 
t o  be determined. 

These include pyridine, 2- ,  3-, and 

I .4.2 

1.4.2.1 

Coal Liquefaction 

General Comments 

The hazards presented by coal 1 iquefaction processes are simi 1 ar 
t o  those associated w i t h  the by-products o f  coal gasification previously 
discussed. However, the quanti t i e s  of potentially hazardous liquids 
t h a t  must be handled outside the coal conversion plant may be much 
larger. I n  coal gasification by the Lurgi process, less t h a n  18% of 
the coal i s  converted t o  liquid organic products and t he i r  use outside 
the gasification plant i s  probably n o t  an economic necessity. On the 
other hand,  the objective of liquefaction processes i s ,  of course, t o  
produce l iquids.  These liquids must generally receive further refine- 
ment in order t o  achieve economic s ta tus .  
coal conversion products may occur i n  the coal conversion plant or the 
products may be transported t o  another plant for  processing. 
tion of these two poss ib i l i t i es  may also occur because hydrogenation or 
other treatment of the primary products may be required i n  some cases 
t o  make them more sui table  for shipment. 

This upgrading of the primary 

A combina- 

The number of organic compounds identified i n  coal conversion pro- 
ducts i s  presently i n  the hundreds and the number w i l l  undoubtedly grow 
as a greater variety of  products i s  examined w i t h  more sophisticated 
analytical techniques. One principal area of concern, carcinogenicity, 
was examined i n  a previously mentioned r e p ~ r t . ~  The authors p o i n t  o u t  
t h a t  many of  the compounds known t o  be present i n  coal liquefaction 
products have n o t  been tested for carcinogenicity b u t  they suggest t h a t ,  
in the absence o f  medical data, compounds w i t h  b o i l i n g  points above 250°C 
should be handled w i t h  caution. This statement s h o u l d  n o t  be in te r -  
preted as implying t h a t  compounds w i t h  lower b o i l i n g  points are f r e e  
o f  suspicion. The above-mentioned report7 contains the conclusion t h a t  
coal 1 iquefaction-hydrogenation processes considered ( b u t  n o t  named) in 
preparing the report yield products that  may have considerable carci no- 
genic potential .  I t  further s ta tes  that  the total  products of hydro- 
genation, the higher-boiling d i s t i l l a t e s ,  the centrifuged o i l s ,  the char, 
the centrifuged residues, and the recycled solvent o i l  are a l l  poten- 
t i  a1 ly  hazardous materi a1 s . Part of these materi a1 s w i  11 undoubtedly 
be used only within the coal conversion p l a n t  and are thus outside the 



58 

/ \  

scope of t h i s  section. The destination of the other products and t he i r  \ ,  

mode e? ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ n  must 
ronmental hazards. 

determined in order t o  evaluate the envi- 

Table 1.4-1 gives examples of the products being o b t a i n e d  from some 
of the liquefaction process now being studied. The Lurgi gasificati:\i*: 
process i s  i ncl uded f o r  comparison. 

A more detailed discussion of uses and transportation follows. 

1.4.2.2 Refinery Products of Synthetic Crude Oil 

In order t o  estimate the amounts of various refinery products from 
synthetic crude, we will make the assumption that  they will be the same 
as presently obtained from petroleum crude. This assumption w i  11 prob- 
ably give somewhat low fractions of those compounds t h a t  are predomi- 
nantly aromatic. 

The d a t a  given in Table 1.4-2 i l l u s t r a t e s  the rat ios  of the various 
products t h a t  are being obtained f r m  the refining of petroEeum.” 
Asphalt and road o i l  are expected t o  contain an appreciabl?  fraction o f  
the higher boiling aromatic compounds from the synthetic crude and cku.;. 
as was mentioned e a r l i e r ,  can be expected to  be carcinogenic. 

1.4.2.3 Uses of Petroleum Products 
\ 

Table 1.4-2 gives information about some of the uses and disposi- 
tions of refined petroleum products. As mentioned previously those with 
the higher boiling points such as asphalt ,  road o i l ,  waxes, and probably 
residual fuel o i l  are more l ikely t o  contain the carcinogenic components. 

Many of the other by-products of coal liquefaction (see Table 1.4-2) 
are s imilar  t o  those in refinery products or those discussed under coal 
gasification. 
l i z e r  industry and are n o t  expected t o  carry carcinogens. 

The ( N H 4 ) 2 S 0 4 ,  H2S04, and ammonia may be used in the f e r t i -  

I .4 .2 .4  Transportation Hazards of Coal Liquefaction Products 

The costs of several methods of transporting l iquid petroleum crude 
and products are quoted’’ t o  be ( in  mills per ton-mile): 
barges, 1.5-3; tankers, 0.5-2; railroad tank car,  30-70; and t a n k  truck, 
30-50. T h u s  i t  i s  n o t  surprising that  petroleum crude o i l  i s  trans- 
ported t o  ref iner ies  I i rgely by pipeline or by tanker; in 1972, 76.7% 
of crude o i l  going t o  U.S. refineries went by pipeline,  22.1% by water 
transport ,  and only 1 . 2 %  by t a n k  trucks and  tank cars . l o  
reasonable t o  assume t h a t  most synthetic crude o i l  will be transported 
t o  a refinery e i ther  by pipeline or by water. 

pipeline,  1.5-6; 

Thus i t  seems 
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Table  1.4-2. Yields  o f  r e f i n e d  petroleum products  ffbm crude o i l  i n  
the United S t a t e s  i n  1972. [Source: "Summary o f  
Liquid Pipeline Accidents  Reported on DOT Form 7000-1 
from Jan. 1 ,  1971 through Dec. 31, 1971," Office o f  
P i  pel i ne S a f e t y ,  Dept. o f  Transpor ta t ion  , Washington , 
D. C . ,  March 15 ,  1972.1 

Finished product  % y i e l d  Uses 

Gasol i ne 
J e t  fuel 

Ethane 
Liquefied gases  
Kerosine 
Dist i l la te  fuel 

oi  1 
Residual fuel o i l  
Pe t ro l  eum 

Specia l  naphthas 
feeds tocks  

Lubr icants  
Wax 

Coke 
Asphal t  

Road o i l  
S t i l l  gas  
Mi scel 1 aneous 

46.2 
7.2 

0.2 
2.8 
1 .8  

22.2 

6.8 
2.9 

0.7 

1.5 
0.1 

2.8 
3.6 

0.2 
3.9 
0.4 

99% for  motor use; 1% for a v i a t i o n  
(77% ke ros ine  type;  23% naphtha 

type 1 

70% f o r  fuel;  30% f o r  chemical use 
78% f o r  space  hea t ing  

52% t o  e lectr ic  u t i l i t i es  

P a i n t  thinners, c l ean ing  agen t s ,  

Over 50% t o  i n d u s t r y  
20.5% t o  paperboard c o n t a i n e r s ;  

16% t o  paper wrappers;  13% t o  
cor ruga ted  cardboard;  17% t o  
candl es , mol ded novel t ies  , and 
d e c o r a t i v e  items 

and solvents 

77% f o r  paving; 17% f o r  roo f ing  
products  

Absorption o i l s ,  medical oils ,  
i n s e c t i c i d e s  , pet rochemica ls ,  
and solvents 
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The other l iquid products l i s t e d  in Table 1.4-2 are l ikely t o  be 
transported by tank truck and railroad tank car. 
solids t o  be moved also by truck and railroad car. 

We can expect the 

Pipeline hazards. 
pipeline i n  1971 i s  1.439 x 1 0 l 2  barrel-miles and the corresponding 
figure fo r  petroleum products is  1.045 x 10l2.  
fo r  the same year are 2.45 x lo5 barrels for  a loss r a t io  of 0.234 
barrels per million barrel-miles. In 1972 and 1973, the l a s t  years 
reported, about 80% of these losses were associated with the pipelines 
themselves, 10% w i t h  pumping s ta t ions ,  and 10% with storage tanks.13s14 
With pipelines we would expect a minimum of contact with the product 
by the operators, and t h e i r  exposure would normally be a t  pumping or 
valving s ta t ions,  and a t  storage yards and distribution points. 

The reported volume'' of crude o i l  transported by 

The reported losses12 

Since production of refinery products from synthetic crude o i l  re- 
sul t ing from coal liquefaction i s  expected t o  be a small fraction of 
t h a t  from petroleum ref iner ies ,  and the synthetic products are l ikely 
t o  be blended with larger volumes of the natural products, the hazard 
from pipeline losses of synthetic petroleum products seems quite small. 

Tanker and tank barge hazards. The U.S. Coast Guard has reported15 
that  the total  loss of l i gh t  o i l  (gasoline, l igh t  fuel o i l ,  kerosene, 
and l i gh t  crude) amounted t o  157,000 barrels in 1972; the corresponding 
loss of heavy o i l  (diesel  o i l  , heating oi 1 , heavy fuel oi 1 ,  heavy crude 
and asphalt) was 42,000 barrels.  These losses included those from t a n k  
ships o r  t a n k  barges and those from other types of vessels and various 
on-shore faci 1 i t i e s .  

Since the above losses of l i gh t  and heavy o i l s  amount t o  only 3.7 
x and 0.98 x respectively of the total  crude o i l  refined 
that  year, '" these losses, l ike  those from pipelines, appear t o  repre- 
sent no undue hazard.  

Railroad t a n k  car hazards. 
Petroleum and Petroleum Products carried by r a i l  was 1.5% of the total  

I t  i s  reported" tha t  in 1971 the weight of 

of such produc'ts carried'. An 
analysis of rai 1 road accidents' correlates the probabi 1 i ty of an acci - 
dent with i t s  severi ty .  I f  we assume than an accident of ''minor sever- 
i t y"  would n o t  resul t  in an oi 1 s p i l l  , b u t  t h a t  those of "moderate" and 
greater severity would, then the probability of a s p i l l  i s  7.9 x lom8 
per vehicle-mile. I f  the 25.8 million short tons were moved an average 
of 100 miles, then the expected loss from ra i l  s p i l l s  would be i n  the 
order of 200 tons  a year. Again, the losses appear t o  be a very s l igh t  
hazard. 

This amounts to-25.8 million short tons. 

T a n k  truck hazards. 
hazardous materials found that  the probability of a moderately severe 
accident was 3 x per vehicle-mile in 1969. 
f i r e  bein associated with gasoline truck accidents i s  high.16 I t  i s  
reported" t h a t  motor car r ie rs  handled 27.4% of the tonnage of the crude 

An acci dent analysis'  of motor carr iers  carrying 

The probability of 
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petroleum and petroleum products transported in 1971; most o f  t h i s  was 
petroleum products and presumably was gasoline being delivered t o  f i  1 - 
l ing s ta t ions.  Thus the probability of loss of synthetic o i l  products 
i n  truck accidents i s  much 'larger t h a n  by other modes of transportation. 
However, because gasoline contains mainly low boiling hydrocarbons, the 
carcinogenic potential of spi l led products i s  probably low, b u t  i t  needs 
t o  be carefully evaluated. 

r 
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11. KING-MUIR PROBLEM/PROGRAM UNITS 

11.0 OVERVIEW OF KING-MUIR CATEGORIES 

I1 .O. 1 Characterization, Measurements , and Monitoring ( C M M )  

For B P P  purposes, the objective of the CMM e f for t  i s  t o  provide 
the chemical and physical capabili t ies and information t h a t  are and  will 
be needed t o  carry o u t  the biological , biomedical, and ecological por- 
tions ( i . e . ,  effects  studies) of the program. In  order t o  meet this  
overall objective, the CMM act ivi ty  should ( 1 )  assess existing informa- 
t ion,  ( 2 )  u t i l i ze  a hierarchy of existing chemical and physical tech- 
niques, and (3)  develop new ones where needed t o  meet program goals. 
Moreover, i t  should ( 4 )  establish and maintain chemical support f a c i l i -  
t i e s  that  will provide appropriate quantit ies of well-characterized 
materials for  use by others,  ( 5 )  determine optimum sampling and sample 
preservation/handling protocols , ( 6 )  s e t  up a quality assurance program 
t o  ensure credible measurements within and among projects and labora- 
to r ies ,  and ( 7 )  ensure tha t  adequate and re l iable  measurement and/or  
monitoring instrumentation i s  available when needed. Accordingly, much 
of the chemistry and  physics e f for t  of this  program f a l l s  w i t h i n  the 
scope o f  the CMM e f fo r t .  

CMM research needs t o  be in i t i a t ed  immediately. I n i t i a l l y  the ob-  
ject ive will be t o  assess existing information and capabi l i t ies ,  and 
t o  i n i t i a t e  experimental work t h a t  gets the overall program off t o  a 
good s t a r t .  I n  the early stages the research will include inventories 
of exi s t i  n g  materials , support research uti 1 i zi ng existing techniques, 
and developmental research fo r  techniques considered most cri  t i  cal ( i  . e  
sample storage, quantitative capabi l i t ies  for  selected materials) .  As 
the program develops , work wi 11  be in i t ia ted  that  wi 11 ultimately pro- 
vide the instrumentation necessary t o  carry o u t  source (p i lo t  plant)-  
characterization studies , anticipated l a t e r  in the overall program. 

65 
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11.0.2 Health Effects 

Proposed Health Effects research i n  coal conversion can be divided 
( 1 )  effects  on industrial  workers engaged in the tech- i n to  two parts:  

nology, and ( 2 )  e f fec ts  on the general public of  the operation and use 
of the products of the technology. 

Industrial workers i n  coal conversion will represent a re la t ively 
small and well-defined population tha t  m i g h t  be exposed by accident or 
faul ty  design t o  re la t ively high concentrations of potentially hazardous 
substances. I n  t h i s  case, the most obvious hazard, from present knowl- 
edge , i s  exposure t o  potential ly carcinogenic hydrocarbons, b u t  there 
are a number of other,  presently less well-defined, hazards. W i t h  such 
industrial  groups i t  may be feasible t o  carry o u t  a number of t e s t s  on 
most  or a l l  members of the population and t o  monitor them fo r  any cl in-  
i cal symptoms. Acute and chronic tox ic i ty ,  carcinogenicity , and perhaps 
for a small f ract ion,  teratogenicity are the important e f fec ts  t o  look 
fo r .  Mutagenicity will  l ikely be of l i t t l e  importance because of the 
smal 1 s i z e  of the populations. However, t e s t s  for  damage t o  chromosomes 
and fo r  mutagenicity in laboratory systems may be valuable for  identify- 
ing and estimating damage t o  individuals and identifying potentially 
hazardous substances. I t  may be possible in such groups to  develop and 
u t i l i z e  procedures fo r  enhancing biological repair  and recovery as pro- 
tect ive or  therapeutic procedures. 

The main known hazard fo r  personnel involved direct ly  in coal con- 

However, as 
version i s  exposure t o  carcinogenic polycyclicaromatic hydrocarbons ( P A H )  , '  
as discussed in more detai l  in Section 1.2 and Appendix A. 
these parts of the report point o u t ,  there are a number of other mate- 
r i a l s ,  including phenols, organosulfur compounds, and others t o  which 
such personnel may also be exposed. 
of such substances i s  in general very limited and needs to  be greatly 
improved. 
b o t h  synergistic and antagonistic effects  of materials i n  the complex 
organic mixtures produced during conversion processes. 
l i t t l e  about  the long-term effects  of chronic medium-level exposure 
t o  such materials and  mixtures. Thus, both rapid screening t e s t s ,  longer 
term t e s t s  , and quantitative dose-effect determinations wi 11 be requi red 
t o  assure tha t  industrial  personnel are n o t  being exposed t o  undue haz- 
ards. Medical s urvei 11 ance and epi demi ol ogi cal studies w i  11 cer ta i  nly 
be desirable, b u t  as long as coal conversion i s  in the p i lo t  plant 
stage the number of exposed individuals will  be too  small t o  allow de- 
tection of any b u t  the most obvious and ubiquitous effects  by such 
methods. Heavy reliance should be placed on laboratory t e s t s ,  in any 
case, t o  avoid unnecessary exposure t o  industrial  personnel. However, 
medical surveillance and epidemiological studies w i t h  personnel involved 
in established fossi 1 fuel processes may give valuable information. 

Our knowledge of the health effects  

Moreover, there i s  a very real possibi l i ty  tha t  there will  be 

We know very 

Chronic e f fec ts  of low levels of materials released during coal con- 
version and during the use of i t s  products will be the principal concern 
for the general public. This will  include the e f fec ts  included under 
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carcinogenicity, chronic toxici ty ,  mutagenicity, and possibly teratogenic- 
i t y .  Major reliance must be placed on extrapolation from laboratory d a t a  
t o  man. However, despite the d i f f i cu l t i e s  imposed by the expected low 
levels of hazardous substances, epidemiological and clinical  studies of 
groups of i ndi vi dual s , especi a1 ly those located near coal conversion 
plants, may be af importance. This i s  particularly true because the 
complexity of the products and the low level of the individual effects  
may make i t  d i f f i c u l t  t o  really duplicate the s i tuat ion in the labora- 
tory.  AS f o r  the i ndus tri a1 workers , the polycycl i c hydrocarbons would 
appear t o  be a t  l ea s t  one hazard of i n t e re s t ,  b u t  our present knowledge 
i s  t o o  limited t o  be sure tha t  other materials may n o t  be even more 
hazardous t o  the general public. 

L i t t l e  i s  c:urrently known about the potential hazards t o  the general 
public of coal conversion processes. Insofar as the effluents are simi- 
l a r  t o  those produced by coal combustion and the gaseous and l iquid pro- 
ducts are s imilar  t o  natural gas and petroleum, the health effects  will 
be the same as fo r  those technologies. However, as pointed out i n  Sec- 
t ion I .2 and Appendix A, the synthetic crude oi 1 produced by coal con- 
version has a considerably higher concentration of PAHs t h a n  does natur 
crude o i l .  Insofar as such materials may escape into the general envi- 
ronment during the refinement o r  use of synthetic crude o i l  and i t s  pro- 
ducts, they represent a potential hazard, especially since there i s  some 
indication from work w i t h  lower organisms t h a t  they may n o t  only be 
carcinogenic b u t  mutagenic as well. 
aqueous wastes from coal conversion may contain some appreciable amount 
of PAH. I n  addition, such waste can contain appreciable amounts of 
phenols, organosulfur, and other organic compounds as well as some heavy 
metals. There iis essentially no information abou t  the effects  o f  chronics 
low-level exposure t o  such materials. We must conclude t h a t  there i s  n o  
c lear  information abou t  the potential effects  on health of chronic ex- 
posures of the general public t o  the products and effluents from coal 
conversi on techno1 ogy . 
s i t i on  of these materials t o  make i t  essential t o  carry o u t  fur ther  
s tudies .  

Moreover, there i s  evidence tha t  

However , there i s  enough known about the compo- 

There are  a number of kinds of development and research t h a t  are 
applicable almost equally well t o  the estimation of health hazards f o r  
industrial  workers and  the general public. These include the develop- 
ment of a variety of laboratory procedures and t e s t s  for identifying 
and quantitatively evaluating the hazards. Also included is  research 
designed t o  improve our understanding of the way i n  which potentially 
hazardous substances p r o  uce damage and the way i n  which biological 
systems handle such substances and repas'r or recover from the d a ~ ~ ~ ~  
produced. Such information i s  essential fo r  the development o f  e f f i c -  
i en t  tes t ing systems and for  the interpretation of laboratory t e s t s  in 
terms of human hazards.  
l a r ly  important  when dealing with complex chemical hazards such as may 
be expected t o  resu l t  from coal conversion. 
th i s  f i e l d  i s  s t i l l  qui te  unsatisfactory. 

Such developments and evaluations are particu- 

Our current knowledge i n  



68 

11.0.3 and 11.0.4 Environmental E f f e c t s  and Transpor t  and 
Physi ca l  and Chemical Processes and E f f e c t s  

The a n t i c i p a t e d  implementat ion o f  massive coal conversion i n d u s t r i e s  
i n  the  Un i ted  States w i t h i n  a decade w i l l  r e s u l t  i n  t h e  i n t r o d u c t i o n  o f  
subs tan t i a l  gaseous, s o l i d ,  and aqueous waste f l uxes  i n t o  the  env i ron-  
ment. Many o f  the  contaminants produced, p a r t i c u l a r l y  f rom coal  l i q u e -  
f a c t i o n  processes, may have profoundly  de le te r i ous  e f f e c t s  on aquat ic  
and t e r r e s t r i a l  ecosystems, and u l t i m a t e l y ,  on human l i f e .  
i n t o  the  environmental e f f e c t s  o f  e f f l u e n t  compounds w i  11 be requ i red  
t o  ensure the  implementat ion o f  env i ronmenta l ly  acceptable sur face  and 
i n - s i t u  coal  g a s i f i c a t i o n  and coal  l i q u e f a c t i o n  technologies.  

Research 

The research program out1 i ned  proposes para1 l e 1  i nves ti g a t i  ons o f  
( 1  ) ecol  og i  ca l  e f f e c t s  and ( 2 )  physi  ochemi ca l  and b i  o l  og i  c a l  t r a n s p o r t  
and t rans fo rma t i  on o f  coal  conversion e f f l u e n t  cons t i t uen ts  . I n i  t i  a1 
exper imentat ion should emphasize screening procedures t o  e s t a b l i s h  a 
h ie ra rchy  o f  e f f l u e n t  hazards; non-subt le b i o l o g i c a l  e f f e c t s  and major 
t rans format ions  and s inks  should be determined f o r  whole e f f l u e n t s ,  
e f f l u e n t  sub f rac t ions ,  and major i d e n t i f i e d  e f f l u e n t  compound c lasses.  
L a t e r  research should examine q u a n t i t a t i v e l y  less  s i g n i f i c a n t  e f f l u e n t  
cons t i t uen ts  and i n d i v i d u a l  compounds which are i n d i c a t e d  t o  c o n s t i t u t e  
p a r t i c u l a r  b i o l o g i c a l  o r  eco log i ca l  hazards. I n v e s t i g a t i o n s  should 
proceed from acute t o  more sub t le ,  chron ic ,  long-term e f f e c t s  on repre-  
s e n t a t i v e  organisms; exper imentat ion should expand t o  encompass more 
complex m u l t i - s t e p  t r a n s p o r t  processes and degradat ion r a t e  s tud ies .  
Both single-component systems and model ecosystems (microcosms) should 
be u t i l i z e d .  A t  each s tep  o f  the research p lan  r e l a t i v e  eco log i ca l  
hazards o f  e f f l u e n t  cons t i t uen ts  should be re-eval  uated and research 
p r i o r i  t i e s  should be r e d i r e c t e d  i f  necessary. 

/ 

\ 

Research areas should i n i t i a l l y  comprise f i v e  major environmental 

B i o l o g i c a l  e f f e c t s  and t ransformat ions should be eva l -  
compartments: the  atmosphere, b i o l o g i c a l  systems , s o i  1, na tu ra l  waters, 
and sediments. 
uated i n i t i a l l y  w i t h i n  each compartment. 
s t i  tuents  between compartments a re  i d e n t i f i e d  and t h e i r  importance 
determined, research a c t i v i t i e s  w i  11 of necess i ty  cross compartmental 
1 ines .  

As f l uxes  o f  e f f l u e n t  con- 

Submodels o f  t r a n s p o r t  and t rans format ion  pathways and popu la t i on  
e f f e c t s  w i t h i n  each environmental compartment should be developed as 
research program data become ava i l ab le .  An o b j e c t i v e  should be the  
development of  comprehensive models o f  eco log i ca l  e f f l u e n t  e f f e c t s  f o r  
each of the coal  conversion techno1 g ies under development. 

I n tens i ve ,  mu l t i - yea r  f i e l d  surveys o f  the  environment surrounding 
rep resen ta t i ve  coal  conversion demonstrat ion p l a n t s  should be conducted 
concur ren t l y  w i t h  1 aboratory  programs. 
p resen ta t i ve  o f  one o f  the  broad range o f  c l i m a t i c ,  edaphic, and vegeta t ive  
types i n  which coal  conversion f a c i l i t i e s  might  be expected t o  be s i t e d .  

Each s i  t e  chosen should be re -  

Pre-operat ional  q u a n t i f i c a t i o n  o f  populat ions and e f f l u e n t  c o n s t i t u e n t  /,- ',  
'. 1 
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\ 

./ 
l e v e l s  w i l l  p r o v i d e  b a s e l i n e  d a t a  upon which t h e  e f f e c t s  o f  p l a n t  opera- 
t i o n  s h o u l d  be superimposed. 
be a d j u s t e d  throughout  t h e  s tudy  t o  r e f l e c t  re-eval  u a t i o n s  o f  e f f l u e n t  
hazards developed f rom l a b o r a t o r y  research.  
u t i l i z e d  t o  modi fy ,  v a l i d a t e ,  and t e $ t  models o f  e f f l u e n t  behavior .  
From t h e  accumulated d a t a  an e v a l u a t i o n  o f  t h e  e c o l o g i c a l  hazard o f  
e f f l u e n t s  shou ld  b e  determined f o r  each’ coal  convers ion technology.  

Sampling and a n a l y s i s  p r i o r i t i e s  shou ld  

F i e l d  r e s u l t s  should be 
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11.0.5 Integrated Assessment of Coal Conversion Technologies 

In order t o  establish a coordinated s e t  of policies and  implementa- 
t ion plans f o r  coal conversion techno1 ogi es , an integrated assessment 
of technological a1 ternat i  ves , imp1 ementati on pri ori t i  es , and a to ta l  - 
ized costlbenefit  analysis will be established. This program will ad- 
dress the potential energy produced, the form of converted fuel products 
produced, and the end uti l ization/substi  tution for  current and projected 
fuel demands. Implementation pl ans fo r  various conversion technology 
scenarios need to  be developed which minimize human and envi ronmental 
health impacts and maximize economic and soci a1 benefi ts . A 1  ternat i  ve 
conversion scenarios should include various methods and mixes o f  methods 
for  extraction, conversion, dis t r ibut ion,  and waste management -- each 
providing for  optimal exploitation of varying resource supplies and for  
optimal location of plants with a range o f  options for  pollution abate- 
men t . 

I n  addition, th i s  program will provide for  an integrated assessment 
o f  the direct  and  indirect  impacts of the developing technologies and  
provide a s e t  o f  policy recommendations fo r  implementation, f a c i l i t y  
s i t i n g ,  resource supply-demand management, and the fundamental bio- 
medical , envi ronmental , soci a1 , and economi c research necessary t o  pro- 
vide guidelines. 

A major thrust o f  th i s  e f for t  will be t o  establish fuel product 
ut i l izat ion demands and  establish the economic costs and incentives 
necessary t o  meet the overall goals o f  Project Independence. This 
e f fo r t  wi 11 necessitate the assessment of the avai lable coal resources 
and the al ternat ive extraction processes and conversion processes best 
suited fo r  maximum efficiency of resource recovery with minimal envi - 
ronmental impact. A1  ternat i  ve technologi cal processes for  conversion 
( i  . e . ,  liquefaction, gasif icat ion) ,  location of production f a c i l i t i e s ,  
and schemes f o r  p r o d u c t  s t o r a g e / d i  s t r i  b u t i  on/uti 1 i z a t i  on w i  11 be s t u d i  ed 
in detai l  t o  optimize coal resource development, transportation develop- 
ment, as well as end-use substi tution of conversion products fo r  current 
and  projected energy consumption. 

,/-- 

'\ 

Human health assessment will begin a t  the e a r l i e s t  stage fo r  con- 
version processes deemed feasible in the next decade. This research 
wi 11 also address potential health problems associated w i t h  f inal  domes- 
t i  c uti 1 i zation of products. Envi ronmental transport pathways and  eco- 
logical impacts research will u t i l i z e  information gained from early 
chemi cal characterization and toxicity screening of pol 1 uti on e f f l  uents 
and monitoring programs 
ing modes of human population exposure, and the array of ecological 
system responses t o  effluents from the mix of technological alterna- 
t ives  will  be integrated into an analysis scheme for  the optimal s i t i ng  
of conversi on f aci 1 i t i  es . 

The variety of envi ronmental pathways, d i f fe r -  

An integrated assessment program has therefore been provided in the 
C>\ 
i 

following pages t o  provide for  the sound management of t h i s  nation's 
coal resources and the analysis of technological a1 ternatives for  
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economical ly uti 1 i zi ng  these resources in response t o  trade-offs with 
other e lec t r ica l  energy and fossi 1 fuel production technologies. The 
scope o f  th i s  program plan ident i f ies  the current s t a t e  of  knowledge 
and information gaps c r i t i ca l  t o  an integrated assessment and provides 
recommendations for  b o t h  (1) a basic research plan for  implementation 
of an integrated assessment program and ( 2 )  the development of necessary 
d a t a  analysis and information research requirements t o  support th i s  
program. 

The scope o f  the integrated assessment program will require a re- 
gional perspective and  will need t o  be supported by a well-defined i n -  
formation system including the following: 

Resource Management - assessment o f  the composition and avai labi l i ty  
of coal reserves, and a i r ,  land, and consumable water resources necessary 
t o  support conversion techno1 ogies . 

Control Technology - evaluation of  the feasible control technologies 
t h a t  can be implemented t o  enhance the health acceptabili ty of various 
conversion processes. 

Environmental Transport  - characterization o f  the modes of entry 
and  transport of technology effluents and identification of environmental 
reaction products and the i r  c r i t i ca l  pathways o f  transport  t o  man and 
sensi t i  ve biota. 

Health E,ffects - evaluation o f  the occupational health problems and 
potenti a1 exposures of  general population , including toxicological and 
epi demi 01 ogi cal b i  omedi cal research. 

Ecological Effects - i denti f i  cation of sensi t i  ve ecol ogi cal sys tems 
(both n a t u r a l  and agricul tural)  and quantification of both acute and 
chronic, 1 ong-term, low-level exposure impacts on t e r r e s t r i a l  and aquat ic  
envi ronments. 

Social and  Welfare Effects - evaluation o f  the soc ia l ,  pol i t ical  , 
economic, and cultural impacts of the environmental effects  of coal 
conversion and pollution control technologies. 

Cost/Risk/Benefit Analysis - analysis o f  the cost/risk/benefit  
trade-offs o f  energy production and pollution control a1 ternatives , 
whether simi l a r  o r  different  , i n  a1 1 regions and environments of the 
n a t i o n .  
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11.0.6 Environmental Control Technology 

I1 .O.  6.1 Introduction 

Conversion of coal into clean fuels and/or  chemical feedstocks will 
undoubtedly resu l t  i n  gaseous, l iquid,  and sol id  waste which must be 
control led and managed in an economical ly and envi ronmemtal ly accept- 
able manner. A l t h o u g h  the basic coal conversion processes have been 
known and even used on a large scale (see Section I . 1 ) ,  information 
concerning the nature and quantit ies of the wastes produced is far  from 
complete. Obviously, the nature and q u a n t i  t i e s  of the wastes produced 
will  depend very strongly upon the content of undesirable material i n  
the coal used in the process. The content varies greatly depending on 
the source of the coal. Another factor  which affects  the nature and 
quanti t i e s  o f  wastes i s  the coal conversion process i t s e l f .  
these variations, in general terms the environmental control and waste 
management problems associated with various process steps can be de- 
scribed as follows: 

Recognizing 

Process Operati on 

I .  Coal Preparation, Feeding, Storage, and 
Hand1 ing 
A. Unloading 
6. Storage of  raw coal 
C. Washing 
D. Drying 
E. Crushing and P u l  veri z a t i  on 
F. Slurry Preparation and Pumping 

11. Coal Conversion 
A.  Coal Convertors 

B.  Hydrogen Generati on 
C. Gas Purification 

1 .  Water Wash 
2 .  Oil Wash 
3. Amine Scrub 
4. Sulfur Recovery 

D .  Solids Separations and Oil Recovery 

E .  Solvent Recovery 

Problem 

Dust * 
Water Dust, Fire 
Water, Sol ids 
Water, Dust 
Water, Dust, Noise 
Organi c Vapors 

Carcinogens 

/ 

Organic Vapor beaks 
Accidental Release o f  

Spent Catalysts 
Coal Derived L i q u i  ds 

Waste Water, Gases 
Waste Oil ,  Gases 
Waste Amine, Gases 
Waste Gases 
Organic Vapors 
Sol i d Wastes 
Water 
Vapor Leaks 
Waste Heat 
Cool i ng Water 
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Process Operation 

I I I .  By-product Recovery 

IV. Product Utilization 

V .  Waste Management and Disposal 

Problem 

Water, Vapor Leaks 

Carcinogens ( ? )  

Char 
Ash (Dust and Water 

Sol  ubl  e s )  
Waste Liquids 

* 
All water effluents will probably contain s ignif icant  quantit ies of 
phenols polynuclear aromatic hydrocarbons, acids , and other harmful 
soluble compounds unless stringent controls are  applied. 

11.0.6.2 Control Techno1 ogy 

The magnitude of the control technology problem associated w i t h  
coal conversion i s  so great t h a t  a detailed discussion o f  the necessary 
research and development i s  n o t  warranted here. However, the general 
requi rements and approach w i  11 be discussed wi t h  some speci f i  c points 
where information on environmental and health effects  of  the coal con- 
version technologies i s  needed t o  o b t a i n  the ultimate objective,  which 
i s  t o  develop and demonstrate economi cal technol ogi es requi red to  m i n i  - 
mize or eliminate completely a l l  unacceptable emissions, eff luents ,  
e t c . ,  from any coal conversion technologies implemented. 

Research and development o f  envi ronmental control technol ogy i s  re- 
quired t o  ensure t h a t  adequate systems and methods of  control are avail-  
able for appl i cation upon commerci a1 i zation of coal conversi on technol - 
ogies in a manner which i s  most cost effective ( i . e . ,  t o  prevent the 
necessity o f  extensive r e t r o f i t  application o f  control devi ces , b u t  
rather be able t o  integrate the technologies and control systems pr ior  
t o  commercial p l a n t  i n s t a l l a t ion ) .  
required research and development program i s  shown i n  F i g .  11.0.6-1. 
AS i s  obvious from Fig. 11.0.6-1. early identification of pollutants,  
emission, and the i r  health and environmental effects  i s  essential t o  
the timely development o f  control technology. A l t h o u g h  some of th i s  
information i s  available (enough t o  permit i n i t i a t i o n  of some control 
technology research and development), a s ignif icant  e f fo r t  i s  needed t o  
identify the major pollutants and t he i r  e f fec ts ,  as well as minor p o l -  
lutants with major e f fec ts .  I t  would be very unfortunate t o  s e t  eff lu-  
ent standards, establish control technology equipment performance 
specification, or make economic eval ua t i  ons of  conversion processes w i  t h -  
o u t  a be t te r  definit ion of the potential environmental problem t h a n  cur- 
rently exis ts .  Problem and Program Units have n o t  been included here. 
A separate document on Control Technology has been produced by DBER.  
This summary has been included t o  show the internal p a r t  control tech- 
nology should play i n  the evaluation o f  Coal Conversion technologies. 

A schematic of  the approach t o  t h i s  



In i t i a l  Assessment 
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Figure 11.0.6-1. Schematic f l o w  chart of environment control technology 
f o r  Coal Conversion Research and Development Program 
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11.1 PROBLEM AND PROGRAM UNITS 

11.1.1 Characterization, Measurements, and Monitoring 

11.1.1 .O Studies of Sample Acquisition and Metamorphosis 

( 1 . 1 . 1  Producti on of we1 1 -characterized materials for  
environmental and health research) 

( 1 . 1 . 2  Development of sampling methodology and devices) 

(1.1.3 Determination of sample s t a b i l i t i e s )  

(1 .1 .4  Determination of methods for  sample preservation) 

11.1.2.0 Methodology 

( 1 . 2 . 1  Inventory of techniques/expertise) 

( 1 . 2 . 2  Separation techno1 ogy) 

(1.2.3 Screening methods) 

( 1 . 2 . 4  Methods development for  specif ic  constituents) 

(1 .2 .5  Class analysis) 

(1.2.6 Methods for  in-s i tu  samples from biological 
envi ronmental studies) 

( 1 . 2 . 7  Defined exposure systems for  biological/ 
environmental s tudies)  

11.1.3.0 Chemi cal and Physi cal Characterization of Coal Conversion- 
Derived Materi a1 s 

(1.3.1 Establish quali ty assurance system) 

(1.3.2 

(1.3.3 Characterization of airborne discharges) 

( 1.3.4 Characterization of aqueous discharges) 

(1.3.5 Characterization of sol i d waste) 

Characterization of process streams and products) 
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11.1.4.0 M o n i t o r i n g  

(1.4.1 

(1.4.2 Occupat ional  mon i to r i ng )  

(1.4.3 Environmental mon i to r i ng )  

(1.4.4 Spec ia l i zed  i ns t rumen ta t i on )  

Inven to ry  o f  techniques and exper t i se )  
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Techno1 ogy: Coal Convers 

B E R  Balanced Program Plan 

Problem Definition 

on 

Ki ng-Mui r Category: Characterizati on ,  Measurements , and Moni tor i  n g  

Problem Ti t le :  Studies of Sample Acquisition and Metamorphosis (11.1.1 . O )  

Objectives: A considerable e f fo r t  i s  required t o  establish standardized 
procedures for  acqui r i n g  and preserving representati ve samples from var-  
ious points within a coal conversion plant and in the environment affected 
by the plant.  Sampling locations include: process streams; product 
streams; plant a i r  and water supplies; environmental a i r ,  water, so i l s  
and sediments; and biosphere components. Methods t o  preserve the chemical 
and physical composition of samples pr ior  t o  characterization consti tute 
a substantial portion of the study. 

Pr ior i ty:  High 

Program Unit T i t les :  

1 . 1 . 1  Production of we1 1 -characterized materials for  envi ronmental and 
health research 

1 . 1 . 2  Development of sampling methodology and devices 

1.1.3 Determination of sample s t a b i l i t i e s  

1.1.4 Determination of methods for  sample preservation 
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B E R  Balanced Program Plan 

Program U n i t  

1 . 1 . 1  Production of well-characterized materials for environmental 
and health research 

Program Unit Objective: To establish a centralized f a c i l i t y  for support 
of b i  ol ogi cal and  envi ronmental studies re1 ated t o  coal conver- 
sion technologies. Materials wil l  be produced, fractionated, 
characterized, and  supplied t o  other researchers. 

Scope: The purpose o f  t h i s  work i s  t o  establish a central f a c i l i t y  t o  
provi de d i  rect  support for  research a t  vari ous 1 aboratories engaged in 
the health and envi ronmental aspects of coal conversion technologies. 
No such f a c i l i t y  exis ts  today. 
supply o f  crude samples and fractions thereof, ( b )  the supply of pure 
compounds when purchase i s  n o t  possible, and ( c )  the ident i f icat ion an 
quantification o f  chemicals consti tuting crude samples and f ract ions.  
To provide these capabi l i t ies ,  i t  w i l l  be necessary ( a )  t o  study samp- 
l ing methodology, ( b )  t o  define the chemical s t a b i l i t y  of samples and 
t o  devise means t o  preserve them, ( c )  t o  devise methods for separating 
crude samples i n t o  reproducible fractions on b o t h  analytical and pre- 
p a r a t i  ve scales,  ( d )  t o  carry o u t  in-depth chemical characterization 
( iden t i t i e s  and quant i t ies)  of crude samples and f ract ions,  and ( e >  t o  
provi de other chemical and  ecol ogi cal researchers . 

Direct services will include ( a )  the 

The existence o f  a central f a c i l i t y  wi l l  ensure t h a t  resul ts  ob-  
tained by various research teams can be confidently inter-compared 
because comparable samples will be used i n  t h e i r  s tudies .  Should tech- 
nical limitations preclude direct  s u p p o r t  ( e . g . ,  i f  sample in s t ab i l i t y  
negates sample s h i p p i n g )  , then the standardized methodologies developed 
i n  t h i s  work could be implemented i n  other laboratories.  
faci 1 i t y  combining d i  rect  service and some chemical research w i  11 pro- 
vide an economical core ac t iv i ty  upon which biologis ts ,  industrial  
hygienists, and  environmentalists can draw for  chemical support. 

A central 

Technology Development Time Frame: S h o u l d  begin immediately so as t o  be 
avai lable a s  b i  ol  ogi cal and  envi ronmental research programs mature. 
Should begin a t  high level i n i t i a l l y  t o  establish f a c i l i t i e s  and method- 
ologies, and  continue a t  modest level when operation becomes routine. 

Program Unit Priority:  Hi gh 
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\ 

Est imated Program U n i t  Cost:  
\ _, 

1. T o t a l  $2,900,000 

2. Per Year - FY 1977 $ 800,000 
FY 1978 $ 800,000 
FY 1979 $ 500,000 
FY 1980 $ 500,000 
FY 1981 $ 300,000 

. 
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BER Balanced Program Plan 

Program U n i t  

1.1.2 Development of sampling methodology and devices 

Program U n i t  Objective: Devices wil l  be developed f o r  r e l i a b l e  and, i n  
some instances,  automatic col lect ion of samples. 

Scope: An inventory o f  sampling apparatus, both commercial a n d  experi- 
mental, i s  included i n  th is  u n i t .  Devices wil l  be developed and tes ted  
f o r  long-term, r e l i a b l e  performance i n  the  f i e l d .  
u n i t  must be done concomitantly w i t h  the development of sample method- 
01 ogy . 

Work out l ined i n  this 

M i  1 es tones : 

1. Demonstration o f  r e l i a b l e  sampling devices f o r  process and 
product streams. 

2 .  Demonstration of a r e l i a b l e  device f o r  co l lec t ing  whole a i r  
samples (may i ncl ude par t i  cul ate-gas separat ion) .  

3 .  Demonstration of r e l i a b l e  devices f o r  co l lec t ing  aqueous 
samples. 

4. Demonstration of  r e l i a b l e  devices f o r  co l lec t ing  s o i l  and 
sediment samples. 

Technology Development Time Frame: 
and continue through Year 7. 
programmatic needs. 

Work should be i n i t i a t e d  i n  Year 2 
Additional work wil l  be determined by 

Program U n i t  Pr ior i  ty:  Hi gh i n i  t i  a1 ly , becoming moderate a f t e r  Year 5. 

Estimated Program U n i t  Cost: 

1 .  Total $935,000 

2. Per Year - FY 1977 $ 60,000 
FY 1978 $200,000 
FY 1979 $225,000 
FY 1980 $225,000 
FY 1981 $225,000 
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BER Balanced Program Plan 

Program Unit 
_I_s_ 

-- Pr=ratn II Unit ISb.jective: _-- Following sampling, rates o f  change 
and rhvsical cornPosition wil l  be measured t o  determine 

n chem cal 
i f  any 

spec;; handling' procedures will be required prior t o  analysis.  

I S c g e :  Studies w i  11 include r o u g h  screening t e s t s  t o  determine the 
e f f e y t s  o f  var? oils transport and storage condi ti ons upon sample s t a b i  11' t y  
A d a t a  inventory of  physical and  chemical properties o f  specif ic  sub- 
stances can p r e c  I ude swrne tedious work. Staabi 7 1' ty  studies may .i ncl ude 
addl  tion of  sought-for  substances t o  real samples. 

I ~ ~ ~ ~ r ~ ~ ~ i ~ t i o r ~  o f  sample s t a b i l i t i e s  i n  various matrices as 
required, 

1 .  Tota l  $390,000 
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B E R  Balanced Program Plan 

Program U n i t  

1 .1 .4  Determination of methods f o r  sample preservation 

Program U n i t  Objective: Knowledge accrued through sample s t a b i l i t y  
s tud ies  wi l l  provide a basis for the development or  adaptation 
o f  methods f o r  the preservation of samples. 

Scope: 
moisture, a i r ,  heat ,  and l i g h t  on the samples. The e f f e c t  of container 
material used f o r  transportation and s torage w i  11 a l s o  be characterized. 

Studies wil l  include e f f e c t s  o f  physical conditions such as 

Mi 1 es tones : 

1. Determination of opt imum physical conditions f o r  s torage and 
hand1 i ng .  

2. Devel opmen t of passi ve contai ner materi a1 s . 
Technology Development Time Frame: 
and continue throughout the  ten-year period a t  a modest leve l .  

Work should be i n i t i a t e d  i n  Year 1 

Program Unit Pri ori  t y :  High 

Estimated Program U n i t  Cost: 

1 .  Total $360 a 000 

2 .  Per Year - FY 1977 $ 30,000 
FY 1978 $ 90,000 
FY 1979 $ 90,000 
FY 1980 $ 90,000 
FY 1981 $ 60,000 

,’ 
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B E R  Balanced Proaram Plan 

Problem Defi n i  t i  on 

Technology: Coa7 Conversion 

Ki ng-Mui r Category: Characterization, Measurements, and Monitoring 

Problem T i t l e :  Methodology (11.1.2.0) 

Objectives: To provide the chemical methodology that. will  be needed t o  
carry out t he  ecological a n d  health portions of  the program. To meet 
t h i s  objective wil l  require an assessment of  ex is t ing  information, 
techniques, and capabi l i  t i e s  f o l l  owed by a systematic approach t o  the 
development and application of chemical separation and analysis tech- 
nology t o  both classes of chemical compounds and t o  suspect individual 
compounds. Final l y  , the assessment of impact on b i  ol  ogi cal and envi ron- 
mental systems wil l  require the development of  methods f o r  the deter-  
mination of t h e  chemical form and quantity o f  very small amounts of 
individual compounds t h a t  invade such systems. Such impact assessment 
wil l  i n i t i a l l y  require the development of model systems t h a t  p r o v i d e  
we1 l-defined exposures for biological o r  environmental experiments. 

Pr ior i ty :  Hi gh 

I.I Program U n i t  T i t l e s :  

__ 

I .  2 .1  Inventory o f  techniques/expertise 

1 .2.2 Separati on techno1 ogy 

1 .2 .3  Screening methods 

1.2.4 Methods development f o r  s p e c i f i c  const i tuents  

1 . 2 . 5  Class analysis 

1.2.6 Methods f o r  II__- in-situ samples from biological/environmental studies  

1.2.7 Defined exposure systems f o r  biological/environmental studies  



BER Balanced Program Plan 

Program Unit 

1 - 2.4 Inventory of techniques/expertise 

.- P : To compile ex is t ing  information about chemical 
~ e t h ~ ~ o ~ o g i e s  applicable t o  coal conversion processes; t o  as- 
cer ta in  and locate  the current capabi l i ty  f o r  u t i l i z ing  t h i s  
information; and t o  continually update th i s  information as ad- 
di t ional  methodology i s  developed. 

S C O I :  

techniques should be compiled and continually updated in order t o  pre- 
vent  wasteful duplications of e f f o r t .  As useful methodologies a re  
i so la ted  and summarized, those s c i e n t i s t s  most famil iar  with the d e t a i l s  
o f  the methodologies should be l i s t e d  w i t h  the  summaries. 

Available l i t e r a t u r e  must be assembled and organized in a manner 
t makes i t  useful and vai lable .  Summaries of  known information and 

1. Establishment of information categories appropriate t o  method- 
o l  ogy should be completed immediately . 
Existing l i t e r a t u r e  should be reviewed and organized in to  the 
established categories during Year 1 .  

, 

, /  2, 

3 .  Summaries of available information should be prepared during 
Years 1-2. 

4 .  Milestones 2 and 3 should be a continuing a c t i v i t y  for  cur- 
rent  developments. 

Technology Development Time Frame: 
reniain a smal 1 b u t  ongoing a c t i v i t y  f o r  en t i  re  period. 

Activity must begin immediately and 

~~~~~~~ Unit Pr ior i ty :  High 

1 .  Total $210,000 

2 .  Per Year - FY 1977 $ 60,000 
FY 1978 $ 60,000 
FY 1979 $ 30,000 
FY 1980 $ 30,000 
FY 1981 $ 30,000 
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BER Balanced Program Plan 

Program U n i t  

1 . 2 . 2  Separation technology 

Program hlni t Objective: Methods wi 11 be adapted improved, QP devel aped 
for  the quant i ta t ive  separation of speci f i  c compounds and c1 asses 
of compounds from complex sample matrices on bo th  ~ ~ ~ ~ a r ~ ~ i ~ ~  and 
analyt ical  sca les .  The objective i s  t o  pravide defined, reprc- 
duci ble samples fo r  analysis fo r  detai led characteri  z a t i  00 arid 
f o r  s tudies  o f  compound and sub-fraction bi o toxi  ci ty  m~~~~~~~~ - 
i t y ,  carcinogenicity,  and ecological behavior. 

Scope: 
methods f o r  the  complex sample matrices represented by eff luents  and 
products of coal conversion processes i s  extremely important * ~~~~~~~~~~~ 

wi 11 i ncl ude 1 iqui d adsorption chromatography , 1 i q u i  d ion exchange 
chromatography, sol vent extract ion,  and the use of gas c h r o m a t o ~ ~ ~ ~ ~ y  
employing packed and wall -coated open tubular columns . 
and analyti  cal -scale separat i  ons methods wi 11 be requi red. 
development work include flow monitors, preparation o f  uniformly sized 
small pa r t i c l e  ( 2  t o  10 pn) separations media, and techniques f o r  caa t -  
i ng  capi  1 lary glass co? umns wi t h  uni form th i  ckness , thermostable polar 
1 iqui d phases. 

The development of highly e f fec t ive  and reproducible separati on? 

B o t h  prepar 
Areas needi ng  

Milestones: 

1 .  Development o f  high-resolutiofi separations procedures for 
coal t a r s  and high-boiling residuals .  

2. Development o f  "clean" separations f o r  heteroatom-containjng 
compounds . 

3. Preparation of defined, reproducible f ract ions fo r  study o f  
bio toxic i ty ,  mutagenicity, carcinogenicity,  and ecological 
behavior. 

Technology Development Time Frame: 
s t ress ing  exis t ing capab i l i t i e s .  
eff ic iency and capabi l i t i es  via R / D  a f t e r  i n i t i a l  s tar t -up ( i  .e. 
Year 2 ) .  Should continue as t o t a l  program matures t o  meet spec i f i c  needs, 

This a c t i v i t y  should begin immediately, 
Emphasis s h i f t s  toward improvement i n  

a f t e r  

Program U n i t  Priori  ty: Hi gh 
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E s t i m a t e d  Program U n i t  Cost :  

1, T o t a l  $1,680 ,QOO 

2. Pew. Year - FY 1977 $ 480,000 
FY 1978 $ 480,000 
FY 1979 $ 240,000 
FY 1980 $ 240,000 
FY 1981 $ 240,000 
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BER Balanced Program Plan 

Program U n i t  

1.2.3 Screening methods 

Program Unit Objective: Methods wil l  be developed f o r  rapid,  h i g h -  
resolution screening-type analysis of product and e f f luent  

coal conversion processes. The primary objec t ive  
y s i s  of samples i n  complex matrices.  

streams from 
is rapid ana 

Scope: Rapid, h i g h  
t a n t  t o  process and 
ronmental i n s u l t s .  

resolution screening methods of analysis a r e  impor- 
e f f l u e n t  control f o r  purposes of minimizing envi- 
Approaches general ly w i  11 entai  1 use of low-vol tage 

high-resolution mass spectrometry and high-efficiency glass capi l la ry  
columns f o r  gas chromatographic analysis .  
t i v i t y  fac tors  and associated programming wil l  need t o  be developed 
f o r  quant i f icat ion of mass spectral  data.  
glass capi l la ry  columns w i t h  polar l iqu id  phases t o  produce highly e f -  
f i c i e n t ,  thermostable columns wil l  be developed. 

A matrix o f  r e l i a b l e  sensi- 

Improved methods f o r  coating 

Techno1 ogy Development Time Frame: 
as t o  be avai lable  f o r  use as bioenvironmental research matures. Should 
commence a t  h i g h  level and decrease t o  modest level a t  approximately 
Year 4.  

Should be i n i  t i  ated immedi a te ly  so 

Program U n i t  P r ior i ty :  High 

Estimated Program Unit Cost: 

1 .  Total $1,440,000 

2. Per Year - FY 1977 $ 360,000 
FY 1978 $ 360,000 
FY 1979 $ 360,000 
FY 1980 $ 180,000 
FY 1981 $ 180,000 
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RER Balanced Program Plan 

Program U n i t  -- 

1 ., 2 . 4  Methods d e u ~ , l o ~ ~ e n t  for speci f i c cons t i  tuents 

Program Uni t Objecti ve: Speci f i  c and sen5 i t i  v  ti cal ~ ~ ~ ~ o ~ s  w i  11 
be developed f o r  those const i tuents  which a re  found t o  be haz- 
ardous t o  the environment or population. 
t ion  w i l l ,  i n  general, be designed f o r  analysis i n  the f i e l d  or 
f o r  use i n  on-line process appl icat ions,  

Methods and ~ n ~ t ~ u ~ ~ ~ t ~ -  

Scope: Methods and instrumentation development resu l t ing  from this pro- 
gram w i l l  generally be dependent on def in i t ion  o f  t a r g e t  c~~~~~~~~ by 
other  groups studying b i  otoxi ci ty , mutageni ci  t y 3  and carcinogen? c i  t y  
of product and ef f luent  streams. After  t a r g e t  c ~ ~ ~ o u n d s  a re  i d e n t i f i e d ,  
rapid,  s p e c i f i c  methods and portable analyzers wil l  be developed t o  
measure these compounds in the f i e l d ,  Continuous monitoring systems 
f o r  process e f f l u e n t  streams wil l  he designed and constructed. 

Technology Development Time Frame: Should be i n i t i a t e d  a t  modest level 
immediately, stressing const i tuents  a1 ready known t o  be hazardous (Years 

development wi l l  be based upon the results 

1-2).  Should continue as bioenvironmental research a c t i v i t i e s  mature, / 
t o  meet s p e c i f i c  needs (Years 3-10) a Speci f ic  instrumentation and mani to r  

1 arge ~ $ ~ ~ ~ ~ ,  

\- ' 
f this  work t o  

Program U n i t  P r i o r i t y :  Medium i n i t i a l l y ,  medium t o  h i g h  a f t e r  Year 2 .  

Estimated Program U n i t  Cost: 

1 .  Total  $1,020,000 

2. Per Year - FY 1977 $ 240,000 
FY 1978 $ 240,000 
FY 1979 $ 180,000 
FY 1980 $ 180,000 
FY 1981 $ 180,000 
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B E R  Balanced Program Plan 

Program U n i t  

1 .2 .5  Class analysis 

Program U n i t  Ob j e c t i  ve: 
of compounds a r e  segregated f o r  analysis (e .g . ,  nitrogen- o r  
sul fur-  contai n i  ng organi cs , polycycl i c aromatics , C n H Z n - . ,  
s e r i e s )  . 

Develop analyti  cal methods where en t i  r e  cl asses 

Scope: 
t o  use detector  systems as f i l t e r s  t o  obtain measurements of only the 
t a r g e t  c lass  ( e .  g . ,  thermi oni c detector  f o r  n i  trogen-contai n i n g  compounds) e 

Employ chemical reactions o r  interact ions t o  separate  the desired c l a s s ,  
(e .g . ,  in teract ion of sulfide-containing organics w i t h  cation exchange resin 
i n  the  C u f 2  form or  the formation of charge t r a n s f e r  complexes between 
polycyclic aromatics and 2 ,  4 ,  7- t r ini t rof luorenone) .  
w i t h  Program Units 2 .2  and 2 . 3 .  

Technology Development Time Frame: 
a t  a modest leve l ,  and should be completed by Year 5.  Work beyond Year 
5 may be required i f  bioenvironmental research r e s u l t s  so ind ica te .  

Program U n i t  P r ior i ty :  
decreasing t o  low a f t e r  Year 5.  

I_____ Estimated Program Unit Cost: 

Ident i fy  unique character of t a r g e t  c lass  of compounds and attempt 

This work wil l  blend 

Work should be i n i t i a t e d  immediately 

High i n i t i a l l y ;  decreasing t o  medium a f t e r  Year 3; 

1 .  Total $900,000 

2 .  Per Year - FY 1977 $180,000 
FY 1978 $180,000 
FY 1979 $180,000 
FY 1980 $180,000 
FY 1981 $180,000 
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Program Unit 

1 . 2 . 6  Methods fo r  in-s i tu  samples from biological environmental studies 

Program Unit Objective: To develop methodology fo r  the determination 
and characterization of insult ing chemicals i n  samples from l iv -  
ing systems and ecological systems and  to  investigate possible 
methodology for eval uati ng  mol ecul ar changes t h a t  may have taken 
place within the system as a consequence o f  the invading chemical. 

Scope: 
o l i t e s  must be adapted t o  or developed f o r  complex samples such as blood, 
serum, urine, t issue extracts ,  soi 1 ,  plants,  natural water, e t c .  Such 
methodology must deal w i t h  ul t ra- t race amounts and with extremely varied 
sample interferences. I n i t i a l l y ,  t racer  analysis must play a primary 
role in th i s  ac t iv i ty ;  however, studies must be directed toward develop- 
ment of other approaches of high sens i t iv i ty  such as imunoanalytical 
techniques, spec i f ic  electrodes, and chromatographic techniques involving 
sensi t ive detectors such as f 1 uroescence and electron capture. 

Methodology for  trace amounts of suspect chemicals and t he i r  metab- 

Milestones: /-\ 

1 .  Develop general approach for tracing f a t e  of suspect compounds. 

2 .  Develop approach t o  preparing antibody reagents for  specif ic  
sma 11 organi c mol ecul es . 

3. Develop approach for  extracting traces of insult ing chemicals 
from small samples of t i s sue ,  blood, serum, e tc .  

4.  Develop sensi t ive measuring methodology for  t race amounts o f  
specif ic  organic molecules in complex natural mixtures de- 
rived from living or ecological systems. 

Techno1 ogy Development Time Frame: General approaches t o  problems must 
be s tar ted immediately; however, specif ic  development for suspect chem- 
ica ls  must be carried o u t  as a j o i n t  chemistry-ecology or chemistry- 
biology e f fo r t .  Thus, the level o f  the e f for t  will increase as needed 
t o  support health and ecology studies.  

Program Unit Priority:  High, decreasing to  medium a f t e r  Year 5.  
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Estimated Program U n i t  Cost: 

1 .  Total  $720,000 

2. Per Year - FY 1977 $ 60,000 
FY 1978 $120,000 
FY 1979 $180,000 
FY 1980 $180,000 
FY 1981 $180,000 
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Program U n i t  

1.2.7 Def ined ,exposure systems f o r  biological/environmental stud-ies. 

Program U n i t  Ob jec t ive :  To develop exposure systems t h a t  a l l ow  labora-  
t o r y  exposures which are r e l e v a n t  t o  exposures occu r r i ng  i n  
nature;  and t o  be able t o  mon i to r  such systems so  t h a t  t he  amount 
o f  exposure i s  de f ined and the  dose ob ta ined can be determined. 

Scope: For  l abo ra to ry  experiments i n v o l v i n g  exposure t o  f o r e i g n  sub- 
stances i t  i s  o f t e n  no t  p r a c t i c a l  t o  c l o s e l y  d u p l i c a t e  n a t u r a l  exposures. 
Natura l  exposures may i n v o l v e  very d i  1 Ute i n s u l t s  whose chron ic  e f f e c t s  
would take  very long per iods t o  evaluate;  t he re fo re ,  exposure systems 
are needed which are a re levan t  s imu la t i on  o f  t he  exposures r e a l l y  occur-  
r i n g .  Development o f  such exposure systems w i l l  r e q u i r e  a s y n t h e t i c a l l y  
prepared exposure m ix tu re  whose re1  a t i  ve chemi c a l  make-up approaches the  
r e a l  w o r l d  exposure. 
be p laced on mixtures. )  
e ra ted  i n t o  an exposure system where t h e  f a t e  o f  one or more cons t i t uen ts  
can be monitored. 
ways. F i r s t l y ,  t h e  remains o f  the  exposure m ix tu re  must be analyzed f o r  
dep le t i on  o f  one o r  more cons t i t uen ts .  
cons t i t uen ts  depleted i n  the  exposed system must be loca ted .  
t he  methods i n  CMM Program U n i t  2.6 w i l l  be u t i l i z e d .  

(Because o f  s y n e r g i s t i c  e f f e c t s ,  empLlasis should 
A f t e r  making such mixtures,  they must be gen- 

Fate o f  exposure components must be monitored i n  two 

I n  add i t i on ,  one o r  more of t he  
,- 

Many o f  

M i  l es  tones : 

1. 

2. 

3 .  

4. 

Using data from o t h e r  CMM work and work ing w i t h  e i t h e r  b i o l -  
o g i s t s  o r  eco log i s t s  s y n t h e t i c  exposure mixtures must be 
prepared. 

S u i t a b l e  exposure systems f o r  the s y n t h e t i c  mix tures must be  
des i gned. 

Methodology t o  mon i to r  t h e  exposure must be developed. 

Methodology t o  evaluate impact (dose t o  animals, changes i n  
exposed ecosystem, e tc . )  must be developed. 
Un i t  immediately proceeding t h i s  u n i t )  . (See CMM Program 

Technology Development Time Frame: This  e f f o r t  must be c o l l a b o r a t i v e - -  
i n v o l v i n g  chemist ry  and environmental science o f  h e a l t h  s tud ies  w i t h  the 
t ime frame matching animal t e s t i n g  and labo ra to ry  ecosystem development. 
However, s tud ies  should begin i m e d i a t e l y  t o  develop s y n t h e t i c  mix tu res  
and t o  e l u c i d a t e  the  poss ib le  problems o f  increases i n  concent ra t ion  o f  
suspect chemicals e f f e c t i n g  chemical changes i n  the  exposure m ix tu re .  
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,' Program U n i t  P r i o r i t y :  High 

Est imated Program U n i t  Cost: 

1. To ta l  $51 0,000 

2. Per Year - FY 1977 $ 60,000 
FY 1978 $120,000 
FY 1979 $120,000 
FY 1980 $120,000 
FY 1981 $ 90,000 
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Problem Defi ni t i  on 

Techno1 ogy: Coal Conversion 

K i  ng-Mui r Category: Characterization, Measurements , and Moni tor i  n g  

Problem Ti t le :  Chemical and  Physical Characterization of  Coal Conversion- 
Derived Materials (11.1.3.0) 

Objectives: the objective o f  this  problem area i s  t o  define the chemical 
composition a n d  physical characteris t i c s  o f  coal conversion-derived mate- 
r i a l s .  
bioassay models, appropriate envi ronmental transport and transformation 
s tudies ,  and l ikely industrial  health concerns and  t o  interpret  the re- 
s u l t s  of environmental and health studies.  Existing and newly developed 
methodologies are t o  be applied to  coal conversion-related samples in 
order t o  establish and  expand the chemicallphysical d a t a  base required 
t o  lead and s u p p o r t  other research. Concerns include process streams 
and products, i n-plant envi ronments , and general environmental release. 
An appropri a te  d a t a  managernent/dissemi nati on sys tern and a qual i ty as- 
surance system are integral parts o f  this  problem area. 

The product o f  this  work i s  t o  be used t o  identify appropriate 

Pr ior i ty  : Hi gh 

Program Unit Ti t les :  

1.3.1 Establish quali ty assurance system 

1 . 3 . 2  Characteri z a t i  on  of process streams a n d  products 

1.3.3 Characterization o f  airborne discharges 

1.3.4 Characterization o f  aqueous discharges 

1.3.5 Characterization o f  solid waste 
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Program U n i t  

1.3.1 Establish qual i ty  assurance system 

Program U n i t  Objective: To ensure t h a t  character izat ion work w i t h i n  
the  program is  i n t e r n a l l y  consis tent  and of adequate r e l i a b i l i t y  
t o  meet programnatic needs. 

Scope: A wide var ie ty  o f  chemical , bio logica l ,  and physical t e s t s  and 
measurement instrumentation wil l  be u t i l i z e d  and developed w i t h i n  this 
program, and they wil l  be used by people i n  a var ie ty  of labora tor ies .  
In this  program u n i t ,  a program of qua l i ty  assurance wil l  be establ ished 
whereby reference materials a r e  generated and c i rcu la ted ,  sui t a b l e  mea- 
surement methodologies are  i d e n t i f i e d ,  and inter- laboratory comparisons 
are  conducted. This u n i t  a l so  serves as a discipl inary communicative 
device among workers i n  the program. 

Milestones: 

1. E x i s t i n g  qua l i ty  assurance data i s  assessed. 

2. Reference materi a1 s a r e  prepared. 

3. Acceptable procedures and instrumentation a re  i d e n t i f i e d .  

4. Inter-laboratory comparison programs are  i n i t i a t e d .  

Technology Development Time Frame: 
inventory (Nos. 2.1, 3.1 , and 4.1) assessment a c t i v i t i e s ,  approximately 
one year  i n t o  the program; establ ished operation by end of Year 4; 
routine t h e r e a f t e r .  

Should be i n i t i a t e d  as par t  o f  the 

Program Uni t Pri or i  ty:  

Estimated Program Uni t Cost: 

Medi um. 

1 .  Total $480,000 

2. Per Year - FY 1977 $ 60,000 
FY 1978 $120,000 
FY 1979 $120,000 
FY 1980 $120,000 
FY 1981 $ 60,000 
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Program U n i t  

1.3.2 C h a r a c t e r i z a t i o n  o f  process streams and produc ts  

Program Uni t  Ob jec t ive :  To d e f i n e  t h e  chemi c a l  composi ti on and phys-i cinl 
c h a r a c t e r i s t i c s  o f  products  and process stream samples e 

Scope: The chemical and p h y s i c a l  C h a r a c t e r i s t i c s  o f  t h e  products  and 
of  samples a t  var ious  stages i n  t h e  process s t ream w i l l  be d e f i n e d  i n  
o r d e r  t o  ( a )  o b t a i n  source d a t a  i n d i c a t i n g  t h e  maximum p o s s i b l e  env-iron- 
mental  re lease,  (b )  t o  e s t a b l i s h  t h e  c h a r a c t e r i s t i c s  o f  m a t e r i a l  t o  be 
t r a n s p o r t e d  and processed f u r t h e r ,  and ( c >  t o  p r o v i d e  t h e  da ta  r e q u i r e d  
t o  suggest engi  n e e r i  ng modi f i  c a t i  ons t o  reduce env i  ronmen t a l  and heal  t h  
i n s u l t s  . I n o r g a n i  c and o r g a n i c  cons ti t u e n t s  w i  11 be determined and 
p h y s i c a l  p r o p e r t i e s  (e.g., v o l a t i l i t y )  which r e l a t e  t o  e n ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ’ ~  
r e l e a s e  w i l l  be e s t a b l i s h e d .  A l l  l i q u e f a c t i o n  and g a s i f i c a t i o n  py*oc=- 
esses w i  11 be considered w i t h  p r i o r i t y  t t e n t i  on g i  yen t o  ~~~~~~~~~~- 
t i  ve and b e s t  techno1 o g i  es . 
Mi lestones:  

1. Sampling s i t e s  and p r o t o c o l s  e s t a b l i s h e d .  

2. I n o r g a n i c  c o n s t i t u e n t s  measured. 

3. Organi c c o n s t i t u e n t s  c h a r a c t e r i  r e d  q u a l i t a t i v e l y  and 
q u a n t i t a t i v e l y .  

Program U n i t  P r i o r i  ty: H i  gh 

Est imated Program U n i t  Cost: 

1. T o t a l  $1,080,000 

2. Per Year - FY 1977 $ 240,000 
FY 1978 $ 240,000 
FY 1979 $ 240,000 
FY 1980 $ 240,000 
FY 1981 $ 120,000 
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Program Unit 

1.3.3 Characterization o f  airborne discharges 

Program Unit Objective: To define the chemical composition and physical 
characterist ics of airborne discharges. 

Scope: Materials discharged t o  the atmosphere will be chemically and 
physically characterized in order t o  estimate the respirable and  skin 
deposi t i  on health hazards associ ated with coal conversion and the a i r -  
borne environmental release, Concerns include gases, semi -volati les 
(fumes) 
out  of  plant b u t  onsite,  and  t o  the surrounding environment. 
t o  be examined include stacks,  ash and other sol id  waste depositories, 
process stream contact points , and products. Inorganf c and organic 
chemi cal cons t i  tuents and physi cal properti es ( e .  g . , parti cl e s i ze  
distribution) will be considered. All liquefaction and gasification 
processes wi 11 be considered with pri ori ty attent-i on bei ng gi ven t o  
representati ve and best techno1 ogi es . 

sol i d particulates and 1 iqui d parti cul ates released i n-pl a n t ,  
Sources 

Mi 1 es tones : 

1 .  

2 .  Inorganic constituents determined. 

Sampling s i t e s  and protocols established. 

3. Physical characterist ics determined. 

4. Organi c cons t i  tuents characteri zed. 

Program Unit Pri ori ty :  High 

Est-imated Program U n i t  Cost :  

1. Total $1,080,000 

2 ,  Per Year - FY 1977 $ 240,000 

FY 1979 $ 240,~00 
FY 1980 $ 240,660 
FY 1981 $ 120,000 

FY 1978 $ 246,860 

, 
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Program Unit 

1 .3.4 Characterization of aqueous discharges 

Program Unit Objective: To define the chemical composition and physical 
character is t ics  of aqueous discharges . 

Scope: 
physically characterized in order t o  estimate the pollutant e f fec t  on 
potable water and  the release of pollutants t o  the aquatic environment. 
Concerns include aqueous scrubbers, streams into which effluents are 
direct ly  released, leachate from sol id  wastes, and s e t t l i ng  ponds.  
Source and  f i e l d  samples will be considered. 
pended organic and inorganic constituents will be determined. Physical 
properties (e .  g . ,  temperature) w:' 11 a1 so  be determi ned. 
tion and gasification processes will  be considered with pr ior i ty  atten- 
tion being given t o  representative and best  technologies. 

Product water and aqueous discharges will  be chemically and  

Both dissolved and sus-  

A1 1 1 iquefac- 

Mi 1 es tones : 

1 .  Sampling s i t e s  and  protocols established. 

2. Inorganic cons t i  tuents determi ned. 

3. Organi c cons t i  tuents characterized. 

Program Unit Priori ty: High 

Estimated Program Unit Cost: 

1 .  Total $1,080,000 

2 .  Per Year - FY 1977 $ 240,000 
FY 1978 $ 240,000 
FY 1979 $ 240,000 
FY 1980 $ 240,000 
FY 1981 $ 120,000 
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Program Unit 

1 . 3 . 5  Characteri za t i  on of sol i d waste 

Program Uni t Ob j e c t i  ve: To define the  chemi cal composition and physical 
characteri  s t i  cs of sol  i d wastes . 

Scope: Solid wastes wil l  be chemically and physically characterized i n  
order t o  define t h e i r  potential  hazard as a source f o r  airborne p a r t i c -  
ul a tes  and leachable pol 1 utants . 
and physical properties wil l  be considered. All l iquefaction and gasi-  
f i  cation processes wi 11 be consi dered w i  t h  pri or i  ty  a t t e n t i  on being 
gi ven t o  representati  ve and bes t  techno1 ogi es . 

Inorganic and organic const i tuents  

Mi 1 es tones : 

1. Sampling s i t e s  and protocols es tabl ished.  

2 .  Inorganic const i tuents  determined. 

3 .  Organic const i tuents  characterized. 

Program U n i t  Pr ior i  ty: H i  gh 

Estimated Program Unit Cost: 

1 .  Total $720,000 

2. Per Year - FY 1977 $180,000 
FY 1978 $180,000 
FY 1979 $180,000 
F'i 1980 $ ~~~~0~ 
FY 1981 $ 90,000 



B E R  Balanced Program Plan 

Problem Definit ion 

Technology: Coal Conversion 

Ki ng-Mui r Category: 

Problem T i t l e :  Monitoring (11.1.4.0) 

Characteri zat i  on, Measurements and Moni t o r i  ng 

Objectives: 
members of  the public,  and the environment t o  poten t ia l ly  hazardous 
materials t h a t  a r i s e  from coal conversion operations.  Work i n  th i s  
program wil l  assess present technology and support developmental work 
t o  provide adequate monitoring capabi 1 i t i e s  t o  assure t h a t  operations 
a r e  car r ied  o u t  i n  compliance w i t h  a l l  health and sa fe ty  standards and 
regul a t i  ons . 

Systems are  needed t o  monitor the exposure of workers 

Pr ior i ty :  High  

Program U n i t  T i t l e s :  

1 .4 .1  

1.4.2 Occupational monitoring 

Inventory of techniques and exper t i se  

1.4.3 Environmental monitoring 

1.4.4 Specialized instrumentation 
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Program U n i t  

1.4.1 Inventory of techniques and expert ise  

Program U n i t  Objective: The program wi l l  determine t o  what extent  exist- 
i ng technology can provide adequate monitoring capabi l i  t i e s  f o r  
coal conversion operations . 
work t o  develop such c a p a b i l i t i e s .  

I t  w i  11 recommend needed addi t i  onal 

Scope: 
i n  conjunction w i t h  health and safe ty  requirements o f  coal conversion 
technology. 
s p e c i a l i s t s  and i n s t a l l a t i o n s  where p a r t i c u l a r  areas of  expert ise  e x i s t .  
The program wi 11 address a1 1 phases of heal th-protect i  on moni tor ing f o r  
both occupational and o f f s i  t e  exposures. 

This  work wil l  survey ex is t ing  monitoring instruments and systems 

This a c t i v i t y  wil l  a l s o  provide a reg is t ry  o f  names o f  

Mi 1 es  tones : 

1.  Complete survey and compile r e g i s t r y .  

2. Recommend needed moni t o r i  ng R&D programs. 

3 .  Reduce a c t i v i t y  t o  keep reg is t ry  current  and continually 
reevaluate R&D needs. 

Program U n i t  P r ior i ty :  High  i n i t i a l l y ,  medium a f t e r  Year 2 .  

Estimated Program U n i t  Cost: 

1. Total $390,000 

2 .  Per Year - FY 1977 $120,000 
FY 1978 $120,000 
FY 1979 $ 60,000 
FY 1980 $ 60,000 
FY 1981 $ 30,000 
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Program U n i t  

1 . 4 . 2  Occupational _1_- monitoring 

Program Unit Objective: To design prototype monitoring equipment for 
i n-plant use fo r  the protection o f  occupational workers. 

Scope: 
ment for surveying and personnel monitoring wi 11 be developed. 
w i  11 be placed on equipment t o  assess hazardous gaseous substances, 
airborne pa r t i  cul ates , and toxic surface contamination, 
the instrumentation and the degree o f  development required will  be 
determined by information on toxicity from work i n  the Health Effects 
category, from information on the levels o f  hazardous substances present 
in coal conversion plant samples, and from the assessment of existing 
instrumentation a n d  expertise carried o u t  i n  Program Unit 4 .1 .  

Fi xed ins trumentati on for area moni tori ng and portable equip- 
Stress 

The nature of 

M i  1 es tones: 
techniques/experti se--are needed before specif ic  mi 1 estones are  se t .  

Recommendations from Program U n i t  4.1 --Inventory of  

Technology Development Time Frame: Work should be 
o f  Year 2 and continue t h r o u g h o u t  the ten-year per 
rect  ly upon  programmati c needs and res u l  t s  . 
Program Uni t Priori t y  : High i n i  t i  a1 ly , becomi ng m 

Estimated Program Unit Cost: 

1 .  Total  $2,100,000 

2 .  Per Year - FY 1977 $ -0- 
FY 1978 $ 300,000 
FY 1979 $ 600,000 
FY 1980 $ 600,000 
FY 1981 $ 600,000 

in i t ia ted  near end 
o d ,  depending d i -  

derate a f t e r  Year 5.  
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Program U n i t  

1.4.3 Environmental mon i to r i ng  

Program U n i t  Ob jec t ive :  To design and cons t rucb  moni , x i n g  equipment 
f o r  t he  assessment o f  ambient and i n t e g r a t e d  o f f s i t e  l e v e l s  o f  
t o x i c  substances produced by coal  convers ion p lan ts .  

Scope: ( 1 )  design o f  
p ro to type ins t rumen ta t i on  f o r  nonnuclear p l a n t  use t o  assess t o t a l  p l a n t  
discharges t o  t h e  environment; ( 2 )  i n  con junc t ion  w i t h  Problem T i t l e  4.1 
"Sample D e f i n i t i o n "  and Problem T i t l e  4.2 "Methodology", the  p r o v i s i o n  
o f  s tandard ized r e l i a b l e  equipment f o r  t h e  c o l l e c t i o n  o f  environmental  
samples and t h e  p r o v i s i o n  o f  s tandar ized  methods f o r  t he  measurement o f  
contaminat ion l e v e l s  w i t h i n  these samples; and (3)  design and const ruc-  
t i o n  o f  p ro to type  po r tab le  equipment f o r  rap id ,  on-the-spot assessment 
of ambient contaminat ion l e v e l s  w i t h i n  t h e  environment w i t h  a view t o  
p r o v i d i n g  means f o r  a r a p i d  assessment o f  environmental l e v e l s  i n  t h e  
event  of an acc identa l  re lease o f  contaminat ion.  

The program w i l l  be concerned w i t h  th ree  areas: 

/ -  Mi lestones:  Recommendations f rom Program U n i t  4.1-- Inventory o f  
LL techniques/exper t ise--are needed be fore  s p e c i f i c  m i  les tones are  s e t .  

Technology Development Time Frame: Work should be i n i t i a t e d  near end 
o f  Year 2 and cont inue throuqhout t h e  ten-year  per iod ,  depending upon 
programmatic needs and r e s u l t .  

Program U n i t  P r i o r i t y :  High i n i t i a l l y ,  becoming moderate a f t e r  Year 5 .  

Est imated Program U n i t  Cost: 

1. To ta l  $2,100,000 

2.  Per Year - FY 1977 $ -0- 
FY 1978 $ 300,000 
FY 1979 $ 600,000 
FY 1980 $ 600,000 
FY 1981 $ 600,000 
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Program U n i t  

1.4.4 Specialized instrumentation 

Program U n i t  Objective: This a c t i v i t y  w i  11 support the development of 
new monitoring i nstrumentati on requi red f o r  b i  omedi cal and envi - 
ronmental research programs f o r  coal conversion techno1 ogy. 

Scope: I t  i s  expected t h a t  some 
needed for moni t o r i  ng exposures 
search programs, This work wil l  
moni t o r i  ng sys tems . 

speci a1 i zed 
n b i  ol ogi ca 
support the 

i ns trumentati on wi 11 be 
and environmental re- 

development o f  needed 

Milestones: 
t o  the needs of the over-all biomedical and environmental research pro- 
grams. 

Spec i f ic  milestones wi l l  have t o  be developed i n  response 

Technology Development Time Frame: T h i s  work should be i n i t i a t e d  in 
Years 1 o r  2 and continue on an -- ad hoc basis throughout the ten-year 
period. 

Program U n i t  Pr ior i  ty: Medi um 

Estimated Program U n i t  Cost: 

1 .  Total $330,000 

2.  Per Year - FY 1977 $ -0- 
FY 1978 $ 90,000 
FY 1979 $ 90,000 
FY 1980 $ 90,000 
FY 1981 $ 60,000 
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I I .  2.1 Health Effects 

11.2.1 .O Determine Materials from Coal Conversion Technology that  are 
Potenti a1 1 v Toxi c 

(2.1.1 Review information from CM&M from the point o f  view 
of health effects  and make recomnendations fo r  
further action) 

(2 .1 .2  Determine potential fo r  health effects  by sensit ive 
and pertinent biological t e s t  systems) 

(2.1.3 Develop, improve , and eval uate methods for  Programs 
2.1.1 and  2.1.2) 

11.2.2.0 Determine Dose-Effect Relationships in Laboratory Models and  
i n  Humans and Develop Methods for  th i s  Purpose 

(2.2.1 Develop chemical and biochemical methods t o  determine 
the metabolism, f a t e ,  and dose for  potentially toxic 
materi a1 s )  

(2.2.2 Determine acute and chronic dose-effect relations i n  
laboratory organisms and ,  i f  possible, i n  selected 
groups of  people) 

(2.2.3 Use previously established dose-effect relations to  
develop bi ol ogi cal indicators of dose) 

I I .  2.3 .O Develop and Apply Laboratory , C 1  i ni cal , and Epi demi ol ogi cal 
Methods f o r  Medical Surveillance of Personnel Involved in 
Coal Conversion Technology 

(2.3.1 Develop and apply biochemical, cytological , and physio- 
logical i ndi ca tors  of  subcl i ni cal effects  from exposure) 

(2.3.2 Eva1 uate uti l i  t y  of  appropri a te  methods for  detection 
of disease resulting from exposure) 

(2.3.3 Determine what  cl i ni cal parameters or preexisting 
diseases and w h a t  envi ronmental factors may cause 
hypersensi t i  v i  t y  in personnel ) 

(2.3.4 Carry o u t  epi demi ol ogi cal s tudi es of exposed personnel ) 



106 

11.2.4.0 Develop a Comprehensive Industrial Hygiene and Safety 
Program to Assure Adequate Protection of Personnel 

(2.4.1 Develop moni tor i  ng  techniques for chemical and 
physical agents) 

(2.4.2 Moni toring for  skin and equipment surface contamina- 
tion for polynuclear aromatic hydrocarbon) 

(2.4.3 Investigate protective devices and measures) 

( 2 . 4 . 4  Develop emergency procedures for  accidental 1 arge 
exposures ) 

11.2.5.0 Develop and Apply Methods fo r  Clinical and  Epidemiological 
Studies on Segments of the General Public that  Could Have 
Been Exposed to  Coal Conversion Re1 ated Mater1 a l s  

(2.5.1 Develop and apply appropriate biochemical, cytological, 
and physiological t e s t s  fo r  c l inical  studies with ex- 
posed populations) 

11.2.6.0 

(2.5.2 Develop and apply epidemiological procedures to  
c l inical  and public health data t o  l ook  fo r  e f fec ts )  

(2.5.3 Devel op maximum credi bl e a m i  dent concepts t o  given 
s i tua t ions)  

Develop and Apply Knowledge of the Ways in Which Deleterious 
Effects of Coal Conversion Materials are  Produced in Living 
Systems and o f  the Ways i n  Which Such Systems Recover From 
or Reoai r These Effects 

(2 .6 .1  

(2 .6 .2  

(2.6.3 

Develop knowledge of how deleterious effects  are  pro- 
duced and u t i l i ze  this  knowledge t o  design tes t ing 
procedures and  predict potential hazards) 

Develop knowledge of how biological systems recover 
from or repair potentially deleterious effects  and 
u t i l i ze  this  knowledge t o  develop remedial and pro-  
t ec t i  ve procedures ) 

Utilize knowledge of the action deleterious agents 
and of repair and recovery processes t o  improve ex- 
trapolation from laboratory t e s t s  t o  humans) 
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Problem Definition 

Techno1 ogy: Coal Conversi on 

King-Muir Category: Health Effects 

Problem Ti t le :  Determine Materials from Coal Conversion Technology 
that  are Potentially Toxic (11.2.1 . O )  

Objectives: A study i s  needed t o  identify the materials that  may a r i se  
from coal conversion technology t h a t  are potentially hazardous t o  human 
health. 
special regard to  potenti a1 health hazards and making recormnendati ons 
for  further biomedical research or for industrial  hygiene and health 
procedures. I t  will involve carrying o u t  laboratory tes t ing t o  iden- 
t i f y  hazards as well as ident i f icat ion,  where possible, on the basis 
of past information. 

This will require review o f  the information from CM&M w i t h  

Pri ori ty: High 

Program Unit Ti t les :  
\ 

\ /  2.1.1 

2.1.2 

2.1.3 

Review of  information from CM&M from the p o i n t  of view of health 
effects and make recommendations for  further action 

Determine potential for hea l th  effects  by sensi t ive and pertinent 
bi ol ogi cal t e s t  sys tems 

Develop, improve, and evaluate methods for Programs 2.1.1 and 
2 . 1 . 2 .  
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Program Unit 

2.1.1 Review information from CM&M from the point o f  view of health 
effects  and make recommendations fo r  fur ther  action 

Program U n i t  Objective: The primary purpose o f  th i s  program i s  t o  ac- 
quire and evaluate health effects  information from CM&M on coal 
conversion materials . This information wi 11 then be used t o  
identify a1 ready known hazardous materials , t o  s e t  priori t i e s  
fo r  laboratory tes t ing ,  or to  make recommendations for  fur ther  
CM&M. 

Scope: Data on the materials produced by coal conversion technology 
and the use of i t s  products will be obtained from CM&M and correlated 
with existing information on health e f fec ts .  The correlated informa- 
tion will  then be reviewed by experts in various aspects of health 
effects  t o  make recommendations f o r  action. Such actions might include 
a change in design, an industrial  hygiene or medical surveillance pro- 
gram, the development of new safety guidelines, the i n i t  a t i o n  of lab- 
oratory t e s t s  t o  determine i f  a potential hazard ex i s t s ,  or the judgment 
tha t  there i s  l i t t l e  i f  any probability of a hazard. Pr o r i t i e s  fo r  the 
various a1 ternat i  ves woul d be recommended. Review mi g h t  be by i ndi v i  - 
duals, groups, or workshops. 

/- 
1 1  

Mi 1 es tones : 

1 .  I n i t i a t e  correlations between information on materials w i t h  
health effects  immediately. 

experts for  review. 

Ins t i t u t e  f i r s t  workshop on information within a year a f t e r  
s t a r t .  

2 .  W i t h i n  six months or less make information available t o  

3 .  

4. Prepare annual update of information. 

5,  Ins t i t u t e  further workshops or review a t  appropriate intervals  . 
Technology Development Time Frame: 
ra te  o f  progress depends upon ra te  a t  which information becomes avai l -  
able. 

Program Unit Pri ori ty: High 

Can be in i t i a t ed  immediately b u t  
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Estimated Program U n i t  Cost: 

1 .  Five-year Total  $4,550,000 

2 .  Per Year - FY 1977 $1,000,000 
FY 1978 $ 800,000 
FY 1979 $ 850,000 
FY 1980 $ 900,000 
FY 1981 $1,000,000 
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Program Unit 

2 . 1 . 2  Determine potential for health effects  by sensi t ive and pertinent 
bi 01 ogi cal t e s t  sys tems 

Program Unit Objective: The materials from coal conversion technology 
and i t s  uses need t o  be screened for  potential health effects  
whenever these cannot be determined from previous work. 
laboratory tes t ing and screening procedures will be selected,  
depending on the health effects judged t o  be most important. 
Chemical composition can be used as a guide t o  p r ior i t ies  and  
tes t ing procedures when possible. The final resul t  should be 
a determination t h a t  a potential hazard does or does n o t  ex is t  
a n d / o r  t h a t  further investigation i s  needed to  determine the 
magnitude of the hazard.  

Various 

Scope : Whenever appropriate, rapid, sensi ti ve, and as defi ni t i  ve as 
possible t e s t s  with mammals will be used. However, i t  may often be 
desirable t o  carry o u t  preliminary screening with microorganisms and 
other lower organisms t o  s e t  p r ior i t ies  for  more expensive and time 
consuming t e s t s .  The exact kinds and  sequences of t e s t s  will depend 
on a variety of considerations such as the nature of the materials t o  
be tes ted,  the most l ikely route o f  exposure, the level and duration 
of the exposure, the number o f  people t h a t  might be exposed, e tc .  The 
exact s e t  o f  procedures t o  be used must depend on the best judgment of  
the investigator,  taking into account existing t e s t s  and standard pro- 
cedures. 

Milestones: 

1. I n i t i a t e  t e s t s  as soon as enough information about materials 
and processes becomes avai lable.  

2. On basis of t e s t  resu l t s ,  decide whether a potential r isk 
t o  health exis ts .  

3 .  Make recommendations for  fur ther  tes t ing or dose-effect 
relation determinations i f  those seem desirable. 

Technology Development Time Frame: Testing o f  actual materials from 
coal conversion processes depends on such materials being available.  

Program Unit Priority:  High 
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Est imated Program U n i t  C o s t :  

1. To ta l  $10,200,000 

2. Per Year - FY 1977 $ 1,000,000 
FY 1978 $ 2,000,000 
FY 1979 $ 2,200,000 

FY 1981 $ 2,600,000 
I FY 1980 $ 2,400,000 
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Program U n i t  

2.1.3 Develop, improve, and eva lua te  methods f o r  Programs 2.1.1 
and 2.1.2 

Program U n i t  Ob jec t ive :  A v igorous program t o  improve e x i s t i n g  pro-  
cedures and t o  i n t r o d u c e  new and b e t t e r  ones i s  needed because 
many of  t h e  present  procedures are  r e l a t i v e l y  l o n g  and expen- 
s i v e  whereas more r a p i d ,  l e s s  expensive procedures a r e  l e s s  
g e n e r a l l y  accepted as d e f i n i t i v e  t e s t s  f o r  human r i s k s .  The 
m u l t i p l i c i t y  o f  m a t e r i a l s  assoc ia ted  w i t h  coal  convers ion tech-  
no logy  makes i t  e s p e c i a l l y  i m p o r t a n t  t h a t  t h i s  s i t u a t i o n  be 
improved. 

Scope: 
convers ion techno1 ogy and c o r r e l a t i n g  them w i  t h  p r e v i  ous i n f o r m a t i o n  
concern ing h e a l t h  e f f e c t s  w i l l  be rev iewed and improved as more ex- 
per ience i s  obta ined.  
c o r r e l a t e d  i n f o r m a t i o n  w i l l  a l s o  be rev iewed and improved as a ~ ~ i ~ ~ ~ ~ ~ ~  
exper ience i s  gained. 
velopment of new ones w i l l  be emphasized. 
most r a p i d  and t h e  cheapest t e s t i n g  procedures p o s s i b l e  t h a t  r e t a i n  a 
h i g h  l e v e l  o f  p e r t i n e n c e  t o  humans. 
m a t e r i a l s  a l r e a d y  a v a i l a b l e ,  i n c l u d i n g  model substances r e l a t e d  t o  
m a t e r i a l s  f r o m  coa l  convers ion.  

Methods f o r  c o l l e c t i n g  da ta  concern ing m a t e r i a l s  f rom c o a l  

Procedures f o r  making judgments based upon this 

Improvement of  o l d  t e s t i n g  procedures and de- 

T e s t  improvement can b e g i n  w i t h  

The goal needs t 

M i  1 estones : 

1. I n i t i a t e  rev iew o f  g iven  t e s t i n g  procedures and at tempts t o  
improve these procedures o r  develop new ones. T h i s  shou ld  
be done immedi a t e l y  . 

2. I n i t i a t e  p e r i o d i c  rev iew o f  procedures f o r  c o l l e c t i n g  i n f o r -  
mat ion  on m a t e r i a l s  and h e a l t h  e f f e c t s .  

3. P e r i o d i c  reviews shou ld  be made o f  t h e  success of t h e  recom- 
mendati  ons 

Technology Development Time Frame: T e s t  development and i n f o r m a t i o n  
sys tern devel  opment can be begun i m e d i  a t e l y  . 
Program U n i t  P r i o r i t y :  High 
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Est imated Program U n i t  Cost  : 

I $4,200,000 1. Total 

2. Per Year - FY 1977 $ 600,000 
FY 1978 $ 800,000 
FY 1979 $ 850,000 
FY 1980 $ 950,000 
FY 1981 $1,000,000 
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B E R  Balanced Program Plan 

Problem Definition 

Technology: Coal Conversion 

King-Mui r Category: Health Effects 

Problem Ti t le :  Determine Dose-Effect Relationships in Laboratory Models 
a n d  in Humans and Develop Methods for  t h i s  Purpose (11.2.2.0) 

Objectives: I n  order t o  make quantitative estimates of the magnitude of 
any potential hazard, especially fo r  use i n  cost-benefi t analyses , i t  i s  
necessary t o  obtain quantitative d a t a  on dose-effect re1 ations.  
quantitative estimates will be especially important f o r  potentially 
hazardous materials tha t  are impractical t o  completely eliminate. 
quantative relationships will also be important for  planning and eval- 
u a t i n g  surveillance and epidemiological programs. 

Such 

Such 

Prior i ty:  Hi gh 

Program Unit T i t les :  

2 . 2 . 1  Develop chemi cal and  biochemi cal methods t o  determi ne the meta- 
bolism, f a t e ,  and dose f o r  potentially toxic materials 

2 . 2 . 2  Determi ne acute and  chroni c dose-effect relations in 1 aboratory 
organisms and, i f  possible, in selected groups of  people 

2 . 2 . 3  Use previously established dose-effect relations t o  develop 
biol ogi cal i ndi cators o f  dose 
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Program Unit 

2.2.1 Develop chemical and biochemical methods t o  determine metabolism, 
f a t e ,  and dose for  potentially toxic materials 

Program U n i t  Objective: The objectives of  th i s  program are to  investi-  
gate the metabolism and f a t e  of potentially hazardous materials 
associated w i t h  coal conversion and t o  use this  information t o  
estimate doses t o  the t issues of in te res t .  This information 
will be needed for dose-effect studies and for developing pro- 
tect ive and prophylactic measures. 

Scope: 
ten t ia l ly  toxic materials i n  the body and  in var ious culture systems. 
Whenever possible methods for obtaining quantitative measures of the 
interaction w i t h  impor tan t  cel l  and t issue constituents will  be obtained. 
Comparative studies on a variety of  systems will be carried o u t  t o  
determine the systems tha t  are suitable for  extrapolation t o  humans. 
Model systems will be used to  investigate factors t h a t  influence meta- 
bolism and  f a t e ,  such as routes of administration, levels of exposure, 
durations of exposure, and special conditions influencing the sensi- 
t i v i t y  of the individual. 
quantit ive measurements for dose-effect studies and t o  aid i n  developing 
protective and prophylactic measures. 

Methods will be developed t o  investigate the metabolism of po- 

, 
\ ,’ 

This information w i  11 be used t o  provide 

Mi 1 es tones : 

1 .  Begin use o f  available systems and model compounds t o  develop 
an understanding of  f a t e  and metabolism. 

2.  I n i t i a t e  search for new procedures and methods of measuring 
dose t o  t issues .  

3 .  Provide quantitative dose estimates fo r  dose-effect experi - 
ments. 

4. Provi de i nformati on for  desi g n i  ng  protective and prophyl act i  c 
measures e 

Technology Development Time Frame: 
have t o  be continued as the technology develops. 

Can be s tar ted immediately b u t  will 

Program Unit Priority:  High  
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Est imated Program U n i t  Cost:  

I .  To ta l  $16,400,000 

2. Per Year - FY 1977 $ 2,000,000 
FY 1978 $ 3,000,000 
FY 1979 $ 3,500,000 
FY 1980 $ 3,800,000 
FY 1981 $ 4,100,000 
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B E R  Balanced Program Plan 

Program Unit 

2.2.2 Determine acute and chronic dose-effect relations in laboratory 
organisms , and ,  i f  possible, in selected groups of people 

Program Unit Objective: 
effect  re1 a t i  ons fo r  b o t h  acute and chronic exposures. 
on dose t o  ce l l s  and t issues will be used whenever possfble. I n  
general, these determinations wi 11 have t o  be made in 1 abora tory  
organisms, b u t  rare  cases of  inadvertent human exposure should be 
used when possible. Efforts should be made in the laboratory ex- 
periments t o  duplicate human exposures as much as possible. The 
ultimate aim i s  t o  provide the quantitative data needed for  cost- 
benefit analysis. 

The objective i s  t o  establish quantitative dose- 
Informati on 

Scope: lnlhenever possible, laboratory animals that  metabolize the mate- 
r i a l  as similarly as possible t o  humans will be used and the route of 
exposure will be chosen t o  mimic potential human exposures. Various 
endpoints depending on the ci rcumstances of potenti a1 human exposure 
wi 11  be used. 
o f  chronic toxici ty ,  mutagenicity, and ,  i f  unborn fetuses might be ex- 
posed, teratological al t e r a t i  ons . 
may yield valuable resul ts  fo r  extrapolation, especially when cultured 
human ce l l s  can be used. The end resul t  should be 
mate of the magnitude of r isk l ikely t o  be met by humans. 

These mi g h t  incl ude short-term toxici ty ,  various aspects 

Studies on cultured ce l l s  and organs 

quanti t a t i  ve 6t-i' - 

\ 

// 

Mi 1 es tones : 

1. Determine the materials, conditions of exposure, e tc .  t h a t  
requi re quanti t a t i  ve dose-effect re1 a t i  ons and decide on 
appropriate experimental designs. 

Carry o u t  the experimental protocols and decide whether the 
information i s  adequate fo r  the purpose. 

If n o t ,  design new protocols; otherwise make recommendations 
for  safety purposes. 

2. 

3 .  

Technology Development Time Frame: 
will  probably have t o  continue during the whole development of the 
technology. 

Work should begin immediately and  

Program Unit Priority:  High 



Es t ima ted  Program U n i t  Cost:  

1. Total  $26,000,000 

2. Per Year - FY 1977 $ 3,000,000 
FY 1978 $ 5,000,000 
FY 1979 $ 5,500,000 
FY 1980 $ 6,000,000 
FY 1981 $ 6,500,000 

r 

I , 
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B E R  Balanced Program Plan 

Program Unit 

2.2.3 Use previously established dose-effect re la t ions t o  develop 
biological indicators  of dose 

Program Unit Objective: The purpose of t h i s  u n i t  i s  t o  use previously 
established dose-effects re la t ions t o  develop methods t o  assess 
biological l y  or bi ochemi cal l y  the amount of damage produced by 
spec i f i c  exposures. Such methods wil l  be of value i n  the  lab- 
oratory,  b u t  their  primary value wil l  be t o  estimate the dose 
received by humans e i t h e r  as a r e s u l t  of routine or accidental 
exposure. The objective will  be t o  use th i s  information t o  
monitor fo r  unduly high exposures and t o  plan therapeutic mea- 
sures i n  case such exposures occur. 

So f a r  t h i s  method of estimating exposures t o  humans has had Scope: 
l imited use. An example i s  the use of the frequency of chromosomal 
aberrations in peripheral leukocytes t o  estimate dose in cases of 
accidental exposure do radiat ion.  In pr inc ipa l ,  however, i t  should 
be possible to  develop a var ie ty  of such tests f o r  exposures t o  chem- 
i c a l s .  
o f  exposed individuals,  b u t  laboratory work should bring the tests 
t o  a s tage where there i s  every reason t o  believe t h a t  they would apply 
t o  humans. 

. Confirmitory t e s t s  on humans wi l l  depend upon the existence 
. . /  

M i  lestones:  

1. Existing t e s t s ,  such as those f o r  chromosomal aberrations,  
need t o  be standardized f o r  some of the  materials t h a t  pre- 
sent the most l i ke ly  hazards t o  humans. 

2. I n i t i a t e  research t o  improve ex is t ing  tests and develop new 
ones, using model substances . 

3. Apply t o  humans, i f  instances of  suspected high exposure occur. 

Technology Development Time Frame: 
time b u t  i s  independent of technology. 

Laboratory development wi 11 take 

Program U n i t  P r ior i ty :  Medi um 

Estimated Program U n i t  Cost: 

1 .  Total $3,760,000 

2. Per Year - FY 1977 $ 600,000 
FY 1978 $ 700,000 
FY 1979 $ 760,000 
FY 1980 $ 820,000 
FY 1981 $ 880,000 
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B E R  Balanced Program Plan 

Problem Definition 

Technology: Coal Conversion 

King-Mui r Category: Health Effects 

Problem Ti t le :  Develop and Apply Laboratory, Clinical ,  ,and Epidemio- 
logical Methods for  Medical Survei 1 lance of Personnel Involved 
in Coal Conversion Technology (11.2.3.0) 

Objectives: 
epidemiological surveillance of personnel engaged in various aspects 
of coal conversion technology. Existing methodology i s  par t ia l ly  
sat isfactory for  t h i s  purpose, b u t  new methods need t o  be developed 
for  adequate and effective survei 1 lance. Method development can go 
on, i n  p a r t ,  prior t o  the time many individuals are  engaged i n  the 
technology followed l a t e r  by actual surveillance. 

The objective i s  t o  apply procedures f o r  the c l inical  and 

Priority:  High 

Program Uni t Ti t les  : 

2.3.1 Develop and apply biochemical, cytological, and physiological 
indicators o f  subclinical effects  from exposure 

2.3.2 Eva1 uate u t i  1 i ty of appropriate methods for  detection of 
disease resulting from exposure 

2.3.3 Determine what c l inical  parameters or preexisting diseases and 
what environmental factors may cause hypersensitivity i n  personnel 

2.3.4 Carry o u t  epidemiological studies of exposed personnel 
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Program U n i t  

2.3.1 Develop and apply biochemical, cytological, a n d  physiological 
indicators of subclinical effects  from exposure 

Program Unit Ob j ec t i  ve: Sensi t i  ve techniques of various kinds are  needed 
for  application a t  the clinical  level t o  provide objective indi- 
cators of potenti a1 ly harmful exposures t o  personnel under medi cal 
surveillance. I n  p a r t ,  existing methods can be used, b u t  new and 
sensi t ive methods developed for  this  purpose will also be required. 

Scope: 
i cal analyses of blood and excretory specimens, exfoliative cytology 
and cytogenetic procedures, and physi 01 ogi c studies focused on detecti; n g  
decrements i n  gas troi ntes t i  nal and respi ratory functi on before syste- 
m a t i  c diseases develop. 

Indicator systems should be noninvasive and consist of biochem- 

Mi 1 es tones : 

1. I n i t i a t e  review of existing procedures for  applicabili ty t o  
the program. 

2 .  Ini t i  a te  1 aboratory work t o  develop new procedures. 

3. Begin application t o  personnel when p i lo t  plants s t a r t  
operati on.  

Technology Development Time Frame: 
i ately;  application t o  personnel when pi l o t  plants begin operati on. 

Test development can s t a r t  immed- 

Program Uni t Pri ori t y :  High 

Estimated Program Unit Cost: 

1 .  Total $3,200,000 

2.  Per Year - FY 1977 $ 500,000 
FY 1978 $ 600,000 
FY 1979 $ 650,000 
FY 1980 $ 700,000 
FY 1981 $ 750,000 
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Program Unit 

2.3 .2  Evaluate u t i l i t y  of appropriate methods for  detection of disease 
resul t ing from exposure 

Program Unit Objective: Methods f o r  diagnosis o f  diseases of lung, G.I . ,  
and urinary systems need improvement t o  d i f f e ren t i a t e  the natural 
diseases of these systems from those resul t ing from occupational 
exposures and t o  evaluate the c l in ica l  course and response t o  
therapy. 

I Scoue: Etiologic a n d  pathogenic information obtained from animal s tud ies  
will  be used t o  ident i fy  any unique biologic endpoints t ha t  can be mea- 
sured biochemically, physiological ly ,  or microscopical ly and equated 
objectively with disease of occupational or i  gi n .  

Milestones: 

1 .  I n i t i a t e  animal experimentation t o  obtain the desired i ~ ~ f a r -  
mati on .  

,, '\ 

2 .  As opportunity a r i s e s ,  apply t o  the acute c l in ica l  s i t ua t ion .  

Technology Development Time Frame: Can be s t a r t e d  i m e d i a t e l y .  

Program Unit Priori  ty: Hi gh 

Estimated Program Unit Cost: 

1 .  Total $2,500,000 

2 .  Per Year - FY 1977 $ 400,000 
FY 1978 $ 450,000 
FY 1979 $ 500,000 
FY 1980 $ 550,000 
FY 1981 $ 600,000 
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Program U n i t  

2.3.3 Determi ne what c l i n i c a l  parameters o r  preexisting diseases and 
what environmental factors  may cause hypersensi t i v i  ty  in personnel 

Program U n i t  Objective: To protect  persons hypersensitive t o  materi a1 s 
from the coal conversion process, i t  i s  necessary t o  determine 
what fac tors  , such as preexisting disease,  environmental agents , 
e tc .  , may cause hypersensi t ivi ty  and t o  ident i fy  personnel who 
may be hypersensitive f o r  such causes. 

Scope: Appropriate c l i n i c a l  procedures need t o  be developed on the 
basis o f  preexisting information and new information t o  ident i fy  hyper- 
sensi t i  ve individuals . 
t i v i t y ,  preexisting disease,  genetic predisposi t ion,  exposure t o  special  
environmental agents such as tobacco smoke , e t c .  , need t o  be invest i  - 
gated b o t h  i n  laboratory models and, whenever possible,  c l i n i c a l l y .  On 
the basis o f  these s tud ies  appropri a t e  protect?  ve procedures , including 
proper j o b  assignments, need t o  be developed f o r  such personnel. 

For this  purpose various causes of hypersensi - 

Mi les  tones : 

1.  I n i t i a t e  model laboratory s tudies  t o  develop appropriate 
t e s t s  and c r i t e r i a  f o r  hypersensi t i  v i  ty .  

2. S t a r t  application t o  personnel of p i l o t  p lan ts .  

3. Full-scale application when f u l l - s c a l e  plants come on-line.  

Technology Development Time Frame: 
Application t o  s t a r t  when p i l o t  plants e x i s t .  

Laboratory work t o  begin immediately. 

Program U n i t  Pri ori  ty: Hi gh 

Estimated Program U n i t  Cost: 

1. Total $2,500,000 

2 .  Per Year - FY 1977 $ 400,000 
FY 1978 $ 450,000 
FY 1979 $ 500,000 
FY 1980 $ 550,000 
FY 1981 $ 600,000 
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Program U n i t  

2.3.4 Carry  o u t  e p i d e m i o l o g i c a l  s t u d i e s  o f  exposed personnel  

Program U n i t  O b j e c t i v e :  Once cons iderab le  numbers o f  people become i n -  
v o l v e d  i n  coa l  convers ion technology,  e f f o r t s  shou ld  be made t o  
c a r r y  out  s tandard  e p i d e m i o l o g i c a l  s t u d i e s  on them i n  a d d i t i o n  
t o  r e g u l a r  medical  s u r v e i l  lance o f  those p r e s e n t l y  employed. 
Among o t h e r  t h i n g s ,  t h i s  program would have t h e  goal  o f  keeping 
t r a c k  o f  any delayed o r  l a t e  e f f e c t s  such as t h e  appearance o f  
tumorss l u n g  d i s o r d e r s ,  e t c .  

Scope: Attempts w i l l  be made t o  keep t r a c k  o f  those who a r e  o r  have 
been employed i n  coa l  convers ion technology and accumulate ep idemio log-  
i c a l  i n f o r m a t i o n  about them. Some development o f  methods may be neces- 
s a r y  t o  do t h i s  s a t i s f a c t o r i l y .  

M i les tones :  

1. I n i t i a t e  p l a n n i n g  f o r  e f f e c t i v e  e p i d e m i o l o g i c a l  s t u d i e s  

2. I n i t i a t e  a c t u a l  s t u d i e s  once s u f f i c i e n t l y  l a r g e  groups o f  
personnel  become a v a i l a b l e .  

Technology Development Time Frame: 
Ac tua l  s t u d i e s  can be done e f f e c t i v e l y  o n l y  a f t e r  technology i s  o p e r a t -  
i n g .  

P lann ing  need n o t  s t a r t  immedia te ly .  

Program U n i t  P r i o r i t y :  H i  gh 

Es t imated Program Uni t Cost: 

1. T o t a l  $3,300,000 

2. Per Year - FY 1977 $ 400,000 
FY 1978 $ 500,000 
FY 1979 $ 600,000 
FY 1980 $ 800,000 
FY 1981 $1,000,000 
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Problem Definition 

Technology: Coal Conversion 

K i  ng-Mui r Category: Health Effects 

Problem T i t l e :  Develop a Comprehensive Industr ia l  Hygiene and Safety 

There i s  a need t o  es tab l i sh  a comprehensive indus t r ia l  hy- 

T h i s  

Program t o  Assure Adequate Protection of Personnel (11.2.4.0) 

Objectives: 
giene and s a f e t y  program t o  protect  personnel involved i n  coal conversion 
technology from undue exposure t o  poten t ia l ly  hazardous mater ia ls .  
should include survei 1 lance procedures t o  detect  potential  hazards before 
undue exposure has occurred, the application of protect i  ve devi ces and 
measures, and the development of emergency procedures f o r  accidental 
1 arge exposures. 

P r i o r i t y :  High 

Program U n i t  T i t l e s :  

2.4.1 Develop monitoring techniques f o r  chemical and physical agents 

2.4.2 Monitoring for  skin and equipment surface contamination f o r  
polynuclear aromatic hydrocarbon 

2.4.3 Invest igate  protect ive devices and measures 

2.4.4 Develop emergency procedures f o r  accidental 1 arge exposures 
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Program Unit 

2 .4 .1  Develop monitoring techniques fo r  chemical and physical agents 

Program Unit Objective: To character1 ze exposures i n  the work envi ron- 
ment and develop control techniques t o  minimize exposures. 
Monitoring d a t a  will be correlated with medical findings and 
toxicological d a t a .  

Scope: An attempt will be made t o  identify a l l  chemical and  physical 
s t resses .  Techniques fo r  monitoring will be applied and d a t a  will be 
evaluated i n  l igh t  of existing or proposed standards. Specific de- 
ta i led  procedures will  be developed for substances such as chlorinated 
hydrocarbons, coal, dust, polynuclear aromatic hydrocarbons, e tc .  
Background d a t a  on physical s t resses  such as noise and radiant heat 
a t  the s i t e  will be developed. 

Mi 1 es tones : 

1 .  Detailed, uniform procedures for ident i f iable  s t resses  - 
6 months. 

2. Background d a t a  on specif ic  s t resses  - 9 months. 

3 .  Evaluation of work environment - 1-3 years.  

4. Interpretation of d a t a  - 1-3 years.  

5. Correlation of industrial  hygiene d a t a  with medical and 
toxicological findings - 2-3 years. 

Technology Development Time Frame: In i t i a l  planning can be done immed- 
i a t e ly .  

Proqram Unit Priority:  High 

Actual carrying o u t  of procedures depends on timing of  technology, 

Estimated Program Unit Cost: 

1 .  Total $2,500,000 

2 .  Per Year - FY 1977 $ 300,000 
FY 1978 $ 400,000 
FY 1979 $ 500,000 
FY 1980 $ 600,000 
FY 1981 $ 700,000 
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Program Un-i t 

2.4.2 Monitoring f o r  s k i n  and equipment surface contamination f o r  
polynuclear aromati c hydrocarbon 

Program U n i t  Objective: Identify operations and equipment which r e s u l t  
in  skin contamination w i t h  carcinogenic mater ia ls .  

Scope: 
using the  black l i g h t  technique. 
t ions and/or equipment which r e s u l t  i n  skin contamination w i t h  poly- 
nuclear aromati cs . 
procedures wil l  be effected as the data indicate .  

The extent  of skin and equipment wil l  be determined i n i t i a l l y  
The data are  needed t o  ident i fy  opera- 

Modi f i  ca t i  on i n  engineering desi gn and/or operating 

Mi 1 es tones : 

1 .  Determine extent  of the problem i n  p i l o t  plants as they 
come on-stream. 

2. Relate findings t o  design of comnercial-size plants .  

3. Survey comnercial plants i n  s imi la r  manner. 
id/ 

Technology Development Time Frame: 
p i  1 o t  pl ants coming on-stream b u t  main operations afterwards. 

Some planning can be done pr ior  t o  

Program U n i t  Pri ori  ty:  High 

Estimated Program U n i t  Cost: 

1 .  Total $675,000 

2 .  Per Year - FY 1977 $ 50,000 
FY 1978 $100,000 
FY 1979 $150,000 
FY 1980 $175,000 
FY 1981 $200,000 
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Program Unit 

2.4.3 Invest igate  protect ive devices and measures 

Program Uni  t Ob j e c t i  ve : Invest igate  and ident i  fy areas where protec- 
t i v e  equipment and measures a r e  required t o  prevent exposures 
t o  various chemical and physi cal stresses. 

Scope: 
skin cleansers wil l  be evaluated t o  optimize protection of personnel. 

Protective clothing, devices , equipment, b a r r i e r  creams , and 

Mi 1 es  tones : 

1 .  I n s t i t u t e  programs t o  minimize skin contamination. 

2 .  Eval uate vari ous commerci a1 b a r r i e r  creams i n m i  nimi z 
skin contamination. 

3. Eval uate ski n cleansers . 
4. Determine effect iveness  of respi ratory protect ive dev 

ng 

ces . 
5.  Sumari  ze findings and recommend mi nimum e f f e c t i  ve program 

f o r  personnel protection. 

Technology Development Time Frame: 
techno1 ogy on-1 i ne. 

Some evaluation can be begun before 

Program Uni t Prior i  ty:  Hi gh 

Estimated Program U n i t  Cost: 

1. Total $1,425,000 

/-- -\, 

\ 

2.  Per Year - FY 1977 $ 200,000 
FY 1978 $ 250,000 
FY 1979 $ 300,000 
FY 1980 $ 325,000 
FY 1981 $ 350,000 
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Program Unit 

2.4.4 Develop emergency procedures f o r  accidental 1 arge exposures 

Program U n i t  Objective: 

Scope: 
protocol t o  be followed for massive skin exposures t o  materials w i t h  
carcinogenic poten t ia l .  

Establ ish medi cal and i ndus t r i  a1 hygiene pro- 
tocols  t o  be followed i n  the case of accidental large exposures. 

W i t h  medical, indus t r ia l  hygiene, and toxicology i n p u t  , define 

Evaluate protocol i n  animal model. 

Mi 1 es tones : 

1 .  Decide on protocol.  

2 .  Test  i n  animal model. 

Technology Development Time Frame: 
technology begins 

Some work can be i n i t i a t e d  before 

, Program Uni t Pri or i  t y  : Medi um 

Estimated Program Uni t Cost : , ,  
-- 

1 .  Total $510,000 

2. Per Year - FY 1977 $ 50,000 
FY 1978 $100,000 
FY 1979 $110,000 
FY 1980 $120,000 
FY 1981 $130,000 
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Problem Definition 

Techno1 ogy: Coal Conversion 

Ki ng-Mui r Category: Health Effects 

Problem Ti t le :  Develop and Apply Methods for  Clinical and  Epidemiolog- 
ical  Studies on Segments of the General Public t h a t  Could Have 
Been Exposed t o  Coal Conversion Related Materials (11.2.5.0) 

Objectives: The objective i s  t o  develop and apply procedures for  de- 
tecting the consequences for the general public of chronic exposure t o  
materials in eff luents ,  wastes, e t c . ,  which may be widely spread as a 
resu l t  of coal conversion i t s e l f  and the use of i t s  products. Methods 
and procedures for this  purpose are very limited a t  present; consequently, 
a research program i s  needed t o  develop such methods. 
need t o  be developed for  the general public. 

Safety guidelines 

Priority:  Medi um 

Program Unit T i t les :  

2.5.1 Develop and apply appropriate biochemical , cytological , and 
physiological t e s t s  for c l inical  studies with exposed popula- 
tions 

2.5.2 Develop and apply epidemiological procedures t o  c l inical  and 
public health d a t a  t o  look for  effects  

2.5.3 Develop maximum credible accident concepts t o  g i v e n  s i tuat ions 
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Program Unit 

2 .5 .1  Develop and apply appropriate biochemical cytological, and  
physiological tes t s  for clinical  studies with exposed popula- 

Program Unit Objective: The general purpose of this  program i s  t o  de- 
velop and apply sensit ive t e s t s  t h a t  might be able t o  detect 
the consequences fo r  the general public of increased exposure t o  
materials associated with coal conversion. This would have the 
advantage over laboratory tes t ing of measuring the effects of 
the combination of factors t h a t  might a f fec t  the general public. 
I t  should, however be consi dered a back-up and extensi on o f  
detai led 1 aboratory tes t i  n g .  

Scope: 
ment o f  the sensit ive methods t h a t  will be required. 
once developed, might be tested on special segments of the general 
public or some industrial  personnel before coal conversion technology 
becomes suff ic ient ly  advanced t o  warrant applying them t o  segments of 
the general public tha t  might have been exposed t o  materials from coal 
conversion. 
tions and chromosomal changes since such effects  may be the most impor- 
t a n t  ones for  low-level exposures of large numbers Q.F people. 

The emphasis a t  the beginning will be upon laboratory develop- 
These methods, 

Some emphasis should be giver: t o  the detection of muta- 

Mi 1 es tones : 

1. I n i t i a t e  laboratory work t o  devise t e s t s  with the requis i te  
sensi t i v i  t y  . 

2. Eva1 uate under controlled laboratory conditions . 
3. I n i t i a t e  f i e l d  t r i a l s  with appropriate grcups o f  people, 

4 .  Ins t i tu te  regular use when coal conversion technology becomes 
commerci a1 ly devel oped. 

Technology Devel opment Time Frame : 
probably rqu i  re several years - Laboratory and t r i  a1 phases w i  11 

Program Unit Priority : High 

Estimated Proaram Unit Cost: 

1 .  Total $2,025 ,O0Q 

2.. Per Year - FV 1977 $ 300,000 
78 $ 350,000 
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Program U n i t  

2.5.2 Develop and apply epidemiological procedures to  c l i n i c a l  and 
public health data to  l ook  f o r  e f f e c t s  

Program U n i t  Objective: The purpose o f  this  u n i t  i s  t o  apply epidemiol- 
ogical procedures t o  c l i n i c a l  and public health data f o r  groups 
of people j u d g e d  t o  have been exposed t o  materials associated 
w i t h  coal conversion technology. Since such groups do n o t  pre- 
sen t ly  ex is t ,  the intermediate object ive wil l  be t o  develop plans 
and perhaps use ex is t ing  groups t h a t  have been exposed t o  s imi la r  
materials from other technologies. This program would be i n i t i -  
ated w i t h  the view t h a t  such s tudies  wil l  eventually be necessary 
t o  assure public health and therefore  should be i n i t i a t e d  f a i r l y  
ear ly .  

Scope: The i n i t i a l  e f f o r t  wil l  be t o  develop and improve plans f o r  even- 
tual  use. This may best  be done i n  conjunction w i t h  o ther  technologies 
such as coal,  gas, and o i l  t h a t  involve somewhat s imi la r  materials.  
Eventual application s p e c i f i c a l l y  t o  populations t h a t  could have been 
exposed t o  materials from coal conversion would be made when such popu- 
l a t i o n s  become avai lable .  

M i  1 es tones : 

1. I n i t i a t e  planning and methodology improvement e f f o r t s .  

2 .  Tr ia l  procedures on whatever per t inent  populations e x i s t .  

3 .  I n i t i a t e  s tud ies  w i t h  populations actual ly  exposed t o  coal 
conversion-related materials.  

Technology Development Time Frame: 
i n i t j a t e d  immediately and gradually b u i l t  up t o  a la rger  s c a l e  e f f o r t  as 
technology develops. 

A moderate planning e f f o r t  m i g h t  be 

Program U n i t  Pr ior i ty :  Medi um 

Estimated Program U n i t  Cost: 

1 .  Total $1,145,000 

2.  Per Year - FY 1977 $ 100,000 
FY 1978 $ 150,000 
FY 1979 $ 170,000 
FY 1980 $ 325,000 
FY 1981 $ 400,000 
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Program U n i t -  

2.5.3 Develop maximum credible  accident concepts t o  given s i t u a t i o n s  

Program Unit Objective: This program i s  aimed a t  evaluating the conse- 
quences t o  the general public of accidental releases of consid- 
erable  amounts of harmful materials i n t o  the environment. For 
this  purpose i t  wil l  be necessary t o  develop estimates of health 
e f f e c t s  f o r  the general public of maximum credible  accidents and 
remedial procedures f o r  hand1 i n g  the health consequences. 

Scope: Information from dose-effect  and o ther  s t u d i e s ,  Drirnari I v  labora- 
to ry  ones, wil l  be brought together f o r  those materials judged & be most 
l i k e l y  t o  produce major health e f f e c t s  as a r e s u l t  of accidental re leases .  
On the basis  o f  estimates of the magnitude of the possible e f f e c t ,  sa fe ty  
procedures t o  avoid such accidents should be recommended and remedial pro- 
cedures developed i n  case , despi te  precautions , such an accident occurs. 

Mi 1 es tones : 

1.  I n i t i a t e  s tud ies  of maximum credible  accidents.  

2 .  

3 .  Make safe ty  recommendations . 
4. 

Complete estimations of magnitude of health e f f e c t s .  

Develop and recommend remedial procedures t o  be taken i f  such 
an accident occurs. 

Existing information can be used f o r  Technology Development Time Frame: 
preliminary estimates,  b u t  some years may be required before s u f f i c i e n t  
quant i ta t ive  data a r e  avai lable .  

Program U n i t  P r i o r i t y :  Medi um 

Estimated Program U n i t  Cost: 

1 .  Total $400,000 

2. Per Year - FY 9977 $ 50,000 
FY 1978 $ 50,000 
FY 1979 $ 75,000 
FY 1980 $100,000 
FY 1981 $125,000 
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Problem D e f i n i t i o n  

Technology: Coal Conversion 

K i  ng-Mui r Category: H e a l t h  E f f e c t s  

Problem T i t l e :  Develop and Apply Knowledqe o f  t h e  Ways i n  Which Dele-  
t e r i o u s  E f f e c t s  o f  Coal Conversion M a t e r i a l s  a r e  Produced i n  
L i v i n g  Systems and o f  t h e  Ways i n  Which Such Systems Recover 
From o r  Repai r  These E f f e c t s  (11.2.6.0) 

O b j e c t i v e s :  The major  o b j e c t i v e  i s  t o  p r o v i d e  t h e  fundamental under-  
s t a n d i n g  o f  t h e  b i o l o g i c a l  e f f e c t s  o f  m a t e r i a l s  assoc ia ted  w i t h  coa l  
convers ion.  Th is  i s  i m p o r t a n t  because e x i s t i n g  i n f o r m a t i o n  i s  inade-  
quate t o  g i v e  conf idence i n  p r e d i c t i o n s  from chemical s t r u c t u r e  t o  
l i v i n g  systems, and f r o m  l a b o r a t o r y  t e s t s  t o  humans. I t  i s  a l s o  i m -  
p o r t a n t  f o r  t h e  development of p r o t e c t i  ve and remedi a1 procedures.  

P r i o r i t y :  High 

Program U n i t  T i t l e s :  

2.6.1 Develop knowledge o f  how d e l e t e r i o u s  e f f e c t s  a r e  produced and 
u t i l i z e  t h i s  knowledge t o  des ign t e s t i n g  procedures and p r e -  
d i  c t  p o t e n t i  a1 hazards 

2.6.2 Develop knowledge o f  how b i o l o g i c a l  systems recover  f rom o r  
r e p a i r  p o t e n t i a l l y  d e l e t e r i o u s  e f f e c t s  and u t i l i z e  t h i s  know1 - 
edge t o  develop remedia l  and p r o t e c t i v e  procedures 

2.6.3 U t i l i z e  knowledge o f  t h e  a c t i o n  d e l e t e r i o u s  agents and o f  
r e p a i r  and recovery t o  improve e x t r a p o l a t i o n  f rom l a b o r a t o r y  
t e s t s  t o  humans 
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Program Unit 

2.6.1 Develop knowledge of how deleterious effects  are produced and 
u t i l i ze  th i s  knowledge t o  design tes t ing procedures and predict 
potenti a1 hazards 

Program Unit Objective: The major purpose of this  program i s  to acquire 
and  systematize knowledge o f  the ways in which potentially haz- 
ardous materials act .  This i s  important because such knowledge 
i s  presently very limited. I t  can be used t o  improve the r e l i -  
abi 1 i ty and e f f i  ci ency of tes  ti ng and measuring procedures and 
t o  improve the ab i l i t y  to predict from chemical s t ructure  and 
simple laboratory t e s t s .  

Scope: Laboratory studies will be in i t i a t ed  with model compounds and ,  
when available, with materials from coal conversion technology t o  deter- 
mine the molecular and  biological action both separately and i n  combina- 
t i o n  (synergistic e f f ec t s ) .  By use of several biological t e s t  systems 
and  a variety of chemically related compounds, attempts will be made 
t o  find o u t  what  effects  are general for  many systems and what are  
specif ic  t o  one or a few systems. These resul ts  will be used t o  design 
simpler a n d  more rel iable  tes t ing systems and t o  attempt t o  develop 
generalizations t h a t  might make i t  possible t o  make predictions from 
limited information such as chemical composition or simple laboratory 
t e s t s .  

Mi 1 es tones : 

1.  I n i t i a t e  studies with model compounds t o  determine molecular 
and biological action. 

2.  I n i t i a t e  work with materials from coal conversion, including 
mixtures . 

3 .  Attempt t o  generalize t o  larger classes of materials. 

4.  Attempt t o  design improved tes t ing procedures. 

Technology Development Time Frame: 
may be requi red t o  develop real ly broad general i zati  ons t h o u g h  useful 
generalizations w i  11 be avai 1 able earl i e r .  

Program U n i t  Priority:  Medi um 

A t  l eas t  5 years, possibly more, 

. 
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Estimated Program U n i t  Cost: 

1. Total  $9 ,100,000 

2. Per Year - FY 1977 $1,000,000 
FY 1978 $1,500,000 
FY 1979 $2,000,000 
FY 1980 $2,200,000 
FY 1981 $2,400,000 
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Program U n i t  

2.6.2 Develop knowledge of  how biological systems recover from or 
repai r potenti a1 ly deleterious effects and uti  1 i ze thi s know1 - 
edge t o  develop remedi a1 and protective procedures 

Program Unit Objective: The main objective i s  t o  develop knowledge a b o u t  
how the body and i t s  tissues and ce l l s  can recover from or repair  
the deleterious effects of materials from coal conversion. This 
knowledge will then be used t o  bet ter  understand the action of  
such potentially harmful materials and t o  develop protective and 
remedial procedures. 

Scope: 
repair potentially deleterious effects will be studied. These will i n -  
clude such diverse mechanisms as repair  o f  DNA, recovery of  ce l l s  from 
sublethal injury,  replacement o f  damaged ce l l s  by undamaged ce l l s  , re- 
generation of injured t issues ,  immune responses, e t c .  Much of  the work 
will  have t o  be done with model compounds judged to  be type examples of  
the compounds found  in materials from coal conversion. 
injury will  be considered, ranging  from changes i n  the DNA t o  trauma t o  
t issues and organs. On the basis of  the insights provided by th i s  work 
attempts will be made t o  develop protective and remedial procedures for  
humans exposed to  such materials. 

Various ways i n  which biological systems can recover from or 

Various types of 

Mi les tones : 

1 .  Identify specif ic  repair and recovery processes for specif ic  
types o f  compounds. 

Attempt t o  understand the detailed processes involved. 

Attempt t o  systematize t o  a variety of  compounds and b i o -  
logical e f fec ts .  

2. 

3 .  

4. Suggest or design protective and remedial procedures. 

Technology Development Time Frame: 
be requi red for  broad generalizations , b u t  useful information w i  11 be 
avai 1 able ea r l i e r .  

A t  l eas t  5 years,  possibly more, will 

Program U n i t  Priority:  Medium 
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Estimated Program U n i t  Cost: 

I .  T o t a l  $9,100,000 

2. Per Year - FY 1977 $1,000,000 
FY 1978 $1,500,000 
FY 1979 $2,000,000 
FY 1980 $2,200,000 
FY 1981 $2,400,000 
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Program U n i t  

2.6.3 Util ize knowledge of  the action deleterious agents and  of repair 
and recovery processes t o  improve extrapolation from 1 aboratory 
tes t s  t o  humans 

Pro,gram U n i t  Objective: The objective o f  this  program i s  t o  use knowl- 
edge o f  the ways in which deleterious effects  are  produced by 
materials from coal conversion and of  the ways i n  which recovery 
and repair occur t o  increase the confidence w i t h  which laboratory 
t e s t  results can be extrapolated t o  humans. This i s  necessary 
because a t  present too  l i t t l e  i s  known t o  place firm reliance 
i n  the extrapolat ibi l i ty  o f  such t e s t s .  

Scope: Among the methods t h a t  can be used t o  increase r e l i a b i l i t y  are  
comparisons o f  resul ts  with model compounds i n  a number of  t e s t  systems 
t o  see how general the results are ,  quantitative comparisons between 
systems t o  detect trends t h a t  might also apply t o  humans, and compari- 
sons between resul ts  w i t h  cultured human ce l l s  and cultured ce l l s  from 
standard 1 aboratory t e s t  organisms . Efforts are needed t o  extrapol a te  
not only qual i ta t ive results (e.g., positive or negative) b u t  also quan-  
t i t a t i v e  information. Any cases of known human exposure could be used 
t o  further increase the r e l i ab i l i t y  of the extrapolations. 
resul t  should be a be t te r  evaluation of the  extrapolat ibi l i ty  of tes t ing 
systems and possibly a reduction i n  the margins of  safety and the number 
o f  t e s t s  required. 

The end 

M i  1 es tones : 

1. In i t i a t e  comparati ve studies with model compounds, incl u d i n g  
comparisons of  exi s t i  ng t e s t s  . 
Develop recommendations about tes t ing procedures and qual i - 
t a t i  ve and quantitative extrapol ations t o  humans. 

2 .  

3. Examine safety regulations from this p o i n t  o f  view. 

Technology Development Time Frame: 
will be required for broad generalizations, b u t  useful information will  

A t  least  5 years,  possibly more, 

be avai 1 able earl i e r .  

Program Unit Priority:  Medi um 
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Estimated Program Unit Cost: 

1. Tota l  $3,500,000 

2 .  Per Year - FY 1977 $ 500,000 
FY 1978 $ 600,000 
FY 1979 $ 700,000 
FY 198 $ 800,000 
FY 198 9 $ 900,000 
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11.3.1 E n v i  ronmental Effects and Transport 

11.3.1.0 Acute Effects Studies 

(3.1.1 Aquatic organism acute e f fec ts )  

(3.1.2 Terrestr ia l  organism acute e f fec ts )  

11.3.2.0 Chronic Effects Studies 

(3.2.1 Several-generation studies on short-lived t e s t  
organi sms ) 

(3.2.2 Long-term studies on selected representative 
s peci es ) 

11.3.3.0 Effects Model Development 

(3.3.1 Population dynamics modeling of affected representa- 
t ive  and important species) 

(3.3.2 Ecosystem dynamics model i ng for  microcosms and f i e ld  
ecosys tems ) 

(3.3.3 Verification of models t h r o u g h  c r i t i ca l  comparison 
with subsequent 1 aboratory and f i  el d d a t a )  

11.3.4.0 Microcosm Studies of Coal Conversion Effluents 

(3.4.1 Assessment of d i rec t  effects  of effluent compounds 
in a mu1 t i  -organism, mu1 t i  -1 eve1 system) 

(3.4.2 Assessment of indirect  effects  of coal conversion 
effluents on the environment) 

11.3.5.0 Determination of Routes, Transformations, and Sinks of Coal 
Conversion Effluent Constituents 

(3.5.1 Transport, d is t r ibut ion,  and bioaccumulation of 
eff luent  constituents and transformati on products 
within t e r r e s t r i a l  systems) 

(3.5.2 Retention, transformations, and mobility of effluent 
constituents in soi 1 s )  
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(3.5.3 Transpor t ,  d i s t r i b u t i o n ,  and b ioaccumula t ion  o f  
e f f l u e n t  c o n s t i t u e n t s  and t r a n s f o r m a t i o n  produc ts  
i n  a q u a t i c  ecosystems) 

(3.5.4 Accumulat ion and t r a n s f o r m a t i o n  o f  e f f l u e n t  con- 
s t i  t u e n t s  i n  sediments o f  a q u a t i c  ecosystems) 

11.3.6.0 Formula t ion  of Transpor t  Models of Coal Conversion E f f l u e n t s  

(3.6.1 Formula t ion  o f  b i o t r a n s f o r m a t i o n  model) 

(3.6.2 Formula t ion  o f  s o i l s  and sediments model) 

I I. 3.7 .O Ecosystem E f f e c t s  o f  Opera t ing  Coal Conversion Faci  1 i t i e s  

(3.7.1 Preopera t iona l  and o p e r a t i o n a l  s t u d i e s  a t  each coa l  
convers ion f a c i  li t y )  
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Problem Definition 

Technology: . Coal Conversion 

King-Mui r Category: E n v i  ronmental Effects and Transport 

Problem Ti t le :  Acute Effects Studies (11.3.1 . O )  

Objective: 
combinations of  effluent consti tuents,  and transformation products are 
di rectly toxi c y  otherwise lethal , o r  obvi ously damaging t o  representa- 
t i  ve organisms and 1 i f e  stages a t  concentrations or dosages anticipated 
t o  be released, over re la t ively short exposure times ( 2 4 ,  48, and 96 hr). 
These t e s t s  would provi de i ni t i  a1 screening for  purposes of es tab1 i shi ng 
pr ior i  t i e s  for waste management engineering or se t t ing  procedures for 
handling s p i l l s .  Testing components singly and in typical combinations 
would establish synergistic/antagonistic properties. 

To determine which eff luents ,  eff luent  f ract ions,  leachates, 

Pri ori ty: 
where only confirmatory tes t ing i s  necessary. 

H i g h ,  where no 1 i terature  data are avai 1 ab1 e; moderate, 

Program Unit T i t les :  

3.1.1 Aquatic organism acute effects  (including freshwater and  
es tuari ne) 

3.1.2 Terrestr ia l  organism acute e f fec ts  (including major habitat  
types - ar id ,  humid, e tc . )  
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Program U n i t  

3.1.1 Aquatic organism acute effects  

Program Unit Objective: To determine which aqueous eff luents ,  effluent 
f ract ions,  leachates, combinations of eff luent  constituents , and 
transformation products are direct ly  toxic,  otherwise l e tha l ,  or 
obviously damaging t o  representative aquatic organisms (freshwater, 
marine, estuarine) and l i f e  stages a t  concentrations or dosages 
anticipated t o  be released, over re la t ively short  exposure times 
(24,  48, and 96 hr). 

Scope: For effluent components fo r  which adequate l i t e r a tu re  data are  
not  available, acute effects  tes t ing should be done as an i n i t i a l  screen- 
ing t o  establish p r io r i t i e s  for waste management engineering or t o  s e t  
procedures for handling s p i l l s .  Tests s h o u l d  include endpoints o f  d i -  
rect  death, behavioral abnormalities (such as loss of equilibrium) or 
related acute debi l i ta t ions.  Representative and important aquatic OP"Q 
isms should be tested from example habitats--freshwater, marine, and 
estuarine--or specif ic  habitats near proposed coal conversion faci 1 i ti 
Results will  be useful i n  optimizing plant s i t i ngs ,  designs, and opera- 
tions. 

Mi 1 es tones : 
/ 

1. Definition of effluents or components, e tc .  , t o  be screened, 
i ncl u d i n g  arrangements for  sampling bench sc  l e ,  p i l o t ,  o r  
demonstration plant aqueous effluents (by FY 1978 for  ex is t -  
ing f a c i l i t i e s ,  and continuing for  new f a c i l i t i e s ) .  

2. Determine effects  o f  major aqueous effluents complexes from 
p i lo t  or demonstration plants. 

3. Determine effects  of eff luent  fractions.  

4. Determine effects  of selected eff luent  components as they 
are characterized by CMM ac t iv i t i e s .  

Technology Development Time Frame: 
immediately i n  order to  s e t  p r io r i t i e s  f o r  establishing p r io r i t i e s  fo r  
fur ther  research and for  set t ing procedures for  hand1 ing spi 19 s . 

I n i t i a l  screening should b e g i n  

Program U n i t  Pr ior i ty:  H i  gh 
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. 
I Estimated Program U n i t  Cost :  

I .../ 

1 .  Tota l  $2,625,000 

2 .  Per Year - FY 1977 $ 625,000 
FY 1978 $ 500,000 
FY 1979 $ 500,000 
FY 1980 $ 500,000 
FY 1981 $ 500,000 
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/ 

Program U n i t  

3.1.2 Terrestrial  organism acute effects  

Program U n i t  Objective: To determine which atmospheric effluents , ef-  
f luent fractions,  leachates, combinations of  eff luent  const i t -  
uents, a n d  transformation products are direct ly  responsible for 
necrosis or  damaging impairment of organism function for repre- 
sentative l i f e  stages o f  t e r r e s t r i a l  organisms (animal , p l a n t ,  
microbial) a t  concentrations or dosages anticipated t o  be re- 
1 eased over re1 a t i  vely short  exposure times ( 1  -hr , 3-hr , 8-hr , 
and 24-hr average concentrations). 

Scope: 
n o t  available, acute effects  tes t ing should be done as an i n i t i a l  screen- 
i n g  for  purposes of  establishing priori t i e s  for waste management engineer- 
i n g  and identification o f  potential hazards from accidental s p i l l s ,  leaks , 
e tc .  Tests should include threshold dosage determinations for d i rec t  
necrosis and  damaging impai rment of organism function. Representative 
and important t e r r e s t r i a l  organisms should be tested from example habitats , 
or specif ic  habitats anticipated t o  be impacted by coal conversion proc- 
ess f a c i l i t i e s .  Results should be i n  a form usable f o r  p l a n t  s i t i n g ,  
design , and operati onal decis i ons . 

For effluent components for  which adequate l i t e r a tu re  data are 

/- 

Mi 1 es tones : 

1 .  Definition of effluents or components, e tc .  , t o  be screened, 
including arrangement for sampling p i l o t  demonstration plant 
atmospheric eff luents .  (By FY 1978 fo r  existing f a c i l i t i e s ,  
and continuing for  new f a c i l i t i e s ) .  

2 .  Determine effects  of  major atmospheric effluents and effluent 
fractions from p i l o t  or demonstration plants.  

3. Determi ne effects  of  selected i ndi  vi  dual e f f l  uent components 
as they are characterized by CMM ac t iv i t i e s .  

Technology Development Time Frame: 
immediately i n  order t o  s e t  p r io r i t i e s  fo r  future research. 

In i t i a l  screening should begin 

Program U n i t  Priority:  High  
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\ Estimated Program U n i t  Cost: 

1 .  Total  $2,625,000 

2.  Per Year - FY 1977 $ 625,000 
FY 1978 $ 500,000 
FY 1979 $ 500,000 
FY 1980 $ 500,000 
FY 1981 $ 500,000 
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BER Balanced Proaram Plan 

Problem Definition 

Techno1 ogy: Coal Conversi on 

King-Mui r Category: Environmental Effects and Transport  

Problem Ti t le :  Chronic Effects Studies (11.3.2.0) 

Objective: To determine concentrations necessary t o  produce measurable 
effects  over pro1 onged time spans of e f f l  uents, eff luent  fractions , 
leachates, combinations of effluent constituents o r  materials accumulated 
or transported th rough  envi ronmental processes or biotransformation for 
effects  on normal 1 i fe  functions of representative and important organisms 
throughout thei r normal l i  fe  cycle ( incl  uding 1 i f e  span reproducti on ,  
fecundity, growth, maturation, and productivity),  i n  the presence o f  
typical background environmental factors (habi ta t ,  water chemistry, other 
pollutants of regional importance, e t c . ) .  

Pr ior i ty :  
environment even i n  low quantit ies.  Low where effluent treatment i s  e f -  
fective and  where only occasional s p i l l s  may be encountered ( i n  which case 
acute studies wi 11  be more important). 

High  where effluents cannot be treated and are released t o  the 

Program Unit Ti t les :  

3.2.1 Several-generation studies on short-lived t e s t  organisms 

/--- , 
I 

\ 

3 . 2 . 2  Long-term studies on selected representative species 
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Program Unit 

3.2.1 Several-generation studies on short-lived t e s t  organ,isms 

Program U n i t  Ob j ec t i  ve: To determihe sub-acute effects  of effluents , 
effluent f ract ions,  leachates combinations of effluent com- 
ponents or materi a1 s accumulated o r  transported through envi ron- 
mental processes or biotransformation on normal l i f e  functions 
of selected short-lived t e s t  organisms through several genera- 
t ions of t h e i r  normal l i f e  cycle. 

Scope: 
chronic effects  tes t ing should be in i t ia ted  immediately thereaf ter  for  
purposes of establishing levels of waste control necessary fo r  incor- 
poration in to  process engineering. Effluent components n o t  ident i f ied 
as being of acute importance should be evaluated on the basis of the 
best information avai 1 able on biol ogi cal and envi ronmental transforma- 
t ions and accumulation. From such information, components of ident i f ied 
importance should a l s o  be studied for  purposes of identifying process 
areas of pr ior i ty  concern t o  waste management engi neeri ng. Tests shoul d 
include threshold dosages for effects  on normal l i f e  functions (including 
1 i fe span ,  reproducti on, fecundi ty , growth maturation, and producti v i  ty) 
throughout a ser ies  of complete l i f e  cycles o f  selected short-lived t e s t  
organisms from example habitats (aquatic,  t e r r e s t r i a l ) ,  or specif ic  
habitats near proposed coal conversion faci 1 i t i e s .  Results w i  11 be use- 
ful i n  optimizing plant s i t i ngs ,  designs, and operations.  

For eff luent  components ident i f ied as causing acute e f fec ts ,  

Mi 1 es tones : 

1. Definition and screening o f  effluent components of primary 
importance - those causing acute effects  and most l ikely t o  
be o f  chronic influence. 

2 .  Definition and screening of effluent components and complexes 
o f  anticipated chronic importance due t o  envi ronmental and 
bi ol ogi cal transport ,  transformation, and accumulation. 

3 .  Identification of dosage levels necessary for  effects on 
organismic and popul a t i  on character is t ics  ( 1 i f e  span, repro- 
ducti on,  age class s t ructure ,  growth , etc . )  t h r o u g h o u t  a 
ser ies  of  l i f e  cycles of selected short-lived t e s t  organisms 
from representative habitats (continuing, beginning as early 
as inputs from (1 )  and ( 2 )  are available).  

Technology Development Time Frame: 
a te ly  as acute effects i n p u t s  become available i n  order t o  provide 
feedback t o  process engineering on eff luent  levels of chronic concern. 

In i t i a l  tes t ing should begin immedi- 
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Program U n i t  P r i o r i  ty :  
t o x i c i t i e s ,  t r a n s p o r t ,  t r ans fo rma t ions ,  and accumulation become a v a i l -  
a b l e .  

Moderate i n i  t i  a1 ly , h i g h  as informat i  on on acu te  
I 

Estimated Program U n i t  Cost:  

1 .  Total  $5,400,000 

2 .  Per Year - FY 1977 $ 600,000 
FY 1978 $ ?  ,200,000 
FY 1979 $1,200,000 
FY 1980 $1,200,000 
FY 1981 $1,200,000 
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Program Unit 

3.2.2 Long-term studies on selected representative species 

Program U n i t  Objective: To determine threshold concentrations or dosages 
over prolonged time spans o f  effluents,  effluent f ract ions,  leach- 
a tes ,  combinations of  eff luent  cons ti tuents, or material accumu- 
lated or transformed t h r o u g h  envi ronmental processes or biotrans- 
formati on for effects  on normal 1 i fe functions of representati ve 
and  impor tan t  species t h r o u g h o u t  thei r normal l i f e  cycle ( inc l  ud- 
i n g  1 i fe  span, reproduction , fecundi ty , growth,  maturation pro- 
ductivity,  and age class s t ruc ture) ,  in the presence of  typical 
background environmental factors ( this can be regional h a b i t a t ,  
water chemistry, other pollutants o f  importance, e t c . )  . 

Scope: This program unit i s  d i s t i nc t  from other studies conducted on 
standard laboratory organisms in that  i t  i s  directed specif ical ly  a t  
s i  te-re1 a t ed  organisms and thei r 1 i fe-cycl e requi rements . 
Mi 1 e s t  ones : 

1.  Select  representative and important species fo r  long-term 
studies o f  chronic effects  ( t o  accompany s i t e  se lec t ion) .  

2. Establish appropriate experimental systems for  the selected 
species ( t h i s  may be available in the l i t e r a tu re  for some 
species b u t  requires considerable development for o thers ) .  

3 .  Establish acceptable levels o f  pollutants f o r  single gen- 
eration success (1-5 years, depending upon species).  

4. Establish threshold levels o f  p o l l u t a n t s  for  multiple gen- 
e ra t i  on success (1 -20 years, dependi ng upon species ) . 

5.  Establ ish and monitor reproducing populations of  representa- 
t ive  and important species in actual effluent streams ( th i s  
will blend with plant monitoring a c t i v i t i e s ) ,  t o  be done 
d u r i n g  pl a n t  operati on. 

Techno1 ogy Development Time Frame: 
as possible for short-lived organisms t o  serve as indices fo r  establish- 
i n g  the necessity for extensive treatment of low-level wastes. 
with longer-lived organisms should be in i t i a t ed  rapidly so t h a t  resul ts  
can be obtained before major damage is done. 

Ini t i  a1 resul ts  are needed as soon 

Tests 
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Program U n i t  P r i o r i t y :  H i g h ,  f o r  t e s t i n g  o f  ef f luents  t h a t  will con- 
t a i n  low-level wastes unless extraordinary and expensive treatment i s  
undertaken (ice., chronic t e s t s  wil l  be needed t o  do an adequate cost/  
benef i t  assessment f o r  extraordinary and expensive waste treatment 
faci  1 i t i e s )  . 
Estimated Program Unit Cost: 

1. Total 

2 .  Per Year - FY 1977 
FY 1978 
FY 1979 
FY 1980 
FY 1981 

$3,780,000 

$ -0- 
$ -0- 
$ 900,000 
$1,440,000 
$1,440,000 
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Problem Definition 

Technology: Coal Conversion 

Ki ng-Mui r Category: Envi ronmental Effects and Transport 

Problem Ti t le :  Effects Model Development (11.3.3.0) 

Objective: 
and microcosm effects  and f i e l d  information on ecosystem effects  a t  
operating conversion f a c i l i t i e s ,  along with information on transport 
and accumulation in order t o  be t te r  define interrelationships,  t o  
identify outstanding gaps in knowledge and t o  allow interim predictions 
of population and ecosystem responses for  purposes of long-range plan- 
n i n g  for  si t ing,  design, and operation of coal conversion f a c i l i t i e s .  
Computer modeling techniques should be useful fo r  simulating population 
and ecosystem effects  t h a t  may resul t  from local or short-term impacts. 

To synthesize experimental information on acute, chronic, 

Priority:  Medium in the short  term; high in the long term. 

Program Unit T i t les :  

3.3.1 Population dynamics modeling of affected representative and 
important speci es 

3.3.2 Ecosys tem dynami cs model i ng  for  m i  crocosms and f i  e l  d ecosystems 

3.3.3 Verification of models th rough  c r i t i ca l  comparison with subse- 
quent laboratory and f i e ld  d a t a  
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Program U n i t  

3.3.1 P o p u l a t i o n  dynamics model ing o f  a f f e c t e d  r e p r e s e n t a t i v e  and 
i m p o r t a n t  spec ies 

Program U n i t  Ob jec t ive :  To  syn thes ize  exper imenta l  i n f o r m a t i o n  on acute  
and c h r o n i c  microcosm e f f e c t s ,  and f i e l d  i n f o r m a t i o n  on popula-  
t i o n  dynamics o f  i m p o r t a n t  spec ies a t  p r o j e c t e d  o r  a c t u a l  c o a l  
convers ion s i t e s  through t h e  use o f  computer model ing techniques 
i n  o r d e r  t o  b e t t e r  d e f i n e  t h e  l e v e l s  o f  damage ( i n  t ime and l o c a -  
t i o n )  t o  p o p u l a t i o n s  o f  t h e  species i n  t h e  area. 

Scope: 
m i n i n g  acceptable l e v e l s  o f  damage t o  species o f  h i g h  importance where 
waste management f a c i l i t i e s  a r e  expected t o  be o f  unacceptable c o s t  o r  
t e c h n o l o g i c a l l y  u n f e a s i b l e .  
management o p t i o n s  f o r  t h e  p o p u l a t i o n  and t h e  coa l  convers ion f a c i l i t y .  

D e t a i l e d  p o p u l a t i o n  dynamics models may be necessary f o r  d e t e r -  

Output i s  t o  be f o r m u l a t e d  t o  p r o v i d e  

Mi 1 es tones : 

1. Aggregat ion o f  a1 1 p e r t i n e n t  e f f e c t s  d a t a  and l i f e  c y c l e  da ta  / \  

f o r  t h e  s e l e c t e d  species ( t h i s  must a w a i t  data,  i f  they  a r e  
n o t  y e t  a v a i l a b l e ) .  

2. Development o f  t h e  p o p u l a t i o n  dynamics model. 

3. T e s t  runs o f  the  model, u s i n g  example and r e a l i s t i c  l e v e l s  
o f  damage t o  p o r t i o n s  o f  t h e  l i f e  c y c l e  (e.g., reduced r e -  
p r o d u c t i v e  success, s l o w e r  growth, e t c . )  i n  o r d e r  t o  p r e d i c t  
t h e  success o f  t h e  p o p u l a t i o n  ( u s i n g  an a p p r o p r i a t e  measure 
such as y i e l d  t o  a f i s h e r y )  o v e r  t h e  t i m e  span o f  o p e r a t i o n  
o f  t h e  p l a n t  and a recovery  p e r i o d  t h e r e a f t e r .  

4. Formula t ion  o f  management o p t i o n s  f o r  d e c i s i o n  makers. 

Technology Development Time Frame: 
species l i k e l y  t o  b e  a f f e c t e d  can b e q i n  immediate ly  i n  o r d e r  t o  b e  readv 

B a s i c  p o p u l a t i o n  dynamics models o f  

f o r  i n c o r p o r a t i o n  o f  e f f e c t s  data.  
however, a w a i t  e f f e c t s  da ta  and thus may have t o  be severa l  years  away 
(2 -3  years ,  minimum). 

The complete impact  models must, 
" 

Program U n i t  P r i o r i t y :  
years,  depending upon e f f e c t s  r e s u l t s  and cos ts  o f  e x t e n s i v e  waste 
t rea tment .  

Low f o r  f i r s t  1-3 years;  p robab ly  h i g h  f o r  l a t e r  
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\ Est imated Program U n i t  Cost: 

1. T o t a l  $900,000 

2. Per Year - FY 1977 $ -0- 
FY 1978 $ -0- 
FY 1979 $300,000* 
FY 1980 $300,000* 
FY 1981 $300,000* 

* 
Based on t h r e e  r e p r e s e n t a t i v e  species.  
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Program U n i t  

3 . 3 . 2  Ecosystem dynamics modeling for microcosms and f i e ld  ecosystems - 

Program Unit Objective: To synthesize information from experimental 
microcosms and f i e l d  locations on the ecosystem effects  o f  ef-  
f luents,  both primary effluents and as these are transported 
and/or  transformed by ecosystem components, i n  order t o  be t te r  
define relationships of the eff luent  materials t o  various com- 
ponents of ecosystem structure and function and t o  simulate 
ecosystem effects  in order t o  develop interim predictions for 
purposes o f  long-term planning for s i t i n g ,  design, and operation 
of coal conversion f a c i l i t i e s .  

Scope: Ecosystem effects  models may be of several types, depending 
the aspect o f  st ructure  or  function o f  most concern a t  a part icular  
or w i t h  reference t o  par t icular  effluent materials. Species divers 
energy flow, carbon flow, trophic biomass, and others are available 
Both experimental ecosystem results and data from f i e ld  locations w 

up on 
s i t e  
t Y  9 

11 
be used'. 

ported and transformed materials r ea l i s t i ca l ly .  In  some cases, j o i n t  
transport and  effects  models may be feasible .  The models will be useful 
for  defining acceptable levels of  effluents when treatment costs are  
extraordinarily h i g h  o r  the technology n o t  available. 

Transport and transformation phenomena w i l l  have t o  be incor- 
porated to  some extent in order t o  model secondary effects  o f  trans- ,- 

Mi les tones : 

1.  Aggrega t i  on o f  ecosys tern effects  informati on and s i  te-speci f i  c 
ecosys tem survey information as we1 1 as existing ecosystem 
models t h a t  may be usable. 

2 .  Development o f  appropriate ecosystem model (s)  for  representa- 

3 .  Use o f  models t o  simulate potential ecosystem responses t o  

t ive  ecosys tems and for  s i t e  i n  question. 

released effluents.  

4. Formulation of  management options t o  decision makers. 

Technology Development Time Frame: 
acquisition of  much effects  data, b u t  development o f  models can proceed 
simultaneously as an aid t o  d i  recti  ng  ecosystem research. 

Modeling w i  11 necessarily come a f t e r  

Program U n i t  P r ior i ty :  Medium i n  f i r s t  2-3 years; h i g h  thereaf ter .  
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Estimated Program U n i t  Cost: 

1 .  Tota l  $900,000 

2.  Per Year - FY 1977 $ -0- 
FY 1978 $ -0- 
FY 1979 $300,000" 
FY 1980 $300,000" 
FY 1981 $300,000" 

" 
Based on three r e p r e s e n t a t i v e  ecosystems. 
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Program Unit 

3.3. Verification of models t h r o u g h  c r i t i ca l  comparison wi t h  subsequent 
laboratory and f i e ld  d a t a  

Program U n i t  Objective: To eval uate ecosystem and population dynami cs 
models developed ea r l i e r  w i t h  respect t o  t he i r  validity for  par- 
t i cu l a r  s i t e s  and with particular effluent materials when com- 
pared t o  measured parameters of population and system function 
for  se t s  of specif ic  laboratory and f i e ld  data collected from 
acute and chronic effects studies,  microcosm studies,  and pre- 
operational and operational f i e l d  studies a t  existing cocl con- 
version faci 1 i t i e s .  

Scope : 
t o  model the behavior of effluents of concern within populations a n d  
ecosystems of concern will be compared in performance t o  f i e ld  and lab- 
oratory d a t a  obtained fo r  analogous populations and ecosystems exposed 
t o  similar conditions. Such comparisons should allow validation n o t  
only of d i rec t  effects  models, b u t  a lso transport and transformation 
models, and  f ina l ly ,  integrated transport and effects  models. 
model verification will establish the f eas ib i l i t y  of  using such models 
for  defining acceptable levels o f  effluents in terms of populations a n d  
ecosystem dynamics and function. 

Both ecosys tem dynami cs and popul a t i  on dynami cs model s devel oped 

The 

Mi lestones: 

1. Aggregation of laboratory and f i e l d  data available for  use 
i n model veri f i  cati  on. 

2 .  Comparison o f  model outputs t o  f i e l d  data and validation/ 
nonval i dati on of model . 

3. Formulation of management options t o  decision makers. 

Technology Development Time Frame: To develop coincident with models. 

Program Unit Priority:  Medium in f i r s t  2-3 years; high thereaf ter .  
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I Estimated Program Uni t Cost  : 
\ \  J’ 

1 .  T o t a l  $1,500,000 

2 .  Per Year - FY 1977 $ -0- 
FY 1978 $ -0- 
FY 1979 $ 500,000* 
FY 1980 $ 500,000* 
FY 1981 $ 500,000* 

* 
Based on f ive models. 



160 

B E R  Balanced Program Plan 

Problem Definition 

Techno1 ogy: Coal Conversion 

Ki ng-Mui r Category: Envi ronmental Effects and Transport 

Problem Ti t le :  Microcosm Studies of Coal Conversion Effluents (11.3.4.0) 

Objectives: To determine the role of acute and chronic e f fec ts  on indi- 
vidual organisms as they re la te  t o  multi-level organism interactions.  
These t e s t s  would provide a bridging mechanism between interpretation o f  
organism acute and chronic e f fec ts ,  and the l a t e r  modeling and post-  
operation f i e ld  studies.  

Pri ori ty:  High 

Program U n i t  Ti t les :  

3.4.1 Assessment of direct  effects  of effluent compounds i n  a multi- 
organism, mu1 t i - level  system 

3.4.2 Assessment of indirect  effects  of coal conversion effluents on 
the environment /--- 
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Program U n i t  

3.4.1 Assessment of d i rec t  effects  of effluent compounds in a multi- 
organism, mu1 t i - level  system 

Program Unit Objective: To evaluate the direct  effects of eff luent  
fractions or comPonents determined t o  be of imDortance i n  acute 
and chronic effekts studies on 1 aboratory microcosms of varying 
levels of complexity in order t o  identify s i t e s  of  accumulation 
of chemicals and t o  assess the importance and rates of comple- 
mentary and competitive processes i n  the system. 

As effluent fractions and comPounds are identified i n  acute and Scope: 
chronic effects  studies t o  be of potential environm ta l  importance, 
microcosm experiments should be established to  allow evaluation of the 
behavior of these compounds and mixtures under heterogeneous envi ron- 
mental conditions and with a diversity of organisms. Such complex 
~ i ~ r ~ c ~ s ~ s  will serve as a useful tool for  the integration of multiple 
biotic-abiotic interactions,  and provide 2 mechanism fo r  screening and 
i denti fyi ng the poten a1 f a t e  of effluents of conc epn for future 
study. Tests should heteroge~eous envi ro mental condi Lions 
and organism diversity typical of habitats l ikely t o  be impacted by 

a1 conversion effluents . 
- i lestones:  

1 .  Determination of effluents and compounds of primary concern 
from acute and chronic effects  studies.  

2 .  Identification of s i t e s  of accumulation of effluent chem- 
ica ls ,  and the direct  effects  of tha t  accumulation b o t h  on 
the individual trophic level and on the associated food 
chain 

Program Unit Pr ior i ty:  
background information becomes available. 

Low i n  the short-term; high as the necessary 

Estimated Program Unit Cost: 

1 .  Total 

2 .  Per Year - FY 1977 $ -0- 
FY 1978 $ 360,000 
FY 1979 $ 360,000 
FY 1980 $ ~ ~ Q ~ Q O Q  
FY 1981 $ 360,QOO 
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Program Unit 

3.4.2 Assessment of indirect  effects  of coal conversion effluents on 
the environment 

Program Unit Objective: Assessment of eff luent  compound transport ,  
transformations, and accumulation in multi-level systems, and 
t o  evaluate the long-term, indirect  effects  of these inputs 
on the system. 

Scope: Effluent compounds of acute and chronic environmental impor- 
tance identified in acute and chronic effects  studies should be tested 
in microcosm experiments t o  integrate b io t ic  and abiot ic  interactions 
and identify s i t e s  of accumulation and potential fa te  of  eff luent  com- 
pounds introduced into the system. Simplified microcosms should be 
used t o  verify pathways of chemical transport and measure the corre- 
sponding rates of t ransfer .  

Milestones : 

1. Identification of eff luent  compounds of primary in t e re s t  
from acute and chronic effects  studies.  

2. Identification of processes and pathways involved in accumu- 
lation of effluent compounds. 

3. Measurement of rates of processes involved in accumulation 
o f  eff luent  compounds. 

Program Unit Priority:  
background d a t a  become available. 

Low in the short-term; high as the necessary 

Estimated Program Unit Cost: 

1 .  Total $1,800,000 

2 .  Per Year - FY 1977 $ -0- 
FY 1978 $ -0- 
i Y  1979 $ 600,000 
FY 1980 $ 600,000 
FY 1981 $ 600,000 
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Problem Definition 

Techno1 ogy: Coal Conversion 

King-Mui r Category: Envi ronmental Effects and Transport 

Problem Ti t le :  Determination of Routes , Transformations , and Sinks of 
Coal Conversion Effluent Constituents (11.3.5.0) 

Objecti ve: Determi nation of rates of bi ol ogi cal accumulation and de- 
gradation of effluent constituents i s  necessary t o  predict eff luent  
mobilities, environmental residence times, and ultimate fates in eco- 
systems. In i t i a l  links in environmental transport chains will be pre- 
dicted from previously completed effluent characterization studies 
(e .g . ,  solubi l i ty  and i n i t i a l  compound form). Kinetics of metabolism 
and bioaccumulation will be investigated ut i l iz ing target  organisms 
identified as  possessing suscept ibi l i ty  t o  identified contaminants. 
Metabolites released into the environment will be identified f o r  further 
toxicity and effluent studies.  Information obtained will be ut i l ized 
in models of degradation and fa te  of coal conversion eff luent  const i t -  
uents e Research resul ts  generated w i t h i n  each program unit wi 11 a1 low 
eval uati on of the re1 a t i  ve envi ronmental hazard of the eff 1 uent cons t i  t- 
uent investigated. 

Priority:  H i g h  fo r  effluent constituents whose removal efficiency from 
waste eff luent  streams by standard procedures i s  less t h a n  complete. 

Program Unit Ti t les  : 

3.5.1 Transport, dis t r ibut ion,  and bioaccumulation of effluent consti t-  
uents and transformation products within t e r r e s t r i a l  systems 

3.5.2 Retention, transformations and b i l i t y  of e f f l u  n t  constituents 
in so i l s  

3.5.3 Transport ,  d is t r ibut ion,  and bioaccumulation of effluent consti t-  
uents and transformation products in aquatic ecosystems 

3.5.4 Accumulation and transformation of eff luent  constituents in 
sediments of aquatic ecosystems 
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Program U n i t  

3.5.1 Transpor t ,  d i s t r i b u t i o n ,  and b ioaccumula t ion  o f  e f f l u e n t  c o n s t i t -  
uents and t r a n s f o r m a t i o n  produc ts  w i t h i n  t e r r e s t r i a l  systems 

Program U n i t  O b j e c t i v e :  C h a r a c t e r i z a t i o n  o f  t h e  d i s t r i b u t i o n  o f  t h e  
var ious  e f f l u e n t s  and t h e i  r t r a n s f o r m a t i  on produc ts  i n  components 
o f  r e p r e s e n t a t i v e  ecosystems. 
these systems which accumulate these p o l l u t a n t s .  

I d e n t i f i c a t i o n  o f  components o f  

Scope-: F o l l o w i n g  atmospher ic d e p o s i t i o n  o r  l a n d  d isposa l  o f  s o l i d  
wastes, e f f l u e n t s  a r e  t r a n s p o r t e d  ( c y c l e d )  w i t h i n  t e r r e s t r i a l  systems. 
T h i s  c y c l i n g  can l e a d  t o  accumulat ion i n  some components, such as s o i l s  
i n  t h e  case o f  t r a c e  meta ls .  The p r e s e n t  e f f o r t  would c h a r a c t e r i z e  the  
d i s t r i b u t i o n s  o f  e f f l u e n t s  i n  ecosystem components by a n a l y z i n g  com- 
ponents f o r  t h e i r  e f f l u e n t  con ten ts  and comparison w i t h  corresponding 
biomass d i s t r i b u t i o n s .  The i n f o r m a t i o n  a c q u i r e d  w i l l  i n t e r f a c e  w i t h  
t e r r e s t r i a l  e f f e c t s  programs by i d e n t i f y i n g  components which accumulate 
g iven e f f l u e n t s  and b y  s u p p l y i n g  da ta  on t h e  magnitude o f  t h i s  accumu- 
1 a t i  on. 

Mi les tones :  - a t  d i f f e r e n t  s i t e s  r e p r e s e n t a t i v e  o f  v e g e t a t i o n  d i s t r i b u t i o n s :  ’- 
1. Summarize da ta  on t h e  d i s t r i b u t i o n  o f  biomass and o r g a n i c  

d e t r i t u s  i n  t h e  systems. 

2 .  D e t a i l e d  process s t u d i e s  t o  i d e n t i f y  t r a n s f o r m a t i o n  produc ts  
and b ioaccumula t ion  o f  m a t e r i a l s .  

3. Analyze ecosystem components f o r  c o n c e n t r a t i o n s  o f  p o l l u t a n t s  
and t r a n s f o r m a t i o n  produc ts .  

4. Merge biomass and c o n c e n t r a t i o n  da ta  t o  y i e l d  q u a n t i f i e d  d i s -  
t r i b u t i o n s ;  use these as t h e  b a s i s  f o r  assess ing s i t e s  o f  
accumu 1 a ti on. 

Technology Development Time Frame: 
process streams and e f f l u e n t s  becomes known. 

Should proceed as compos i t ion  o f  

Program U n i t  P r i o r i t y :  H i  gh 

Es t imated Program U n i t  Cost: 

1. T o t a l  $1,680,000 

2. Per Year - FY 1977 $ -0- 
FY 1978 $ 240,000 
FY 1979 $ 480,000 
FY 1980 $ 480,000 
FY 1981 $ 480,000 
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Program U n i t  

3.5.2 Retention, transformations, and mobility of eff luent  constituents 
i n  so i l s  

Program Unit Objective: Eva1 uation o f  the interactions o f  coal conver- 
sion-related contaminants w i t h  soi 1s and determination o f  the 
a f f in i ty ,  persistence, and transformati on products of designated 
contaminants . Those substances i denti f i  ed as toxi c or carci no- 
genic will require detailed study to  ascertain the potential 
mechanisms affecting transfers t o  biota from contaminated soi Is .  

Scope: Soils are major sinks for contaminants released t o  the terres-  
t r i a l  environment. The behavior and f a t e  of  recognized organic con- 
taminants in s o i l s  will be evaluated by assessing: (1 )  the capacity 
of so i l  organisms t o  catabolize the substance(s) t o  innocuous forms; 
(2)  the physicochemical interactions between contaminant and so i l  con- 
s t i tuents ,  a n d  the manner in which such interactions affect  persistence, 
leaching, and  volat i l izat ion;  and (3) the routes of biological t ransfer  
which can lead from so i l  to  important food chains. 
tence, and biological ava i lab i l i ty  parameters will  be integrated i n t o  a 
determination o f  the relat ive hazard of the substance in comparison with 
exis t ing,  recognized health hazards. The resul ts  of t h i s  task will  be 
integrated in to  the design of microcosms which t e s t  transfers and b i o -  
accumulation factors i n more complex b i  ol ogi cal comnuni t i e s  . 

Mobility, persis-  

Mi 1 es tones : 

1 .  Identification of so i l  types t o  be tested 
lyt ical  scheme(s) . 

2. Persistence eval uati on ( i  ncl udi  ng catabol 
of  side effects  on so i l  microbes ( i . e . ,  n 
determi nati on of degradation potenti a1 i n  

tes t ing o f  ana- 

t e s ) ;  determination 
tri fyi ng  bacteria) ; 
s o i l .  

3 .  Adsorption, leaching, and vo la t i l i t y  tes t ing.  Determination 
of the most probable routes of physical transport .  

4. Biological avai labi l i ty  t e s t s .  Determination o f  factors 

5.  Integration of experimental observations i n  order t o :  ( 1 )  clas- 

affecting ava i lab i l i ty  to  plants. 

s i f y  hazard potential;  ( 2 )  provide i n p u t  i n t o  microcosm design. 

Technology Development Time Frame: 
ment. 

Concurrent with pi l o t  p l a n t  develop- 

Program Unit Priority:  Medi um, precede assessment of  chronic e f fec ts .  
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Es t ima ted  Program Un i t  Cost :  

1 .  T o t a l  $1,330,000 

2 .  Per Year - FY 1977 $ 150,000 
FY 1978 $ 280,000 
FY 1979 $ 340,000 
FY 1980 $ 280,000 
FY 1981 $ 280,000 
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Program U n i t  

3 . 5 . 3  Transport, d is t r ibut ion,  and bioaccumulation of eff luent  const i t -  
uents and transformati on products in aquatic ecosystems 

Program U n i t  Objective: Determination of rates o f  uptake, bioaccumul a- 
t ion,  metabolism, and excretion of coal conversion eff luent  con- 
s t i tuents  by f lora  and fauna i n  aquatic ecosystems. 

Scope: The kinetics of uptake and metabolism of representative eff luent  
constituents by components of aquatic ecosystems wi 11 be investigated. 
In i t i a l  target  organism will  be ident i f ied on the basis of  eff luent  
constituent form; metabolites w i  11 be quantified and identified when 
feasible.  Effects of  other water consti tuents,  temperature and pH, and 
other variables on bi oaccumul a t i  on rates w i  11 be assessed. Transforma- 
t i  on th rough  i ndi vi dual steps in representative aquatic food chains w i  11 
be investigated to  provide a basis for  l a t e r  multi-component model eco- 
system studies.  

Milestones: 

1. Selection o f  representative eff luent  constituents of known 
or suspected envi ronmental concern. 

2. Predi c t i  on of i n i  t i  a1 target  organisms based upon know1 edge 
o f  form of eff luent  constituent. 

3 .  Evaluation o f  uptake, bioaccumulation, metabolism, and 
excretion rates of effluent components by target  organisms. 

Determination of trans formati on rates t h r o u g h  individual 
stages i n  food chains. 

representative ecosys terns. 

4.  

5. Measurement o f  transformation and bioaccumulation rates i n  

Techno1 ogy Development Time Frame: 
development. 

Concurrent wi t h  ini  t i  a1 pi l o t  plant 

Program U n i t  Priority: High 

Estimated Program U n i t  Cost: 

1 .  To ta l  $1,200,000 

2. Per Year - FY 1977 $ 150,000 
FY 1978 $ 150,000 
FY 1979 $ 300,000 
FY 1980 $ 300,000 
FY 1981 $ 300,000 
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Program U n i t  

3.5.4 Accumulation and transformation of effluent constituents i n  
sediments of  aquatic ecosystems 

Program Unit Objective: Assessment of sediments as sinks for compounds 
i n  coal conversi on eff 1 uents . 

Scope: Based upon knowledge o f  effluent components form and i n i t i a l  
data of bioaccumulation potential ,  eff luent  components which are l ikely 
t o  in te rac t  with sediments (e i ther  direct ly  or through sedimentation 
of dead organisms) will be examined. Adsorption behavior will be 
assessed as a function of  sediment type. Benthic bioaccumulation and 
mi crobial degradation k i  neti cs wi 11 be determined under oxi d i  t i  ng and 
reducing conditions; f i n a l  degradation products and excreted metabolites 
will  be identified.  
organic compounds) on degradation o f  compounds will be assessed. De- 
gradation rates and rates of accumulation in sediments will be used l a t e r ,  
b o t h  in design of  model ecosystem (microcosm) experimentation and in 
mode 1 formu 1 a t i  on. 

Effects o f  mixtures ( e .g . ,  toxic metals and  selected 

Mi 1 es tones : 

1 .  Identification o f  representative eff luent  constituents pre- 
dicted t o  interact  with sediments and considered hazardous 
t o  b i o t a .  

2. Eval uati on of sediment adsorption k i  neti cs and vol a t i  1 i ty 
potential from water. 

3 .  Evalua t ion  of bioaccumulation by benthic invertebrates. 

4. Eval uati on o f  degradati on by m i  crobi a1 and chemi cal mechanisms ; 
identification o f  degradation products. 

5, Evaluation of e f fec t  of effluent mixtures on degradation rates .  

6 .  Integration of data for  hazards  assessment. 

Technology Development Time Frame: 
ment. 

Concurrent w i t h  p i lo t  plant develop- 

Program U n i t  Priority:  High 
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Estimated Program U n i t  Cost : 

1 .  Total  $840,000 

2 .  Per Year - FY 1977 $ -0- 
FY 1978 $120,000 
FY 1979 $240,000 
FY 1980 $240,000 
FY 1981 $240,000 
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Problem Definition 

Technology: Coal Conversion 

King-Mui r Category: Envi ronmental Effects and Transport 

Problem Ti t le :  Formulation of Transport Models of Coal Conversion 
Ef f 1 uents ( I I .3.6 .O) 

Objective: 
tegrating rates of biotransformation, degradation, and bioaccumulation 
determined in previous program units.  Pathways o f  eff luent  transport ,  
degradation, and accumulation w i  11 be out1 i ned. Rates of e f f l  uent 
movement will be coupled t o  source fluxes t o  permit generalization of 
transport behavior. Model formulation will  interface w i t h  paral le l  
e f for t s  in "ecological e f fec ts" ;  an overall goal will be the develop- 
ment of a unified transport/effects model which will permit r e a l i s t i c  
evaluation of b o t h  local and regional effects  of effluents produced by 
a ful l -scale  commercial plant. Data obtained during an ongoing f i e l d  
monitoring program will be ut i l ized t o  refine and validate the model. 

Assembly of a model of eff luent  constituent transport in- 

,,- \ 
Priority:  High  when necessary transport and effects  data become avai 1 - 
able from previous research; e a r l i e r  ac t iv i t i e s  (consisting of evaluat- I 

ing applicabili ty of existing transport models) moderate i n  p r ior i ty .  

Program Unit Ti t les  : 

3.6.1 Formulation of biotransformation model 

3.6.2 Formulation o f  so i l s  and sediments model 
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Program Unit 

3.6.1 Formulation of biotransformation model 

Program Unit Objective: Synthesis of previously determined k ine t ic  data 
of bi 01 ogi cal t ransport  and transformation of e f f luent  compounds 
in to  a model of compound movement in aquatic and t e r r e s t r i a l  eco- 
sys tems . 

Scope: Transformation, bioaccumulation, metabolism, and degradation 
ra tes  obtained in previous s ingle  and multicomponent s tudies  will  be 
mode’led. Information from environmental e f fec ts  research w i  11 be in- 
tegrated t o  permit evaluation of synerg is t ic  and antagonistic i n t e r -  
actions between inorganic and organic eff luents  . Transformations 
i n  aquatic,  t e r r e s t r i a l ,  and atmospheric systems will  be evaluated; 
compartmental levels  measured in f i e l d  surveys will  be u t i l i zed  t o  
modi fy and veri fy model predi c t i  ons . Sensi t i  vi t y  analyses w i  11 be 
u t i l i zed  t o  assess var ia t ions in source fluxes and t o  determine the 
s-igni f i  cance of pol 1 utant abatement measures. 

Mi 1 es tones : 

1 .  I n i t i a t e  integrat ion of physicochemical and biological 
t ransport  ki neti  c data t o  y i e ld  biotransformation f l  uxes . 

2. Verification of model by analysis of  f i e l d  survey data.  

3 .  Determination of the  significance of e f f luent  abatement 
measures. 

Technology Development Time Frame: Basic modeling i n i t i a t e d  concurrent 
with transformation research; ver i f ica t ion  stage follows s i t e  select ion 
and f i e l d  survey. 

Program U n i t  P r ior i ty :  

Estimated Program Unit Cost: 

1 .  Total $480,000 

2. Per Year - FY 1977 $ -0- 
FY 1978 $ -0- 
FY 1979 $100,000 
FY 1980 $180,000 
FY 1981 $200,000 
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Program U n i t  

3.6.2 Formulation of s o i l s  and sediments model 

Program U n i t  Objective: Development of a submodel w i t h  synthesized ex- 
t a n t  data on physicochemical, macrobiological, and microbial 
transformation of coal conversion e f f l u e n t  const i tuents  i n  s o i l s  
and sediments. 

Scope: Data on k ine t ics  associated w i t h  biotransformation, metabolism, 
and bioaccumulation of s i g n i f i c a n t  e f f l u e n t  compounds obtained from 
transformati on and i crocosm experiments w i  11 be incorporated i n t o  
ex is t ing  model frameworks (where appl icable) .  Emphasis wil l  include 
predictions of ult imate sinks, s teady-state  levels  i n  b i o t i c  and 
a b i o t i c  s o i l  and sediment compartments, and a v a i l a b i l i t i e s  of i n t e r -  
mediates t o  other  organisms. S i t e - s p e c i f i c  data from f i e l d  surveys 
wi l l  be used t o  modify and val idate  t h e  s i a b ~ x k l l .  

Mi 1 es tones : 

1. Review of ex is t ing  models f o r  organic transformations i n  s o i l s .  

2 .  Development of i n i t i a l  soi  1 and sediment transformation models. 

3. Incorporation of  data i n t o  model. 

4.  Evaluation of model. 

5. Incorporation o f  t ransport  model i n t o  integrated assessment. 

Technology Development Time Frame: 

Program U n i t  P r i o r i t y :  

Estimated Program U n i t  Cost: 

Concurrent w i  

Moderate i n  humid and xer 

1 .  Total $900,000 

2 .  Per Year - FY 1977 $ 60,000 
FY 1978 $120,000 
FY 1979 $240,000 
FY 1980 $240,000 
FY 1981 $240,000 

h p i l o t  plant operation. 

c soi  1 environments. 
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P rob 1 em De f i n i  t i  on 

Technology: Coal Conversion 

Ki ng-Mui r Category : Envi ronmental Effects and  Transport 

Problem Ti t le :  Ecosystem Effects of Operating Coal Conversion Fac i l i t i es  
(11.3.7.0) 

Objectives : To determi ne envi ronmental effects of operati ng a coal con- 
version fac i  1 i ty. T h i s  w i  11 i ncl ude baseline ecological data and mea- 
surement o f  accumulation and transformation rates of eff luent  consti t- 
uents within an ecosystem surrounding a representative coal conversion 
p i l o t  plant f a c i l i t y .  Preoperational sampling studies will be undertaken 
t o  determine composition of ecosystems and  i n i t i a l  levels of contaminants 
i n  representati ve compartments of t e r r e s t r i  a1 and aqua t i  c systems i n  the 
surrounding region. 
i n i t i a l  start-up period and for a suf f ic ien t  period t o  observe transport 
due t o  steady-start  e f f l  uent f l  uxes. 
i n  conjunction with CMM groups. 
environmental effects  (population, community , or ecosystem level ) from 
operating demonstration or commercial plants and t o  t race the effects  
t o  the par t icular  physical and chemical source( s )  , w i t h  the objective 
of mi t i  gating the damages t h r o u g h  corrective engi neeri n g .  
adequate preoperational information t o  serve as a basis for comparison. 

Sampling and analysis will continue t h r o u g h  the 

Survey procedures wi 11 be devel oped 
Research will be designed t o  determine 

This presumes 

Pri ori ty : Hi gh 

Program U n i t  T i t les  : 

3.7.1 Preoperational and operational studies a t  each coal conversion 
faci 1 i ty 
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Program U n i t  

3.7.1 Preoperational and operational studies a t  each coal conversion 

Program Unit Objective: T o  determine ecosystem ef fec ts ,  i f  any, from 
each operating demonstration, pi l o t ,  or commercial coal conver- 
sion p l a n t ,  and  t o  trace the effects  of the particular physical 
and  chemical source(s) ,  w i t h  the objective o f  m i t i g a t i n g  the 
damages t h r o u g h  corrective engineering. T h i s  presumes adequate 
preoperational information t o  serve as a basis for comparison. 

Scope: Each coal conversion f a c i l i t y ,  whether demonstration, p i l o t ,  or 
commercial, shal l  have a research, monitoring, and assessment program 
consisting o f :  

( a )  
ecosystem most l ikely t o  be affected by the particular f a c i l i t y  (e .g . ,  
aquatic system for l iquid eff luents) .  

( b )  Preoperational and operational chemi cal/physi cal characterization 
and measurements t o  monitor actual discharges. Samples o f  a i r ,  water, 
so i l s  , sediments, and representative species of aquatic and t e r r e s t r i a l  
f lora  and fauna will be collected. Chemical analyses wi l l  be adapted 
by "Chemical Measurement and Monitor ing" researchers, and w i  11 be under- 
taken for  those compounds and elements which are identified by previous 
research as comprising s i  g n i  f i  cant envi ronmental hazards a Methods of 
sample preservation wi 11 be optimized t o  ensure the capabi 1 i ty of retro- 
spective baseline analysis of effluent constituents ident i f ied l a t e r  i n  
1 aboratory or f i  el d i nves t i  gati ons . 
l eas t  a year prior t o  p i l o t  p l a n t  s tart-up t o  allow determination of  
seasonal variations . 

Preoperational ecological survey, emphasizing those portions of the 

Sampl i ng w i  11 be continued for a t  

( c )  Operational ecological surveys and assessment for  a min imum of f ive  
years f o l l o w i n g  start-up t o  observe any changes i n  the overall ecosystem. 
Sampling of ecosystem compartments and  analysis of effluent components, 
i n i t i a t ed  i n  ( b )  , w i l l  be continued a f t e r  i n i t i a t i o n  of  plant operation, 
Sampl i ng w i  11 be spat ia l  ly extended outward u n t i  1 e f f l  uent constituent 
concentrations observed do n o t  si gni f i  cantly exceed background 1 eve1 s e 

Levels of  metabolites and other transformation products will be deter- 
mi ned when thei r ecological significance i s  confirmed by para1 le1 1 ab- 
oratory research ("Acute Effects", "Chronic Effects", and "Envi  ronmental 
Transport and Transformation" investigatory groups). 
constituents will be investigated i f  unanticipated ecological effects  
(e.g. ,  population sh i f t s  and variations i n  species d ivers i t ies )  are ob- 
served i n  the f i e l d  ecosystem. 
parameters will  be continued t o  permit a r e a l i s t i c  assessment o f  l o n g -  
term operati on of  coal conversion faci 1 i t i e s .  

Other eff luent  

Routine moni tor ing  of key ecological 
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( d )  
chemical, biological)  of the ecosystem f o r  the l i f e  of the plant  t o  
ind ica te  any long-term changes. 

Continued monitoring of a small number of key elements (physical ,  

Milestones: As noted under Scope, the principal milestones of the study 
of each f a c i l i t y  w i  11 be preoperational studies, operational measurements 
and character izat ion,  operational ecological surveys and assessment, and 
continued monitoring o f  key elements of the ecosystem f o r  the l i f e  of 
the plant .  

A long-term milestone would be reduction i n  s i t e  survey require- 
ments a t  l a t e r  f a c i l i t i e s  when correct ive engineering and waste t r e a t -  
ment a t  ear ly  plants have reduced the potent ia l  f o r  ecological damage 
s igni f icant ly .  

Technology Development Time Frame: 
f a c i l i t i e s  should be studied carefu l ly  i n  order to  minimize the poten- 
t i a l  f o r  damages a t  l a t e r ,  l a rger  f a c i l i t i e s  ( see  Section 111). 

I n i t i a l  p i  l o t  and demonstration 

Program U n i t  P r ior i ty :  High  f o r  each f a c i l i t y .  

Estimated Program U n i t  Cost: 

1.  Total $14,500,000 

2.  Per Year - FY 1977 $ 2,500,000* 
FY 1978 $ 3,000,000* 
FY 1979 $ 3,000,000* 
FY 1980 $ 3,000,000* 
FY 1981 $ 3,000,000* 

* 
Based on f ive representative f a c i l i t i e s .  
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11.4.1 Physical and Chemical Processes and Effects 

11.4.1 .O Evaluation of Atmospheric Dispersal, Transformation, and 
Deposition of Effluent Constituents on Terrestr ia l  Landscapes 

(4.1 . l  

(4.1.2 Formulation of dispersion/distribution model) 

Atmospheri c dispersal , transformations, and deposi t i  on 
o f  effluent constituents on t e r r e s t r i a l  landscapes) 
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BER Balanced Program Plan 

Problem Definition 

Technology: Coal Conversion 

King-Mui r Category: Physical and Chemi cal Processes and Effects 

Problem Tit le :  Evaluation of Atmospheric Dispersal, Transformation, and 
Deposition of Effluent Constituents on Terrestri  a1 Landscapes 
(11.4.1.0) 

Objective: Determination of transport ,  conversion, and deposition of 
atmospheric pollutants. 
coupled with demonstration or commercial -size plants where suf f ic ien t  
materials are  produced for measurement. This i n i t i a l l y  would involve 
Lurgi-type gasif ier  plants ( b o t h  high and low B t u )  and ca ta ly t ic  and 
carbonization-hydrocarbonization liquefaction. Target compounds wi 11 
be selected from resul ts  of CMM. They will be based on quantitative 
resu l t s ,  known and expected environmental e f fec ts ,  and s imi la r i t i es  of 
effluents between conversion types ( i . e . ,  i f  one group of compounds i s  
produced i n  a l l  a l ternat ive processes, pr ior i ty  of research may be di-  
rected here). 

Field aspects of t h i s  research need t o  be 

Priori ty : Hi gh 

Proaram Uni t Ti t les  : 

4.1.1 Atmospheric dispersal ,  transformations and deposition of 
effluent constituents on t e r r e s t r i a l  1 andscapes 

4.9.2 Formulation of dispersion/distribution model 
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B E R  Balanced Program Plan 

Program U n i t  

4.1.1 Atmospheric d i spersa l ,  transformations, and deposit ion of e f f l u e n t  
cons t i  tuents on t e r r e s  tr i  a1 1 andscapes 

Program U n i t  Objective: Determination of atmospheric t ranspor t ,  t rans-  
formations, d i spersa l ,  and deposition of e f f l u e n t  const i tuents .  

Scope: Time-variant atmospheric movement of e f f l u e n t  const i tuents  away 
from the source wil l  be estimated on the basis  of i n i t i a l  e f f l u e n t  form 
and p a r t i c l e  s i z e  d is t r ibu t ion .  Chemical and photolytic transformations 
wil l  be determined and reaction r a t e s  measured. Meteorologic and physico- 
chemical factors  a f fec t ing  the removal of e f f l  uents and transformati on 
products wil l  be assessed. From the data obtained deposition ra tes  on 
s p e c i f i c  landscapes and long-term regional atmospheric compositions of 
e f f l u e n t  const i tuents  and transformation products w i  11 be determined, 
and r e l a t i v e  hazard potent ia ls  of e f f l u e n t  const i tuents  wil l  be eval- 
uated. 

Mi 1 es tones : 

1 .  Characterize atmospheric e f f l u e n t  streams quant i ta t ive ly  
and q u a l i t a t i v e l y  ( i n  conjunction w i t h  CMM group). 

2. 

3.  

Determine atmospheric transformatiorl and process r a t e s .  

Measure e f f e c t s  of meteorol ogi c vari ab1 es ( a i r  turbulence, 
s t a b i l i t y ,  e t c . )  on deposition ve loc i t ies  f o r  e f f l u e n t  
const i tuents  on d i f f e r e n t  vegetation covers (i . e . ,  grass ,  
f o r e s t  types, e t c .  ) .  

Techno1 ogy Development Time Frame: 
permi t preoperational si t i  ng  c r i  t e r i  a f o r  commerci a1 -scale  p lan ts .  

Sirnul taneous w i t h  development t o  

Program U n i t  P r i o r i t y :  High  f o r  conversion processes which produce 
s i  g n i  f i  cant f l  uxes of atmospheric contaminants whose envi ronmental 
t ransport  i s  poorly understood; moderate f o r  r e l a t i v e l y  intensively 
studied e f f l u e n t  const i tuents .  

Estimated Program U n i t  Cost: 

1. Total $1,680,000 

2.  Per Year - FY 1977 $ 240,000 
FY 1978 $ 360,000 
FY 1979 $ 360,000 
FY 1980 $ 360,000 
FY 1981 $ 360,000 
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B E R  Balanced Program Plan 

Program U n i t  

4 .1 .2  Formulation of dispers ion/dis t r ibut ion model 

Program U n i t  Objective: Incorporation of knowledge of e f f luent  character 
and form and atmospheric and hydrologic c r i t e r i a  i n t o  a submodel 
of e f f luent  d i  spersal  i n  aquati c and t e r r e s  tr i  a1 ecosys terns. 

Scope: Effluent component forms wil l  be evaluated from previous research. 
E x i s t i n g  atmospheric and aquatic dispersal models w i t h  necessary modifi- 
cations wil l  be u t i l i z e d  where available.  As s p e c i f i c  locations of p i l o t  
plant operation are  pinpointed, si te -spec i f ic  micro-climatic data wil l  be 
incorporated. 
survey wil l  be used t o  t e s t  and modify the submodel as required. 

Effluent d i s t r ibu t ions  obtained i n  the f i e l d  monitoring 

Mi 1 es tones : 

1 .  Effluent form character izat ion.  

2. Formulation of general submodels. 

3 .  Adaptation of submodel t o  s p e c i f i c  s i t e s .  

Techno1 ogy Devel opment Time Frame: I n i  t i  a1 model i ng concurrent w i  t h  
technical development; s i t e - s p e c i f i c  modeling a t  time of  p i l o t  plant 
s i t ing .  

Program U n i t  P r ior i ty :  Moderate 

Estimated Program U n i t  Cost: 

1 .  Total $78Q ,000 

2 .  Per Year - FY 1977 $ 60,000 
FY 1978 $120,000 
FY 1979 $200,000 
FY 1980 $200,000 
FY 1981 $200,000 
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II -5.1 I n t e g r a t e d  Assessment 

I I  .5.1 .0 Environmental  and Biomedical  Research I n f o r m a t i o n  I n t e g r a t i o n  

(5.1.1 

(5.1.2 

(5.1.3 

(5.1.4 

(5.1.5 

(5.1.6 

(5.1.7 

(5.1.8 

Coord ina t ion  and management system f o r  coa l  
convers ion R&D programs) 

Coord ina t ion  o f  env i ronmenta l  da ta  a c q u i s i t i o n )  

Computing f a c i l i t i e s  f o r  coa l  convers ion  R&D 
programs ) 

Environmental  i n f o r m a t i o n  d a t a  base for coa l  
convers ion techno log ies)  

N a t i o n a l  geoecology da ta  base) 

Source terms and e f f e c t s  da ta  base f o r  coa l  
convers ion t e c h n o l o g i e s )  

Data processing, a n a l y s i s ,  d i s p l a y ,  and r e p o r t i n g  

Synthes is  and p o l i c y  a n a l y s i s  methodology) 

SUpQOrt) 

11.5.2.0 Onsi t e  Phys ica l  Environmental  Impacts 

(5.2.1 

(5.2.2 

(5.2.3 

(5.2.4 

(5.2.5 

(5.2.6 

Determine t h e  1 and area r e q u i r e d  f o r  a1 t e r n a t i  ve 
coal  convers ion processes) 

Determine t h e  topograph ic  ( i  . e . ,  geo log ica l ,  s o i l )  
c o n s i d e r a t i o n s  p e r t i n e n t  t o  s i t i n g  coa l  convers ion  
f a c i  1 i t i e s )  

I d e n t i f y i n g  competing land-use requi rements f o r  
p o t e n t i  a1 s i t e s  o f  coa l  convers ion  f a c i  1 i t i e s )  

Determine t h e  impacts  of a coa l  convers ion f a c i l i t y  
on e x i s t i n g  land-use a p p l i c a t i o n s  cont iguous t o  
t h e  s i t e )  

I d e n t i f y  and c a t e g o r i  ze t h e  access i  b i  1 i ty  r e q u i  r e -  
ments o f  coal  convers ion f a c i l i t i e s )  

Determine t h e  t o t a l  o n s i  t e  demands f o r  a l t e r n a t i v e  
coal  convers ion processes) 
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‘, ’ (5.2.7 Ident i fy  the in s t i t u t iona l  environmental constraints  
r e l a t ive  t o  coal conversion f a c i l i t i e s )  

(5.2.8 Identify coal resource locations and assess the 
appl i cabi 1 i t y  of various coal conversion options 
the re t o )  

11.5.3.0 Off-Site Physical Environmental Impacts 

(5.3.1 Determine the land-use demands of the s u p p o r t i n g  
f a c i l i t i e s  prompted by coal conversion f a c i l i t i e s )  

(5.3.2 Determine the s i z e  and time-phasing of the land area 
requirements of the construction and operating work 
force o f  coal conversion faci  1 i t i e s )  

(5.3.3 Determine the to ta l  population trends associated with 

(5.3.4 

the s i z e  of the construction and operating populations) 

Determine the impacts of the increased population on 
the physical environment of regional recreational areas)  

[ 5.3.5 Determi ne popul a t i  on 1 and-use impacts on indigenous 
wi ld l i f e  hab i t a t  and a c t i v i t i e s )  

(5.3.6 Determi ne the cumul a t i  ve water requj rements of the  
resident ia l  and commercial developments a t t r i bu tab le  
t o  the coal conversion industry) 

(5.3.7 Ident i fy  the human, commercial, and indus t r ia l  waste 
hand1 i n g  and disposal requirements and the resul t an t  
environmental impacts) 

(5.3.8 Determine the d i r ec t  and secondary impacts o f f - s i t e  
commercial, res ident ia l  and indus t r ia l  developments 
on the a i r  shed) 

(5.3.9 Determine the access ib i l i t y  requirements necessary 
t o  s u p p o r t  p lant ,  community and supporting f a c i l i t i e s )  

11.5.4.0 Social and Demographic Effects 

(5.4.1 Public information program) 

(5.4.2 Methodology f o r  determining the s t ruc ture  of con- 
s t r u c t i  on and operating popul ace) 

(5.4.3 Evaluation o f  exis t ing  po l i t i ca l  s t ruc tu re )  
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(5 .4 .4  Evaluat ing community s e r v i c e  c a p a b i l i t i e s )  

(5 .4 .5  Socia l  - C U I  t u r a l  impacts assessment)  

11.5.5.0 Regional, National and In t e rna t iona l  Economic Impacts of 
Coal Conversion F a c i l i t i e s  

(5 .5 .1  Assessment o f  major coal regions capac i ty  t o  supply 
coal conversion f a c i l i t i e s )  

(5 .5 .2  Determination of  optimal number and mixture of coal 
conversion f a c i l i t i e s )  

- 11.5.6.0 Local Economic Impacts Associated w i t h  S i t i n q  o f  Coal 
Conversion Faci 1 i t i es  

(5.6.1 I d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  of local economic 
s t r u c t u r e s  and mul t ip l e  e f f e c t s )  

(5 .6 .2  Local c o s t s  and b e n e f i t s  a s soc ia t ed  w i t h  s i t i ng  
coal conversion f a c i l i t i e s )  

( 5 . 6 . 3  Impacts on loca l  t a x  s t r u c t u r e s  of  s i t i ng  coal 
conversion f a c i l i t i e s )  

(5 .6 .4  Study of  c a p i t a l  investments a s soc ia t ed  w i t h  coal 
conversion f a c i l i t i e s  and  l oca l  impacts) 

11.5.7.0 S i t i n g  Coal Conversion F a c i l i t i e s  

(5.7.1 S i t i n g  c r i t e r i a  f o r  coal conversion f a c i l i t i e s )  

(5 .7 .2  Mul t i - sca le  geographic base f i l e  f o r  s i t i n g  a n a l y s i s )  

(5 .7 .3  S i t i n g  v a r i a b l e s  a t  the regional  s c a l e  (county- 
level d a t a ) )  

(5.7.4 Screening f o r  candida te  s i t i n g  a r e a s )  

(5 .7 .5  S i t i n g  a t  the loca l  s c a l e  w i t h i n  candida te  
s i t i n g  a r e a s )  

(5.7.6 Fine screening f o r  candida te  a reas  w i t h i n  
candi da t e  count ies  ) 

,,- 

(5 .7 .7  Comparison of the number and capac i ty  o f  s u i t a b l e  
s i t e s  f o r  coal conversion)  
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B E R  Balanced Program Plan 

Problem Definition 

Technology: Coal Conversion 

- K i  ng-Mui r Category: 

Problem T i t l e :  Environmental and  Biomedical Research Information 

Objectives: The overall  object ive is  t o  manage, i n t e g r a t e ,  and analyze 
envi ronmental and b i  omedi cal research informati on so  t h a t  energy tech- 
nology a1 t e r n a t i  ves can be properly eval uated and compared. This cap- 
a b i l i t y  i s  essent ia l  t o  merge research r e s u l t s  and assessment c a p a b i l i t i e s  
developed i n  each Program U n i t  area i n  a l l  King-Muir categories .  

Integrated Assessment 

Integration (11.5.1 . O )  

P r i o r i t y :  High  

Program Uni t T i  t l  es : 

5.1.1 Coordination and management system f o r  coal conversion R&D 

5.1.2 Coordination of environmental data acquis i t ion 

programs 

5.1.3 Computing f a c i l i t i e s  f o r  coal conversion R&D programs 

5.1.4 E n v i  ronmental information data base f o r  coal conversion 
technol ogi es  

5.1.5 Nati onal geoecol ogy data base 

5.1.6 Source terms and e f f e c t s  data  base f o r  coal conversion 
technol ogies 

5.1.7 Data processing, analysis ,  display,  and reporting support 

5.1.8 Synthesis and policy analysis methodology 
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BER Balanced Program Plan 

Program Unit 

5.1.1 Coordination and management system for  coal conversion 
R&D programs 

Program U n i t  Objective: To develop, implement, and operate a system t o  
a s s i s t  i n  coordinating and managing the various tasks i n  the 
coal conversion technology, u t i l i z ing  time l ines  and c r i t i c a l  
paths between projects.  

Scope: 
stones, and  relationships between tasks defined. Updating research 
progress will  allow current developments t o  be displayed and future 
progress or slippage t o  be forecasted. Crit ical  paths between programs 
will be established t o  allow analysis of scheduled tasks to  determine 
those projects which may cause subsequent delays in the overall e f f o r t .  
The system will  u t i l i ze  interactive processing t o  permit quick response 
times of queries t o  the system. 

The various R&D tasks will be cataloged w i t h  time l ines ,  mile- 

Mi 1 es tones : 

1. Select and implement a user-oriented, interact ive system 
t o  s tore ,  re t r ieve,  and report management information. 

2. Catalog research projects and  establish time l ines ,  mile- 
stones, and functional relationships.  

3 .  Generate periodic s ta tus  reports based on updated project 
reports. 

4. Provide interactive access t o  s ta tus  of projects.  

Technology Development Time Frame: 
from th is  u n i t  i f  i t  were ut i l ized i n  the i n i t i a l  funding of proposals. 

Proqram Unit Pr ior i ty:  Hi gh  

Greatest benefit would be obtained 

Estimated Proqram Unit Cost: 

1. Total $1,600,000 

2 .  Per Year - FY 1977 $ 350,000 
FY 1978 $ 350,000 
FY 1979 $ 300,000 
FY 1980 $ 300,000 
FY 1981 $ 300,000 
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B E R  Balanced Program Plan 

Program U n i t  

5.1.2 Coordination of environmental data acquis i t ion 

Program U n i t  Objective: To coordinate the acquis i t ion of  environmental 
information and data re1 ated t o  the energy techno1 ogy programs , 
including format, i d e n t i f i c a t i o n ,  experimental design, sampling, 
e t c . ,  t o  ensure compatability and completeness. 

Scope: 
l a ted  and organized t o  allow ready re t r ieva l  and analysis .  
t i a l  t o  es tab l i sh  guidelines and management pol ic ies  ear ly  i n  the  program 
t o  obtain data sets of uniform h i g h  qua l i ty  without excessive ed i t ing  
o r  reformatting of data o r  duplication of e f f o r t s .  The user community 
must contr ibute  t o  d e f i n i n g  information needs and forms of reports  and 
displays most useful t o  them. 

Both descr ipt ive information and numeric data need t o  be accumu- 
I t  i s  essen- 

Mi 1 es tones : 

1. 

2 .  

Survey information needs and define overall  objectives . 
Produce documentation of standard guidelines f o r  information 
co l lec t ion  and submission t o  data center .  

3 .  Provide continual consultation on sampling and evaluation of 
research r e s u l t s  . 

Technology Development Time Frame: This a c t i v i t y  must be i n i t i a t e d  
immediately and continued to  ensure appropriate data w i  11 be avai lab1 e 
for  i ntegiated assessment. 

Program U n i t  P r ior i ty :  High 

Estimated Program U n i t  Cost: 

1 .  Total $1,050,000 

2. Per Year - FY 1977 $ 200,000 
FY 1978 $ 250,000 
FY 1979 $ 200,000 
FY 1980 $ 200,000 
FY 1981 $ 200,000 
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B E R  Balanced Program Plan 

Proaram U n i t  

5.1.3 Computing f a c i l i t i e s  f o r  coal conversion R&D programs 

Program U n i t  Objective: To es tab l i sh  and operate a computer f a c i l i t y  
t o  provide i n t e r a c t i v e  access t o  data f i l e s  and analysis  pro- 
grams, u s i n g  a telecommunications network. 

Scope: Computers a re  essent ia l  too ls  f o r  accomplishing the integrated 
assessment goals.  A computer f a c i l i t y  dedicated t o  providing quick 
access t o  la rge  mass storage f i l e s  and maintaining a l i b r a r y  of appro- 
p r i a t e  analysis  programs u t i l i z i n g  a national network of i n t e r a c t i v e  
teleprocessing terminals would a1 low e f f i c i e n t  r e t r i e v a l  , display , and 
evaluation of environmental information. This capabi l i ty  is not cur- 
ren t ly  avai lable  w i t h i n  the national labora tor ies  t o  hand1 e the volume 
o f  information ant ic ipated i n  the energy R&D programs or t o  provide a 
national telecommunications network w i t h  adequate response times. 
T h i s  capabi l i ty  i s  needed and should be developed by the Integrated 
Assessment e f f o r t s  across the vari ous techno1 ogies . 
Mi 1 es tones : 

1 .  Define computational needs and s e l e c t  comput 
provide the requi red services  . 

2. Establish network communications and promote 
f ac i 1 i t y  . 

ng f a c  

use of 

l i t y  t o  

the 

3. Operate f a c i l i t y  t o  provide uninterrupted services  and access 
t o  t h e  system d u r i n g  normal working hours. 

Techno1 ogy Devel opment Time Frame: T h i s  capabi 1 i t y  must be devel oped 
ear ly  i n  the overall  program so t h a t  computing wi l l  not be a l imi t ing  
f a c t o r  i n  accomplishing the goals o f  the  program. 

Program Uni t P r i o r i t y :  H i g h  

Estimated Program U n i t  Cost: 

1 .  Total $1,900,000 

2 .  Per Year - FY 1977 $1,000,000 
FY 1978 $ 300,000 
FY 1979 $ 200,000 
FY 1980 $ 200,000 
FY 1981 $ 200,000 
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B E R  Balanced Program Plan 

Program U n i t  

5.1.4 Environmental information data base f o r  coal conversion 
tech no1 og i es 

Program U n i t  Objective: To develop and maintain an environmental data 
base from l i t e r a t u r e ,  R&D reports ,  and other  sources t o  maximize 
the a v a i l a b i l i t y  and usefulness of existing information re la ted  t o  
coal conversion technologies. 

Sco,pe: Ex i s t ing  information from 1 i t e r a t u r e ,  R&D reports , bibliographic 
information f i l e s  and o ther  sources will  be organized t o  provide a 
state-of-the-knowledge report  on coal conversion technology. This 
da t a  base wi l l  be constantly updated and wil l  be accessably i n  an inter- 
ac t ive  mode t o  allow searching f o r  s p e c i f i c  types of information. 
compiling the information, gaps may be i d e n t i f i e d  t h a t  require  additional 
research. 

In 

Mi 1 es tones : 

1. Compile existing information. 

2 .  Publish state-of-the-knowledge report .  

3 .  Update f i l e s  and provide information services  as required. 

Techno1 ogy Development Time Frame: 
required as soon as the information can be compiled t o  a i d  i n  g u i d i n g  

State-of-the-knowledge reports  a r e  

research pl ans . 
Program U n i t  P r ior i ty :  Medium 

Estimated Program U n i t  Cost: 

1.  Total $950,000 

2. Per Year - FY 1977 $300,000 
FY 1978 $200,000 
FY 1979 $150,000 
FY 1980 $150,000 
FY 1981 $150,000 
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B E R  Balanced Program Plan 

Program Unit 

5.1 .5 Nat ional  geoecol oqy data base 

Program Unit Objective: To develop and maintain a comprehensive d a t a  
bank provi ding background geographic and environmental character- 
i s t i c s  of s tandard  geopolitical units for  the en t i re  country. 

Scope: A highly structured f i l e  based on a standard geopolitical unit 
such as the county will  be created fo r  the USA. 
terraine,  cl imate, natural resources including plant and animal 
inventories, land use, economic character is t ics ,  human population 
census, e t c . ,  will be compiled a t  comparable scales of resolution. 
Display and reporting programs will be devised t o  summarize selected 
information based on standard units or aggragates of units.  Maps will 
be generated t o  show regional patterns of the data and projections of 
future patterns devel oped. 

Information on the 

Mi les  tones : 

1 .  Create d a t a  base of most essential  character is t ics .  

2. Develop retrieval , display, and analysis capabi l i t i es .  

3 .  Provide information as required i n  integration and synthesis. 

4. Expand subject areas included in f i l e s .  

Technology Development Time Frame: T h i s  a c t iv i ty  needs t o  be in i t i a t ed  
immediately so t h a t  d a t a  will  be available for  s i t i n g  f a c i l i t i e s  (11.5.7.0). 

Program Unit Priority:  Medi um 

Estimated Program Unit Cost: 

1 .  Total $1,850,000 

2.  Per Year - FY 1977 $ 400,000 
FY 1978 $ 450,000 
FY 1979 $ 400,000 
FY 1980 $ 300,000 
FY 1981 $ 300,000 
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B E R  Balanced Program Plan 

Program U n i t  

5.1.6 Source terms and e f fec ts  d a t a  base fo r  coal conversion 
techno1 ogi es 

Program Unit Objective: To accumulate and organize d a t a ,  defining source- 
term parameters and re1 ated potenti a1 ecol ogi c and heal t h  e f fec ts .  

Scope: The integrated assessment requires access t o  R&D resul ts  from 
the CMM, transport processes , health effects  , and ecological effects  
categories for use in evaluation and comparison of a1 ternative energy 
technologies. 
coordinating data input (standard format, units, ident i f icat ion)  and 
i denti fyi n g  i nformati on gaps .  

An impor tan t  par t  of creating this data base will be 

Mi 1 es tones : 

1. Obtain information from King-Muir R&D projects,  maintaining 
l i s t s  of gaps and needed information. 

2. Publish director ies  and descriptions of the contents of the 
d a t a  bank and promote the use of the d a t a .  

3. Update and  maintain the f i l e s ,  providing data as requested. 

Technology Development Time Frame: 
t o  accumulate available and identify missing source terms from the l i t e r a -  
ture.  
t o  integrated assessment projects. 

This unit must b e  i n i t i a t ed  immediately 

Subsequent ac t iv i ty  will include updating f i l e s  and providing data 

Program U n i t  Priority:  Medi um 

Estimated Program Unit Cost:  

1 .  Total $300,000 

2. Per Year - FY 1977 $100,000 
FY 1978 $100,000 
FY 1979 $100,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Propram U n i t  

5.1.7 Data processing, analysis, display, and reporting support 

Program Unit Objective: To provide d a t a  processing, s t a t i s t i c a l  analysis , 
d a t a  management, d a t a  display, and reporting support, u t i l i z ing  
interactive processing and a telecommunications network. 

Scope: 
able analysts and  s t a t i s t i c i ans  t o  consult with research investigators 
on a l l  aspects of d a t a  handling and evaluation. In addition, a common 
1 i brary of computer programs wi 11 be accumulated t o  provide necessary 
computational capabi l i t ies  f o r  analysts and investigators i n  the coal 
conversion program. I n  providing this support, data of uniformly high 
quality must be readily available for  inclusion into d a t a  banks as 
required by the integrated assessment e f for t .  

An essential p a r t  of providing analysis support i s  t o  make avail-  

Milestones: 

1 .  Compile and implement existing programs and publish manuals 
on t he i r  capabi l i t ies  and use. ' 

2 .  Provide consultation services as needed. 

Technoloqy Development Time Frame: This support ac t iv i ty  must be made 
available a t  the s t a r t  of the program t o  assist in designing experiments 
t h a t  are s t a t i s t i c a l l y  valid and t h a t  use a minimum of resources. 
Analysis ac t iv i t i e s  wi 11 depend on the completion of research. 

Problem Unit Pr ior i ty  : 

Estimated Program Unit Cost: 

Medi um 

1 .  Total $1,200,000 

2. Per Year - FY 1977 $ 300,000 
FY 1978 $ 400,000 
FY 1979 $ 200,000 
FY 1980 $ 150,000 
FY 1981 $ 150,000 



191 

BER Balanced Program Plan 

Proqram U n i t  

5.1.8 Synthesis and policy analysis methodology 

Program Unit Objective: To develop and apply information synthesis and 
regional policy analysis methods t o  aid i n  selecting energy tech- 
no1 ogy a1 ternat i  ves . 

Scope: Methods are needed t o  compare potential advantages (benefi ts)  
and disadvantages ( r i sks  and costs)  of a1 ternative energy technologies. 
Mathematical model s , i ncl udi ng effects  , transport , regional planning 
and economi c model s , and s t a t i s t i c a l  procedures may a7 1 ow deri vation of 
comparative i ndices f o r  various techno1 ogies for  speci f i  c s i  tes or re- 
gions. The various d a t a  bases, computational support capabi l i t ies  , and 
a l ib rary  of mathematical models will be required t o  accomplish these 
objectives. 
models may be required, u t i l i z ing  a team of ecologists,  biomedical 
s c i en t i s t s ,  engineers, economists, regional planners , s t a t i s t i c i ans  , and 
others. 

Additional e f for t s  i n  revising or creating mathematical 

Mi 1 es tones : 

1 .  Define synthesis methods , including information requirements. 

2. Obtain, catalog, and implement existing computer programs t o  
perform synthesis. 

3. Synthesize information and produce impact statements comparing 
al ternat ive technologies as required for  various s i t e s .  

Technology Devel opment Time Frame: 
s tar ted immediatejy t o  allow the analysis t o  be performed as soon as 

Development o f  methodology must be 

suff ic ient  data a r i  available for  evaluating technologies. 

Program Unit Pr ior i ty:  Medi um 

Estimated Program Unit Cost: 

1 .  Total $1,800,000 

2. Per Year - FY 1977 $ 500,000 
FY 1978 $ 500,000 
FY 1979 $ 300,000 
FY 1980 $ 300,000 
FY 1981 $ 200,000 
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Problem D e f i n i t i o n  

,- 

Techno1 ogy: Coal Conversion 

King-Muir  Category: I n t e g r a t e d  Assessment 

Problem T i t l e :  O n s i t e  Phys ica l  Environmental  Impacts (11.5.2.0) 

O b j e c t i v e s :  A sys temat ic  s tudy  i s  needed t o  i d e n t i f y  and c h a r a c t e r i z e  
t h e  environmental  e f f e c t s  on t h e  s i t e  and t o  i n c l u d e  a l l  components of 
t h e  process o f  a coal  convers ion f a c i l i t y .  These w i l l  i n c l u d e  t h e  
adverse impacts on the  1 and, hydro1 ogy , p l  ants/animal s , and humans. 
A d e t e r m i n a t i o n  o f  t h e  immediate and long- te rm (e.g., t h e  e f f e c t s  o f  
p o l l u t a n t  b u i l d u p  and/or c o n c e n t r a t i o n )  impacts o f  a l l  o n s i t e  e f f l u e n t s  
f rom t h e  convers ion process. 

P r i o r i t y :  High 

Program U n i t  T i t l e s :  

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

5.2.7 

5.2.8 

Determine t h e  1 and area r e q u i  r e d  f o r  a1 t e r n a t i  ve coal  convers i  on 
p r o  cess es 

Determine t h e  topograph ic  ( i  .e., g e o l o g i c a l ,  s o i l )  c o n s i d e r a t i o n s  
p e r t i n e n t  t o  s i t i n g  coa l  convers ion f a c i l i t i e s  

I d e n t i f y i n g  competing land-use requi rements f o r  p o t e n t i  a1 s i t e s  
o f  coal  convers ion f a c i l i t i e s  

Determine t h e  impacts o f  a coa l  convers ion f a c i l i t y  on e x i s t i n g  
1 and-use appl  i c a t i  ons cont iguous t o  t h e  s i t e  

I d e n t i f y  and c a t e g o r i z e  t h e  access i  b i  1 i t y  and requi rements o f  
coa l  convers ion f a c i l i t i e s  

Determine t h e  t o t a l  o n s i  t e  demands f o r  a1 t e r n a t i v e  coa l  
convers i  on processes 

I d e n t i f y  t h e  i n s t i t u t i o n a l  env i ronmenta l  c o n s t r a i n t s  r e l a t i v e  
t o  coal  convers ion f a c i  1 i t i e s  

I d e n t i  fy coa l  resource 1 oca t ions  and assess t h e  appl  i cab i  1 i t y  
o f  var ious  coa l  convers ion o p t i o n s  t h e r e t o  

/ -  

\ 
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Program Unit 

5.2.1 Determine the land area required for  a l ternat ive coal 
conversion processes 

Program U n i t  Objective: The primary purpose of t h i s  program i s  t o  
determine the land area requirements for  coal conversion 
f a c i l i t i e s  

Scope: 
determine the i r  land-use requirements. 
various configurations o f  the components o f  each option t o  develop ef-  
f i c i en t  land-use plans. Land-use requirements for  a range-of-sizes of 
each type faci 1 i ty  wi 11 be developed. 
examination of p i lo t  in-s i tu  gasification and coal liquefaction plants 
f o r  land area and water consumption onsite and in the near vicini ty;  
determination of I and-area demands for  proposed demonstrati on plants ; 
and assessment of the total  area o f  potential impact determined fo r  
each type o f  f a c i l i t y  proposed. 

The various conversion options will be analyzed in order t o  
An e f fo r t  will be made t o  assess 

Specific objectives are: 

Mi 1 es tones : 

1. I n i t i a t e  ~~~~r~~ t o  determine the land  area requirements 
for t h e  various coal ~ o ~ ~ ~ ~ r ~ ~ ~ ~  proc 

2. Bevelop land-use guide1 ines. 

T ~ ~ h ~ ~ ? o ~ y  Development Time Frame: 
ter izat ions are  ava-ilable. 

Should begin as soon as plant charac- 

Program Unit Priority:  High 

Estf mated Program 

1 .  Total 

2.  Per Year - FY '4977 $ 58,000 

FY 1981 $ -0- 
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Program U n i t  

,,- 

5.2.2 Determine t h e  topograph ic  ( i  .e., g e o l o g i c a l ,  s o i l )  c o n s i d e r a t i o n s  
p e r t i n e n t  t o  s i t i n g  coal  convers ion  f a c i l i t i e s  

Proqram U n i t  O b j e c t i v e :  Care fu l  c o n s i d e r a t i o n  o f  t o p o g r a p h i c a l  f e a t u r e s  
b e s t  s u i t e d  f o r  each coa l  convers ion  f a c i l i t y .  

Scope: 
f a c i  1 i 
g i v e n  

The d e t e r m i n a t i o n  o f  t h e  b e s t  p o s s i b l e  s i t e  f o r  a coa l  convers ion  
ty w i t h  r e g a r d  t o  topography i s  e s s e n t i a l .  C o n s i d e r a t i o n  w i l l  be 
t o  such topograph ica l  elements as geology, s o i  1 c h a r a c t e r i s t i c s ,  

and dra inage bas ins .  
sc reen ing  o f  topograph ica l  fea tures  t h e  b e s t - s u i  t e d  l o c a t i o n  f o r  t h e  
s i t i n g  o f  a coa l  convers ion  f a c i l i t y .  

The o b j e c t i v e  i s  t o  determine th rough c a r e f u l  

M i  1 es tones : 

1. Geologic requirements f o r  g a s i f i c a t i o n  and o t h e r  types  o f  
convers ion  f a c i l i t i e s .  

2 .  Topographi c and geomorphol og i  c a l  requi rements determined. 

3 .  L o c a t i o n  o f  geo log ic  and t o p o g r a p h i c a l  l y  s u i  tab1 e areas f o r  
t h e  s i t i n g  o f  coa l  convers ion  f a c i l i t i e s .  

Technology Development Time Frame: 
p r o v i d e  c r i t e r i a  f o r  f u t u r e  s i t i n g .  

Should b e g i n  immediate ly  i n  o r d e r  t o  

Program U n i t  P r i o r i t y  : H i  gh 

Es t imated Program U n i t  Cost: 

1. T o t a l  $500,000 

2. Per  Year - FY 1977 $300,000 
FY 1978 $200,000 
FY 1979 $ -0- 
FY 1980 $ -0- 
FY 1981 $ -0- 
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, 

', 

Program U n i t  

5.2.3 Identifying competing land-use requirements for  potential 
s i t e s  of coal conversion f a c i l i t i e s  

Program Unit Objective: The identification of competing land-use require- 
ments and the comparison of these land-use options with the  use 
of the  s i t e s  for  a coal conversion f ac i l i t y .  

Scope: The competing land uses of potential coal conversion s i t e s  must 
be considered. These will include the necessity of present usage and/or 
potential future usage of h i g h  pr ior i ty .  Where possible the cost-benefit 
values fo r  these competing options will be determined and compared t o  
t h a t  o f  the use as a s i t e  for  a conversion f a c i l i t y .  The identification 
o f  s i t e s  n o t  t o  be considered for  a conversion f a c i l i t y  will be the end 
product of t h i s  work. 

Mi 1 es tones : 

1. Case study of p i lo t  plants proposed. 

2.  Case study of  future demonstration plants.  

3 .  Development o f  quidelines f o r  future conmercial plants.  

Technology Development Time Frame: 
s i t e  selection work. 

Should be timed to  coincide w i t h  

Program Uni t Prior i ty:  Medi um 

Estimated Program U n i t  Cost: 

1 .  Total $180,000 

2. Per Year - FY 1977 $ 60,000 
FY 1978 $ 60,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 



196 

B E R  Balanced Program Plan 

Program U n i t  

5.2.4 Determine the impacts of a coal conversion f a c i l i t y  on ex is t ing  
1 and-use appl i c a t i  ons conti quous t o  the s i t e  

Program U n i t  Objective: For potent ia l  s i t e s ,  determine t h e  impact t h a t  
a coal conversion f a c i l i t y  would have on ex is t ing  land-use 
applications contiguous t o  each s i t e .  

Scope: 
contiguous t o  potential  si tes will  be assessed. In this manner, the 
p a r t i c u l a r  option having minimal impact on these a c t i v i t i e s  can be 
i d e n t i f i e d .  Conversion options, o r  changes i n  the  conversion scheme 
and/or f a c i  1 i t y  organization t h a t  m i g h t  enhance these a c t i  v i  t i e s  , w i  11 
be determined. 

The impacts of various conversion options on-going a c t i v i t i e s  

Mi 1 es tones : 

1. Case study of p i l o t  plants  (ex is t ing  and proposed). 

2. 

3.  Development o f  guidelines for  future  commercial p lan ts .  

Case study o f  demonstration p lan ts .  

Technology Development Time Frame: Essential f o r  impact statement. 
Should begin once s i t e s  a r e  selected.  

Program U n i t  P r ior i ty :  Medium 

Estimated Program U n i t  Cost: 

1 .  Total $220,000 

2 .  Per Year - FY 1977 $ 60,000 
FY 1978 $ 60,000 
FY 1979 $100,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program U n i t  

5.2.5 Ident i fy  and categorize the a c c e s s i b i l i t y  requirements of coal 
conversion f a c i l i t i e s  

Program U n i t  Objective: The i d e n t i f i c a t i o n  and categorization of the 
accessi b i  1 i ty  requirements of coal conversion fac i  1 i t i  es and a 
correlat ion of these requirements w i t h  those ( e x i s t i n g  and 
fu ture)  of potential  conversion s i tes .  

Scope: 
1 i nes , p i  pel ines , sewers , e tc .  , w i  11 be determined. 
of r a i l  l i n e s ,  a i r p o r t s ,  and product d i s t r ibu t ion  systems and o ther  
accessi b i  1 i t y  requi rements t o  potenti a1 conversion si tes  w i  11 be 
i d e n t i f i e d .  
can be compared w i t h  these a v a i l a b i l i t y  determinations i n  s i t i n g  
analyses. 

The requirements of the conversion f a c i l i t i e s  f o r  roads , power 
The avai 1 abi 1 i ty  

Accordingly, the requirements of each conversion option 

Mi 1 es tones : 

1. Ident i fy  and character ize  t ransportat ion and service require- 
ments f o r  each technology a t  s i t e .  

2.  Inventory ex is t ing  and proposed t ransportat ion systems 
( h i  ghways , p i  pel i nes power 1 i nes , e tc .  ) near si  tes . 

3. Determine areas which meet the needs of s p e c i f i c  coal 
conversion f a c i l i t i e s  f o r  t ransportat ion.  

4. Develop si  t i  ng guidelines . 
Technology Development Time Frame: 
unison w i t h  the development of demonstration p lan ts .  
s i t i ng  must be developed. 

These studies should proceed i n  
C r i t e r i a  f o r  

Program U n i t  P r i o r i t y :  H i  gh 

Estimated Program U n i t  Cost: 

1.  Total $260,000 

2.  Per Year - FY 1977 $100,000 
FY 1978 $100,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program U n i t  

5.2.6 Determine the to ta l  onsite demands for  a l ternat ive coal 
conversion processes 

Program Unit Objective: The primary purpose of t h i s  program unit i s  t o  
determine the total  water-use requirement for  each coal conversion 
f a c i l i t y .  

Scope: The total  water requirements of each coal conversion option 
will be determined. 
t rac t ive  phase (e .g . ,  f o r  s t r i p  mining, the water needed fo r  dust 
control reclamation, e tc . ,  wi 11 be included) . In addition the water 
requirements for  the work force will be included. A n  assessment of 
the dis t r ibut ion of t h i s  water as t o  consumptive vs recyclable usage 
will  be made. 
systems required fo r  the waste water streams will be undertaken. 

This will include the requirements of the ex- 

Determination of the water quali ty and resultant clean-up 

Mi 1 es tones : 

1 .  Determine water needs of various proposed and existing coal 
conversion f a c i l i t i e s .  

2. Develop data base of existing supplies of water sui table  
and available for  coal conversion use. 

3. Factor i n  pollution control requirements and develop s i t i ng  
c r i t e r i a  for each type of coal conversion f a c i l i t y .  

Technoloqy Development Time Frame: 
constraint  assessment. 

Must begin inmediately fo r  s i t i ng  

Program U n i t  Pr ior i ty:  High 

Estimated Program Unit Cost: 

1 .  Total $470,000 

2.  Per Year - FY 1977 $150,000 
FY 1978 $100,000 
FY 1979 $100,000 
FY 1980 $ 60,000 
FY 1981 $ 60,000 
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Program U n i t  

5.2.7 Ident i fy  the i n s t i t u t i o n a l  environmental cons t ra in ts  r e l a t i v e  
t o  coal conversion fac i  1 i t ies  

Program U n i t  Ob j e c t i  ve: The i d e n t i f i c a t i o n  of i n s t i t u t i o n a l  envi ronmental 

Scope: As assessment o f  the national and s t a t e  environmental regulations 
concerning the various coal conversion techniques wil l  be conducted. 
The regul a tory/ l  i censing s t r u c t u r e  governing each conversion option w i  11 
be ident i f ied .  
pol icy formulation and the regulatory s t r u c t u r e  governing these processes. 
Areas wherein in te r - jur i sd ic t iona l  problems may e x i s t  wil l  be i d e n t i f i e d .  
T h i s  work wi l l  depend heavily upon research i n t o  the ecological pathways 
and e f f e c t s  associated w i t h  coal conversion. 

constraints  applicable t o  potential  si t ing regions. 

An e f f o r t  wil l  be made t o  ident i fy  ways t o  streamline 

Mi 1 es tones : 

1. Assess ex is t ing  constraints  t o  land, water and a i r  use f o r  
potential  s i t ing  regions. 

2 .  Make estimates of changes i n  land, water,  and a i r  qua l i ty  
r e l a t i v e  t o  development of coal conversion f a c i l i t i e s .  

3.  Develop s i t i ng  c r i t e r i a  w i t h  varying technologies of pol lut ion 
control and abatement t o  meet federa l ,  s t a t e  and local re- 
qui  rements. 

Techno1oq.y Development Time Frame: I n s t i t u t i o n a l  problem assessments 
must be assessed ear ly  i n  order t o  mit igate  the local and regional 
impacts of 1 arge techno1 ogy events. 

Program U n i t  P r i o r i t y :  H i g h  

Estimated Program U n i t  Cost: 

1. Total $400 , 000 

2 .  Per Year - FY 1977 $200,000 
FY 1978 $100,000 
FY 1979 $100,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program Unit 

5.2.8 Identify coal resource 1 ocati ons and assess the appl i cabi 1 i ty 
of various coal conversion options thereto 

Program Unit Objective: The primary purpose of th i s  program u n i t  i s  t o  
identify by region the accessible coal resources and t o  u t i l i z e  
this  information t o  evaluate the potential coal conversion s i t e s  e 

Scope: Coal resources will be identified on a regional basis.  The 
various coal conversion options will be considered in regard t o  the 
resource 1 ocati o n ,  the unique characterist i  cs of the conversion options 
and other resource utilization/developments in the region. A matrix o f  
coal resource location and conversion options will be completed t o  
indicate a ranking of conversion processes for  each area. 

Mi 1 es tones : 

1 .  Existing inventories o f  coal resources a n d  locations will be 
examined and included in a spat ia l  data base. 

,-- 

2 .  Deficiencies in the d a t a  base will be corrected as information 
on exploi tabi l i ty  of coal seams i s  available. 

3 .  Data merged w i t h  economic supply demand analysis to provide 
s i t i ng  c r i t e r i a  for future plants. 

Technology Development Time Frame: Should begin imediately i n  order 
t o  assess the ava i lab i l i ty  o f  coal resources t h r o u g h o u t  the U.S. which 
are available and  sui table  fo r  coal conversion use. 

Program Unit Pr ior i ty :  High 

Estimated Program U n i t  Cost:  

1 .  Total $870,000 

2.  Per Year - FY 1977 $300,000 
FY 1978 $300,000 
FY 1979 $150,000 
FY 1980 $ 60,000 
FY 1981 $ 60,000 
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Problem Definition 

Technology: Coal Conversion 

King-Mui r Category: Integrated Assessment 

Problem Ti t le :  Off-Site Physical Environmental Impacts (11.5.3.0) 

Objectives: 
characterize the of f - s i  t e  environmental e f fec ts  caused by a coal con- 
version f a c i l i t y .  The study should include an assessment of the adverse 
e f f ec t s  on the land, hydrology, plants/animals and people i n  the v ic in i ty  
of the f a c i l i t y .  This assessment will  cap i t a l i ze  upon the research 
r e su l t s  of the ecological pathways and e f f ec t s  research a t  various ERDA 
Laboratories . 

A detai led,  systematic study i s  needed t o  ident i fy  and 

Priority: High  

Program U n i t  T i t l e s :  

5.3.1 Determine the land-use demands of the supporting f a c i l i t i e s  
prompted by coal conversion f a c i l i t i e s  

5.3.2 Determine the s i z e  and time-phasing of the land area requirements 
of the construction and operating work force of coal conversion 
f aci 1 i t ies 

5.3.3 Determine the  to t a l  population trends associated with the s i z e  
of the construction and operating populations 

5.3.4 Determine the  impacts of the increased population on the 
physical environment of regional recreational areas 

Determine population land-use impacts on indigenous wild1 i f e  
habi t a t  a n d  ac t i  vi t i e s  

5.3.5 

5.3.6 Determine the cumulative water requirements of the res ident ia l  
and commercial developments a t t r i bu tab le  t o  the coal conversion 
industry 

Identify the human, commercial, and indus t r ia l  waste handling 
and disposal requirements and the resu l tan t  environmental 
impacts 

5.3.8 Determine the d i r e c t  and secondary impacts off-s i  t e  commercial , 
resident ia l  and indus t r ia l  developments on the a i r  shed 

5.3.7 

5.3.9 Determine the access ib i l i ty  requirements necessary t o  support  
plant ,  community and supporting f a c i l i t i e s  
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Program U n i t  

5.3.1 Determine the land-use demands of the supporting f a c i l i t i e s  
prompted by coal conversion faci 1 i t ies 

Proqram U n i t  Objective: The main goal i s  t o  determine the land-use 
requirements of the supporting faci 1 i t ies  for  a coal conversion 
plant. 

Scope: The to t a l  land-use requirements o f  the supporting f a c i l i t i e s  of 
a coal conversion system must be ident i f ied and categorized. T h i s  
should i ncl ude resi  dential , inst i tut ional  , and connnerci a1 1 and-use 
demands. Areas for schools, hospitals,  banks, roads, e tc .  must be 
accounted f o r ,  as well as areas required f o r  recreation in the com- 
munities. This i s  a basic research task which should begin immediately. 

Mi 1 es tones : 

1 .  Attending agglomerative industries which will be at t racted 

2. Size of employment and attending land-use demand determined. I 

3. 

t o  coal conversion f a c i l i t i e s  determined. 
,- 

Assessment of proposed si tes capabili ty t o  meet land-use 
demands determi ned. 

4. Si t i  ng c r i t e r i a  determined. 

Technoloqy Development Time Frame: 
s i t i ng  f eas ib i l i t y  of various coal conversion scenarios is known. 

Should begin in FY 1978 once the  

Program U n i t  Priority:  H i  gh 

Estimated Program U n i t  Cost: 

1 .  Total $260,000 

2 .  Per Year - FY 1977 $ -0- 
FY 1978 $200,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program U n i t  

5.3.2 Determine the s i ze  and  time-phasing of the land area requirements 
of the construction and operating work force of coal conversion 
faci 1 i t i e s  

Program Unit Objective: Consideration will be given t o  determine the s ize  
of b o t h  the construction and operating work forces of a coal conver- 
sion f a c i l i t y  and t he i r  combined effect  on the physical envi- 
ronmen t . 

Scope: The s ize  of the construction force and the operating force will 
be determined. 
force will be projected, and i t s  impact on the environment re la t ive  t o  
i t s  s i ze  will  be considered. The t ransi t ion from a large construction 
population t o  t ha t  of the operating personnel will be considered. And 
options for accomplishing th i s  transit ion w i t h  minimum impact on the 
physical environment will be identified.  

The time p h a s i n g  of the buildup of the construction 

Mi 1 estones : 

1 .  Develop time-frame fo r  construction of various types of coal 
conversion f a c i l i t i e s  with estimates o f  employment based on 
s i ze  of f a c i l i t y .  

Develop time-frame o f  demand for  housing and services.  

Assessment of community's ab i l i t y  t o  supply land and 
services determined. 

2. 

3 .  

Technology Development Time Frame: 
p 1 ants . 

Should begin early with demonstration 

Program U n i t  Pr ior i ty:  High 

Estimated Program U n i t  Cost: 

1 .  Total $240,000 

2. Per Year - FY 1977 $ 60,000 
FY 1978 $ 60,000 
FY 1979 $ 60,000 
FY 1980 $ 60,000 
FY 1981 $ -0- 
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Program U n i t  

5.3.3 Determine t h e  t o t a l  p o p u l a t i o n  t rends  assoc ia ted  w i t h  t h e  s i z e  
o f  t h e  c o n s t r u c t i o n  and o p e r a t i n g  p o p u l a t i o n s  

Program U n i t  O b j e c t i v e :  The pr imary  purpose i s  t o  determine t h e  popula-  
t i o n  t rends  assoc ia ted  w i t h  t h e  s i z e  o f  t h e  c o n s t r u c t i o n  and 
o p e r a t i n g  work f o r c e s  i n  o r d e r  t o  assess t h e  s o c i a l  , e n v i r o n -  
mental , c u l t u r a l  , and i n s t i t u t i o n a l  impact  o f  a c o a l  convers ion  
f a c i l i t y  on a community. 

Scope: An assessment o f  t h e  t o t a l  p o p u l a t i o n  assoc ia ted  w i t h ,  d i r e c t  
and i n d i r e c t ,  t h e  coa l  convers ion  f a c i l i t i e s  i s  r e q u i r e d .  Numbers o f  
workers, dependents, i n c l u d i n g  school  age c h i l d r e n ,  must be adequate ly  
i d e n t i f i e d  f o r  each convers ion process. T h i s  w i  11 i n f l u e n c e  t h e  s o c i a l ,  
env i ronmenta l ,  c u l t u r a l  and i n s t i t u t i o n a l  impacts o f  t h e  technology and 
i s  b a s i c  t o  d e t e r m i n i n g  the p h y s i c a l  env i ronmenta l  impacts .  T h i s  r e -  
search i s  supplemental  t o  o t h e r  socio-economic u'esear~ h a  

M i  1 es tones : 

1. P o t e n t i a l  m u l t i p l i e r  e f f e c t s  based on technology and s i z e  
o f  p l a n t  determi ned. 

2 .  Land-use requirements f o r  c o n s t r u c t i o n  and o p e r a t i o n  popula- 
t i  on determi ned. 

3 .  Develop g u i d e l i n e s  which w i l l  m in imize  land-use impacts.  

Technoloqy Development Time Frame: 
and mu1 t i p l i e r  e f f e c t s  s h o u l d  b e g i n  e a r l y .  

Program U n i t  P r i o r i t y :  Medi um 

Stud ies  o f  t h e  types o f  employment 

Es t imated Program U n i t  Cost: 

1.  T o t a l  $180,000 

\ 

2. Per  Year - FY 1977 $ 60,000 
FY 1978 $ 60,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program Unit 

5.3.4 Determine the impacts of the increased population on the physical 
environment of regional recreational areas 

Program Unit Objective: The primary purpose of t h i s  program unit i s  t o  
determine the environmental and  recreational impact of an in- 
creased population and t o  suggest possible solutions t o  minimize 
any potential disturbance of the environment due t o  t h i s  increased 
popul a t i  on. 

Scope: The impacts of the increased population associated with coal con- 
version f a c i l i t i e s  on the a rea ' s  recreational f a c i l i t i e s  must be carefully 
assessed. This i s  par t icular ly  impor tan t  i n  regard t o  nat ional /s ta te /  
local recreational resources such as national/state parks and monuments, 
wilderness areas, lakes and streams. Potential problems will be identi-  
f ied  and possible solutions carefully addressed. 

Mi 1 es  tones : 

1.  Total and time-phased population impacts determined. 

2.  Existing recreational resources near proposed s i t e s  determined. 

3.  Future demands predicted and supplies assessed. 

Technology Development Time Frame: 
of demonstration plants and a t  the time commercial plants are proposed. 

Should begin l a t e  in the development 

Program U n i t  Priori t ,y:  

Estimated Program Unit Cost: 

Medi um 

1 .  Total $1 20,000 

2. Per Year - FY 1977 $ -0- 
FY 1978 $ -0- 
FY 1979 $ 60,000 
FY 1980 $ 60,000 
FY 1981 $ -0- 
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Program Unit 

5 .3 .5  Determine population land-use impacts on indigenous wildl i fe  
habitat  and ac t iv i t i e s  

Program Unit Objective: Careful consideration will be given to  determine 
the impact of increased land-use on indigenous wildl i fe  imposed by 
the construction and working forces of a coal conversion f ac i l i t y .  

Scope: The effects  of population growth or redistribution contiguous t o  
coal conversion f a c i l i t i e s  and the resultant impacts on wildl i fe  will be 
carefully evaluated. 
economic or recreational value. For example, the effects  of a large 
development on the deer population will be considered as well as the 
e f fec ts  of decreased water quali ty on native f ish species. 

Of particular importance are those species o f  e i ther  

Mi 1 es tones : 

1 .  Total potential land area expansion associated with each type 
of coal conversion f a c i l i t y  and varying s i ze  determined. 

2 .  Results of t e r r e s t r i a l  impact research merged i n t o  a spat ia l  / 

model. 

3 .  Wildlife habitat  and  population impacts determined. 

4. Si t ing c r i t e r i a  developed. 

Technology Development Time Frame: 
vide s i t i n g  c r i t e r i a .  

Should begin ear ly  i n  order t o  pro- 

Program Unit Priority:  Medium 

Estimated Proqram Unit Cost: 

1 .  Total $260,000 

2. Per Year - FY 1977 $100,000 
FY 1978 $100,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 



207 

B E R  Balanced Program Plan  

Program U n i t  

5.3.6 Determi ne the cumulative water requi rements of the resi denti a1 
and commercial developments a t t r ibutable  to  the coal conversion 
i ndus t ry  

Program Unit Objective: T h i s  program will determine the water-use re- 
q u i  rements of  the residential  and  commerci al developments at tr i  b- 
utable t o  a coal conversion f a c i l i t y  and will determine i f  t h i s  
increased water-use will have a deleterious e f fec t  on the alloca- 
t ion of a community's water supply. 

Scope : 
and inst i tut ional  f a c i l i t i e s  a t t r ibutable  t o  the development of a coal 
conversion f a c i l i t y  must be determined. 
and recyclable water needs. 
tance when considering conversion f a c i l i t i e s  i n  areas of res t r ic ted water 
avai labi 1 i ty.  The impacts of these requi rements on a1 ternat i  ve uses, 
i . e . ,  agriculture,  must be assessed. 
w i t h  the land-use demand research. 

The water requi rements of  the comnuni ty and associated commerci a1 

This i s  t o  include consumptive 
This information will  be of  particular impor- 

This research will be integrated 

M i  1 es tones : 

1. Determine the  amounts and qua l i t i es  of water necessary t o  
supply construction and operating populations as  well as 
agglomerative industries.  

2 .  Develop si  t i  ng c r i t e r i a .  

Technology Development Time Frame: 
immediately t o  provide information as to competing water resource 

Generic assessment should begin 

demands. 

Program U n i t  P r ior i ty :  High  

Estimated Program U n i t  Cost: 

1 .  Total $220 , 000 

2. Per Year - FY 1977 $ 80,000 
FY 1978 $ 80,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program U n i t  

5.3.7 Identify the human, commercial and industrial  waste handling 
and disposal requirements and the resultant envi ronmental impacts 

Program Unit Objective: Consideration i s  necessary t o  identify the human, 
commercial, and industrial  waste handling and disposal requirements 
of the community and the conversion f ac i l i t y .  This i s  essential 
t o  determine i f  there will be a deleterious impact on the enviroui- 
ment as a resul t  of an over-extended waste handling and disposal 
system. 

Scope: The requirements fo r  the handling, processing and disposal o f  
waste generated by the community and the coal conversion f a c i l i t y  must 
be determined. This will  include such items as sewage treatment and 
disposal sanitary 1 and f i  11 or incineration requirements and industrl’a? 
waste disposal needs. The s i z e ,  number, and l i f e  span of the areas w i l l  
be determined and the resultant environmental impacts wi 11 be identified 
and categorized. 

Milestones: 

1. Determination o f  volumes and  types of wastes t o  be handle 

2 .  Synergistic waste disposal impacts determined. 

3. Land area needed t o  properly dispose and decontaminate waste 
determi ned. 

Technology Development Time Frame: 
as plant employment figures are determined and the multiplier e f f e c t s  
on support employment are determined. 

These studies should beain as soon 

Program Unit Pr ior i ty:  Medi um 

Estimated Program Unit Cost: 

1 .  Total $1 20,000 

/ \  

2 .  Per Year - FY 1977 $ -0- 
FY 1978 $ 60,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Proqram U n i t  

5.3.8 Determi ne the d i  r e c t  and secondary impacts o f f - s i  t e  comerci a1 , 
resident ia l  and indus t r ia l  developments on the a i r  shed 

Program U n i t  Objective: The primary purpose o f  this  program i s  t o  predict  
the impact o f  o f f s i t e  commercial , r e s i d e n t i a l ,  and indus t r ia l  
developments on the a i r  shed and t o  evaluate the  environmental 
impact o f  the potential  buildup of air  pol lutants  or ig ina t ing  
from these o f f s i t e  developments. 

Scope: 
short and long term - must be ident i f ied .  The potential  o f  the buildup 
o f  NO,, SO2 and o ther  a i r  pol lutants  wil l  be assessed. 
re leases  i n t o  the a i r  wil l  be predicted and local and regional environ- 
mental impacts ident i f ied .  

The cumulative impacts of these developments on the a i r  shed - 
Total e f f luent  

Mi 1 es tones : 

1 .  Development of a i r  shed models wil l  accept multiple p o i n t  
source data on S02 ,  NO, e tc .  and potent ia l  deposition r a t e s .  

Results o f  ecological impacts o f  a i r  pol lut ion factored i n t o  
spa t i  a1 models. 

Ter res t r ia l  and aquatic impacts predicted for  various coal 
technology f a c i l i t i e s  a t  various locat ions.  

2. 

3.  

Technology Development Time Frame: 
t o  determine the a i r  qua l i ty  impacts of a large number of coal conversion 

These s tudies  should begin immediately 

f a c i l i t i e s  on local ambient conditions.  

Program U n i t  Pr ior i  t.y: H i g h  

Estimated Program U n i t  Cost: 

1.  Total $280,000 

2 .  Per Year - FY 1977 $100,000 
FY 1978 $ 60,000 
FY 1979 $ 60,000 
FY 1980 $ 60,000 
FY 1981 $ -0- 
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Program U n i t  

5.3.9 Determine t h e  a c c e s s i b i l i t y  requi rements necessary t o  s u p p o r t  
p l a n t ,  community and s u p p o r t i n g  f a c i l i t i e s  

Program -- U n i t  O b j e c t i v e :  T h i s  program w i l l  determine t h e  a c c e s s i b i l i t y  
requirements necessary t o  suppor t  p l a n t ,  community, and suppor t -  
i n g  f a c i l i t j e s  and t h e  env i ronmenta l  impact  o f  p r o v i d i n g  these 
requirements.  

Scope: 
t i o n  rou tes ,  power t ransmiss ion  l i n e s  , p i p e l i n e s ,  e tc . ,  must be analyzed. 
Requi rements f o r  roads , s t r e e t s  , sewers, power1 i nes , a i r p o r t s  , e t c .  , must 
be determined, and t h e  e n v i  ronmental e f f e c t s  o f  p r o v i d i n g  these f a c i  1 i ti es 
must be determined. 

The a c c e s s i b i l i t y  o f  t h e  comnuni ty and f a c i l i t i e s  t o  t r a n s p o r t a -  

M i  1 es tones : 

1 e Regional t r a n s p o r t a t i o n  requi rements , based upon r e g i o n a l  
and n a t i o n a l  economic impacts,  determined. 

2. Secondary and t e r t i a r y  impacts on r e g i o n a l  t r a n s p o r t a t i o n  /'- , 
demands determined i n c l u d i n g  t h e  d i s t r i b u t i o n  and use o f  coal  
convers ion  products  ( i  .e. , p i p e l i n e s  , waterways, r a i l  , e t c .  ) a 

- Technology Development Time Frame: 
p o t e n t i a l  cand ida te  s i t e s  have been i d e n t i f i e d  th roughout  t h e  c o u n t r y  
in o r d e r  for ERDA t o  p l a n  fo r  t h e  development o f  suppor t  a c t i v i t i e s  
f o r  coa l  eonvers i  on f a c i l i t i e s .  

T h i s  shou ld  b e g i n  and c o n t i n u e  a f t e r  

- Program U n i t  P r i o r i t y :  H i  gh 

Est imated Promm U n i t  Cost: ---_ 

1. T o t a l  $240 , 000 

2 .  Per fedr  - FY 1977 $ -0- 
FY 1978 $ 60,000 
FY 1979 $ 60,000 
FY 1980 $ 60,000 
FY 1981 $ 60,000 
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Problem Defi n i t  i on 

_I-_--_-I_ ~ - 1 - 1  ~ - - -  

Techno .- 19: - - Coal Gonversi on 

~~~~~~~i ves : 
?;acial effects  of coal coraversion technologies i s  needed, T h i s  ~~~~~~~~ 

s h o u l d  i n c l u d e  a basic s e t  of  stamhrdized measurement techniques a p p l i  
sb7 e t o  s i  t i  ng i n a generi c sense. 
W U S ~  he develo!.red for application on a s i t e  by s i t e  basis,  t & i n g  cog- 
n i  z m c e  o f  widely varying e x t a n t  saci a1 characferi s t i  CS * Overall s the 
assessment method must include b o t h  near-field ( s i t t i  and imwediatte 
~ n ~ i ~ o ~ s ~  and far-f ie ld  (regional and beyond) eapabi l i t i e s g  featuring 
provisims for i n ~ o ~ ~ ~ ~ ~ ~ j ~ ~ ~  a l l  a s p  c ts  of e x i s t i n g  and/or  c ~ r n ~ ~ ~ ~ ~ ~ ~  
techy991 oq i  2s I 

A c ~ m ~ ~ e h ~ n s ~  ve program for  etermining d i rec t  a n d  ind-r’res.a. 

Addi t i  rsnali 1.y acceptable methods 
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Proqram U n i t  

5.4.1 P u b l i c  i n f o r m a t i o n  program 

Program U n i t  O b j e c t i v e :  To develop and implement a comprehensive program 
f o r  (1 )  i n f o r m i n g  r e l e v a n t  " p u b l i c s "  about t h e  proposed technology 
and i t s  l i k e l y  e f f e c t s ,  and (2 )  channe l ing  e a r l y  and r e l e v a n t  
c i t i z e n  i n p u t s  i n t o  t h e  s i t e  s e l e c t i o n  and development process.  

Scope: A comprehensive program i s  needed f o r  i n f o r m i n g  l o c a l  c i t i z e n r y  
concern ing t h e  var ious  t e c h n i c a l  aspects o f  a proposed p r o j e c t ,  and f o r  
i n p u t t i n g  c i t i z e n  concerns t o  the  s i t e  s e l e c t i o n  and development process. 
The program methodology would i n c o r p o r a t e  v a r i o u s  techniques f o r  reach ing  
t h e  l o c a l  populace based on t h e  p a r t i c u l a r  s o c i a l  makeup o f  t h a t  popula-  
t i o n ,  and would p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  f o r  personal  judgment on 
t h e  p a r t  o f  people themselves, as t o  what t h e  proposes p r o j e c t  m i g h t  
mean t o  t h e i r  community and c u l t u r e .  

M i  1 es tones : 

1. P lan  development and e l a b o r a t i o n .  

2. E s t a b l i s h  v a r i e t y  o f  i n t e r f a c e s  w i t h  l o c a l  and s t a t e  
o f f i c i a l s  and o p i n i o n  leaders  , and genera l  p u b l i c .  

3.  Disseminate assessments and i n f o r m a t i o n  about  proposed p l a n t  
and technology through news media, s p e c i a l  b u l l e t i n s  , p u b l i c  
mee ti ng . 

4. S o l i c i t ,  organize,  and r e c o r d  c i t i z e n  i n p u t  on s i t e  s e l e c t i o n  
process. 

5. Eva1 ua te  e f f e c t i v e n e s s  o f  i n f o r m a t i o n  e f f o r t s  th rough base- 
l i n e  and t i m e  s e r i e s  surveys, and o t h e r  means. 

Techno1og.y Development Time Frame: 
p u b l i c  acceptance o f  t h e  impacts and hazards which may be assoc ia ted  
w i t h  convers ion  o f  coa l  must be addressed. 
immediate ly  and proceed th roughout  t h e  f i v e - y e a r  development program. 

Program U n i t  P r i o r i t y :  High 

As new technology i s  b rought  o n - l i n e ,  

T h i s  work shou ld  b e g i n  

Es t imated Proqram Un i t  Cost:  

1. T o t a l  $732,000 

2. Per  Year - FY 1977 $120,000 
FY 1978 $132,000 
FY 1979 $145,000 
FY 1980 $110,000 
FY 1981 $175,000 
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Program Unit 

5.4.2 Methodology fo r  determining the s t ructure  of construction 
and operating populace 

Program U n i t  Objective: Develop methodologies for  ( 1  ) inventorying local 
labor force in terms of s k i l l s  needed, employment ra tes  , etc .  , 
( 2 )  forecasting number and character is t ics  o f  construction and 
operating work force i n  terms o f  commuting ranges and in-migration, 
and (3) estimating secondary employment and effects  upon existing 
labor forces from employment sh i f t s .  

Scope: Techniques are needed for  inventorying local labor forces and 
for  determining f a i r l y  precisely sources of manpower necessary t o  
ameliorate deficiencies. A general approach toward defining s t ructural  
character is t ics  of the construction and operating force and support 
personnel would comprise an integral part of  the overall methodology. 
Such characterizations would form a base for forecasting the magnitude 
and extent l ikely 2" and 3" development on bo th  local and/or regional 
scales . 
Mi 1 es tones : 

1 . Develop/document socio-economic regional prof i le  emphasizing 
employment and labor force character is t ics  and patterns. 

2 .  Survey 1 oca1 busi nesses and industries t o  determi ne present 
employment market. 

Investigate labor force character is t ics  of similar scale 
construction projects elsewhere. 

3. 

4. Determine manpower needed by interrelat ing regional labor 
force character is t ics  w i t h  recognized manpower necessary i n  
other similar s ize  construction projects. 

5. Utilize established predictive models t o  estimate secondary 
effects  of construction. 

6. Document methodology for f ina l  report. 

Technology Development Time Frame: Each feasible  technology should be 
examined in  terms of the impacts on local labor forces. This work 
should begin with the development of demonstration plants and continue 
as needed. 
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Program Unit 

5.4.3 Evaluation o f  existing pol i t ical  s t r u c t x  

Program Urrait Object&: Assess and evaluate local and relevant limited 
s t a t e  inst i tut ional  s t ructure  i n  terms of (1 )  structural  charac- 
t e r i s t i c s ,  ( 2 )  history of  operation, (3) degree of  ""pofessional- 
ization" of s t a f f ,  ( 4 )  capability t o  respond to  and ~a~~~~ ~~~~~~ 

and change, ( 5 )  policy development process. 
approach and develop structure needed to  interface w i t h  existing 
i ns t i  tutional arrangements. 

Select interfacing 

Scope: 
s e l ec t  
mental 

A mu1 ti-phase program wi 11 be necessary for  interfacing s i t e  
on and develoument with possible local , s t a t e  and federal qovern- 
ins t i tu t ions  and policies.  The program would be designed t o  

evaluate various possible working arrangements w i t h  local and other 
authori t ies ,  and would allow for  selection of a best practicable approach 
according t o  a parti  cul ar s e t  o f  conditions . Pub1 i c budget capabi 1 i t i  es 
also will be assessed t o  determine i f  communities can be expected t o  
meet public works demands. 

Mi 1 estones : ---- 

1 .  Assess strength,  v iab i l i ty  and proliferation o f  local po l i t i ca l  
units. 

2 .  Contact appropriate o f f i c i a l s  and establish intercommunication 
network. 

3 .  

4. 

Eva1 uate existing arrangements , and recommend improvements. 

Establish clearing house o f  information and goal assessment. 
Provide opportunity for  ongo ing  information exchange and 
correction. 

Technology Development Time Frame: 
in order t o  mitigate the inst i tut ional  problems which will occur as the 
resu l t  of large economic events such as the placement of a large coal 
conversion f a c i l i t y  i n  a community, region and s t a t e .  

Program U n i t  Pr ior i ty :  High 

T h i s  work should begin immediately 

Estimated Program Unit Cost: 

1 .  Total $258,000 

2 .  Per Year - FY 1977 $ 60,000 
FY 1978 $ 66,000 
FY 1979 $ 66,000 
FY 1980 $ 66,000 
FY 1981 $ -0- 
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Program U n i t  

<- 

5.4.4 E v a l u a t i n g  community s e r v i c e  c a p a b i l i t i e s  

Program U n i t  O b j e c t i v e :  Develop methodologies f o r  d e f i n i n g  and e s t i m a t i n g  
p u b l i c  and p r i v a t e  s e r v i c e  needs of  c o n s t r u c t i o n  and o p e r a t i n g  work 
fo rces .  Compare needs es t imates  w i t h  i ns ti t u t i  onal  and budget 
c a p a b i l i t y  as assessed i n  5.4.3. Devise m i t i g a t i n g  measures (pay- 
ments , assis tance,  and s t r u c t u r e s  t o  a d m i n i s t e r  b o t h )  t o  i n t e r -  
n a l i z e  s o c i a l - i n s t i  tu t iona l -economic  cos ts  on l o c a l  and s t a t e  
l e v e l s .  

Scope: 
t i o n  and o p e r a t i n g  f o r c e ,  and super imposing these on e x t a n t  f a c i l i t i e s .  
An a r r a y  of  m i t i g a t i n g  measures w i l l  be developed and examined f o r  c o s t  
e f f e c t i v e n e s s  and p u b l i c  a c c e p t i b i l i  ty. 

A methodology i s  needed f o r  d e f i n i n g  s e r v i c e  needs o f  t h e  cons t ruc-  

M i  1 es tones : 

1. I d e n t i f y  p r e s e n t  l e v e l s  o f  p u b l i c  and p r i v a t e  s e r v i c e s .  

2 .  Compare p r e s e n t  l e v e l  o f  s e r v i c e s  w i t h  p r e s e n t  and proposed 
p o p u l a t i o n  est imate.  

3.  U t i l i z e  p r e d i c t i v e  models t o  determine needed s e r v i c e s  f o r  
proposed p o p u l a t i o n  increases.  

4. Devise m i t i g a t i o n  s t r a t e g i e s  t o  i n t e r n a l i z e  s o c i a l ,  i n s t i t u -  
t i o n a l  and economic cos ts .  

Techno1og.y Development Time Frame: T h i s  work shou ld  beg in  once con- 
s t r u c t i o n  o f  a demonstrat ion p l a n t  i s  begun. 

Program U n i t  P r i o r i t y :  Medi um 

Est imated Program U n i t  Cost: 

1 .  T o t a l  $126,000 

/'-- ~,, 

2. Per  Year - FY 1977 $ -0- 
FY 1978 $ 66,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program Unit 

5.4.5 Social-cultural impacts assessment 

Program Unit Objective: Devise an overall social-cultural impact assess- 
ment u t i l i z ing  previous assessments (5.4.1 - 5.4.4) on labor force 
demographic arrangements. 
conversion products. 
gatable and unmitigatable effects .  
able social cost/benefit evaluation. 

Determi ne pub1 i c acceptance o f  coal 
Define short and l o n g  term as well as miti- 

Balance the above i n  an accept- 

Scope: A comprehensi ve methodology for overall assessment of soci a1 im- 
pacts on local and regional populations i s  needed. 
ment scheme would be drawn from the combined results o f  technology 
assessments, products t o  be produced, and evaluations of extant social 
structure.  
an acceptable social cost and benefit balancing routine realized. This 
t a s k  would additionally draw on the other social and demographic e f fec ts  
sectors i n  providing an overall assessment o f  the impacts on soc ia l ,  
demographic, economic, and pol i t ical  changes. An important p a r t  o f  the 
social impact assessment will be the determination of the public accept- 
ance of coal conversion derived products. 

Inputs t o  the assess- 

Shor t -  and long-term effects  must be considered and ultimately 

Mi 1 es tones : 

1 .  Identify c r i t i ca l  social-cultural impacts i n  the si t ing of coal 
conversion faci 1 i t i e s  t o  i ncl ude considerations of  1 abor force,  
demographics , taxes and inst i tut ional  arrangements. 

Develop a s e t  o f  standardized measurement techniques applicable 
t o  the determination of social impact from the s i t i ng  of coal 
conversion f a c i l i t i e s .  

2. 

3.  Design a comprehensive methodology which would  incorporate the 
various social cultural  considerations into an overall assess- 
ment scheme. 

4 .  Examine the assessment scheme i n  terms o f  i t s  a b i l i t y  t o  handle 
near f i e ld  and f a r  f ie ld  as well as short and l o n g  term effects .  

5. Devise an acceptable social cost benefit routine which would 
incorporate considerations derived from the social cultural  
assessment methodol ogy . 

Technology Development Time Frame: 
studies and pol icy and public awareness work. Work should proceed 

Vital work for  the s i t i ng  f eas ib i l i t y  

immediately . 
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Program U n i t  P r i o r i t y :  High 

9. T o t a l  $337,000 

, 

2. Per Year - FY 1977 $120,000 
FY 1978 $132,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Prob 1 em Defi n i t i  

Is-_ll___ Technolo%: Coal Conversi on 

Ki ng-Mui r Category: Integrated Assessment 

Problem Tit le :  Regional, National and International Economic Impacts 
of Coal Conversion Faci l i t ies  (11.5.5.0) ^______I____ 

_ _ _ . ~ -  Objectives : 
and national implications of coal conversion technologies using scenarios 
var-ying the number and type o f  energy production f a c i l i t i e s  and  demands 
for  products derived. 
area t o  international a n d  should focus upon: 
and coal products; economic demand analysis for  s i t i ng ;  and fuel -cycle 
cost/benefi t analysis t o  determine regional mixes of coal conversion 
faci 1 i t i e s  . 

Research i s  necessary t o  assess t h e  regi sna.1 mu1 t i  -regional 

Scales t o  be examined should be from sub-state 
market analysis o f  coal 

----.__- Priori&: High 

Program Unit T i t les :  

5 , 5 " 1  Assessment of major coal regions capacity t o  supply coal 
conversion f a c i l i t i e s  

5 5 2 Determi natl on s f  optimal numher and m i  xture o f  coal conversi on 
f a c t  1 i t i e s  
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Program U n i t  

5.5.1 Assessment o f  ma jor  coa l  reg ions  c a p a c i t y  t o  supp ly  coa l  
convers i  on f a c i  1 i t i e s  

Program U n i t  O b j e c t i v e :  The o b j e c t i v e  o f  t h i s  u n i t  i s  t o  p r o j e c t  coa l  
market c o n d i t i o n s  i n  t h e  absence and presence o f  convers ion  
f a c i l i t i e s  t o  e s t a b l i s h  t h e  degree o f  d i s r u p t i o n  a s s o c i a t e d  
with t h e  a d d i t i o n a l  f a c i  1 i t i e s .  

Scope: The a b i l i t y  o f  major  coal  reg ions  t o  supp ly  coa l  convers ion  
f a c i l i t i e s  w i t h o u t  d i s r u p t i n g  e x i s t i n g  coa l  market reg ions  shou ld  b e  
s t u d i e d  and a r e g i o n a l  economic demand model developed which would 
a s s i s t  i n  m i n i m i z i n g  r e g i o n a l  market impacts w i t h  t h e  s i t i n g  of  one 
or more coa l  convers ion  f a c i l i t i e s .  D e t a i l e d  a n a l y s i s  of e x i s t i n g  
and f u t u r e  coal  markets shou ld  be cons t ruc ted .  Any new Federal  or 
s t a t e  l e g i s l a t i v e  and t a x  programs shou ld  be f a c t o r e d  i n t o  the a n a l y s i s .  
Regional demand models shou ld  be developed. 

M i  1 es tones : 

1. Mod i fy  e x i s t i n g  r e g i o n a l  coa l  demand models, and p r o j e c t  
b a s e l i n e  coa l  demands. 

2 .  Develop method for  f o r e c a s t i n g  f u t u r e  supp ly  p o t e n t i a l  o f  
coa l  p roduc ing  areas. 

3.  Combine supp ly  and demand a n a l y s i s  t o  determine areas o f  
p o t e n t i a l  excess supply .  

4. Mod i fy  a n a l y s i s  as a p p r o p r i a t e  t o  cons ider  t h e  impact  o f  
i n s  t i  t u t i  onal  changes. 

Technology Development Time Frame: 
work and t h e  a b i l i t y  t o  determine t h e  number and s i z e  of  p l a n t s  which 
shou ld  be cons t ruc ted .  

T h i s  assessment i s  v i t a l  t o  a l l  s i t i n g  

Program Uni t P r i o r i  t.y: High 

Est imated Program Uni t Cost: 

1.  T o t a l  $1,000,000 

2. Per  Year - FY 1977 $ 500,000 
FY 1978 $ 500,000 
FY 1979 $ -0- 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program Unit 

5.5.2 Determination of optimal number and mixture of coal conversion 
f a c i l i t i e s  

Program Unit Objective: The object ive of  t h i s  u n i t  i s  t o  determine the 
s i t e - spec i f i c  charac te r i s t ics  of coal conversion technologies as  
re f lec ted  i n  cos t s ,  and within the constraint  of projected demands 
determi ne an optimal deployment s t ra tegy .  

Scope: 
expenditure r a t io s  f o r  various coal conversion techno1 ogi es us ing  varying 
cost  and benefi t  accruals and t o  determine the v i a b i l i t y  and appropriate 
mixture of number and type of coal conversion f a c i l i t i e s .  Raw material 
costs  (ex t rac t ion ,  reclamation, e t c . )  , production costs , waste disposal 
cos t s ,  t ransportat ion cos ts ,  and product manufacture and marketing costs 
should be studied in  de ta i l  t o  assess the r e l a t ive  economic benefi ts  
and costs  o f  coal conversion operations i n  comparison t o  other  energy 
production technologies. National energy scenarios should be constructed 
with varying constraints  and objectives depending on types of products 
produced. 

Study should be conducted t o  determine the net energy i n p u t / o u t p u t  

Mi 1 es tones : 

1. Develop cost  models t ha t  consider s i  t e -spec i f ic  cost  
charac te r i s t ics  of a1 te rna t ive  conversion technologies. 

2. Develop t ransportat ion models t h a t  r e l a t e  t ransport  costs  
from f a c i l i t y  t o  plant  of f i na l  demand. 

3. Develop schedule o f  optimal mixture of coal conversion 
f a c i l i t i e s  under a1 te rna t ive  levels  of demand. 

4. Contrast schedule developed i n  3. w i t h  a l t e rna t ive  supply 
scenarios t o  determine optimal number of plants .  

Technology Development Time Frame: 
pl ans noted i n sect ion 5.7.0. 

This work i s  re la ted  t o  the program 
Work shoul d begi n imnedi a te ly  . 

Program Unit Pr ior i ty :  H i  gh  

Estimated Program Unit Cost: 

1 .  Total $630,000 

2. Per Year - FY 1977 $200,000 
FY 1978 $250,000 
FY 1979 $ 60,000 
FY 1980 $ 60,000 
FY 1981 $ 60,000 
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--I--. Problem Definitigc 

Technology: Coal Con~ersion 

~-~ Objectives: Research shoul el focus upon economic ~ ~ n ~ ~ ~ ~ ~ i ~ ~ ~  ’1 i kely to 
ex i s t  within most communities t o  respond t o  the needs of coal conversicm 
f a c i l i t i e s .  Local impacts will be measurable in changes in tax rates 
and the demand and expenditure of local revenues, Income streams shrsiil I 
be calculated t~ determine money Plow w h i c h  l i k e l y  t o  ensile once coal 
conversion f a c i l i t i e s  are constructed. Multiple effects  shwl d be 
calculated, Some of the specif ic  studies which should be conducted a :  
case study and model construction of loca l  incaririe flows; ~~~~~~~~~~~ t 
analysis of s i t i ng  for direct  and 1 ~ ~ ~ - ~ ~ r ~ ~  irwpact 
assessment rnodel o f  t a x  structure ~ ~ ~ a ~ ~ ~ ;  and dev 
t i  ana7 i z a t i  on o f  capi ta l  i nvestment model 

~~~~~m Uni t T i  %I es : 

5.6- 1 Identification and quantification o f  local economic s t r r ~ c t ~ r e ~  

-li_l_lll_”l___ 

and mu1 t i  pl e e f f e c t s  

5.6.2 Local costs and benefits associated w i t h  s i t i n g  coa l  ~~~v~~~~~~~ 
Paci 1 i t i e s  

5.6.4 Study o f  capital inv stments associated M i  t h  core’% ~ o ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~  
f a c i l i t i e s  and local impacts 
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Program U n i t  

5.6-1 Identification and quantification o f  local economic structures 
--. and multiple e f fec ts  _x_- 

Program Unitobjective: The objective o f  this unit i s  t o  determine i f  
different  coal conversion techno1 ogtes produce different  1 mal  
economic effects  and the character is t ics  of local communities 
tha t  enhance and/or  diminish these effects .  

Scope: Identify and quantify sources o f  income flow t o  local economies, 
Multiple e f fec ts  should be calculated on the basis of the basl”c/non- 
basi c i ncome rat ios  fo r  various coal conversion operations . These 
analyses should be undertaken fo r  p i lo t  plants as well as proposed com- 
merci a1 plants. Case studies of local economi c impacts result ing from 
the s i t i n g  of technological f a c i l i t i e s  economically sfrnilar t o  coal 
conversion f a c i l i t i e s  will be conducted t o  characterize and quantify 
probable changes in local economic s t ructure  which resulted from pro- 
posed coal conversi on faci 1 i t i e s .  Existi ng eeonomi c theory wi 11 be 
u t i l i zea  where applicable. Models will then be developed t o  simulate 
and predict the changes in local economic s t ructure  result ing from 
the s i t i n g  of various types and sizes of coal conversion f a c i l i t i e s .  

I Mi 1 es tones : 

I .  Identify specif ic  sources o f  expenditure o f  al ternat ive 
conversion f a c i l i t i e s .  

2. Identify specif ic  character is t ics  of l oca l i t i e s  tha t  
determi ne local expendi ture f 1 ows . 

3 .  Construct general economi cs model for measuring economic 
impacts 

4. Conduct case studies t o  gather data for implementing ~ c ~ ~ ~ ~ ~ i ~  
model. 

Techno1 ogy Bevel 
regional impact assessments of possible mu1 t i p l i e r  effects  previously 
noted. 
s t ra t ion  plants and commercial plants. 

: T h i 5  work should be coupled with the 

Work should begin simultaneously w i t h  the construction o f  demon- 

Program U n i t  Priority:  Medi urn 
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Es t ima ted  Program U n i t  Cost:  

1. T o t a l  $192,000 

2 .  Per  Year - FY 1977 $ 60,000 
FY 1978 $ 66,000 
FY 1979 $ 66,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program U n i t  

5.6.2 Local costs  and b e n e f i t s  assoc iated w i t h  s i t i n g  coal  conversion 
f a c i  1 i t i e s  

Program U n i t  Object ive:  The o b j e c t i v e  o f  t h i s  u n i t  i s  t o  determine the  
t imepath o f  l o c a l  bene f i t s  and costs  associated w i t h  coal  con- 
vers ion  f a c i l i t i e s  s i t i n g s .  

Scope: I d e n t i f y  and q u a n t i f y  the i tmed ia te  and long-range (beyond 
i n i t i a l  cons t ruc t i on )  impacts i n  terms o f  costs  and b e n e f i t s  which 
e i t h e r  accrue t o  l o c a l  communities. Cos t /benef i t  r a t i o s  w i l l  be c a l -  
cu la ted  f o r  immediate and long-term e f f e c t s  such as increases i n  
populat ions,  increased t a x  revenue, increased demand f o r  pub1 i c  
f a c i  1 i t i e s ,  and increased demand f o r  commercial and personal serv ices  
over  s h o r t  terms and long  terms. 

M i  1 es tones : 

1. Modify model developed i n  5.6.1 t o  ~ ~ e r a t ~  annual ly.  

2. Modify model developed i n  5.6.1 t o  i nc lude  p 
ra tes  and a c t i  v i  ty  ra tes  f o r  appropr ia te  popul a t i  on, t a x  
r a t e / p u b l i c  se rv i ce  var iab les .  

3. Operate model f o r  case s tud ies  corresponding t o  5.6.1. 

Technology Devel opment Time Frame: 
necessary f o r  impact statements i n  each l o c a t i o n  event. 
should be devel oped before needed. 

Costs/benefi t analyses w i  9 1 be 

Work shoul d begi n immediately . 
Methodologies 

Program U n i t  P r i o r i t y :  M 

Est imated Program Unlit Cost: 

1.  To ta l  $132,000 

2 .  Per Year - FY 1977 $ 66,000 
FY 1978 $ 66,008 
FY 1979 $ -0- 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program Unit 

5 .6 .3  Impacts o n  local t a x  structures of s i t i n g  coal conversion 
faci 1 i t i e s  

Program Unit Objective: The objective of t h i s  research i s  t o  provide an 
in-depth examination of public service costs and t a x  base changes 
t h a t  will be associated w i t h  coal conversion f a c i l i t i e s  under 
a1 ternat i  ve s i  t i  ng conditions . 

Scope: 
t o  absorb and pay for  services which must be provided t o  coal conversion 
f a c i l i t i e s .  This should include an analysis of the amount of taxes which 
should be assessed t o  pay for  commodity services t o  the f a c i l i t y  and the 
construction and  operating employment. 
nated with monitoring of community costs of proposed p i lo t  plants and 
the development of a t a x  impact assessment model based upon various 
s izes  and  types of coal conversion f a c i l i t i e s .  

This research should assess the capacity of local t a x  systems 

This analysis should be coordi- 

Mi 1 estones : 

1. Based on the economic information provided th rough  5.6.1,  
generate tax base charges that  will be associated w i t h  
a1 ternat i  ve conversion faci 1 i t ies .  

2 .  Integrate t a x  base findings w i t h  model developed i n  5.6.2. 

3.  Based on participation rates  associated w i t h  5.6.2, develop 
public service costs associated direct ly  and indirect ly  w i t h  
a1 ternative conversion f a c i l i t i e s .  

4. Integrate public service cost findings with model developed 
in 5.6.2. 

Technoloqy Development Time Frame: Local tax impact studies should 
begin w i t h  demonstration plants and generalized impact models developed 
before ful l -scale  plants are  s i ted .  

Program U n i t  Pr ior i ty:  High  

Estimated Program U n i t  Cost: 

1. Total $226,000 

2 .  Per Year - FY 1977 $100,000 
FY 1978 $ 66,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 

,' . 
/ 
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Program Unit 

5 .6 .4  Study of capital investments associated with coal conversion 
faci 1 i t i e s  and 1 ocal impacts 

Program Unit Objective: The purpose of this objective i s  t o  construct 
a theoretical model, based on existing regional trade theory, 
t h a t  can be used t o  analyze f a c i l i t y  investment decisions. 

Scope: The proper local/external investment r a t io  should be determined 
which will best benefit local economies i n  terms of money circulation 
i n  local economies and flow of money outside of community. 
of proposed p i lo t  plants and similar energy production industries should 
be undertaken w i t h  these resul ts  factored i n t o  a theoretical model 
designed t o  optimize the capital investment benefits for  local com- 
m u n i  t i  es . 

Monitoring 

Mi 1 es tones : 

1 . Construct regi onal i nves tment/l ocal i nves tment model . 
2. Gather data from plans for  proposed p i lo t  plants and sim-ilar 

f a c i l i t i e s .  

3. Analyze data through theoretical model. 

Techno1 ogy Devel opmen t Time Frame : 
investment economies where potential s i t e s  are located must be under- 
taken before development. Work should begin imedi  ately . 

Inves ti gati on of 1 ocal and regi onal 

Program Unit Priority:  Hi gh 

Estimated Program Unit Cost: 

1 .  Total $220,000 

2.  Per Year - FY 1977 $100,000 
FY 1978 $ 60,000 
FY 1979 $ 60,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Problem Definition 

Technology: Coal Conversion 

King-Mui r Category: Integrated Assessment 

Problem Tit le :  Si t ing Coal Conversion Fac i l i t i es  (11.5.7.0) 

Objectives: 
factors in the s i t i n g  of advanced coal conversion f a c i l i t i e s  including 
coal liquefaction, gasif icat ion,  and fluidized - bed combustion will  be 
prepared. The objectives will be to :  evaluate t h e i r  regional feasi-  
b i l i t y ;  preselect candidate s i t i n g  areas;  and develop information and 
generic methods of  analysis applicable t o  the preparation and evaluation 
of environmental impact reports. Three capabi l i t ies  wi 11 contribute t o  
the development of scenarios of future energy production t o  the year 
2020. 

A regional assessment of soci a1 , economic, and ecol ogi c 

Priority:  Hi gh 

Program Unit Ti t les :  

5.7.1 S i t i n g  c r i t e r i a  for  coal conversion f a c i l i t i e s  

5.7.2 Multi-scale geographic base f i l e  fo r  s i t i n g  analysis 

5.7.3 Si t ing variables a t  the regional scale (county-level d a t a )  

5.7.4 Screening for candidate s i t i ng  areas 

5.7.5 Si t ing a t  the local scale within candidate s i t i ng  areas 

5.7.6 Fine screening fo r  candi date areas w i  th i  n candi date counti es 

, 

5.7.7 Comparison of  the number and capacity of sui table  s i t e s  fo r  
coal conversion 
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Program U n i t  

5.7.1 S i  t i n g  c r i t e r i a  f o r  coal conversion f a c i l i t i e s  

Program U n i t  Objective: Ident i f ica t ion  and analysis of si t ing c r i t e r i a  
f o r  coal conversion f a c i l i t i e s .  

Scope: Engineers, planners, and environmentalist w i t h  experience i n  coal 
conversion techno1 ogy and associated impacts w i  11 be u t i  1 i zed i n  
s t ruc tured  policy analysis  sessions (nominal group process) t o  determine 
s p e c i f i c  data requirements and screening c r i t e r i a .  
sessions w i  11 be u t i  l ized t o  s t r u c t u r e  s i t i ng  c r i t e r i a  for s i t e  screening 
and se lec t ion  analysis .  

Technology Development Time Frame: 
specify the technology s i t i n g  needs and constraints  should begin 
immediately and continue annually as the new technology is  added. 

O u t p u t  from these 

These workshops t o  ident i fy  and 

Mi 1 es tones : 

1.  Hold workshops t o  determine s i t i n g  c r i t e r i a .  

2. Catalog s p e c i f i c  s i t i n g  c r i t e r i a  f o r  each type of f a c i l i t y  
i n  computer accessible  form. 

3. Update c r i  teri a as new i nformati on becomes avai 1 ab1 e. 

Program U n i t  P r ior i ty :  Hi gh 

Estimated Program U n i t  Cost: 

1 .  Total $1 50,000 

2. Per Year - FY 1977 $ 50,000 
FY 1978 $ 25,000 
FY 1979 $ 25,000 
FY 1980 $ 25,000 
FY 1981 $ 25,000 
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Program U n i t  

5.7.2 M u l t i - s c a l e  geographic base f i l e  f o r  s i t i n g  a n a l y s i s  

Proqram U n i t  O b j e c t i v e :  Development o f  a mu1 t i - s c a l e  geographic base 
f i l e  for  t h e  U. S .  

Scope : The geographic i n f o r m a t i o n  problems o f  c o l  l e c t i  on, s to rage,  
r e t r i e v a l ,  and a n a l y s i s  o f  s p a t i a l  d a t a  w i l l  be examined. S p e c i f i c  
recommendations w i l l  be made r e g a r d i n g  t h e  o p t i o n a l  c e l l  s i z e s  f o r  
da ta  c o l l e c t i o n  and t h e  proper  l e v e l  o f  a n a l y s i s  f o r  each da ta  v a r i -  
a b l e .  
v i  ded by techno1 ogy e x p e r t s .  

M i  1 es tones : 

Data i n p u t  w i l l  be determined on t h e  b a s i s  o f  t h e  c r i t e r i a  pro-  

I .  Determine types o f  da ta  r e q u i r e d  f o r  e v a l u a t i n g  f a c i l i t y  
s i t e s  ( U n i t  5.7.11, i n c l u d i n g  s p a t i a l  r e s o l u t i o n ,  temporal 
p a t t e r n s ,  and u n i t s  o f  measure. 

Technology Development Time Frame: 
c u r r e n t l y  b e i n g  developed t o  handle coa l  combustion and n u c l e a r  tech-  
no log ies .  These c a p a b i l i t i e s  shou ld  be augmented t o  handle coal  con- 
v e r s i o n  s i t e  sc reen ing  needs. 

Geographic i n f o r m a t i o n  systems a r e  

Program U n i t  P r i o r i t y :  High 

Est imated Program U n i t  Cost: 

1. T o t a l  $200,000 

2. Per Year - FY 1977 $100,000 
FY 1978 $ 50,000 
FY 1979 $ 50,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program U n i t  

5.7.3 S i t i n g  var iables  a t  the regional sca le  (county-level data) 

Program U n i t  Objective: Data col lect ion of key s i t i ng  variables a t  the 
regional s c a l e  (county-level da ta ) .  

Scope: 
U n i t  5.7.1) w i l l  be col lected f o r  the U .  S .  a t  the county l e v e l .  
data sources w i l l  be u t i l i z e d  where possible,  b u t  some data col lect ion 
and compilation wil l  be necessary. 

Data items ranking h i g h  i n  the  s i t ing  c r i t e r i a  (determined i n  
Extant 

Mi 1 es tones : 

1 .  Col lect ,  e d i t ,  and en ter  selected data ( U n i t  5.7.1 and 
5.7.2) i n t o  data base developed i n  U n i t  5.1.5. 

Technology Development Time Frame: 
techno1 ogies i s  current ly  underway. These data compi 1 a t i  on tasks shoul 
be augmented i n  f inancial  support t o  handle coal conversion s i t i ng  needs. 

Data col lect ion f o r  o ther  energy 

. 
Program U n i t  P r ior i ty :  High 

Estimated Program U n i t  Cost: 
\\ 1 

I , 
I 1. Total $100,000 

2. Per Year - FY 1977 $ 50,000 
FY 1978 $ 50,000 
FY 1979 $ -0- 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program Unit 

5.7.4 Screeninq f,or candidate s, i t ing areas 

Program Unit Objective: Coarse screening for  candidate s i t i ng  areas 
based on county-level d a t a .  

Scope: Si t ing c r i t e r i a  (determined in Unit 5.7.1)  will be expressed 
quantitatively t o  indicate the importance of each factor  i n  the geo- 
graphic base f i l e  (Unit 5 .1 .5)  re la t ive t o  a l l  other factors and t o  
measure the compatibi 1 i t y  of coal conversion faci 1 i t i  es with each 
range of a variable. A su i t ab i l i t y  score will be calculated for  each 
county for accepting a specif ic  type of coal conversion f a c i l i t y .  

Mi 1 es tones : 

1 . Cal cul a t e  sui tabi 1 i ty scores for  s i  t i  ng specif ic  types 
of faci I i t i e s  e 

2. Identify counties t h a t  have major constraints which would 
preclude si t i  ng  any faci 1 i t i  es. 

Technology Development Time Frame: 
coal conversion f a c i l i t i e s  i s  currently being developed a t  ORNL. 
model will have t o  be modified t o  handle coal conversion f a c i l i t i e s  
w i t h  differing c r i t e r i a  and d a t a  i n p u t .  

A s i t i ng  model capable of hand1 ing 
This 

Program Unit Priority : High 

Estimated Program Unit Cost: 

1 .  Total $75,000 

2. Per Year - FY 1977 $50,000 
FY 1978 $25,000 
FY 1979 $-0- 
FY 1980 $-0- 
FY 1981 $-0- 
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Program U n i t  

5.7.5 S i t i n g  a t  the local s c a l e  w i t h i n  candidate s i t i ng  areas 

Program U n i t  Objective: Data col lect ion of key s i t i ng  variables a t  the 
local s c a l e  w i t h i n  candidate counties.  

Sco e: F- determined i n  U n i t  5.7.1) wi l l  be col lected f o r  local areas w i t h i n  
the  counties scoring highest i n  the coarse screening of U n i t  5.7.4. 
These data wi l l  represent s p a t i a l  units ( c e l l s )  of the s i z e  recommended 
l’n U n i t  5.7.2. 

Additional data items ranking h i g h  i n  the  s i t i n g  c r i t e r i a 1  

Mi 1 es tones : 

1. Collect  data w i t h i n  candidate counties f o r  se lec t ing  s i t e s  
w i t h i n  a county. 

Technology Development Time Frame: 
s i t e s  f o r  many coal conversion f a c i l i t i e s  should begin i n  FY77 and con- 
tinue as long as necessary. 
many comprehensive environmental impact statement preparations.  

This de ta i led  assessment of s u i  t a b l e  

Such assessments wil l  reduce the need f o r  

Program U n i t  Pr ior i ty :  High 

Estimated Program U n i t  Cost: 

1 .  Total $300,000 

2. Per Year - FY 1977 $ 75,000 
FY 1978 $150,000 
FY 1979 $ 75,000 
FY 1980 $ -0- 
FY 1981 $ -0- 
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,- . 

Program U n i t  

5.7.6 F i n e  screen ing  f o r  cand ida te  areas w i t h i n  cand ida te  c o u n t i e s  

Program U n i t  O b j e c t i v e :  F i n e  screen ing  f o r  cand ida te  areas based on 
c e l l u l a r  da ta  w i t h i n  cand ida te  c o u n t i e s .  

Scope: S i t i n g  c r i t e r i a  (determined i n  U n i t  5.7.1) w i l l  be expressed 
q u a n t i t a t i v e l y  t o  i n d i c a t e  t h e  importance o f  each v a r i a b l e  i n  t h e  
geographic base f i l e  ( U n i t  5.7.5) r e l a t i v e  t o  a l l  o t h e r  v a r i a b l e s  and 
t o  measure t h e  c o m p a t i b i l i t y  o f  coal  convers ion  f a c i l i t i e s  w i t h  each 
range o f  a v a r i a b l e .  A s u i t a b i l i t y  score  w i l l  be c a l c u l a t e d  f o r  each 
c e l l .  

M i  1 es tones : 

1. C a l c u l a t e  s u i t a b i l i t y  scores f o r  c e l l s  w i t h i n  cand ida te  
count ies  f o r  s i t i n g  energy f a c i l i t i e s .  

Technoloqy Development Time Frame: 
o r  when s p e c i f i c  number of  s i t e s  a r e  chosen. 

Program U n i t  P r i o r i t y :  Medium 

Est imated Program U n i t  Cost: 

F i n e  screen ing  shou ld  beg in  i n  FY77 
/- 1, 

\ 

1. T o t a l  $1 50,000 

2. Per  Year - FY 1977 $100,000 
FY 1978 $ 50,000 
FY 1979 $ -0- 
FY 1980 $ -0- 
FY 1981 $ -0- 
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Program U n i t  

5 .7 .7  Comparison of  the number and capacity of suita,le s i t e s  for 
coal conversion 

Program Unit Objective: A comparison of the number and capacity of 
suitable s i t e s  f o r  coal conversion f a c i l i t i e s  with the require- 
ments projected i n  national screening of energy production t o  
the year 2020. 

Scope: 
aggregate national or regional data t o  project production requirements 
t o  the year 2020. The objective of  this research i s  to  compare the 
projected requirements w i t h  the number o f  sui table s i  tes avai 1 ab1 e .  

Previous scenarios o f  future energy demand have been used t o  

Milestones: 

1. Compare projected energy requirements against potential 
production based on a1 locating energy f a c i l i t i e s  t o  
sui table  s i t e s .  

2. Optimize allocation of energy f a c i l i t i e s  based on su i t -  
ab i l i t y  of s i t e s  and energy needs. 

Technology Development Time Frame: This task cannot begin until po- 
ten t ia l  s i t e s  for  f a c i l i t i e s  are selected. I t  should begin as soon 
as possible, however, because o f  suspected impacts of  coal conversion 
f a c i l i t i e s  on water ava i lab i l i ty  and quali ty.  

Proqram U n i t  Priority:  High 

Estimated Program Unit Cost: 

1 .  Total $1 00,000 

2 .  Per Year - FY 1977 $ 50,000 
FY 1978 $ 50,000 
FY 1979 $ -0- 
FY 1980 $ -0- 
FY 1981 $ -0- 





111. RESEARCH REQUIREMENTS (MATRIX DISPLAYS 
AND SUMMARY 5-YEAR BUDGET) 

INTRODUCTION 

The purpose of t h i s  section i s  t o  outl ine a framework for biomedical 
and environmental research re1 a t ed  t o  coal conversion techno1 ogies . This 
section i s  divided in to  three par ts .  
sary a t  specif ic  s i t e s  for  model demonstration and commercial plants.  
The second par t  concerns t h a t  research applicable t o  a l l  a l ternat ive 
processes; the research d i f fe rs  from t h a t  i n  the f i r s t  p a r t  i n  t h a t  ( a )  
i t  can be performed a t  research f a c i l i t i e s  other t h a n  the plant s i t e  
and ( b )  the importance of a Program Unit will  vary with different  aspects 
of the fuel cycle. The f inal  p a r t  of t h i s  section contains cost summa- 
r i e s  by King-Muir categories and Program Units fo r  the f i r s t  f ive years 
of the balanced program. 

The f i r s t  deals with research neces- 

I 11.1 SITE-SPECIFIC RESEARCH FOR MODEL DEMONSTRATION 
AND COMMERCIAL PLANTS 

Table 111.1-1 contains a matrix display of the Problem and Program 
Units f o r  each King-Mui r category, with specif ic  pl anned demonstrati on 
o r  commercial plants.  Model plants include: ( 1 )  three gasification 
units [Lurgi , WESCO , Four Corners , New Mexico , pl anned 1978 operati on 
(high B t u ) ;  Lurgi coupled with power plant ,  EPRI and Commonwealth Edison, 
Powerton, I l l i n o i s ,  planned 1978 operation (low B t u ) ;  and in-situ, L E R C ,  
Laramie, Wyoming, projected 1985 commercial (low B t u ) ] ;  ( Z m i q u e -  
f ract ion units [H-Coal , Hydrocarbon Research Inc. , Catlettsburg, Ken- 
tucky, pl anned 1977 operati on; Coal con , Uni on Carbide , New Athens , 
I l l i n o i s ,  planned 1979 operation ( l iquid and high B t u ) ] ;  and (3)  re- 
search and  development f a c i l i t i e s  ( i  . e . ,  P E R C ,  L E R C ,  O R N L ) .  

The research suggested fo r  these model plants includes b o t h  pre- 
operational (two years) and  operational ( two to  three years) environ- 
mental studies (Problem 3.7) c l inical  and epidemiological health surveys 
[Program Units 2.3.4, 2.4(1-4)  and  2.5(1-3)] and related CMM research. 
I n  addition t o  the model plants, the health-related research ( i . e . ,  
Problems 2.3, 2 .4 ,  and 2.5) and the CCM research should also be con- 
ducted a t  research f a c i l i t i e s  involved in development of coal conversion 
technology ( i . e . ,  PERC, O R N L ) .  The costs for  t h i s  have n o t  been in- 
cluded in the budgets .  

I I I .  2 GENERAL RESEARCH PLAN 

The goal of biomedical and  environmental research i n  coal conversion 
i s  t o  eval uate processes and  materials t o  determi ne potenti a1 biomedical/ 
environmental problems and t o  feed such information t o  design engineers 
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HEALTH EFFECTS (con t inued)  
Areas f o r  P r i o r i t i e s :  
1. S e v e r i t y  
2. Ex ten t  
3. I n f o r m a t i o n  need 
4. Urgency 

I nipo r tance 
A - High 
13 - Xedium 
c - Low 

COAL CONVERSION 

Process: Model Demonstrat ion o r  Commercial P l a n t  

L u r g i  + 
Power P l a n t  
(CON ED '78)  

H-Coal 
(Hydrocarbon 

Res., I nc .  '78) 

Carbon ./Hydro- 
carbon. (UCC & 
Gen. T i r e  '79) 

L u r g i  
(WESCO '78) 

In-% 
G a Z f i  c a t i o n  

Research 
Fac i  1 i ti es 

K ing-Mui r  
Cat e go ry - 
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JeJ 

C 
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- 
'rob 
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A 

A 

- 

C 

C 
C 

- 
2.4.3 P r o t e c t i v e  Device: 
2.4.4 Emergency Proce- 

dures 

2.5.0 C l i n i c a l  S tud ies  

2.5.1 Exposed Popu la t io r  
2.5.2 Ep idemio log i ca l  

2.5.3 Acc iden t  Concepts 

2.6.0 Knowledge o f  Dele- 
t e r i o u s  E f f e c t s  

2.6.1 Design o f  T e s t i n g  
Procedures 

2.6.2 Remedial and Pro- 
t e c t i v e  Procedur 

2.6.3 E x t r a p o l a t i o n  f r o n  
Lab Tes ts  

Methodology 

Procedures 

A 

B 

B 
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and waste management personnel t o  ensure development of technologies 
most amenable to  man and his environment. 
humans are addressed. 

Two basic "populations" o f  

/ 

I 

Research for ensuring safety of industrial  workers i s  most easi ly  
implemented and o f  more imnediate concern (because industrial  and re- 
search workers are currently in contact w i t h  these materials)  t h a n  that  
research necessary t o  eval uate potenti a1 effects  on the general pub1 i c 
and the environment. 
information on environmental transport and transformation is  no t  neces- 
sary. I n i t i a l l y ,  acute effects  studies must be conducted t o  determine 
carcinogenic and toxic potenti a1 of process, products , and e f f l  uent 
materials. These t e s t s  should be concerned w i t h  determining the concen- 
t ra t ion of materials necessary t o  produce specif ic  health effects  as 
well as the e f fec t  produced by expected ambient concentrations. Modes 
of delivery should be determined by potential modes of human contact 
( i  . e . ,  gaseous effluents by inhalation and skin contact) .  Since mate- 
r i a l  mobility and transformation need be of l i t t l e  concern (time frame 
and spat ia l  transport negate these) , i n i t i a l  toxicological screening 
can be done on a hierarchial t i e r  (composite materials, f ract ions,  spe- 
ci f i  c compounds). Informati on on the potential hazards of  composite 
materials process streams and effluents needs to  be made available t o  
design engineers so tha t  hazardous emissions t o  the work environment 
can be minimized. The information on composite materials will be of  
further use i n  t h a t  i t  will aid in determining where i n i t i a l  work on 
fractions and  specif ic  compounds should proceed. Such research should 
include rapid screening t e s t s  because the need for information t o  pro- 
t e c t  the industrial  worker is  immedi a t e .  Concomi t an t  w i  t h  t h i s  research, 
a c r i t i ca l  review o f  the l i t e r a tu re  should be conducted which includes 
investigation of s imi la r i t i es  and differences i n  coal conversion mate- 
r i a l s  and  petroleum materials and ,  consequently, the use of c l inical  
and epidemiological data from this source. 

Such research can be executed most rapidly because 

/ 

Rapid screening t e s t s  (acute toxici ty)  o f  composite materials i n  
aquatic and t e r r e s t r i a l  environments s h o u l d  be conducted. The purpose 
of  these relat ively rapid screening t e s t s  are twofold. 
most, they w i  11 a1 1 ow early i ns ta l  1 a t i  on of engi neeri ng changes neces- 
sary t o  maintain environmental in tegr i ty  i n  response t o  emissions from 
coal conversion technol ogy . Secondly , such screening t e s t s  w i  11 aid i n  
selecting those fractions and specif ic  compounds which need to  be inves- 
t igated i n  more detailed,  time Consuming, and expensive research. 

First, and fore- 

While research related t o  the health of coal conversion workers is  
of most immediate need i t  is  not the most s ignif icant  long-term problem 
affecting the general human population or affecting the ultimate accept- 
abi 1 i ty  of coal conversion technol ogies . That biomedical and environ- 
mental research which ultimately will play a decisive role  i n  the future 
o f  coal conversion centers on the effects  of chronic exposures t o  large 
(perhaps a1 1 ) segments of the population and general envi ronment resul t -  
i n g  from product use or process and eff luent  exposures ( i . e . ,  inhalation, 

search t o  evaluate these risks i s ,  by i t s  very nature, time consuming 
drinking of contaminated water, e t c . ) .  Biomedical and environmental re- / * .  

\ 
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HEALTH EFFECTS 
Areas f o r  P r i  o i - i  t i e s  : 

Ic iportance 
A - High  
B - blediurn 
c - Low 

1. S e v e r j t y  
2. Ex ten t  
3. I n f o r m a t i o n  need 
4. Urgency 

COAL COWERS i ON 

Process : G a s i f i c a t i o n  (Surface, L u r g i )  

Fue 1 
Pret rea tment  

Conversion 
Process 

Commercial 
U t i  1 i z a t i  on 

Product  Storage/ 
T r a n s p o r t a t i o n  

dr'aste 
Management King-Mui r 

Category - 
4 - 

A 

A 
B 

A 
A 

B 

B 
B 
B 

B 

- 
4 - 

A 

A 
B 

C 
C 

C 

C 
C 
C 

B 

- 
1 
- 

A 

A 
B 

4 
A 

a 

3 
4 
3 

3 

- 
4 - 

A 

A 
B 

B 
B 

B 

C 
C 
C 

C 

- 
2 - 

A 

A 
A 

B 
B 

B 

B 
B 
B 

B 

- 
4 
I 

A 

A 
B 

a 
a 

3 

3 
3 
3 

3 

Prob- 
1 em 

A 

A 
A 

- 

A 
A 

A 

B 
B 
B 

B 

- 
, 
- 

B 

B 
B 

B 
B 

B 

B 
B 
B 

B 

- 
3 - 

A 

A 
A 

A 
A 

A 

A 
A 
A 

4 

Prob- 
1 em - 

A 

A 
A 

A 
A 

A 

A 
A 
A 

A 

- 
1 - 

A 

A 
A 

A 
A 

A 

A 
A 
A 

A 

? 

E 

E 
E 

E 
E 

! 

3 
3 
3 

3 

- 
3 - 

A 

A 
A 

A 
A 

A 

A 
A 
A 

A 

)rob- 
% 

A 

A 
A 

B 
B 

B 

C 
c 
C 

C 

- 
1 - 

B 

B 
B 

B 
B 

B 

C 
C 
C 

C 

- 
2 
- 

A 

A 
A 

A 
A 

A 

B 
B 
B 

B 

- 
3 - 

A 

A 
A 

A 
A 

A 

4 
A 
4 

4 

- 
Prob- 

A 

A 
A 

C 
C 

C 

C 
C 
C 

C 

- 
1 - 

B 

B 
B 

C 
C 

C 

C 
C 
C 

C 

- 
3 - 

P 

P 
P 

B 
B 

B 

B 
B 
B 

B 

Prob- 

A 

A 
A 

B 
B 

B 

B 
B 
B 

B 

- 
3 
- 

A 

A 
4 

4 
4 

4 

3 
3 
3 

3 

2 - 

4 

A 
4 

4 
4 

4 

3 
3 
3 

3 

2.1.0 Tox ic  M a t e r i a l s  
2.1.1 I n f o r m a t i o n  Review 
2.1.2 P o t e n t i a l  Hea l th  

E f f e c t s  
2.1.3 Methodology 

2.2.0 Dose-Ef fec t  

2.2.1 Chemical and B io -  

2.2.2 Acute and Chron ic  
2.2.3 B i o l o g i c a l  I n d i -  

ca t o r s  

2.3.0 Methodology 

2.3.1 I n d i c a t o r s  o f  Sub- 
c l i n i c a l  E f f e c t s  

2.3.2 U t i l i t y  o f  Methods 
2.3.3 C l i n i c a l  Parameter 
2.3.4 Ep idemio log i ca l  

S tud ies  

Re1 a t i  onsh i  ps 

chemical Methods 
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INTEGRATED ASSESSMENT (continued) 
Areas f o r  P r i  o r i  t i es : 

1. Sever i t y  
2. Extent 
3. In fora ia t ion need 

COAL CONVERSION 

process :-Gasi f i c a t i o n  (Surface, Lu rg i )  4. Urgency 

2 3 4  

B B C  
B B C  
B B C  

C B C  

B A B  
A A A  
B B B  

A A A  
B B B  

A A A  
A A A  

A A A  
B B B  
A A A  

A A A  
A A A  

Importance 

A - High 
B - Medium 
c - Low 

i 

c c  
B B  
c c  
c c  
A B  
A A  
R A  

c c  
B B  

B B  
B A  

c c  
c c  
c c  

B B  
R A  

- 
3 4  -- 

Fuel 
Pretreatment 

Conversion 
Process 

Waste 
Management 

Comerc i  a1 
U t i  1 i z a t i o n  

Product Storage/ 
Transpor tat ion K i  ng-Mui r 

Category - 
3 - 

A 
A 
A 

A 

A 
A 
A 

B 
B 

A 
A 

A 
C 
C 

A 
C 

'rob- 
1 em 

B 
B 
B 

B 

B 
B 
B 

B 
B 

- 

B 
B 

B 
B 
B 

B 
B 

- 
7 - 

B 
B 
B 

C 

B 
A 
B 

C 
A 

C 
A 

C 
C 
C 

B 
B 

- 
4 - 

B 
B 
B 

C 

B 
A 
B 

C 
A 

C 
A 

C 
C 
C 

B 
B 

- 
I - 

A 
A 
A 

A 

A 
B 
B 

A 
B 

A 
A 

A 
A 
A 

A 
A 

- 
4 - 

A 
A 
A 

A 

A 
A 
A 

B 
B 

A 
A 

A 
C 
C 

A 
C 

- 
3 - 

B 
B 
B 

C 

B 
A 
B 

C 
A 

C 
A 

C 
C .. 
b 

B 
B 

'rob- 
% 

B 
B 
B 

B 

B 
B 
B 

B 
B 

A 
A 

A 
A 
A 

A 
A 

- 
1 - 
C 
B 
C 

C 

B 
A 
B 

A 
B 

A 
A 

A 
B 
A 

A 
A 

- 
'rob- 
1 em 

B 
B 
B 

B 

B 
B 
B 

B 
B 

- 

C 
C 

C 
C 
C 

A 
A 

- 
1 -- 

C 
B 
C 

C 

B 
A 
A 

C 
B 

B 
B 

C 
C 
C 

B 
A 

- 
2 - 

C 
B 
C 

C 

A 
A 
A 

C 
B 

B 
B 

C 
C 
C 

B 
R 

Prob- 
1 em 

A 
A 
A 

A 

A 
A 
A 

A 
A 

- 

A 
A 

A 
A 
A 

A 
A 

- 
1 - 

A 
A 
A 

A 

A 
B 
B 

A 
B 

A 
A 

A 
A 
A 

A 
A 

- 
? - 

A 
A 
A 

A 

A 
B 
B 

A 
B 

A 
A 

A 
A 
A 

A 
A 

- 
3 - 

A 
A 
A 

A 

A 
B 
B 

A 
B 

A 
A 

A 
A 
A 

A 
A 

- 
'rob- 
1 em 

A 
A 
A 

A 

A 
A 
A 

A 
A 

- 

A 
A 

A 
A 
A 

B 
B 

- 
1 - 

A 
A 
A 

A 

A 
A 
A 

B 
B 

A 
A 

A 
G 
c 

8. 
c 

- 
2 - 

A 
A 
A 

A 

A 
A 
A 

B 
B 

A 
A 

A 
C 
c 

A 
C 

5.3.0 O f f - S i t e  Impacts 

5.3.1 
5.3.2 
5.3.3 
5.3.4 

5.3.5 

5.3.6 
5.3.7 
5.3.8 

5.3.9 

5.4.0 

5.4.1 

5.4.2 
5.4.3 

5.4.4 
5.4.5 

5.5.0 
5.5.1 
5.5.2 

Land-Use Demands 
Land Area Needs 
Populat ion Trends 
Impacts o f  Increas 

Popul a t i  on 
Populat ion Land- 

Use Impacts 
Community Water 
Waste Hand1 i ng 
D i r e c t  and Second- 

ary  Impacts 
A c c e s s i b i l i t y  

Socia l  Ef fects  
Pub l i c  Informa- 

ti on Programs 
Me thodo 1 ogy 
E x i s t i n g  P o l i t i c a l  

St ructures 
Comuni t y  Services 
Impacts 

Economic E f f e c t s  
Major Coal Regions 
Optimal F a c i l i t i e s  

N 
cn 
N 

C 
A 

C 

B 
B 



..
 

ln
 

D
D
 
D
 
D
 

m
o

 

-
 

D
D
 
D
 
D
 

D
D
 
D
 
D
 

D
D
 
D
 
D
 

D
D
 
D
 
D
 

rt
 

- 
-5

-n
 

N
 
25
 

m 
w

L
3

 
r+

 

P
 

rJ 
c
 

D
D
 
D
 
D
 

lg
$l

 
- 

>
D
 
D
 
D
 

D
D
 
D
 
D
 

D
D
 
D
 
D
 

D
D
 
D
 
D
 

‘ 
v

i;
 

-
5
s
 

d
 
o
<
 

n
m

 
0
1
 

N
 

ln
w

 
l
n

a
 

0
 

W
S

 

P
 

D
D
 
D
 

c
)
 

D
D
 
D
 

0
 

D
D
 
D
 

0
 

D
D
 
D
 

0
 

w
 
2
E
 

d
 

w
w

 
ln

ln
 

(
D
r
t
 

N
 

3
m

 
n
, 
3
 

w
r

r
 

P
 

..
 

.
 

. 
4
.
 

2
.
 

0
 

0
 

3
 

3
 

0
 

m 

3.
 

2.
 

m
 

ln
 .. 

w
o

 
w

 
w

 

w
o

 
w

 
w

 

w
o

 
w

 
w

 

l’ 
- 

N
-

 

N
’
 r

r
-

 
4
.
 0

 
0
-
 

w
=

 

P
 

w
yc

 



-\ 

\' 

3 
W 
W 
a 

a 
3 
3 
8 
3 

W 
a 
a 
a 
a 

a 
W 

3 
3 

W 
a 

- 
1 - 

3 
8 
3 
3 

3 

3 
3 
W 
W 
W 
W 
8 

3 
W 

W 
a 

- 
b 
- 

3 
8 

8 
a 

3 

3 

W 
W 
W 
W 
W 

a 

W 
v 
d 
W 

- 

- 

3 
W 

3 
a 

3 

3 
3 
W 
W 

8 
a 

a 

a 

a 
0 

d 

- 
? 
- 

3 

W 
3 

a 

3 

3 
3 
W 
W 
W 
W 
a 

3 
LJ 
0 
d 

- 
L - 

3 
8 

W 

W 
W 
W 

3 

8 
W 
W 
W 
W 
W 
W 

W 
W 

W 
a 

- 
t - 

3 
W 

W 

W 
W 
W 

a 

W 
W 
W 
W 
W 
W 
W 

W 
W 
8 
W 

- 
E 
- 

3 
W 

a 

W 
W 
W 

8 

8 

8 
8 
8 
8 
8 

a 

W 
W 
8 
W 

- 
2 
- 

3 
W 

W 

W 
W 
W 

a 

a 
W 
W 
W 
W 
W 
a 

a 
W 
8 
W 

- 
1 
- 

8 

W 
a 

a 
3 

8 
8 
W 
W 

W 
8 

a 

8 
W 
8 
W 

- 
t - 

8 

W 
W 

W 
3 

a 
a 
W 
W 
W 
W 
W 

a 

a 
W 

W 

- 
E 
- 

8 

W 
V 

8 
a 

8 
8 
W 

W 
W 

a 

a 

W 
W 
3 
W 

- 
2 
- 

3 
E 
W 
a 

W 
W 

a 

3 
3 
W 
W 
W 
W 
W 

W 
V 
W 
W 

- 
b 
- 

3 
a 
W 
a 

8 
a 

a 

3 
3 
8 
a 
a 

a 

a 

a 

W 

W 

W 

- 
? 
- 

3 
8 
W 
8 

W 
8 

8 

3 
3 
W 
W 
W 
W 
W 

W 
W 
W 
W 

- 
1 - 

3 
W 
W 
8 

8 
3 
3 

3 
a 

W 
8 
8 
W 
8 
W 
8 

3 
3 
8 
W 

- 
ual 

3 

8 
3 

a 

3 

3 
3 
W 
W 
W 
W 
8 

3 
W 
8 
W 

- 
Ma 1 

a 

W 
W 

W 
a 

8 

W 
W 
W 
W 

a 

a 

8 
W 

W 
a 

__ 
UaL 

3 
0 
v 
W 

W 
W 

W 

3 
3 
W 
W 
W 
W 
W 

W 
W 
W 
W 

- 

L'2' 1 
9'1' 1 
S*Z*t 
B'Z'L 
E'Z'L 
2'2' 1 
1'1'1 
Q'Z'L 

3NItlOlI NOW aNW 'SlN3W38flSW31nl ' NOIlWZI~313W~WH3 



N
N

N
 

N
N

 
N

N
 

N
 

N
 

N
 

N
N

N
 

..
. 

.
.

 
..

 
. 

. 
. 

.
.

 . 
W 

I*
’ 

.N
Y

 
N

 
4
 

-
4

-
 

. 
. 

.
.

 . 
p

W
N

 
-

0
 

W
N

 
A
 

0
 

W
 

N
-

0
 

w
 

w
w

w
 

D
 
D
D
 

w
w

 
w

 

0
 
W
D
D
 

W
 
D
D
 

o
w
 
w
 

o
 

w
w

w
 

w
 

w
w

 
o
o
 

0
 

0
 

W
D

D
 

W
 

D
D

 
0
D
 
D
 

o
 

w
w

w
 

D
 

W
W

 
o

w
 

w
 -
 

D
D
 

D
 

D
 
D
D
D
 

D
 
D
D
 

D
 
D
D
D
 

D
 

D
D

 
D
D
 
D
 

D
D
 
D
 

w
 

w
w

w
 

D
 

D
D

 

D
 
D
D
D
 

D
 
D
D
 

D
D
 
D
 

D
D

 
D

 
w

 
w

w
w

 
D

 
D

D
 

-- 

w
 

w
w

w
 

D
 

>
>

 
w

w
 
w
 

w
 

w
w

w
 

w
 

w
w

 
w

w
 

w
 

D
 
D
D
 

D
D
 

D
 

D
 
D
D
D
 

~ 

D
 
D
D
D
 

D
 

D
D

 
D
D
 
P
 

w
 

w
w

 
w

w
 

w
 

w
 

w
w

w
 

w
 

w
w

w
 

D
 
D
D
 

D
D
 
D
 

w
 

w
w

 
w

w
 

w
 

w
 

w
w

w
 

D
 

D
D

D
 

D
 
D
D
 

D
D
 
D
 

W
 
D
D
D
 

D
 
D
D
 

D
D
 

D
 

w
 

w
w

w
 

w
 

w
w

 
D
D
 
D
 

D
 
D
D
 

D
D
 
D
 

D
 
D
D
D
 

D
 
D
D
D
 

D
 

D
D

 
D

D
 
D
 

D
 
D
D
D
 

D
 
D
D
 

D
D
 
D
 

D
 
D
D
D
 

D
 

D
D

 
D

D
 

D
 

w
 

w
w

w
 

w
 

w
w

 
D

D
 

D
 

-
 

PI
 ,a
l 3 -J

. w
 

0
-
 

3
 

.
.

 
d
.
 

4
.
 

0
 

0
 

3
 

3
 

m m 

2.
 

2
 

a
 

.. ID
 

v
)
 



256 

.. 
W

 
aJ 

ul 
0

 
.
r
 

W
 

Q
 

cz 
.- 

-0
 

W
 
3
 

S
 

c, 
S

 
0
 

V
 

v
) 

F
 

V
 

w
 

L
L
 

LL 
w

 
I
 

.
r
 

v
 

t; 5 I 

.. ln
 

ln
 

W
 

V
 
0
 

L
 
a
 

C
U

I
 

m
m

m
 

4
4

4
 

r.- 

4 L- I( 
<

a
<

 

E
 
0
 

L
 

Y
- 



257 

d
 

s
m

 
-

0
 

0 .
r
 

-
c
,
 
cu 

J
"

)
 

.. 
-0

 
a, 

m
 

aJ 
W

 

+J 
E: 

L
 

S
 

0
 

0
 

..-- 
.
r
 

4
4

 
4

<
 

M
 

M
a

 
M

m
V

 
4
-c

 
4
 4

 

4
5

 
5

4
 
5
 

<
<

 
5

4
u

 
4

4
4

4
 

5
4

 
4

4
 

m
 

4
5

 
4

4
0

 
4

5
M

M
 

w
 L 

=z .... 
-

N
u

m
b

 



258 

.. v) 
-0

 
W

 
W

 
.
r
 

W
 

c
,
 

S
 

L
 

S
 

0
 

0
 

.C
 

L
 

.... 
=c 

-
N

o
*
 

.. V
I 

V
I 

W
 

U
 
0
 

L
 

n
. 

S
 

o
m

 
.
r
 +

J 
c

,s
 

m
w

 

c
c

w
 

V
IV

I 
S

 
4

-
 

L
V

I
 

c
,
-
 

0
 *
r
 

.
r
 0
 

m
v

) 

E
 

m
 

m
- 

c
m

 
O

S
 

.C
 
0
 

+
J

.r 
V

I 

m
u

 w 
I- 

m
.- 

w 
L

-0
 

a
w

 s 
o
 n
c
,
 

w
o

w
 

s- 
n

 

F
 



P
f
 f
 

-
_

I
 
4
 

..
 . 

N
-
 
0
 

W
D

 

D
D

 

m
w

 

w
w

 

w
p

 

D
D

 

w
w

 

D
D

 

D
D

 

D
D

 

_- 
I

l
l

 T
I 0
 

-5
 

o
m
-
-
’
.
 rt
 

8
n

.a
 

ru
 

-. 
3
 
3
 

c
n

 
3 

m 

W
 

-5
 
0
 

m
 

V
I 

V
I n
 

P
W

N
-

J
 

..
..

 D
 

3
 

m
 

w
 

c
u

m
t

n
 

V
I 

-
5

T
J

x
m

 
a
*
*
<
 

-h
 

m
o

m
m

 0
 

3
1

2
J

.
7

 

ei
it*

,t 
w

 
zf.
 

2.
 

2.
 

If.
 

a
 

.. 

0
 

0
 

3
 

3
 

Ig
 

m
 

m
 

V
I 

W
 
I
 

<
 

Ln
 

0
 

C
I ?
 

0
 

0
 
I
 

rn
 z ?
 

0
 

W
 

W
 
0
 

c
)
 

rn
 

v
) 

v
) m
 

v
) P
 

W
 

‘T
I 

‘T
I 

rn
 

0
 

rn
 2 



INTEGRATED ASSESSMENT 
Areas for P r i o r i  t i e s  : 

i inpo r tance 

A - i j i gh  
B - Medium 
c - Low 

K i  ng-Mui r 
Category 

1. Sever i t y  
2. Extent 
3. I n fo rma t ion  need 
4. Urgency 

COAL CONVERSION 

Process :- Hydrocarbonization, Solvent Refined Coal) 
L ique fac t i on  (H Coal, Carbonization/ 

Fuel 
Pretreatment 

Conversi on 
Process 

Waste 
Man agemen t 

Product Storage/ 
Transpor tat ion 

Comerc i  a1 
U t i l i z a t i o n  - 

3 - 

A 
B 
C 

A 

C 

C 
A 

A 

A 
A 

A 

A 
4 

4 

B 

4 

- 
4 - 

B 
B 
C 

C 

C 

C 
A 

4 

C 
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B 

3 
I 

4 

4 

3 

- 
4 - 
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A 
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A 
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A 
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C 
A 

A 

C 
C 

C 

A 

B 

- 
Prob- 
lem 

A 
A 
A 

A 

A 

A 
A 

A 

A 
A 

A 

A 
A 

A 

A 

A 

1 

1 
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A 
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B 
B 
C 
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C 

A 
A 

A 

C 
C 

C 

C 
C 

C 

C 

C 

5.1 .O 

5.1.1 

5.1.2 
5.1.3 
5.1.4 

5.1.5 

5.1.6 

5.1.7 
5.1.8 

Data Management 
Coordination and 

Management 
System 

Data Acqu is i t i on  
Computing F a c i l i t i  
Environmental 

In format ion 
Nat ional  Geoecolog 

Data 
Source Terms and 

E f fec ts  
Data Processing 
Synthesis and 

Pol i cy Analysis 

5.2.0 On-Site Impacts 
5.2.1 
5.2.2 
5.2.3 

5.2.4 

5.2.5 
5.2.6 

5.2.7 

5.2.8 

Land Area Needs 
Topography 
Competing Land-Use 

Requirements 
Impacts on E x i s t -  

i n g  Land-Use 
Accessi b i  1 i ty 
To ta l  On-Si t e  

Demands 
I n s t i t u t i o n a l  

Constraints 
Coal Resource 

Locations 
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HEALTH EFFECTS 
Areas for P r i o r i t i e s :  

1 .  Sever i t y  
2. Extent 
3. I n fo rma t ion  need 
4. Urgency 

I hiport ance 

A - i i igh 
B - Medium 
c - Low 

COAL CONVERSION 

Process: Gas i f i ca t i on  - I n  S i t u  

-_ 
Fuel 

Pretreatment 
Waste 

Flanagement 
Comnerci a1 
U t i  1 i z a t i  on 

Product Storage/ 
Trans po r t a t  i on 

Conversion 
Process King-Mui r 

Category - 
4 - 

3 

3 
3 

3 
3 

3 

w 
1 em - 

A 

A 
A 

A 
A 

A 

'rob- - 
B 

B 
B 

B 
B 

B 

Prob- 
lem 

B 

B 
B 

C 
C 

C 

- 
Prob- 
lem 

B 

B 
B 

B 
B 

B 

2.1.0 Toxic Mater ia ls  
2.1.1 In format ion Review 
2.1.2 Po ten t i a l  Health 

E f fec ts  
2.1.3 Methodology 

2.2.0 Dose-Effect 
Relat ionships 

2.2.1 Chemical and Bio- 
chemical Methods 

2.2.2 Acute and Chronic 
2.2.3 B i o l o g i c a l  I n d i -  

cators  

2.3.0 Methodology 
2.3.1 Ind i ca to rs  o f  Sub- 

c l i n i c a l  E f fec ts  
2.3.2 U t i l i t y  of Methods 
2.3.3 C l i n i c a l  Parameter 
2.3.4 Epi demi o l o g i  ca l  

Studies 
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INTEGRATED ASSESSMENT (continued) 
Areas f o r  P r i o r i  t i e s  : 

1 .  Sever i t y  
2. Extent 
3. I n fo rma t ion  need 
4. Urgency 

COAL CONVERSION 

Process: Gas i f i ca t i on  - I n  S i t u  

I 

2 3  _- 

A B  
A A  
A B  

c c  
B B  
c c  
c c  
A B  
A B  

c c  
c c  
c c  
c c  
c c  

A A  
A A  

Importance 
A - High 
B - Ekdium 
c - Low 

B A  
B A  

B A  
C B  
A A  

B A  
B B  

King-Mui r 
Category 

Product Storage/ 
Transpor tat ion 

Comerci a1 
U t i l i z a t i o n  

Waste 
Management 

Conversion 
Process 

Fuel 
Pretreatment - 

I - 

A 
A 
A 

C 

B 
C 
C 

B 
A 

C 
C 

C 
C 
C 

A 
A 

- 
1 - 

C 
C 
C 

C 

C 
C 
C 

A 
A 

A 
C 

A 
C 
C 

B 
B 

- 
4 - 

B 
C 
C 

C 

C 
C 
C 

A 
A 

A 
C 

A 
C 
C 

B 
B 

- 
4 - 

C 
A 
C 

B 

B 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

- 
1 - 

C 
C 
C 

C 

C 
C 
A 

A 
A 

C 
C 

C 
C 
C 

A 
A 

- 
'rob- 
1 em - 

B 
B 
B 

B 

B 
B 
6 

B 
B 

C 
C 

C 
C 
C 

A 
A 

- 
1 - 

B 
A 
B 

C 

6 
C 
C 

C 
B 

C 
C 

C 
C 
C 

A 
A 

Prob- 
1 em - 

A 
A 
A 

A 

A 
A 
A 

A 
A 

A 
A 

A 
A 
A 

B 
E 

- 
1 - 

B 
B 
B 

C 

A 
B 
A 

A 
B 

A 
B 

B 
B 
A 

B 
B 

- 
2 
a 

A 
B 
A 

C 

A 
A 
A 

A 
A 

A 
B 

B 
C 
A 

A 
A 

-- 
rob- 
& 

C 
C 
C 

C 

C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

- 
1 - 

C 
A 
C 

B 

A 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

- 
2 - 

C 
A 
C 

B 

A 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

- 
3 - 

C 
A 
C 

B 

B 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C' 

- 
'rob- 
1 em - 

C 
C 
C 

C 

C 
C 
C 

C 
C 

B 
B 

B 
B 
B 

B 
B 

- 
2 - 

R 
C 
C 

C 

C 
C 
C 

A 
A 

B 
C 

A 
C 
C 

B 
B 

- 
3 
L 

B 
C 
C 

C 

C 
C 
C 

A 
R 

B 
C 

B 
C 
C 

B 
B 

Prob- 
lem 

B 
B 
B 

B 

B 
B 
B 

B 
B 

B 
B 

B 
B 
B 

A 
A 

- 
I - 

C 
C 
C 

C 

C 
C 
A 

A 
A 

C 
C 

C 
C 
C 

6 
B 

- 
? - 

A 
A 
A 

A 

A 
A 
A 

A 
A 

B 
B 

B 
B 
B 

A 
A 

- 
3 - 

C 
C 
C 

C 

C 
C 
A 

A 
A 

B 
B 

B 
B 
B 

B 
B 

5.3.0 
5.3.1 
5.3.2 
5.3.3 
5.3.4 

5.3.5 

5.3.6 
5.3.7 
5.3.8 

5.3.9 

5.4.0 
5.4.1 

5.4.2 
5.4.3 

5.4.4 
5.4.5 

5.5.0 
5.5.1 
5.5.2 

O f f -S i te  Impacts 
Land-Use Demands 
Land Area Needs 
Populat ion Trends 
Impacts o f  Increas 

Populat ion 
Populat ion Land-Us 

Impacts 
Community Water 
Waste Handling 
D i r e c t  and Second- 

ary  Impacts 
A c c e s s i b i l i t y  

Socia l  E f fec ts  
Pub l i c  In format ion 

Programs 
Methodology 
E x i s t i n g  P o l i t i c a l  

St ructures 
Community Services 
Impacts 

Economic E f fec ts  
Major Coal Regions 
Optimal F a c i l i t i e s  
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and costly; t h i s  research requires a long lead-time and cannot be forced 
easi ly  into the short-term time constraints necessary for quick techno1 - 
ogy development. Such research will follow some of the classical  p a t h -  
ways in i t ia ted  i n  evaluating potential radiation effects .  I t  i s  more 
complex t h a n  nuclear research, however, i n  tha t  analytical capabi 1 i t i e s  
are more d i f f i cu l t  and biological transformation products ex i s t .  

Research in th i s  area will include evaluating chronic effects  o f  
low-level exposures w i t h  respect f o r  man t o  carcinogenesis, mutagenesis, 
and  teratogenesis. 
sary. In certain areas i t  will be necessary t o  develop t e s t s  having 
suff ic ient ly  sensi t ive endpoints. Environmental research w i  11 center 
on two major areas: ( 1 )  investigations of potential effects  of low- 
level releases, and ( 2 )  studies of the avai labi l i  ty of coal conversion 
materials t o  man. I n  the l a t t e r  case, this includes transformation 
production, cycling, bioaccumulation, and ecological e f fec ts .  

en t i f ica l ly  feasible or appropriate t o  evaluate every compound arising 
from every al ternat ive conversion process. 
a t  develo ing information on classes or groups of materials ( i  .e. ,  PAH 
compounds P and i 11 ucidati ng mechanisms of envi ronmental and b i  ol o g i  cal 
perturbations . 

Investigations of cocarcinogenesis are also neces- 

As has been mentioned previously i t  i s  neither economically or se i -  

Some research must be d i res  

111.3 SUMMARY AND CONCLUSION 

The research proposed i n  the previous pages sumarizes tha t  b i o -  
medi cal and environmental research necessary t o  (1  ) ensure the safety 
of the coal conversion worker and ( 2 )  t o  enable the development o f  coal 
conversion technologies having minimum impact on man and his environment. 

Several factors have not been expl ic i t ly  s ta ted i n  the research 
plans b u t  deserve mention and investigation. Because of  the p o ~ e n ~ ~ a l  
i n s t ab i l i t y  of organic components i n  t e s t  materials and the embryonic 
s t a t e  of analytical capabili t ies fo r  organics, some form of quali ty as- 
surance and system of sample storage i s  necessary. 
f a c i l i t y  which can receive materials from various p i lo t ,  demonstration, 
and commercial plants needs to  be established. This central f a c i l i t y  
would n o t  be intended t o  preclude chemical identifications a t  the va r  
developmental engineering f a c i l i t i e s  (CMM work which should be conduc 
b u t  would ( a )  receive reference materials from process, product and 
eff luent  streams o f  a l l  developmental conversion units, ( b )  s tore  suc 
materials, (c )  provide composite materials and fractions for s c r e ~ n i n ~  
toxi c i ty  t e s t s  (both biological and envi ronmental ) 
tion on sui table  measurement methodologies, and ( e >  coordinate i n t  
1 aboratory comparisons on materi a1 composition e 

A central analytical 

( d )  provide i nforma- 
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( 1 )  Biomedical and environmental research related t o  coal 
conversion techno1 ogi es must be cl osely 1 i n ked wi t h  
analytical capabi 1 i t i e s  for  qual i t a t ive  and  quanti t a -  
t i  ve determi nations ( n o t  necessary for toxi c i ty  screen- 
i ng research). 

( 2 )  Biomedical and environmental research investigating 
coal conversion technologies must possess the ana- 
l y t i  cal capabi l i t i e s  necessary t o  fol l ow speci f i  c 
compounds t h r o u g h  the abiot ic  and b io t ic  systems, 
identify transformation products, and quantify low 
levels of specif ic  materials. 
performed a t  1 arge mu1 t i  discipl i nary research faci 1 i - 
t i e s .  

Such research i s  best 

( 3 )  I t  would be ineff ic ient  t o  establish biological and 
environmental screening procedures a t  each conversion 
development faci 1 i ty . A central i zed 1 aboratory shoul d 
be established t o  receive materials from the various 
developmental units and this  1 aboratory equipped t o  
perform acute toxicity screening t e s t .  This operation 
would best be done in conjunction with the central ana- 
lyt ical  f a c i l i t y .  

( 4 )  The potential differences in materials arising from coal 
conversion as a resul t  of  dif ferent  processes or coal 
used i ncreases the complexity o f  necessary bi omedi cal 
and envi ronmentai research. An engineering unit which 
would be of immeasurable value t o  such a BER Program i s  
one which possesses great f l ex ib i l i t y  in mode of opera- 
t ion.  
t o  run a t  d i f ferent  temperature regimes in each of the 
three major 1 i quefacti on processes and would be capable 
of using various types of coal. 
able for CMM research aimed a t  understanding kinetics 
and  products o f  coal conversion and for  producing mate- 
r i a l s  for  screening toxicity t e s t s .  I n  the l a t t e r  cas 
the biomedi cal and environmental screening research 
would provide early information regarding conversion 
alternatives most amenable t o  the environment and man. 

Such a process development unit could be modified 

This unit would be valu- 

Such a u n i t  i s  engineeringly possible. I n i t i a l l y  a bench scale 
sit would be s f f i c i en t  (although i t  would possess e ptai n 1 imi t a t i  oris 1 
llowed by a 1 rger Process Development Unit. Such a f a c i l i t y  should 

be coupled with the central analytical and screening f a c i l i t i e s  for  
maximum Val ue. 

Finally, coal conversion i s  most certai  
for attaining ""Project Independence. " For 5 
t i a l  for  aiding i n  the development of a tech 
- a 
t e  

evaluation which requires an adaptation o f  commercial 
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111.4 FIVE-YEAR BUDGET SUMMARIES - KING-MUIR CATEGORIES 
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OVERALL 

Thousands of Dollars 
K i  ng-Mui r Category 1977 1978 1979 1980 1981 Total 

11.1.1 Character izat ion,  Measure- 
ments , and Monitoring 3,470 4,570 4,565 4,295 3,585 20,485 

I I .  2.1 Health Effects  13,450 19,300 22,290 24,715 27,235 106,990 

11.3.1 Environmental Effects  

11.4.1 Physical and Chemical 
Processes and Effects  300 480 560 560 560 2,460 

11.5.1 Integrated Assessment 5,931 5,414 3,627 2,161 1,880 19,013 

and Transport 4,710 6,470 9,860 9,420 9,440 39,900 

YEARLY TOTAL 27,861 36,234 40,902 41,151 42,700 188,848 
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I I .  1.1 CHARACTERIZATION, MEASUREMENTS, AND MONITORING 

~ 

Thousands o f  Dollars 
Problem Program 1977 1978 1979 1980 1981 Total  

I1 . l .  1 .o 
1.1.1 800 800 50 0 500 300 2,900 
1.1.2 60 200 225 225 225 935 
1.1.3 60 90 90 90 60 390 

360 30 - 90 - 90 - 90 - 60 ~ 

1.1.4 
Total  9 50 1,180 905 905 70 5 4,645 

11.1.2.0 
1 * Z s l  60 60 30 30 30 21 0 
1.2.2 480 4 80 240 240 240 1,680 
1.2.3 360 360 360 180 180 1,440 
1.2.4 2 40 240 180 180 180 1,020 
1.2.5 180 180 180 180 180 900 
1.2.6 60 120 180 180 180 7 20 

120 120 120 510 90 - 1.2.7 
Total 1,440 1,560 1,290 1,110 1,080 6,480 

60 - 
/- -\ 

\ 

11.1.3.0 
1.3.1 60 120 120 120 60 480 

1,080 1.3.2 240 240 240 240 120 
1.3.3 240 240 240 240 120 1,080 
1.3.4 240 240 240 240 120 1,080 

720 90 - 90 - 1.3.5 180 180 180 
Total  960 1,020 1,020 9 30 510 4,440 

11.1.4.0 
1.4.1 120 120 60 60 30 390 
1.4.2 -0 - 300 600 600 600 2,100 
1.4.3 -0- 300 600 600 600 2,100 

3 30 90 - 90 - 90 - 60 - 1.4.4 -0- 

Total 120 810 1,350 1,350 1,290 4,920 

GRAND TOTAL 3,470 4,570 4,565 4,295 3,585 20,485 
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11.2.1 HEALTH EFFECTS 

, 

Thousands o f  Dollars 
Problem Program 1977 1978 1979 1980 1981 Total 

11.2.1 .o 
2.1.1 1,000 800 8 50 900 1,000 4,550 
2.1.2 1,000 2,000 2,200 2,400 2,600 10,200 
2.1.3 600 800 8 50 950 1 , 000 4,200 
Total 2,600 3,600 3,900 4,250 4,600 18,950 

11.2.2.0 
2.2.1 2,000 3,000 3,500 3,800 4,100 16,400 
2.2.2 3,000 5,000 5,500 6,000 6,500 26,000 

600 760 820 8 80 3,760 2.2.3 
Total 5,600 8,700 9,760 10,620 11,480 46,160 

700 - - ___ 

11.2.3.0 
2.3.1 500 600 650 700 7 50 3,200 
2.3.2 40 0 450 500 550 600 2,500 
2.3.3 400 4 50 500 550 600 2,500 
2.3.4 400 500 600 800 1,000 3,300 
To t a  1 1,700 2,000 2,250 2,600 2,950 11,500 

11.2.4.0 
2.4.1 30 0 400 500 600 700 2,500 
2.4.2 50 100 150 175 200 675 
2.4.3 200 250 300 325 350 1,425 

100 110 120 130 51 0 2.4.4 50 - 
Total 600 850 1,060 1,220 1,380 5,110 

11.2.5.0 
2.5.1 300 350 375 400 600 2,025 
2.5.2 100 150 170 325 400 1,145 

100 125 400 2.5.3 
Total 4 50 550 620 82 5 1,125 3,570 

50 - 50 - 75 - 

11.2.6.0 
2.6.1 1,000 1,500 2,000 2,200 2,400 9,100 
2.6.2 1,000 1,500 2,000 2,200 2,400 9,100 
2.6.3 50 0 600 700 800 900 3,500 
Total 2,500 3,600 4,700 5,200 5,700 21,700 

GRAND TOTAL 13,450 19,300 22,290 24,715 27,235 106,990 
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11.3.1 ENVIRONFENTAL EFFECTS AND TRANSPQRT 

Thousands o f  Dol 1 a r s  
Problem Prograin 1977 1978 1979 1980 1981 Total 

11.3.1 .O 
3.1.1 625 500 500 500 500 2,625 
3.1.2 625 500 500 500 500 2 , 625 
Total 1,250 1,000 1,000 1,000 1,000 5,250 

11.3.2.0 
3.2.1 600 1,200 1,200 1,200 1,200 5,400 
3.2.2 -0 - -0 - 900 1,440 1,440 3 , 780 
Total 600 1,200 2,100 1,640 1,640 7,180 

11.3.3.0 
3.3.1 -0- -0- 300a 300a 300a 900a 
3.3.2 -0- -0- 30Qb 300b 300b 900b 

500C 1 9 500‘ 3.3.3 -0 - -0- 5OOc 500c 
Total -0 - -0 - 1,100 1,100 1,100 3,300 

- 

11.3.4.0 
3.4.1 -0- 360 360 360 360 1,440 
3.4.2 -0- -0- 600 600 - 600 1,800 
Total -0- 360 960 960 960 3,240 

11.3.5.0 
3.5.1 -0- 2 40 480 480 480 1,680 
3.5.2 150 280 340 280 280 1,330 
3.5.3 150 150 300 300 300 1,200 
3.5.4 -0- 120 240 240 240 840 
Total 300 790 1,360 1,300 1,300 5 s 050 

11.3.6.0 

3.6.1 -0 - -0- 100 180 200 480 
120 2 40 240 24 0 900 3.6.2 

Total 60 120 340 420 440 1,380 
60 - 

11.3.7.0 

3.7.1 2,500d 3,000d 3,000d 3,000d 3,000d 14,500d 

GRAND TOTAL 4,710 6,470 9,860 9,420 9,440 39,900 

aBased on three representati  ve species . 
bBased on three representative ecosystems. 

‘Based on f i v e  models. 

dBased on f ive  representative f a c i l i t i e s .  
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11.4.1 PHYSICAL AND CHEMICAL PROCESSES AND EFFECTS 

Thousands o f  Dol 1 a r s  
Problem Program 1977 1978 1979 1980 1981 To ta l  

11.4.1 .O 

4.1.1 2 40 360 360 360 360 1,680 
4 .1 .2  60 120 20 0 200 200 7 80 
To ta l  300 480 560 560 560 2,460 

GRAND TOTAL 300 480 560 560 560 2,460 
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11.5.1 INTEGRATED ASSESSMEN1 

Thousands o f  Dollar5 
Problem Program 1977 1978 1979 1980 1981 Total 

11.5.1.0 
5.1.1 350 350 300 300 300 1,600 
5.1.2 200 250 200 200 200 1,050 
5.1.3 1,000 300 200 200 200 1,900 
5.1.4 300 200 150 150 150 950 
5.1.5 400 450 400 300 300 1,850 
5.1.6 100 100 100 -0- -0- 300 
5.1.7 300 400 200 150 150 1,200 

Total 3,150 2,650 1,850 1,600 1,500 10,750 
5.1.8 __ 500 __ 500 __ 300 __ 300 __ 200 1,800 

11.5.2.0 
5.2.1 50 50 -0- -0- -0- 100 
5.2.2 300 200 -0- -0- -0- 500 
5.2.3 60 60 60 -0- -0- 1 80 
5.2.4 60 60 100 -0- -0 - 220 
5.2.5 100 100 60 -0- -0- 260 
5.2.6 150 100 100 60 60 470 
5.2.7 200 100 100 -0- -0 - 400 
5.2.8 - 300 __ 300 

_I 150 __ 60 __. 60 ___ 870 
Total 1,220 970 570 120 120 3,000 

11.5.3.0 
5.3.1 -0- 200 
5.3.2 60 60 
5.3.3 60 60 
5.3.4 -0- -0- 
5.3.5 100 100 
5.3.6 80 80 
5.3.7 -0- 60 
5.3.8 100 60 

Total 400 680 
5.3.9 - -0- - 60 

60 -0- -0- 260 
60 60 -0- 240 
60 -0- -0- 1 80 
60 60 -0- 120 
60 -0- -0- 260 
60 -0- -0- 220 
60 -0- -0- 120 
60 60 -0- 280 
60 60 60 - 240 

540 240 60 1,920 
- _ _ -  

5.4.1 120 132 145 110 175 682 
5.4.2 60 60 -0- -0 - -0- 120 

5.4.4 -0- 66 60 -0- -0- 126 
5.4.5 - 120 - 132 - 60 - -0- - -0 - - 31 2 
Total 360 456 331 176 175 1,498 

5.4.3 60 66 66 66 -0- 258 

II.5.5.0 

5.5.1 500 500 -0- -0- -0- 1,000 
5.5.2 - 200 - 250 __ 60 __ 60 __ 60 __ 630 
Total 700 750 60 60 60 1.630 

11.5.6.0 
5.6.1 60 66 66 -0- -0- 192 
5.6.2 66 66 -0- -0- -0- 132 
5.6.3 100 66 60 -0- -0- 226 

Total 326 258 186 -0- -0- 770 
5.6.4 __ 100 __ 60 60 -0- - -0- - 220 

11.5.7.0 
5.7.1 50 25 25 25 25 150 
5.7.2 100 50 50 -0- -0- 200 

5.7.4 50 25 -0- -0- -0- 75 

5.7.7 __ 50 __ 50 - -0- -0- - -0- __ 100 

5.7.3 50 50 -0- -0- -0- 100 

5.7.5 75 150 75 -0- -0- 300 
5.7.6 100 50 -0- -0- -0- 150 

Total 475 400 150 25 25 1,075 

GRAND TOTAL 5,931 5,414 3,627 2,161 1,880 19,013 



APPENDIX A 

CHEMICAL COMPOSITION AND POTENTIAL HAZARDS OF COAL CONVERSION 
PRODUCTS , PROCESS, AND EFFLUENT STREAMS FOR 

SELECTED COAL CONVERSION PROCESSES 

T h i s  s e c t i o n  presents  a v a i l a b l e  i n f o r m a t i o n  on process streams, 
i n c l  ud i  ng s i m i  1 a r i  t i es and d i  f fe rences  , f o r  process a1 t e r n a t i  ves . 

Synthane Process 

The Synthane process, developed b y  the  Bureau o f  Mines, has p r o -  
gressed t o  t h e  p o i n t  where a 75-tonlday p i l o t  p l a n t  f o r  t h e  convers ion 
o f  b i tuminous and sub-bi tuminous coal  and l i g n i t e  i n t o  s u l f u r - f r e e  sub- 
s t i t u t e  n a t u r a l  gas (SNG) i s  under c o n s t r u c t i o n  a t  Bruceton, Pa. 
Besides t h e  p r i n c i p a l  p roduc t ,  s y n t h e t i c  n a t u r a l  gas , by-products  t a r ,  
ammonia, and e lementa l  s u l f u r  a r e  expected. 

T h i s  p roduc t  gas w i  11 have t h e  f o l 1  owing composi ti on, expressed as 
Vol. %:  2.1, N2;  3.6, H2;  0.1, CO; 3.7, C02; and 90.5, CH4.  No da ta  
a r e  a v a i l a b l e  on t r a c e  o r g a n i c  o r  i n o r g a n i c  components i n  t h e  p r o d u c t  
gas. 

Process streams are  by f a r  t h e  most hazardous element i n  t h e  g a s i -  
f i c a t i o n  process. Besides t h e  l a r g e  q u a n t i t i e s  of  H 2 ,  CO, C02, CH4,  
and C2H2 made i n  t h e  g a s i f i e r ,  t h e r e  a r e  a number o f  t r a c e  components 
which a r e  o f  i n t e r e s t .  These are  shown i n  Table A-1 which shows t h e  
s u l f u r  compounds p l u s  t h e  BTX (benzene-toluene-xylene) components f rom 
severa l  coa l  sources. 

The major  e f f l u e n t  problem i s  t h e  contaminated condensate f r o m  t h e  
g a s i f i e r  which i n c l u d e s  water ,  water  s o l u b l e  o rgan ics  and i n o r g a n i c s ,  
t a r s ,  and dus ts .  Table 1.2-1 compares t h e  components i n  a coke-p lan t  
weak ammonia l i q u o r  w i t h  those i n  by-product  w a t e r  f rom Synthane g a s i -  
f i c a t i o n  o f  char, l i g n i t e ,  and severa l  c o a l s .  I t  i s  r a t h e r  s i g n i f i c a n t  
t h a t  such a wide range o f  components occur  as t h e  r e s u l t  o f  d i f f e r e n t  
coa l  sources e F o r t u n a t e l y ,  p l a n t  c lean-up systems reduce these poten- 
t i a l l y  hazardous components (e.g. ,  crude phenols)  t o  acceptable l e v e l s  
i n  p r o d u c t  and waste streams. 
phenol l e v e l  o f  i t s  coke-p lan t  weak ammonia l i q u o r  t o  100 ppb by b i o -  
l o g i c a l  o x i d a t i o n  and has reduced t h e  th iocyanates  by an average o f  70 
percent .  The Synthane p i l o t  p l a n t  w i l l  employ t h e  same clean-up system. 
The by-product  w a t e r  w i l l  be used as r e c y c l e d  c o o l i n g  w a t e r  and, j u d g i n g  
by t h e  t r a c e  element a n a l y s i s  o f  condensate f r o m  coa l  g a s i f i c a t i o n  t e s t ,  
(See Table 1.2-2), no problem shou ld  be encountered. 
water  i s d ischarged as b l  owdown t o  evapora t ion  ponds, thereby  b l e e d i n g  
o f f  t h e  w a t e r - s o l u b l e  t r a c e  elements.  

Bethlehem S t e e l  Co. has reduced t h e  

Genera l ly ,  excess 
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Table A-1. Components i n  g a s i f i e r  gas ( i n  ppm). [Source: A. J .  Forney, 
W. P. Haynes, Stanley J .  Gasior, Glenn E. Johnson and J .  P. 
Strakey, J r . ,  "Analyses of Tars, Chars, Gases and Water Found 
i n  Effluents from the Synthane Process," P i t t s b u r g h  Energy Research 
Center, Tech. Prog. Report 76, January 1974.1 

I l l i n o i s  Wyoming Western North P i t t s b u r g h  
No. 6 I l l i n o i s  subbituminous Kentucky Dakota seam 

coa 1 char coal coal l i g n i t e  coal 

9,800 186 2,480 2,530 1,750 860 
150 2 32 119 65 11 

31 0.4 10 5 13 42 Thiophene 
Methyl thiophene 10 0.4 7 
Dime thy1 thiophene 10 0.5 11 6 
Benzene 340 10 4 34 1 BO 1,727 1,050 
To1 uene 94 3 59 22 167 185 
C8 aromatics 24 2 27 4 73 27 
so2 10 1 6 2 10 10 
cs 2 10 - - - 
Methyl mercaptan 60 0.1 0.4 33 10 8 

;as 
- - - - - 

- - 



283 

\. ,' 

Of the several Synthane by-products, perhaps the most hazardous are 
the ta rs  which are composed of several potential carcinogens as indicated 
in the mass spectrometric analyses of the benzene-soluble t a r  component 
from l ign i te  and several coals, as shown ea r l i e r  i n  Table 1.2-6. 

Hygas Process 

Another source of high-Btu pipeline gas, the Hygas process, i s  char- 
acterized by hydrogasification. Here the coal, in a coal-derived o i l  
s lurry,  i s  gasified in an atmosphere of hydrogen. 
f i  cation, additional 1 iqui d products such as the aromatics, benzene, 
to1  uene , and xylene are produced and treated as Val uable by-products. 
Hazardous components are removed from the mainstreams in the water scrub- 
ber following s h i f t  conversion where most o f  the HCN i s  hydrogenated t o  
arnmoni a .  

I n  th i s  mode of gasi- 

Koppers-Totzek Process 

The Koppers-Totzek process i s  a commercially proven scheme t o  p ro -  
duce a gas having a heating value of abou t  300 Btu/f t3 .  
western, I l l i no i s ,  a n d  eastern coals (See Ref. l ) ,  a product gas com- 
posed primarily of carbon dioxide, carbon monoxide, and hydrogen with 
only trace amounts of methane can be expected (See Table A-2 ) .  

Utilizing 

I n  contrast t o  the high-Btu gasification processes the only by- 
products are steam and sulfur .  Because of the high gasification tem- 
perature, 3000-3500" F, phenol s , pyri di ne, and  organics are not formed 
and the quantit ies of other soluble contaminants are minimized. A 
bleed stream from the recirculated water system i s  continuously fed t o  
the s t r ipper  where gaseous N H 3 ,  C O ? ,  H2S, and some cyanide are removed 
and sent t o  the Claus u n i t  fo r  incineration. 
shows the composition of f ive water streams within the process. 

Table A-3 (See Ref. 1 )  

Liquefaction - Carboni zati OnlHydrocarboni zation 

Liquefaction of coal can be accomplished by carbonization and hydro- 
carbonization in dry f 1 ui di zed beds. Several domestic commerci a1 proc- 
esses use th i s  basic technology. 
Company, a subsidiary of Union Carbide Corporation and Chemical Construc- 
t i o n  Company) i s  projected t o  process 2600 tons/day of coal in 1979. 
The COED process (Char Oil Energy Development process developed by FMC 
Gorp.) i s  in p i lo t  plant stage (36 tons/day coal) and i s  not projected 
t o  be used commerically within 10 years or more. 
Process and  U.S. S t ee l ' s  Clean-Coke Process are similar methodologies. 
Of these processes most information concerning product, process streams, 
and effluent composition i s  avai 1 able fo r  the C O E D  process. 
d a t a  will be presented principally fo r  the COED process with differences 
being indicated where appropriate. 

Of these, the Coalcon process (Coalcon 

The Garrett Pyrolysis 

Consequently, 
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Table A-2. Product gas analyses ( in  volume %). [Source: 
Booz-All en Appl ied Research, "Emissions from 
Processes Producing C1 ean Fuels ,'I Report pre- 
pared f o r  U.S. Environmental Protection Agency 
Office of Air Quality Planning and Standards 
under Contract Number 68-02-1 358, March 1974. ] 

Gas I1 1 inois Eastern Western 
component coa 1 coal coa 1 

co 
~ __ 

61.05 57.23 61.01 
- 2.83 3,51 

37.93 38.71 33.60 
co2 
H2 
N2 
H2S 
cos 

1.17 1.20 1.24 
0.02 0.026 0.025 
0.01 0.003 0.0027 F' 

\ 
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Table A-3. Koppers coal g a s i f i c a t i o n  water ana lyses ,  Kutahya, Turkey. [Source: 
Booz-A1 len Appl ied Research, "Emissions from Processes Producing C1 ean 
Fuels,'' Report prepared for U.S. Environmental Protect ion Agency 
Office o f  Air Qual i ty  Planning and Standards under Contract Number 
68-02-1358, March, 1974.1 

Sample loca t ion  I I1  111 IV V 

pH value 
Conductivity 

CaO 
MgO 
Ma 
K 
Zn 
Fe 
NH4 
NO 2 
NO3 
PO4 t o t a l  
c1 
so4 
CN 

\ I  H2-5 
KMnO4 consumed 
COD 
Si 02 
Suspended sol i d s  
Hot res idue ,  800°C 
Str ipped resi due 
Hot res idue ,  800°C 
c u  

8.8 8.8 8.9 8.8 
7.6 1.8 2.0 1 .8  
0.001 0.01 0.01 0.01 

78 101 78 135 
97 161 194 145 
17.5 17.5 17.5 17.5 

5.6 8.8 10.0 8.0 
0.01 0.03 0.02 0.02 
0.05 0.22 1.95 0.20 
0.32 157 184 137 
0.02 0.13 4.47 0.24 

58.2 3.32 13.7 24.7 
1.89 0.81 1.21 0.81 

18 85 96 57 
42 21 6 155 255 

0.26 0.52 12.5 1.4 
------------------- Not detected--------- 

8 9 400 11 
14  1 8  1 28 16 
14.8 16.0 14.8 19.8 
1 4  461 2 5084 3072 
4 391 8 4356 2690 

5 68 81 2 940 706 
268 5 50 588 526 

0.01 0.01 0.01 0.01 

8.9 
1 .8  
0.01 

179 
113 

17.5 
8.0 
0.02 
0.64 

4.37 

2.70 

122 

22.9 

46 
109 

14.0 --------- 
145 

63 
42.6 
50 
46 

7 24 
51 2 

0.06 

I Cooling water t o  s l ag  quench t a n k .  

I 1  Water from s l ag  quench tank. 

I11 Wash water from gas cooler .  

IV Total to c l a r i f i e r .  

V Water ou t  of c l a r i f i e r .  
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COED Process 

I n  t h e  COED process t h e  temperature-staged p y r o l y s i s  i s  conducted 
i n  a s e r i e s  o f  f l u i d i z e d - b e d  r e a c t o r s .  The p r o d u c t  f rom t h i s  process 
c o n s i s t s  o f  a low-Btu f u e l  gas which can be s o l d  o r  i t  can be used t o  
p r o v i d e  t h e  hydrogen and power requirements o f  t h e  COED process and a 
hydrogenated p y r o l y s i s  o i l  c a l l e d  syncrude (Tab le  A - 4 ) .  The syncrude 
p r o d u c t  can be expected t o  c o n t a i n  an abundance o f  phenols s i n c e  low-  
temperature c a r b o n i z a t i o n  f a v o r s  t h e i r  p r o d u c t i o n  and a l s o ,  hydro- 
t r e a t i n g  reduces t h e  h i g h e r  b o i l i n g  t a r s  t o  phenols.  I n  essence, the  
mainstream conta ins  many p o t e n t i  a1 carcinogens f rom t h e  p y r o l y s i s  s tage 
t o  end produc ts .  

A t h i r d  product ,  char, o f t e n  r e q u i r e s  d e s u l f u r i z a t i o n  b e f o r e  i t  i s  
s u i t a b l e  as a u t i l i t y  f u e l .  The l e v e l  o f  s u l f u r  remain ing i n  t h e  t r e a t e d  
char  i s  dependent upon t h e  coal  source.  
v e h i c l e  f o r  removal ' o f  ash f rom t h e  p l a n t .  

The char  a l s o  prov ides  the 

To reduce t h e  l o a d  on t h e  var ious  waste-stream f a c i l i t i e s ,  t h e  coal  
d u s t  and f i n e s  generated i n  t h e  process, t h e  f i l t e r  cake f rom the  fi'l- 
t r a t i o n  s e c t i o n ,  and t h e  process wastewater a r e  r e c y c l e d  t o  the  f o u r t h  
s tage r e a c t o r .  T h i s  dest roys most o f  t h e  o r g a n i c  contaminants.  

The Chevron wastewater t rea tment  f a c i  1 i ty c o n s t i t u t e s  t h e  p r i n c i p a l  

y i e l d  another  by-product ,  s u l f u r ,  i n  the  S t r e t f o r d  s u l f u r  recovery  sec- 
t i o n .  The t r e a t e d  wastewater, which serves as c o o l i n g  water ,  con ta ins  
severa l  ppm o f  hydrocarbons. 

means o f  s e p a r a t i n g  t h e  by-product  ammonia f rom t h e  a c i d  gases which 
F ,  

\ /  

Over 50 unknown c o n s t i t u e n t s  were de tec ted  and separated i n  a gas 
chromatographic a n a l y s i s  o f  a COED process s t a c k  gas sample. Thus 
i d e n t i f i c a t i o n  o f  these components i s  o f  p r i m a r y  concern because they  
represent  c o n s t i t u e n t s  which a r e  e j e c t e d  f rom t h e  s t a c k  i n t o  t h e  atmos- 
phere. 

Over 50 unknown c o n s t i t u t e n t s  were a l s o  d e t e c t e d  i n  COED process 
p y r o l y s i s  gas. C h a r a c t e r i z a t i o n  o f  t h e  s u l  f u r - c o n t a i  n i  ng components 
i n  t h i s  sample i n d i c a t e d  H2S was t h e  major  component, w i t h  th iophen,  
COS, and CH3SSCH3 minor  c o n s t i t u e n t s  ranked i n  decreas ing o r d e r  o f  
c o n c e n t r a t i o n  (See Ref. 2) .  
p r o d u c t  gas f o r  "consumer" use, the  unknown c o n s t i t u e n t s  shou ld  be 
i d e n t i f i e d .  P r i n c i p a l  c o n s t i t u e n t s  o f  t h i s  p r o d u c t  gas i n  volume per -  
c e n t  are:  H2, 46.3%; CO, 22.1%; C02, t r a c e ;  CH4, 14.8%; C 2 H 4 ,  0.7%; 

Because t h e  p y r o l y s i s  gas represents  a 

C2H6,  12.2%; C 3 H 6 ,  L9%; C 3 H 8 ,  0.2%; C 4 H 1 0 ,  1.8%; H2S,  t r a c e  (See 
Ref. 1 ) .  

Phenol i c and a c i d i c  c o n s t i  t u e n t  analyses f o r  n i n e  sample sourc  
g i v e n  i n  Table A-5. 
i n  Tab le  A-6 (Ref.  2 ) .  
a c o n t r o l  problem. 
s h o u l d  b e  c h a r a c t e r i z e d .  /- -\ 

S u l f u r  and o r g a n o s u l f u r  component analyses a r e  g i v e n  
S u l f u r  components i n  s t a c k  gases may r e p r e s e n t  

The unknown s u l f u r  components i n  t h e  p r o d u c t  o i l  
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Table A-4. Composition o f  product syncrude and fue l  gas 
from Utah A seam and I l l i n o i s  No. 6 coa ls .  
[Source: Booz-A1 len App l i ed  Research, "Emis- 
s i o n s  from Processes Producinq C1 ean Fuel s ,'I 
Report prepared f o r  U.S. Environmental Protec- 
t i o n  Agency Office o f  Air Q u a l i t y  Planning and 
Standards under Contract Number 68-02-1 358, 
March 1974.1 

Coal source 
sync rude 

component 
C 
H 
0 
N 
s 

Ash 

Fuel gas 
component 

H Z  
Z0 

co2 
CH4 

co 

'2'4 
'ZH6 
C3H6 
C3H8 
'qH8 
'qH1 0 
c+ 5 
O2 
N 2  
NH 3 
H2S 

Utah A seam 

( w t .  %) 
85.8 
11 .8  

2.0 
0.32 
0.02 

(vol .  %) 
49.30 

22.67 
Trace 
21.06 

0.45 
2.71 
1.72 
1.13 
0.34 
0.40 
0.22 
- 

I l l i n o i s  No. 6 

(wt. %) 
87.80 

9.94 
1.22 
0.82 
0.22 
- 

(vol . %) 
46.3 

- 
22.1 
Trace 
14.8 

0.7 
12.2 

1 .9  
0.2 
- 

1.8 

Trace 



Table A-5. Acidic compounds and pH values f o r  COED samples. [Source: W. D. S h u l t s  e t  a l . ,  
"Preliminary Results: Chemical and Biological Examination of Coal-Derived Material ," 
ORNL/NSF/EATC-18, Oak Ridge National Laboratory, Oak Ridge, Tenn. ,  Dec. 1975.3 

~ ~~ 

Total Very To t a  1 
M + P  phenol + Color Weak weak weak 

Sample PH Phenol 0-cresol cresol  c reso ls  phenol acid ac id  acid 
Source (% s o w  (ms/s) (ms/ 9 1 (ms/d ( W S )  (ms/s) (meq/g)* (meq/s) (mes/s) 

Unfi  1 tered 
raw o i l  7.12 

7.35 

20.94 

1.54 

6.45 

0.99 

5.83 

0.38 

33.23 

6.15 

18.84 

7.10 

0 

0 

0 

0 

0 

0 F i l t e r  cake 

F i l te red  
raw o i ?  7.45 

8.08 

11.12 

7.37 

3.69 

2.66 

4.03 

1.48 

18.84 

11.50 

14.67 

6.59 

0 

0 

0 

0 

0 

0 Syn c r  ud e N co co 
Produce 
Separator 
Liquor 7.65 1.65 0.37 0.98 3 . 0  2.06 0.070 0.047 0.117 

Dryer-s tage 
I l i q u o r  

Char 

5.45 

8.38 

0 

0 

0.004 

0 

0.003 

0 

0.007 

0 

D s tage  
1 s 5.60 0 0 0 0 0 0.014 0.031 0.045 

Produce 

5.68 0 0 0 0 

eq/g - ~ ~ l l ~ e q ~ i v a l e ~ t  per gram * 

' \  , \  

', J 
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Table A-6. Sulfur  compounds i n  pyrolysis and stack gas 
from COED process. [Source: W. D. Shults 
e t  a1 . , “Prel iminary Results: Chemical and 
Biological Examination of Coal-Derived Mate- 
r i a l  ,” ORNL/NSF/EATC-18, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. ,  Dec. 1975.1 

Pyrolysis gas Stack gas 
Compounds (ng/ml) (nglml) 

6 .4  
68.0 
16.0 

0.8 

11 .o 
12.8 

0.9 
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Of in te res t  for  carcinogenic potential , polynuclear aromatic hydro- 
carbons ( P A H )  compounds were analyzed in several samples (Table A - 7 ) .  
I t  i s  s ignif icant  tha t  benzo ( a )  pyrene ( B a P )  was found i n  the aqueous 
eff luents ,  thus representing evidence t h a t  excess eff luent  waters which 
are not recycled should be examined fo r  such hazardous consti tuents.  
i s  also s ignif icant  t h a t  PAH compounds are present a t  re la t ively h i g h  
concentrations in the syncrude o i l .  

I t  

Table A - 8  indicates high concentration o f  organics i n  the aqueous 
effluents from several process streams. 

Spark-source mass spectrometric determinations o f  metal concentra- 
t ions in COED samples are given i n  Table A-9. 

Coal con Process 

The proposed Coalcon plant i s  t o  have an o u t p u t  of 3900 bbllday of 
o i l  and 22 x lo6  f t3/day of fuel gas. This process may have consider- 
able potential fo r  commercialization because i t  i s  adaptable to  many 
types of  coal, and provides fo r  1 ow-temperature carbonization and 
hydrogenation of finely divided coal i n  a f luidized s t a t e  without bene- 
f i t  of a supporting o i l .  The yield of o i l  i s  a t t r ac t ive  and i t s  compo- 
s i t i o n  i s  heavy i n  phenols and aromatics. 

Since the operation i s  proprietary, l i t t l e  information is  available 
on process, product, and eff luent  streams. However, based on early pub- 
lished studies w i t h  a sub-bituminous Wyoming coal , we find the process 
keyed t o  produce char, t a r ,  gas ,  hydrogen, and  accompanying reaction 
water. Table A-10 shows the product yields and compositions under two 
se t s  of operating conditions. Coalcon proposes t o  make 
o i l  and  fuel gas t he i r  primary products; therefore,  i t  may be assumed 
tha t  sulfur ,  ammonia, phenols, nnd other chemical feedstocks wil l  be 
considered as by-products. 

/' 

\ I  

(See Ref. 3 ) .  

U.S. S t e e l ' s  Clean-Coke Process 

The composition of  U.S. Stee l ' s  Clean-Coke Process streams should 
not be much different  from similar  processes, nor would the waste 
streams, since conventional recovery processes are employed i n  most. 
Available analytical data are presented i n  Tables A-11 through A-14. 

Garrett Pyrolysis Process 

The Garrett  Pyrolysis Process, another carboni zat i  on-hydrocarboniza- 

Since this process i s  characterized as a low- 
t ion mode o f  l iquefaction, produces the highest t a r  yield of any so f a r  
known, 35% of m.a.f. coal. 
temperature carbonization system w i t h  very short reactor residence time, 
i t  i s  anticipated that  the percent of phenols and other low boiling 
carcinogens will  be greater than i n  the aforementioned two processes. 
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Table A-7. Distribution of three polynuclear aromatic hydro- 
carbons in COED samples. [Source: W. D .  Shults 
e t  a l . ,  "Prel iminary Results: Chemical and  
Biological Examination of  Coal-Derived Material , ' I  

ORNL/NSF/EATC-18, Oak Ridge National Laboratory, 
Oak Ridge, Tenn., Dec. 1975.1 

Compo u n  dsa 
Sample type Ba P BaA Phen . 

Product Separator Liquor ( p p b )  8.0 - - 
Dryer Liquor ( p p b )  9.3 - - 
Syncrude (pprn) 51 Trace Trace 
Unfiltered Raw Oil (ppm) 107 42 270 
Filtered Raw Oil (pprn) 96 52 400 

! \ ,  

aBaP, benzo ( a )  pyrene; BaA benzo ( a )  anthracene; Phen, 
phenanthrene. 
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Table A-8. Dissolved organic carbon (DOC) r e s u l t s  f o r  aqueous 
samples from COED process. [Source: W .  D.  Shul ts  
e t  a1 . , "Prel iminary Results: Chemical and Biolog- 
ical  Examination of Coal -Derived Material , I i  QRNL/ 
NSF/EATC-18, Oak Ridge National Laboratory, Oak 
Ridge ,  Tenn. , Dec. 1975.1 

Sampl e Sampl i n g  condition* DOC (vg/mU 

Product separator 
(2nd s tage l iquor)  

Included 
Excluded 

9 , 500 
11,600 

Dryer-s c r  ub ber I nc 1 uded 148 
( 1 s t  s tage l iquor)  Excl uded 133 

/ --, * I Surface o f  sample was included or excluded d u r i n g  sampling I 

procedure. 



Table A-9. Trace element r e s u l t s  (ppm) f o r  t h e  COED process.a [Source: W .  D .  Shul ts  
e t  a1 ., "Pre1imin;t-y Resul ts:  
Der ived M a t e r i a l ,  ORNL/NSF/EATC-18, Oak Ridge Nat ional  Laboratory,  Oak Ridge 
Tenn., Oec. 1975.1 

Chemical and B i o l o g i c a l  Examination o f  Coal- 

Element 1 4 5 6 7 9 11 1 2  13 14 

A1 
As 
B 
Ba 
B i  
Br 
Ca 
Cd 
c1 
co 
C r  
cs  
cu 
F 
Fe 
Ga 
Ge 
K 
La 
Mg 
Mn 
Mo 
Na 
Nb 
Nd 
N i  
P 
Pb 
P r  
Rb 
Sb 
sc 
Se 
S i  
Sn 
S r  
Ta 
Te 
Th 
T i  
T1 
U 
v 
W 
Y 
Zn 
Z r  

5,000 
3 

200 
5 

<0.3 
<o. 2 

1,000 
<O. 3 
20 
1 
5 

< O . l  
3 
4 

10,000 
1 
1 

200 
10 
80 

5 
5 

50 
2 

10  
30 
20 
3 
2 
1 
0.5 
3 
0.3 

3,000 
<0.3 
10 
<1 - 
0.5 
0.7 

200 
2 
2 

50 
3 
7 

10 
10 

5,000 
3 

200 
1 

<o. 3 
0.7 

3,000 
<0.3 

100 
0.2 
2 
1 
2 
2 

7,000 
0.5 
0.8 

250 
1 

200 
5 
0.5 

1 00 
0.1 
2 

30 
10 

1 
0.5 
0.5 

eo. 2 
1 

<0.1 
7 ,On0 

<o. 3 
5 

<1 
<o. 5 
0.2 

50 
0.5 
0.7 
5 

<o. 5 
1 
3 
3 

- 

10,000 
7 

200 
10 
<0.3 
<0.2 

3,000 
<O. 3 
20 

2 
2 
0.5 

10 
10 

10,000 
2 
1 

500 
5 

500 
10 
20 

500 
0.4 
5 

50 
70 
10  

3 
2 
0.1 
1 
0.4 

15,000 
- <0.3 
30 
<1 
<0.5 
0.1 

100 
3 
2 

30 
2 
5 

10 
20 

- 

2,000 
2 

100 
1 

<o. 3 
0.1 

1,000 
<0.3 
20 

0.3 
2 
0.6 
2 
2 

15,000 
0.2 
1 

200 
2 

500 
2 

~ 0 . 5  
50 

0.2 
3 
7 

10 
1 
1 
0.3 

<0.2 
1 
0.1 

15,000 
<0.3 
10  
<1 
<o. 5 
0.2 

50 
0.5 
0.6 

15 
<o. 5 

2 
4 
1 

- 

90 70 4 4 
2 0.7 0.01 3 
4 10 3 0.5 
1 3 <0.5 <0.05 
<0.3 <0.3 0.3 cO.3 
<o. 1 <0.3 <0.3 <0.3 
30  100 500 1 
<o. 3 
3 1 10  10  

<0.3 <0.3 4 . 3  

0.1 0.1 1 0.2 
0.7 1 1 0.5 
0.2 0.2 5 <O. 5 
0.3 0.3 5 1 
1 2 <0.5 <0.1 

0.2 0.1 <0.1 <0.5 
<O. 7 <0.5 <0.5 CO.5 
1 0  100 4 0.2 

40 0 500 300 50 

1 1 0.1 <0.1 

0.4 0.6 7 0.1 
20 20 80 <3 

0.7 <0.5 0.8 2 
10  30 1 0  3 

0.3 0.3 <0.1 0.5 
1 2 1 <0.5 
4 10  100 1 
3 5 0.2 0.7 
1 2 0.1 0.5 
0.4 0.3 0.4 <0.5 
0.2 0.2 0.02 0.5 

co.1 <0.1 <0.1 <0.1 
0.4 0.5 <0.5 <0.5 

<0.1 <O.l 0.2 <0.5 
1,oGo 2,000 30 10 

<0.3 CO.1 <0.1 3 
1 0  4 0.3 <0.5 

<1 - <0.5 - <0.5 - 
<0.5 <O. 5 <0.5 <0.5 
0.8 0.4 <0.1 <O. 5 

20 20 <1 <1 
0.5 1 0.3 ~ 0 . 5  
1 0.5 <0.1 <O. 5 

- <1 

2 2 <0.5 0.1 <0.5 (0.5 
0.4 0.4 0.5 <0.3 
1 1 
2 1 3 0.3 
2 3 <0.5 <0.5 

100 
2 
3 
2 

<0.3 
<O. 3 

100 
<o. 3 
30 
0.4 
5 

<0.5 
1 
3 

3,000 
0.3 

<O. 5 
100 

5 
50 

5 
<0.5 
50 
<0.5 

3 
50 
20 

2 
1 
0.5 
0.1 
1 
1 

8,000 
<0.5 
10 
<1 
<0.5 

0.7 
70 
0.3 

<0.6 
5 

<0.5 
3 
1 

10  

- 

30 
1 

20 
0.1 

<o. 3 
3 

200 
~ 0 . 3  
1 0  
<o. 1 

2 
<o. 2 
0.4 
0.2 

20 
<o. 1 
<O. 5 
10 
0.1 

20 
0.4 
5 

300 
0.5 
0.5 

10 
2 

<0.1 
0.1 

<o. 1 
<O. 2 
<o. 5 

2 
1,000 

0.8 
<o. 5 
<3 
<o. 5 
<0.1 
C1 
<O. 5 
<o. 5 
0.1 

<o. 5 
<a. 3 

1 
3 

- 

aParadise Kentucky No. 9-Seam Coal, Feed, 1; raw p y r o l y s i s  o i l ,  4; f i l t e r  cake, 5; f i l t r a t e ,  6; syncrude o i l ,  7; 2nd stage l i q u o r ,  
9; 1st stage l i q u o r ,  11; product char,  12; f i n e s  and o i l ,  13; 2nd stage cyclone f i n e s ,  14. 
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Table ii-10. Composition of gas, t a r  and char (Coalcon process). 
[Source: C. W. Albright and H.  G. Davis, Union 
Carbide Corporation. 
a t  ACS Division of Fuel Chars, Chicago, I l l i n o i s ,  
September 1970, p.  99.1 

Pre-print of paper presented 

Operating conditions 
Severe - Hydrocarbonization Mild 

Temperature, "C 560 567 
Hydrogen partial  pressure, psi 310 940 
Residence time, m i n  8.2 10.2 

Yields (wt. % m.a.f.a c o a l 1  
Char 50.4 38.4 
Tar 21.3 29.0 
Water 13.2 19.0 
Gas 16.0 16.2 
Hydrogen 1.4 3.5 
Unaccounted for  - 0.5 0.7_ 

100.0 100.0 

Gas composition (vol. %, H, f r e e )  

Component 
Methane 
Ethane 
Propylene 
Propane 
Butenes 
n-Butane 
i-Butane 

co2 
H2S 
Molecular weight 
Wt. % hydrogen in gas 

:is 

46.3 
9.1 
1.8 
4.7 
1.1 
0.4 
0.7 
0.2 

28.2 
7.5 
0.2 

25.5 
12.1 

63.1 
13.7 

0.3 
4.5 
0.6 
0.5 
0.4 
0.1 

14.1 
2.5 
0.2 

22.36 
17.34 

Tar composition 

Dis t i l l a t ion  (wt. % of t a r )  
Fraction, from-to, "C. 
IBP-260°C. 37.0 44.5 
260-340°C. 12.0 7.0 
340°C. 51 .O 48.5 

Tar acids (wt. % m.a.f. c o a l 1  
I EP-260 "C. 5.1 7.6 
260-340 "C. 1 .5  0.8 

Yield of basic aromatics, ( lb/ton m.a.f. coa l1  
Benzene 0.1 0.4 
To1 uene 0.2 0.2 
Napht ha1 ene 0.3 0.6 

Light o i l  (130-260°C.) t a r  acid d is t r ibu t ion  (wt. %1 
Phenol 34.5 33.4 
o-Cresol 8.7 7.8 
m,p-Cresol 27.2 24.5 
Ethylphenols and xylenols 17.1 18.9 
Higher phenols by difference 12.5 15.4 

Phenol yield (wt. % m.a.f .  c o a l 1  

1.8 2.2 

Char composition 
C 
H 
N 
S 
0 (by difference) 

90.1 93.0 
3.9 3.8 
1.2 1.3 
1 .o 0.6 
3.8 1.3 

am. a.f. - moisture-ash-free. 
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Tab1 e A-11. Composition of  carbonization chemical oi l"  from 
U.S. Steel Clean-Coke Process: Tar acid fract ion.  
[Source: U.S. Steel "Clean-Coke Project," U.S.S. 
Engineers and Consultants, Inc., Interium Report 
No. 1 to  OCR f o r  period March 1972 t o  Aprl'l 1974.1 

Component Percent"" 

Phenol 
o -Creso 1 
m ,  p- Cr esol 
2,6-Xyl enol 
o-Ethylphenol ; 2,4- and 2,5-xyl enol 
2,3- and 3,5-Xyl enol ; m,p-ethyl phenol 
3,4-Xyl enol 
Un i dent i f i ed 
Uni dent i f  i ed 
3-Ethyl-5-methyl phenol 
Unidentified 
Unidentified (15 compounds) 

12.5 
10.6 
23.6 
1 .9  

13.2 
11.5 
2.8 
3.3 
3.2 
3.2 
2.3 

11.8 
~ ~ 

Chemical o i l .  The indicated components were derived from the 
t a r  acid f rac t ion  of the chemical o i l  from carbonization o f  
oxidized Zeigler coal a t  1365F, 80 psia and 30-min reaction 
time. 

* 

By gas chromatography. ** 
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Table A-12. Composition of carbonization chemical o i l *  from U.S. 
Steel Clean-Coke Process: Tar base fract ion.  
[Source: U.S. Steel  "Clean-Coke Project," U.S.S. 
Engineers and Consultants, Inc. ,  Interium Report 
No. 1 to QCR for period March 1972 t o  April 1974.1 

Component Percent ** 
Pyri di ne and a-pi col ine 
2,6-Luti d i  ne, and unidentified 
Unidentified (possibly 2-ethyl pyri dine) 
Picolines and lu t id ines  

Unidentified (possibly a1 kyl pyridines) 
Ani 1 i ne 
o , p- To 1 u i d i n e 

2,6-Xyl idine 
m-To1 u i  d i  ne 
2,4-Xyl idine 
2,5-Xylidine 
Quinoline and unidentified 

Qui nal di  ne 
Isoquinol ine  and unidentified 
Unidentified (possibly a1 kylquinolines) 

10.2 
6.3 
2.3 

20.0 

10'3 
12.4 

2.7 

1.3 
3.1 
1 .6  
0.9 
7.7 

3.6 
8.5 
9.1 

* Chemical o i l .  The indicated components were derived from the 
t a r  acid f rac t ion  of the chemical o i l  from carbonization o f  
oxidized Zeigler coal a t  1365F, 80 psia and 30-min reaction 
time. 

By gas chromatography. ** 
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Table A-13. Composition of carbonization chemical o i l *  from U.S. 
Steel Clean-Coke Process : Tar neutral f ract ion.  
[Source: U.S. Steel  "Clean-Coke Project," U.S.S. 
Engineers and Consultants, Inc., I n t e r i m  Report 
No. 1 t o  OCR f o r  period March 1972 t o  April 7974.1 

Component percent ** 
Benzene 
Unidentified 
To1 uene 

Uni d e n t  i f  i ed 
m, p-Xyl ene 
0-Xyl ene 
m,p-Ethyl to1 uene 

lY3,5-Trimethyl benzene and unidentified 
1 ,2,4-Trimethyl benzene 
1,2,3-Trimethyl benzene and unidentified 
Indane 

Possibly dimethyl ethyl benzenes 
Indene and coumarone 
Unidentified 
Benzoni t r i l e  and methylcoumarones 

Uniden t i  f i ed 
Unidentified 
Unidentified 
Naphtha1 ene 

Unidentified 
Unidentified 
2-Methyl naphtha1 ene 
1 -Methylnaphthalene 

2.9 
0.7 
4.7 

0.8 
6.6 
4.3 
2.8 

4.2 
7.9 
8.6 
4.3 

5.2 
9.8 
1.5 
7.5 

2.3 
2.5 
3.1 
7.8 

1 . o  
0.7 
5.2 
1.6 

1- and 2- Ethylnaphthalene 1.1 

Unidentified 1 .1  
Diphenyl 1.8 

Chemical o i l .  The indicated components were derived from the 
t a r  acid f rac t ion  of the chemical o i l  from carbonization of 
oxidized Zeigler coal a t  1365F, 80 psia and 30-min reaction 
time. 

* 

** By gas chromatography. 
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Table A-14. Analysis of product water from the carbonization* of  
oxidized Zeigler coal by the U.S. Steel  Clean-Coke 
Process. [Source: U.S. Steel "C1 ean-Coke Project ,"  
U.S.S. Engineers and Consultants, Inc., Interium 
Report No. 1 t o  OCR f o r  period March 1972 t o  April 
1974.1 

Coniponent Par ts  per Million 

CNS' 
CN- 
SO 4= 
S= 

NH3 
Phenol 
o-Cresol 
m ,p-Cresol 
Xyl enol s 

1,171 
74 

2 , 050 
562 

33,320 
3 , 200 

700 
1,500 

500 

Carboni za t i  on conditions : * 
C ha rge = 2900 grams oxidized coal 

(3  consecutive runs) 
Temperature = 1365 F 
Pressure = 80 psia 
T i  me = 30 m i n  
Yield = 9.0% t a r  and 4.5% product 

water (based on coa l )  
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Liquefaction - Catalytic Hydrogenation 

One of the oldest  technologies for  the liquefaction of coal i s  the 
catalyt ic  hydrogenation of a paste or s lurry of finely divided coal in 
coal--derived o i l .  Those processes which appear t o  have the greater 
prospects for  exploitation on a commercial level in the near term are 
H-Coal, Synthoil, and Exxon. The H-Coal process, developed jo in t ly  by 
Hydrocarbon Research , Inc. and the Offi ce of Coal Research, represents 
the most highly developed process in the f i e ld  of ca ta ly t ic  hydrogena- 
t ion,  ut i l iz ing a wide range of coals. A 600-ton/day coal plant i s  
projected for  construction a t  Catlettsburg, Ky. for  the production of 
a l igh t  synthetic crude o i l  a t  a lower coal t h r o u g h p u t  or a liquid 
product wherein low sulfur  fuel oi l  i s  maximized a t  the higher coal 
t h r o u g h p u t .  The Synthoil process i s  i n  the p i lo t  plant stage and the 
design arld construction of a 8-ton (coal)/day Process Development Unit 
(See Ref. 4)  t o  operate with 4- t o  6-in. I.D. reactors i s  in the ad- 
vanced stages of planning t o  demonstrate the commercial aspects of the 
process. The Exxon hydrogen donor process i s  in the l a t e  bench-scale 
level of operation. 

H-Coal Process 

The H-Coal process i s  characterized by an ebullated bed of hydro- 
genation catalyst  being contacted, under controlled conditions of tem- 
perature and pressure, by a slurry of pulverized coal and a coal-derived 
o i l  in a hydrogen atmosphere t o  produce hydrogenation gases and l i gh t  
crude d i s t i l l a t e .  The 600-ton/day p i lo t  plant i s  being designed t o  
function under two modes of operation: t o  produce ( 1 )  an a l l - d i s t i l l a t e  
l igh t  synthetic crude o i l  o r  ( 2 )  a low-sulfur fuel o i l  with the recovery 
of the associated by-products - fuel gas, sulfur ,  ammonia, ammonium 
sul fa te ,  and sulfur ic  acid. Under the synthetic crude o i l  mode of 
operati on the di s t i  11 a te  oi 1 and hydrocarbon gases are separated from 
the reactor vapors, The liquid leaving the reactor i s  sent t o  vacuum 
d i s t i l l a t i on  t o  recover the d i s t i l l a t e  from the unconverted coal, ash, 
and residuum. The principal compound o f  the vacuum bottoms, residuum, 
i s  thermally cracked t o  produce additional d i s t i l l a t e  and char. The 
combined di s t i  11 ates cons t i  tu te  the synthetic crude oi 1 product. Low- 
sulfur  fuel oi l  production i s  represented by the l iquid produced in 
catalyt ic  hydrogenation a f t e r  being separated by f i  1 t r a t i  on or hydro- 
cyclone from the unconverted coal, ash, and residuum. 
sat isfactory for burning in a u t i l i t y  plant and the synthetic crude for  
refining for  gasoline production. Table A-15 shows the distribution of 
fractions where the H-Coal plant i s  operated according to  the two product 
modes with I l l i no i s  No. 6 seam coal (See Ref. 5 ) .  

The fuel o i l  i s  

The component yield for the hydrogenation section of a H-Coal Process 
plant with a 7830-ton/day dry coal capacity i s  i l lus t ra ted  in Table A-16. 
(See Ref. 6 ) .  
components i n  the hydrogenation products from two coal sources processed 
early i n  H-Coal process development (See Ref. 7 ) .  

Tables A-17 and A-18 show the s h i f t  in distribution of 
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Table A-15. Coal hydrogenation results (wt. % of  m.a.f.* I l l i n o i s  
c o a l ) .  [Source: H .  H .  S t o k l e r ,  HRI, "H-Coal P i l o t  
P l a n t  Program." Presented a t  the 67th  Annual Meeting 
of  AICHE, Washington, D. C . ,  December 1974.1 

~ - 

Desired product  
Syn the t i c  Low-sul fur 

crude fuel o i l  

Normalized product  d i s t r i b u t i o n  
C1 -C3 hydrocarbons 
c4-4000F d i s t i l  l a t e  
400-650°F d i  s t i  11 a t e  
650-975" F d i s t i  1 1 a t e  
975"Ft r e s i d u a l  o i l  
Unreacted a sh - f r ee  coal 
HzO,  NH3, HzS, C O Y  C02 

Total  (100.0 t H 2  r e a c t e d )  

Conversion, % 

Hydrogen consumption, scf/ton 

10.7 
17.2 
28.2 
18.6 
10.0 

5.2 
15.0 

104.9 

94.8 

18,600 

5.4 
12.1 
19.3 
17 .3  
29.5 

6.8 
12 .8  

103.2 

93.2 

12,200 

m.a.f. - moisture-ash-free.  * 
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Table A-16. Yield balance f o r  coal hydrogenation 
(H-Coal ). [Source: "Eva1 ua t ion  o f  
Pro jec t  H-Coal ," American Oil Co. Report 
t o  OCR f o r  April-August 1967, PB 177068.1 

Mater i a 1 1 b /h r  
W t .  (% o f  

drmied coal ) 

Input 
Dried coal 

O u t p u t  

H20 
H2S 
NH3 
C1 
c2 
c3 
c4 
C5-180°F 
180-375°F 
375-675" F 
675-975°F 
975+"F 
Char 
Ash 

71 8,000 

66,056 
15,796 

7,180 
20,822 
20,823 

22,977 
22,256 
14,870 
77,400 

1 7 7 , 649 
80,416 
78 , 262 
68,210 
83,288 

9.2 
2.2 
1 .o 
2.8 

2.8 
3.2 
3.1 
2.1 

10.8 
16.4 
11.1 
10.9 

9.5 
11.6 



30 2 

Table A-17. Composition o f  f ract ionatedproducts from I l l i n o i s  No. 6 coal. 
[Source: P ro jec t  H-Coal Report on Process Oevelopment, 
February 1965 through September 1967, O f f i c e  o f  Coal Research, 
R & 0 Report No. 26.1 

~ 

Component W t  % Component W t  4: 

Composition of C, - 400’F f rac t i on  

Saturated compounds 

nC4 0.10 
i C5 0.20 

0.69 
2.48 

“5 

2.87 
2.08 

c7 

1.59 
C8 

1.19 
C9 

0.69 
0.10 

11.99 

c6 

E l  0 

4; 
Saturated naphthenes 

Monocycl opa ra f f i  ns 42.64 
Dicycol pa ra f f i ns  8.50 
T r i cyc l  oparaf f ins 0.19 

51.33 

Unsaturated naphthenes 
Monocycl opa ra f f i  ns 5.32 
O i  cycl  opa ra f f i  ns 4.98 
Tr icyclopara ff i ns 0.90 

A1 ky l  benzenes 
0.89 
3.77 
4.76 
4.16 
2.58 
1.29 

0.10 

c6 
c7 
C8 
C9 
c10 
c11 
C12 

17.55 

Other compounds 

Indans 6.44 
Naphthalenes 0.59 
Phenols lml. wt)  

108 
122 
136 
150 

Total = 

0.13 
0.56 
0.19 
0.02 - 
7.93 

100.00 

Composition o f  400-650°F f r a c t i o n  

Saturated compounds Aromatic compounds 

n- pa ra f f i ns  4.8 A1 ky l  benzenes 12.6 
i -pa ra f f i ns  1.7 Indans & Te t ra l i ns  30.8 
Monocycloparaffins 14.0 Indenes 5.7 
D i  cycl  opa ra f f i  ns 7.9 Naphthalene 0.2 
T r i  cyc lopa ra f f i  ns 2.6 Naphtha1 enes 3.5 

Acenaphthenes 4.0 

Unsaturated nonammatic Acenaphthenes 2.2 

0.4 

31 .O 
(CnH2n-14) 

Wnocycloparaf f ins 4.3 ‘‘nH2n-16) 
4.3 T r i c y c l i c s  - 

“nH2n-18) 59.4 

Other compounds 

Other non- 3.10 
hydrocarbons ~ 

5.10 

Total = 100.00 

Composition o f  650-919°F f r a c t i o n  

Saturated compounds 

Paraffins 1.4 Para f f i ns  
Monocycl opara ff i ns 3.1 Monocycl oparaffins 
Bi cycloparaf f i  ns 0.6 B icyc lopa ra f f i ns  
T r i  cyc’oparaf f i  ns 0.7 T r i cyc lopa ra f f i ns  
Tetracycl oparaf f i  ns 0.4 Tetracycloparaf f ins 
Pentacycl opa ra f f i  ns 0.2 Pentacycloparaf f ins 
Hexacycloparaffins 0.1 Hexacycloparaffins 
Phenyls - 0.3 Phenyl s 

6.8 Total 

A1 k y l  benzenes 3.0 
Indans &for t e t r a l i n s  0.5 
Other ammatics* 72.8 
Phenolic compounds 1.5 
Other non-hydrocarbons 13.8 

91 .6 

Total  = 100.0 

*An appmximate breakdown of aromatic-type compounds i s  given below: 

Component type Mi l l imoles/100 grams 
Napthal enes 
Phenanthrenes 
Chrysenes 
1-2 ben-anthracenes 
3-4 benzphenanthrenes 
Pyrenes 
5-rinaed comoounds 

93.4 
91.1 
21.9 

0.0 
0.5 
0.3 
0.2 
0.2 
0.1 
0.1 
0.2 
1.6 
- 

14.6 
15.4 

5 1  
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Table A-18. Composition of  f r a c t i o n a t e d  products from Wyoming subb i tu -  
minous coal .  [Source: P r o j e c t  H-Coal Report on Process 
Development, February 1965 thruugh September 1967, Of f i ce  
o f  Coal Research, R & D Report No. 26.1 

Component W t  % Component W t  % 

Composition o f  C, - 400°F f r a c t i o n  

Satu ra ted  para f f ins  
0.20 
0.20 

4 
i Cd 

14.70 

Olef ins,  d i o l e f i n s ,  etc.  
0.02 
0.57 
3.12 
0.37 
0.16 

c6 
C8 
C9 
c10 
c11 - 

4.24 

Saturated naphthenes 
Monocycl oparaf f ins 36.82 

6.09 
42.91 

D icyc lopara f f ins  - 

Unsaturated naphthenes 
Monocycloparaffins 7.71 
D icyc lopara f f ins  7.28 
T r i c y c l  o p a r a f f i  ns 1.67 

16.66 

A1 k y l  benzenes 
1.38 
3.05 
3.83 
3.34 
1.86 
0.69 

14.13 

i; 
4 
c10 
c11 

1.38 
3.05 
3.83 
3.34 
1.86 
0.69 

14.13 

Other compounds 
Indans 5.11 
Naphthalenes 0.79 
Phenols (mol. wt)  

1 DR 0.41 .. 
122 
136 
150 

Total  = 

0.91 
0.36 
0.03 

7.61 
100.3 

- 

Composition o f  400-650°F f r a c t i o n  

Aromatic compounds Saturated compounds 
n - p a r a f f i  ns 8.8 A1 k y l  benezenes 6.7 
i -para f f ins  2.1 Indans & t e t r a l i n s  23.2 

Dicycol  paraf f i n s  2.7 Naphthalenes 12.3 
1.1 Acenaphthenes 12.7 

Acenaphthyl enes 1.7 

0.5 
Monocycl opara f f i ns 1.9 (‘nH2n-18) 65.8 

T r i c y c l  o p a r a f f i  ns - 0.4 Other compounds 

Monocycl opara ff i ns 7.5 Indenes 8.7 

T r i  cycl  oparaf f i  ns - 
22.2 (‘nH2n-14’ 

(‘nH2n-16’ Unsaturated nonaroma ti c 
P a r a f f i n s  1.4 T r i c y c l  i cs - 
O i  cyc l  oparaf f ins 0.8 

4.5 Phenols (mol. wt) 
108 
122 
136 
150 

0.4 
0.4 
1.5 
0.7 

Other non-hydrocarbons 0.2 
7.5 

Tota l  = 100.0 

Composition of 650-900°F d i s t i l l a t e  

Saturated compounds Unsaturated nonaromatic 
P a r a f f i n s  7.2 
Monocycl o p a r a f f i  ns 1.4 
D i  cyclopa ra  ff i n s 0.4 
Tr i c y c l  opara ff i ns 0.6 
Tetracyclopara ff i ns 0.5 
Pentacyclo pa ra  f f i ns 0.3 
Hexacycl o p a r a f f i  ns 0.3 

Other compounds 
A1 k y l  benzenes 0.2 
Other aromat ics* 74.0 
Phenol ic compounds 0.6 
Other non-hydrocarbons 12.6 

87.4 
Total  = 100.0 

P a r a f f i n s  0.6 
Monocycl opa ra  f f i ns 0.7 
O i  cycl  oparaf f ins 0.1 
T r i  cycl  opara f f i  ns 0.0 
Tetracycl  o p a r a f f i  ns 0.0 
Pentacycl o p a r a f f i  ns 0.0 

0.1 Hexacycloparaf f ins - 
1.5 

*An approximate breakdown of aromat ic- type compounds i s  g iven  below: 

M i l l i m l e s / 1 0 0  qrams Component type 
Napthalenes 91.7 
Phenanthrenes 116.7 
Chrysenes 26.1 

15.2 1-2 benzanthracene8 
3-4 benzphenanthrenes 
Pyrenes 19.2 
5-ringed compounds 5.1 
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I t  i s  reasonable t o  assume t h a t  i f  component dis t r ibut ion is  sensi- / 

t i ve  t o  coal sources, then i t  may also be sensi t ive t o  changes i n  operat- 
i ng procedures. The greatest  potenti a1 fo r  carci nogeni ci ty in th i s  
process would be expected from some of the materials contained i n  the 
340 t o  490°C fraction. 
t i f i e d  as aromatics and  aromatic-type compounds , for  example, phenan- 
threnes, chrysenes, 1,2- benzanthracenes , 3,4- phenanthrene , pyrenes , 
and five-ringed compounds could be hazardous. The nonhydrocarbon frac- 
tion and the phenolics should be considered as possible carcinogenic or 
co-carcinogenic (See Ref. 8) .  

Specifically,  the por t ion  of this fraction iden- 

The total  products of hydrogenation , the hi gher-boi 1 i n g  dis t i  11 ates , 
the f i l t e r ed  or centrifuged o i l s ,  the char, the residues, and the recycled 
solvent o i l  are a l l  potentially hazardous materials (See Ref. 9 ) .  
the complex nature of these products ca l l s  fo r  consideration of potential 
carcinogenic and  co-carcinogenic hazards involving the associated paraffins 
(solvents) ,  phenols, and high-molecular-weight aromatics. 

Also 

No information i s  available on the composition of stack gases and 
wastewater eff luents .  However, i t  is  expected t h a t  they, l ike those 
associated with coal gasification, are dependent upon the efficiency of 
the conventional clean-up subsystems. The wastewater probably contains 
traces of phenol , cyanide, hydrocarbons, and soluble inorganics. 

Synthoil Process (See Ref. 4 )  I' \ 

\ 

The Synthoil process was developed t o  l iquify and desulfurize low- 
quali ty,  high-sulfur coals i n  a single s tep ,  by ca ta ly t ic  hydrotreatment 
in a highly turbulent co-current upflow, packed-bed reactor t o  produce 
nonpolluting u t i l i t y  fuel o i l .  A s lurry of powdered coal in a portion 
of the product o i l  are combined with a mixture of recycle and fresh hydro- 
gen and introduced in to  the reactor packed w i t h  pe l le t s  o f  catalyst .  
The to ta l  reactor product stream i s  separated into i t s  respective com- 
ponents, gases, l iquids,  and unreacted solids by means of a gas dis- 
engager and a centrifuge. The l iquid i s  divided into recycle, quench, 
and product o i l .  The separated solids are pyrolized t o  yield additional 
product o i l  and a residue which i s  used t o  produce process hydrogen. 

Ammonia and  hydrogen sulf ide,  removed in purification of gas i f ie r  
gases, can be used fo r  the production of (NH4)2S04 while c 1 - C ~  hydro- 
carbons can be sold t o  nat'ural gas d is t r ibu tors .  

Experimental work w i t h  Western Kentucky coal in reactors operating 
a t  temperatures of about 450°C and pressures of 2000 t o  4000 psi yields  
a fuel o i l  and  residue whose compositions are shown i n  Table A-19. A. G .  
Sharkey, J r .  e t  a l .  (Ref. l o ) ,  report d a t a  given i n  Table A-20 and A-21, 
obtained by mass spectrometric analysis of Synthoi 1 products including 
heavy o i l  and asphaltene fractions,  showing that  they contain many haz- 
ardous hydrocarbons as well as organic sulfur  compounds. Shults,  W .  D. 
e t .  (Ref. 2) ,  have likewise shown i n  recent unpublished analysis resul ts  
of Synthoil product o i l ,  Tables A-22 t o  A-25, tha t  i t  contains many 
suspected carcinogens. 
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Tab1 e A-19. Analysis  o f  o i l  p roducts  and r e s idues  from hydrodesul furi- 
z a t i o n  experiments a t  450°C. [Source: Paul M. Yavorsky, 
U.S. Bureau o f  Mines, "The Synthoi l  Process ,"  presented a t  
the 67th Annual Meeting o f  AICHE, Washington, D. C . ,  
December 1974, No. 350J 

- ~ ~ 

Analysis ( w t .  %) 

coal processed coal processed 
4.6 percent sulfur 

a t  4000 ps ig  

3.0 percent sulfur 

a t  2000 p s i g  
- ~~ 

Sol vent anal ys i s 

O i  1 79.5 
Asphal tene 17.4 
Organic benzene i nsol ubles 2.1 
Ash 1 .o 

Product o i l  

Residue 
Organi c benzene inso lubl  es 
Ash 
Asphal tene 
Oil 
S u l f u r  

,, - 

Elemental a n a l y s i s  (ash  f ree)  
Product o i l  

Car bo n 
Hydrogen 
Nitrogen 
S u l f u r  
Oxygen (by d i f f e r e n c e )  

89.9 
9.2 
0.6 
0.19 - 

62.7 
24.4 
11.6 

1 .3  

33.1 
27.7 

9.0 
38.2 

2.10 

89.6 
7.6 
0.9 
0.31 
1 . 6  
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Table A-20. Major structural  types i n  heavy o i l  and asphal- 
tene fractions from Synthoil product. [Source: 
A. G. Sharkey, J r . ,  e t  a l . ,  "Mass Spectrometric 
Analysis of Coal -Derived Fuel s ) I '  U .  S . Bureau o f  
Mines ( i n  p r e s s ) . ]  

s t ru c t ur a1 typesa Heavy Oil Asphal tene 

Percent of Total 
Ionization 

A1 kyl benzenes 11 9 
1 ndenes 7 4 
Indans 9 2 
Naphtha1 enes 6 2 

Biphenyls 21 11 
Anthracenes; phenanthrenes 6 4 

4-rings, peri-condensed 5 11 
4-ri ngs, cata-condensed 3 9 

5-rings cata-condensed 1 5 
6-rings peri-condensed 1 10 
Phenol s 9 4 

Acenaphthyl enes 1 2  8 

Phenyl naphthalenes 5 6 

5- ri ng s, peri -con dens ed 4 15 

Including a1 kyl derivatives. a 
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Table A-21. Organic s u l f u r  compounds i n  t h e  products o f  coal hydro- 
genat ion.  [Source: A. G. Sharkey, Jr . ,  e t  a l . ,  “Mass 
Spectrometr ic  Ana lys is  o f  Coal-Dervied Fuels , I ’  U.S. 
Bureau o f  Mines ( i n  press) . ]  

Mol ecu la r  
mol. w t  formula I d e n t i  f i c a t i o n a  

L i g h t  o i l  134 
148 

162 

Heavy O i l  98 

138 

7 74 
184 

198 
208 
234 
248 
284 

‘gH6’ 
‘gH8’ 

c1 OH1 os 

gH 6’ 
‘sH1 Os 

‘1 2’8’ 
‘1 3H1 Os 

‘1 qH8’ 

‘1 6H1 Os 

‘1 7H1 2’ 

c1 1 H1 os 

C20H1 ZS 

Ben zo t h  i o  phene 
Methyl benzothiophene 
Dimet hy l  benzo t h  iophene 

Methyl thiophene 
Tetrahydro benzothiophene 
Benzyl th iophene 

D i  benzothiophene 
Methyl dibenzothiophene 

Benzo [de f ]  d i  benzothiophene 
Na t h t ho benzo t h  i op hene 
Methyl naphtho benzo t hiophene 
D i  naphthothi  ophene 

aBased upon molecular  formula determined by h igh-resol  u t i o n  mass 
spectrometry. Other isomer ic  forms poss ib le  i n  some instances. 
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Table A-22. Acidic compounds i n  Synthoil o i l .  [Source: 
W .  D. Shults e t  a1. 
Chemical and Biological Examination o f  Coal - 
Derived Material * ‘ I  ORNL/NSF/EATC-18, Oak 
Ridge National Laboratory, Oak Ridge, T e n n . ,  
Dec. 1975.1 

“Preliminary Results: 

Component Resul t 

Weak acids  0 meq/ga 
Very weak acids 1.10 meq/g 
Phenol 4.90 mg/g 
o-Cresol 2.36 mg/g 
m-Cresol 5.48 mg/g 
p-Cresol 2.96 mg/g 

a meq/g - mill iequivalent  per gram. 
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Table A-23. N-Compounds i n  Synthoil o i l .  [Source: 
W. D. Shults e t  a l , ,  "Preliminary Results: 
Chemical and Biological Examination o f  Coal - 
Derived Material ,'I ORNL/NSF/EATC-18, Oak 
Ridge National Laboratory, Oak Ridge, Tenn., 
Dec. 1975.1 

Compound Resul t 

Indole 
Skatol e 

210 ppm 
128 ppm 
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Table A-24, Sulfur compounds i n  Synthoil o i l .  [Source: W .  D. 
Chemical and Shul t s  e t  a1 * ,  "Prel iminary Results: 

Biological Examination of Coal -Derived Material ,I' 
ORNL/NSF/ETAC-78, Oak Ridge National Laboratory, 
Oak Ridge, Tenn., Bec. 1975.1 

Number of s u l f u r  compounds 
observed i n  GLCa p r o f i l e  Sample or subfraction 

.- 
Synthoil o i l  > 40 

Neutral. PAH f r a c t i o n  2c 

4-membered rings PAH subfraction none 
5-membered rings PAH subfraction none 

d r ings PAHb ~ ~ ~ f ~ a ~ ~ i o ~  -> :I:; 

,-- , --- 
aGI-C - gas-l iqu-a'd chromatographic. 

bFAH - polynuclear aromatic hydrocarbons. 
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Table A-25. PAH compoun s i n  Synthoil  o i l .  
[Source: W, D. Shu l t s  e t  a l . ,  
"Prel i m i  nary Results: Chemical 
and Biological  Examination o f  
Coal -Derived Material  ,I' ORNL/NSF/ 
EATC-18, Oak Ridge National Labora- 
t o r y ,  Oak Ridge, Tenn. ,  Dec. 1975.3 

Corn pa und Result (ppm) 

phenanthrene 
ben zo (a ) a n t hr ac  ene 
benzo (a)pyrene 

41 3 
1 8  
41 
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/- The sources of pol 1 uti on from a coal 1 iquefaction process uti l iz ing 
ca ta ly t ic  hydrogenation, and in general any liquefaction process, are 
the gaseous and  liquid eff luents ,  so l id  wastes, and trace metals i n  the 
product o i l .  The primary end source o f  polluting gaseous effluents i s  
the stack gas which i s  discharged to the atmosphere. The  s t ack  gas re- 
presents the combined gaseous effluents from the cleanup of acid gases 
and sour water which originated in the pyrolysis of coal and char and 
the ca ta ly t ic  liquefaction of coal. 
consist of H 2 ,  C H k ,  C 2 H 6 ,  H2S, N H 3 ,  H20 vapor ,  and other N -  and S- con- 
taining compounds. Unfortunately, accurate analytical data on many of 
the polluting gaseous effluents a re  n o t  available (See Ref. 10). 
l iquid eff luents  are the scrub-water and scrub-oil from the recycle gas 
purification system and from the make-up H P  generation section. No 
analytical data are available on these eff luents ;  however, data fo r  
those associated with gasification may be applicable. 

1 

Prior t o  cleanup, the effluents 

The 

Exxon Process (See Ref. 1 1 )  

Exxon i s  currently operating a one ton/day coal liquefaction p i lo t  
plant a t  Baytown, Texas, w i t h  the design of a 250-ton/day plant fo r  the 
same s i t e  one-half complete. 
scheduled for  completion i n  1978. 

The construction of the larger unit  i s  

I n  the Exxon process , cobalt molybdate catalyzes the hydrogenation 
of the finely divided coal suspended i n  and dissolved by a coal-derived 
hydrogen t ransfer  solvent. Except fo r  lower consumption of catalyst  \ /  

/, -\ 

(claimed by the developers), the Exxon process i s  very similar t o  the 
H-Coal process. 

The products , by-products , process streams , and waste effluents can 
be expected t o  be essent ia l ly  of the same composition as those of the 
H-Coal and Synthoi 1 processes. 

Liquefaction - Hydrogenation (Solvation) 

The depolymerization of coal u s i n g  solvents such as t e t r a l i n ,  decalin, 
aromatics , and coal -deri ved oi 1 s has been under i nves t i  gati on for  over 
50 years.  In bench-scale and  p i lo t  plant investigations,  the solubiliza- 
t ion of coal w i t h  solvents has been coupled w i t h  hydrogenation w i t h o u t  
benefit of added catalysts .  The ca ta ly t ic  e f f ec t  of the inorganics pre- 
sent  i n  the raw coal has been studied and i t  is  n o t  t o  be discounted. 

Solvent Refined Coal (SRC) 

The Solvent Refined Coal (SRC) process i s  essent ia l ly  a mild hydro- 
genation process t h a t  produces a low-ash , low-sul fur ,  hi gh-heating-Val ue 
l iquid o r  sol id  fuel from coal. In the SRC process, a highly aromatic 
solvent,  a by-product of the process, dissolves coal a t  454°C and 1,000 
psi i n  the presence of  a hydrogen-rich fuel gas. Ash and unreacted carbon y-1, 

\ 
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, \  

I \ /  

are f i l t e r e d  f rom t h e  r e s u l t i n g  l i q u i d  b e f o r e  i t  i s  f l a s h e d  t o  remove 
s o l v e n t  and l i g h t  o i l  f r a c t i o n s  c o n t a i n i n g  s u l f u r .  The remain ing l i q u i d  
I s  s o l i d i f i e d  by c o o l i n g ,  y i e l d i n g  t h e  l o w - s u l f u r  p r o d u c t  f u e l  (Syn-coa l ) .  
The byproducts f rom t h e  process f o r  which t h e r e  i s  a market a r e  elemental  
s u l f u r l l  phenols, c r e s y l i c  ac id ,  l i g h t  o i l ,  and ammonia (See Ref. 1 ) .  

S ince the  Syn-Coal p r o d u c t  con ta ins  many o f  t h e  h i g h e r  b o i l i n g  d i s -  
t i l l a t e s ,  i t  should r e c e i v e  the  same r e g a r d  as t h e  H-Coal and S y n t h o i l  
products .  A t  t h i s  t ime no d e t a i l e d  a n a l y s i s  i s  a v a i l a b l e  on t h e  SRC 
p roduc t .  

The l a r g e s t  volume o f  waste s o l i d s  f rom the  p l a n t  i s  t h e  m i x t u r e  o f  
coal ash and f i l t e r  m a t e r i a l  f rom t h e  f l u i d i z e d  bed b o i l e r s  c o n t a i n i n g  
a minimum amount o f  carbon and a low c o n c e n t r a t i o n  o f  s u l f u r .  These 
solids a long w i t h  the  s o l i d  r e s i d u e  from the  wastewater t rea tment  sec- 
t i o n  a r e  disposed o f  i n  t h e  mine. This  m a t e r i a l  i s  r e l a t i v e l y  i n e r t  
and shou ld  pose no problem o f  l e a c h i n g  and o x i d a t i o n ;  however, no known 
s t u d i e s  have been made i n  t h i s  area. 

The phenols and c r e s y l i c  ac ids  p resent  i n  process water  a r e  recovered 
by t h e  Phenosolvan process and a combinat ion o f  d i s t i l l a t i o n  and e x t r a c -  
t i o n ,  r e s p e c t i v e l y .  C r e s y l i c  a c i d  i n  t h e  wastewater i s  reduced t o  about 
100 ppm. Process water ,  c o n t a i n i n g  r e s i d u a l  phenol and c r e s y l i c  ac ids ,  
i s  f i  1 t e r e d  through a c t i  va ted  carbon. 

The gaseous e f f l u e n t s  w i l l  c o n t a i n  l e s s  than one percent  o f  t h e  s u l -  

I n  s o l v e n t - r e f i n i n g  opera t ions ,  p recaut ions  should be taken t o  a v o i d  

f u r  e n t e r i n g  t h e  p l a n t  and a l s o  some u n i d e n t i f i e d  components. 

c s n t a c t  w i t h  the  l i g h t  o i l  (naphthene) stream, the  f i l t e r  cake, t h e  f l a s h e d  
r e c y c l e  s o l v e n t ,  and f i n a l l y ,  t h e  l i q u i d  c o a l .  
a v a i l a b l e  on any o f  those streams. 

' ,  

No a n a l y t i c a l  da ta  a r e  
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