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ABSTRACT 

Passage of t h e  Resource Conservation and Recovery A c t  (PL 94-580) i n  
October 1976 w i l l  have far-reaching consequences f o r  many sol id-waste  
producing i n d u s t r i e s  i n c l u d i n g  f u t u r e  c o a l  conversion f a c i l i t i e s .  Since 
l i t t l e  i s  known about t h e  p o t e n t i a l  environmental  problems from conver- 
s i o n  was tes ,  a s tudy  is under way t o  e v a l u a t e  l a n d f i l l  methods f o r  
d i s p o s a l  of  t h e s e  was tes .  Residues from p i l o t  p l a n t  and commercial 
processes  a r e  be ing  c h a r a c t e r i z e d  i n  a 3- t ie red  t e s t i n g  program which 
incorpora tes  i n i t i a l  l a b o r a t o r y  leaching  s t u d i e s ,  f i e l d - s c a l e  lys imeter  
t e s t i n g  and a f u l l - s c a l e  l a n d f i l l  experiment. The informat ion  w i l l  l ead  
t o  engineer ing des ign  o f  s a f e  economical sol id-waste  l a n d f i l l s  f o r  
demonstrat ion p l a n t s .  

INTRODUCTION 

In October 1976, t h e  U.S. Congress passed t h e  Resource Conservat ion and Recovery 
Act which provides  f o r  f e d e r a l  r e g u l a t i o n  of t h e  t rea tment  and d i s p o s a l  of  s o l i d  
wastes  t h a t  r e p r e s e n t  a danger  t o  t h e  environment o r  t o  h e a l t h .  This  Act i s  t o  
s o l i d  wastes what t h e  Clean A i r  A c t  Amendments of 1970 are t o  a i r b o r n e  wastes and 
t h e  Federa l  Water P o i l u t i o n  Cont ro l  A c t  Amendments of 1972 a r e  t o  waterborne wastes .  
Compliance wi th  t h i s  l a w  may have far-reaching consequences f o r  a l l  c o a l - u t i l i z i n g  
s y s t & s ,  e s p e c i a l l y  those  necessary  f o r  t h e  demonstrat ion of advanced f o s s i l  f u e l  
t echnologies .  S ince  near-commercial demonstrat ion of c o a l  conversion processes  i n  
t h e  p r i v a t e  s e c t o r  is  impor tan t  f o r  meeting our  n a t i o n a l  energy o b j e c t i v e s  and s i n c e  
t h e s e  technologies  produce a voluminous s o l i d  was te  wi th  components t h a t  may poss ib ly  
be c l a s s i f i e d  as hazardous,  a r e s e a r c h  program w a s  undertaken t o  determine whether a 
problem e x i s t s .  Management of t h e  wastes from demonstrat ion p l a n t s  can b e  an 
important  f a c t o r  i n  demonstrat ing both  t h e  environmental a c c e p t a b i l i t y  and economic 
f e a s i b i l i t y  of a given a l t e r n a t i v e .  

FOSSIL ENERGY DEMONSTRATION PROGRAM 

In order  t o  a p p r e c i a t e  t h e  r o l e  of environmental  performance i n  t h e  demonstra- 
t i o n  of advanced f o s s i l  energy technologies ,  i t  is h e l p f u l  t o  understand t h e  program's 
o b j e c t i v e s ,  s t r a t e g y ,  and s t r u c t u r e .  
t i o n  program a r e  shown i n  F i g .  1. 

The o b j e c t i v e s  of t h e  f o s s i l  energy demonstra- 
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Environmentally, demonstration plants are unlike pilot plants. The latter are 
normally concerned only with process development whereas a demonstration plant has 
many areas of concern. The industrial partner in a demonstration project must show 
that his process is economically feasible, technically sound, and environmentally 
acceptable on a near-commercial scale. 
technology, he must keep abreast of ever-changing environmental obligations. 
must meet the NEPA requirement; he must address New Source Performance Standards; 
and he must remain alert to new regulations stemming from the Resource Conservation 
and Recovery Act. 

Not only is he challenged by an emerging 
He 

Figure 2 is a list of current planned demonstration plants. 

In recognition of and to help alleviate the stresses, the government stands 
ready to support the early phases of demonstration with ample guidance to the indus- 
trial partner and with necessary research to develop information needed to respond 
quickly to crucial questions. The research discussed in this paper was an outgrowth 
of this information need. 

THE SOLID WASTE PROBLEM 

It was recognized even before enactment of the Resource Conservation and 
Recovery Act that solid wastes from coal conversion had the potential for causing 
adverse environmental impacts. 
all wastes from coal conversion facilities will be solid wastes. Air and water 
quality are closely regulated. 
discharge into these media,. Consequently, air and water emissions will need to be 
converted into solids (Fig. 3 ) .  Thus, what would have been an air and water emis- 
sions problem becomes a solid-waste land-disposal problem. 

What may not have been recognized was that virtually 

This means little if any waste will be allowed 

Figure 4 shows the solid wastes associated with some of the unit operations in 
a gasification process stream. 
and potentials for environmental effects. 
directed at the wastes that are unique to coal conversion, those in the dashed 
circles. Our aim is to identify possible contaminants, to isolate the process 
parameters with which they are associated and to produce engineering designs that 
incorporate effective treatment or control schemes. By studying processes in opera- 
tion, and by examining the wastes they produce, we plan to develop information about 
the environmental consequences of land disposal of coal conversion solid wastes. 

These cover a wide variety of materials, properties, 
The studies to be discussed are presently 

LANDFILL DISPOSAL 

Solid wastes from conversion processes must be disposed of .  A plant processing 
3000 tpd of coal with a 10% ash content will require disposal facilities for at 
least 300 tpd of solids. 
But little is known about landfilling of coal conversion wastes, and data from 
landfilling of other wastes indicate the possibilities for environmental disruption 
(Fig. 5). 

Landfilling is a readily available disposal technique. 

Although surface runoff can transport contaminants, the primary environmental 
impact from a landfill would occur by transport of precipitation-generated waste 
leachate into groundwater through the subsoil. It is not yet known whether leachate 
from coal conversion wastes will be a problem, but in the event that it is, control 
of subsurface movement of the leachate will be the best means for protecting the 
groundwater. 
identifying and utilizing their absorption and exchange properties, we hope to come 
up with an effective economical landfill design. 

By studying the soils that comprise this subsurface environment, by 
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WASTE MANAGEMENT RESEARCH 

The problem is  be ing  i n v e s t i g a t e d  a t  t h e  Oak Ridge Nat iona l  Laboratory as p a r t  
of  an ongoing s tudy  now i n  i t s  second year .  The f i r s t  segment of the  program was t o  
draw toge ther  a wide v a r i e t y  of r e l e v a n t  information,  t o  a s s e s s  t h a t  in format ion  and 
t o  provide  an environmental  source  book on s o l i d  waste d i s p o s a l  a s  i t  bears  on  c o a l  
conversion.  The document addresses  t h e  environmental, e c o l o g i c a l  and b i o l o g i c a l  
a s p e c t s  of  coal  conversion s o l i d  wastes. It w a s  concluded t h a t  d e f i n i t i v e  s t u d i e s  
were needed i f  t h e  wastes were t o  be  depos i ted  s a f e l y ,  economically, and permanently 
by l a n d f i l l i n g .  The exper imenta l  s tudy ,  which i s  the main s u b j e c t  of t h i s  paper ,  
w a s  undertaken t o  address  t h i s  need. 

OBJECTIVES 

To meet t h e  o b j e c t i v e  of t h e  program, which is t o  develop engineer ing des igns  
f o r  s a f e  economical d i s p o s a l  of conversion s o l i d  wastes from demonstrat ion p l a n t s ,  
t h e  p r o j e c t  i s  s t r u c t u r e d  around a real-world s i t u a t i o n .  Process  wastes w i l l  be 
obta ined  from p i l o t  and commercial p l a n t s  and they6wi l l  be examined i n  a n a t u r a l  
s e t t i n g ,  i n  contac t  w i t h  normal s o i l s  e s p e c i a l l y  those  from demonstrat ion sites. 
Process  wastes t o  be  s t u d i e d  inc lude :  (1) Slagging Lurgi ,  ( 2 )  COGAS, ( 3 )  HYGAS, ( 4 )  
CO2 Acceptor ,  ( 5 )  Synthane, (6) BI-GAS, (7 )  B a t t e l l e  Agglomerating Burner, and (8) 
WestinghouselWalz M i l l s .  

SCOPE 

The program i n c o r p o r a t e s  t h r e e  main l e v e l s  of t e s t i n g  (Fig. 6 ) .  Each level of 
d a t a  c o l l e c t i o n  w i l l  s u p p o r t  t h e  next  such t h a t  a s  in format ion  accumulates i t  should 
b e  p o s s i b l e  to  e v a l u a t e  and p r e d i c t  n o t  on ly  t h e  short- term but  a l s o  t h e  long-term 
behavior  of buried wastes. 

METHODS 

Laboratory s t u d i e s  

For coa l  conversion wastes, l a b o r a t o r y  experiments  are e s p e c i a l l y  important .  
Not on ly  i s  the  composition of t h e  wastes v a r i a b l e  and process  r e l a t e d ,  they conta in  
a n  abundance and wide v a r i e t y  of trace element and organic  materials. Also, s i n c e  
l i t t l e  i s  known about t h e i r  l eaching  behavior ,  c o n t r o l l e d  l a b o r a t o r y  leaching  s t u d i e s  
are needed t o  i d e n t i f y  t h e  e f f l u e n t s  f o r  t h e  more comprehensive s u r r o g a t e  l a n d f i l l  
s t u d i e s .  

S o l i d s  c h a r a c t e r i z a t i o n .  Each r e s i d u e  w i l l  be  c h a r a c t e r i z e d  p h y s i c a l l y  and 
chemical ly  and t h e  p r o p e r t i e s  w i l l  b e  compared wi th  those  of t h e  feed  c o a l  from 
which i t  was der ived.  P r o p e r t i e s  such as s o l u b i l i t y ,  d e n s i t y ,  p o r o s i t y ,  compac- 
t i b i l i t y  and p a r t i c l e  s i z e  d i s t r i b u t i o n  w i l l  be  determined. 
t h e  s o l i d s  w i l l  inc lude  major  components, t r a c e  elements and organic  conten t ,  i f  
any. 
and chemical  p r o p e r t i e s  w i t h  those  of t h e  process-der ived res idues .  

Chemical ana lyses  of 

Coals w i l l  be  ashed under s tandard  l a b o r a t o r y  condi t ions  t o  compare t h e  p h y s i c a l  

S o i l s  c h a r a c t e r i z a t i o n .  S o i l s  can a c t  as a l a r g e  i n t e r a c t i v e  medium f o r  many 
t o x i c  leacha te  e f f l u e n t s  which can b e  e i t h e r  absorbed o r  p r e c i p i t a t e d  by s o i l  com- 
ponents .  Like c o a l ,  t h e  p h y s i c a l ,  chemical and minera logica l  composition of s o i l  
v a r i e s  widely and consequent ly  i t s  c a p a c i t y  t o  r e t a i n  t o x i c  e f f l u e n t s  v a r i e s  a l s o .  
S o i l s  w i l l  be c h a r a c t e r i z e d  f o r  t h e i r  pH, b u f f e r  c a p a c i t y ,  ion-exchange capac i ty ,  

U 

I 

I 
I 

I 
248 



4 

lime equivalent, and mineralogical composition. The absorption - desorption 
behavior of soils will be examined with the aim of characterizing the persistence Of 
leachate components in a landfill environment. 

Batch leaching tests. Leaching under laboratory conditions will be conducted 
both in the batch mode and by use of leaching columns. 
trace elements and organic compounds. 
ates natural flooding conditions or submergence of landfill materials as when 
mounding of a shallow groundwater table occurs. 
will indicate not only the inherent solubilities of trace substances in the wastes, 
but varying the pH of the effluent will provide data on waste behavior under neutral, 
dilute acidic or dilute alkali conditions. 
mixtures of residues with soils to determine the direct effect of soils of leachate 
quality. 

Emphasis will be on eluting 
Batch sampling is fast and simple. 

Analyses of the batch effluents 

It simul- 

Batch leaching will be examined also for 

Column leaching tests. Leaching in columns (Fig. 7 )  allows control of condi- 
tions to more closely simulate the natural movement of soluble constituents. 
apparatus is simple, quickly assembled, and gives readily reproducible results. The 
leaching solution will be varied between weakly acidic and weakly alkaline, and 
fractions will be collected as functions of time and volume throughput. Samples, 
which will be compared with background-level blanks, will be analyzed by suitable 
methods to obtain accurate qualitative and quantitative characterization of the 
constituents. Multielement methods such as neutron activation analysis, atomic 
absorption spectrometry and isotope dilution mass spectrometry will be examined. 
indicated, organic materials will be separated chromatographically and analyzed by 
mass spectrometry. 
representative soil and residue combinations. 

The 

If 

As with the batch tests, column leaching will be performed using 

Standardization of procedures. Standard leaching procedures have not been 
established for coal conversion wastes. Therefore, while collecting leaching data, 
methods will be studied with the aim of recommending standard procedures. 
leaching behavior of waste materials depends not only on the nature of the wastes 
but also on soil type and constitution, these considerations will be incorporated in 
the recommended protocols. 

Since 

Field-scale lysimeter studies 

As soon as laboratory experiments are well under way, field studies will be 
initiated. Field-size lysimeters have been used in conventional sanitary landfill 
studies as well as for examining burial ground behavior of radioactive solid wastes. 
Figure 8 shows the typical lysimeter which will be exposed to natural weather con- 
ditions during field studies. 

Use of field-scale lysimeters as a transition between laboratory and 
demonstration-size experiments has several advantages. They: 

(1) require less waste 

(2) prevent leachate escape 

(3)  eliminate wall effects, and 

( 4 )  cost less. 

Whereas the lysimeters will be large enough to prevent wall effects, the amount of 
waste needed to simulate a loaded landfill is orders of magnitude less than a normal 
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b u r i a l  s i te.  Nonetheless ,  l a r g e  volumes of l e a c h a t e  can b e  generated and c o l l e c t e d  
wi thout  r i s k i n g  d i s c h a r g e  of l e a c h a t e  t o  t h e  environment. But t h e  primary advantage 
is t h e  smal l  c a p i t a l  inves tment  n o t  on ly  f o r  t h e  d a t a  obta ined  b u t  f o r  t h e  experien- 
t i a l  information needed t o  e s t a b l i s h  des ign  c r i t e r i a  f o r  t h e  l a n d f i l l  b u r i a l  s t u d i e s .  

The lys imeters  w i 1 . l  be  loaded wi th  s o i l  and waste  t o  s imula te  a v e r t i c a l  c r o s s  
s e c t i o n  of a l a n d f i l l  t r e n c h ,  and w i l l  be designed t o  prevent  escape of l e a c h a t e  
i n t o  t h e  environment. 
t o  determine t h e  e x t e n t  of trace element and organic  compound a t t e n u a t i o n .  
methods, developed dur ing  t h e  l a b o r a t o r y  phase, w i l l  be appl ied  t o  both t h e  s o l i d s  
and leacha tes .  

Both s o i l  and l e a c h a t e  w i l l  be  sampled f r e q u e n t l y  and analyzed 
Analy t ica l  

A s  a f i r s t  s t e p  toward p r e d i c t i n g  long-term e f f e c t s ,  d a t a  gathered during t h e  
l y s i m e t e r  phase w i l l  b e  used t o  test and modify in-house t r a n s p o r t  models f o r  sub- 
strate behavior of t r a c e  contaminants .  
e s t a b l i s h i n g  t h e  f i e l d  b u r i a l  s t u d i e s .  Modeling s t u d i e s  are a n  ongoing a c t i v i t y  a t  
ORNL having been i n i t i a t e d  t o  c h a r a c t e r i z e  movements of low-level  r a d i o a c t i v e  wastes 
from b u r i a l  grounds. 

Resul t s  w i l l  be used i n  des igning  and 

L a n d f i l l  b u r i a l  s t u d i e s  

Curren t ly ,  d i s p o s a l  of  c o a l  conversion s o l i d  wastes i s  assumed t o  be  performed 
us ing  l a n d f i l l  methods s i m i l a r  t o  t h o s e  used f o r  convent ional  municipal  o r  indus- 
t r i a l  s o l i d  wastes. R e s u l t s  of t h e  labora tory-  and f i e l d - s c a l e  lys imeter  t e s t s  when 
completed, w i l l  i n d i c a t e  whether  t h i s  convent ional  method of s o l i d  waste d i s p o s a l  
w i l l  b e  environmental ly  a c c e p t a b l e  o r  whether unconvent ional  des igns  w i l l  be requi red  
f o r  d i s p o s a l  a t  convers ion  f a c i l i t i e s .  

B u r i a l  s t u d i e s  w i l l  be  conducted a t  t h e  demonstrat ion s i te .  L a n d f i l l  designs,  
developed dur ing  t h e  l y s i m e t e r  s t a g e  of the  program, w i l l  be implemented i n  f u l l -  
s c a l e  f i e l d  s t u d i e s  a f t e r  c h a r a c t e r i z i n g  the  subsur face  hydrogeology of t h e  proposed 
b u r i a l  a rea .  A moni tor ing  p l a n  w i l l  be e s t a b l i s h e d  a t  t h e  l a n d f i l l  s i t e  t o  sample 
both  t h e  l a n d f i l l  and s u b s u r f a c e  s o i l s ,  and t o  monitor groundwater movement and 
q u a l i t y .  
bo th  t h e  s i t e  and t h e  moni tor ing  p lan .  

Data obta ined  from t h e  pre l iminary  modeling s t u d i e s  w i l l  he lp  e s t a b l i s h  

Ful l - sca le  modeling s t u d i e s  w i l l  be  conducted concurren t ly  with t h e  b u r i a l  
work. 
long-dis tance environmental  impacts. 
are found t o  occur  not only  20 t o  30 y e a r s  a f t e r  b u r i a l  b u t  o f t e n  long d i s t a n c e s  
from t h e  b u r i a l  s i te.  
components of t r a c e  contaminant  mobi l iza t ion .  The movement of Contaminants w i l l  b e  
descr ibed  i n  terms of hydrogeologic  parameters  such as subsur face  l i t h o l o g y ,  minera l  
c o n s t i t u e n t s ,  t e x t u r e  and s t r a t i g r a p h i c  s t r u c t u r e ,  and a q u i f e r  geometr ica l  p r o p e r t i e s .  
Scenar ios  f o r  t r a n s p o r t  w i l l  be  developed and t e s t e d  us ing  d a t a  c o l l e c t e d  i n  t h e  
f i e l d  monitoring opera t ions .  

The r a t i o n a l e  f o r  modeling comes from t h e  need t o  p r e d i c t  p o s s i b l e  long-term, 
Most i n c i d e n t s  of groundwater contaminat ion 

Mathematical models s imula te  both t h e  s p a t i a l  and temporal 

A s  ind ica ted  by t h e  exper imenta l  r e s u l t s ,  m i t i g a t i n g  measures w i l l  be  developed 
t o  be commensurate w i t h  b o t h  t h e  p r o b a b i l i t y  of escape of contaminants and wi th  t h e  
estimated r i s k  a s s o c i a t e d  w i t h  t h e i r  p o s s i b l e  escape.  

Research on t h i s  program has  been ongoing f o r  t h e  p a s t  year  and a h a l f .  The 
s t a t u s  of the  experimental  s t u d i e s  w i l l  be d iscussed  and r e s u l t s  of d a t a  c o l l e c t e d  
dur ing  t h i s  per iod  w i l l  b e  presented .  
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SLAGGING LURGI 

ORN L-DWG 77-21325 

CONOCO COAL DEVLOPMENTCO. 

DEMONSTRATION PROGRAM OBJECTIVES 

0 TO INDICATE TECHNICAL AND ECONOMIC VIABILITY OF 
NEAR-COMMERCIAL SCALE PROCESSES 

0 TO SPREAD THE DEMONSTRATED TECHNOLOGY 
QUICKLY TO PRIVATE INDUSTRY 

ING PARTIAL FUNDING TO MINIMIZE THE RISK 
0 TO ENCOURAGE INDUSTRY PARTICIPATION BY PROVID- 

0 TO VERIFY THE ENVIRONMENTAL ACCEPTABILITY OF 
PROCESSES PRIOR TO FULL-SCALE COMMERCIALIZATION 

Fig. 1. Demonstration program objectives. 

AIR 

ORNL-OWG 77-21324 

FLUE GAS DESULFURIZATION SLUDGE SO2 
PARTICULATES PRECIPITATES 

DEMONSTRATION PLANTS 

WATER DISSOLVED MINERALS PRECIPITATESOR SOLIDIFIED LANDFILL 
P R 0 DUCTS 

SUSPENDED PARTICLES SETTLED SLUDGES 

COGAS 

TEXACO GASIFIER IFOR NH31 

U GAS 

WOODAL-DUCKHAM 

HYGAS 

SOLVENT REFINED COAL 

LAND 

ILLINOIS COAL GASIFICATION GROUP 

WR GRACE 

MEMPHIS, LIGHT, GAS, AND WATER 

ERIE  MINING 

(DESIGN PHASE ONLY1 

(PLANNING) 

FLY ASH SCURRY ASH SOLIDS LANDFl L L  

SLAG OR BOTTOM ASH SOLIDS 
SLURRIES 

Fig. 2. Demonstration plants 

ORNL-DWG 77-21323 

Fig. 3. Examples of emissions @isposition. 
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ORNL-DWG 77-21322 

SPOILS WASHWATER 
L A N 0  DEBRIS ROCK, DEBRIS REFUSE FGD SLUDGE 

F H F t - ]  k/ PRODUCTIONS UTILITIES 

Fig. 4.  Waste solids produced in a gasification facility. 

I I ORNL DWG 77-14942 
R.ripil.lia 

I ; i r  

Fig. 5. Leachate formation and movement. Source: D. R. Brunner 
and D. S. Keller, "Sanitary landfill design and operation," EPA SW-65ts, 
1972. 
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ORNL-DWG 17.21321 

LEVEL I 
CHARACTER I ZE 

LABORATORY 

COAL 

D A  TA 

FIELO-SCALE 
LYSIMETER 

EVALUATE 

LEVEL II 
EVALUATE 

LEVEL 111 
PREDICT 

LEACHATE 

ATTENUATION 

TO 

STUDIES 

PREDICT 

ATTENUATION GROUNDWATER 
QUALITY 

F i g .  6 .  Tiered approach of the  ORNL Experimental L a n d f i l l  
Program. 

m 
e 

254 
I' 

m, 
I 



10 

E S - 4 2 4 4  
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Fig. 7. Typical constant-water-head leaching column. 
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E S - 4 2 4 5  

P L A N  V I E W  E L E V A T I O N  

NOTES: 
1. MATERIALS OF CONSTRUCTION - FIBERGLASS, PVC, 

OR ALUMINUM 
2. SAMPLING MAINLY AT BOTTOM; SOME CYSlMETE,RS 

WITH SAMPLING POINTS AT VARIOUS DEPTHS 
3. RELYING ON NATURAL RAINFALL WHEN POSSIBLE 
4. PLACED ABOVEGROUND INSTEAD OF UNDERGROUND 

TOSIMPLIFY SAMPLING AND TO REDUCE COSTS 

F i g .  8. Typical lysimeter. 

256 


