
CHAPTER ii 

NANAG~W~NT GF SGLID WASTES 

2.,1. Energy Center Waste Clasai~cation 

An inventor# of ~he laborato~j chemicals and general process 

wastes generated by the research activities at the Pittsburgh Energy 

Technology Center was conducted during Fiscal Year 1977. ~) As a 

result of that survey~ the laboratory che~3cal wastesj solvents~ dusts, 

sludges and slag reported are listed in tabular form in Table 2-1. 

Although the quantities reported ms~ have been as low as twenty milli- 

litersj we have included all substances found in order to develop a 

comprehensive listing. Quantities of the specific waste categories 

that are generated at the facility ~Ii have great influence on the 

optimal methodology to be used for the transport and disposal of the 

residues. In order to provide the proper perspective, Table 2-2 lists 

the waste streams (and volumes) in the order of volumes generated. 

Table 2-1 is based on statutory definitions proposed by the regu- 

lations now being pramulgated by the U.S. Environmental Protection 

Agency. Upon determination or assignment of the probable hazard class 

(using haud~ook data) of the residues, a suggested processing and/or 

disposal technique is indicated. The management alternatives are se- 

lected on the basis of the waste parameters and the system which 

be approved by the cognizant enforcement authorities. Some laboratory 

chemical wastes axhibit more than one hazardous feature ~d (in this 

iustance) a judgement was made to select the processing or disposal 

method most suitable for the ~mltiple hazards. 
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WASTE S~]STA~CE l~It. 

Aceto.c... C![~OOCI?] X 
^ce~tt~d (~tRylc~nlda) ............... X 

,,, ,,, 

klcoh~l, Ethyl CI[3CH20H 

~oh~X,, .~'~'Y~ ~9o~ ...... x 
Alcohol, Isoprcpyl X 

~ A~O,~ 

~monium' ~dr~xidc N~hO]! 

Ammonium S~ide Ci~[4,)~ ~ 

X 

l~nzyl t k ~ r c a p t a n ! . ~ p h a  .t.ol,,u, enethi,,al) 

Bcrlc Acid 

~tyX C~or~dc (~ ~ o ~ u t ~ )  x 

Codmium S,~Ifide 

Calcium Carbor~.e CaCO~ 

Ca,~.on, Spent Activated ,,, 

Ca~oon Dieulflde X 
,,, , ,, 

Carbon Te~raehloride 

~lorofor~ 

Coal Dust - , .... 

Coal Derived Liquids ? 

Cyclehexane X 

T M B 0 Lrmd 
R C Torlc. Nut.~. Bioacc. To~ic. Pretrcat Incinero DLspc.al rm~mrks 

P ~ a c t ,  Corms. Heav~ ~ Fr~ctlo 

" * " - - - X 
| 

X ~ - - ? - X I LD~,.~-~,..2 ~ / 1  E L I H I ~ A T E | [ |  

- 4 ~  - - -  _ . . ~  X 
. . . . .  | 

- * - - - - X 

- * - . . . .  X 
| , , ,  

. . . . .  X }~%y be carcinogenic inhaled 

- X (wet,) - - "'!' - - X ! Unccn~a~ina;e'd ' (no  O r g a n i c s )  

X X (Ue~) X - - - X X ]|eutTnlizc if necessary 

. . . . .  | ,,, 

, , , | 

- - - ? - X X 

| Human LD~O-2.6 mg/l ~'o~en~ - - - - - X X X Poi,on . . . . . . . . . . . . .  ]L '" ? .... X 

• . . . . .  m " " ' " '  

- * , - ~ - ? X X 

X * - ~ - - X X X Will release chlorln~-bureod 

X * - - f - X X 
,, , , , 

- * . . . . .  X X 
, . ,  , , 

.... _ . . - - X 

- X ( . c ~ )  - - - . . . . .  - X 

- - X ? - X X 

. . . . X ? X t 

- - - - X X X 

. ? 7 '  ? ? X 

? ? ? ? 
. ? ? ? ? ? 

? ? ? ? ? ? 
,, , , ,  

X 

X 

X 

X 
,, ,,, . . . .  

- - X  

- ~ p e n d s  on  c e n t n m i n a n ~  

I~leasee toxic i~,me on burn. 

On Controlled Subat,nce List 

Insufficient Data 

Insufficient Data 

Insufflc~ent Data 
i , 

InsuEflcient Da~ 
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WASTE SUBSTANCE 

~c~dronmpthalene (Decal in) 

~c~oro--t~e (--t~Irlene c~or.) 

l)Icyclo~ni~Ldier~ 

D~t~l~ Trl~e 

~L~ t~lglox_tm 

Ethanol (Grain Alcohol) 

Ether~ Petroleua (See Ben:erie) 

Etb~l Acetate 

I R C T M B 0 
Ignit. React. Corms Tox. Mutag. 81oacc. Tox/c 

Hma¥. MS t Org. Ft. 
? X 

. . I .  - . - X 

- - X 

. - . . . - ? X 

. . . .  - ? X 

X ~ @ - - 

X X- - - " 

X - * - . . 

Pr~treat 

X 

FaT-~e r ~ l n ~ I d a  FeCII 
Ferric Nitrate Fe(NO~) I 

Fluorocarbon (Chloropenta rluoroethane 
For,mldel'~de (Formalln) 

Frlon TF 

1 -Heptane Thlol 

lleptadecanol 

Hoptana (lloptyl H~Irlde ) 

2, h-Hexadienal 

~x~na (He~1 Hydride ) 

Hydrochloric Acid 

Hydrofluoric Acld 

Isooc tans ( 2 -mat~yl hep~Sne) 

Kerosm~ (Ul t r a~ne)  

Lithium AluahTdrlde (In e the r )  

Lithium Borohydrlde 

F~Ene s t u  Chlorlde 

Mercuric Sulfide 

Methanol 

X 

• J+ 

X X 

X * 

n u a u a m  
n n U m m m m  

n m m n m m  
m 

n n m m m m  

m " • 

X * 

• X E ? - - 

X X X ? - - 

m 

_ _  I m m 

Table 2.1 Fac i l i t y  Waste L is t ing ,  Hasardous Class i f i ca t ions  and R e c o ~ d e d  Disposal Methodology (~ontinued) 

Inc ~lle l'e 

X 

X 

X~ , 

Land 
DA~posal 

X 

l 

X 

Remarks 

LD~9".Oh mE/1 ELIMINATE|If 

Reactive. Caution in handling, 

Use Caution In 8urnin~ 
Use Caution in Burning 
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I R C T )! B 0 " l.~nd 
WASTE SUBSTANOE Ignite React. Cortes. Totals Mutag. Bisect. Toxic Pratreat inclnero D~pcsE 

, [q,. }f.~, ,, .Or~.. Fr.:: i X 
_ 1~t.bvl n~tbalene CI QIIyCH l " ' " " " ? - Jl | . . . .  

H~£hylens £~ilol-lde ( Dichln r~ tkylcn e) " " * " ? - X ]I X |,, X 
,,. , , 

'n'-Butyl Chlerld~ ( c a r b i n y l )  X * X It I 

n - C a p r l c  a c i d  ( d e c n n o i c  a c i d )  .... - . . " ' " '  ' II " ] . . . .  

n-Butyl Rmlns (1-amhnsbut~ms) X " * " ? ? X ' [l ' | X 

}~itric Acid " ' - .... X - . .... ~[ ! 

~I£tromoth~n~ X * ,,, ? ..... I~ X , i X 

Oil, C~mpro ssor . ? ? ? :l" l 

O i l ,  Fuel , - ,  ,, - ~ ? ? X 

Oil, P~ns ]I : ! 

. . . . . . . . .  "' " " i[ [ -I 
o ~ ,  ~ . . . . . . . . . . .  . " . . . . . .  " " ;' , ? ? ...... t l  I x I 

on ( m ; - c ~ l )  " " " " ~ ? ? X 

, x Oil and T a r  . . . .  ~ ? ? II "' l 

Octane  ..... X X * -_ - - X 
. . . . . . . . . . . . . . . . . . . . . . . . .  H I 

..... I I 
p - C h l o r o t h i o p h e n o l  ( C h . ' L o r ' .  ' m o n o l )  ..... - K ( f u m o ~ )  . . . .  - - . ~:  ][ ' . . . .  I ' r  [ 

Pentane . . . . . . . . . . .  X ~ ( h e a t e d  " - ~ " - . X , 

PerclL!pr&c Acid - X X - - . X 

Phenol C6H.~OH . . . . . .  - X * - - - X If' X J X l! 

...phenyl..2-tbionyl r~tone . . . . . . . . .  - ~.(.h.s.a.to..d..) - , .......... - -- Z X X 

. msnotbigzene %?,Vg[~S . . . . . . . . . . .  - X * - - X X X 

Pho~.phorl, c A, cl,,d,, , - ..~(heated)" X -' " - X ...... 

Pho_sphorous, P.ant ox ide  - X X - . . . ~_ ,, 

Potassium Chloride . . . .  " ' ' 

. . . . .  : :  " - ' : " II 
~,-ProPsnol,,  ( ,Propyl  A l c o h o l )  . . . . . . . .  X . . . . . .  . . . . . . .  I , - -  X 

Pyridene X X - - - X X %i . . . . . . . .  
2-Pontanol (msthyl p repyl cabin X * ~ ? X ;{ X ~ II 

. Q, Inol_/l~a - X(heatcd - " " :' ' - X . . X X 

= ,  , . . . . . .  

Sodium,  H ~ t a l  - X 
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l l ~ r k s  

On ZP~ P r i o r i t y  ~ m i c ~ l ~  l i s i  

O~e~nls 

T/out ralize 

Higb/y R e a c t i v e - S e g r e g a t e  

J ,  

p By S t a t u t e - O i l s  a r e  h a z a r d o u s  

i See  A b o v e .  ~ u r i ~ e ~  toxic 

!Non-pstro. b a s e  not Inc!.d~d 

IMzar. b y  Statute 

S e e  Above ...... 

See  Above 

Seg~ate-O~dlzer 

On BeT Poivon B List 

Potent P o i s o n  

x , . !_%utr~:  ~2. ,  

X I~ }leutrallze 

X ,, 

Aigb/~reective in ~ater 
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I R C T M B 0 
• ~ u t a g ,  [ o a e c .  T o x i c  Protreat [ n e l n e r .  ~l_~posal 

WASTE S I ~ S T M ~ C E  I g n i t ,  React. C o r r o s .  t .. ) r e .  Fr.: 

~dlum B o r o h y d r i d e  (Powder)  NaBH~ l . . _ X 

Sodium H y d r o x i d e  X . _ _ X 

Solvent, Hy ffl_ash ? ? ? ? 

S o l v e n t ,  D e g r e a s o l  " ~_ ? ? ? 

S o l v e n t ,  C l e a n i n g  Na:,T ~0 '  ? ? . ? ? 
X 

S u l f u r i c  Acld  . . . .  

Tet rahydx~furan (ether) X X . , .  . _ X 

T h t o b e n z a n t l  i da  - X * _ ? ? X 

~ l o c r e s o l  -- X * ? ? ? I 

T h l o f u r a n  X X * - ? - 

Thiophenol ( P h e n o l  ~ m , ~ a p t a n )  - X * . - X 

Thloxylenol C~H~ X X * _ - _ X 

Toluene  (me thy l  benzine)C6H~CH ~ X X * . _ • X 
F 

Trans-2-Butene X l * - ? l l : 

~ - 2 - ~  T ~ t ~ X ~ n ~ ,  - - : ? - X 

Trl-sod lure p h o s p h a t e  - - _ - . X 

l y l n r ~  

F l y a e h  

S l a  K 
Lime S l u d g e  

C o a l  C o n v e r a l ~  l .~a~ te  Water 

~ O C O  5 B  (~',m'P 

C o a l .  Converslc~ Solid T, l a s t ,  e ~  ( C h a r } . . .  

Liquefaction ~@_qi~-,,'~ 

X X * - X • 

7 

X 

? ? ? ? • 

7 ? ? ? l 

? . . ? .X 

? ? ? ? Z 

? : ? ? I 

? ? ? 7 _ X  
? ? ? ? 1( 

T a b l e  2 ~  F a c i l i t y  Waste L i s t i n g ,  Haza rdous  C l a s s t f i c a t i m , s  and ~ c o ~ e n d c d  D i a ~ s a l  F~thodology ( C o n t i n u e d )  

l~marks  

Neutralize 

Impurities determlne toxiclt 

See above 

Seen bore 

Neutralize 

May form u n s t a b l e  p e r o x i d e  

Reactive-Care in Burn ing  

( p s e u d o d o c u m . l n e )  _ 

N e u t r a l i z e  

Depends on the  lmpur i t . lBs  

See Above 

~ , ~ = ~ s  on i m p u r i t i e s .  

See Above 

See above  

See Above 



GALLONS 

z ,  o z ,  ( 1 1 m r i c a t i , ~ )  . . . ,  ° . . . . . . . . . . . . . . o .  ° ,  , , . .  , , ,  5 0 o 0  

° 

. 

Condensate Water-Untreated ,,..,~.o,,..°,o,,,,, 3000 

Ooai-0i!S!urries.o.......,........°ee.......°° 2500 

4o Coal Fines°,,,..°,o°°.oo...°o,.,o.oo,.,.oo.,,°, 2000 

5o S!ag.,....e.....°,..°......,,.e.,.o..,,,.o...=, 2000 

6. Coal Liquifaction~oduct~,.......o,.....,.,,:, •!950 

7. ~-~j.yash aud Oham, e..°,ee.,®°°.,,..,,,,e°,,.°,,o, 1500 

8. Aqueous Soluti~ (Indete ~rminate).,,.H,~.,eo: 750 

9e Oi l  Sad Water Em ~ ! s i o n s o o o . ~ o , . . . . ~ o ° . . ° . ° : , o ,  600 

i0. Organic Laboratory So!vent~o..o...o..®.oo..oeo. 550 

Note: 1~ed Laboratory Cha~ca!~ - 2750 gallon capacity (55 gallon 
drum~ packaged with absorb~t~). 

Table 2-2 Pittsbur~h Energ~ Teohno!o~ Cente~ Waste Streams 
Frocessea ~ ~isposai ve~or~ i~ ~zi978. (Z_2Z) 
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The inventory conducted at the Pittsburgh Energy Technolo~ ~ Center 

reported one hundred and seven (107) different residues that could be 

defined in the hazardous waste perspective. Many of the wastes are gen- 

eric or generally described materials such as oils, coal/oil/catalyst, 

solventsj slags, flyash and sludge. Analyses may be necessary to fully 

characterize these substance for the purpose of rationally choosing a 

management plan. 

A. Ignitable Wastes -Some thirty four (34) of the reported residues ex- 

hibit the characteristics which classifies them statutorily as hazardous 

wastes due to ignitability. Most of the substances are liquid hydrocar- 

bons generally derived from coal chemical processing. Most would be 

amenable to mixing with each other to enhance the opportunities for bulk 

handling. There are s ome solid wastes included in the list, but the vol- 

umes generated are quite small and can be packaged or dissolved (with 

organic waste solvents) to enable agglomeration into bulk quantities. 

~. Reactive Residues -Thirty-six of the reported laboratory chemical 

wastes would be considered reactive under the proposed federal regula- 

tions. The material may be reactive in the presence of oxidizers, when 

exposed to acids or strong alkalais, may generate fumes when in contact 

with water, or when heated. The waste may exhibit strong oxidizing 

characteristics. All of the above circumstances were considered in the 

classification of the residues listed in Table 2-1. More detail regard- 

ing reactivity could be included in an individual waste data sheet (see 

Figure 2-1) to be developed for a comprehensive solid waste management 

plan. 

Many of the indeterminate wastes cara~ot be identified in this 



AC~0~ 

i. identification: 

Commodity Safety System Noo, 0057 NiOSH Listing, #Ll!500 

Cha~Lca! Na~ AC~ONE No. p 0676  

I Io!ecular Fozz~ia I,~.OF~h 0-C3-H6 

Chemical Synor~-m~: AO~ON (German, Dutch, Polish) * ACETONE(DOT) * 
DD~THYLKETAL * D~THYL KETONE * EETO~. D~TH!L * 
beta-KETOPRORANE * ~THYL KETONE * 2-PROP~O~E * 
PYROACETiC ~E~ 

~. Hazard Cias~ication: 

DOT : ~l~zab!e Liquid, Label:Flammable Liquid, Exemptior~ and pac~k~_ug- 
F~z~pt from specification packa~_ug, mar~ug, aud labeling re= 
cuirament~ if packe~i in met___~ contaiuers not over 1 qua~ capacity 
each, or in containers not over ! piut or 16 ounces by ~ight each~ 
both packed in strong out~ide containers° 

Degree of Risk: Seriou~ due to flammable material and can injure through 
breathing or teuabzhug. Acetone is narcotic in high con- 
trationso in indus trj~ no injurious effect~ frc~ its 
use have beau reported other than skin irzitation and 
headaches from pro!on~ed inhalation. 

Precautions: Keep a~y from heat, sparks~ open ~lameso 
Avoid brea~hing ik~ue~ and vapors. 

First Aid: i~nediate!y flush skin ~th plenty of water. Flush eyes ~th 
~ter for at least 15 minutemo 

Dauber of Fire: Can be ignited at almost any temperature. 

Control of Fire: Use "alcohol" rosin, ~ter may be ineffective or increase 
danger. 

Stabi!i~-#: (Reactivity) Cau react vigoroualy ~ith oxidiziug materi_la~. 

Tc~-~city: Lc~st Published Lethal Dose (LDLo):50 mg/kg -Oral Human 

P~cces~_ug & Dispo~ai: Fiz~t Choice: iu~eration (~,~th i~lue gas scrub.) 
Others: Deep Well injection. 

j N • 

R~ayc~e po~aut..Oau be distilled aud recycled. Economics: Not Feasible 

Figure 2-1 Sample Data Sheet for Hazardous Chemical Wastes-General Data 



CSS=C~mmdity Safety System 
CAS=Chamicsl Abstract Service 
EO~4=1,~olecular Formula 

WASTE I~.I~GEI~IT DATA SHEET 

A. IDENTIFICATION: CSS #., 

CAS No. 
i i , , i i i i 

Chemical Synonym: 

NIOSH Listir~ .......... 

Chemical Name . . . . .  _ MOFM , ,  
J , 

B. F~xed Waste:- _(Liquid, Sludge, Solid) ~jor Constituents: 

EPA Hazard Classification. Certified By ---.-..-- 

C. Storage: Code Location 

(5 z~., Dn= # ) D ~  Containar ~ . . . . . . .  

SPECIAL t~f~EC~A'L"T IONS 

D. TRANSPORT: Labeling Identification j_ 

Manifest ...... _ Signed By. 

Contractor Contr. Signature.__ 

Removal Date 

Permit No's(for treatment and disposal) 

E. ACCIDENT PLAN : FIRE 

Explosion 

Spills 

PROTECTYVE ~F~SURE$ 

Figure 2-2 Sample Data Sheet for Hazardous Wastes-Operations 



category becauae additional data regarding the constituents and their 

fractional make-up of the total waste is required to determine the pot- 

ential reacti~ty of the residue° 

C. Corrosive Wastes -Fifteen (15) corrosive wastes are identified by 

using text book information on the residues generated at the Center° 

Most of the tabulated substances listed as corrosive included laboratory 

waste acids (disposed of mainly through the laborator~ drainage system) 

and alkaline chemicals. Some organic chemicals are also corrosive~ but 

they would also be categorized as hazardous due to ignitable or reactf~e 

characteristics~ Quantities do not appear to be a factor at the Center 

in the management of corrosive wastes~ hob;ever the inventory may have 

missed som~ larger waste streams. 

D. Toxic Wastes -Establishment of toxicity critera by imp!emention of the 

prescribed toxicant extraction procedure is aimed at toxic heavy m~tai 

ions dissolved in the waste m~terialo Most likely c~ndidates for this 

classification would be the inorganic chemicals listed in the inventory@ 

Appraxir~te!y ninety percent (90%) of the ~astes (by weight) generated at 

the facility fall into this group. The flyash~ slag~ and sludges from 

waste~;ater treatment may all be defined as t~xic (hazardous) due to ohm_r- 

actor of the extract obtained by using the mandated test~procedureso It 

is extremely important to make an assessment of heavy metal leaching from 

the flyash and slag generated by the coal conversion processes o This is 

critical as the disposal requirements are radically altered and the Costs 

of proper management may be increased by one or two orders of ma~tude~ 

None of the inventoried substances can b2 categorized due to lack of data° 



Some chemicals reported at the Center are on the lists (EPA) of 

substances that have displayed a high level of mutagenic activity. Muta- 

genicity testing would be needed to definitely establish the hazardous 

natu~ of the specific waste streams involved as they may not be pure 

chemicals. Three chemical wastes were found to have some reference to 

mutagenic or carcinogenic potential in the literature. Most mutagenic 

substances are organic or orano-metallic materials. Some active mutagen- 

icity characteristics has been reported for the polycyclic armaatic hydro- 

carbons (PAH), benzo~a-pyrene being the most ubiquitous species. This 

compound has been analyzed in solid and liquid residues from coal conver- 

sion processes. A program to provide data for mutagenic assessment of 

the high volume waste streams would be of great value in determination of 

required treatment levels for the solid wastes generated at the Center. 

Bioaccumulative aspects of coal chemicals are documentated in the 

literature. Many of the derived coal chemicals are long chain polymers 

which would theoretically give a positive result in the suggested test 

procedures. Consequently, some measurements should be carried out on the 

more significant waste streams (criteria is volume) to establish or rule 

out this hazard in the perspective of waste management at the Energy 

Technology Center. 

Of serious consequence to any formulated management plan for the resi- 

dues generated at the Center is the statutory hazardous waste ruling due 

to toxic organic fractions. Following the proposed calculation procedure, 

thirty-one (31) of the reported laboratory chemical wastes would be de- 

clared "hazardous" depending on concentrations of the chemical in the 

toxicant extract. Since most of these chemicals are in the liquid or semi- 

solid state, and the procedure dictates their inclusion (all the liquid 

-56 - 



fraction becomes a part of the extract) in the sample to be analyzed 

for classification~ i~ would appear that the concentration limit of 

cue rag/1 would be exceeded. The unknown nature of twenty-two of the 

entries in Table 2-1 is also of some concern. The chemical kinetics 

of the undeterminate materials should be of some interest as their in- 

fluence on potential environmental impacts and s~bsequents management 

costs can be significant. 

One aspect of this category is that it ser~e~ to acquire a reali© 

zat~zm of the potency of some poisons appearing on the list of residues. 

Four waste chemicals with a calculated L~O of less than 2.6 rag/1 appear 

in the tabulation. Acetonltri!e, benzene thiol, dimethylene triamine 

and thiophenol should be eliminated from the laboratory shelves. If 

the ch~_~cals are absolutely required for the research operations, then 

extr&m~ care and warnings over and above poison labels on the bottles 

should be implemented° Any proposed management plan should develop a 

control mechanism for chemicals of this type° 

2~2 Waste Management - STORAGE 

Manag~n~nt of the solid residues resulting from ongoing operations 

at the Pittsburgh Ener~ Tecb~ logy Center must include some storage 

manaEement procedures. This is necessary to im~!ament a system that 

mird~izes environmental pollution and does so at a reasonable cost= 

Safe and efficient practices must be designed into the system° Handling 

and storaEe of spent laboratory chemicals in their myriad of forms and 

hazards must be addressed. The management of the bulk wastes produced 

at the center may be of greater importance from a cost effective vie~. 



A. Laboratory Wastes -Storage 

Same segregation measures must be utilized to furnish a safe and 

efficient system of storage of laboratory chemical wastes at the 

Center. The general groupings for segregation purposes and ultimate 

processing include: fl~ables - liquid and solid residues aggregated 

to facilitate bulk transport and incineration or processing whether it 

takes place on or off-site; reactive chemicals - oxidants and highly 

reactive (explosives a heat sensitive materialsj water activated) cheml. 

cals~ toxic chemical wastes (that are not reactive or flammable) with 

heavy metal fractionsj ~tagenical~y active constituents or toxic org- 

anic substances which render them hazardous~ corrosive liquids - weak 

and strong acids and alkalais which may also be reactive with other 

chemical wastes to create highly tQxic fumes on contact; and non-haz- 

ardous bulk am~ containerized wastes. Resource recovery lis an alter- 

native that should be assessed due to the potential enhancement of 

the option if segregation is practiced at this phase of the management 

c~cle. 

I. Flammables -(a) Liquids-Iiar~ of the hydrocarbons listed as labora- 

tory waste chemicals are considered ignitable by statuto~j d~finltlon. 

Heptaue~ octane~ benzaue~ etc. would be included in this category. The 

alcohols~ hauzenes, and ~drocarbon liquids can be cQmbimed in a s~__gle 

bulk container. It is advisable to deterzine the ccmpatibilit~ of the 

liquid wastes in question by testing with minute quantities of each 

fluid. A small sample of the flammable waste (5 ml. or less) and the 

alread~ aggIQmerated liquid should be cc~Ibiued in a well ventilated 

and fl~e free area (or under a laboratory hood in a metal crucible). 



Combination of this group of liquid wastes in 55 gallon drum~ ~_th 

~orage in a cool~ %m11 ventilated area (until pickup by the disposa~ 

contractor) is a viable storage technique° This protocol will fuz~sh 

the econo:~es of bulk hand3.tug (if volumes generated are sufficie~!7 

iarge~ imat la!lation of an outside ~_nderground storage tank ~th capacity 

r=n~_ug fram !O00 to 3000 gallons m~ be justified) and the opportunity 

to recover the heating value of the material in a fuel blending opera- 

rich© It will also reduce the cost of processing (incineration is the 

disposal process of choice) as the incineration process ~ be self- 

sustaining and ~-i]~ not require anxiiiary fuel@ Transport and disposal 

costs can be reduced to one-third to ona-half of that of am lal! volume lot 

pzo cessing@ 

(b) - There are only a Z~,~ solid fis~nab!e wastes involved in the 

Center's operations, Agglomeration of s~id ~ammable ~mste materials 

is not so attractive a technique (as ~th liquids) as the possibility 

of ~ g  t~o reactive wastes is greater~ A tearing progrsm to de~ 

termine r~activity of the various ~ismmab!e solid waste strea~s may be 

necessary~ but this progrsm is ~ot feasible at Braceton unless 

larger volumes of this type of r~sidue are generated~ Solid flammable 

~mstes must be cont ~ainerized separately in accordance ~th Uo S~ Deps_~- 

ment of Transportation regu!ations~ and Factory Mutual requirsmentso 

Due to the very sm la!l quantities involved at PETC~ some thought should 

be given to the possibiiit2- of liquii~.Lug the solid fi~h!es by 

~th the ~r=ste solvent~ to co,bin@ them into o n e  ~'~'=.ste str~o 

2, Eeactive Ch~mica!a -Some highly reactive axidizing agents m~y be 

included among the !aboratozy ~mste chemicals reported in the facility 

invautorI~ Main groups of chemical oxidizers are listed in Table i-! 
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under group 7-A. O~gen ~ be released by these substances to enhance 

the potential for combustion° Other chemicals rosy be especially reactive 

when combined with the oxidizers. This class is identified in Table 2-1 

with an asterisk in the reactivit~ column. Overage ether (kept on the 

laboratory shelf for an extended time period) may break doom to form 

unstable peroxides ~tich could detonate on exposure to vibration~ shock, 

or heat. Development of a detailed data sheet (see Figure 2-1) for each 

chamical discarded from laboratory operations could be a valuable tool 

in devising and maintaining a safej efficient hazardous waste program 

at the Technology Center° 

Storage of spent chemicals at the Center must be planned ~ith this 

particular hazard in mind. Segregation of m~tually reactive chemicals 

must be practiced to minimize the danger of explosion, fire and gene- 

ration of toxic i~unes. The storage area must be wall ventilated (to 

prevent accumulation of toxic or reactive fumes, kept cool and located 

in a relatively isolated setting. 

3. Corrosive Materiels: Strong acids and alkali (although both are 

corrosive) should be kept separated to preclude violent reactions which 

accc~par~ their combination. Most import is the use of proper containers 

(corrosion resistant to that particular chemical) to prevent accidental 

leakage during the storage phase of waste management. The hazardous 

waste inventory did not pinpoint large volumes of acids and alkalis 

at the Pittsburgh Energy Technology Center. This finding should be 

double-checked (especially in the program project areas) as this cla, ss 

of waste is al~ost ubiquitous. Proper labeling md close supervisory 

control of the storage area will be the most effecti~ tool for insurlng 

safe handling of this type of waste. 



4. Tor~c Chemical ~astes= This clas~ of materials usually does ~ot 

~bit the hazards described above. Conssquent!y~ storage restrictions 

m~y be less stringent with regard to these residues~ Cont~_uerization 

be the most likely method used for isolating and sto_~dmg the labo= 

ratory chemical ~_steso General storage requirements which foiio~T ~_ll 

cover thi~ class of materials° idautd/ication ar~ i~baling of the ~de 

range of materials and theiT specific hazard classification is an im~ 

portent ccmponent of any c~mprahensive solid waste maua~am~nt plan 

~mpl~ut~d at the Pittsburgh Enez~y Technology Center. 

B. Process Waste~-Storage 

The iudeterminate wastes which m~y be classified in the to~o ~mste 

category (s!ags~ char~ /!yash~ siudges~ etc.) ~_l! not usually be stored 

~_th the other ch~mic~! wastes° Vo!uues generated ~3.1 call for other 

design concepts in the storage phase~ Sludges shotL!d be stored in sp.e- 

ci la!ly designed containers which facilitate loading into tranmpor5 

vehicles~ Maz~- container types (closed vessels-tank, ieak~proof open 

baxes and dram~) are available and ~zh!i be selected to provide optimu~ 

se~-wice depending on the physical and chemical properties of the residue. 

~l~vash~ char and slag are not u~usliy cont ~ainerized. Small volumes are 

discharged directly into the open bc~ container in which they will be 

tr~u~ported off-~ite for disposal. Larger volume bec~es a function of 

the generating process aud dispos~i techniques° This group of ~mste 

materials ~5.11 be stored on-~ite in lagoon~ or impoundments ~o~hidh act 

a~ the de.~ate~_ug unit as wall. If vacuum filters or other dewatering 

device~ ar~ employed as a part of the process~ the dr# (or ralativa!y 

dry) residue is stored in open piles° Control of ran-off and discharges 



(which ms~ need further treatment) ~ast be considered in the design 

and construction of proper storage areas. 

If the slags, chars, ar~ other solid residues are detemmined to 

be non-hazardous (statutory definition), they will still be subject 

to the same storage design requirements as the toxic hulk material. 

Discharges from the storage pile would need to be controlled, but m~ 

not require treatment. Hydrological isolation may be a prerequisite of 

the storage construction in the case of toxic substances. 

C. General Storage Considerations 

Establishment of a central chemical waste storage area should be 

considered at the Pittsburgh Energy Technology Center. Typical design 

and operational procedures to be incorporated in the activit~ include: 

I. The chemical waste storage area should be located in a separate, 

rezotely located building to minimize damage frc~ potential violent 

reactions and fires. 

2. The building should be adequately ventilated to prevent acctmmlatlon 

of t m~c and flammable vapors. 

3. Chemical wastes must be stored in a ccntroled arrangement ~ith poten- 

tial reactivity in case of accidental mixing as the main criteria. Each 

of the listed chemical wastes in Table 2.1 should be coded on the 

operations data sheet for storage proximity compatibility. A general 

~de that may be useful is the partial listing (chemical classes 

relavent to those reported at PETC) of the U.S. DOT Loading and B tcrage 

Chart of Hazardous Chemicals tabulated in Table 2-3. 

4. The laboratory chemical wastes should be packed and stored in 
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Group Classification & Number 

.I i , 

Flsz~mable .liquids or flammable 
gases~ Flammable liq~uid or 
flammab!e g ~as _la.b__e.!.._.., .=,._...,... 

Flammable solids or oxidizing 
materials; Flammable solid, 
oxidizerj or orgauic peroxide 
label.... °o. °.... o........... 

Corrosive liquids; Corrosive 
l a b e l o . . ° o o e  o °  ° o o o ° °  . o o o  ° o ° o  

i i r  l i e  i i f l  i i  i i i  

Nonflammable gases; Nonflam= 13 
rouble gas labeloooo..o.=....o 

Poisonous gases or liq~ds~ in 14 
cylinders, projectiles or b~bs, 
Poison gas labele~eo.eooooo.eo. 

. . . . r, . . . . . .  ! 

Radioactive materials, o. • o • • o • • I 15 
I 

iO . . . .  X 

12 - - - x 

J. 

X X X - 

X 

m 

m 

m m m m m 

The above table sho~s the hazardous materials which must not be loaded or stored together. 

The letter X at an intersection of horizontal and vertical columns sho~m that those articles must not 
be loaded or stored together~ for example: Fl~nmable liquids or gases should not be loaded or stored 
~lth poisonous gases or liquids. 

~ Unless loaded in opposite ends of c~r, corrosive liquids must not be loaded ~th flammable solids, 
oxidizing materials, exCept that Shippers loading carload shipments of corrosive liquids and flsm~able 
solids or ~dizing materials and ~ho have obtained prior approval from the Department ma~ load such 
materials together ~hen it is kno~a that the ~ure of oautents ~ not cause a dangerous evoluhion 
of heat or gas 

Table 2~3 Loadiug and Storage Ohart of Hazardous Naterials. (~) 



containers c~npl~ing with U.S. DOT speci_Olcations. In this manner, 

they will be rea~ly for pickup a~d shipment by the contractor, thus 

~inlmizing preparation a~i dez~rrage charges. 

5. Place~aut of acids, solvents, or chemical wastes in breakable 

containers should be arranged for ~ probability of accidents 

lee. store glass containers close to the ~loor. Shelving and arrange- 

ment of the storage area ~st be designed to prevent and eliminate 

poor handling practices as much as possible. 

6. Access to the storage area must be rigidly controlled to avoid or 

prevent poor management practices. Central authority .by delegation of 

responsibility for operation of the storage area should be implemented 

to insure success of the selected management plan. 

7. A running inventory of waste materials and their location in the 

storage area sho;~Id be maintained. 

2.3 Waste ~lauagement - TRANSPORT 

U.S. DOT regulations (I) are used as the primary instnment to 

control the movement of hazardous wastes from generation point to 

treatment or disposal location. The statutes are comprehensive in 

scope, ranging from packaging requirements in great detail to design 

requirements for railroad tank cars. Design criteria mandated include 

safety precautions for protection of personnel, selection of materials 

of contruction of containersj transport vessels and storage m~its. Pro- 

tocol for c~pliauce ~th DOT regulations is outlined in Figure 2-3. 

The laboratory waste chemicals are packed in drums (filled ~ith 

vermiculite) which are fabricated to DOT specifications. Small quan- 

tities of spent chemicals are usually kept in the original bottles and 



I Prc~er Shipping Name £0~ DOT Classification of Eateria! 
• - .... 15 Classifications 

Determine Oontminer Re.muir~ut~ 1 for 
(49CFR Sec. 173) | Packing for Shiiz~ut 

. . . . . . .  i1 I 
FGLLOI,~ LABELING REQU!I~,I]E.~S 

Package or C o ~ r  
STPXC~ A D ~ C E  REqU!P~D.' 

| 

t Dete~u~u~ ~ s t ~ i c t i ~ $  on Oarria~s 
I (Air Shipmaut~ ~ -~pz~s.~ Etco) 

Pa~t 172 = Lis~ haz=~dou~ materisl~ shipping z~m$~- of all materi lal~ 
to  R hg) o 

Pa_~t, 1?3 - Coves z~=~ulati.ons per~" ~ to Shlppars (PET.C)o 
Sub° a@ Ciassification~ motor car2ier r~guiationso • 

Preparation of artic!e~ for trau~poz~at±on~ 
bo Explo~_v~s 
co Fl~-muable~ combustible and pyrophoric li~idso 
do Fla~nable ~oiids aw~ o~idizing materials° 
eo Co~--~si'¢e mater ia l~o  
f= Compr~ss~i gassso 
gQ Poisonous mat~riai~ etioio~c aga~tm and radioactive 

materials o 
h~ Mar~-ug ~d labeling of hazsrdous materia!~ 

Fi~ur~ 2~ Pzotoco! for Us~ by p~v~O to Comply ~th DOT 2~gu!ationso 



and cans and stowed in the metal drums. The individual containers are 

cushioned by the vem~iculitej which acts both as shock absorber to pre- 

vent breakage and as a fire retardent absorbent (in the case of leakage 

of flammable liquids. Care and Judgement must be excercised in selec- 

ting the waste chemicals to be placed in the same transport drum. 

Liquid and solid ~astes in drum (5, 30 and 55 gallon sizes) quanti- 

ties should be stored and shipped in the approved container for that 

particular class of waste. Accumulatica of truck load lots (78 drums) 

is necessar~ to take advantage of discounted transportatica charges. 

Proper labeling and identiz'icatian are imperative as punitive fines are 

levied for violations of the DOT regulations. 

Bulk wastes generated at the Pittsburgh ~erg~ Techmology Center 

are transported in the appropriate vehicle- tauk truck for liquid 

wastes; ope~ or closed track bodies which are leakproof (for sludges) 

for the solid wastes. Transport distances becmue critical in the 

econ~uic sense when carrjing large masses of waste materials from one 

location to m~other. 

2.4 Waste Management - FROCESSING & DISPOSAL 

The final component in the waste management chain embodies pro- 

cessing (if necessary) and ultimate disposal. Because there are c~ 

three final sinks for the constituents produced during the coal con- 

version process- air, water and land - this phase of the system esson- 

tially redistributes the wastes to each of them. 

Some processing alternatives will change the chemical nature of 

residq~es to an end product which is no longer toxic or pollutine. One 

example is that of the reduction of cyanides (a highly potent toxic 
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chemical) to carbon and nitrogen by chemical reactions of hyperchlori- 

nation. Other treatment techniques include volume reduction (and redis- 

tribution) such as incineration which raduces the volume of liquid or 

solid wastes by rapid oxidation (combustion). The combustion products 

are redirected to the air sink~ mainly in the form of o~des and water 

vapor. Very little solid residue retains when burning liquid wastes° 

Residues from the combustion of solid wastes may present greater envir- 

rental problems than the original ~mterial. 

Industrial wastewater treatment ~ul~#s processes which include 

chemical reactions (in the treatment for heavy ~etals) to concentrate 

the toxic fractions into forms which are insoluble in water. The pre- 

cipitate forms a semi-solid and the surpernatent (water fraction) be- 

oozes a treated efz~luent. Lime or soda ash neutralization of acids 

which contain high concentrations of heavy ~eta! ions in solution is 

one exa~wle of this category. Other unit processes include biological 

treatment which utilizes bacteria (usually in an aerobic pathway in 

order to take advantage of higher removal efficiencies) and air or 

oxygen to enable bacterial biota degrade the organic contaminents in 

industrial waste~atsr. 

Direct land disposal techniques ~y be satisfactory in the manage- 

m~nt of some residues generated at the Center. Sanitary landfills ~th 

daily covering of deposited residuals with soils is not really appli- 

cable to the undeterminate wastes expected fram coal conversion processes. 

However~ specially engineered facilities (with prevention of releases 8f 

toxic substances to the water media as the primary design criterion) may 

be adeq~mte in protecting the environment and public hea!th~ Adequacy 

is highly dependent on physical~ biological and chemical characteristics 



of the particular wastes (chars, flyash, slag, was~ewater treatment plant 

sludges). Phenol attenuation (and other similar organics) by selective 

organisms in biologically active soils may be an attractive and economic 

alternative for processing of some high volume wastes which have as much 

as ten percent organic fractions. 2~) 

Chars or residues from combustion processes (flyash and bottom ash) 

which are usually made up of 99.5 percent inorganic compounds may need 

pretreatment prior to disposal using a land sink. Stabilization if it is 

in a thixothropic sludge form (flue gas desulfurization wastes); chemical 

fixation to render the heavy metal fractions insoluble and prevent leach- 

ing with release to the water Sink are two management alternatives. 

Encapsulation of the pollutant with a counteracting material as part 

of the land disposal concept is also a choice. The counteractant may be 

crushed limestone which may keep any water discharges low in heavy metal 

ions. Man-made material liners and natural clay materials may be con- 

sidered to act as a h~drologica!barrier batween the waste and groundwater. 

Again, all of the alternatives indicated are influenced b~ the nat- 

ure of the residue. Consequently, the importance of deternining the 

character of the large volume waste streams resulting from coal conver- 

sion operations becomes critical to the econonic feasibility of the 

conversion process itself. 

2.4.1 Chemical Processing 

Due to the very small volumes of highly toxic wastes generated by 

laboratory activities at the Pittsburgh Energy Technology Center, this 

option does not appear to be one of the choices open to the decision- 

makers° As stated previously, these reported to~ic chemical wastes 
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would be candidates for chemical destruction, but the quantities indi- 

cated are very small. Elimination of the substances from the laboratoy 

or dispatch to a disposal contractor who uses a centralized treatment 

faci!ityis more feasible° Acetonitriie is the only residue from the 

laboratory that fits this category~ ALl of th~ highly toxic cheF~cal 

wastes generated by this particular laboratory are combustible thus 

making controlled incineration (~th gas cleaning auxiliaries) the 

processing and disposal choice° 

2.4.2 Lncineration 

This processing (or disposal) alternative is the most promising 

for proper ~mnagemmnt of most of the waste laboratory chemicals. 

Table 2-h contains a list of the reported laboratory waste chemicals 

in which incineration is the recommended management option. In some 

instances the unit will need gas scrubbing devices due to air pollu- 

tants released during the combustion process. 

Of the many types of industrial waste incinerators available j two 

basic designs are applicable to the residues being considered, rotary 

kilns and liquid injection units. Rotary kilns employ large horizon- 

ta!or slanted chambers ~hich rotate as the ~-;aste is burned inside. The 

slow!y rotating cylinder provides tumbling action to improve efficiency 

of complete combustion of the solid or liquid ~..~asteso The tec~hnoiogy 

for this type was adapted from lime and ceF~nt process~_ug operations. 

Most organic wastes in solid, semi-solid (sludge) or liquid form can 

be handled@ Residence time in the k~!u can be adjusted from several 

seconds to hours to assure complete destruction of some highly toxic 

pesticides and pollutants~ Combustion temperatures range from 1500°F 
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Chemical Waste 

Acetone 

Acetonitrile 
, ,, 

Potent. Combustion Products 
" HCL/ Heavy 
COCI 2 SO x NO x Other Metals 

Alcohol 
, ,J,u, 

Anthracene 

Benzene 

Butane 

Butyl Mercaptan 

Butyl Phenol 

Carbolic Acid (Phenol) 

Carbon Disulfide 

Carbon Tetrachloride 
J , 

X 

X 

Creosote (Coal Tar) 
,, , 

Cresol (Cresylic Acid) 

Cyclohexane 

Dichloromcthsne 

Dicyclopentadiene 
, . . . . . . .  

Dimethylamine 

Ethane 

Ethanol 

X 

x ~s 

X 

X 

C12 

C12 

Other Criteria 

(2) 

(2) 

(I) 

(I) 

(i) 

(2) 

(2) 

(3) 

(2) 

(~) 

(2) 

(1) Controlled ~ncineration of materials acceptable if equipped with a 
scrubber, catalytic or thermal unit to reduce NOx, or SO x emissions. 

(2) Incineration of concentrated materials and dilute organic ~ixtures 
is acceptable. 

(3) Incineration acceptable -preferably after mixing with another com- 
bustible fuel; a scrubber is necessary to remove halo acids produced. 

Table 2-h Technology Center Selected Chemicals-lncineration Recommended.(171 
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Chemical Waste 

EthT1 Acetate 

Formaldehyde , .......... 

~reon 

n-Heptane 

~ex~ne 

isopentane 
H 

Meth~_no! 

Methyl ~rcaptan 

Napthalene 

Nitromethane 

n-~ntane 
[ 
Phenols 

! 

n-Propyl Alcohol 

Propalene 

PyTidene 

Quinone 

Toluene 

XTlene 

Potent. Combustion Products 
! 

COC12 S0x I N0 x Other 

I 

i ill 

X 

ii =i 

X 

X 

HOL/ 

X 
i =i 

Hea~ 

KF 
J 

~s 

~t~s 
i 

Other Criterla 
H ,, 

(2) 

(2) 
r, 

(2) 
i|i ,, 

(2) 

(i) 

(2) 

(i) 

(2) 
i 

(2) .. 
. . . . . . . . . .  / ,  

( ~ )  

Needs D~e!l 

(2) 

I (2) 
i ,  i 

IP" 

Note: Partial table taken from reference (18) 

Table 2J~ Selected Chemicals-Incineration Recommended (Continued) (!!) 
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to 3000°F° This type of incinerator csn process all combustible and 

non-combustible liquid and solid wastes generated at the Center. Units 

are manufactured to  handle I00 ibs./hr to 40OO Ibs/hr. Reported capi- 

tal costs for the incinerator are $2500-$10,O00/daily ton°(19) A skid- 

mounted rotating kiln incinerator is available for transport to the waste 

generating site. 

The other cembustlon unit of interest is the liquid injection unit. 

This type of incinerator would be the most likely choice for the Center 

based on the laboratory chemical wastes generated there. The combustible 

liquid waste is filtered and then atomized through nozzles to be injected 

into the combustion ch~uber of the vertical or horizontally mounted 

vessel. An on-site unit for the Pittsburgh ~uergy Technology Center ms~ 

be viable because the variabilit~ of liquid wastes is relatively narrow. 

A more or less uniform combustible residual fuel is available for heat 

recover/ to evaporate residues with Ic~ BTU content. Utilization of 

waste heat for productive purposes is an attractive side issue in the 

present climate of expensive fuel supplies. Th@ apparent limiting para- 

meter for the liquid injection incinerator is the rate of heat release. 

A high BTU combustible waste cannot be fired at high flowsj although 

throughput of the unit can be increased if non-flammable aqueous waste 

streams are evaporated slm-ltaneous~y in the combustion chamber. 

If sufficient volumes of combustible waste liquids are generated 

at the Pittsburgh Energy Technology Center and regulatory enforcement 

drives the contracted price for disposal to a high levelj this option 

(on-site incineration or a variation) may be a vexy feasible choice. 

~lanagement of liquid combustible wastes at two Energy Centers (Pittsburgh 

and ~1organtown) may be economically feasible at this time for a truck 
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mounted poz~abie ~uit that cau be operated at both !ocation~o A feasi- 

bi!ity atud~ - to detem~ime the economics and constraint8 of a joint 

elf orb by both facilities should be mounted° Choices to be conaidered 

i~clude: (a) a ~kid-mottuted rotary ~ incinerator for liquid and solid 

~ste~hich is poz~able and can be operated at both locations as ne~ed~ 

(b) a liquid injection unit (portable or station) ~_thcut gas scrub- 

bing capab~ties~ and (c) a liquid injecti~u incinerator (po~abie or 

stationar~) ~_th gas scrubbing capabilitie~ in order to handle a ~ider 

spe~tr~u of rasidual~o In order to avoid maintenance prob!~us and u~e 

ordinar# personnal for operation, it is recommended that liquid waste~ 

~hich generate hydrockloric acid s chlorine gas, or hydrogen ~Ifide be 

avoid~do 

2o4.Q3 Land Disposal 

in th~ cont~ of oo~! conversion reaidue~ and !aborator~ chemical 

~ast~ land disposal tec~iques can be cias~ified as~ (1) pretreat= 

zaut of the waste by d~tering~ stab~zation~ soli~ication~ leach- 

ate attennation~ (2) ordimary !s~d~ll operations and contro!~ and 

(3) Special iaudfill design for ~dro!o~cal isolation~ encapsulation 

in situ, codisposal with attenua ~ting mechani~m~ and biological reduc~ 

tion opport~wities ~ 

!~ Waste Pretr~a~m~t (at diapos~l aite). 

Soze processes have evolved for treating of hazardou~ ~olid ~stes 

prior to land di~posa!o ~lajor objectives of the processes are chemical 

and/or physical alteration of the solubility characteristics of the 

waste to prevent r=~!ease of heavy metal ion~ permaaent i~o!ation by 



container encapsulation in non-biodegradable leakproof plastics. In 

the case of sludges, if volumes justify the economics, further de- 

watering or separation techniques such as pressurized ultrafiltratica 

and centrifugation will be implemented for volume reduction (if the 

supernatent can be discharged without further treatment). 

(a) Chemical Fixation and Stabilization - This process generally is 

accomplished by the addition of a fixative which will ahemically or 

mechanically bind the pore ~ater in thixotropic sludge (such as FGD 

was te s ) .  Lime and ~ y a s h j  c a l c i n e d  s l a g  and l~hae, or a combination 

of ~l.~ej cement a~l  b e n t o n i t e  are  incorpora ted  i n t o  the  s e ~ - s o ~ d  

residue. The material will stabilize and solidi~y from a pumpable 

fluid to a soil-like material in sight to twenty-four hours. The 

reactions conti~e over time with maxim~n strength and fixation occur- 

ing in twenty-eight to forty d~s. The final product exhibits better 

leaching characteristics (lower heavy metal ion concentrations in the 

extract). The soluble biological and organic fractions are not altered 

to any great extent by the apBlication of this process type. 

This pretreatment ms~ be required by the proposed EPA regulations 

in order to prevent a hydraulic head on the impermeable liner, thus 

theoretically eliminating leaching of heavy metals through an imperm- 

eable membrane. Chemical fixation is practical only where h~ge volumes 

of semi-solid wastes are generated, heavy metals in soluble form are 

present in the residue, and organic fractions are of no concern. Further 

study of coal conversion residues are needed to assess this management 

alternative. It may be viable in handling of chars, lime sludges from 

fluidized bed gasification, soluble salt residues from magneto~ydro- 

d~cs research, and ashes which result from coal conversion processes. 



(b) Partial Pretrea~uent - Some mechanisms utilized to avoid hea~j 

metal leaching include adjustment of the pH and alkalinity of the ~te 

stream. For sm la!ler quantities of sludges and solid wastes con ~tmdming 

relatively large fractions of to~c heavy metals (salauium~ cad~lum~ 

iead~ chromium~ nickel ~d zinc)~ dosing ~th lime or other alk ~siine 

materials may be an effective solution° Disposing of the residues on 

a bed of crashed limestone may further protect the ~ter environment° 

(c) Aeration of Organic Mastea - Temporary storage in a vessel which 

is equipped ~th mechanical aeration capability may be a cost=effective 

option in treating som~ organic ~_ste~o The unit ~zii! act as an aero= 

bic digester to biologically degrade organic fractions° This ~.~J_% be 

successful only where establishment of an efficient bacterial population 

is possible° Some proble~ m~y be inherent in this choice due to the 

~de range of organic substanc~ (~ich in th~m~e!ves mEy be t~c to 

biota) in the residues generated at the Center° 

(d) Permanent Container Encapsulation - Disposal of h ighly  soluble 

hea~j ~et~_! reaid~es and ve_~j toxic organic chmmicais may be suitably 

accomu!ished by encapE~!ating the container (box~ paii~ or drum) in a 

non=degrading imperqioua material~ Tl~ work has been extensively 

studies by the U.So Environment~ Protection Agency (2_~0)o The toxic 

and hazardous substances are containerized and the overall container 

is aucapsu!ated in po!yo!efin plastics or fiberglas~ coats w~ch are 

che~lcal: shock and heat re~istanto Cost~ for this process were esti- 

mated to be $6=15 per drum. A~ of this time~ the encapmu!ation process is 

not available: but it does hold smme pro~Ase for economic mauage~ 

msnt of relatively am la!! volumes of highly toxic substanceso 
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(e) Encapsulation in-situ - Disposal of heavy metal residues (which may 

include the process waste streams at the Center) from coal conversion in 

a crushed limestone capsule has been one technique approved by environ- 

mental enforcement agencies in the past. The limestone is placed com- 

pletely around (top, bottom and sides) the deposited waste in l~ers 

of one foot or more. Any water moving through the alkaline limestone 

will have a high pH and alkalinity, thus theoretically placing the 

leachate in a pH range in which most of the heavy metals are insoluble. 

Some calculations have indicated the limestone would provide sufficient 

slkalini~j to neutralize a normal~ slightly acidic groundwater for 

almost 200 years. This technique is based on the premise that good 

operating oonditions and faithful implementation of the design and 

construction ~ prevail. 

2. Sanitary Landfill Disposal 

The ability of a sanitary landfill to fulfill the necessary needs 

for preventing enviror, uental impacts is based on three critical factors: 

(a) hydrogeological setting of the facility; (b) chemical and physical 

characteristics of the residues processed; and (c) design and operation 

of the site. 

Optimal site selection is the one choice which exerts the greatest 

influence an environmental impacts and the cost of disposal. Unfor- 

tunatelyj from an operational perspective, the optimal site location 

is one in which there is the most cc~petition with other uses for the 

land. Consequentlyj most land disposal operations are located by other 

criteria i.e. political and social pressuresj land costs and availability 

(usually marginal for most uses including land disposal of residuals). 



Eydrogeo!ogical setting relevant to land disposal includes the 

topographical features (steep ~ and ravines introduce drainage 

and stab~ty probiem~)~ depth to bedrock mud soil characteristics 

(such as rauovation potential i.e. ability of the soils to attenuate 

organics and hsa~y metals)~ bedrock character (fractured bedrock or 

limestone formations ~ preclude isa!ation from ground water at any 

depth) s and depth to ground water (to avoid deposition and subsequent 

migration of to~_c e!emaut~ in the ground ~ter ~ystem), Adequate 

quantities of suitable soils ~ich mmat be used for cover is another 

par~etor of conce~no 

The chemical and physical nature of the .wastes are critical ~_th 

resp~,ct to potential aud actual environmental impact~o A residual @nich 

exhibits a lack of hazard characteristics a~ d~_fined by RC~ regula- 

tiona would apper to have few i~ s~y possible impacts ca the ~.~ter sys- 

tmu~ 0niy a f~-r of the reported laboratory ~aste chemicals would be 

considered non~hazardoua (statutory definition)° Ho~ver~ due to the 

s~ii vo!umes (approximately a half ton per year) it m~y be posaible 

to utilized the sanitary ls_ud2i!! concept for disposal~ One hundred 

pounds of chemical wastes combined-with sc~,e eight hundred tons of 

~icipal refuae in a codisposai arrangement ~h_l! offer very little 

potential for environmental contemination~ 

D ~ai!y operation~ and the basic design of the disposal facility can 

prevent en~_ronmental impact~ or keep them minimal. Properly designed 

surface run-off diversion systama (to dive_~ ~caster away ~r~u the wastes) 

can prevent the residuals frcm re.aching field capacity (sataration). In 

this situation: leachate ~zLii not be generatedo Effective revegetation 

programs combined ~.~th a suitably designed s0ii e~oaion and se ~dimentation 
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schame will minimize or prevent siltatiau with degradation of water 

quality as a consequence. Efficient operating procedures used in 

the placmuent, compaction and contai~uent of the deposited resid-als 

will provide optimal conditions for avoiding settling and stract~ral 

problems at scae future time. 

3- ,ISecu~e 'I Ohe~ical LaT~I~411 

Proposed federal regulations outline the design requirements for 

chmuical disposal sites. Table 2-5 lists the restrictions and design 

criteria which rout be met to be classified (and permitted) as a chemi- 

cal waste landfill. Interpretation of the statutes imply disposal of 

any chemical wastes (if they are safe from dangerous reactlcas~ fire 

and explosion by reacting with other residuals) in a facilit~ which 

follows the proposed design. 

At the present time, the cr~ disposal facilities now in operation 

which compl~ ~ith the necessary criteria are located in western Ohio, 

Indiana, and lllinois. They are facilities with the necessary natural 

clay deposits (and required permeability) having depths ranging from 

45-90 feet. Ho~ver, they are not in total compliance d~e to the lack 

of leachate treatment facilities. The possibility of discovering 

sites with deep natural clays (with i X 10-7 cm/sec permeability) in 

southwestern Penn~jlvania and northern West Virginia is remote, but 

it is possible. 

There is sc~e opportunity for taking advantage of sc~e fortuitous 

circumstanstances that will yield the necessary design features at 

disposal facilities in this locale. Disposal of fixed FGD sludges~ 

which are reported to attain the necessary low permeabillt~ with time~ 
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C-~k$S~iCATiON 

Natural Conditions 

Designed Site - i 

Designed Site - ii 

ORiTERIA 

iO fro ti~ck m~=~m 
of natural in-piace 

0£ • 1  X i0" cm/sec 

Leachate collection 
system on top of a 

soil or clay 
barrie~ with a min~ 
thlckne~s of 5 ~t. 
with permeability not 
greater than ! X i0-7 
~m/see 

Soil Liuer-3 ft. thick 
rain. ~th < i X 10-7 
c~/sec o v e r  a synt~he~ 
tic mambraue m 20 mii. 
thick with ~i X 10-7 
cm/sec permeability. 

Leachate Ca!ietion & 
P~moval on to~ of soil 
maut!e. Leachate de- 
tection and removal 
beneath the ~j-nthetic 
m mbrane 

, ,,,,, 

J 

CONDITIONS 

if evaporation rate 
axceed~ precipitation ~ 
by at least 20 iuch~s ~ 
per year and No over~: 
flow i~ e~ected to 
OOCt'Lre 

° 

Leachate Collection 
aud Treatmaut will 
be 

• / 

Leachate Oo!ie ci.iau 
~d Treatment ~_ll be 
required. 

Leachate ~etection & 
P~movai ~jst~m need~. 

Water Quality ~io~to~ 
System not 
~e to detection sym~ 
t~o • 

C~nera! P~auir~ment~ ~iI Giasaificaticms unless specificai!~, daleted): 

I. Liquids ~t be treated to non-~io~hug consistency. 

2. 1~ater Quality Honitori~ System i~ requi~sdo 

. Five foot separation from bottom of liner and high ground ~ate~ 
table. 500 feet from nearest functioning public or private water 

Table 2-5 Se~ar~ Chemical L ~  Design Criteria~ Proposed by EPA (4) 
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after their disposal may artificially create the necessary barrier. 

IUCS (International Utility Conversion Systems), Stabatrol, Inc, 

and Environmental Technology, Inc. are three corporations that are 

in the process of developing chemical laRdfills in the Tri-state 

area using the above described concept. An assessment of the feasibility 

of this disposal route for the undeterminate waste streams generated at 

the Pittsburgh and Morgantown Energy Technology Centers should be imple- 

mented. In addition, the above concept ms~ be needed to manage the 

expected large volume wasted streams from full-scale coal conversion 

processing units. 

Smue potential exists for the construction of disposal sites which 

may not required compliance with the stringent design criteria outlined 

in Table 2-5. For the present time, some waste stre~Rs (lime kiln dust, 

p~er plant f~yash, ~ue gas desulfurization sludge, and mining wastes) 

will be exempt from the standards being proposed until more data can be 

accumulated regarding the hazardous characteristics of these materials. 

Some coal conversion wastes would be very similar in nature to the 

special wastes. Development of hazard characteristics of typical solid 

and semi-solid residuals resulting from coal conversion processing be- 

cc~es especially critical in light of the above described situation. 

Concepts and proposals for safe and impact-free processing and dis- 

posal of coal conversion residues must be formulated ~d assessed~as 

soon as possible rime to the institutional regulatory climate. Statutes 

have a tendency to become set in stone and regulators will interpret 

then in the narrowest possible sense. Because of the potential economies 

inherent in land disposal of huge masses of residuals, a safe, viable 

and economic concept must be proven and accepted by the long line of regu- 

latory bodies from local up to federal level. 
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