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FOREWOR.D 

,j, 
Development and deployment of a commercial indirect liquefaction industry 

has been proposed as a means of reducing United States dependence on 

foreign sources of energy. "~ 

Deployment of a commercial industry on an environmentally acceptable 

basis requires=Identlfica~ion and evaluation of potential environmental 

problems. This assessment is an attempt to anticipate potential environ- 

• mental hazards that maybe posed by commercialqscale facillties to pro- 

vide an improved basis for planning and implementing environmental re- 

search. ,. 
The study comprises four major tasks: characterization of hazardous 

materials released from an indirect liquefaction facility; assessment 

of ecological.hazards; assessment,of public health hazards; and assess- Cl 
merit oZ occupational health hazards. The report-Is organized in the 

"~:~same m~nner. Volume I is an over~lew and smry of the results; volume 

~£I.v presents stream characterization data; and volumes III, IV and V present 

" i'~) assessments of ecological, publ health and 'bccupational health hazards, 

,'~" r espect'ively, i 
2 

' _"~lis study was sponsored by the Technology Assessment Division of the 

Department of Energyl Organizations participating in the assessment were 

General Research Corporation, Oak Ridge National Imboratory, and:Argonne 

National Laboratory.. 
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I INTRODUCTION . ": ,  
:': ~, 

Indiree't liquefaction is a promislng technology for producing 

synfuels. ':Recent studles,. Indlcate that '~f any portion 0[' the national 

synfuels goals for 1987 a:nd 1992 is to be met with coal liquefaction, 

the bulk of the production is likely tO come from indirect processes. 
%: 

An indirect coal llquefact~on industry will benefit the nation by 

providing a crltlcally needed supplement to our dwindling oll "and gas 

reserves. However~ development and deployment of a commercial coal 
'Of 

indirect llquefaciton industry is not wlthout~-A risks. To ensure 

de~lopment deployment of indirect processes e  iro- ent ly and 

acceptable manner,"~otential~;hazards to the general public, occupational 

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

siting and operation ; of commercial facilitles. : At present, the 

potent~.~l adverse environmenta1~ impacts of ~Indire ct liquefaction 

facillties, are not well understood. ": ' 

Es'pecially lacking is information on the identlt#~:and quantity of 

trace contaminants that may he released ' from process and waste 
,'% 

streams. At the present time chemical characterizatlon data for streams 

from indirect liquefaction facilities are very limited. I£': response to 

these data gaps the:Department of Energy (DOE) is attempting to!develop 

preliminary estimates of the types and quantiti4s of' potential 

pollutants that may be released into the environment by commercial scale 

indirect liquefaction facilities. The purpose of these estimates is t~ 

provide a basis for estimating the types and magnitudes of potential'": 

envir"onmental impacts of a commercial facility and a commercial 

industry. • "~ 

The purpose of this draft report is to document the methodology, 

assumptions, caveats, results, and references used-in developing these 

preliminary estimates. ~t is hoped that such documentation will enhance 

understanding of both the value and limitations of the estimates, and 

facilitate modification of the estimates as data become available from 

ongoing res6~rch. / 
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' 2 METHODOLOGY ' /' 

• ;. 3 
I 

2.1 Overview "" 
¢ 

Chemical characterization data were very limited for indirect 

coal llquefaction; no commercial-scal~ facilities existed in the U.S., 

and data from ot~er na£1oas (e.g., So rica) were generally limitea 

and dften uqt representative of American#conditlons. Because data were 

so limited, it wal recognized tha~ development of an information base 

useful .'~;for assessing environmental implications would require 
~.~ ~,~ 

conslderable ..manipulation of the data whlch were available. In order to 

minimlie confusion and.misln£e{pretation, data sources, calculations~ 

assu~ptionsCand results were made explicit wherever possible. 

l Development of the data base was accomplished in several steps: 
, l '" " :% 

'" I) Choice of Indirect efaction Process- 

A single process was chosen to serve as the basis of the analysis 

to avoid the confusion which would arise from attempting to deal with 
'?" .~ 

several processes or a "'generic" process. The Lurgi/Fischer-Tropsch 

process was chosen.: because it ,represented a proven, commercial. 
: C, 

technology, and. more data" were available for it than most other " 

processes. ~, 

2) Development of a Conceptual Plant Configuration- 
L', 

A conceptual Lurgi/Fischer-Tropsch plant, processin E 

approximately 28,000 tons per stream day (TPSD) of low sulfur Wyoming 

subbituminous coal, was developed to provide the basis for estimating 

the types, and quantities of pollutants which m/ght be released from a 

commercial facility. Process operations and streams were based :]-argely, 

but not exclusively, upon information in the report ~itle~ Research 
#', r 

"" Guidance Studies to Assess Gasoline from Coal by..Methanol-to-Gasoline 

. .  

and SASOL-ty.pe Fischer-Tropseh Technologles 87. The process description 

and basic premises used in conceptualizing the plant are presented in 
J 

Appendix A. A simplified block flow diagram, developed from the report, 



4 

is presented in liFigure I. As indicated in the diagram, the donceptual 
' If 

plant included ,environmental controls as well as process and liauxiliary 

operations. ~e major process streams ind environmental streams of 

interest in the analysis are listed in Table I. ;~ 
: !i 

' . 3) 7dentiflcatlon of Stream Components of Interest- ~[ " 

Review of the literature indicated that a varietyi! of stream 

  ponents associated  oal liq.efa Jon  uld be of e ! iro=en al 
II 

concern. Poten=ial stream components .included in .the anrAlysis were 

selected by representatives of participating groups from ~/ Oak Ridge 
;i 

National Laboratory, Argonne National Laboratory and Batt~lle Pacific 
0 

National Laboratory at a workshop, and are listed in Table 2. In 

selecting components of interest it was assumed that the 61ant complex 

would be designed to meet all existing local and federal :='environmental 
q :~ 

regulations, as of July 1977, for. I~ uid and gaseous ef/fluents. The 

analysis was focused largely on trace organics and trace elements. 
!i 

4) Estimation of Flow Rates 6"f Stream ComPonents /by Stream- 

Flow rates of each stream component were estimated for eac~ 

stream to provide initial estimates of types and quantities of compounds" 

to be expected in each stream. Estimates of the 'flow rates of the' major 

stream components were derived l.argely from Base Case II of the Mobil 

: . "~eport. 87 

i' 

Flow rates of the minor components (i.e. /those constituting ...... ., 

less tha'n'-one percent of the streas flow rate) were..'.', estimated ~based 'on: 
i, 

sparse informer"on .... The results are presented in Appendix B. 

5) Estimation of"Uoncentrations of Individuil Trace Elements and 
Organic Comp, ounds in Each~Stream" , 

No data .could be locahe"d""in .:~the / literature regarding • ., / 

concentrations of individual trace'.:elemengs afid-organlc compounds in 

streams from commercial-scale Lurgi/Fischer-Tropsc h plants utilizing 

Wyoming subbituminous coal. The types "and cqncentrations of individual 

"trace elcments and organic compounds were es~"imated using data from a 
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• CO 

C02 

H 2 

:OH 4 

H20 

.~ Methanol 

Tar 

0il 

Naphtha 

Crude phenols 

Mercap tans 

.[. 

8 

TABLE 2 

s ~  C0~O~mTS S~.C~ FOR XNCT.~SZO~ 

Gaseous Compo~.ents 

C2H 6 COS 

','N 2 +.~Iner ts }{20 

02 6) Others 

Liquid and Solid Component's 
t ,'. 

T£iophenes 

Ammonia 

Ni(CO) 4 

Minerals 

HCN 

Aromatic amines 

Nitrosamines 
h '7, 

Polynuclear aromatics (PNA) 

'::~'='~ "Fatty A c i d s  
?""  ~, ,< C,. 

I,, 
" .  N !  

Coal 

Sulfur 

Particulates 

Trace elements 

Others 

f 
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variety of sources. Detailed descriptions of da~a sources and values, 

assumptions, and c~culations are presented in Sections 2.2, 2.3 nd 

2.4. : ~ ~<~ %h~ 

6) Evaluation of ResultS- ~ " J' 
o 

Results of the effort were evaluate~ and compar~ with the 
" ,'z' 

results and projections from o~her studies to provide some insight i~to 
I 

the reasonableness,:of the values. 
• ~ ~-~ 

2.2 Characteriza~-ion of. Liquid Streams 

Review of the literature indicated that characterization d~ta ~or" 

liquld effluents for commercial-scale Lurgi/Fischer-Tropsch plants were 

very limited. No experimental data could be found"regarding specific ,~ 

constituents in treated effluents'from" commercial-scale Lurgi/Fischer- 

Tropsch processing of Wyoming subbitumi~ous '~al. 

Liquid streams selected for the analysis are listed in Table 3; 

their inter-relationships are illustrated in Figure 2. ~ ." 

Wash procJess liquor (Stream $,~) was-chosen as the .key liquid 

stream of interest because it represents the largest and most highly 

contaminated wast~water' stream in ~ Lurgi/Fischer-Tropsch plant. 37 It 

was also chosen for analysis because it is the nmjor influent to the 

wastewater treatment facility in the plant~ the types and quantities of 

constituents present in Stream 43 largely detemine the types and 

.quantities of pollu~ants present in the ~liquid and solid effluents from 

the wastdwater treatment facility (i.e. 3 streams 53, 54, 70 and 71). 
= [! 

The analysis focused on two general classes of pollutants which : 

have been identified as primary causes of..concern in liquid streams from 

coal conversion facilities: trace elements and organic compounds. The 
J 

O 

Data from both theoretical"an~ expe=imental studies were '~sed whe~ they 
wer~ deemed appropriate agd ff~eful. 
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= TABLE 3 
2 

I, IqumD S~REA~S C~RAC~.RIZED IN THE.A~ALYSZS 

ST~M NUMBER STREAM NAME 

27 Ccalpile leachate 

31 Make-up water 

38 Ash sluice water 

43 Raw process waker 

46 

48 

= 50 

52 

53 

54 

Gas liquor, separator effluent 

Phenosolvan effluent 

Ammonia stripper effluent 

Biological~reatment effluent 

Reverse Osmosis concentrated waste 
solution : 

Reverse Osmosis permeate 

54 & 31 Feed to cooling towers 

% 
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: , . t#~S and qu~nt!tles of pollutants were estimated based on three sets of 

.. data. Estimat4s of trace elements were based largely on experimental 
C. ,".'-'.' . "~. 

trace element distribution., coefficients developed for Lurgi ;.at 

SASOL. 37 Estimates ~" of organic compounds were based on experimental "~-~ 

": effluent data from'" SASOL 8 and on characterization data for coal tar 

produced by a'bench-scafe gasifier using Wyoming subbituminous coal. 19 

The types and quantities .of constituents which may be present in 
.~,.. .- , 

' liquid streams were estimated in 3 basic steps: :. 

I) Identification of the types and quantities of constituents 
' = potentially present :f,:~..';~=.the major raw process waste stream" 

:- (Stream 4~). 

2) Identification or .estimation of efficlenc# of removal of each 
constituent (idihtified in step I) by each wastewater treatment 
process specified in the flow diagram (i.e., gas/liquor 
separatipn , phenol r~.~overy, ammonia recovery, biological . ,  

,treatment, and reverse'osmos'is). 

3) Calculation of constituent concentrations in liquid effluents 
from the water treatment facility by sequentially applying the 
removal efficieneies for each constfEuent as th6".~t'ream passed 
through each water treatment procesS. ~ditiona3. [!ollutan~ 
loadings added to the liquid stream (vl, a~.,Strem, s ~ 27" and 28) 
were estimated from literature data and incorporated into the 
calculations at the appropriate point, r . 

The specific calculations, data and ~ assumptions used in 
,'2 

estimating the types and concentrations of trace elements and organic 

compounds which may be present in the liquid streams are discussed in 

Sec£ions 2.2.1, 2.2.2 and 2.2.3. 

2.2.1: Estimation of Trace Elements in Liquid Streams :~ 

Estimation of Trace Element .Concen6rations in Stream 43- 

The concentrations of trace elements in Wyoming subbituminous 
), 

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

literature. (See Table 4). 
%- 

~ The flow rat~ of each trace element into the gasifier-was 

estimated: 
% 

- FTE_ G = (C~E)~FDC) 1 1,000,000 
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Trace 
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Ba 

Be 

Br 

C@, 
Ce 
Co 0 

Cr 

Cs 
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F 
. Ga .' 

Ge 
Hg 

I 
In 

La 
Li 
Mo . 

Mn 

Ni ..,, 
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Pb 

Rb 

Ru 
I Sb 

Sc 
Se 

Sn" 
Sr 

Ta 

Te 

U 

V 
W 
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Zn 

Zr 
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S~bb~'tum~nous .: . .SubS~tuminous Montana to Wyoming 
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66 
,'~-- 

.¢ 

g % 

2.2 

z,. 8 -3. di: 
" 2 ~ 4  "~' 

.51-12 ~. ~: % 

-- t. ! 

.33 ~ 

.14' 

.'88.. 
10-1~:  

2-8- -  
1'70 • 

i- .'~4 
:14-1:' 

1 
r 

:_~ - .99-1 
m 

l-1 
m 

1.09-7.27 

.95-1 

1.01-i 
•98-1.01 

°. 
,| 

9i 

i 
i-i ..-0 

, i. 18-1 

1-1 
.i 

1 " IG: 

1 

m 

1 

i 

8.70-1 

:- 

.'.~. 

l 
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where- 

FTE-G 

,/ 

is the flow .rate of, each trace element into the gasifier 
(in lb/hr). 

,: r 

• " CTE is the concentration of each trace element'in dry, 
whole coal (in ppm). 

FDC :.;l is the flow'rate of' dry, whole coal to the gaslfier 
: // (Water-free components of Stream 2 in the flow 

diagram) .* 

The distrlbution of each trace element from" Lurgi gasifier into 

ash~ llquo~, tar and oll st@cams: at SASOL were identified in the 

litera~'ure. (See TabT& 5). 

The distribution of trace elements in the conceptual plant was 

assumed to be the" same as the'.distribut~on at SAS'OL:" . 
,,- ""T" 

The flow: rate of .each ~'trace element into the gas liquor was 

estimated : "" ~" '~ 

FTE_ L =(FTE-G) (DTE- L) 
• 100% i: 

then• 

where- 

FTE- L 

: FTE_G 

is the flow rate of each trace element into the gas 
liquor (in Ib/hr). = 

is the flo w rate of each trace elemen{into the gasifier 
(in ib/hr). 

is the distribution factor of each trace element in the 
D~-LTE liquor based on SASOL data (in %) (See Table 5) 

-," , • 

It was assumed that the total flow of each trace element into the 

liquor dissolved in the water component of the gas liquor stream, 

C 
TE-43 = 

FTE_ L x 1,000,000 

FW-43 

i' 

*Flow rates of each stream are presented in Appendix B. 
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T~BLE 5 

TRACE ELEMENT DISTI~,IgUTTON FOR LtrRGI AT SASOL*'37 
(Percent :bf Element in Coal) 

Element 

~e 

B 

V 

Ma 

Ni 

As 
i 

':Cd 

Sb 

Ca 

Hg 

Pb 

Br 

F 

C1 

Ash 
,,, , • L 

33.3 

90 

99,9 

99.9: 

99.4 

26.9 

51.9 

50.0 

9 9 • 9 "~ 
I 

51.9 

94.2 ~ 

I0.0 

56.3"* 

52L6"* 

Liquor 

I, 

53.3 

8.8 

0.i 

0.2 

0.4 

67.2 

45.5 

45.0 

0.I 

41.6 

1.7 

88.9 

43.8** 

47.4** 

"Tar 
,,r, 

% 

, 17 ..0 
\, 
\, 2.0 

'v  

• "i. 0.0 

".' 0 .0  

0 .0  

1.9 

0.6 

3.8, 

(LO 

6,4" 

4..3 

0.1 

0.0 

0.3 

0~i 

0.3 

0.0 

0.0 

0.0 

0.0 

3.9 

1.4 

0.6 

0.0 

0.0 

0,0 

0.0 

.0.0 

Analysis by spark source mass spectrometer (which can give a semi-quanEitatlve 
analysis) for E1 Paso by SASOL. 

% distribution calculated on analyses as done by SASOL previously. 

c 

f 



where- 

is the concentration off, mob"trace element in the water 
CTE-43 component of Stream 43~in ~pm). 

FTE-L is the flow rate of each trace element into the gas 
liquor (in lh/hr). 

FW_43 is the flow rate of the water component of Stream 43, 
i.e., 1,993,000 lh/hr. 

t " /'" Es imatlonl , of Trace Element Concentrations in Stream 27- .~/ 

The concentration :"of each trace element in c~l pile leachate 

(Stream 27) was identified in "the literature (Tab'~/6). The literature 
• .'-:-~. /i ~ . . 

data were assumed to be representatlve of-=Wy~m~ng subbztumlnous coal. 

I d e n t i f i c a t i o n / E s t i m a t i o n  o f  E f f i c i e n 6 ~ i e s  o f  Remov~l~-~of. f o r  E a c h  
Constituent by Each Wastewater Treatment Process- ":: 

Efficiencies of removal of each constituent in the liqui~ streams 

(43 and 27) were identified or estimated from the literature for each 

was't6water control technology process identified in the flow diagram. 

Ramov~l efficiencies assumed in the assessment are presented in Table 7. 

Estimation of Trace Element Concentrations i= Stream 46- 

The concentration of each trace element in Stream 46 was 

estimated by weighting the concentrations in streams 43 and 27 by their 

respective flow rates, applying the efficlenc~# of removal of each 
it " " constituent by= the gas liquor separator,, and div:iding.<. , .:by the flow rate 

of Stream 46: , ~ • "" 

<CTE-43)(FW_43> + (CTE_27)(FW~27) [IOO-RE E;~ ] '~" .. ~ T -~S 

CTE-46 = i00 

FW-46 
where- 

CTE_46 is the concentratio~ of each trace eleme~ in the water 
component of Stream 46 (in ppm). 

CTE_43 is the concentration of each trace element in the water 
component of Stream 43 (in ppm). 



%, 

LITERATURE \TA.LUES 

\ 

i 

CONCE=TIRATIONS~:IN 

CONSTITUENTS . ; : , ,~ .=  

TRACE ELEMENTS 
¢ 

Arsenic 
8or~n 
8e~ll ium 
Ca~'~tum 
Fluorine 
Lead 
Mercury 
Manganese 
Nickel 
Vanadium 

CARBOXYLIC ~CIOS 
Aceclc Acid 
Propanoic Acid 
ButanoicAcid 
2-M=thylp~opionic Acid 
Pen~anoic Acid 
3-Methylbutanoic Acid 
Hexanoic Acid 

BENZENE ANO SUBSTITUTED BENZE~ES 
Biphenyl 
Ethylbenzene 
Indan 
Toluene ,. 
1,2,4 Trtme~hylbenzene 
O-Xylene 

~ONOHYORIC PHEAOLS 
Phenol 
Z-Hethylphenol 
3~ethylphenol 
~e=ly lphenoi  
2,4-Xylenol 
3,5-X?lenol 

OIHYORIC PHENOLS 
Catechol 
3-Me~hylca~echol 
4-Methylcacechol 
3,6-OimechyIcatechol 
Resorcinol 
~-Methylresorcinol 
~-Methylresorcinol 

i ,  
J 

, !  /, 

18 :' 

/' 

T~L~.  6 ;' 
L ;. 

FOR SZ~./CONSTZT~NTS 
i: 

, , , , ,  • 

RAM GAS LIQUOR 
. (STREAM 43) 

ST~EAH COt(Cr.NTP.AT[ON$ (ppm) 

I ;  
:" COAL PILE LEACHATE 

/, ( s ' m ~  u )  

J . ,  

o.ss (1) / 
1.9 (1) 
0.29  (1) ,! 
0.25  (1)  ,: 

z . o  (1) 
• o.14 (1) / 

0.049 (1} 
0.0047 (1) : 
0.0036 ( 1 }  
0.0096 (I}, 

171. (41 
z6. (4} 

"13. (4) 
2. (4} 

12. (¢) 
I .  (4) 
i .  (4) 

0 . 7  
15. 

B.9 
$0. 

6 .  • 

.18. 

3100. 
340. 
420. ' 
300. l 
120. I' 
SO. 

I ,  

550. i' 
400. 
3ES. I 
¢5. 

275. 
65. 
36. 

(~) 
(5) 
(s} 

(e) 
(6) 
C6) 
(6) 
(6) " 
C6) 

{6) 
(6) 
(6) 
{6) 
(6) 
(6) 
(6) 

O.Ol (z) 

O.Ol (z) 
o,oo6 (z) 

0.023 (2) 
0.027 (z) 

11o.o (z) 
0.32 (2) 

I 

AS. SL"~CE 
WATER BLOWOOWN 

(STREAM 3a) 

o.oz (3) 

0.0006~ ( 3 )  

0.09 (3) 
0.0003 (3) 
o.s (3} 
.0.35 (3) 

"h 

=.% ° 
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TABLE 6 (co ' z) 

CONCENTRATIONS IN 

POLYSUCLE~ AROMATICS 

AcenaphChylene. 
Anthracene " 
Benz(a) Anthracene 
Banzo(g,h,t)perylone 
Be~zo(a)pyrene~-y 
8enzo(e)pyrene 
Chrysene .. 
Fluoranthene 
Fluo~ne 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

SULFUR HETEROCYCLICS 
Methzlthtophene 
Thiophene 

N[TROGEH HETEROCYCLIC~ 
Acridine 
2.4-0imethylwridlne 
2,5-OJmethylpyHdine 
2-Me~hylpyrid|ne 
3-Me~hylpyridine 
4-Methylpyr~dine 
Py~idine 
Quinol~ne , 

OXYGEN HETERQCYCLICS 
Be~zofu{an 
.Dlbenzofuran "'-- 

~ERCAPTANS 

Hethane~hial 

J l l l l l  

AR(}IATIC .V~I IN~ 

i Anl 1|he 

RAW GAS LIQUOR 

o.¢ (S] 
o.! (S) 
o.oi (s) 
,O.0003 CS) 
0.004 (s) 
0.004 C5) 
0.002 C5) 
0.2 CS) 
0.2 (s 
a.2 (el 
0.0004 (S) 
0.1 (S) 
o.z (s) 

z.z (7) 
I. (4} 
I. (4) 

70. (4) 
2e. (4) 

117. 
~S. (4) 

I 
2o. : (7) 

u .  (4) 

5TREM4 CO~(CENTP~TIONS Cppm) 

pZ E L CHAT  
(STREAM ZT) 

'ASH SLUICE 
~TER BLOWOOWli 

CS'Z'R~M :~) 

I 

(1) Estimate baaed on SASOL d is t r ibut ion coefficientm (37). 
(2) Reference 18. 
(3) Reference 9[. 
(6) Re£erence 8. 
(5) Es~£maCe based on RTI da~a (19). L~mlced by compound solubi l l tyo  
(6) Reference g2. 
(7) Estimate based on RTIdata (19). Limited by compound production rate. 
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-~ TABLE 7 

R~MOVAL EFFICZ~CTES ~OR LIQUID S~F_.2~ 
CONSTITUENTS BY CONqEOL PROC--..S5 

-- (Percent Removed) 

r.1 

GAS LIQUOR .~,HNONZA 31OLOGZC'~ Ri"/LRSE 
C O M P O U N D SE.~ARATOR RECOVF2. v T'J2A~-H~T OSMOSIS 

ALZPHAT~CS, ALICYCLZC5 
AND FATTY ACEDS 

Ace=It Acid 
Pzopanoic Acid 
Bu=ano£c Acid 
2-He~hylprop£on£c Acid 
Pen=ano£c Acid 
3-Heehylbutanolc Acid 
Hexanoic Acid  

B'~ZE~;E .A~D SUBSTITUTED 
BE~IZENES 

EthylSenzene 
Toluenu 
1,2,4-Trime~hylbenzene 

,; 0-Xylene 

~ON0~RIC P.Z~OUS 

Phenol 
2-Hechylphenol 
3~He=hylphenol 

i' 4-Mechylphenol 
2 , 4 - X y l e n o l  
3,STXylenol 

DZRYDRIC PHENOLS 

Cacechol 
3-Me~hylea~echol 
6~le~hylea~achol 
3,6-Olmechyleacmuhol 
Resorcinol 
5-Methyl Resorcinol 
~--Mechyl Resora£nol 

TRIH£~R[C PHENOLS 

Phlorog~nc£uol 

: 0 
i 

i 

q 

¥ K E N O -  
S OI.V/d[-  " 

15 (1)* 

I 
I 

. I  
I I 

15 (z) 

99.5 (l) 

60 (~) 
r 
i 

60 (l) 

t . 

i. 

0 95 (2,3) 

40-90 + (3,~,5) 

90 (:) 
90 C4) 
9o C") 
90 (s) 

92-94 (6) 

99 (7) 
' ~7  C7) 

97 [7) 
97 (7) 
81 C7) 
37 C73 

RIGE (3,7) 

97 (7) 
zoo (5) 

97 (8) 
97 (8)- 
98 (7) 
97 (8) 
97 (8) 

LO~ . : (3) 

5L (9) 
65 (9) 
63 (10) 
63 (lo) 
63 (10) 
63 (tO) 
63 (lO) 

63 

69 
7'., 
87 
75 
90 
90 

75 

U 

I 

(tO) 

(9) 
(9) 
(9) 
(9) 
(9) 
(9) 

C9} 
(it) 
(I±) 

'(tZ) 
(~) 
(tl) 
(t!) 

*Numbers in parenthesis refer to references. 

(I) Reference 78. 
(2) Reference 8, 
(3) Re~eresce tS. 
(4) Re~erence 80. 
(5) Re{erence 102. 
(6) Refe rence  6. 
(7) Re~erencc 93. 
(8) Assumed sa~e removal as catechol. 
(9) Reference 2S., 

(10) Assumed valu~hased on reJect~pn 0£ non- 
phenolic o r g a n i c s  in.reFerence 25. 

@ 

: (n) 

Cz2) 
(I~) 

(t~) 

(15) 
(16) 
(17) 
(18) 
(Zg) 
(2o) 
(2D 

A s s u m e d  same r e m o v a l  s s  e n t e c h o l  a n d  
r e s o ~ c i n o l .  

DOE/ECT, u n p u b l i s h e d .  
A s s u m e d ~ s a m e  r e m o v a l  a s  n i t r o g e n  

hece~ocyclios, o 
Assumed valu@s: assuming l i t t l e  degradat[on, 

bu~ abso rp t i on / s ed imen~aCton  removes'g0Z 
compounds (>2 rings) and 70Z compounds 
Cl,2 r i n g s } .  

Assumed same value as phenan th rene .  
Assumed same value as for pyr idtne. 
Assumed value. " 
Reference 5[. 
Average value, reference 34, 
Refe rence  17. ~' 
Average v a l u e ,  ~eference 35. 

[ 

'2 

i . 
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POLY.~ROMATIC HYDROCARBONS 
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TABLE 7 (Cont.) 

L;  " =" 

• C 
Ace~w.phchylene 
A¢~!dlne 
Anthracene 
Benz(a)a~¢hracene 
Be~zoCs,h,i)pe~]lene 
Benzo(a)pyIene 
"Benzo(e)pyreue 
Biphenyl 
'Chl'ysene 
Fluoranchene 
Fluorene 
Indan 
Zndene 
Naphthalene 
Pezyle~e ~: 
PheuanEhr~e 
Pyrene 

SULFUR RETEROCYCLECS 

Me~hyl~hlophene 
Thlophene 

NITROGEN HETEROCYCLICS 

2,4-Dime~hylpyridlne 
2,5-Dime~bFlpyvldlne 
2-Mecbylpyrldine 
3-He~y£py"cldlne 
4-MeEhylpyrld£ne 
Pyridlne 
quinoLine. 

OXYGEN }hZTEROCYCLIC5 
c 

Beozofuran 
Dibenzo~u~an 

MERCAgTANS 

H e C h a n e u h i o l  

AROM_%TIC ~ I E S  

A n i l i n e  

ZRACE SL~.'E~TS 

Arseni~ 
Boron • 
He~yZi~Tj~. 
Cadmiu.~ 

Flugrine 
Lead 
Mer=ury 
Y.a~Sanese 
Nickel 
V&nadlum 
/' 

GAS LIQUOR 
SI~AF~,TGR 

o 
1 
I 

I 
I 

i I: 
i I' 

r 

PHE~O- 
SOLVAN " 
(~-'H) 

15 (£) 

Z5 (2) 

g9 (2) 
99 (2) 
9g (2) 
9g (2) 
9g (2) 
99 (2) 
gg (£3) 

t5 (Z) 

15 (I) 

t5 (i) 

0 
I 

AbIMONZA 
.RFCOVERY 

o 

r 

BZ01..OGZCAL 

30-90+=(a,Z2)i 

90 O,~)~ 
• ~ 90 (z4)! 

go (14) 
9o (14) 
90 (£4) 
go (14) 
9o (z4) 
70 (s) 
90 (14) 
9o (z4) 
90 (£4) 
70 (14) 
75 = (5) 
70 (z4) 
9o (14) 
go (£4) 
90 (14) 

~o (~4) 
70 (t4) 

got.. C5) 

go+ (S) 
go+ (s)l 
go+ is) 
99+ (5) 
go (~) 

gO (~) 
go (13) 

I 

go (17) 

95 (5) 

30-90 (i2,~8) 

50 (17) 
50 (Z7) 
50 (£7), 
32.2 ( lg) 

.. 20 (£7) 
70 (£9) 
&7.5 (19) 
50 (~Z) 
27.5 (19) 
~5 (20) 

REVER.SE 

i 
s osz.  

z~z-a°) 

99 (l.s) 

(g) 

F 

63 (].o) 

74 (16) 

(9) 

:7~ (13) 

I 
I 

1 
T 

• 90 (£7) 

63 (I0) 

89 (21) 
90 (21) 
gO ( tT)  
90 (£7) 
93 C6) 

~60 C21) 

100 (6) 
98 (6) 
95 (z!) 
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Fw-43 

CTE-27 

t ,  

is.the flow rate of the water component of Stream •43, 
i.e., 1,993,000 Ib/hr. 

¢ 

is the comcentration of each trace element in the water 
componenf.of Stream 27 (in ppm). 

FW-27  is t~ ie  flow rate of the water c o m p o - g e n t  of Stream 27, 
~=i.e., 1,030 lh/hr. 

RETE_LS is the efficiency of removal of each trace element in 
the gas liquor separator (in ~). ;~".: -- 

, ~ -  

FW_46 is the flow rate of the water component of Stream 46, v 
i.e., 1,991,000 Ib/hr. ' 

'.Estimation of Trace Element Concentrations in Stream 48 

The concentration of each trace element in Stream 

estimated using the fol].owin~ equation: ". 

(CTE_46)(Fw_46) [100-P~ETE_PH] , . . .  

CTE_48 = " l o 0  

~W-48 . -  

w h e r e -  

48 was 

CTE-48 

CTE-46 

FW-46 

RETE-PH 

is the concentration of each trace element in Stream 48 
(in ppm). 

is the concentration of e:~ch trace ilement in Stream 46 
(in ppm). 

is the flow rate of the water component of Stream 46, 
i.e,, 1,99.~,000 IbZhr. 

! 

is the efficiency of removal of each trace element by 
the Phenosolvan control unit (in %). 

FW-48 is the flow rate of the water component of Stream 48, 
i.e., 1,990,000 ib/hr. 

Estimation of Trace Element Concentrations in Stream 50 ;. 

The concentration of each trace 

estimated using the following equation: 
if 

element in Stream 50 was 
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- . - -  " ~E-50 

where- 

CTE_50 is 
= 50, 

CTE_48 is 
:48, 

(CTE-48)(Fw_48) [100-'RETE_AR]~ 

I00 

FW-50 

the concentration of each trace element in Stream 
(in ppm).~ 

the concentration of each trace element in Stream 
(in ppm). 

~FW~4S is the flow rate of the water comp6nent of Stream 48, 
i.e., 1,990,000 ib/hr. ~" 

RETE_ARiS the efficiency of remova~ of each trace element by 
the Ammonia Recovery unit (in %). , 

FW-50 is the f£ow rate of the water component of S~ream 50~ 
i.e., 1,991,000 ib/hr. 

Estimation of Trace Element Concentrations in Stream 52 

The concentration of each trace 

estimated using the following equation: 

(CTE-50)(FW-50) 

CTE_52 = 

FW_52 
where- 

element in Stream 52 was 

[100-RETE_BT] 

100 

CTE_52 is the concentration of each trace element in Stream 
52, (in ppm). ~ 

C~E_50' 

FW-50 

RETE-B T 

FW-52 

is the concentration of each trace element in Stream 
50, (in ppm). 

is the flow rate of the water component of Stream 50, 
i.e.; 1,991,000 ib/ht. ~ ; 

,, 

is the efficiency of removal of each trace element by 
the Biological Treatment unf6, (in %). 

is the flow rate of the water component of Scream 52, 
i.eo , 1,962,000 =Ib/!r~'. 
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Estima6ion of Trace El'ement Concentrat£ons in Stream 38- 

;The ionc4ntration.of each. trace element in Stream 38 was assumed 

to. be equal to the concentrat'ion .of "elements in column volume ieachate 

fractions of ash from: Lurgi gasiflca~ion .of Montana Rosebud coal. 91 The 

data were assumed to Eq've a good approximation of Wyoming subbituminou's 

coal as the concentra~ion'-of almost all trace• elements were essentially 

equal in both coals, as shown in Table 4, The concentration of each" 

trace element in Stream 38 is presented in Table 6. 
"~ . :Y 

:Estlma~'~.bn of Trace Element. Concentrations ±n Stream 53- 

The concentrations of each .trace element 

estimated using the following equation: 

: [(CTE_Si)(Fw_52) ' + (CTE_a8)(Fw_38)l 

CTE_53 = 

, - ~ .  FW-53 
where- ., " 

CTE-53 

CTE-52 

FW-52 

CTE-38 

FW-38 

RETE-RO 

FW-53 

in Stream 53 was 

[ RETE_RO ] 

100 

C 

is the concentration of each trace element in Stream 
53~ (in ppm). " ~ ' i/'I 
IS the concentration of each trace element in Stream ~J" 
52, (in ppm). " 

z . I 
is the flow rate of the water component of $~ream 52, 
i.e.., 1,962,000 1b/hr. ~. 

is the concentration of:each'trace element in Stream 
38, (in ppm). 

is the flow ra~e-of the water component of S~ream 38, '" 
i.e., 879,000 Ib./hr-~ ~.. .: 

is .the efficiency of removal of each trace element by 
the Eevers~ Osmosis unit (in %). 

is the flow rate of ~he water component of Stream 53 
which is assumed to'be 20Z of the sum of the water 
components oZ~Streams 52 and 38~ i;4~', 568,200 ib/hr. 
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Estlmat~ion of Trace Element Concentratlons in Stream 54- 

The concentration of each trace element 

estimated usin E the followin E equation: 

in Stream 54 

CTE_54 = 

where- 

~TE-54 

CTE-52 

FW-52 

CTE-38 

FW-38, 

(CTE_52)(Fw_52) + (CTE_38)(Fw_38) [100-RETE_RO] 

i00 

- FW'54 =z. 

is the concentra6ion of each trace element in 
Stream 54 (in Rpm). 

L 

is the concentration of each trace elemen~ in 
S~ream 52 (in ppm). 

F 

is the flow rate of the water component of Stream 52, 
i.e., 1,962,000 ib/hr. " : "  

is the concentration of each trace element in 
Stream 38 (in ppm) 

is~the flow rate of the water component of Stream 38, 
i.e.~ 879,000~lh/hr. 

is the efficiency of removal of each trace element by 
the Reverse Osmosis unit (in %). 

FW-54 is the flow rate of the water component of Stream 54, 
~assumed to be equal to 80% of the sum of the water 
components of Stream 52 and 38, i.e.~ 2~273,000 ib/hr. 

Estimation of Trace Element Concentrations =in Stream 31- 

was 

The concentration of each trace element in Stream 31 (make-up 

water to utilities generation) was assumed to be zero. 

Estimation of Trace Element Concentrations in Streams 31+54- 
• -'"" : 

The concentration of each 6race elemen~ in Streams 31+54 was 

estimated ~sing the following equation: 

CTE-(31+54) = 
( CTE-3 I) (FW-3 i) + (CTE-54) (FW-54) 

(Fw_31) + (Fw_54) 



where- 

CTE-(3 I+54) 

CTE-31 

FW-31 

CTE-54 

FW-54 

,%. 
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is the concentration of each trace eiement-ln 
Stream 31 + 54, (ino~pm). "= 

- g 

is ~he-concentration of each trace element in 
S~ream 31, (in ppi'). : ='" 

D., 

is the flow rat~ of the water component of Stream 
31, i.e., 1,180,000 ib/hr. 

'¢ ,~ l 

is the concentrati=nl~f ~ach trace element in 
Stream 54, (in ppm). " 

is the flow rate 0f the w@ter compoaent of Stream 
54, assumed ~ho be equal to' 80% of the sum of the 
water componenus;~of Streams 52 and 38, i.e.~ 
2,273,000 Ib/hr. -~ 

,j r, 

t 

2.2.2 Estimation of Organic Compound~" in Liquid Streams 

Data on the,; types and concentra.~i'6~Rs of organlc compounds in 

liquid streams were very limited. No" data could be found regarding 

o r g a n i c  c o n s t i t u e n t s  i n  p r o c e s s  w a t e r s  f ' rom L u r g i / F i s c h e r - T r o p s c h  

processing of Wyoming subbituminous coal. . 

In Order to provide estimates of the t#pes and concentrations of 

organic compounds which may be present in liquid streams from waste- 

water treatment units, data from two sources were used. 

¢,. 

A search of the literature fndicated that limited data were 
available from the SASOL operation in South Africa and Lurgi 
gasifiers in ,Westfield, Scotland. 92 Although the coal feed 
type, liquid stream flow rates~ and operating conditions may 
not be the same as those specified for the conceptual plant 
used in this analysis, the available data were assumed to be 
representative, The d~ta are presented=in Table 6. 

Ongoing studies sponsored by the Envirodmental Protection 
Agency recently have characterized the orgahic componenffs of 
tars produced by gasification of Wyoming su~bituminous coal. 
Although there are differences between the-conceptual plant and 
the EPA study regarding reactor configuration and opera6~ng 
conditions, the EPA data were assumed to be useful in providing 
preliminary estimates of the types and concentrations of 
organic compounds which may be produced by Lurgi gasification 
of Wyoming subbituminous coal. Parameter values ffor the EPA 
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• study, :Lurgi gasifiers a=d the conceptual plant configuration 
are compared in Table 8.~' Data'from the EPA Study which were 
used in estimating the types, and concentrations of organic 
compounds in liquid streams are summarized in Table 9 (column 

• ~ 4). 
.: 

These two sources of data were used to estimate the 

concentrations of organics in Stream 43. Estimates of conc~ptrations of 

organics in subsequent liquid streams • in the wastewater trea'tment uni'ts 

were estimated by sequentlally applying removal efficiencies of control 

units for each organic constituent to calculate the amount of each 

constituent w~ich would remain in the liquid stream, and then dividing 

the qnani=ity of cons~ituent~by the flow rate of the water component of 
, 

each stream. 
==: 

Estimation of Organics Concentrations i~l Stream 43- 

As in the case of trace elements, Stream 43 was considered to be 

the crucial liquid stream for the analysis; it was the largest, most 

highly contaminated liquid waste stream in the plant, and its 

composition largely deter~zined the composition and flow races of 

subsequent streams i~from the wastawa~er treatment units. 

Characterization of organics in Stream 43 was aceompllshed using 

data from'the SASOL and Westfield~ Scotland plants 92 and gasification 

screening .tests 19 descri'bed in the'~ previous section. The SASOL and 

Westfieid data, presented in Table 6,'.were assumed to be representative 

of Stream 43 and were used directly. The tar characterization data from 

the gasification screening tests were used in the following way to 

estimate quantities of organics in Stream 43 

" I) It'~'wis=-assumed that the compounds detected in the tar produced 
by fixed-bed gasification of Wyoming subbituminous coal and the 
rates of production would be representative of Lurgi 
gasification of Wyoming subbituminous coal, 

*The water component of each stream was used rather than the whole 
stream because it was assumed that the total quantitY(of each 
constituent was dissolved in the Rater component. '~ 
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TABLE 8 .. :., 

'COMPARISON OF PARAMETER VALUES FOR GA,~IFICATION REACTORS 
,s, I. 

' J.,, ~ r 

RTT " ' /  "i" " 
• " Plant 87 Test #33 19 " ' Lurgl 9 .~ Conceptual 

Air/Coal, g/g 

Stmam/Coal, g/g 

Carbon Conversion, % 

Coal Residence.Time (min) 

Tar Produced, g/g 

Gas Procuded, SCF/Ib: 

HHVo~ Raw Gas, Btu/SCF 

Throughput, ib/hr/ft 2 

Coal Type 

Ii Pressure, Psia 

" Mesh Size 

• Maximum .Temperature °C 

H~a:tup~ime to soo°c, Mi~. 

1o'5 

.36 

98.9 

Ii0 

.012. 

35 

201 

45 

Wyoming 
Subbit 

200 

8x 16 

1040 

8 

3.0 

1.5 

95 

'- "-- -. d0 

No Data 

52 

195 

248 

.i 

I 

New Mexico 
Subbit 

300 

1.75" x .08" 

NO Data 

NA w 

1.2 

.89 

99.s 
No Data 

; .019 

38 ';' 

No Data 

No Data 

Wyoming 
Subb.it 

450 

1/4" x 2" 

No Data 

NA * 

NA-Not applicable 

2 - 2 7  
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2) It was further assumed that the concentration of each compound 
in the gas liquor would be "limited by'elther the production 
rate of "the compound or the solubility of th6.. compound in 
water.. 

The ~antity of eRch compound prqd~ced as a function of the 
quantity of coal fed to the gasifler was identified in the 
'study.. The data are presented in Table 9 (column 4). 

It was assumed thai'the tota~ quantity of each organic compound 
in the tar dissolved in the water component of Stream 43. The 
resultant concentration of each organic compound in the water 
component of Stream 43 was. calculated using the following 
equation: 

(Ro)(Fc_2) . . . . . .  

Co_43 = 
FW-43 

wh4re- 

Co_43 is the concentration of each organic compound in the 
water component of Stream 43, (in ppm). 

Ro is the rate of production cf each organic compound 
per unit of coal charged to the gasifier (Ib 
compound produced/ib of:,coal gasified). 

FC- 2 is the flow rate of whole coal to the gasifier, 
i.e., Stream 2; (1,901,324 ib/hr). 

FW_43 is the flow rate of the water component of Stream 
43, i.e., 1,993,000 ib/hr. 

The results are presented in Table 9, Column 6. ': 

5) The concentration of each compound~ which would result if the 
limiting factor were the solubility of the compound in water, 
"was estimated: 

(So-w)(Lo_W) 
Co_43 = 

100% 

where- 

Co_43 is the concentration of each organf~ compound 
in Stream 43 if, the solubility of the compound in 
water were the limiting factor (in ppm). 

So_ W is the solubility of the compound in water 
(in ppm). 
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The 

Lo-W is the assumed level of solubility (in %) which 
would be attained by each compound as .a function 
of molecular size. Based upon findings at Oak 
Ridge Nati6nal Laboratory 45 it was assumed that for 
compdunds with 4 or more rings Lo_ W = I00%, and 
for compounds with 3 or fewer rings Lo_ W = 10%. 

results are presented in Table 9, Column I0. 

6) The concentration of each organic compound in t~.~'e water 
component of Stream 43 was assumed to be the less~-~of the two 

Ir 
concentrations estimated,.in steps 4 and 5. Conc'gntrations in 
Stream 43 used in the analysis are presented in Table 9p Column 
Ii • "> 

: 'A 

Estlmation of Organics. Concentrations in Stream 27- ,!i 

Concentrations of organic compounds in Stream 27 were assumed to 

be zero. due to lack of data on specific compounds. 

Estimation of Organics Concentrations in Stream 46- 

Co_46 = 

where- 

The concentration of each organic compound, in the water component 

of stream 46 was estimated: .~J 

(Co-43)(Fwq~3) + (Co_27)(Fw_27) [100-REo_LS ] 

10O 

• z FW-46 

Co-46 

Co-4 3 

FW-43 

is the concentration of each compound in the water 
component of Stream 46, (in ppm). 

is the concentration of each compound in the water 
component of Stream 43, (in ppm). 

is the flow rate of the water component of .Stream 43, 
i.e., 1,993,000 ib/hr. 

Co-27 

FW-27 

REo-LS 

FW-46 

is the concentration of each organic compound in Stream 
27, i.e,, assumed = 0. 

is the flow rate of the water component of Stream 27. 

is the efficiency of removal of each compound in the 
tar/oll separation unit (in Z). 

f. 

is the flow rate of the water component of Stream 46, 
i.e., 1,991,000 ib/hr. 
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Estimation of Organics Concentrations in Stream :48- 

The concentration of each compound in S=ream 48 was estimated 

using the following: 

(Co-46) (FW-46) [ 100-REo_pH] 

Co_48 = I00 

FW-48 
where%~. 

-... 

Co_~ is the concentration of~each compound in the water 
component of Stream 48 (in ppm). 

Co_46 is the concentration of each compound in the water 
component of Stream 46. 

FW_46 is the flow rate of the water component of Stream 46, 
i.e., 1,991,000 Ib/hr. 

REo_PH is the efficiency of removal of each compound in the 
Phenosolvan unit (in %). 

FW_48 is the flow rate of the water compoaent of Stream 48, 
i.e., 1,990,000 Ib/hr. 

Estimation of Organics Concentra=ions in Stream 50- 

The concentration of each .organic compound in Stream 50 was 

estimated using the following: 

<Co-48)(Fo-48) [100-~o_AR] 

Co_50 = i00 

FW-50 
where- 

Co_50 is the concentration of each compound in the water 
component of Stream 50 (in ppm). 

Co_48 is the concentration of each compound in the 'water 
component of Stream 48 (ppm). 

- FW_&8 is the flow rate of the water compo'dent of Stream 48, 
" "~i.e., 1,990,000 ib/hr. 

REo_AR is the" ~ff!ciency of removal of each compound in the 
ammonia recovery unit (in %) 

~, ,-% 

FW_50 is the flow rate o~'the water component of Stream 50, 
i.e., 1,991,000 ib/hr. "" 

O 
:< 

.,'.. 
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Estimation of Organic Consentrations in Stream 52- 

The concentration of each compound in Stream 52 was estimated 

using the ~llowing: 

(Co-50)(FW-50) [100-REo_BT] 

Co_52 = : I00 

FW-52 
where- 

Co_52 is the concentration of each compound in the water 
component of Stream 52 (in ppm). 

Co_50 is the concentration of each compound in the water 
component of Stream 50 (ppm). 

FW_50 is the flow rate of the water component of Stream 50, 
i.e., 1,991,000 ib/hr. , 

% 

REo~BT iS the efficiency of removal of each coMpu:~nd in the 
Biological Treatment unit (in %-). 'f 

), 
FW_52 is the flow rate of the water component of Stream 52, 

• . i.e., 1,962,000 Ib/hr. 

Estimation of Organic Concentrations in Stream 38- "'-.. 

Concentrations of organic compounds in Stream 38 were assumed ilto 

be zero, due to lack of data. ~:./ 

Estimation of Organics Concentrations in Stream 53- 

The concentration of each organic compound .in Stream 53 was 

estimated using the following: 

[(Co_52) (Fw-52) + (Co_38) (Fw-38) ] [REo_KO] 

Co-53 = 'i00 

FW_53 

.- 

b 
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where- 
..% 

Co_53 is the concentration of ead'~ / compound in the water 
component of Stream 53 (in ppm). 

CO_52 is .the concentratio~ of each compound in the water 
component of Stream 52 (in ppm). 

FW_52 is the flow rate of the water component of Stream 52, 
i.~., 1,962,000 Ib/hr. 

Co_38 is the concentration of &ach compound in Stream 38, 
assumed = O. 

FW_38 is the f,~ow rate of the water component of. Stream 38, ~: 
i.e., 879,000 ib/hr. 

REo-RO is the efficiency of removal of each compound in the 
Reverse O~mosis unit (in Y.). 

FW_53 is the flow rata of the water component of Stream 53, 
assumed to be equal to 20% of the combined water flow 
rate of Streams 38 and 52, i.e., 568,200 ib/hr. 

i Estimation of Organic Concentrations in Stream 54- 

Co_54 = 

where- 

Concentrations of each compound in Stream 54 were estimated using 

the following: 

[(Co_52)(Fw_52) + (Co_38)(Fo_38)] [IO0-REo_RO] 

i00 e 

FW-54 

Co_54 is the concentration of each compound in the water 
component of Stream 54 (in ppm). 

t 

Co--52 is the concentration of each compound in the water 
component of Stream 52 (in ppm), 

l 

FW_52 is the flow rate of the water component of Stream 52, 
i.e., 1,962,000 lh/hr. 

Co_38 is the concentrations of each organic compound in Stream 
38, assumed = 0. 

REo~RO is the efficiency of "removal of each compound in the 
~ Reverse Osmosis unit (in %). 
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FW_54 is the f~ow rate of the water qomponent of Stream 54, 
assumed to be equal to 80% of the combined water flow 
rate of Stream 52-~and 38, i~e., 2,273,000 Ib/hr. 

Estimation of Organic Concentrations in Stream 31- 
= 

Concentration of organics in treated, makeup water(Stream 31) was 

assumed to be equal ~o zero. 
t 

Estimation of Organic Concentra£1ons in Streams 31+54- 

The concentration of each organic compound in Streams 31+54 was 

est~ated using the followiRg: 

(Co_31)(Fw~31) + (Co_5~) (Fw-54) 
i o_(31+s4) = 
:._ ,, FW_31 + FW_54 ~ 

where- 

Co-(31+54) 

Co-31 

FW-31 

"COL54 
u 

i 

FW-54 

is the concentration of each compound in the 
water component of Streams (31+54). ~. \. 

is the concentration of each compound i:~!u Stream 3I ,  
assumed = 0. '~, 

is the flow rate of the water componen~ of Stream 
31, i.e.,, 1,179,700 lb/hr. 

is the concentration of each compound in the water 
component of Stream 54. 

is the flow rate of the wager componen= of Stream 
54, i.e., 2,273,000 ib/hr. 

FW_31+Fw_54 is the sum of the flow rate of the water component 
of Streams 31+54, i.e., 3,452,000 ib/hr. 

2.2.3 i Results 

The estimated concentrations and flow rates of each stream 

constituent, including both trace elements and organic compounds, are 

presented by stream in Table I0 and II. 
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0 Z.3 Characterization of Gaseous Streams 

Characterization data in the literature-were very limited. No 

experimental data could :be ~ound regarding specific gas'~ous eonstl=uents 

from Lurgl/Fischer-Tropsch processing of Wyoming su]~bitumi'nbus coal. : 

J/ 
Gaseous streams selected for the analysis a~ listed in Table 12; 

their interrelatlonships are illustrated in Figure 3. These streams 

were selected because they may contain constituents of environmental 

concern and they will be released to the environment. 

The analysis focused "on criteria pollutants and two general 

classes of pollutants which have been identified as potential causes of 

concern in ~gaseous streams from, coal conversion facilities: trace 

elements and organic compounds. 

< TABLE 12 

GASEOUS STREAMS CHARACTERIZED FOR RISK ASSESSMENT 

STREAM NUMBER* STREAM ~91.~ 

28 Utility stack gases to atmosphere 

29 

72 

73 

• Evapo.rative losses' (incl. cooling 
tower d=ift) • 

• .-j 

Lohkhopper vent gas emissions 

P 

Evaporative losses (Streams 18-23) 

74 Evaporative losses (Stream 60) 

, . I 75 

76 

77 

78 

Evaporative losses (Stream 45) 

Evaporative losses (Stream 44) 

Eviporative losses (Stream 47) 

Evaporative losses (Stream 49) 

*See Figure 3 on following page. 
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I 
~ SNG" 

~ C~LPG 
~ - - ~ - - - ~ I # > ~ G A S O  L I N E 
~._...~2/~.-~-..--.-~DIST. 'FUEL OU. 
j v ~ H E A V Y  FUEL 

; E O U S  S T R E A M S  
FOR 

L L I Q U E F A C T I O N  P R O C E S S  
F ] S C H E R - T R O P S C H )  

FOR CHARACTERIZING 
=~A,",IS. 
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In_general the types and quantities of pollutants in each stream 
,: I : . 

reported ~ere have been~ derived from the literature and modified , as 

necessary, to reflect the size and feed coal of the conceptual plant., 

used :in Chls analysis. The types and quantities of trace elements 

present in the g%seous streams were estimated using th~ trace element 
L" 

characterization data for Wyoming subbitumlnous coal presented in Table 

13. The dlstributlqn of trace elements from the gasifier was based on 

SASOL~data 37, and is presented in Table 14. The distribution of trace 

elements from the utility boiler was based" on data from the WE~CO Coal 

Gasification Project I08 and is presented in Table 15. 

The specific ca'l culatlons, data and assumptions used in 

estimating the types and concentrations of trace elements and organic 

compounds which may be present in the gaseous streams were analyzed by 

stream. % • < • 

Utility Stack Gases "(Stream 28) 

Stream Constituents : 

The major and minor constituents of Stream 28 were reported by 

Schreiner87~ and are presented in Table 16. 

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

trace "amounts. The flow rates of five trace elements in Stream 28 ware 

estimated by calculating the amount of each element entering the utility 

boiler iu .the feed coal and tar from the gasifier, and then applying 

distribution coefficients based on the WESCO report (See Table 15). 

The quantity of each trace element in the ~ar was estimated: 

QTE-T = (CTE-DC) (FDC-G) (DTE-T) 

where- 

QTE-T 

CTE-DC 

is the flow rate of the trace element in the tar feed 
to the boiler (ib/hr). 

is the concentration of the trace element in the dry 
coal, ppm. 



Trace 
El~nents 

i~:.As 
B 

Ba 

Be 
Br 
Cd 
Ce 
Co 
Cr 
Cs 
Cu 
F 
Ga 
Ge 
Hg 

in 
La 
Li 
Mo 
Mn 
Ni 
P 

R5 
Ru 
Sb 
Sc 
Se 
Sn 

Ta / 
Te :' 
U : 
V 
W 
Y 
Zn 
Zr 

~ 4 4  

TABLE 13 

TRACE ELEMENT CONCENTRATIONS FOR WYOMINC~ AND ROSEBUD MONTANA 

SUBBITUMINOUS COALS (ppm) '~ 

Wyoming 40 
Subbituminous-$ I. 

• 06-. 43 
.57-1.2 
32 
87 

.71-.8 
u 

.31-.8 

.55 
4.2-16 

8.9-10 
65-67 

.ii-.17 

m 

3,6-i5.0 
2.2 

2.8-3.4 
1.7-14 

m 

• 51-12 

• 0 8 - I . .  5 .:~ _~. 

.33 

.14 

' . . 8 8  
i0-14 

.23-~ 

Montana Rosebud 
Subbltuminous 40 

.06 
.08-1.2 

32 
/ ; 87 

.7-.8 

.31-.8 

.6-4 
4-16 

9 -lO 
66 

0 -- 

•11-.17 

2.2 
2.8-3.4 
2-14 ..~,_ 

• 51-12 

.33 

.14 

.88 
10-14 

2-8 
170 

'% 

t 

Ratio Of Concentrations 
of Trace Elements- 
Montana to Wyoming 

i-.14 
• 14-1 
1 
1 

.99-1 
D 

1-1 

i . 0 9 - 7 . 2 7  
.95-i 

-~ 

1.01-i 
.98-1.01 

i-I" 

-- t: 

l 
I-1 

1.18-1 

i-I 

1 
I 
m 

1 
1 

8.70-1 
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I III I 

Element 

~e 

B 

V 

Mu 

Ni 

As 

Cd 

Sb 

Ce 

Hg 

Pb c 

Br 6 

F 

C1 

~TABLE 14 

TRACE ELEMENT DI{~KiBU~IONFOR LURGI AT SASOL *'37 
(Percen~ of Element in Coal) 

Ash / Liquor Tar Oil 

33.3 

90 

99.9 
? 

99.9 

99.4 

26.9 

51.9 

50.0 

99.9 

51.9 

94.2 

I0.0 

56.3** 

52.6** 

23.3 

8.8:%-~L 
0 . 1  

0 . 2  

0 . 4  
/ 

67.2 

45.5 

45.0 

0.i 

41.6 

1.7 

88.9 

43.8 ~* 

47.4** 

17.0 

2.0 

0.0 

0.0 

0.0 

1.9 

0.6 

3.8 

0.0 

6.4 

,4.3 

0.i 

0.0 

0.3 

t 

I. 

l, 
t t 

; '2 

.-?.. 

0.3 

0.0 

0.0., 

0.0 

0.0 

3.9 

1.4 

0.6 

0 .0  

0.6 

0.0 

0.0 

0.0 

.0.0 

°-- 
I_' 

Analysis by spark source mass spectrometer 
analysis) for E1 Paso by SASOL. 

(which can give a semi-quantitative 

% distribution calculated on analyses as done by SASOL previously. 
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TABLE 15 

TRACE 

ELEMENT 

As 

Be 

Cd 

F 

Hg 

Pb 

DISTRIBUTION OF TRACE ELEMENTS FROM 
UTILITY BOILER 108 

O 

DISTRIBUTION (%) 

BOTTOM 
ASH 

4.4 

16.9 

16.0 

1.2 

4.4 

9.7 

ESP STACK GAS ATMOSPHERIC 
FLY AS}{ SCRUBBER EMISSIONS 

94.6 

82.2 

82.7 

26.8 

13.0 

89.3 

0.8 

0.7 

1.0 

57.6 

0.I 

0.8 

0.2 

0.2 

0.3 

14.4 

82.5 

0.2 
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FDC-G 

DTE-T 

as the flow rate of dry coal to the gaslfier, i.e., 
1,369,00.0 lb/hr. 

.is the fraction of th~ total quamtity of this trace 
element fed to the gasifler that ends up in the tar. 
(Table 14)~ 

and the total quantity of each trace element in Stream 28 due to 
trace element input from the feed coal and tar was estimated: 

:o 

QTE-28 = [(CTE-Dc)(QDC-B) + (QTE-T)'] DTE-28 
.%. 

where- 

QTE-28 is the flow rate of the trace element to " the': 
• - atmosphere, ib/hr ~ 

.J 

CTE_D C as the eoncentrat%gn of the trace element in the'.coal ~ 
feed to the bo$1er, ppm, dry coal basis. ~ ' i .  

QDC-B is the flow rate of dry coal to the boiler, i.e., 
298,000 lb/hr. 

QTE-T 

DTE-28 

is the flow rate of the Grace element in the tar feed 
to the boiler, Ib/hr. (from Table I~, below) 

is the fraction of the total~quantlty of this trace 
element fed to the boiler that is emitted to the 
atmosphere. (Table 15) 

C o m p o n e n t  

CO 2 

N 2 + Inerts 

02 • i 

B20 

so  x ( a s  so  z )  

~o  x ( a s  No) 

TABLE 16 -~tility Stack Gases, Stream 28 

lbs/hr* Wt% 

2,739,799 39-46 

3.,632,785 52.33 

71,264 1-03 

497,676 7.17 
.1 

960 138 ~pm 

,176 25 ppm 

*Appendix B, Stream 28 
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• kThe calculations are presented in Tables 17 an~ 18. [~: 

Trace 

Elements' 

As 

Be 

Cd 

F 

Bg 

Fb 

TABLE :i7- Flow Rates of Trace Elements in the Tar 

40 = 
CTE_DC x FDC_G87 x DTE_T*,37 QTE-T 

D 

(pp___mm) (•i ib/hr) 

.57-J.2 ~.369 

• 71-.80 1.369 

• 31-.80 1.369 

65-67 c. 

. I i - . i ' 7  

• 51-12.0 ". 

I, 

• 0 1 9  " 

. 1 7  

.006:~. 

1;g69 : ;  0.0 
-; > 

1.369 .064 

1.369 .043 

<ib/hr) 

.0148-.0312 

.1652-.i862 

.0025-.0066 

0.0 

.0096-.0149 

.0300-.7064 

o. 

TABLE 18 - Flow Ra=es of Trace Elements in Stre~ 28 

Trace 
Elements 

As 

Be 

Cd 

F 

Pb 

(CTE_DC 40 x FDC-B 87 + QTE-T**) x DTE_28 I08 = QTE-28 

(pp__~m) (MMlb/hr) (ib/hr) (lb/hr______) 

• 57-1.2: .298 .0148-.0312 .002 .0004-.0008 

.71-.80 .298 .1652-~1862 .002 .0008-.00085 

• 31-.80 .298 .0025-.0066 .003 .0003-.0007 

65-67 .298 .0000-.0000 .144 2.789-2.875 

• 11-.17 .298 .0096-.0149 .825 .0350-.0541 

.51-12.0 .298 .0300-.7064 .002 .0004-.0086 

See Table 14 

**From Table 17 
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Feed Lockhopper Vent Gas (Stream 72) 

Atmospheric Losses from Cooling Towers* (Stream 29) 
° 

Stream Constituents: 

l"ne'~flow rate of coollng tower atmospheric losses for the plant 

size studled was 2,413,000 <ibs/hr. The flow rates of the constituents 

in the cooling tower atmospheric losses were calculated using the 

follozrlng equation: 

QC = (C)~FA) ':" 

where- ~ ... 

QC is the flow rate of the component, ibs/hr. 

C is the concentration of this component in the cooling 
water, ppm. 

F A is the flow rate of the atmospheric losses, MM ibs/hr. 

'~e 'aalculations are presented in Table 19. 

Stream Constituents : 

... The. following "' assumptions were 

composition of the feed lockhopper vent gas. 

\ 

made in calculating the 

i~ I c " 1 , 

The feed lockhopper pressurlzing gas has the same composition 
: as the prod~ht gas stream leaving the Gas/Liquor Separator. 

Gas phase composition of the raw gas was assumed to be those 
components that remained in the product" ~as stream after 
condensatibn and separation of the Lurgi tar and Lurgi oil. 
Sound engineering practice supports this interpretation." 

2) 0.1% of the total flow rate of product gas exiting the 
Gas/Liquor Separator was vented to the atmosphere during 
lockhopper depressurization. 40 

3) The list of individual organic compounds, except for the fatty 
acids, contained in the vent ga~ was derived fro. the 
literature. 19 

Atmospheric losses from the cooling tower consist of two components, 
evaporation and drift. Make-up water to the codling ~owe~ consists 
of boiler blowdown and treated gas liquor. 
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TABLE 19 i Atmospheric Losses from Cooling Towers, Stream 29 

x = 

(I~! iblhr) (ibslhr_____) 

2.413 1210 

: 2.413 ~ 190 

2.413 220 

2.413 20 

2.413 210 

2.413 1230 

2.413 876 

2.413 504 

2.413 0 

2,413 0 

2.413 5439 

2.413 270 

2.413 2 

2.413 7439 

C* 

Component (ppm_____) 

COD 501 -.: 

B0D 77 

TOC** 89 

Tars/Oils** 9 

Other Organics 85 

Ammonia 508" 

Na +I 363 

Ca +I  209 

Mg+2 0 

Alkalinity as Cat03 0 

S03 -2 / S04 -2 2254 : 

Cl- 112 

SCN- I 

TDS. 3083 

.! 
4) It was assumed that the fatty acids present in the raw gas 

liquor would also be present in the product gas. The list of 
:' fatty acids contained in the gas liquor: was presented in the 
i literature.92 

5) It was assumed that the trace elements present in the coal 
would also be present in the product gas. The list of trace 
elements coRtained in Wyoming subbituminous coal was" derived 
from the literature 40 and is presented in Table 13 of this 
report. 

The estimated composition of SCream 72 is presented in Table 20. 

I 

h 

H 

eReference: Unpublished EPA data ,_ 

*-.~See compositlon of liquid stream 54 + 31 or organi6 :~ compounds and 
trace elements possibly present in the atmosphe'~ic losses 



.J 
•t m 

%. ° 

51 

TABLE 20-Feed Lockhopper Vent Gas~ Stream 72 .. 

Component Lbs/Hr*..: 

N 2 ., 8.4 

~20 1422 

C0 2 ... 1483 

CO : 602 

H 2 89 

CH 4 206 " 

C2H 4 2.5 

H2S 5.4 

COS .12 

Ni (C0) 4 .006 

Tars: 4.4 

3) 

r ., 

Naphthalene 
Anthracene 
Phenanthrene 
Pyrene 
Cresols 
Phenol 
Xylenols 
Fluorene 
Dibenzefuran 
Chrysene ¢, 
Perylene 
Aniline 

. 0 0 2  

36.3?4 

37.934 

15.399 ~ 

• 2.277 

5.269 

0.064 

0.138 

0.003 

1.5 ppm 

.1].3 

~0.1% of Stream i0 in  the flow diagram. 

**Calculated using the following equation: 

wt ~ = (ibslhr of the component) 
3909.38 x I00 



Component ~!/ 

oiis: 

BeiL~ene 
Thiophene 
Toluene 
Xylenes 
Phenol 
Alkylphenols 
Naphthalene 
Indan 
Cresols 
Xylenols 

Naphtha: 

C 2- C 6 Aliphatics 
"Benzene 
Xylene 
Ethylbenzene 

Phenols: 

Phenol 
Xylenols 
Cresols 
Trlme~hylphenol 
O-Isopropylphenol 

Mercaptans: 

Methane~hiol 
Ethanethiol 

Thiophenes: 

Thiophene 
Methylthiophene 

Ammonia 

itch. 

Aromatic Amines : 

Aniline 
Methylaniline: 
Dime~hylanillne 

52 : 

TABLE 20 (Cont..) 

Lbs/Hr 

38.5 

15.7 

5 . 2  

.02 

• 016 

8.1 

. 0 0 8  

. 0 0 4  ," 

wt% 

• 985 

.402 

• 133 

5.1 ppm 

4.1 ppm 

.207 

2 .0  ppm 

1 .0  ppm 

; 

ll.. 
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TABLE 20 (Concluded) 

i,| 

Component 

Nitrosamides: 

N-Nitrosamine 

Lbs/Hr : 

.002 

PA~s .002' 

Chrysene 
Perylene 
Pyrene 
Fluorene 
Anthracene 
Napthalene 
Biphenyl 
Indene 
Benzofuran 
Dibenzofuran 
Fluoranthene 
Quinoline 
Acridine 

Fatty Acids: 

Acetic Acid 
Propancic Acid 
n-Butanoic.Acid 
2-Methylpropancic Acid 
n-Pentanoic Acid 
3-Methyl Butanoic Acid 
n-Hexanolc Acid 

1 

Trace Elemen~2: .002 

Ag 

B 

Ba 

Be'. • 

Cd: ';.~ 
Co 
Cr 
Cu- 
F 
"Hg 
Mn 
Ni 
Pb 
Se 
Sn 

V 
Zn 

Total 39q9.38 

WC Z 

• 5 ppm 

.5 ppm 

.026 

.5 ppm 

99.79 
| i 
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Evaporative Emissions 6Stream 73-78) 

Stream Constituents: 

The contaminants ~elleved to be found 

are presented in Table 21. A more detailed breakdown of 

Stream 73 is presented in Table 22. 

in evaporative emissions 

gasoline in 

TABLE 21 - E¢aporative Emissions for 

Product and By-Product Storage, Streams ~73-78 

Product/By-Product 

Diesel Oil (Stream 73) 

Fuel Oil (Stream 73)* 

Lurgi 0il (Stream 75)** 

Lurgl Tar (Stream 76)% 

Alcohol (Stream 74)$% 

Phenols (Stream 77)§ 

Ammonia (Stream 78) 

C3LPG (Stream 73) 

CdLPG (Stream 73) 

Lbs/Eour 

0.513 

0.014 

12.625 

6.750 

1.500 

3.750 

No Data 

No Data 

No Data 

*The fuel oil was reported to be all C 7 + hydrocarbons. 87 

**The folloiwng compounds were reported to be present in the Lurgi 
oil: benzene~ thiophene, toluene, xylenes, phenol~ alkyl phenols, 
naphthalene, cresols, benzothiophene. (EPA unpublished data.) 

$The following compounds were reported to be present in the Lurgi tar: 
napththalene, anthracene, fluoranthene, pyrene, cresols~ phenol, 
fluorene, dibenzofuran. (EPA unpublished data.) 

TiThe alcohol was report-d to be ethanol and C 3 + alcohols. 87 

§ The following phenolic compounds>were expected to be present: 
phenol: catechol, resorclnol, methylcatechol, methyl resorcinol, 
cresols, xylenols. 
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TABLE 22-Evaporative Emissions of Gasoline, Stream 73 

Component ibs/~our* 

Me thane 0 • 213 
Ethylene 0.001 
Pr opyle ne 0 • 017 
Propane 0.425 
Isobutane 2.071 
isob~tylene 0.738 
n-Butane 2.413 
Cis-2-Butane 0.575 
Isopentane 5.238 
n-Pe~tane 2.450 
Hexanes 0.446 
Heptanes 0.188 
Octanes 0.299 
Total 15.055 

!, 
¢ 

I 

I:' 

°, 

2.4 Characterization of Solid Streams 

No experimental data could be found regarding specific 

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

Wyoming subbituminous coal. 

Solid streams selected for the analysis are listed in Table 23; 

their interrelationships are illustrated in Figure 4. These streams 

were selected because they may contain constituents of environmental 

concern, and their disposal may result in environmental releases. 

The analysis focused on two classes of pollutants which have been 

identified as potential causes of environmental concern in solid streams 

from coal conversion facilities; trace elements and organic compounds. 

In general the types and quantities of pollutants in each stream 

either have been 

, • estimated from the literature and modified, as necessary, to 
re~lect the size and feed coal of the conceptual plant used by 
OENL as the basis of this analysis, or 

*Unpublished EPA data 
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TABLE 23 /. 

SOLID STREAMS CHARACTERIZED FOR RISK ASSES[MENT 
< 
! 

STREAM NUMBER STREAM NAME 

33 Utility ash and SO 2 scrubber sludge 

34 Gasifler ash 

36 Combined ash 

62 Fresh Fischer-Tropsch catalyst 

63 Spent Fischer-Tropsch catalyst. 
e 

69 Leachate from ash (Stream 36) 

70" Biological sludge 
w 

71 Leachate from biosludge (Stream 70) 

79 Spent shift catalyst 

*Liquid stream, but emanating from a Solid waste after disposal. 
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• estimated by assumlng that pollutants removed from:the gaseous 
and liquid streams in the solid form via nonldestructive 
mechanisms (e.g., absorption and reverse osmosis) will be 
present in the resultant solid wastes. 

The type and quantities of-trace elements present in Stream 33 

(bottom ash~ fly ash and scrubber sludge) were estimated, using the trace 

element characterization data for Wyoming subbitumlnous coal presented 

in Table 24. The distribution of trace elements from the utility boiler 

and in the gasifier tar were calculated using distribution data from 

WESCO I08 and SASOL 37, respectively, presented in Ta~les 25 and 26. 

The . specific calcul@tions, data "'and ass',,uptions used in 

estimating the..types and concentrations of trace elements and organic 

compounds which may be present in the solid streams are discussed in the 

following pages. 

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

Stream Constituents: 

The concentrations, of six trace elements in Stream 33 were 

estimated by calculating the total input of each trace element into the 

utilities generation section (in coal and gasifier tar) and then 

applying the distribution factor, for each trace element (See Table 25). 

The flow rates of the trace elements in the tar feed to the 

5oiler were first calculated using the following equation. 

QTE-T = (CTE-DC) (FDC-G) (DTE-T) 
where- ~' 

QTE-T is ~he flow rate of the trace element in the tar feed to 
the boiler, ib/hr 

K ..~. ~-Z'L-... 

CTE_~-. is the concentration of the trace element in the dry coal, 
i. pp~ .~ 

I. 
FDC_G is th~ flow rate of dry coal to the gasifier, MMlbs/hr !. 

l' 
DTE_T is t~e fraction of the total quantity of this trace 

~i t elemen fed to the gasifier Shat ends up in the tar. 
J 

h~ 

I 

/ 
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T~L~ 24 

TRACE ELEMENT CONCENTRKTIONS FOR WYOMING AND ROSEBUD MONTANA 

SUBBITUMINOUS COALS (ppm) 

Trace 
~lements 

As 
B 

Ba 
Be 
Br 
Cd 
Ce 
Co 
Cr 
Cs 
Cu 
F 
Ga 
Ge 
Hg 
X 

in 
La 
Li 
Mo 
Mn 

Ni 
P 
Pb 
Rb 

Ru 
Sb 
Sc 
Se 
Sn 
Sr 
Ta 
Te 
0 

V 

Y 
Zn 
Zr 

Wyoming 
Subbituminous 40 

.06-.43 

.57-1.2 
32 
87 

.71-.8 

.31-.8 

.55 
4.2-16 

8.9-10 
: 65-67 

Q 

.Ii-.17 

[ 

3.6-15.0 
2.2 

2.8-3.4 
I. 7-14 

• 51-12 

.08-1.5 

.33 
• 14 

.88 
10-14 

• 23-8 

A'. 

Montana Rosebud 
Subbituminous 40 

.06 
.08-1.2 

32 
87 
.7-.8 

.31-.8 
m 

.6-4 
4-16 

9-10 
66 

.11-.17 

2.2 
2.8-3.4 
2-14 

_~ 

.33 

.14 

.88 
10--14 

2-8 
170 

i _ 

Ratio of Concentrations 
of Trace Elements- 
Montana to Wyoming 

i-.14 
.14-1 

1 
1 

• 99-1 

1-1 

1.09-7.27 
.95-1 

1.01-i 
.98-I.01 

i-i 

1 
I-i 

i. 18-i 

i-i 

l 
1 

1 
1 

8.70-1 
w 

.°°: 

f. 



TRACE 

ELEMENT 

As 

Be 

Cd 

F 

HS 

Pb 
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TABLE 25 

DISTRIBUTIgN OF TRACE EL~NTS FROM 
~ILITY BOILER ~v 

DISTRIBUTION (%) 

BOTTOM 
ASH 

4.4 

16.9 

16.0 

1.2 

4.4 

9.7 

ESP 
FLY ASH 

94.6 

82.2 

82.7 

26.8 

13.0 

89.3 

STACK GAS 
SCRUBBER 

0.8 

0,7 

1.0 

57.6 

0.i 

0.8 

ATMOSPHERIC 
EMISSIONS 

0.2 

0.2 

0.3 

14.4 

82.5 

0.2 

i 
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TABLE 26 

TRACE ELEMENT DISTRIBUTION FOR LURGI AT SASOL ~'37- 
(Percen= of Element in Coal) 

P 

Elemen~ 

Be 

B 

V 

Mn 

Ni 

As 

Cd 

Sb 

Ca 

Hg 

PB 

Br 

F 

Cl 

Ash 

33.3 

90 

99.9 

99.9 

99.4 

26.9 

51.9 

50.0 

99.9 

51.9 

94.2 

i0.0 

56.3** 

52.6** 

Liquor 

53.3 '; 

8.8 

0,i 

0.2 

0.4 

67.2 

45.5 

45.0 

0.I 

41.6 

1.7 

88".9 

43 • 8 ~* 

47.4 ~* 

Tar 

17.0 

i .0 
0.0 

0.0 

0.0 

1.9 

0.6 

3.8 

0.0 

6.4 

4.3 

0 . I  

,0.0 

0.3 

Oil 

0.3 

0.0 

0.0 

0.0 

0.0 

3.9 

1.4 

0.6 

0.0 

0.6 

0.0 

0.0 

0.0 

,0.0 

Analysis by spark source mass spectrometer (which can give a semi-quantitative 
analysis) for El Paso by SASOL. 

% distribution'calculated on analyses as done by SASOL previously. 
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The flow rates of the trace elements in the bottom ash plus fly ash 

stream were then calculated using the equation below. 

QTE-A = !(CTE-DC)(FDC-B) + (QTE-T) ] DTE- A 

where- 

QTE-A is the flow rate of the trace element in the bottom ash 
plus fly ash, ib/hr. 

CTE-DC is the concentration of the trace element in the coal feed 
to the boiler, ppm dry coal basis. 

FDC- B 

QTE-T 

is the flow rate of dry coe~ to the boiler, MMlbs/hr. 

is the flow rate of the trace element in the tar feed to 
the boiler, lb/hr. "-~.'. 

DTE-A is the fraction of the total quantity of this trace 
element fed to the boiler that is removed with the boiler 
bottom ash and fly ash. 

The calcula=ions are presented in Tables 27, 28, and 29. 

Trace 
Element 

As 

Be 

Cd 

F 

Hg 

Pb 

Table 27 - Flow Rates of Trace Elements in the Tar 

* 37 CTE_DC 40 x FDC_G x DTE_T 

(ppm) (MM i b/hr) 

.57-1.2 1.369 .019 
%'r 

• 71-.80 1.369 .17 

• 31-.80 1.369 = .006 

65-67 1.369 0.0 

• 11-.17 1.369 .064 

• 51-12.0 1.369 .043 

QTE-T 
(ib/hr) 

.0148~.0312 

.1652-.1862 

.0025-.0066 

0 

.0096-.0149 

.0300-.7064 

*Appendix B, Stream 2 
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Trace 

Element 

As 

Be 

Cd 

F 

Rg 

Pb 

TABLE 28 - Flow Rates of Trace Elements in the Bottom 
Ash and Fly Ash of Stream 33 

* F **) 37 (CTE_DC 40 x FDC-B + TE-T x DTE_A = QTE-A 

(ppm) (MM'Ib/hr) ' (ib/hr) (ib/hr) 

,57-1,2 ,298 ,0148-,0312 ,99 ~.183-.385 

,71-.80 ,298 ,1652-.1862 .99i .373-,421 

.31-,80 ,298 .,0025-.0066 ,987 ,094-,242 

65-67 ,298 0 ,28 5.424-5.590 

,11-,17 ,298 ,0096-,0149 ,174 ,0074-.011~ 

,51-12.0 ,298 ,0300-.7064 ,99 ,180-4,240 

The flow rates of six trace elements in the scrubber sludge 

portion of Stream 33 were estimated using the following equation; 

QT~-S = [(CTE-DC)(FDc-~) + (FTE-T)] DTE-S 

where- 

..... ~ Q~E-S 

C~E-DC 

is the flow rate of the trace element in the 
scrubber sludge, lb/hr. 

is the concentration of the trace element" in the coal 
" ~feed to the boiler, ppm, dry coal basis. 

FDC_B is the flow rate of dry coal to the boiler, MM 
Ibs/hr. 

FTE_T is the flow rate of the trace element in the tar feed 
to the boiler, ib/hr. 

DTE_ S is the fraction of the total quantity of this .trace 
element fed to boiler that was removed with the 
scrubber sludge. 

The calculations are presente~in Table'29. 

*Appendix B, Stream 3 

**From Table 27 



65 

TABLE 29 - Flow Rates of Trace Elements in t he  Scrubber 
Sludge Portion of Stream 33 

Trace (CTE_DC 40 x FDC_B + FTE_T ) 

Element (ppm) (MMlb/hr) (Ib/hr) 

As .57-.12 .298 .0148-.0312 

Be .71-80 .298 .1652-.1862 

Cd .31-.80 .298 .0025-.0066 

F 65-67 .298 0 

Hg .11-.17 .298 .0096-.0149 

Pb .51-12.0 .298 .0300-.7064 

Gasifier Ash~(Stream 34) 

Stream Constituents: 

x DTE_S I08 = QTE-S 

(ib/hr) 

.008 .0015- .0031 

.007 .0026- .0030 

• 01 .0009- .0025 

• 576 11.157-1!.500 

• 001 .0000-.0001 

.008 .0015-.0343 

Schreiner 87 reported flow rates for the materials in Stream 34, 

and these are presented in Table 30. 

TABLE 30 - Flow Rates of Materials in Stream 34 

Constituent Flow Rate 

H20 199,486 

Minerals 96,031 

Coal 7,038 

Sulfur 66 

The flow rates of nine trace elements in the gasifier ash were estimated 

using the following equation: 

QTE-34 = (CTE-Dc)(FDc-G)(DTE-G) 

"Appendix B p Stream 3 

**From Table 27 

I 
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where- 

QTE-34 

CTE-DC 

FDC-G 

C = DTE_ G 

is the flow rate of the trace element in the 
gaslfier ash {tream, ib/hr. 

is the concentration of the trace element in the 
coal feed to the gasifier, ppm, dry coal basis. 

is the flow rate of dry coal to the gasifier~ MM 
ibs/hr. 

is the fraction of the total quan=Ity of this 
trace element fed to the gasifler that was removed 

J 
with the gaslfier ash. 

The calculations are presented in Table 3[. 

9 
TABLE 31 - Flow Rates of Trace Elements in the Gasifier Ash, Stream 34 

Trace CTE-DC40 x FDC_ G x DTE-G 37 = QTE-34" 

Element (ppm) (MMlb/hr) (ib/hr) 
J 

As .57-1.2 1.369 .269 .2099-.4419 

Be .71-.80 1 .369 .330 .3210-.3617 

Cd • 3 I-.80 1.369 .519 • 2203-. 5684 

F 65-67 1.369 .563 50.10-51.64 

Hg .II-.17 1.369 .519 .0782-.1208 

Pb .51-12.0 

B 32 

Ni 1.7-14.0 

V 10.0-14.0 

<: [.369 -942 .6577-15.48 

1".369 .900 ~ 39.43 

1.369 ,994 2.313-19.05 

1.369 .999 13.676-19.147 

*Appendix B, Stream 2 
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Dewatered Gasifier Ash, Boiler Ash, and Scrubber Sludge t o  Final 
Disposal (Stream 36) : -- 

Stream Constituents: 

Schreiner 87 reported flow rites for the materials in Stream 36, 

and these are presented in Table 72. 

TABLE 32 - Flow Rates of=Materials in Stream 36 

Flow Rate 
Constituent (ibs/hr) 

~2o 20,000 

Minerals 116,989 

Coal 7,038 

Sulfur -65 

The flow rates of nine trace elements in Stream 36 were estimated using 

the following equation. 

QTE-36 = QTE-A + QTE-S + QTE-34 - (CTE-38)(F38) 

where- 

QTE-36 is the flow rate of the trace element in Stream 
36, lh/hr. 

QTE-A is the flow rate of the trace element in the 
boiler bottom ash and fly ash, ib/hr. 

QTE-S is the flow rate of the trace element in the 
scrubber sludge, lb/hr. 

QTE-34 

CTE-38 

F38 

The calculations are presented an Table 33. 

is the flow rate of the trace element in the 
gasifier ash, Stream 34, lh/hr. 

is the concentration of the trace element in the 
sluice water recycle, Stream 38, ppm. 

as the flow rate of Stream 38, MMlb/hr. 
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Spent F-T Catalyst (Stream~63) 

Stream Constituents: 

Commercial Fischer-Tropsch catalysts included cobalt (fixed-bed) 

and iron (fixed- and fluid-bed). Although iron was the base for both 

unlts~ catalyst preparation and formulation were extremely different and 

very specific for each unit type. 

Although spent F-T catalyst was removed perlodical~y, not 

continuously, Schreiner reporter the replacement rate of F-T catalyst on 

a contlnous basis to he 30 TPSD. Catalyst life was approximately 50 

days. 

Due to the proprietary nature of t~e catalyst, very •limited 

information was available regarding chemicalcomposition, econQmics of 

regeneration or metal recovery from spent catalysts. It appeared that 

the cobalt band catalyst could be economically recovered. On-site 

regeneration of iron band catalyst may not be"practical or economical, 

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

of as a solid waste. No data was available" regarding leachate 

characteristics. 
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Leachate from Solld Wastes in S~ream 36 (Stream 69) 

Stream Constituents: 

Ash and sludge from the boiler and gasifier were slurried and 

pumped to the ash handling unit where the solids were dewatered. The 

dewatered solids, therefore, were leached before they went to final 

disposal. Nevertheless, the data in the following table, which 

represents first column volume leachate fractions of Montana Rosebud 

subbituminous ash, were assumed to be representative of the ~leachate 

composition from a'quenched ash. Stream components are listed in Table 

34. Estimation of the leachats flow rate is presented on the followlng 

two pages. 

TABLE 34 - Leachate from Montana Rosebud* Ash, Stream 69 

Trace Concentration 91 
Element (mg/l) 

A1 .20 

As .02 

CA .00064 

Cu .03 

Fe I • 6 

Hg .0003 

Mo .50 

Ni .035 

Pb .09 

Se .06 

Zn .0029 

Other Trace Elements No data 

Organics No data 

*The trace element composition of Montana Rosebud subbituminous coal 
was very similar to the trace element composition of Wyoming 
subbituminous coal as shown in Table 24. 



71 

Estimation of the Flow Rate of Leachate 
From Ash and Scrubber Sludge Disposal 

The flow rate of Stream 36* indicated that: 

Total Dry Ash + Scrubber Sludge = 127,802 Ib/hr. 

With an onstream factor of 92% assumed, 87 

Days on line per year = (365 days/hr)(92%) = 336 days/year 

Total dry ash and scrubber sludge: "' 

=(127,802 Ib/hr)(336 days/year)(24 hr/day) = 1,030,595,328 ib/yr 

Four values were averaged for the density of dry ash/sludge36: 

Density = [(72 + 75 + 105 + ll6)Ib/ft 3] ~ 4 = 92 ib/ft 3 

A density of 92 Ib/ft 3 was assumed so that the total volume of waste 

was: 

Volu~e = !,030,595,328 lbs/year =257facre-feet/year 
(92 ib/ft3)(43,560 ft2/acre) 

This waste was assumed to be disposed of by landfill to an average 

thickness of 30 feet 36. The total acreage of solid waste was: 

Acre/year = 257.2 acre-feet/year =8.57 acres/year 
30 feet 

Because leachate generation was directly attributable to the average net 

yearly precipitation/evaporation, it was best to consider rainfall 

levels in the U.S. as the basis for total leachate production. The 

range of net precipitation was from 0 to >30 inches ~er year. This gave 

a range of 0 to >815,000 gel/acre/year for leachate generation. 16 

The landfilling of ash and scrubber sludge required 8.57 acres per 

year, and the rate of production of leachate ranged from a low of 0 

gallons per year to a high of: >6,984,550 gel/year. High leachate 

production = (8.57 acres)(>815,O00) = >6,984,550 gal/year. 

*Appendix B, Stream 36 
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Biological Sludge (Stream 70) 

Stream Constituents: 

Ylow rate of wastewater to the biotreatment unit was 1,990,190 ibs/hr.* 

1,990,190 lbs/hr = 3,977 gpm 

The WESCO EIS reported I08 that 6.7 TPD of dry biological solids were 

produced from a wastewater flow of 2,810 gpm. 
,1 

6.7 TPD x 2000 ibs/ton x I day/24 hrs X i hr/60 min = 9.3 ibs/min 
"4- 

9.3 ibs/min dry biologica~ sludge 
2810 gpm wastewater = .0033 ibs/gal 

Sludge production was adjusted to flow rate from Schreiner: 87 

• 0033 Ibs/gal x 3977 gpm ffi 13 ibs/mln = 780 ibs/hr, dry solids. 

Vacuum filtration was assumed to produce a solid concentration of 20%: 

780 + 0.2 = 3,900 ibs/hr biological sludge. 

Removal in the activated sludge unit was accomplished through absorption 

and sedimentation for the biorefractory compounds. The biorefractory 

compounds removed from the water were contained in the biosludge. The 

flow rate of biorefractory compounds removed with the biosludge was: 

F B = (c52) (R52) (F52) 

where- 

F B is the flow :rate of each biorefractory compound 
in the biosludge (ib/hr.) 

C52 is the concentration of each biorefractory 
compound in Stream 52 (pp.mw) " 

R52 is the efficiency of removal of each compound in 
the biotreatment unit 

F52 is the flow rate of Stream 52 (106 gai/hr.) 

*Appendix B, Stream 50 
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Calculations/are presented in Table 35. "'! 

~, 
h 

TABLE 35 - Biological Si~ge, Stream 70 

C52 x 

Removal 
Compound (ppm)* 

Acenaphthylene 0.3403 
• :. 

Anthracene 0.0851 

Eenz(a)anthracene 0.00851 

Benzo(g,h,i)perylene 0.00026 

Benzo(a)pyrene 0.0034. 

Benzo(e)pyrene 0.0034 

Chrysene 0.0017 

Fluoranthene 0.1702 

Fluorene 0.1702 
L 

Naphthalene 2~723 

Phenanthrene 0.0851 

Pyrene 0.1702 :: 

Arsenic 0.5545 

Beryllium 0.2932 

Cadmium 0.2503 

Mercury 0.0486 

Lead 0.1403 

R52 x F52 

Flow Rate Biosludge 
Efficiency** (106 ib/hr) 

F B 

(ib/hr) 

o.9 [.99 0.61 

0~:9 1.99 : 0.15 

1 99 0.015 

0.9 1.99 0.00046 

0.9 1.99 0.0061 

0.9 1.99 0.0061 

0.9 1.99 0.003 

0.9 1.99 0.31 

0.9 1.99 0.31 
:6 

0.70 1.99 3.80 

0.90 1.99 0.15 

0.90 1.99 0.30 

0.50 1.99 0.55 

0.50 1.99 0.29 

0.325 1.99 0.16 

0.475 1.99 0.046 

0.70 1.99 0.20 

*Estimated values. See Table I0, column 8. 

**See Table 7. 
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Leachate from Biosludge (Stream 71) 

~:Stream Constituents: 

No data available. 

Spent Shift Catalyst (Stream 79) 

Stream Consti6uents : 

The "average useful life of shift catalyst was 3 years.* An 

indirect liquefaction plant producing 45,000 BPSD fuel oil equivaient 

had an inventory of about 400 tons of shift catalyst.** Therefore once 

every 3 years 400 tons of spent shift catalyst was replaced. The spent 

catalyst may either he disposed of or reclaimed. Because of the high 

price of cobalt it is likely that spent shift catalyst will be 

reclaimed. The trace element content of spent shift catalyst is given ~ 

in Table 36. "- 
i. 

TABLE 36 - Spent Shift Catalyst, Sfream 79 

Constituent Ele~ents Quantity (% wt)* 

Cobalt -' 5-15 

Moiybdenum .c' "~'~ 15-25 / 

7, 

Sulfur 5-20 

Carbon 5-10 

Arsenic 0 • 7-7.0 

Lead 4-10 

Selenium 0.3-1 " 

Mercury 0.2-0.8 

*Unpublished EPA data 

**Calculated from unpublished EPA data 
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3 ESTIMATION OF MAXIMUM POST-DILUTION POLLUTANT CONCENTRATIONS 
RESULTING FROM INDIP~-CT LIQUEFACTION STREAMS 

;.-. , 

3,1 Introduction 

Maximum post-dilution concentrations of various pollutants 

resulting from dlscharge streams from indlrect llq~efactlon facilities 

were estimated to provide a basis for subsequent analytical tasks iu the 

risk asse'ssment. ' 

Due to the relatively high degree of uncertalnity regarding 

estimated pollutant concentrations in discharge streams, and the total 

iack of site specific dnvlronmental informationp sophisticated modeling 

of pollutant transport, transformation and fate was .not warranted. 

Instead, maximum post-dilution pollutant concentradions res,~Iting from 

the various facility discharges were estimated using either dilutiqs 

factors based on the Source Analysis Model (SAM/I) I12 or very simple 

models. L ~: : 

Short descriptions of the assumptions and calculations used' to 

estimate the pollutant post-dilution concentrations resulting from the 

release of selected facility., streams" are presented in Section 3.3 in 

addition to tables of results. A short description of the Source 

Analysis Model (SAM/I) is presented in Appendix C. 

3.2 Caveats .: 

These estimates of post-dilution concentrations have been 

prepared to provide a basis for conducting subsequent anal'i~tical tasks 

of the assessment of indirect liquefaction. While a considerable amour~t 

of effort has been expended in developing these estimates, users of the 

data are reminded and cautioned that, at best, the estimates are very 

rough due to a variety of problems~ including but not limited to the 

following : "" ::" 

• Characterization data (qualitative and quantitative) for process 
and effluent streams from Lurgi/Fischer-Tropsch plants weri very., 
limited. Data used in developing these estlmaI'es came-from 

' variety of sources and may not be representative of commercial 
Lurgi/Fis che~r-Tropsch, plants. . 

,.2 -2 '" 

:, 
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• Dilution factors used to estimate pos=-dilution concentrations 
were not representative of any particular plant or site; they 
were general values derived by modeling nationwide average 
conditions. 

• Environmental interactions 
considered in th@ estimates. 

and transformations were not 

• Using SAM/I, dii~tion factors and resultant post-dilution 
concentrations were a function of discharge stream flow rates; 
discharge stream flow rates used in developing the estimates were 
derived from the conceptual plant flow diagram/matrix, which may 
or may not be truly representative o~ a commercial Lurgi/Pischer- 
Tropsch plant. 

T h e  estimates of postrdilution concentrations presented in Tables 
37 through 42 actually represent only incremental increases in 
pollutants due to the discharge of a single stream~ i.e., the 
estimates did not include environmental backgroun~ 
concentrations, nor did they include pollutant loadings from 
other discharge streams from the indirect liquefaction facility. 

3.3 ~qsumptions , Calculations and Results 

Estimation of Pollutant Post-Dilution Concentrations Due to 
Release of Stream 28 - Utility Stack Gas 

Post-dilution concentrations of pollutants due to release of 

Stream 28 were estimated using a dilution factor from the Source 

~malysis Model (SAM/I). The assumptions and calcul&tions are presented 

below. The results are presented in Table 37. 

Assumptions: 
.% 

,J 

• Ambient temperature = 25°C, pressure = I arm, 

• Mean density of Stream 28~ Mean density of air = 1,180 gm/m 3 

• ~A u 

Calc~ation:. (EC)(~PP~)(Density of air) " .~ .; 
PC -- 

,..t" 

: DF ?~% 

where- ~ " 
i I 

PC is the post-dilution concentration, in :Bg~ "m3 

'~ :t  j ,  

: " : ° 2 ~  ' 

l 
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'I 

EC is the emission stream concentration in PPM w 

Density of air is 1,180 gm/m 3 

DF is The SAM/I dilution factor, which = 235 for a gaseous stream 
being discharged into the atmosphere at a flow rate of 8.75 x 
105 gm/sec . . . . .  

~glPPM w 

gm 
= 1.0 

TABLE 37 

ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO 
DISCHARGE OF STREAM 28-UTILITY STACK GAS 

Emission 
Strea~ Stream Post-Dilution 
Component Concentration* Concentration 

(PPM w) (~ g/m 3) 

CO 2 3.9 E+5 2.0 E+6 

N2:+ Inerts 5.2 E+5 2.6 E+6 

02 1.0 E+4 5.2 E+4 

H20 7.2 E+4 3.6 E+5 

S0 x 1.4 E+2 7.0 E+2 

NO x 2.5 E+I 1.3 E+2 

Arsenic . 1.2 E-4** 5.8 E-4 

Beryllium 1.2 E-4** 6.1 E-4 

Cadmium 1.0 E-4** 5.1 E-4 

Lead 1.2 E-3** " 6.0 E-3 

Mercury 7.8 E-3** 3.9 E-Z 

Particula=es 4.0 E-I 2.'0 E 0 

$ 

*See Sac=ion 2.3 

**Based upon higher value of thee estimated range of concentration 
=. 



78 

~° 

Estimation of Pollutant Concentrations Due to 
Release of Stream 29 - Atmospheric Losses from Cooling Tower 

The risks due to Stream 29 were analyzed differently for public 

health and ecosystems. Risks to publlc heaith were evaluated assuming 
that essentially all of the atmospheric emissions from the cooling tower 

ware in the gaseous state. This assumption was not strictly accurate. 

However it appeared to be reasonable in view of the fact that drift 

would comprise a relatively small part (5%) of the atmospheric losses 

and it was==assum~ that the receptor population was situated close to 

t~e-i~lquefact!on lability. ~ 

The uncertainity regarding the transport and fate ~of drift and 

the partitioning of pollutants between the drift and evaporative losses 

appear@d to be of greater importance in the ecological evaluation than 

in the publlc health evaluatlon. The e=ologlcal evaluation was based on 

pollutant emission rates rather than post-dilution concentrations. 

Post-dilutlon Concentrations for Public Health: 

Atmospheric post-dilution concentrations of ~llutants due to 
C 

discharge of Stream 29 were estimated using a dilution factor from the 

Source Analysis Model (SAM/l). Assumptions and calculations used in 

estimating pose-dilution concentrations and emission rates are presented 
= 

below. Results are presanted in Table 38. 
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Stream 
Component 

'-" TABLE38 
ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO 

DISCHARGE OF STREAM 29 - ATMOSPHERIC LOSSES FROM COOLING TOWER 

Conc. in Conc. in 
Cooling Atmospherlc' 
Water Emissions 
(PP~) (PP~7) 

:;% 
t.": t~. 

Public Health 
Pos t-dilution 
Concentration 

(gg/m 3) 

Ecological 
Emmlssion 

Rate 
(mglsec) 

Ammonia 2~5E+I 

Arsenic 1.8E-2 

Beryllium 8.5E-3 

Boron 5.6E-2 

Cadmium . 9.8E-3 

Fluorine 4.1E-I 

Lead 1.9E~2 

Mercury 1.5EA3 

Nickel 5.0E-4 

Vanadium : 1.5E-4 

Acetic Acid 2. [E 0" 

Aniline i • 3E-3 

Butanoic Acid 1.2E-I 

Catechol 9.5E-I 

Hexanolc Acid 9.1E-3 

Pentanoic Acid 1.1E-1 

Phenol 2.8E-2 

PropanolcAcid" 2.2E-I 

Pyridine 1.8E-3 

Resorcinol 3.2E-I 

2~Methylphenol 7.7E-3 

2-~echylproplonic Acid 1.8E-2 

4.9Eii 

3.5E-4 

1.7E-4 

1 • IE-3 

1,9E-4 

8.0E-3 

3.7E-4 

2 .gE_~J ~ ': 

2.9E-6 

4. IE-2 

2.6E-5 

2.3E-3 

1.9E-2 

1.8E-4 

2.2E-3 

5.5E-4 

4.3E-3 

3.5'E-5 

6.3E-3 

1.5E-4 

3.5E-4 

1.9E+I 

1.3E-2 

6.5E-3 

4 • 3E-2 

7.5E-3 

3. IE-I 

1.5E-2 

1 • IE-3 

4.0E-4 

i. [E-4 

1.6E 0 

i .0E-3 

9. IE-2 

7.2E-I 

6.9E-3 

8. AE-2 

2. iE-2 

1.7E-[ 

.4E-3 

2.4E-I 

. . . .  S . ~ E - 3  

1.4E-2 

4.3E+2 

5.5E 0 

2.6E 0 

1.7E+I 

3.0E 0 

I • 2E+2 

5.8E 0 

4.6E-I 

1.5E-l 

4.6E-2 

6.4E+2 

4.0E-I 

3.6E+I 

2.9E+2 

2.8E 0 

3.3E+I 

8.5E 0 

6.7E+I 

5.5E-I 

9 .TE+I 

2.3E 0 

5.5E 0 

.. 
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Conc. in 
Stream Cooling 
Component ~ Water 

, ..~ CP~) 

so 

TABLE 38 (Continued). 

Cone. in 
Atmospheric 
Emissions 

Public Health Ecological 
Post-dilution ~;Emmission 
Concentration Rate 
i: (B g/m 3) (rag/sac) 

q~ 
• 2-Met hylpyridine 1 • IE-2 

2 , 4 - D i m e t h y l p y r i d l n e  1.5E-4 

2,4-Xylenol 6 • 6E-3 

2,5-Diner h#ipyr idine 1 • 5E-4 

3-Methylbutanoic Acid 9. IE-3 

3-Methylca~echol : 0.0E 0 

3-Methylpheno I 4.7 E-3 

3-.Me thylp yridlne 3.9E-3 

3,5-Xylenol .~ 9. IE-3 
L 

3,6-Dimethylcat echol 7.8E-2 

4-Me£hyl Resorcinol 6.2E-2 

4-Methylcatechol 6 • 7E-I 

4uMe thylphenol 6.5E-3 

4-Me thylpyridine 9 • 0E-4 

C~ 

5-Methyl Res6rcinol 1. IE-I 

Acenaph t hyl ene 2. OE-4 

Anthracene 4.9E-5 

Benz ( a ~zsnthracene 4 • 9E-6 

Benzo (a) pryene 2 • OE- 6 

2.2E-4 : 8 ~4E-3 

2.9E-6 ~ - ~  1 • IE-4 

1 • 3E-4 5 • 0E-3 

2.9E-6 1 • IE-4 

1.8E-4 6.9E-3 

0.0E 0 0.0E 0 

9 • 2E-5 3 . 6E-3 

7.6E-5 3.0E-3 

1.8E-4 6 ~ 9E-3 

1.5E-3 5.9E-2 

1 • 2E-3 4.7E-2 

1.3E-2 5. IE-I 

1.3E-4 : 4.9E-3 

1.8E-5 v 6.9E-4 

2.2E-3 :9 8.4E-2 

3 • 9 E-6 1 • 5E-4 

9.6E-7 ; 3.7E-6 

9.6E-8 3.7E-6 

3.9E-8 1.5E-6 

3.3E 0 

4 o 6'E-2 

2 .0E  0 

4 . 6 E - 2  

2.8E 0 

O.OE 0 

1.2E 0 

2 . 9  E+I 

2 • 4E+I 

1.9E+I 

2.0E+2 

2.0E 0 

2.7E-I 

3 • 3E+I 

6. IE-2 

1.5E-2 

1.5E-3 

6. IE-4 
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/ 
stream '" 
Component 

t 

CO~C,. in 
Cooling 
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TABLE 38 (Concluded) 

Cone. in 
Atmospheric,: 
Emissions ~!1 
(pn%~). 

;3 

Public Health 
Post-diludion 
Coneentra=ion 

(U g/m 3) 

~b 

Ecological 
Emmission 

RaE~ 

(mg/sec) 

Benzo (e) pyr ene 2 • 0E-6 

Benzo(g,h,i) perylene 1.5E-7 

Biphenyl I. 0E-3 

Chrysene 9.8E-7 

Dibenzofuran 1.3E-3 
• t 

Ethylbenzene - 2.8E-I 

Fluorant hene 9 • 8E-5 

Fluorene 9 • 8E-5 

. Indan 1.3E-2 

Me thanethiol 1 • IE-I 

Naphthalene 4.7E-3 

Pe rylene 2 • 0E-7 

Phenanthrene 4.9E-5 
.4 

Pyrene 9 • 8E-5 

Quinoline i • 4E-3 
v 

Toluene 9. IE-I 

o-Xylene 3.2E-I 

3.9E-8 

2.9E-9 

12 • 0E-5 

1.9E-8 

2.5E-5 

5 • 5E-3 

1.9E-6 

1.9E-6 

2.5E-4 

2.2E-3 

9.2E-5 

3.9E-9 

9.6E-7 

1.9E-6 

2.8E-5 

1.8E-2 

6 • 2E-3 

t 

% 

1.5~.-6 

1.4E-2 

7.6E-4 

7.5E-7 

1.0E-3 

2. IE-I 

7.4E-5 

7.4E-5 

9.9E-3 

8.4E-2 

3.6E-3 

"i.sE-7 

3.7E-5 

7.4E-5 

l .iE-3 

6.9E-I 

2.4E-I 

6. IE-4 

4.6E-5 

3.0E-~ 

4.0E-I 

8.5E+I 

3.0E-2 

3.0E-2 

4.0E 0 

3 • 3E+ 1 

1.4E 0 

6. LE-5 

i .5E-2 

3.0E-2 

4.3E-I 

2.8E+2 

9 .TE+I 

e. 
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Assump 6~.ons : ,  :~ '~!.. 

• Ambient temperature- 25°C, pressure - 1 arm ~"~-- • •,:,, 

• Evaporative losses accounted for ess~ntially all. of the 
atmospheric losses from the cooling tower. ,• 

• Relative humidity of influent air was 0%, and of effluent ai~r..was 
100% • ,, '  . ' : . :~ • 

• Water content of air was 0.02 ib water/ib of dry air. 75 

• Density of atmos.pheric emission stream = density of. air' = 'I, 180 
gm/m 3 . 

Calculation: 

The total flow rate 6~. i moisture and air from the cooling tower 

was calculated using the followlng: " 

; TF = WF + AF 

where- ,; 

TF is the total flow rate of air and moisture 

WF is the flow rate of moisture 

AF is the flow rate of air 

At '25"C" and I ATM, the moisture 

water/Ib dry air. Therefore, 

AF = (WF) (i lb/O.02 ib) = 50 WF 

and 

TF = WF + 50WF = 51 WF 

;5. (: 
content of air was .0.02 ib 

According to Schreiner, the flow rate of water out of the cooling 

tower was 2.413 x 106 Ib/hr or 3.04 x 105 gm/sec. Therefore, 

TF = (51)(3.04 x 105 gm/sec) = 1.55 x:107.gm/sec.• II 
• - ~ " 

• According to Schreiner 87 drift accounted for 5% and eva rative losses 
95%, but to simplify the estimates it. was assumed that Ell of the 
atmospheric loss was evaporative in nature. 
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The concentration .o~ each pollutant: in the total emission stream 

(air + water) was calculated by the following: 

EC = (CW)CWF) 
TF 

where- 

EC 

CW 

C 

WF 

But, 

therefore- 

is the pollutant concentration in the total emission 
stream, in PPM w 

is"the pollutant concentration in the cooling tower feed 
water, in PP~; 

is the flow rate of the water in the atmospheric stream, 
3.04 x 105 gm/sec 

b 
is the total flow rate of air and moisture. 

TF = 51 x WF 

(CW)(WF) _ CW 

51WF 51 
EC = 

The .post-dilution concentration of each pollutant was then 
"4 

calculated : 

"~ "'" gm~PPM w) (Density of Air). "~ ~, Pc  = (EC)( ~g 

t: DF 
where- 

PC is the pollutant, post-dilution concentration, in Bg/m 3 

EC is the pollutant concentration in the emission stream, in 
P~M w- 

:'t 

~g / PP~ is a conversion factor, equ'al to 1.0 
gm 

Density of air is 1,180 gm/m 3 

DF is the SAM/I dilution factor, which was 30.4 for a 
gaseous discharge to the atmosphere at a flow rate of 
1.55 x 107 gm/sec . . . . . .  

,2 

Emission Rates for Ecosystems: 

From an ecological perspective, the partitioning of contaminants 
--T-, 

between drift and evaporation losses was important because dri'f-6"~tends 

\! 

, 
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to settle over a more limited area,"relatively close to the plant, than 

the evaporative losses. Thus, whatever contaminants were present in the 

drift would tend to become enriched on the surface of vegetation and in 

soils within one or two kilometers of the plant. Because data:were so 

limited and partitioning was important, the ecological risks were 

evaluated on the basis of pollutant emlssien rates rather than post- 

,Two emission rates were dilution concentrations in t h e  atmosphere. 

calculated as follows: 

where- 

E = (C)(F) 

E is the emission rate, in mg/sec 

C is the pollutant concentration in water fed to the 
cooling tower, in mg/l ,, 

F is the flow rate of Stream 29, i.e., 304 I/sec. 

Estimation of~Pollutant Post-Dilution Concentrations Due to 
Disposal of Stream 53 - Reverse Osmosis Concentrated Waste Solution 

Two sets of post-dilution concentrations were estimated for 

disposal of Stream 53. The set used to evaluate risks to public health 

was developed assuming that groundwater contamination would be the major 

co=tern; the set used to evaluate risks to ecosystems was developed 

assuming contamination of surface streams would be the primary causd of 

concern. The assumptions and calculations are presented below. The 

results are presented in Table 39. 
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Stream 
Component 

TABLE 39 

ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO 
DISCHARGE OF STREAM 53 - REVERSE OSMOSIS WASTE SOLUTION 

Effluent Public "~eal th 
Stream Pos t-dilution 

Concentration Concentration 
(PP ) o (PP ) 

Ecological 
Post-dilution 
Concentration 

(PPM w) 

Arsenic 

Beryllium 

Boron 

Cadmium 

Fluorine 

t 

Lead 

Manganese 

Mercury 

Nickel 

Vanadium 
i 

Acetic Acid 

Aniline 

Butanoic Acid 

Catechol 

Hexanoic Acid 

Pentanoic Acid 

Phenol 

Propanoic Acid 

8.9E-I 8.9E-2 

4 . 6E- 1 4 • 6E-2 

3. IE 0 3 • IE-I 

5.3E-I 5.3E-2 

3.3E+I 3.3E 0 

1.7E-I 1.7E-2 

8.8E-I 8.8E-2 

8 • IE-2 = 8 • IE-3 

. 1.5E-I i .5E-2 ' 

1.8E-2 1.8E-3 

1.3E+I 1.3E 0 

1 • 3E-2 1.3E-3 

1.2E-O ~' 1.2E-I 

1,7E+I I.TE 0 

9.4E-2 9.4E-3 

1 • IE 0 1 • IE+I. 

3,8E-I 3,8E-2 

2.5E 0 2.5E+I 

2.3E-I 

i .2E-I 

7.9E-i 

S.3E 0 

4.3E-2 

..... 2 .2E-1  

2 .1E-2  

3 .8E-2  

4 .5E-3  

3.3E 0 

3 .3E-3  

3.  IE-1 

4.4E 0 

2.4E-2 

2.8E-I 

: 9 • 6E-2 

6.3E-I 
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Stream 
Component 

i% 

TABLE 39 }~'- :! 
Effluent Pui~l[ c ~ealth 
Stream Pos t-Dilutlon 

Concentration Concentration 
(Phi,) (PP~) 

Ecological 
Post-Dilution 
Concentration 

(PPM w) 

Pyridine 3.0E-2 

Resorcinol- 5.8E 0 

2-Methylphenol 1.3E-I 

2-Methylpropionic Acid 1.9E-I 

2-Me thylpyridine i • 8E-I 

2,4-Dimethylpyridlne 2.6E-3~ 
: b 

2,4-Xyleno i 3 • 6~I 

2,5-Dimethylpyridine 2.7E-3 
|i 
H 

3-Methylhutanoic Acid "9.4E-2 

3-Methylcatechol 0.OE 0 

3-Methylphenol .I .9E-I 

3-Methylpyridlne" 6~" 7E-2 

3,5-Xyleno I 5 • 0 E- 1 

3,6-Dimethylca%mchol 1.4E 0 

4-Methyl Resorcinol I.IE 0 

4-Me thylcatechol l • 2E+I 

4-Me thylphenol 1 • 2 E- i 
II 

4-Me thylpyridine L • 6E-2 

5-Methyl Resorcinol 2.1E 0 

Aeenaph thylene 1.2E-I 

3.0E-3 

5.8E-I 

1.3E-2 

1.9E-2 

1.8E-2 

2.6E-4 

3.6E-2 

2.6E-4 

9.4E-3 

O,OE 0 

. 1.9E-2 

6.7E-2 

5.0E-2 

1.4E-I 

I .IE-I 

1.2E 0 

1 • 2E-2 

I .6E-3 ,~: 

2.1E-I 

1 • 2E-2 

7.5~-3 ¢ 

I.SE 0 

3.3E-2 

4.8E-2 

4.6E-2 

6.6E-4 

9. IE-2 

6.6E-4 

2.4E-2 

0.OE 0 

4.8E-2 

1.7E-2 

i .3E-I 

3.6E-I 

2.8E-I ~.~ 

3. IZ ;0 : 

, .  " , "  , " "  

: :w • 4,-E-3 l : 

5 , 3 E  ~ I "  '~ ' "  " 

3 . 0 E e  2 
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TABLE 39 (Concluded)  

~ Effluent Public Health 
Stream Stream ;~ Post-dilation 
Component Coneentratlon Concentration 

(pp~) ~ (pp~) 

Ecological 
Post-dilution 
ConcenKration 

~, (PPMw) 

Anthracene 3.0E-2 

BeRz(a)anthracene 3.0E-3 

Benzo (a) pyr ene 1 • 2E-3 

Benzo (e) pyrene I • 2E-3 

Benzo(g,h,i) perylene 8.9E-5 

,7 

Biphenyl 6 • 2E-I 

Chrys ene 5 • 9E-4 

Dibenzofuran 2.2E-2 

Ethylbenzene 2.9E 0 

Fluoranthene 5 • 9E-2 

Fluor ene 5.9E-2 

Indan 7.9E 0 

Me thanethiol 5.9E 0 

Naphthalene 2.8E 0 

Perylene :: %,i .2E-4 

Phenanthrene 3 • 0E-2 

Pyrene 5 • 9E-2" 

Quinoline ~> 2,5E-2 

Toluene 9.4E 0 

o-Xyieue 3.3E 0 
I. 

3.0E-3 

3.0E-3 

1.2E-4 

: 1.2E-4 

8.9E-6 

6.2E-2 

5 ~'9E-5 

2 • 2E-3 

2.9E-1 

5.9E-3 

5.9E-3 

7.9E-I 

5.9E-I 

2.8E-I 

1.2E-5 

° 3.0E-3 

• - 5.9E-3 

2.5E-3 

9.4E-I 

3 o3E-I 

7.6E-3 

7.6E-4 

3.0E-4 

3.0E-4 

2.2E-5 

1.6E-I 

I:J.5E-4 

/~:" 5.6E-3 

7.3E-I 

::i.5i~2 

1.5E-2 

2.0E 0 

1.5E 0 

7.1E-I 

3.0E-5 

7.6E-3 

1.5E-2 

6.3E-3 

2.4E 0 

8.3E-I 
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Post-dilution Concea6ratlons fdr Public Health: 

The ri~k to public health posed by Stream 53 was assumed to 

originate from improper disposal of the stream and subsequent 
< 

contamination of the groundwater. The dilution factor was derived from 

the Source Analysis Model (SAM/I). Assumptions and calculations were as 

follows. 

Assumptions: 

o Stream 53 disposed of in a sump Or fill site. 

Receiving body (sump or fill site) had a base diameter > 10m. 

SAM/I dilution factors were appropriate for es~imaKing subsequent 
pollutant concentraZions in groundwater. 

• Local population used groundwater directly for domestic needs. 

• Flow rate of S~;eam 53 ~ 569,000 ib/hr (71,700 gm/sec). 

Calculations - 

PostLdiiution coucentrations of pollutants from 'Stream 53 for the 

public health analysis were calculated using the following equation: 

EC 
PC = -- 

DF 
°. 

where- 

PC is.~the post-diluti6n concentration in P~w or mg/l. 

EC is the concentration in effluent Stream 53, in PP~I. 
,o 

DF is the SAM/I dilution factor, which was I0, for a liquid 
stream discharged into a:sump or fill site ~th a diameter 
> I0 meters. ~ " :~ v 
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Post-dilution Concentrations for Ecosystems: 
• [, " 

" s  , 1  , ~ 

The risk to ecosystems posed by Stream 53 was assumed to orginate 

from disposal of the stream and subsequent leakage of all of the stream 

contaminants :ingo a small surfade' stream. " A .SAM/I dilution factor" was ~' 

not used. ..~ o 

'~" Assumptions : 

• Stream-53 was disposed of in.an inadequate evaporation pond. 

• All' of the stream components except, water "were subsequently 
released into a small (I0 cfs) surface stream through overflow or 
by percolation through th& soil. 

• Loss of stream contaminants through physical, chemical and 
biological processes prior to entry into the surface stream was 
negligible. 

Evaporation of the water components of stream 53 in the 
evaporation pond was significant, resulting in extreme 
concentration of stream contaminants prior to the entry into the 
surface stream. 

Calculations: 

Post-dilution concentrations of pollutants from Stream 53 for the 

ecological analysis were calculated using the following equation: 

pc = (Ec) (FR53) :: 

FR s .':. 

where- ,: <-. 

PC is t i~e post-dilution concentrations, in PP~.. 

EC is the constituent concentration in Stream 53, in PPM w- 

t ~ • .. 

FR53 is the flow rate" of Stream 53, 71.7 gm/sec. 
..,~' 

FR s is the flow rate of the surface stream, 283 1/sec. 

l-- 

% 

.." 
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Estimation if Pollutant PostJDilution Concentrations Due to 
the Discharge of Stream 69 - Laachate from Gasifier and Utility Ash ' 

Two' sets of post-dilutlon concentrations were estimated for 

discharge of contaminants in Stream 69. The set used to evaluate risks 

to puBilc health was deve].oped, assuming that groundwater contamination 

would be 'the ma~r concern, while the set Used to evaluate risks to 

ecosystems was developed assuming contamination of surface streams would 

be the primary cause for concern, The assumptions and calculations are 

presented below. The results are presented in Table 40. 

~': TABLE 40 

ESTIMATED POST-DTLUT~ON~CONCEN~ATIONS DUE TO 
DISCHARGE .0F :STRI~)&9~.:~ ASH LEAC~TE " 

Effluent Public Health 
S~ream 
Component 

Stream 
Concentration 
• ~ (pm,  lw ) . 

Ecological 
PostLdilution Post-dilution 
Concei~ration Concei'tration 

(Py~) . (PPMw) 
c 

\. 

Aluminum 

Arsenic 

Cadmium 

Copper 

llon 

Lead 

Manganese 

Mercury 

Nickel 

'Selenium - 

Zin~. 

"# 

2.0Ell 

2.0E-1 

6.4E-4 '~_ 

3.0E-2 "~' 

1.6E 0 

9 • 0E-2 

5.0E-I 

3.0E-4 

"~.'5E-2 

6.0E-2 

2.9E-3 

¢, 

2.0E-2 

2.0E-3 

6.4E-5 

3.0E-3 

1.6E-I 

9 • 0E-3 

5.0E-2 

,, 3 . 0 E - 5  

: 3.5E-3 

6. OE-3 

2.9E-4 

6.0E-4 

6.0E-5 

1.9E-6 

9.0E-5 

4.8E-3 

2.7E-4 

I • 5E-3 

9 , 0 E - 7  . 

I. IE-4 

1.8E-4 

1.8E-4 
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Post-dilutlon Concentrations for Public Health: 

"'~ The risk to public health was assumed =o originate from improper 

disposal of the stre~ and subsequent contamination of groundwater." The 

dilution factor was derived from the Source Analysis Model (SAM/I). 
[' 

Assumptions and calculations were as follows: 
l 

Assumptions : ;~ 
~:. . : ,  .. 

• Gasfier and utility ash (Stream 36) "w~r~ the source of the- 
leachate. : 

The ash was disposed of at a fill site. 

8 The fill site had a base diameter > 10 meters. 

• SAM/I dilution factors were appropriate for estimating subsequent 
pollutant concentrations in groundwater. 

o The local population used the groundwate~ directly for domestic 
uses. 

• Flow rate of the leachate = 7 x 106 gallons/year.* 

Calculations : '-' 

Post-dilution concentrations of pollutants from Stream 69 for the 

public health analysis were c/ic~Llated using the fdllowing equation: 

EC :~ 
P.c = D--'~" 

.-.----- ...? e .:.:, 
• . ._., ~," ~, 

PC is the pollutant por~t-dilution "6oncentrations, in PPM w 

EC is the pollutant concentration in effluent Stream 69, in PP~* 

D F is the SAM/I dilution factor, which was I0, for a liquid 
stream discharged in a fill site with a base diameter > i0 
meters, .. 

, ", 

*See Section 2.4 
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Post-diluti6n Concentrations for Ecosystems: 

" The risk to ecosystems '~ posed by': Stream 69 was assumed to 

originate from disposal of the ash .and subsequent contamination of a 

small surface stream. <' A~SAM/I dilution factor was not used. 
O 

Assumptions: 

~. , Flow rate of the leachate = 7.0'x 106 gel/year* 
li~ers/sec. " 

• Pollutant concentrations in the leachate were not reduced by 
physi- ~, chemical or biological processes prior to entry into a 
small cface stream. 

• The" surface stream flow ra{~ was i0 cubic feet/sec (283 1/sec). 

Calculations: )'~ .- ~ %,, 

concentration of each pollutant due to The post-dilution I~ 

1 ' release of Stream69 was ca~ulated using the following: 
~ h ~"~ 

PC = 6EC)(LF) IL (EC)(.85 i/see) .EC 
SF Ir 283 1/see = '33---3 

where- 

PC is dhe post-dilution 6oncentratlons, in PP~. 

EC is the:concentration in the effluent stream, in PPM w. 

LF is the flow rate of the leachate, equal to 0.85 I/:sec. 

SF is ~he flow rate of the sma'il surface streamj 283 i/see. 

Estimation of Pollutant Post-Dilution 'Uoncentratlons Due to 
Disposal of Stream 70 i- Biosl~dge 

The post-dilution ',~ [~: '; concentrations of pollutants, which might 

result from disposal ,of Stream 70, biosludge, were estimated assuming 

that all of the trace elements and to'xic organic compounds in the 

hiosludge were made available to a small surface stream :- through 

0 

*See Section 2.4 ! 
¢, 

t) '. 

;a 
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leaching. Assumptions and calculations are presented below, Results 

are presented in Table 4 1 . '  ~ = 

Assumptions: : " 

• giosludge was disposed~of in a landfill. 'l~'i 

% -:'.  :- 

• All of the trace metals and toxic organlcs were'leached out = of 
t~e biosludge and enter a surface stream. '" 

• The concentrations of leachate contaminants wet& not reduced by.- " 
,,physical, chemical or biological processes prior to entry into 
the surface stream. 

• The floN ra~e of the=surface stream was I0 cfs. : 

• The water component of the leacha~-e was negligible. ~ 

Calculations . .  : 

The concentration "'of each pollutant in the surface stream" was 

calculated as follows: 

PC = (Pa)(!000mg/gm) 
SF 

where- . :~' 

:': 3 

PC is ~he postzdilfft[on conceitration, in PPM w :~ 

PR is the production rate of t~e trace elements an~ organics 2 in @ 
• Stream 70", in gm/sec..' " 

2 
i 

SF iS the flow rate of the Isurface stream, 283 i/sec. 

.'-.~ 

¢ 

*See Table 35 for pollutant production rate. 
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TABLE 41 

ESTIMATED POST-DILUTION CONCENTRATION DUE TO 
DISPOSAL OF STREAM 70 - BIOSLUDGE 

Biosludge 
Removal 
Rate 

.(gmlsec) 

Post-dilution 
ConcentratiOn 

(PPM~) 

If 

Arsenic 
- $ 

Beryllium 

Cadmium 

Mercury 

L e a d  .-~- 

Aeenaphthylene 

Anthracene 

Benz(a)anthracene 

Benz(g,h,i)perylene 

Benzo(a)pyrene 

Benzo(e)pyrene 

Chrysene 

Fluoranthene 

Fluorene 

NaphthaleRe 

Phenanthrene 

Pyrene 

6.9E-2 

3.7E-2 

2.0E-2 

5.8E-3 

2 • 5E-2 

7.7E-2 

1.9E-2 

I .9E-3 

5.8E-5 

7.7E-4 

7.7E-4 

3.8E-4 

3.9E-2 

3.9E-2 

4.8E-I 

1.9E-2 

3.8E-2 

2.4E-I 

1.3E-I 

7 • IE-2 

2.0E-2 

8.9E-2 

2.7E-I 

6.7E'~2 

6.7E-3 

2 • 0E-4 

2.7E-3 

2 • 7E-3 

I • 3E-3 

1.4E-I 

1.4E-I 

1.7E 0 

6.7E-2 

1.3E-I 
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from the Source Analysis Model 

calculations are presented below. 

~ 42.  

Assumptions: ,: 

• Ambient temperature = 25°C, pressure = 1 arm. 

• Mean density of Stream 72 = 1,180 gm/m 3 (25 ° , i atm~ ~ 

Calculation: 
~g 

(EC)~/PPMw)(Density of  Air) 
PC = 

DF ...f" 

where- 

PC is the post-dilution concentration, in ]Jg/m 3 

EC is the concentration in Stream 72 in PPM w 

(Bg/pp~) is a conversion factor = 1.0 
gm 

Estimation of :Pollutant Post-Dilution Concentrations Due to 
Release of Stream 72 - Lockhopper Vent Gas " 

The post-dilution concentrations of pollutants whic~ may result 

cfrom the discharge of Stream 72 were estimated using a dilution factor 

(SAM/I). ~%e &ssumptions and 

The results are presented in Table 

Density of air is 1,180 gm/m 3 

DF is the SAM/I dilution factor, which was 24,000 for a gaseous 
stream being discharged into the atmosphere at a rate of 493 
gmlsee. 

3.4 Applications of Results 

The information presented in Volume II represents estimates of 

maximum post-dilutlon concentrations for trace elements and organic 

compounds released by a model, commercial-scale indirect liquefaction 

facility. The ecological, public health and occupational health hazards 

posed by this model facility are based upon these estimates and are 

described in Volumes Ill, IV and V~ respectively. Volume I presents a 

summary of Volumes ~I through V and overall col~clusions made in the 

assessment. 

*See Section 2.2 
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Stream 
Component 

TABLE 42 

ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO 
DISCHARGE OF STREAM72 - LOCKHOPPER VENT GAS 

Emission 
Stream 

Concentration 
(PP[~.) 

Pos t-dilution 
Concent ~atlon 

(~g/m 3) 

CO 

c2~4 

H2S 

COS 

Ni(CO) 4 

Tars 

Oils 

Naphtha 

Phenols 

Mercaptans 

Thiophenes 

Ammonia 

HCN 

Aromatic amines 

Nitrosamines 

PAHs 

Fatty acids 

Trace elements 

1.5E+5 

5 • 2E+4 

6.4E+2 

1.4E+3 

3.0E+I 

I.SE 0 

1 .IE+3 

9.9E+3 

4.0E+3 

1.3E+3 

5.IE 0 

4.1E 0 

2.0E+3 

2.0E 0 

1.0E 0 

5.0E-I 

5.0E-i 

2.6E+2 

5.0E-I 

7.4E+3 

2 • 5E+3 

3. IE+I 

6.6E+I 

1.4E 0 

7.4E-2 

5.4E+I 

4.9E+2 

1.9E+2 

6 • 4E+I 

2.5E-I 

2.0E-I 

9.8E+1 

9.8E-2 

4.9E-2 

2.5E-2 

2.5E-2 

l • 3E+I 

2.5E-2 
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LIQUEFACTION PROCESS DESCRIPTION AND BASIC PREMISES 
USED IN DEVELOPING THE MATERIAL BALANCE 
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Process Description 

Sized coal (+ 1/4" to 2") was gasified in the Lurgi gasifiers at 

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

product. The raw syngas exitted the gasifiers at 900" F. This gas was 

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

phenols, and other impurities. The impurities were separated from the 

gas as a gas liquor in the gas/liquor separator. The partially cleaned 

syngas was then split into two streams; one stream was further cooled 

while the other stream underwent shift converse.on to adjust the H2/CO 

ratio in the gas such that H2/CO ratio of the" combined gas stream was in 

the desired range for the Fiseher-Tropsch reaction. The two streams 

were then comlngled and further purified using the Reetisel process to 

remove the sour gases (H2S and C02) and naphtha from the syngas. 

The cleaned gas from the Rectisol process was fed. to the Fischer- 
%? ,, 

Trops=h reactors where i~ was catalytically conver~ed (over a 

proprietary iron catalyst) to mainly aliphatic hydrocar~gn products. 
I. The raw products from the Fischer-Tropsch reactors ~;ere further 
I' 
L~ 

processed and upgraded to yield the plan~ produc~ slate donsisKing of 

SNG, C 3 and C~ LPG, gasoline and fuei° oils by using conventional 

petroleum refinery processes. Details of the product upgrading~ection 

have been omitted from the flowsheet because: i) it consist~:~of 

conventional petroleum refinery-type processes, and 2) the major 

unknowns regarding environmental and occupational health concerns were 

associated with the fronn-end or syngas production section of the 
J, 

pro.tess. 

The acid gases recovered in the various processing steps were taken 

to the sulfur recovery step where they were converted to sulfur using 

the Sire=ford process. The sulfur produced was proposed for sale as 

plant product. Tail gas from the Stratford process was incinerated in 

the plant boiler. 
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APPENDIX A' 

(cont.) . ~  

Boiler stack gas cleanup facilities for SO 2 removal were provided 

to reduce the SO 2 emissions to 0.2 pounds of SO 2 per million Btu of 

fired heat. In addition, an electrostatic precipitator was included to 

reduce the particulate matter to 0.1 pound per million Btu of fired heat 

duty. 

The gas liquors recovered in the syngas c~eanup steps were 

collected al;d processed further to separate the ~fs, dust, tars, crude 

phenols, and ammonia from the water. The recovered water underwent 

additional treatment prior to reuse in the process. Waste products 

recovered from the gas liquor were disposed of appropriately as 

indicated below. 

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

decantation. The oils were processed further in the product upgrading 

section to yield additional plant products; the tars were incinerated in 

the plant boiler. Crude phenols were recovered from the waste water by 

using the Phenosolvan process. The crude phenols were incinerated in 

the plant boiler. Anhydrous NH 3 was recovered for sale by using the 

Chemie-Linz/Lurgi process. 

The denuded waste water from the ammonia recovery step was 

biologically treated to reduce its BOD and COD levels by removing the 

residual organics present in the water. The water was then subjected to 
• ,r-" 

a reverse osmosis treatment to reduce its metal salts content prior to 

reuse in the process. The biosludge (from the biological treatment 

step) was disposed of in an environmentally acceptable manner such as a 

landfill operation. 
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APPENDIX A 
(tout.) 

TABLE A-l- Coal analysis: ~<% 

Proximate analysis, as-received basis (~t.%) 

Volatile matter 33.1 
Fixed carbon 33.8 
Ash 5.1 
Moisture 28.0 

Total 100.0 

"'; Ultlmate analysis, moisture and ash-free (MAF) basis (wt.%) 

Carbon 7 4 . 4 5  

Hydrogen ~ 5.10 
Oxygen ~:~' 19.25 
Nitrogen 0.75 
Sulfur 0 • 45 

Total 
°~ 

100o00 

Heating value, MAF 5asis, Btullb 

High heating value 12,720 
Low heating value 12,236 

TABLE A-2- Product slate 

SNG 86, MMscf/sd* 173.3 
C 3 LPG, BPDS** 1,1707 
C 4 LPG, BPSD • 146 
Gasoline, BPSD 13,580 
Diesel fuel, BPSD 2,307 
Heavy fuel oil, BPSD 622 
Mixed alcohols, BPSD 1,825 
Sulfur, TPSD 61 
Anhydrous, NH3, TPSD 103 

Total product, BPSD FOE S 44,950 

',.:. 

* MMsef/sd = Million standard cubic feet per stream day 

**BPSD = Barrels per stream day 

SFOE = Fuel o~i equivalent at 6 x 106 Btu/barrel fuel oil 
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APPENDIX B : 

ESTIMATION OF STREAM FLOW RATES AND 
CONCENTRATIONS BY INDIVIDUAL 

STREAM ARE P_RESENTED IN 

TABLES B-I AND B-2 

2 
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APPENDIX C 

EPA SOURCE ANALYSIS MODEL I (SAM/I)* 
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The SAM/I model has been designed for intermediate screening 

purposes to evaluate :.chemical analysis data. To address these 

objectives, the model includes elementary treatment of pollutant 

dispersion or dilution t6"post--dilution levels, but does not incorporate 

post-dilution chemical reaction or transformation. 

To obtain the estimated maximum post-dilution concentration of a 

pollutant because of the discharge stream, S~M/I employs approximate 

disperslon modeis to account for the dilution of a discharge 

concentration to a post-diluti6n concentration. Models have been 

developed for gaseous~ liquid, and solid discharges into appropriate 

receiving bodies within air, water, and land media. Figure C-I 

illustrates the discharge stream/receiving body combinations treated. 

The figure shows that any given gaseous, liquid, or solid waste stream 

from a source can be discharged in a number of ways to air, water, ~r 

land-receiving media. 

Similarly, liquid and solid s~reams can be discharged to deep 

well, sump (or waste pond), irrigated field, wastepile, plowed field, 
f 

cavity, or fill site-receiving bodies in the land medium. The 

underlylngphysical picture for all the SAM/I dis perslon models is that 

of a discharge stream entering an entraining post-dilution flow. After 

mixing takes place, the pollutant stream dispersion, or dilution factor 

can be approximated by the ratio of the entraining stream volumetric 

flow rate** to the discharge stream flow rate. SAM/I defines a 

discharge stream dilution factor, K, in just such a manner: 

K= Entraining stream volumetrlc flow rate 
Discharge stream volumetric flow rate 

P 

*Information in this Appendix is excepted from reference ] 12. 

**Entraining stream volumetric flow rate includes the discharge stream 
volumetric flow rate, i.e. it is the total volumetric flow rate of the 
two streams after they are mixed. 5- 
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Therefore, the estimated maximum* post-dilution concentration for 

a pollutant species is the ratio of the discharge concentration to the 

dilution factor. ~ 

Dilution factors have been defined for all the receiving bodies 

shown in Figure C-I. In the dispersion models used to calculate these 

dilution facto=s, entraining flow characteristics and certain discharge 

stream characteristics have been internally parameterized based on 

estimates of nationwide averages of these characteristics. Thus, only 

discharge stream flow rate remalns a model variable. Further, several 

model discharge stream flow rates have been defined, spanning discharge 

flow rate range of interest. Typical dilution factors have beer 

assigned to each of these model streams. Therefore, the SAM/I user need 

only know the discharge rate of the stream under evaluation, and 

receiving body discharges into, tO perform SAM/I calculations. 

As an example, for gaseous effluent streams discharges into the 

atmosphere, a Gaussian plume dispersion model was used to predict 

maximum ground level pollutant concentrations. Here, the entraining 

flow is the atmosphere. The entraining flow characteristics, 

atmospheric stability, and wlnd speed are given values within the model 

typical of nationwide average conditions. Further, discharge stream 

stack height is internally parameterized by relating average stack 

'height to average source flow rata (e.g., large utility power plants~ 

sources wlth flue gas discharge rates in the Mg/s range have stack 

heights around 200m, whereas small commercial or industrial boilers, 

with flue gas flow rates in the kg/s range have about lO m stacks). 

Thus, for SAM/I evaluations a user need only know discharge flow rate to 

be able to assign an approximate dilution factor. 

The defined SAM/I dilution factors, as a function of effluent 

stream discharge rate, for the various effluent stEeam/receiving bodies 

is summarized in Table C-I. Details of the models used to assign these 

dilution factors are reported elsewhere. 

*Maximum under worst probable conditions; it does not consider extreme 
worst conditions. ~: 
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Trace 
Element 

As 

Be 

Cd 
• . 

F 

Hg 

Pb 

B 

Ni 

V 

° 

Table 33- Flowrates of Trace Elements in Stream 36 

÷ ÷ = 

• , : ) 

(ib/hr) -~ (Ib/hr) ([b/hr) (ppm) (MM Ib/hr) (ib/hr) 

.183-.385 .0015-.0031 .2099-.4419 .02 .882 .377-.812 

.373-.421 .0026-.0030 .3210-.3617 ND .882 <.697-.786 

.094-.242 .0009-.0025 .2203-.5684 .00064' .882 .315-.812 

5.424-5.590 Ii,157-Ii.500 50.10-51.64 ND .882 <66.68-68.73 

.0074-.0114 .0000-.0001 .0782-.1208 .0003 .882 .085-.132 

.180-4.240 .0'015-.0343 .6577-15.48 .09 .882 .760-19.67 

ND §§ ND 39.43 ND .882 >39.4 

N-D ND 2.313-19.05 .035 .882 >19.02 

ND ND 13 ~76r19.147 ND .882 >19.147 

,j, , , ,, ,,, ,,,, ,,,,, ,, , ,, ,,, 

*From Table 28 
**From Table 29 
+From Table 31 

#%These data are first column volume leachate fractions of Montana 
Rosebud subbituminous ash from the Lurgi gasifier in Westfield, 
Scotland. Montana Rosebud coal has a trace element composition 
very similar to the trace element composition of Wyoming 
subbituminous, i~ese data were published in Shriner et al., July 1979. 
It was assumed that the"concentrations of trace elements in the 
sluice water would be the same as the concentrations of trace 
e.Tements in the first column volume leachata. 

§'Appendlx B, Stream 38. 
§ § No Data 

,: ,j 

• .S 
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TABLE C-I 

SUMMARY OF MODEL STREAM D'~CHAROE RATES AND DILUTION FACTORS 

I 
Gas 

Discharge Rate Q (g/s) 
and Dilution Factor K 

Discharge Stream Type Liquid/Soluble Solid 

Receiving Body Air River/Lake • Ocean 

Q K O K 

1 x 102 
3 x 102 
I x 103 
5 x 103 
2 x ]O 4 

Q K 

1 x 105 1.6 x 102 
1 x 104 1.6 x 103 
I x 103 1.6 x lO 4 
] x 102 1.6 x 105 
1 x 101 1.6 x 106 

3 x 104 
(Barge) 

2.5 x 106 
6.5 x 105 
1.3 x 105 
6.8 x 103 
5.4 x 102 

i x ID 3 

- - :  ~1 , i mill 

Discharge Stream T.ype L iqu id  

Receiving Body Deep Well 

Discharge Rate Q (g/s) 
and Dilution Factor K 

Q K 

Any 1 

L iqu id /So lub le  So l id  

Irrigated 
F ie ld  

O K 

Any 100 

Large receiving body .with base diameter d ~ lOre. 
**  Large receiving body with base diameter d < lore. 

Sump, Waste Pile, Plowed 
Field, Cavity, F i l l  Site 

, , . . .  

Leached So l id  

Any Land Body 

Q K 0 K 

Any lO ~ 
I00 *~ Any I 




