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\‘same manner. Volume I is an overview and summary of the results; volume

."
3

FOREWORD
Development and deployment of a comﬁgrcial indirect liquefaction iﬁdustiy
has been proposed as a means of reducing United States dependenca on
foreign sources of energy. . 4
Deployment of a commercial industry on an environmentally acceptable
ba51s requires® identificatlon and evaluatlon of potential env1ronmenta1

problems. This assessment is an attempt to antlcipate potent1a1 environ-

- mental hazards that may .be posed by commerc1a1—scale facilities to pro-

vide an improved basis for planning and 1mplement1ng env1ronmenta1 re-

search. . \

The study comprises four major tasks: characterization of hazardous
materials released from an indirect llquefact1on facility; assessment
of ecological. hazards, assessment , of public health hazards; and assess—

ment of occupational héalth hazard'. The Teport-is organized in the

II presents stream characterization data, and volumes I1I, IV and V present

assessments of ecological, publlq health and ‘occupational health hazards,

respect 1vely.

This study was sponsored by the Technology Assessment Division of the
Department of Energy. Organlzations participating in the assessment were
General Research Corporation, Oak Rldge Natlonal lLaboratory, and.Argonne

National Laboratory.

a
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1 INTRODUCTION

X S

Ind*rect 1iquefaction is a promising technology for producing

synfuels. Recent studies‘indicate that 1f any portion of the unational
synfuels goals for 1987 and 1992 is to be met with coal liquefaction,
the bulk of the production is Iikely to come from indirect processes.
An indirect coal liquefaction industry will benefit ¢the nation by
providing a critically needed supplement to our dwindling oil "and gas
reserves, However, de¥910pment and deployment of a commercial coal
indirect 1liquefaciton industry i1is not without\ risks. To ensure
deJ@lopment and deployment of  indirect processes ingan environmentally
acceptable manner,°ﬁotentiayghazards to the general pubiic, occupational
personnel and ecosystems must be assessed and factored into the design,
siting and operation ‘of commercial Ffacilities. At present, the
potent%al adverse environmentz}* impacts of indirect liquefaction .

’

]
facilitles. are not well understood.
“

‘ Eéﬁﬁcially lacking is information on the identity\and quantity of
trace contaminants that may be released from process and waste
streams. At the present time chemical characterization data for streams
from indirect liquefaction facilities are very limited. In:resgonse to
these data gaps the:Department of Energy (DOE) is attempting to%ﬂevelop
preliminary estimates of the types and quantitids of poténtial
pollutants that may be released into the environment by commercial scale
indirect liquefaction facilities. The purpose of these estimates is to'
provide a basis for estimating the types and magnitudes of potentlalw

environmental impacts of a coggercial 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. It 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 research.




‘2 METHODOLOGY

2.1 Overview

Chemical cﬁaracterization data were very limited for indirect
coal liquefactioﬁ; no commercial-scald facilities existed in the U.S.,
and data from otlier nations (e.g., South\Africa) were gen'érally limited -
and o:ften not representative of American conditions. .Beéause data were
so limited, it was recognized that devr"lopment of an information base
useflil -':'”.for assessing environmental implications would reqtiire
considerable manipulation of the data which were available. In order to
minimize confusion and msinterpretation, data sources, calculat:.ons,

assumptionsiiand results were-made explicit wherever possible.

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

x. R ‘ . - P s : N . : (\j

1) Choice of Indirect Liquefaction Process—

“

A single process .was chosen to serve as the basis of the :inalysis
to avoid the confusion which would arise from attempting to dé'al.:\‘with
several processes or a “generic” process. The Lurgi/Fischer-Trcipsch
process was chosen: because it lrepi:ee"_._ented a proven, commercial
technology; and . more data” were availal;ie for it than. most other "

processes. .

2) Dev;alopment of a Conceptual Plant Configuration—

0

A conceptual Lurgi/Fischer-Tropsch piant, processing
approxim:ately 28,000 tons "per stream day (TPSD) of low sulfur Wyoming
subbituminous coal, was developed to provide t‘t}e basis for estimating
the types, and qua.n.tities' of pollutants which might be released from a
commercial facility. Process operations and streams were based ‘largely,
but not exclusively, upon ig_lrformation in the report titl‘eg':" Research

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

87,

and SASOL~type Fischer-Tropsch Technologies The proces:; description

and basic premlses used in conceptualizing the plant are presented in

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

- i
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i e

7

is presented ina?igure l. As indicated in the dlagram, the conceptual
plant included environmental controls as well as process anddauxiliary

operations. The major process streams and envirommental 4treams of

interest in the analysis are listed in Table 1. {

. 3) Ideutification of Stream Components of Interest— f

Review of the literature indicated that a variety” of stream
components associated with coal liquefaction would be of environmental
concern. Potential stream components included in the anllysis were
selected by representatives of participating groups frmg Oak Ridge
National Laboratory, Argonne National Laboratory and Battglle Pacific -
National Laboratory at a wmrkshop, and are listed in Table 2. In
selecting components of interest it was assumed that the nlant complex
would be designed to meet all existing local and federal : enVironmental
regulations, as of July 1977, for. 11qu1d and gaseous effluents. The

analysis was focused largely on trace organics and trace elements.

rl

4) Estimation of Flow Rates of Stream Components,by Stream—

Flow rates of each stream component were estimated for each\
stream to prov1de 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 largely from Base Case II of the ¥obil

87

repart. Flow rates of the minor components (i.e.,!those constituting™

less than one percent of the stream flow rate) were estimated ‘based ‘on:
sparse informationa_ The results are presented in Appendix B.

1

5) Estimation of Cuncentrations of’ Individual Trace Elements and

Organic Compounds in Each:Stream—

\.~ :r

No data ,could be loca't'ed'~ _.th f literature regarding
concentrations of individual trace- elements and~organic conpounds in
streams from commercial-scale Lurgi/Fischer-Tropsch plants utilizing

Wyoming subbituminous coal. The types ‘and concentrations of individual

‘trace elcments and organic compounds were estimated using data from a

3
r
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STREAM COMPONEN%S SELECTED

T aafigly

TABLE 2

IN THE ANALYSTS

FOR INCLUSION

FaRSa)

[y

Gaseous Compouvents
B 1%

. . ”" n
h:

C,Hg

sz +y;nerts

HZO‘

.. Methanol

Tar

0il

Naphtha
Crude phenols

Mercaptans

Liquid and Solid Compénents

Tﬁiophenes
Ammor.ia

HCN

Y
Aromatic amines
Nitrosamines

b i

Polynuclear aromatics (PNA)

'Fatty Acids

AN

HZS

I

cos
HZO

} Others

Ni(co)4
Minerais
Coal

" Sulfur
Particulates
Trace elements

Others




. .
variety of sources. Detailed descriptions of data sources and values,
assumptions, and caiculations are presented in Sections 2.2, 2. 3‘\and

2.4. X

¥V
v

N . . . -R’\. :

6) Evaluation of Results— - . . e
o

Results of the effort were evaluated and compared ,with the

results and progections from other studies to provide some 1ns1ght lnto'

the reasonablenesscof the values.

.
Y

2.2 Characterlzatlon of Liquid. Streams

Review of the literature 1nd1cated that characterlzatlon data for"
liquid effluents for commercial—scale Lurgi/Fischer—Tropsch plants were .

very limited. No experlmental data could be found” regarding specific .

constituents in treated effluents from’ commerclal-scale Lurgl/Flscher-

Tropsch processing of Wyoming subbitumitous ‘éoal.

Liquid streams selected for the analysis are listed in Table 3;
their inter-relationships are illustrated in Figure 2.

Wash pfocéss liquor (Stream &%) was - chosen as the.key liquid

stream of interest because it reprééents the largest and most highly
37 ‘It

was also chosen for analysis becauge it is the major influent to the

. ! .
contaminated wastewater stream in aﬂLmrgllF*scher—Tropsch plant.

wastewater treatment facillty in thé plant' the types and quantities of

constituents present in -Stream 43 largely determlne the types and

quantities of pollutants present Ln the -liquid and solld effluents from

the wasteéwater treatment facility (i.e:; streams 53, 54, 70 and 71).
. = A
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

Data from both theoretical’ aﬂd exper1mental studies were ised when they
weré deemed appropriate and uqeful.

\\ L4 “



LIQUID STREAMS CHARACTERIZED

STREAM NUMBER

IN THE ANALYSIS

STREAM NAME

Y

27
31
38
43
46
.
. 50
52
53

54

54 & 31

N\.‘;—:.’;}

Coal'bile leachate

Make-up water

Ash sluice water
Raw process water
Gas liquor. separator effluent

Phenosolvgn effluent

8

Ammonia stripper effluent

Biologicaligreatment effluent
Reverse Osmosis concentrated waste
solution F

. Reverse Osmosis permeate

Feed to cooling towers

R

Fa

d
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: . o . ‘
- types and quantities of pollutants were estimated based on three sets of
data. Estimates of trace elements were based largely on experimental

trace element distr:.bution coefficients developed for Lurgi -at,

Ty

$450L.37  Estimates of organmic compounds were based on experimental

T

effluent data from’ SASOL8 and on characterization data for coal tar

produced by a’'bench-scaie gesifier using Wyoming subbituminous coal.l?

The types and quantiti'é's -0f constituents which may be present in

.J/'\\
11qu1d streams were estimated in 3 basu: steps:

r

1) Idem::Lf:Lcat:Lon of the types and quant1|:1es of constltuents

potentially present ~the wmajor raw process waste stream
(Stream 43). :

2) Ident::.flcation or estimation of efficiency of removal of each
constituent (identified in Step 1) by each wastewater treatment
process specified in the flow diagram (i.e., gas/liquor
separation, phenol rScovery, ammonia recovery, biological
“reatment, and reverse osmosis). :

it

3) Calculation of constituent concentrations in liquid effluents
from the water treatment facility by sequentially applying the
removal efficiencies for each const:.tuent as the stream passed
through each water treatmeunt process. Audit:.ona] pollutant
loadings added to the liquid stream (w.a Strea.ns 27" and 28)
were estimated from literature data and :mcornorated into the
calculations at the appropriate po:.nt. .

The speclflc calculations, data and assumpt:.ons used in
est:l.ma.t:.ng the types and concentrat:.ons of trace elements and organic
compounds wh:l.ch may be present in the l;quz.d streams are discussed in

Sections 2. 2 l, 2.2.2 and 2.2.3.

2. 2 1 Estmatlon of Trace Elemean in Liquid Streams

Estimation of Trace Element Concenfirations in Stream 43—

The concentrations of trace elements in Wyoming subbituminous
coal on a moisture frea, whole .coal basis were identified in the

literature. (See Table -&) '

. The flow rate of each trace elemeant into the gasifier -was
estimate;l:



:

CF
14:?.;

) 'I‘ABL.{?. 4 /‘:

TR-QE ELEMENT CONCENTRATIONS FOR WYOMING ARD

SUBBITUMTNOUS COAL:: (ppm)
B

".\TI' C. \‘\ : -'-;-

v
g " .,

FoSERTD" MONTANA
l

i A N 5 L -'| R Sl Ratio of Concentrations
Trace, N Wypming' “™ 714 Montaha Rosebuﬂo of Trace Elements-
- lElements Subbituminous = | Subbitum:mous Montana to Wyoming
Ag'’ .06-.43 Do : .06~ s 1-014 -
As; .57-1.2 ,08-1.2 L 14=1"
B ‘ 32 T 32, 1
Ba 87 } ‘n: . : 87 v l:
Be TJ1-.8 T ST f7-.8 - +99-1
Br - - Y fi = - -
cd- Y 318 Y8 -1
Ce .- - - E
Co .55 ;.64 1.09-7.27
Cr 4.2-16 . 4-16 .95-1
Cs - ==’ == G- c -
Cu 8.9~10 e 9-10 1.01-1
F 65-67, 66 .98-1.01 .
. Ga t- ) i o =
Ge - SR X Cog -
Hg 11-.17 .11—.17 I=1
I - L s
IT.‘I. - - > -
La nd < el '_—_
Li -3.6-15.0 - -
Mo 2.2 2.2 1
Mn 2.8-3.4 2.8-3. 4 1-1
Ni 1.7-14 2-14 1.18-
P . - ~ -
Pb .51-12 51-12% "y 1-1
Rb - =) - P
Ru - - e
+ Sb .08-1.5 - . -
Sc i - - Y
Se .33 a3 1
Sn* G 14 A 1
Sr - - -
Ta - -~ -
Te - - -
u .88 :88,, 1.
v 4 10-14 10-14 T
W b - - -
' - - -
Zn .23-8 2-8 - 8.70- =
Zr - 17¢ -

e
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where- N
Fpp.g 1s the flow .rate of each trace element into the gasifier
{in lb/hr).

Crg is the concentration .of each trace element'in dry,
whole coal (in ppm).
‘d 1
Fpe ins the flow rate of dry, whole coal to the gasifier
# (Watér-free components of Stream 2 in the flow
diagram) .*

‘*S;

The distribution of cach trace ‘element from- Lurgi gasifier into
asH; liquop, tar and oil streams at SASOL were identified in . the

litetature. (See Table 5).

The dxstrlbutlon of trace elements in_ the conceptual plant was

/
assumed to be the same as the: distributlon at SASOL.-

e

The flow: rate of .each trace element into the’ gas 11quor was

LY

estimated: ) /- '“.
1%
- (Fpg_g) (D _.)
Fppog, = TE-G)  (PTE-L
- 100%
where-

FTE—L is the flow rate of each trace element into the gas
liquor (in 1lb/hr). :

Frp_e is the flow rate of each trace element into the gasifier
TE-G
(in 1b/hr).

DTE—L is the distribution factor of each trace element in the
325 liquor based on SASOL data (in %) (See Table 5).

It was assumed that the total flow of each trace element into the
gas liquor dissolved in the water component of the gas liquor stream,

then .

c _ FTE_L X 1,000,000
TE~43 ~

Fy-s43

*Flow rates of each stream are presented in Appendix B.
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TABLE 5

A
~

TRACE ELEMENT DISTRIBUTION FOR LURGI AT SASOL ’
(Percent of Element in Coal)

37

Aﬂ Element Ash Liqyér ‘Tar 0il

] Be 33.3 53.3 L 17.0 0.3
B 90 8.8 Y 2.0 0.0

: v 99.9 0.1 % 0.0 0.0
Mo 99.9 0.2 0.0 0.0

. Ni 99.4 0.4 0.0 0.0
as 26.9 67.2 1.9 3.9

:cd 51.9 45.5 . 0.6 1.4

Sb 50.0 45.0 "3.8 0.6

. Ce 99,9 0.1 0.0 0.0

Hg " 519 41.6 6.4 0.6

b 94.2 '\ © 1.7 4.3 0.0

f Br 10.0 88.9 0.1- 0.0

F 56.3%* 43.8%* 0.0 0.0

c1 52.6** 47 .4%F 0.3 0.0

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

*%k
% distribution calculated on analyses as done by SASOL previously.
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where-
C is the concentration of eeﬂh trace element in the water
TE-43 (
component of Stream 43 (in ppm)

Frg-;, 1s the flow rate of each trace element into the gas
liquor (in .1b/hr). .

Fw_43 1s the flow rate of the water component of Stream 43,
i.e., 1,993,000 1b/hr.

A
Estimation of Trace Element Concentrations in Stream 27- s

The concentration of each trace element %E’rﬁgl pile leachate
(Stream 27) was identified in the 11terature (Tabie 6). The literature

P
data were assumed to be representatlve owamelng subbituminous coal.

SR

// Sreme

Identificatlon/Est1mat10n of Efficienties of Removdl‘ of. for Each

Constituent by Each Wastewater Ireatment Process-

i

Efficiencies of removal of each comstituent in the liquid streams
(43 and 27) were identified or estimated from the literature for each
wastewiter contrel technology process identified in the flow diagram.

Rémoval efficiencies assumed in the assessment are presented in Table 7.

Estimation of Trace Element Concentrations in Stream 46—

The conceutration 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 efficiency/ of rémoval of each

constituent by, the gas liquor separator, and d1vtd1ng by the flow rate
of Stream 46: ) o

(Crp—43) (Fy—43) + (Cg_p7) (Fy_p7) [109‘§ETE:E§] i‘”."'

Crp-tp = 100

Fu-s6
whera-

CTE—46 is the concentration of each trace elemzut in the water
component of Stream 46 (in ppm). -

Cpg-43 1s the concentration of each trace element in the water
component of Stream 43 (in ppm).
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TABLE 6
LITERATURE VALUES FOR STREAM ]":CONSTITU'EN‘ITS

\‘. ' I,

., i
%, ”’

CONCENTRATIONS-IN STﬁEAM CONCENTRATIONS (ppm)
STREANS a ASH SLUICE
RAW GAS LIQUGR | COAL PILE LEACHATE WATER BLOWDOWN

CONSTITUENTS ) P . {STREAH 43} i/ (STREAM 27) (STREAM 38)
TRACE_ELEMENTS ) :
arsenic 0.5 (1) ! 0.01 (2) 0.0z (3)
Boron 1.8 -,
geryllium 1 0.29 1) 0.01 (2)
Cadmium . 0.25 1 0.006 (2) 0.00064 (3).
Fluorine - 2.0 1) .
Lead 0.14 (1) 0,023 (2) 0.09 {3)
Mercury . 0.049 (1) 8.027 (2) 0.0003 (3)
Hanganese 0.0087 (1): 110.0  (2) 0.5 {3)
Nickel 0.0038 {1). 0.32 (2) 0.35 (3)
Vanadiun 0.0096 (1), i -
CARBOXYLIC ACIDS . !
Acatic Acid 171. 4
Propanogic Acid K 26. 4
Butanoic Acid 5y 213, 4
2-Mathylpropionic Acid ' 2 4
Pentanoic Acid 12. g o
3-Methylbutanaic Acid | 1. (4 e
Hexanoic Acid 1. {4
BENZENE AND SUBSTITUTED BENZENES
Biphenyl 0.7 5
Ethylbenzene 15. 5
Indan 8.9 5
Toluene L sa. 5
1,2,4 Trimethylbenzene . 6. * 5
0-Aylena J18. (5
MONCHYDRIC PHENOLS .
Phenol 3100. §
2-Mathylphenol 340. ] ,
3-Methylphenol N 420. * (6
d=Ma . 1ylphenol 300. ¢ (6) .
2,4-Xyleno] 120. I {6
3,5-Xylenot 50. {6
DIHYORIC PHENOLS I
Catechol 550, | {6
3-Methylcatechol ag0. : (6
4-Methylcatechol 85, , (6
3,5-0imethylcatechol 45, (6
Resorcinol 275. (6)
S-Methylresorcinol 65. (6)
d-Mathylresorcinel 35. {68)
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(CoN'T)

CONCENTRATIONS IN
. STREAMS

CONSTITUENTS

STREAM CONCENTRATIONS (ppm)

RAW GAS LIQUOR
(STREAM 43)

© COAL PILE LEACHATE
(STREAM 27)

ASH SLUICE
WATER BLOWDOWN
{STREAM 138)

POLYNUCLEAR AROMATICS'

Acenaphthylena.
Anthracene

Banz(a) Anthracens
8znzo(g,n,1)perylone
Benzo(a)pyrene ;"
8z2nzo(e)pyrene
Chrysens
Flugranthene
Fluarene

Naphthalene

Perylene
Phenanthrene

Pyrane B

—

003

oconooa—n
866
RRa

b
[=]
(=]
=

N—ONNN

I

SULFUR_HETEROCYCLICS

Mathylthiophene
Thiophene

NITROGEN HETEROCYCLICS

Acridine
2¢4-Qimethylpyridine
2,5-0imethylpyridine
2-Methylpyridine
3~Mathylpyridine
4-Methylpyridine
Pyridine

Quinoline |

2.2
10.
26.

nz.
45,

OXYGEN HETEROCTCLICS

Benzoturan
-Dibenzofuran

HERCAPTANS
/Methanechiol

".

ARQMATTIC AMINES

Aniline

12.

%

n
(2)
(3
(4)
{5)
(6)
(N

Reference 18.
Reference 91.
Reference 8.

Reference 92,

Estimate based on RTI data (19).

Estimate based on RTI data (19}.

Estimate based on SASOL distribution coefficients (37).

Limited by compound solubility.

Limited by compound production rate.
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f TABLE 7 ' :

REMOVAL EFFICIENCIZS SOR LIQUID STREAM
. CONSTITUENTS BY CONTROL PROCESS
(Percenc Removed)

" : st

GAS LIQUOR PHENO- AMMONTA BIOLQGI(SJ;:L REVERSE
C OM P OU XD VSEE.-\RATQR SOLVAN- -~ RECOVERY TREATMENT 0SMOSIS
(REKJES) (R (REK—AR) (FEx-at) (sz—ao)
ALIPHATICS, ALICYCLICS ' Q0 15 (L)* 1] g5 (2,3)
AND FATTY ACLDS . .
Aceric Acid o 5L (¢)]
Propanoic Acid . 85 (9
Butanolc Acid 63 (10)
2-Methylproplonic Acid 63 (10)
Pentanoic Acid : 53 (10)
3-Methylbutanoic Acid : 63 (10)
Hexanoic Acid . 53 (10)
BENZENE AND SUBSTITUTED 15 (1) 40—90+ (3,5,5) 63 (10)
BEMZ2ENES
Eth"ylbenzene . 90 4)
Toluene 90 (%)
1,2,4~Trimethylbenzene 90 (4)
0-Xylene 90 {5)
MONOHYDRIC PHENOLS 99.5 (L) 92-94 %)
Phenol - " %9 (| & (@
2~Mecthylphenol : ' g7 (7 A ()]
3-Mechylphenol .o . 97 (7 87 9
4=Mechylphencl 97 (7) 75 (9
2,4-Xylencl 81 (¢p] 90 {9)
3,5-Xylenol 37 (7 90 3)
DIHYDRIC PHENOLS . T 80 @ HIGH  (3,7)
Catechol ) ‘ 97 n.] 135 @
3-Mechylcatechol 100 (3 (1L)
4=-Mathylcatachol ' 97 (8) [¢8))]
3,6~Dimachylcatechol . 97 (8)- (L)
Resoreinol 98 7) | (9
S-Methyl Resorcinol 97 8y ¢ (11)
4-Mechyl Resorsinol A 97 (8) (L)
TRIAYDRIC PHENOLS 60 (1) Low | < (3)
Phioroglucinol ; '
#Numbars in paventhesis refer to references. : (11) Aesumed same removal as catechol and
. . ' regoreinol.
(1) Reference 78. {12) DOE/ECT, unpublished.
(2) Reference 8. = (13) Asgsumed, same removal as nitrogen
(3) Reference 15. hetetdeyelias. S
(4) Reference 80. (14) Assumed values: assuming little degradation,
(5) Reference 102. but absorption/sedimentation removes ‘90%
(6) Reference 6. : compounds (>2 rings) and 70% compounds
(7) Reference 93, (1,2 rings).
(8) Assumed sane removal as catechol. (15) Agsumed same value as phenanthrene.
(9) Reference 25 (16) Assumed same valve as for pyridine,
(10) Assumed valuébased on rejection of non- (17) Assumed value. -
phenolic organics in.refereace 25, (18) Reference 51.

(19) Average value, reference 34,
. (20) Reference })7.
(21) Average value, ‘reference 35.
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TABLE 7 (Cont.) °

BIOLOGICAL

B

. GAS LIQUOR ' PHENO~ AMMONTA REVERSE
C o0 MPOUUND SEPARATOR SOLVAN ~ o ECOYERY TMENT SMO%I
- REx-LS) (*x-en) ‘ “‘x—a_&) REy-oT REx-R0

POLYAROMATIC HYDRO&:ARBONS 0 15 L) 1) Jo-% D+”- 4,12) 99 (15)

Acenaphchylene . i S0 €.5)
Aczidine 90 (14)
Anthracene 20 (14)
Benz(a)anchracene 20 (14)
Benzo(g,h,i)perylene 90 (14)
Benzo{a)pyrene 90 (14)

* Benzo(e)pyrene 90 (14)
Biphenyl - 70 (5)
‘Chrysene - . 96 (14)
Fluoranthene ; 90 (14)

Fluorene I 90 8)

Indan I 70 (1%)

Indene it 75+ 5)

Naphthalene 70 (14)

Perviene 20 (14)

Phenanthrene 90 (14) 6)]
Pyrene 90 (14) 4

SULFUR HETEROCYCLICS 15 (2) ’ 83 (10)
Mechylrhiophene 70 (14)

Thiophene 2 70 (18)

NITROGEN HETE:ROCYCLICS “ 74 (16)
2,4~Dimechylpyridine 99 2) 90+, [€))]
2,5-Dimechylpyridine 3 99 (2) 90+ (3)
2-Methylpyridine 99 2) 90+ (5
3-MeCaylpyridine 99 2) 20+ (s)
4-Mechylpvridine 99 (2) 904+ (5)

Pyridine 99 (2) 99+ 5) (9
Quinoline- 99 (13) 90 (13) -
OXYGEN HETEROCYCLICS s74 (13)
Benzofuran 15 1 g0 (13)
Dibenzofuran 15 (1) 90 13)

MERCAPTANS
Methanethiol 15 1) 90 (17) - 90 17}

AROMATIC JMIMES
‘Aniline 5 () 95 (5 63.  (10)

TRACE ELEMENTS 0 30-0 (12,18)

Arsenie 50 an 89  (21)
Boren . 50 17) 90 (21)
Beryilium 0 (17, 90 an
Cadmiuz 32.5 (19) 90 (37)-
Flugrine 50 (N 93 (8)
Lead 70 (19) 60 (21)
Mercury 47.5 (19) 80 - (L7}
Manganese 50 Aan 100 (5)
Nickel 27.5 (19) 98 (6)
Vanadium 1 43 (20 95 {21)
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Fﬁ_43 is.the flow rate of the water componenc of Stream 43,
i.e., 1,993,000 1b/hr.
N Cpg.gy7 is the concentration of each trace element in the water
component .of Stream 27 (in ppm).

Fﬁ_27 is the flow rate of the water compozent of Stream 27,
““{.e., 1,030 1b/hr.

REpp1g 18 the efficiency of removal of each trace element in
the gas-liquor separator (in %). . e
DI
Fy_ is the flow rate of the water component of Stream 46, :
W-46
i.e., 1,991,000 1lb/hr. '
‘L

:Estimation of Trace Element Concentrations in Stream 48

The concentration of each trace element in Stream 48 ‘was

estimated using the following equation:

(Cyg-46) {Fy-4g) [100-REpg pyl = .

Crp-4g = LT Y e

==

Ey-s48
where-

Crg_4g is the councentration of each trace element in Stream 48
(in ppm).

Cpg-4g 15 the concentration of esch trace slement in Stream 46
(in ppm).

Fy-46 is the flow rate of the water component of Stream 46,
i.e., 1,991,000 1b/hx.

REpg_py 1s 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 1b/hr.

Estimation of Trace Element Concentrations in Stream 50

The concentration of each trace element_ in Stream 50 was

estimated using the following equation:
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‘ (Crg-48) (Fyyg) [100-REpp_pgl -
Cre-50 = . 100
S ’ Fy-50 ’

where-

C is the comcentration of each traue element in Stream
. TE-50
- : -~ 50, (in-ppm)..

C is the concentration of each trace element in Stream
TE=-48
.48, (im ppm).

”FW—48 - is.the flow rate of the water component ot Stream 48,
' i.e., 1 990 000 1b/hr.

' RETE AR is the efflclency of removal of each trace element by
o the Ammonia Recovery unit (in %)

FW—SO 1s the flow rate of the water component of Siream 50; N
i.e., 1,991,000 ib/hr. t

Estimation of Trace Element Concentraticns in Stream 52

The concentration of each ﬁraée element in Stream 52 was
estimated using the following e&uatioq:
(Cpp-50) (Eyo50) [100-REqg_gr)
CTE—SZ = 100
- ' Fy-s52

where-

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

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

FW—SO is the flow rate of the water component of Stream 50,
i.e.; 1,991,000 1b/hr.

RETE—BT is the efficiency of removal of each trace ¢lement by
the Biological Treatment unmit, (in %).

: FW—52 1s the flow rate of the water compenent of Stream 52,
i.e., 1,962,000 ‘1b/%it.

7y

VoS
A\
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Estimation of Trace Element Concentrations in Stream"38— -

&he éoncéntratiqn-of each.trace element in Stream 38 was assumed
to be equal to the concentratlon of‘e1ements in column volume Ieachate
fractions of ash from Lurgl gasification .of Montana Rosebud coal.?! The
data were assumed to give a good approximation of Wvoming subbituminous
coal as the concentration:of almost all trace elements were essentially
equal in both coals, as shdwn in Table 41 The, concentration of each -

trace element in Stream 38 is presented in Table 6.

’nstimatlon of Trace Element. Coneentrations in Stream 53—

The concentrations of each trace element in Stream 53 was

estimated using the following equation:

[(Cpp52)(Fy_52) + (Crp_38) (Fy_3g)] [REgg ol

Cre-53 = | 100
e FW"S 3
where~ ;

CTE—53 is the concentration of each trace element in Stream .

53, (in ppm). - . //
CTE—52 is the concentration of each trace element in Stredm *,;?

52, (in ppm). s
‘ i~ ~. f(

FW—SZ is the flow rate of the water componesnt of Stream 52,
i.e., 1,962,000 1b/hr. .

CTE—38 is the concentratlon of each trace element in Stream
38, (in ppm).

Fy-3g 1s the flow rate - of the water compounent of Stream 38,
ioeu, 879‘,000 l'b'/hr_c R e -

REvp_ro is -the efficiency of removal of each _trace element by
the Reverse Osmosis unit (in %). ‘

) Fy-53 is the flow rate of the water component of Stream 53
which is assumed to be 20% of the sum of the water
components of Streams 52 and 38, i.e¢., 568,200 1lb/hr.
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]

Estimation of Trace Element Concentrations in Stream 54~

The concentration of each trace element in Stream 54 was

estimated u51ng the following equation:

(Cre-52) (Fy-52) + (Crg-38) (Fy_3g) [100~REpg_pgl

Cre-s4 = 100

- Fyogy =
where-

:CTE—54 is the concentration of e€ach trace element
Stream 54 (in ppm).

Crg-52 is the concentration of each trace element
‘ Stream 52 (in ppm).

Fy-.59 1is the flow rate of the water component of
i.e., 1,962,000 lb/hr. )

S C is the concentration of each trace element
TE~38 X ,
Stream 38 (in ppm)

FW—38-: 15 .the flow rate of the water component of
oi.ely 879 000" 1b/hr.

=

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

Fy_s54 is the flow rate of the water component of

b

ty
=/

in

—

in

Strean 52,

Stream 38,
element‘by

Stream 54,

rassumed to be equal to 80% of the sum of the water
components of Stream 52 and 38, i.e., 2,273,000 1b/hx.

Estimation of Trace Element Concentrations “in Stream 31~

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 Erécq' element in Streams 31+54 was

estimated using the following equ;tion:

(Crp-31) (Fy_31) + (Crp.54) (Fy_s4)

c =
TE~(31+54 : .
( ‘ (Fy_3p) + (Fyosy) >

v
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where-~

C is the concentratlon of each trace element in ., ¢
~(31+54

TE-(31+54) Stresm 31 + 54, (in ppm) .

Crg-31 i8S the - concentration of each trace element in
Stream 31, (in ppm).

Fy-31 is the flow rate of the water co:nponent of Stream
31, i.e., 1, 180 000 1b/hr. .

CTE—54 is the concentratlvn}of each trace element in
Stream 54, (in ppm). .

Fu-54 is the flow rate of the water component of Stream

54, assumed ° to be equal to 80% of the sum of the
water componem.s of Streams 52 and 38, i.e.,
2,273,000 1b/hr.

v,

2.2.2 Estimation of Organic Compounds'in Liquid- Streams
,.'g-‘ *

Data on thef types and concentra..lons of organic compounds in

liquid streams were very limited. Nc data could be found regarding
organic constituents in process "waters from Lurgi/Fischer-Tropsch

- processing of Wyoming subbituminous coal. . -

In order to provide estimates 6f the types and concentrations of

organic compounds which may be present in llquld streams from waste~

water treatment units, data from two sources were used.

® A search of the .literature indicated that limited data were
available from the SASOL operation_in South Africa and Lurgi
gasifiers in Westfield, S<:ot].am1.92 Although the coal feed
type, liquid stream flow rates, and operating conditions may
not be the same as those specified for the comceptual plant
used in this analysis, the available data were assumed to be
representative., The ddta are presented in Table 6. ’

) Ongoing studies sponsored . by the Env:.ronmental Protection
Agency recently have characterized the orga":.c components of
tars produced by g351f1cat10n of Wyom:.ng subbituminous coal.
Although there are differences between the. .conceptual plant and
the EPA study regarding reactor configuration and operating -
conditions, the EPA data were assumed to be useful in proyiding
preliminary estimates of the types and concentrations .of
organic. compounds which may be produced by Lurgi gasification
of Wyomlng subbituminous coal. Parameter values for the EPA
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study, Lurgi gasifiers and 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
N !‘)- -

These two source; of daﬁé were used to ; estimate the
concentrations of organics in Stream 43. Estimates of concéptrations ?f
organics in subsequent liquid streams in the wastewater treétment units
were estimated b§ sequentially applying removal efficiencies of cootrol
units for each organic canstituent to calculate the amount of each
constituent which would remain in the liquid stream, and then dividing
the quénitity of constituent:by the flow rate of the water component of

: *
each stream.

Estimation of Organics Concentratioms in) 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 1liquid waste stream in the plant, and its
composition largely determined the composition and flow rates of

subsequent streams :from the wastewater treatment units.

‘Characterizétioﬁ of organics in Stream 43 was accomplished using
data from ‘the S5AS0L and Westfield, Scotland plants 92 and gasification
sereening - testslg described 1n the'. prev1ous section. The SASOL and
Pestfleld data, presented in Table 6, were assumed to be representative
of Btream 43 and were used dlgectly. The tar characterization data from
the gasification screening tests were used in the following way to

estimate quéntities of organics in Stream 43. '
1) It was*a:sumed that the compounds detected in the tar produced
by fixed-bed gasification of Wyoming subbituminous coal and the

rates of productlon 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 water component, N

%

=
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TABLE 8

13
i
1

i g
H o

.ConPARISON OF PARAMETER VALUES FOR GA%IFICAT;GN REACTORS

Air/Coal, g/g

Staam]Coal, glg

Carbon Conversion, %
Coal Residence ‘Time (min)
Tar Produced, g/g

Gas Procuded, SCF/1b .,
HHV of Raw Gas, Btu/SCF
Throughput, lb_/hr/ft2
Coal Type

: Pressure, Psia -
" Mesh Size

‘Maxjmum Temperature °c

Heatup Time to 800°C, Min.

.

{ Y
Tbs§$;3319 'ﬁ Lurgi 19 =
1.5 3.0
.36 1.5
98.9 95
110 60’ ‘
012, No Data f
35 52
201 195
45 . 248
Wyoming New Mexico
Subbit Subbit
200 300
8 x 16 1.75" x .08"
1040 No Data
8 wA¥

Conceptual Plant

87

*NArNot applicable
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1.2
.89
199.5
No Data
.019
38 *
No Data
No Daté”
Wyoming '
Subbit
450
/4" x 2
No Data

nA

.),
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2) It was further assumed that the concentration of each compound
in the gas liquor would be 1imited by ‘either the production
rate of the compound or the solubility of the. compound in
water. . -

3) The gquantity of each compound prqéﬁced as a function of the

quantity of coal fed to the gasifier was identified- in the

"study. The data are presented in Table ¢ (column 4).

"4) It was assumed that ‘the total 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:
(By)(Fg_g) o
C =
o—~43
F-43
where~

Co—43 1s the concentration of each organic compound in the
water component of Stream 43, (in ppm).

R, is the rate of production cf each organic compound
per unit of coal charged to the gasifier (1b
compound produced/1lb of .coal gasified).

Foc_p is the flow rate of whole coal to the gasifier,
i.e., Stream 2, (1,901,324 lb/hr).

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

The results are pfesented in Table 9, Column 6.
5) The concentration of each compound, which would result if the

limiting factor were the solubility of the cdmpound in water,
‘was estimated:

(So-w)(Lo-W>
Co-43 =
° 100%
where-

i
C°_43 is the concentration of each organié compound

in Stream 43 if, the solubility of the compound in
water were the limiting factor (in ppm).

So—y is the solubility of the compound in water
(in ppm).
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Loy 1s the assumed level of solubility (in %) which

‘ would be attained by each compound as a fuaction
of molecular size. Based ypon findings at Oak
Ridge National Laboratory*-? it was assumed that for
compcunds with 4 or more rings Ly.y = 100%, and
for compounds with 3 or fewer rings Lo—yw = 10Z.

Thé results are presented in Table 9, Columan 10.

6) - The concentration of each organic compound in_the water
. component of Stream 43 was assumed to be the 1ess§f~6f the two
concentrations estimated, in steps 4 and 5. Concentrations in
Stream 43 used in the analysis are presented in Table 9, Column
f11. 3

Estimation of Qrganics Concentrations in Stream 27— A

Concentrations of organic compounds in Stream 27 were assumed to

be zerc-due to lack of data om specific éompounds.

Estimation of Organics Concentrations in Stream 46—

The concentration of each organic. compound in the water component
of stream 46 was estimated: &
o ‘ .

(Co-43) (Fiaya) + (Co_gy)(Fy_py)  [100-RE,_rg1

o i
CO~46 = ” 100

A Fu-se
where-

- Co—4g 1is the concentration of each compound in the water
component of Stream 46, (in ppm).

‘Co—43 is the concentration of each compound in the water
component of Stream 43, (in ppm). : '

:FW_43 is the flow rate of the water compoment of .Stream 43,
ioe‘ 2 1,993,000 lb/hr-

‘00_27 is the concentration of each organic compound in Stream
27, i.e., assumed = 0.

‘FW—27 is the flow rate of the water compoment of Stream 27.

‘REo—LS is the efficiency of removal of each compound in the
tar/oil separation umit (in ¥%).

Fy-4e 1is the flow rate of the water component of Stream 46,
‘ “~i.e., 1,991,000 1b/hr.
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Estimation of Organics Concentrations in Stream 48-

The concentration of each compound in Stream 48 was estimated
using the following:
(Comsg) (Fy—yg) 1100-REg_pgl
Cot8 = 100

Fy-s8
where—

Co—4p is the concentration of ‘each compound in the water
component of Stream 48 (in_ppm).

'06-46 is the concentration of each compound in the water
component of Stream 46.

Fy—4g 1is the flow rate of the water component of Stream 46,
i.e., 1,991,000 1b/hr.

REo—PH is the efficiency of removal of each compound in the
Phenosolvan unit (ian %).

Fy_s48 is the flow rate of the water compoaent of Stream 48,
i.e., 1,990,000 1b/hr.

Estimation of Organics Concentrations in Stream 50~

The concentration of each ‘organic compound in Stream 50 was
estimated using the following:
(co~48)FFo—48) [100-RE,_g]
Co-50 = — 100
Fy-s0

Co-so is the concentration of each conpound in the water
component of Stream 50 (in ppm).

Co-z48 1s the concentration of each compound in the “water
component of Stream 48 (ppm).

" Fyg.4g is the flow rate of the water compoient of Stream 48,
"*i.e., 1,990,000 1b/hr.

RE,_sr i§uiheﬁéiaig§ency of removal of each compound in the
ammonia recovery unit {in Z).

Fy-5o 1s the flow rate of‘thg water component of Stream 50,
i.e., 1,991,000 1b/hr.
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Estimation of brganic Consentrations in Stream 52~

The _concentration of each compound in Stream 52 was estimated
using the followlng'
(Co-50) (Fy-50) [100-RE,_ ]
CO-52 =" 100
Fy-s52

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).

Fy-sg is the flow rate of the water component of Stream 50,
i.e., 1,991,000 1b/hr. :

REo:BT is the efficiency of removal of each c0mputnd in the

Biological Treatment unit (in %). \
)

Fy-s59 1s the flow rate of the water component of Stream 52,
. i.e., 1,962,000 1b/hr. '

Estimation of Organic Concentrations in Stream 38— S

Concentrations of organic compounds in Stream 38 were assumed,to
. be zero, dus to lack of data. 4'

Estimation of Organics Concentrations in Stream 53—

+

The concentration of each organic coﬁfound »in Stream 53 was
estimated using the following:
[€Co_52) (Fyy_52) + (Co_3g) (Fyy_3g)] [RE, gol
Co-53 = L 100

Fi-53
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where— Y
C is the concentration of each compound in the water
0~53 =

component of Stream 53 (in ppm).

00_52 is .the concentration of each compound in the water
component of Stream 52 (in ppm). ‘ P

Fy.5p is the flow rate of the water component of Stream 52,
i.e., 1,962,000 1b/hr.
-nJ o
Co~38 is the concen:ration of each compound in Stream 38,
assumed = O.

f§-38 is the flow rate of the water component of , Stream 38,
l.e., 879 000 1b/hr.

REy-Ro 1s the efficiency of removal of each compound in the
Reverse Osmosis unit (in %). ‘

FW~53 is the flow rate 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 1lb/hr.

Estimation of Organic Concentrations in Stream 54—

Concentrations of each compound in Stream 54 werF estimated using
the following:
, [(Cb—sz)(Fw—sz) + (Co_3g) (F_3g)] [100-RE ol
Com54 = 100 £
- Fy-s54

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

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

FW—SZ is the flow rate of the water component of Stream 52,
i.e., 1,962,000 1b/hr.

Co—38 is the concentrations of each organic compound in Stream

. 38, assumed = 0.

RE, RO is the efficiency of ‘removal of each compound in the
. Reverse Osmosis unit (in %Z).

'




F)

T

= 35%

Fy-54 1s the fiow rate of the water component of Stream 54,
assumed to be equal to 80% of the combined water flow
rate of Stream 57"and 38, ile., 2,273,000 lb/hr.

Mad

Egtimation of Organic Concentrations in Stream 31—~

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

assumed to be equal to zero.

Estimation of Organic Concentrations in Streams 31454—

: . )
The concentration of each organic compound in Streams 31454 was

estimated using the following:

(Com31)(Fy—31) + (Co-53) (Fy_sy)

=

o\ ‘Eo"( 31+54) - &

Fy_s1 + F-s4
where— -

C._ is the concentration of each compound in the
o—~(314+54)
water component of Streams (31+54).

X,
\\

Co~3] is the coucentration of each compound in Stream 31,
' assumed = 0. %,
5
Fu-31 is the flow rate of the water compoment of -Stream
2 31, i.e., 1,179,700 1b/hr.
00;54 is the concentration of each compound in the water

' component of Stream 54.

'

FW-54 - is the flow rate of the water component of Stream
54, i.e., 2,273,000 1b/hr.

Fu-31*Fy_54 is the sum of the flow rate of the water component
of Streams 31+54, i.e., 3,452,000 lb/hr.

2.2.3 Results

The estimated conceatrations and flow rates of each stream

constltuent, including both trace elements and organic compounds, are

presented by stream in Table 10 and 11. -
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Characterization data in the literature were very limited. No
experimental data couldxbe Zound regarding spécific gaééuus constituents

from Lurgi/Fischer—Tropsch processing of Wyoming sdbbltuminoua coal.

Gaseous streams selucted for the analy51s are listed in Table 12;
thelr interrelationships are illustrated in Figure 3. These streams
were selected Lecause 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

GASEQUS STREAMS CHARACTERIZED FOR RISK ASSESSMENT

STREAM NUMBER* STREAM NaME
=
28 Utility stack gases to atmosphere
29 ‘ _Evaporative losses’ (1ncl. cooling
tower drift) °

72 Lobkhopper.ven% gas emissions

73 Evaporative losses (Streams 18-23)

74 Evaporative losses (Stream 60)
) 75 Evaporative losses (Stream 45)
~_

76 Evaporative losses (Stream 44)

77 Evéporétﬂve losses (Stream 47)

78 Evaporative losses (Stream 49)

*See Figure 3 on following page.
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In general the types and quantities of pollutants In each stream -
hreported here have been derived from the literature and modified, as

necessary, to reflect the size and feed coal of the conceptuzl plant ,

used .in thls analysis. The types and quantities of trace elements
present in the guseous streams were estimated using the trace element
characterization data for Wyoming subbituminous coal presented in Table
13. The distrlbution of trace elements from the gasifier was based on
SASOL data37, and is presented in Table 14. The distribution of trace
elements from the utility boiler was based on data from the WESCO Coal
Gasification Project108 and is presented in Table 15.

The specific calculations, data and assumptions wused in
estimating the types and concentrations of trace elements and organic
compounds which may be present in the gaseous streams were analyzed by

stream.

L

\‘:_’

Utility Stack Gases QStream 28)

Stream Constituents:

The major and minor constituents of Stream 28 were reported by

Sch:einer87, and are presented in Table 16.

Any of the trace efﬁments found in the coal céuld be present in
trace amounts. The flow rates of five trace elements in Stream 28 were
estimated by calculating the amount of each element entering the utility
boiler inm -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 tar was estimated:
Qpg-T = (CTE~DC)(FDC—G)(DTE-T)
where~

Qpg-T is the flow rate of the trace element in the tar feed
to the boiler (1b/hr).

Cpppc 1s the concentratlon of the trace element in the dry
coal, ppm.
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TABLE 13

SUBBITUMINOUS COALS (ppm)

TRACE ELEMENT CONCENTRATIONS FOR WYOMING AND ROS@UD MbNTAﬂA

Ratilo of Concentrations

Trace Wyoming Montana Rosebud of Trace Elements-

lements Subbituminous | Subbituminous Montana to Wyoming
Ag .06-.43 .06 1-.14

w-As .57-1.2 .08-1.2 .14-1
B 32 . 32 1
Ba 87 87 1
Be .71~.8 «7=-.8 .99-1
Br - - -
cd .31-.8 .31-.8 1-1
Ce - - -
Co .55 .6=4 1.09-7.27
Cr 45.2-16 4-16 .95-1
Cs - - .
Cu 8.9-10 9-10 1.01-1
F 65-67 66 .98-1.01
Ga - a = -
Ge - - -
Hg 211=-.17 W11-.17 1-1
I° - - -
In - - -
La - - -
Li 3.6-35.0 - -
Mo 2.2 . 2.2 1
Mn 2.8=3.4 2.8-3.4 1-1
Ni 1.7-14 2-14 1.18-1
P - ..i‘-n =
Pb .51-12 .51-12 1-1
Rb - - -
Ru - - -
Sb .08-1.5._ - - -
Sc - - -
Se .33 .33 1
Sn .14 .14 1
sr - - -
Ta - - -
Te - - -
1] . .88 .88 1
v 10-14 10-14 ' 1
W - - -
Y - .- . -
Zn .23~8 2--8 - 8.70-1
Zr - 170 -
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o

xTABLE 14

f:TRACE ELEMENT DISTRIBUTION FOR LURGI AT SASGL *»37
' (PercenL of Element in Coal)

&
5
«

; Elemeng Ash f Liquor Tar 0il
Re 33.3 T 53.3 17.0 0.3
B 90 - WS 2.0 " 0.0

' 99.9 L0 i 0.0 0.0
Mo 99.9 © 02 f Y 0.0 0.0
Ni 99.4 0.4 A 0.0 b 0.0
as 26.9 67.2 g L9t | . 3.0
cd . 51.9 45.5 0.6 1.4
Sb 50.0 T 4s.0 3.8 0.6
Ce 99.9 0.1 0.0 "0.0
Hg . 51.9 41.6 . 6.4 0.6 _
2 S 94.2 1.7 4.3 0.0
Br 10.0 88.9 0.1 0.0
F 56.3%* 43.8%* " 0.0 T 0.0
c1 52.6%* L &7.4% 0.3 0.0

i, .
o

Analy51s by spark source mass spegtrometer (whlch can glve a seml—quantltatlve
analysis) for El Paso by SASOL.

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

DISTRIBUTION OF TRACE ELEMENTS FROM
UTILITY BOILER 108

TRAGE | DISTRIBUTION @
ELEMENT . BOTTOM ESP STACK GAS | ATMOSPHERIC
ASH FLY ASH SCRUBBER EMISSIONS
As bk LY 0.8 0.2
Be 16,9 T  82.2 0.7 0.2
cd . 16.0 82.7 1.0 0.3
F 1.2 26.8 57.6 14.4
Heg bt 13.0 0.1 82.5
Pb 9.7 89.3 " | . 0.8 0.2
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is the flow. rate of dry coal to the gasifier, i.e., -
1,369,000 1b/hr.

Ais the fraction of the total quantity of this trace
element fed to the gasifier 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:

QrE-28

where~

QrE-28

Cre-nc
Qpc-B
Qrg~T

Dpg-28

Comﬁonent
002 ,

Ny + Inerts
0y’ 4
HZO

S0, (as $05)
- NO, (as WO)

= [(CTE-DC)(QDC—B) + (Qrp-p| DTE-zs

is the flow =rate of the trace element to - ther
atmosphere, 1b/hr ‘ .

L
)

is the concentration of the trace element 1n the coal +

feed to the b011er, ppm, dry coal basis.

is the flow rate of dry coal to the b011er, i.e.,
298,000 1b/hr.

is the flow rate of the trace element in the tar feed
to the boiler, 1lb/hr. (from Table 17 below)’

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

TABLE 16 —-Utility Stack Gases, Stream 28

lbs/hr® . WeL
: 2,739,799 39.46
§ B 3,632,785 52.33
N _ 71,264 1.03
r 497,676 7.17

" 960 138 jpm

176 25 ppm

ne

*Appendix B, Stream 28
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_’;The calculations-are presented in Tables 17 and 18.

Trace

Elements’

TABLE 18 - Flow Rates of

~ 40
YTE-DC

(ppm)
.57-1.2
.71-.80
.31-.80

65-67

Jdl-17
51-12.0"

X

87
Fpe-g

n

(MM 1b/hr)

1.369

" 1.369
1.369
1.369
1.369
1.369

-019
.17-;

00},
0.0 %7

064
043

C 3

*,37

TABLE 'i7— Flow Rates of Trace Elementg in the Tar

Qrg-r

-0148—00312
01652_- 1862
+0025-.0066

0.0

.0096~.0149
.0300-.7064

Trace Eléments in Stream 28

" 40, o 87 ik 108 _ o
(Cpppe™™ ®* Fpep ' + Qg ) X Dy ogl08 = qup o0

Trace ]
Elements (ppm) (MM 1b/hr)
As o57=1.2 7 298
Be «71-.80 «298
cd «31-.80 «298

F 65-67 «298
He «11-.17 +298
Pb «31-12.0 »298

* See Table 14

**From Table 17

(1b/hr)
+0148-.0312
-1652~.1862
«0025-.0066
+0000-.0000
+0096~.0149
«0300-.7064

.002
.002
.003
o144
«825
.002

(1b/hbr)
«0004-.0008
.0008—.0Q085
.0003-.0007
2.789-2.875
«0350-.0541
.0004-.0086
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Atmospheric Losses from cOolinngSﬁers* (Stream 29)

Stream Constituents:

Tﬁe#flow rate of cogliﬁg tower atmespheric 1o§ses for the plant
size studied was 2,413,00071lbs/hr. The flow rates of the constituents
in the coolinmg tower atmospheric losses were calculated using the

"

following equation:
QC = (C)SFA)
where- ) .
Qe is che flow rate of the component, lbs/hr.

c is the concentration of thls component in the cooling
water, ppm.

Fp, is the flow rate of the atmospheric losses, MM lbs/hr.

The alculatlons are presented in Table 19.

Feed Lockhopper Vent Gas (Stream 72) o

‘ Stream Constituents:

The. following .assumptions were made in calculating the

'composmtlon of the feed lockhopper vent gas.

l) The feed 1ockhopper pressurizing gas has the same comp051tlon
D as the product 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 - gas stream after
condensation 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.

3) The list of individual organic compounds, except for tht fatty
acids, contained in the vent gas was derived fre the
literature.

*

Atmospheric losses from the cooling tower consist of two components,
evaporation and drift. Make-up water to the cooling tower consists
of boiler blowdown and treated gas liquor.
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TABLE 19 - Atmospheric Losses from Cééling Towers, Stream 23

c* x 87 = o
Component Lppm) (MM 1b/hr) - (ibs/hr)
COD 501 ; 2.413 1210
BOD . 77 ST 24413 . 190
Toc** 89 2.413 220
Tars/0ils®™® | 9 Lt 24413 20
Other Organics** 85 '2.413 210
Ammonia T 508" 2.413 1230
Natl 363 . 2.413 876
catl 209 24413 504
Mgte ' 0 2.413 0
Alkalinity as C,COq 0 2.413 0
0572 / 50,72 2254 ‘- 2.413 . 5439
c1™ 112 . 2.413 270
SCN™ 1 2.413 2
TDS. ‘ 3083 2.413 7439

' ]

; :45 It was assumed that the fatty acids present in the raw gas
) : liquor would also be present in the product gas. The list of

v fatty acids_ contained in the gas liquor: was presented in the
» literature.

5) . It was assumeéd that the trace elements present in the coal
- would also be present in the product gas. The list of trace
-elements contained jin Wyoming subbituminous coal was  derived

from the literature%? and is presented in Table 13 of this
report,

.-

The estimated compositioq of Stream 72 is presented in Table 20.

It
i

*Reference: Unpublished EPA data

<

*k ; .. ‘
-~ See compasition of liquid stream 54 + 31 or organic’ compounds and
trace elements possibly present in the atmospheric losses
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TABLE_20~Feed Lockhopper Vent Gas, Stream 72 .

. . * . %k
Component Lbs/Hr . %ﬁWt %
N, . 8.4 1,002
H,0 . 1422 ' 36.374
co, . 1483 \ 37.934
Co . - 602 : 15.399 .
HZ ' : 89 . 2.277
CH,, 206 ° ' 5.269
C,H, - 2.5 0.064
HZS 5.4 ’ 0.138.
coSs .12 0.003
Ni(CO), .006 - 1.5 ppm
Tazs: . - b .113
I . .
\!
.ﬁﬂ Naphthalene
¢ Anthracene

Phenanthrene

Pyrene
: Cresols

Phenol

Xylenols

Fluorene

Dibenzofuran

Chrysene

Perylene \

Aniline

Va

*0.1% of Stream 10 in the flow diagram.

**Calculated using the following eQuatidn:

wt ¥ = (1bs/hr of the component)
3909.38

x 100
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TABLE 20 (Cont.)

Component ﬁ )
oils:

Benzene
Thiophene
Toluene
Xylenes
Phenoi
Alkylphenols
Naphthalene
Indan
Cresols
Xylenols

Naphtha:
C,— C,. Aliphatics
- Benzene
Xylene
Ethylbenzene

Phenols:
Phenol
Xylenols
Cresols
Trimethylphenol
O-Isopropylphenol

Mercaptans:

Methanethiol
Ethanethiol

Thiophenes:

Thiophene
Methylthiophene

Ammorniia

HCN,

Aromatic Amines::
-.Aniline

Methylaniline
Dimethylaniline

Lbs/Hr Wt%
38.5 .985
15.7 402

5.2 .133
.02 5.1 ppm
.016 4.1 ppm

8.1 .207
.008 2.0 ppm
.004 < - 1.0 ppm

v
[

1o
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TABLE 20 (Copgluded)

Component: Lbs/Hr . We 7
Nitrosamines: .002 . . .5 ppm

N~-Nitrosamine
PAHs .002 .5 ppm

Chrysene

Perylene

Pyrene L0
Fluorene ’
Anthracene

Napthalene

Biphenyl

Indene

Benzofuran

Dibenzofuran
Fluoranthene

Quinoline

Acridine

Fatty Acids: 1 .026

Acetic Acid

Propancic Acid

n~Butanoic Acid

2-Methylpropanoic Acid . %
n~-Pentanoic Acid '
3-Methyl Butanoic Acid
n-Hexanolc Acid

Trace Elementez: .002 .5 ppm

Ag >
As

B

Ba,

Be . -
cd' ;i
Co

Cr

Cu-

F .
'Hg .-
Mn

Ni

Pb

U
(:-'V
"In

Se
Sn
2

Total . 3909.38 99.79
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Evaporative Emissions (iStream 73-78)

Stream Coustituents:

The contaminants believed to be found in evaporative emissions
are presented in Table 21. A more detailed breakdown of gasoline in
Stream 73 is presented in Table 22.;

TABLE 21 - Evaporative Emissions for
Product “and By—-Product Storage, Streams 73-78

Product/By-Product Lbs/Hour -
Diesel 0il (Stream 73) 0.513
Fuel 0il (Stream 73)% - 0.014
Lurgi 011 (Stream 75)%% 12.625
Lurgi Tar (Stream 76)t ) 6.750
Alcohol (Stream 74)1T 1.500
Phenols (Stream 77)§ 3.750
Ammonia (Stream 78) No Data
C4LEG (Stream 73) No Data
C,LPG (Stream 73) No Data

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

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

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

.~

TT'I'he alcohol was reported to be ethanol and Cqy + alcohols.87

§ The following phenolic compounds.were expected to be present:

phenol: catechol,-resorcinol, methylcatechol, methyl resorcinol,
cregols, xylenols.
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TABLE 22-Evaporative Emissions of Gasoline, Stream 73

Component : 1bs/Hour”
Methane 0.213
Ethylene 0.001
Propylene 0.017
Propane 0.425
Isobutane 2.071
Isobutylene 0.738
n-Butane 2.413
Cis=2=-Butane . 0.575
Isopentane . 5.238
n-Pentane . 2.450
Hexanes 0.446
Heptanes 0.188
Octanes : 0.299
Total - 15.055

2.4 Characterization of Solid Streams

No xperimental data could be found regarding specific
constituents in solid wastes from Lurgi/Fischer-Tropsch processing of

Wyoming subbituminous coal.

Solid streams selected for the analysis are listed in Table 23;
thelr interrelationships are illustrated in Figure 4. These streams
were selected because they may contain constituents of environmental

concern, and their disposal may result in enviroonmental releases.

The analysis focused on two classes of pollutants which have been
identified as potential causes of environmental concern in solid streams

.from ceoal 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
reflect the size and feed coal of the conceptual plant used by
ORNL as the basis of this analysis, or )

o

*Unpublished EPA data ' "
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TABLE 23 #

¢

SOLID STREAMS CHARACTERIZED FOR RISK {:SSESS‘MENT

STREAM NUMBER .éTREAM NAME
- 33 Utility ash( and 802 scrubber sludge
a 34 ' Gasifier agh
.36 Combined a';"sh
62 Fresh Figcher—Tropsch catalyst
- 63 Spent Fi_;cher—'l‘ropsch catalyst.
69* Leachate:: from ash (Stream 36)
70" Biological sludge
71* Leachaté frc:Jm biosludge (Stream 70)
79 ' Spent shift catalyst

5 E o .
Liquid stream, but emanating from a solid waste after disposal.
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e estimated by assuming that pollutants removed from 'the gaseous
~and liquid streams in the solid form via non-destructive
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 subbituminous coal presented
in Table 24. The distribution of trace elements from the utility boiler
and in the gasifier tar were calculated using dlstrlbution data from

WESC0108 ang SASOL37, respectively, presented in Tables 25 and 26.

-

The : specific calculations, data and asshmptions used in
estimating the.types and conéentrétions 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 caleculating the total input of each trace element into the
utilities gener%tion section (in coal and gasifier tar) and then
applying the disﬁribution factor. for each trace element (See Table 25).

The flow Erates of the trace elements in the tar feed to the
boiler were first calculated using the following equation.

Qre-1 = (Cre-pc) (Fpe-@) (Drg-1)

where-

Qrp-T is the flow rate of the trace element in the tar feed to
the boiler, lb/hr

Ci;:ﬁbw is the concentration of the trace element in the dry coal,
in ppn - )
. L ’ i
Fpe-g 1S thé flow rate of dry ccal to the gasifier, MM lbs/hr

Dpp_T is the fraction of the total quantity of this trace

element fed to the gasifier fhat ends up in the tar.
i
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TABLE 24

TRACE ELEMENT CONCENTRATIONS ‘'FOR WYOMING AND ROSEBUD MONTANA

SUBBITUMINOUS COALS (ppm) .

Ratio of Concentrations
Trace Wyoming Montana Rosebud of Trace Elements-
[Elements Subbituminous40. Subbi tuminous*0 Montana to Wyoming
Ag .06~,43 .06 1-.14
As .57-1.2 .08-1.2 .14-1
B 32 32 1
Ba 87 87 1
Be 71-.8 .7-.8 .99-1
Br - 5 - -
cd .31~.8 «31-.8 1-1
Ce - - -
Co .35 b= 1.09-7.27
Cr 4,2-16 4-16 .95-1
Cs - - -
Cu 8.9-10 9-10 1.01-1
F 65-67 66 .98-1,01
Ga - - -
Ge - - -
Hg 11-.17 T.11-.17 1-1
T - - -
In : - - -
La - - -
Li 3.6-15.0 - ’ -
Mo 2.2 2.2 1
Mn 2.8-3.4 2.8-3.4 1-1
Ni 1.7=-14 2-14 1.18-1
P - T -
Pb 51-12 JFR51-12 1-1
Rb - i - -
Ru - = -
St 08-1.5 - -
Sc - - -
Se .33 .33 1
Sn .14 14 1
Sr - - -
Ta - - -
Te - - -
1] .88 .88 1
v 10-14 10-~14 1
w - - -
b4 - - -
Zn, .23-8 2-8 - 8.70-1
Zr - 170 -
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TABLE 25

DISTRIBUTIQ__N OF TRACE EL%ENTS FROM
UTILITY BOILER

TRACE DISTRIBUTION (%)
ELEMENT BOTTOM - ESP STACK GAS | ATMOSPHERIC
ASH FLY ASH SCRUBRER EMISSTONS
As C 4.4 94.6 0.8 0.2
Be 16.9 82.2 0.7 0.2
cd 16.0 82.7 1.0 0.3
F P12 26.8 57.6 14.4
Hg 4.t 13.0 0.1 82.5
28 9.7 89.3 0.8 0.2
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TABLE 26
*,37

TRACE ELEMENT DISTRIBUTION FOR LURGI AT SASOL
(Percent of Element in Coal)

Element Ash Liquor Tar 04l
Be 33.3 53.3 # . 17.0 , 0.3
B 90 8.8 ' 2.0 0.0
v 99.9 0.1 0.0 0.0
¥n 9.9 0.2 0.0 0.0
Ni 99.4 0.4 0.0 0.0
As 26.9 67.2 1.9 _ 3.9
cd 51.9 45.5 © 0.6 1.4
Sb 50.0 45.0 3.8 0.6
Ce 99.9 0.1 0.0 0.0
Hg : 51.9 41.6 6.4 0.6
Pb 94.2 1.7 4.3 0.0
Br 10.0 88.9 0.1 © 0.0
F 56.3%* 43.8%% .0.0 0.0
cL . 52,6 47 .4%% 0.3 |- 0.0

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

k%
% distribution calculated on analyses as done by SASOL previously.



63

The flow rates of the trace elements in the bottom ash plus fly ash
stream were then calculated using the equation below.

Qrg-a = [(Crg-pcd (Fpc-p) + (Qrg-1)] Drp-a
where-

QrE-A is the flow rate of the trace element in the bottom ash
plus £fly ash, 1lb/hr.

Cpg-pc 1s the concentration’ of the trace element in the coal feed
to the boiler, ppm dry coal basis.

Fpe-3 is the flow rate of dry coal to the boiler, MM 1lbs/hr.

QpE-T is the flow rate of the trace element in the tar feed to
the boiler, 1lb/hr.

Dpp_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 calculations are presented in Tables 27, 28, and 29.

Table 27 -~ Flow Rates of Trace Elements in the Tar

Trace QTE—0040 X Fpo-g. x  Dppgd = QrE-T
Element (ppm) (MM 1b/hr) (1b/hx)
bs . .57-1.2 1.369 .018 .0148<.0312
Be .71-.80 1.369 .17 .1652-.1862
cd .31-.80 : 1.369 ° 006 "~ .0025-.0066
F 65-67 1.369 0.0 0

Hg J11-.17 1.369 .C54 C.0096-.0149
Pb .51~12.0 1.369 .043 .0300-.7064

*Appendix B, Stream 2
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TABLE 28 - Flow Rates of Trace Elements in the Bottom

. Ash and Fly Ash of Stream 33

Trace  (Crg-pg'C * Fpes. *  Freer ) %X Drpsd’ = Qpeoa
Element (ppm) (MMIIb/hr) *  (1lb/hr) (1b/hr)

As 57-1.2 298 .0148-.0312 .99 . +183-.385
Be .71-.80 .298 .1652-.1862  .991 .373-.421
cd .31~.80 .298 . .0025-.0066  .987 094,242
F 65-67 .298 0 .28 5.424-5.590
Hg J11-.17 .298 .0096-.0149  .174 .0074-.0114
Pb .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 equatiomn.

Qrg-g = [(Cpp_pc) (Fpe-p) + (Frp_r)] Dpg_s

where-—

Qrg-s
Cre-nc
Fpe-B
Frgr

Drg-s

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.

is the flow rate of dry coal to the boiler, MM
1bs/hr. -

is the flow rate of the trace element in the tar feed
to the boiler, 1lb/hr.

is the fraction of the total quantity of this trace
element fed to boiler that was removed with the

scrubber sludge. e

P

The calculations are presented’ in Table 29.

*Appendix B, Stream 3

**From Table 27
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TABLE 29 - Flow Rates of Trace Elements in the Scrubber
Sludge Portion of Stream 33

Trace  (Crp-pc'’ X Fpo-g  t Freep ) % Dy gl08 = Qrp-g
Element (ppm) (MM 1b/hr) (1b/hr) (1b/hr)
As .57-.12 .298 .0148-.0312 .008  .0015-,0031
Be .71-80 .28 .1652-.1862 .007  .0026-.0030
cd .31~-.80 .298 .0025-.0066 .01 .0009-.0025
F 65-67 .298 0 .576 11.157-11.500
Hg 11-.17 .298 .0096-.0149 .001 ~ .0000-.0001
Pb .51-12.0 .298 .0300-.7064 .008  .0015-.0343
e

[ ——

Gasifier AshtkStream 34)

Stream Constituents:

87

Schreiner 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
H,0 . 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:

Qre-34 = (Cpp—pg) (Fpg—g) (Prp-g)

tiAppendix B, Stream 3

**From Table 27



where-

QrE-34 is the flow rate of the trace element in the
gasifier ash stream, 1lb/hr.

Cpg-pc 1s the concentration of the trace element in the
coal feed to the gasifier, ppm, dry coal basis.

Foyer is the flow rate of dry coal to the gasifier, MM
ne~G
1bs/hr.

o Drg-g is the fraction of the total quantity of this
trace element fed to the gasifier that was removed
wlth the gasifier ash.

The calculations are presented in Table 31,

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

40 x - T 37

Trace  CTE-DC Fpe-¢ bre-¢™" = Q34
Element (ppm) (MM 1b/hr) . (1b/hr)

As .57-1.3 : 1.369 .269 .2099-.4419
Be .71~.80 1.369 .330 -3210-.3617
cd .31-.80 1.369 .519 .2203-.5684
F . 65-67 1.369 .563 " 50.10-51.64
Hg L11-.17 1.369. .519 .0782-.1208
Pb -51-12.0 1.369 . 942 .6577-15.48
B 32 ‘l 1.369 ' .906 s 39.43

NL 1.7-14.0 1.369 . .99  2.313-19.05

v 10.0-14.0 1.369 " .999 13.676~19.147

*Appendix B, Stream 2
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Dewatered Gagifier Ash, Boiler Ash, and Scrubber Sludge to Final
Disposal (Stream 36)

Stream Constituents:

‘Schreiner8? reported flow rates for the materials in Stream 36,

and these are presented in Table 32.

TABLE 32 - Flow Rates of Materials in Streanm 36

Flow Rate
Constituent (1bs/hr)
Hy0 20,000
Minerals 116,989
Coal . 7,038
Sulfur -66

The flow rates of nine trace elements in Stream 36 were estimated using
the following equation.

Qre-36 = QrE-a * Qre-s + QrE-34 ~ (Crp-38)(F3g)

where-

Qpg~35 is the flow rate of the trace elemént in Stream
36, 1lb/hr.

QrE-4 is the flow rate of the trace element in the
boiler bottom ash and fly ash, 1b/hr.

QrE-5 is the flow rate of the trace element in the
scrubber sludge, 1b/hr.

Qrg~34 1s the flow rate of the trace element in the
gasifier ash, Stream 34, 1b/hr.

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

Fag is the flow rate of Stream 38, MM lﬁlhr.

The calculations are presented in Table 33. :
. .
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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
units, catalyst preparation and formulation were extremely different and

very specific for each‘unit type.

Although spent F-T catalyst was removed periodicaliy, not
continuously, Schreiner reporte& the replacement rate of F-T catalyst ou
a continous basis to be 30 TPSD. Catalyst life was approximately 50
days. '

Due to the proprietary nature of the catalyst, very limited
information was available regarding chemical - composition, economics 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 bénpractical or economical,
and hence it may be either sent to metals/catalyst vendors or di;posed
of as a solid waste. No data was available regarding leachate

characteristics.
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Leachate from Solid Wastes in Stream 36 (Stream 69)

Stream Constituents:

Asﬁ and sludge f__;om the boiler ami 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
compogition from a 'quenched ash. Stream components are listeri in Table
34, Estimation of the leachate flow rate is presented on the following.
two pages.

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

Trace Concentration9 1
Element (mg/1)
Al . .20
As : .02
Cd 00064
Cu .03
Fe ' 1.6
Hg .0003
Mn . .50
Ni »035
Pb .09
Se . .06
Zn 0029
Other Trace Elements No data
Organics o 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.
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Estimation of the Flow Rate of Leachate
From Ash and Scrubber Sludge Disposal
The fldw rate of Stream 36* indicated that:
Total Dry Ash + Scrubber Sludge = 127,802 1lb/hz.
With an onstream factor of 92% assumed,8?

Days on line per year = (365 days/hr)(92%) = 336 dgys/year
Total dry ash and scrubber sludge: ) Lo
=(127,802 1b/hr)(336 days/year)(24 hr/day) = 1,030,595,328 1b/yr
Four values were averaged for the density of dry ash/sludge36:
Density = [(72 + 75 + 105 + 116)lb/ft3] =4 =92 lb/ft3
A density of 92 lb)ft3 was assumed so that the total volume of waste
was:
1,030,595,328 lbs/year
(92 1b/£¢3)(43,560 £t2/acre)
This waste was assumed to be disposed of by landfill to an average

Volunie = : =257 facre-feet/year

thickness of 30 feet36. The total acreage of solid.waste was:
257.2 acre-feet/year
) 30 feet

Because leachate generation was directly attributable to the average net

Acre/year =

=8.57 acres/year

yearly precipitation/evaporation, it was best to consider rainfall
levels in the U.S. as the basiﬁ for total leachate production. The
range of net precipitation was from 0 to >30 inches per year. This gave
a range of 0 to >815,000 gal/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 gal/year. ﬁigh leachate
production = (8.57 acres)(>815,000) = >6,984,550 gal/year.

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

Stream Constituents:
Flow rate of wastewater to the biotreatment unit was 1,990,190 lbs/hr.*
1,990,190 1bs/hr = 3,977 gpm
The WESCO EIS reportedl08 that 6.7 TPD of dry biological solids were
produced from a wastewater flow of 2,810 g?m7
6:7 TPD x 2000 1lbs/ton x l-daxéza hrs.; 1 hr/60 min = 9.3 1bs/min

9.3 1bs/min dry biological sludge
2810 gpm wastewater - = .0033 1bs/gal

Sludge production was adjusted to flow rate from Schreiner:87
.0033 1bs/gal x 3977 gpm = 13 lbs/min = 780 1bs/hr. dry solids.
Vacuum filtration was assumed to prqduce a solid'9oncentratioA of 20%:
780 + 0.2 = 3,900 lbs/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 wsre contained in the biosludge. The
flow rate of biorefractory compounds removed with the biosludge was:

Fg = (C52) (Rgp) (Fsp)

where-

Fg is the flow’'rate of each biorefractory compound
in the biosludge (1b/hr.)

Cg, is the concentration of each biorefractory
compound in Stream 52 (ppm)

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

F5o is the flow rate of Stream 52 (106 géi/hr.)

*Appendix B, Stream 50
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Calculations:are presented in Table 35.

TABLE 35 - Blological Siudge,.Stream 70

Compound
Acenaphthylene
Anthracene

Banz(a)anthracene

Benzo(g,h,i)perylene

Benzo(a)pyrene
Benzo(e)pyrene
Chrysene
Fluoranthene
Fluorene
Naphthalens
Phenanthrene
Pyrene
Arsenic
Beryllium
‘Cadmium
Me;cury

Lead

*Estimated values.

%*See Table 7.

Cs2 x Rs x 1Y) Fy
Removal Flow Rate . Bigsludge
(ppm)*  Efficiency”~ (10° 1b/hr) (1b/hr)
0.3403 0.9 1.99 0.61
*0.0851 0:9 1.99 0.15
G.00851 , 058, 1.99 0.015
0.00026 0.9 1.99 0.00046
0.0034. 0.9 1.99 0.0061
0.0034 . 0.9 1.99 0.0061
0.0017 0.9 1.99 0.003
0.1702 0.9 1.99 0.31
0.1702 0.9 1.99 0.31 .
25723 0.70 1.99 3.80
0.0851 0.90 1.99 0.15
0.1702 . 0.90 1.99 0.30
0.5545 0.50 1.99 0.55
0.2932 0.50 1.99 0.29
0.2503 0.325 1.99 0.16
0.0486 0.475 1.99 0.046
0.1403 0.70 1.99

See Table 10, column 8.

0.20
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Leachate from Bilosludge (Stream 71)

! Stream Comstituents:

No data available.

Spent Shift Catalyst (Stream 79)

Stream Comstituents:

The ‘average useful life of sh&ft catalyst was 3 years.*

indirect liquefaction plant producing 45,000 BPSD fuel oil equivalent
had an inventory of about 400 tons of shift catalyst.**
every 3 years 400 tons of spent shift catélyst was replaced. The spent
catalyst may either be disposed of or reclaimed.
price of cobalt it is 1likely that spent shift caralyst yill be

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

in Table 36.

TABLE 36 - Spent Shift Catalyst, Stream 79

Constituent Elements

Cobalé
Moiybdenum
Sulfur
Carbon
Arsenic
Lead
Selenium

Mercury

*Unpublished EPA data

**Calculated from unpublished

EPA data

Quantity (% wt)*

< 5~15
15~25
5-20
5-10
0.7-7.0
4-10
0.3-1
0.2-0.8

Therefore once

Because of the high
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3 ESTIMATION OF MAXIMUM POST-DILUTION POLLUTANT CONCENTRATIONS
RESULTING FROM INDIRECT LIQUEFACTION STREAMS

3.1 Iuntroduction

Maximum post—dilution concentrations of various pollutants
resulting from discharge streams from indirect liquefaction facilities
were estimated to provide a basis for subsequent amalytical tasks iu the

risk assessment.

Due to the relatively high degtee of uncertainity regarding
estimated pollutant concentrations in discharge streams, and the total
lack of site specific eénvirommental information, sophisticated modeling
of pollutant transport, transformation and fate was .not warranted.
'I.nstead, maximum post-dilution pollutant: concentrations resulting fronm
the various facility discharges were estimated using either dilution
factors based on the Source Analys:.s Model (SAM/I)ll2 or very simple
models. . 5 ;

Short descriptions of the assumptions and calculations used to
estimate the pollutant post~dilution concentraticns resulting from the
release of selected facility. streams are presented in Section 3.3 in
addition to tablgs' of results, A short description of the Source
Analysis Model (SAM/I) is presented in Appendix C. )

3.2 Caveats ' ' -

The;e estimates of post—-dilution concentrations X have becn
prepared to provide a basis for conducting subsequent analfitical tasks
of the assessment of indirect liquefaction. While a considerable amourt
of effort has been expended in developing these estimates, users of the
data are reminded and cautioned that, at bg.st, the estimates are very
rough due to a variety of problems, including but aot limited to t:‘_ne‘
following: - - e

¢ Characterization data (qualitative and quantltatlve) for process
and effluent streams from Lurgi/Flscher-Tropsch plants were very‘
limiteds Data used in developing these estimates came- from =

variety of sources aund may not be representative of commerclal
Lurgi/ Flscher—Tropsch plants -

.

(54
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e Dilution factors used to estimate post-dilution concentrations
were not representative of any particular plant or site; they
were general values derived by modeling nationwide average
conditions.

e Environmental interactions and transformations were not.
considered in the estimates.

e Using SAM/I, dilution factors and Tresultant 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 of a commercial Lurgi/Fischer—
Tropsch plaunt.

¢ The estimates of post-dilution 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 aot include environmmental background
concentrations, nor did they include pollutant loadings from
other discharge streams from the indirect liquefaction facility.

3.3 Assumptions, 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 wusing a dilution factor from the BSource
Analysis Model (SAM/I). The assumptions and calculations are presented

below. The results are presented in Table 37.
Assumptions:

e Ambient temperature = 25°C, pressure = 1 atnm.

¢ Mean density of Stream 28.- Mean density of ai; ='1,180 gm/m3

\,
R

Calcﬂation:" (EC) (Eg—[l%/PPMw) (Density Of air) N 1
- . PC = . )
DF : .
where— v

PC is the post-dilution concentration, in:q;g}m3

K]

°

-
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EC is the emission stream concentration in PPMW

Density of air is 1,180 gm/m3

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

10° gm/sec.
ng/PPM,
— = 1.0
gm
TABLE 37
ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO
DISCHARGE OF STREAM 28-UTILITY STACK GAS
Emission
Stream Stream Post-Dilution
Component Concentration Concentration
(PRM,) (ng/m3)

€O,y 3.9 E+5 2.0 E+6
Ny .+ Inerts 5.2 E+5 2.6 E+6
0, 1.0 E+4 5.2 E¥4
Hy0 7.2 E+4 3.6 E+5
50, 1.4 E+2 7.0 E+2
NO, 2.5 E+l 1.3 E+2
Arsenic . 1.2 E-4** 5.8 E—4

. &k
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~2
Particulates 4.0 E-1 2.0E0

*See Section 2.3

" **Based upon higher value of thee estimated range of concentration
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Estimation of Pollutant Concentratioms Due to
Release of Stream 29 - Atmospheric Losses irom Cooling Tower

The risks due to Stream Z9 were analyzed differently for public
health and ecosystems. Risks to public health were evaluated assuming
that essentially all of the atmospheric emissions from tﬁe cooling tower
-were in  the gaseous state. This assumption was not strlctly accurate.
However it appeared to be reasonable in view of the fact that drift
would comprise a relat*vely small part (5%) of the atmospheric losses
and it was_ assumed that the receptor population was situated close to
the liéﬁ;%aot*on facility. *

The umcertainity regarding the transport and fate ‘of drift and
qhé partitioning of pollutants between the drift and evaporative losses
appeared to be of g;eater importance in the ecological evaluation than
in the public health evaluation. The ecological evaluation was based ou

pollutant emission rates rather than post-dilution concentrations.

Post~dilution Concentrations for Public Health:

Atmospheric post-dilution concentrations of ~llutants due to
discharge of Stream 29 vwere estimated using a dilution factor from the
Source Ana1y515 Model (SAM/I). Assumptions and calculations used in
estimating post-dilution concentrations and em;ssionvrates are presented
below. Results are presented in Table 38, ’
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TABLE_38

ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO
DISCHARGE OF STREAM 29 - ATMOSPHERIC LOSSES FROM COOLING TOWER

Conc. in:

o~

Conc. in . Public Health  Ecological

Stream . S Cooliqg Atmospheric Post=dilution Emmission
Component Water Emissions Concentration Rate

: (PPM,) (pRM) - (ng/m3) (mg/sec)
Ammonia 25E+1 4.9E] 1.98+1 4. 3E+2
Arsenic T 1.8E-2 3.5E-4 1.38-2 5.5E 0
Beryllium - 8.5E-3 1.7E~4 6.5E~3 2.6E 0
Boron  5.6E-2 1.1E-3 4. 3E~2 1.7E+1

Cadmiunm . 9.8E~3 1.9E-4 7.5E-3 3.0E 0 .

Fluorine ' 4.1E-1 8.0E-3 3.1E-1 1.2642
Lead 1.9E=2 3.7E-4 1.5E-2 5.8E 0
Mereury 1.5E%3 2.9E=5"" 1.1E-3 4.6E-1
Nickel 5.0E-4 9,856 4 .OE~4 1.5E-]
Vanadiwm * 1.5E-4 2.9E-6 1.1E-4 4.6E~2
Acetic Acid 2.1E 0O 4.1E-2 1.6E 0 - 6.4E42
Aniline , " 1.3E-3 2.6E=5 1.0E~3 . 4.0E-1
Butanoic Acid 1.2E~1 2.3E-3 9.1E-2 3.6E+1
Catechol ) . 9.5E~-1 1.9E~-2 7.2E-1 2.9E+2
Hexanoic Acid’ 9.1E-3 1.8E~4 6.9E~3 . 2.8E 0
Pentanoic Acid . 1.1E-1 2.28-3 8.4E~2 3.3E+1
Phenol 2.8E-2 5.5E=4 2.1E-2 8.5E 0
Propanoic Acid 2.2E-1 4.3E-3 1.7E~1 6.7E+1
Pyridine 1.8E-3 3.58-5 1.4E-3 5.5E~1
Resorcinol 3.2E-1-. 6.3E~3 2 .4E~] 9.7E+1
2-Methylphenol . 7.7E-3 1.5E~4 . 5.9B~3 2.3E 0
2~mechylpropionic Acid - 1.8E-2 3.5E-4 T 1.4E-2 5.5E 0
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' TABLE 38 (Continued).
¢ Cone, in Conc. in I;ubl_ic Health Ecological
~ Stream ~ Cooling Atmospheric Post-dilution ,~ Emmission
Component N Water Emissions Concentration Rate
o T (M) (BRM,) i+ (ng/m®) (mg/sec)
I
.2-Methylpyridine 1.1E<2 2.2E~4 . 8i4E-3 3B 0
2,4-Dimethylpyridine  1.5E-4 2.9E-6====""  ° 1.1E-4 4.6E-2
;,4—Xy1enol 6.6E-3 1.3E~4 5.0E-3 2.0E 0 .
2,5-Dimethylpyridine  1.5E~4 2.9E-6 1.1E~4  4.6E-2
3-Methylbutanoic Acid 9.1E-3 1.8E-4 6.9E-3 2.8E 0
3-Methylcatechol 0.0E 0 0.0E 0 0.0E 0 0.02(0'
3-Methylphemol  °  4.7E-3 9.2E-5 _ 3.6E-3 1.4ED
3-Methylpyridine 3.9E-3  7.6B-5 3.0E-3 1.2E°0
3,5-Xylenol . 9.1E-3 1.8E-4 6:9E-3 2.95+1
3,6-Dimethyleatechol  7.8E-2 1.5E-3 5.9E-2 ° 2. 4E+1
4-Methyl Resorcinol é.zE—z 1.2E-3 4aTE-2 1.9E+1
4-Methylecatechol. 6.7E-1 1.3E-2 5.1E-1 2.0842
4=Me thylphenol 6.5E-3 ' 1.3E-4 A . 4.9E-3 2.0E 0
4-Methylpyridine 9.0E=4 1.8E-5 Vv . 6e9E=4 2.7E-1
| 5-Methyl Resofcimol  1.1E-I' 2283, B.4E-2 3.3E+1
Acenaphth;lene ' - 2.0E-4 3.9E-6 1.5E-4 6.1E~2
Anthracene 4.9E-5 9.6E~7 : 3.7E-6 1.5E-2
Benz(a)inthracene ' . 4.9E-6 9.6E-8 3.7E-6 1.56-3

.
AR

Benzo(a)pryene . 2.0E-6 3.9E~8 1.5E-6 - 6 1E~4
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. j’ ' TABLE 38 (Concluded)
i/ . )

i 7,4' . Conc. in Cone. in Public Health Ecological
Stream ! ‘ Cooling Atmospheric\“ Post—dilution ' gmmiss:ion
Component : . Water - Emissions | Concentration Rati

(PR T (PEMy) o (ug/nd) (ng/sec)
i) N
Benzo(e)pyrene 2.0E-6 _ 3.9E-8 o l «5E~6 6.lE-4
Benzo(g,h,i)perylenes 1.5E~7 2.9E-9 1 ;4E-?. 4 -6E=5
Biphenyl 1.0E-3 .2.0E-5 * 7 .6E~4 3.0E-1 -
Chrysene ‘ 9.8E-7 1.9E-8 7.5E~7 3.0E~4
Dibenzofuran 1.3E-3 2.5E~5 1.0E-3 4,0E-1
. AEthylbenzene g 2.8E~1 5.5E-3 ° 2.1E-1 8.5E+1
Fluoranthene 9.8E-5 1.9E-6 : 7.4E-5 . 3.0E-2
Fluorene 9.8E-5 _ 1.9E-6 7 +4E-5 . 3.0E=2
. Indan 1.3E-2 2.5E-4 9.9E-3 4.0E O
Methanethiol 1.1E-1 2.2E-3 8.4E-2 3.3E+1
Naphthalene . 4.7E-3 9.2E-5 : 3.6E-3 1.4E O
Perylene 2.0E~7 3.9E-9 587 6.1E~5
Phenanthrene 4.9E-5 9.6E-7 3.7E-5 1.5E-2
Pyrene 9..8E-5 1.9E-6 © 7.4E~5 3,082
Quinoline 1.4E-3 2.8E-5 ) 1.1E-3 4.3E-1
Toluene ) 9.1E-1 ~ 1.8E-2 6.9E-1 2 .8E+2

o-Xylene 3.2B-1  6.2E-3 2.4E-1 9.7E+L -
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* s i
W4 . {
Assumptionss: | Ve,
= _—
e Ambient temperature - 25°C, pressure - 1 atm. L

® Evaporative losses accounted for essggtially aliy_of the
atmospheric losses from the cooling tower. -

® Relative humidity of influent air was 0%, and of effluent a{r@was

¥ %

® Water content of air was'0.0Z 1b water/lb of dry air,’3

° Dens%ty of atmospheric emission stream = density of-aifv='1,180
gon/m’. .

Calculation:

The total flow rate

moisture and air from the cooling tower

Wi

was calculated using the folldwing:

TF = WF + AF
where~— P

Jr

TF 1s the total flow rate of alr and moisture

WF is the flow rate of moisture

AF is the flow rate of air

At -25°C" and 1 ATM, the moisture cogéent of agr was - 0,02 1b
water/lb dry air. Therefore, ' V
AF (WF) (1 1b/0.02 1b) = 50 WF
and . *
TF = WF + SOMF = 51 WF

it

According to Schreiner, the flow rate of water out of the cooling
tower was 2.413 x 108 1b/hr or 3.04 x 10° gn/sec. Therefore,

TF = (51)(3.04 x 10° gm/sec) = 1.55 x.107 gm/sec. !
. . \}“‘
. i'
According to Schreiner®’ drift accounted for 5% and évap$rative losses

95%, but to simplify the estimates it. was assumed that éll of the
armogpheric loss was evaporative in nature.
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The concentration .ofi each pollutant:in the total emission stream
(air + water) was calculated by the following:

- (CW) (WF)
EC = T
where-

EC is the pollutant concentration in the total emission
stream, in PPM_,

CW is the pollutant concentration in the cooling tower féed
water, in PPM,

WF is the flow rate of the water in the atmospheric stream,
3.04 x 10° gm/sec p
““TF is the total flow rate of air and moisture.
_ But, , TF = 51 x WF
therefore~

. (CW)(WF) _ oW
EC 5T WF " 51

The .post—-dilution concentration of each pollutant was then
&

calculated:

g .
. ™ pe = (EC)( %ﬁ/ppmw) (Densit}t of Air),
“ DF

et

PC is the poll tant post~dilytion concentratlon, in ug/m

EC is the pollutant concentration in the emlssion stream, in
3
LE PPM, is a conversion factor, equal to 1.0
gn

Density of air is 1,180 gm/m3

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

Emission Rates for Ecosystems:

From an ecological perspective, the partitioning of contaminants

between drift and evaporatlon losses was important because drift- tends
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to settle over a more limited area, ‘relatively close to the plant, than
ﬁhe evaporati@e logses. Ihus, whatever contaminants were present, in the
drift would tend tﬁ 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 emisélon rates rather than post-
dilution concentratiéns in the atmosphere. Two emlssion rates were
calculated as follows: '

' E = (C)(F)

where~

i

is the emission rate, in mg/sec

C is the pollukant coucentration in water fed to the
cooling tower, in mg/l N

F is the flow rate of Stream 29, i.é., 304 1/sec.

Estimation of Pollutant Post-Dilution Concentratioms Due to
Disposal of Stream 53 ~ Reverse 0smosis Concentrated Waste Solution

5

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
concern; the set’ used to evaluate risks to ecosystems was developed
assuming contamination of surface streams would be thé primary causé of
concern. The assumptions and galculations aré~presented below. The

results are presented in Table 39.
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TABLE 39
ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO

DISCHARGE OF STREAM 53 - REVERSE 0SM0SIS WASTE SOLUTION

Effluent . Public Health Ecological
Stream Stream Post~dilution Post-dilution
Component Concentration Concentration Concentration
(PEM,) - © (PRM) S22
Arsenic 8.9E-1 8.9E-2 2.3E-1
RBeryllium 4.6E~1 : | 4.6E-2 1.2E-1
Boron 3.1E.0 ‘ 3.1E-1 7 .9E~-1
Cadmium 5.3E-1 5.3E-2 1.3E~1
Fluorine 3.3E+1 -3.3E O 8.3E 0
Lead ‘ 1.7E~1 1.7E~2 4.3E~2
Manganese e 8.8E-1 8.8E-2 ’//2 «2E~1
Mer;.ury 8.1E-2 “8.1E-3 I é. 1E-2
Nickel +1.5B-1  1.5E-2" | 3.8E-2
Vansdium 1.8E~2 1.8E-3 4.5E-3
Acetic Acid 1.3E+1 1.3E0 ' 3.3E 0
Aniline 1.3E-2 1.3E-3 ' 3.3E-3
Butanoic Acid 1.2E-0 ¢ 1.2E-1 3.1E-1
Catechol 1.7E+1 1.7E 0 .4J4E O
Hexanoic Acid 9.4E-2 9.4E-3 " 2.4m2
Pentanoic Acid 1.1IE 0 1 1E+l. P2 .8E-1
Phenol 3.8E-1 3.86-2 + ' 9.6E-2

Propanoic Acid 2.5E O 2.5E+1 . 6.3E-1 ¢
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TABLE 39 (Coi%.)

A
21
Wi

Ptﬁ;iic Health

Effluent Ecologica'.i

Stream $tream Post~Dilution Post-Dilution
Component Concentration Coucentration Concentration

' - (PEM) (epeM,) (peM)
Pyridine 3.0E~2 3.0E-3 7.58-3 ¥
Resorcinol - 5.8E 0 5.8E-1 1.5E 0
2—Mech§1phenol 1.3E-1 1.3E~2 3.3E-2
2-Methylpropionic Acid 1.9E-1 1.9E~2 4.8E-2
2-Methylpyridine 1.8E-1 1.88~2 4 .6E~2
2,4-Dimethylpyridine 2.68-3; 2 .6E~4 6.6E~4
2,4~Xylenol 3.65%1 3.6E-2 9.1E-2
2,5-Dimethylpyridine  2.7E-3 2 .6E~4 6 .6E~4
3-Methylbutanoic Acid ﬁ9.4E-2 9.,4E-3 2.4E-2
3-Methylcatechol 0.0E 0 0.0E 0 0.0E 0
3-Methylphenol 1.9E-1 . 1.9E-2. 4.8E~2
3—Met;hylpyridine: 6.7E-2 6.7E~2 1.7E~2
3,5-Xylenocl : 5.0E-1 5.0E~2 1.3E-1
3,6-Dimethylcatechol  1.4E O 1.4E-1 3.6E-1
4-Methyl Resorcinol l1.1E 0 1.1E~1 2..8E-1 -
4=Methyleatechol 1.2E+1 1.2E 0 3.1§ﬁb _
ilz.—nenhy1p'ﬁenol 1.2E-1 1.2E-2 3g§é¢2siﬂ;'
4-Methylpyridine 1.6E-2 . 1.6E=3 Zéig-ﬁz'if”z
5-Methyl Resorcinol 2.1E 0 i 2.1E-1 s.gﬁli”“
Acenaph;hylene 1.28-1 @ 1.2E-2 3.0E=2
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TABLE 39 (Concluded)

» Effluent Public Hea-lth Ec'ological
Stream Stream % Post-dilation Post-dilution
Component Concentration . Concentration Concentration

(PEM) (peM,) (PPM,,)

Anthracene 3.0E-2 3 .OE-;é : 7.6E-3
Benz(a)anthracene 3.0E-3 3.0E~3 7. 6E—-‘4
Benzo(a) pyrene' 1.2E-3 1.2E-4 3.0E-4
Benzo(e)pyrene 1.2E~3 " 1.2E=4 3.0E-4
Benzo(g,h,i)perylene 8.9E-5 "8.9E-6 2.2E-5
Biphenyl 6.2E~1 6.2E-2 1.6E-1
Chrysene 5.9E-4 * 539E-5 . ~LeSE-4
Dil_)enzof uran 2.2E-2 2.2E-3 ;,»'f;_"l;. 6E;3 {{
Ethylbenzene 2.9E 0 2.9E-1 7.38-1
Fluoranthene 5.98-2 5.9E-3 “1.5E=2
Fluorei:;e 5.9E~2 5.9E-3 1.5E-2
Indan 7.9E 0 7 .9E-1 2.0 0
Methanethiol 5.9E 0 5.,9E~1 1.5E O
Naphtha.lene 2 .8E. (2 2.8E-1 7.1E-1
Perylene d1.2E4 1.2E-5 3.0E-5
Phenanthrene 3.0E-2 , 3.0E-3 7.6E~3
Pyrene . 5.9E-2" 5.9E-3 1.5E~2
Quinoline 4 2.5E-2 2.5E-3 6.3E-3
Toluene ' 9.4E 0 9.4E-1 2.4E O
o-Xylene 3,3E ..b 3.3E-1 8.3E-1
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Post-dilution Concentrations for Public Health:

The risk to bublic health posed by‘Stream 53 was assumed to
originate from improper diépo§a1 of the stream and subsequent
contamination of the groundwater. The éilution factor was{derivednfrom
the Source Analysis Model (SAM/IX). Assumbtions and caleulations were as

follows.

fe
7f

Assumptions: . 3
© Stream 53 disposed of in a sump or £ill site.
¢ Recelving body (sump or £ill site) had a base diameter > 10m.

e SAM/I dilutlon factors were appropriate for estimating subsequent
pollutant concentrations in groundwater.

e Local population used groundwater directly for domestic needs.
e TFlow rate of Stream 53 = 569,000 1b/hr (71,700 gm/sec).
Calculations

Fost-dilution coucentrations of pollutants from Stream 53 for the

public health analysis were calculated using the following equation:

_ EC )
T .
where- - :

PC is the post—diluti&n coucentraiion in PRM, or mg/l.

EC 1is the concentration in effluent Stream 53, in_PPMw}

DF is the SAM/I dilution faetor, which was 10, for a liquid
stream discharged into a-sump or fill site with a diameter
> 10 meters. - TR :
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" Post-dilutiou Concentrations for Ecosystems:

-

- . H

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

from disposal of th;a stream and subsequent leakage of all of .the stream

contaminants into a small surface stream. °~ A SAM/I dilution factor  was

not erd.

"
r
v

b

Assumptions.

Stream 53 was disvosed of in.an inadequate evaporation pond.

[

"e All of the stream components except. water ‘were subsequently
released iunto a small (10 cfs) surface stream through overflow or
by percolatlon through the soil.

e Loss of stream coutaminants thrOugh physical chemical and

? biological processes prior to -entry into the surface stream was
negliglble.

¢ 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:

where- "

PC = (EC)(FR53)

FR,

i

PC is tﬁe post—-dilution concentrations, in PPM&.
) '

EC is the constituent concentration inm Stream 53, in PPMW.

FR53 is the flow rate of Stream 53, 71.7 gm/sec.
&

FR; 1s the flow rate of the Surface stream, 283 1l/sec.
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, Estimation of Poliuthnt Post-Dilution Concentrations Due to
_the Discharge of Stream 69 - Leachate from Gasifier and Utility Ash
Two' sets of post—dilution concentrat:.on-: were estimated for
difs'r'harge of contaminants in Stream 69. Thé set used to evaluate rigks
to public ‘health was deve] oped assmning that groundwater contamination
."would be ‘the majdr concern, while the set used to evaluate risks to
ecosystems was developed assmn:.ng contamination of surface streams would
be the primary cause for ccncern. The assunipt:lons and calculations are
presented below. The results are presented i Table 40.

TABLE 40 |
ESTIMATED POST-DILUTIC R\CONCENTRATIONS DUE TO"
DISCHARGE OF aIREAM 49\/" ASH LEACHATE

. Effluent Publ:g.c Bealth Ecological
Stream . Stream ) Post—-dilution Post-dilution
Component Concentration . Conceuntration -Concetrtration

- (PPM,) . S (EpMy) o (PEM)
i 7
Aluminum 2.0E-1 | 2.0E-2 6.0E~4
Arsenic 2.0E-1 2.0E-3 6.0E-5
Cadmium 6.4E=4 644E-5 1.9E-6
. N \.
Copper . 3.08-2 . 3.0E-3 9.0E~5
Iron ' 1.6E 0 . 1.6E-1 4.8E-3
g n : .
e »
Lead 9.0E-2 ’ 9.0E-3 2.7E-4
Manganese " 5.0E-1 .. 5.0E~2 1.5E-3
Mercury 3.0E~4 3.0E-5 9.0E-7
Nickel 3.5E-2 : * 3.5E-3 1.1E~4
‘Selenivm - 6.0E-2 6.0E-3 1.8E~4

Zint .  249E-3 2.9E~4 " 1.8E~4

el

14



91

Post—dilution Concentritions for Public Health:

& The risk to public health was assumed to originate from improper

disposal of the stream and subsequent contamination of groundwater.’ The
'dilution factor was derived from the Source Analysis Model (SAM/I)

Assumpcions and calculations were as follows:
)

Assumutlons-
° Gasfier and utility ash (Stream 36) ° ware the source of the-
leachate. -

Y
L

¢ The ash was disposed of at a f£ill site.
e The fill site had a base diameter 2 10 meters.

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

o The local population used the groundwater dlrectly for domestic
uses.

e TFlow rate of the leachate = 7 x 100 gallons/year.*

Calculations: N

Post-dilution coucentrations of pollutants from Stream 69 for the

public health analysis were cdlcuwlated using the following equation:

EC
= 5F -

where- e QEP

ST

PC is the pollutant pdﬁt—dilutio;'Eoncentrat%ons, in PPM,
EC is the pollutant concentration.in effluent Stream 69, in PPMW*.
DF is the SAM/I dilution'factor, which was 10, for a liquid

stream discharged in a fill site with a base diameter > 10
meters, . - -

g

*See Section 2.4

*
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¢

Post-dilutioén Concentrations for Ecosystems- .

The risk to ecééystemév posed by Stream 69 was assumed to
originate from disposal of the ash .and subsequent contamination of a

small surface stream." ASSAM/I dilution factor was not used.
Assumptions:

% o Flow rate of the 1eachate = 7.0 x 106 gal/year* or 0.85-
liters/sec.

e Pollutant concentrations im the leachate were not reduced by

physi- ", chemical or biological processes prior to entry into a
small cface stream.

¢ The surface étream flow_rafg was 10 cubic feet/sec (283 1/sec).

Calculations: S o B
————————— . i.

i )
The post-dilution concentration of each pollutant due to

release of Stream 69 was caﬂculated using the following:

I B

PC = QEC)(LF) (N (EC)(.85 1/sec) . EC
- =~ SF : 283 1/sec 333

1
where- v

e

PC is the post-dilution concentrations, in PPM_.

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

LF is the flow rate of the leachate, equal to 0.85 l/sec,
f/ ”)

SF is the flow rate of the smaxl surface stream, 283 l/sec.
i‘. A

Estimation of Pollutant Post-Dilution 'Concentrations Due to

Disposal of Stream 70;— Biosludge

The pdst—dilution” concentrations of pollutants, which might
result from disposal ‘of Stream 70, biosludge, were estimated assuming
that all of the trace elements and toxic nrganic compounds in the

biosludge were made available to a small surface stream - through

o
See Section 2.4 b
§oowsd
! e

P
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i,

ﬁleaching. Assumptions aud calculations aré presented below. Results

v

are presented in Table sl o L c

a

Assumptions. i -

& Biosludge was disposedof in a landfill. ‘ B v

e All of the trace metals and “toxic organigs were 1eached out of
the blosludge and enter a surface stream.

° The concentratlons of leadchate contamlnants were not reduced by
.physical, chemical or bilological processes prior to entry inco
the surface stream. ;

e The flew rate of the’surface stream was 10 cfs.

e The water componment of the leachate was negligible. ) @

:

Calculations
I
The concentration "of each pollutant in the surface stream’ was

calculated as follows:

pc = (PR)(1000mg/gn)
SF
: x .
where- . =

PC is the post-dilution conmcentration, in PPM,,
PR is the proguctlon rate of the trace elements and organlcs»ln
Stream 707, in gn/sec. . . .

SF is the flow rate of éhetsurface stream, 283 l/se&.

*See Table 35 for pollutant production rafg.

.~
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TABLE 41

ESTIMATED POST-DILUTION CONGENTRATION DUE TO
DISPOSAL OF STREAM 70 ~ BIOSLUDGE

Biosl_ud'ge
Stream . Removal Post-dilution
Component Rate Concentration
-(gm/sec) (PEM,,)
Arsenic . - 6.9E-2 2.4E-1
"Beryllium ‘ 3.7E~2 1.3E-1
Cadmium 2.0E-2 7.1E=-2
Mercury 5.8E-3 2.,0E-2
Lead - e 2.5E~2 8.9E-2
Acena;;hthylene 7.7E-2 2.7E-1
Anthracene 1.9E-2 6.7E~2
Benz{a)anthracene 1.9E~3 ‘ 6.7E-3
Benz(g,h,i)perylene . 5.8E~5 2.0E~4
Benzo(a)pyrene . 7.7E~4 | 2.7E-3
Benz.o (e)pyrene 7.7E=4 2,7E-3
Chrysene 3.8E-4 1.3E-3
Fluoranthene ‘ 3.9E-2 1.4E~1
Fluorene 3. 9E:-2 1.4E-1
Napl_'lthalene ‘ ’ 4.8E-1 1.7E 0
Phenanthrene 1.9E~2 ) 6.7E-2

Pyrene 3.8E-2 1.3E-1
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Estimation of ‘Pollutant Post-Dilution Concentrations Due to
Release of Stream 72 ~ Lockhopper Vent Gas '

/.’/'\::.‘ ‘
The post~dilution concentrations of Ppollutants which may result

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

from the Source Analysis Model (SAM/I). . The assumptions aund
calculations are presented below. The results are presented in Table
42. : _ '

Assumptions: .

e Ambient temperature = 25°C, pressure = 1 atm.

e Mean density of Stream 72 = 1,180 gm/m3 (25°, 1 atmj -

Calculation:
(EC)(%EVPPMW)(Density of air)
. PC = —
where-

PC is the post-dilution concentration, in 11g/m3
EC is the concentration in Stream 72 in PPMW*

QEE]PPMW) is a couversion factor = 1.0
£m

Density of air is 1,180 gu/m’
DF is the SAM/T dilution factor, which was 24,000 for a gaseous
stream being discharged into the atmosphere at a rate of 493

gm/sec.

3.4 Applications of Results

The information presented in Volume II represents estimates of
maximum post-dilution concentratione for traée 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 upou these estimates and are
described in Volumes III, IV and V, respectively, -Vblume 1 presents a
summary of Volumes II through V and overall coﬁclusions made in the

assessment.

*See Section 2.2
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TABLE 42

ESTIMATED POST-DILUTION CONCENTRATIONS DUE TO
DISCHARGE OF STREAM 72 — LOCKHOPPER VENT GAS

Emission
Stream Stream Post-dilution
Component Concentration Concentration
' (PRM) (g/n3)
co 1.5E+5 7 4E+3
cH, 5.2E+4 2.5E+3
CoHy, 6 «4EA2 .3.1E+1
HoS 1.4E+3 6.6E+1
COs 5.0E+1 1.4 0
Ni(CO), 1.5E 0 7.4E-2
Tars 1.1E4+3 5e4E+]
Oils 9.9E+3 4 9E+2
Naphtha 4 .0E+3 1.95+2
Phenols 1.3E+3 6.4E+]
Mercaptans 5.1E O 2.5E-1
Thiophenes 4.1 0 2.0E~1
Ammonia 2.0E+3 9.8E+1
HCON 2.0E 0 9.8E-2
Aromatic amines 1.0E O 4.9E-2
Nitrosamines 5.0ﬁ~1 2.5E~2
PAls 5.0E-1 2.5E-2
Fatty acids 2.6E+2 1.3E+1
Trace elements 5.0E~1 2.5E-2
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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 é'faw synthesis gas (syngas)
product. The raw syngas exitted the gasifiers at 900" F. This gas was
cooled and scrubbed to remove the attendant parﬁiculﬁtes, tars, oils,
phenols, and other impurities. The impurities were separated from the
gas as a gas 1iqubr 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 conveision to adjust the H,/CO
ratio in the gas such that H,/CO ratio of the' combined gas stream was in
the desired fange for the Fischer-Tropsch reaction. The two streams
were then comingled and further purified using the Rectiscl process to

remove the sour gases (H,S and CO,) and naphtha from the syngas.
5 2 2 .

The cleaned gas from the Rectisol process was fedzgé the Fischer-
Tropsch reaééors where it was catalytically conve?ﬁed (over a
proprietary irom catalyst) to mainly aliphatic hydrocarépn products.
The raw products £rom the TFischer-Tropsch reactors %ere further
processed and upgraded to yield the plant product slate ébqsisting of
SNG, Cg and C, LPG, gasoline and fuei: oils by using cShyentional
petroleum refinery processes. Details of the product upgrading isection
have been omitted from the flowsheet because: 1) it consisgéuh:gf
conveg;ional petroleum refinery-type processes, and 2) the major

unknowns regarding environmental and occupational health concerns were

associated with cthe front-end or syngas production section of the

Process.

The acid gases recovered in the various processing sfeps were taken
to the sulfur recovery step where they were convegted to sulfur using
the Stretford process. The sulfur produced was proposed for sale as
Plant product. Tail gas from the Stretford process was incinerated in

the plant boiler.



APPENDIX A
(cont.) 3
Boiler stack gas cleanup facilities for §0, removal Qere pravided
to reduce the §0, emissions.to 0.2 pounds of 50, per million Btu of
fired heat. 1In addition, an electrostatic precipitator was included to
reduce the particulate matter to 0.1 pound per million Btu of fired heat

duty.

The gas 1liquors recovered in the syngas c%ganup steps were
collected and processed further to separate the 6ff§, 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.

0ils 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 NH3 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
a reverse osmosis treatment to reduce its metal salts content ﬁ?ior to
reuse In the process. The biosludge (from the biological treatment
step) was disposed of in an enviroumentally acceptable manner such as a

landfill operation.
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APPENDIX A
(econt.)
i TABLE A~1- Coal analysis: =g, ,

<

Proximate analysis, as-received basis (&t,Z)

Volatile matter 33.1
Fixed carbon 33.8
Ash 5‘1
Moisture 28.0

Total 100.0

Ultimate analysis, meisture and ash-free (MAF) basis (wt.%)

o

Carbon oL 74.45
Hydrogen - . 5.10
Oxygen .. .~ S 19.25
Nitrogen . 0.75
Sulfur 0.45

Total : 100.00 .

'Heating value, MAF tasis, Btu/lb

High heating value 12,726
Low heating value 12,236

TABLE A-2- Product slate

SNGBO, MMscf/sd* 173.3
C3 LPG, BPDS** 1,1707
C4 LPG, BPESD . 146
Gasoline, BPSD 13,580
Diesel fuel, BPSD 2,307
Heavy fuel oil, BPSD 622
Mixed alcohols, BPSD 1,825 .
Sulfur, TPSD 61
Anhydrous, NH5, TPSD 103

Total product, BPSD FOE! 44,950

* MMscf/sd = Million standard cubic feet per stream day

*%*BPSD = Barrels per stream day

1FOE = Fuel oil equivalent at 6 x 106 Btu/barrel fuel oil



APPENDIX B:

ESTIMATION OF STREAM FLOW RATES AND
CONCENTRATIONS BY INDIVIDUAL
STREAM ARE PRESENTED IN
TABLES B-1 AND B~-2
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APPENDIX C

EPA SOURCE ANALYSIS MODEL I (SAM/I)*



The SAM/1 model has been designed for intermediate screening
purposes to evaluate :chemical analysis data. To address these
objectives, the model$hincludes elementary treatment of pollutant
dispersion or dilution to post-dilution levels, but does not incorporate
pest~dilution chemical reaction or transformation.

To obtain the estimated wmaximum post—dilution éoncentration of a
pollutant because of the discharge stream, SAM/I employs approximate
dispersion models to account for the dilutioﬁ of a discharge
concentiation to a post—dilutign concentration. Models have been
developed for gaseousf liquid, and solid discharges into appropriate
receiving bodies within air, wﬁ;er, and land media. Figure C-l
illustrates the. discﬁarge 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, or
land-receiving media. .

Similarly; liquid and solid streams can be discﬁarged te deep
well, sump (or waste pond), irrigated field, wastepile, plowed field,
ca;ity, or fill site-receiving bodies in the lanéd wedium. The
underlying physical picture for all the SAM/I dispersion models is that
of a discharge stream entering an entraining post—dilution flow. After
mixing takes place, the pollutant stream dispersion, or dilutiom factor
can be -approximated by the ratio of the entraining stream volumetrie
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 volumetric flow rate
Discharge stream volumetric flow rate

it

*Information in this Appendix is excepted from reference 112.

**Entraining stream volumetric flow rate includes the discharge stream
volumetric flow rate, i.e. it is the total volumetric flow rate of the
two stresms after they are mixed.
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. Therefore, the estimated maximum* post-dilution cencentration for

a pollutant species is the ratio of the discharge concentration to the
dilution factor.

Dilution factors have been &efined for all the receiving bodies
shown in Figure C-l. In the'dispersion models used to calculate these
dilution factors, entraining flow characteristics and certain discharge
stream characteristics have been internally parameterized based on
estimates of nationwide averages of these characteristies. Thus, only
discharge stream flow rate reﬁains a model variable. Further, several
model discharge stream flow rates have been defined, spanning discharge
flow rate range of interest. Typical dilution factors have been
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 dispersidn medel was used to predict
maximum ground level pollutant concentrations. Here, the entraining
flow 1is the atmosphere: The entraining flow characteristics,
atmospheric stability, and wind speed are gilven 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 rate (e.g., large utility power plants,
sources with flue gas discharge rates in the .Mg/s range have stack
heights around 200m, whereas small commercial or industrial beilers,
with flue gas flow rates in the kg/s range have about 10 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 stream/receiving bodies
is ‘summarized in Table C-1. ©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. =




TPahle 33 - Flowrates of Trace Elements in Stream 36

T x *%

QrE-a * Qs + Qg g’ - fcw:E-38;ﬂ (F38§]= Qre-36
Trace : .l (8 .
Element (1b/hr). ., {1b/hr) (1b/hr) (ppm) O I1b/hx) (1b/hr)
As .183-.385 .0015~.0031 .2099-.4419 .02  .882 . .377—.812-
Be ' .373-.421  .0026-.0030  .3210-.3617 ND  .882  <.697-.786
cd .004=.242 ° .0009-.0025  .2203-.5684  .00064° .882  .315-.812
F 5.424-5.590 11.157-11.500 50.10-51.64 D .882  <66.68-68.73
Hg . .0074-.6114  .0000-.0001  .0782-.1208 .0003 .882  ,085-.132
Pb . .180-4.240  .0015-.0343 © .6577-15.48 .09 .882  .760-19.67
B W . W 39.43 . WD .882 >39.4
Ni W D 2.313-19.05 .035  .882 >19.02
v ND ND . 13.$76-19.147 ND .882 >19.147

*From Table 28
**From Table 29
tFrom Table 31 :
ttThese data are first column volume leachate fracticns 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. These 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
elements in the first column volume leachate.
§ Appendix B,  Stream 38.
58No Data
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TABLE C-1

SUMMARY OF MODEL STREAM DESCHARGE RATES AND DILUTION FACTORS

Discharge Stream Type‘ Gas Liquid/Soluble Solid
Receiviné Body Air River/Lake . Ocean
Discharge Rate Q (g/s) Q K 1] 3 Q K
and Dilution Factor K
2.5x106 {1x 102 1x105 | 1.6 x 102 3x104 | 1x103
6.5 x 105 | 2 x 102 1x109 | 1.6 x 103 {Barge]
1.3 x105 | 1x 103 1x103 | 1.6 x 102
6.8 x103 | 5« 103 1x102 | 1.6 x 105
5.4 x 102 | 2 x 104 1x10l | 1.6 x 106
Discharge Stream Type Liquid Liquid/Soluble Solid Leached Solid
Receiving Body Deep Well Irrigated | Sump, Waste Pile, Plowed .Any Laad Body
. ‘ Field Field, Cavity, F_iﬂ Site
Discharge Rate § (go/s)| Q | K 0 K 0 ‘R 0 K
and Oilution Facter K
ay | 1 | any | 100 any 0¥, My | 1
100

* Large receiving body ‘with base diameter d  10m.
*% Large receiving body with base diameter d < 10m.






