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10. Appendices

The appendices that follow contain details of the six cases analyzed, for the smallest
scale process considered. The appendices are as follows:

Appendix A Case 1: Texaco gasifier and steam reforming of natural gas
(including fugitive emissions study)

Appendix B Case 2: Lurgi gasifier

Appendix C Case 3: Natural gas only

Appendix D Case 4: Texaco gasifier and sour gas shift converter
Appendix E Case §: Shell g?siﬁer and sour gas shift converter
Appendix F Case 6: Shell gasifier and steam reforming of natural gas
Appendix G Case 7: Texaco gasifier and power production facility

(higher alcohols as by-products and methanol
burned to provide peaking power)

Appendix H Scale-up and comparison of design cases
Appendices A-G are organized as follows:
Process description, equipment sizing, and cost
Flow Sheet
Flow Table
Energy Analysis
In addition, Appendix A contains the results of the fugitive emissions analysis. Finally,

Appendix H contains a tabular comparison of the cases, a tabular summary of the capital
costs for the scaled-up cases, and a tabular summary of the manufacturing cost.
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Appendix A
Case 1

Texaco Gasifier and
Steam Reforming of Natural Gas
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CASE 1

The following report gives a brief description of each of the units in the block flow
diagram. All capital cost data in this report, except where otherwise specified, has been

estimated from similar installations described in the Houston Area Medium-BTU Coal
Gasification Project Final Report, published in June 1982 by Union Carbide [1] (All

references to material in this report will be referred to as Houston, and all scaling
exponents from the Houston report are 0.65). The plant consumes 0.96 million metric
tons of coal, 0.82 million metric tons of oxygen, 0.18 billion standard cubic meters of
natural gas, and produces 0.50 million metric tons of mixed alcohols per year.

SYNGAS PRODUCTION FROM NATURAL GAS
Compressed natural gas (stream 14) and steam (stream 15) are reacted in the Steam
Reformation Block. The cooled output gas (stream 17) goes to the Rectisol Block. The
cost for this unit was estimated from data found for a hydrogen production facility, with a
scaling exponent of 0.8 [2]. The fuel gas usage for this block is estimated to be 30% of
the natural gas feed.

COAL PREPARATION

Coal (stream 10) and water (stream 12), are sent to the Coal Preparation Block. The
coal is crushed, mixed with the water, and pumped to the gasifier as a ~60% solids
mixture by weight (stream 13). The Coal Preparation Block is composed of four plants
from the Houston report. Plant 01 is the Coal Slurry Preparation Plant. The cost of this
plant was scaled linearly due to its multiple train format; where each train can handle up
to 1,150 tons of coal per day. Plant 61 is the Reclaiming, Transfer, and Crushing Plant.
The cost of this plant was scaled exponentially. Plant 22 is the Barge Terminal. This
plant was scaled exponentially. Plant 60 is Coal Receiving and Storage and again the
cost for this plant was scaled exponentially.
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CRYOGENIC OXYGEN PLANT

Compressed air (stream 1) is cooled and sent to the Cryogenic Oxygen Plant Block,
and is separated into high purity oxygen (stream 2), nitrogen (stream 3), argon (stream 6),
and a water and carbon dioxide waste mixture (stream 28). A small quantity of nitrogen
(stream 19) is sent to the Rectisol Block. The Cryogenic Oxygen Plant Block does not
include the inlet air compressors or the outlet oxygen compressors. In the cryogenic
system, there are provisions for gaseous and liquid oxygen backups sufficient to maintain
downstream plant operation in the event of a shutdown in the cryogenic facility. We also
assume that some scale down is possible for this system, so the capital investment has
been calculated linearly for the reduction in trains, and exponentially for throughput
reduction per train. Each train can produce up to 2,000 tons of oxygen per day. The
Houston plants that comprise the Cryoplant Block are 02 and 08.

RECTISOL

The cooled raw gas streams (streams 17 and 18), nitrogen gas (stream 19) for
methanol regeneration, and methanol make-up (stream 20) for vapor loss all enter the
Rectisol Block. H,S levels are reduced to the ppb range and CO, levels to the ppm range.
The clean syngas (stream 22) is sent to the alcohol synthesis loop. A CO,-N, mixture
(stream 24) and a CO, rich stream (stream 23) are produced as byproducts. Condensed
water is also removed (stream 17A). This block is the same as Houston Plant 05. The
cost for this plant was estimated by using exponential scaling.

TEXACO GASIFIER

The coal slurry (stream 13) is mixed with compressed oxygen (stream 9) and burned at
1,200-1,400°C and 8,000 kPa in the Texaco Gasifier Block. The hot, raw gas (stream 8)
is sent to the Syngas Heat Recovery Block, and the slag (stream 33) is sent to the Slag
Handling Block. The equivalent of the Texaco Gasifier Block is Plant 03 in the Houston
report, and each train can handle up to 958.3 tons of coal per day.



SLAG HANDLING

Molten slag from the Texaco Gasifier Block (stream 33) is direct quenched with water
and sent to slag disposal (stream 37). A small amount of water (stream 36) is purged
from the closed loop and is replaced by water make-up (stream 34). This block is the
same as Houston Plant 63. The cost for this plant was estimated by exponential scaling.

COS HYDROLYSIS

The sulfide rich stream from the Rectisol Block (stream 25) and steam are sent to the
COS Hydrolysis Block where COS is converted to H,S. The product gas (stream 41) is
sent to the Claus Sulfur Recovery Block. The COS Hydrolysis Block cost is assumed to
be negligible. e

SYNGAS HEAT RECOVERY

The raw gas stream from the Texaco Gasifier Block (stream 8) at 1,300°C and 8,000
kPa enters the Syngas Heat Recovery Block and is cooled against process boiler feed
water at 25°C (stream 71). The raw gas stream exits at 300°C (stream 18), and the boiler
feed exits as steam at 10,000 kPa and 535°C (stream 68). It is assumed that the raw gas
stream is cooled further prior to entering the Rectisol Block. This block is part of
Houston Plant 04.

CLAUS PLANT

Hydrogen sulfide rich gas (stream 41) is mixed with air (stream 42) and converted in a
two-step reaction to elemental sulfur (stream 46). The unreacted hydrogen sulfide
(stream 45) is then sent to the Beavon Plant for further treatment. This block is the same
as Houston Plant 06. The cost for this plant was estimated by exponential scaling.
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BEAVON PLANT

The Claus tail gas (stream 45) and air (stream 47) go to the Beavon Block. Additional
sulfur is made (stream 51), and the gas leaving (stream 50) is sufficiently free from
sulfides that it can be vented to the atmosphere. A sour water stream (stream 54) is sent
from the plant for treatment. The cost of this block was estimated from data collected
from various sources, with a scaling exponent of 0.65 [3].

MoS; ALCOHOL SYNTHESIS LOOP

Clean syngas (stream 26) at 140 atmospheres enters the catalytic reactor along with the
syngas recycle (stream 56B). The products (stream 26A) are taken to the separations
block where the unreacted syngas is remi6ved (strédin 59). Part of this stream (stream 27)
is sent to power generation while the rest (stream 56) is sent to CO, removal. The cost of
this block was estimated from the cost of a methanol synthesis loop, with a scaling
exponent of 0.565 [4]. ‘

CO, REMOVAL

This block is very similar to the Rectisol Block. Recycled gas from the alcohol
separation block (stream 56) is the only feed. CO, free syngas (stream 56A) is then
recompressed and sent back to the reactor. CO, is taken off as a product (stream 57).
The cost of this block is calculated the same way as in the Rectisol block. Its power
requirements are included in the Rectisol block.

COMBUSTION GAS TURBINE

The light hydrocarbons extracted from the reactor recycle (stream 27) in the Alcohol
Synthesis Loop are sent to a combustion gas turbine with hot gas heat recovery. The
power from the combustion gas turbines is assumed to be 35% of the HHV of the fuel in
stream 27. This is consistent with recent studies on IGCC plants using medium BTU
synthesis gas [9]. The cost for this block was estimated from data taken from an EPRI
report, where each train can produce up to 200 MW with a scaling exponent of 0.67 [10].
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EXHAUST GAS HEAT RECOVERY

The hot exhaust gas stream from the Gas Turbine Block (stream 70) at 590°C and 101

kPa enters the Exhaust Gas Heat Recovery Block and is cooled against process boiler
feed water at-25°C (stream 73). The exhaust gas stream exits at 200°C (stream 75), and
the boiler feed exits as steam at 10,000 kPa and 535°C (stream 74). The cost for this
block was estimated from data taken from an EPRI report, where each train can generate
up to 425 tons of steam per hour with a scaling exponent of 0.67 [10]. This block also
supplies the reheat between the high pressure and intermediate pressure steam turbines.

POWER GENERATION

The steam from the Syngas Heat Recovery Black and the Exhaust Gas Heat Recovery
Block is let down in the steam turbines for power production. The cost for this block was
estimated from data taken from an EPRI report, where each train can produce up to 500
MW with a scaling exponent of 0.67 [10]. This is a 3-stage steam turbine system. The
high pressure stage inlet is 535°C, 10,000 kPa steam. The exhaust at 3,000 kPa is
reheated to 535°C before entering the intermediate pressure stage. The final stage

exhausts to a surface condenser at 7.4 kPa. Each turbine has an assumed efficiency of
75%. '
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IMPORTANT POINTS OF INFORMATION

Several decisions were made for the creation of this case that should be outlined.

Also, there are alternatives that have not been fully considered which will be considered
in more detail later. They are listed below along with the reasons behind them.

Catalytic steam/methane reformation used to adjust the H,:CO ratio upwards.
The ratio from coal gasification is less than 1. Since the optimal ratio for higher
alcohol synthesis is approximately 1.1 - 1.2, an additional source of hydrogen was
required. The reformer was assumed to operate at equilibrium, as suggested in the
literature [8]. Other alternatives to this block are available and will be considered.

The traditional method for purifying high quantities of pure oxygen is by
cryogenics, which is used for this case. However, recent reports suggest that
membrane and catalytic processes are becoming economically competitive with
cryogenics. Therefore, we will examine these alternatives.

The Rectisol system was chosen for this case for H,S and CO, removal. The
major alternative to Rectisol is Selexol. The literature indicates that Rectisol has
a higher installed capital cost, but a lower fixed operating cost than Selexol. Both
of these systems are capable of removing H,S to the ppm level and beyond.
However, there is some evidence that quantities of H,S are beneficial if the
reaction involves the MoS, catalyst. If this is so, then a system such as the
Benfield acid gas removal process might be more suitable. The Benfield system
does not remove as much H,S and has lower capital and operating costs.

The operating pressure for the Texaco gasifiers has been set at 8,000 kPa. This is
the highest pressure indicated in the literature at which a Texaco gasifier has been
run. Since the pressure required at the reactor is 14,000 kPa, we would of course
like to run the gasifiers at as high a pressure as possible. Another limiting factor
is the oxygen feed pressure. According to various sources, the highest pressure
available with conventional centrifugal compressors is around 80 atmospheres. It
is assumed that, because of the size of this case, a higher cost for the oxygen
compressor would be acceptable in return for savings on feed gas compression. In
addition, other gasification systems will also be investigated.
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TOTAL ESTIMATED CAPITAL INVESTMENT (MM$)

Synthesis Gas via Natural Gas 15.9
Coal Preparation 40.8
Texaco Gasifier 156.7
Slag Handling 3.0
Gas Turbines 45.0
Steam Turbines 221
Exhaust Gas Heat Recovery 9.9
Synthesis Gas Heat Recovery 4.6
Cryogenic Oxygen Production 89.3
Rectisol (Acid Gas Separation) 34.9
Claus (Sulfur Recovery) o 10.3
Beavon 2.2
Alcohol Synthesis Loop 47.2
CO2 Removal 26.9
Other Compressors . 54.1
TOTAL ' ) 562.8

{sum of individual block costs does not exactly equal the total due to round-off})

OVERALL ECONOMIC EVALUATION

The following table gives the totals and breskdowns fqr the yearly operating costs as

well as the total installed cost for the plant.

TOTAL ESTIMATED INSTALLED CAPITAL COST (MM$)
TOTAL ESTIMATED OPERATING COSTS (MM$/YR)

Coal {$33/metric ton delivered) 31.8

Natural Gas ($106/1000 cubic meters) 18.7

Other Expenges 99.2
TOTAL ESTIMATED CREDITS (EXCLUDING ALCOHOLS) (MM$/YR)

Power ($0.05/kWh) 39.2

Slag ($5.S/metric ton) (6] 0.6

Sulfur ($300/metric ton) [7] 6.9

Credits for nitrogen, argon, and other rare gases have not been included because prices

were not available and potential markets have not yet been identified.
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STAND ALONE COMPRESSORS AND POWER SUMMARY

There are S compressors that are not included in any of the blocks. Their inlet, outlet, pressure,

change, power rating, and installed capital cost are-listed below:-2Following that is a‘summary of

the total plant power output/input [S]. An efficiency of 70% is assumed for all compressors, with a

maximum pressure ratio of 5 for a single stage of compression. Multiple compression stages with

intercooling are used for services with pressure ratios greater than 5.

FUNCTION INLET P
STREAM (kPa)
Air Prep 1A 101
02 Prep 2 500
Reform Comp 17C 1400
Rxtr Prep 22 8106
Recy Comp 56A 12666

Total compressor needs

Other in plant needs

Total produced in steam and gas turbines

Net power output

Total installed compressor costs (1992 dollars)

OUTLET P
STREAM {kPa)
1 500
9 8136
17 8106
26 14000
568 14000
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POWER
(MW)
-31.1
-10.8
-6.4
-7.1
-3.6
-58.9
-10.1
167.0
98.0

COST
(MM$)
28.3
10.1
5.8
6.2
3.6

54.1
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Table A.2 Case 1 Energy Analysis

ELECTRICITY
Electricity Electricity
Plant Used Produced
(MW) {MW)
Coal Preparation Plant 2.0 0.0
Cryogenic Oxygen Plant 4.3 0.0
Rectisol Plant 2.3 0.0
Texaco Gasifier 0.6 0.0
Syn. Gas Heat Recovery 0.9 0.0
‘{Claus Plant 0.1 0.0
Gas Turbine 0.0 80.7
Steam Turbine 0.0 86.3
Compressor 1 31.1 0.0
Compressor 2 10.8 0.0
Compressor 3 6.4 0.0
Compressor 4 7.1 0.0
Compressor 5 3.6 0.0
Total 69.1 167.0
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Fugitive Emissions Analysis

Case 1l



EMISSIONS FROM THE SULFUR REMOVAL PROCESS
CASE 1

Case 1 is primarily a model of a process that will turn coal into an alcohol based fuel
additive. This plant is very large, and will have a production of roughly 0.5 million metric
tons of mixed alcohols per year. In order to properly design this Plant, it is important to
compare the emissions of this facility with the Threshold Emission levels allowed by the
government before Best Available Control Technology (BACT) is required. If BACT is
required it will significantly affect the cost of our plant. The emissions were estimated
from the Sulfur Removal portion of the plant because all of the sulfur compounds, along
with a major part of the plant's CO,~ozone producing compounds (VOC's that are
precursors to ozone formation), and two Hazardous Air Pollutants (HAP's), methanol and
COS, are found in this part of the process. After the estimations were completed, it was
found that the H)S, Total Reduced Sulfur (including H3S), Reduced Sulfur Compounds
(including H,S and COS), Ozone producing VOC's, and the HAP's were all above the
Threshold Values.

If the size of the plant increases, the total emissions will also increase. The stack
emissions will go up with any raise in production. However, the fugitive emissions will
grow only if the amount of equipment increases, for example, more trains are added.

The estimation of emissions for the sulfur removal process, which includes four blocks
from Case 1 ; the Rectisol, COS Hydrolysis, Claus, and Beavon blocks (see Figure A.1),
includes stack emissions and an estimation of the fugitive emissions for the blocks. The
stack emissions were taken from the Case 1 flowsheet (see Figure A.1 and Tables A.1),
while the fugitive emissions had to be estimated.

The fugitive emissions were estimated by using average emission factors.

<E”==HHEPQ

1= a type of equipment
j = a component
Ejj= Emissions of component j in equip. i (kg/hr)
m; = mass fraction of component i
F; = SOCMI Emission Factor for equipment i (kg/hr/source)
N; = number of equipment i
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The average emission factors (F;) were taken from the Average Emission Factors for
Synthetic Organic Chemical Manufacturing Industry (SOCMI) Fugitive Emissions (see
Table A.1), which was taken from the U.S. Environmental Protection Agency, Emission

Factors for Equipment Leaks of VOC and HAP, EPA-450/3-86-002, Research Triangle
Park, NC, 1986.

Table A.3
Valves Gas 0.0056
= Light Liquid 0.0071
Heavy Liquid 0.00023
Pumps Light Liquid 0.0494
Heavy Liquid 0.0214
Compressors Gas 0.228
Pressure Relief Valvaes Gas 0.104
Flanges and Other Connectors All 0.00083
Open-Ended Lines All 0.0017
Sampling Connectors All 0.015

A "light liquid " is defined by SOCMI as any fluid that is a liquid at the operating
conditions and that either:

(1)  Has a vapor pressure greater than 0.3 kPa at 20°C, or
(2)  Contains at least 20% (by weight) of any component that has a vapor
pressure greater than 0.3 kPa at 200C.

A "heavy liquid" is any fluid that is a liquid at the operating conditions and that is not a
“light liquid."

The mass fractions for each component in every stream were estimated from actual
flowsheets and process specifications. The last estimation made was the quantity of each
type of equipment that released fugitive emissions. This estimation involved a
classification of each piece of equipment. For example, a reactor would be classified as a
vertical vessel (see Table A.4). From these classifications, the total number of valves
could be calculated, by using the Valve Estimations provided by the Chemical
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Manufacturers Association, Improving Air Quality: Guidance for Estimating Fugitive
Emissions from Equipment, p. 25, Washington, DC, January 1989, along with a
correlation of the quantity of valves to the number of open-ended lines and flanges.

Table A.4
VALVE EST IMATION. -7~ 7

~-" =% Flow Stieet Predicting Ite

Pressure Relief Valves 3
Flow Transmitter s an 6
Storage 13
Pump 1
Turbine Meter and Prover Connection 14
Vertical Vessal {reactor) 23
Horizontal Vessel (settler) 21
Heat Exchanger-Heated Side 8
Heat Exchanger-Cooled Side 17
Loading or Unloading Point 4

Number of open ended lines = 50% of the number of valves

Number of flanges = 420% of the number of valves

After the estimations and calculations were completed, the total emissions for the
sulfur removal process were compared to the West Virginia Administrative Regulations,
Air Pollution Control Commission, Chapter 16-20, Series 14, p. 14-5, 1984. If the
quantity of a substance released is above its threshold value, then BACT applies. Table
A.S shows the comparison.
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Table A.5

SIGNIFICANT EMISSIONS FROM THE SULFUR REMOVAL PROCESS

, B _THRESHOLD TOTAL: .
CLASSIFICATION - COMPONENTS |. - - VALUES EMISSIONS. .
, "~ EMITTED —_Atonfyry - | (tontyry
co 42.8
NOx 0
SOx 3.52
Total Reduced Sulfur Inclhiding H2S =~ sl ©20.48 750
Reduced Sulfur Compounds:including H2S- -~ sl 21,390 -
QOzone (VOC excluding non-reactivesh - 73.69-- -

The total emissions for the sulfur rémoval process were compared to the 1990 Clean
Air Act Amendment, Section 301. Any plant that emits 25 tons per year of any
combination of HAP's, or more than 10 tons per year of any HAP compound is classified
as a "major source" and is subject to stringent air pollution control. This portion of the
plant has two HAP's: methanol and COS. The COS emitted is 0.9 tons per year, which is
well below the limit. However, the methanol is well above the limit, 73.69 tons per year,
which pushes the plant over the combined 25 tons per year limit by 49.59 tons per year.
Thus, the plant is a major source of HAP's.

The conclusion is that for SOx compounds, we will have no trouble meeting
regulations because no other place in our plant has any SOy. However, HjS, Total
Reduced Sulfur Including HpS, Reduced Sulfur Compounds Including HjS, and Ozone
(VOC excluding non-reactives) are above the thresholds for BACT. The threshold value
is not just for a particular part of the plant, it is a cumulative valve that includes the entire
plant. Therefore it is a possibility that CO emissions will surpass the threshold, along with
an increase in the Ozone (VOC) emissions because all of the alcohols (which are VOC's)
are produced in the other portion of the plant. Also the plant is well over the HAP's limit,
due to the large amount of methanol going up the stack.

The following tables (A.6-A.8) contain a summary of the emissions from the Stack,
the fugitive emissions, and the total emissions for the sulfur removal process.
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Table A.6

STACK EMISSIONS FROM THE SULFUR REMOVAL PROCESS

" |STACK -EMISSIONS FROM:

560983

152.8 400 88255
0.19 0.19 48
8 8 1111

ESTIMATED FUGITIVE EMISSIONS FROM THE SULFUR REMOVAL

Table A.7

PROCESS

.- SULFUR - REMOVAL EMISSIONS FROM :

- .Cosbﬂid'ro_lysis -+

Table A.8

TOTAL (stack plus fugitive} EMISSIONS FROM THE SULFUR REMOVAL PROCESS

A-24

e e el THRESHOLD TOTAL
CLASSIFICATION COMPONENTS VALUES EMISSIONS
: EMITTED {ton/yr) {ton/yr}

co co 100 42.8
NOx n/a 40 0
SOx so02 40 3.52
H2S H2S 10 2049 -
Total Reduced Sulfur Including H2S H2S 10 . -20.49
Reduced Sulfur Compounds Inciuding H2S H2S, COS 10 . 21.39
Ozone (VOC excluding non-reactives) "CH30H 40 73.69.



RECTISOL PLANT

The flowsheet for the Rectisol Plant was taken from the Houston Area Medium-BTU
Coal Gasification Project Final Report, published in June 1982 by Union Carbide (Further
references to this will be referred to as Houston). The information needed for the flow
estimations was taken from Houston as well as the Gas Process Handbook '92

Hydrocarbon Processing, April 1992, p. 125.

Table A.9

RECTISOL PLANT OVERALL FUGITIVE EMISSIONS
FOR TWO TRAINS

EMISSIONS FROM @

Akgmelr| kgmr) |- kgfr)- - : %
2.02E+00 0 1.76E-01 {1.16E + 00| 2.83E-01 .

co2 2.45E+00 0 0 4.56E-01 {1.32E+ 00| 3.21E-02 4.54
Ccos 4.02E-02 | 2.79E-03 0 1.34E-03 | 2.01E-02 | 4.90E-03 0.07
H2 1.63E-01 0 3.42E-02 | 1.42E-02 | 8.37E-02 | 2.28E-02 0.33
H20 6.80E-01 0 () 1.48E-01 | 3.65E-01 | 8.89E-02 1.28
H2S 4.67E-01 | 3.24E-02 0 1.55E-02 | 2.33E-01 | 5.69E-02 0.81
N2 3.67E-01 0 0 8.17E-03 | 2.25E-01 | 5.48E-02 0.65
NH3 8.42E-03 0 0 9.02E-04 | 4.36E-03 | 1.06€-03 0.01
CH4 1.43E-02 0 0 2.78E-03 | 7.73E-03 | 1.88E-03 0.03
CH30H 1.87E+00} 2.61E-01 0 9.13E-03 | 9.18E-01 { 2.24E-01 3.28

The following tables (A.10-A.25) are the actual estimations

Plant in Case 1.
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Table A.10

ESTIMATION OF FUGITIVE EMISSIONS FOR THE RECTISOL PLANT

QUANTITY
3 Pumps
7 Vertical Vessles
0 Horizontal Vessles
0 Storage Tanks
4 Pressure Relief Valves A
3 Heat - Exchangers (Heating Side)
6 Heat - Exchangers (Cooling Side)
0 Loading or Unloading Point
37 Flow Transmitters
0 Turbine Meter and Prover Connection
QUANTITY . - ACTUAL-EQUIPMENT -
3 Separators (Knockout Drums)
4 Towers
4 Heat Exchangers
3 Pumps
1 Compressor
4 Pressure Relief Valves
37 Flow Transmitters
QUANTITY - | ESTIMATED EQUIPMENT.
623 Valves
312 Open - Ended Lines
2617 Flanges
—QUANTITY: |-~ EQUIPMENT WITH FUGITIVES
623 Valves
3 Pumps
1 Compressors
4 Pressure Relief Valves
2617 Flanges
312 Open - Ended Lines
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COS HYDROLYSIS PLANT

The flowsheet for the COS hydrolysis along with the information needed for the
stream estimations were taken from the Gas Process Handbook '84, Hydrocarbon
Processing, April 1984, p. 78.

Table A.26

COS HYDROLYSIS PLANT OVERALL FUGITIVE EMISSIONS

i n
(kg |- (kg grmek= o {kgMin | = lkg/mie) 1 (Kgihie): i
CO 6.65E-01 0 0 1.93E-01 { 4.14E-01| 1.01E-01 1.37
C02 3.74E-01 0 0 1.08E-01 | 2.33E-01] 5.67E-02 0.77
COS 2.21E-02 0 0 6.40E-03 | 1.37E-02 | 3.50E-03 0.05
H2 7.36E-04 0 0 2.13E-04 | 4.58E-041 1.12E-04 0
H2S 2.57E-01 0 0 7.47E-02 | 1.60E-01 | 3.91E-02 0.53
N2 3.65E-02 0 0 1.06E-02 | 2.27E-02 | 5.54E-03 0.08
NH3 1.48E-02 0 0 4.30E-03 | 9.23E-03 ] 2.25E-03 0.03
CH30H 6.39E-04 ] 0 1.85E-04 | 3.98E-04 | 9.70E-05 0
02 1.11E-02 0 0 3.22E-03 | 6.91E-03] 1.68E-03 0.02

The following tables (A.27-A.29) are the actual estimations made for the COS
Hydrolysis Plant in Case 1.
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Table A.27

ESTIMATION OF FUGITIVE EMISSIONS FOR THE COS HYDROLYSIS PLANT

QUANTITY

0 Pumps
1 Vertical Vessles
0 Horizontal Vessles
0) Storage Tanks
1 Pressure Relief Valves
1 Heat - Exchangers (Heating Side)
0 Heat - Exchangers (Cooling Side)
0 Loading or Unloading Point
5 Flow Transmitters
0 Turbine Meter and Prover Connection
. QUANTITY ACTUAL EQUIPMENT -
1 Preheater
1 Hydrolysis Reactor
1 Pressure Relief Valves
5 Flow Transmitters
QUANTITY ESTIMATED EQUIPMENT.
64 Valves
32 Open - Ended Lines
269 Flanges
QUANTITY EQUIPMENT WITH FUGITIVES -
64 Valves
0 Pumps
0 Compressors
1 Pressure Relief Valves
269 Flanges
32 Open - Ended Lines

A-42




A-43

€0-300't v0-3ZV'E €0-30¢°'L 0 0 0 €0-392°¢C ¢0
$0-30€°2 S0-3.6°L 90-380'8 0 0 0 v0-30¢°L HOEHO
€0-3v€°'9 v0-3L9°V €0-388°'L 0 0 0 €0-31L0'C EHN
20-32€°L €0-3el°L €0-319'V 0 0 0 €0-3L°L N
20-3L2°6 €0-3€6°L 20-39¢'¢ 0 0 0 20-3€2°S SZH
$0-399°C S0-3LT'C §0-30¢°6 0 0 0 yo-364°L C¢H
€0-396°L +0-308°9 €0-36L°C 0 0 0 €0-384'Y S0J
10-38¢°L 20-3G1°L 20-3TLY 0 0 0 20-368°'L 202
LO-30¥°C 20-390'C co-3Lv'8 0 0 0 10-36¢°¢ 0J
wBy) Wb (/B (WBY) seAEA Wby (u/B) (T
SNOISSING souy] pepug - uedQ soBuely Jojjoy oinssesy giossordwo)d sdwing SOAJRA ININOJNOD
V101 {INOH4  SNOISSING
13 601 0 [s) "] 9z ALILNVAD
£100°0 £8000°0 s 0 0 0 9900°0 HOLOV4 NOISSINIG
i SOA[BA :

seup) popug - uedp soBue)y jofjoy einssold s1ossesdwod sdumng SOA[RA SIAILIOND HLIM  LINIWJIND3

0789 y81L MOT4 TV10L [*] UO[JOQUUOD 19A01d PUR JOIGN euIqINL

20-389°L 901 € z0 € si03jjuisuel) Moiy

+0-316'8 [] 0 HOEHD 0 Jujog Bupediun 10 BUIPeO

20-3L0°C (343 8 EHN 0 (opis Bujjoo)) siebusyox3 - 1woH

20-360'S LYE [4] ZN 3 (opis Dupieey) sisebusyoxy - 38eH

L0-369°€ 13444 L S¢ZH [+] SOA[RA J0{j0Y einssoly

€0-3€0°L L 2 ZH 0 s)yjue) ebeioig

20-380'€ oLz v S0OJ 0 SO{SSOA [8]UOZIIOH

10-3L2'9 g9399¢€ [X: 202 [ SO{880/\ |ED{LIOA

10-382°6 86 S'e 02 0 sduind

uofjoes} ssew B Jy/towsDy AHVYWNNS MOTd ALULNVYND 3dAJ ANIWJIND3

SISATOHOAH SO0D HO4 SNOISSINI 3AILIONI 4O NOILVWILST

HILVIHIYd - HIXIW

8TV %quL




A-44

£0-301'L $0-300'9 £0-380'¢ £0-310°1 0 0 €0-962°¢ Z0
$0-362'¢ S0-388°C $0-381L°1 890-3L2°6 0 0] $0-306°L HOEHD
£0-396°6 +0-3890°9 €0-3vL’C €0-381°C o] O €0-30V°'Y EHN
20-38¢°2 €0-3v9°L €0-3vL'0 £0-362°S 0 (o] 20-380°1L ZN
10-3EL°1 Z0-301°L 20-35L°t Z0-36LC 0 0 20-3V9°L SeH
v0-306° §0-3¢6°¢€ v0-30¢ L ¥0-3L0°L 0 0 vo-38l'z ZH
<0-38¢°1 $0-396'6 €0-380'% €0-302'¢ 0 o] €0-359'9 SOJ
10-31L9°C 20-389°'L 20-316'9 20-3Zv'9 0 [¢] LO-3LL°L 02
LO0-ALY'Y Z0-300'€ L0-3EZ'L 20-399°'6 0 0 1L0-346'L 0
(By) (w/By) Wy (B} SoAlRA (/B (w/Bx) (B
SNOISSING seu|] pepu3 - uedp sobue|y jofjoy onssely 8109801dus0) sdwng SOAJRA LNINOJWOD
IVLIO0L TWOHS  SNOISSING
6l 001 L 0 0 8t ALIINVNO
L1000 €8000°0 4 $0oL°0 0 o] 9500°0 HOLIOV4 NOISSINI
B SOA|BA
sour pepu3 - uedo sobueyy jotioy ounssely 21083010100 sdumy soarep SIAILIONS HLIM ININJIND3
&
1069 v81 MO IVLOL 0 UOJJORUUDY) JOAGI PUE 1030[y oulqin L
0 0 0 z0 (3 siojusuel| Mojd
+0-308'8 9 0 HOEHO ] Wiod Bujpeojun) 0 Bupeo
20-310'C Ll 8 EHN 0 {op1S Bujj00)) $IoBURYOX] - 1€0H
20-380'S LYe ztL N 0 (opis bupeer) ssebusyoxy - JeeH
L0-32L°C 10SZ oL SZH i SOA[BA J0j|0Y einssold
0 0 0 ZH ] syue} obeioig
0 0 0 ELek) 0 SO{SSOA [RIUOZIOH
LO-3L9'S 9v8€ L8 [{k) L SO{SSOA [ED{LIOA
0 0 0 00 0 sdwing
Uopioes) ssewl /By AYjowBy AHVIWNNS MO ALIINVNO 3dA1 INIWJIND3

SISATOHGAH S0J HOJ4 SNOISSING 3AILIONI JO NOLLVINILSI

HOLOVIH SISATOHOAH / NOILLVNIDOUYAAH

sT'V HqelL




CLAUS PLANT

The flowsheet for the Claus Plant was taken from Houston. The information
needed for the flow estimations was taken from Houston as well as the Gas Process

Handbook '84, Hydrocarbon Processing, April 1984, p. 74.

Table A.30

CLAUS PLANT OVERALL FUGITIVE EMISSIONS
FOR TWO TRAIN

EMISSIONS FROM: . =
/ p s 2]..Flanges-}- -
B kg’ | (kg/iek p/hir it} | lk@/mil
Cc02 1.33E+00 0o 0 8.25E-01 .
H20 2.33E-01 0 0 6.51E-02 | 1.45E-01 | 3.54E-02 0.48
H2S 4.07E-01 0 0 6.44E-02 | 2.53E-01 | 6.18E-02 0.79
N2 1.12E+00 0 0 3.23E-01 | 6.97E-01 | 1.70E-01 2.31
CH30H 2.10E-03 0 0 4.65E-04 | 1.31E-03 | 3.19E-04 0.00
S 3.39E-03 o 0 2.77E-03 | 2.11E-02| 5.15E-03 0.06
S02 2.11E-01 o 0 7.21E-02 | 1.32E-01] 3.21E-02 0.45
02 0 0 0 0 0 0 0.00
NH3 ‘| 4.87E-02 0 0 1.08E-02 | 3.03E-02] 7.39E-03 0.10

The following tables (A.31-A.37) are the actual estimations made for the Claus Plant

in Case 1.
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ESTIMATION OF FUGITIVE EMISSIONS FOR THE CLAUS PLANT

Table A.31

195 ﬁ P :::::':

“QUANTITY F

"EQUIPMENT .TYPE .-

0 Pumps
6 Vartical Vessles
6 Horizontal Vessles
0 Storage Tanks
8 Pressure Relief Valves
8 Heat - Exchangers (Heating Side)
0 Heat - Exchangers (Cooling Side)
0 Loading or Unloading Point
28 Flow Transmittérs -
0 Turbine Meter and Prover Connection
QUANTITY ACTUAL EQUIPMENT . ...~
2 Separators (Knockout Drums)
2 Thermal Incinerators
2 Boilers
6 Reheaters
2 3 - Staged Catalytic Reactors
2 Sulfur Condensers
8 Pressure Relief Valves
28 Flow Transmitters
QUANTITY ESTIMATED EQUIPMENT"
520 Valves
260 Open - Ended Lines
2184 Flanges
. QUANTITY: kE.° EQUIPMENT WITH FUGITIVES.
520 Valves
0 Pumps
0 Compressors
8 Pressure Relief Valves
2184 Flanges
260 Open - Ended Lines
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BEAVON PLANT

The flowsheet for the Beavon Plant along with the information needed for the stream
estimations were taken from the Gas Process Handbook '84, Hydrocarbon Processing,
April 1984, p. 88.

Table A.38

BEAVON PLANT OVERALL FUGITIVE EMISSIONS

EMISSIONS FROM.:

iy s < g,
={ 23 by !nghhﬂa ; a9 (Eg_lh"rL ;"«(kgnlhl}:f’ "~
C02 9.91E-01 | 8.12E-02 0 5.53E-01 | 1

0
02 3.77E-02 0 0 1.00E-02 | 1.85E-02 | 4.51E-03 0.07
S 1.46E-01 0 0 2.56E-02 | 7.17E-02 | 1.75E-02 0.26
H20 2.61E +00| 2.58E-02 0 4.06E-01 {1.30E+00] 3.17E-01 4.66
0
0
0
0

H2S 2.65E-01 | 5.39E-03 4.00E-02 | 1.35E-01 ] 3.29E-02 0.48
N2 1.86E +00] 8.20E-02 1.42E-01 | 9.82E-01 | 2.39E-01 3.31
NH3 3.64E-02 | 2.98E-03 0 2.03E-02 | 4.95E-03 0.06
CH30H 1.567E-03 | 1.28E-04 0 8.75E-04 | 2.13E-04 0.00

The following tables (A.39-A.48) are the actual estimations made for the Beavon Plant
in Case 1.
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Table A.39

ESTIMATION OF FUGITIVE EMISSIONS FOR THE BEAVON

PLANT

- QUANTITY . EQUIPMENT TYPE .

4 Pumps
16 Vertical Vessles
6 Horizontal Vessles
2 Storage Tanks
6 Pressure Relief Valves
2 Heat - Exchangers (Heating Side)
2 Heat - Exchangers (Cooling Side)
0 Loading or Unloading Point

42 Flow Transmitters -
0 Turbine Meter and Prover Connection

. QUANTITY ACTUAL EQUIPMENT

2 Preheater
2 Hydrolysis Reactor
4 Boilers
4 Pumps
2 Desuperheater Contact Condenser
2 Venturi Scrubber-Stripper
8 Pressure Relief Valves
4 Oxidizer Tanks
2 Slurry Tank
2 Balance Tank
2 Separation Wash and Reslurry
2 Sulfur Collector Drum

46 Flow Transmitters

QUANTITY - F:: ESTIMATED EQUIPMENT

442 Valves

221 Open - Ended Lines

1856 Flanges

QUANTITY EQUIPMENT WITH FUGITIVES

442 Valves
4 Pumps
0 Compressors
8 Pressure Relief Valves

1856 Flanges

221 Open - Ended Lines
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