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LARGE PILOT PLANT ALTERNATIVES FOR 
SCALEUP OF THE CATALYTIC COAL GASIFICATION PROCESS 

FINAL REPORT 

ABSTRACT 

This is the final report for U.S. Department of Energy Contract 
No. EX-76-C-01-2480~ "Scaleup Requirements of the Exxon Catalyzed Coal 
Gasification Process." The objective of this contract was to develop the 
information necessary to determine if an existing DOE large pilot plant 
could be used to obtain the scaleup data necessary to design and construct 
a Catalytic Coal Gasification (CCG) pioneer plant with acceptable risk. A 
pioneer plant is a stand-alone facility~ whose primary function is to 
operate as a profitable commercial venture. The pioneer plant would contain 
all equipment of full commercial slze~ as defined by the requirements for 
an optlmum-slzed commercial plant. However~ the pioneer plant could have 
a single train of equipment in some or all of the plant sections. The 
results of the three tasks contained in this contract are stumnarlzed below. 

• Task 1 - Study Design and Cost Estimate for 
a Grass-Roots Large Pilot Plant 

The objective of this task was to define a base case for 
evaluation of the existing large pilot plants. The capacity of the 
grass-roots large pilot plant was calculated to be 92 T/SD of Illinois 
No. 6 coal based on the scaleup requirements of the gaslfler. The 
inside diameter of the gaslfler was set at 3.5 feet to assure operation 
in the bubbling flow regime. The bed height was set at I00 feet. This 
is close to the height projected for a commercial gasifier. Also~ 
facilities were included to allow operationwith both synthesis gas and 
catalyst recycle. Hardware and system backups were also included in both 
onsite and offsite areas to promote the achievement of a high service 
factor. The investment for the grass-roots case at a Gulf Coast location 
was estimated to be 130 MS. The investment for the Gulf Coast grass-roots 
facilities on a Pittsburgh location basis is 150 MS. These invest~.nts 
are in escalated dollars~ assuming completion of the basic design in 
mld-1980j with an estimated plant startup date of the 4th quarter of 1982. 

• Task 2 - Selection of the Preferred Existing pilot Plant 

This task consisted of an evaluation of three existing large 
pilot plants to select the one most adaptable to catalytic gasification. 
The three existing large pilot plants considered were Synthane~ Hygas 3 
and Steam Iron. Synthane was selected as the unit most suitable for 
conversion to CCG operation. The Synthane site had the most usable plot 
space and the most reusable equipment. 

Task 3 - Study Design and Cost Estimate for Revamp 
of the Preferred Existing Pilot Plant 

This  t a s k  c o n s i s t e d  i n i t i a l l y  of  a s t u d y  d e s i g n  and c o s t  
eetfmate for a major revamp of the Synthane LPP so that it would have 
all the features of the grass-roots pilot plant. The objective 
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was to meet all of the major scaleup needs as in the grass-roots 
case and to provide a service factor similar to the grass-roots case. 
The investment for the major Synthane revamp was estimated to be 150 MS 
at a Pittsburgh location. The equipment savings for the revamp were off- 
set by reduced labor productivity associated wlth the revamp. 

At the completion of the major revamp case# the DOE contract 
was extended to develop a minlmummodification revamp case. The objective 
was to develop a cost and schedule estimate for a case where Synthane was 
converted to CCG operation 3 in a technically meaningful fashion, but with 
minlmummodification of the existing facilities. For this case~ the 
maximum coal feed rate was calculated to be 55 T/SD based on the capacity 
of the existing steam system. The existing Synthane gasifier bed diameter 
is 3.5 feetj the same diameter as specified for the grass-roots case. 
The bed height was increased to 100 feet~ also the same height as in the 
grass-roots case. Also, facilities for catalyst recovery and recycle 
were included. Since the preferred catalyst recovery approach will not 
be fully defined until after the Process Development Unit (PDU) operates 3 
it was assumed that addition of catalyst recycle to the LPP would be done 
during a second construction stage. 

On the other handj facilities for the separation and recycle 
of C0/H 2 from the product were not included s~nce this would require 
major equipment additions and site changes. Although this compromise 
would dlrectionally increase the risk of scaleup to a pioneer plant, 
it was judged that if the LPP operates with an adequate service factor~ 
the scaleup risk still would be acceptable. Perhaps of greater signi- 
ficance is the fact that for the minimum revamp much of the equipment 
redundancy and operating flexibility build into the grass-roots and major 
revamp cases was eliminated. Thus the plant service factor for the 
minimmn revamp would be less than the service factor for the grass-roots 
or major revamp cases. As a result there is some risk that the large pilot 
plant would not be able to operate at steady-state for sufficiently long 
periods of time to obtain adequate scaleup~ata; and that; consequentlyj 
significant additional facilities modifications would be required with 
additional cost. 

The estimated minimum revamp investment is 46 MS for the gasi- 
fication section and 12 M$ for the lacer addition of catalyst recovery; for 
a total investment of 58 MS. This represents a substantial investment 
saving relative to the grass-roots and major revamp cases. Again~ these 
investments are in escalated dollars; assuming completion of the basic 
design for the gasification section by mld-1979, with an estimated 
startup in the first quarter of 1981. Delays in this schedule would 
cesult in somewhat higher costs due to further escalation. 

Since the objective of this contract was to develop cost and schedule 
information for scaleup options and not to set the design basis for an actual 
large pilot plant projectj a number of simplifying assumptions were made. These 
assumptions would have to be verified before proceeding with the design basis for 
an actual project. The major assumptions made were that equipment reused at 
Synthane would have adequate life remaining for CCG operations, that all existing 
Synthane utility systems can operate at their nameplate capacity, and that the 
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utilities usage of exlatlcg Synthane facilities is accurately represented by 
i n f o r m a t i o n  on t h e  o r i g £ n a l  d e s i g n  d r a w i n g s .  In  a d d i t i o n ~  s i n c e  t h e s e  s t u d i e s  
were  n o t  based  on d a t a  f rom an i n t e g r a t e d  P r o c e s s  Development  U n i t  (FDU)~ i t  
was assumed t h e e  d a t a  f rom the  P r o c e s s  Development  Phase  o f  r e s e a r c h  would hoe 
change  t h e  s c a l e u p  needs  d e t e r m i n e d  from t h e  P r e d e v e l o p m e n t  Phase d a t a  base  
used  f o r  t he  s t u d y .  
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SECTION i 

BACKGROUND AND SUMMARY 

i.i INTRODUCTION 

Exxon Research and Engineering Company (ER&E) is engaged in research 
and development on Catalytic Coal Gasification (CCG) for the production 
of substitute natural gas (SNG). The Predevelopment phase of catalytic 
gasification research was sponsored by DOE (COntract No. E(49-18)-2369) 
and covered the time period from July, 1976 to December, 1977. The 
Process Development phase of CCG research began in July, 1978, again 
under DOE sponsorship. In addition to bench-scale research and engi+ 
neering studies, this program includes the operation of an integrated 
1 T/D Process Development Unit. 

Early in 1976, DOE (then ERDA) identified the possibility of using 
an existing large pilot plant (LPP) for the scaleup of CCG. Contract 
No. EX-76-C-01-2480, "Scaleup Requirements of the Exxon Catalyzed Coal 
Gasification Process" was undertaken by ER&E to study alternative 
scaleup routes for CCG. The program was conducted over the period 
November i, 1976 to September 30, 1978. 

1.2 CONTRACT OBJECTIVES 

The objective of this contract was to develop the information necessary 
to determine if an existing DOE large pilot plant could be used to obtain 
the scaleup data necessary to design and construct a Catalytic Coal Gasific- 
ation (CCG) pioneer plant with acceptable risk. A pioneer plant is a stand- 
alone facility, whose primary function is to operate as a profitable commercial 
venture. The pioneer plant would contain all equipment of full commercial 
size, as defined by the requirements for an optimum-sized commercial plant. 
However, the pioneer plant could have a single train of equipment in some or 
all of the plant sections. The contract consisted originally of three tasks: 

• Task 1 - Study design and cost estimate for a conceptual grass-Toots 
large pilot plant (LPP). 

• Task 2 - Evaluation of three existing pilot plants (Synthane, Hygas, 
and Steam-Iron) to select the one most adaptable to catalytic 
gasification. 

• Task 3 - Study design and cost estimate for converting the pilot 
plant selected in Task 2 to catalytic gasification. 

The objective of Task 1 was to define a base case for evaluation of the 
existing large pilot plants. The objective of Task 2 was to select the 
existing LPP most suitable for conversion to CCG. In Task S, cost and 
schedule estimates were developed for a major revamp of the selected 
existing LPP so that it would have all the features of the grass-roots 
pilot plant. Task S was subsequently expanded under a contract extension 
to include a study of the possibility of making minimum modifications 
t~ the selected LPP which would still allow scaleup to a pioneer plant 
with reasonable risk. 



1.3 CCG PROCESS CONCEPT 

The catalysts being studied for catalytic coal gasification are the 
weak acid salts of potassium. The principal benefits from using 
potassium catalyst in a gasification reactor system are as follows: 
first, it increases the rate of gasification; second, it prevents 
swelling and agglomeration when handling caking coals; third, and 
most important, it promotes gas phase methanatlon equilibrium. 
These key features of the catalyst are combined in a novel processing 
sequence which maximizes their benefit. A schematic flow plan for 
this processing sequence is shown in Figure I-i. Catalyst is added 
to the feed coal and the mixture is gasified at about 1300°F and 500 
psla. At these conditions, the gasification rates are high enough to 
allow reasonable size commercial reactor vessels while at the re- 
latively low temperature, equilibrium favors the formation of methane. 
Thus, the production of CO and H 2 is decreased, and high direct methane 
yields can be achieved. The components in the gaslfier overhead are 
separated into CO 2 which is vented, product methane, and carbon monoxide 
and hydrogen whlch are recycled to the gasification stage. Since the 
amount of CO and H 2 fed balances the amount of CO and H2 leaving the 
gasifier , the net products of gasification are only methane and CO 2, 
along with smaller amounts of H2S and NH 3. The chemistry of this re- 
action can be represented as follows: 

Coal + H20 = CH 4 + CO 2 AH-~O 

As indicated, this reaction is thermally neutral; and, in fact, only 
a small amount of heat is required in the gaslfler to preheat the feed 
coal and provide for heat losses. Also shown on the flow diagram is 
a catalyst recovery step. This is required because the catalyst leaving 
the gasifier with the ash/char residue is too costly to discard. 

The unique features of the Catalytic Coal Gasification (CCG) process 
can be summarized as follows: (i) all the methane is formed in one 
reactor, the gasifier; no separate shift and methanatlon reactors, are 
required, (2) no significant heat input is required to the reactor; 
the oxygen plant and potential slagging problems from oxygen use are 
eliminated, (3) no pretreatment is required for caking coals due to 
the action of the catalyst, and (4) significant future improvements are 
possible through the development of improved catalysts. 

1.4 FACILITIES DESCRIPTION FOR A COMMERCIAL-SCALE CCG PLANT 

As indicated above, the objective of a CCG large pilot plant p rog ram 
would be to provide scaleup data for the design of a CCG pioneer com- 
mercial plant. The current concept for a full-size commercial CCG 
plant is described below. 

1.4.1 Catalyst Addition r Recovery, and Recycle 

A simplified flow diagram for the commercial system envisioned 
for catalyst addition, recovery, and recycle is shown in Figure 



1.4.2 

1.4.3 

1-2. Coal is crushed to minus 8 mesh and is dried with cir- 
culating flue gas in an entrained system. Catalyst is then 
added to the dried coal in a gentle mixing step. The catalyst 
is a solution of potassium hydroxide in water. A small makeup 
of purchased KOH is required to supplement that which has been 
recovered and recycled. The mixture is then dried before being 
fed via a lock hopper system to the fluidized bed gasifier 
operating at 12750F and 500 psig. 

In the catalyst recovery system, char withdrawn from the bottom 
of the gasifier and part of the fines entrained overhead are 
slurried, mixed with Ca(OH)2, and soaked at 300°F for two hours. 
This "digestion" step frees additional water soluble catalyst 
such that about 90% of the catalyst is recovered in a downstream 
staged counter-current washing operation. The balance of the 
catalyst leaves the plant in the form of water insoluble com- 
pounds. For this study, the solid-liquid separation design was 
based on the use of hydroclones. A major objective of the next 
stage of research will be to obtain more data on the catalyst 
recovery system and identify the preferred recovery hardware. 

Gas Cleanup and synthesis Gas Recycle 

Figure 1-3 presents a simplified flow diagram for the synthesis 
gas recycle system envisioned for a commercial CCG plant. The 
reactor is fluidized with a preheated mixture of steam and re- 
cycled hydrogen and carbon monoxide. The coal is fed to the 
bottom of the fluidized bed, and the residence time is sufficient 
at 1275@F with catalyst to gasify 90% of the feed carbon. Pyrolysis 
products are cracked, and essentially no hydrocarbons heavier than 
methane leave the gasifier." Since the gasifier exit temperature 
is only 1275QF and heavy hydrocarbons are present in only ppm 
quantities, the high level sensible heat in the overhead gas can 
be recovered and used for steam/recycle gas preheat and for high 
pressure steam generation. A venturi scrubber is used foK fines 
removal prior to low pressure steam generation. H2S and CO 2 
are removed using a physical solvent acid gas removal system. 
At this point, the stream contains only H 2, CO, and CH 4. The 
methane is separated in a simple cryogenic distillation system 
and sent to the pipeline. The CO and H 2 are mixed with gasifi- 
cation steam, preheated to about 1550°F, and recycled to the 
bottom of the gasifier. The sensible heat above 1275°F i~the 
steam/recycle gas mixture provides all the heat required in the 
gasifier to compensate for heat losses and for coal preheat. 
As mentioned above, the overall gasification reaction is es- 
sentially thermoneutral, 

Fluid Bed Gasifier 

A sketch of the catalytic gasifier itself is shown in Figure 1-4. 
The coal is fed to the gasifier via a lock hopper system which 
pressures the coal to the gasification pressure of 500 psia. In- 
jection gas picks up the feed coal and conveys it in dense phase 
to the gasifier and injects it into the bottom of the bed. A 



number of coal injection points are used to assure good mix ing  
and d i s t r i b u t i o n  o f  c o a l  i n t o  t h e  bed .  The f eed  c o a l  p y r o l y z e s  
rapidly, and the pyrolysis products flow up through the bed 
where they are cracked to light gaseous products. The bed dimen- 
sions for each of four gaslfiers are 22 feet inside diameter by 

97 feet in height. 

The feed system and recycle synthesis gas are injected into the 
bottom of the bed through a distributor. Thus, the gasification 
medium also fluidizes the bed. The principal reactions taking 
place are the highly endothermlc steam gasification reaction, the 
slightly e~thermic water gas shift reaction, and the highly 
e~othermic methanatlon reaction. The fluidized bed is characterized 
by the existence of a continuous emulsion phase with intimate gas 
solids contact and with gas bubbles rising up through the emulsion 
phase. Since steam enters the bed in bubbles, it must be trans- 
ferred into the emulsion to react with the carbon. CO and H2 from 
the recycle gas are also transferred across the bubble-emulsion 
interface to react via the catalytic action of the catalyst-char 
combination to form mathane. The reaction rate in the gasifler 
is primarily kinetlcally limited, although mass transfer effects 
are not insignificant. 

The top section of the vessel contains a deentralnment zone and 
external cyclones. The use of' internal cyclones is an option that 
could be investigated. At the bottom of the bed, a solids stream 
is withdrawn to control bed level and prevent the buildup of ash. 
This solids stream flows into a small fluidized bed where it is 
cooled with recycle synthesis gas and then into a vessel where it 
is slurried with water for feed to catalyst recovery. 

i. 5 SU~L%RY OF RESULTS 

A summary of the key contract results is presented in Table 1-1. The 
capacity of the grass-roots large pilot plant (LPP) was calculate~ to 
be 92 T/SD of Illinois No. 6 coal (as-recelved basis) based on the 
scaleup requirements of the gasifier. The inside diameter of the gasi- 
fier was set at 3.5 feet to assure operation in the bubbling flow regime. 
The bed height was set at i00 feet. This is close to the height pro- 
jected for a commercial gasifier. Also, facilities were included to 
allow operation with both synthesis gas and catalyst recycle. Hard- 
ware and system backups were also included in both onsite and offslte 
areas to promote the achievement of a high service factor. As shown 
in Table i-i, the investment for the grass-roots case at a Gulf Coast 
location was estimated to be 130 MS. The investment for the Gulf Coast 
grass-roots facilities on a Pittsburgh location basis is 150 MS. These 
investments are in escalated dollars, assuming completion of the basic 
design in mid-1980, with an estimated plant startup date of the 4th 
quarter of 1982. 

With regard to the comparison of existing LPP's, Synthane was selected 
over l{ygas and Steam-Iron as the unit most suitable for conversion to 
C£G operation. The Synthane site had the most usable plot apace and the 



most reusable equipment. A study design and cost estimate were then 
completed for a revamp of the Synthaue LPP for CCG operation. The ob- 
jective was to meet all of the major scaleup needs as in the grass-roots 
case and to provide a service factor similar to the grass-roots case. 
The investment for the major revamp of Synthane was estimated to be 
150 MS at a Pittsburgh location. The equipment savings for the revamp 
were offset by reduced labor productivity associated with the revamp. 

At the completion of the m~jor revamp study, the DOE contract was ex- 
tended to develop a minimum modification revamp case. The objective was 
to develop a cost and schedule estimate for a case where Synthane was 
converted to CCG operation in a technically meaningful fashion but with 
minimum modification of the existing facilities. For this case, the 
maximum coal feed rate was calculated to be 55 T/SD based on the capacity 
of the existing steam system. The existing Synthane gasifier bed dia- 
meter is 3.5 feet, the same diameter as specified for the grass-roots 
case. The bed height was increased to i00 feet, also the same height as 
in the grass-roots case. Also, facilities for catalyst recovery and re- 
cycle were included. Since the preferred catalyst recovery approach will 
not be fully defined until after the PDU operates, it was assumed that 
addition of catalyst recycle to the LPP would be done during a second 
construction stage. 

On the other hand, facilities for the separation and recycle of CO/H 2 
from the product were not included since this would require major equip- 
ment additions and site changes. Although this compromise would direction- 
ally increase the risk of scaleup to a pioneer plant, it was judged that 
if the LPP operates with an adequate service factor, the scaleup risk still 
would be acceptable. Perhaps of greater significance is the fact that for 
the minimum revamp much of the equipment redundancy and operating flexibility 
build into the grass-roots and major revamp cases was eliminated. Thus the 
plant service factor for the minimum revamp would be less than the service 
factor for the grass-roots or major revamp cases. As a result there is some 
risk that the large pilot plant would not be able to operate at steady-state 
for sufficiently long periods of time to obtain adequate scaleup data, and 
that, consequently, significant additional facilities modifications would b@ 
required with additional cost. 

The estimated minimum revamp investment is 46 MS for the gasification section 
and 12 MS for the later addition of catalyst recovery, for a total investment 
of 58 MS. This represents a substantial investment saving relative to the 
grass-roots and major revamp cases. Again, these investments are in escalated 
dollars, assuming completion of the basic design for the gasification section 
by mld-1979, with an estimated startup in the first quarter of 1981. Delays 
in this schedule would result in somewhat higher costs due to further escalation. 

1.6 QUALIFICATIONS OF RESULTS 

The objective of this contract was to develop cost and schedule information 
for scaleup options~ not to set the design basis for an actual large pilot 
plant project. As such, a number of simplifying assumptions were made 
which would have to be verified before proceeding with a design basis: 

o It was assumed that all Synthane facilities to be reused would 
have adequate life for operation as a CCG large pilot plant. 

• L, 
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• It was assumed that all utility systems could be safely operated 
at their nameplate capacity. 

• It was assumed that the utilities usage o f  existing Synthane 
facilities which are reused is accurately represented by in- 
formation on the original design drawings. 

It should also be noted that the study design is not based on data 
f rom an i n t e g r a t e d  p r o c e s s  d e v e l o p m e n t  u n i t  o p e r a t i n g  a t  commerc ia l  
conditions. Such a u n i t  will be operated in the CCG Process Develop- 
merit Program. It is possible that this additional research and 
engineering could result in significant process changes affecting the 
design of a large pilot plant. Furthermore, the grass-roots and major 
Synthane revamp cases are based on the information available prior to 
the DOE Predevelopment Contract and thus do not have the benefit of 
that work. On the other hand, the information from the Predevelopment 
Contract was incorporated into the minimum Synthane revamp case. 



TABLE i-i 

SUMMARY OF KEY RESULTS 

• Project Type 

• Location 

• Labor Cost~Productivity Basis 

• Desi~nBasis 

+ Coal Feed Rate, T/D lllinois No. 6 (as rec.) 
+ Oasifier Bed Dimensions 
+ Catalyst Recycle Loop Closed? 
+ Synthesis Gas Recycle Loop Closed? 

Grass Roots 

....... Baytown, Texas 

Gulf Coast Pittsburgh, Pa. 

............ 92 ..... 

...... 3 1/2' ID x i00' ..... 

........... Yes 

........... Yes 

. Synthane Revam P 

Major  Revam~ Minimum Revamp 

............. Pittsburgh, Pa. 

............. Pittsburgh, Pa. 

92 55 
3 1/2' ID X i00' 3 i/2' ID X i00' 

Yes Yes 
Yes No 

• Project Scope 

+ Relocation and Expansion of Existing Facilities 
+ Backup for Utility Systems 
+ IncreaSe Required in Plot Area 

...... Not Applicable ....... 

.......... Major--- 

...... Not Applicable ........ 

Maj or Minimal 
Maj or Minimal 
+50% Minimal 

e Approxlmate Costs 

+ Investment, M$ 

+Operating Cost, 145 
+ Total Program Cost, M$ 

• Timing 

+ Design'Basis Memorandum Preparation 

+ Startup 

130 150 

75 75 
205 225 

.......... 3Q79 

, .4Q82--  

150 46 Gasification 
12 Catalyst Recovery 

"80 '52 
230 ll0 

3Q79 

1Q83 

4Q78 Gasification 
2Q80 Catalyst Recovery 
IQ81 Gasification 
2Q82 Catalyst Recovery 
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SECTION 2 

STUDY DESIGN AND COST ESTIMATE 
FOR A GRASS-ROOTS LARGE PILOT PLANT 

2.1 PROJECT BASIS 

The Grass-Roots case is based on construction at a site adjacent to a 
large Gulf Coast refinery. For purposes of this study, the site was 
assumed to be adjacent to the Exxon, U.S.A. refinery at Baytown, Texas. 
As such, the refinery is assumed to supply certain utilities and to 
accept certain waste streams from the large pilot plant (LPP). 

The design feed coal was Illinois No. 6. The analysis used for this 
study is presented in Table 2-1. 

2.2 PROCESS BASIS 

At the start of this contract, the CCG process was Just entering the 
predevelopment stage. The process basis for the grass-roots case was 
thus based on data obtained prior to the DOE Predevelopumnt Contract. 
This consisted mainly of bench-scale data with limited operation of a 
fluid bed gasifler at i0 Ib/hr coal feed rate and i00 psla operating 
pressure. Catalyst had not yet been recycled to the gasifier. 
Normally, the design of a large pilot plant is based on the 
data from a Process Development Unit. Thus, considerable Judgement was 
required in establishing the process basis for the LPP. In general, 
the philosophy used was to provide sufficient flexlbility to handle 
uncertainties in the limited data base. 

2.3 DESIGN PHILOSOPHY 

The purpose of the catalytic gasification large pilot plant as defined 
in the contract was to obtain scaleup data to permit design of the 
commercial plant with acceptable risk. This requirement was used to 
set the design basis with regard to the type, size, and operating con- 
ditions of facilities included in the large pilot plant. In general, 
the areas of new technology are gasification, catalyst addition, and 
catalyst recovery. 

To perform its function, the LPP must have a reasonable service factor. 
To achieve this, flexibility and equipment redundancy were built into 
the pilot plant. Following are some of the features included in the 
Grass-Roots case to help provide for reliable operation: 
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The LPP is designed t o  operate both with and without synthesis gas 
recycle. When the recycle gas loop is not in operation, simulated 
recycle gas is manufactured in a steam reformer feeding purchased 
methane. 

0 The LPP is designed to operate with 100% makeup catalyst during 
startup and periods when there are operating problems in the 
catalyst recovery loop. 

• The coal feed lock hopper ks provided with a i00~ spare. 

• The LPP is designed to operate with or without the high temperature 
Gas-Gas Exchanger. 

The LPP is designed for the gasifler raw gas to bypass the Gas-Gas 
Exchanger, High Pressure Waste Heat Boiler, and dry fines removal 
system. For this operation, the raw gas goes directly to the wet 
scrubbers. 

The steam reformers are decoupled from the gasifier by cooling and 
condensing steam from the reformer effluent. This allows independent 
control of the reformers and gaslfler. 

Substantial equipment redundancies are provided in the offsltes and 
utilities to minimize the impact of offsite and utilities equipment 
outages on the operation of the onslte process sections of the plant. 

In addition to the above process features, spares were provided for all 
critical pumping services. Materials of construction are based on a 
flve-year plant life. 

2.4 LPP SIZE - KEY SCALEUP ISSUES 

As indicated above, the catalytic gasification large pilot plant must be 
large enough to allow scaleup to a commercial size plant with acceptable 
risk. The gaslfier was determined to be limiting from a scaleup .view- 
point. The diameter of the gasifier was set at 3.5 ft. ID so that it 
would operate well within the bubbling flow regime which is projected 
for the conmmrcial gasifier. The bed height was set at i00 ft., the 
expected bed height for a commercial gasifier. With this bed height, 
the gas velocity will be close to that expected for commercial operation. 
This will provide representative scaleup data in the areas of entrain- 
ment, solids segregation, temperature distribution, and particle size 
distribution. Based on bed dimensions of 3.5 ft. ID x i00 ft. bed, the 
feed rate of as-recelved Illinois No. 6 coal was calculated to be 91 
T/n. 

The catalyst recovery and recycle loop were included in the LPP to allow 
integrated operation with the gasifier. This will generate data on 
catalyst forms and reactions, buildup of impurities, particle properties 
and size distributions, and the performance of solid-liquid separation 
equipment at conmmrclal conditions. An integrated operation is neces- 
sary because the performance of the catalyst recovery system is strongly 
affected by the nature of the char feed stream which comes to it from the 
gasifier. 
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The synthesis gas recycle loop was included in the LPP to allow integrated 
operation with the gasifier. This will provide data on control of the 
gasifier under closed-loop operation. It also assures synthesis gas re- 
cycle to the gasifier with a commercially-representative composition. 
The cryogenic distillation system does not require data from the large 
pilot plant for scaleup, uther than analysis of trace components in the 

feed. 

2.5 GRASS-ROOTS CASE FLOW PLAN BASIS 

A coordination flow plan for the grass-roots case is presented in Figure 
2-1. This shows the onslte flow scheme and major equipment pieces. The 
coal is pressurized and fed to the gaslfler via a lock hopper system. 
The gasifler is a fluid bed 5.5 ft. ID x i00 ft. with primary end second- 
ary cyclones to limit fines loss. The gas cooling and treating system 
includes a gas-gas exchanger, high pressure waste heat boiler, end 
tertiary cyclone to withdraw fines for feed to catalyst recovery. A 
venturi scrubber is used for final solids removal. After final cooling, 
NH 3 is scrubbed out, followed by H2S and CO 2 removal. H 2 and CO are then 
separated from the product methane in a cryogenic distillation system and 
are recycled to the gasifier. Prior to reinJection to the gasifier, the 
synthesis gas is mixed with steam and heated in the gas-gas exchanger and 

preheat furnace. 

The LPP also contains a steam reformer to allow operation without syngas 
recycle. In this case, the design coal feed rate is the same as normal - 
92 T/D - so as not to limit data-gathering capability of the rest of the 
plant when synthesis gas is not being recycled. Even under normal syngas 
recycle operation, a small amount of methane is reformed and the syngas 
fed to the gasifier. Methanation of this syngas in the gasifier provides 
"chemical heat" to make up for the high heat losses in the LPP relative 

to a commercial unit. 

Char withdrawn from the bottom of the gasifier, along with fines from 
the tertiary cyclones, is fed to catalyst recovery. The solid-liquid 
separations are assumed to be made with hydroclones. The prefer£ed 
system for catalyst recovery will be determined during the Process De- 

velopment research phase. 

The condensate from the gaslfler overhead circuit and the sour slurry 
from the venturi scrubber are stripped of H2S and NH 3 in a slurry 

stripper. 

Two coal preparation trains are provided. One incorporates a steam- 
heated screw drier and is patterned after the system used in the pre- 
development research program. The second train conta£ns an entrained 
drying system as envisioned for commercial CCG plants. Each train will 
be sized for 100% capacity; thus, each train will be a "spare" for the 

other. 
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Other offsite facilities include site preparation, coal and catalyst 
receipt and storage, coal preparation, utilities supply, wastewater 
treating, char disposal, fire protection, buildings, control house, 
and chemicals handling. No specific site has been chosen or offered 
for this grass roots pilot plant. However, for study purposes only, 
the characteristics of the,planned Exxon Coal Liquefaction Pilot Plant 
(ECLP) Site at the Exxon Baytown Refinery were assumed. To make the 
results of this study of greater general validity, it was assumed that 
no opportunities exist for sharing facilities with the ECLP. The re- 
sults of this study should then apply broadly at any large Gulf Coast 
refinery location. 

Coal receipt and storage facilities include a rail spur to the plant, a 
below-the-track, i00 ton hopper for rail car unloading, and a 2500 ton 
inert gas blanketed silo. Wastewater treating facilities take no credit 
for facilities at the adjacent Exxon Baytown Refinery (i.e., the large 
pilot plant effluent will meet nominal Gulf Coast standards). Again, 
this approach makes the results of the study applicable more generally. 
The treating facilities consist of sour water stripping in the onsites 
area, fines removal and dewatering in a thickener and vacuum filter, 
and biological oxidation of the thickener overflow water. Cooling water 
and plant air were provided by in-plant systems, whereas steam is ob- 
tained by pipeline from the refinery. Electric power is purchased 
directly from the local power company. 

Additional design basis information, equipment lists, and flow sketches 
for the grass-roots case are presented in Appendix i. 

2.6 INVESTMENT SUMMARY GRASS-ROOTS CASE 

The total erected cost (TEC) for the grass-roots Catalytic Coal Gasifi- 
cation Large Pilot Plant is estimated to be 130 MS. This cost is for a 
Gulf Coast location and, as described above, assumes that there is an 
adjacent oil refinery to supply certain utilities and services. The 
investment includes the effect of cost escalation through the design and 
construction period. Operating costs are not included. 

A breakdown of the plant investment is given in Table 2-2. Direct 
material, labor, and subcontract costs are 47 M$ (IQ77). Table 2-3 
presents a section-by-section breakdown of the direct costs. Material 
costs were developed from equipment specifications and are based on 
cost levels for domestic purchase. Local sales tax and delivery charges 
to the site are included. Material charges also include the cost for 
shop fabrication of piping and structural steel. Labor rates are based 
on open shop hiring and reflect requirements of the Davis-Bacon Act. 
The actual job mix labor rate is $10.40/hr., which does not include pay- 
roll burdens (payroll taxes and benefits). 

Total indirect project costs are 35.5 MS (IQ77). This includes field 
labor overheads (17 MS) which cover temporary construction9 consumables, 
field labor supervision, and construction equipment. Also included are 
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payroll burdens of 2.8 KS which cover payroll taxes and benefits. 
Detailed engineering, which adds ii MS, covers design, drafting, 
procurement, and vendor plant inspection work. Contractors' fees, 
which are based on published IQ77 rates, are 4 KS. Also included in 
this rate is a nominal royalty fee for the acid gas treating facilltles. 

The investment estimate includes 23.2 KS to cover the escalation which 
is expected to occur between IQ77 (the time basis used for estimating 
direct costs) and estimated project completion in 4Q82. Figure 2-2 
presents the project schedule that was developed for estimating escala- 
tion. The June i, 1980 starting date for detailed engineering is based 
on the assumption that a Process Development Unit (PDU) of approximately 
i T/D capacity begins operation in early 1979 to generate data for the 
LPP design. The LPP schedule is thus based on prudent overlap between 
the Process Development Program and the basic design phase for the large 
pilot plant project. Since the start of LPP design is keyed to PDU 
operatlon--any change to the PDU operating schedule would affect the 
LPP schedule. Engineering and construction times are estimated from 
study design specifications and estimated field labor man-hours. Over- 
all escalation rates are 23% for materials, 26% for labor, and 36% for 
engineering. Details on how these rates were developed are given in 
Table 2-4. 

Finally, the investment estimate includes a 20% project contingency 
to cover changes normally resulting from the firming of design and con- 
struction details. The project contingency excludes any scope or design 
basis changes or effects of extraordinary random events. No process 
development allowance for changes resulting from new laboratory data is 
included. However, costs for additional modifications during turnarounds 
are included in the pilot plant operating cost estimate. 

The operating costs for the grass-roots case are estimated to be 73 KS. 
This is based on escalated costs for LPP operation over a two-and one-half- 
year period from January i, 1983 to July i, 1985. 

A year-by-year breakdown of the operating cost components is presented 
in Table 2-5. Variable costs such as raw materials, transportation, and 
utilities are based on an overall LPP service factor of 50%. Details 
of the service factor basis are presented in Table 2-6. Table 2-7 pre- 
sents a summry of the items included in each category and the bases 
that were used in preparing the estimate. 
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TABLE 2-i 

ILLINOIS NO. 6 
COAL ANALYSIS 

Coal Company Monterey Coal Company 

Mine Monterey No. 1 

Mine Location (County~ 

Descrlptlon of Sample 

Macoupin 

PROXIMATE 

As Rec. 

~Molsture 
Ash 

% Volatile 
% Fixed Carbon 

Btu 
% Sulfur 
% Alkalies as Na20 

16.5 
8.0 
35.24 
41.79 
I0,700 
3.50 
0.15 

FUSION TEMPERATURE OF ASH 

Int. Def. 
Softening (H=W) 
Softening (H-I/2 W~ 
Fluid Temp. 

Red__ 

2016 
2200 
2227 
2352 

Pyr~tlc 
Sulfate 
Organic 

Total 

SULFUR FORMS 

As Rec. 

1.33 
0.18 
1.99 

3.50 

Hmrdgrove Grlndabillty Index: 55.8 

S~ze Consist: See Screen Analysis 

T250 2308 

T 2352 
" CV 

R F 0.65 

R S 2.26 

B/A O.54 

Date of Sample Aug. 6, 1971 

Type Coal Washed 
¢Washed or ROM) 
Slze 2 x 0 

9.58 
42.21 
50.05 
12,814 
4.!9 
0.18 

Oxid. 

2292 
2445 
2469 
2588 

1.59 
0.22 
2.38 

4.19 

ULTIMATE 

As Rec.  

Moisture 16.50 - 
% Carbon 58.17 69.67 

Hydrogen A.22 5.05 
% Nitrogen 1.54 1.84 
% Chlorine 0.18 0.22 
% Sulfur 3.50 4.19 
% Ash 8.00 9.58 
%Oxygen 7.89 9,45 

ANALYSIS OF ASH 

Phos pentoxlde P205 
Silica SiO_ 
Ferric oxide Fe203 
Alumina A1903 
Titanium TIO 2 
Lime CaO 
Magnesia MgO 
Sulfur trioxide SO 
Potassium oxide K2~ 
Sodium oxide Na20 
Undetermined 

I~n. Basis 

0.ii 
43.82 
24.69 
17.19 
0.88 
4.96 
1.02 
4.29 
1.61 
1.21 
0.22 

17 



TABLE 2-2 
INVESTMENT SUMMARY FOR 

GRASS ROOTS LARGE PILOT PLANT 

Cost  Breakdown kS, lq77 

Material 
Labor 
Subcontracts 

Total Direct Costs 

Payroll Burdens 
Field Labor Overheads 
Vendor Representatives 
Loss on Surplus 
Insurance 
Englnering 
Fees: Engineering, Construction 

& Royalty 

Total Indirect Costs 
Total Prime Contract 

Project Management Services 
Escalation 

27,000 
12,300 
7~700 

2,800 
17,300 

300 
300 
200 

10,600 

4,000 

47,000 

35~500 
82,500 
3,800 

23,,200 
109,500 

Project Contingency (20%) 

Total Erected Cost 

CALL 

21 ~900 

131,400 

130 MS 
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TABLE 2-3 
DIRECT COST SUMMARY 

GRASS ROOTS LARGE PILOT PLANT 

Onsltes 

a Coal Feed & Catalyst 
Recovery  

• G a s i f i c a t i o n  

• P r o d u c t  Gas Cleanup 

• Methane Recove ry  

• Steam Reforming 

• Preheat Furnace 

• Acid Gas Removal 

• Common Facilities 

Total Onsites 

Offsltes 

• Coal Preparation 

• Coal Receipt & Storage 

• Waste Treating 

• E l e c t r i c a l  

• Interconnecting Lines 

• F i r e  Protection 

• Safety 

• Site Preparation 

• Layout 

• Buildings 

• Utilities 

• Chemical Handling 

• Catalyst Handling 

Total Offsites 

Total Onsites & Offsites 

........ iq77-Gulf coast~ 
Material Labor Subcontract 

kS kS 

2,780 120 I0 

3,150 95 570 

1,040 35 - -  

3,170 70 - -  

870 40 1,060 

240 15 850 

1,930 60 - -  

1,190 55 360 

14,370 490 2 ,850  

3,250 120 150 

1,400 65 1,000 

1,640 110 350 

1,150 25 -- 

1,620 160 i0, 

240 I0 i0  

330 15 -- 

-- I0 960 

600 65 700 

150 ,-- 1,460 

1,830 85 90 

130 I0 70 

290 15 50 

12,630 690 4,85____00 

27,000 1,180 7,700 
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TABLE 2-4 
BASZS FOR COST ESCALATION ESTIMATE 

GRASS ROOTS LARGE PILOT PLANT 

E s c a l a t i o n  Ra tes  

Base Potnt--l~77 

Year ly  P e r c e n t a g e  

H a t e r i a l  Labor  Eng lnee r in~  

1 s t  Year 1 8 9 
2nd Year 8 8 9 
3rd Year 8 7 7 
4~h Year 5 7 7 
Cen t ro id  A p r i l  1981 * A p r i l  1981 

Time From Base P o i n f  ( y r s . )  4 3 4 

23 26 36 E s c a l a t i o n  E f f e c t  

* Note:  Bavis -Bacon minimum wage r a t e  to be s e t  a t  c o n t r a c t  award 
2Q80. 
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TABLE 2-5 

OPERATING. COSTSI/MMARY 
GRASS ROOTS LARGE'PILOT PLA~_~ 

2nd Half ist Half 

1980 1981 1982 1983 1984 1985 
kS 

Total 

Raw Materlals, 

- Coal (~lliuois) 
- C a t a l y s t  (K~CQ 3 S o l ' n )  

Total Raw Materlals 

Transp0rtatlon 

- Coal (Illinois to Baytownunit train) 
- Catalyst (spot-shipments) ...... 

Total Transportation 

S a l a r i e s ,  Wa~es, B e n e f i t s  t and Suppor t  S e r v i c e s  

To t a l  SIW~B ~ and S.S.  

Administrative 

- Taxes 
- Land Leasing Charges 
,7.Mlscellaneous- 

Total Administrative 

Techn ica l  

- M i s c e l l a n e o u s  S e r v i c e s  and Supp l i e s  
T o t a l  Techn ica l  

P roces s  O p e r a t i o n s  

- Catalyst and Chemicals 
- Utilitles 
- Process Services 
- Miscellaneous Supplies 

Total Process Operations 

Mechanical 

- Contract (Labor and Supervision) 
- Material 
- Miscellaneous 

Total Mechanical 

- - - 368 617 419 
- - - 550 426 164 
0 0 0 918 1043 583 2544 

- - - 532 890 604 
- - - 67 52 20 
0 0 0 599 942 624 2165 

259 709 3441 7611 7941 4217 
259 709 3441 7611 7941 4217 24178 

0 2 293 845 2145 2145 
20 '40 40 40 40 20 
I______00 13.____~0 200 210 220 II0 
30 172 533 1095 2405 2275 6510 

- - 100 225 200 100 
0 0 100 225 200 100 625 

0 0 0 157 26~ 179 
0 0 0 3638 4851 2528 
0 0 10 34 35 34 
0 0 50 20 20 20 
0 0 60 3849 5170 2761 

0 0 0 4346 4177 1859 
0 0 1000 5306 5110 2261 
0 0 450 425 375 180 
0 0 1450 10077 9662 4300 25489 

GRAND TOTAL 28.~9 881 558___~4.24374 27363 14860 73351 
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TABLE 2-6 
SERVICE FACTOR BASIS 

Year 

1983 

1984 

1985 (first half) 

Coal Feed 

128 

200 

128 

Operating Days 
Ca ta lys t  Recovery 

0 

i00 

128 
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TABLE 2-7 

OPERATING COST ESTIMATING BASIS FOR 
GRASS ROOTS LARGE PILOT PLANT 

Raw Materials 

• Coal 

- Illinois No. 6 Bituminous 
- 1980 price of $22.50/ST 
- 15% contingency on annual requirements 
- escalated at 6.6% per year 

• Catalyst 

- 47 wt% K2CO 3 solution 
- 1976 price of SI52/ST 
- 15% contingency on annual requirements 
- escalated at 6.6% per year 

Transuortation 

• Coal" 

- spot-shlpment by tall from St. Louis to Gulf Coast 
- 1977 cost of $26.80/ST 
- escalated at 6.6% per year 

• Catalyst 

- spot-shipment by rail to Gulf Coast 
- 1976 cost of $18.50/ST 
- escalated at 6.6% per year 

Salaries, Wages, Benefits, and Support Services 

• Salaries, Wages, and Benefits 

- staff composed of 29 professionals and 55 technicians/operators 
during the 2-1/2 year operating period 

- increasing portion of staff deployed onsite during the 2-1/2 year 
construction period 

- salaries, wages, and benefits based on projected rates through 
1982 and escalated at 5% per year through 1985 

• Process and Technical Consultation 

- staff composed of 6 professionals during the 2 1/2 year operating 
period 

- costs based on projected engineering billing rates 

• Relocation Costs 

.- relocate 13 professionals to pilot plant and return to home office 
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Administrative 

• T a x e s  

- tax paid on land and plant value 
- tax rate: 0.65% during construction 

1.65% after completion of construction 

- no escalation 

• Land Leasing Charges 

- 9% of land market value per year 

- land market value of $450,000 

- no escalation 

• Miscellaneous 

- office furniture leasing 

- office supplies 
. - telephone service 

- plant security 
- travel 

Technical 

• Miscellaneous 

- laboratory equipment 
- laboratory technician salaries 
- supplies and services 

Process Operations 

• Catalysts and Chemicals 

- current costs obtained from Chemical Marketing Reporter 

- 15% contingency on annual requirements 

- escalation at 6.6% per year 

• Utilities 

- electric power purchased at a 1982 unit cost of 3.03 C/KwH 

- natural gas purchased from an industrial gas supplier at a 1982 

unit cost of 3.51 $/MBtu 
- potable water purchased at a 1982 unit cost of 0.44 $/k gal. 
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- steam 1 
- industrial water purchased from Refinery 
- nitrogen 
- 15Z contingency on annual requirements 
- escalation at 6.6% per year 

• Process Services 

- char disposal 
- fire flghtlng service 

• Miscellaneous 

- radio systeminstallationandmalntenance 
- safety equipment 
- tools 
- supplies 

M e c h a n i c a l  

• C o n t r a c t  L a b o r  and S u p e r v i s i o n  

- d i r e c t  l a b o r  was b a s e d  on  an  a v e r a g e  o f  150 c o n t r a c t  m e c h a n i c a l  
men d u r i n g  o p e r a t i n g  p e r i o d  

- one  s u p e r v i s o r  r e q u i r e d  f o r  e v e r y  t e n  d i r e c t  l a b o r  men 
- wage r a t e s  b a s e d  on c u r r e n t  d a t a  f r om m a l n t e n a n c e  c o n t r a c t o r s  

i n  t h e  Gu l f  Coas t  
- e s c a l a t i o n  a t  6.6% p e r  y e a r  

• Maintenance Materlal 

- based on 150% of direct maintenance labor costs 

• Miscellaneous 

- equipment rentals 
- vehicles 
- tools 
- supplies 
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Year 
Item 

Description Month 

Milestones 
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SECTION 3 

SELECTION OF THE PREFERRED EXISTING PILOT PLANT 

3.1 INTRODUCTION 

This section covers the work which dealt with the selection of the 
preferred existing pilot plant for conversion to a CCG pilot plant. 
In this screening study, the Synthane Pilot Plant, located at Bruceton, 
Pennsylvania, and the Hy~as and Steam-lron Pilot Plants, located in 
Chicago, were compared to determine which would be most suitable for 
conversion to catalytic gasification. These three units were selected 
by DOE for this analysis. Other large pilot plants were not considered 
because of obvious mismatches between their equipment and that re- 
quired for catalytic gasification. 

3.2 FACTORS CONSIDERED IN EVALUATION 

S e v e r a l  factors were considered in comparing the potential for con-  
version of each of the three existing gasification pilot plants. The 
amount of detail required to assess the significance of these factors 
varied considerably. In cases where all three pilot plants had roughly 
comparable facilities, the adequacy of each was not investigated in 
detail. Where differences were large, however, the comparison was 
done in more detail. 

The study design for the grass-roots pilot plant was in an early stage 
at the time the comparison of existing LPP's was made; therefore, it was 
necessary to complete rough heat and material balances and screefling 
designs to determine the required equipment sizes or unit capacity of 
various plant sections. These were important in determining if existing 
equipment could be reused, and if it were reused, its impact on the 
large pilot plant capacity after modifications were made. Within this 
framework, the following elements were considered: 

• The number of pilot plant sections that would be provided by 
existing facilities. 

• The extent of facilities that would have to be dismantled and 
removed from the site. 

• The number of plant sections that would have to be relocated to 
o b t a i n  a r e a s o n a b l e  p l a n t  l a y o u t .  
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Plant layout considerations, such as providing good neighbor buffer 
zones, and safe spacing between certain types of equipment or be- 
tween sections of the pilot plant. In many instances at all three 
locations, Exxon Research and Engineering Company spacing standards 
developed for commercial petroleum refineries and chemical plants. 
were not met. Therefore, the seriousness of deviations from these 
standards were considered in the final comparison. 

Originally, it was planned to analyze differences in the level of 
scaleup data that would be obtained as a result of capacity differences 
between the three pilot plants. This proved unnecessary because of 
identical gasifier shell diameters and nearly equal nominal coal feed 
rates for each pilot plant. 

3.S LAND AVAILABILITY COMPARISON 
u~ 

The Synthane Pilot Plant is located on .a 15-acre tract of which only 
ii acres are usable because of the hilly terrain. At IGT in Chicago, 
the total contiguous site for the Hygas, Steam-Iron, and Agglomerating 
Ash Burner Pilot Plants is only 8 acres. Preliminary estimates were 
that the land requirement for the grass-roots catalytic gasification 
pilot plant would be approximately 25 acres. This suggests that Synthane 
would be marginally acceptable as a large catalytic gasification pilot 
plant site, whereas the Hygas and Steam-Iron Pilot Plants would not be 
acceptable unless additional land could be made available. The Hygas 
Plant is bounded on its four sides by a railroad siding, other IGT 
pilot plants, a public road, and a large commercial gas distribution 
compressor station. Steam-lron has similar limitations in that it is 
bounded by a railroad siding, the Hygas Pilot Plant, a public road, and 
open land belonging to a power company. Synthane is located on a tri- 
angular tract which is bounded by a public road, another DOE pilot plant, 
and privately-owned stables. Thus, only in the Synthane case is there a 
reasonable possibility of securing additional land. 

Despite the land limitations, an attempt was made to develop an approxi- 
mate layout of a catalytic gasification pilot plant for each location. 
These layouts were made with the knowledge that sacrifices in ER&E 
minimum spacing standards would have to be made. Since these standards 
have been developed for refineries and chemical plants, not all are neces- 
sarily applicable to a large pilot plant. The results of these plant 
layout studies are shown in Figures 3-1, 3-2, and 3-3 for Synthane, Hygas, 
and Steam-Iron, respectively. A comparison of spacing between various 
components at the three pilot plants is presented in Table 3-1. 
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At Synthane, there are compromises in the minimum spacing standards, 
but these compromises appear reasonable. However, if major additions 
were required to non-process facilities, such as steam generation and 
electric power, more severe problems mlght be encountered. The most 
significant problem would be the location of the steam reforming and 
preheat furnaces. These weuld be located for safety in an area that 
is currently an embankment rising from the main plant elevation. Ap- 
proximately 5,000 cubic yards of soil and rock would have to be removed 
to level this area. Only nominal equipment relocation would be re- 
quired. The most significant item is the removal of existing CO 2 com- 
pressors to make room for the cryogenic system. A reasonable alternative 
to CO 2 compression, which involves installation of small liquid CO 2 
pump and vaporization system, has been developed. 

With only about 2.5 acres to work with at Hygas, a reasonable layout 
c o u l d  n o t  be  d e v e l o p e d .  As shown i n  F i g u r e  3 - 3 ,  i t  wou ld  be  n e c e s s a r y  
to relocate major plant sections, including the sulfur plant, the filter 
building, and the incinerator and flare. Also, it would be necessary to 
dismantle a large amount of existing equipment. This equipment, which 
is listed in Table 3-3, is primarily from the feed and coal pretreatment 
sections. Serious deviations from recommended standards would still 
remain. The most serious of these is the close proximity of the hydrogen 
reformer furnace to the compressor house. There is also no buffer zone 
between the process areas and neighboring land. 

A proposed layout for the Steam-Iron Pilot Plant is shown in Figure 3-3. 
This layout is on a plot area of approximately 4 acres, of which only 3 
are presently allocated to the Steam-lron Pilot Plant. This layout is 
undesirable because the process furnaces are located centrally among the 
processing facilities. It would be preferred from the standpoint of 
safety t o  locate them at one edge of the process block. However, this 
would not be possible because the preheat furnace would then be so far 
from the gaslfler that unacceptable heat losses would be incurred. Other 
drawbacks are the closeness of the process area to property lines and 
lack of any remaining space for expansion or addition of non-process 
facilities. 

In order to make room for new process equipment at the Steam-Iron Pilot 
Plant, it would be necessary to move a 35 x i00 foot concrete block 
warehouse/maintenance building. This building is located in the areas 
designated on the plot plan for catalyst storage and catalyst recovery. 
A replacement building would most likcl)- have to be built in the open 
area next to the control house and maintenance building. 

3.4 REUSABLE EQUIPMENT COMPARISON 

All of the facilities at the three locations were compared on a section- 
by-~ection basis. These comparisons have been made in two categories 
listed below and are discussed in the following sections: 
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Existing facilities that can be reused in the same service. 

- Coal receipt, storage, and preparation - Table 3-2. 
- Gasifier char handling and gas processing - Table 3-3. 
- Utilities sys£ems - Table 3-4. 

• Facilities which must be dismantled - Table 3-5. 

3.4.1 Coal Handling Facilities 

There are similarities in processing capability at all three 
sites, but process configurations and equipment differ. The 
major difference is in the coal feed system. The Exxon 
catalytic gasification process requires dry coal feed with a 
lock hopper system to minimize the heat load on the gasifier. 
Synthane has in place a lock hopper feed system capable of 
feeding up to 120 tons/day of solids and can be used with 
substantially no modifications. At Hygas and Steam-Iron, there 
would not only be added cost for installing a new coal feed 
system but costs for removal of the existing facilities. 

3.4.2 Gasifier 

The gasifier vessel at each pilot plant has a 5.0 ft. ID shell 
with varying thicknesses of internal ceramic lining. The 
Synthane gasifier differs from the other two in that it is an 
internally-lined cold wall design, whereas the other gasifiers 
employ jackets. The advantage of the cold wall design is that 
it is potentially cheaper and that nozzle connections can be 
made easily. 

3.4.3 Char Withdrawal 

Both the Synthane and Hygas units have a combination of char 
quench and filtration. The Steam-lron unit has only a char 
quench system. A factor favoring synthane is that their s@stem 
also includes a steam, fluidized-bed char cooler which is similar 
to the system proposed for the grass-roots pilot plant. 

3.4.4 Raw Gas quench 

None of the three p$1ot plants have quench facilities that 
parallel those planned for the grass-roots design. However, 
Synthane has more equipment that appears suitable for the new 
service requirements than either Hygas or Steam-Iron. 

3.4.5 Acid Gas Removal 

Synthane and Hygas have roughly comparable equipment (towers, 
heat exchangers, and drums), whereas Steam-Iron has none. 
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3 . 4 . 7  

3 . 4 . 8  

Synthane has an advantage over Hygas in that it is designed 
for hot carbonate acid gas removal, and its regenerator is 
capable of the new service requirements. On the other hand, 
Hygas would most likely require conversion from diglycolamlne 
to hot carbonate to meet the new duty requirements. This would 
entail extending the regenerator tower from 70 to Ii0 feet and 
adding new pumps and solution storage facilities. Both Synthane 
and Hygas would require new absorption towers. 

Sulfur Recovery 

Both Hygas and Synthane have sulfur plants; Steam-Iron does not. 
$ynthane's sulfur plant is the Stretford type and has a capacity 
of 3.1 tons/day, which is adequate for the new acid gas H2S re- 
moval requirements. Hygas has a Claus-type plant with a capacity 
of 1.8 tons/day. This capacity would not be adequate if it is 
determined that H2S must be recovered from sour water streams in 
the pilot plant. 

Steam Reforming 

Only Hygas has an existing steam reformer. Its capacity of 2 
MSCF/D hydrogen may not be sufficient, since 3 MSCF/D has been 
found necessary for a 3.5-foot diameter cold wall gasifier. The 
jacketed wall design of the Hygas gasifier will reduce this re- 
quirement. Credits for an existing reformer were not considered 
great enough to warrant a definitive determination of the minimum 
reformer capacity required at Hygas. 

Non-Process Facilities 

In a majority of cases, the three pilot plants have roughly 
equivalent facilities. However, Synthane ranked behind Hygas 
and Steam-Iron in electrical load carrying capacity and cooling 
water distribution. Of greater significance is the fact that 
Synthane does not have pipeline natural gas available at the 
site. One solution to this problem is to provide liquified natural 
gas (LNG) receiving and storage facilities to supply methane feed 
to the reformer and fire No. 2 fuel oil in the steam reformer and 
synthesis gas preheat furnaces. The long-term operating cost 
debit for using liquefied natural gas and No. 2 fuel instead of 
pipeline natural gas is difficult to determine, since these fuels 
are required only during operations with once-through synthesis 
gas. During recycle operations, the reformer feed requirement is 
reduced, and the methane that is produced in the process (SNG) can 
be used for reformer feed and furnace fuel. Relative operating 
times for the two modes of operation will be a function of how 
well gas cleanup and separation facilities operate. 
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3.5 CONCLUSIONS 

After comparing the three existing pilot plants, it was concluded that 
the Synthane unit would be the preferred pilot plant for conversion to 
catalytic gasification. The Synthane Site is the only one that can 

reasonably be expected to accommodate the new facilities and meet 
minimum spacing standards for safe operations and equipment maintenance. 
In addition, with Synthane, more of the existing equipment could be 
utilized, and less equipment would have to be removed and/or relocated 
during conversion to a catalytic gasification large pilot plant. 
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TABLE 3-1 

COMPARISON OF FACILITIES SPACINGS 
pROpgnD M~)XFICAT~ONS TO EXIS_TING PI~OT PLANT S 

Loca t ions  Synthane ~ S team- I ron  

P r o c e s s  Areas to 

Property Lines 150 I0 50 
Boiler House 60 40 75 
B u i l d i n g s  I00 80 40 
Char Pond 150 I0 200 
Con t ro l  House 65 35 50 

Furnaces  to 

Cont ro l  House 125 100 80 
Compressors 75 15 I00 
Main S t r u c t u r e  60 100 60 
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TABLE 3 - 2  

• COAL I~ECE]F~, S~o~AGE A~D ~REPARAT]OH 

• Coal Receipt and ~aw Sto~age 

S,~nthan~. 

Raw coa l  i s  d e l £ v e r e d  v i a  r a i l c a r  
(approx.  3000 t o n  eh tpn~n ts )  t o  a 
l o c a l  c o a l  yard  and s to red .  It i s  
d e l i v e r e d  to  the  s i t e  by 20- ton 
trucks at S>nthane 's  r eques t .  The 
t r u c k  d i s c h a r g e s  into a b in  and from 
tha~e v i a  a bucke t  e l e v a t o r  i n t o  a 
240 ton i n a r t e d  s to rage  b in .  

,, ,HlqSas ......... 

Eaw coal is dallvered via railcar 
(approx. 3000 Son s h £ p ~ n t )  eo the 
s i t e .  P lan t  uses a r a i l  spuz owned by 
P e o p l e ' s  Gas Co. S i t e  f a c i l i t i e s  
i nc lude :  ca r  p u l l e r ,  ca r  shakar j  r e -  
c e i v i n g  hopper~ and s t a k i n g  conveyor. 
Coal i s  s to red  in  1500 ton p i l e s  on 
either side of • concrete well. 

Seeam-Iron 

Char i s  d e l i v e r e d  to  the s i t e  wi th  
the HYCAS f a c i l i t i e s .  A separa te  conveyor 
t r a n s f e r s  i t  to  t h e i r  s to rage  p i l e .  

t~  
%n 

• Coal Pu lve r i z ing  and Drying 
System 

Raymond gas  svep t  mill system. The 
m i l l  is a Raymond #53 I ~ p a c t M l l l ,  the 
heater is n Raymond #7.  The system ~S 
designed t o  produce 10,000 # / h r  o f  d r ied  
ground c o a l .  Feed: mlDua 3 /4" ,  18~ 
total moisture. Product: mlnua 20 
mesh, A% total moisture. The product 
i s  pneuma t i ca l l y  conveyed to  s to rage .  

Willlam'e gas swept m i l l  system. 
The m i l l  {s  a W l l l i a m ' s  "S tandard '  
r o l l i n g  m i l l .  The system £s designed 
tO produce 5.6 tons/hr of  d r i e d  
ground coa l .  Feed: minus 1-1/4" ,  
35% t o t a l  mois ture .  Product:  10 x 
80 U.S. Standard mesh, 57. total 
moisture. ~he product i s  pncumatleelly 
conveyed to  s toreEe.  

Char i s  reclaimed by f ront-end lozder ,  
du:p through a 3 / ~ '  g r i z z l y  onto the 
d rye r  feed b e l t .  The dryer  i s  d i r e c t  
f i xed  f l u i d  bed type mfg. by the 3ef£rey 
Mfg. Feed: max. 12 t o n s / h r . ,  minus 
3/8", 25% total mois ture .  Product:  5% 
total moisture. It i s  than conveyed to e 
sc reen  v~a • bucker e l e v a t o r j  the  p lus  
1 0 ~ e s h  i s  then fed t a t s  a Norbarg 36" 
Cyradiae c rusher .  The output of the 
c rusher  I s  then cycled back to the screen.  
The product i s  ~ n u s  lO mesh~ p lus  100 
mesh. Urom the sc reens  t o  s to rage  v ie  
a bucket  e l e v a t o r .  

• prepared Coal Storage 100 ton i n e r t e d  s to rage  b in ,  l oca t ed  
above l o c k  hopper system. 

60 con l ne r t ed  stora~e, b i n .  60 ton i n e r t e d  s to rage  b in .  

a Coal Feed System Lock ~opper ~Patrocarb System) - normal Hydrocarbon s l u r r y  - normal coa l  r a t e  Water s l u r r y  - normal char  r a t e  i s  
r a t e  3 t o n s / h r .  (5 t o n s / h r  msxi-~.m) i s  3 tone /h r .  1.8 t o n s / h r .  



t ~  
C~ 

• C . a s l f i e r  

• Cyclones 

e Char ~ l t h d r a v s l  

TABLE 3-3 

~ I S T X t ~  FACZLITI3Cq C ~ A a I S O W  

GASIFX~, . c~R ~ L i x c  ~ c ~  1 ~ o c g s s x ~  

S ] ~ t h s n a  

• 51-0 ID 6 2 ' - O  upper  s e c t i o n  and 
5 ' - 0  x 1 5 ' - 4  and 2 ' - 6  • 1 7 ' - 8  lower  
s e c t i o n .  Upper s e c t i o n  i s  co ld  
wal l  d e s i g n  (Passel c l a d  s t e e l  p l u s  
t n s u l e t i n  8 end r e f r a c t o r y  i n t e r n a l  
l i n i n g ) .  Love r  s e c t t o n  i s  u n l i n e d  
and p a r t i a l l y  c l a d  ( s t a i n l e s s  s t e e l ) .  
V e s s e l  i s  s u p p o r t e d  by s t r u c t u r e .  
Suppor t s  l o c a t e d  on upper  s e c t i o n  
8 '  above f l a n g e  c o n n e c t i n g  uppe r  
and l o ~ r  s e c t i o n .  

• 1 s t a g e - £ u t e r n s l ~  Ducone s i z e  6.  
8 - 1 / 2 "  x 3"" d i s .  • 2 '  - g"  Ions .  

s 2 ' - 6  ID • 1 5 ' - 6  f l u i d i z e d  bed c o o l e r  
( lower  s e c t i o n  o f  g a s i f i e r ) .  

• ~ o - 3 ' - 6  ID x 1 9 ' - 0  lock h o p p e r s ,  

• 7 ' - 0  ID x 1 7 ' - 0  s l u r r y  quench t ank  
(5 p s i g ) .  

• Tvo-160 S p m x  60 p s i  AP x 1O Bhp 
s l u r r y  c i r c u l a t i n g  pumps. 

• T~m-80 gpea x &O p s i  ~P x 5 Bhp 
f i l t r a t e  r e t u r n  pumps. 

s 2 ' - 0  ID x 1 0 ' - 6  s l u r r y  quench t ank .  
(h igh  p r e s s u r e  a l t e r n a t i v e )  

• 75 g l m X  1100 p s i  ~ • 200 Bhp 
f i l t r a t e  r a tu t ' p  pump. 

• 6 ' - 6  • I 0 ' - O  f i l t e r  f eed  t ank .  

• 100 g i m x  15 p s i  ~P x 10 Bhp 
t i l t e r  f eed  pump. 

• Two d i s c - t y p e  vacuum f i l t e r s  
w i t h  41 ,000  l b / h r  (3050 I b / h r  e h J r )  
aunt. f eed  r a c e ,  se .  

• TWo 630 ac~a  • 22 "  l lg  • 50 Bhp vacuum 
pump*.  

• S e t t l i n g  peud 

Hyjlas 

• 5 ' - 6  ID • 6 2 ' - 2  upper  s e c t i o n  and 
5 ' - 0  ID • 6 2 ' - 2  l o v e r  s e c t i o n .  Upper 
s e c t i o n  c o n a £ s t s  o f  ~ e s e l s  and p lp lUg 
e n c l o s e d  i n  t h e  o u t e r  e l m l l  whlch i s  
c a r b o n  s t e e l .  Lower s e c t i o n  i s  double  
w a l l  d e s i g n .  I n n e r  w a l l  Ls C-1 /2  He 
s t e e l  w i t h o u t  c l a d d i n g  b u t  w i t h  
i n s u l a t i n g  aud r e f r a c t o r y  l i n e r .  Outer  
w a l l  i s  c a r b o n  s t e e l .  The  s p a c e  b e g a n  
the  w a i l s  i 8  m a i n t a i n e d  f u ] ]  o f  I t e r  s t  
r e e c t o r  i n s i d e  p r e s s u r e  d u r i n g  normal 
o p e r e t  i m l .  V e s s e l  i s  s k i r t  amppor ted .  
g a t e r  r e s e r v o i r  f o r  " r e a c t o r  ~ecke t  £s 
s u p p o r t e d  i n  s c r n c t u r e .  

• 1 S ~ e g e - e x t e r n a l .  S o l i d s  n o t  r e t u r n e d  
t o  g a s l f i a r .  

• 3 ' - 0  x 2 ' - 7  and 1 ' - 6  x l& ' -O s l u r r y  
quench t a n k .  

• Tvo-95 Spa • 50 p s i  ~P x 15 Bhp s l u r r y  
pumps. 

• T v s l v e - 2 2  sq  f t  ( b a ~ )  f tnmsd tube~ 
d o u b l e - p i p e  c h a r  s l u r r y  c o o l e r .  

• F l a s h  t a n k  (5 p a l s ) .  

• A la r  vacuum f i l t e r .  

• $ e t t l i n  I b a s i n  

o E d e n ' s  8elNtrmtolc 

~ tesm I r o n  

• 5 ' - 0  In x 4 2 ' - 1  upper  s e c t i o n  5 ' - 0  ZD x 
7 5 ' - 0  lcmmr s e c t i o n .  Both ~ e c t i o n s  a r e  
d o u b l e w a l l  d e s i g n .  I n n e r  w a l l  i s  C - I / 2  Me 
s t e e l  w i t h  i n s u l a t i n g  and r e f r a c t o r y  
l i n e r .  Outer  w a l I  i s  ca rbon  s t e e l .  The 
s p a c e  between t h e  w a l I s  i s  emin ta£ned  
f u l l  o f  wa t e r  a t  r e a c t o r  i n s i d e  p r e s s u r e  
d u r i n g  normal o p e r a t i o n .  V e s s e l  i s  s k i r t  
s u p p o r t e d  and w a t e r  r e s e r v o i r  f o r  
r e a c t o r  J a c k e t  i s  suppogted  on the  r e a c t o r .  

• 1 s t a g e - i n t e r n a l .  Ducone s i z e  l l  m. 12 -3 /4"  • 
3" d i e .  x 4 '  l ong .  

a 3 ' - 0  ID x 7~-9 and 2 ' - 0  x 1 5 ' - 6  s l u r r y  
quench t ank .  

s 90 gpm x 15 p s i  ~P x 7 .5  Bph quench tank  
c l r c u l s t i o n  pump. 

s 6 ' - 0  • 4 ' - 0  TT f l a s h  t a n k  (50 p a l s ) .  

• ~ t t l I ~  b a s i n  
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* R a n G •  quench  

• Ac id  Gas Removal 

S,lm~me., 

E j e c t o r  V e n t u r £  

5 ' - 0  I1) x 14 ' -0  s u r g e  drum 

Two-188 8p m s  165 p s i / ~ P  x 5 0 B h p  
v e n t u r £  r e c y c l e  pumps 

Two-780 sq  £ t  v e n t u r i  r e c y c l e  
c o o l e r •  (55 p • £  s t e a m  g e n e r a t i o n )  

4 * - 6  x 1 5 ' - 0  s t e a m  drum 

2*-6  ZI) x 3 9 ' - 0  r a w • a s  s c r u b b e r  
(8  t r a y s  + 2 0 '  pack inK)  

1 8 5 g l X a x 5 5 p s i ~ x  25 Bhp 
S c r u b b e r • l e e r  r e c y c l e  pump 

~io-781 sq  £ t  s c r u b b e r  m e t e r  r e c y c l e  
coo le r  (55  ps i  s t e a m  s e n e r a C i o n )  

Waste v • t e r  coo le r  

9 ' - 0  x l O ' - 0 ~ 8 t e  r a t e r  r e c e i v e r  
(5 ps ig)  

Wash o£1 s y s t e m  •rid t a r  h a n d l i n g  
S y a t ~ a  - See l £ a t  o f  r e m o v a b l e  
e q u i t ~ e n t  ( T a b l e  

• B e • f i e l d  h o c  c a r b o n a t e  

• 2 ' - 6  x 5 7 ' - 0  a b s o r b e r  

• Two-250 Bhp s e m i - l e a n  s o l u t i o n  pue~ps 

• Two-200 Bhp l e a n  s o l u t i o n  pumps 

• 4 ' - 0  x l l 2 * - 0  r e g e n e r a t o r  

• 3 . 1  x 106 B t u / h r  c o n d e n s e r  

• 2 ' - 6  x 6 ; - 0  r e f l u x  drum 

• Teo - lO  Bhp. ~e£1~x pumps 

• 3 . 2  X 106 B c u / h r  r e h o i l e r  
p l u s  l i v e  s t e a m  ~o r e g e n e r a t o r  

3 . 4  x 10 6 B t u / h r  l e a n  • s l u t i s h  c o o l e r  

s 9 ' - 0  x I 0 ' - 6  150000 g e l )  s o l u t i o n  
s t o r a g e  t a n k  

• 3 Bhp s o l u t i o n  a a k e u p  pump 

TABLE 3-3 (Coat t d . )  

H y ~ a  

a P r e q u e n c h  To~er  

• 2 * - 0  ID X 3 5 t - 0  q t ~ n c h  c a n e r  

• 4 ' - 0  x 1 8 1 - 8  q u e n c h  w a t e r  s e l ~ r • t o r  

• Two-quench w a t e r  c i r c u l a t i o n  pumps 

L i g h t  e l l  s y s t m a -  See  l i s t  o£ r e u o v a b l e  
equ£pmen~ "Table  ) 

• D£glycola~tne 

• 2 ' -6  x 70 ' -0  absorber 

• 280 g p m x  1 6 0 0 p s £ ~ x  500 Bhp 
l e a n  s o l u t i o n  pump 

• 300  8 p m x  85 p a £ ~ x  25 Bhp l e a •  
a o l u t i o ~ £ i l t e r  p~ep 

• 4 ' - O x  7 2 ' - 0  r e g e n e r a t o r  

• 913 sq  i t ,  6 . 0  x 106 B t u / h ¢ c o u ~ e n a e r  
( g r a v i t y  r e f l u x )  

• 1532 sq  £C, 1 5 . 4  x l ~ B t u / h r ' r e b o i X e x  

• 886 sq  £C, 5 . 5  x 1 0 6 e e u / b r  l e a n / r i c h  
s o l u t i o n  h e a t  e x c h a n g e r  

m 1280 sq £ t j  9 . 7  x 106 B t u / h r  l e a n  
s o l u t i o n  c o o l e r  

• I ' - 6  x 3 2 " - 0  c a u s t i c +  w a t e r ~ s h  cower  

• 1 2 8 P  m s  50 p s i g x  10 B h p c a u s t i c  c i r -  
c u l a t i o n  pump 

Stemm-TTrm 

g J e c c o r  V e n t u r e  

4 ' - 0  11) x 32 ' -0  quench  t ank  

Two-120 g p m x  1625 p s i  L~Px 150 Bhp p r o c e s s  
r a t e r  pumps 

None 



TABLE 3-3 (Cont ' d. ) 

• S u l f u r  I t e c o v t r y  

• l e  f u n n / n S  

S y n t h e n a  ,,, 

• 3 . 1  t o n / d J y  l i q u i d  s u l f u r  

• S t r e t f o r d  t r a i t  

• None 

Ry£a8 

• 1 . 8  t o n / d a y  I L q u i d  s u l f u r  

• C l a u s  P l s n t  

• 2 . 0  • 10 6 SCF/D H 2 

S t e , m - Z r ~ n  

• None 

• None 

{.O 
CO 



a 

~o 
to 

e S t e ~  Systems 
+ Hilh ~rees .  (~/hr)  

- ~ress .  (psJ.S) 
- ~ m p ,  ( ' r )  

+ Low ]~rees. (~/hr)  
- ~ress .  Cpa'S) 
- Temp. (°y) 

÷ lh:el 
- HiSb ~'~ss. 
- L O W  PeelS.  " 

• Coatpressed ALr 
+. DLlcharBe Press. 

• ElectrLc Po~:  

• C~olLu~ Watt: 
÷ ~ .  

+ T ~ .  0ut (°~) 
+ ?ressure  (pets) 

• Wirer System 

÷ l~rocees Wa~e: 
+ I ~ t u .  ~atex 

• ~ u s l  

+ ~t~ac £ty 

TABLE 3-4 

~CL~T~  FAC~L~T_~ZS cO~,/~soNs 

UTTLTTIES AND D ~ S t ~ .  L . . .SYS~ 

S~nchaue 1~rees 

25,000 r l  boLler)  
1,150 

800 

7,000 (2-1007. be l le ,s )  

Setuzated 

t;o. 2 l~uel 011 c¢ 8ynthet~Le Gas 
14o. 2 Pus10L1 

2-6~7 ef~ co=pressers- 105 peL 8 
(1 plant~ 1 Sns~rument) 

2,700 kW 
2,400 v o l t a  
1,200 a=pers 

Steam-Iron 

2,400 Spm 
t o ~ - ~ t e s h  w~te~ 

120 
90 

C i ty  water  msf.n~ 160 psLK. 

20,000 (1 be l ie r )  20,000 (1 ho l le r )  
1,550 1~I00 

Sa~reted (a separate supezheater t r l l l  573 (a separate superheaterS11 
superheat  I0~000 ~/hr  to  1250~F). superheat  7,000 ~ /hr  Co 1050~F) 

&5,000 ( I  bo£1er) 25,000 ( I  boLlec) 
ISO I~0 

Saturated Saturated 

Nature1 Gss Nature1 Gas 
]~atu~al Gas ~at~u~al ~es 

2-500 SGF/4 compressors 2-500 $CPH cow,pressers 
100 psl~ (1 plent~ I Lnetrument) lOO p~tg (1 plan~. 1 tnatrnment)  

• ,500 kW 3~375 k~ 1~350 k~ 
4~160 v o l t s  4,160 v o l t s  ~ 8 0 v o l t s  
1,200 amperes 1~O00ampe~e8 3,000 empezes 

125 k~ Eu~rges~yGen. 

50% of the  cepac£Cy of  .Steam-~rou e o ~  8=500 8pm 
tover-£¢esh wate~ 

115 
85 

CLoy 
Cat ion Un$t, Anion Un£t~ Mixed 
Red Uni t .  9uppl£es 70 8 ~  to  
Dm=ereto:, ceust/c eylCemj 
H.P.C. System. 

~ e l  Oi l ,  l~opane 
Fuel OLI: 1-25,000 Eel. tank, 
1-100r000 gal .  task. System supplies 
8.R 8pm@ 160 paLE. Propane: 1- 
30,000 ga l .  tank. 

Canal wa te r ,  2-500 Spm pumps 190 ps£ K. 

Canal and CLCy Water 
Cation Un£t~ DeaerbonaCor 3 An£on 
UnLt. Feeds D e u c a t o r  e~ l  CaustLc 
System. 

NeturelC, a: 
20100 SCI~ 

Cana~ watetp system~ams£actu~e~ by 
Fs£rbenks Horse Pump D~v. o~ Co1~ ~ndustr~es 
2-751~pmnps  (1 e lectr ic~ I d£esel).  

C£ty 
~ual~l,~ed Bed. Feed only Deaeratoc. 

Natural  Gas 



TABLE 3-4. 

• C, am System 
+ Liquid StatuEs 

+ GII  

S?nthanm 

02 and CO 2 ( f a c t [ t r e s s  rsntud~ 

CO~-2 eoepz~ssors 720 SCFM, 1,277 pals  
dtIchaz~e.  
Tuort gas 8cneraclon-20,000 SCYH, 
blower to 7.3 patS. Compressor-S5 
c f u l n l e t ,  1,200 psLg dischar8 s .  

~ y l e l  

O~ and H 2 ( f a c i l i t i e s  rented) 

H 2 p l t u t  - 2.0 x 106 SCYl), 1,580 p | l a .  

H 2 (fae111tlem rented 

Natural  Gas compression 10,000 SCDS, 
1,300 ps i$ .  
N2-1,200 p s i |  from HYdra 1,825 scYt4. 

• Wute Disposal" 
÷ IQC Loi te re r  

+ F la re  
+ So l ids  

• Sulfur  b u d l i n l  

80' hish  stack 

80' h l | h  s t ack  
F i l t e r ,  emorIency s e t t l l n s b e s l n  

Liquid s u l f u r  s to rcse  1,300 s e l .  

80' hlBh s t ' c k  

90' high stack 
aure l ius  pond and f i l t e r s  

Liquid s u l ~ t  t r a ~ f e r r e d  of f  s i t e  

1 ~  e high s t ack -hea t  duty 49 • 106 Btu/hr  
(does not burn l i q u i d ) .  
100' l l i sh  Stack 
SeCt 1dill ba s in  

No s u l f u r  p lan t  

O 



TABLE 3-5 

J~ 

• Coal l ~e t ree te r  

• Coal  Feeding  

F & ~ I T ~ S  TO BE D~SY, tWTLED 

,., STnthane 

8 inches 1Dx  48 ' -0 reactor  (1000 p a l l )  

I ' - 8  I D x  13'-0 ~ u c t o r  

( E x i s t i n g  s o l i d  coa l  £eed sys t em 
i s  r e u s a b l e )  

W¥| ac ,,, 

• 1590 ACF}/ x 15 .5  p s i  ~ x 150 Bhp 
compre lnor  

c 1.75 x 106 B t u / h r  d i r e c t  f i r e d  a i r  
h e a t e r  

• 8 ' -2  ID x 17 ' -0  reactor  ( I0  p a i l )  

• 3 t -0 lD x 16 ' -0 t reated coal  coo le r  

• 5 ton /h r  x 74' hish bucked e leva to r  

• $ t on  c o a l  hopper  

s 18 ton coal  hopper 

• FA.gcellaneoue f eede r s  end conveyors  

• Dust  c o l l e c t i o n  c y e t ~  

• 3v-6 ID x I $ ' - 0  t r e a t e r  o f f - g e e  quench. 
tower 

• E j e c t o r  V n n t u r i  

• 40 Spin x 50 ps£  AP x $ Bhp quench wa te r  
c i r c u l a t i o n  puup 

• 3 ' - 6  ZD x 1 0 ' - 0  quench w a t e r  s e p a r a t o r  

• 0 .8  x 10 6 B t u / h r  quench w a t e r  c o o l e r  

c Two-8'-0 ZD x 81-0 a g i t a t e d  s l u r r y  d r u ~  
(0 pa lS)  

• Two-160 gpm x 73 p s i  ~N x 25 Bhp s l u r r y  
o i r c u l a t i n S  pumps 

• Two-40 Kpm x I ~ 0  p s i  ~P x 75 Bhp chnrCe 
pumps 

• 1 .8  x 106 B t u / h r  double  p i p e  s l u r r y  
h e a t e r  (lip steam) 

Stea~-Iron. 

• .None 

• 5~00 g a i  a g i t a t e d  s l u r W  tank (0 p s i z )  

• ~ o - 6 0  Spin x 30 p s i  L~P" s l u r r y  c l r c u l c t i n 8  p ,~pc  

c ~wo-25 81~ x 1870 p s i  ~ x 40 3hp cha rge  pumps 

• tJ'-O II) x 61-6 s l n r z  7 blo~dcean drum 

• ~0,2 x 108 R t u / h r  t absorbed)  s l u r r y  p r e h e a t  
~urnace " 



TABLE 3-5 (Con1:'d.), 

• O i l  and Tsr  R a n d l i n s  

• He thana t  i on  

• Other  

Synthsua 

• 6 ' 0 -  ID x 6 ' - 0  d e c a n t e r  (0 p a l s )  

• Two v a s s a l s  250 s a l  each  

• F i v e  pumps 5 Bhp, O n • - 7 . 5  Bhppum p  

. . . r e ,  , . . . u , . . n ,  pr.,u ."--o-d 
0.2 X 10 ° SCP/D methane 

a y l a s  

u &' -O ZD x 2 0 ' - 0  quench  s e p a r a t o r  

s 0 . 6  x 106 B t u / h r  r e c y c l e  o i l  • s o l a r  

• O i l  s t e r n e •  tempt 

a L i e h t  o i l  s t eam s t r i p i e r  

• S e v e r a l  s s m l l  e q u l p u e u t  i t e m s  '- 
O. 3 x 106 8CF/D methane p roduced  

Stems-Iron 

• l i o ~  

• lqoon 

a I r o n  o r e  food sy• tou  

• 5 ' - 6 0 g l }  x 182 '  h~Igh s t a a m - i r o c  r e a c t o r  

• 2 ' - 0  1D x 2 8 ' - 9  p r o d u c t  quench t a n k  w i t h  
s p r a y  c o • r e c t o r  

• 4 ' - 0  ID x 62 ' -9  preheatsr  quench tank 
w i t h  • p r a y  c c m t a c t o r  

• P r o c e s s  a i r  c a m • p r e s s e r s -  4300 s c f a ,  0 t o  300 p a t s  

• I u s a r s o l  i~nd  c a u t r L f u s s l  mode] C$OW~ and 
s t • S o  r e e t p r o c s t i u 8  n o d a l  13 ,  9 and 6 - 1 / 6  - 12 - 
3mB - 3 - ML - 2. 

• 3 . 5  x 106 B t u / h r  ' a b s o r b e d )  p r o c e s s  s i r  
proheut t fur •ace 



CAUTIONARY NOTICE RE~ARDING USE 
OF PLOT PLAN REVISION DRAWINGS 

These plot plans were developed to provide a bas£s for 
site evaluation only. They are'to be considered screening quality and 
are subject to change depending on more definitive evaluations of the 
adequacy of existing equipment and the requirements for new plant 
sections. 
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SECTION 4 

STUDY DESIGN AND COST ESTIMATE 
FOR MAJOR SYNTHANE REVAMP 

4.1 PROJECT BASIS 

The location for the Major Synthane Revamp is at the existing Synthane 
Site which is in Bruceton, Pennsylvania. Steam is generated at the 
site, electric power is purchased, and cooling water is provided by a 
recirculatlng system. The design feed coal is Illinois No. 6. The 
coal composition is the same as for the Grass-Roots case, as shown in 
Section 2. 

4.2 PROOESS BASIS 

The process basis for the Major Synthane Revamp is the same as that 
for the Grass-Roots case, as described in Section 2. 

4.3 DESIGN PHILOSOPHY 

4.4 

The deslgnphilosophy for the Major Synthane Revamp is the same as that 
employed for the Grass-Roots case, as described in Section 2. The pilot 
plant is designed to obtain all the data necessary to design a pioneer 
commercial plant with reasonable risk. 

LPP SIZE 

The reactor diameter was set at 3.5 feet, with a bed height of i00 feet, 
as in the Grass-Roots case. The design feed rate is92 T/D (Illinois 
No. 6 coal, as-received). Both catalyst and synthesis gas recycle loops 
are closed to permit operation in integrated fashion, as in the Grass- 
Roots case. 

4.5 SUMMARY OF MODIFICATIONS TO SYNTHANE PLANT 

The scope of the revamp is illustrated in Figure 4~i, which is a 
schematic diagram of onsite and offsite facilities. The extent of 
modifications for each section is depicted by the type of line used to 
outline each block of facilities. Four categories are shown: 

• Existing facilities which will be used with essentially no 
modification° 
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• Plant sections in which a large portion of the existing facilities 
will be used but where additions or modifications are required. 
The additions in some of the offsite areas may be significant. 

• Plant sections where significant modifications are required. In . 
some i n s t a n c e s ,  i t  ma~ b e  m o r e  e c o n o m i c  t o  r e p l a c e  r a t h e r  t h a n  
upgrade t he  existing facilities. 

• Grass-roots facilities for which there is no existing counterpart. 

The only existing systems used without modification are the coal 
feed lock hopper system and sulfur recovery facilities. However, major 
utilization of the following faciliites is possible: coal receipt and 
storage, acid gas removal, char withdrawal, fuel and utilities, waste 
treating and disposal, solids separation, buildings, shops, control 
room and laboratories. The existing coal preparation system, gas 
cooling and the gasifier can be used but only after significant additions 
or modifications. Entirely new facilities include catalyst receipt and 
storage, catalyst recovery, the cryogenic separation and the preheat 
furnace. 

A summary of offsite additions and modifications for the Major Synthane 
Revamp is as follows: 

Catalyst addition - A ribbon blender is used to mix the coal with 
catalyst solution and a torus disk, steam heated drier is used to 
remove the water that enters with the catalyst solution. 

• Fuel systems - New LNG storage and handling facilities are provided. 
A new 20,000 gal fuel oil storage tank is added along with a new 
distribution system to provide fuel to new furnaces and boilers as 
well as the relocated boiler. 

• Steam - Two new high pressure steam boilers are added to provide 
for increased process steam loads and steam turbine spare drivers. 
The latter were added to critical service equipment to provide 
improved pilot plant operating reliability. Expansion of the 
demineralization plant is required to meet the new steam raising 
capacity of the plant. 

Power - Substation and switch gear changes and additions were 
defined. Because of the major plot plan changes and equipment 
relocations, existing electrical conduit, that is exposed in 
the piperacks, is replaced with underground wiring. The latter 
is considered safer and more reliable, and the expected incre- 
mental cost is small. 

• Compressed air - A new air compressor, having the same capacity of 
each of the existing ones, is added. It has a steam turbine drive 
to ensure a supply of instrument air during a power failure. 
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• CO 2 and inert gas - Cryogenic pumps are provided for supplying 
600 psi liquid CO 2 to the coal feed system. A vaporizer is 
provided onsite to supply the high pressure CO 2 that is required 
for the coal feed lock hoppers. The inert gas generation equipment 
and low pressure blowers are relocated. 

• Waste Water Treating - A secondary treatment plant similar to the 
one provided in the grass roots pilot plant study design is 
provided. Most of the equipment is smaller, primarily because 
there is less rainwater run-off to process. 

• Layout, Buildings and Site Preparation - In order to accommodate 
new facilities and comply with minimum required safety standards, 
it is necessary to relocate some existing equipment and buildings 
and use land that is outside the present fence line. 

• The existing CO 2 compressor building is removed to make room for 
the cryogenic synthesis gas recovery equipment. (This eliminates 
the capability of using by-product CO 2 for the coal feed system. 
Purchased CO 2 will be used for this purpose for CCG operations). 

• The 02 and methanatlon facilities, which are not required for 
CCG operations, are eliminated. 

• The cooling tower is relocated away from the process block. 

• Realignment of the road that runs along the south side of the 
process block is necessary to meet minimum safe spacing requirements 
for the ~rocess furnaces. 

A comparison of facilities differences between the grass-roots case and 
the Major Synthane Revamp is presented in Table 4-1. The major differences 
are in the coal preparation and steam reforming areas. Because of a 
lack of plot space, it was not possible to provide two trains of coal 
preparation equipment for the Synthane Revamp. This would likely result 
in a lower service factor for the revamp case. 

In the steam reforming area, the reformer was sized to operate the plant 
at about 50% turndown when the synthesis gas recycle loop is not closed. 
The objective was to minimize the use of expensive LNG which must be 
consumed in the reformer. Additional design basis information for the 
Major Synthane Revamp as well as equipment lists and flow sketches are 
presented inAppendix 2. 

4.6 INVESTMENT SUMMARY FOR MAJOR SYNTHANE REVAMP 

Tbe investment required to modify the Synthane Unit for CCG operation 
is estimated to be 150 MS. An investment breakdown is presented in 
Table 4-2. The cost for constructing a grass-roots LPP at a Gulf 
Coast location is 130 MS, as previously reported. 
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The investment for the Synthane Revamp includes escalation to an April i, 
1983 startup. The escalation basis is presented in Table 4-3. The 
schedule for the revamp is presented in Figure 4-2. As in the grass- 
roots case, this is based on obtaining LPP design data from a Process 
Development Unit (PDU) which begins operating in early 1979. The revamp 
schedule assumes prudent overlap with the PDU, and any delay in PDU 
operations would, therefore, delay the LPP schedule. The project ex- 
ecution time for the revamp is approximately four months longer than 
for a grass-roots pilot plant. This reflects delays for removal and 
relocation of existing equipment. Construction time also has to be 
spread out because of the high manning levels and limitations on the 
number of field labor personnel that can be effectively utilized on the 
congested site. 

The investment for the Synthane Revamp is compared in Table 4-4 with 
the investment for the grass-roots LPP on a Gulf Coast location (see 
Section 2). To further illustrate the difference between the two cases, 
the investment for the Gulf Coast grass-roots facilities was adjusted 
to a Pittsburgh - location basis. As shown in Table 4-4, the grass-roots 
investment of 130 MS at a Gulf Coast locatlon becomes 150 MS at Bruceton. 
It should be emphasized that the location adjustment reflects only the 
difference in economic conditions. It does not reflect other differences 
such as climate, terrain, and specific site factors which could further 
increase the cost of building the grass-roots LPP in the Pittsburgh area. 

The direct cost for the revamp is 41.5 MS on a IQ77 basis. A breakdown 
of the direct cost is presented in Table 4-5. This compares to a 
direct cost of 47.0 MS for the grass-roots LPP at a Gulf Coast location 
and to 48.5 MS for the grass-roots facilities on a Pittsburgh location 
basis. Most of the savings are in materials and result from reuse of 
the coal feed and acid gas removal facilities, pipeways, and the control 
room. Smaller materials savings were made in the areas of coal receipt, 
storage, and preparation. Subcontracts - which are principally for re- 
fractory lining of vessels and furnaces, installation of solids handling 
equipment, buildings, and site preparation - were 8 MS in all three 
cases. Direct labor charges, on the other hand, were higher for "the 
Synthane Revamp: 15.2 M$ versus 12.3 MS - 14.7 ~L$ for the grass-roots 
cases. This is due to increased labor man-hours resulting from the 
need to relocate or remove equipment a~d lower labor productivity at a 
revamp site. In addition, both Pittsburgh location cases reflect a 
higher general labor cost than for the U.S. Gulf Coast. A sectlon-by- 
section breakdown of the combined costs for direct material and labor 
and subcontracts is presented, along with comparable information for 
the grass-roots case in Table 4-6. 

The savings in direct cost for the revamp is offset by increased indirect 
costs relative to the grass-roots case. For example, the indirect costs 
for the revamp are 44.6 MS, compared to 40.4 MS for the grass-roots 
facilities on a Pittsburgh estimating basis and 35.5 MS for a Gulf Coast 
basis. The increased indirect costs for the revamp are a result of the 
inefficiencies associated with a revamp job and differences in the pro- 
ductlvlty and payroll burden between the Gulf Coast and the Pittsburgh 
area. 
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As shown in Table 4-4, the escalation for the revamp is 34.2 H$ versus 
32.9 MS for Pittsburgh grass-roots estimate and 23.2 MS for the Gulf 
Coast grass-roots case. The reason for the large difference between 
the Gulf Coast and Pittsburgh locations is a difference in labor 
escalation. The Gulf Coast grass-roots case is based on the use of 
open shop hiring and, under the terms of the Davis-Bacon Act, a higher 
initial wage rate which is subject to less escalation through the con- 
struction period. The revamp is based on a closed shop with wage rate 
escalation over the course of the contract~ 

Estimated costs for 2-1/2 years of operation of the revamped Synthane 
unit are 80 MS. A year-by-year breakdown of the operating cost com- 
ponents is presented in Table 4-7, and information on the estimating 
basis is presented in Table 418. Overall, the operating cost for the 
Synthane Revamp is approximately 10% higher than for the Gulf Coast, 
grass-roots CCG Pilot Plant. Principal cost increases are for fuel 
(17.4 vs. ii.0 MS) and maintenance (31.7 vs, 25.4 H$). There is a 
saving of 5.6 MS in property taxes and land leasing costs for using the 
existing DOE property at Synthane. 

The high cost for fuel at Synthane is the result of choosing LNG for 
feed to the synthesis gas generator (steam reformer). This choice 
was made because pipeline natural gas was not available, and the pipeline 
quality propane that is available is not suitable without considerable 
treatment. Adding treating facilities would have increased investment 
and u~ilitles requirements and increased equipment layout problems. The 
increased operating cost is attributable to the higher labor cost in the 
Pittsburgh area. 
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TABLE 4-1 

CATALYTIC GASIFICATION LPP 
S ~ Y  OF FACILITIES DIFFERENCES 

GRASS ROOTS VERSUS MAJOR SYNTHANE REVAMP 

Basis  

• Each case  i s  d e s i g n e d  t o  g e t  the  d a t a  n e c e s s a r y  to  s c a l e u p  to  a c o u m e r c i a l  p l a n t  w l t h  a c c e p t a b l e  r i s k .  
Design feed  r a t e  i s  92 ST/SD o f  as  r e c e i v e d  I l l i n o i s  No. 6 c o a l .  

• Compromises which affect non-critlcal scaleup items or service factor had to be made for the Synthane 
revamp because  o f  s i t e  s p e c i f i c  l i m i t a t i o n s .  These a r e :  

Ln 
t J  

I tern 

Coal Shipping 

Coal S t o r a g e  

Coal P r e p a r a t i o n  

Reformer 

G a s l f l e r  Cyclones  

Acid Gas Removal 

Equipment Spacing 

Grass Roots 

Covered RR Cars 

Inert Silo 

Two Trains 

+ One similar to unit in 
predevelopment program 

+ Entrained system envi- 
sioned for commercial 
plant 

Two Furnace  Cells 
1 and 4 MSCFD H 2 Equiv. 

External 

Heavy Glycol System 

All ERE Minimum Standards 
Met 

Major Synthane Revamp 

Open RR Cars 

Open Pile 

One T r a i n  

+ Second train added 
in l a t e r  t u r n a r o u n d  

One Furnace 
3 MSCFD H 2 Equiv. 

I n t e r n a l  

B e n f i e l d  

Encroachments  E v a l u a t e d  
on I tem by I t em Bas i s  

Comment 

P o s s i b l e  c o a l  d e g r a d a t i o n .  
However,  ~o a p p a r e n t  p rob -  
lems with current Syuthane 
o p e r a t i o n .  

Service Factor Debit 

Coal Feed 42 ST/SD d u r i n g  
Once Thru  Syngas O p e r a t i o n s  

P o t e n t l a l  2nd S t a g e  O p e r a b i l l t y  
P rob lems  

E i t h e r  p r o c e s s  i s  a c c e p t a b l e  

G r e a t e r  But A c c e p t a b l e  
F i r e  Risk  



TABLE 4-2 

INVESI~.NT SUMMARY FOR 
MAJOR SYNTHANE REVAMP 

Cost Breakdown 

Material 
Labor 
Subcontracts 

Total Direct Costs (IQ77) 

kS 

18,300 
15,.200 
8,000 

41,500 

Payroll Burdens 
Field Labor Overhea~s 
Vendor Representatives 
Loss on Surplus 
Insurance 
Engineering 
Fees: Engineering, Construction 

& Royalty 

Total Indirect Costs (IQ77) 
Total Prime Contract (IQ77) 

Project ManagementServices 
Escalation 

7,200 
20,600 

300 
200 
200 

11,700 

4,400 

44,600 
86,100 

4,000 
24,200 

124,300 

Project Contingency (20%) 
Revamp Contingency 

Total Erected Cost 

CALL 

24,900 
_ 2,,700 

151,900 

15o MS 

k = Thousand 
M = Million 
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TABLE 4-3 

BASIS FOR COST ESCALATION ESTIMATE - MAJOR SYNTHANE REVAMP 

Escalation Rates Annual P e r c e n t a s e  

Base Point--iQ77 Material Labor E n g i n e e r i n g  

ist year 
2rid year 
3rd year 
4th year 
5th year 
6th year 

1 8 9 
8 8 9 
8 7 7 
5 7 7 
5 7 7 
- -  7 - -  

Centroid July 1981 Aug. 1982 July 1981 

Time from Base Point (yrs.) 4.25 5.33 4.25 

Cumulative escalation effect percent 25 47 39 
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TABLE ~-4 

TOTAL ERECTED COST COMPARISON 
MAJOR SYNTHANE REVAMP VERSUS GRASS ROOTS 

~n 

Project Type 

Location 

Direct Costs, M$ 

Material 

Labor 

Subcontracts 

Direct Cost Total (IQ77) 

Revamp 

Bruceton, PA_ 

18.3 

15.2 

8.0 

41.5 

Grass Roots 

Gulf Coast Pittsburgh 

27.0 26.0 

12.3 14.7 

7.7 7.8 

47.0 48.5 

(1) 

Indirects 

Project Management 

Escalation 

Total Cost Excluding Contingency 

Project Contingency 

Revamp Contingency 

Total Erected Gost 

CALL 

44.6 35.5 40.4 

4.0 3.8 4.i 

34.2 23.2 32.9 

124 . 3 109.5 125.9 

24.9 21.9 25.2 

2.7 - - 

151.9 131.4 151.1 

150 130 150 

Note: 

(i) Lower material cost shown is to reflect sales tax differences between Pennsylvania and Texas. 



TABLE 4-5 

DIRECT .COST .SI/MMAP.Y - MAJOR SYNTHANE REVAMP 

O n s i t e s  

• C a t a l y s t  Recovery 

• Gasification 

• Product Gas Cleanup 

• Acid Gas Removal 

• Hethane Recovery 

• Steam R e f o r m i n g  

• P r e h e a t  F u r n a c e  

• Common F a c i l i t i e s  

• O n s i t e .  D i s m a n c l i n g  

T o t a l  O n s i t e s  

Offsites 

• Coal  R e c e i p t  b P r e p a r a t i o n  

• Waste T r e a t i n g  

• E l e c t r i c a l  

• S a f e t y  

• Site P r e p a r a t i o n  

• Layou t  

• B u i l d i n g s  

• P o t a b l e ,  I n d u s t r i a l ,  b F i r e w a t e r  

• LNG, LPG, b Fue l  Oil 

• Cooling Water 

• CO 2 b I n e r t  tias 

• Boilers b Steam Distribution 

• Co~pre s sed  A i r  

• Chemical  H a n d l i n g  

• C a t a l y s t  H a n d l i n g  

T o t a l  Offsices 

T o t a l  O n s t t e s  ~, O f f s i c e s  

. . . . .  IQ77 B r u c e c o n ,  Pa, - . . . .  
H a t e r i a l  Labor  S u b c o n t r a c t  

t , 8 3 0  130 - -  

2 ,700 180 500 

920 60 - -  

270 20 ' - -  

3,150 105 - -  

690 50 940 

250 20 B90 

430 6u 390 

- -  65 - -  

[ 0 , 2 4 0  690 2 ,720 

770 6 0 .  50 

t ,  260 140 1 tO 

340 20 190 

430 35 - -  

t40  55 1 ,310  

180 '~0 50 

tO $ 1,410 

280 30 160 

5 ~0 40 20 

3~0 35 80 

370 65 - -  

2 , 4 2 0  170 t , 790 

520 50 - -  

t 90 15 60 

28__ o 2o 

18,300 1 .~70 8 ,000 
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Onsites  

P a c l l i t £ e s  

TABLE 4-6 

DIRECT COST BREAKDOWN 
GRASS ROOTS VERSUS MAJOR SYNTHANE:REVAMP 

IQ77. Costs, kS (3) 

Grass-Roots Sy~ths~e 
(Gulf Coast) Revam~ Come, ents ' on Revamp, 

Coal Feed 1,595 
Oaa£f icat ion  4,870 
Steam Reformer 2,415 
Preheat Furnace I, 270 
~T~UCt Gas Cleanup ~,465 
Acid Gas Removal 2,655 
Methane Recovery 4,015 
Catalyst Recovery 2,650 
Coanon Facilities 2,215 
Unused Equipment Dismantling =- 

w m l m  

5,690 
2,320 
1,415 
1,750 

545 
4,600 
3,625 
1,650 

900 

Total Onsites  23,150 22,495 

Existing tense used at Synthane 
2 times labor for major revamp 
Synthane units must handle 

dual fuels 
"2 times labor for major revamp 
New absorber 
Duplicate of Grass Roots 
Duplicate of Grass Roots 
Substantially less material 
Prlmarilymethanation 

Offs£tes  

Coal Receipt & Storage 3,185 -- 
Coal Preparation 4,850 1,650 
Catalyst Handling 520 605 
U t i l i t i e s  

luterconnec~g Lines (1) 3,580 -- 
Steam& BFW "'j 825 6,560 
C02 and Inert Gas (2) I0 1,270 
Compressed Air 1,010 1,210 
Fuel Systems (2) 250 1,085 
Cooling Water 735 925 
F~re Protection 490 855 
Chemicals Handling 320 455 
Elect r ica l  1,450 805 

Waate Water Treatlug 3,320 3,305 
safety 510 915 
Buildings 1,610 1,490 
Layout 2,085 780 
S i t e  Preparation ~ 

Existing at Synthane 
Only one train 
Duplicate of Grass Roots 

Relocation &major expansion 
Relocation 
Relocation & expansion 
Pipeline NG not available 
Relocation & major expansion 
Includes all water systems 
Relocation & expansion 
Expansion & upgrading 
Smaller - some existing reused 
Expansion 
Relocation 
Expansion/compact 
Hilly terrain at Bruceton 

Total O f f s i t e s  25,830 24,120 

Total D£rect Costs 48.980 46,615 

Notes: 

(i) Steam, nitrogen and fuel gas are supplied to the pilot plant and fuel gas 
product and acid gas streams are returned to the refinery. 

(2) For the grass roots case, costs listed are for distribution lines within 
the pilot plant boundaries. 

(3) Direct costs in this table include payroll burden on direct labor (2.0 MS 
for grass-roots case and 5.1 MS for Synthane case). Thus, the total direct 
cost for Synthane presented here is 5.1 MS higher than the direct cost 
present in Table I, where payroll burden for direct labor and field super- 
vision is shown as a separate item. 
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TABLE 4-7 

OPERATING COST SUF~I~RY - MAJOR SYNTHANE REVAMP 

• Raw Materials 
- Coal (Illinois) 
- Catalyst .(KpCO 3 Sol'n~ 

Total Raw Materials 

• Transportation 
- Coal 
- Catalyst 

Total Transportation 

• Salaries, Wages, Benefits r and Support Services 

Total S,W,B, and  SS 

• Administrative 
- Miscellaneous 

Total Administrative 

• Technical 
- Miscellaneous 

2nd Half 
1980 1981 1982 

kS 

l e t  Half 
1983 1984 1985 

T o t a l  

168 441 419 
251 293 164 

0 0 0 419 734 583 1736 

296 775 736 
22 26 15 

0 0 0 318 801 751 1870 

25._.._99 7 0 9  350__0 7859 821__9 4356, -- 
259 709 3500 7859 8219 4354 24,900 

I0 80 155 185 195 98 
I0 80 155 185 195 98 723 

__./_ - 25 200 200 i00 
Total Technical 0 0 25 200 200 i00 525 

• Process Operations 
- Catalyst & Chemicals 
- Utilities 
- Process Services 
- Miscellaneous 

T o t a l  P roces s  O p e r a t i o n s  

• Mechanical 
- Labor 
- Material 
- Miscellaneous 

Total Mechanical 

- 186 312 212 
5449 7441 4531 

I0 34 35 35 
20 20 20 20 

0 0 30 5689 7808 4798 18,325 

- 5639 5400 2374 
- 1000 6864 6572 2885 

200 300 300 130 
0 0 1200 12803 12272 5389 31664 

269 789 4910 27473 30229 16073 79743 GRAND TOTAL 
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tABLE ~S 

OPERATING COST ESTIMATING BASIS - MAJOR SYNTHANE REVAMP 

Raw Materials 

• Coal 

- Illinois No. 6 Bituminous 
- 1980 price - $22.50/ST 
- 15% contingency on annual requirements 
- escalated at 6.6% per year 

• Catalyst 

- 47 wt%K2CO 3 solutlon 
- 1976 price - $152/ST 
- 15% contingency on annual requirements 
- escalated at 6.6% per year 

Trans ortatlon 
, P , 

• Coal 

- spot-shlpment by rail from St. Louis to local supplier in 
Pittsburgh area 

- truck shipment from local supplier to plant site 
- 1977 rall shipping cost of $22.40/ST 
- 1977 truck shipping cost of $I0.25/ST 
- escalated at 6.6% per year 

• Catalyst 

- truck shipment from Niagara Falls t o  Pittsburgh 
- 1976 truck shipping cost of $13.60/ST 
- escalated at 6.6% per year 

Salaries, Wa~es~ Beneflts, and Support Services 

• Salaries, Wages, and Benefits 

- staff composed of 29 professionals and 70 technicians/operators 
during the 2½-year operating period 

- increasing portion of staff deployed onslte during the 2½-year 
engineering and construction period 

- salarless wages, and benefits based on projected rates through 
1982 and escalated at 6.6% per year through 1985 
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• Process and Technical Consultation 

- staff composed of 6 professionals during the 2%-year operating 

period 
- costs based on projected engineering billing rates 

• Relocation Costs 

- relocate 13 professionals to and from Pittsburgh 

Administrative 

• Miscellaneous 

- office supplies 
- telephone service 
- plant security 
- travel 

Technical 

• Miscellaneous 

- laboratory technician salaries 
- supplies and services 

Process Operations 

• Catalysts and Chemicals 

- current costs obtained from _Chemical Marketing Reporter 
- 15% contingency on annual requirements 

- escalation at 6.6% per year 

• Utilities 

- electric power 
- potable water ~ % purchased from West Penn at prevailing rates 

- industrial water 

- LNG 

- LPG k purchased from local supplier at prevailing rates 
- No. 2 fuel oil l 
- liquid CO 2 
- 15Z contingency on annual requirements 
- escalation at 6.6Z per year 

• Process Services 

- char disposal 
- fire fighting service 
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• Miscellaneous 

- radio system maintenance 
- safety equipment 
- tools 
- supplies 

Mechanical 

• Contract Labor and Supervision 

- direct mechanical labor based on an average of 175 men during 
plant operating period 

- one supervisor required for every ten direct labor men 
- wage rates based on current data from Synthane 
- escalation at 6.6% per year 

• Maintenance Material 

- based on 150Z of direct labor costs 

• Miscellaneous 

- equipment rentals 
- supplies 
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FIGURE 4-1 

BLOCK PROCESS DIAGRAM 
MAJOR SYNTHANE MODIFICATION CASE 
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SECTION 5 

STUDY DESIGN AND COST ESTIMATE 
FOR MINIMUM SYNTHANE REVAMP 

5.1 PROJECT BASIS 

The Project Basis for the Minimum Synthane Revamp is the same as that 
for the Major Synthane Revamp. The revamp is located at the existing 
Synthane site at Bruceton, Pennsylvania. Steam is generated at the 
site, electric power is purchased, and cooling water is provided by a 
recirculatln S system. The design feed coal is Illinois No. 6, the 
same c~osition as for the Grass-Roots Case, as shown in Section 2. 

5.2 PROCESS BASIS 

Since the Minimum Synthane Revamp Case was initiated near the end of 
the DOE Predevelopment Contract for CCG, the process basis was changed 
to reflect the data base developed under that contract. The major 
changes include a switch from K2CO3/Na2CO 3 as makeup catalyst to KOH 
and the addition of calcium hydroxide digestion to the catalyst recovery 
system. 

5.3 DESIGN PHILOSOPHY 

5.4 

The design philosophy for the Minimum Synthane Revamp was considerably 
different from that for the Grass-Roots and Major Synthane Revamp Cases. 
For the minimum revamp, the intent was to make the minimum changes to 
the existing facilities to allow operation in the catalytic mode in a 
technically meaningful fashion. Much of the equipment redundancy and 
operating flexibility built into the grass roots and major revamp cases 
was ellmlnated. Thus the plant service factor for the minimum reyamp 
would be less than the service factor for the grass-roots or major revamp 
cases. As a result there is some risk that the large pilot plant would 
not be able to operate at steady-state for sufficiently long periods of 
time to obtain adequate scaleup data, and that, consequently, significant 
addltlonal facilltles modifications would be required with addltlonal cost. 
Certain other compromises were made which would dlrectlonally increase the 
risk of scaleup to a pioneer plant. For instance, facilities for the 
separation and recycle of CO/H? from the product were not included since 
this would require major equipment additions and site changes. Although 
these compromises would dlrectlonally increase the risk of scaleup to 
a pioneer plant, it was judged that if the LPP operates with an adequate 
service factor, the scaleup risk still would be acceptable. 

LPP SIZE 

The maximum coal feed rate for the Minimum Synthane Revamp was set at 
55 T/D of as-recelved Illlnols No. 6 coal based on the capacity of the 
exlstlng steam system. However, the existing Benfield acid gas removal 
system would also require expansion at coal feed rates in excess of 
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55 T/D. At the same time, the gasifier size was maintained at 3.5 feet 
diameter with a i00 ft. bed depth, as in the grass-roots and full revamp 
cases. 

5.5 SUMMARY OF MODIFICATIONS FOR SYNTHANE REVAMP 

The Minimum Revamp would be performed in two stages. In the first 
stage, operation would be once-through; that is, without the recycle 
of catalyst or synthesis gas. For this stage, design of the modifi- 
cations could begin before startup of the PDU, since sufficient data 
are available from the Predevelopment Research Phase. The second con- 
struction stage wo~id consist of adding catalyst recovery and recycle 
facilities. This could only be implemented after sufficient data were 
obtained from the PDU. 

An important consideration for the minimum revamp was the source of 
high temperature synthesis gas for once-through operation. It was de- 
termined that the preferred approach would be to use partial oxidation 
of LPG. Relative to the steam reforming route specified in the Major 
Synthane Revamp, partial oxidation has the potential advantages of re- 
quiring fewer plant layout modifications~requiring less steam and allow- 
ing a shorter construction schedule. However. relative to steam reforming, 
partial oxidation produces a synthesis gas not as close in composition to 
that which actually would be obtained in recycle operations. 

As noted above, utility system capacities were a major factor in 
setting the maximum coal feed rate. The steam system was judged to 
be the most difficult to expand due to space limitations; and with the 
existing steam system, the coal feed rate is limited to approximately 
55 T/D of as-received Illinois No. 6 coal. Other utility systems were 
expanded as necessary to meet the 55 T/D feed rate. 

Figure 5-1 is a schematic flowplan for the minimum modification case 
identifying the major processing blocks that: (i) can be utilized 
without major modifications, (2) will require substantial modifications, 
or (3) will be new facilities. The new and modified facilities a~e 
described below: 

5.5.1 Catalyst Receipt and Storage 

Potassium hydroxide will be used as gasification catalyst in the 
minimum revamp rather than a mixture of potassium and sodium 
carbonates, which was specified in the previous study designs. 
This change reflects results from the DOE Predevelopment Contract 
for Catalytic Coal Gasification (CCG). KOH will be purchased 
and stored as a 45 wt% solution and then diluted with industrial 
water before adding it to the coal. 

5.5.2 Catalyst Addition and Final Drying 

Coal is mixed with catalyst solution in a ribbon blender and then 
dried in an entrained drier system. The new equipment items in- 
elude a feeder, the blender, a drying column, a drying air heater, 
gas solids separating equipment, and a circulating gas fan. 



5.5.3 

5.5.4 

5.5,5 

5.5.6 

5.5.7 

Synthesis Gas Generation 

The synthesis gas generation system has been designed to produce 
sufficient gas to meet the requirements for feed coal injection, 
simulated synthesis gas recycle, and instrument purge. The 
synthesis gas generation system is composed of LPG and oxygen 
preheaters, a partial oxidation burner, and a reclrculating, 
demineralized water cooling system for the burner. Additional 
equipment items which are included to produce coal feed injection 
gas are a waste heat boiler, gas cooler, condensate knockout 
drum, and an electric reheat furnace. All of the equipment 
specified in these two systems is new. 

Raw Gas Quench 

Particular attention has been paid to heat integration in the 
quench system so that utility demands will be minimized. Since 
little heat was available in the scrubber pumparounds, a heat 
exchanger that cools the gaslfier effluent from 400°F to 325°F 
was added to make low level steam. The system now has two 
venturl scrubbers in series which, based on Synthane experience, 
are required to reduce the solids level in the gasifler effluent 
to acceptable levels. 

Sour Slurry Stripper 

The sour slurry stripper is substantially the same as the one 
provided in the major Synthane Revamp Study Design. However, the 
operating pressure was reduced to 35 psig so that low pressure 
steam could be used. This approach makes it possible to keep 
steam that is generated from process waste heat segregated from 
offsite boiler generated steam. 

Char quench 

The char quench system will be reused with some modifications. 
The char cooling vessel (lower part of the existing gasifier) 
will be reused with the addition of an external cyclone and new 
top and bottom heads. Char quench and filtration facilities 
will be reused with slight modifications to the pumping 
equipment. 

Gasifier 

The existing Synthane gasifier has an i~ide diameter of 3-1/2 
feet, the equivalent of that specified in the grass-roots case. 
However, 20-30 feet is the maximum bed depth which could be 
accommodated by the existing vessel. Since commercial gasifiers 
for catalytic gasification will likely use bed depths of about 
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5.5.8 

5.5.9 

I00 feet, the existing gaslfier would be expanded by adding a 
new section above the flanged head. This would permit operation 
closer to that projected for commercial plants. While a bed 
depth of 50-60 feet would be adequate to accommodate the 55 T/D 
coal feed rata, a brief study showed that the cost and schedul~ 
debits for specifying a full I00 ft. bed height would be small. 
The extra height will provide greater flexibility and enable the 
generation of more representative scaleup data~ 

Acid Gas Removal 

An analysis of the Benfield unit showed that although it would 
be operating close to its existing capacity limit, it would be 
able to handle the 55 T/D gasifier feed rate without major revamp. 
To prevent flooding in the absorber at this feed rate, the CO 2 
removal specification was relaxed, which would permit using a 
larger size packing. This would pose no problem since the product 
gas would be flared. 

Offsltes 

The steam system was found to be adequate for the 55 T/D coal 
feed rate. Also, capacity expansion would be unnecessary for the 
boiler feed water system and cooling water facilities. Modifi- 
cations to the electric power distribution system would be neces- 
sary to accommodate new drivers. Expansion of the LPG and oxygen 
supply facilities would be necessary to meet the requirements of 
the partial oxidation synthesis gas generation unit. The existing 
compressed air facilities would be used, but a third air compressor 
would be added to meet new requirements. 

The existing potable and industrial water systems are presently 
fed from the same city water supply lines. In order to prevent 
potable water contamination via backflow from the industrial 
water system, facilities have been specified to segregate the two 
systems. Firewater facilities would be modified by providing a 
new pumping system to take suction from the new industrial water 
tank. Six hours of firewater storage is provided. The existing 
flare is adequate for CCG operation; all streams will flow to a 
new seal drum before entering the flare. However, conversion to 
once-through catalytic operation would result in the wastewater 
containing some water soluble catalyst salts which could plug the 
incinerator. In a commercial CCG plant, the wastewater stream 
containing catalyst would be recycled to catalyst recovery. After 
considerable investigation of alternatives, it was decided that 
the preferred pilot plant approach would be to concentrate the 
solutions to a small volume for disposal by a local waste disposal 
contractor. A submerged combustion unit is specified for this 
purpose. 
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5.5.10 Addition of Catalyst Recovery Facilitles 

In the second stage of the minimum Synthane Revamp, facilities 
are added to recover and recycle gasification catalyst. Al- 
though research work is still in progress to determine the pre- 
ferred approach to recover catalyst, it was necessary to estimate 
roughly the future cost of adding such facilities in the second 
revamp stage. For this purpose, the Synthane catalyst recovery 
system was based on the system specified for the CCG Commercial 
Plant Study Design done under DOE Contract E(49-18)-2369. This 
system included Ca(OH)2 digestion to free part of the water in- 
soluble potassium followed by staged water wash to recover 
essentially all of the soluble catalyst. The sollds-llquld 
separation is assumed to be made using hydroclones. Offslte 
facilities are included for lime receipt and handling. The 
preferred catalyst recovery system will be defined as part of 
the future DOE PDU program on CCG. 

Additional design basis information, equipment lists, and flow sketches 
for the minimum revamp case are presented in Appendix 3. 

5.6 INVESTMENT SUP~t%R~ - MINIMUM SYNTHANE REVAMP 

The< cost of the first stage of the minimum revamp is estimated to be 
46 MS based on March i, 1981 mechanical completion, Details of the 
cost estimate are presented in Table 5-2. The schedule is presented in 
Figure 5-2; it assumes that a Design Basis Memorandum summarizing the 
process basis for the first stage is completed by 1/1/79, and that the 
basic design would be completed by 7/1/79. The time from the start of 
detailed engineering to mechanical completion is 20 months. The shut- 
down period of the existing Synthane pilot plant for tle-in of new 
facilities is estimated to be six months as presented in the Estimate 
Basis in Table 5-3. A breakdown of the cost estimate into plant sections 
is presented in Table 5-4. 

The cost of the second stage, catalyst recovery and recycle facilities, 
is estimated to be 12 MS. The actual cost for this stage will, of 
course, depend on the final process basis which will be developed as 
part of the ongoing research performed under DOE sponsorship. This cost 
estimate is based on completion of the basic design by 1/1/81, with 
mechanical completion on 5/1/82. The shutdown time for Stage 2 is ex- 
pected to be minimal. 

It would be possible to undertake a third stage modification to Synthane 
in which synthesis gas recycle facilities would be added. This would 
result in a pilot plant containing essentially all the process features 
of the "major revamp" case. However, because of the greatly increased 
plot area and utility requirements, this would entail major modifications 
to the existing Synthane Site, similar to those required for the major 
revamp. The cost for a third stage modification was not estimated but 
would be expected to be similar to that for the major revamp (150 M$ 
total). 

The operating cost for the minimum Synthane Revamp is estimated to be 
53 MS for a 2-1/2 year operation period. An operating cost breakdown 
is presented in Table 5-5. 

.The investments and operating costs presented above are in escalated 
dollars assuming completion of the basic design ~nd startup as specified. 
Delays in the schedule from that assumed above would result in somewhat 
higher costs due to further escalation~ 
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TABLE 5-1 

COMPARISON OF REVAMP ALTERNATIVES 
CONVERSION OF SYNTHANE TO CCG OPERATION 

0% 

• Design Basis 

+ Coal Feed Rate, T/D Illinois No. 6 (as rec.) 
+ Gasifier Bed Dimensions 
+ Catalyst Recycle Loop Closed? 
+ Synthesis Gas Recycle Loop Closed? 

• Project Scope 

+ Relocation and Expansion of Existing Facilities 
+ Backup for Utility Systems 
+ Increase in Site Utilization 

• Approximate Costs 

+ Investment, M$ 

+ Operating Cost, MS 
+ Total Program Cost, MS 

+ Design Basis Memorandum Preparation 

+ Startup 

Total Revamp 

92 
3 1/2" IDX 100" 

Yes 
Yes 

Major 
Major 
+50% 

150 

80 
230 

3Q79 

1Q83 

Minimum Reyamp 

55 
3 1/2" IDX i00" 

Yes 
No 

Minimal 
Minimal 
Minimal 

46 Gasification 
12 Catalyst Recovery 
52 

II0 

4Q78 Gasification 
2Q80 Catalyst Recovery 
IQ81 Gasification 
2Q82 Catalyst Recovery 



TABLE 5-2 

SYNTHANE MINIMUM MODIFICATION REVAMP 
PROJECT COST SUMMARY 

lq78 Bruceton k~ (1) 
Stage I ,Sta~e II Total 

Direct Costs 

Material 
Labor 
Subcontracts 

Subtotal Direct Costs 

Indirect Costs 

Burdens 
Field Labor Overheads 
Vendor Representatives/ 

Loss on Surplus/Insurance 
Basic Design, Project Management 
Detailed Engineering 
Fees: Engineering & Construction 
Escalation 

IQ78-~ Phase I M.C.:IQ81 
Phase II M.C.:2Q82 

Total Ex. Contingency 

Contingency 

Phase I 
Phase II 

33% 
26% 

Total Erected Cost 

55O0 1900 7400 
5400 1400 6800 
1500 -- 1500 

12400 3300 15700 

2200 600 2800 
4900 1400 6300 

300 100 400 
1800 800 2600 
5800 1100 6900 
2100 400 2500 
5000 2000 7000 

a 

34500 9700 44200 

11400 2500 13900 

45900 12200 58100 

46 M$ (2) 12 M$ (2) 58 MS (2) 

Notes: 

(1) k equals thousands 
(2) M equals Millions 
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TABLE 5-3 

ESTIMATE BASIS 
SYNTHANEIMINIMUMllMODIIFICATION ~EVA~ 

The Estimate and Schedule were developed as for an Exxon project, 
i.e., Design Specifications and Project Managemen t by ER&E and "normal" Exxon 
owner/ER&E interface. No attempt has been made to reflect the effect of the 
U.S. Government's ownership/control of the facility or execution of the project. 

• Project Schedule 

- S e e  Table 3. 

e Material 

- Based on p u b l i s h e d  1Q78 cos t  levels (Domestic P u r c h a s e ) .  
- I n c l u d e s  d e l i v e r y  charges  to  s i t e .  
- No l o c a l  s a l e s  t ax  i n c l u d e d .  (Government P r o j e c t  exempt from t a x . )  
- P ipe  and s t r u c t u r a l  s t e e l  to be  shop f a b r i c a t e d .  

• Labor 

- Source  - Union Shop. 
- P r o d u c t i v i t y  (vs .  S tandard  Loca t ion  - Gulf Coast, 1957 = i00%) 75%; 

a d j u s t e d  f o r  job s i z e ,  a c t i v i t y ,  and revamp e f f e c t s  to 66%. 
- Work Week - 40 h r s .  p lus  one hour  of  spo t  ove r t ime .  Schedule  r e f l e c t s  

double  s h i f t s  dur ing  s ix-month  Phase I Turnaround (-320 kMH). 
- Total direct manhours (ex. subcontracts) including contingency: 

+ Stage I - 640 kMH 
+ Stage II - 160 kMH 

- Average direct wage rate (excluding burdens) escalated to labor centrold: 

+ Stage I - ~I3.71/MH (reflects T/A shift premium) 
+ Stage II - $15.II/~n{ 

• Field L ~ q r  Ov@rheads 

- Include temporary construction and consumables, field supervision, and 
construction equipment. 

- Reflect published percentages of ~otal direct labor for Pittsburgh 
lo~ation, adjusted for Job size an~ revamp nature of project. 

• B u r d e n  

- Employer's payments for retirement plans, workman's compensation, 
pay, vacations, etc. of the direct and indirect labor. 

- Reflects Pittsurgh area unlon~labor benefits. 

sick 
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TABLE 5-3,, (Cont 'd. ) 

Detailed gn~ineerin~ 

- U. S. prime contractor 
- Total reimbursable manhours (including contingency) 

+ Stage I -275 KMH 
+ Stage II - 45KMH 

- Engineering (including design and drafting) i n d i v i d u a l  rates e s c a l a t e d  
to the centrold of engineering (average rates I excluding fee~ shown below) 
+ Stage I -$33.57/MH 
+ Stage II -$39.59/MH 

- Net productivity (typical U. S. prime contractor) - 90~ 
- No a11owance has been made for split engineering and field contractors. 

• Fees  

- Based on p u b l i s h e d  1Q78 r a t e s .  

• Escalation 

- The f o l l o w i n g  e s c a l a t i o n  r a t e s  a r e  included i n  t h e  e s t i m a t e :  

ESCALATION FROM Zq78 
Mat'l Labor  Engineering 

f a t  year 3% 8Z 9~ 
2nd year 6Z 7Z 9% 
3rd year 7% 7Z 9% 
4th year 7Z 7% 9% 
5th year - 7Z - 

Stage l 

Centrold 4Q79 4Q80 1Q80 
Time from IQ78 (yrs) I-3/4 2-3/4 2 
Escalatlon Effect 8% 22Z 19Z 

Stage II 
Centrold 3Q81 IQ82 3Q81 
Time from IQ78 (yrs) 3-1/2 4 3-1/2 
Escalatlon Effect 13% 32Z 35% 

• ContlnEency 

- A p r o j e c t  c o n t i n g e n c y  o f  25Z has  been  i n c l u d e d  i n  t h e  e s t i m a t e .  

A revamp c o n t i n g e n c y  of  107. (on t h e  revamp p o r t i o n  o n l y )  has  been  
included in the estimate 
+ Stage I Revamp contingency - 8% 
+ StaRe II Revanm contln~encv - I% 

- T o t a l  c o n t i n g e n c i e s  a r e  33g and 26g f o r  Phases  I and I I ,  r e s p e c t i v e l y .  
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TABLE 5-3 (Cont'd.) 

• Major  Estimate E x c l u s i o n s  

- Main tenance  e q u i p m e n t .  
- C a t a l y s t  r e q u i r e m e n t s .  
- Resea rch  Expense .  
- P r o c e s s  f a c i l i t y  r e n t a l  c h a r g e s  and l e a s i n g  c o s t s .  
- Owner' s n o n - r e c u r r i n g  e x p e n d i t u r e s  such a s :  

+ 0 p e r a t i n 8  p e r s o n n e l  wages d u r i n g  c o n s t r u c t i o n  p e r i o d .  
+ C o n s t r u d t i o n  p e r i o d  o f f i c e  o p e r a t i n g  c o s t s .  
+ S t a r t u p  c o s t s .  
+ I n v e n t o r y  c o s t s .  
+ O r g a n i z a t i o n  and f i n a n c i n g  c o s t s .  
+ Warehouse s p a r e  p a r t s .  

- Sa lvage  v a l u e  o f  d i s m a n t l e d  equ ipmen t .  
- R e c o n d i t i o n i n g  o f  r e u s e d  equ ipmen t .  
- Data  l o g g e r .  
- P~ant  m o d i f i c a t i o n s  a f t e r  m e c h a n i c a l  c o m p l e t i o n .  
- S p e c i a l  c h r o m a t a g r a p h i c  a n a l y s i s  sy s t em.  
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TABLE 5-4 

SYNTHANE MINIMUM MODIFICATION REVAMP 
DIRECT COST SD'}~.ARY 

STAGE I 

Onsltes 

• Gasification/Char Withdrawal 
• Product Gas Cleanup 
• Acid Gas Removal 
• Synthesis Gas Generation 
• Onslte Dismantling 
• Common F a c i l i t i e s / T i e - I n s  

Tota l  Ons i t e s  

Offsites 

• Coal Rece ip t  and P r e p a r a t i o n  
• Waste T r e a t i n g  
• E l e c t r i c a l  
• S i t e  Prep 
• Bui ld ings  
• Po t ab l e ,  I n d u s t r l a l  & F i r e w a t e r  
• Fuel Systems 
• CO 2 & I n e r t  Gas 
• Co~%oressed Air 
• C a t a l y s t  Handl ing 

To ta l  Offsltes 

TOTAL STAGE I 

Zq78 B R U ~ t I ,  

H a t e r i a l  Labor Subcon t rac t s  
k~ 

1010 1180 460 
980 790 - 
190 110 - 
640 340 - 

40 280 - 

340 ~ 55__.~o 
3200 3380 1010 

660 620 60 
760 340 50 
1 0 0  1 1 0  - 

1 0  6 0  4 0  

- - 60 
200 280 210 
260 280 - 

60 110 - 
150 110 " 
loo 11o 7__oo 

2300 202.__~0 490 

5500 5400 

STAGE I I  

O~ites 
• C a t a l y s t  Recovery 

Tota l  Ons i tea  

O f f s i t e s  

• L i ~ e H a n d l i n g  

Total Offs£tes 

TOTAL STAGE II 

TOTAL STA~S I AND I I  

1830 1290 - 
m . m  m 

1830 1290 - 

70 n_E -__  

70 11o - 
m m 

1900 1400 

7400 6800 1500 
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• Raw Materlals 

Coal 
Catalyst 

TABLE 5-5 

SYNTHANE MINIMUM MODIFICATION REVAMP 
OPERATING COST SUMMARY 

1980 1981 1982 

kS 

m 

First 
Half 
1983 

95 210 215 
195 135 40 

Total 

Total 

• Transportation 

Coal 
Catalyst m 

290 345 255 890 

165 365 365 
20 15 5 

Total 

• Salaries, Wages 

Benefits 

185 380 370 935 

Total 

• Administrative 

Miscellaneous 

860 6,060 7,235 5~74,5, 

860 6,060 7,235 5,745 

40 160 170 130 

19,900 

Total 

• Technical 

Miscellaneous 

40 160 170 130 

25 175 200 150 

500 

Total 

• Process Operation 

Catalyst and Chemicals 
Utilities 
Process Services 
Miscellaneous 

25 175 200 150 550 

2,790 5,815 5,480 
535 1,170 1,200 
130 35 50 
15 20 30 

Total 

• Mechanical 

Labor 
Material 
Miscellaneous 

3,470 7,040 6,760 17,270 

- 1,435 1,835 2,720 
600 2,345 2,235 1,670 
140 300 210 135 

Total 

Grand Total 

740 4,080 ~ 4,52__5 13,62____.~5 

1,665 14,420 19,650 17,935 53,670 
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