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SECTION 1 

INTRODUCTION 

This report presents the results of a preliminary design and economic evaluation 
for a multi-process demonstration plant (MPDP). The design includes demonstra- 
tion scale units for a nuxlber of coal conversion process steps. The design was 
begun under sponsorship of the Energy Research and Development Administration 
(ERDA) and completed under the Department of Energy (DOE) - Division of Coal 
Conversion. 

Current trends and forecasts indicate that domestic production of oil and 
natural gas will supply a decreasing portion of future U.S. energy needs. 
Alternatives to acceptance of increased national security risks, coupled with 
decreased economic growth and standards of living because of this oil/gas 
shortfall, include continued expansion of imports, accelerated exploration 
for new oil and gas, increased use of coal combustion and nuclear energy for 
production of electricity, steam, and heat, and production of liquid and 
gaseous fuels from coal or shale. 

The use of coal has the advantage that the U.S. has vast indigenous resources; 
we know where it is and how to mine it. Production of gas and oil from it has 
been practiced industrially - it can be done. What is not known is the cost, 
using U.S. coals and current technology. Recent extensive conceptual designs/ 
economic evaluations prepared under contract to DOE/ERDA indicate that with 
proper development and use of large captive coal mines, coal conversion could 
produce s>mfuel at prices that deserve consideration. However, the true costs 
will be kno~,.m only after near-commercial or commercial size facilities have 
been designed, constructed, and operated. This design presents a candidate 
configuration for a demonstration scale multi-process test facility. 

l.l SELECTION OF MPDP 

Analysis of alternative routes to test candidate technologies on a near- 
commercial scale shows that the multi-process demonstration plant facilit/ 
has man), advantages: 

Time and money could be saved if many common facilities and process 
units could be located in a central coal gasification and liquefaction 
test facility. 

All processes that convert ~oal to gaseous and liquid fuels require 
a gasification unit. 

The facility will permit testing coal '(or lignite) from any source 
in a number of candidate gasifier units. The gases produced can be 
converted'to high-Btu (pipeline) gas and can also be used in develop- 
ment of high potential coal liquefaction technologies. 

I-I 



® Test and evaluation work would be performed and reperted on a uni- 
form basis for ali processes. 

• Sufficient product would be made available for use in functional 
product testing b>-potential customers. 

• Operating efficiency would be increased. When a given process unit 
is removed from operation for maintenance, revision, or having 
achieved its objective: an alternate process unit can be brought into 
operation. This procedure improves usage eff[cienzy of personnel 
and supporting facilities. Since the demonstration plant is expected 
to employ upwards of S00 people, progress will be speeded and costs 
per achievement decreased. 

• The demonstrated performance of large proven components should 
diminish the degree of risk, and therefore encourage the private 
sector to invest in commercial plants. 

To explain the common facilTties cited in the first advantage point listed 
above, all coal conversion plants require: 

• Coal storage 

• Coal grinding and preparation, which may vary from process to 
process 

• Product recovery and refining 

• ~'aste treatment facilities 

• Utilities, such as steam, water, electricity, compressed air, and 
cooling water 

• Administrative offices, first a~d, and safety facilities 

• Haintenance and warehouse facilities 

• Computer and other planning/performance ana!vsis facilities 

• Laboratories and engineering development faci]ities 

• Plant and personP.el support facilities 

T r a ~ s p o r t a t i o n  

T h e s e  f a c i l i t i e s  c a n  r e p r e s e n t  25-55% o f  t h e  t o t a l  t e s t  f a c i l i t y  i n v e s t -  
m e n t ;  t h e y  c a n  c o m m o n l y  s e r v e  m u l t i p l e  t e s t  u n i t s .  

1-2 
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In addition to offsites and primary coal conversion units, processes that 
convert coal to gaseous and liquid fuels also require: 

• Oxygen p l a n t s  

• Gas purification (solids removal) 

• Gas composition adjustment (shift conversion) 

• Acid gas removal (largely hydrogen sulfide and carbon dioxide) 

Sulfur plants (to convert contaminant hydrogen sulfide to salable 
su, l f u r )  

• Product storage 

these facilities can represent 15-20% of the total plant cost. There- 
fore, the savings accruing from use of common units in an MPDP facility can be 
significant and may be of the order of 40-55% of the alternative costs of build- 
[ng a separate facility to test each unit at a separate location. The exact 
savings can be more accurately predicted once the final configuration of the 
test facility is defined. 

The value of obtaining test and performancg results and evaluating these 
results on a uniform basis at a single location deserves emphasis. The key 
to success here is an objective, highly qualified management, operating, mainte- 
nance, development, and analysis team supported by advanced equipment and good 
communications with DOE leadership. 

A total MPDP plan should also include, as one of its elements, the develop- 
ment of target plant designs to further define the preferred configuration of 
the con~ercial plants, identify trade-off options, establish optimum plant 
parameters, and define the experimental tests to be completed to confirm the 
optimization. 

An MPDP program should use the experience gained throughout the total coal 
conversion development program to date; this includes pilot plant design, 
construction, and operation, as well as preliminary (conceptual) designs of 
commercial plants and the predicted sensitivities of economics to key design 
and operating parameters. 

I., ~ PROJECT OBJECTIVES 

The key MPDP objective is to provide a sound basis for decisions by 
industry to design, construct, and operate coal conversion plants at the 
earliest possible date. To accomplish this, the program objectives include: 

Develop a broad technological, engineering, environmental safety, 
and economzcs base. 

Demonstrate the reliability and safety of the performance of the 
plant(s) and the tupes of equipment that perform best to achieve 
the program objectives. 
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Demonstrate that gaseous and liquid products can be produced which 
will perform satisfactorii) in the marketplace. Large quantities of 
products should be produced to perqnit testing in commercial scale 
equipment. The probabi] [ty exists t)~.at future commercial use of these 
fuels will require some mutual accommodation of fuel characteristics 
and the design and mode of operation of users' equipment. 

D e m o n s t r a t e  t h a t  t h e  p r o d u c t i o n  p l a n t s  can be o p e r a t e d  in  an e n v i r o n -  
m e n t a l l y  a c c e p t a b l e  manner .  

Develop the  b r e a d t h  and d e p t h  or  t.hc t c c l m o l o g i c a l  and e n g i n e e r i n g  
base  f o r  s u b s e q u e n t  v se  in t h e  c o m m e r c i a l i z a t i o n  p rog rams .  

Provide a reliable basis for predicting the economics of the 
commercial plants. 

The d e s i g n  d e s c r i b e d  h e r e  i s  i n t e n d e d  to a c h i e v e  t h e s e  o b j e c t i v e s .  

1 .5 REPORT ORGANIZATION 

A surm~mry of  key e l e m e n t s  o f  t he  d e s i g n  and economic e v a l u a t i o n ,  a summary 
of design parameters, and a facility description, including a block flow 
diagram, are presented in Sections _', .;, ~nd ~. 

Section 5 contains descriptions of the three plants. Product descriptions 
and process flow diagrams for each plant are also included in this section. 

Section 6 su=~arizes utility usage and production for all three plants. 
A utility summary, by unit, for eaci~ plant is included. 

important environmental factors are summarized in Section 7. Facilities 
included to ensure that effluent streams are properly treated to meet environ- 
mental standards are described here. 

Lists of major equipment, sizes, and materials of construction are pre- 
sented in Section 8. These lists provide the basis for a major portion of the 
fixed capital investment estimate. Section 9 is a detailed presentation of the 
financial and economic aspects of this demonstration plant project. 

The remainder of the report presents supporting data and pertinent 
discussions relative to design choices. 
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SECTION 2 

SUM~RY 

A preliminary design and economic evaluation have been completed for a 
multi-process demonstration plant (MPDP); the results are summarized here. 

Thc work was begun under the auspices of the ~jor Facilities Project 
Management Division of the Energy Research and Development Administration - 
Fossil Energy and completed under the Department of Energy, Office of 
Assistant Secretary for Energy Technology, Division of Coal Conversion. 
;'heir support and guidance are gratefully acknowledged. 

The objectives for the MPDP are to: 

Develop a broad technological, engineering, environmental, 
safety, and economics base for coal conversion processing.. 

Demonstrate the reliability and safety of the MPDP performance 
and the types of equipment that perform best to achieve the 
program objectives. 

Demonstrate that gaseous and liquid products can be produced 
which will perform satisfactorily in the marketplace. Large 
enough quantities of products should be produced to permit 
testing in commercial scale equipment. The probability 
exists that future commercial use of these fuels will require 
some mutual accommodation of fuel characteristics and the design 
and mode of operation of users' equipment. 

Demonstrate that the production plants can be operated in an 
environmentally acceptable manner. 

Develop the breadth and depth of the technological and engineering 
base for subsequent use in the commercialization programs. 

Provide a reliable basis for pr6dicting the economics of the 
commercial plants. 

The design described here was developed to achieve these objectives. 
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2.1 ~!?D? DES~GX 

The \~PI)P design consists of the following: three ~)rincipal nrocess 
plants, coal receiving storage and handlirg fac[iLties% and the necessary 
ancillaries to service the plants and a plant population of approximatel> ~ 
530 people. The key elements of the three plants are: 

Plant ] is a low pressure coal gasifier, which can be operated either 
Jz the air-blown or oxygen-blown mode, ~,i:h attendant heat and sulfur recovery 
auxiliaries. The products generated are, initially, low-Btu fuel gas, 
steam, and b~Troduct sulfur. 

PlanZ 2 consists of two oxygen-blown intermediate pressure gasifiers, 
entrained and fluid-bed t)q~es with oxygen plant, heat and sulfur recovery 
equipment, and a combined-cycle power piant. "[he design provides for one 
of the two gasifier types to be operated at any given time. 

The combined-cycle power plant will l~rovidc facilities for demonstrating 
the performance of closely coupled generation of environmentally acceptable 
inzermediate-Btu fuel gases from coal followed by conversion to electricity 
Jn a high efficiency mode. 

in addition to supplying fuel oa.~'< to the combined-cycle power plant, 
the gasifiers will produce s>m.thesis gas (s>mgas) for use ip. a FJscher-]'ropsch 
indirect liquefaction plant. ]his syngas can l~{ter be used as feed to 
other indirect liquefaction facilities such as methanol, or it can be used 
a_< a source of reducing gases for tests on hydroliquefaction or donor solvent 
coal liquefaction plants. The information obtained from this s>~ngas pro- 
duction unit could complement that obtained from other pilot plant and 
demonstration plant programs. 

Salable b}~roduct sulfur is also produced. 

Plant 3 is a Fischer-Tropsch plant complete with a carbon dioxide 
removal system and methanation and product recovery equipment. Products 
include salable substitute natural gas (S.N[]), Fischer-Tropseh liquid fuels 
ILPG, naphthas, diesel fuel, and heavv fuel oil) and alcohol mixtures. 

The design incorporates the use of flame-sprayed catalyst fin tube 
reactors; this technology appears to have promise, based on the results of 
an earlier published conceptual commercial plant design and a development 
prDgram underway at the Department of ~ner£y's Pittsburgh Energy Research 
Center (DOE's PERC). 

The three plants will have the capability for demonstrating a number 
of basic coal conversion operations: 

Low pressure coal gasification to produce n clean, low-sulfur 
fuel gas and steam. 
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Intermediate-pressure coal gasification to produce synthesis 
gas from two basic t)~es of advanced-design gasifiers. 

Electric power generation, in the combined-cycle mode, integrated 
with Jntermediate-Btu gasification and sulfur removal. 

Advanced Fischer-Tropsch s)~thesis and methanation to produce 
high quality, high value fuel products and steam byproduct. 

Creditable overall thermal efficiencies for the plants achieved 
through heat recoveries producing usable steam. 

Estimated time needed to design, procure for, and construct the three- 
plant facility is 36 months for Plants 1 and 2, followed 12 months later by 
completion and startup of Plant 3. 

~ PROJECT FIN,~XCING 

The fixed capital investment, including a 10% contingency, is approxi- 
mately SO0 million mid-1977 dollars. All economics here are expressed in 
mid-1977 dollars. The expected accuracy of this estimate is -5, +20%. The 
contingency is included to allow for undeveloped design factors, possible 
expansion of operating flexibility provisions (to be defined during a 
detailed design program), and possible additional ancillary facilities. 

The total capital investment required is estimated to be approximately 
$560 million. In addition to fixed capital requirements, this total includes 
the cost of initial raw materials, catalysts and chemicals, working capital, 
allowance for startup costs, and allowance for land acquisition. 

Annual operating costs for the MPDP are projected to be approximately 
$90 million. Employee population is approximately 530 people. Possible 
annual income credits from sale and transfer of products total $60 million; 
these woutd be based on all plants operating at nameplate capacity and the 
products being sold at market values comparable to similar products derived 
from crude oil or natural gas. 

Realistically, the project financing should not depend on full revenues from 
the products that might be produced. Since it is a demonstration plant, its 
prime objectives would be to demonstrate the performance of the facility and 
not to serve primarily as a production unit. Also, since the products may 
differ somewhat from similar items of commerce, their market values could dif- 
fer from current petroleum based products. Potential product customers can be 
expected to test the performance of relatively large quantities of the products 
before deciding to purchase; product values could therefore be discounted dur- 
ing the zest periods. 
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A tosal program period of i0 vears is envisioned to design, procure, con- 
struck, start up, and operate the facility. The objectives at the end of this 
period are to have enough information to design commercial plants, to determine 
the products' marketability, and to be able to accurately predict the economics 
of commercial plants. The total cash ontf]ow, during this 10-year period, is 
projected te be approximately" SI.15 billion; this assumes the plant has zero 
scrap value at the end of the program. Optimistically, if the plants produced 
at 50% of nameplate capacity for the initial 1.5 years of operation and at 
nameplate capaclty for the remainder of their operating life, with the products 
sold at market value, the negative cash flow would be reduced to approximately 
$0.8 billion. If, in addition, the plant were also I00~ funded with private 
capital such that the tax losses from this project could be used to offset 
other corporate profits, and it could be depreciated in the 7-year operating 
life, the total project net costs could be as low as $0.35 billion. 

The processes utilize proven equipment items coupled with certain items 
cf advanced technology. The two types of intermediate-pressure gasifiers are 
based on pilot plant units. Entrained-bed gasifiers are being piloted by DOE 
at Homer City, Pennsylvania and at Windsor, Connecticut. A fluidized-bed gasi- 
fier and ash agglomeration unit have been piloted by DOE, with the Institute 
of Gas Techno!ogy (IGT) as the developer, at Chicago, Illinois. The Fischer- 
Tropsch reactor design is being piloted by the DOE's PERC at Bruceton, Pennsyl- 
vania, following successful prior bench-scale experiments. This type of unit 
is projected to provide efficient recovery of reaction heat in the form of 
i2S0-psig steam. 

The Fischer-Tropsch products, having nil sulfur, nitrogen and particulate 
matter, represent premium grade fuels from. an environmental standpoint. 
They also have characteristics ~hich make them attractive as petrochemical 
feedstocks. 

2 .3  EXPECTED ACC~{PLIS~IENTS 

The key result expected is that the ~IPDP should provide a major basis 
for industry decisions regarding investment in the coal conversion tech- 
nologies tested. 

To accomplish its objectives, the facility should be conservatively 
designed, using experience from all zources to reduce technical risks to 
an acceptable level and assure reliable, safe, and environmentally acceptable 
operation. The design effort should continue to be supported by an active 
research and development program. In parallel with the design, procurement, 
construction, and startup of the MPDP, components should be tested and 
improved; this includes cooperative programs with equipment, process develop- 
ment, and instrumentation firms. 

The c o n s t r u c t i o n  and o p e r a t i o n  o f  an MPDP would p r o v i d e  h a n d s - o n  
experience with the performance of essential plant components. It would 
provide data and experience on operation of large scale coal conversion 
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plant units and the interaction of the plant units with their associated 
supporting facilities and environment. An improved understanding would be 
developed for the range of costs and other factors pertinent to development 
of this energy option. The construction and operation experience would 
also contribute to development of the necessary technical and engineering 
expertise in safety, reliability, economics, and environmental factors for 
later use in commercial projects. It would also provide a core of experienced 
personnel in the design, construction, and operation of this type of synfuels 
plant; the personnel should be available for contributions on later projects. 

Specific results to be expected include: 

Successful development and testing of large components should 
lead to improvements in commercial plant planning, scheduling, 
and cost prediction. 

The availability of large components whose performance has been 
proven should reduce the risks in design of commercial-scale 
plants and, therefore, should encourage industry to invest in 
the larger plants. 

O Acceptance of the performance of the fuel products in consumer 
applications and agreement that they can be sold at competitive 
prices. 

Importantly, the MPDP described here should provide the operational 
experience and records needed to evaluate the commercial viability of commer- 
cial scale coal conversion plants using the technologies tested. 

Details of the design, operating efficiencies, and economic considera- 
tions are presented in this report. 
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SECTION 3 

DESIGN PARAMETERS 

This section describes the raw material utilization, products, and the basic 
design criteria used. 

3.1 GENERAL CHARACTERISTIC AND DESIGN BASIS 

The plant will: 

Demonstrate the performance of key coal-conversion process 
equipment. 

• Demonstrate the production of valuable energy products. 

Produce significant quantities of coal-derived energy products 
for functional performance testing. 

Demonstrate the capability of utilizing a variety of coal and 
other t~es of fuel feed. 

• Demonstrate operability while meeting environmental standards. 

Provide a firmer basis for predicting the economics of commercial 
scale coal conversion complexes. 

3.2 SITE CONDITIONS 

The site conditions used for the design are included as Appendix A. 

3.3 RAW ~TERIALS 

The plant is designed to operate on purchased coal and can be adapted to 
use other suitable solid fuels such as lignite or peat. In order to 
illustrate its projected performance, the flow sheets with material and 
heat balances are presented in this report based on use of a single-feed 
coal analysis which is typical of coal mined in the Eastern Region of the 
U.S. Interior Coal Province. Details concerning the raw materials are 
as follows: 

(i) Coal: 

(a) Clean washed coal is purchased 

(b~ The proximate and ultimate analysis of coal feed to the 
process are outlined as follows: 
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'Fable 3-I. Coal Feed Composition 

Proximate Ana!vsis ( C o m p o s i t i o n  Wt%] 

Item 

blo i sture 
Ash 
Volatile matter 
Fixed carbon 

T o t a l  

Wt % 

2.7  
11.8 
39.7 
45.8  

100.0  

Ultimate Analysis (Composition Wt%l 

] r em 

Carbon 
Hyd r o o en 
Nitrogen 
Su 1 f u r  
Oxygen 
.~sh 
MO i sture 

Total 

wt% 

67.2 

4.6 
1.3 
3.7 
8.7 

11.8 

1 0 0 . 0  

The d e s i g n  can be a d j u s t e d  f o r  use  o f  a l t e r n a t e  f u e l s  h a v i n g  
m a j o r  d i f f e r e n c e s  i n  a n a l y s e s .  The e f f e c ~  o f  o t h e r  e a s t e r n  
U.S. a r e a  c o a l s  i s  e x p e c t e d  to  be m i n i m a l ,  r e s u l t i n g  in minor  
s h i f t s  o f  p r o d u c t  q u a n t i t i e s .  

Oxygen - 98% p u r i t y ' ,  p roduced  c a p Z i v e l y  by a i c  s e p a r a t i o n .  

Water - process water from a nearby river and potable water 

t'rcm wells. 

3 .4  PRODUCTS 

The products to be obtained are" 

T a b l e  3-2 .  Produc t  C h a r a c t e r i s t i c s  

Product 

P l a n t  I: 

Fuel  gas 

S t e a m  
Sul fur 

P l a n t  . ": 

E l e c t r i c  power 
Su i f u r  

Characteristics 

A i r - b l o w n :  135 B t u / s c f  H}~ ~ DB 
or  oxygen-b lown"  490 B t u / s c f  HIS' DB 

1,250-psig, superheated to 950°F 
99.9% sulfur 

13,600 V, 192 MW 
99.9% s u l f u r  

Approx imate  
S t ream Day 
P r o d u c t i o n  

Rate 

"30 000,000 s c f / d  
2 6 0 , 0 0 0 , 0 0 0  s c f / d  

2 , 2 5 0 , 0 0 0  1b /day  
65 t o n / d  

4 , 6 0 0 , 0 0 0  kW-h 

80 t o n / d  



Table 3-2. Product Characteristics (Contd) 

Product 

Plant 3: 

Additional elec- 
tric power 

Additional 
sulfur 

SNG 

But an e / 
Butylene 

Light naphtha 

Heavy naphtha 

Diesel fuel 

Fuel oil 

Oxygenates 

Characteristics 

13,600 V, Ii MW 

99.9% sulfur 

1025 Btu/scf HHV 

37-psig vapor pressure @ 100°F 

Nil sulfur, 12.3 K*, 85.5°API 
185°F ASTM end point 

Nil sulfur, 12.3 K*, 71.3°API 
300°F ASTM end point 

Nil sulfur, 60-plus cetane 

Nil sulfur, low viscosity, 41°API 

Mixed alcohols: ethanol 67%; 
propanol 18%; methanol 6% 

Approximate 
Stream Day 
Production 

Rate 

260,000 kW-h 

30 ton/d 

5,700,000 scf/d 

80 BPD 

235 BPD 

210 BPD 

360 BPD 

ii0 BPD 

70 BPD 

*UOP characterization factor (highly paraffinic) 

The Fischer-Tropsch process was selected for Plant 3 because of its 
potential to produce a number of quality products and because of its 
flexibility in varying the product slate by controlled changes of 
s}~thesis reactor operating conditions and catalyst composition. 

3.5 EQUIPHENT SPARES 

This design uses spares only for critical rotating equipment. A critical 
piece of equipment was defined as one that would shut do~n a process unit in 
case of failure; exceptions occur when its cost is excessive and it has a 
sufficiently reliable performance history. All spares are shown as such in 
the equipment lists and on the flow diagrams. 
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For  exa_mple, a l l  p r o c e s s  pumps whost • f a i l u r e  would shut  do~m a u n i t  hax~e 
s p a r e s ,  lp_ c a s e s  in  which  two pumps a r e  r e q u i r e d  t o  meet  t h e  s e r v i c e  d u t y ,  
one  a d d i t i o n a l  p~-np i s  p r o v i d e d  as  s p a r e .  Major  c o m p r e s s o r s  and b l o w e r s  
a r e  n o t  s p a r e d ,  f o l l o w i n g  t h e  p h i l o s o p h y  u sed  s : ~ c c e s s f u l l y  in  o i l  r e f i n e r i e s ,  
ammonia p l a n t s ,  and s i m i l a r  p l a n t s  f o r  many y e a r s .  S l u r r y  p r e s s u r e - r e d u c i n g  
v a l v e s  a r e  p r o v i d e d  w i t h  b y T a s s e s  and s p a r e s  t o  a l l o w  m a i n t e n a n c e  o f  t h e s e  
d e v i c e s .  

Feed to the gasifiers is arranged at multi:)ie points around their peri- 
phery to provide satisfactory feed distribution. They are sJ-_ed to permit 
full throughput with one feeder out of operation for maintenance. 

The power plant consists of two gas turbines with heat recovery units 
allowing operation of the plant at a reduced rate. Normal preventive main- 
tenance w i l l  be c a r r i e d  o u t  on t h e s e  u n i t s  whep, t h e  p r o c e s s  p l a n t  is  shut  
down f o r  s i m i l a r  p u r p o s e s .  

3 . 6  EFFLUENT TREATMENT AND NORSE CONTROl 

All e~fluent streams will be treated to meet environmental standards. 
Equipment will be designed to meet OSHA noise level requirements. 

3 .7  KAW >~TERIAL AND PRODUCT STORAGE 

F a c i l i t i e s  a r e  p r o v i d e d  f o r  s t o r a g e  o f  a 1S-day  f e e d  coa l  i n v e n t o r ) - ,  
a 15 -day  l i q u i d  f u e l  p r o d u c t s  i n v e n t o r y ,  :{nd a 3 0 - d a y  s u l f u r  p r o d u c t  i n v e n t o r y .  

3 . 8  ANCILLARY FACILITIES 

Adequate facilities are provided to service this approximately lO0-acre 
industrial area and its personnel population of approximately 530. These 
include, among other facilities, change houses, cafeteria, office, and 
parking facilities. 
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SECTION 4 

FACILITIES DESCRIPTION SUbB~RY 

A block flow diagram, Drmving R-01-FS-1, shows the  MPDP p l a n t s  and t h e i r  
i n t e r r e l a t i o n s h i p s .  F igure  4-1 is  a p l o t  p lan  of  the  p l a n t s  and u n i t s  
involved.  An a r t i s t ' s  conceptua l  drawing of  the  complex i s  shown in  
Figure 4-2. 

The plant is conceived to be located in the Eastern Region of the Interior 
Coal Province. 

The total land area requirement of the project is I00 acres; this should be 
made available as a single parcel at the beginning for the three plants (and 
nlso a fo.rth plant, should it he later desired). The demonstration plants 
will require approximately 17,000 acre-ft/yr of water for process require- 
ments and utility makeup. 

Purchased coal w i l l  be d e l i v e r e d  by r a i l  and t r u c k s ,  r e c e i v e d ,  and s to red  in 
open p i l e s .  Coal r e c e i v i n g ,  un load ing ,  hand l ing ,  s t o r a g e ,  and g r ind ing  take 
place at a central location which serves all three plant modules. 

4.1 PLANT CAPACITY 

Coal feed r a t e s  are  shown on the  block flow diagram fo r  the t h r e e  p l a n t s .  
7o provide f l e x i b i l i t y  and the  a b i l i t y  to expand the  scope of the  program in 
the f u t u r e ,  the  P lan t  2 g a s i f i e r s  and s u l f u r  p l a n t s  are  s ized  to  supply 
s}~ thes i s  gas to a p o t e n t i a l  f u t u r e  fou r th  p l a n t .  To i l l u s t r a t e ,  when 
supplying gas for  Plant  2 ope ra t ion  only ,  the  g a s i f i e r  w i l l  be ope ra t ing  a t  
approximately  60% of  c a p a c i t y .  I~?ile supplying gas fo r  P lan t  2 and P lan t  3 
simultaneous operation, the gasifier will operate at 80% of capacity. Coal 
feed rates are as follows: 

Plant  Plants in Operation Coal Feed Rates (ton/d) 

1 1 1800 
2 2 2250 
2 2 and 3 3000 
2 2, 3, and 4 3750 

4.2 OPE~\TING SEQUENCE AND LIMITS 

The following outlines the operating relationships and the inter- 
dependence of the plants. 
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P l a n t  1 : 

(1) Ope ra t e s  a l o n e .  

(:) Can be shut down independently of Plants 2 and 3 except for 
coal receiving and coal grinding. 

Plant 2: 

(i) Can operate along with Plant i. 

(21 Can be o p e r a t e d  i n d e p e n d e n t l y  o f  P l a n t  1 excep t  f o r  coal  
r e c e i v i n g  and coa l  g r i n d i n g .  

(3) Operates at 60% of its oxygen and gasification capacity when 
operating alone. 

(411 Operates at 80% of its oxygen and gasification capacity when 
Plant 3 is also in operation. 

(5) Operates at 100% of its oxygen and gasification capacity when 
Plant 3 and the possible future plant 4 are also in operation. 

Plant 3 cannot operate by itself; Plant 2 must supply the s)mgas feed. 

Plant 4: (future) 

Ill) Cannot operate by itself; Plant 2 must supply the syngas feed. 

(2) Can operate while Plant 3 is down. 

The Fischer-Tropsch demonstration plant, designated as Plant 3, will 
provide data for design of a commercial scale plant. It will convert approxi- 
mately 44 million scf/d of s~mgas to SNG plus liquid products. It will use 
the processing procedures defined in a published Fischer-Tropsch conceptual 
design/economic evaluation. I 

Table 4-1 summarizes feed and product quantities for each plant as well 
as heating values for the separate streams. Overall thermal efficiencies, 
based on coal feed, of approximately 81%, 63%, and 59% are indicated for 
Plants i, 2, and 3,.respectively. 

Table 4-2 presents the overall thermal efficiencies for the Fischer- 
Tropsch plant only, based on the incremental coal feed to produce the syngas 
for the F-T operations and also based on the synthesis gas feed alone. These 
projected efficiencies are approximately 61% and 85%, respectively. 

The efficiencies for Plant 2 and Plant 3 operations, based on coal, 
reflect the efficiency loss attributable to the use of water-slurried coal 
feed. The evaporation of the slurry water results in the consumption of addi- 
tional fuel and oxygen relative to operation with dry coal feed as used in 
Plant i. The slurry feed method for Plants 2 and 3 operation was selected 
because of expected reliability of performance based oll experience with 
similar operations. 

4-4 



Table  4-1 - P r o d u c t s ,  P r o j e c t e d  Q~lan t i . t i es ,  H e a t i n g  V a l u e s ,  
and P r o c e s s  Thermal  E f f i c i e n c i e s  

4~ 
! 

Feed and Product 

P l a n t  1 ( P l a n t  2 i n  o p e r a t i o n )  

Coal Feed 
Electric power (fuel basis) 
Energy in 

Fuel gas 
Steam 
Sulfur 

Total products' heating 
value 

Thermal efficiency 

Plant 2 

Coal Feed 

Fuel gas to power plant 
less fuel gas equivalent 
of electric power used 

Sulfur 
Total products' heating 
value 

Thermal efficiency 

Stream Quantity 
Quantity per Tons per 
Stream Day Stream Day 

5.27 MMscf/d 

253 ~ s c f / d  
94 ,000  l b / h r  

1800 

66 .0  

2246 

82 .4  

Unit IttIV 

12,125 B t u / l b  
291 .7  B t u / s c f  

130 Btu/scf 
1,400 Btu/Ib 
3,990 Btu/ib 

161MMscf/d 

-36 ~Iscf/d 
125 I~i~se f/d 

12,125 Btu/ib 

270 Btu/scf 

270 Btu/scf 
270 Btu/scf 

3,990 Btu/Ib 

Total 
Heating Value 
million Btu/d) 

43 ,650  
1,537 

45 ,187  

3 2 , 8 9 0  
3,158 

527 

36,575 

54,466 

43,511 

9.769 
33,742 

658 

34,400 

80 .9  

63 ,2  



T a b l e  4-1 (Contd)  

dza 
I 

(3", 

Feed and P r o d u c t  

P l a n t  3 ( l n c l i M i n g  P l a n t  2) 

Coal f e e d  

Fuel  gas ( n e t )  
O x y g e n a t e s  
SNG 
LPG, C4 ' s  
LiRht  n a p h t h a  
lteavy n a p h t h a  
l):i e s e l  Oil  
t leavy f u e l  o i l  
Su 1 f u r  

T o t a l  p r o d u c t s '  h e a t i n g  
v a l u e  

Thermal e f f i c i e n c y  

S t  ream Quantity 
Tons p e r  

S t r e a m  Day 

9 . 9 7  

2990 

[In i t 

12 ,125  

HV 

t n / I  b 

Q u a n t i t y  p e r  
S t r e a m  Day 

114 Mblscf/d 
72 BPD 

5 . 6 9  blMscf /d  
7 8  BPD 

234 BPD 
211  BPD 
356 BPD 
112 BPD 

26. 778 
2 5 . 7 7 3  
.16.6] 8 
16. 095 

109 .9  

27O 
12 ,505  

l , 0 2 5  
2 1 , 0 3 5  
2 0 , 8 1 5  
20,  ,150 
2 0 , 2 5 5  
19,855 

3,99O 

t l l / / s c f  
t u / l b  
t u / s c f  
t u / l b  
t l l / l b  
t u / l b  
t u / I  b 
t u / ]  b 
t u / l b  

Tota  1 
l l c a t i n g  V a l u e  
m i l l i o n  B t u / d )  

72 ,(~55 

30,791 
249 

S ,832 
318 

I , l l S  
1 ,053 
l ,888 

64() 
877 

42 ,763  
58 .9  



Table 4-2--  Plant  3 F i scher -Tropsch  P lan t  Products  
and Thermal E f f i c i e n c i e s  

4~ 
! 

-4 

Feed and Product 

Stream Quant i ty  
Quant i ty  per  Tons pe r  

Stream Day Stream Day Un i t HHV 

Total 
Heating Value 

(milli011 Btu/d) 

Based on Incremental  Coal Feed 

Feeds 
Coal f eed  
Add: fue l  gas e q u i v a l e n t  fo r  

e l e c t r i c  power consumed 
Total  ene rgy  in  

Products  
Oxygenates 
SNG 
LPG C4's 
Light naphtha 
Heavy naphtha 
Diesel oil 
Heavy fuel oil 
Sulfur 
Excess steam produced 

Total products' heating 
value 

Thermal efficiency 

17,500 kW-h 

72 BPD 
5.69 b~4scf/d 
78 BPD 
234 BPD 
211BPD 
356 BPD 
112 BPD 

124,00 Ib/hr 

750 

9.97 

26.778 
25.773 
46.618 
16.095 
27.5 

12,125 Btu/Ib 

*7,606 Btu/kW-h 
Heat Rate 

12,505 Btu / lb  
1,025 B t u / s c f  

21,035 Btu / lb  
20,815 Btu / lb  
20,430 Btu / lb  
20,255 Btu / lb  
19,855 Btu / lb  

3,990 Btu / lb  
(avg) 620 Btu / lb  

18,188 

3,195 
21,383 

249 
5,832 

318 
1,115 
1,053 
1,888 

64O 
219 

1,850 

13,164 

Based on Synthesis Gas Feed to F-T Reactor 

Feeds 
S~gas feed 
Add: fuel gas equivalent for 

electric power consumed 

Total energy in 

44.00 ~scf/d 

3,417 kW-h 

330 Btu/scf 

*7,606 Btu/kW-h 
Heat Rate 

14,529 

624 
15,153 

% 

61 



I 
Oo 

Feed anti P roduc t  

PRODUCTS 
0xygenat  es  
SN6 
LPG C 4 ' s 
Light  naphtha  
Ileavy naphtha  
Diese l  o i l  
Ileavy f u e l  o[1 
Excess  steam produced  

T o t a l  p roduc tsV h e a t i n g  
v a l u e  

Thermal e f f i c i e n c y  

T a b l e  4-2 {Contd) 

Stream Q u a n t i t y  
I ~ a a n t i t y  pet" Tons pe r  

Stream Day Stream Day l ln i t  tlIW 

9.97 72 Bt'I~ 
5 .69  blblscf/d 
78 BPI) 
234 BPD 
211 BPI) 
3.q6 BPD 
112 BPD 
124,300  l b / h r  

26 .778  
25 .773 
46 .618  
16.095 

12,505 B t u / l b  
1,O25 B t u / s c f  

21,035 B t u / l b  
20,8115 B t u / l b  
20,430 B t u / l b  
20,255 B t u / l b  
19,855 B t u / l b  

(avg) 620 g t u / l b  

T o t a l  
l l e a t i ng  Value 
m i l l i o n  B tu /d l  

249 
5 ,832 

318 
1 ,115  
I,  OSS 
1,888 

640 
1 , 850 

12 ,945 
85 

*See f low diagram R-241-FS-2 in S e c t i o n  5 . 2 .  



PLANT I - 1,800 TPD 
PLANT~ I AN~ 2 - 4,050 TPD 

PLANTS l, 2 AND 3 - 4,800 TPD 
PLANTS l, 2, 3 AND 4 - 5,550 TPD 

PURCHASED COAL 

AIR 

PLANT Z 

_l 
-I 

.] 
-1 

PLANT 1 

COAL 
STORAGE 

-I 
ALTERNATIVE OXYGEN SUPPLY 

1,800 TPD 

3,500 TPD 
IIWHEN OXYGEN I 

COAL BLOWN ~ 1  
GRINDING w 

550 PSIG STEAM 

I 

-I 10 FT. DIA. ~ - ~  

I FLUID BED 
OXYGEN BLOWN 

I C~SIFIER 
21 FT. DIA. 

k _ _ . ~  AGGLOMERATED 
ASH 

PLANT 2 -  2,250 TPD] 
PLANTS 2AND 3 3'000 TPD'L 

PLANTS 2, 3AND4 3,750 TPD, 
" i  ..]ENTRAINED 

OXYGEN PLAr~ . . . . . . . .  OXYGEN BLOWN 
3,000TPD , GASIFIER 

I 

SLAG 

AIR 

AIR BLOWN 
GASIFIER 

I 

,L 

: # I ~  Z" 
.PI.A~T 3 

! i ' - • .... t 

"1 i ~I T~S~.EI FOR REPORI' ~.~Ji. i 

~ T ~ E ~ T  Or E~E~G~-~rVISION ~F COAL CONVERSIO. 
MULTI-PROC[SS DEMONST~TION PLANT 

BLOCK FLOW DIAGP, AM 
PLANTS I,  2, ~ 3 

COIa~A~Y 5435-5 R-OI-FS-I 

~C - DT  - 



SLAG 

I SOLIDS REMOVAL I 
.~ AN~> STEAM I GE!IZRATI@N 

PLANT I 

I SULFUR 

SULFUR REMOVA l 

PLANT 2 

STEAM 
TURBINES 

f 

I PLANT 2 - 54. 
PLANTS 2 AND 3 -,=_664. 

138 MW ,.~ 

50 PSIG 
~TEAM 

t I SOLI~nS REHOVAL 
AN~ STE#II --I GE)iE R/',,T i 0,'; "I 

180 LTPD SIZE 
SULFUR PLANT i, COMP.RES~ 

PLANT 2 
PtANT 3 

T ALTERNATIVE I SYNTHESIS I 
--H2S GAS SOURCE i 

GAS REMOVAL IEQUIVALENT RAW I | - l TURBINE 
I SYNGAS j, I I 

J ~" 161 MMSCFD 
J 

L 270 BTU/SCF 

co, r REMOVAL 

~ 750 TPD COAL 
EQUIVALENT 
SYN GAS 

r . . . .  
I PLANT 4 

PROCESS MODULES I 
( FUTURE I 
L 

I FISCHER-TROPSCH 
750 TPD COAL ~ SYNTHESIS 
EQUIVALENT r 2 REACTORS 
SYN GAS ]0' DIAM. X 3{}~ 

44.0 MMSCFD 
330 BTU/SCF 

~-9 

_F 
-L 
_F 
-L 
_F 
-L 



B4,000 LB/HR 

~0 LT/D 
65 STID , i  

1250 PSIG 
950°F STEN~ 

~-- SULFUR PRODUCT 

PLANT 1 

PLANT 2 

PLANT 2 - 5~.2 Bik' 
T5 2 AND R -..~.~.8 

138 M~ 

PLA~T 2 
73.5 LTID 
82.0 ST/D 

mLANTS 2 AND 3 
9S,O LTID 

~10.0 ST/D 

l 
PLANT 2 - 4 ~ . ~  MW 
F'LA~;T 2 ~ 3 - 5~.3 M~ 

POWER PLANT 
~J~ILIA~Y ~SE 

?LANT 2 - 3.3 ~W 
~LANT 3 - 3.9 ~W 

PRODUCT FUEL (LOW BTU) 

SULFUR PRODUCT 
PLANTS 2, 3 AND 4 

123.0 LT/D 
138,0 ST/D 

255 MMSCFD 
32.9 ~MBTU/DAY 
130 BTU/SCF 

PLANT l - 7.0 MW 

PLANT 2 - 141,O MW FOR SALE 
I ~ PLANTS 2 AND 3 - 134,] MW FOR SALE 

PLANT 3 
POWER USAGE 

3.5 MW 

I ALCOHOL 
~I~TURE 

v I . RECOVER) 

MCT~A~ATION 

i LIQUID 
PR@r'UCT 

~EPARATIO:; 

PLANT 2 

PLA~IT 3 

ALCOHOL 
MIXTURE 
72 BPSD 

5,70 MMSCFD 
SNG 5.80 MMMBTU/DAY 

930 BPSD FOE 
I025 BTU/SCR 

LPG (BUTANES) 80 
LIGHT ~APHTNA 235 
HEAVY I~APHTHA 210 
DIESEL OIL 355 
HEAVY FL~EL 110 

BPSD 
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SECTION 5 

UNIT DESCRIPTIONS 

Descriptions of the separate operating units included in each plant of the MPDP 
preliminary design are presented in this section. Process flow sheets, material 
balances, and product summaries are also included to augment the written descrip- 
tions. 

The flow diagrams are preliminary in nature; refinements characteristic of a final 
design have not been made. Material balance values for economic analysis have been 
taken from the overall block flow diagram, Figure 4-1, contained in Section 4. 

The following units are described: 

P l a n t  and Paragraph  
Unit No. Unit Flow Sheet No. Number 

?lant 1 Low Pressure Fuel Gas Gasification 5.1 

ll0 Coal Storage R-II0/III, 210/211, 5.1.1 
310/311-FS-I 

Iii Coal Grinding R-II0/III, 210/211, 5.1.2 
310/311-FS-I 

112 Low Pressure Gasifier R-II2/II3-FS-I 5.1.3 

llS Low Btu Gas Heat Recovery R-II2/II3-FS-I 5.1.4 

I14 Low Btu Acid Gas Sulfur Removal R-II4-FS-I 5.i.5 

130 l~ater Treatment R-130/131-FS-I 5.1.6 

131 Cooling Water System R-130/131-FS-I 5.1.7 

132 Effluent Treatment ..... 5.1.8 

133 Flare ..... 5.1.9 

134 Sulfur Storage ..... 5.i.i0 

150 Buildings, Railroad, 5.i.Ii 
Roads, General Facilities 

Intermediate Pressure Gasification 
& Power Generation 

P l a n t  2 5 .2  

5-1 



Plant and 
Unit No. 

210 

211 

212 

215 

214 

215 

216 

217 

230 

231 

232 

233 

240 

241 

250 

P l a n t  5 

511 

318 

319 

320 

321 

Unit 

Added Coal Storage 

Added Coal Grinding 

bledium Pressure Gasifiers 

Medium Btu Gas Heat Recovery 

bledium Btu Acid Gas Remora] 

S u l f u r  P l a n t  

T a i i  Gas T r e a t m e n t  

P r o c e s s  Water  R e c l a m a t i o n  

Added Water  T r e a t m e n t  

Added C o o l i n g  Water  System 

Added E f f l u e n t  T r e a t m e n t  

Added F l a r e  Sys tem 

Oxygen P l a n t  

Power P l a n t  

Added B u i l d i n g s ,  R a i l r o a d  
Roads,  Gene ra l  F a c i l i t i e s  

F i s c h e r - T r o p s c h  S y n t h e s i s  

Added Coal G r i n d i n g  

F i s c h e r - T r o p s c h  Acid 
Gas Removal 

Fischer-Tropsch Synthesis 

F i s c h e r - T r o p s c h  L i q u i d  
P r o d u c t  Recovery  

F i s c h e r - T r o p s c h  Gas 
b t e t h a n a t i o n  

Flow Sheet No. 

R - 1 1 0 / l l l ,  210/211,  
3 1 0 / 3 ] I - F S - I  
R - 1 1 0 / l l l ,  210/211,  
3 tO/311-FS-1  
R-212/213-FS-1  

R-212/213-FS-1 

R-215/216-FS-1 

R-215/216-FS-1 

R-217-FS-]  

R-241-FS-1 ,  -2 

R-110/111 ,  210/211,  
310/311-FS-1 

R - S 1 9 - F S - 1  

R-S20-FS-1 

R-S21-FS-1 

P a r a g r a p h  
.Number 

5 2.1 

5 2 . 2  

5 2 . 3  

5 2 . 4  

5 2.5 

5 2 . 6  

5 2 . 7  

5 2 . 8  

5 2.9 

5 2 . ] 0  

5 2.11 

5 2.12 

5 2.13 

S 2.14 

5 2.15 

5 .3  

5 . 3 . 1  

5 . 3 . 2  

5 . 3 . 5  

5 . 3 . 4  

5 . 3 . 5  

5-2 
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Plant and 
Unit No. 

322 

550 

351 

332 

535 

356 

550 

Unit 

Fischer-Tropsch Alcohols 
Mixture Recovery 

Added Water Treatment 

Added Cooling Water System 

Added Effluent Treatment 

Intermediate Storage 

Product Storageand 
Shipping Facilities 

Added Buildings, Railroad, 
Roads, General Facilities 

Flow S h e e t  No. 

R-322-FS-I 

Paragraph 
Number 

5.3.6 

5.3.7 

5.3.8 

5.3.9 

5.3.10 

5.3.11 

5.3.12 

5-3 



5.] PLANT I - LOW PRESSURE GASIFICATION 

5.I.I UNIT II0: COAL STORAGE 

The receiving storage and reclaiming facilities are diagrammed on 
Drawing R-II0/II1/210/211/310/311-FS-I. Specification coal, sized to 3 x 0 in. 
and smaller, is delivered by rail and trucks. A train shed is provided, along 
with dust control car dump bag house collector 110-2201 and car spotter Ii0- 
3602, capable of moving a maximum of 55 bottom-dump hopper cars of 120-ton 
capacity each. The train shed permits thawing frozen coal in cars. Under- 
track car dump hopper 110-2601 is ii0 ft in length with full length feeder 
ll0-0501, which allow continuous dumping at a maximum rate of five cars per 
hour with one operator. Truck deliveries can be scheduled for off-shifts, 
unloading directly into the car dump hopper. 

Coal is continuously stockpiled under the supervision of the oper- 
ator. The undertrack feeder discharges into the intermediate No. 1 conveyor 
if0-2001, which feeds 36-in. x IS0-ft radial stacker 110-2004. At the working 
radius of IS0 ft and a discharge height of 47 ft, and traveling through an arc 
of iS0 deg, the radial stacker will build a stockpile 131.5 ft wide with a 
capacity of 28,275 tons of coal, constituting more than iS days' requiroment 
for the fuel gas gasifier operation at 1,800 ton/d. A motorized hoist winch 
o n  the stacker will minimize the drop height of coal and provide dust control 
when stacking. 

No. 2 conveyors 110-2002 will allow coal to be sent directly to 
process without stockpiling or rehandling. Reclaiming of stockpiled coal-is 
accomplished with 4.5-cu yd front end loader (FEL) 110-3501 discharging into 
self-propelled hopper 110-3603, working along the length of plant belt conveyor 
[10-2OOS. The 1S-day stockpile capacity can be increased by using the FEL to 
spread the coal outside of the working radius of the stacker. 

S.I.2 UNIT iii: COAL GRINDING 

Coal conveyed directly from the car dump via No. 2 conveyors II0- 
2002 and/or coal reclaimed from the stockpile on No. 3 conveyors 110-2003 will 
be discharged into 200-ton capacity storage hopper bin 111-2602. No interme- 
diate coal storage is provided. The entire conveyor system, including the 
car dump hopper, will furnish a minimum additional 200-ton storage. The entire 
system will be fully interlocked and controlled by pulverizer feeder 111-0502, 
according to the pulverizer 111-2101 loading set point. The pulverizer is a 
table and roller t}~e, and the desired size classification of 70% minus-200- 
mesh coal will be controlled by an integral air classifier. 

According to manufacturers who produce both ball mill coal pulver- 
izing and table and roller mill pulverizing systems, the latter are more effi- 
cient and can pulverize higher moisture content coal than is possible with 
ball mills. 

When coal is stored, or otherwise exposed to rainfall, and pulver- 
izer feed would exceed 10% (or greater) moisture content, the pulverizer can 
be swept with heated inert gas. 

f 
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Drawing R-IIO/III/2iO/21!/31(!/311-FS-1 also shows a stockpile and 
equipment for subsequent P]ant 2 and Plant 3 operations. 

5 . ! . 3  GXIT 112 - LOW PRESSURE GASIFIER 

Figure 5.i-1 i s  a sketch of the gasifier. 

Coal is gasified at 40 psig with szeam and air to produce a low-Btu 
gas which, after cleanup, is useful for boiler fuel or limited power generation. 
High pressure steam is also produced from the heat recovery. The process is 
shown on Flow Diagram R-II2/IIS-FS-I. 

In Plant 2 of the project, an oxygen plant will be available, and 
oxygen may be substituted for air :in the gasifier. The use of oxygen would 
approximaZely double the gasifier capacity, produce higher Btu gas, and result 
in additional steam make. This alternate mode of operation ~s included to 
provide for the possibility of the plant's two gasifiers being unavailable to 
supply fuel gas to the combined cycle power plant or s?mgas to the Fischer- 
Tropsch plant. A compressor :is also included to compress the gasifier product 
to 500 psig for use in Plant 2 and/or 3 operations. 

Coal is fed into the gasifier second stage by screw feeders 
112-2001 together with superheated process steam, llot gases rising from the 
first stage combustion zone heat and pyrolyze the coal. The steam reacts with 
the coal to form hydrogen and carbon monoxide. The resulting gas and char mix 
is carried overhead to char cyclone 112-2201. Cyclone overhead gas flows to 
the heat recovery unit. Char underflow flows into the gasifier first stage 
where it reacts with preheated air ~or oxygen) to form molten ash or slag and 

additional gas. 

He!ten slag is tapped from ~he gasifier into the quench water pit 
which is kepz cool by circulating water through quench water cooler i12-1301. 
The slag solidifies to a frit of sand-like consistency. A conveyor lifts the 
slag from the water, and the slag sludge is transported for burial as land 

fill. 

During air blo~ operation, the gasifier produces a gas which, 
after water condensation and H2S removal, is IS vol % hydrogen, 26 vol % car- 
bon monoxide, and 55 vol % nitrogen, dry basis. The higher heating value is 
estLmated to be approximately lSS Btu/scf, dry basis, or IS0 Btu/scf, as-is 
basis. ~¢hen operating using oxygen, the gasifier product gas is estimated to 
contain ;0 and 48 vol % H 2 and CO, respectively, and to have a higher heating 
value o£ approximately 290 Btu/scf dry basis. 

Temperature control in the gasifier will be maintained by a con- 
troller with sensor located in the gas outlet line. The controller wiIl reset 
the speed control on the air compressor turbine, so that rising gasifier tem- 
perature will cause a reduction in air flow. During oxygen-blo~ operations, 
the controller wili reset a valve in the oxygen inlet line. 

Process steam flow will be maintained or adjusted by means of a 
flow control element in the stewr, generator outlet. 

S . I - 2  
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Figure 5.1-1 - Low-Btu Gasifier Conceptual Sketch 
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The stage 1 gasifier :is equipped with a boiiing-~ater cooled re- 
fractor 3- chamber. The temperature in stage l can be maintained by controlling 
~J.~ quantity of raw coal introduced to till_< stage by a second set of screw 
feeders, 112-!2,02. 

5 . 1 . 4  1JNTT 1!3 :  LCW-Btu GAS HEAT RECOVERY 

The p r o c e s s  i s  s h o ~  on Flow Dkagram R - 1 1 2 / l l S - F S - 1 .  tn summary', 
g ' _ t s i f i e r  o v e r h e a d  gas i s  c o o l e d  f rom 18[/{!°i: t o  a p p r o x i m a t e l y  180°F, t h e  h e a t  
b e i n g  r e c o v e r e d  in  t h r e e  s t ems  s y s t e m s :  

{ 1) Low pressure (50-psigl process steam. A quantity sufficient for 
feed to the gasifier is generated and superheated to ll00°F. A 
>ortion of the makeup water will be filtered condensate recovered 
from the gasif[er; therefore, the water will be of low quality, 
and t h e  sy s t em  w i l l  c o n t a i n  H~S. 

Hedium pressure {150-psig] steam. This steam is generated without 
superheat for use in the turbine-driven high pressure feedwater 
pumas, i13-1501 and 1502 and also for use in acid gas removal unit 
114.. A portLon of this steam is condensed for use in Unit i14 and, 
when necessary, to supply" high quality makeup water to the high 
pressure steam system. 

Iligh pressure (1300-psig) steam, lleat not used for generation of 
low and medium pressure steam is recovered as superheated (950°F) 
high pressure stemn. The steam is used to preheat air in air heater 

!12-1301 and to operate turbine driven air compressor i13-1801. 
The remainder is product available to a consumer. 

During operation op oxygen, there will be insufficient process 
steam make, so a portion of the 1300-psig steam will be reduced in pressure 
to 50 psig for use in the gasifier. 

The recovery of heat from the gasifier effluent gas is described 
in the following paragraphs. 

Gasifier overhead gas at 1800°F from char cyclone i12-2201 is 
cooled in two parallel steam superheaters, process steam superheater 113-1307, 
and higher pressure ste~1 superheater i13-1308. The parallel streams then 
combine and the effluent is further cooled in high pressure steam generator 
i15-i509. Discharge temperature from the high pressure generator is about 
I050°F. 

The gas then passes through hot electrostatic precipitator 
11S-2202 for further removal of suspended char fines. The gas then flows 
through three sets of heat recovery systems in series, each set consisting of 
three parallel heat exchangers. Discharge from each set is combined in a 
manifold line. ~e three systems are listed below: 

(1) Medium pressure steam generator i13-151!, high pressure feedwater 
heater 113-1310, and process steam superheater I15-1323 
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(2) Medium pressure feedwater heater 113-1321, high pressure feedwater 
heater 113-1320, and process steam generator 113-1312, followed in 
series by process water heater 113-1313 

(3) Medium pressure feedwater preheater 113-!319, high pressure feed- 
water preheater 113-1314, and process feedwater preheater 113-1322 

The combined discharge from the last set of exchangers flows 
through effluent air cooler 113-1316 into condensate return surge drum 113- 
1205. Product gas from this drum then flows to the acid gas removal unit. 

Condensate from the surge drum is filtered and returned to the 
process steam system. Makeup water is added downstream of the filters. 

During operation on oxygen, the air compressor is shut doxcn, and 
oxygen is preheated in one of the two air heater shells 112-1201. 

5.1.5 UNIT 114: LOlq-Btu ACID GAS SULFUR REMOVAL 

The cleaned cooled fuel gas is processed in two parallel proprie- 
tary redox solution units to remove hydrogen sulfide and oxidize it to ele- 
mental sulfur. The process is depicted in Drawing R-II4-FS-I. 

The hydrogen sulfide present in the fuel gas is absorbed in the 
reactor by treatment with the proprietary redox solution and oxidized to com- 
mercial sulfur. The reduced redox solution is reoxidized by contact with air 
and subsequently recirculated to the reactor. 

Elemental sulfur is removed in the air-blowing step as a froth. 
The froth is pumped to the sulfur separator and melter system where the sulfur 
is melted under pressure, separated from the redox solution, and transferred 
to sulfur product storage. The separated redox solution is returned to the 
system. 

The following simplified basic reaction is involved: 

H2S + 1/2 02 ~ S  + H20 

The sweetened fuel gas is suitable for combustion containing 
typically less than 25 ppm of H2S and less than 50 ppm of total sulfur com- 
pounds, mainly carbonyl sulfide (COS). 

The sulfur product is yellow and has a purity of 99.9% - plus. 
A slip stream of the redox solution is treated so that the effluent will 
satisfy environmental requirements. 

5.1.6 UNIT 130: WATER TREATb~NT SYSTEM 

The process is sho~n in Flow Diagram R-130/131-FS-I. 

Water will be pumped from the river through screens for trash 
removal into river water sedimentation basin 130-1911 where settling of larger 
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s o l i d  p a r t i c l e s  o c c u r s .  R i v e r  w a t e r  pumps 150 -1501 ,  1502, and 1505,  mounted 
in  t h e  c l e a r  '~e l l  o f  t h i s  b a s i n ,  t h e n  pum~) t h e  w a t e r  t o  t h e  m e c h a n i c a l  c l a r i -  
f i e r  t a n k s .  

Water  f o r  : h c  c o o l i n g  t o w e r  and n o n c r i t i c a l  p r o c e s s  u s e ,  which  
r e q u i r e s  o n l y  s e t t l i n g ,  i s  pumped t o  c l a r i f i e r  t a n k  150-1905 .  The w a t e r  t h e n  
goes to  i n t e r m e d i a t e  s t o r a g e .  S ludge  from t h e  c l a r i f i e r  t a n k  i s  r e t u r n e d  t o  
the river. 

~ater which will become 50-psig BFW or evaporator feed is pumped 
to treated water clarif'ier tank 130-1904 through chemicals addition 
unit 130-0802, where it is treated with sodium carbonate, lime, and coagulants. 
Water from the clarifier is filtered through filter 130-0801 and stored in 
treated water tank 130-1908. 

Sludge from the treated water clarifier tank is filtered in 
sludge rotary vacuum filter 130-2204. Solids are used as land fill, and the 
filtered water is recycled to the clarifJer tanks• 

5 . 1 . 7  UNIT 131" COOLING WATER SYSTEM 

Cooling to~er water receives additional conventional chemical 
treatment to inhibit corrosion and to control algae. The cooling water system 
is portrayed on Drawing R-130/131-FS-I. 7he cooling towers are the mechanical- 
draft cross-flow t y p e .  

5 . i . 8  UNI-I 132" EFFLUENT TREATMENT 

Provisions for effluent treatment include a skimmer pit for 
s~p~tzon of oil from wash downs and contaminated waters followed by a 
settling pend for remo"al of particulates before discharging to the storm 
drain. 

A sewage treatment plant is included for treating sanitary sewage. 
Effluent will be discharged to the storm drain. 

5 . ! . 9  1 '-JN~T !33" FLARE 

A plant flare provides for combustion of vented gas on operation 
o~ pressured relief valves or manual venting• A knockout drum is provided 
to accumulate and return condensed liquid to the process system or water to 
effluent treatment. 

5 , 1 . 1 0  UNIT !34-  SULFUR. STOR&GE 

Facilities are included to so]idifv molten recovered sulfur by 
chill spraying and stockpiling in an open area as the need arises. This unit 
will aiso serve to handle excess molten s~lfur from subsequent phase 
installations. 

5.1-0 



5. I.II UNIT 150: BUILDINGS AND GENERAL FACILITIES 

The buildings consist of office facilities, maintenance shops, and 
laboratory. 

The laboratory area is also equipped with space and facilities for 
bench-scale process investigation and troubleshooting activities. These 
facilities, and similar facilities to be installed to support Plants 2 and 3 
operations, will permit independent small scale investigation of problem areas 
defined during operation of the larger demonstration plant units. They will 
also provide facilities for process improvement studies. 

5.1.12 PLANT I PRODUCTS 

Products from Plant 1 are as follows: 

A. Low-Btu Fuel Gas 

Quantity - 255 MMscf/d 

This is a gaseous mixture of hydrogen, carbon monoxide, carbon 
dioxide, and nitrogen when produced by air-blown gasification. With full 
oxygen-blown gasification, nitrogen content would be near nil, and the heating 
value would be higher. 

Composition (vol %) 

Air-Blown 
Gasification 

Oxygen-Blown 
Gasification 

Hydrogen 
Carbon Monoxide 
Carbon Dioxide 
Nitrogen 
Water 
Hydrogen Sulfide 

Total 

<25 ppm 

14.1 
25.5 
4.0 

53.5 
2.9 

i00.0 

<25ppm 

39.1 
46.5 
10.5 
1.0 
2.9 

I 0 0 . 0  

Properties 

Molecular weight 
Higher heating value, 

Btu/scf, dry basis 
Btu/scf, as-is basis 

Specific gravity, 
air = I, @60°F 

D e l i v e r e d  p r e s s u r e  (ps ig )  
D e l i v e r e d  t e m p e r a t u r e  (°F) 

g 

24.8 

134 
130 

0.86 

22 
i i 0  

19.4 

289 
280 

0,67 

22 
i i 0  
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C. 

Steam 

Quant i t ) "  for s a l e  o r  tran_~fer ( l b / h r ]  

P r o p e r t i e s  

Pressure ( p s i g  t 
Temperature (°F 

Sul f u r  

Q u a n t i t y  ( t o n / d )  
Pur i t ) "  (% s u l f u r )  
C o l o r  

9 4 ,  I]O(l. 

1,250  
950 

65 .0  
99 .9  

Yc 11 ow 
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119-2601 110-3601 110-3602 110-2201 
CAR DUMP HOPPER CAR THAWER CAR SPOTTER ~R DU~ 

12 ~ WIE X 100' L~IG 2 CAR EAPACITY 55 CAR CAPACITY ~6 HOUSE DUS 0 
200 TON CAPACITY 2000 I<W 100 HP 35,0D0 CFM @ 15" WB 

100 HP 

110-2601 ~ 110-2201 

110-0501 i 

71o-o501 
HOPPER BELT FEEDER BELT CONVEYOR NO, 1 

48" WIDE X 100' 36" WIDE X 120' 
150 HP DRIVE 20 HP DRIVE 



l i 

Ii0-2201 
CAR DUN 

BAO ~gUSE DLST 
~,009 (FM ~ 1 ~" ~,~ 

lOO HI 

110/210-3501.3502 111/211/311-2602,2~ 
FROflT END LOADER STORAGE BIt___.___~J 

RUBBER TIED, DIESEL 200 TON CAPACI 
ERGINE POWERED 

H)-~COI 

z / / 

© 

/ 

I 

210-200._6.5 

\  k,,9 
4" 

// 

0 
0 

Lg..Qi~ 
NVEYOR NO, I 
;I)F x 12o' 

110-2002 110-200~ 210-2006 
BELT CONVEYOR NO,,? RADIAL STACKER NO, i ~LT CONVEYOR NO, 4 

~ WIDE X ~40' 36" WI~ X 150' 36" WI~ X 405' 
50 ~P DRIVE 65 HP DRIVE 50 HP DRIVE 

210-2005 
RADIAL STACKER NO, 2 

36 ~ WIDE X 150' 
65 HP DRIVE 

111/2111311-2101,21~2,2103 
COAL PULVERIZER 

75 TPEI 
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~,!ORAGE BIN 
0 T~ [.APA~ IT~ 

111(211/311-0502,0~03,05CL4. 
PULVERIZER FEEDER 
24" WIDE X 50' 
20 ~F' DRIVE 

III12111311-22D2,2203,220~ 
BAG HOUSE DUST COLLECTOR 

i00,0~0 CFM @ 25" WG 

~C 

v < L 

- 21~-3502 

11H-3603 
--~" 11%2003 

/ 
( 

2 ~ i-2 ~,C ~ 311-26[~4 

I j ~, . . . .  i ~',-h" r , a  

IH-o~o2 -'-" 2~i-o~3-3 - ~  3~I-oso, 

i i  1-22L12 2ii-2i02 rl 511.2101 1 
]11-180--~'--~ ~ I 311-22C~1 1 

" ~ ~ 311-1803 

- i 

,21 n 111,'211/~11-1801,1802A803 ii0-3603 
BAG HOUSE BLOWER SELF PROPELLED HOPPER 

I00,000 CFff @ 5V' W(~ 10 TON CAPACITY 
900 HP DRIVE 5 HP ~RI'E 

© 

FLANT i 
. . . . . .  PLANT 2 
. . . .  PLA~T ,~ 

~ I  PHASES 2 & 3 

PUASE ] 

110-2003 
BELT CONVEYOR NO. 3 
36" WIDE X 1,080' 

75 HP DRIVE 

0 ISSUED FOR REPORT r~, I "  ";~'I 
,~. . . . .  I =  . . . .  ApIIR. I l l [  I I I V l I I I I  i l l  ~ I 8PI[IL 

DEPARTMENT OF ENERGY - DIVIS]OIt OF COAL CO~/I'~S]OR 
t~LTIPROCESS DEMOrlSTHATIOrl P!~r[ 

PROCESS FLDI~ DIAGRAM 
COAL STORAGE ~. PREPAt~TION IJrdTS ~D/1.ll/210/211/320/~;11 

"mE .ALP. u. P~SONS ~ ~ - ~ 0 / n l / n o / 2 n /  
COMPANY 

PAIJIDENA, CALIFORNIA 
De- DT- 



112-2~01 112-2201 112-1301 
L O I R E  CEAR CYCLONE IXIE!~CIIVATER 

AIR COOLER 

].1)-1)07.1)23 113-I)08 112-1)02 IIY.: 
PROCESS STE~H HIGH PRESSURE AIR HEALER HIGH F 
SUPERREAIERS STEAI, I SLIPE~EATER A, ~0,2 I'IIB'IU/HR, STEAff r 

A, 5,~ I'i'~TU/HR, EACH" A, 73.3 l'i')llYHR. B, 16,8 I'i'~IU/~R, A, 91,~ 
B. 7,81Y~TU/ER, EACH B. B),71'i'~BTUIHR, B, 91,2 

.112-2001 

950"F 
TO FC O~ 
COVPRESSOR A, HC 

.._ "i I ,'~ .L I 

A / A m " r  I A, 14~ 

"~ ~-.-~-._ +_+ 
~=~__ L. .~ 

~ 2700"F 
~ BLOi~N 

<p l ... ,,--, 
I ,  ~-~.  . . . .  ~-~--~-~..< ' , , ' 7 / /  ; 

~ ' :: 7 C~ To SLAt 
~ ~x--~ - ~  -~ -~ x- ~ - ~  .x ..x ,.~4~ " ~ / D I S P O S A L  

L i £ 
_ 700"F 

AIE ~_LO~I; CLUE 

11c.-2001 112-201)2 ~ 112-150]|~ 
GASIFICATION ZOfiE SLAVIC5 ZONE SLAG Qt'PICli HICH P~ESf 

COAL FEEDER COAL FEEDER CIRCULATII(G PUMPS CIRCIILATIN~ 

V P [ ~  t l .  

DCt C~ (i~Yf¢i# 
~0~ =zl; t~ ~'r£AM TO ~ASIFHR CC, OLIN3 13~ ~$IG STEAM TO 150 rSIG STEAM TO 50 P$IG STDLH CONI)ENSATE TO CONDENSATE 'nI£ATEO STEAM 'ro 1300 PsIG 1: 
FEl.~ ~S ;F IE~  ~SIFI~R G~S WATE~ STEAM AIR HEATER ST£/LM TU'RBINE TO ~ ( T  114 UFIIT I t 4  k"tOH L~IZT 114 ~k~lr~b'~ W,ATER ~ P ~ S S ~  B~O~CT STE-~.q 

T L el,:, i"IH 

, , ~  £ , 3 3 ' 1  . 
r~>t ZT~ 

FLOW "F~FAL, ~wl')- 18J34 ),4~) 2~,2]~ 4.~3E 14,0~) 

IB.O 2~,7 18.C 1~;.0 

~ C ~ Z ,  r ~ l e  ~o 50 13~U 13~)0 

" i " " -" : 

Z 

2,538 1 ,~q~S 994 910 638 133 994 6t34;~ 5,215 
45,)39 30,O~E) 17,9.10 16,400 11,500 2,400 17,g00 ]14,2E,0 ;4 o000 

18.0 . 18.0 18.0 IB.O ![8.0 18.0 18.0 2G~O 1B.O 
23o] J5*Z g.O 8,3 57.8 47,5 

1300 1~0 1300 ~0 50 20 20 13~0 13~ 



H],3~ fRE:bi!I~ 
STEAM CIERHEATER 

112-1302 ~ 113-131%132r~ 11~-1311 
HIg~ RR~.C~;I~ EIGH PRESSUR~ HEDIUM PRI:SSHRF 

Ar hl],2 MKI~Iu/H~. STEAM GEREP,~TOR FEEI~W~TER I~EATERS GZIiERATOR 
£, l~,~ IIIEIU/H2, /~. 97.5 Iff'~TU/~,R, A, ~ , I  P/~BTUIHR, EACH A, 25,7 ItIBT~I~R, 

L 91.2 Vli~T~/}IR, B, 54,5 MMI~TUIIIR, EACH B, 25,7 VtIBIUI~R, 

950"F 

E~CESS STEAM 
CORDENSER 

~1~D9 PSIfi STEAM 

I13-120~ 
CL~ C~ND~SAT~ 

113-1321 
~D] tt~ PRESSH~ 
FEEDWATER REATER 

• A, q,)flI~)TUIHR, 
B, 4,5 II"~TU/HR, 

i13-1312 

6E~E~TCA 
A, 24,3P~I~IUIHR, 
B, 35,2 BP~TU~R, 

1! 

B, hO 
A, NC Z 

I~XYCE'C FR~ , 2~'FB.'NO 
~ ~l~ .',~'~ " " - - ' ~ . . . . c . . " - - - - ' l  

• 

(]~DEHSATE 

11~-1513,151_~ 

5~O'F 1~9  PSl~ STEAM 

- -  I A. 14~O'F 

580"F 

AIR 

CLEAH CONDENSATE 
RETUF~ FROM U~IT I14 

1.13-1204 ̧  

150 PSIG STEAM 

.IOC'F 
qT3"F 

BL~WDOW~ 

' :: / - x  / ~,~L~ 

fiefs': 

V- '1  II 

700"I ~ 

p 

/ ,  

A, 1045"F B, l 1 2 0 ' F  

A, - 720"F 
B, - 780"F | 1 . ~ - ~ 1  

/ 

~EE'F t 

58D°F 

.;" ; ,/" I ~ O ' F  

/ / d ~ j ,  

11~-1~21 Y 3 9 0 " F  

59 PSI6 STEAM 

. .¢  .s- 

A, 389'F 

a¢' 

I ~L~, / :y ,_ t t ,~  c 

112-IP~3 irq~ 
~{tC~ PRESSL'RE 

t'; RCI'LR7 ~G F t ~ .  c 

l l~ lSOS 1506 
DEAERATOR FEED PUMPS 

l~Lff,,'I)O~l 

ULO~It C~SE 

STREAM NO, 

G~r:~TP:%"& 

+ 
SC&IDS: A~, LB/~R 

CP~ L~/PR 

~ CI,f T~T~L, Le/m 

P~CSSU~, PMG 

PROCESS MAKEUP C~.S TO PROCESS STEAH 
C~NCGN~AT~ V~T£R ~]T 114 SLA~ FROq MP SYSTEH 

3.9)6 
7,095 

- - 1 . 1 3 1  - 
1 7 3  

14,870 

h5 ;395 "799 
17,700 

2,016 

235 . 1 , 3 9 5  27,9B4 
4,234 25.13G E93,28Z 19.716 

1B.O ]8.0 24,8 
254.9 

ho "~ nG 2~o 
Z5 $5 22 42 

~SC2IPTIC~q 

FLOt/~ I@H 
H2 
CO 

b 
S O L I d :  g H .  LB/ICR 

CEJ ~ ,  LB/,~:R 

FL(~ TOTAL. HPR 
FLOW" TOTAL, LBIF'~ 
HE' 
H~ISCfD 
TEHPEPAT~. °F 
PRESSURE, P$IG , 

F(~.._~C 

437 

233.7~ 

5.1-1C 
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1 ~. 3-~T~.l 113-1312 
f~EI]11'M FRES~LIRL 
FEE~AT[~ HErAT;~ ~NERATOR 
A, q,3 Pg"]~TU/WR. A, 2c,,3 I~+i~IO/HR, 

113-1201 
PROCESS 

WATER HEATER 
A. 2.1MMSTO/HR, 

11}-12q~ 

13-!~I~z:_12.~.~ 113-1202 
~EDIUM PRESSURE Rl~ PRESSURE 

FEE~WATER DEAERATOR FEEDWATER DEAERATOR 

1.15-131q 1.l:3-1.319 1.1.3-1322 1.1)-1317 
HI@H PRZSSURE PF.DIUII P~SURE PROCESS FEE~ATER BLO~O',PI! 

REDWATER FEEI)WAIER PREHEATER FEEI)WA'ER 
P~HEATER ~ A, q,4 MM~TU/HR, EXCHAN~R 

A, 26,2 ~TU/HR, A, 4,6 R'I,BTUIHR, B, 6.4 BM~TUIHR, 0,75 BHB'PJIIIR, 
R, 33.9 Iq~TU/RR. B, II,6 RI~TU/HR. 

~ PSIG S'[EN~ 

A, ~0 
AIR B, ~C 

2~'F 

\ 

TO TC OH _ r=SET 
GASIFIER OUTLET ~ 

" A  CO"DENSATE TO ~ ~  

U~IT ~q 

50 PSIG STF.AIITO 
< ~ > ~ A C I D  GAS REMOVAL 

UNIT1.14 iL'%l~Ol 

23(t'F 

I13-1501,15~ 
A, 360"F . 
B, 3 ~ ' F  [ 

SPE~ 
CONTROL 

.J, / 2" ~" J .y J" 

A. 360"F 
B, 39D'F 

11~, ]:~';[ ,l%qt 
AiRAT?c r~[l~ r_~] 

230"F 

~ I3-1322 

,~q'F 

II~-IS~3,15% 115-]501,1502 150"F 
?~H~::: PRESSURE ~ TO SLAG 
FEED;~ATER P~KPS FEEDWATER PUIV$ QUENCH POND 

~ TR,~TE~ I~KEUP 
WATER FRO~ UHIT 130 

,I 

A, lgO'F 
B. 1BO'F, 

~':£. C~ TO STL~, TO Gr'~IFIS~ 500Llf(G 1300 P$IG ST[#°M "TO 1 ~  P$IG $T£L~[ TO 50 PSIG STEN~ 50fll)ERT,t~,ATE CQNgEffSAT5 TREATED STE/~ TO l ~  
FEV ~ l r l E ~  £d~ITIER £J~S W~,TER ~3"(AI4 ~ .  I~AT~R STEA8 "~]R31~E TO r~i|T 114 TO ~IIT 114 ~ L~IT 114 I'~KE~JP ~ATER ~ Z S ~ I  

Wa::, L~/a~ 

FLO~ TOTAL, ~ - 5,~31 8,119 31,554 7,52I 15,097 

3; ,~ 18.0 1~.3 18.0 18.0 

1.~i ~,~s5 ;87 $1o ~3 £~ . ,  

1,06] 1,6~5 1.~87 910 633 133 ~J4 
19.112 30,000 23.182 16~400 IIJA}O ~.4~ 17~90~ 

18.0 18.0 1~.0 18.0 18.0 18.0 18.0 
9.7 15.2 11 o7 ~ ~8  100 "EO 
~50 35G 95O 

)350 150 1300 , tO 20 tO 

. 8, 

Z ~ 
I 
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~I~' WCL~II~ SURF~,CE EFFLUENI AIR C O N b E ~ T ,  ORil 
~.~ SYSTEP, C~.DUISER CO~LF..__~R 

131,6 ~TU/flR, A~ Z2,O f~'£]TIII~R, 
J,,I(L B, 65.(} ~TU/HE, 

II~--L?.O________~. I15-2202 
PRODUCT ELECTROSTATIC 

C~DENSATE PRECIPITATOR 
RECEIVER 

A, NO 
B, NC 

~ 1330 PSIG 

.o. ,  i) 
~, U~TRE~TE~ OR "F \! 

' 1 :  ~nCES3 CONDE~'S~'Tfi C~h.~ER PUMPS 

13(}(} PSIG 
STEAM PRODUCT 

LINIT 114 

113-1507,1508 
C(}NDERSATE RETUR.~ P~CE~ CO,~DENSATE 

~ . ~ *  ~w C~bENSA"C WkTER L~IT 114 ~L~ l:ROe4 I@ 5YSTE{4 

3~9D 

:cL~, 39~12B 

40 

FL£W, ~P~ 
10,957 

= 2,94~ 
335 

~ , ~ 4  105 ,E2J t  .{5~,6~9 
l~.O I8.Q lgJt 

ii0 "B~ lli) 
~5 . 65 

° 

6,172 
111 ,L~*3 

18,0 
55oZ 

gSO 
50 

NOTES: 
1, O~,SE A - AIR I]L(}~ GASIFIER, IF.AT AND IIA~RIAL 

BALARCE SHOHIt (}N THIS PROCESS FLOW IZlAGRAIt IS 
AN AVENGE (}PEP, ATIttB CASE ASSUMING 52 ~TU/HR 
HEAT DUTY IN lllE GASIFIER STEAIt C(}[L, (FOR 
E(}UIPMDIT DESIBH, THE HAXIMUII DIRY IN TiE GASI- 
FIER COIL IS 80 h"IBTO/HR Aft) THE MINIBUII 
2.5 IIIBTU/IIR, 
CASE B - (}XYGEIi BLOWH BASIF]ER, HEAT AND 
IIATERIAL BAtA~CE ASSUMES ~XIMIJB (8(} PI~BTU/HR) 
13UTY IH GASIFIER COIL, 

2, ~0 - INDICATES tiORYALLY OPEN 
NC - IRDICATES II(}RMALtY CLOSED 

O• ISSLED FOR REPORT 
.o = v m 

DEPARIMENT f f  EHERGY - DINSICfJ OF CCAL CONVERS]~ 
~LTI-PROCESS tt.flOHSTRATION FL~T 

PROCESS FLOW OIMRA~ 
LOW PRESSURE GASIFIER ~ r l s  1121113 

~HE RALPH M. PARSONS ,~z we, ' I~,O- ~ [ m ~ l  
COUPARY I 5 ~ - 5  I R - L 1 2 ] J l ~ F $ - I  .L_! P&|&fJI{N&, C&Lt F 0 ~ N I A ~  

I~C- OT-- 



TO TRAIII ilO,Z ~-91---- 

ACID GAS J 
FEED 

REACTXON TANK 

REDO< SOLUTION 

A,R  
I 
I 
I 
I 

OXIDIZER 

CLEAN (~AS F~OH~----~ 
TRAIT4 NU' ,2 I 

li i 
IL.., I C_.> .~ 

FROTH TANK 

CLEAr; 
mm FUEL GAS 

v I 

SULFUR FROM 
TRAII~ RO.2 

SULFUR 
MELTER 

<> 

PRODUCT SULFUR I 
TO STORAGE 

STREAM <~> < ~  

GASES, MOLES/HR 
H 2 5,296.65 5,296.65 
N 2 12,739.70 12,739.70 
H2S 173.08 0.67 
H20 569.82 570.45 
CO 2 1,372.25 1,372.25 
CO 6,854.23 6,854.23 

TOTAL, MOLES/HR 27 ,005 .73  26,833.95 
TOTAL, LB/HR - - 

LIQUID SULFUR, LB/HR 

SULFUR REMOVAL UNIT CONSISTS OF TllO PARALLEL TRAINS 
EACH SIZED TO TREAT 50 PERCENT OF ACID GAS FEED. 
STREAM DATA SHO~IN IS TOTAL FOR BOTH TRAINS. 

4> 

5,529 

NOTE: THIS PROCESS ILLUSTRATED IS ONE OF 
SEVERAL PROPRIETARY PROCESSES 
AVAILABLE FOR THE PURPOSE INTENDED. 

0 ~/7;ISSUED FOR REPORT 
*M c = m  

EIIERGY RESEARCH & DEVELOPHENT ADHINISTRATION 
(ERDA-FE) 

NULTI-PROCESS DEMONSTRATION PLANT - PHASE I 
PROCESS FLOW DIAGRAM 

ACIB GAS SULFUR REMOVAL - UNIT 114 

THE RALPH M. PARSONS .:oB ,o ow~ ~o REV 
COMPANY 5435-5 R-I14-FS-I o PABADI~RAt CALIFORNIA 
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5,2 PLANT 2 - INTE~DIATE PRESSURE GASIFICATION AND POWER GENERATION 

This plant operates concurrently with Plant i. It utilizes a number of 
facilities common to the operation of both plants. In most cases an addition 
to the Plant 1 facilities is required. Common facilities, which require 
additions, include: 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(79 

Coal receiving, unloading, and storage area 

Coal grinding area 

Water treatment 

Cooling water system 

Effluent treatment 

Flare system 

General facilities 

5.2.1 UNIT 210: ADDED COAL STORAGE 

To provide the total feed coal requirement of 4,050 ton/d for Plants 
I and 2, a second iSO-ft radial stacker conveyor 210-2005 with intermediate 
feeder conveyor 210-2006, and a second 4.5-cu-yd rubber tired tractor FEL 210- 
3502 are required. These are shown on Drawing R-IIO/III/210/211/310/311-FS-I. 

~le additional Unit 210, Plant 2 coal train unloading, stockpiling, 
and/or conveyor system operations will be accomplished with one operator, as 
in Unit ii0, Plant I. 

Stockpile capacity will be increased by using the full 210-degree 
radial travel on radial stacker No. i, which increases that stockpile area 
to approximately 40,000-ton capacity, plus 20,500-ton stockpile capacity 
obtained from radial stacker No. 2 travelling over an arc of approximately 
i00 deg. The 60,500-ton stockpile will furnish a 15-day supply for the 
combined Plant 1 and Plant 2 operation. 

5.2.2 UNIT 211: ADDED COAL GRINDING 

Unit 211 contains 200-ton capacity coal storage hopper bin 
2ii-2603, into which No. 3 plant feed conveyor 110-2003 and/or bypass con- 
veyor No. 2 110-2002 will discharge. Pulverizer feeder 211-0503 extends from 
the hopper bin to Plant 2 coal pulverizer 211-2102. The additional second 
pulverizer will furnish the required additional 2,250 ton/d coal at 70% 
minus-200 mesh. 

Drawing R-IIO/III/210/211/310/311-FS-I also shows the additional 
equipment for Unit 211. 
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5 . 2 . 3  UNIT 212: PROCESS GASIFICATION 

Two medium pressure oxygen-blown gasifiers are provided -- one is 
an entrained slagging type, and the other is the fluidized-bed type with a 
combined pretreater. ]'hey are of equal capacity and are installed in parallel. 
Operation would be alternately. Thus, two foremost types of advanced design 
gasifiers can be demonstrated on a production scale, fed by a variety of coal 
types and in typical production circuits. 

A. Entrained Slagging Type Gasifier 

Coal is gasified in Unit 212-2501 at 485 psig by steam and 
oxygen. The process is shown on Flow Diagram R-212/213-FS-l. 

The gasifier is a two-stage entrainment slagging type. It 
represents a modification of the Bi-Gas design which is being developed under 
DOE contract. The gasifier dimensions are approximately 12 ft OD x 130 ft 
high. A sketch of the gasifier is sho~1 in Figure 5.2-I. 

Powdered coal is mixed with an equal weight of water in 
s l u r r y  feed  tank  212-1205  l o c a t e d  in the  ~ [ c i n i t y  of the p u l v e r i z e r .  'File 
s l u r r y  i s  then pumped th rough  an exchanger  t r a i n  where i t  i s  p r e h e a t e d  to 
wa te r  bubb le  p o i n t  (470°F) wi th  g a s i f i e r  e f f l u e n t  gas .  

The preheated slurry is mixed directly with hot effluent gas 
(1270°F) in flash dryer 213-1201. The water is w~porized and the resulting 
steam, gas, and coal mix at about 600°F is carried overhead to coal cyclone 
212-1201. 

Steam and gas flow overhead from the cyclone through the 
electrostatic precipator 213-2202 unit. The coal discharges into an injection 
nozzle where it is mixed with process steam superheated to 910°F. The coal 
and steam enter the bottom area of the upper stage, Stage 2, of gasifier 
2 i 2 - 2 5 0 1 .  

The coal :is pyrolyzed and reduced to char by hot gas rising 
from the 3000°F lower, Stage I, gasifier section. The resulting char/gas 
mixture is carried overhead at a nominal 1800°F outlet temperature to char 
cyclone 212-2202. 

Cyclone overhead gas flows through 550-psig steam superheater 
213-1305 and steam generator 213-1304 to the flash dryer. Cyclone char 
underflow discharges into a second steam injector. Char is mixed with an 
additional quantity of superheated process steam and injected into the gasi- 
fier, Stage i. Preheated oxygen (600°F) is simultaneously injected into 
Stage 1 and the resulting combustion reactfon forms ash and additional gas. 
Stage 1 combustion zone temperature is approximately 3000°F. 
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Ash, depending on the composition of the coal being fired, is 
molten at 2000 to 2500°F and flows down the sides in Stage l and through the 
bottom opening into the lower section of the gasifier where it is quenched 
with water at 140°F. (]'he quench water may be at its bubble point, 467°F; 
this alternative operation is described later in this section.) 

The slag/water slurry flows out the bottom of the gasifier 
through slag crusher 212-2101 to break up any clinkers. ]'he divided and 
solidified slag generally has the consistency of coarse sand. 

The slurry is pumped into slag slurry cyclone 212-2203. Most 
of the water is separated in the cyclone as overflow and is recycled through 
slag slurry cooler 212-1302 back to the gasifier quench zone. Makeup water 
is added as needed. Cyclone underflow is a thick, pumpable slurry that flows 
to atmospheric-pressure slag slurry degasser 212-1201 through a pressure 
device. 

The depressured slag/water slurry is pumped to the settling 
poHd. Overhead from the degasser is cooled in steam condenser 212-1306 and 
flows via a suction pot to vent compressor 212-1801. The compressor trans- 
fers ~he ~as back to the gasifier. 

An alternative operation is to maintain the quench water 
temperature close to its bubble point, 467°F. }lot slag vaporizes some of the 
water which then flows up through the gas:fier and becomes a portion of the 
process steam. The air cooler will be b?3~assed during this operation and the 
5emperature of the rundown to the settling pond will be approximately 212~F. 

The operating conditions selected for the gasifier result in 
a raw gas composition, moisture and II~S excluded, containing 75 vol % carbon 
monoxide and hydrogen plus 1.4% methane. The hydrogen to carbon monoxide 
ratio is 1.46:1. 

Temperature control in the gasifier will be maintained by a 
controller with its thermocouple located in the vapor outlet line. Rising 
temperatures cause opening of the process steam superheater bypass which 
reduces the temperature of the steam to the gasifier. The resultant higher 
temperature of gasifier gas to the steam generator increases steam make, 
which further cools the gasifier. Further temperature increase reduces 
oxygen flow. 

The gasifier is equipped with a boiling-water cooled refrac- 
tory chamber for the lower, Stage I. Temperatures can be maintained in 
Stage 1 by allowing a portion of the raw coal ~from the coal cyclone) to 
bypass Stage 2 feeding directly into Stage I. 
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B. Agglomerating Ash Fluid Bed Gasifier 

Coal may be p r e t r e a t e d  (as may be n e c e s s a r y ,  depending  on 
coa l  type)  and g a s i f i e d  in  t h e  f l u i d i z e d - b e d  mode a t  485 p s i g  by  s team and 
oxygen. This gasifier would be positioned in parallel with the entrained 
gasifier in Plant 2. 

Gasifier 212-2502 (see Section 8, Table 8-7), is a single- 
stage agglomerating ash fluidized-bed type. It is similar to the agglomer- 
ating ash unit tested by IGT. For proper operation, this type of gasifier 
requires a noncaking coal feed. Caking coal can be processed if properly 
pretreated by mildly oxidizing the coal particles with a small quantity of 
oxygen at a moderate temperature of about 700 to 800°F. 

The gasifier is shown in Figure 5.2-2. The vessel 212-2502 
includes the lower fluidized pretreater bed, as well as the upper gasifier 
bed. This is considered to be patentable and an invention disclosure 
entitled Fluidized Bed Gasifier with Integral Pretreating Facilities has been 
filed with the Department of Energy (DOE) on February 22, 1978. 

To describe the operation, coarse ground coal, approximately 
4 to 6 mesh x 0, slurried in water, is dried in flash dryer 213-1201 by hot 
effluent gas. The resulting steam, gas, and coal mixture at approximately 
~00°F is carried overhead to coal cyclone 212-2201. 

Steam and gas flow overhead from the cyclone to the heat 
recovery unit. The coal flows down a standpipe, through a flow regulating 
valve, and is mixed with process steam and pretreat oxygen. The fluidized 
m i x t u r e  e n t e r s  the  bo t tom o f  the  p r e t r e a t e r  and remains  f o r  an ave r age  r e t e n -  
t i o n  t ime o f  up to  5 min. 

Pretreatment is accomplished in two stages. 

The first stage treatment takes place when the coal is gas 
lifted to the pretreater bed using oxygen and sufficient steam to maintain 
pretreater temperature. Pretreatment is completed in the few minutes' resi- 
dence time in the bed. 

Pretreater off-gas, as in the IGT U-Gas pretreater 3, flows 
through the gasifier bed. Unlike the U-Gas design, the off-gas contains most 
of the steam for gasification. To cause the ash particles to agglomerate, 
sufficient oxygen is sent to the central cone to produce a hot zone. The 
rest of the oxygen and gasifier steam enter the gasifier bed with the pre- 
treater off-gas. 

The pretreated coal is lifted continually from the pretreat 
zone via the lift pipe by a portion of the reaction steam into the gasifier 
gasification zone. 
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The localized high tempeTature zone softens the ash and allows 
particles to agglomerate. As size and weight increase, the agglomerated ash 
particles settle downward in the collecting cone or cones. They then fall 
through the incoming oxygen and steam flow into the ash slurry tank. There 
they are m~xed with water to cool and form a slurry. The ash slurry is dis- 
charged via the slag slurry disposal system as described in subsection 
5 . 2 . 3  A. 

The product gas leaving the top of the gasifier flows to char 
cyclone 212-2202 where most of the entrained char particles are removed and 
recycled to the agglomerating cone of the gasifier. 

The overhead raw gas from the cyclone flows to the coal flash 
dryer, 213-1201. From the coal cyclone 212-1201, the gas continues on to 
Unit 213 for heat recovery and gas cleanup. 

Quantity, pressure, and temperature of the raw gas leaving 
the fluidized-bed gasifier are similar to those of the raw gas from the 
entrainment-t)q~e gasifier, but the composition will differ. Table 5.2-1 
tabulates the comparative compositions. 

Table 5.2-I - Estimated Gasified Effluent Compositions 

Component 

H~ 

CO 

COy 

CH 4 

H, S 

NII_ 

N~ 

H.O 

Total (mol/hr) 

Total (ib/hr) 

Molecular weight 

~Is c f/d 

Entrained 
Slagging (mol/hr) 

13,763 

9,451 

6,870 

447 

360 

20 

273 

16,573 

47,757 

920,844 (ib/hr) 

19.3 

435 

Fluidized 
Agglomerating 

13,179 

8,933 

7,515 

320 

360 

13 

292 

16,365 

46,977 

928,154 (Ib/hr) 

19.8 

428 
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F e a t u r e s  o f  t h e  IGT U-Gas and 5 v n t h a n e  p r e t r e a t m e n t  p r c ~ c e s s e s ,  
mainly,  o°a~- v e l o c i t y ,  and s e r i e s  f l o w  o f  gas  i n t o  t h e  g a s i f i e r  f l u i d i z e d - b e d  
=o]ne, were i n c r o p o r a t e d  in  t h e  d e s i g n .  

N o r m a l l y ,  t h e  p r e t r e a t e r  is  a s e p a r a t e  v e s s e l  l o c a t e d  e x t e r -  
n a l l y  and above  t h e  g a s i f i e r  w i t h  v a l v e d  f e e d  d u c t s  t o  t h e  g a s i f i e r  f l u i d  
bed  , o u e .  For  t h i s  p r o j e c t  an a d v a n t a g e o u s  s i m p l i f i c a t i o n  has  been  made by 
i n c o r p o r a t i n g  t h e  p r e t r e a t e r  as a lower  a p p e n d a g e  t o  t h e  g a s i f i e r .  S o l i d s  
f l ow  f rom t h e  p r e t r e a t e r  zone  t o  t h e  g a s i f i c a t i o n  zone i s  by means o f  a l i f t  
p i p e ,  m o t i v e  power  b e i n g  f u r n i s h e d  by a p o r t i o n  o f  t h e  g a s i f i c a t i o n  r e a c t i o n  
f e e d  s t eam.  E x t e r n a l  d u c t s  and v a l v e s  a r e  t h u s  e l i m i n a t e d .  

Reaction oxygen and the remaining required reaction steam are 
introduced into the ash discharge duct where they flow up into the gasifier 
bed. The hottest combustion zone temperature occurs at the area of oxygen 
and steam entry, into the fluidized coal bed. The high temperature causes an 
agglomeration of solid ash particles bv a partial melting and softening of 
the particles initially contacted. As size and weight increase the agglom- 
erated ash particles settle downward in the collecting cones and fall through 
the incoming oxygen-steam flow. 

The ash particulates are collected in ash slurry" tank 212- 
1204 where they' are mixed with water to form a slurry. The ash slurry is 
discarded via the slag slurry disposal system as described in subsection 
5 . 2 . 3  A. 

The product gas leaving the top.of the gasifier flows fo char 
cyclone 212-2202 where a portion of the entrained char particulates is 
removed and recycled to the gasifier gasification zone. The overhead raw gas 
from the cyclone top outlet flows on to Unit 213 (heat recovery and gas 
c l e a n i n g ) .  

5.2.4 UNIT 213: HEAT RECOVERY AND GAS CLEANING 

The process is shown on Flow Diagram R-212/213-FS-I. 

Gasifier gas at 1800°F from char cyclone 212-2202 overhead out- 
let is cooled to 1270°F before mixing with the feed coal slurry in the flash 
dryer. Heat recovered makes process steam in 550-psig steam superheater 
213-1305 and steam generator 213-1304. Saturated steam makeup, as required, 
is brought in from the power plant entering between the steam generator and 
superheater. Steam from the superheater flows to the coal and char injectors 
mentioned previously and enters the gasifier. 

Gasifier gas flows through the flash dryer picking up the steam 
from the vaporized coal slurry water, further reducing its temperature to 
600°F. 

5 . 2 - 8  



The gas and steam effluent flows overhead from coal cyclone 
212-2201, passes through electrostatic precipitator 213-2202 for additional 
char removal, and is then cooled to 395°F (de~cpoint); the heat is recovered 
in parallel exchangers effluent/hot 550-psig BFW exchanger 213-1306 and hot 
slurry/effluent exchanger 213-1303. 

The effluent then flows through three parallel heat exchanger 
~ystems, cooling it to 270°F. These exchangers are effluent/warm 550-psig 
exchanger 213-1307, warm slurry/effluent exchanger 213-1302, and, in series, 
50-p~ig steam generator 213-1308 and sour water stripper reboiler 217-1302. 

The gas is contacted with water in venturi scrubber 213-2201 to 
remove any remaining dust and then flows into hot separator 213-1202, in 
which condensate drops out. The gas is cooled to 268°F in the hot separator 
by the returning liquid from cold separator 213-1203 through heat exchanger 
213-1313. 

Gas from the hot separator flows through three parallel 
exchangers, cooling it to 228°F. These exchangers are cold slurry/effluent 
exchanger 213-1301, effluent/cold 5S0-psig BFW exchanger 213-1309, and 
effluent/cold 50-psig BFW exchanger 213-1310. The gas is further cooled to 
157°F in ml additional set of three parallel exchangers; effluent/evaporator 
reboiler 217-1312; effluent/makeup 5S0-psig BFW exchanger 213-1314; and 
effluent/makeup S0-psig BFW exchanger 213-1315. The gas is then cooled to 
134°F in effluent/cold makeup 50-psig BFW exchanger 213-1316. It is finally 
cooled to ll0°F in effluent air cooler 213-1311 and flows into cold separator 
213-1203 where additional condensate is removed. 

The cooled gas is fed to acid gas removal unit 214 for hydrogen 
sulfide removal and carbon dioxide reduction. 

Condensate from the cold separator is reheated in exchange with 
hot separator condensate and put back into the hot separator to provide 
additional degasification. Hot separator condensate flows to the water 
reclamation unit 217 in two parallel streams; one stream is cooled to 190°F 
with cold separator liquid; the second stream bypasses the exchanger, flow£ 
ing directly to water reclamation at 268°F. A portion of the hot separator 
liquid (at 268°F) is recirculated to the venturi scrubber to provide the 
contact water. 

S.2.5 UNIT 214: MEDIUM BTU ACID GAS REMOVAL 

A selective acid gas removal unit employing a proprietary 
physical solvent is used to produce a clean product gas, a hydrogen sulfide- 
rich gas, and a vent gas stream. The Rectisol process was used as a repre- 
sentative process. The clean gas is used as feed stream for the power plant, 
Unit 241. The hydrogen sulfide-rich stream is fed to the sulfur plant, 
Unit 215. The remaining vent gas consists primarily of carbon dioxide with 
traces of hydrogen, methane, and carbon monoxide (approximately 250 ppm). 
It is vented through the plant main stack to the atmosphere (see Section 7, 
"Environmental Factors"). 
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. _ . 6  UNIT 215/210:  SULFUR PI.ANT/TAIL GAS PLANT 

Drawing R-2IS/210-FS-I shows diagrammatically, the major compo- 
nents of the sulfur plant required to produce an ecologically acceptable 
tail gas. This is achieved using a Claus-type sulfur recovery unit followed 
by a tail gas treating unit with a common redox solution unit. 

A. Sulfur Recovery, Unit 

A typical Claus-tyTe, three-stage sulfur recovery unit is 
sllown diagrammatically on Drawing R-215/216-FS-I. The acid gas from Unit 214 
is fed to a knockout drum for removal of any entrained liquids before 
entering ti~e combustion chamber of the reaction furnace. The chemistry of 
the process involves burning part of the H.S with air to form SO~, which 
combines with the remaining l[2S in the aci~ gas to form elementa{ sulfur 
according to the following equations" 

It~S + 3 / 2 0 ~  ~ SOo + H~O (11 

2H~S + SOo ~ 3S + 2HoO (2) 

Any h y d r o c a r b o n s  in  t h e  a c i d  gas a r e  bu rned  t o  CC}~ and H,O. 

The reactions are exothermic, and the heat liberated gener- 
ates 150-psig steam in the reaction furnace boiler and S0-psig steam in the 
sulfur condensers. 

The process gas from the first condenser passes through three 
stages of catalytic conversion, each stage being composed of a reheater, a 
catalytic bed, and a sulfur condenser. The sulfur from each condenser is 
drained to a recovery pit, and the tail gas from the final condenser is fed 
to the tail gas treating unit. 

B. Tail Gas Treating Unit 

The tail gas sulfur removal unit is included on Drawkng 
R-215/216-FS-]. Several commercial processes are available for reducing the 
sulfur content of the sulfur recovery unit tail gas to an environmentally 
acceptable level. A sulfur content of less than 125 ppm is achievable by 
one of these processes (the Beavon sulfur removal process], and this was used 
as the basis for the estimates of this study. 

In the process used, for example, hydrogenation and hydrolysis 
are used to convert essentially all sulfur compounds to hydrogen sulfide. 
The gas is then cooled and passed into a contactor where the hydrogen sulfide 
is absorbed by the redox solution and oxidized to commercial sulfur. The 
purified tail gas is vented to the atmosphere. The reduced redox solution is 
reoxidized by contact with air and subsequently recirculated to the contrac- 
tor. Elemental sulfur is removed in the air-blowing step as a froth. The 
froth is pumped to the sulfur separator and melter system where the sulfur is 
melted under pressure, separated from the redox solution, and transferred to 
sulfur product storage. The separated redox solution is returned to the system. 
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The chemical reactions are: 

Hydrogenation and Hydrolysis 

SO 2 + 3H2-----~ H2S + 2H20 (i) 

S + H2--------~ H2S (2) 

COS + H20----~ H2S + CO 2 (3) 

CS 2 + 2H20----~ 2H25 + CO 2 (4) 

Hydrogen Sulfide Extraction 

H2S + 1/2 02--~ S + H20 (5) 

The purified tail gas is odorless and contains typically less 
than i ppm of H2S and less than 125 ppm of total sulfur compounds, mainly COS. 

The sulfur product is yellow and better than 99.9% pure. 

5.2.7 UNIT 217: WATER RECLAMATION 

About 1300 gpm of sour water from the gasifier heat recovery 
units will be treated to make it suitable for reuse as boiler feedwater. 
Process Flow Diagram R-217-FS-I shows the unit. 

Sour water feed consists of two parallel streams at 268°F and 
190°F. The hotter stream is cooled in sour water feed/evaporator reboiler 
217-1301 to 190°F, and the two streams are combined. The total flow is 
further cooled in sour water stripper feed cooler 217-1307 to 120°F. This 
is sour water stripper 217-1101 feed. 

For Plant 3 operation sour water extractor 317-1101 may be used 
to contact sour water stripper feed with fuel oil to remove tar and oil 
which may be in the water. 

The sour water stripper removes most of the ammonia and hydrogen 
sulfide which are sent overhead to sulfur plant unit 215. Approximately one 
half of the stripped water is sent to the feed system to slurry coal after 
being cooled to between 180 and 212°F in slurry water/BFW exchanger 217-1313 
and slurry water cooler 217-1308. The remainder of the stripped water is 
further treated with oxygen in oxidizer 217-2501. 

Ill the oxidation process, stripped water is mixed with oxygen and 
heated in oxidizer feed/effluent exchanger 217-1303 and with superheated 
steam to a temperature at which the reaction between the oxidizable material 
and oxygen will proceed autogenously at a reasonable rate. Additionally, the 
oxidizer is run at high pressure, 1500 psig. Temperature in the oxidizer 
increases due to heat of reaction, the heat being recovered in exchanger 
217-1303. Oxidizer overhead gas is returned to the gasifier. 
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Oxidizer water effluent containing solids, chlorides, carbonates, 
and dissolved gases Iiincluding SO 2} is mixed with neutralizing chemicals and 
fed to BFW settler 217-2201, operating at 0 psig. The flashed BFW settler 
vapor is cooled in BFW settler overhead/evaporator reboiler 217-1306 and BFW 
settler overhead cooler 217-1305, and the condensed steam is refluxed back to 
the settler. Noncondensables are returned to the gasifier by vent recovery 
compressor 217-1802. BFW settler bottoms containing the settled solids are 
mixed into the water for slurrying coal. 

Settled product water containing neutralized chlorides and carbon- 
ates is suitable for use as 50-psig boiler feedwater. This water is filtered 
and pumped to the gasifier 30-psig steam system and to evaporator 217-1203 
via BFW deaerator 213-1204. 

Evaporator 217-1203 is provided to make higher quality boiler feed- 
water needed for the 500-psig and higher steam systems, and to utilize some of 
the relatively low temperature heat available in this unit and the heat 
recovery unit. Evaporator feed is a portion of the water from deaerator 213- 
1204. The feed is deaerated and boiled in the evaporator at L40°F and 2.9 psia. 
The evaporator is reboiled with heat from the incoming sour water feed, BFW 
settler overhead, and gasifier effluent 217-1301, 217-1306 and 217-1312. 
Evaporator blowdown goes into the coal slurry water. 

s y s t e m .  
e j e c t o r .  

Evaporator overhead is condensed and pumped to the 550-psig steam 
Vacuum for the evaporator will be provided by either a pump or steam 

5 . 2 . 8  UNIT 230: ADDED WATER TREATMENT 

Plant 2 operation requires an increased supply of industrial water. 
Raw water pumping from the river is increased from approximately 1,200 gpm for 
Plant 1 operation by" an additional 7,000 gpm to total 8,200 gpm. 

The unit includes additional pumps, clarifiers, chemical treating 
equipment, rotary vacuum filters, treated water clarifiers, and the additional 
distribution capacity. This represents an expansion of the water treatment 
system shown on Drawing R-130/131-FS-I. 

5 . 2 . 9  UNIT 231: ADDED COOLING WATER SYSTEM 

Plant 2 operation requires a cooling water circulation rate and a 
cooling tower capacity of 167,000 gpm; Plant 1 requires 25,000 gpm. The 
Plant 2 cooling tower will be located in the area adjacent to the Plant 1 
cooling tower to provide a common cooling water supply. This will maximize 
servicing efficiency and cooling water usage flexibility. 

5 . 2 . 1 0  UNIT 232: ADDED EFFLUENT TREATMENT 

The Plant 2 operations will increase the effluents requiring 
treatment. This requires increasing sanitary sewage treatment, skimmer pit, 
and settling pond capacity approximately six-fold. 

5 . 2 - 1 2  



4 

5.2.11 UNIT 233: ADDED FLARE SYSTEM 

The Plant 2 system requires increased flare capacity. The flare 
system provided for Plant 1 will be utilized with an enlarged burner replace- 
ment and a liquid return pumping system. 

5.2.12 UNIT 240: OXYGEN PLANT 

A 3,000-ton/d single train oxygen plant is included. Oxygen 
purity will be 98%. This size oxygen facility is 15% greater than is required 
to operate the Phase ~ entrainment-type gasifier at full rate and will supply 
the Phase 2 fluidized-bed gasifier for full rate operation. 

The oxygen facility is large enough to operate the Phase 1 fuel 
gas gasifier in the totally oxygen-blotch mode during periods when Plant 2 and 
Plant 3 may be unavailable. When Plants 2 and 3 are operated (80% of gasifier 
capacity} there are SS0 to 900 ton/d of oxygen available to operate Plant 1 
on a combination air- and oxygen-blown basis. Otherwise, with the entrainment 
gasifier operating at full rate, about 400 ton/d of oxygen, along with air, 
can be fed to the Phase 1 low Btu gasifier. 

The oxygen plant is equipped with air compressor capacity to 
supply its full air-feed requirements and oxygen compressors to supply oxygen 
at 500 psig to the medium-pressure gasifiers and at SO psig to the low- 
pressure gasifier. 

5.2.13 UNIT 241: POWER PLANT 

The power generation area consists of two gas turbines, two heat 
recovery steam generators, and steam turbines in the combined cycle mode. 
Drawing R-141-FS-I shows the combined cycle system for the generation of 
approximately 200 MW of electricity, gross. The power plant also contains a 
low Btu fuel gas compressor for demonstrating power plant operation on low 
Btu fuel gas. 

Clean fuel gas from Unit 214 (medium Btu acid gas removal) at 
400 psig is fed to two gas turbine generators, 241-0101 and 241-0102. The 
exhaust of each gas turbine generator is fed to heat recovery steam generators 
241-1601 and 241-i002. These generators produce about 245,000 Ib/hr of steam 
at 1,250 psig and 8S0°F. This steam is fed to steam turbine 241-010S which 
operates generator 241-0106. This steam turbine is provided with an extraction 
point to furnish SS0-psig steam to the process plant. An additional 266,000 Ib 
of steam at 50 psig and 300°F is supplied to Unit 241 from the process area. 
This steam is fed to steam turbine generator 241-0107 for the generation of 
additional electrical power. 

Condensate leaving the main condensors, together with plant 
makeup requirements, is sent to station deaerator 241-1303, where it is picked 
up by the boiler feed pumps for return to waste heat steam generators. 
l~emineralized water and condensate are also returned to the process plant 
heat recovery boilers. 

5.2-13 
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5 . , .  ~ 14 UNIT 250:  ADDED BUILDINGS AND GENFRAL F A C I L I T I E S  

The support of Plant 2 operations will require buildings and space 
for administration, change houses, laboratory, shops, field offices, control 
rooms, cafeteria, security buildings, parking areas, and a road system. 

5 . 2 . 1 5  PI4&SE 2 PLANT PRODUCTS 

A. Electric Power 

For sale, transfer, and process plant usage, 192.2 MW is 
required. This will be generated and transferred # 13,600 V. 

B. Sul  f u r  

Quantity (ton/d] 
Purity (% sulfur] 
Color 

8 2 . 4  
99.9 

Y e ] l o w  

5 . 2 - 1 4  
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5.3 PLANT 3 - FISCHER-TROPSCH SYNTHESIS 

The Unit 210 facilities earlier described in Section 5.2 provide the coal 
receiving, stockpiling, and reclaiming capability for Plant 3. The additional 
required stockpile capacity will be obtained by using the full 210-deg radial 
travel on the radial stacker No. 2. Resulting capacity on both radial stock- 
piles will be 40,000 tons each, and the balance of 1,000 tons plus will be 
acquired by using the FEL tractors to extend the stockpiles into the available 
general area to provide the required total of 81,000 tons. Use of the FEL's 
for stockpiling will allow significantly more storage than actual requirements 
on the 1S-day  p r o c e s s  basis. 

5.3.1 UNIT 311: ADDED COAL GRINDING 

Plant 3 requirement for an additional 750 ton/d can be handled 
upon Unit 211, Plant 2 conveyor system. An additional bin, 311-2604, feeder 
311-0503, and pulverizer 311-2103 will be provided for the additional Plant 3 
pulverizing capacity. Duplication of mill sizes results in total excess 
capacity which is available for Plant 4 future operation. 

The additional equipment provided for Plant 3 operation is shown 
on Drawing R-II0/III-FS-I. 

5.3.2 UNIT 318: FISCHER-TROPSCH ACID GAS REMOVAL 

The product gas of Plant 2 was treated in an acid gas removal 
system which removed the majority of the hydrogen sulfide and a portion of 
the carbon dioxide. Unit 318 consists of equipment integrated with Unit 214 
based on use of the Rectisol process to process additional gas. Approximately 
06,000 ib/hr of product gas is obtained from an additional 750 ton/d of coal 
fed to Plant 2. This would become a separate process if a system other than 
Rectisol is used for Unit 214. This operation removes the remainder of the 
carbon dioxide in order to obtain a suitable synthesis gas for the Fischer- 
Tropsch catalytic conversion. 

S.3.3 UNIT 319: FISCHER-TROPSCH SYNTHESIS 1 

The Eischer-Tropsch synthesis unit shmca on Flow Diagram R-319-FS-I 
is designed to produce liquid hydrocarbons from carbon monoxide and hydrogen 
(syngas). Representative chemical reactions are: 

(2n+l)H 2 +nCO ~--- CnH2n+2 + nil20 

2nH 2 + riCO ~ CnH2n ~- nH20 

(n+l)H 2 + 2nCO ~ CnH2n+2 + nC02 

___~ 
nH 2 + 2nCO X---- CnH2 n + nC02 

5.3-1 
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An i r o n  c a t a l y s t  i s  used. S t r a i g h t  c h a i n  p a r a f f i n  and o l e f i n  
h y d r o c a r b o n s  a r e  t h e  p r i n c i p a l  p r o d u c t s .  T r a c e  q u a n t i t i e s  o f  c y c l i c s  and 
d ] o l e f i n s  as w e l l  as  smal l  q u a n t i t i e s  o f  o x y g e n a t e s  a r e  fo rmed .  

Clean nil-sulfur s)mgas from the acid gas removal, Unit 214, enters 
the Fischer-Tropsch synthesis unit at 40~.5 psig design. It contains 
39.0 mol % CO and 56.5 mol % H2, plus small amounts of CH4, CO2, H20 , and No. 
It is preheated in heat exchanger 319-1301-02 to 556°F and passes through one 
of two zinc oxide (ZnO) guard reactors, 319-2502, operated in parallel. The 
2nO removes trace sulfur compounds such as hydrogen sulfide and carbonyl 
sulfide, prior to entering the synthesis loop. The zinc oxide beds are 
replaced periodically as they become dep]eted. 

The s y n g a s  e f f l u e n t  f rom t h e  2nO guard  chambers  i s  mixed w i t h  
r e c y c l e  p r o c e s s  g a s e s  and t h e  combined s t r e a m  p r e h e a t e d  t o  t h e  s y n t h e s i s  
r e a c t o r  i n l e t  t e m p e r a t u r e  o f  571°F by t h e  1 3 0 0 - p s i g  s t eam in  F i s c h e r - T r o p s c h  
r e a c t o r  p r e h e a t e r  319-1302 .  The ho t  s ) ~ g a s  t h e n  e n t e r s  t h e  F-T s y n t h e s i s  
l o o p .  

The h e a r t  o f  t h e  s y n t h e s i s  l oop  i s  p a r a l l e l  s y n t h e s i s  r e a c t o r s ,  
3 1 9 - 2 5 0 1 - 0 1  and -02 .  They a r e  d e s i g n e d  t~ a p p r o a c h  i s o t h e r m a i  r e a c t i o n  con-  
d i t i o n s ,  The c a t a l y s t  i s  a p p l i e d  by a f l a m e - s p r a y  t e c h n i q u e  t o  e x t e n d e d  ex-  
t e r n a l  h e a t  e x c h a n g e r  s u r f a c e  which c o n t a c t s  t he  s y n g a s .  B o i l i n g  w a t e r  i s  
i n s i d e  t h e  h e a t  exchange  t u b e s  t o  remove t h e  a p p r o x i m a t e l y  110 m i l l i o n  B t u / h r  
o f  h e a t  l i b e r a t e d  in  t he  two r e a c t o r s  by t h e  h i g h l y  e x o t h e r m i c  s y n t h e s i s  r e a c -  
t i o n .  The c a t a l y t i c  s y s t e m  u s e d  i s  b a s e d  on t he  r e s u l t s  o f  d e v e l o p m e n t  work 
r e p o r t e d  by DOE's P i t t s b u r g h  Energy  R e s e a r c h  ( ; e n t e r  (PERC). A s k e t c h  o f  a 
F - I  s y n t h e s i s  r e a c t o r  i s  shown in  F i g u r e  5 . 3 - 1 .  

Also included in the synthesis loop are associated reaction heat 
recovery equipment, a recycle compressor, reactor feed/product heat exchangers, 
and product recovery facilities. 

The r e a c t o r  e f f l u e n t  i s  c o o l e d  and p a r t i a l l y  c o n d e n s e d  a t  194°F 
and 394 .5  p s i g  by  h e a t  e x c h a n g e  a g a i n s t  t h e  f r e s h  f e e d  in  h e a t  e x c h a n g e r  319-  
1301-02 and p r o c e s s  gas  r e c y c l e  in  e x c h a n g e r  3 1 9 - 1 3 0 1 - 0 1 .  A s o l u t i o n  o f  
c a u s t i c  i s  s p r a y e d  i n t o  t h e  p a r t i a l i y  c o n d e n s e d  p r o d u c t  i m m e d i a t e l y  a f t e r  t h e  
e x c h a n g e r s  t o  n e u t r a l i z e  o r g a n i c  a c i d s .  The c o n d e n s e d  h y d r o c a r b o n  and n e u t r a -  
l i z e d  aqueous  p h a s e s  a r e  t h e n  s e p a r a t e d  in F-T ho t  p r o d u c t  s e p a r a t o r  3 1 9 - 1 2 0 2 .  
The s e p a r a t e d  aqueous  p h a s e  f l o w s  u n d e r  l e v e l  c o n t r o l  t o  t h e  a l c o h o l  s t r i p p e r  
in  t h e  c h e m i c a l  r e c o v e r y  u n i t  322. The s e p a r a t e d  l i q u i d  h y d r o c a r b o n  i s  c o o l e d  
t o  l l 0 ° F  i n  a i r  c o o l e r  319-1303  and pumped t o  t h e  F-T l i q u i d  e x t r a c t o r ,  3 1 9 - 1 1 0 1 ,  
where  i t  i s  c o n t a c t e d  w i t h  p r o c e s s  w a t e r  t o  remove d i s s o I v e d  a l c o h o l s .  These  
a l c o h o l s  a r e  s u b s e q u e n t l y  r e c o v e r e d  from t h e  aqueous  p h a s e  by t h e  a l c o h o l  s t i l l  
i n  c h e m i c a l  r e c o v e r y  u n i t  322.  

Uncondensed product gas exiting 319-1202 flows to carbon dioxide 
removal unit 319-281)I, where the CO 2 content of the combined stream is reduced 
to 0.84~; CO 2 must be reduced in the recycle gas stream, since CO 2 and H20 
decrease the rate of synthesis in the Fischer-Tropsch reactor. A hot potassium 
carbonate system is used for CO 2 removal. Overhead condensate, stream 15, is 

5 . 3 - 2  
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Figure 5.3-1 - Synthesis Reactor 



pumped to the alcohol in chemical recovery unit 322 for alcohol recovery. 
Carbon dioxide vent gases from the system are scrubbed with process water in 
the F-T CO 2 scrubber to recover additional alcohols from the gas stream before 
discharge to the atmosphere. Water and recovered alcohols are pumped from the 
F-~ CO 2 scrubber to extractor 319-1101. 

Effluent gases from the COy removal unit are cooled from 193 to 
121°F by heat exchange in 319-1304 against boiler feed water, and then combined 
with liquid hydrocarbon product from F-T liquid scrubber 319-1101. The 
combined process stream is cooled and partially condensed at ll0°F and 389 psig 
by air cooler 319-1306. Condensed water and liquid hydrocarbons are removed 
in F-T product separator 319-1203. Separated water is pumped to condensate 
receiver 213-1202 in gas cleaning unit 213. Separated hydrocarbon liquids flow 
by level control to F-T liquid product recovery unit 320. 

Approx ima te ly  84% o f  the  gas from F-T co ld  p r o d u c t  s e p a r a t o r  319- 
1203 i s  r e c y c l e d  by compressor  319-1801 t o  the  F-T r e a c t o r s .  The b a l a n c e  o f  
t he  F-T gas p r o d u c t  i s  s e n t  t o  l i q u i d  p r o d u c t  r e c o v e r y  u n i t  320 fo r  p r o c e s s i n g  
to produce SNG. 

5 . 3 . 4  UNIT 320: FISCHER-TROPSCFt LIQUII) PRODUCTS RECOVERY 

Liquid product recovery unit 320, depicted on Drawing R-320-FS-I, 
is designed to recover light hydrocarbon liquids ffrom product Fischer-Tropsch 
gas, and to fractionate Fischer-Tropsch liquids into hydrocarbon products. 

Sixty percent of the propylene/pro?ane content of the Fischer- 
Tropsch gas is recovered. The balance is allowed to remain in the gas to 
increase its heating value. Ethylene and heavier hydrocarbons not recovered 
from the gas in lean oil absorber 320-II01 are hydrocracked to methane in 
do~stream methanation unit 321. The hydrocarbons recovered from the gas 
stream and Fischer-Tropsch liquid are separated into C 4 LPG, light naphtha, 
heavy naphtha, diesel oil, and fuel oil. A light hydrocarbon stream contain- 
ing C2, C3, and some C~ is separated from the carbon monoxide in CO stripper 
320-1104 and used to increase the calorific value of the SNG product. 

Fischer-Tropsch gas from unit 319, entering the recovery unit at 
ll0°F and 385 psig design, is dried by contact with 80 wt % solution of tri- 
ethylene glycol. The dewpoint depression obtained is 80°F below an estimated 
50°F gas hydrate temperature. The contacted gas and glycol stream is cooled 
by heat exchange in 320-1301, and refrigeration in 320-1302, to -20°F, and 
separated into gas, condensed hydrocarbons, and rich glycol streams in cold 
separator 320-1207. The gas stream next enters the bottom of lean oil 
absorber 320-1101, where propylene and heavier hydrocarbons are absorbed by 
a presaturated lean oil stream. Overhead gas from the absorber is contacted 
with a spray of lean oil and chilled to -20°F in presaturator chiller 320-1303, 
the oil thereby becoming saturated with light ends contained in the overhead 
gas stream. Vapor from the presaturator, now stripped Fischer-Tropsch gas, is 
used to cool the incoming rich Fischer-Tropsch gas and glycol by heat exchange 
in 320-1301. 

5.3-4 



' i 

Condensed hydrocarbons join with rich oil from the bottom of the 
absorber, and the combined rich stream is then warmed in heat exchanger 320- 
1304 by the hot lean oil stream returning to the presaturator from lean oil 
stripper 320-I103. The rich oil and hydrocarbons mixture flows to the upper 
feed tray of lean oil fractionator 320-1102. 

Fischer-Tropsch liquid from Unit 320 enters the recovery unit at 
ll0°F and 38S psig and is heated in heat exchanger 320-1319, -1320, and -1321 
to 19]°F and flows to the lower feed trgy of lean oil fractionator 320-1102. 

The lower section of the lean oil fractionator strips hexane and 
lighter components from the oil while heavier waxy components are refluxed to 
the bottom of the column. The lean oil from the upper side stream stripper, 
320-1103, is wax free, while carbon monoxide, hexane, and lighter hydrocarbons 
go overhead. 

The stripped lean oil is pumped to the presaturator after being 
cooled to -2.5°F by the rich oil stream. The lean oil stream pumped from 
520-1103 is comprised of 2 mol % C5, 51 mol % C6~ 43 mol % C7, and 4 mol % C 8. 
Hydrocarbon products are collectively recovered by lean oil fractionator 
Z20-]i02. A 500-psig steam heated lean oil fractionator reboiler, 320-1306, 
supplies column stripping vapor. The top section of the fractionator is a 
rectifying section which prevents the loss of lean oil in the stripped vapors. 
The lean oil fractionator overhead is partially, condensed at ll0°F and 50 psig 
to provide reflux to the top section and a net overhead liquid product. 

Uncondensed vapors from the lean oil fractionator are compressed 
to 400 psig by compressor 320-1801 and combined with the fractionator net 
overhead liquid product. The combined stream is cooled to II0°F and flows to 
the top tray of C0 stripper 320-1104. The CO stripper is a refluxed stripper 
designed to remove CO and CO 2 from the lean oil fractionator net overhead 
product. The overhead is partially condensed at -20°F and 385 psig to provide 
stripper reflux. A refrigerated overhead condenser is used to minimize the loss 
of propylene and propane in the stripper overhead. The lean oil fractionator 
and CO stripper are water wet since full range Fischer-Tropsch liquid product 
is saturated and this dissolved water will enter both columns. Vapor from the 
top of the CO stripper is contacted with a spray of 80 Wt% triethylene glycol 
solution to prevent hydrate formation in the refrigerated overhead condenser. 
Reflux is preheated to 53°F in heat exchanger 320-1309 by column overhead 
vapor prior to entering the column. Vapors from the CO stripper overhead 
receiver are combined with the stripped Fischer-Tropsch gas and flow to methan- 
ator unit 321. CO stripper reboiler 320-1311 is heated with S0-psig steam. 

Stripped product from the CO stripper is heated in depropanizer 
feed~bottoms exchanger 520-1312 to 249°F and enters depropanizer 320-1105. The 
depropanizer is a reboiled fractionator designed to produce an overhead liquid 
product of mixed light ends for blending into the SNG produced in methanator 
tmit 321. Sufficient light ends are produced to increase the higher heating 
value of the SNG to 1035 Btu/scf. The depropanizer overhead is totally con- 
densed at 120°F and 285 psig to produce reflux and a liquid distillate which 
is pumped to Unit 321 Depropanizer reboiler 320-1314 is heated by 135-psig 
steam. 
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Light  naphtha  from the  bot tom o f  the  d e p r o p a n i z e r  i s  coo led  from 
318°F to  260°F in hea t  exchanger  320-1312 wi th  the  d e p r o p a n i z e r  feed  and 
then f lows  to  the  naphtha  s t a b i l i z e r ,  32t l - l iOb.  The naphtha  s t a b i l i z e r  i s  a 
r e b o i l e d  f r a c t i o n a t o r  d e s i g n e d  to  r e c o v e r  98-% o f  the  b u t y l e n e  and bu t anes  as 
a mixed LPG product. The stabilizer overhead is totally condensed at 120°F 
and 85 psJg in 320-1315 to provide column reflux and a net liquid distillate 
which is pumped to product storage from depropanizer overhead receiver 320- 
1205. Stabilized light naphtha from the bottom of the stabilizer is cooled 
in heat exchanger 320-1319 with Fischer-Tropsch liquid and by air cooling in 
320-1522 to 120°F before flowing to product storage. The naphtha stabilizer 
reboiler is heated by 135-psig steam. 

The heavy oil from the bottom of lean oil fractionator 320-1102 
flows through fuels fractionator charge heater 320-1317 where it is heated and 
vaporized by 500-psig steam prior to entering fuels fractionator 320-1107 flash 
zone. The fuels fractionator is a non-reboiled fractionating column operating 
under vacuum. Products from the fuels fractionator are heavy naphtha, diesel 
oil, and heavy fuel oil. Feed enters the column flash zone at 450°F a~d 
520 mm Hg pressure. The diesel fraction is withdrawn through side stripper 
320-1108, where it is steam stripped to obtain the specified diesel product 
flash point. Stripped diesel product pumped from the bottom of the side 
stripper is cooled to ~20°F by heat exchange with Fischer-Tropsch liquid in 
320-1320 and air cooler 320-1323 before flowing to product storage. 

Heavv fuel oil condensed above the flash zone combined with flash 
zone liquid is steam stripped in the bottom section of the fuels fractionator 
column 320-ii07, to improve product recoveries. Heavy fuel pumped from the 
bottom of the fractionator is cooled to 191°F in heat exchanger 320-1321 with 
Fischer-Tropsch liquid; it then flows to the water treating unit 217, where 
it is used to extract oil from waste water. The fuel oil returned from 
Unit 217 is cooled by air cooling to 140°F in 320-1324 and sent to the fuel 
oil rundown tankage. Stripping steam, vaporized reflux, and heavy naphtha 
product from the top of the fuels fractionator column are condensed at 100°F 
and 155 mm Hg in 320-1318. Reflux is pumped back to the top of the column and 
heavy naphtha is run down to product storage. Condensed stripping steam is 
separated in overhead receiver 320-1206 and pumped to Unit 213 scrubbers. 

Uncondensed steam and oil, together with noncondensible gases, 
are withdrawn by package evacuation unit 320-2804. Steam and oil recovered by 
the evacuation unit are returned to the fuels fractionator overhead receiver. 

A package refrigeration unit, 320-2801, is provided to meet 
process refrigeration loads. 

Water-rich triethylene glycol from cold separator 320-1207 and 
CO stripper overhead receiver 320-1203 is reconcentrated in package glycol 
regenerator unit 320-2805. A steam reboiled rectifying column is used for 
glycol reconcentration. 
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5.3.5 UNIT 321: FISCHER-TROPSCH GAS ~THANATION 

The methanation unit shown on Flow Diagram R-321-FS-I is designed 
to.produce a substitute natural gas (SNG) containing approximately 0.I mol % 
CO and having a higher heating value (HHV) of 1025 Btu/scf from the stripped 
F-T gas stream flowing from liquid product recovery unit 320. 

The stripped F-T gas stream contains 17 mol % CO, 0.8 mol % CO2, 
57 moi% H 2, and 18 mol % CH4, and has an HHV of 484 Btu/scf. The methanation 
unit converts the low Btu gas to methane-rich high Btu gas by the following 
chemical reactions: 

CO + 3H 2 '~ ~ CH 4 + H20 

CO 2 + 4H 2 CH 4 + 2H20 

CnH2n + H 2 ~ ~ CnH2n+2 

CnH2n+2 + (n-l) H 2 nCH 4 

Sulfur-free stripped F-T gas enters the synthesis loop of metha- 
nator reactor 321-2501 at 90°F and 385 psig design. The synthesis loop is 
composed of one methanation reactor, together with the associated reaction 
heat recovery facilities, a recycle compressor, and reactor feed/product 
exchangers. The fresh feed is mixed with recirculated process gases, and the 
combined steam is raised to the methanation reac6or inlet temperature of 571°F 
by heat exchange with reaction products in 321-1301 and by 1300-psig steam 
methanation reactor feed preheatsr 321-1302. 

The methanation reactors are of a unique isothermal design similar 
to the F-T synthesis reactors with flame-sprayed catalyst on finned tubes. The 
catalyst used is a metallic nickel catalyst developed in experimental 
operations. 

The methanation reactions are highly exothermic, and the resultant 
heat of reaction is removed by boiling Dowtherm contained inside the catalyst 
plate support tubes. The evaporated Dowtherm is used to generate 1300-psig 
steam in steam generators 321-1309 and to regenerate SNG dryer 321-3401. 

Reactor operating conditions are selected so that CO 2 methanation 
is suppressed in order that sufficient hydrogen is available to achieve the 
desired degree of CO methanation. 

Reaction products are cooled to 227°F by heat exchange to the 
reactor feed in ~21-1301 and partially condensed at 120°F and 376 psig in air 
cooler 321-i~O3, then recycled through the product cooler. Condensed water 
is removed in recycle compressor suction receiver 321-1202 and flows under 
level control to the SNG pipeline compressor suction receiver 321-1203. 
Approximately 72% of the gas from receiver 321-1202 flows to recycle compressor 
321-1801 for recirculation back to the meth~lation reactors. 
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Net product gas from separator 321-1202 is heated by heat exchange 
in 321-1507 to 520°F and flows to second stage one-pass react:or 321-2502 for 
methanation of the CO2, and for final CO methanation should a breakthrough of 
CO occur from the methanation reactor. ~e final methanation reactor is an 
adiabatic fixed-bed radial-flow reactor employing pelleted, reduced-nickel 
type catal~,st. Sufficient CO 2 is methanated to reduce the final SNG product 
CO~ c o n t e n t  b e l o w  1 . 5  mo] %. 

Product gas leaves the final methanator reactor at 550°F, and has 
an HHV of approximately 907 Btu/scf. The final methanator gas is combined 
with a mixed light hydrocarbon stream from liquid product recovery unit 320 so 
that the HI~ of the final SNG product is equal to 1025 Btu/scf. The light 
hydrocarbon stream is vaporized into the methanator gas stream so that the 
combined stream enters the hydrotreater reactor at 500°F. 

Hydrotreater reactor 321-2503 is an adiabatic fixed-bed radial- 
flow reactor employing pelleted cobalt-moly catalyst for the saturation of 
alkenes in the light hydrocarbons by residual hydrogen in the methanator gas. 

Product gas leaves the hydrotreater at 550°F and is cooled to 
210°F by heat exchange against the final methanator feed in 321-1306 and is 
partially condensed at 120°F and 360 psig by the SNG pipeline compressor 
suction air cooler, 321-1304. Condensed water is removed in SNG pipeline 
compressor suction receiver 321-1205 and, together with water from the recycle 
compressor suction, is pumped to medium Btu gas heat recovery unit 213. 

The hydrotreated gas is compressed from 360 psig to i010 psig by 
SNG pipeline compressor 321-1802 and, after cooling to 120°F and separation 
of condensed water, dried to a water de~oint of 32°F at 1O00 psig in 321-3401 
prior to entering the gas transmission line. 

A package gas glycol (TEG) contactor and regenerator is specified 
for SNG drying unit 321-340I. Glycol is regenerated using Dowtherm from the 
methanator waste heat recovery section. 

5.3.6 UNIT 322: FISCI~R-TROPSCH CHEMICALS RECOVERY 

Flow Diagram R-322-FS-I shows the flow sequence for the separation 
of chemicals, mainly oxygenates with a high alcohol content, from water. The 
source of oxygenate-water solution is Fischer-Tropsch synthesis unit 319. 

Oxygenate solution feed from Fischer-rlropsch liquid scrubber 319- 
ll01 is heated by exchange with alcohol still 322-ii01 water bottoms before it 
is fed to the alcohol still. The overhead alcohol mix product is condensed in 
air cooler 322-1303 and sent to storage, while the noncondensables are recycled 
to Fischer-Tropsch CO 2 scrubber 319-1102 in unit 319. The alcohoi still bottoms 
are cooled and used as process water in the Fischer-Tropsch CO 2 scrubber in 
Unit 319. Net product water bottoms goes to Unit 213 for scrubbing and re- 
use. 
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Alcohol-salt solution feed from Fischer-Tropsch hot receiver 
319-1202 is heated by exchange with alcohol stripper 322-1102 salt solution 
effluent in heat exchanger 322-1306. The organic acid-salt solution results 
£rom neutralization of the acid formed in the Fischer-Tropsch synthesis. The 
overhead alcohol vapor mix from the alcohol stripper is recycled to alcohol 
still 322-1101, while the salt solution effluent is sent to the triple effect 
evaporator system 322-2301/2302/2303 for recovery. 

The feed to the triple effect evaporator is mainly a combination 
of the salt solution from alcohol stripper 322-1102 and the blowdo~cn from the 
various boilers in the plant. Other possible feed streams are the BFW settlers 
bottoms and the deionizer wash water from Unit 217. Evaporator feed amounts to 
approximately 20 gpm. The evaporator condensates are sent to boiler feed water 
storage while the concentrated salt solution maybe used as spray water in the 
coal storage area with eventual recycle to the gasifier as means of final 
disposal. 

S. 3.7 UNIT 330: ADDED WATER TREATMENT 

The addition of Plant 3 to Fischer-Tropsch operation requires 
nearly 25~. additional water over that required for the simultaneous operation 
of the Phase 1 and Phase 2 plant modules. Raw water pumping will be increased 
by almost 2,040 gpm to a total of 10,240 gpm. 

This unit includes additional pumping, clarification, and filter- 
ing equipment plus the additional distribution capacity. The expanded water 
treatment operation is sho~n in the material balance on Drawing R-130/131-FS-I. 

5.3.8 UNIT 331: ADDED COOLING WATER SYSTEM 

The Plant 3 Fischer-Tropsch operation requires additional cooling 
water circulation and cooling tower capacity of 32,000 gpm over the 
192,000 gpm required for Plant 1 and Plant 2 operations. 

The existing facilities would be further expanded by adding cool- 
ing tower sections, pumps, and distribution lines to supply the increased 
requirements. The quantities are sho~cn on Drawing R-130/131-FS-I. 

5.3.9 UNIT 332: ADDED EFFLUENT TREATMENT 

The Fischer-Tropsch operation results in a further increase in 
effluents. Sanitary sewage treatment, skimmer pit, and settling pond capacity 
are expanded by approximately 25%. 

3.3.10 UNIT 335: INTERMEDIATE STORAGE 

This unit is comprised of 15 assorted tanks ranging from 3,000 gal 
to 15,000 gal capacity with required pumps. These serve as run tanks and for 
intermediate storage while awaiting laboratory tests before moving the liquid 
prodllcts into the main product storage tanks. These are listed in Section 8 
of this report. 
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5 . 5 . 1 1  UNI'I 550 :  PRODUCT STORAGE .G\D SHIPPING F A C I L I T I E S  

This unit contains the storage tanks for the Fischer-Tropsch 
liquid products. Capacity for storage of 13 d of production of each product 
is provided. The nine storage tanks are from 40,000 to 225,000 gal capacity. 

This unit also includes pumps and facilities for railroad tank 
car and tank truck loading and shipping. 

5 . 3 . 1 2  UNIT 550 :  ADDED BUILDINGS AND GENEK~L F A C I L I T I E S  

Plant 3 Fischer-Tropsch operation will require minor additions 
and facilities to office, change houses, and shops. A major addition will be 
made to the laboratory, in both analytical and developmental areas. 

The parking areas will be expanded and area road system built. 

An additional railroad spur will be added to serve the liquid 
products shipping area. 

3 . 3 . 1 3  PLANT 3 PRODUCTS 

The products listed are from the operation of the Plant 2 gasi- 
fief at 80% of capacity The products include those from Plant 2 operation. 

ELECTRIC POWER 

For sale, transfer, and process plant usage, 202.8 MW is 
required (generated and transferred @ 13,600 V). 

SULFUR 

Quantity (ton/d) 109.9 
Purity (% sulfur) 99.9 
Color Yellow 

SNG (SUBSTITUTE NATURAL GAS) 

Quantity (MMscf/d) 5.69 

This is a gaseous mixture of methane, hydrogen, carbon monox- 
ide, and carbon dioxide, together with sufficient quantity of light hydro- 
carbons to produce a nominal 1,025-Btu/cu ft gas. 

Composition Volume Percent, Dry Basis 

Methane 83.8 

Ethane, propane, butane 6.9 

Carbon monoxide 0.1 
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Hydrogen 

Carbon dioxide 

Nitrogen 

1.0 

1.4 

6.8 
100.00 

Product Characteristics 

Higher heating value (dry) 

Specific gravity (air = I, at 60°F) 

Delivered pressure to pipeline 

Dew point (hydrocarbon) 

Dew point (water) 

AGA interchangeability indexes: 

Lifting index* 

Flash-back index 

Yellow-tip index 

BUTANES 

1,035 Btu/scf 

0.67 

1,000 psig 

32°F at 800 psia 

32°F at 1,000 psia 

1.091 

1.048 

0.942 

AST~ D900-55 

ASTM DI142-56 

ASTM DI142-58 

preferable value 

1.06 

1.2 

0.8 

Quantity [BPD) 78 

This is a mixed liquid product containing butane and butylene 
With some associated lighter and heavier saturated and monounsaturated hydro- 
carbons. 

Composition Wt % Mol % Liquid (Vol %) 

Butylene 16.2 16.7 15.8 

Butane 82.1 81.8 82.6 

Propane-propylene 0.i 0.I 0.i 

Pentanes 1.7 1.4 1.6 

Sulfur nil 

Nitrogen nil 

*Note: 

i 

The lifting index can be adjusted to the preferred range by increasing 
the SNG hydrogen content. 
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Product Characteristics Tests 

Nominal specific gravity 
at 60°F, liquid 

0.59 ASTM D1657 or 
D2598 

Vapor pressure 37 
(psig at 100°F) 

ASTM D1267 

Temperature, 95% evapora- 
tion point (°F) 

31 ASTM D1837 

Sulfur content 
[grains/100 ft 3) nil ASTM D2784 

Corrosion, copper strip ASTM I)1838 

Nominal drymess  0.  001 NGPA 
(~,~ % wate r )  

NAPttTtIA, LIGHTS AND HEAVY 

Quantity (BPD) 234 and 211 respectively 

These products are in the automotive gasoline distillation 
range and consist primarily of straight-chain monounsaturated and straight- 
chain saturated hydrocarbons boiling to 300°F ASTM end point range. These 
naphthas are free of sulfur and nitrogen and may be hydrogenated to produce 
turbine fuel or used as chemical feedstock. 

Produc t  L igh t  Hear t  
C h a r a c t e r i s t i c s  Naphtha  Naphtha 

Gravity (°API) 85.5 71.5 

ASTM Distillation: 

IBP 96°F 186°F 
10% l15°F 208°F 
30% 128°F 226 °F 
50% 13701; 236°F 
70% 146°F 253°F 
90% 139°F 266 °F 
EP 185°F 300°F 

Color (Saybolt) 

Viscosity at -30°F, CS 

kaliline point 

Oxygen c o n t e n t  (wt %) 

p l u s  30 p l u s  30 

0 .8  1.7 

140°F 160°F 

0.2 max 0.2 max 

Tests  

ASTM D287 

ASTM D86 

ASTM D156 

ASTM D445 

ASTM D1012 
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Product Light Heavy 
Characteristics Naphtha Naphtha 

Sulfur (wt %) nil nil 

tiydrogen s u l f i d e  (wt %) 

Alcohol and oxygenates 

Doctor t e s t  

Corrosion,  copper s t r i p  

(at 150°F) 1 
(at 21O°F) 1 

Octane Number 

F-1 Clear 45.6 
F-2 Clear  40.6 
F-1 plus  3 mi TEL/US gal 67.0 
F-2 plus  3 ml TEL/US gal 68.5 

Reid vapor p res su re  (psia) 10 

[P smoke po in t  (mm) 

nil nil 

less than less than 
0.1% 0.1% 

neg neg 

1 

1 

Tests 

ASTM D1323 or 
D1219 

ASTM D2699 
ASTM D2700 

ASTM D323 

over 30 over30 (IP desig- 
nation 57) 

Yield nitrogen nil nil 

UOP "K" 12.3 12.3 

DIESEL FUEL 

Quantity (BPD) 356 

This product consists primarily of straight-chain hydro- 
carbons, free of sulfur and nitrogen; it meets specifications for commercial 
diesel fuel markets. 

Product Characteristics Tests 

Grade ASTM D975 No. I-D 

Gravity ('~API) 57 ASTM D287 
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Product Characteristics 

ASTM distillation: 

IPB 
i0% 
30% 
3O% 
7O% 
90% 
EP 

Percent recovered 

Viscosity at 100°F, CS 

Flash point (°F, 
Pensky-Marten) 

Pour point 

Aniline point (°F) 

Oxygen content (wt °~) 

Sulfur (wt ~) 

Mercaptan sulfur 

Neutralization number 
(mg KCH/g) 

Corrosion, copper strip 

(at IS0°F) 
(at 210°R) 

Ash (wt %) 

IP smoke point (mm) 

Engine cetane number 

Kieldahl nitrogen (ppm) 

FUEL OIL 

301°F 
327°F 
351°F 
372°F 
421°F 
$39°F 
637°F 

98% 

1.4 

legai 

plus 10°F 

175 

0.5 max 

nil 

nil 

0.1 

T e s t s  

ASTM D86 

ASTM D445 

ASTM D93 

ASTM D97 

ASTM D611 

ASTM D129 

ASTM D1323 
or D]219 

ASTM D611 

1 .~TM DI30 

l 

less than 0.01 ASTM D482 

25 (IP desig- 
nation 57) 

60 plus ASTM D613 

nil ASTM D322 

Quantity (BPD) 112 

'I~e fuel oil is a waxy, high-pour point, sulfur-free product. 
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Product Characteristics 

Higher heating value,  
Btu/Ib 

Gravity (°APl) 

ASTM distillation: 

IBP 
5% 
10% 
30% 
50% 
70% 
90% 
95% 
EP 

Viscosity at 100°F, SSU 

Flash point (°F, 
Pensky-Marten) 

Pour point (°F) 

Color (Saybo it) 

Oxygen (wt %) 

Sulfur 

OXYGENATES 

19,855 ASTM D2382 

41 ASTM D287 

572°F ASTM D86 
642°F ASTM D86 
665°F ASTM D86 
71S°F ASTM D86 
759°F ASTM D86 
811°F ASTM D86 
873°F ASTM D86 
886°F ASTM D86 
885°F ASTM D86 

40 to I00 ASTM D88 

200 ASTMD93 

150 ASTMD97 

dark ASTM DIS00 

0.2 max 

nil ASTbl D129 

Quantity (BPD) 72 

Oxygenates are a mixture of alcohols with a small amount of 
ketones. 

Comp0si.tion 

Acetone 

Methyl ethyl ketone 

Methanol 

Ethanol 

Propanol 

t 

Butanol 

~1% (dry basis) 

3.2 

0.7 

6.0 

67.6 

18.0 

2.4 

5.3-15 



! • 

Amyl a l c o h o l  

Higher  a l c o h o l s  and 
o t h e r  o x y g e n a t e s  

Product Characteristics 

Higher heating value: 

(dr),) 
(as i s )  

Specific gravity 

Water content 

1.1 

1.0 

100.0 

13,160 Btu/ib average 
12,505 Btu/Ib average 

O. 79 

S.O wt % max 
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A~CO~OL STILL i 
322-110k 

~ ~, i 

31~-I~01,1902, 

/ 

319-1511,1512 

] 

~19-110~ 
F-T 002 SCRUBBER F-TBFW 

)'-O"hD, X %'-0 ~ T-T HEATER 
10.7 MMBTII/HR 

31g-2401,2aD2. 
F-T CAUSTIC SO~. 

~GITATOR 

118°F 

j CO 2 VENT 

<>- 

322-1101 v ] 193"F = L~"~ 

C02 ~CYCLE ~1g'1304" I I~00 P~ 

C02 REMOVAL ~W 
) l I UNIT 

I 

15o2 ' l  
319-1511,1512 319-1501,i~02 319-1503,1504 319-1509~1510 

F-T CAUSTIC SOLUTI~ F-T SALT SOLUTI~ F-T LIOUID SCRUBBER F-T C_O 2 SCRUBBER 
PUMP & SPARE RECYCLE PUMP & SPARE RC FEED PU~IP z SPARE ~ [ "  SOLUTJON 

PU~ & SPARE 
2 G~ 1~; GPM 15 GPM 6,5 GP.': 

~T k[J&l,l 

H~ 
~h 

H?n 
(| 
c?- 

(:] 
L(- 

l l  C~P 
w~vy ~ta~ 

FUIL. (I 

A( l D 

WATE~ i~TER FROH 

~754.~6 

54.65 
,35 

.04 

t.al 

~,~6~.N 1.4] £7.67 104.98 .39 

I~4,0t$ 145 49~ 18.~0 17 

78.79 

78.79 

1,419 

WATER 
CO HOT FLASH ALCOHOL F-T LIQ, ~-T WATER F-T GAS 

V E ~ T  .T,A L T SOL'N. SOLUTI~ PI~I~LIC_._.__~T COHOENSAT~ PROI)IJCT CON~N~TE_ 

603.12 .23 .12 

364 3;4.11 lb.70 

3.96 12.41 
1.41 
1.41 

642.46 381.12 2~3.23 

27,252 7,205 3,971 

1.01 73.8.77 
.79 218o41 
.05 11,84 

,42 
263.69 4.73 

1.94 205,60 
.22 8.3B 

] .0~ 31.06 
.39 3.57 

1.Z2 11.60 
1.87 6.78 
6.00 18.94 
1.04 ] .26 
4,87 G.)7 

11.34 4.00 
18,65 1.65 
24,27 .17 
2.80 

77.50 163.69 1.32E.35 

9.257 2,949 17,3S5 

5.3-17 



.~J9-i~o4 ~ig-1303 
F-T L[~UI[I 

+~.ATER COOLER 
10+7 ~ILI/H~ 200 ~TUIHR 

31S-J~OG 31g-1203 
F-~ GA~ F-T COLD 

A~ CO~LER PRODUCT 
$.~ ~M~TUIHR SEPAIG~,TOR 

6'-6"I,D, SPHERE 

F-T LIQUID 
SCRUBBER 

2'-O"I.D, X 
qq'-O" T-T 

! 

~ 121+F 
319 1334~ 

13c<F~IG 
BF~ 

~'~ 

+~ iJt'k 

3 1 9 - I ~  

~lq i~0~ 

SCRUI~ED LIQUID HYDROCAR~O:~ 
&393 PSIG 

31g -I~B01 

~ TO 32o-zio2 "/~/ 
.t+to'P [.-=~CC;+ .;] T 

F-T RECYCLE 
GAS CO~IPRESSOR 

Z2 ~SCFD 

• ~ A t WATER PROM ALCOHOL 
STILL 322-1101 

"~ ~ F-T GAS PRODUCT 
TO LIQUID PRDDUCT ~ 1101 • RECOVERY UNIT 320 

F-T LIQUID PRODUCT 
L ~  ~ TO LIQUID PRODUCT 

RECOVERY I~IIT 320 
CONDENSATE 
TO 213-1202 

WATER ALCOHOL TO 
ALCOHOL STILL 

I 322-1101 

SALT SOLUTION TO 
ALCOHOL STRIPPER 
)22-1102 

31g-1507,1508 
F-T(~ONDENSATE 
PUMP & SPARE 

7 GPM 

0 ~-~ 
ml+ ¢+IT 
I o  I m  m T [  

DEPARTMENT OF ENERGY-DIVISIOI~ OF COAL CONVERSION 
MULTIPQUCESS DEM~)NSTRATION PLAUT 

FISCHER-TROPSCR SYRTRESIS UNIT - 319 

THE RALPH M PARSONS r ° ' ~  I rm~° COMPANY 5435-5 R-319=FS-1 P~'~NA, CALIFOliNIA 

ISSUED FOR REPORT RR P~ P~ Y~" 
~ w  

. . . . . . . . . .  ~ . . . . .  ~ 
• ~ z = l m  

PROCESS FLOW DIAG~ ~"1 
I' 



~,z ~tu:~r: ~ mTU:,R 2 , - e - ~ , - o ' t - t  ~,-e.z.D.x 200 ~tO/~r 
E~'-O"T-T 

ME'TiW~T~ SECOND STAGE ~ " 

C 3 REFRIG, y J " I  
to 3 2 o - 2 ~  , 

9 

tO ls~ STAEE 
METHA~ATOR 

RlC~i ~'.YCOL TO 
REB~ERAIO~ 
320-2805 

F'f - LI~II) ~ (,~,),20"F 
v 

------'-'---~ '""'"'"'"'"~L. ~ ~ ml StRl~eR ~ mL STRIPPER 
2'-6"1.D, X ZO'-O;T-T 1 ,~TO/Hr  I'-6"I,D,X P~OILER FRACTIO~ATOR 

~'-:O'T-T 200 I ~ / H R  3,0 I~TU/HR 

-20"F 

" "='C3 I:£FRIG, ~,.,,- . . ~! ' 
TO ~20-2802 = : ~  7320 13()'~ ; IF  / 

-s.q'F ~ / 

~ - -1 .  ,,,J J. / I  37s es]G 

320.]501 1~2 
PrESATU~TOR LE/U~ OIL 

LEAN OIL PUMP t, SPARE P~P & SPA~E 
22 6PM 25 6 ~  

f 



QJL. 
320-110~ 

X 
32'-G"I-1 

3Z~O-])OZ ~0-1)0(~ ~2~]10"2 ~ 320-I~02 ~0-1~8 T20-11~ 320-]310 ~ 

• .,~.B~T IOWATOR F~CTIO~_IOR SATURATOR 1'--~'] ,I),X ,~  
REBOILER FRACTIMATOR ]'-O'I,D,X CO~I]ENSER 2' -6" I ,D,X 8'-O'T-T 650 I~TLI/HR 55'-6"T-T D , ~  ~CEIVER 

200 ~TU/---~ 3~0 ~#i~TUIHR 8~'-O"T-T 1,5 HI'~TU/HR 60 I'~TU/HR 2'-O'I,D,X 10 ~TU/H~ 
8'-O"T-T 

•T 320-I~01 

320-l~Oq 

- -  ( 5o PSI6 I~ -~ 'x  I I ~ RERENEI~TOP, 
F'--~-I- ] ~l 110 °F I ~  "-" 

. . . . .  . . ~ o  ~ ~ , ~ ' ~ , ~  ~.~ ~ - -  

| L ti?;,~_,,o~ " [ I  °°-°° 3--2~FR. LC G, 

,~ " 1 t  I ~ 1  - ' ~  STEAM , , - :  

P'RESATORAT o~ 
A/4 OIL Pilaf & SPARE 

GPII 

320-]301 
] 2 0 - i ~ 1 , I ~ Z  ~20-1595,]506 320-1.=;07 1508 .I~T./V~.~ OIL F~__CTIONATOR 320-LK09,I~,10 

LEAN OIL, LEATi OIL FRACTIOIIATOR LEAN OIL FRAETID~TOR CO STRIPPER 
~LI'4P ;, SP:RE REFLUX P~P & SPARE OVERHEAD PUP# & SPARE OVE.___BRH .EAD_C~PRESSOR REFLUX PUflP $ SPARE 

25 GPM 20 GPi4 11 6 ~  500 HSCFD 2 GPH 

r-t 

FLOWS HPH 
H 2 738.77 1 .ol 

2,18.41 .711 
11.84 .05 

K Z 54.42 ,Z4 
4,73 

c~" e.3s .zz 
C2. 31 , ~  1 ,~9 
C 3 3.57 .30 

C~" 6.78 1 .~7 
18.94 6.Og 

• 1.25 1,04 
uCs~ph.THA 5.|7 4.B7 4 .o0. 11.34 
i~AW ~ H I I ~  1.65 lB.ES 
OIESIJ. .17 Z4 .~7 
FUEL OIL ~ 0  

TOTAL 1,3Z15,35 '/7',~ 1, 
e 

LB/F~ 17,~5 9,2S7 

• WA•EA ILI~OT ;n BY GLYC~. REGUlaTOR {65 I ~  



1'-6"1 .D,X . . ~  I~R 
T/'-f'I-T RDO III~TUIHR 

2'-C'I .D,~ 10 R~IUIHR 
~'-O'T-T 

~ y20-131~ ~ 320-1106 320-1315 

900 I~BIIJ/HR 800 II~TUIHR 2'-6"I,D,X 12'-O"T-l" I'-6"I,D,X 2"-'O'J,D,X 6'-( 
125 I~TUIRR /4',-O'T-T 500 FZTUIIIR 

~'F ~ , / ~ 

~_ "(  ~ --i,~o.~'~ -~ ,., ~ ~ ( ~  

Lc , STEAM 

. i + T I 

, , ~  "~ ~ ~20.-15'25 1526 

• . • 110" 

320-1513,1514 320-151~,1516 320-1517,1S18 ~ 
5'2o-15o9 1sio DERROP~IZER EPR~°AIII'----~R OVERHEAD - " 

CO STRIP~R NAP~RA STABILIZER I.P6 PRODUCT FL~LS FRACTIOIIATOR HEAVY NAPHT~ PRODUCT 
EFLLX PL~F ~,~P~RL REFLUX PIJlIF & SPARE P~P & SPARE REFLUX PUMP'g SPARE PUF~ t SPARE REFLUX PJMP z SPARE PUMP & SPARE 

2 G~ 11 ~Pll 9 GPM 10 6PM 3,4 GPM 30 RPii 8 RPll 

C~tC4'~ LIG~ F:IAVY PEAVY 
F,'I ~{~1~Z~, TC~ W{TH. NA~HTP, k k~P;RT,~k DIES£L FQEL 

I L M  ~" 

MR~ 

z7 4 .~7 

17 74, ~7 l . l l ]  22.78 ,,18 

5 ,3 - }  ~'~, 

© 



. ~  320-131(, ~20-1~17 ~ ~ 320-1108. 
'HTI~ STABILIZER STAbILIzERNAPHTHA FUELSc].IA~ E FEACT ]ONATORHEATER .FR~ATOR OVERHEAgFUELS FUACTIO~'TgREO~,E&.rER ~ R  

3"lJ),X 6'-O'I-T REBOILER 3,0 ~I~IU/HR ~'~';,O,X 2,1 M~TU/HR I'-6"I,D,X 57 -O'T-T 22 '-E"T-T 
-~." ~ ~tU/HR ,,z . , /  .~ 

(Czl $) 
IIIERT$ TO 

3 PSI~ ~,,~ p,". , COI~EESSOR 

- ~ to 

~o~'~ ~ '  I "1~r ~'~ 

z~o', I = =1 ½ 

, - - , ~ ~  DIESEL 

~ fiEAW FUEL 

-" ' FUEL OIL 
TO/FROI4 

:~ UNIT 2T2 

~ }20- I52~, i526 T20-I527.,1E~ 
HA PRODLCl DIESEL PRD~UET HEAv~ FL;,ELS PRODUCT COffDENSATE 
SPAR~ PLP'P £ $PA~[ ~eP & SPARE PLIflP & SPARE 

i~ G~ 5 G~ 1 GPM 

320-1206 
ELELS ~ IO,NATOR 
OVERHEAD RECEIVER 
2'-6"t.D,X 8'-O"T-T 

320-1319 
F r-LIO(IID/LIGHT 

NAPh'TI.IA EXCF~GEP, 
160 ~TU/HR 

FT-LI~ID/DIESEL 

120 I~TU/~ 

FUeL EXertS_ Er R TE~DiLEE.~(Z~ 
200 I~TU/HR 50 I~TU/HR 40 I~I~/HR 

80 I~TU/I.H~ 

LIOUIDS RECOVERY RE6E.~RATOR ~EFRIG.PLAHT 

~,-ze ISSUED FOR REPORT RR ~ :  ~ "~ 

DEPARTI'ENT OF ~ERGY-DIVISIO,q OF COAL CONVERSION I~ ! 
ISJLTIPROCESS DE'MOflSTRATI~ PL~T 

PROCESS FLOW DIAGP,~ 
LI~JID PRODUCT ~(OVERY UNIT-320 

THEp,s,olx,,RALPH M. PARSONS~y©,,uFoextA 'F m'~R35-5 I m'' m" R-320"FS-I 
p c -  n t  - 



321-1309 
ILFTIIANATOR DOW'[HERM 

.SI'EAH GENERATORS 
20P, PIBTU/HR 

321-.1201 
DOW-TBERM 
RECEIVERS 

4'-O"I.D, X 
12'-0" T-T 

321-1~D2 
METHANATOR REACTOR 

FEED PREBEATER 
700 M~TU/HR 

C3/CQS FROM 
U,'d'( 32G 

.1320 PSIG ~ " J - - ( ~  I 
STEAM ~ i | 

/ 
I)OW-THERM ( ~ | 
TO/FROM | / 
321-i307 ~ ~ ~-- ' 1-- 
321-3401 

1350 PSI6 321-1201 
(l '  

BLO~O~,t 

I L 
• I ~w, COIIDE' 

~ 571"F 

~% I f  
STRIPPED FT-6AS 
FR~ UNIT 320 



<i 12dfl 

,OW-IHERM 

-c"j .D, x 

~ ' -F~" T-T 

MUHA~ATO~ REACTOR 
FEED PREHEAIER 

7~ ~TU/H~ 

321-2501 
METHANATOR RFACTOB 

20~LBIU/HR 

321-1301 
METHANATOR 
REACTOR FEED/ 

PRODUCT ~CHANGER 
12 #@iBTU/HR 

120"F IL 

321-1303 
RECYCLE COIIPRCSSOR 

SUCTIO~I COOLER 
4/4~IBTDIHR 

321-1202 321-1310 3: 
RECYCLE COMPRESSOR C3/.~ 
SUCTION RECEIVER EVAPORATOR MEI 

3'-0"!,D, X 8'-O"T-T 400 MBTU/HR -"F 
2 "  
32' 

321-12~Jl 

(J 

I 383 PSIG 
550°F 

.521-1302 

"T .~  "''~ CO;;DE~ISATE ]81 PSIG 

sTl'~ I :" 6oo'F L_ 
90"F 

;C 
321-1so1_ 

227"F 

DOWTHERM 

[20"F 

135"F 

321-1801 

)21-1801 
.M.ET~NATOR RECYCLE 

COMPRESSOR 
375 -39O PSIG 
16,5 M/4SCFD 

.T , 321-~o2 (] 3~oPSlG 

520"F 

321-2so__.....~2 

/ 

HZ 
CO 
CO:, 
N2 
H20 
C1 
C 2" 
c2 
C 3 = 
C3 
C4" 
C4 
C 5 - 

LT, Cl'r'~l: 
HEAVY ~, 

TOTAL 

LBS/HR 



J Yv 

• Z 1 I? 01 _-32 ~ - 1 ~r o~ 321-2501 321-1391 321-1305 321-1202 
~OW-THL~ METHANAIO~ RLACIOR METHANATOR REACIOR METHANATOR RECYCLE C~IPRESSOR RECYCLE COMPRESSOR 
RZCEIVERS --FE-~ PR-EHEATE~ 20 MIII~TU/HR REACTOR FEED/ SOCTIOII COOLER 'SUCTION RECEIVER 

P"I,D, X 70~ MBIU/HR PRODUCT EXCHANGER 4 I~"tBTUIHR 3'-O"I,D, X 8'-O"T-T 
. -p '  ~-T 12 ~'4BTU/HR 

120"F 

321-1310 

EVAPORATOR 
~O0~TU/HR 

3~i-i • 

l 

383 FSIG 
~i 559"F 

~2J-l~Zr2 

, " ~  ""~, CDT~I~EI;SATE 
3D1 PS]G 

571"F & 
600"F 

~ 'F 

321-~Ol. 

227"F 

L20"F 

135"F 

321-1801 

I}OifI'HERM 

32].-1307 ~ 

321-1303 ~ 

321- o2 CI 

520"F 

323-2502 

321-1801 
METHANATOR RECYCLE 

COMPRESSOR 
375 -390 PSIG 
16,5 MMSCFD 

STEEA/4 N 

FLOWS MJ 

H2 
CO 
C02 
NZ 

C 2" 
C~ 
C 3" 
C3 
C4 = 
C4 
C5" 

I LT.C~p. 
H[AVY M~ 

TOTAL 



3~]-iqO 

EVAPORATO~ 

321-2~3~ 
FINAL 

METHANATION 
~9n ~U/HP REACIOB 

2'-61.3 X 
32'-0"~-I 

520"F 

FINAL ~THANAT ION 
REACTOR FEEDISNG 

EXCHANGER 
5 ~TUIHR 

321-1307 
FINAL BETH~NATION 

START-UP HEATER 
DESIGN: IMV~BTUIHR 

321-130q 
SNG PIPELINE 
COMPRESSOR 

SUCTIO{I COOLER 
700 MBTU/HR 

321-1203 
SNG PIPELINE 

COMPRESSOR SUCTION 
RECEIVER 

2'-O"I,D.X6'-O"T-T 

321-2503 
NYI)ROTREATER 

REACTOR 
3'-O'I,D,X 35'-6"T-T 

32]-1308 
SNG COOLER 

2,51'~TU/HR 

L 

~21-2502 

I 

321-151 

C~N~TE 

STEAM' 

~IO'F m.- 

520"F 

,S~o:F 

/ \  
321-1304 

210"F 

360 PSIG 
.!.20"F 

321-1501.1502 

120"F 

321-120.____ 33 

321-1501,1502 
CONDENSATE 
PUMP & SPARE 

11 GPH 

321-1802 
c"-I 

321-1308 

3OO'F ~-'r-E--'~--~ 

321-1802 
~lG PIPELIgE 

360-1010 PSI6 
6,6 Vb~CFD 

fLOWE N;~ 

~Z 
(0 
C 172 

c) 
C1 = 

£g 

T~I~PEO 
F-T G~S C3/C4 's ~N,~ ~TER 

/ i  ~ ~0 ,85 
ID .80 J..09 n .88 
5,1,6a~ 54.1i6 

* z|7.00 
206.52 .92 510.14 

7,77 ,83 

~.39 8.43 1%$0 

.O~, 15.73 2Z.55 
.04 

X .l~T2.5,~ ,%1,0B 524.44 217.0~ 

1 , I , ~  2,001 12,365 3,9(~9 

• Z~ L6~/H~ ~; %c, l~, R£MOVE~ BY THE 5N~ DRYER 

5.3-19 



rq?'~ 

3jl-l~O~ 
SNC COOLE~ 

1,5 ~1]T L/tt1~ 
F]t~AL ~ET~ANAIIO~ 

RE[EIVER 
2'-0"],~, R C'-O"T-T 

321-3401 
SNG [~RYE~ 

321-1308 
12Q'F 

"i000 PSIG 

JO~I,Zo~FPS]G D ~ 

SNG 

CONDENSATE TO 
SNG RECEIVER 
2],3-I?02 

'1 

o ~,e, iSSUED FOR ~0R:r " e , ,~ , ;  
p.lm¢ I 

. . . . . . .  i.tex 

i 

DEPARTMEIIT OF EFIERGY-DIVISION OF COAL CONVERSIO~I I 
IItlLTIPROCESS DF.,~NSTRATION "PMIIT ( PROCESS FLOW I]IAGRA~ 

I'E"/IIAN ~T ION IJlIIT-321 

THE R A L P H  M.  PARSON$ ,,'o= No. 

(X~WPXNY 5435-5 R-~21-FS-1 
PAIABEII&, C&LIF~MldlA" , , 

0 



I 6 

322-1~05 322-1301 ~ 

210 M3TUIHR 9D ~ltly'llR I'-6"IJ),X 
300 ~TU/HR ~'-6"I'-T 

ALCOHOL OVERHEAD 

2/'~TU/~ I'-6"I,D,X6'-O'T-T 

322-1z._....~ 
ALCOHOL S"IRIPPL'8 

,40 ~ll]lil~ 

180' F 

159"E 

17"5" F 

) PSIG ; ~  t 322-1201 
Z].O'F (l 2,.° I)-< 

322-1501a1.50~ 

3 -_n=U~,~ 
_3_~. 

322-1301 
kLCOHOL ~LUTION ~ 
Fl~k'* F-T LIQUID 
S~R'JB~I~, 319-ii01 

322-1,503~,150LI 

322"1302~) ~ ~~ 

..t 

322-1305 110" F 

UNIT 213 I 
CHEMICAL 
SEP, REB. 

] 

322-1501,1502 
AND SPA___.__~_~ 
10 GPM 

.ALCOHOL-SALT 
SOLUTION FRO~ F-T HOT ~CEIVEF 
119-12~ 

BOILER t~.OWIX3~ 

C~ RECYC~ 

7,5 MSCFI] 

V 



i ,)i 

I'-6"I,D,X ~'-O'T-T 

ALCOHOL STRIPPER 

~+0 ~TLr/HR 

322-1102. 

i'-6"I ,D.X 
~8'-O'T-T 

3,63 I+b'~TU/HR 

J 

C llO'F D-< 

~ I N 2  

~ ~  £02 ~E~CL£ 
~" ~ TO F-~ co 2 

• 319-1102 

322-13% 
ALCOHOL-SALT 

F-T HOT RECEIVER '~ 

228"F 

~ILER 

- - - , - - - , - , - , -4  

20Q'F 

175" F 

~22 II 

~ 235 ° F 

2 

25~'f 

1 
t 

GP/' 

C_~ECYCLE 

7.S MSZFD 

322-15Q5,~50~ 
S~IZT SOLUTIO~ 
PLgtP & $9~£ 

15 GP~ 

SIRXA~4 

FLOWS MPJl 

CO 2 
NI xe"3 Alcohols 

ALCOHOL ALCOHOL ALCOK40L 
ALCOHOL ALCOHOL BOILER 1ST EFFECT STILL WATER STILL GAS 14IX 

STILL FEO STRIP F£._,.__,.~ B.~). ~ FEED RETLrL~ R£CfiVEF.¥ ~ C T  

,1;~ .Z3 - .35 - 
12,41 3.96 .01 .04 26.30 

~*~er 1B7.70 314.11 n ~  .37 229~85 23£.S5 3.13 
Ac'td $a'# tS* 1.41 

"ileAL 200,Z3 379.71 461.37 2~'9,85 232,56 ..39 19.43 

LB.~It~, 3971 7205 8312 4141 41~0 17 

• /.CID SALTS HAS k HI/ EQUAL TO Tfi£ ,t£1D'~i ÷ CAUSTIC'$ 

5.3-; 

t 



L 

322-2302 322-1203 ~22-2303 322-120tl ~ 
~] IST EFFECT " 
]R CONDENSATE DR~ ~ CO D N AT  DRUM EPPECT ' CONDEHSAT~ DRUM OVERHEAD AIR 
/H~ I'-6"I,D,X E'-O"I-T 3,63 IfIBTUIBR I'-6"I.D.X 6'-O"T-T ),E3 I':~BTUIHR I'-6"I,D,X 6'-O"T-T ~ 2'-6"I,D,X 8'-O'T 

q,4MMBTU/HR 

25FF 203"F 195" F 

322-1____~ 
322-2302 322-2303 ~ ( 125" F 

1,5 PSIA 

5'22-1S1.%1514 
255"F 20~'F 

25~'F . ,Y22-~  

l . I  12.3 

2g~" r 16.71 . 

~SIG J t ' -  

25~'F > 322-15Ll,1512 

~E__._.~ ~___~_. .~p~.~_.~/  298" F 322-1509,1510 

322-~1507, !50~ 

~22-1507,150~ 522-1509,1510 ~ 
IST EFFECT ~ EFFECT 3~ EFFECT 
C m . ~ T E  ~ COImEN~T~ 

PLUMP & SPARE PUMP & SPARE PtlHP & SPARE I0 C~°fl 
~0 GP~ 10 GP~ i0  6PM 

ALC O',6L 
~TILL C.,~ ~co~o~. 3RD EFFECT OVHD. 

Nil IS']' ]EFF[C'P ST~#.~ ~ND FF~c~CT 3RD £F,FEC1 3.~ EFFECT LI(~JID I~.TI~R 

~LOWS HIgH 

• ]5 " '.07 

t~18 ;~'?. ~S ~T,IL ~Z~,5~ 74.18 237.82 256.37 

l? R~4 4]~1 L~/HR 3,974 1,579 4,285 4,B19 

5 , 3 - 2 0  



• 41. 

2'-PI,D,X 8'-O'I-I 

CONDENSATE TO 
*:I:~) BFW 

,T#~LT SOLUTION 
TO SPrY WATER 

COAL PREP, AREA 

.i,151.~ 

203"F 

SALT SOLgTIOI~ 

E 10 @PM ) @Pfl 

' ~  COrlDEIISATE 

cONDENSATE 

CO~DENSATE 

ALCOHOL MIX PRODUCT 

WATER RETURN 
AS WASH WATER 

0 "~,~ ISSUE FOR REPORT P/"# r~! ~,~ 
• "... : =  . . . . . . . .  ,'.. = =° N i  ..=( ' =  

, ,,,,, 

~LTIPROCESS DF.14OHSTRATION PLANT 
PROCESS FLOW DIAGRAM 

~tNI~L RECOVERY UNIT-t22 

THE RALPH M. PARSONS .,om ~. Iron- ~. 
cou~Y  J 5~5-5 R-322-FS-I 

P&SJ, O ENA,  CA~.I P'GNN IA 

K "  | T -  


