
SECTION 4 

5~LTI-PROCESS DEMONSTRATION PLANT 

A preliminary design and economic evaluation for a multi-process demonstra- 
tion plant (MPDP) has been completed and a report describing the results 
published. 8 The concept included a low pressure entrained slagging gasifier 
to produce fuel gas (Plant i), a medium pressure fluidized bed gasifier 
and an alternate medium pressure entrained slagging type gasifier to produce 
s}~gas plus a combined cycle power plant (Plant 2)~ and a Fischer-Tropsch in- 
direct liquefaction unit (Plant 3); also the necessary ancillaries to support 
these operating units plus a plant population of 500-plus people. 

J'h<" objectives for the MPDP were to: 

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

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

• Produce gaseous and liquid products for testing in commer- 
cial scale equipment. The probability exists that 
future commercial use of these fuels will require some mutual accom- 
modation of fuel characteristics and users equipment design/mode of 
operat ion. 

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

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

• Provide a reliable basis for predicting the economics of the commercial 
jzlants. 

The design was developed to achie.ve these objectives. 

4.1 FACILITIES DESCRIPTION 

Fi~ure 4-1, a block flow diagram, shows the MPDP plants and their inter- 
relationships. Figure 4-2 is a plot plant of the plants and units involved. 
An artist's conceptual drawing of the complex is sho~cn in Figure 4-3. 
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The design consists of three principal process plants plus coal receiving, 
storage, and handling facilities plus the necessary ancillaries to service 
the plants and its plant population. The key elements of the three plants are: 

Plant I: A low pressure coal gasifier, which can be operated either in 
the air-blown or oxygen blown mode, with attendant heat and 
sulfur recovery auxiliaries. The products generated are, 
initially, low Btu fuel gas, steam and by-product sulfur. 

Plant 2: Two oxygen blown intermediate pressure gasifiers, entrained 
and fluid bed types with oxygen plant, heat and sulfur recovery 
equipment and a combined cycle power plant. The design pro- 
vides for one of the two gasifier types to be operated at any 
given time. 

The combined cycle power plant will provide facilities for 
demonstrating the performance of close coupled generation of 
environmentally acceptable intermediate Btu fuel gases from 
coal followed by conversion to electricity in a high efficiency 
mode. 

In addition to supply of fuel gas to the combined cycle power 
plant, the gasifiers will produce synthesis gas (syngas) for 
use in a Fischer-Tropsch indirect liquefaction plant; this 
syn~as can later be used as feed to other indirect liquefaction 
units or as a source of reducing gases for tests on hydrolique- 
faction or donor solvent coal liquefaction plants. The informa- 
tion obtained from this syngas production unit could complement 
that obtained from other pilot plant and demonstration plant programs. 

Plant 3: A Fischer-Tropsch plant complete with a carbon dioxide removal 
system, methanation and product recovery equipment. Products 
include salable substitute natural gas (SNG), Fischer-Tropsch 
liquid fuels (LPG, naphthas, diesel fuel, and heavy fuel oil) 
and alcohol mistures. 

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

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

• Low pressure coal gasification to produce a clean, low sulfur fuel 
gas and steam. 

• Intermediate pressure coal gasification to produce synthesis gas from 
two basic types of advanced design gasifiers. 
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• Electric power generation, in the combined cycle mode, integrated 
with intermediate Btu gasification and sulfur remo~'al. 

• Advanced Fischer-Tropsch synthesis and methanation to produce high 
quality, high value fuel products and steam by-products. 

• C r e d i t a b l e  o v e r a l l  t he rma l  e f f i c i e n c i e s  f o r  t h e  p l a n t s  a c h i e v e d  
th rough  h e a t  r e c o v e r i e s  p roduc ing  u s a b l e  s team. 

The t o t a l  land a r e a  r e q u i r e m e n t  o f  t he  p r o j e c t  i s  100 a c r e s ;  t h i s  shou ld  be 
made a v a i l a b l e  as a s i n g l e  p a r c e l  a t  t he  b e g i n n i n g  f o r  t he  t h r e e  p l a n t s  and 
a l s o  a f o u r t h  p l a n t  should  i t  be l a t e r  d e s i r e d .  The d e m o n s t r a t i o n  p la f i t s  
w i l l  r e q u i r e  a p p r o x i m a t e l y  17,000 a c r e - f e e t  p e r  y e a r  o f  w a t e r  f o r  p r o c e s s  
r e q u i r e m e n t s  and u t i l i t y  makeup. 

Purchased  coa l  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 t o r e d  in  
open p i l e s .  Coal r e c e i v i n g ,  u n l o a d i n g ,  h a n d l i n g ,  s t o r a g e  and g r i n d i n g  t akes  
p l a c e  a t  a "cen t ra l  l o c a t i o n  which s e r v e s  a l l  t h r e e  p l a n t s  modules .  

4. l . 1 PLANT CAPACITY 

Coal feed rates are shown on the block flow diagram for. the three 
plants. To provide flexibility and the ability to expand the scope of the 
program in the future, the Plant 2 gasifiers and sulfur plants are sized to 
supply synthesis gas to a potential future fourth plant. To illustrate, when 
supplying gas for Plant 2 operation only, the gasifier will be operating at 
approxin~ately 60% of capacity. While supplying gas for Plant 2 and Plant 3 
simultaneous operation, the gasifier will operate at 80% of capacity. Coal 
feed rates may be tabulated as follows: 

Plan t  P l a n t s  in  O p e r a t i o n  Coal Feed Rates 

1 1 1,800 TPD 
2 2 2,250 TPD 
2 2 and 3 3,000 TPD 
2 2, 3 and 4 3,7S0 TPD 

4.1.2 OPERATING SEQUENCE AND LIMITS 

The f o l l o w i n g  o u t l i n e s  t h e  o p e r a t i n g  r e l a t i o n s h i p s  and t h e  i n t e r -  
r e l a t i o n s h i p s  o f  t h e  p l a n t s :  

P lan t  1: 

(a) Operates alone. 

(b) Can be shut down independently of Plants 2 and 3 except 
for Coal Receiving and Coal Grinding. 
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Plant 2 : 

(a) Can operate simultaneously with Plant I. 

(b) Can be operated independently of Plant 1 except for Coal 
Receiving and Coal Grinding. 

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

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

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

Plant 3: 

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

Plant 4 : 

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

(b) Can operate while Plant 3 is down. 

The Fischer-Tropsch demonstration plant, designated as Plant 3, 
will provide date for design of a commercial scale plant. It will convert 
approximately 44 million scfd of syngas to SNG plus liquid products. It will 
use the processing procedures defined in a published Fischer-Tropsch conceptual 
Design/economic evaluation. 5 

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 operatioz~s and also based on the synthesis gas feed 
alone. These projected efficiencies are approximately 61% and 75%, re- 
spectively. 

The thermal efficiencies for Plant 2 and Plant 3 operations reflect 
the efficiency loss attributable to the use of water slurried coal feed. The 
evaporation of the slurry water results in reduced thermal ~ e~iciencies rela- 
tive 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 on experience with similar operations. 
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4.2 ECONOMICS 

All economics are expressed as mid-1977 dollar~. The projections were: 

• The following fixed capital investment estimates were predicted: 

Plant Scope FCI Cumulative FCI 
($ Million) ($ Million) 

1 Gasify 1800 105 105 
TPD of Coal 
at 40 psig 

2 Two (2) 305 410 
oxygen blo~cn 
gasifiers to 
gasify 3,750 
TPD of coal 
at 400-600 
psig plus a 
200 negawatt 
combined 
cycle power 
plant 

3 A Fischer- 90 500 
Tropsch 
plant to 
process 
44 million 
SCFD of syn- 
gas 

The estimated annual operation costs for each of the three plants 
were: 

Plant 

Annual Cumulative Annual 
Operating Operating 

Costs Costs 
($ Million) ($ Million) 

1 26 26 

2 49 75 

3 17 92 

The operating cost estimates were based on a $I.00 per million 
Btu coal cost. 
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• The estimated plant population is 530 people, 

The p l a n  u s e s  a 1 0 - y e a r  p r o j e c t  s c h e d u l e .  P l a n t s  1 and 2 would 
r e q u i r e  4 y e a r s  to  d e s i g n ,  c o n s t r u c t  and s t a r t  up,  a l l o w i n g  6 y e a r s  
o p e r a t i o n . T h e  P l a n t  3 o p e r a t i o n  would s t a r t  18 months a f t e r  P l a n t s  1 
and 2, a l l o w i n g  4 .5  y e a r s  o p e r a t i o n .  

The cumulative expenditures, capital plus operations costs, over 
the project life were estimated to be about $1.15 billion; the 
fund requirement schedule is illustrated in Figure 4-4. 

The p o s s i b l e  p r o d u c t  marke t  v a l u e s  and r e v e n u e s  when a l l  u n i t s  a r e  
o p e r a t i n g  a t  c a p a c i t y  was e s t i m a t e d  to  be about  $60 m i l l i o n  pe r  
y e a r .  For t h i s  e s t i m a t e ,  t h e  p r o d u c t i o n  r a t e s  were based on a 
o p e r a t i n g  r a t e  o f  330 s t r e a m  days  pe r  y e a r ,  equal  to  a 90.4  p e r -  
c e n t  o p e r a t i n g  f a c t o r ,  e x c e p t  f o r  t h e  f i r s t  18 months o f  o p e r a t i o n  
o f  each p l a n t .  P r o j e c t e d  r e v e n u e s  were  based  on o p e r a t i o n  a t  
25 p e r c e n t  c a p a c i t y  t h e  f i r s t  6 months ,  50 p e r c e n t  t h e  second  6 
months ,  75 p e r c e n t  t he  t h i r d  s i x  months ,  and 100 p e r c e n t  t h e r e a f t e r .  

The p r o j e c t e d  10 y e a r  n e t  p r o j e c t  c o s t ,  a f t e r  c r e d i t  f o r  r e v e n u e s  
as d e s c r i b e d  in  t h e  p r e v i o u s  p o i n t ,  was e s t i m a t e d  to  be about  
$800 m i l l i o n .  This i s  i l l u s t r a t e d  in F igure  4-5.  

• Possible tax write-offs were considered. 
the project structure. 

These are specific to 

To illustrate, if the project were I00 percent funded with private 
capital such that the tax losses could be used to offset profits 
from other operations, and if the MPDP could be depreciated over 
the 7 year operating life, the possible net cost to the owner for 
the project could be as low as $350 million; see Figure 4-5. 

4.3 EXPECTED ACCOMPLISHMENTS 

The key result expected is that the MPDP should provide a major basis 
for industry decisions regarding investment in the coal conversion technolo- 
gies tested. 

To accomplish its objectives, the facility should be conservatively de- 
signed, using experience from all sources to reduce technical risks to an 
acceptable level and assure relLable, safe, environmentally acceptable opera- 
°tion. The design effort should continue to be supported by an active research 
and development program. In paral~el with the design, procurement, construc- 
tion and start-up of the MPDP, components should be tested and improved; this 
includes cooperative programs with equipment, process development and instru- 
mentation firms. 

The construction and operation of a MPDP would provide hands-on experience 
with the performance of essential plant components. It would provide data and 
experience on operation of large scale coal conversion plant units and the 
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interaction of the plant units with its associated supporting facilities and 
environment. An improved understanding would be developed for the range of 
costs and other factors pertinent to development of this e~ergy option. The 
construction and operation experience would also co~tribute to development of 
the necessary technical and engineering expertise in safety, reliability, eco- 
nomics 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 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 
p~ants and should, therefore, encourage industry to invest in the 
larger plants. 

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

Importantly, the MPDP described here should provide the operational ex- 
perience and records needed to evaluate the commercial viability of commercial 
scale coal conversion plants using the technologies tested. 
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Figl~rc 4-3 - Artist's Concept of Multi-Process Plant Design 
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Table 4-i - MPDP Products, Projected Quantities, Heating Values, 
and Process Thermal Efficiencies 

I 
t~ 

Feed and Product 

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

Coal Feed 
E l e c t r i c  power { fue l  b a s i s )  
Energy in 

Fue 1 gas 
Steam 
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  
va I ue 

Thermal e f f i c i e n c y  

P l a n t  2 

Coa I Feed 

Fuel gas t o  power p l a n t  
l e s s  fue l  gas e q u i v a l e n t  
o f  e l e c t r i c  power used  

Sul fur  
Total products' heating 
v a  I ue 

Thermal e f f i c i e n c y  

Stremll Quantity 
Q u a n t i t y  p e r  Tons p e r  

S t r eam Day S t ream Day 

5 .27 MMscf/d 

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

1800 

66.0 

2246 

82.4 

Un i t  tit IV 

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 

161 MMscf/d 

-36 NNscf/d 
125 MMscf/d 

12,125 Btu/Ib 

270 Btu/scf 

270 Btu/scf 
270 Btu/scf 

3,990 Btu/Ib 

Total 
t l e a t i n g  Value 

( m i l l i o n  Btt l /d)  

43,650 
1,537 

45,187 

32,890 
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)  

.D- 
I 

Feed and P r o d u c t  

l ' l a n t  3 ( I n c l u d i n g  l ' l a n t  2J 

Coa I f e e d  

Fuel  gas  ( n e t )  
O x y g e n a t e s  
SN(; 
LPG, C 4 ' s  
Ligll t  n a p h t h a  
Ileavy n a p h t h a  
I ) i e s e l  Oi l  
I lcavy f u e l  oi 1 
Sill ftl 1" 

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

Tlmrmal e f f i c i e n c y  

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

S t r e a m  Day 

2996 

9 .97  

U n i t  lillY 

12 ,125  B t u / l b  

Q u a n t i t y  p e r  
St  ream Day 

114 MMscf/d 
72 BPD 

5.69 MMscf/d 
78 BPD 

234 BPD 
211 BPD 
356 BPD 
I 1 2 B P D  

26.778 
25.773 
46.618 
16 .095  

109.9 

270 B tu /sc f  
12,505 Btu / Ib  

1,025 B tu /sc f  
21,035 Btu / Ib  
20,815 Btu/ ]b  
20,430 Btu / Ib  
20,255 Btu / Ib  
19,855 Btu/ Ib  
3,990 B tu / lh  

Tota  1 
l leat ing Value 

"h i l l ] ion  Btu/d) 

72,653 

30,791 
249 

5,832 
318 

1 , I15 
I , 0 5 3  
1 ,888 

640 
877 

42,763 

% 
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Table 4-2 - HPDP P l a n t  3 F i s che r -T ropsch  P lan t  Products  
and Thermal E f f i c i e n c i e s  

4> 
I 
t-a 

Stream Quantity 
Quantity per Tons per 
Stream Day 

Trot n 1 
Hea t ing  Value 

( m i l l i o n  Btu/d)  Feed and Prc, dllct [ Stream Day Unit  lilly % 

Based on Incrementa l  Coal Feed 

i 
Feeds 
Coal feed 
Add: fue l  gas e q u i v a l e n t  for  

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

Products  
Oxygenates 
SNG 
LPG C4's  
Ligtlt naphtha  
lleavy naphtha 
Diesel  o i l  
lleavy fue l  o i l  
Su l fu r  
Excess steam produced 

TotaI  p r o d u c t s '  h e a t i n g  
va lue  

Thermal e f f i c i e n c y  

17,500 kW-h 

72 BPD 
5.69 MMscf/d 
78 BPD 
234 BPD 
211BPD 
356 BPD 
112 BPD 

124,00 l b / h r  

750 

9.97 

26.778 
25.773 
46.618 
16.095 
27.5 

12,125 B t u / l b  

*7,606 Btu/kW-h 
tleat Rate 

12,505 B tu / l b  
1,025 B t u / s c f  

21,035 B tu / l b  
20,815 B tu / l b  
20,430 B t u / l b  
20,255 B tu / l b  
19,855 B tu / l b  

3,990 B t u / l b  
(avg) 620 B tu / l b  

18,188 

3,195 
21,383 

249 
5,832 

318 
1,115 
1,053 
1,888 

640 
219 

1,850 

13,164 

Based on Synthesis Gas Feed to F-T Reactor 

Feeds 
Syngas feed  
Add: fue l  gas e q u i v a l e n t  f o r  

e l e c t r i c  power consunmd 

Tota l  ene rgy  in  

44.00 MMscf/d 

3,417 kW-h 

330 B t u / s c f  

*7,606 Btu/kW-h 
tleat Rate 

14,529 

6 2 4  

15,153 

61 



SECTION S 

PRESTRESSED CONCRETE PRESSURE VESSELS 

S.l INTRODUCTION 

A study was completed which determined that the use of large prestressed 
concrete pressure vessels PCPVs in coal conversion plants is technically 
feasible and offers potential economic advantages. 9 

A study of the conceptual design and projected economics of four types 
of PCPVs for use in coal conversion plants was completed. The designs and 
economics were then compared with alternative steelvessels when used in the 
same service. 

The Ralph M. Parsons Company (,Parsons) of Pasadena, California was the 
prime contractor and T.Y. Lin International of San Francisco, California 
served as subcontractor with responsibility for the structural design of the 
prestressed concrete pressure vessels. 

The prime incentives for this study were: 

The development of PCPVs would permit the u s e  of larger high 
pressure vessels than presently considered practical in steel 
construction. 

PCPVs would provide a competitive alternative to the use of steel 
vessels. This could be a major consideration if a number of coal 
conversion complexes were to be constructed simultaneously to 
meet national alternative energy supply goals as described in 
U.S. energy plans. This alternative is particularly important 
because of the limited U.S. capability to produce numerous large 
high pressure vessels simultaneously, and because of possible 
shortages of alloy materials for high strength steel alloys. 

• PCPVs could reduce the FCI of large coal conversion plants. The 
profitability of coal conversion plants is highly sensitive to the 
FCI; therefore a successful PCPV program would assist in making 
these plants economically viable. 

The designs developed, in this study were chosen to illustrate the poten- 
tial of representative vessels s@lected from a large number of possible uses 
for PCPVs in coal conversion processes. The four PCPVs studied were: a 
dissolver-separator used to liquefy coal, an absorber used to purify gases, 
a coal ~asifier reactor and an integrated coal gasifier vessel. The vessels 
studied range from 23'-4" to 33'-4" inside diameter. They were each designed 
to replace one or more conventional steel pressure vessels with no change in 
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the process flow from conventional practice. Figure 5-I illustrates the pro- 
jected size and characteristics of one of the vessels - note the 6-foot man 
for size comparison. 

5.2 TECHNICAL FEASIBILITY 

A PCPV is a structure wherein concrete, reinforcing steel, and high strength 
steel tendons are used to form the pressure containment shell. Well over 90 per- 
cent of the mass is concrete. 

Prestressing means the intentional creation of permanent stresses in a 
concrete structure, for the purpose of improving its structural behavior 
under various load conditions. The prestressing forces can be applied by 
means of stressing the tendons. Figure 5-2 shows the general arrangement 
of the tendons in a PCPV. Similar to reinforced concrete, prestressed con- 
crete involves combined action between the concrete and the prestressing 
steel tendons, and interaction between the internal prestressing force and 
the externally imposed loads. For PCPVs, the prestressing forces are applied 
by post-tensioning the steel tendons after the concrete has hardened. The 
post-tensioned tendons place the vessel in compression and enable it to re- 
sist the high operating pressures. 

There are several additional elements required for a PCPV to perform suc- 
cessfully as a process pressure vessel. One of these is a metal membrane 
internal liner, which serves to prevent escape of process gases and liquids 
into the concrete structure. The metal membrane liner also serves as a form 
during concrete placement. 

Another important element is a cooling system plus insulating concrete 
which is necessary to control the structural concrete temperature whenever 
the metal liner temperature exceeds 200°F. Also, internal refractory is used 
when necessary to shield the metal membrane liner against very high temperature. 

The general methods of PCPV design have been established. They have been 
used by the nuclear industry for design of prestressed concrete reactor ves- 
sels (PCRVs) for use at pressures in the 600-700 psig range. They are also used 
routinely in the design of nuclear secondary containment vessels of which 
approximately 60 are under construction or in use today. These methods have 
also been applied in the design of vessels for storage of water, oil, LNG 
and coal. However, because of the higher operating temperatures and pressures, 
and the thicker concrete walls for the coal conversion plant operations dis- 
cussed here, some confirmatory tests should be performed to further substan- 
tiate the design. 

The materials required for construction of large PCPVs are widely avail- 
able in the United States. At present there is a temporary shortage of cement 
in the western states caused by the building boom. Indications are that 
structural concrete in the desired quantities and quality will be produced 
throughout the United States when needed. There are presently four U.S. com- 
panies that supply 270 ksi strength cable tendons required for this type of 
construction. Two other major U.S. firms have also produced this cable in 
the past. 



Other required metal components are also readily available in the United 
States. In contrast, there are a very limited number of suppliers of large 
heavy-wall pressure vessel-grade steel plate in the United States.. There is 
one company in the United States, one in Europe and one in Japan with capa- 
bility to produce 12 to 15-inch thick plates which weigh up to SO tons, There 
are a number of suppliers of pressure vessel-grade steel plate of lesser" 
thickness. 

The field fabrication of large heavy-walled pressure vessels has been 
limited in the United States to one firm. At least two other firms have 
organizations capable of the field fabrication of large heavy-walled pressure 
vessels. There are presently about i0 shops in the United States capable of 
building heavy walled pressure vessels of i0 to 12-inch wall thickness for 
all uses. 

The method of construction of the PCPVs utilize well proven technology. 
The equipment for construction of the vessels is presently available and in 
use in construction of large concrete structures. The construction sequence 
of the integrated gasifier PCPV is shown in Figure 5-3. 

The operation of a PCPV process vessel will be generally similar to that 
of a conventional steel pressure vessel.. For PCPVs with internal process 
temperatures over 200°F, a closed cycle cooling system will be required which 
will add some complexity to the system due to the addition of pumps, piping 
and heat exchange equipment. 

The development of methods for operational inspection and monitoring of 
the vessel integ-rity will be required for some vessel elements, These ele- 
ments include the external cooling system, the insulating concrete and the 
concrete to membrane wall attachments. 

The maintenance of PCPVs is expected to be more difficult than steel 
vessels. This is due to the more difficult entrance into the vessel internals 
caused by very large and heavy closure plugs, the lack of accessibility to the 
embedded cooling coils, and the additional equipment maintenance for pumps and 
heat exchange equipment for the cooling systems. Further, it will be difficult 
to modify.a PCPV because of the location's of tendons and reinforcing steel. 

The inherent safety characteristics of a PCPV appear better than for a 
steel vessel. Teses conducted on PCPVs indicate that the concrete will crack 
and relieve excessive pressures, and after pressure relief, the steel tendons 
will again compress the concrete and seal the PCPV. 

There are presently no commercial code criteria for PCPVs for coal con- 
version plants. The .American Socidty of Mechanical Engineers Pressure Vessel 
Code, Section III, Division 2 covers the requirements for PCPV nuclear con- 
tainment vessels and nuclear reactors. However, this code does not appear 
applicable to PCPVs for coal conversion processes because of the different 
characteristics required. It will be necessary to perform studies and tests 
to demonstrate their viability and to obtain data for design criteria for 
coal conversion PCPVs. 
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5.3 VESSEL COMPARISONS 

The three basic types of process pressure vessels, dissolver-separator, 
absorber and gasifier, were selected to be representative of those utilized 
in coal conversion plants. They cover a wide range of process requirements 
with regard to pressures, temperatures, process stream compositions, and 
configurations. 

The PCPVs in this study were compared with steel pressure vessels for 
identical process duties. The steel pressure vessels had been investigated 
and reported in earlier studies made by Parsons. 3'39 

5.3.1 DISSOLVER-SEPARATOR 

The dissolver-separator is a key vessel in coal hydroliquefaction 
processing; a similar process is under development at the SRC pilot plant 
located at Fort Lewis, Washington for the U.S. Department of Energy. 

Figure 5-4 is a simplified cross sectional view of the PCPV. 
Here, the main process elements, the dissolver-separator vessels, operate 
at 850°F and 2,025 psig. The metal membrane wall is directly exposed to the 
process environment. A process flow diagram describing the process duties 
and conditions is shown in Figure 5-5 at the end of this section.. 

5.3.2 ABSORBER 

The process design for this acid gas removal contactor originated 
in an earlier conceptual design published by Parsons. For this study only t 
the absorber vessel was investigated. 

A cross sectional view of this PCPV is shown in Figure 5-6. The 
vessel has internal trays and intermediate heads, which require carrying these 
loads into the concrete structure. 

A process flow diagram is shown in Figure 5-7 at the end of this 
section. 

5 • 3 •3 GASIFIERS 

The gasification process flow scheme is the same for the gasifier 
reactor and the integrated gasifier vessel. The process scope covers from the 
point of feeding a coal-water slurry to the gasifier to the discharge of 
solids-free gas for further downstream processing. The process design is based 
on a two-stage entrained gasification process. A typical similar process would 
be the Bi-Gas process being developed at Homer City, Pennsylvania for the U.S. 
Department of Energy; the first stage of the gasifier operates at 3,000°F, at 
a pressure of 1,085 psig. 

A process flow diagram showing the process conditions and major 
equipment items is shown in Figure 5-8 at the end of this section. The key 
gasifier vessels operate in a severe process environment with temperatures 
ranging from 1,700 to 3,000°F at a pressure of 1,085 psig. Further, they have 
a complex internal geometry. Two types of possible gasifier configurations 
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were investigated. For the first type, only the gasifier reactor is contained 
in the concrete structure. Figure 5-9 is a simplified cross sectional view of 
this vessel. The second type is referred to as an integrated gasifier vessel. 
This unit, shown in Figure 5-10, has the closely associated ancillary equipment - 
coal and char cyclones, flash dryers, and coal and char eductors embedded in the 
concrete structure. 

5.4 RESULTS 

The results of the study indicate: 

The design and construction of PCPVs was found to be generally 
within the present state of knowledge. Subscale testing should 
be performed to confirm some design judgements. 

• The use of PCPVs can reduce the FCI requirements. To illustrate, 
substitution of a single PCPV for as many as 18 steel vessels might 
reduce the FCI By approximately 70 percent, amounting to as much as 
$300 million. Replacement of a single steel vessel with a PCPV can 
reduce the FCI by approximately I0 percent. Details are summarized 
in the following report section. 

Thus, there is a definite economic incentive to carry 
further the development of PCPVs to demonstrate their 
technical feasibility and economic viability. 

• PCPVs offer an alternative for construction of large scale coal 
conversion plants. 

• Improved vessel safety performance is expected because of the 
benign failure characteristics of PCPVs. 

• PCPVs have the potential to be operational in a shorter schedule 
than steel vessels. 

At the time of this writing, supply projections indicate that the 
materials of construction forPCPVs can be readily available in 
the U.S. while the capacity to fabricate and install large numbers 
of large heavy walled steel pressure vessels was found to be cur- 
rently limited by the number of suppliers and availability of 
fabrication facilities. 

It is recommended that a demonstration scale PCPV be designed, constructed 
and operated in a coal conversion ~lant and the results be used as a basis for 
commercial plant design. 

5.5 ECONOMICS 

FCI and operating costs were estimated for the four PCPVs and compared with 
equivalent economic parameters for steel pressure vessels in the same process 
service. The results are summarized here. 
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To deve lop  t h e  e s t i m a t e s ,  p r o c e s s  f low s h e e t s ,  equipment  s i z e s  and equ ip -  
ment l i s t s  were p r e p a r e d  f o r  each PCPV case .  Equipment c o s t s  were o b t a i n e d  
u s i n g  e i t h e r  h i s t o r i c a l  c o s t  d a t a  or  v e n d o r - s u p p l i e d  i n f o r m a t i o n .  The FCIs 
f o r  t h e  s t e e l  v e s s e l  c a s e s  were e s c a l a t e d  to  December 1977 v a l u e s  from those  
given in previous Parsons' studies. 3'~ 

Table 5-i summarizes the FCI comparison for the four types of PCPVs. The 
results indicate that very significant reductions in FCI can occur by the sub- 
stitution of large PCPVs for multiple smaller steel vessels. The largest FCI 
reduction, $300 million or approximately 70 percent, was for the case of the 
dissolver-separator where one PCPV essentially replaced nine dissolvers and 
nine separators of conventional steel construction. Substitution of one large 
PCPV for six steel absorbers might reduce the FCI by 60 percent. 

The projected annual and unit product cost savings using the PCPV when 
compared to steel vessels are shown in Table 5-2. Again, the largest saving 
was in the dissolver-separator case where a savings of about $0.20 per million 
Btu's of coal feed to the unit is projected; for a plant feeding 55,500 TPD 

of coal, this would result in a yearly savings of over $90 million. Approximately 
80 percent of this savings is directly related to the predicted lower fixed capi- 
tal investment. 

The economic analyses were based on a 12 percent DCF rate of return on 
invested capital and a 20-year plant operating life at an operating rate of 530 
stream days per year. Operating labor was based on a wage rate of $7.50 per hour 
with a payroll burden of 35 percent. 

5-6 



Table 5-1. - Fixed Capital Investment Comparison 

Number of 
Type of Number of Capacity Major Vessels 

Vessel Construction Trains per Train perT rain 

Steel 3 20,000 TPD 6 
Dissolver- of Coal 

Separa tor  .... 
PCPV 1 55,000 TPD i 

of Coal 

Steel 3 25 million 2 
Absorber scf/hr 

PCPV I 69 million I 
scf/hr 

Steel 2 55,000 TPD I 
Gasification of Coal 

PCPV-Gasifier 2 55,000 TPD I 
Reactor only of Coal 

FCPV-Integra- 2 55,000 TPD 1 
ted Gasifier of Coal 

Total 
Number 

Of Major 
Vesse ls  

18 

1 

6 

1 

2 

2 

2 

Percent Reduction 
FCI in FCI Compared 

:($ Million) to Steel Vessel 

430 0 

130 70 

I0 

4 

255 

225 

O 

60 

0 

12 

230 I0 

Table 5-2 - Savings Using Prestressed Concrete Vs. Steel 

,q issolver-Separa tor  Absorber Gasi f ier  Only Integrated Gasi f ie r  

Item 

Op~ratin~ Costs 

Operating Labor 
and ~cerials 

Maintenance 
U t i l i t i e s  
Plant Overhead 
Property Tax 
and Insurance 

6 and A 

Savings Subtotal 

~gurden Costs 

£a~ita] Investment 
~orking Capital 
Income Taxes 

Saving~ 5ub~otal 

Total g~vlngg 

Uniform 
Annual 
Cost Feed Coal 

I($ Million) {$/D~IBtu) 

-0.512 
10.732 
-1.227 
2. 326 

7. 381 
0.293 

18.993 0.043 

46.080 
1,4S4 

26,062 

73.626 0.166 

92.619 0.209 

Uniform 
Annual 

Cost 
($ Million) 

0.062 
0.240 

O: 088 

0.165 
O. 008 

0.563 

1.029 
0.035 
o.ss__~s 
1.649 

2.212 

Feed Gas 

0.001 

0.003 

0.004 

Uniform 
Annual Product 

Cost Gas 
(~ Million) (~/~tBtu) 

1.158 
-0.025 

0.278 

0.796 
0.033 

2.240 0.003 

4.970 
0.165 
2.81___E 
7.950 0.010 

10.190 0.013 

Uniforn 
Annual Product 

Cost Gas 
(~ Million) ($/MMBtu} 

0.977 
-0.142 
0.234 

0.671 
0.027 

1. 767 O. 003 

4.193 
0.136 
2.37_.__~4 

6. 703 0. 009 

8.470 0.011 
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Figure 5-1 - Model of Conceptual Integrated Gasifier Vessel 
Cross Sectional View 
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CONSTRUCTION $TARTI 

I 
IIETUF ~UPPQRT FACILITIEI 

A* GRADE ~TE 
II, ERECT C ~ R U C T I ~  FAGILITIEE • WAREHOUSE 
C I~TALL  C ~ T R ~ I ~  U~LITIEII 
D. FIINCING A~#O LIGRTINO 

V I ~ E L  ASEEiLY I 
A. RECEIVE RO~LED PLATEIIANO NOZZLES 
l .  PREPARE VESSEL FAIIRUTION FACILITY 
C. AIWEMILE RING IliGMINTII 
O ~ L O  RING I IEGiNTII  ~ I Z ~ L L Y  ON ROLLE~ 
E I ~ A L L  COOLING FINI ~ PIPEII 
F INI~irAL L CoN~qITE ANO REFRAGTORY ANCHORS 
G. I ~ A L L  REaR AND LIFT T R ~ I ~  

~ T C H  PLANT 

A ! RII~'T PLANT 
I .  RECIIIVE CIIMINT, IU~ND • GRAVIL 
C. MIX C ~ R E T E  
O. TRANSPORT ~ R E T I  

A ~ R  C R M ~  A. [R|CT N F ~ R ~ D  k i p  F ~  |Y|TEM 
i .  IIRECT WORK PLATFOIEM 
C. INITALL REBAflll • SU~FACII WIRII MEIIH 
D. IMETALL VERTICAL • HORIZONTAL TENOON D~¢T$ 
E. INrrALL CONCflET| PUMPI& PIPING 
F. I ;~'T AL L CONCRIITE PLACI N~I lIOOMm (|) 
G. I ~ A L L  ~ T ~ T I ~  [ L [ V A T ~  

CONST ~UCT FOUNDA~N 

A, E ~ V A T I I  ~ M ~  TO 
IIA NOGT(~4 II LAYER 

II. INITALL CONCRITI F ~  
C, IM~IrALL mE IUkllm 
D. INSTALL TENOON DUCTII 
| ,  INGTALL ~ R  ~ L T I I  
F. P ~  CON¢IMETI 
~: •ACKFIL L 

IN~rALL MATII FOR V l l l l l L  
TRANSPORT 

~ R  C ~ R | T §  

A. ~ ~ A T I N G  ~ E T I I  ~ V ~ L  
B. IrrNUCTURAL ¢GIIdCflETE PLACE IN 5 FOOT 

L I F l l  lONE GAYI 

ID. R ~  IILIP F ~ M  & P~TFORM TO NEXT 
LIFT LEVEL 

E, INIITALL REIAR 
F, iNBTALL T|NOON DUCTS (VERTICAL Ik 

HORI ZON~AL) 
G. R~PEATIITIIPIA-F ~ L  HORIZONTAL 

ANCILLARY PWING III REACHED 

m 

*,,¢ILLAnV ~ , ' "  

A. ~ F ~ J ~ A T E  
1. COOLliEO IWlr~EM INITALLIID 
Z. R IIp BtACTON Y AIID#01~ |NIITA L L $ O 

IlL IIHiP TO lilTS 
I. IN4PL L'T 
2. IWORE 

C. INSTALL ~ | N N A L  RIPRACTOItY 
D. ATTP~H TINOONJ WITH O~¢TING 
| .  T R O T  TO I I ~ C T I ~  

ANCILLARY VEMELII ANO PIPING INITALLATION Jm 

A. iNSTALL ANCILLARY E Q U t M I ~ r  WITH 
CRANEII 

B INrrALL PIPING WITH COOLING IIYIITEM 
A~ACHED 

C. tMELD • RADIOGRAPHIC IN~PECTIC~4 
1, I ~ A L L  WORK p L A T F ~ i ~  N I I | ~ D  

D ImTALL ~ Z Z L E  F ~ N G E |  AFTER IILIPFORM 
Ill RAIgED 
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P ~ R  (X)NCRETE 

A, REPEATETEPSA-F OF PREVIOUF 
"*PO~R CONCRETE" UI~T[ L ALL 
CONCRETE ~S P~URED 

II. OI~IMANTLE IILIPEDRM & REMOVE 

/ 
INSTALL VERT;CAL TENDONS ~ m  

A, INSTALl. TENDON C,qRLE$ 
B. INSTALL TENDON liND CONNECTQtqS 
C. TEN~ON BOTH CABLE ENDEWITH 

TENEIONING I)EVIt~E 
D GROUT TENDON CARLES 
E. E INI&H CONCRETE OVER END 

CONNECTOR5 

TEqTINS 

A. FERFORM AL~* MECHANICAL 
AND Et, ECTHICAL SYSTEMS 
CHECKS 

S, VERIFYAND DOCUMENT 
TESTING 

m• INS'fALL SERVICE CRANE 

A, INSTALl. nAILS 
B ERECTCRANE 

I ~ l ~  I INSTALL SERVICE ELEVATOR ~ 'm 

m• IN~'TALL APPURTENANCIEE I 

A. INSTALL DAVIT 'z 
B. INSTALL LADDERSAND 

RAILINGS 

m• 
PnEE4~JEE TEST 

A. INSTALLVESSELCLOEURES 
B I~QLATE PIPING SYRTEM~ 
C PRES#L~E TEST 

/ 
FINISH VESSEL EXTERIOR L ~  

F A. AFPLY EPOXY COATING 

INSTALLSERVICE FACILITIES I 
. L--TING I 

I 
INSTALL EXTERNAL EQUIPMENT 

A. POUR FOUNDATIONS 
E. INSTALL: 

1. SLURRY FEED PUMPS 
2. STEAM DRt.~4 
3. ASH SLUflRV PUMPS 
4. RECIRCULATING WATER AIR 

COOt, ERE 
5. OTHER VEESELS 

INCTALL PIPING 

A. CONNECT EXTERNAL PIPING 
VALVES • INSTRUMENTATION 

B, PRESSURE TEST PIPING 

!,NETALL C~AS[ Fql E R i NTE~ NAL R E F RACT,EGR V 

/~. INSTALL WG~tK PLATFORM~ 
B~ ;NETALL INTERNAL~COOLING COIL5 
C. iNSTALL REFRACTORY 
D, DISMANTLE WORK PLATEOR~ 
E. DRY ~UT REFRACTORV 

CONNECT PIPING & INSTRUMENTATION 
TO VESSEL 

A. REMOVE TEST CAPS 
g. CONNECT PiPING TO VESSEL 

1. WELD CONNECTJONS 
2. INSPECT 
3. FILL OPENINGS ARO~JND 

PIPING WITH CONCRETE 
C. INSTALL IN~STRUMENTATION 

1. CONNECT INSTRUMENTS 
2, CHECK OUT INSTRUMENTS 

I EONSTROOIONCOMPLETE I 

¥18u •e  5 - 3 .  Cons t ruc t i on  Sequence  - -  

5 - 1 1  In tegra ted  Gasi f ier  Vessel 
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Figure 5-4 - Dissolver-Separator Vessel Sketch 
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Figure 5-6 - Absorber Vessel Sketch 
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SECTION 6 

SUPPORT SERVICES 

In addition to the primary design assignments, support services included: 

Definition of equipment and control system development programs 
required to assume reliability and viability of coal conversion 
processes. 

Definition of a similar program for required materials of con- 
struction for coal conversion plants. 

Definition of environmental control facilities to assume t~e opera- 
tion of coal conversion facilities within applicable environmental 
requirements. 

• Prompt dissemination of the program results to the public. 

The results of these supporting programs are summarized below. 

6.1 EQUIPS~NT DEVELOPMENT 

Preliminary definitions were developed for approximately 6,000 separate 
equipment items during creation of the conceptual and preliminary designs 
under this contract. For each design, conclusions regarding the projected 
performance of the facility and the equipment used in that facility were 
recorded. The resulting listing of equipment types having potential, or need, 
for improvement, served as the basis for communications with equipment vendor~ 
and developers. The definition of the availability of equipment from domestic 
and foreign sources to provide the required performance and reliability was a 
primary objective. Particular areas investigated included solid coal feeders 
to gasifiers and pyrolyzers, pressure letdown val~es, control valves, coal 
slurry pumps, gas/solid separation devices for performance at high temperature 
and pressure, large compressors, waste heatboilers and heat exchangers for 
operation at high temperatures and pressure, and pressure letdown turbines. 

The equipment requirements for scale-up from pilot plants to commercial 
scale plants were reviewed I and we organized and presented to a national 
technical meeting a session titled "Equipment Applications to Coal Conversion 
Operations" in which specific equipment, instrumentation, control and process 
unit capabilities were described by I0 major suppliers. II 

6.2 MATERIALS OF CONSTRUCTION 

To accomplish the objective, we played an active role in the DOE/ERDA/0CR 
Naterials Evaluation Program as well as the Materials Property Council (MCP) 
Development Progrmns. We monitored the performance of materials in coal gasi- 
fication and liquefaction pilot plants, including on-site visits and consul- 
tations, and made recommendations where appropriate. We used this background 
to select the preferred materials for the 6,000-plus equipment items included 
in the conceptual and preliminary designs developed under this contract. 
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We r e s p o n d e d  t o  r e q u e s t s  t o  p r e s e n t  and p u b l i s h  t h e  r e s u l t s  o f  ou r  work 
~ n ~ h s "  i . f i e l d "  t h e  r e s u l t  was s i x  p r e s e n t a t i o n s  t o  t e c h n i c a l _ s o c i e t i e s  
± z , i o , 1 4 , Z ~ , I S , I 7  . . . . . .  l O , I B , 1 9 , 2 0 , Z I , Z Z , 2 3  . . . .  

ano seven  p u o l z c a t l o n s  to  t r a n s m x  t he  
r e s u l t s  of our  work. 

6.3 ENVIRONMENTAL FACTORS 

The o b j e c t i v e  was t o  d e f i n e  e n v i r o n m e n t a l  c o n t r o l  p r o c e d u r e s  and 
f a c i l i t i e s  t o  a s s u r e  o p e r a t i o n  o f  c o a l  c o n v e r s i o n  p l a n t s  w i t h i n  a p p l i c a b l e  
e n v i r o n m e n t a l  r e q u i r e m e n t s .  

For  each c o n c e p t u a l  o r  p r e l i m i n a r y  d e s i g n  d e v e l o p e d  u n d e r  t h i s  c o n t r a c t ,  
t h e  p r o c e d u r e s ,  e q u i p m e n t ,  e s t i m a t e d  c o s t s  and p r o j e c t e d  p e r f o r m a n c e  o f  
e n v i r o n m e n t a l  c o n t r o l  f a c i l i t i e s  were d e v e l o p e d .  The p r o j e c t e d  p e r f o r m a n c e  
was t h e n  compared w i t h  t h e  r e l e v a n t  e m i s s i o n  s t a n d a r d s  o r ,  i f  t h e s e  d i d  n o t  e x i s t ,  
e m i s s i o n  s t a n d a r d s  f o r  r e l a t e d  f a c i l i t i e s  such  as o i l  r e f i n e r i e s ,  p e t r o c h e m i c a l  
p l a n t s ,  o r  c o a l  p r o c e s s i n g  f a c i l i t i e s .  Where i n a d e q u a t e  i n f o r m a t i o n  was 
a v a i l a b l e ,  c o n s u l t a t i o n  and i n d e p e n d e n t  a n a l y s i s  was u n d e r t a k e n .  

e e 1 work in this fiel ^were_summarized in presentations, 12 24,~,2~,~,~§,~ our ...... ~u,~u,~l,3z,~b,~4 . seven 
' and slx puDllca~1ons xn addition to 

inclusion of a separate section on environmental factor in each of the four 
conceptual designs and in the MPDP. 

6.4 PUBLICATION OF CONTRACT WORK RESULTS 

The r e s u l t s  o f  t h e  c o n t r a c t  work has  been  p l a c e d  in  t h e  p u b l i c  domain by 
means o f  a p p r o x i m a t e l y  21 s e p a r a t e  p u b l i c a t i o n s .  In  a d d i t i o n ,  c o p i e s  o f  t h i r t y -  
n i n e  p a p e r s  p r e p a r e d  t o  summarize  t h e  r e s u l t s  o f  ou r  work a re  i n  p r e s s  in  a DOE 
p u b l i c a t i o n  t i t l e d  "Coal  C o n v e r s i o n  A p p l i c a t i o n s ,  C o l l e c t e d  Works 1972 t h r o u g h  
1977."-- 
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SECTION 7 

PROJECT SCHEDULING ADMINISTRATION 

AND REPORTING 

Items communicating specifics regarding project scheduling, project administra- 
tion control and reporting are contained in letters PN-I through PN-522 dated 
3/6/7S to 10/20/78. 

7.1 INVENTION DISCLOSURES REPORTING 

The invention disclosures listed below were submitted to the California 
Patent Group (CPG) of ERDA/DOE for patent consideration; some of them have been 
released by CPG and some are still under consideration by ERDA/DOE. 

(1) Reynolds, David G., "Fin Tube Catalytic Reactor," submitted to CPG 
December 29, 1975, patent dase S-47,381 (RL-6574), released to Parsons 
August 8, 1976. 

(23 Malek, John M., "Improved Process for Hydrogenating-Liquefying Coal or 
Like Carbonaceous Solid Material," submitted to CPG June 17, 1976, 
patent case S-47,917 (RL-6610), released to Parsons September 8, 1976. 

(3) Jentz, Norman E. et al, "A method to Transport Heat from an Exothermic 
to an Endothermic Process with a Stream of Internally Generated Inert 
Solids," submitted to CPG December 29, 1977, patent case S-49,382 
(RL-707S), released to Parsons March 25, 1978. 

(4) Jentz, Norman E. et al, "A Process to Pyrolyze Coal and Simultaneously 
Recover Liquid Values from Solids Bear ing Liquids," submitted to CPG 
December 29, 1977, patent case unknown, status: pending. 

(s) Jentz, Norman E. et al, "A Process to Pyrolyze Coal and Simultaneously 
Recover Liquid Values from Solids Bearing Liquids (Heat Conveying 
System Fixed)," submitted to CPG December 29, 1977, patent case 
unkno~cn, status: pending. 

(6) Rice, Louis F., "Fluidized-Bed Gasifier with Integral Pretreating 
Facilities," submitted to CPG March 8, 1978, patent case unknown, 
status: pending. 
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