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TIIIRD QUARTERLY REPORT 

PRELIMINARY DESIGN SERVICES 

t 

THE RALPH M. PARSONS COMPANY 

I. OBJECTIVE AND SCOPE OF WORK 

The objective is to develop preliminary designs and economic evalua- 
tions for a number of types of coal conversion plants. The follow- 
ing designs are included in the scope Of work: 

® Conceptual commercial plant for a coal-oil-energy-deve!opment 
(COED) plant 

Oil/Gas plant to produce liquid fuels plus substitute natural 
gas (SNG) 

Commercial-scale Fischer-Tropsch plant with motor fuel 
and SNG as the main products 

Coal conversion plant to produce power, oil, gas, and 
other products (POGO) 

Facilities complex capable of demonstrating the commer- 
cial feasibility of a variety of coal conversion processes 
that show promiseduring pilot plant operations 

The facilities will be considered for conversion of coal 
to : 

i. Low-to-high Btu fuel gas 

2. Methanol/motor fuel by Fischer-Tropschprocess 

3. Clean liquid fuels by alternate liquefaction processes 

Prepare conceptual designs, defineconstruction procedure- 
and develop economics for three types of prestressed con- 
crete pressure vessels for use in coal conversion plants. 

In addition, supporting efforts will be provided for the above 
activities. These efforts include planning and progress monitor- 
ing, equipment development, construction materials development, 
and environmental factors. 



II. SUMMARY OF PROGRESS TO DATE 

A brief review of the status of the major active design efforts 
is given below, followed by a more detailed reporting on the pro- 
gress of individual tasks. 

A. POGO Design 

Authorization was received from ERDA to publish the report 
titled "Project POGO - Total Coal Utilization - COG Refinery 
Design Criteria" R&D Report No. 114, Interim Report No. 5. 
This report summarizes the results of Phase I work which defined 
the characteristics of the POGO design to be created. One 
hundred copies of this report were transmitted to ERDA on 

September 2, 1977. 

Process designs for the following units were completed. 

33 - Fuel Gas Generation 
34 - Fuel Gas Acid Gas Removal 
38, 39, 40 & 41 - Fire Water/Potable and Sanitary Water/ 

Raw Water/Effluent Water. 

Designs for Unit 32 - Sulfur Plant and Unit 36 - Process Water 
Treating were completed. We completed flow sheet drafting 
for the unit flow sheets, completed the base case fixed capital 
investment estimate, and started process work on the alternate 
case process designs; the alternate cases are conceived to 
be located in Appalachia and the Rocky Mountain coal province. 

The R&D report and preliminary economics were initiated for 

the base case. 

B. Multi-Process Demonstration Plant Design 

Coal handling facilities design and estimates were completed. 
Phase i utilities balance was completed. The sulfur recovery 
system was improved to meet environmental requirements for 
liquid effluents through conversion and removal of sodium 
thiosulfate as sodium sulfate. The sour water reclamation 
equipment specifications and assembled utility information 
was completed for Phase 2. Work continued on the power plant 
design. 

C. Prestressed Concrete Pressure Vessels 

We continued to investigate methods of constructing concrete 
coal gasification vessels. We concluded that internal metal 
vessel shells could be fabricated, assembled and erected as 
single units. In addition, these vessels can be leak-tested 
to insure membrane integrity prior to erection. 

Flow diagrams for three types of vessels were prepared. Vessel 
schematics were prepared for a coal dissolver-separation section. 
The cooling system design for the gasifier vessel was completed. 



III. 

D. Supporting Areas 

We continued work in development of'equipmentneeds with vendors 
of valves, solids-gas separation equipment, and feeders. 

The review of materials of construction for coal conversion 
plants continued. 

We continued our investigation of areas of environmental sensi- 
tivity of coal conversion where additional inforTnation is 
to be developed. 

E. General 

We presented four papers in the field of coal conversion tech f 
nology. 

"The Analysis Of Finned C'atalytic HeatExchanges" 
at the AIChE/ASME Heat Transfer Conference in Sale 
Lake City, Utah, August 16. 

O "Environmental Factors for Fischer-Topsch Coal Conver- 
sion Technology" at the Second Pacific Chemical Engineer-• 
ing Congress sponsored by the AIChE in Denver, Colorado, 
August 29. 

® "Potential Markets for Emerging Energy Technologies" 
at the Second Pacific ChemicalEngineering Congress 
sponsored by the AIChE in Denver, August 30. 

O "Conversion of Coal to Liquids by Fischer-Tropsch 
and 0il/Gas Technologies" at the Symposium on Comparative 
Synfuels Economics sponsoredby the American Chemical 
Society in Chicago, Illinois, September i. 

DETAILED DESCRIPTION OF TECHNICAL PROGRESS 

A. POGO Plant Design 

I. Objectives 

To develop preliminary designs of three coal processing 
plants which will produce power, oil, gas and other pro- 
ducts. The plants are to be located in the Eastern Region 
of the Interior Coal Province, the Appalachian'Region 

• of the Eastern Coal Province, and the Powder RiVer Region 
of the Rocky Mountain Coal Province. The process employed 
in this plant design shall be the result of an economic 
selection from the candidate coal conversion processes 
available. 
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2. Activity This Quarter 

We transmitted i00 copies of the Phase 1 report to ERDA. 
This report titled "Project POGO - Total Coal Utilization - 
COG Refinery Design Criteria" R&D Report No. 114, Interim 
Report No. 5, summarizes the results of comparisons made 
during the process of selecting the preferred combination 
of basic processes for the POGO design. The preferred 
configuration includes SRC II hydroliquefaction and pres- 
surized flash pyrolysis. This combinaion, used successfully, 
can eliminate the need for filtration of unconverted coal 
and ash from the hydroliquefaction and pyrolysis operations. 

The combination of processes contained in the POGO project 
design are also expected to result in economic advantages, 
because of their mutually beneficial inter-relation, which 
are not obtained from these processes as individual "stand 
alone" plants. 

Work proceeded on development of the conceptual design. 
We completed process design, flow sheet preparation, material 
balances, material of construction reviews for the following 
units for the base case which is conceived to be located 
in the Eastern Region of the Interior Coal Province: 

32 -Sulfur Plant 
33 - Fuel Gas Generation 
34 - Fuel Gas Acid Gas Removal 
36 - Process Water Treating 
38, 39, 40 & 41 - Fire Water/Potable and Sanitary Water/ 

Raw Water/Effluent Water 

We began process work for the two alternate case POGO 
plant locations; these are the Rocky Mountain Region and 
Southern Appalachia Region. These designs are being based 
on typical local coal analyses. 

We completed the POG0 plant plot plan. Required area, 
exclusive of the coal mine, approximates 640 acres (one 
square mile). 

We completed the fixed capital investment estimate; the 
estimated value is approximately $2.4 billion. 

We started to develop estimates of operating costs and 
profitability. 

We continued preparation of the R&D report including develop- 
ment of figures and tables. These include: 

Coal Mining and Coal Preparation descriptions. Figure 1 
illustrates the basic operations in these units. 

Product characteristics for the six major products 
and two by-products involved for the base case. 

The overall material balance; this is presented in Figure 2. 
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B. 

We completed preliminary definition of the predicted thermal 
efficiency~ the predicted value is approximately 74 percent. 
The predicted efficiency of the powerplantis approximately 
43 percent (see Figure 3). The fuel gas and power generation 
systems are diagrammed in Figure 4. 

We determined chemicals and catalyst requirements for 
the base case report. 

We estimated process yields for the Rocky Mountain Region 
location. SRC yields were based on laboratory results 
onWy0dak sea'coal, 

We started prediction of process yields for the Southern 
Appalachia loca~ion coal. Informatio~ on SRC" laboratory 
work ~sing Pittsburg seam coals served ~s the basis, modified 
by the considerati0nof comparative iron contents of the 
coals. . 

We began, to prepare the material balance for the Rocky 
Mountain Region location. .... ~ 

3. Activity Forecast Next Quarter 

We wili complete preparation of the R&D report; this will 
include the alternate locatio ~ cases which • are: Alternate i, 
Southern Appal~chia and Alternate 2, Rocky Mountain Region. 
The alternate cases desigh/an~lysis will include: 

Utility Summaries ~ .~ ~." 
B~lock Fl.dw D~agrams 
Fixed Capital i~vestmentEstimates ~ 
Economics " ~ 

Multi-Process Demonstration Plant 

i. Objective 

To develop preliminary designs for a facilities complex 
capable of demonstrating the commercial feasibility of 
a variety of coal conversion processes that show promise 
during pilot plant scale operations. ~ These designs shall 
be multi-process modules. The completed facility shall 
include, modules of facilities which can becommon to two 
or more other processes; also, it will provide allowances 
for future modification and/or replacement of various , 
pieces of equipment to meet new requirements. 

"2. Activity This Quarter 

We completed the design and equipment cost estimates for 
the coal un!oading, storage and grinding faciliti@s required 
for all three phases of the project. 



A central rail and truck coal receiving, unloading, hand- 
ling and storage area serves all three project phases. 
The original installation serves the Phase i plant. The 
subsequent Phase 2 and Phase 3 requirements are planned 
as expansions and equipment additions to the initial 
installation. 

The Phase I sulfur recovery system, consisting of a proprie- 
tary acid gas sulfur removal process, requires disposal 
of a redox water solution purge stream containing sodium 
thiosulfate. This compound is ecologically objectionable. 
It was determined that further processing to convert the 
sodium thiosulfate to sodium sulfate was advisable. The 
initial assessment indicated that the processing could 
also recover redox solution. 

3. Activity Forecast Next Quarter 

We will complete the sulfur plant design for Phase I. 

We will advance the fixed capital investment estimate 
for all phases and will start work on the offsite support 
facilities for the Phase I plant. 

We will complete'the final total complex block flow diagram 
showing all phases. We will complete the fixed capital 
investment estimates for all three phases, and begin work 

on the economics. 

C. Prestressed Concrete Pressure Vessels 

I. Objective 

To prepare preliminary designs, technical analyses of 
construction and operating performance, and economics 
for three types of prestressed concrete pressure vessels. 
These will be compared against conventional steel pressure 
vessels in the same duties. The three types are: 

A large, high pressure, 25-foot ID X 125-foot tangent- 
to-tangent gasifier reactor vessel. 

A combination of a large dissolver reactor vessel 
and a flash drum. These vessels would operate at 
about 2,025 psig and 850°F. 

A large diameter absorber column operating at about 
1,075 psig and 150°F. This vessel will have internal 
components such as trays. 

2. Activity This Quarter 

The method of construction and erection of the concrete 
vessels was investigated. It was found that the internal 
metal vessel shells could be fabricated, assembled, and 
erected as single units. This technique should save con- 
siderable time in the overall construction of the concrete 



D. 

vessels as it avoids interference between the various 
crafts. We also determined that the vessels can be leak- 
tested to insuremembraneintegrity prior toerection. 

Flow diagrams containing the principal elements were pre- 
pared for the gasification unit, the coal dissolving and 
separation unit and for the absorber unit. These flow 
sheets represent typical process units in coal gasification 
and coal hydroliquefaction processes. The absorber unit 
is shown in Figure 5. All of these units are of very 
large capacity to represent future process plant require- 
ments. 

Analyses of the internal concrete stress levels was continued. 
The conclusions indicate that the concrete pressure vessel 
load factor should be i.i0 to 1.15 times the normal stress 
levels. The design stress levels for the concrete are 
given below: 

In confined state allowable membrane 
compressive stress = 2,500 psi 

In confined state allowable local 
compressive stress = 3,500 psi 

In confined state allowable local 
tensile stress = 3,000 psi 

It is believed that these values are conservative and 
may be modified as further studies are conducted. 

Studies were also conducted on the effects of shrinkage, 
creep, heat of hydration and bonding of the prestressing 
tendons. 

We finalized the "cooling system design for the gasifier 
vessel and continued review of construction methods. 
The design selected for the gasifier is shown in Figure 6. 

3. Activity Forecast Next Quarter 

We will continue to develop equipment cost estimates. 
We will revise equipment drawings for the vessels to reflect 
the latest design and construction philosophy. We will 
continue studies on method of fabrication and erection 
of the vessels. We will commence studies on maximum pressure 
build-up and on cooldown rates for the vessels. 

Equipment Development 

i. Objective 

To define the equipment and control system development 
programs required to assure reliability of coal conversion 
processes being developed. To recommend appropriate develop, 
mental programs to ERDA-FE. 



. Activity This Quarter 

We continued follow-up activities with gas cleaning equip- 
ment and valve manufacturers. 

We began an investigation of rotary feeders for use in 
coal conversion processing. 

We are keeping abreast with coal feeding developmental 
work. 

We attended the Conference on Coal Feeding Systems held 
June 21-23 at the California Institute of Technology, 
Pasadena, California. 

3. Activity Forecast Next Quarter 

We will continue follow-up on the status of vendor programs 
and investigate new applicable items of equipment. 

E. Materials of Construction 

i. Objective 

To define the preferred materials of construction for 
use in coal conversion projects. 

2. Activity This Quarter 

We completed the material selection services in support 
of the POGO and MPDP projects. 

. Activity Forecast Next Quarter 

We will continue to support design efforts by supplying 
materials of construction specifications. 

F. Environmental Considerations 

i. Objective 

To define environmental factors for proposed conversion 
complexes, to define facilities required for the coal 
conversion complexes to meet environmental standards, 
and to define product quality standards to meet environ- 
mental regulations for product users. 

2. Activity This Quarter 

The preliminary designs of the separate units in the Multi- 
Process Demonstration Plant and of the POGO complex were 
reviewed as they were completed. The environmental accept- 
ability and compliance with specific environmental laws 
and regulations were assessed. We continued the review 
of unit designs for the POGO and Multi-Process Demonstra- 
tion Plant as they were completed. 



G. 

3. Activity Forecast Next Quarter 

We will begin writing the environmental section for the 
POGO R&D report. 

General 

We met with ERDA personnel on July 28 and August ii in Pasadena 
to review the project status. 

We presented four papers: 

® "The Analysis-of Finned Catalytic Heat Exchanges" 
at the AIChE/ASME Heat Transfer Conference in Salt 
Lake City, Utah, August 16. 

. 

• "Environmental Factors for Fischer-Tropsch Coal Conver- 
sion Technology" at the Second Pacific Chemic'al Engineer- 
ing Congress sponsored by the AIChE in Denver, Colorado, 
August 29. 

"Potential Markets for Emerging Energy Technologies" 
at the Second Pacific Chemical Engineering Congress 
sponsored by the AIChE in Denver, August 30. 

® "Conversion of Coal to Liquids by Fischer-Tropsch 
and Oil/Gas Technologies" at the Symposium on Comparative 
Synfuels Economics sponsored by the American Chemical 
Society in Chicago, Illinois, September i. 
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Figure 2 - Overall Material Balance 
POGO Process and Power Units - Base Case 
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POWER GENERATION EFFICIENCY (BASED ON GAS): 

1,000,000 KW x 24 x 3,413 BTU/KWH X 100 = 43.7% 
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Figure 3 - Projected Thermal E f f i c i e n c i e s  
POGO Coal Conversion Complex 

1"2 



0 ~ 

i V . ~ f f ' J  

II~IV 

I r - =  

- I  c : ~  
m t - . ~  

u J . ~  
c.. i.u 

~ - -  ' ~i i • <. 
. I .  I T -  ~ - ~  - \ " 7 ,  . ~ , . . : . . . . . . .  ~ /  

.,,-- 

x 

:>,  r s  

e -  0 
. o  

~'~Z 

~8 
e~ 0 

, 

g o  

1 3  



I 

C 

= 

p_ 

I 

I 
I 

, I 

I, 
I i ' \  ~ 

[ i , ,  

I 
I 

~" ~o 

N ~ 
~ J - - I  

"m" m m : ~  o ~ 

K o 

z ~  v 

I 

<.> 

° ~o 

~k~J 
~'c5 

J 

c0 

u.. ~. 

~= 

~o 

O. 

14 



i 

! 

- .. ° 

L_ 

. , ~ c ~ . ~ r ~ l - ~  
~ T j  v l ~  

6 ~ 

- I  
o 

• t " • 

N " II "" I I - .  , ,  , ,  . 

. . _ . _ u - - - ~  " - " - -  

cl 
! 

I 
1 
I 

I 

1 
t 

1 

I 

I 
I 
I 

LJ 

/ ]  

® 

© 

® 

! 

- - -F-  

I r 

CROSS-SECTIONAL PLAN CROSS-SECTIONAL ELEVATION 

Figure 6 - External  Cool ing System 
• Prestressed Concrete  Pressure Vessel 

1 5  

*U.H. G0~NT PRINT~-VG OFFICE: 1978-740-306/953!. Region 4. 



Page Intentionally Left Blank 





• I -  ;D 

u) 0 
¢g P~ 

!.!, o 
k ~ ~D 

o 
C I.,. 

.ID 0 ,_ ,.~ , ( g ~ Z  "- 
W- 0 

'3= I,. ' '  , l :  N 

~,'5... ,_ > 

m N 8 ° ' - '  ~ | i t  V i l e  

I~-,-, ~ tll ¢ 

| ..i,,'.,1 

,~ 0 

• @ 

Reproduced by N T / S  
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that.are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

Abou t  NTIS 

NTIS collects scientific, technical, engineering, and related 
business information -then organizes, maintains, and 
disseminates that information in a variety of formats- including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conductedor sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
http:/lwww.ntis.~ov. 

E n s u r i n g  P e r m a n e n t ,  E a s y  A c c e s s  to  
U .S .  G o v e r n m e n t  I n f o r m a t i o n  A s s e t s  



\Ns 
U.S. DEPARTMENT OF COMMERCE 

Technology ~Iminishntion 
Naffonol Technical Informalion Service 

Springfield, VA 22161 (703) 605-6000 


