
I IIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
FE177516 

e 

One Source. One Search. One Solution. 

PRELIMINARY DESIGN SERVICES. RESEARCH AND 
DEVELOPMENT REPORT NO. 114. ANNUAL REPORT, 
JANUARY--DECEMBER 1977 

PARSONS (RALPH M.) CO. 
PASADENA, CA 

MAY 1978 

U.S. Department of Commerce 
N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e  



One Source.  One Search.  One Solution. 

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

National Technical Information Service is the nation's 

largest repository and disseminator of government- 

initiated scientific, technical, engineering, and related 

business information. The NTIS collection includes 

almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magnetic tape, diskette, multimedia, microfiche 
and paper. 

Search the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Link to Full Text Documents at Government Web Sites 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of the bibliographic screen. 

Download Publications (1997. Present) 
NTIS can now provides the full text of reports as downloadable PDF flies. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U.S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



Distribu~ 

PRELIMINARY DESIGN SERVICES 

RESEARCH AND DEVELOPMENT REPORT NO. 114 

ANNUAL REPORT 

FOR THE PERIOD: JANUARY-DECEMBER 1977 

Prepared by: 
THE RALPH M. PARSONS COMPANY 

100 West Walnut Street 

Pasadena, California 91124 

Under Contract No. EX-76-C-01-1775 

May 1978 

Prepared for 
DEPARTMENT OF ENERGY 

OFFICE OF ASSISTANT SECRETARY FOR ENERGY TECHNOLOGY 

DIVISION OF COAL CONVERSION 

Washington, D. C. 2D545 



CONTENTS 

l ANNUAL REPORT SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . .  

A t t a c h m e n t  A - R e s e a r c h  & D e v e l o p m e n t  R e p o r t s  . . . . . . . . . . . .  9 

A t t a c h m e n t  B - P u b l i c a t i o n s  . . . . . . . . . . . . . . . . . . . . .  10  

A t t a c h m e n t  C - P r e s e n t a t i o n s  . . . . . . . . . . . . . . . . . . . .  12  

FOURTH QUARTERLY REPORT . . . . . . . . . . . . . . . . . . . . . . . .  15 

Tables 

I - Feed Coal Analyses 

POGO Project . . . . . . . . . . . . . . . . . . . . . . . .  23 

Figures 

I - Overall Material Balance - Base Case 

POGO Process and Power Units . . . . . . . . . . . . . . . .  24 

2 - Overall Material Balance - Southern Appalachian Region Alternate 

POGO Process and Power Units . . . . . . . . . . . . . . . .  25 

3 - Overall Material Balance - Rocky Mountain Region Alternate 

POGO Process and Power Units . . . . . . . . . . . . . . . .  26 

4 - Simplified Block Flow Diagram 

Multi-Process Demonstration Plant . . . . . . . . . . . . . .  27 

5 - Intermediate-Btu Gasifier Sketch 

Multi-Process Demonstration Plant . . . . . . . . . . . . . .  28 

6 - Gasifier Reactor Vessel Process Flow Diagram 

Prestressed Concrete Vessel . . . . . . . . . . . . . . . . .  29 

7 - Dissolver-Separator Reactor Vessel Process Flow Diagram 

Prestressed Concrete Vessel . . . . . . . . . . . . . . . . .  31 

THIRD QUARTERLY REPORT 

(Issued separately as FE-1775-14) 

SECOND QUARTERLY REPORT 

(Issued separately as FE-1775-12) 

FIRST QUARTERLY REPORT 

(Issued separately as FE-1775-I0) 

ii 



ANNUAL REPORT SUMMARY 

CALENDAR YEAR 1977 



ANNUAL REPORT SUMMARY 

PRELIMINARY DESIGN SERVICES 

THE RALPH M. PARSONS COMPANY 

I. 

II. 

OBJECTIVES 

The objective of this work is to assist the Department of Energy 
(DOE) in its program to develop viable commercial coal conversion 
plants; to do this by preparing multiple conceptual designs/eco- 
nomic evaluations that provide a preview of design, operating 
characteristics and projected economics of commercial plants. 
Captive coal mines and power plants will be included in all designs. 

The designs are to be based on use of selected data generated 
in the DOE experimental program. Recommendations are to be made 
for generation of additional basic, process and equipment perfor- 
mance data where appropriate. 

IMPACT ON COAL CONVERSION TECHNOLOGY 

The primary impact of this work is to provide DOE with a cohesive 
preliminary definition of the probable characteristics, potential 
performance, and projected economics of large future coal conversion 
complexes. This work provides a cost-benefit basis for establishing 
priorities for process and equipment development programs on high 
potential configuration designs. 

The designs developed include: 

• Complete preliminary process designs. 

• Material and thermal efficiencies. 

• Preliminary definition of 

- equipment characteristics 
- construction materials 
- environmental control facilities 
- plant site and coal mines facilities. 

• Procedures for interfacing of coal mine and process plant. 

• Procedure for interfacing of process plant and power 
plant/steam generation facilities. 

• Operation requirements. 

• Projected parametric economic analysis. 



III. 

The results of the conceptual designs/economic evaluations provide: 

A basis for analysis of the impacts of capital costs, 
operating costs, and reliability factors on the viability 
of future conl conversion facilities. 

Assistance in defining specific requirements for additional 
data and development experience on the pilot plant scale 
in order to provide assurance that these future complexes 
will operate reliably and economically. 

Sufficient detail to permit periodic quantitative revision 
and updating as new and improved data and process concepts 
are developed in the program. 

Quantitative economic bases for selection of preferred 
processes. 

The conceptual designs use basic coal conversion data generated 
in the pilot plants, process development units and laboratories 
to define the process configuration reactor sizes, and related 
design factors. There are, at this stage of development, varying 
qualities and quantities of data available to a designer. To 
complete a design, the available data was accumulated, evaluated, 
and in many cases correlations developed for use in the design. 
The design and data bases were summarized in the published report 
for each design, permitting independent judgement by the reader 
of the reliability of the design basis. Recommendations for pro- 
curement of additional data were made in many cases. In a few 
selected cases, the design was based on an extrapolation of existing 
data; these cases were clearly specified in the reports and the 
basis for the extrapolation presented. Experimental programs 
designed to confirm or modify the extrapolations in a parallel 
time frame with the design development were recommended. The 
conceptual designs are considered to be on a reasonably firm data 
basis consistent with the current state of development of the 
coal conversion industry. 

PRESENT WORK AND ACCOMPLISHMENTS 

A. General Accomplishments 

i. Research and Development Reports 

We completed four major R&D reports - 

"Fiseher-Tropsch Complex Conceptual Design/Economic 
Analysis, Oil and SNG Production," R&D Report 
No. i14 - Interim Report No. 3, FE-1775. 

"Oil/Gas Complex Conceptual Design/Economic Analysis, 
Oil and SNG Production," R&D Report No. 114 - 
Interim Report No. 4, FE-1775-8. 



"Project POGO, Total Coal Utilization, COG Refinery 
Design Criteria," R&D Report No. 114 - Interim 
Report No. 5, FE-1775-II. 

"Project POGO - Coal Refinery Complex, Conceptual 
Design/Economic Analysis, Power-Oil-Gas-Other 
Products," R&D Report No. 114 - Interim Report 
No. 6, FE-1775--13. 

The first three listed above were published and the fourth 
was in the process of being published in December 1977. 
Full references are listed in ATTACHMENT A located at 
the end of this summary report section. 

2. Publications 

In addition to the R&D reports, thirteen (13) invited articles 
describing the results generated by our contract work were 
published in major technical publications; these publications 
are listed in ATTACHMENT B located at the end of this 
summary report section. 

3. Presentations 

We completed nine (9) invited presentations to major technical 
groups in which we described the results of our work under 
this contract; these presentations are listed in ATTACHMENT C 
located at the end of this summary report section. 

Example: We served as Chairman and Co-Chairman 
for a "Poster Session" titled "Equipment Applications 
to Coal Conversion Operations" at the National 
American Institute of Chemical Engineers meeting 
in New York in November 1977. This invited parti- 
cipation is a product of our contractural work 
to define equipment uses, and further developments 
required, for coal conversion complexes. 

Twelve equipment firms made presentations covering 
a wide spectrum of equipment presently available 
and acceptable to coal conversion processes. 
Much of the equipment discussed is presently in 
coal conversion service, in the U.S. pilot plants 
and in South Africa. 

4. Work-ln-Progress 

We completed approximately 75 percent of the preliminary 
design/ concept definition for a Multi-Process Demonstration 
Plant. 



We began conceptual design/economic evaluation for three 
large prestressed concrete pressure vessels (PCPVs) for 
projected use in coal gasification and liquefaction plants. 
The projected performance and economics of the PCPVs will 
be compared with steel and alloy vessels for the same 
services. 

Additional information describing key elements of the year's accom- 
plishments are presented in the following paragraphs of this summary 
section, a detailed report on our fourth quarter activities which 
follows, and reports for the first three quarters of 1977 are 
appended to this report as Quarterly Reports. 

B. Fischer-Tropsch Conceptual Design 

The objective of this design was to define desirable character- 
istics and projected potential for large second-generation 
Fischer-Tropsch plants to be responsive to U.S. requirements. 

The design includes a captive coal mine to produce 40,000 
tons per day (TPD) of run-of-mine (ROM) coal in the Eastern 
region of the U.S. Interior Coal Province; see Reference 2 
in ATTACHMENT A. After cleaning and preparation, 30,000 TPD 
of coal is converted to about 260 million standard cubic feet 
per day (scfd) of substitute natural gas (SNG) and 50,000 
barrels per day (BPD) of liquids. The fuel products are premium 
quality, having nil sulfur, nitrogen and particulate matter. 

Using flame sprayed catalytic heat exchange reactors, the 
thermal efficiency, coal to fuel products, is projected to 
be about 70 percent as shown in Figure 6 of the appended First 
Quarterly Report. The complex doesn't require a power plant 
for normal operation; energy required to generate the electrical 
power and steam for operation of the complex is recovered 
from heat resultant from gasification and exothermic reaction 
steps. 

A number of process and equipment developments must be successfully 
completed to convert the design to reality; these developments 
are described in the report. 

A process block flow diagram of the conceptual Fischer-Tropsch 
plant is shown as F~gure 4 of the First Quarterly Report. 

Projected required average product selling prices, fourth 
quarter 1977 dollars are: 

PROJECTED FINANCIAL 
STRUCTURE 

100% Equity 
65~35 Ratio of Debt/Equity 

PROJECTED REQUIRED AVERAGE 
PRODUCT SELLING PRICE 

$3.50 Per Million Btu 
2.55 Per Million Btu 
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Other financial parameters used include a five-year design- 
construction period, 9 percent interest rate, and a 20-year 
operating life. Further detail is given in the report. 

Features of this design considered to be of major interest 
include: 

• A product slate of high value commercial items. 

Nil carcinogenic exposure problems to personnel by 
in-process intermediates or finished products. 

C. Oil/Gas Conceptual Design 

This process design is based on the SRC II mode of processing 
in which unfiltered liquid effluent from the hydroliquefaction 
reactor is recycled to the reactor with a resulting increase 
in ash content, retention time and hydrogen consumption in 
the reactor to produce products which are primarily gases and 
liquids at ambient condition; see Reference 2 of ATTACHMENT B. 

The captive coal mine would produce 47,000 TPD of. ROM coal in 
the Eastern region of the Interior Coal Province. The process 
plant would convert 36,000 TPD of clean washed coal to about 
165 million scfd of SNG and 75,000 BPD of liquid fuels. The 
projected thermal efficiency, coal to fuel products, is of 
the order of 75 percent. The conceptual design report defines 
process and equipment developments required to convert the 
design to reality. 

A process block flow diagram of the conceptual Oil/Gas plant 
is shown as Figure i of the First Quarterly Report. 

The projected required product selling prices using fourth 
quarter 1977 dollars and project parameters equal to those 
described earlier for the Fischer-Tropsch design are: 

PROJECT FINANCIAL 
STRUCTURE 

100% Equity 
65/35 Ratio of Debt/Equity 

D. POGO Conceptual Design 

PROJECTED REQUIRED AVERAGE 
PRODUCT SELLING PRICE 

$2.50 Per Million Btu 
1.95 Per Million Btu 

The POGO design represents a coal refinery with a captive coal 
mine; POGO is a DOE-generated acronym for Power-Oil-Gas-Other. 
Phase I of the design project was completed and the R&D report 
published; see Reference 3 of ATTACHMENT B. This included 
assessment of the technical and economic factors for candidates 
from each generic class of coal liquefaction process and recom- 
mendations for a preferred design basis for the final design. 



The base case design for the POGO conceptual design/economic 
evaluation was completed; it was conceived to be located in 
the Eastern region of the Interior Coal Province. It is listed 
as Reference 4 of ATTACHMENT A. Preliminary assessments of 
plant capacity, product composition, and projected economics 
for similar type plants to be located in the Southern Appalachian 
and Rocky Mountain regions are also being developed. Each of the 
three designs has a captive coal mine. The overall material 
balances for the three designs are shown respectively as Figures 
i, 2 and 3 of the Fourth Quarterly Report. A simplified block 
flow diagram for the base case design is shown as Figure I of 
the Second Quarterly Report. 

The POGO Interior Coal Province Complex converts approximately 
45,000 TPD of clean coal with an overall thermal efficiency 
of 74-75 percent to about 150 million scfd of SNG; 15,000 BPD of 
LPG; 35,000 BPD of pool gasoline; 27,000 BPD of distillate 
fuel oil; 1,600 TPD of a premium grade coke; and 1,000 megawatts 
of electrical power for sale as depicted in Figure I of the 
Fourth Quarterly Report. The power plant design, as illustrated 
in Figure 4 of the Third Quarterly Report, consists of combined 
cycle configuration which forms the basic building block of 
this generating station utilizing present state-of-the-art equip-m 
ment. This basic combined cycle plant has a thermal efficiency 
approximating 40 percent. The projected efficiency of the 
captive fuel gas production to electrical power for the POGO 
project is approximately 44 percent (see Figure 3 of the Third 
Quarterly Report). This improvement in power plant cycle efficiency 
is mainly attributable to the integration of the coal conversion 
process with the electrical generating station. The two main 
reasons for efficiency improvements are the supply of compressed 
air to the oxygen plant from the main axial flow compressors 
of the gas turbines resulting in savings in the number of energy 
conversion steps, and the integration of the power plant and 
process plant steam generating systems supplying common consumers. 

E. Multi-Process Demonstration Plant Design 

The purpose of this facility complex is to demonstrate the 
conlnercial feasibility of a variety of coal conversion processes 
that show potential in pilot plant operation. 

This multi-process ~est facility is conceived to contain a 
low-pressure fuel-gas gasifier (Figure 3 of Second Quarterly 
Report), two intermediate-pressure synthesis-gas gasifiers 
(the entrained type is shown in Figure 5 of the Fourth Quarterly 
Report) and a fluidized bed type, a combined cycle power plant, 
and a Fischer-Tropsch plant producing pipeline gas and liquid 
products. 

Common facilities for the three or more plants involved are 
provided. These include coal receiving, unloading, storage, 



F. 

and grinding and mutually used offsite and ancillary services. 
The design was in a late state of completion at the end of 
the fiscal year. A simplified block flow diagram is shown 
as Figure 4 of the Fourth Quarterly Report. 

Conceptual Design of Large Prestressed Concrete Pressure Vessels 

(PCPVs) 

The concptual design and economic evaluation of four large pres- 
sure vessels (to 2,000 psig) for varying services constructed 
of prestressed concrete was begun. Sketches of the vessels 
are shown as Figures 4, 5, 6 and 7 in the Second Quarterly 
Report. These vessels potentially could have the advantage 
of providing large economic vessels for use in coal gasification 
and liquefaction plants without the limitation of availability 
of shop and field fabrication facilities required to roll and 
weld the thick wall sections required for metal vessels. The 
technical practicality and projected economics of the prestressed 
concrete vessels will be compared with metal vessels. 

This application of PCPVs to coal conversion applications is an 
extension of other successful industrial applications. Large 
prestressed concrete pressure vessels have been used in the 
nuclear industry at pressures in the range of 600-700 pounds 
per square inch; in this pressure range they are normally 
referred to as prestressed concrete reactor vessels (PCPVs). 
Also, approximately 60 PCPVs have been constructed, or are 
planned for construction, for use as secondary containment 
vessels for nuclear power plants. For this use, the design 
pressure is approximately 60 pounds per square inch. The basic 
design techniques have been established. The objective of this 
work is to extend the design and performance experience for 
use in coal conversion plants. 

A preliminary process flow diagram" for the absorber is shown 
as Figure 5 of the Third Quarterly Report. Preliminary process 
flow diagrams for the gasifier and the dissolver-separator are 
shown as Figures 6 and 7 of the Fourth Quarterly Report. 

A preliminary construction sequence for the integrated gasifier 
vessel is shown as Figure 8 of the Second Quarterly Report. 
Additional construction studyefforts during the third and 
fourth quarters simplified the methods and also greatly reduced 
the construction time and costs. 

G. Supporting Activities 

I. Equipment Development 

a. Objective: To define equipment development programs 
to assure future reliable and viable operation of 
coal conversion processes. 
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b. Status: Major activity was in advanced large pressure 
vessel design/erection, liquid/solid separation, gas/solid 
separation, solids feed to gasifiers, filter cake drying 
equipment. 

We organized and chaired a session on the subject of "Equip- 
ment Applications to Coal Conversion Operations" at a 
National AIChE Meeting as summarized under the "Present Work 
and Accomplishments" Section III of this sum~nary report. 

2. Construction Materials 

a. Objective: To define materials of construction with 
adequate performance and acceptable cost for use in coal 
conversion plants. 

b. Status: An active role was played in the ERDA Materials 
Evaluation and Materials Property Council Development 
programs. The performance of materials in pilot plant 
operations was monitored and materials were selected 
for the designs Parsons has in progress. Four papers 
were presented and/or published in this field. 

3. Environmental Factors 

a. Objective: To define facilities and procedures required 
for operation of environmentally acceptable coal conversion 
plants. 

b. Status: Analysis and design of facilities required to 
assure environmental acceptability has now been completed 
for four coal conversion complexes. Papers have been 
presented and/or published describing these complexes. 

The bases for defining performance of environmental con- 
trol requirements for coal conversion facilities are 
being documented and contact maintained with the proper 
authorities as new standards are considered. 

H. Plans for the Comin$ Year 

We will complete the POGO alternate case designs and economic 
projections, and publish the report. We will complete the 
work on the Multi-Process Demonstration Plant Design and publish 
the results. We will also complete preliminary designs and 
economic evaluations for four large prestressed concrete pressure 
vessels, plus comparable steel and alloy vessels, and issue a 
report describing the results. 

This contract is scheduled to expire during Fiscal Year 1978. 
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FOURTH QUARTERLY.REPORT 

PRELIMINARY DESIGN SERVICES 

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 following 
designs are included in the scope of work: 

• Conceptual commercial plant for a coal-oil-energy-development 
(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 commercial 
feasibility of a variety of coal conversion processes that 
show promise during 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-Tropsch process 

3. Clean liquid fuels by alternate liquefaction processes 

• Prepare conceptual designs, define construction procedure and 
develop economics for three types of prestressed concrete 
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 monitoring, equipment development, 
construction materials development, and environmental factors. 
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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 progress of individual 
tasks. 

A brief summary of results by assigned tasks follows. 

A. POGO Plant Design 

During the past quarter we completed the draft of the POGO R&D Re- 
port for the base case, which is located in the Eastern Region of 
the Interior Coal Province. Drafts of the sections describing 
plants conceived to be located in the Southern Appalachia, and Rocky 
Mountain Regions were also completed. Table I compares the coal 
analyses for these locations with that for the base case. 

The results for each case included, among other items, 

• Fixed capital investment estimates 

• Operating costs 

• Profitability analyses 

• Design bases 

Preliminary publication work has been started for the final R&D 
report. 

B. Multi-Process Demonstration Facility 

We redesigned the heat recovery system for Plant 2 which contains 
process gasifiers plus a combined cycle power plant, to increase 
the production of distilled water for boiler feed requirements. 
We initiated design of the Phase I low pressure fuel gasification 
design system to encorporate high reliability heat exchange systems 
downstream of the gasifier. This system will also increase steam 
generation capability in the gas cooling steps. 

C. Prestressed Concrete Pressure Vessels 

We completed revision of the vessel design to reflect information 
generated during the equipment takeoff work for the vessels. We 
began studies on the maximum rate of anticipated pressure increase 
for the integrated gasifier concept; also the cool-down rate for 
these vessels. We completed studies on the effects of various 
temperature transients. 

We continued our analysis of construction methods for the prestressed 
concrete pressure vessels and completed materials take-offs for 
the prestressed concrete pressure vessels. 

16 



III. 

D. Supporting Areas 

E. 

We continued work on development of equipment needs with vendors 
of valves, solids-gas separation equipment, and feeders. 

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

We continued our investigation of areas of environmental sensitivity 
for coal conversion complexes with emphasis on needs for additional 
information needs. 

General 

We presented an invited paper titled 

"Project POGO ~ A Coal Refinery." This was presented to the 
70th Annual AIChE Meeting held in New York City on November 15, 
1977. 

We participated in the following conferences on coal conversion 
technology: 

"Panel on Coal." We served as designated Discussor at 
the AIChE Conference on Chemical Feedstock Alternatives, 
Houston, Texas, October 3, 1977. 

"Equipment Applications to Coal Conversion Operations." 
We served as Chairman and Co-Chairman of this Session 
held at the 70th Annual AIChE Meeting in New York City 
on November 16, 1977. 

We completed preparation of the following R&D Interim Report for 
publication: 

"Project POGO - Coal Refinery Complex, Conceptual Design/ 
Economic Analysis," R&D Report No. 114 - Interim Report 
No. 6, FE-1775-14. Prepared for the Department of Energy, 
Washington, D.C., December 1977. 

DETAILED DESCRIPTION OF TECHNICAL PROGRESS 

A. POGO Plant Design 

I. Objective 

To develop preliminary designs of three coal processing plants 
which will produce power, oil, gas and other products. The 
plants are to be located in the Eastern Region of the Interior 
Coal Region, Southern Appalachia, and the Rocky Mountain Coal 
Province. The processes employed in this plant design shall 
be the result of an economic selection from the candidate coal 
conversion processes available. 

17 



2. Activity This Quarter 

a. We completed the final draft of the R&D report describ- 
ing the design and projected economics for the base case 
which is the Eastern Region of the Interior Coal Province. 
It was transmitted to Department of Energy for review 
on November 12. 

b. We completed the final draft of the sections for the R&D 
report covering the Southern Appalachia and Rocky Mountain 
Region plants and mine location cases. Pre-draft work 
accomplished included: 

Development of fixed capital investment estimates 
for both cases 

• Computation of operating costs for both cases 

• Computation of profitabilities 

• Definition of design bases for each case 

C. Table i compares the coal analyses which constitute the 
bases for process design, for the three locations. 

d. Figures I, 2 and 3 give the material balances for the 
base case, the Southern Appalachia and Rocky Mountain 
Region plants and mine locations, respectively. 

e. Publication work was begun on the final R&D report. 

3. Activity Forecast Next Quarter 

We will print and transmit to you multiple copies of the R&D 
report. 

B. 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 the pilot 
plant scale operations. These designs shall be multi-process 
modules. The completed facility shall include modules of 
facilities whic~ can be common to two or more other processes; 
also, it will provide allowances for future modification and/or 
replacement of various pieces of equipmnent to meet new requirements. 
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2. Activity This Quarter 

. 

a. We redesigned the heat recovery system for the Plant 2 
in order to produce an increased quantity of distilled 
water to meet increased boiler feed water requirements: 

Raw water having a minimum of chemical treat- 
ment is evaporated and condensed. 

The alternate of demineralization was considered 
and rejected. 

b. We reviewed alternate high temperature heat exchange 
systems for the product gas from the gasifier. After 
analysis of alternatives we selected steam superheating 
and steam generation and completed the design. 

C. Alternate cases of feeding coal slurry directly to the 
medium pressure Plant 2 gasifier to eliminate the drying 
step were investigated; these included: 

i. Preheating slurry feed to afford complete vapor- 
ization of water when fed to the gasifier. 

. Preheating slurry feed to the bubble point and 
feeding to the gasifier. 

Improved thermal efficiency would result from elimination 
of the drying step but oxygen consumption would be higher. 
This was not deemed attractive; the drying step was retained. 

d. We completed the Plant i utility summary. 

e. We began writing the process descriptions. 

f. We continued work on the revised design of the Plant 1 
low pressure fuel gas gasification unit. 

g. We updated the Block Flow Diagram to reflect the final 
designs and outputs; this is shown as Figure 4. 

h. We worked on the Plant 2 and Plant 3 utility summaries. 

Activity Forecast Next Quarter 

We will complete the revised Plant 1 design and revise the 
fixed capital investment estimate. 

We will complete the process descriptions and work on the 
economics for all three plants in the facility complex. 

We will complete preparation of the final report draft. 
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We will complete the design and economics of a fluidized bed 
gasifier for Plants 2 and 3 operation. This would be installed 
in parallel with an entrainment type gasifier illustrated in 
Figure 5. 

C. Prestressed Concrete Pressure Vessels 

i. Objective 

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

a. A large, high pressure, 2"5-foot ID by 125-foot tangent- 
to-tangent gasifier reactor vessel. The process 
flow diagram is shown as Figure 6. 

b. A combination of a large dissolver reactor vessel 
and a flash drum. These vessels would operate at 
about 2,025 psig and 805°F. The process flow diagram 
is shown as Figure 7. 

C, 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 

A process flow diagram illustrating the duty requirements for 
the gasifier vessel is shown in Figure 6. 

The detailed drawings of the prestressed concrete pressure 
vessels were reviewed. 

We began studies on the maximum anticipated pressure buildup 
and pressure rise rate for the integrated gasifier concept. 
We continued preparation of equipment take-offs and cost esti- 
mates for the vessels. 

We completed studies of the thermal effects of various heat 
transfer conditions for the vessels. This includes emergency 
situations such as refractory failures and cooling water failure 
as well as normal cool-down rates. We also continued our analysis 
of construction methods for the prestressed concrete pressure 
vessels and we completed materials take-offs for the prestressed 
concrete pressure vessels. 

We began preparation of equipment lists for both the concrete 
and steel pressure vessel cases and a draft of the R&D report. 
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3. Activity Forecast Next Quarter 

I. Prestressed Concrete Pressure Vessels 

We will complete preparation of the final fixed capital 
investment estimate for all cases, complete the studies 
on maximum pressure buildups in the integrated gasifi- 
cation vessel and continue preparation of the R&D report. 

D. 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 development programs 
to Department of Energy. 

2. Activity This Quarter 

We organized and chaired a poster session entitled "Equipment 
Applications to Coal Conversion Operations" which was presented 
at the 70th Annual Meeting of the American Institute of Chemical 
Engineers in New York, November 16. Twelve major manufacturers 
presented equipment lines including coal feeding, solids from 
gas separation, insulating and refractories, slag disposal, 
valves, instrumentation, gas compression, pumps, sulfur recovery 
and power recovery. 

3. Activity Forecast Next Quarter 

We will continue to monitor the status of equipment develop- 
ment programs by vendors and others. 

E. Materials of Constructions 

i. Objective 

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

2. Activity This Quarter 

We reviewed the materials of construction for the prestressed 
concrete pressure vessel study. 

We received materials of construction for the high temperature 
section of its MPDP plant design. We attended a Materials 
Properties Council Phase V Meeting on December 2, 1978 in San 
Antonio, Texas. 

3. Activity Forecast for Next Quarter 

We will continue to support design efforts by supplying materials 
of construction specification. 
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F. Environmental Considerations 

G. 

I. Objective 

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

2. Activity This Quarter 

We completed preparation of the environmental section of the 
R&D report for the POGO design; this included preparation of 
a process flow diagram specific to projected environmental 

effects. 

3. Activity Forecast Next Quarter 

We will continue to review the preliminary design work for 
the multi-purpose demonstration facility. Specific environ- 
mental areas requiring consideration will be analyzed and 
discussed with the design engineers. 

General 

We received a request from DOE to review a report titled "Assessment 
of Materials Technology" prepared under DOE sponsorship. 

We received notice from Chemical Engineering Progress that the paper 
"Project POGO - A Coal Refinery" was accepted for publication. 
This paper was presented on November 14, 1977 at the Annual Meeting 
of the American Society of Chemical Engineers. 

We received notice from Chemical Engineering Progress that the paper 
"Environmental Factors for Fischer-Tropsch Coal Conversion Techno- 
logy" was accepted for publication in a future CEP Technical Manual. 

We received a request from DOE to publish a collection of our publi- 
cations. We began work on a compilation of our publications to 
be titled "Coal Conversion Applications, Collected Works 1972 through 
1977." This publication should be released to DOE-TIC next quarter 
for publication. 

Parsons was invited to present papers at the 1978 American Institute 
of Chemical Engineers National Meeting in Philadelphia on June 4- 
8, 1978 on the subjects of air emissions from new energy sources 
and production of chemicals and petrochemicals from coal. 
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Table 1 - Feed Coal Analyses, POGO Project 

bO 
tO 

Analyses  

Proximate Analysis (Wt.%) 

Mois tu re  
Ash 
V o l a t i l e  M a t t e r  
Fixed Carbon 

T o t a l  

H ighe r  H e a t i n g  Value B t u / l b  

U l t i m a t e  A n a l y s i s  (Wt.%) 

Base Case 
E a s t e r n  Region 

I n t e r i o r  Coal  P r o v i n c e  

Coal t o  
PT oces s  

2.7 
6.3 

38.8 
52.2 

100.0 

Coal t o  Feed 
Gas G e n e r a t i o n  

2 .7  
8 . 0  

38 .1  
51.1 

100.0 

12,425 

Carbon 
Hydrogen 
N i t r o g e n  
S u l f u r  
Oxygen 
Mois tu re  
Ash 

T o t a l  

12,633 

71.5  
4.9 
1.4 
3.9 
9.3 
2.7 
6.3 

70.1 
4.8 
1.4 
5.9 
9.1 
2.7 
8.____0 

I00.0 

Sou the rn  

Coal t o  
P r o c e s s  

2.7 
6.5 

32.4 
58 .6  

100.0 

13,841 

77.2 
4.8 
1.6 
1.6 
5.8 
2.7 
6.__.~3 

I00.0 I00.0 
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Coal t o  Feed 
Gas G e n e r a t i o n  

• , , ,  , 
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31.8 
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Coal  t o  P r o c e s s  and 
Fuel  Gas G e n e r a t i o n  

2.7 
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44.2 
45.1 

100.0 100.0 

15,590 

75.7 
4.8 
1.6 
1.6 
5.6 
2.7 
8.0 

100.0 

11,211 

66.3 
4.7 
1.0 
0.8 

16.5 
2.7 
8 .0  

100.0 
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