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ABSTRACT 

"This report presents current status information on the Cool Water Coal Gasification 
Program, a private industry jointly funded effort to design, build, and operate a 
100 MW coal-based power plant to demonstrate new integrated gasification combined 

cycle (IGCC) technology at a conmercial scale. Background on the project is pro- 

vided and the organizational structure is discussed. Planned facil it ies are des- 

cribed quite extensively, and a number of relevant drawings are included. Design 
issues are identified and plant operating and control requirements are addressed. 
The expected plant performance is indicated for normal and special test conditions. 

- ~ , ,  . 

The project cost estimate and present funding support are br ief ly summarized. The 
progress of the engineering~ork and the overall project status are reported. The 
regulatory process and permit history are reviewed. Plans regarding plant testing, 
as currently defined, are also discussed. 

As the Cool Water effort proceeds, EPRI intends to publlsh annual reports updating 

the project progress. 

t t t  
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EPRI PERSPECTIVE 

PROOECT DESCRIPTION 

The Cool Water Coal Gasification Program i~ an undertaking of a number of private 
entities to design, construct, and operate the natioh's f irst integrated 
gasification-combined-cycle (IGCC)'power plant to supply electricity to a:ut i l i ty 
system. The demonstration plant, comprising commerclal-scale components and:. 
subsystems, wil l  be located at the existing Cool Water generating station.of 
Southern California Edison Co. (SCE) near Barstow, about halfway between Los .Angeles 
and Las Vegas in the Mojave Desert. Organizations presently sharing in the funding 
of the $300 million effort are EPRI, SCE, Texaco Inc., Bechtel Power Corp., Gene~al 
Electric Company (GE), Japan Cool Water Progr6m Partnership (JCWP), and the Empire/" 
State Electric Energy Research Corp. (ESEERCO). 

The plant w i l l  u t i l ize an oxygen-blown Texaco gasifter that is sized to convert 

1000 tons of Utah coal per day to a medium-Btu sYngas. After particulate and sulfur 

removal, the syngas w i l l  be used to fuel a GE co~.bined-cycle unit that employs a 

sl ightly modified Frame-7 combustion-turbine-electric generator, a heat recovery 

steam generator (HRSG), and:a steam turbine-electric generator, The net plant 
output, after serving auxiliary loads and accountihg for power supplied to..an "over- 

the-fence" air  separation unit that wi l l  providethe oxygen needed for gasification, 
is expected to be 90 to 100 MW, depending on operating conditions. 

The project under RP1459 is being conducted in phases as follows: 

• Phase..I-..Preltm4nary Engineering and State Permits 

• Phase HI--Procurement and Construction 

e Phase IV--Operation and Testing 

o Phase V--Completion 
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PROJECT OBOECTIVES 

For almost 30 year's in a large number of plants worldwide, Texaco hc.c.licensed 

commercially its S~thesis Gas Gsneration Process for use with o11 pr natural gas 
~{eed. The Texaco Goa ~ Gasification Process, whlch was born out or, - .the ini t ia l  
experience with thi:~ Oil-partlal oxidation technology, has rece-~gerJ greatly in- 
creased emphasis as a result of:).he recent national move towPr'd more coal use to 
promote energy self-~uf'ficiency and has been extensively te,.}ted on the small and 
large pilot plant scale. $pecif.~cally, a wide range of co.'~Is and other solid feed- 
stocks have been processed In Texaco's 15-ton-per-day MontEbello (Los Angeles) unit 
over the last decade,, arld Ruhrch'e,oie, a West German chemica"i firm, has successfully 
operated a 165-ton-per.-day Texacogasifier at Oberhausen since 1978. The latter. 
unit has logged over !0,000 hours of operation, inc",.u.ding run~ of about 500 hours 
each on Pittsburgh No.:8, Cllinois No. 6, and Utah coal (the Cool Water design 

coal). One of the main' objectives of the Cool Water project wi,l-I be to identify and 

rectify scale-up problems that might occur with operation of the gasification 
process at the lO00-ton-per-day level; i .e. ,  resultinb frqm a six-fold increase in 
size. 

.Essentially, all of the"ot.her elements of the IGCC system have individually achieved 
t '  

successful operation in. ont ~. application or another at the size proposed for Cool 
~#ater. However, some of the process segments--e.g., the. sulfur-removal faci l i t ies 
and the""over-the-fence" ai'~- separation'unit--havettraditlonally been-required to... 

operate almost exclusively ~t only a steady-state level. Furthermore, the degree 

~nd number, of direct interrelationships among the various components of the IGCC 

system are rarely:present in existing conventional practice. A key ~]oal of the 

project ',~ill be to verify the operability and controllability of the overall .heavily 
integrated system In;both ste~tdy-state ~nd load-following r.lodes and under startup, 
shutdown, and emerge.'n-cy condttt'ons. 

Equipment and system r e l i a b i l i t y  is another area to be speci f ica l ly  addressed at 
Cool Water in order to p~ovide important failure rate and repair data. Efficiency 
and costs are to be carefully evaluated to confirm or, i f  necessary, to correct 
projections for commercial plants. Extensive monitoring of environmental perfor- 

mance is also to be carried out in co~pliance with the project permit conditlons and 
to develop information for future planning. 

L 

In order to demonstrate the feedstock f lexibi l l ty:of  the gasification process, 

several coals, including both eastern and western varieties, are e~pected to be 

vi 
. . ;  . .  
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tested,: During the course of operations, detatled o p e r a t l n ~ n t e ~ a n c e ,  and safety 

, prbcedures, which can be applied.to future plants, wil l  be developed and refined. 

In short, i t  is the intent of the parties in the Cooi Water project to obtain a 

comprehensive package of real:plant data on a commercial scale. This information - 
wil l  a;low decl,sions and plans for future application of IGCC technology to be made 
with a high level of confidence and substantially reduced technical and f~nanclal 
risk. : 

PRO~ECT RESULTS : = 

Phase-I, Pre~,iminary Engineering, was completed in December 1979 upon receipt of the 

state environmental permit from the California Energy Commission. Phase I I ,  Fin~l 

Engineering, ~las then initiated, w~th Bechtel being selected as the project engineer- 

constructor. ~After several trade-off studies were conducted and a final plant con- 
figuration was selected, detailed engineering design work commenced. BE was chosen 
to supply the combined-cycle equipm@nt and to lead theTintegrated control system 
development activities. A decision was made to utillze the Selexol ® process, ~ 
11censed by thE Norton Company, for the removal of sulfur compounds from the coal- 
derived fuel gas. I t  was agreed that recovery of this sulfur would be accomplished 
using the Claus process, licensed by Amoco Oil Co., and the Claus tai l  gas would be 
treated for further su)fur removal in a Shell Claus Cff-Gas Treating (SCOT) unit, 

licensed from Shell Development Co. The enginee~n~ design of the Claus and SCOT 

fac;l i t ies was subcontracted b3 Bechtel to Ford, Bacon, & Davis. 

An arrangement was negotlated with Airco, inc., whereby they wil l  build a Commercial 

air separation unit adjacent to the project facilities in order to supply oxygen on 
an "over-the-fence" basis. Co~bustlon Engineering, Inc., was selected to manufacture 
the gasifier and the syngas coolers, the latterbeing the largest and most critical 
process vessels in the plant. 

.Please I I I ,  Procurement and Construction, was released to proceed in December 1981. 
As of Hay 1982, all m~or equipment had been ordered, site clearance work was com- 
pleted,..and in i t ia l  underground c iv i l  construction act iv i ty was well under way. 

Also, by that date, Phase I I  engineering wo.~k was 60~ finished. Phase I I I  is 
scheduled for completion by October 1984, inclb'~ing a four-month plant shakedown 

period after construction has ended. Phase IV, Op~h¢tions and Testing, wil l  then 
proceed and conttnue for ~ period of about six and one-half years, to be followed by 

P'hase V, consisting of the sale of. al l  or part of the fac i l i t i es  for future use " in- 
place," dismantllng for reuse elsewhere, or demolition and sale for salvage. 

vi i 
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With regfrd to funding, EPRI agreed in February of 1980 to share in the project cost 

along with SCE and Texaco. Bechte~ and GE formalized their" con~nitn~nt to participate 

in the fin~,acing of the effort in Septe~;~-:,f that year. When in July of 1981 
additional contributions had not ~t-:b~en"secured to cover the fu l l  funding 

• . ,  ,° .  

requirement, commencement of construction was temporarily postponed, and the project 
was essentially placed in a holding pattern. In December 1981, the EPRI Board of 
Directors approve~k'an immediate increase in the Institute's funding level and agreed 

~to:a major commitment to underwrite a substantial portion of the r.ematning funds 
required to allow the project to proceed. This action, ̀ a]ong with increased commit- 
ments from the other participants and the addition of two new cofunders, did indeed 

permit a release of: the "holds" p.laced on pr.ocurement and.construction. The agreed- 
upon funding closure plan was formally implemented in Februaw 1982 when the neces- 

sary amendments to existing participatio)l agreements were executed and new contracts 
covering the contributions by OCWP and ESEERCO also went into effect, 

The foregoing discussion of the project status represents an interim summary of the 
results obtained!~ date in this major alternate energy ef for t .  Annual progress 
updates on deslg~ and construction wi l l  be issued as EPRI public reports during 
Phase IIZ, and in Phase IV these reports wi l l  continue, presenting plant operating 
results, along with a comparison against projections and objectives. 

Thomas P. O'Shea, Project Manager 
Advanced Power Systems Division 

v i i i  
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SUMMARY 

This document comprises the f i rs t  annual EPRI Progress Report on the Cooi Water 

Coal Gasification Program. This project is the focal point of the EPRI Clean 
Gaseous Fuels Program (CGF) and its successful implementation is the primary goa] 

in the current CGF Five-Year Plan. EPRI~s and the u t i l i t y  industry's strong 

commitment to gasification combined-cycle (GCC) as a future coal-~ased power 

option, as well as their recognition of the need to f i rs t  demonstrate this new 
generation alternative at a commercial scale, are evidenced by the substantial EPRI 

funding share in the Cool Water effort. This funding share represents the largest 

contribution ever made by the Institute to a single project. 

Formulation of the Program was begun in early 1978 by Soutllern California Edison 
(SCE) and Texaco. During 1980 EPRI, Bechtel and General Electric (GE)::executed 
contracts to share in the Program funding with SCE and Texaco. Subsequently, these 

parties were joined by the Japan Cool Water Program Partnership (JCWP) and the 
Empire State Electric Energy Research Corporation (ESEERCO), who have agreed to 

also co-fund the project. A breakdown of the co-funders' contributions is provided 

in Section 7 of this report. The rights of Program participants and sponsors, 

relative to their funding contribution levels, are discussed in Section 3. 

The primary governing body for the Program is the Board of Control, comprised of a 

representative from each of the participant organizations. Reporting to the Board 
of Control is a Management Committee, also consisting of participant 

representatives. The day-to-day activities are coordinated by the Program Manager 
(a Texaco employee), with the assistance of a Program Office staff'made up of 
participants' personnel. 

The Cool Water Program encompasses the design, construction, testirlg and operation 

of thenat ion 's  f i r s t  integrated GCC plant on a commercial scale. The 

demonstration uni t ,  designed for a coal feed rate.of  1000 tons per day, is to be 

bu i l t  at the si te of SCE's exist ing 600MW Cool Water Generating Station, located 

near Daggett, Cal i fornia, about 120 miles northeast of Los Angeles. The plant is 

expected to produce from 90 to lO0 MW of"n¢t power, depending on the process 

S-1 
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conditions achieved. Table S-1 provides an estimate of plant  performance under three 
different operating conditions, each of which is based on thedesign using Utah 
.coal as feed. Significantly lower heat rates are projected for comercial plants 

where larger, more efficient reheat steam turbines are expected to be employed and 

certain other improvements are anticipated to be implemented. 

The objec.tives to be met in the Cool Water Program includei 

• Demonstration of acceptable system and equipment performance at a 
commercia! scale 

• Confirm,a~!:~,n of system compliance with environmental ~riteria 

• Verification of controllabil ity of the integrated I~lant under all .=/ 
operating conditions, including steady-state, load-following, start-up, 
shutdown:, and emergency , .  .:. ~::. / 

Assessment!.. o.f 'equipment and syste m reliabi I ity 

Demonstration of feedstock f lexibi l i ty 

e 

Q 

g Preparation of operating, maintenance, safety and'training procedures 
which could be applied to future plants 

Development of a complete economic and technical data base for use in 
commercial appl'ication declsion-making and future plant designs 

The demonstration plant w i l l  include subsystems for  coal receiving, storage and 

t ransfer ,  grinding and s lu r ry ing ,  gasi f icat ion and gas cool ing, su l fur  removal and 

recovery, resaturation and reheating, pbwer generation, waste water treating and 

other ancillary support facilit ies. Coal will be delivered by rail from the 
Southern Utah Fuel Co. (SUFCO) mine in'unit trains. From silo storage, i t  will be 

conveyed to the grinding section and prepared with water as a slurry before being 

fed into the gasifier through a specially designed burner. Oxygen (to be supplied 
at Cool Water from an "over-the-fence" air separation plant) is also fed to the 

gasification reactor. Partial oxidation reactions between the coal, water and 
oxygen produce a medlum-Btu raw product gas consisting mainly of carbon monoxide, 
hydrogen, carbon dioxide and steam. This very high temperature product gas exits 
the gasifier and passes through syngas coolers, where most of i ts sensible heat is 

recovered by generating high pressure saturated steam, before being water-scrubbed 

for separation of entrained carbon and/or ash particles. Most of the ash in the 
coal, after being melted into a slag in the high temperature reactor environment, 

is solidified in a quench water sump below the gasifJer before being removed for 

disposal. 

S-2 
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After further cooling, the gas is routed to a Selexol unit where 97 percent of the 
sulfur is removed, primarily as hydrogen sulfide and carbopyl~sulfide. These 
sulfur constituents are then converted to elemental sulfu~ ~: ini:a conventional Claus 

plant, whos~ ta i l  gas is treated in a Shell SCOT unit fo~ removal of remaining acid 

gases. The sulfur wi l l  be disposed of or, perhaps, sold. 

The clean, cool product gas from the Selexol unit passes throEgh a water saturator, 

a heater and a surge/knock-out drum before entering a GE Frame 7 combustion 

turbine, which drives an electr ic generator. The. moisture added in':the saturator 

aids in minimlzing the formation of nitrogen oxides in the gas turbine by limi'ting 
the combustor flame temperature. 'Supplemental steam injection is also planned for 

~0 x emissions control'. The exhaust gas from this turbine is released to the 
atmosphere, after being cooled in a heat recovery steam generator (HRSG) wEere high 

pressure saturated steam is generated and is. then superheated, along with the steam 

produced in the syngas coolers in the gasification section. The superheated steam 

flows to a steam turbine which also drives an electric generator. A more detailed 

description of the Program fac i l i t i es  can be found in Section 5 of this'report. 

The current Program cost estimate is $300 mi.l,1'ion (in actual dollars, i .e . ,  

including escalation). A breakdown of this ~stimate is provided in Section 7. 

.)• 

The Cool ~ater project has been structured as follows: 

m Phase I - Preliminary Engineering and State Environmental Permits 

• Phase II  -Fi 'nal Detailed Engineering 

a Phase I l l  ~ Procurement and Construction 

a Phase IV - Operation and Testing 

i ..,:.Phase V - Completion and Dismantling/Disposal ( i f  necessary) 

Phase I was completed at the end of 4979 when the California Energy Commission 

approved the construction and operating permit for the demonstration plant. At the 

beginning of IgSO, Bechtel was selected as the Engineer-Constructor and Phase I I  

was started. As of May 1982 this detailed deslqn phase is approximately 60 percent 

complete and is expected to conti~ue through mid-lg83. Phase I l l  was ini t iated in 

December IgBl and orders for al l  long-delivery equipment items have been placed. 

Bids are in hand for most of the other plant equipment and site clearance work has 

commenced. Major supplier/licensor decisions made include: 

S-3 
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• GE wil l  supply the combined-cycle equipment and certain other 
electrical items (in addition to performing integrated controls 
design and cycle development and definition services) 

• The Selexol sulfur removal process is being licensed from Norton 
Company 

e The C|aus process for sulfur recovery is licensed from Amoco Oil 
Company 

i Shel l  Development Co. is the licensor for the SCOT tai l  gas 
treating process 

• Ford, Bacon and Davis (Texas) is carrying out .the eng.ineering 
design of: the sulfur recovery and tal l  gas treating Facil i t ies 

• Combustion Engineering is the'"supplier of the gasifier vessel and 
syngas coolers 

e Airco Inc. has been selected to supply the oxygen required in the 
gasificatipn..process on an "over-the-fence" basis .~" 

e Foxboro has been chosen to provide the distributed c'ontrol system 
and data a'cquisition system .. . ' . 

• , o ,  i , ,  

Construction of the demonstration plant is expected to.be c.ompi:ete in the f~'r.st 
half of 1984 an'd, after a short "pre-demonstration''.per4od allowed for in i t ia l  
start-up and shakedown, Phase IV, the formal test=and operations program, is 
anticipated to begin in the..iatter half of 1984, During Phase IV, long-term 
performance and re l iab i l i t y  assessment is pla'nned on the design Utah coal, as well 
as several short term tests using other coals...,includ.ing high-sulfur east~,rn 
varieties. EPRI has already nomina.ted I l l ino is  No. 6 coal, with a sulfur content 

of 3.5 percent, as i ts candidate for testing, Various materials tests and regular 

evaluations of plant economics are also planned during Phase IV. In addition, a 

comprehensive environmenta] monitoring and surveillance program wil l  be conducted 

during the operations period in accordance with the requirements of the permit 

issued by the California Energy Commission. The type and frequency of 

environmental measurements currently envisioned are identified in Section 10 of 

this report. 

The operations and test period is planned to continue for six and one-half years. 

Accordingly, Phase IV wi l l  be complete in early lg91. At that time a decision 

wtl1 be made as to whether SCE wishes to purchase the plant and operate i t  

commercially, another party desires to purchase i t  (presumably requiring 

relocation), or whether i t  should be dismantled and so]d for salvage. 
,J,' 
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Table 5-1 

OVERALL PLANT PERFORMANCE 

(SUFCO COALi 

Init ial  
Operation 

! 

83,820 
1,006 

12,277 

Coal in (Ib/hr) 
( tpd) 

.Coal Heating Value (Btu / lb . ,  HHV) 

" W~ter Usage (gpm)" 
• - To Combined-Cycle Condenser : 

- Cooling Tower Use 
:~- Gasification/slurry Make-up 

190 
863 

79 

Heat in.Coal (Btu/hr. x 106, HHV) 1,029.1 

Gross Dry Clean Fuel Gas Producea (Ib/hr) 

Heat in Clean Fuel Gas (8tu/hr x lO B , HHV} 

Total High Pressure Steam (lb/hr) 

"Total Medium Pressure Steam (350 pstg) 
Produced( lb /h r )  

Estimated Expected 
Gross~Power Generated (kw) 

Electrical Auxiliary Power Cons~ned 
- Balance of Plant (kw) 

>'~: , 

- Oxygen Plant ~(kw) 

Estimated Expected Net Performance 

- Net Power ~. Generated (kw) ' 

- Net Plant Heat Rate (8tu/Ew-hr) 

- Overall Net Plant Efficiency (%) 
(coal-to-busbar) 

157,080 

750 

407,720 

1,660 

115,950 

Anticipated 
Future Opej?ations 

: 
83~820 87,108 
1,006 1,045 

12,=277 12,277 

• 140 150 
B63 928 
123 135 

1,029.1 1,069.4 

155,370 155,500 

767 842 

394,240 398,300 

1,660 1,710 

118,750 123,100 

6,020 6,120 6,240 

17,980 16,424 15,880 

91,950 

ll,190 

30.5 

96,210 100,980 

10,70Q 10,600 

31.g 32.2 

flote: All cases above are based on site elevation of 2,000 f t .  and ambient 
temperature of BOF. Column l represents in i t ia l  "normal" operation, 
reflecting 99.5% 02 purity, slurry containing approximately 60% coal 
with no pre-heating, and supplemental steam injection at the gas turbine 
for NO x control. Columns 2 and 3 represent target performance at future 
test conditions.. Both columns are basea on 95% 02 purity, the aadition 
of slurry heating, and the elimination of steam injection, but column 3 
also assumes increased slurry concentration. 
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Section 1 

INTRODUCTION 

The electric u t i l i t y  industry, as a major user of oil and natural gas, has 

recognized the.need for alternate energy sources...Their search has focused on the F 

technologies that wouldprovide anenvironmentally acceptable way to use a broad '. 
range of domestic coals, which are in abundant supply, 

One way in which coal can be used in an environmentally acceptable manner .is by 
gasification. The gaseous product (syngas) from coal gasification has many uses. 
I t  can be used i~I steam boilers and gas turbines to generate electr ic i ty,  and can 

be used to fuel process heaters'and furnaces in industrial complexes. I t  can also 

serve as a primary feed source for manufacturing petrochemica]s such as methanol, 

ammonia, acetic acid and alcohols, as well as high-purity hydrogen and synthetic 

crude oi' l. '" 

Analyses by the Electric Power Research Institute (EPRI), the Engineering Societies 

Commission on Energy (ESCOE), the Department of Energy (DOE), ~he General Electric 

Company (GE), and others indicate that electr ic i ty produced by a gasification plant 
integrated wlth a gas and steam turbine combined-cycle offers several attractive 
advantages versus conventional power plant technology, i .e . ,  coal-fireD 
boiler/steam turbine using flue gas desulfurization. These include: 

• Use of readily available high-sulfur coals 

e Lower air pollution emissions 

• . ' , .  -, . 
,,.. 

No sludgedisposal requirement 

Lower water  use 

Lower solid waste.production 

Potentially lower cost q~ electr ici ty 

Potential.ly higher plant efficiency 

Reduction in oil usage through retrof i t  potential 

I 

• T " 

" I,-I" 
,,° .. 

.... 

.. ,, 

c - . .  
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,:It is:,the goal of:the Cool.Water Coal Gasification Program to demonstrate the 
". '~ttractive enviror,mental and economic characteristics of an integrated gasification 

combined-cyc)e (ISCC) power generation plant"on such a: scale and in a time frame 
that wi l l  lead to. widesp.~ead cpmmerctal acceptance by the late 1980's. 

Y 

The followingsections:/of this"report provide an overall description of the Cool ' 

Water Coal Gasification Program, its management structure, the IGCC co~cept~nd 
plant facilities, and' thestatus of the. Program through the year 1981. 

• t 
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" : •Section 2 ?, ,=':, 

BACKGROUND 

Southern:'California Edison thoroughly studied the coal technolog.ies which have, or 
. .  . , 

are projected to have, commercial capabilities in the near term and which could 
also meet California's emission and effluent requirements. They concluded that the 
gasification of coal to produce clean'burning medium Btu.'gaseeus fuel for use in 
boilers and combustion turbines merited further i~vestigation. In early 197B, SCE 
and Texaco .Inc., signed a letter of intent to jointly perform preliminary 
engineering studies for a commercial: scale I000 tons-per-day coal gasification 
system linked With a"IO0 MW combined-cycle electric generating plant. Linking of 

the gasifier and the combined cycle unit was expected to produce el'ectrical energy 

at an efficiency comparable to conventional direct-fired coal,'combustion plants. • 

SCE's Cool Water Generating Station nea~ oaggett, California was selected as the 
site where adequate'land, water and rail facilities for coal delivery and other 
plant sup~d~ facilitie~ were available. 

Subsequently, an EPRI-funded study was conducted by the Ralph M, Parsons Company to 
perform the conceptual design of the coal gasification-combined cycle power 
system. Preliminary design information, perfornlance'and emissions data, and 
project costs and schedules were developed for the construction of ~he proposed 

plant, A final report was issued in August 1978 (EPRI Report No. AF-880). The 

resqlts of this study were used by SCE and Texaco to structure a program for a 

commercial scale integrated gasification combined-cycle power plant. 

Southern California•Edison filed a Notice of Intention (NOI) for certificationof 
the site and the project with the State of California Energy Resources Conservation 3. 
and Development Conunisslon (CEC). Thereafter SCE's Preliminary Environmental 
Assessment (pEA)~ dated ~ctober 12, 1978, was filed with the CEC. On November 25, 
1978, the CEC issued its order converting the NOI proceeding to an Application for 
Certificati=on (AFC) pursuant to the Coal Gasification Generation Act (Public 
Resources Code Section 25650, et. seq.). The California Energy Commission issue~'a 
draft Environmental. Impact RePort for public comment in:October I~79 and'granted a 

construction permit in December 197g. ! ~. 
,~  .' , .  ! 

I 
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SCE and Texaco"e.ntered into an "Agreement", dated Ouly 31, 1979, fo r  the purpose of 
designing, constructing and operating e IOOMW integrated gasi f icat ion 
combined-cycle (IGCC) power plant based.on the data and costs developed during the 

R. M. Parsons study. The project ,  known as the Cool Water Coal Gasif icat ion 

Program, would entail the gasification of lO00 tpd of coal using the Texaco 

Process. Overall project cost was originally estimated at $300 million. 
I, 

was In January 1980, Bechtel Power Corporation selected as the prime 
engineer/constructor f.or the Program. Engineering began in February 1980 at 
Bechtel's Houston Office. Later that year, Bechtel entered into a Participation 
Agreement with the Program to contribute $25 million toward the_funding. In ''T. 

February 1980, EPRI evidenced i ts  dedication to the Program by committing ~50 
million. This was the largest single project commitment in EPRI history. 

.j 

Also during February 1980, Program personnel were assigned to provlde overall 

coordination and liaison with Bechtel. The Program Office is staffed by 

representatives from the various participating organizations as described later in 

Section 3 of this report. 

On August Ig, 1980, SCE received approval of a Certif icate of Public Convenience 
and Necessity f ro~the California Public U t i l l t y  Conlnission. 

In September 1980, a participation agreement and supply contract Was signed with 
General Electric Company to become a participant, at $25 million, to supply the 

combined-cycle equipment and to take the lead in design of the integrated plant 

controls and in thermal cycle development and definition. 

Airco, Inc., was selected in November 1980 to design, construct:and operate an 

"over-the-fence" Air Separation Plant at the Cool Water site for the supply of 
oxygen and nitrogen. This oxygen supply approach effectively reduced the Program 
capital requirements to $275 million. However, subsequent d~:ia.VS in securing the: 
necessary Program funding resulted in an increase in the cost estimate to its 
present level of $300 million~ 

At the end of 1981, when sources s t i l l  had nqt been identified for all of the 
necessary funds required to complete the project, the existing participants agreed 

on a funding closure plan which allowed a decision to be made to proceed with ; 

Phase I l l ,  Procurement and Construction. The funding closure plan involved 

increased financial commitments from the present participants, the most substantial 

2-2 
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of which was that  o~:EPRI, br inging i t s  con t r ibu t ion  to  a level  of $105 m i l l i on ,  
and also tncluded ant ic ipated commitments of $35 m i l l i o n  from new p a r t i e s .  These 

new party commitments, which have since been contractually secured, are comprised 
of$30 million from the Japan Cool Water Program PartnershJp !.JCWP) and $5 million 
from the Empire State Electric Energy Research Corp. (ESEE~CO). Section 7 of this 

report provides a break, down of the sources of projectfunding under the closure 
t 

plan. 

! 

i 
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Section 3 

PROGRAM ORGANIZATION AND MANAGEMENT STRUCTURE 

\ 

PROGRAM ORGANIZATION 

The Coo) Water Program has been formed as a joint  venture of participants and 
sponsors.: Current partie~ sharing in the funding include: 

• Southern California Edison 

• Texaco 

• Electric Power Research Institute 

e Bechtel 

e General Electric 

JCWP (Japan Cool Water Program Partnership) 

ESEERCO {Empire State Electric Energy Research Corp. - special 
contributor) 

The Texaco/Edison Agreement is'the basic contractual document for"the venture and~ 
provides for joint ownership of the plant by each present and subsequent party to 
the Agreement. Each party owns an individual percentage interestequivalent to i ts 
degree of participation. ~ 

Under terms of the Agreement, each participant agrees to commit a minimum of $25 

million to the Program and to assume a proportionate share of all Program costs. 

Each sponsor agrees to commit a minimum of $5 million to the Program. All 

participants, other than IEPRI, are subject to unlimited l i ab i l i t y  for capital 

costs, and participants indemnify sponsors for l i ab i l i t y  incurred in excess of 

their established funding contribution. 
t, 

Southern California Edison has agreed to provide the Program with free use of the 
plant site and water, free access to the site, and to supply coal to the Program at 

no cost. Texaco Development Corporation, a wholly owned subsidiary of Texaco, has 

agreed to provide the Program royalty-free use of its gasifi,cation process 

technology. 

3-1 
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Participants also share in capital-recovery (except SCE), Program decisions,' 
...receive fu l l  technical ini~rmation developed during the Program, share: in any 
'license royalties resulting from technology developed under the Program, and 
receive the right to nominat.e a"coal of their choice for testing in the pla.nt. 

:[' 

AdditionalTy, participants are granted a reduction in the ]icense fee for any-, 

future:use of the Texaco Coal Gasification Proces~ Yor combined-cycle power 

generation. SCE is granted a special license fee consideration for its use. 

Sponsors also.share in capital recovery but only up to one-half their 
contribution. They also receive ful l  technical information and a lesser reduction 
in license fees for use of the Texaco Coal Gasiflcation Process for combined cycle 

pr power oduction. • ". 

These obligations and rights are summarized in Tables 3-I and 3-2, 

Table 3-I 

PARTICIPANT OBLIGATIONS AND RIGHTS 

Obligations 

I 

Rights 

I 

I 

. i 

Q 

e 

Capl~al commitment - $25 mi 11ion minimum 

Shares in!all Prob,~m costs 

.Shares in ~;capital recovery ..... 

Shares in Program decisions. 

.Full technical information 

TCGP royalty feereduction 

Othm ~. Program royalty sharing - ( '  

Special coal test without fee 

Have Engineers and Technicians trained 

Special tests of process, material, or equipment 

• Publicize participation 

-3~2 
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Table 3-2 

SPONSOR OBLIGATIONS AND RIGHTS 

Obligation 

e 

Rights 

e 

I 

i 

I 

Capital commitment - $5 mil l ion minimum 

Shares to one-half capital recovery 

Fu l l  technical information 

TCGP royalty fee reduction 

Speclal coal test for a fee 

Publicize sponsorship 

Participating organizations in the Cool Water Coal Gasification Program have joined 

the Program because of their interest in achieving early commercializatioi~ of coal 
gasification combined-cycle plants and have demonstrated strong managemen~ and 
technical qualifications which complement one another. The tasks to be completed 
are similar to those the Participants have performed on other process plants and 
power generating fac i l i t i es .  However, the uniqueness of this f i rst-of-a-kind 
f a c i l i t y  requires higher levels of int~caction ~itween the major Program suppliers, 

especially during th~ engineering and planning act iv i t ies.  This has been 

recognized in establishing the Program work structure and organization. 

PROGRAM MANAGEMENT STRUCTURE 

The overall management structure for the Cool Water Coal Gasification Program is 
shown in Figure 3-I. The Board of Control is the governing body and the Management 
Committee is the operations group. Each participant has the r ight to assign an 
individual to each group to represent the participant's organization in al l  Program 
matters. 

3-3 



P P 

r" 
PROGRAM I 11~,18URANCE ADMINISTRATOR 

m l  

i 

AUDIT COMMITTEES 

I 
"' SPECIAL.. EOISOErrExACO TASKS 

Figure' 3'-1. 

I 
I ,.°o-. 1 MANAGER 

.i 
) E""'"EER I CONSTRUCTOR 

I 

i BOARD I OF CONTROL 
I 

I , 
I MANAGEMENT i COMMITTEE 

I EXTERNAL i AUDIT i I 

PROGRAM COMPTROLLER 

m , , 

r SPECIAL COMMITTEES 

! 
I MAJOR EBUIPMENT SUPPLIER(S) 

Cool Water Program Management Structure 

Board of Control 

The Board of Control is comprised of one representative from each participant. 

Each participant has one vote. A two-thirds vote of the Board Members, without a 

dissenting vote by Texaco or SCE, is required for a]l decisions. Current members 
of the Board ape shown in Table 3-3. 

.;':. 
• : " . t ' "  ; 

The Board of Control performs the fol lowing duties: 

• Establishes the Program objectives. 

e Revt'ews and approves Program concepts, budgets (including overruns), 
progress, changes in the scope of work, responsib i l i t ies of the part ies,  
a~=d recommendations of the Management Committee and Program Comptro]ler. 

= Reviews and approves new and subst i tute part icipants and sponsors. 

e Considers any other matter deemed necessary for  the fu l l  and camp|eta 
operation of the Program. 

~,.. . .  3 - 4  



The meetings of the Board of Control are called by the Chairman and are scheduled 
on a quarterly basis or more frequently, as necessary. Th~.chairmanshi p rotates on 

an annual basis between Texaco and SCE. "' 

The Management Committee, a Comptroller and an Externa] Auditor al l  ÷eport to the 

Board of Control. 

The Program Comptroller has been appointed by SCE and is responsiblefor receiving, 
disbursing and accounting for Program funds and revenues. The Arthur Anderson 
Company has been selected as the External Auditor. 

ManaBement Committee 

The Management Committee is a working team reporting to the Board of Control., I t  

has the responsibi l i ty for carrying out the directives of the Board of Control for 

contracting, engineering, procuring, constructing, operating and maintaining, and 

the f inal  disposal of the plant. ' 

The Man:~gement Committee is comprised of one member from each participant. Each 

member,.:.+has one vote. Committee decisions and directions, require a two-thirds vote; 
i f  SCE or Texaco cast a dissenting vote, the matter must be submitted to the Board 
of Cor.'tro.l for.r.esolution. +Each.Mancgemer~t C'0tnmittee member may'be supported by 
additional representatives of the participants for working subgroups .as required to 

provide technical expertise to the Management Committee. 

z .+ . .  - . 

The Management Committee meets at least monthly or more often as established bY i ts 

chairman, The chairmanship rotates on an annual'basis between SCE and Texaco. 

Current members of the Management Committee are shown in Table 3-4. 

The Management Committee performs the following functions: 

e Reviews and makes recommendations for al l  items which require approval of 
the Board of Control 

• Reviews and approves al l  other items not requiring Board approval 
including, but not limited to, technical aspects for achieving Program 
objectives, operating budgets and schedule 

e Monitors and directs the Program Manager 

e Initiatesland maintains a Program control system 

• Carries out other tasks and duties as assigned by the Board of Control 
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Table 3-3 

COOL WATER PROGRAH BOARD OF CONTROL 

Name 

O.L."'Ounlap 

Affi l iat ion 

Vice President, Alternate Energy Department, 
Texaco Inc. 

L.T. Papay Vice ~resident, Advanced Engineer-~ng, 
Southern California Edison 

D.FL Spencer 

~'T.F. Phelps 

Director, Advanced Power Systems Division, 
Electric Power Research Institute 

General Manager, Energy Apolications Program 
Department, Genera} Electric Company 

L.S. Hinkelman Vice President, Bechtel Power Corporation 

K. Fujimori Managing Director, Tokyo Electric "Power 
Company (representing JCWP) 

Table 3-4 

COOL WATER PROGRAM MANAGEMENT COMMITTEE 

Nam__~e 

T. L. Reed 

Affi l iat ion 

Project Manager, Engineering and Construction 
Division, Southern California Edise: 

W.R. Siegart Sen~or Staff Coordinator, Alternate Energy 
Department, Texaco Inc. 

N.A. Holt Program M~nager, "~lean'Gaseous Fuels, 
Electric Power Research Institute 

O.R. Olumley Manager, Coal Gas'ification Combined Cycle 
Projects, General Electric Compan~ 

J. DeDivitis 'Division Manager, Engineering, Refining & 
Chemical Division, Bechtel Petroleum Inc. 

S. Araki 'Chief Researcher, Engineering R&D Center, 
Tokyo Electr ic Power Co. (representing JCWP) 
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The Program Manager, the Program insurance Administrator and other special 
task-oriented committees report to the Management Committee. 

The Program Manager and The Program 0ffice 

Day-to-day operation and management of the Program is the responsibility of the 

Program Manager. The present Program staff level stands at 13 engineers, an 

accountant, a procurement representative and clerical support. The staff is 

expected to increase as additional participants join the Program. All 
participants, even those without a specifically defined technical role in the 

Program, may have representatives at the Program Office. 

All design input from the participants to the Engineer/Constructor is handled by  
the Program Office. The Program Office exercises the necessary degree of control 
over the work and handles the engineering and procurement approval responsibility 

for the Program, as well as the accounting, funds collection and disbursement, cost 

control and scheduling. 

The present Program Office organization is i l lustrated in Figure 3-Z. 

An auxiliary Program Field Office has been established at the jobsite. This office 
is headed by a Program Construction Manager under the general direction of the 
Program Manager, as shown in Figure 3-3. The Program Field Office performs the 
PPogram'~ engineering and inspection responsibilities at the jobsite~ Field 
accounting, funds disbursement, and construction auditing are also provided at the 
Program Field Office. Some personnel from the f ield construction office wil l be 

retained for the permanent plant operatin~ and maintenance organization. 

As the Home Office engineering nears.completion, the Program Office may be 

consolidated at the job site during final construction and into in i t ia l  plant 

operations. Key personnel from the engineering office wi l l  be at  the jobsite 
during the final construction and start~up phase to contrib=z~e their expertise. 

Participant Responstbtlt'ttes .. ... /' 

In addition to being part o f the .management structure of the Program, many current 
participants have subcontract responsibilit ies in the englneering, construction 
and/or equipment supply areas. Each of these responsibilit ies reflects their 

3-7 \ 
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background, expertise and capabi l i t ies in providing the serv4ces necessary to 
accomplish the overall Program tasks. 

The participants' responsibil i t ies are idenLffied in Figure 3-4. In providing 

these services, these organizations are under the direction of Lhe Program Hanager. 

TEXACO .',:":. [ "," SCE..... 

I 
CO0 L WATER I 

PROGRAM I : " 

• N O N . .  ~IMBURSABLE $ERVICEG 
• TECHNICAL/ECONOMIC COUNSEL 
• TECHNICAL OATA FROM 

RELATED PROJECTS 

• SUPPLYTEXACO • PERMITS/LICENSES = EflnlNEERIr'U'.i: 
COAL GASIFICATION • COMBINED CYCLE SERVICES"- ,. ' : 
PROCESS UNIT " - -  SYSTEMiTHERMAL 
INFORMATION - -  OPERATION INTEGRATION 

• GASIFICATIO~ UNIT - -  MAINTENANCE - -  INTEGR~.TED 
- -  PROCESSOESIGN • COAL SUPPLY CONTROL 

DEVELOPMENT ', SITE & WATER SYGT~.'Vl OESIGN 
• COALTESTING • PROORAMMANAOEMENT • EOUIPMENTSUPPLY 
• F U E L P L A N T  - -  COMBINED 

m OPERATION cYCrE UNIT 
MAINTENANCE - -  PLANT 

• PROGRAM MANAGEMENT TRANSFORMERS 

Figure 3-4. Responsibil i t ies of Program Participants 

" NOT A PROGRAM SUB-CONTRACTOR 
i ' 'ii : "1 .':..~2~ '~" .., 

• , { .  . . . . .  .;; ,:. 

i 
I 4 

e. GO: ~ "" " ! 
.' • CO"iBTRUJ,,uN 

ME'OIF(CAtlONS... ",', ,~ 

,'.,',. ',. ; .  

Reproduced from I 
best available copy I 

I 
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' GENERAL PROJECT DESCRIPTION 

The Cool Water Coal Gasification Program encompasses the design, construction, 

start-up and operation of a commercial-scale, integrated coal gasification L 
combined-cycle electric generating fac i l i ty .  The inCent of the Program is ~o 
confirm, at a commercial scale, that coal can be utilized as a fuel (via 
gasification) for combustion turbine/cond}ined cycle plants and conventlonal 
boiYers to produce power in an environmentally superior manner while satisfying 
electric u t i l i t y  requirements for re l iab i l i ty ,  econo~y and compatibility. The 

system is being designed to operate as an integrated gasification combined-cycle 

plant, although provisions are being included for f ir ing and testing:.:the 

pePformance of the synthesis gas in an existing 65 MW boiler. 

f 

Specific objectives include: 

I 

I 

Demonstration of the integrated coal'gasification-electric power 
generation technology on a commercial scale (fOOD tons coal /day)."  

Demonst~ation.,of system compliance with environmental ~egulations 

Demonstration of system compatibility with u t i l i t y  systems and 
standards. Of primary ~nterest are specific operating performance 
including start-up, shutdown and dynamic load following capability 
overa wide operating range, thermal operating efficiency, 
re l iab i l i ty  of the integrated system and its components, and 
availability and operational safety at a high capacity factor 

Demonstration of the feasibi l i ty of adapting various hardware 
components (burners, combustors, etc.) to the 
gasification/electric power generation process 

Demonstration of operational f lex ib i l i ty  with a variety of coal 
feedstocks. 

Development of precise capital and operating/maintenance costs and 
procedures to permit a thorough analysisof ~he economic 
competitiveness of the system with other energy alternatives for 
use in the 1980's and beyond . . .  

Development of design and scale-up:.criteria for planned future 
applications of the technology 

Evaluation of performance of existing boiler when f i r ing 
coal-derived syngas 
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L 

Facilitation of ut i l i ty  operator training. On-the-job traini'ng 
and experience and operatiilg procedures and manuals derived : 
therefrom will ensure a smooth transition from demonstration plant 
to future use of the technology. 

The work to be performed in the Program has been divided into five phases, as 

shown in Figure 4-l, and takes into .accoupt the normal complexities associated 
with the design, construction, s.tart-up and operation of a coal-based power plant. 

PROGRAM PHASES 

L PRELIMINARY ENGINEERING [] 
,,. ANO PERMITS [] 

II, FINAL ENOINEERINO 

II1. PROCUREMENT AND 
CONSTRUCTION "" 

OPERATION 

PROGRAM COMPLETION 

' ' ,  , ,  , 

4 MONTH 
~ PREDEMONSTRATION 

PERIOD ~. 

Figure 4-i .  Program Schedule 

The types of activities to be carried out in each phase are identified below and 

are representative of the nature and general content of the work required to 

design, build and operate facilit ies of this type. 

Phase I (Preliminary Engineering and Permits) has been completed and Phased I I  ~nd 
I I I  (Final Engineering, Procurement and Construction) are in progresso Phase IV": 
(Operation) is planned to begin in late-1984, after a suitable shakedown period T: 
(Pre-demonstration). The Venture is planned to terminate in early Iggl, at which ~: 

time i t  is anticipated that Southern California Edison may exercise its option, as 

defined in the joint venture agreement, to purchase the plant as an energy resouFce 
for their system. 

"7 
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PHASE I - PRELIMINARY ENGINEERING 

The Preliminary Engineering phase of the program began in 1978 .and was completed 
when the California Energy Commission granted the environmental permit in 
December 1979. 

r = 

l 

Phase I work included: 

e The 197B preliminary design study performed by Ralph M. Parsons 
Company With EPRI funding 

• Texaco tests at the 15 tpd Montebelio pilot plant and preliminary 
• conceptual design studies 

• Investigation of regulatory permit requirements and preparation 
a~d:i~ubmitta! of a Notice of Intent for Approval of 5ire and : 
Related Facilities, including supplemental environmental data 

• Init ial  solicitation of p:articIpants .. 

Preliminar~ Design Study 

An EPRI-funded study was conducted by Ralph M. Parsons Company to perform the 

preliminar~.:des~gn of.a.coal gasification combined-cycle demonstration plant. 

Included were Project costs and schedules, preliminary design information and 
performance and emissions data for the proposed plant (published as EPRI Report• 
AF-880), 

Durin~ the study, design data was develoged for the major ~ystems and included 
preparation of:" 

e 

o 

o 

o 

e 

o 

o 

Overall plant process schematic diagram 

Site and plot plans 

System design basis 

Process descriptions and flow diagrams 

Preliminary process and mechanical specifications 

Material (including u t i l i t y )  and energy balances• 

Project cost estimates and schedules 

Coal Gasification Pilot Plant Tests 

In 1978 and 1979,. coal gasif ication tests relat ing to this program were performed 

at Texaco's Montebello Research Laboratory f ac i l i t i e s .  The objectives of~ the tests.~.. 
were to determine the feasibi l i ty of util izing low sulfur Western coal in the 
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Texaco gasifier, obtain preliminary engineering design data and perform 
environmental measurements to determine the environmental acceptability of the 
gasification process. The information obtained from the performance of these tests 

was used in the prelimlnar.y engineering studies and, subsequently, as technical 
data for submittal to the California Energy Commission in the certification 
activities. 

Permittin~..and Regulatory Activities ' 

In July 1978, a Notice of Intent (NOI) was submitted to the California Energy 
Commissio n .(CEC) and accepted. A petition to convert and expedite the Cool Water 
Demonstration Project to Application for Certification (AFC) was approved in 
October 1978. 

Following submittals .by SCE and Texaco of technical information addressing site 
acceptability and various other concerns, hearings Were conducted and the AFC was 
approved by the CEC on December 21, 1979. 

~, 4 4~q 

- t  

In November 1979, the California Public Uti l i t ies Commission (CPUC) application for:: 

Certificate of. Public Convenience and Necessity (CPCN) was sdbmitted. A decision 
.on the CPCN ~rom the CPUC was received August 19, !980. For both of these 
applications, engineering, environmental and economic analyses Were performed. 

" '  ' " "  " "  " ' "  .~' . . . . . .  . " '  . . . . . . . .  " ' '  ' . . . . . . .  . l~ 

A Prevention of Significant Deterioration (PSD) permit application Was filed with 
the EPA. $CE began obtaining the reqbired one year of monitoring data on the 
exi'sting site local environment in late 1979 and had submitted all data to the ErA 
by the end of 1980. With California standards being generally more stringent than 
federal regulations, no major problems, were'foreseen in obtaining the PSD permit. 
ThePSD p~rmit was approved • by the ErA on December 9, 19Bl. 

• , , 

S_olicitation of Participants 

Though'solicitiation of participants and spons~ors'is not an engineering activity, a 
I i ' .  

significant number of business and technical presentations have been made to a 
variety of potential industri#l and " * ut~li=y sponsors by Texaco, SCE, EPRI,'Bechtel" 
and 6E during Phase I and Phase I I  of the Program and these activities are 
continuing in Phase I l l .  : 

4-4¸ 

J,  

,j; i 



p P 

.'.... 

.;., '. ' 

• .¢, 

J, o' 

PHASE II - FINAL ENGINEERING 

The Final'Engineering ~ phase, which began on February 1, 1980, covers the 
engineering and detailed design of the plant, preparation of construction drawings 
and specifications, development of procurement specifications for material and 

equipment and preparation of operating, testing and maintenance procedures. This 

..-phase is estimated to last until the end of 1982. 

In the in i t ia l  months of this phase certain identified options'concerning the 

system configuration were evaluated, wii~h the aim of firming up the basic plant 
design arrangement, :..,: 

The Program coal, a Utah low sulfur bituminous, had been" .~elected and process data 
runs were made at Texaco's Montebello Research Labora~6r.i'es providing the data 
necessary to complete the process design. Further testing to obtain cenfirmatory 

data wasVperformed at .:.*..he 165 tpd Ruhrchem.ie~ fac i l i t y  in Oberhausen, West Germany, 

..,in late 1980..' 

'Specifications for major: gas plant compone ts were developed and issued, Bid 

• packages' for these components.were prepared and vendor selections made. 
'~,: , :  " :~t' * " • 

': !iajor engineering efforts are .proceeding on oneof the key subsystems, the 
:!:integr.ated control system. "The performance of this system, compatible with u t i ] i t y  

i ' 

system practices, rel~resents an. important commercial development required of tl~e 

...= Cool Water Program. 

While procurement is prlmarily a Phase I l l  activity, some limited procurement, 
,o 

involving long delivery major equipment and confined for the most part to vendor 

engineering, was authorized during Phase I f ,  

Phase II Wor~k . included.the following: 
. . .  

Perform plant configuration studies including: 

--  Steam cycle alternatives - Review of the suggested steam 
cyclewith consideration given to.steam conditions, heat 
recovery, steam generator duty and oxygen* plant compressor 

..... drive alternatives 

-- Plant control ~:Analysis of the plant control system to 
project the load-following characteristics, need for fuel 
gas surge tank and abi l i ty to transfer to a standby fuel 

4 - 5  
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Auxi l iary  s~eam - Consideration f o r  use of steam from 
existing oh~ite units= the'combined cycle unit on standby 
fuel,  or the addition of a new aux i l ia ry  boi ler for start-up 

Water consumption/balance - Analysis of total plant water - 
:requirements and methods of ~ecycle of blowdown, fines 
underflow, etc. ". 

Ash 'disposal - Determination of ash disposal or alternate 
uses and economic considerations associated with same 

--  Plant emissions - Emissions test ing and monitoring with 
fu l l -sca le  combustor to project a i r  qual i ty emissions . 

- -  Test program - Development of a detai led' test  program 
including a description of locations and types of data to be 
gathered, schedule of program and statement of objective~ for 
a l l  t e s t  modes, The purpose of  the t e s t  program w i l l  be ~o 
v e r i f y  techn ica l  design, operat iona l  con t ro ls  and 
environmental e f fec ts  

--  Operating requirements ~ Ident i f icat ion of O&M requirements 
including personnel, start-up and shutdown times .~. 

Perform gasif icat ion studies including: =.." 

- -  Syngas cooler - Optimization of syngas cooler system design 

-- Sulfur removal - Selection of the optimum method of sulfur 
• removal to achieve a minimum 97-percent-eff icient system for 

the design coal and for EPRI's high sul fur I11inois No. 6 
test coal 

Sulfur recovery - Determination of the most effective sulfur 
recovery plant to be used in conjunction with the sulfur 
removal to achieve a minimum 97-percent-efficient system for 
the design coal and for EPRI's high sulfur I l l i no is  No. 6 
test coal 

Oxygen storage - D~termination of the benefits of providing ;..'~" 
oxygen surge tank.::and storage capacity for periods of plant 
shutdown 

Coal preparation - Consideration of methods to achieve, 
handle and maintain proper coal s lur ry  concentrations. Study 
included actual tests of various types..of grinding/slurrying 
equipment 

•~° 

Perform s o i l s  investigations and prepare r~port 

Prepare plant design criteria, process flow diagrams 

Prepare heat and material balances, plot  plans, piping and 
instrument diagrams, electr ical one-lines, material selection 
guides and major equipment specifications and data sheets 

t :  

Obtain quotes on majOr, equipment, select vendors and begin vendor 
engineering ' 

"'~. 
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Prepare plant model 

Perform final engineering, including the preparation Of design 
drawings, construction drawinQs, equipment specifications and 
constructiqn specifications 

Prepare crit ical path method schedule for Phase I I I  

Formulate operations plan for Phase IV 

Prepare progress reports for the participants, as required 

PHASE I l l  - FINAL PROCUREMENT AND CONSTRUCTION 

Phase I l l ,  which began in December 1981, encompasses the procurement of the 
~emaining equipment and materials, the construction of the plant and a 
pre-demonstration period. This pre-demonstratlon period is planned to a11ow 
complete shakedown of the plant in the integrated mode, gasification plus combined 
cycle operation, prior to proceeding into the long-term operation period of 

Phase IV. 

With the beginning of Phase I l l ,  previously selected major equipment vendors were 

released for materials and fabrication and procurement of bulk materials began. 
Field construction was also started in December IgSl. 

Bechtel, the Engineer-Constructor, under the direction of the Program Office, 
provides the following: 

Procurement Services, including development of bidders' l ists, 
preparing inquiries, obtaining and evaluating quotations, 
recommending awards, inspection and expediting, publication of 
periodic status reports of major equipment and materials 

Construction Services, including direct hire and subcontracting 
construction:,iabor, f ield engineering, field supervision, 
temporary construction faci l i t ies,  procurement of field 
construction equipment and consumables; monitoring and reporting 
construction progress versus schedule, conducting of equipment 
and systems tests at conclusion of construction 

Pre-operational Testing Services, including procedures, materials 
and service engineers to assist Texaco and SCE personnel in 
preoperational cleaning, equipment testing and systems checkout 
prior to the pre-demonstration period 

After completion of pre-operational testing a pre-demonstration period, presently 

planned to last four months, wi l l  be ini t iated. This wi l l  allow suff icient time 

4-? 



p P 

to "debug" the fac i l i t y  prior to committing the plant to long-term, high capacity 
operation. Specific activities wi l l  include: 

In i t ia l  start-up of fuel plant with corresponding production of 
f i r s t  fuel gas . . .  

Operation of combined cycle on d is t i l la te  fuel 

Integrated operation of fuel plant and combined cycle at partial 
loads 

e Operation of integrated fac i l i ty  at rated conditions 

Prelimlnary load following tests of integrated fac i l i ty  to assess 
response to electric power generation demand 

Preliminary evaluation of performance and economics at normal and 
off-normal operation conditions 

PIIASE IV - TESTING AND OPERATION 

Following the pre-demonstration period, long-term plant operation is scheduled to 

begin in late-1984 and last for six and one-half years. 

Work efforts in Phase IV wil l include: 
. ,~,.'t 

e Operation of all plant fac~t,lities in accordance with 
pre-established plans to achieve project objectives 

Conducting of special process and equipment tests 
:, . -  

Testing of performance on Various coals, including EPRI's test 
coal 

Malntenance of all equipmei~t and systems 

Inspection of plant and eqffil~ment at regular  intervals  .:. 
.,. 

Monitoring of plant emissions and environmental performance 

• Reporting on operations progress and economic performance 

During the planned six and one-half year period of operation, an average capacity 
factor of 77 percent has been established as a goal. On a period basis, target 

• capacity factors shown in Table 4-I have been identified in order to achieve this 
goal. 
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TARGET CAPACITY FACTORS 

First Four Quarters 

Next Four Quarters 

Next Four Quarters 

Next Fourteen Quarters 

Average for 26 Quarters 

50.% 

73% 

80% 

85% 

77% 

Operation and maintenance of the fac i l i ty  during this period wi l l  be a joiot 

effort of Texaco and SCE and the electr ici ty produced wil l be delivered t~:,SCE's 

system. Southern California Edison wil l  supply the coal and wil l  pay the Program 

a fee for its processing into synthesis gas. This fee wil l pay for the Program's 

operation and maintenance costs and wil l  repayto each participant (except SCE) 

its net capital contributions to the Program on a proportionate basis with the 

actual plant capacity factor achieved versus the target capacity factor. 

In i t ia l ly ,  operation of the f a c i l l t y w i l l  be on the design coal, a low sulfur Utah 
bituminous. Subsequently~ participant coal wi l l  be utilized to demonstrate at 
commercial scale feedstock f lex ib i l i t y  of the gasiflc;ation combined-cycle system. 
EPRI has selected I l l ino is  No. 6 with 3.5 percent sulfur as its candidate coal and 
i t  is anticipated that other participants wi l l  also nominate coals expected to be 

used in subsequent commercial faci l i t ies.  

Since this plant represents unique integration of several processes and 

constitutes a single prototype for many future plants, i t  is imperative that plant 

performance measurements and equipment testing and monitoring procedures be more 

comprehensive than for a normal commercial fac i l i t y .  These requirements wil l  be 
met through the definition of a rigorous, comprehensive test plan, through 
performance of heat and mass balances on a11 major systems, extensive data logging 
and thorough equipment surveillance. 

As present ly  contemplated, a Program operations schedule is  summarized in 

Figure 4-2, This schedule allows at least two years for Program coal performance 
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and long-duration testing, the equivalent of six months of alternate coal tests 
which would be completed over a two-year period, wlth the remaining time allotted 
to long-term operation using the Program coal. 

t 

PROGRAM COAL 
PERFORMANCE TEST ~ " ~  

PROGRAM COAL LONG 
DURATION TEST ~ ' ' ~  

TEST COAL P'ERFORMANCE m r a m .  

8AIANCEO,: , ' , ,O . , ,A .  O ' - -  . . . .  
OPERATIONS 

COMPLETION OF PROGRAM 

YEAR 1983 1984 1985 1986 1987  1988 1989 1998 1991 

Cool Water Coal Gasification Program Operations Schedule Figure 4-2. 

The long-duration test operations using the Program coal wi l l  focus on the 

determination of the long-term re l iab i l i ty  of the process and the durability of 

process equipment (such as the gasifier refractory). The process wil l be operated 

in its optimum configuration as determined during the preceding Program coal 

performance test phase. Plant operations wil l  again be monitored thoroughly to 

determine such information as plant heat rates, environmental impact and operating 

l i fe  of cr i t ical process equipment. An important task wi l l  be the monitoring of 
materials using suitable measurements and inspections of the materials during 
forced outages and scheduled shutdowns. Training of operating personnel wi l l  also 
be addressed. 

Following the completion of performance and long-duration operations using the 
Program coal, a series of tests wil l  be performed using coals selected by the 
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participant~ of the Program. The plant operations using test coals'will follow an 
abbreviated version of:.the Program coal performance test program. Sh~rt-term 
performance tests wil l  be conducted with each coal to determine optimum process 

operating cr i te r ia . '  Following these tests, the process wil l  be operated 
continuously..for several weeks to obtain heat and mass balance data similar to the 

, ,  

previous Program.coal tests, These tests wil l  also yield performance.data such as 

plant heat rates. ' : '= - .  
• K . , ,  

PHASE V - PROGRAM COMPLETION :'~. 

After completion of the planned six and one-half year operation period, it'~is 
/ anticipated that the joint venture wi l l  be terminated. The Texac.o/SCE . c 
. ~  agreement provides distinct options for Program completion, including: ~. 

i SCE's purchase of the total plant for inclusion as an electric 
generating fac i l i t y  resource. SCE has the right of f i r s t  refusal 
for the plant 

a Another u t i l i t y  purcha~.ng the total plant for operation at the 
Cool Water Generating State|on or dismantling and relocation 

SCE could purchase a portion of the plant i f  no offer for the 
total plant is received 

m I f  neither SCE nor other parties purchase the plant or portions 
thereof, then the Program wi l l  salvage the plant and return the 

. plant site to its original condition 

/ 4-11 
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" .  Sect!on 5 

PROCESS AND PLANT DESCRIPTION 

GENERAL 

Coal wil l  normally be delivered to the plant by rai l  in unit trains and wi l l  be 

" unloaded from each hopper car and conveyed to storage. The coal w i l l  then be 
crushed and ground to the required si~e, slurried with water and fed to the 
refractory-lined gasifier. In the gaslfier, the coal and water wi l l  be reacted 
with oxygen (in an exothermic reaction), producing a raw synthesis, gas consisting 
primarily of hydrogen (Hy), carbon monoxide (CO), carbon dioxide (C02), and 
steam. Within the gasifier the coal ash wil l  be melted into slag, which wil l  be 

subsequent,ly quenched with water.and removed through a pressurized lockhopper 

system. The synthesis gas produced wil l  be cooled in the radiant and convection 
i, 

gas coolers to produce saturated steam (which wil l  be superheated in the combined 

cycle unit heat recovery steam generator), thus recovering and ut i l iz ing much of 

the process waste heat. 

The synthesis gas wi l l  pass through a wet scrubbi~.:..system to remove particulates 
and is then cooled to ambient temperature prior to sul~'ur'removal. Sulfur 
compounds, consisting primarily of hydrogen sulfide (H2S), wil l  be removed in a 
Selexol physical solvent sulfur removal system. A Claus sulfur conversion system 
and a SCOT (Shell Development Co,) ta i l  gas treating unit wil l  .receive a HyS 

stream from the sulfur removal unit for conversion to elemental sulfur for 

disposal or sale. The synthesis gas from the sulfur removal system wi l l  then be 

delivered to the combustion turbine-generator .~fter saturation with water for 

NO suppression. 
X 

The combined cycle generating system includes a gas turbine generating unit of 
approximately 65 MW capacity. The gas turbine.will be designed to operate 

primarily on the synthesis gas al~nough provisions are made for f i r ing a standby : ," 

diesel f . e i  o i l .  A ' . . . . .  ' steam.turbine wil l  be operated on superheatedsteam..J ,;' 
produced in the heat recovery steam generator, thereby increasing the overall 
effi.cienc~of the integrated gasification-electric generation system. After being 
cooled in the:~eat recovery steam generator, the combustion turbine exhaust wi l l  

be vented .to the environment, An overall block flow diagram of the system is 
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shown in drawing B73-SK-llO, A more detailed flow diagram of the integrated 
gasification combined cycle process is presented in drawing B73-SK-lOD (sheets 

I and 2). Drawings C20-SK-II6 and C20-SK-II5 show the overall site plan and plot 

plan, respectively. 

The coal selected as the normal operating coal (Prograt coal) is a high grade Utah 
bituninous coal from the Southern Utah Fuel Co. (SUFCO) mine. A summary of the 

coal's characteristics is shown in Table 5-I. 

Table 5-1 

PRO6RAM COAL CHARACTERIZATION 
(Typical) 

Proximate Anal@sis~ wt% 

Moisture 10.00 

Ash 9.45 

Volatile Matter 36.05 

Fixed Carbon 44.50 

U!timateAral~sis, wt% 

Moisture lO.O0 

Carbon 63.2 

Hydrogen 4.3 

Nitrogen 1.05 

Sulfur O.a5 

Ash 9.45 

Oxygen 11.55 

Hi~her Heatina Value 

As received: 

100.00 

ll,150 Btu/Ib 
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In addition to the Program coal, which wi l l  be the predominant plant feedstock, 
other Western coals and Eastern coals wi l l  be processed (each for about a 30- to 

60-dayperiod). Each Participant has been granted the right to run i ts  coal and 

each Spoosor can arrange to have i ts  coal run to demonstrate feedstock f l e x i b i l i t y  

in the commercial scale plant components. Sufficient sulfur removal and recovery 

capability, for example, has been incorporated into the design to permit 

environmentally acceptable operation on coals with as l i t t l e  as 0,35 wt% sulfur or 

with as much as 3.5 wt% sulfur, as in the EPRI I11inois No. 6 candidate coal. 

The quantity of syngas produced wi l l  be approximately 70 million standard cubic 
feet per day. A typical syngas composition is shown in Table 5-2. 

CO 

H2 

'CO 2 

CH 4 

Ar 

Table 5-2 

SYNGAS ANALYSIS FOR PROGRAM COAL 

Untreated Gas Clean Gas 
Mol. %* Mol. %* 

N2 

H2S 

COS 

Heating Value (Btu/SCF, HHV) 

*Dry Basis 

L 

41.34 43.53 

36.38 38.33 

21.42 17.39 

0.10 0.11 

0.16 0.17 

0.44 0.47 

0.15. 1S ppm 

O.Ol 55 ppm 

265.2 
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EXISTIN6 SITE FACILITIES 

The site of the Integrated Coal Gasification-Combined Cycle Project is Southern 

California Edison's Cool Water Ranch property in the Mohave Desert region of San 

Bernardino County(see Figure 5-I) .  This property is comprised of 2,500 acres, of 

which the existing station occupies approximately 16 acres. A photograph of the 

site is shown as Figure 5-2. 

The si te presently includes two steam electric generating units and two combined 
cycle units. Units I and 2 are conventional oil/gas-fired steam plants with 
respective capacities of 65 MW and 81MW. Unit l was completed in 1961 and Unit 2 
in 1964. Units 3 and 4 are combined cycle units which each use two gas turbines, 
two waste heat boilers and one steam turbine. The units each produce 236 MW of 

power and became operational in June and August 1978, respectively. 

GCC PLANT SECTIONS 

Coal Receiving, Storage and Handling 

A complete coal handling fac i l i t y  wil l  be provided for receiving, unloading and 

storing coal delivered by rai l  and for transferring the coal to the plant. 
Drawing B73-SK-lOl presents the process flow diagram for this system. All 
conveyors wi l l  be enclosed in walk-through tube type galleries. Dust control, a 
~o~bination of suppression and collection, ~ i l l  be provided throughout the coal 
handling system to control fugit ive du~t. 

The coal will be delivered to the plant by train in bottom dump cars with a 

capacity of lO0 tons each. The coal wi l l  have a nominal size of 2 inch x 0 inch. 

Railroad tracks and a track unloading hopper wil l  be provided to accommodate up to 

85 cars at one time. 

The coal w i l l  be unloaded at the track hopper, wh lchw j l l  ullload one bottom oump 

car at a time. An enclosure w i l l  be provided over the track hopper, also 

enclosing the car shaker which assists in unloading the coal. The 42-inch-wioe 

unloading conveyor w i l l  carry coal from the track unloading hopper to. the coal 

storage s i l o  f i l l  system at a rate of 1,200 tons per hour ( tph) .  The head pul ley 

for  the conveyor w i l l  be located in the s i l o  f i l l  system enclosure. A magnetic 

separator w i l l  be provided to remove tramp iron from the coal s t r e w .  These 

re jects  w i l l  be chuted to a tote box at grade. Periodic truck removal of the tote 

box accumulation w i l l  be made. 
2: 
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The system is planned to include two coal storage silos• The entire silo f i l l  
system wil l  be enclosed. A dust collection system wi l l  be provided to capture 

fugit ive dust generated by the f i l l i ng  operation and to minimize internal 

combustible atmospheres. Each storage silo will have a l ive capacity of 

6,000 tons. The bottom of each silo wil l  have four outlets with a bin activator, 
a rack and pinion shutoff gate and a vibrating feeder with a capacity of 200 tph 

at each outlet. 

Two ~O0-percent-capacity si lo outlet horizontal feed conveyors will transfer coal 

from the silo to the transfer house, onto a rising feed conveyor and then to a 

50-ton-capacity grinding feed bin. T~he rising feed conveyor, along with a back-up 

feed conveyor, wil l  be installed in a tube type gallery. Feed conveyors wil l  be 

24 inches wide with a cap~city of 200 tph each. 

Coal Grindin B and Slurrying 

The coal grinding and slurrying system consists• of two ful l-size trains of 

equipment to ensure continuity of operation. I t  is designed with f l ex ib i l i t y  to 
produce either a coarse grind or a fine grind specification. Each train is 

designed to process l,O00 tpd of coal feed (dry basis) and recycled fine ash and 

slag to produce the coarse grind specification, or 500 tons per day (tpd) of coal 

feed (dry basis) to produce a finer grind specification. One additional mill can 

be added at a later date to provide spare capacity for the fine grind operating 

mode i~-.~,ield op~ratlng experience.establishes economic, just i f icat ion. The 

process flow diagram is shown in d~awing B73-SK-102. 

Raw coal is carried via two parallel belt conveyors from the live storage silo 

into a 50-ton-capacity grinding feed bin. Coal is withdrawn from the feed bin and 
fed to a cage mill by a variable speed weigh feeder. The cage mill is sized and 

powered to reduce the maximum feed size to nominally lO0 percent smalle~ than ,.~. 
3/4-inch or to lO0 percent smaller than 4-mesh (U.S.). The crushed coal is fed 

• I n  vhe into a wet grinding rotating mill to produce the final grind distribution ":~ 

future, this mill may be modified i f  finer grind product is desired. The rotating 

mill is powered by a variable speed drive in order to allow for constant product~ 

particle size distribution at varying feed rates (60 to lO0 percent of des~:g~j~U~i; :: 

5-19 
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An automatic sampler is provided at the feed of the rotating mill. Screw 
conveyors are provided to recycle the oversize product from the rotating mill 
outlet screen back to the mill feed. The ground product is discharged into a sump 

tank and transferred by slurry pumps into either one of the two run tank~. 

An automatic control system measures and controls the coal feed rate (Ib/hr), 

measures the amount of recycled carbon, accounts for the amount of moisture in the 

coal (lb/hr) and calculates the additional amount of make-up water required at the 

rotating mill. The water valve is controlled in feed-forward fashion. The sump 
tank discharge slurry is measured with density meters in order to guarantee 
consistency and proper coal/water ratio and to adjust the water feed rate in 
cascaded feedback fashion. 

The slurry run tanks are provided with agitators to keep the solids suspended and 

to provide a uniform coal slurry to the gasifier. The system is designed to 

operate with both tanks fu l l .  One tank serves as a stand-by while simultaneously 

charging and discharging the other tank. A transfer pump is used to withdraw 

the slurry from the run tank and feed i t  to one of two high pressure, 

positive-displacement-type charge pumps. The charge pump is used to pump the 
slurry through a (future) steam slurry preheater prior to charging the gasifier. 

Coal Gasification 

The coal gasification system includes the coal gasifler, the cooling of the syngas 

and, f inal ly,  the syngas saturation and superheating. A process flow diagram of 

the gasification system is shown in drawing B73-SK-I03. 

The coal slurry feed, consisting of fresh 9round coal together with recycled fine 

slag and carbon, has a total solids content of 50 to 65 percent by weight. 

The coal-water slurry is fed through a specially developed burner into a 

refractory-lined gasifier reactor. Partial combustion with oxygen takes place at 
a pressure of 600 psig and a temperature in the range of 2,300 to 2,800F to 
produce gas consisting mainly of CO, Hy, CO 2 and steam. Most of the sulfur in 
the coal is converted to HzS and the balance is converted to COS. Nitrogen and 

argon from the' oxygen feed, along with most of the nitrogen from the coal, appear 

in the gas. The gas contains a small amount of methane, some unconverted carbon 

and all of the ash not removed in the form of slag. The gas is essentially free 

of uncombined oxygen. 
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The upper section of the gasifier is a refractory-lined chamber in which the coal 
slurry and oxygen are combined and the partial oxidation reactions take place. 
Hot raw s~gas and molten slag will. be discharged from the bottom of the reaction 

chamber to a radiant cooler. Hot syngas wil l  be cooled in the radiant cooler that 

• generates ~,600 psig saturated steam. The hulk of molten slag wi l l  sol id i fy in 

the radiant,cooler and drop into a lockhopper at the bottom of the radiant 

cooler. The slag wil l  be removed through a lockhopper system. The raw syngas is 

cooled further by generating 1,600 psig steam in a convection cooler. Although 

not included in the present design, cool syngas may be recycled to the inlet of 
the convection cooler to moderate the inlet gas temperature. The gas wi l l  then' 
exchange additional heat with boiler feedwater. 

The gas then enters the carbon scrubber where most of the fine particulate 

material is removed. The syngasjs contacted with water to remove particulate 

material. The last traces of particulate material in the gas are entrained in the 

water and the gas is completely saturated at this point, 

The essentially particulate-free syngas flows on to further heat exchange. First, 

the gas is cooled in a saturator heater by' exchanging heat with saturator 
circulating water and then is further cooled by a condensate heater. The gas then 
flows to'an air cooler and a trim water cooler where ~t is cooled to a final 

temperature of about IOOF. Water is removed from the gas in condensate separators 

following each cooler, The cooled, particulate-free gas flows from this point to 

the Selexol unit for sulfur removal, Condensate from the gas-cooling operations 

is pumped back to the carbon scrubber. 

The Selexol. unit removes most of the sulfur-bearing compounds. Upon leaving the 

Selexol unit, the dry syngas goes to the saturator where a counter-current flow of 

hot water saturates the syngas at about 325F, The water added at this point 

provides the bulk of that water required by the combustion gas turbine for the 

reduction of NO x emissions. After saturation, the syngas is superheated against 
economized boiler feed water, About 80F of superheat is needed for the protection 
of the gas turbine. 

:'A spare quench gasifier train may be added in the future as a backup to the main 

gasifier and syngas coolers. Instead of cooling the syngas by generating high 
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pressure steam, the hot syngas from the quench gasifier would be cooled by direct 
water contact in the quench chamber. This quenched gas would flow to the carbon 

scrubber for particulate removal. I t  would then be further cooled by an air-fan 

cooler before entering the main cooling train upstream of the saturator heater. 

Qx~gen Plant 

Oxygen wil l  be received by pipeline from a nominal l,O00 tpd oxygen plant owned 

and operated~by Airco, Inc., and located adjacent to the Cool Water Plant. Oxygen 

wi l l  be at 99.5 volume percent purity. Nitrogen wil l  be supplied at various 
pressure !~vels and 98.0 volume percent purity. The Airco Plant wil l  be able to 
deliver these two products to the Coo] Water Plant at the product specifications 
with a 98 percent minimum on stream re l iab i l i t y  factor. Should the oxygen plant 

shut down, 30 minutes of oxygen ~apor storage as well as 24 hours of liquid 

storage wil l  be provided. Process controls wi l l  be designed to ensure integration 

of the oxygen plant operation with the coal gasification plant. Tne oxygen plant 

wi l l  be capable of |gad-following demand of the gasification plant up and down 

from 60 percent to lO0 percent of rated capacit~ without the use of oxygen storage 

or venting. A process flow diagram of the oxygen plant is shown in drawing 
B73-SK-lll. 

Gasification Process Effluent Water Treatment 

The gasification process efflue~it water consists of a number of streams purged 

from the gasification process to limit the 6ui]d-up of dissolved minerals in the 

gasifier circulating water system. Before being discharged to the evaporation 

pond, this water is stripped of dissolved H2S ~ NH3, and CO 2. The primary 

sources of effluent water are blowdown from the grey water system, the SCOT unit, 

and the Selexol unit. The flash gas from the grey water system combines with the 

stripped overhead vapor. Thesystem is designed to process up to 80 gpm of water 

with a residual NH 3 concentration of about 200 ppm in the stripper bottoms. The 
overhead vapors are routed to the Claus plant for further processing. A process 

flow diagram of the unit is presented in drawing B?3-SK-104. 

The system consists of a sour water stripper, a thermosyphon steam reboiler, an 

airfan overhead condenser and associated pumps and controls. A 40,O00-ga]1on sour 

water storage tank provides stripper feed surge capacity. 
? 
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.A, s h and S lag  Handlin~q 

FI~ ash water from the radiant couler, lockhopper and carbon scrubber:contains 
fine ash'and unconverted coal. These streams go to the c]arifier where solids and 

water are separated. The recovered grey water is stored, Grey water return pumps 

are furnished to recycle the recovered grey water. The fly ash slurry is recyc]e~ 
to the coal grinding section. 

Slag from the lockhoppers is fed to a slag sump. A screen classifier separates 
the •coarse slag from the'finer material which contains some unburned carbon. 
Coarse slag from the screen classifier is discharged to a slag bin and then 
transported:by truck to an onsite disposal area, The fine carbon-contalning 
material from the screen classifier is disckarged to a recycle solids storage tank 
for recycling back to the coal grinding plant. 

Sulfur Removal (Selexol) 

A Selexol unit is p~ov~ded to remove sulfur compounds from the syngas. Selexol is 

"a proprietary process of the Norton Company for selective g~s purification. In 
this application, • i t  is designed to remove 97 percent of the H2S ana COS from 
the fuel-gas product, based on gasifying a design coal containing 0.7 percen: by 
weight of sulfur, while removing only a minimum of the C02.. This process 
employs a refrlgeFated solvent for sulfur absorption from the syngas in a 
counter-current tra~ed absorber column. Cooled gas at highpressure enters the 
absorber and contacts a counter-current stream of lean Selexol solvent. The hot, 

lean solvent is p~ped thro. ugh two exchangers which cool the solvent prior to : 
introduction to the absorber. Ammonia refrigeration is used to cool the lean :,~: 

solvent. The purified gas passes from the uni~ias praduct gas. The rich solvent 
from the absorber bottom is fed to the stripper where the absorbed acid ga s is :~ 

stripped from the Selexol solvent. The overhead gas is the acid-gas feed to the 
sulfur conversion plant, Drawing B73-SK-107 presents the p£pcess flow dlagram for 
the Selexol unit. ,: 

As an alternate case, coal containing 3.5 percent weight of sulfur could be used 

as feed to the coal gasification unit.  In this case, 97 Percent of the combined 

H2S plusCOS is removed from the fuel gas product by the Selexol sulfur removal 
system. The gas is treated to reduce H2S and C03 from 1.20 percent (l.14 

percent H2S , 0.06 percent COS) to 0.04 percent, The CO 2 content decreases 
from 1g.6 percent to 15.4 percent. The acid gases, containlng 17;4 percent 
combined H2S and COS, are released to the Claus sulfur recovery unit for further 
processing. 
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Sulfur Recovery 

Sulfur Conversion/Tail Gas Treating Plant. This plant consists of. two sections: 
a modified Claus-type unit and a SCOT tai l  gas unit. The absorber in the SCOT 

unit f i rst  concentrates=the HES in the acid gas which then flows to the Claus 

unit where most,of the HES.':.is converted to elemental sulfur. The tail gas from 

the Claus unit is further processed in the SCOT unit, Process flow diagrams of 

the two sections are shown in drawings B73-SK-108 and B73-SK-109. 

Claus Sulfur Conversion Unit. Combustion air is supplied by an air blower and is 
controlled automatically in proportion to the'rate, of acld-gas fed to maintain a 
ratio of H2S/SO 2 at 2:1 in the converters. A.gas analyzer in the plant tail  
gas line monitors the HzS/SO 2 ratio and feeds back a signal to the air 
controller for close adjustment of air requirements. 

• The combustion gas containing sulfur, H2S and SO 2 is cooled in theboiler 

tubes by generating medium pressure steam. The gas then passes to the f irst  
.r ' 

condenser. The f irst  condenser cools the. gas by generating more medium pressure 
steam. The gas is then reheated in the f irst  reheater before entering the f irst 
converter, 

Most..of the sulfur is produced in the f i rst  converter which is indicated by a 
larger temperature rise across this bed than in the other two stages. The gas 
then flows to the second sulfur condenser where the sulfur is condensed and 
drained to the sulfur pit. The second and third stages have similar reheaters, 

catalyst converters and condensers. The tail gas from the final.condenser is then 
fed to the SCOT tail  gas treating unit (TGTU). 

A1'i sulfur that is produced drains into the sulfur pit which is used for storage. 
The sulfur product .Is pumped from the pit to a truck-loading rack to be sold as a 
liquid product. 

Equipment sizing in the catalytic reaction section of the Claus plant is governed 
chiefly by the quantity of gas flowing through the plant, and is affected only to 
a secondary extent by the H2S content, With either low-sulfur or high-sulfur 
coal the acid gas separated by the Se~exol process is mainly C02, in about the 

samequantity. Thus, the catalytic section of the Claus plant can be mad~ large 
enough to handle the acid gas from high-sulfur coal with very minor added 

) 
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investment in steam generation for sulfur condensation. Tne Claus plant will 
recover about g6 percent of input sulfur from a coal feed containing 0.7 wt% 

sulfur and 97 percent from a 3.5 wt% sulfur coal. 
.; 

SCOT Tail Gas Treating Uni=t.: :'~ The SCOT unit serves two purposes. I t  f i r s t  

concentrates the H2S in the;'acid gas from the Selexol unit. After the Claus 

unit has removed most of t~is'.H2S , the SCOT unit reauces the amount of sulfur 
compounds in the Claus to i lgas to a level below the allowable atmospheric 
emissions l imits. The u n i t  consists of three sections: a hydrogenation section 

to convert sulfur compounds to H2S , a water quench section and an amine 
absorption unit for removal of the H2S from the tai l  gas before incineration. 
The acid gas stream from the amine stripper recycles to the Claus Plant. 

Power'.Generation 

The power plant wil l  use the clean gas produced by the gasification plant as fuel 

to be but;ned in a combustion turbine to generate electr ic i ty,  The exhaust from 

the combustiqn turbine is used by the heat t:ecovery steam generator (HRSG) to 

produce ste=, which is combined with the steam produced by the gasificaHon plan.t 
.syngas coolers. Process steam wil l  be provided to the sulfur remov.~l and recovery 
plants. The) total steam produced';b2 the HRSG and the gasification plant is used 
to produce additional electr,!city via a steam turbine, 

':..,. 

Major components of the power plane consist of the following: 

• Combusi'..ion Turbine Generator 

• Heat Recovery Steam Generator (HRSG) ,. 

= Steam Turbine Genera.~or 

Combustion Turbine Generator. The combustion turbine generator is a base-mounted,' 
simple cycle, turbine generator.unit rated at B8,625 kVA at .80 power factor, 3 
phase, 60 Hertz and 13,800 volts. 

Because fuel gas produced by the coal gasification plant is a medium Btu gas, the 

standard combustion turbine will have to be.,inodified. The modifications ?' 
required in order to bur.n medium gas eff iciently and cleanly are as follows: 

. ;  

• i "  • New f u e l  nozzles . .  

New fuel gas supply system to accommodate the high volume of gas 
required .. 

2, 
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Several design configurations of the new nozzle were fabricated and checked in a 
testing fac i l i t y  built for .this purpose. During the testing, l ight-off 

capability, mechanical perf.ormance, thermal performance; emission pe'rformance and 

design capability of the new parts were analyzed and final designs were selected. 

The combustion turbine generator consists of inlet.and exhaust plenums, control 
cab, accessories compartment, turbine compartment and the generator excitation 
compartment including a water-air cQoled generator. Diesel fuel w i l l be  used 
during gas turbine start-up and shutdown. Steam injection wi l l  b@ used for NOx. , 
emission, control. Provision wi l l  be made to install a future air pre-cooler to 
improve the efficiency of the gas turbine. A complete heating, ventilating, : 

air-conditioning and..fire protection system wil l  be provided for the gas:turbine. 

The combustion turbine generator is also provided with a remote combustion turbine 

starting and supervisory control panel that wil l  be located in the central plant 

control room. 

Rear Recovery Steam Generator. The heat recovery steam generator (HRSG) is 
designed in accordance with the ASME Boiler and Pressure Vessel Code, Section I. 
The HRSG is designed to ut i l ize the hot exhaust gas from the combustion gas 

turbine to generate a continuous:,and sufficient supply of superheated steam at a 

pressure of 1,450 psig and temperature of approximately 950F. The HRSG is 

composed of three convection sections: the superheater, evaporator andeconomizer. 

The superheater is composed of rows of tubes in multiple passes connecting.the 

inlet and outlet headers. Steam flow through the superheater is counterflow to 
the exhaust gas flow for auxiliary heat transfer. The evaporator is a 
multiple-row, two-pass evaporator which provides for unrestrained tube expansion 
through the use of free,floating return bends (U-bend type cor;truction) at the 
end of the evaporator, Tlle U-benddesign also provides balanced steam output from 
the parallel circuit . in the evaporator. The U-bend tubes are welded to two groups 

of large vertical headers, which in turn are welded to s t i l l  larger horizontal 

inlet and outlet manifold headers. The inlet header is connected to the HRSG 

circulating pump discharge and the outlet.header is connected to the IIRSG steam 

drum. This arrangement provides maximum resistanGe.,to thermal shock and gives 
quick start capability. 
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The economizer provides counter-flow heat transfer between the water and the 
exhaust gases. The connecting pipe between t~e steam drum and economizer, 
referred ~o as a "Hartford Loop", prevents the draining of water from the 

economizer during operation, start-up and shutdown. 

The HRSG produces approximately one-fourth of the total saturated steam produced 
by the overall plant (the other three-quarters are produced by the syngas 
cooler). The HRSG superheats the combined saturated steam'i~approximai:e13.l,550 
psig) produced by the HRSG and syngas cooler to about .g5OF. 

• . " .  

Steam Turbi~e-Gen~rator. The steam..turbine-generator is a standard, base-mounted 
unit, rated at approximately 67,500 kVA at O,gO power factor, 3-phase, 60-Hertz, 
13,800 volts. The steam turbine is a single-casing condensing arrangement 
consisting of a single-flow, high-pressure section and single-flow, low-pressure 

section. The unit is designed for rated throttle steam conditions .of 1,365 psig 
and l,OOOF, and for 2.5 inches of Hg(Abs.) back pressure. The turbine .casing is 

equipped with two uncontrolled extractions to supply medium and low-pressure steam. 
C' 

The steam produced by the HRSG unit passes through the steam turbine to generate 
additional electrical power in t.h.e.c,ombined-E:ycle arrangement. The normal 
operating mode consists of the steam"turb~'ne operating on inlet pressure control 
to accept all steam produced by the HRSG unit, A variable inlet pressure control 
optimizes the thermal efficiency of the turbine and minimizes erosion problems 

which could occur i f  the inlet steam temperature dropped below the desired level. 

The range of. operation on inlet pressure control approximates 25 percent to lO0 
percent of. ratings. During •start-up, the high-pressure (main steam) bypass valve 
discharges steam directly to the condenser to establish init ial flows and pressure 
levels. This bypass valve is also used during shutdown to ¢llow the turbine to be 
tripped while operating at a relatively hl~h temperature. 

The steam turbine control system (STC) incorporal;es turbine auto start logic, 

control of turbine acceleration and loading, generator synchronization and steam 

pressure control b the bypass valves and steam turbine. In addition, the turbine 
generator monitoring and protective circuits, are incorporated into the STC. 
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turbine andbypass valve system includes the following features: 

Inlet stop valve 

Multiple cam-operated contro] valves with hardened leak-off 
bushings and valve stems 

High-pressure steam, bypass valve with actuator and position 
feedback device 

Motorized drain valves for turbine casing, steam seal system, and 
above/below stop valve seats 

Automatic steam seal system 

Shaft packing vent system with blower and after condenser 

Turbine control system ,(STC) - Incorporates automatic starting, 
loading, stopping, monitoring, and protective functions. The 
high-pressure bypass, turbine main.control, stop valve and 

synthetic gas cooler bypass to condenser are under STC control. 

High-pressure hydraulic system with f ire resistant fluid, duplex 
pumps, coolers, f i l ters and-integral fluid conditioning unit 

Electronic overspeed governor and t r lp with solenoid tr ip and 
-exerciser for on-line ~esting 

Lube 6il system with tank, pumps, coolers, valves, vapor 
extractor, gauges, pressure and temperature devices 

Turning gear, motor-operated with provisions for automatic or 
' manual engaging and cranking .. 

Metai~lagging for high-temperature parts of the turbine, with 
vibration dampening material sprayed on inside surfaces as 
required by design 

Steam. Condensate and Boiler Feedwater S~stB~ 

i'To maximize efficiency and to minimize cost of the overall plant, an integrated 
coal gasification/power plant steam, condensate and boiler feedwater:~systefn is 

provided. 

The steam production system is composed, of the synga~ cooler (SGC) and the heat 
recovery steam generator (HRSG). High pressure saturated steam (l,60O psig) is 
produced by the SGC and is transferred L• the HRSG drum~ The HRSG produces high 
pressure saturated steam (1,550 psig) in its evaporator section by uti l izing the 
hot combustion turbine exhaust gases. Both the saturated HRSG and SGC steam are 

superheated inthe HRSG's superheater section to a temperature of approximately 
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950F at a pressure of 1,45Q psi 9. This superheated steam is then used by the 
steam turbine generator for electric power generation. 

The steam turbine has two uncontrolled steam extractions. The higher pressure 

(250-300 psia) extraction provides medium pressure steam at a temperature of 
approximately 60OF. This medium pressllre steam is desuperheated to 500F and used 

by the combustion turbine for ND x contrDl and in the gasification process area. 
The lower pressure (21-3] psla) extraction provides low pressure stea m to the 
deaerator for feedwater deaeratlon. 

.Some of the medium pressure steam is let down and desuperheated to ]15 psia for 

use primarily in the Selexol and sour water stripper reboilers. This steam is 

further reduced to a 59 psia steam level used wholly within the sulfur 

converslon/tail gas t reat inguni t .  This unit also produces steam at several 

levels. Sulfur condensers produce 600 psi9 steam both for internal use and for 

export into the medium pressure steam header. Some 59 psia steam is also 

produced. An 18 psia steam header receives steam from a sulfur condenser and from 
flashed boiler blowdo~n,,~he header floats on the deaerator pressure. 

Because of the large duties of the power plant turbine generator, most of the 
steam consumed by the plant wi l l  be condensed and recovered. Condensate recovered 

from the vacuum system is collected in the condenser hotwell where make-up from 

the condensate t~ansfer system is added. The condensate is then pumped through 

the condensate heater where i t  picks up heat from the syngas being cooled and into 

a deaerator where i t  is mixed with returning hot condensate from process users in 

the gasification plant and deaerated by low-pressure steam. The deaerated 

feedwater is then pumped to the boilers for steam production and to gasification 
plant users by constant speed pumps. The s~ngas cooler steam generator receives 
the major portion of i ts feedwater via the HRSG steam drum. Interc~ediate and low 

pressure users are supplied through a pressure reducing station located in the 

gasification plant header. Facil it ies are provided tg.add chemical treating: 

agents and an oxygen scavenger to the deaerated boiler feedwater supply, Blowdown 
water from boilers is discharged into the cooling tower basin where i t  is used as 

part~Bl make-up to the:circulating water system. 
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Plant E1ectrlcal Systems 

The integrated;plant electrical system consists of the following three divisions: 

i 13.8 kV generator main transformers and connections to the 
existing 230 kV transmission switchyard 

i 4.16 kV power system, main auxiliary transformers and connections 
to the 13.8 kV generation 

• The power supply to the integrated plant auxiliary loads at 
various voltage levels 

The electrical main one-line diagram is'shown in drawing E40-SK-II3. E~ch of the 
three divisions is described in the following subsections. 

]3.8 kV Generation. The !3.8 kV generation consists of a gas turbine generator 

and a steam turbine generator, each wye-connected and grounded through a 

distribution type transformer loaded by a resistor on the secondary side. Each 

geilerator will• be provided with excitation and voltage regulation systems, field 

application equipment, the required current and potential transformers, associated 
controls, surge protection, synchronizing, protective relaying, metering and alarm 
circuitS..The excitation system wi l l  have a high speed, response. 

Generator Connections to Existing 230 kV Transmission.Switchyard. Eacil 13.8 kV • 

generator wil l  be connected to a 13.8 kV delta winding of the three-winding main 

transformer .through a generator synchronizing outdoor air circuit  breaker by means 

of a metal-enclosed, 15 kV cable bus. 

~'~z':~; 

The 230 kV wye winding of the main tran:s?ormer will be connected by an overhead 

power line to a spare position in rife existing 230 kV transmission switchyard. 
The connection wil l  require the installation of a 230 kV power circuit  breaker 
with i ts required disconnects. 

61 

"L 

Each 13.B kV generator system, including the main and main auxiliary transformers 

and the 230 kV power circuit breaker, wi l l  be provided with the required current 

and potential transformer, lightning and surge protection, synchronizing chec~c, 
protective relaying, metering and alarm circuits. 

"D 

4.16 kV Power STstem. The 4.16 kV power system can be supplied 4,16 kV power from 

either of the following two sources: 

,,":,. 

5"46 



? 

1 I • 

"T ~'=+' ~'T ~'=:'̀ ° 
COAt. GRINDING COAl. ORIIICIIN6 

: b 

// 

* * [ l 
I a S 
$ I o 

I ~ u  

I ~ 1 

r - ~  ~,~,-~ " 
f 11 l*~i l},~k 

i ~  ceom 
| , lp~l  • 

t~  LA* ,~cc t ~  t ~  

c~R 

'T ........ T / T 
B A L N ¢ I [  01: PL;~IT ~ [ I ~ I ¢ ~ T | ~ I  P k l ~ T  CJ~SIGICATIOX ~ . A N T  SUL~LI~ PI. I~T • q~ um : ' 

• * ~ .  u.,~. |o I [ ; .  ~ ,  I t  

I . N i l  

sip 

| I ~  

~.~A t l l ~  r o l l  
t3 , I t l .  |IGi 

is ~pL 

tal l  

'i:.i': 5-47 



p P 

4.1GKV KCC LR1 

13,~ i , t ImP 

t 

WATE R S Y S T E M S  
i ~ ,  o l ,  e 

c~¢ c ~  wu.a 

- - i i  I 4,LEXV HCC 1/~2 
.I~ ~." 

lel l l l&T|M I[|II~Ill Iml lllll II~I HIll ~ l ~ I  ~ l q l  ~ ill( I ItItlll 
~MP i ~ 1  I I M I  & ~ l l  I ITll IL1~l 

FVU~ ~alPI 

I)e~I ~;,K v 

m 

COOL WATER COAL GESIRCAI~, _M PROGRAN 

ELEOITllCAL 
.I~XN ONE L I ~  DIP~I~  



P P 

From the gas turbine-generator through the main auxiliary 
transformer 

From the 230 kV power system through the main transformer and the 
main auxiliary transformer 

The power supply to the 4.16 kV power system wil l  be from the main auxiliary 

transformer, This transformer wil l  be connected to the gas turbine-generator 

13.8 kV bus on the load side of the generator 13,8 kV air c i rcui t  breaker. I t  

wil l  be delta-wye-connected with the neutral grounded through a resistor sized to 

l imit  the ground current to approximately 400 amperes. The main auxiliary 

transformer wi l l  be within the differential protection zone of the main 
transformer. 

All motors larger than 200 hp will be powered from the 4.16 kV motor control 

center (MCC) with their controlling equipment located in the MCC. The controlling 

equipment for each 4.16 kV motor wil l  consist of a combination aisconnecting fused 

switch and an electrically operated controller with: 

• Overload current protection for the motor 

• AC control transformers supplying the control circuits 

• Ground protection 

= Thermal overload protection 

• Wattmeter and ammeter . 

Power to each of tile 480-voI~ MCC unit substations will be;supplied from the 

4.16 kV supply buses through a 4.16/.48 kV delta-delta connected transformer. A 

ground-detectlng circuit wil l  be furnished foi ~ each 480-volt bus. Each motor that 
"c 

is supplied from a 480-volt MCC unit substation wil l  be c~ntrolled by a 

combination manually operated, magnetic-trip circuit breaker and an electrically 

operated starter. The nonrotating loads and equipment with integral controls wi l l  

be fed through a manually operated, thermal-magnetic circuit breaker. 

The 125-volt dc system will consist of one 125-volt dc battery, with a main 

125-volt dc distribution panel~ and two 480-volt battery chargers. Each battery 
charger wi l l  be furnished to float-charge its battery and supply the normal 
continuous dc control load. The dc system wil l  be ungrounded and equipped with a 

ground detector for continuous monitoring of ground-fault current. 
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The battery wil l  be sized to handle the following combined loads: 

The steam turbine generator 
emergency oil  pump 

Operatin 9 Duration (hrs.) 

l 

e Control and indication , 1.5 

• Vital instrument UPS system 1.5 

A 120-volt ac vital instrumentation power supply bus wil l  be provided to serve 
vital plant ac instrumentation and controls, and will normally be powered by the 
dc/ac inverter (UPS system). 

A separate IEO-volt ac regulated bus wi)l ~e provided for loads requiring 

regulated ac supply.: In addition, this source wil l  be used as a backup supply for 

the vi tal  instrumentation power supply bus in case of inverter failure. 

Instrumentation and controls requiring unregulated ac power wil l  be fed from 
distribution transformers and panels mounted in the 480-volt MCC's as required. 

Lighting and low-energy auxiliary loads wil l  be supplied from the 120/208-volt or 
from 271/480-volt solidly grounded lighting system. Lighting for each plant 

operating area wil l  be supplied from at least two circuits fed from separate power 

sources to preventcomplete loss of lighting on failure of equipment or wiring. 

Locally mounted wall packs wil l  provide emergency lighting for exits and cri t ical 

areas. Outdoor lighting will be provided for operating areas and wil l  include 

parking lot lighting and road lighting to match the existing installation at the 

Cool Water site. 

The electrical design for each unit wi l l  be based on centralized controls for 
monitoring and protection with a minimum of local control stations and switches. 

The steam turbine and the combustion turbine generator units w i l l  be capable of 
operating'in parallel with each other and the 230 kV grid system. The controls 

provided wi l l  maintain the required output, frequency, voltage and continuity of 

service demand. These controls wil l  also provide protection to plant personnel 

and equipment under all operating conditions. To obtain operating re l iab i l i ty ,  

the basic design of electrical equipment wil l  be such that the necessity for 
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tnterlock~ is  ndntmtzed and the requirement for  control functions is  also 

minimized, Control devices and monttortng.,devtces necessary for  start-up, 

shutdewn, normal and emergency operations w~11 be provided in the control room. 

P 

Protection of e lec t r ica l  equipment.will be accomplishedbymeans of coordinated 
rel~Ly s2stems= fuses and c i r cu i t  breaker or contactor operations. 

An automatic and manual synchronizing s~stem wi l l  be prov ided:wi th :  

• Speed matchihg 

• Voltage matching 

• Breaker closing 
¢ . :  

. ~  , ,  

Each generating unit,  the main transfomer and the main stat ion auxi l iary 

transfomer w i l l  be provided with protection which includes: 

. o  

Each generating unit :  

Di f ferent ia l  (uni t  and transformer) 

• Negative sequence overcurrent 

• Overexcttation 

• Loss of t~ield 

• Generator ground 

• : Generator f i e l d  ground 

e Stator over temperature 

e Synchrocheck 

• Reverse power 

• Primary and backup lockout re]~LYs 

Main, auxi l iary and reserve power transfomers: 

• Bi f ferent i  al 

e Phase overcurre=~t 

e Neutral overcurrent 

• Sudden ( fau] t )  pressure 

• Overtemperature 

• Lockout relay 
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The 4,160-volt bus will be provided with voltage actuated bus differential 
protection, bus overcurrent and underTvoltage protection. 

The grounding system will be a ground grid, consisting of buried bare copper cable 
meshes and ground wells with copper anodes installed below the water table low 
level. The grid:will extend throughout all areas, including interconnections t o  
the existing grounding grid for Units 3 and 4 generators and the switchyard. All 
electrical equipment, all switchgear ground buses, all electrical motors~building 
columns, transformer and generator neutrals will be connected to this grounding 
gr!d. 

cdmmunications System s. 

existing plant equipment, and all wiring and racewayswill be provided for 
intraplant communication. All locations, including the switchyard and butlying 
areas dictated by the overall plant operation requirements, will be covered. 

Telephone sets and public address speakers similar to the 

OTHER SUPPORTING SYSTEMS 

Flare S~st.em 

The f lare system disposes of excess gas during star t -up,  emergency re l ie f  and 
abnormal operational trans.ients. At start-up, the syngas stream vents to the 
f la re  on pressu R control unt i l  the gas turbine switches entirely, to syngas 

f i r i n g .  Syngas is  also vented to the f lare for  b r ie f  periods during abnormal 

operation when gasi f ier  syngas production exceeds turbine demand. This too, is  on 

pressure control. Should an upset condition require emergency re l ie f ,  a f la re  

knockout drum will f i rs t  separate out any liquid water and the remaining gas will 
then burn in the flare. The water is pumped back to the grey water system. 

Coolin 9 and Make-up WaLer S~tstems 

The integrated plant cooling water systP.m provi des cooling water to remove the 
heat loads generated in the power generation equipment and the coal gasification 

I t  consists of the fol lowing subsystems: 

. Cooling tower 

Circulating water system 

Closed cooling water system 

Chlori nati on system 

plant. 

o 

m 

~:°, • 

i. 
o .  
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• Each of the subsystems is  described in the fol lowing sections: 
The cooling tower circulating water system uti l izes a mechanical-draft, 
evaporative cooling tower to remove approximately 392.8 x IO B Btu/hr of'heat 

from the...power plant condensers, closed cooling water system and auxil iary. 

equipment in the coal gasif icationplant. Clarified water= averaging 

approximately 810 gpm, is provided by the plant well. water system to the cooling 

tower basin to compensate::.for losses caused by dr i f t ,  evaporation and blowdown 
fromthe cooling tower. Blowdown from the steam, condensate and boiler feedwater ' 
system is  routed to the cooling tower basin to pr.ovide part of make-up and to 
minimize water consumption. The r.ircul~ting water • system consists of the 
mechanical-draft cooling tower, two half-capacity circulating water pumps, two 

" full-capacity open cooli ng pumps and the necessary piping, control s and 

i nstrume nt ati on. 

The closed-loop cooling watersystem is designed to remove 21 • x 106 Btu/hr of 

heat load generated by the gas turbine, steam turbine and the coal gasification 

.auxiliary equipment. Cooling water is supplied to the various equipment at 95F 
and the heated cooling water is returned to the shell side of the cooling water 
heat exchangers at ]05F. The total  design flow for  the closed cooling water 
system ts 4,140 gpm. Circulating water at 81F is  used to remove the heat load 
from the tube side of the cooling water heat exchangers.. Makeup to the closed 

cooling Water system to compensate for leakage losses is provided by the combined 

cycle condensate system. The system consists of an atmospheric cooling water 

surge tank= two half-c~Facity cooling water heat exchangers, three half-capacity 

cooling water pumps, a manual chemical feeder and a closed-loop piping network 

with con,ections to the coal gasification plant and the power plant. 

The chlorination systems equipment is housed in a separate chlorination building 

located adjacent to the plant main cooling tower, The chlorinators, control panel 

and leak detector are in an enclosed and ventilated chlorinator room..,. The 
evaporator, expansion chamber, chlorine cylinders and one-ton containers are in 
the adjacent evaporator room. Liquid chlorine flows from the manifold of the . 
one-ton containers to the evaporatox; of the main cooling tower basin'chlorination 

system and the service water storage tank chlorination system. Gaseous chlorine 
flows from the I50-pound gas cylinders to the potable water, chlorination system. 

t 

The main cooling tower chlorination system is an automatic chlorine injection type 

where liquid chlorine flows into an evaporator, then to a chlorinator with 

injector and f ina l ly  into the cooling tower basin' via a diffuser. 
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The service water storagetanR chlorlnation system is a continuous t ~ e  where " 
chlorir~ flows into a 150-pounds-per-day-capacity chlorinator with.an i.njector. 

i 

The potable water chlorination system is a continuous type where gaseou~ chlorine 

flows into a 20-pounds-per-day-capacity chlorinator with an injector. 

Plant Water System. The plaht water system is designed to meet the overall water 

requirements for the integrated coal gasificatlon/power generation plant. The . 
plant water system.consists.of the..f?l~iowing subsystems: 

e Well water supply system 

• Potable water system 

• Service water system. 

m Demineralized water and condensate system 

e Chemical injection system " 

• Waste disposal syste~ 

The Well water supply system provides a supply of raw water to the service water,. 
potable ~ater,'circulating water and firewater systems. The system consists of a 
single water well, a supply llne, and a control system dedicated to the integrated 
coal gasification/comblned-cycle power plant as well as three deep wells, pumps, 
piping and controls which already exist to supply SCE Cool Water Units 3 and 4. 

Well water discharged from the well pump is distributed to three locations: the 

service 'water storage tank, the circulating water system cooling tower basi'n and 
the potable wate~ storage tank. 

The potable water system provides a continuous supply of water for emergency 

eyewash showers and various domestic uses. The system consists of a potable water 
storage tank, two potable water pumps, piping and controls. 

The service water system provides a continuous supply of chlorinated water for 
plant u t i l i t y  uses. The service water system consists of a service water storage 
tank, two service water pumps, piping and the necessary controls and 

instrumentation. Seryice water is distributed to the various plant users by the 
service water pumps which take ~uction from the service water storage tank. 

Normal fu l l  load operation wil l  have one p~p in service with the other as standby. 
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The demtneraltzed water and condensate system shares a large demineraltzed water 
storage tank and a commonspare demtneraltzed water transfer pump with SCE Units 3 

and 4. The SCE Units 3 and 4 demineralizatton system.maintains a 24-hour supply 

of demineraltzed water in th is tank for SCE Units 3 and 4 and Cool ~ater GCC Plant 

fu l l - load operation shouid the demineraltzation system fa i l .  Unoer normal 

conditions, the transfer pumps maintatn the level of the integrated coal 
gasification/combined-cycle condensate storage tank. 

The chemical injection system provides for the addition of sulfuric acid and a 

proprietary corrosion inhib i tor  to the circulating water system; Chlorine is also 

added to the various water systems as described in the preceding section. The 

sulfur ic acid is added to maintain a pH between 8.0 and 9.0. Each of the chemical 

injection systems has a bulk storage tank"and dedicated meterlng pumps, 

A waste disposal system is provided to collect and transfer to the evaporation 

pond waste drains from the power generation area (other than cooling tower 

blowdown and the sour water str ipper bottoms ~ tch  discharge directly to the 

evporation pond). The power generation chemical waste system consists of three 
headers discharging into the retention basin. Power generation oi ly waste flows 
to an 0i1 waste sump containing two progressing cavity pumps which pump to a 
coalescing plate o i ly  waste separator. From the separator, the waste flows by 
gravity to the retention basin. Accumulated waste water ts transferred from the 
retention basin to the avaporation pond with two retention basin centrifugal sump 

pumps. Lines leading to the evaporation pond are al l  headered together so that 

only one line actually runs to the evaporation pond. Any sludge accumulating in 

the retention basin is removed periodically. 

Pl, ant Air 

The compressed air system provides instrument air  which ts clean, oi l - f ree and 
dried to a dew point of -4OF, at a maximum pressure of 125 psig for  pneumatic 
instruments and controls. This system also provides clean, ot l - f ree (but not 
necessarily dry) air for maintenance air base stations located throughout the 
plant. 

The compressed air  system consists of two identical nonlubricated reciprocating 

skid-mounted air compressors each rated at 669 scfm, two air  receivers, two a i r  

dryers each rated at 6pO scfm, and al l  necessary instruments, valves and piping. 
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The air compressors are provided with .a lead-and-follow control arrangement in 
which the lead compressor runs Continuously and laalntalns 'the pressure within the 

i 

set pressure range by loading and unloading. The follow compressor will start 

automatically when the lead compressor is  no longer able to maintain the set 

pressure range. 

Auxi l iaries 

The proper and efficient operation of the integrated coal gasification/combined 

cycle power plant requires other auxiliary systems in addition to the systems 

previously described. The follewing paragraphs briefly describe these systems. 

Nitrogen. Nitrogen requirements for Cool Water have been identified for three 

pressure levels. 

. Low Pressure - 80 psig 

e Intermediate Pressure - 250 psig 

• High Pressure - lO00 psig 

The basic use of nitrogen is for purge and blanketing of the equipment. 

uses by system are: 

o 

t 

• . . . . .  

Low pressure system - 80 psig 

--Blanket grey water system ~ 

--Purge 1ocl~hopper flush drum :~-'.:.::.:. 
Z : ; :  

--Purge f lare stack ,~, 

--Pressure a i r  cannons and coal feed hopp~r and slag bin 

--Purge from the carbon scrubber through to fuel skid of the 
gas turbine on start-up 

o, 

--Purge the gasi f ter,  syngas cooler and c'arbon scrubber 
following shutdown 

--Supply inert  gas to the SCOT Unit for :cata lyst  conaitioning 

--Blanket entire system includinil HRSG on extended shutdown 

I ntermedi ate Pressure System -";'5=, 0 psi g 

--Purge the gas turbine fuel skid piping system following a 
• fuel switch. 

The major 

" "  .L" 
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High Pressure System - 1,000 psig ' ' :  

--Purge the gaslfier burner ~Y:; 

--Purge the temperature measuring devices on the gasifier 

--Seal the shaft on the f ly  ash dump valve at the bottom of the 
syngas convection cooler riser 

The above systems w i l l  consume an average of 110 scfm. The available nitrogen 
supply from the Airco Oxygen Plant is 200 scfm at 80 psig at design rate. The 
detai ls of the system(s) for supplying the d i f ferent  pressure levels required ana 

the high instantaneous rates of purge are current ly under invest igat ion. 

Natural Gas, Natural gas is required continuously for the flare system pi lo t ,  

space heating, furnace pilots and laboratory uses. I t  is also used in the 

gasifier warm-up as well as in the Claus/SCOT Unit. start-up and shutdown when 

syngas is not available. ~e gas wil l be supplied through a t ie- in  with the 
natural gas distribution system in the existing Cool Water fac i l i ty .  

Diesel. The diesel fuel system suppltes dtesel fuel to the combustion gas turbine 
aS an alternate fuel for"both start-up and shutdow, operations. The diesel fuel 
system wi l l  be interconnected with the exist ing diesel fuel system of SCE Units 3 
and 4, and wi l l  u t i l i ze  exist ing Units 3 and 4 transfer pumps to transfer from the 

exist ing diesel fuel o i l  tank to a new 500-gallon surge tank. A skid-mounted fuel 

forwarding pump supplies fuel from the surge tank to the gas turbine fuel 

d is t r ibu t ion  system at the required flow rate and conditions. In ad{tition to the 

pump, the fuel forwarding skid includes a st ra iner ,  e lect r ic  fuel heaters, control"  
components and a f low meter. • : : , ;  , 

, . .  , ? ' .  " ; ,  

Lube Oi l ,  A lube o i l  conditioning system is provided for  the col lect ion,  storage, 
pur i f icat ion and t ransfer  of lube o i l  for  use in the combust'ton and steam turbine 
lube o i l  systems. 

The lube o i l  conditioning system consists of a clean oi l  storage tank, a d i r t y  oi1 
storage tank, a centrifuge-type oil purifier, a tube oil transfer pump, a lube oil 

unloading pump, and al l  necessary instruments, vaives and interconnecting pipe; 

Lube oil is transferred from the unit reservoir to the dirty oil tank by the 

posit ive displacement-type lube o i l  unloading pump and ..is returned from the clean'.. 
oi l  tank to the reservoir by the lube oi l  t ransfer  pump .via the pur i f i e r .  
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Moisture and particulate contaminants are removed from the turbine lube oi l  by.the 
purifier which is a self-contalned unit with bui l t - in feet.and discharge pumps, 

Slag Disposal. Slag produced in the gasification process "is separated from the 

main process and conveyed to a slag surge bin, Fromthere i t  is trucked to an 

onsite disposal area. This disposal area is enclosed by a dike and linea to 

prevent seepage. An underdrain detection.system allows'.periodic inspectl.on for 

liner leakage, 

Eya&aration Pond. :Waste water from the integrat~d coal gasiflcation/comblned, 
cycle power plant Si l l  be routed to the existing evaporation pond. The:f30 acre 
pond is designed for an evaporation rate of 80 inches per year and wil l 
accommodatethe increased load. 

Fire Protection 

The f ire protection..system consists of an electric-motor-driven f l re water pump, a 

combination service water/fire water storage tank with 200,000 gallons dedicated 

f i re water portion', ana an underground piping loop serving f i re hydrants and hose 

racks and reels, with monitors aid deluge systems protecting major plant hazards. 
The coal silo and gas turbine are protected with CO 2. 

.. 

The f ire water system is maintained at lOO psig through a connection to the 

service water system, During a f i re,  the service water/fire water storage tank 

supplies f i re water through.~he electric f i re pump. I f  service or well water is 

unavailable or the electric f i re pump fai ls,  a hormally closed valve may be opened 

to t ie- in with the SCE Units 3 and 4 f ire water loop, which makes over l,O00,O00 

gallons of cooling tower water )vailable as f i re water supply via the SCE Units 3 

and 4 electric- and diesel-driven f i re pumps. 

Deluge water systems wil l  protect the lube oi l  reservoir, coal handling system and 
coal grinding train. When the plant is down, the wood structure cooling towers 
are automatically sprayed with water to prevent drying, thus reducing the 
potential for f i re.  

Pollution Control Facil it ies 

Coal wil l  be delivered to the site by train. The rai l  cars wil l  be open on top; 

however, the coal wil l  be sprayed at the source of shipment with a sealing 

compounbto reduce the possibil ity of fugitive dust. Once on site, the cars, 
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which wi l l  be of the bottom dump type, will unload the coal inside an enclosure. 

The coal wi l l  be transported to enclosed storage silos via a covered belt conveyor 

system. The demonstratlon project wil l  not ut i l ize any dead storage piles. 

All' coal handling systems wil l  use enclosures and vacuum exhaust dust collectors 
in conjunction with a spray:type dust suppression system to minimize coEl dust 

problems. 

Ash residue particulates are removed from the gas by scrubbing with water. This 

results In particulate loadings of the order of l mg/Nm 3. Following this 
washing step, the water saturated gas is cooled to lOOF~:..with the condensed water 

being separated. The gas is then passed through a sulfur:removal process in which 

i t  is contacted with a:l iquid solvent. Together, these steps should reduce 

particulates by well over 99 percent, i .e.,  no measurable particulates are 

anticipated ~n the gas tdrbine fuel. 

In addition to resaturation of the gas, supplementary steam wi l l  be injected into 

the gas turbine to reduce NO X. I t  is estimated that this wi l l  effect an NO X 
reduction by 7~ percent. :: 

The Claus sulfur and SCOT ta i l  gas unit will remove 99.6 percent of the sulfur fed 

into the system on design coal at design rate. 

The sulfur pit w111 be covered and fugitive sulfur compound emissions wil l  be 

collected by an eductor and incinerated in the tailgas incinerator unit. 
¢ 

The evaporation pond is designed to contain all l iquid waste without loss from 
leakage or underflow and be adequately protected agalnstoverflow, washout or 
inundation. The pond is lined and monitoring wells allow visual inspections for 

l iner l~akage. 

° ,  

Tne slag disposal area wil l  be lined and have a seepage underdrain detection 

system with sumps to allow inspection for liner leakage. The area will be 

enclosed by a 3-meters-high dlke wlth a minimum top width of 12 feet. 

..o" 
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Buildings 

The main control building will be ~ sing~ story pre-engineerea metal building 

130 feet long by 60 feet wide with an ease height of 16 feet and a cast-ln-place 

reinforced concrete slab. The building is designed to provide space for the 
following: '! 

• Control room area including the!control room, kitchen, instrument 
shop, watch engineer office and two offices 

• Laboratory area including a laboratory office, the laboratory, 
and a separate grinding room for grinding .slag and coal samples. 

e EleCtronic areas, including an electronic equipment room, 
electrical equipment room and battery room 

• Support areas including a women's restroom and change room, a 
men's restroom and change room, a janitor's closet storage, and 

:~Cvestibules 

The construction office building wil l  be a single story pre-engineered metal 

building 175 feet long by 60 feet wide with an eave height of 14 feet and a 
cast-.~in-place reinforced concrete slab. The building is designed to provide space 

:- "for the following areas" 
• ? 

e Construction office personnel 

e Conference room 

e Men and women's restrooms 
,= . , 

e Janitor' s closet ... " 

This building will be converted to the main office building at completion of the 
plant construction. 

The warehouse will be a pre-engineered metal building 120 feet long by 100 feet 
wide with aneave, height of 22 feet and a cast-in-place reinforced concrete slab. 

This building will i n i t i a l l y  be used as a construction warehouse and converted to 
a maintenance shop and warehouse fac i l i t y  at completion of the plant 
construction. The building is designed to provide space for: 

• Office and restrooms 

.e General tool, piping and electrical issue rooms 

e Warehouse.area and loading dock 

• Mezzanine storage area 

el Spare parts storage area 
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The chlorination shed wil l  be a pre-engineered metal building 40 feet long by 
40 feet wide with an eave height of 14 feet and a cast-in-place reinforced 

concrete slab on grade. The building is designed to provide space for: 

Chlorination control area (enclosed and ventilated) 

Chlorine cylinder storage area (sheltered open area) 

Chlorine equipment area (sheltered open area) 

¢4 

The trackhopper enc-losure wil l be a steel framed engineered structure to cover 
the coal train track hopper. Exterior walls and roof wil l  be constructed of 
uninsulated metal siding and roofing. The building wil l  be designed to provide: 

e Dust suppression and collection system 

• Co~l handling system control area including a control room 
(air-conditioned), HVAC area, restroom and janitor's closet 

SYSTEM DESIGN CONSIDERATIONS 

Achieving specific technical objectives is essential for the successful commercial 
application of this power system. These include: 

e The fu l l  scale design and reliable operation of those ma~or 
equipment components and subsystems which wi l l  be incorporated 
into the commercial plant design 

e Achieving a performance level which can be reliably and 
convincingly extrapolated to competitive levels through proven 
and/or low technical risk system modifications in the commercial,!, 

• plant design :' 

• .iDemonstratt,ng f lexible plant operation and control throughout a l l  ~.~ 
operating modes consistent with pot~er grid maneuvering ' 
Pequiroments and plant operator capabt)ittes 

• Demonstrating low environmental impa~t." .: 

• Developing an operating experience dare'base which can be applied 
to commercial plant training and procedures 

' •  . , •  
The essential features to meet the above objectives are being incorporated into 
the Cool Water demonstration plant configuration. Design requirements, 

anticipated performance, plant integration characteristics and operational. 
requtrenlents are discussed below and in the sections that follow. 
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Plant Conflguration and Design Requirements 

Because of the significant sensible heat in the raw gas (25 to 30 percent of the 

coal input energy) i t  is essential that as much of this energy as possible be 

recovered and eff iciently converted to power. In addition, due to the significant 

amounts of unreacted steam in the raw gas, eff icient low temperature heat " 
uti l ization is an important requirement. 

The high temperature reducing atmosphere of the raw gas, with sulfur gas 
constituents, introduced material considerations in the raw fuel gas stream heat 
recovery boilers (synthesis gas coolers, S6C) requiring that maximum metal 

temperature limits be ubserved. Maintaining saturated steam conditions of 1,600 

psi (604F) in these components provides an effective design which can hold SGC 

metal temperatures below maximum levels and can be practically integrated with the 

gas turbine heat recovery steam generator (HRSC) producing superheated steam at 

935F which results in eff icient steam conditions. The commercial configuration of 

the IGCC plant wi l l  incorporate modular gasifier/SGC and gas turbine/HRSG trains 

with a single steam turbine. The SGC configuration wil l be similar to Cool Water, 
generating saturated steam since metallurgical requirements will be the same. 
Thus, operating experience with the Cool Water SGC equipment will be directly 
applicable to follow-on commercial plant designs, even though the HRSB would have 
to be modified for steam reheat. 

The relative availability of high and low temperature heat in the gasifier and gas 

turbine exhaust systems requires a proper selection of the steamequipment 

configuration and steam conditions in order to efficiently match the individual 

• heating duties with the capabilities of the respective heat sources. Studies 

indicate a performance benefit fo~ operation at higher steam pressure levels, to 

obtain greater steam production, within the constraints of the HRSG superheating 

capablllty. This is particularly important in selecting the co6dltlons for reheat 

units associated withlarge~ scale plants. This consideration has been 

incorporated into the selection of the Cool Water deslgnpoln~ resulting in an SBC 

operating pressure of 1,600 psi which is considerably higher than conventional 

combined cycle steam conditions. 

The division of economizing loads between the two heat sources is designed to take 

thermal advantage of the relatively large quantities of lower temperature heat in 

the HRSG exhaust. The relatively high cost of fuel gas heat recovery surface and 

the small quantities of heat below steam generating gas temperatures and above gas 
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dewpoint limitations, makes the recovery of low temperature fuel gas heat in the 
'SGC a prime candidate for future cost/performance trade-off studies with 

commercial configurations. 

Variations in gasifier operation (e.g., temperature, cold gas efficiency, etc.) 

resulting from uti l lzing dlfferent coal feedstocks or changes in slurry conditions 

can have a significant influence in the design in order to assure~.reliable 
operation of the steam system under these conditions. Variations in the 
proportion of chemical and senslble heat in the fuel gas changes the relative 
steam loads in the $6C and HRSG, resulting in changes in steam turbine 
temperatures and flow. Thus a richer gas, (higher Btu/Ib) requiring a lower 

gasifier exit temperature, ~quld produce significantly less steam than a more lean 

gas operating with higher g(isifier exit temperatures. These conditions maycome 
' :  ..: 

about by changes in slurry C~centration, oxygen-to-coal ratios, different coal 

types, or as equipment matures, ~ 

Significant imbalance of SGC steam production ahd HRSG superheat or economizing 
capability at any operating point can result in unacceptable steam turbine 
thrott le conditions, economizer steaming, throttle steam over-temperature or 
inefficient quenching of SGC steam through excess feedwater subcoollng. Such • 
conditions must be accommodated by providing sufficient equipment design margin 
and proper control coordination for the anticipated range of operating conditions 
to ensure acceptable and reliable operation. This results in equipment selection 

which wi l l  trend in the direction of reliable operation at off-design point 

conditions, at some compromise in optimml performance. The Cool Water steam 

system design has incorporated features into the equip~Rnt and control to 

demonstrate this f lex ib i l i ty  and coordination. 

Under low total  steam conditions, the th ro t t le  temperature approaches the gas 
turbine exhaust temperature. Thus, maximum steam temperature is  controlled by 
proper coordination of the gas turbine i n le t  guide vanes whtch automatically 
l imi ts  these maximum steam temperatures by adjustment of the to ta l  gas turbine 
flow and thus turbine exhaust temperatures. Since these conditions Fan vary . 
s ign i f i cant ly  over the ambient range, th is  factor must also be considered. 

Reliable steam turbine operation requires that t~ro t t le  steam conditions (e.g.,  

temperature, pressure and flow) are properly coordinated such that  last stage 

moisture and temperature l imi tsare satisfied at all sustained operating points. 
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Such considerations, for example, result in the requirement for variable steam 

pressure operation at reduced plant loads. Since SGC steam generation changes 

disproportionately to HRSG steam, the proper variable steam pressure versus load 

schedule must be coordinated to prevent excessive turbine exhaust moisture levels. 

There are similar considerations for larger commercial plant steam system designs 

although the operating conditions, and even configuration (e.g., reheat), may be 
different. This control coordination approach ~'::applicable to commercial 
configuration plants and will be implemented and demonstrated in the Cool Water 
design. 

'A ' s i gn i f i can t  portion of the latent and low temperature energy in the raw gas can 

be eff iciently recovered through fuel gas preconditioning prior to combustion. 
Moisturizing and heatlng the fuel gas through a low temperature direct contact 

water heater (reheat-resaturator) provides a means of transferring this energy at 

high availabi l i ty in the basic cycle. This moisture contributes significantly to 

lowering the formation of NO x in the turbine exhaust. Current gas turbine 

combustion designs incorporate moisture injection to achieve low NO x levels, as 
required at the Cool Water site (43 ppmv in the exhaust). Fuel gas moisturizing 

through use of low temperature energy versus steam injection from turbine 
extraction, results in significant cycle performance improvement. The 
intermediate Btu value of the gas and the added fuel gas moisture at the gas 
turbine combustors results in a significant increase in gas turbine output and 
additional fuel flow.requirements to bring the moisture to turbine inlet 

conditions. Proper coordination and control of this moisturing and heating is 

important in meeting acceptable gas turbine combustion system fuel moisture 

superheat and flow control requirements and in preventing interactions in the 

plant load control loops. Further optimizing of overall cycle conditions can 

improve the performance resulting from this feature o;l larger scale plants. This 

feature wil l  be.of increasing benefit permitting efficient operation at low NO x 
emissions as gas turbine inlet temperatures increase to higher levels. 

The use of intermediate Btu fuel gas in the gas turbine has several design 
implications. This fuel will require modification of the turbine fuel nozzles, 
fuel gas piping arrangement and fuel gas control valve design. However~ due to 
the combustion characteristics of the gas and the relatively small variation of 

composition over the expected operating conditions and fuel types, only minor 
modification to the on-base combustion liners are anticipated. A large diameter 

fuel gas piping harness arrangement with an off-base fuel valve skid is being 

designed for the Cool Water unit. 
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The r e l a t i v e l y  high fue l  hydrogen content resu l t s  in  adiabat ic flame z o n e  

temperatures somewhat higher (e .g , ,  5OF) than those resu l t ing  from the use o f  

natural gas or d i s t i l l a t e  oi1.  Since the production of "prompt" NO x is  

increased with higher temperature, this necessitates somewhat more moisture at a 

given load to achieve a given NO x level than wi~h conventional fuels. This 

effect, part icularly with the higher gas turbine f i r i ng  temperatures of future 

commercial plants is a signif icant incentive for fuel gas saturation. 

To minimize new development risk at Cool Water, the gas turbine combustion system 
wil l ut i l ize a modified version of the commercial combustion and fuel nozzle 
arrangement. Combustion l iner air cooling pattern modifications are being made to 
maintain long combustor l i f e  and proper hot gas temperature profi les, and a new 
fuel nozzle wtl~ be incorporated. 

The combustion systenl i~111 have dual fuel (e.g., No. 2 oli and medium Btu gas) 

capability. The ga s tbrbine fuel control system wi l l  be modifled'with several ',. 
i . . r  

features including: automatic fuel transfer, fuel pressure regulation capability 

and direct load control capability when operating in the turbina..!ead mode. 

The gas turbine combustor fuel and moisture flow is five times greater compared to 
the use of natural gas or ol l .  Due to this increased turbine mass flow, gas 
turbine pressure ratios and turblne/compressor thrust mismatches wil l  be somewhat 
higher, resultlng in maximum gas turbine load l imit  considerations. Proper 
matching of the fuel plant capability within these constraints, which occur at 

lower ambient conditions, is an additional system design parameter. Maximum load  

limit conditions are not anticipated to be a significant factor over the load 

range at Cool Water, since the plant is normally fuel supply limited, 

The gas turbine wil l  have dual gas/oil fuel capability, although operation on oil 

fuel is only planned for unit start-up and shutdown. However, ~or commercial 
plant application, dual fuel operation Is of value in maintaining plant load 
carrying capability, particularly through short tem outage of fuel plant 
equipment. 

Sufficient margin is being incorporated in the Cool Water gas turbine HRSG and 

steam turbine designs to accomodate increased loading anticipated from potential• 

process improvements and increased fuel processing capability with the Cool Water 

plant design. 
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Plant operation at high capacity factors is anticipated at Cool Water, with a 
target average of 77 percent over a six and one-half year project operating 
per.iod. To achteve th l~ goal, equipment modifications, redundancies and carefu l ly  
planned operating and maintenance procedures are being implemented at Cool Water. 
To demonstrate combined cycle running r e l i a b i l i t y  consistent with Project 

availability~oals and commercial base load power generation requirements, a 
combined cycle 1,500-hour mean time between failures (MTBF) goal, with high 

turbine starting rel iabi l i ty, has been established and a comprehensive preventive 
maintenance program is to be developed. 

INTEGRATED PLANT CONTROL 

The central control room contains dedicated control panels or consoles for  the gas 
producing t ra in and the combined cycl e equipment. Detailed operation of the 
equipment is accomplished at these posit ions, including the placing of various 

equipment in a state of readiness pr ior ' to  a start-up and operation. Figure 5-3 
• , ,  

shows a conceptual layout of the maim control room. 

Once readiness is achieved, the seat of normal operation will shift to an 

integrated s~ation control console. The integrated control performs the functions 
. .  , , -  , w  

Of dveral~.;.~lant operation including start-up, shutdown, normal operation and 
operation mode changes. The integrated stat ion control console includes 
start/stop~ open/close, Indicat ion adjustments as required to perform thecont ro l  
positions.' After start-up, the individual dedicated controls panels are u t i l i zed  
only in.~he:event of s ign i f i can t  sub-system upset. The integrated plant control 

• concept is i l lus t ra ted in Figure 5-4. 

In addition to providing a direct manipulative operator interface, the integrated 

console and its associated cabinets provide CRT displays for operation guidance 

and informational support, plant load control, plant fuel gas pressure control and 
coordination of plant protective functions. 

Plant Load/Pressure Control 

The plant load/pressure control,  which Is a part of the integrated stat ion 
control, performs the functions of adjusting the power output of the combined 
cycle plant in response to changes in load demand, and the regulation of the fuel 

gas pressure at the discharge of the fuel plant. This i s  accomp]ished by 

coordinating the fuel gas production of the fuel plant with the gas consumption of 
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th~ combined cycle power p lant  and requires that the plant  load/pressure control  
in ter face with and coordinate the operation of the g a s l f l e r ,  gas turbine and 
oxygen plant through the i r  respective control systems. 

Three modes of plant load/pressure control are being implemented for evaluation o'~ 

integrated gasification-combined cycle plant operation.' These are the 

turbine-lead, gasifier-lead and coordinated control modes of operation. 

Figures 5-5, 6 and 7) 

e 

t 

(See /~ 

Turbine Lead Mode - In the turbine-lead mode, Changes in plant 
powe~.output are in i t iated by changing the fuel flow to the gas 
turbine. This acti6n is followed by a change in gas fuel 
production by the gasifier which is controlled to maintain the " 
requireJ fuel plant pressure. Use of the fuel gas system 
intrinsic storage provides rapid response to overall syste~ 
demand excursions. 

Gastf ier Lead Mode - In the gast f ier- lead mode, changes in  plant 
power output are ini t iated by f i r s t  changlng.the fuel gas 
generation of the gasifler. The gas"turbine control system , 
regulates the flow of fuel gas to the turbine to regulate the 
pressure at the discharge of the fuel plant. 

Coordinated Control Mode - This mode of operation is~similar to 
the turbine-le~:d mode in that changes In plant power output are 
init iated by changing the fuel flow to the gas turbine. The 
gasifier is controlled to maintain the required pressure in the 
gas fuel plant. The distinguishing features of this mode are the 
use of a feed forward signal to the"gaslfler to adjust the fuel 
gas production rate in anticipation of a change in fuel plant 
pressure, and the use of a feedback signal to the turbine fuel 
control signal to l imit  the rate of change of fuel consumption by 
the gas turbine as a result of an extensive change in fuel plant 
pressure. I t  is expected that this mode wil l  provide the most 
favorable dynamic load response capability for the integrated 
plant, while minimizing the pressure transients which may occur 
in the fuel gas plant. 

The controls are being designed for the operator to conveniently transfer 

to any of the .'three modes. 

Operation Gui da.nce 

In addition to the operator manual interface at the integrated station control 
console, an operation guidance funct ion is •being provided, This is  designed to 
provide visual guidance and Information support, with the goal of s impl i fy ing 

operation. The display of information is  by video (CRT) and an alpha-numeric 

printer. Operator requests are made via a keyboard. 
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The content of operation guidance includes: 

Sequence Monitoring - Thls w i l l  guide the operator through plant 
start-ups,  shutdowns and major mode changes. This may be done by 
checkl ists,  instructions, graphic displays, or a combinationof 
the above, Where feasible, direct coordinated operation of 
start-up/shutdown actions and subsequences are being implemented. 

Operating Information - This operator aid wil l  use current and 
recent historical plant data to provide graphic displays, 
operating snapshots, performance data and printe~ logs, 

plant Protectlve CpoTdination 

In addition to the prlmsry protective functions provided by the individual 
equipment controls,  stat ion level protect ive coordination is being Implemented in 
the integrated plant control system, The<major object ive of th i s  protect ive 

system is to reduce the probability of a shutdown of the entire plant or large 

portions of the plant as a result of a limited equipment failure. 

The integrated-protection system interfaces directly with and operates through the 

individual equipment protective systems, Alarm and tr ip signals generated by the 
individual unit controls are communicated to the integrated-protectiye system 
along with equipment status information. Based upon the operational status of the 
plant at the time of an alarm, or equipment tr ip,  the Integrated-protective system 
ini t iates signals to other unit control systems in the plant which m~ be 
ultimately impacted by the equipment failure. These signals, as appropriate, 
in i t ia te  start-up of auxiliary equipment~ effect transfer of equipment operating 

modes, change controller set-points and in i t iate equipment shutdowns. These 

signals are directed at isolating the effects of equipment fault, keeping as much 

of 'the plant operating as possible and placing the equipment in a. state that would 

allow the most rapid restoration of the previous plant operating condition. 

To eliminate potential problems with control system redesigns maximum use is being 
made of existing system equipment controls. :This includes the combined cy.cle 
power plant equipment and other ex is t ing plant subsystem contro ls .  The power 
~lant controls w i l l  be a combination of electronic analGg and microprocessors. 

A~commercially available distributed system is being utilized in th.e control of 

the fuel plant and the integra.ted plant control system. A distributed control 
system uti l izing miceoprocess!~rs affords greater f lex ib i l i ty  for control loop 

configuration cha~ges and modifications than is available with a conventional 
analog system. This is a highly desirable feature, for a new process system design 
which has limited operating experience. 
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The system control ts accomplished by several microprocessor uni ts  l inked to a 
central operator 's console, having CRT and keyboard, by a communications l ine  

.. (data highway) consisting of a mult ip lexed d ig i ta l  information transmission 

system. Dual, redundant data highways and several CRT's and keyboards w i l l  be 

used for system security and re l iab i l i ty .  

Control An~lysis 

To aid in the control system development and to more fu l ly  understand the plant 

process Variable interactions, a dynamic simulation study of *.,e Cool Water 
configuration has been conducted as a joint ~echnical effort o,nong Program 

4 .  

• participants. This simulation incorporates dynamic digital mathematical models of 
all major system components programmed in a flexible software sy" - that provides 
expedient modification and modular model development, while selec J subsystem 

' studies proceed in parallel. 

The results nave been encouraging, indicating no major control problems or 

instabi l i ty characteristics which cannot be sclved by state-of-the-art control 

logic and'hardware. The relatively large volumes of fuel gas in the fuel system 

heat exchangers, scrubbers and piping at intermediate Btu heating values, and at 
high pressure relatlve to the gas turbine combustion, give an inhe~.ent system 
sto~age capability which results in small fuel system pressure variations over a 
wlde range of plant maneuvering. Proper implementation of coordinated fuel 
pressure/gas turbine control appears to result in a responsive power plant with 

: flow and pressure excursionswell within design limits. 
.o 

A goal of the control and protection system is to attain a high running 

re l iab i l i ty .  To achieve this ojective, isolation of control and protection 

circuits with sufficient instrumentation redundancy to ensure high re l iab i l i ty  and 

equipment protection is being implemented. 

POWER SYSTEM REQUIREMENTS 

Normal daily operation and control of a bulk power system requires a continual 
adjustment of power generation to match changes in load connected to the power 
system. In addition, daily operation frequently requires the power system to 
respond to abrupt losses of connected generation either through loss of units or 

of transmission faci l l t les.  In a great majority of loss of generation cases, the 

power system is capable of maintaining service to all of Its customers through 

good design and operating practices; this loss of generation without loss of 

customer service is a near-normal condition. 
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In order to equalize load fol lowing dutM imposed on individual untts in the 
system, and to prevent sertous load-generation mismatches when given units are 
incapable of response, i t  ts Important that every prime mover supplying a large 

power system be capable of supporting i ts  share of regulat ing and load follovdng 

duty imposed by the power system over the l i f e  of the unit ,  These regulating 

requirements Include the capebi l i ty  to change generation over short periods of 

time (seconds and minutes), and over longer periods of time {hourly, daily and 

weekly), under nomal and abnormal operating condit ions, 

Thus, the network places load demand on individual plants to sattsfy:  

• Frequency regulation 

• Tie- l ine regulation 

• Load fol lowing 

These demands cover a wide spectrum of load magnitude and duration requir ing 

di f ferent  response rates to sa t i s fac to r i l y  meet the oower system requirements. 

Loss of Generation-System Islanding - Emergency Conditions 

Under certatn infrequent circumstances, a disturbance on a large tnterconnection 
may resul t  In a port ion of the tnterconnection breaking into one or mope 
e lect r ica l  Islands. Generating untts vary in the i r  capabi l i ty  to control 
frequency under tsland condit ions. Difference~ ~n the capabi l i ty  of units to 
regulate frequency ape not non, a l l y  observed in d large tnterconnectton because 

unlts havtng poor frequency regulat ion character ist ics are supported by units 

having better character ist ics.  

The power system frequency must be regulated under emergency conditions in an 

isolated or sp l i t - o f f  system. The is land's generation must be able to promptly 

change power output to maintain generation-load balance tn the face of abrupt 
changes. The range of requirements imposed upon the island generation is  a rapid 
change of power output und~.r governing control to arrest  the frequency t ransient ,  
followed by up to 2.5 percent M~ (rat ing} per mtnute under a close p]ant operator 
control .  The consequences of not meeting thts requirement include: 

e Additional load sheddtng manually 

I Cascading outages of other units or "blackouts" 

e Extended time to restore service or to resynchronize with system 

..e Damage to equipment at off-normal frequencies 
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The Cool Water Test Plan wi l l  incorporate plant tests to demonstrate the inherent 
capabilli~yof the IGCC plant in meeting these requirements. 

Load Following Capabilit~ 

The plant shall contribute electrical power with the response desired of an 

advanced generating plant operated on a large interconnected electrical grid. 

required response is more demanding than that expected of existing plants and 

represents anticipated needs in segments of the electric u t i l i ty  industry. 

The target plant response capab|11ty shall encompass al l  of the response sets 
presented in the table below, when operating anywhere within i ts  acceptable ~oad 
range as combined-cycle or simple-cycle. 

Table 5-3 

LOAD FOLLOWING CAPABILCTY 

The 

TIE-LINE DAILY 
FREQUENCY THERMAL LOAD 
REGULATION(1) BACKUP(2) FOLLOWING(3) 

Magldtude of Change 
of Rating Z 5 7 12 20 50 

Response Rate 'Required 
% Rating per Minute 20 lO 7 6 5 2.5 

Time to Accomplish . '  
Minutes O.l 0,5 1 2 4 20 

J 

I. Frequency regulation provided primarily by gas turbine governor action. 

2. Contingency mode 

3. Normal operation 

Load Turndown 

The plant w t l l  be designed fo r  stable= sustained operation on gas fuel  at as low a 

plant  e lec t r i ca l  load as possible, wi th in the phystcal constraints of the various 

equipment, while maintaining a l l  plant a u x i l i a r i e s .  A fu l l -speeo,  zero e l e c t r i c a l  

load tes t  w i l l  be implementedo 

When operating at maximum turndown, the pltnt shall, be operated on i ts normal 

contrcl equipment with abll i ty to respond to load demands, 
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Load Rejection Performance 

As a test, the plant electrical generators will be disconnected from load by the 
opening of circuit breakers. On this occurrence, whether at fu l l  or partial 1o~d~ 
a minimum of the plant operating equipment shall t r ip.  Equipment shall recover 

from the load loss transient in a condition such that the generators can be 

resynchronized to the electrical llne and the plant reloaded. This shall be true 

whether one or both generators suffer this disconnection. During these transients 

the gas producing train wil l  minimize the flaring of gas. 

DATA ACQUISITION SYSTEM 

A computerized plant data acquisition system is being implemented for data 
collection, display and reporting. The computer is not uti l ized in the control of 
the plant, but is utilized for such functions as operator start-up/shutdown basis 
and display of major plant process loop conditions. The computer wil l  have 
capacity for storage and retrieval of large volumes of data. The data acquisition 

system wil l  extend and improve the operator/ plant interface. However, the plant 

operation and control w i l lbe independent of the computer. 

The data acquisition system will provide support for: 

• Engineering analysis of plant operation and performance by way of 
several logs (periodic, t r ip,  demand, etc.) 

• Plant  test implementation and performance (steady state and 
dynamic) evaluation 

• Operator guidance through color video display 

Plant maneuvering and load following capability will be tested as part of a 

comprehensive overall Project Test Program. Each major component's response 

characteristics wil l  be checked by subjecting i t  to controlled changes. All 

pertinent variables will be recorded in the plant data acquisition system to 
permit subsequent analysis and evaluation. 
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PLANT PERFORMANCE PROJECTIONS 

Planned plant operation on a variety of coal feedstocks in addition to extended 
runs ~nder various process conditions (e.g., slurry ratios, preheat, etc.) is 
expected to result in a range of fuel gas output up to the gas turbine maximum of 
approximately 840 HM Btu/Hr at the site conditions of 80F and 2.000 feet 
altitude. The ~asifier temperature and cold gas efficlency corresponding to an 

individual operating condition changes the ~'elationship of sensible to chemical 
.~e.°,  

energy, causing some variation in gas and s~eam turbine outputs, coal and oxygen 

inputs, as well as overall plant performance. Table 6-I indicates the range of 

performance anticipated under different fuel plant operating conditions at Cool 

Water. In addition, the performance level estimated for future commercial plant 

designs is shown in Table 6-2. 

The Cool Water plant configuration has not been optimized to achieve maximum 
performance level. The relatively small size of the system~ in addition to the 
defined program operating period, confines the selection of equipment and 
operating conditions, resulting in compromises in performance. The steam system 

configuration has been specified at lower level, non-reheat conditions. The 

modifications for more advenced reheat steam systems effect mainly the gas turbine 

heat recovery steam generator and steam turbine designs. Operation requirements 

with reheat steam turbines are known and have relatively l i t t l e  impact on fuel 

plant equipment, configuration, or operating conditions and are not considered 
essential for ~-monstration of the IGCC concept. 

In order to achieve operating'.flexibil lty, some fuel plant equipment is being 
included with additional design' margins for demonstration purposes. Subsequent 
refinement of this system equipment wil l  result in improved cost/performance 
benefit in follow-on designs. 

The oxygen supply at Cool Water wi l l  be provtdeo by an on-site air separation 

plant producing gaseous products for commercial sale. This requirement results in 

gaseous purity requirements beyond that necessary for gasification needs. Studies 
have tndtcatedPerfonnav(ce incentives and TCGP process capabilities to uti l ize 
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Table 6-1 

COOL WATER PERFORMANCE 

,2 !-- 

• . ~ .  

NET OUTPUT NET HEAT RATE 
(Btu/kWh) 

Initial Operation 
(750 MM Btu/Hr of clean syngas)(I) 92.0 11,200 

Future Operation 
(767 MM BtulHr of clean syngas)(2} 96.2 
(842 MM Btu/Hr of clean syngas)(3) ]Ol.O 

10,700 
10,600 

NOTES: 

(1) Represents expected init ial operating performance, 

(2) Represents te':get tes t  performance a f te r  tentat ive addit ion of 
slurry preheat" operation with 95% 02 purity, and elimination of 
suppleme~Pta] :~m'in~sctior for NO x control. 

(3) Further e f f i c iency  improvement based on future test  with higher 
s lu r ry  concentratton. 

. , % .  : 

Table 6-2 

LARGE REFERENCE PLANT DESIGN 
COMMERCIAL PLANT PERFORHANCE 

GAS TURBINE INLET TEMPERATURE 

1,985 

2,100 

2,600 

PLANT SIZE 
_ (MW) 

500 to l ,  000 

n 

i i  

NET HEAT RATE 
. {S u/k h) 

9,200 - 9,500 

8,650 - 8,850 

8,250 - 8,450 
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oxygen of lower purity (e.g., 95 percent). There are additional performance 
benefits in thermal integration with the air separation plant. These features 
can be implemented readily in commercial"applications to derive these benefits. 

Large scale reference plant configurations incorporating the Texaco oxygen-blown 
coal gas process have been studied and reported. The performance of these plants 

is based on projections of fuel plant performance on I l l inois No. 6 coal which 

will be a test coal in the Cool Water Program, The results of the stuay 

conducted by General Electric are indicated as the Large Reference Plant Design 

in Table6-2, This reference plant incorporates current state-of-the-art gas 
turbines wtth a 1,450 psig 935/g35F reheat system and the basic Texaco coal 
gasification fuel system features to be demonstrated at Cool flater, 

° • • •  . . . . .  
: . . . . . . . . . ' '  
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Section 7 

COST ESTIMATE AND FUNDING 

BASIS & ASSUMPTIONS 

The funding and subscription target for the Cool Water Program was i n i t i a l l y  based 

on the principles contained in the Texaco-SCE Agreement, together with the 
conceptual design study performed by the Ralph M. Parsons Company in which the 
costs of designing and constructing the demonstration plant were estimated. 

The estimated capital cost for the Program was $292 million. This estimate was 

originally prepared in mid-1978 by the Parsons Cpmpany..,.,~ ': ,~s::-;"'+':~'+"'-",'..ly. updated 

by Bec'hte.:i,. the~-Prog~a,r. ~::.~eer-Constructor,_.~and i '''+" +" ":~ .: .... 

i' ",~osts/'expected organizations incurring"reimbursable costs. This., . ,. 

to be spent in Phases I, I I  and III , . : ,c] 'uding ope~" '" ,~ce,expenses 

for the pre-demonstration period refs.rred to in S-~* ' 
: . . . .  ..,+# ... 

The current estimate indicates that the total capit&C, co.~:'t, for the project is now 
i .~h  j l  

$294 million, as shown in Table 7-I. The basic dif~er..ence in the estimates is the 
change in' the oxygenplant from an internal to an "over-the-fence" supply, the use 
of existing SCE fac i l i t ies  for water treatment, the resolved trends and the 
escalation associated.v~ith a scheduled completion approximately two years later 
than envisioned in the Parson's report. Based on these projected costs., the 

• +~. • 

Program subscription target is now set at the .$294 million figure. 

PROGRAM FUNDING PLAN 

As discussed previously, the Cool Water Coal Gasification Program has been 

established as a joint  venture of participants and sponsors who own an undivided 

percentage interest in the project equivalent to the degree of their capital cost 

contribution. Each participant commits a minimum of $25 million to the Program and 

agrees to assume a proportionate share of all Program costs. Each sponsor agrees 
+ . - .  

to commit a minimum of $5 millio~..to the Program and agrees to assume a 

proportionate share of all program costs up to the amount of their subscription. ' 
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I. 

I I .  
I l l .  
IV. 
V, 
VI. 

Bechtel 

Table 7-I 

CURRENT COST ESTIMATE 

(Escalated for Mid-lg84 Construction Completion) 

Coal Receiving, Storage & Handling 
Coal Grinding & Slurrying 
Coal Gasification 
Oxygen Plant Interface 
Gasification Effluent Water Treatment 
Sulfur Removal 
Sulfur Conversion 
Combined Cycle Plant & Aux';liaries 
Unit #I Pipeline & Boiler Modification 
Evaporation Pond 
Flare System 
Interconnecting Piping & Electrical 
Plant Electrlcal 
Steam, Condensate, & Fdwtr. System 
Plant Water Systems 
Other Supporting Systems 

DIRECT FIELD COST 
Field Distributables 
Start-up Assistance 

SUBTOTAL 
Field Contingency 

TOTAL .FIELD COST 
,Bechtel Engineering & Home Office 
• Engineering Contingency 

: SUBTOTAL 

SCE, 'iexaco, and GE Reimbursable Costs 
Miscellaneous 
Start-Up & Operator Training 
Pre-demonstration Period 
Contingency (Non-Bechtel Scope} 
Non-Bechtel Total 

TOTAL Program Budget 

$I~000 

12,623 
8,407 

46,445 
]28 
849 

5,019 
9,75g 

42,271 
1,099 
1,080 

359 
7,162 
5,108 
2,501 
4,862 
5,667 

153,339 
25,018 
3,557 

181,914 
25,987 

207,901 
37,255 

247,139 

28,506 
1,1Z4 
5,583 
9,317 
2,331 

46,861 

ii . :',,.. 
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SOURCE OF FUNDS 

Sufficient funds.have been co~i t ted to the program (see Table 7-2) to allow 
procurement and construction ac t iv i t ies to  proceed. However, other alternate 
funding sources are s t i l l  being pursued and interested parties are being encouraged 
to join the existing co-funders in this major demonstration project, 

Table 7-2 

COOL WATER FUNDING 

( i )  

SCE $ 25.0M (1} 

Texaco $ 45.0M 

EPRI (current commitment) $ 65.0M 
(additional future 
obligation) $ 40.OH 

GE $ 30,OM 

Bechtel 

~CWP 

Additional Contributors 

ESEERCO 

Other Future Funds 
(may be borrowed) 

$ 30.OM 

$ 30,OM 
•  2 5.0M 

$ 5.0M 

24.oM 
sZg4oOM 

This f igure does not include some $6.0M of "other" f ac i l i t i es  contributions 
made by SCE. 
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Section 8 

PROGRESS..REPORTAND SCHEDULES 

PILOT PLANT TESTS 

Montebello 

The Cool Water Program sponsored pi lot unit runs at Texaco Inc.'s Montebello 
Research Laboratory. The purpose of these runs was to confirm the Program coal 
(SUFCO Coal) as an acceptable feedstock armd to obtain certain data necessar~ for 
the detailed design of the Cool Water Gasification Unit. 

Pilot unit operations involved a total of nine separate runs broken down into f ive 

groups. The amount of coal gasified was approximately 300 tons. The f i r s t  group 

involved a series of variable studies to select optimum conditions for future 

testing. The second group was a series of runs to explore the variables involved 

in recycling the lockhopper fines. Additional time was s ~ t  testing 

modifications made in the recycle system. These runs were followed by five 

continuous on-stream days during which environmental data were collected. The 

final group of runs was conducted to aetermine the minimum operable temperature of 
the gasifier. 

During all test runs, routine samples required to establish a material ana energy 

balance from the gasification system were obtained. Special environmental testing 

was performed only during the five-day continuous run with the Selexol System for 

acid gas removal in operation. 

Operating data from the 15 tpd p i lo t  unit  confirmed the process design basis, and 

analytical data on the effluent streams reaffirmed the environmental acceptability 

of the process. 

Oberhausen 

In addition to the p i lo t  untt tests,  demonstration tests were carried out under 

Texaco sponsorship at the 165 tpd coal gasi f icat ion f a c i l i t y  wi th in the Ruhrchemie 

Plant in Oberhausen, West Germa'ny. The objectivus of the demonstration tests were 
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to further confirm the operability of the Texaco process on Program coal, and to 
gather operating, environmental and materials data oa a larger scale unit. 

The Ruhrchemie Plant operated well on Program coal. I t  ran for 22 days, as 

planned, and processed 3,480 tons of coal. The coal slurried easily, and was 

found to be very reactive, leading to efficient gasification. The data from the 

tests were turned over to the Texaco Engineering Department for further suppo~c of 

the Cool Water process design. 

ENGINEERING 

Engineering for the Cool Water Project started February 26, 1980. The EPRI final 
report of August 1978 (AF-8BO "Preliminary Design Study for an Integrated Coal 
Gasification Combined-Cycle Power Plant") provided a viable preliminary definition 
of the plant. Twelve trade-off optimization studies were approved to start the 
engineering phase and results of ten of these studies were formally, approved by 

the Management Committee in August 1980. Two of the studies were subsequently 

canceled. Studies formally completed were: 

Definition of Equipment to Allow Stand Alone Gasifier Operation 

A system for operation of the gasifier system without the gas tbrbine or the 

steam turbine combined-cycle in operation was developedand a cost estimate 
prepared for the necessary valving, piping, etc. An evaluation of this 
"freestanding fuel plant" indicated that i t  would be cost effective. The 
syngas produced is to be fired:::~n the existing SCE No. l Boiler at the Cool 

Water Station. ~' 

Cycle Definition andPerformance With, Versus With ou_t, a Gas Saturator 

An analysis was made of the most efficient method of introducing moisture 

into the gas turbine combustcrs for NO X suppression. The alterr, atives 

investigated were direct steam injection or water evaporation into the syngas 

as i t  is being reheated following sulfur extraction. The additional expense 

of installing a water saturator tower and its pump and heat exchange system 

was warranted based on the increase in net power generation. 

Oxygen Plant Driver Selection ISteam Versus Electric) 

The comparison of drives involved not only an analysis o~ the cost of motors 

versus steam turbine drivers, but an evaluation of the overall effect on net 
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plant power production. Also involved were the problems of start-up with a 
steam system compared to the relative ease of starting an electric system 
with motor drivers. In the final analysis i t  was determined that the higher 
efficiency of the large steam turbine and i ts generator in the combined-cycle 
part of the plant was sufficient just i f icat ion to use motor drives in the 

oxygen plant and maximize steam to the combined-cycle. ~ 

OxyBen StoraBe Requirements 

The typical oxygen plant has a high operating on-stream factor. Unscheduled 

down periods per year amount to no more than 75 hours, or less than 
one percent. An analysis of data supplied by two major oxygen suppliers 
indicated that between 65 and 95 percent of the unscheduled down time events 
were for minor repairs that required less than 12 hours in one case and less 
than 14 hours in the other. One-half of the down time events averaged 3 

hours and with the oxygen plant in ~ "cold" standby condition the plant 

restart was quite rapid. The gasifier cannot beheld for long periods in a 

"hot" conditio- without the use of considerable fuel gas, and any extended 

interruption it, oxygeh flow wil l  bring the plant off-stream and require 

depress~ring of the gasifier:and heat recovery system. In order to minimize 

this type of shutdown, a study was made to determine the economic feasib i l i ty  

of providing oxygen storage on which the gasification system would operate 
while minor repairs were being made to the oxygen plant. Such a storage 
system was incorporated into the plant design and wil l  consist of high 
pressure gaseous oxygen for immediate use, during which time a liquid oxygen 
system with a vaporizer can be brought on-stream to supply oxygen for 24 

hours of operation. 

Desire R Oxygen Plant purity Level 

A merchant oxygen plant wil l  normally supply oxygen with a purity of 

99.5 percent minimum. In the gasification process this level of purity is 

not required and a study was made of the overall economics of the combined 

oxygen and synfuel~ plant with oxygen purity between 90percent and 
99.5 percent. The final analysis indicated that an intermediate purity of 

i 

95 percent was optimum. The savings in the oxygen plan~ more than offset the 
increased cost in the synfuels plant resulting from the incremental nitrogen 

dilution. However, since the "across-the-f~nce" oxygen supply arrangement 

subsequently developed for Cool Water also i~volves recovery of Argon and 

other gases for outside sale, the purity wil l  be 99.5 percent. 
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Al~ernative Sulfur Removal Processes 

Several systems were considered for sulfur removal from the syngas. The 
design target of 97 percent was set for the plant to remove sulfur in the 

form of HzS and COS. Preliminary data on investment, operating costs, 

maintenance, operability, proven installations and plant flow schemes were 

obtained from three licensors of such processes. The evaluations for the 

Cool Water Plant indicated that the Selexol process licensed bythe Norton 

Company was best suited for the process requirements and this installation. 

Alternative Sulfur Conversion Processes 

A conventional Claus plant with ta i l  gas treating was conslderedfor 
conversion of the recovered sulfur to elemental sulfur. Three 
licensor-designers submitted system descriptions, investment estimates, 

u t i l i t i es  and chemical costs. Overal~ sulfur recovery is 99.6 percent of the 

sulfur fed into the system. A system using a modified SCOT tai l  gas treating 

process licensed by Shell Oil Company and the Claus process for sulfur 

recovery licensed by Amoco Oil Company was selected as being the best 

combination for the Cool Water Project. Integrating the Claus and SCOT 

sections was very beneficial to the process. Using a feed absorber on the 

SCOT unit to concentrate the H2S from approximately 4 percent to above 2N 
percent reduced the size of the Claus equipment and greatly improved the 
operability. The SCOT section has a conventional absorber on the ta i l  gas 
for final clean up before incineration and discharge to the atmosphere. 

Cboled~ VersusUncooled, Gasifier Refractory 

A study was made to establish a refractory cooling sysCem for the gasifier. 

I t  was determined that cooling the gasifier refractory may improve i ts l i fe  

but the concept needs data for verification and proper cooling equipment 

design. The current design does not include provisions for cooling the 

gasifier refractory. 

Basifier ConfiBuration 

The basic configuration of the gasification system was studied in de~ail. 
Factors evaluated were stream time, maintainability, equipment investment, 

installed cost~ maintenance costs, operability and construction completion 

schedules. These considerations were defined with seven case studies as 

follows: 
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Single Train 

Single Train with Gas Recycle 

Single Train with Unconnected Spare Gasifier 

Dual Train with Common Scrubber and Recycle Compressor 

Dual Train with Two Scrubbers and Common Recycle Compressor 

Single Train with Space for Future Train 

Single Train with Spare Quench Gasifier 

An analysis of the cases indicated that the demonstration Program goals would 
be best served by the single train with the spare quench gasifier installed. 
However, because of funding limitations, the quench gasifier has been only 
partial ly engineered and is on hold for possible future installation. 

Coal Grind Size 

The experiences in coal gasification have shown that the grind, i .e. size a11d 

distribution, of the coal particles has an effect on the efficiency of the 

carbon conversion. A series of tests were made on the selected program coal 

to determine which type of system would be able to produce the fineness and 

distribution required. The basic equipment tested on samples of the Program 
coal were 4- and 6-row impact cage mills and conventional rotating mills. 
The rotating mill tests were run wet so that the discharge product would be 
of the correct slurry concentration. The final analysis indicated that the 
Cool Water system should have parallel grinding trains with a Z-row impact 

cage mill for in i t ia l  reduction of the incoming coal and a wet second stage 

rotating mill to make the final grind. In order to make a finer grind, the 

rotating mills of both trains could be modified and run in parallel, and the 

cage mills could be converted to 4-row. 

The f inal  design engineering started at the c~plet ion of the studies with 20 

Bechtel engineering personnel assigned from the Houston Office. Engineering 

manpower was increased, in accordance with a planned build-up, to 157 by the end 

of September 1981. Peak manpower was planned for October 1981 with a continually 

reducing manpower loading planned from November through the construction phase, 
which was scheduled for completion in December 1983. Due to delays in completing 
the project funaing, this plan has been revised to conform to new schedule 

requirements corresponding to construction completion by June 1984. Progress 
through December 1981 is reported in the following paragraphs. 
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Specifications are essentially complete for major equipment, materials, 
installation and construction. Program specifications are basically Bechtel 
specifications modified to incorporate applicable Texaco requirements. All 
specifications are submitted to the Program Office for comments and/or approval, 

and to-date 17Z out of a total of 186 have been approved. 

Permanent plant materials and equipment are procured by the Home Office 

{Houston). A total of 211 material requisitions and subcontracts are scheduled to 

be issued. Bids have been received on If6 of these, which cover most of the major 

equipment and bulk quantities such as earthwork, concrete, reinforcing steel, 
structural steel, piping and valves, electrical cable and raceway. The bids are 
either in the evaluation stage or have been approved for purchase. Forty-four 
suppliers have sent review packages to Bechtel. Of the 1,464 drawings submitted, 
734 have been returned with statusing. These 1,464 drawings include those issued 
for information which are not returned to the vendors. 

Drawings are issued for construction as they are completed and ap;~;licable Program 

approvals received• A total of approximately l,O00 drawings are planned; 58D have 

been started an:d: 296 have been issued for construction. Instrument data sheets, 

hanger drawings~:~nd piping isometrics ~re not included in the l,OOO drawing 

total Process Flow Diagrams (PFD), Piping and Instrument D~a~':rams {P&ID's), 

electrical single lines and vessel drawings are' essentially complete. Extensive 
work is complete in the civi l  area to comply with ~ r l y  construction activit ies, 
such as rough g6~ding, earthwerk, underground u t i l i t i es  and major foundations. 

~ , ,  , 

In accordance wi)E California Energy Commission {CEC) requirements, specific civ i l  .-.. 
and structural drawings are to be submitted to the:'County Engineer for approval 

prior to construction. These drawings are scheduled to be submitted in packages 

as the design for the appropriate structure, foundation, or drainage plan is 

completed. A total of 27 packages are scheduled and 15 have been transmitted to 

SCE for submittal to the CEC. 

The cri t ical path for the plant is the design, fabrication and installation of the 

gasifier and i ts components, including the radiant and convection cooler vessels, 
steam drums, connecting piping and the structural supports for the system. 
Combustion Engineering (CE) is designing and fabricating the vessels and 

associated equipment• Engineering is go percent complete for the CE scope. 
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The coal receiving, handling and storage system is in the detailed design stage 
with Jeffrey Manufacturing having the engineering and scope of supply for 'a l l  
mechanical and electrical equipment. This includes the coal unloading and feed 
hoppers, conveyors and their supporting structures, dust control and venLilat~on 

systems and associated controls. - :  

General Electric has engineering responsibility for the gas turbine, steam 

turbine, electric generators, heat recovery steam generator (HRSG), power 

transformers and other associated equipment. In addition to furnishing the power 

generating equipment they have system design and controls engineering 
responsibilities that interface with Bechtel's engineering in the integrated plant 
control areas. GE engineering is 49 percent complete in the system and control 
scope. 

Engineering and procurement for the sulfur recovery plant is under contract to 
Ford, Bacon and Davis {Texas) (FBDT) and administered by Bechtel. The FBDT scope 

is 49 percent complete, including model work. 

Engineering is 24 percent complete for the oxygen supply plant, which is being 

engineered, designed, supplied and constructed by Airco, Inc. Airco wil l  operate 

their air separation plant, and sell oxygen to the gasification plant. 

A 3/8-inch-per-foot scale model of the plant (see Figure 8-I) is being prepared 
and piping and instrument installations have started on 14 of the model base 
tables. All of these tables have undergone the lO percent completion review by 
the Program Office, and five tables have passed the 50 percent review point. The 
control room and solids handling model tables wil l  be started when designs in 
these areas are finalized. Also, two tables are being prepared by FBDT for the 

sulfur recovery plant and these received the in i t ia l  I0 percent review in 

September. There wil l  be IB tables when the model is complete, including the two 

FBDT tables. 

Extensive use has been made of computer programs in engineering design, drafting 

of PFD's, P&ID's, electrical schematics, piping isometrics developed from the 

scale model and piping and valve material quantity controls. In addition, 

computer programs have been util ized to maintain status logs for engineering 
tasks, specifications, material requisitions and drawings. These logs supply the 
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data base from which progress is monitored and controlled with regard to meeting 
engineering budgets and schedules. 

As of December IB, 1981 Engineering was 49 percent complete (see Figure 8-2). 

PROCUREMENT 

Procurement services for the apparatus, construction material and equipment for 

the project, including purchasing, subcontracting, expediting, t raf f !c,  receiving, 

inspection and order/contract administration, are being performed by Bechtel. 
Procurement activities are performed in accordance with Program Procurement 
Procedures, Bechtel's corporate policy and manuals and specific guidelines 
requested by the Program. 

A Project Procurement Team, located in Houston, was formed in April 1980. This 

group consisted of lO personnel, representing purchasing, expediting and 

inspection, as of late 1981. In addition to the Home Office team, a f ield 

procurement manager and warehouse supervisor were assigned to the project. A 

temporary office was rented in Barstow, California, and bids were solicited for 

office trai lers, furniture, supplies, etc. Trailers were subsequently purchased 

and are now in place at the plant site. 

At inception of the project, Bechtel committed to giving small, local and minority 
owned businesses an opportunity to participate. Meetings were held with Operation 
Second Chance (OSC) in San Bernardino to review the scope of work and 
qualification procedures. A l i s t  of items to be purchased by Field Procurement 

was presented and OSC assistance requested to identify qualified bidders in the 

area. Whenever possible, OSC-recommended vendors are being given an opportunity 

to bid. 

Permanent plant materials end equipment are procured by the Home Office. A11 long 

lead i,:~ms and process equipment have been ordered and the remaining requisit ions 

are pr imari ly  for lesser equipment, instrumentation and bulk materials. 

As of October 30, 1981 purchasing was approximately 50 percent complete and the 

Program had approved.B1 orders. 
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CONSTRUCTION 

The nucleus of the f ield non-manual organization was assembled in the Houston 
Office in Spring 19Bl for an expected July l ,  1981 construction start. This f ie ld 
staff reviewed project drawings, specifications, schedules and procedures prepared 

by the home office and started field procurement documents. 

Subcontract bids were received on the office building/warehouse concrete slab and 

plumbing. The electrical subcontract package for buildings was fnrmulated and the 

construction equipment package was prepared for Program review. Bid packages for 

portable toi let  fac i l i t ies ,  radio equipment, vehicles, warehouse pallet rack and 

bin shelving and heavy rigging were also developed. 

Field purchasing procedures have been completed and approved by the ProgrBm. 

draft of the field organization and procedure manual is complete and being 
furnished to site contractors. 

The 

The field non-manual organization, after being released for other assignments 

pending completion of the project funding, has now been re-assembled consiste',~t 

with the construction release given in December 1981. 

OPERATIONS PLANNING 

The Program Management Committee has established an Operations Planning Committee 
to oversee detailed operations planning and to provide operational input into the 

Program engineering function. Each participant is represented on this committee. 

The Operations Pl~nning Committee performs the following functions: 

e Provides operating comments on selected design items 

Reviews and makes recommendations concerning operating and 
maintenance organizational structure 

Functions as a planning group for interfacing new IGCC Plant into 
existing Cool Water site operations 

Reviews. and comments on various training programs, including those 
for stall, operators and maintenance personnel 

Reviews and makes operationa] comments concerning IGCC plant 
start-up planning 

At the end of 1981, the Program had f i l l e d  two key s lots wi th in the plant 

operating organization. Mr. Wayne N. Clark of Texaco was appointed Plant Manager 

8-ii 



P P 

ofthe Integrated Gasificatie]'~ Combined-Cycle (IGCC) Plant, and also functions as 
chairman of the Operations P3anning Committee. Mr. John McDaniel of EPRI was 
appointed Supervisor of Test' and Demonstration and Chairman of the Test Plan 
Committee. .. 

• °~. 

I t  is presently planned that' Mr. Clark wil l  assume the responsibilities of Program 

Manager once the Program eng:ineering and construction, is complete and emphasis 
shifts to operations. " 

The preliminary Cool Water IGCC~o~erating organization is shown in Figure 8-3. I t  

should be noted that the staffing-number is higher than that expected for future 

plants because this is a first-of-a-kind demonstration plant. The staffing 

requirements for the plant wil l  be reviewed, on an annual basis. 

MILESTONE SCHEDULE 

Figure 8-4 shows a summary of scheduled project milestones, This Milestone 
Schedule shows Phase I I  and Phase IZI activi t ies through the Predemonstratlon 

Period. The fabrication, delivery and erection of the Gasifier and Syngas Coolers 
are the cr i t ica l  path activit ies. The schedule reflects a Start of Construction 

on December 15, 1981 and a f i r s t  Btu production date of June l ,  1984. 

Figure 8. 
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Section 9 

REGULATORY REQUIREMENTS 

OVERVIEW OF THE REGULATORY REVIEW PROCESS 

The California Energy Comission (CEC) is the lead agency in the State from which 
approval must be received to construct a power plant. The f i rs t  phase for 
obtaining approval is the submission of a Notice of Intention {NOI) and the second 

phase is the Application for Certification (AFC). Both the NOI and the AFC phases 

of the CEC process involve public information meetings, workshops and public 

hearings. The hearings cover the ful l  range of issues including need, design, 

environmental impacts, safety, rates and financial issues. The NOI is a site 

screening phase of at ]east three alternative sites; the AFC is a detailed review 

of one site approved through the NOI. I t  is during the AFC phase that the 
Environmental Impact Report is prepared by the CEC. Other state and local:: 
agencies, including (for example), the California Public Ut i l i t ies Commission 
(CPUC), the Air Resources Board (ARB), and the local Air Pollution Control 
Districts (APCD'si, participate in the CEC process. T~e "Permit to Construct" 

received from the CEC is in lieu of all other state, local and federal permits to 
the extent permittedby law, Therefore, the CEC represents a"one-stop shop" for 

most permits, except the CPUC and the U.S. Environmental Protection Agency (EPA). 
The CPUC does issue a permit, in addition to that issued by the CEC, which 

addresses the rate and financial aspects of a project. In addition, a Prevention 

of Significant Oeterioration (PSD) air quality permit must be obtained from the 

EPA. Therefore, these three permits represent the primary approvals required to 

construct a power plant. Past regulatory activit ies are shown in Table g-l.  

SUMMARY OF THE CALIFORNIA ENERGY COMMISSION (CEC) PERMIT PROCESS 

An NOI was f i led with the CEC on July 13, 197B for three alternative sites 
including the Cool Water site. Public information hearings had been held and 

issues were being defined when the California Legislature passeo a law (SB 2066) 

exempting coal gasification-based electr ic i ty generation demonstration projects 
from the CEO's NOI requirements. Therefore, in October 1978, SCEpetitioned the 

CEC to convert the NOI to an AFC. SCE's petition was granted and the Cool Water 

site was pursued in detail through the AFC phase. In December 1979 the CEC 

9-I 



p P 

Table 9-I 

REGULATORY ACTIVITIES 

COAL GASIFICATION DEMONSTRATION PROJECT 

Filed NOI with California Energy Co,~ssion (CEC) 
• . . . .  

CEC issued Certificate of Acceptance of NOI 

Procedural Conference with CEC 

Advised CEC of SCE's desire to participate in 
expedited process for Project and requested 
EIR be prepared prior to AFC 

Public Workshop - Air Quality (San Bernardino) 

Public Workshop - Public Health. Solid Waste. and 
Water Supply (San Bernardino) 

Senate Bill 2066. Coal Gasification Generation Act 
signed into law 

Public ~nformation Hearing (Barstow) 

Public Information Hearing (San Bernardino) 

Filed petition with CEC to convert NOI to AFC 

CEC granted petition converting NOI proceedings to AFC 

Transmitted "Preliminary Environmental Assessment" to CEC 

Transmitted "Proposed Monitoring and Mitigating Program" to CEC 

Position Statement Workshop (San Bernardino) 

Public Workshop (San Bernardino) 

CEC d~stributed Draft EIR 

Preheating Conference (San Bernardino) 

Public Hearing (Newberry Springs) 

SCE filed motion with CEC to suspend adjudicatory Hearings 

Workshop on Draft EIR (Barstow) 

SCE fi led motion to cancel suspension 

Date 

7-13-78 

7-21-78 

8-17-78 

8-23-7B 

9-07-78 

9-28, 29-78 

9-29-78 

10-0S-78 

10-06-78 

10-12-78 

10-25-78 

11-03-78 

11-21-78 

3-7, 8, 9-79 

4-17-7g 

4-26-7g 

5-07-7g 

5-07-7g 

5-15-79 

5-30-79 

6-28-79 
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Table g-1 (Continued) 

CEC Prehearing Conference (San Bernardino} 

CEC Distributed "Revised Draft EIR" 

Filed for "Certificate of Public Convenience 
and Necessity with California Public 
Ut i l i t y  Commission (CPUC) 

Hearings on Final AFC Report 

CEC Issues final EIR 

Final Decision on AFC by CEC 

Obtained Final Certification from the CPUC • 

Filed for EPA PSD Permit 

EPA PSD Permit Issued 

9-07-79 

10-26-7g 

11-0g-79 

l 1-20-79 

l ?.-OG-7g 

12-21179 

8-19-80 
.'. 

9-12-,BO 

12-09-81 

approved the construction of the Cool Water Coal Gasification Demonstration 

facility subject to numerous conditions outlined in the CEC's final decision and 

Third Prehearing Conference Statement. These conditions involve design 

requirements to mitigate varioq~ environmental impacts, as well as worker health 

and safety aspects of the Project. 

$UMHARY OF THE CALIFORNIA PUBLIC UTILITIES COMMISSION (CPUC) PROCESS 

An application was filedwith the CPUC in November lg79 requesting a Certificate 

of Public Convenience and Necessity for the project. Public hearings were held in 

Februaryi~and March 1980, after which the Commission issued a decision granting a 

certif icate for the Cool Water Coal Gasification Program in August Ig80. After a 
L 

series of "petitions of reconsideration and clarif ication by both Southern 

California iEdison (SCE) and the CPUC, the Commission issued, on June 16, Ig81, an 

order of clarif ication with conditions which SCE accepted. The main thrust of the 

decision was that SCE m~ recover i ts  capital contribution through Energy Cost 

Adjustment Clause (ECAC) during the demonstration period to the extent that 
"avoided cost" revenues exceed project costs, including plant O&M costs, coal 
costs and processing fees. I f  SCE has not recovered all project costs, including 
i ts capital contribution, at the end of the demonstration period, i t  maLy apply for 
recovery of those cost~h plus a factor computed at the "allowance for ~unds used 

during construction" (AFUDC) rate accrued during the demonstration period. 
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SUMMARY OF THE ENVIRONMENTAL PROTECTION AGENCY'S (EPA'SJ PREVENTION OF 
SIGNIFICANT DETERIORATION (PSD) PERMIT PROCESS 

A PSD monitoring program was estabished at the Coo1 Wa'cer site in October 1979. 

One year of monitoring data is required to establish ambient air quality 

conditions. On September 12, 19BO an application was f i led with the EPA for a PSD 

permit. The intent of this application was to shaw that construction of this::: 

fac i l i t y  would not prevent the attainment of the national ambient air quality 

standards and that best available control technology is being util ized. The EPA 

declared the application complete on May 29, 1981 and Issued the approved PSD 
permit on December 9, 1981. 

The PSD application summarized the anticipated emissions of a number of 

pollutants. Those pollutants for which a National Ambient Air Quality Standard 

exists are shown in Table 9-2. All other pollutants regulated under the Clean Air 
Act are summarized in Table 9-3. 

Table 9-2 

PRIMARY PLANT EMISSIONS 

0.7 ~ S Coal 3.5 % S Coal 
Incin- HRSG Inctn- HRS___GG 
erato...._..Er erator 

SO 2, lb/hr 
NO x, lb/hr 
Particulates, lb/hr 

CO, LB/HR 

Hydrocarbons, lb/hr 

4.4 35 196 176 
O.l 140 0.1 140 
Negli- 2,8 Negli- 13.6 
gible gible 

Negll- 77 Negli- 77 
gible gible 

Negli- 4.4 Negli- 4.4 
gible 9ible 

The San Bernardino County Desert Air Pollution Control Dist r ic t  has placed a 

number of restr ict ions on plant emissions. Rule 468 l imits SO E emissions to 
198.5 lb/hr from the sulfur recovery/tail gas treating unit, For the 0.7 percent 

sulfur coal the unit must also confom to Best Available Control Technology 

(BACT). C~rbon monoxide emissions are limited to 2,000 ppm by Rule 409. The rate 
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shown in  the table corresponds to less than 100 ppm. Rule 67 requires that fuel 
burning equipment ( t , e . ,  GT/HRSG) meet the fol lowing restr ic t ions:  140 lb/hr of 
NO x, 200 lb/hr of S02, and lO lb /hr /of  combustion contaminants (part iculates). 
Although this rule has been superse~.dj the EPA and the ARB..still consider this 
rule part of the State ImplementatiOn Plan. 

ENVIRONMENTAL PERMIT CONDITIONS AND MONITORING 

Permit Conditions imposed on the Program by the CEC and the CPUC are summarized in 

the attached l istings (Tables 9-4 and 9-5) of cert i f ication conditions for both 
construction and operation. Planned monitoring of plant emissions and effluents 
is discussed in Section lO and is summarized in Table 10-2. 

Table g-3 

MISCELLANEOUS PLANT EMISSIONS 

Pollutant Emissions Significant Level 
(Tons/Yr.) (Tons/Yr.) 

Asbestos 0 0.007 

Beryllium 0.00007 0.0004 

Mercury 0.00014 O.l 

Vinyl Chloride 0 1 

Fluorides 0.2 3 

Sulfuric Acid Mist 20.2* 7 

Hydrogen Su~Ide 0 lO 
(H2S) 

Total Reduced S~!fur 0 lO 
(incl. H2S) 

Reduced:Sulfur 0 .: I0 
Compounds ( inc l .  HzS ) 

*Estimated as.suspended particulates occurring during a year when 3.55 S coal is 
testedfbr a two~iAanth period and'0.7$ S coal is run for the remainder of the 
year. This is a conservative estimate assuming up to 10% of the total sulfur 
emissions from the HRS6 appear as "sulfuric acid mist". Actual mist (particulate) 
emissions ~re l ikely to be lower. 

.., .... 
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Table 9-4 

CERTIFICATION CONDITIONS 
. CONSTRUCTION 

N,o: Description 

l ,  Construction Worker 
Health and Safety 
Program 

Operatlonal Worker 
Safety and Health 
Program 

3.' Grading', EXcavation 
and Backfill Plans 

4. Final Engrg. Owgs., 
Specs and Calcu- 
lations 

'5. 'Drainage Control' 
Berm Design 

6. Use of Non-Fresh 
Water 

ABency 

CEC 
"Col OSHA 

Agency. CEC 
Approval A~proval Remarks 

CEC 

Construction Worker Safety 
andHealth PrOgram 

Program approved by Col 
OSHA letter dated 
1-28-81. CC to CEC 

"" Draft of operational "" 
worker safety and health 
plan f i led with CEC (CC 
to DNS) 1-26-81. 
Received written comments 
from CEC on 6-26-81. 
Will incorporate comments 
into final worker safety 
and health plan prior to 

.operation of plant. 
*6130181 File~ with CEC ano copy to 

S.B. County Department of 
Bldg. & Safety l-2g-Bl. 
Five additional sets sub- 
mitted on 7-13-81 to S.B. 

",.Cpunty Building & Safety 
Department by their 

.... request;,. 
*155'days F~ling of these documents 
after required 150 days.prior to 

submittal installation of structural 
components. 

" *6/30/8] 'Filed as part of'Flood .... 
Control Plan with CEC and 
copy to S.B. County Dep- 
artment of Bldg. & Safety 
1-29-81. Five additional 
sets submitted on 7-13-81 
to S.B. County Building & 
Safety Department by 
their request. 
Edison reached a 
conditional agreement 
dated 5-YO-Bl with the 
City of Barstow to use 
the Barstow slug water 
for Units l & 2 provided 
i t  does not affect 
operation In any way. 
Copy s,ent to C EC 5-26-81. 

DHS 

CEC 
County 
Department 
of Bldg. & 
Safety 

CEC 
County 
Department 
of Bldg. & 
Safety 

CEC 
county 
Department 
of Bldg. & 
Safety 

1/28/81 "6/30/81 

CEC Com~,~,-ot e" .--~ .!~; 
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Table g-q (Continued) 

CERTIFICATION CONDITIONS 
CONSTRUCTION 

No. Description 

. Closure & Maintenance 
of Disposal Sites & 
Evaporation Ponds 

Agency CEC 
Agency : Approva] Approval 

8. wind Erosion 
Control Plan 

CEC 4114181 
State Complete 
Regional 
Water 
Quality 
Control 
Board 

CEC 1/22/81 

g. Environmental 
Surveillance and 
Monitoring Program 

CEC 
Calif. 
Dept. of 
Health 
Services 

I0. Rule 213 CEC Complete 
Offset Requirements ARB 

EPA 

I f .  FAA Notification FAA **5/2B/Bl 

Remarks 

Approved by California 
Regional Water Quality 
Control Board, Lahontan 
Region 4-14-BI. Approval 
sent to CEC 8-7-81. 

Filed with CEC 1-29-81 
along with a copy of a 
letter of acceptance from 
Apple Valley Office. 
Two copies of a draft of 
the description of the 
Environmental .Surveillance 
and Monitoring/Worker 
Health and Safety Program 
Plan f i led with CEC 
1-26-81. Received 
written comments from CEC 
on 6-26-81. Will 
incorporate comments into 
final monitoring and 
surveillance plan prior 
to operation of plant. 
The Project has been 
granted an exemption under 
Rule 213(f) (Z) (B). The 
CEC, ARB and EPA have 
transmitted correspon- 
dence concurring with the 
exemption. 
Final determination 
approval received from 
FAA on 5-28-B1. Notified 
CEC 8-7-81. 

* The Commission has 90 days in which to review submittals. I f  the commission 
does not order otherwise within 90 days, the applicant may proceed:with 
construction 150 days following submittal. The dates shown in the assumed CEC 
~pproval column are IBO days after submittal. 

** This determination expires 12-20-82. Must notify FAA 60 days prior to 
expiration for renewal. Also must notify FAA 5 days prior to the gasifier 
structure reaching its greatest height during construction. 

9-7 i 



Table 9-5 

CERTIFICATION CONDITIONS 
OPERATIONS 

No. Description .... 

I. Worker Safety & Health 
Program 

. 

. 

Faci l i ty Design Safety 
Code Compliance 

Handling, Storing, and 
Dlsposal of Hazardous Wastes 

4. Testing of Product Wastes 

. 

. 

Final Monitoring and 
Surveillance Plan 

Noise Survey - Machinery 
and Equipment 

7. Noise Survey - Employee 
Protection 

8. Fire Protection Program 

9. Combined Cost Report 

I0. Report on Capital Cost and 
Coal Expense 

I I .  Fire Protection Program 

ABenc~ 

CEC 
Cal OSHA' 

CEC 

CEC 

CEC 
Dept. of 
Health 
Services 

CEC 

CEC 

CEC 

CEC 

CPUC 

CPUC 

CEC 
County 
Fire Wardens 
Office 

9-8 

Filing 
Date Remarks 

90 days prior 
to start-up. 

90 days prior 
to start-up. 

15O days prior 
to start-up. 

180 days after 
start of 
operations. 

Must be 
reviewed and 
approved by Cal 
OSHA prior to 
f i l ing with CEC. 

Dept. of Health 
approval 
required prior 
to f i l ing with 
CEC. 

150 days prior 
to start-up. 

90 days after 
operations. 

90 days after 
start-up. 

go days prior 
to start-up. 

l year after 
commencement 
of operations. 

36 days pr ior 
commencement 
of operation 
after predemon- 
stration period. 

30 days prior 
to scheduled. 
start of 
operations. 

Plan to include 
expected dates 
for tests and 
availability of 
results. 

Order #9 of CPUC • 
Decision #93203. 

Order #11 of CPUC 
Decision #93203. 
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Section lO 

TEST AND DEMONSTRATION PLANS 

GENERAL 

Cool Water is a demonstration plant with objectives somewhat different from 
those of a normal commercial venture. In 1979, the Management Committee 
created the Test Plan Committee (comprised of participant representatives} and 

charged i t  with developing testing and data acquisition procedures (inc]uding 

environmental assessment) to achieve project objectives. 

The contractual project objectives within the Test Plan Committee (TPC) scope 

are demonstration of: 

• Integrated operation at commercial scale 

e Compliance with environmental regulations 

• Acceptable start-up, shutdown, load following capability, 
re l iab i l i ty ,  avai labi l i ty and safety 

• Adapting hardware (burners; combustors, etc.) to 
gasification/power generation 

• Flexibi l i ty for a variety of feedstocks 

For each objective, the TPC wil l  see to i t  that plant performance is quantified 

and documented with high quality data and analysis, 
I i  

The Cool Water operating organization will include a technical staff to do the 
necessary testing, analysis and reporting. This Test and Demonstration Staff wi l l  
be under the direction of the Test and Demonstration Supervisor who wil l  report to 
the Cool Water IGCC Plant Manager. The Supervisor wi l l  also chair the TPC. The 

TPC wil l  identify the needed tests and procedures, and wil l  direct the Supervisor 
to scope each test and develop a cost estimate, The TPC wil l  then seek approval 

from the Management Committee. Once approved by the Management Committee, the 

responsibility for detailed definition, execution, data evaluation and reporting 

of results wil l  flow through the Plant Manager to the Supervisor. The Supervisor 

wi l l  coordinate the testexecution with plant operations, maintenance and 

engineering. : 

10-1 i . 
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TEST PLAN OUTEINE 

There are four types of evaluations defined for Cool Water: 

e Performance evaluations at steady state, e.g., heat rate 

e Material evaluations 

e Special environmental tests 

• Plant dynamics and control evaluations 

These evaluations wi l l  be conducted at different frequencies and intensit ies 
depending on the phase of operation. For the purpose of the Test Plan, the phases 
of operation are: 

• Pre-demonstratlon 

• SUFCO coal operation at the beginning of project Phase IV 

e Operation on participant test coals 

e Balance of program operation on SUFCO coal 

Additionally, special tests may be conducted and evaluations wi l l  take place i f  

there are any major equipment or control modifications. 

Table lO-I provides a preliminary summary of the elements of the Test Plan. 

PLANNED TESTS AND EVALUATIONS 

System (Stead~ State) 

Objectives to be addressed in these tests are the following: 

e Make timely ident i f icat ion of any System performance 
deterioratio=~ 

• Characterize system performance over the l i f e  of the project 

e Establish a data base for steady state model validation 

• Conduct valid acceptance tests for package systems 

The performance of al l  plant systems or plant process sections wi l l  be regularly 

monitored and compared to "Expected" or "Design" performance. Plant systems o& 

interest are: 

o Carbon, ash, grey water, slurry preparation 

e Gasification 
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• Syngas cooling 

• Carbon scrubbing, final cooling 

a .Sulfur removal 

• Tail gas clean up 

• Resaturator, gas turbine, HRSG 

• Steam/BFW and steam turbine 

e Cooling water 

e Oxygen 

These evaluations wi l l  consist of four steps: 

• Data gathering 

• Heat and material balance calculation 

• Expected performance calculation 

e Comparison/evaluation 

Sufficient plant data wil l be taken to calculate high quality heat and material 
balances and to identify major operating parameters of all the l isted plant 
process sect ions.  A l l  major mass and energy f lows into and out of each process 

section w i l l  be measured d i rec t l y ,  wherever feas ib le .  Much of the necessary data 

will be automatically taken on the data acquisition system. In order that the 
data wil l be of acceptable accuracy, all involved measurement devices wil l  be 
calibrated on a regular schedule. 

Most data acquisition for the material balances wil l  be automatic. Flows wil l be 

automatically integrated (totalized) and temperatures, pressures and compositions 

will be time averaged. These values wil l  be stored at reasonab~le time intervals 

or on demand to enable subsequent calculation of balattes over periods of 

particular interest and for longer term accounting and'monthly reporting 
calculations. Texaco typically calculates a balance for every fou~-hour operating 

period and this practice will be maintained at least through the start-up and 
testing phases of the project. 

All major heat and mass inputs and outputs of each process section wi l l  be 
directly measured, but the balances wil l not close perfectly due to unavoidable 

measurement errors. Closure will be achieved by statistical techniques, limiting 

adjustment of each variable to the maximum expected measurement error. A record 
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wil l  be kept of the variable adjustments made to close the balances. These 
varlable adjustments should be normally distributed. I f  they are not, some 
systematic measurement error is indicated or some assumption is invalid. The 

instrumentation will be checked and, i f  faulty, repaired or recalibrated. I f  the 

instrumentation is operating properly and the error persists, the heat and mass 

balance assumptions wil l  be modified. 

Process conditions inevitably vary from the design point, most frequently through 

variations in feedstock or production rate. In order to evaluate the plant 

performance as determined by the balance calculations, some reference point is 

needed which will account for the most significant of these variations. To 

accommodate this need, some type of steady-state model of each process system wil l  
be made. Model input d.~_ta wil l  be flow rates, compositions and conditions of 
streams entering the modeled process unit. The model will calculate the expected 

process unit output streams, The f i r s t  plant balances after start-up and 
individual equipment test performance evaluation data wil l  be used for 

validation. Once the models have been validated, process unit inputs from 

selected heat and mass balances wi l l  be fed to the model along with the other 

necessary process parameters such as solvent circulation rates, etc., and the 

predicted unit performance, e.g., the output stream flows and compositions, will 

be calculated. The models wil l  also be exercised at the plant design conditions. 

For eachprocess unlt performance evaluation, i .e . ,  for selected heat and mass 

balance periods, actual performance in key areas will be compared to the predicted 
performance and design performance. Representative results shall be =~ported in 
the monthly operation summaries. When significant variances occur between 

expected and observed performance, the source of the variance wil l  be identified, 
possibly through more detailed equipment performance evaluations. I f  performance 

has changed, the model parameters wil l  be adjusted. Records of all parameter 

adjustments will be permanently retained. 

Dynamic Tests 

Objectives addressed in these types of tests will include: 

• Determine i f  the dynamic performance of the integrated gasification 
combined cycle system and of certain cr i t ical  subsystems and components 

" meets the load following requirements of a power generation system 

• E~aluate various control strategies during normal system operation and 
" system emergencies 

• Provide a data base for  validation of dynamic system models so the Cool 
Water dynamic performance can be extrapolated to fu l l  scale plants 
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The integration of several process units into an operable power plant is one of 
the significant challenges of the Coo1 Water Project. A dynamic model of the 

-.% 

plant is being generated based on the "design" control configuration. Dynamic 

tests of the plant will be used to validate this model. Subsequently, model 

modifications, plant control system modifications and further plant tests wil l  be 

used to realize the essential operability and the ful l  dynamic potential of the 

gasification combined cycle configuration, 

Generally, a dynamic test wil l  be staged with personnel directing the test. The 
data acquisition computer wi l l  be programmed to collect 300 to 500 points of 
pertinent data at relatively rapid rates for a short period prior to the start and 
for an appropriately longer period after the start, through the completion of the 
test. The testing system wil l  also be arranged for unstaged tests with automatic 

triggering on plant events so As to collect similar dynamic data which occur 

during normal operation of the plant. 

The data collected wil l be selectively plotted by the data acquisition system for 

visual analysis and for comparison to results predicted by the dynamic simulation 
models. This wil l  allow identif ication of any dynamically deficient equipment and 
provide information for the corrections. 

Materials and Equipment Tests 

This aspect of the Program is intended to: 

Document performance and the operating environment of all Cool 
Water materials of construction 

Determine the cause and find solutions for all unexpected 
materials problems 

Optimize the cost effectiveness and re l iab i l i ty  of certain key 
materialssuch as gasifier refractories and syngas cooler metals 

Due to the specialized nature of materials work and i ts c r i t i ca l i t y  to reliable 
cost effective plant design and operation, a materials group is expected to be 
established with a representative from each participant to develop and oversee the 
materials testing and evaluation program. 

I t  is anticipated that much of the most important materials evaluation work wil l 

tak e place during fnrced outages to minimize plant down time. 

10-6 



p p 

The materials testlng and evaluation program will consider four areas: 

• General Metallurgical 

e Syngas Cooler 

o Refractory _: 

e Failure Analysis 

l ;  

General metallurgical evaluations will be integrated into the routine plant 
inspection, maintenance and safety program. They wi l l  consist of regular 
inspections (visual, ultrasonic, x-ray, etc.) and the placement and periodic 
removal and testing of corrosion coupons at well defined places in the plant. 
Plant sections most subject to this type of evaluation are the syngas cooling, 

reheating and saturation, the grey water system and the gas turbine buckets. 

In addition to regular inspection points and corrosion coupons, special efforts 

will be made to sample and characterize tube deposits in the syngas coolers. 

Fouling factors will be measured regularly and watched closely. Sootblowing wil l  
be optimized. Because of the high temperature application, i f  the design tube 
materials prove unsatisfactory, special probes wil l  be used for alternate material 
testing. '~ 

The refractory lining of the gasifier vessel must withstand very severe conditions 

of slag attack at high temperature. The l i fe of the refractory wil l  be an 

important factor in the economics of the plant. Therefore, measurements of wear 

rate, visual inspections and photographic records wil l  be made as plant outages 

occur. I f  the original refractory materlals are unsatisfactory, test panels of 

different materials wil l  be installed. The cost effectiveness of all refractory 

materials tested wil l  be determined. 

Upon fa i lure of any piece of plant equipment, a qualified member of the plant 
technical s taf f  wi l l  make a detailed in-st tu inspection, including photographs, 

measurements and observations. For certain types of failure or failure of certain 
cri t ical equipment, additlonal specific actions will be taken. In most cases, the 

failed parts wil l  be retained in a benign atmosphere (a plastic bag with desiccant 

and/or f i l l ed  with nitrogen) for an appropriate failure analysis. Complete 

records of the failure wil l  be retained including process conditions at the time 

ef the failure, 
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Environmental Tests 

These tests age intended to: 

Characterize the envirorunental acceptability of the plant 

Establish an environmental data base for future IGCC plants 

Careful environmental monitoring wi l l  be conducted over the l i fe  of the project to 

characterize the environmental impact of the plant. Emphasis wi l l  be on effluent 

streams, e.g., slag, waste water, sulfur emissions, NOx, etc., but any high 

internal recycles of noxious compounds wil l  also be identified. Trace element 
balances wil l be conducted on each coal type tested in the gasifier. 

Detailed methodology to meet permitting requirements is outlined in Table 10-2. 

In addition to this regular environmental monitoring, special environmental tests 
wi l l  be conducted on the design coal and on participants' test coals at carefully 

selected operating conditions. The object of these tests wi l l  be to gather 

suff icient data so environmental performance can be predicted for the test coals 
in most l ike ly commercial plant configurations. Included in such tests wi l l  be 

complete feedstock and effluent characterization and characterization of key 
internal recycle streams. Also, special environmental monitoring of the gas 

turbine wi l l  be required during NO x emission reduction tests. 

," :. 
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