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-ABSTRACT

‘This réport presents current status information on the COQI_WafEr Coal Gasification
Program, a private industry jointly funded effort te design, build, and operate a
100 MW coal-based power plant to demonsirate new integrated gasification combined
cycle {IGCC) technology at 2 cormercial scale. Background on the project is pro-
vided and the organizational structure 1s discussed. Planned facilities 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 briefly summarized. The
progress of the engineering work and the overall project status are reported. The
requlatory 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 publish annual reports updating
the project progress.
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EPRI PERSPECTIVE

PROJECT DESCRIPTION

The Cool Water Coal Gasification Program is an uhdertaking of a numher of private
entities to design, construct, and operPte the nation's first integrated
gas1f1cat10n-comb1ned-cyc1e {16CC) Power plant to supply electricity to a:utility
system. The demonstration plant, comprising commercial-scale compénents and:.
subsystems, will be Tocated 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 ‘unding
of the $300 miliion effort are EPRI, SCE, Texaco Inc., Bachtel Power Corp., Genera1 ‘

Electric Campany (GE), Japan Cool Water Progrem Partnership {JCWP), and the Empwre
State Electric Energy Research Corp. (ESEERCG).

The plant will ut111ze an oxygen-blown Texaco gasifier that is sized to convert '
1000 tons of Utah coal per day to a medium-Btu syngas. After particulate and sulfur
removal, the syngas will be used to fuel a GE combined-cycle unit that employs a
slightly modified Frame-7 combustion-turbine-electric generator, z heat rzcovery
steam generator (HRSG), ard-a steam turbine-electric generator. The net:p1ant
output, after serving auxiliary 1oads and accounting for power supplied to.an "over-
the-fence" air separation unit that will provide the cxygen needed for gas1f1cat1on,
is expected to be 90 to 100 MW, depending on npera;ing conditions.

The project under RP1459 is beiny conducted in phases as follaows:
. Phaserg:;gre11m1nary Engineering and State Permits
o Phase IT--Fiil Eﬁgineeriﬁg
@ Phase III--&rocurement and Censtruction
o Phase IV--Operation and Testing

o Phase Y--Completion



-

PROJECT OBJECTIVES

For almast 30 yearﬁ in a large number of plants worldwide, Texaco ha§'1icensed
commercially its Synthesis Gas Generation Process for use with ail é% natural gas
feed. The Texaco Coa? Gasification Process, which was born out of the initial
expe}ience with this oil-partial oxidation technolaogy, has receﬁﬁed greatly in-
creased emphasis asZa result of the recent natfonal move towerd more coal use to
promote energy self-sufficiency and has been extensively tested on the small and
large pilot plant scele. Specifically, a wide range of coils and other solid feed-
stocks have been processed in Texaco's 15-ton-per-day Montebelle {Los Angeles) unit
over the last decade, and Ruhrchﬁmie, a West German chemicai firm, has successfully
operated a 165-ton-per-day Texato gasifier at Oberhausen siﬁég 1978, The latier
unit has logged over 10,0C0 hours of operation, inc?uding runs of about 500 hours
gach on Pittshurgh No.‘B, T11inois No. 6, and Utah ceal (the Cool Water design
coal}. One of the main'objgctives of the Cool Water projétt wil be to identify and
rectify scale-up problems that might occur with operation of the gébification
process at the IOOO-ton-pernday level; i.e., resulting from a six-fold increase in
size. . T

- ‘Essentially, all of the otfier elements of the 1GCC system have individually achieved
successTul operation in.ong application or another at the size proposed for Cool
Water, However, some 6? tﬁe process segments—-e.g.,.the.sulfur-remnva1 facilities
and the "over-the-fence" air separation-unit--have, traditionally been-required to
operate almost exclusively et only a steady-state level. Furthermores, the degree
and number of direct interrelationships among the various components of the IGCC
system are rarely:present in existing conventional préctice. A key goal of the
project will be to vgrify the operability and controllability of the overall-heavily

1ntegrated_system in both steady-state and load-following modes and under startup,
shutdown, and emergency conditions.

Equipment and system reliability is another area to be specifically addressed at '
Cool Water in order to prov%qé important failure rate and repair data. Ffficiency
and costs are to be carefully evaluated to confirm or, if necessary, to correct
projections for commercial plants. Extensive monitoring of environmental perfor-
mance is also to be carried out in convliance with the project permit conditions and

to develop informatien for future planning.
L}

In order to demonstrate the feedstock flexibility. of the gasification process,
several coals, including both eastern and western varieties, are expected to be



@ested.; During the course of operations, detailed nperati;ﬁl}. lﬁfénanl:-é, and safei:y
. procedures, which can be applied to future plants, will be developed and refined.

In short, it is the 1ntent‘of the. parties in:the Cool Water project to obtain a
comprehansive package of real’ plant data on a commercial scale. This information -
will ailow decisions and plans for future application of IGCC technology to be made

with 2 high level of confidence and substantially reduced technical and financial
risk. ' ‘ 5

PROJECT RESULTS “ .-

Phase I, Pre“iminary Engineering, was tompleted in December 1979 upon receipt of the
state environmental permit from the California Energy Commission. Phase 11, Finéu
Engineering, was then initiated, with Bechtel being selected as the prnject engineers
constructer. -After several trade~off ‘studies were conducted and a final plant con-
figuration was selacted, detailed engineering design work commenced. GE was chosen
to supply the combined-cycle equipment and to lead the integrated control system .
development activities. A decision was made to utilize the Selexo1® process,
1icensed by the Norton Company, for the removal of sulfur compourds from the coal-
derived fuel gas. It was agreed that recovery of this sulfur weuld be accomplished
using the Claus process, licensad by Amoco Qi1 Co., and the Claus tail gas wovld be
treated for further sulfur removal in a Shell Claus Cff-Gas Treating (SCOT) unit,
Ticensed from Shell Development Co. The engineering design of the Claus and SCOT
faclities was subcontracted by Bechtel to Ford, Bacon, & Davis.

An arrangement was ne};otiated with Airco, Inc., whereby they will build a commercial
air separation unit adjacent to the prcject facilities in order to supply oxygen on
an "over-the-fence" basis. Combustion Engineering, Inc., was selected to manufacture
the gasiffer and the syngas coolers, the latter being the largest and most critical
pracess vessels in the plant.

" Phase III, Procurement and Construction, was released to proceed in December 1981.
As of May 1982, all mzjor equipmeni: had been ordered, site clearance work was com-
pleted, and initial underground civil construction activity was well under way.
Also, by that date, Phase II engineering wovk was 60% finished. Phase III is
scheduled for completion hy October 1984, including a four-month plant shakedown
pariod after construction has ended. Phase IV, Opérations and Testing, will then
proceed and continue for s period of about six and one-half years, te be followed by
Phese ¥, consisting of the sale of all or pirt of the facilities for future use "in-
place,” dismantiing for reuse elsewhere, or demolition and sale for salvage.
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With regard to funding, EPRI agreed in February of 1980 to share in the project cost
2long with SCE and Texaca. Bechtel and GE formalized their commitmént to participate
in the ¥inancing of the effort in Sepfnw:vﬁ',f that year. When in July of 1981
additiunal contributions had not yet: :h¢en ‘secured to cover the full funding
requ’rement. cmnnencement of construction was temporarily postponed- and the project
was essentially placed in a holding pattern. In December 1981, the EPRI Board of
Directors apprnveu an immediate increase in the Institute's funding level and agreed
_-toa major commitment to underwrite a substantial portion of the remaining 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" placed on procurement. and.construction. The agreed-
upon funding closure plan was formally implemented in February 1982 when the neces-
sary amendments to existing participation agreements were executed and new contracts
cuvering thg contributions by JCHP and ESEERCO also went into effect,

The foregoing discussion of the project status represents an interim summary of the
results obtained i\ date in this major alternate energy effort. Annual progress
updates on desigﬁ and construction will be issued as EPRI pubtic reports during
Phase III, and in Phase IV thise reports will continue, presenting plant operating
resuTts, along with a comparison against projections and abjectives.

Thomas P. 0'Shea, Project Manager
Advanced Powey Systems Division
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SUMMARY

This document comprises the first annual EPRI Progress Report on the Cool Water
Coal Gasification Program. This project js the focal poinf of the EPRI Clean
Gaseous Fuels Program (CGF)} and its successful implementation is the primary goai
in the current CGF Five-Year Plan. EPRI’s and the utility industry's strong
commitment to gasification combined-cycle (GCC) as a future coal-tased power
option, as well as their recognition of the need to first 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 Southern 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. Subseqguently, these
parties were joined by the Japan Cool Water Program Partmership (JCWP) and the
Ewpire State Etectric 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 sponsars,
relative to their funding contribution levels, are discussed in Section 3.

The primary governing bedy far 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 Oifice stgff‘made up of
participants' personnel. ‘ o

The Cool Water Program encompasses the design, construction, testing and operation
of the-nation's first integrated GCC plant on a commercial scale. The
demonstration unit, designed for a ¢oal feed rate.of 1000 tons per day, is to be
built at the site of SCE's existing 600 MW Cool Water Generating Station, located
near Daggett, California, about 120 miles northeast of Los Angeles. The plant is
expected to produce from 90 to 100 MW of net power, deﬁending on the process

5-1



conditions achieved., Table S5-1 provides an estimate of plant performance under three
different operating conditions, each of which is based on the design using Utah

.coal as feed. Significantly lower heat rates are projected for commercial plants
where larger, more efficient reheat steam turbines are expected to be employed and

certain other improvements are anticipated to be implemented.

The objectives to be met in the Cool Mater Program include:

. Demonstration of acceptable system and equipment performance at a
cummercxa1 scale

l

) Confarmat1un of system comp11ance with environmental criteria

) Verification of controllability of the integrated plant under all !
operating conditions, including steady-state, 1oad ~-following, start-up,
shutdown: and emergency e o i

° Assessmeng;gf'équiment and system reliability
s Demonstration of feedstock flexibility

(] Preparation of operating, maintenance, safety and-training procedures
. .which could be applied to future plants

e Development of a complete economic and technical data base for use in
commercial application decision-making and future plant designs

The demonstration plant will include subsystems for coal receiving, storage and
transfer, grinding and slurrying, gasification and gas coaling, sulfur yremoval and
recavery, resaturation and rehsating, pbwer generation, waste water treating and
other ancillary support facilities. Coal will be delivered by rail from the
Southern Utah Fuel Co. (SUFCO) mine in-unit trains. From silo storage, it will be
conveyed to the grinding section and prepared with water as a slurry before being
fea into the gasifier through a specially designed burner. Oxygen (to be supplied
at ;001 Water from an "over-the-fence" air separation plant) is alsoe fed to the
gasification reactor. Partial oxidation reactions between the coal, water and
oxygen produce“a medium-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 its 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 Eeing melted into a slag in the high temperature reactor environment,
is selidified in a gquench water sump below the gasifier befora being removed for
disposal.



“ 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 sulfuﬁfiqfa conventional Claus
plant, whose tail gas is treated in a Shell SCOT uait for removal of remaining acid
gases. The sulfur will be disposed of or, perhaps, sold.

The clean, cool product gas from the Selexel unit passes through a water séturatbr,
a heater and a surge/knock-out drum before entering a GE Frame 7 combustion
turbine, which drives an electric generator. The moisture added inlthe saturator
aids in minimzing the formation of nitrogen oxides in the gas turbine by lim{ting
the combustor 1ame temperature. ‘Supplemental steam injection is also planned for
l\‘Dx emissions contnoT; The exhaust gas from this turbine is released to the
atmosphere, after being cooled in a heat recovery steam generator {HRSG) where high
pressure saturated steam is generated and is. then superheated, along with the steam
praoduced in the syngas coolers in the gasification section. The superheated steam
flows to a steam furbine which also drives an electric generator. A more detailed
description of the Program facilities can be found in Section 5 of this: report.

The current Program cost estimate is $300 mition (in actual dollars, i.e.,
including escalation). A breakdown of this estimate is provided in Section 7.

The Cooi Water project has been structured as Tollows:
L ] Phase ! - Preliminary Engineering and State Environmental Permits
e  Phase II - Final Detailed Engineering
o Phase II1 - Procurement and Construction
a Phase IV - Operation and Testing

e . ...Phase V - Completion and Dismantling/Oisposal (if necessary)

Phase I was cﬁhpleted at the end of 1979 when the California Energy Commission
appraved the construction and operating permit for the demonstration plant. At the
beginning of 1980, Bechtel was selected as the Engineer-Constructor and Phase 11

was started. As of May 1982 this detailed desiqn phase is approximately 60 percent
complete and is expected to contiiiue through mid-1983. Phase III was initiated in
December 1981 and arders for 21l 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: -

§-3



® GE will supply the combined-cyc‘e equipment and certain other
electrical items (in addition to performing integrated controls
design and cycle development and definition services)

e The Selexpl sulfur remgval process is being licensed from Norton
Campany

¢ The Claus process for :ulfur recovery is licensed from Amoco 011
Company

° Shell Development Co. is the licensor for the SCOT tail gas
treating process

e Ford, Bacon and Davis !Texas) is carryirg out the engineering
design of the sulfur recovery and tail gas treating facilities

[ Combustian Engineering is thé'gupplier of the gasifier vessel and
syngas coolers

® Airco Inc. has been selected to supply the oxygen required in the
a51f1cat1nn process on an “over-the-fence" basis

. Faxhoro ha bpen chosen to provide the d1str1buted contro\ system
and data acquis1t1on system .

Construction of the demonstration plant is expected to.be compiete in the first
half of 1984 ard, after a short “pre-demonstration“ipg?ﬁod allowed for initial
start-up and shakedown, Phase IV, the formal test’and operations program, is
anticipated to begin in theﬁiﬁtter half of 1984. During Phase IV, long-term
performance and reliability assessment is planned on the design Utah coal, as well
as several short term tests using other coals,.'including high-sulfur eastarn
varieties. EPRI has already nominated I1linois No. 6 coal, with a sulfur content
of 3.5 percent, as its candidate for testing. Various materials tests and regular
evaluations of plant economics are alsa planned during Phase IV. In eddition, a
comprehensive environmental monitoring and surveillance program will be conducted
during the operations period in accordance with the requirements of the permit
issued by the California Energy Commission. The type and freguency of
environmental measurements currently envisioned are identified in Section 10 of
this report. :

The operations and test peried is planned to continue for six and one-half years.
Accordingly, Phase IV will be complete in early 1991. At that time a decision
will be made as to whether SCE wishes to purchase the plant and operate it
commercially, ancther party desires to purchase it {presumahly requiring
relocation), or whether it should be dismantled and sold for salvage.

K



Tab!e 571 .
OVERALL PLANT PERFORMANCE
(SUFCG COAL)

Initial Anticipateﬂ

Dperation Future Opevations
1 2 3
Coal in (1b/hr) _— 83,820 83,820 87,108
{tpd} : - 1,006 1,006 . 1,045
. ..:Coal Heating Value (Btu/ib., HHY) ; 12,277 12,277 12,277
. Weter Usage (gpi) S :

. = To Combined-Cycle Condenser Y 190 140 150
- Cooling Tower Use : 863 863 .. 928
«~ Gasification/slurry Make-up _ % - 123 135
Heat in.Coal (Btufhr. x 106, HHV) 1.029.1  1,025.1 1,069.4
Gross Dry Clean Fuel Gas Produced {1b/hr) 157,080 155,370 155,500

Heat in Clean Fuel Gas {Btu/hr x 108, HHV) 750 767 a2

. Total High Pressure Steam (1b/hr1 407,720 394,240 398,300

“Total Medium Pressure Steam {350 psig) 1,660 1,660 1,710
Proﬂuced_(]b/hr) '

Estimated Expected :

Gross:-Power Generated (kw) 115,950 118,750 123,100
E1ectr1ca1‘Auxiliary Power Consumed

= Balance of Plant (kw) . 6,020 6,120 6,240
- Oxygen Plant(iw) = | 17,980 16,424 15,880
Estimated gxpected Net Eerfqrmance

- Net Power' Generated (kw) - 91,950 96,20 100,980

|- Net Plant Heat Rate (Btu/Kw-hr) 11,190 10,700 10,500
- Overall Net Plant Efficiency (%) 30.5 - 319 32.2

(coal-to-busbar) '

Hote: A1l cases above are based on site elevation of 2,000 ft. and ambient
temperature of 80F. Column 1 represents initial “normal" operation,
reflecting 99.5% O purity, slurry containing approximately 60% coal
with no pre-heating, and supplemental steam injection at the gas turbine
for N0y control. Columns 2 and 3 represent target performance at future
test conditions. Both columns are based on 95% Qg purity, the aadition
of slurry heating, and the elimiration of steam injecticn, but column 3
also assumes increased siurry concentration. .
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Section 1
INTRODUCTLON

The electric utility industry, as a major user of 0il and natural gas, has o
‘recognized the need for alternate energy sources.. Their search has focused on the ;

technologies that would provide an ‘environmentally acceptable way to use a broad
range of domestic coals, which are in abundant supply.

Gne 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.
it can be used in steam boilers and gas turbines to generate electricity, and can
be used to fuel process heaters and furnaces in industrial complexes. It can also
serve as a primary feed source for manufacturing petrochemicals such as methanol,
ammonia, acetic acid and alcehols, as well as high-purity hydrogen and synthetic
crude oil, "

Analyses by the Electric Power research Institute (EPRI), the Engineering Sccieties
Commission on Energy (ESCQE), the Department of Energy (DOE), the General Electric
Company (GE), and others indicate that electricity produced by a gasification plant
integrated with a gas and steam turbine combined-cycle offers several attractive
advantages versus conventional power plant technology, i.e2., coal~firen
boiler/steam turbiﬁg using flue gas desulfurization. These include:

. Use of readily available high-su]fuﬁ coals
] Lowgr air pollution emissions

. No sludge disposal requirement

©  Lower water use

® Lower sol%d waste production

) Potentially Tower cost of electricity

® Potentialiy higher plant efficiency

a Reduction in oil usage through retrofit potential

1-1-
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LIt is-the goal of the Cool.Water Coal Gasification Program té demunstrate the

) W:nttractive environmental and economic characteristics of an integrated gasification

combined-cycle {ISCC) power generation plant on such a scale and n a time frame
that will Jead to widespiead commercial acceptance by the late 1980's.

The following 'i:‘ections;,-‘l'uf this'report provide an overall description of the Cool’
Hater Coal Gasificatisn Prngpam, its management structure, the 1GCC concept ‘and
plant facilities, and the status of the Program throughﬂ;he year 1981.
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"‘Section 2

BACKGROUND

Southnrn Califnrnia Edison tharouthy studied the ceal technologies which have. or
are projected to haue, commercfa] capab111t1es 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. ‘gaseous fuel for use in
boilers and combustion turbines merited further investigation. 1In early 1978, SCE
ani Texaco Inc., sibned a Tetter of intent to jointly perform preliminary
eng1neer1ng studies Fur a commercial. scale 1000 toas-per-day coal gasification
system 11nked with 2 160 Mw combined-cycle electric generating plant. Linking of
the gasifier and the combined cycle unit was expected to produce electrical energy
at an efficiency comparable to conventional d1rect-f1red coal .combustion plants.
SCE's Cool Water Generating Station near Daggett California was selected as the
site where adequate land, water and rail facilities for coal de11very and other
plant support facilities were available.

Subsequently, an EPRI-funded study was conductad by the Ralph M. Parsons Company to
perform the conceptual design of the coal gasification-combined é&cTe power

systém. Preliminary design 1nformat1on, perFormance and emissions data, and
project costs and schedules were deve]oped for the construction of the proposed
plant. A final report was issued in August 1978 {EPRI Report No. AF-880). The
resylts of this study were used by SCE and Texaco to structure a program for a
commercial scale integrated gasification combined-cycle power plant.

Southern Caiifornia Edison filed a Notice of Intention (NOI) for certification of
the site and the project with the State of California Energy Resources Conservation :
and Development Commission (CEC). Thereafter 5CE's Preliminary Environmental
Assessment (PEA), dated Cctober 12, 1978, was filed with the CEC. On November 25,
1978, the CEC 1ssued its order converting the NOI proceeding to an Applicatidn for
Certification (AFC) pursuant to the Coal Gasification Geheration Act (Public
Resources Cpde Section 25630, et. seq.). The California Energy Commission issued a
draft Eavironmental, Impact Report for pub11c comment 1n October 1979 and granted a
construction permit in December 1979. . Lo
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SCE and Texaco entered into an "Agreement", dated July 31, 1979, for the purpose of
designing, constructing and operating a 100MW integrated gasification

combined-cycle {IGCC) power plant based.on the data and costs developed during the
R. M. Parsans study. The project, known as the Cool Water Coal Gasification
Program, would entail the gasification of 1000 tpd of coal using the Texaco
Process. Overall project cost was originally estimated at $300 million.

In January 1980, Bechtel Power Cnrporatfon was selected as the prime
engineer/canstructor for 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
February 1980, EPR! evidenced its dedication to the Program by committing $50 :
million. This was the largest single project commitment in EPRI"history.

Also during February 1980, Program personnel were assigned to proVide averall
coordination and Tiaison with Bechtel. The Program Office is staffed by
representatives from the various participating organizations as deshribed later in
Section 3 of this report.

On August 19, 1980, SCE received abprova1 of a Certificate of Public {onvenience
and Necessity from the California Publie-Utility Commission.

In September 1980, a participation agreement and supply contract'Was signed with
General Electric Company to become a participant, at 325 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, congtruct:and operate an
"gver-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 délays in securing the
necessary Program fuhding resulted in an increase in the cost estimate ta its
present level of $300 millien. '

At the end of 1981, when sources still had not.been identified for a1l of the
necessary funds required to complete the project, the existing participants agreed
on a funding closure plan which allowed & decision to be made to proceed with
Phase [II, Procurement and Construction. The funding c¢losure pian involved
increased financial commitments from the, present particiﬁantg, the most subst&ntia]

v
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of which was that of: EPRI, bringing its contribution to a level of $105 million,
and also included anticipated commitments of $35 million from new parties. These
new party commitments, which have since been contractually secured, are comprised
of $30 million from the Japan Cool Water Program Partnership (JCHP) and $5 million
from the Empire State Electrw Energy Research Corp. (ESEERCG) Section 7 of this
report pravides a breakdown of the sources of project’ fundmg under the closure
plan. Lo



Section 3

l PROGRAM ORGANIZATION AND MANAGEMENT STRUCTURE

PROGRAM ORGANIZATION

o

The Cool Water Program has been formed as a joint venture of participants and
sponsors.’ Current parties sharing in the funding include: '

. Southern Ca]iforﬁ1a Edison

[ ] Texaco
. Electric Power Ressarch Institute

° Bechtel
¢ General Electric
t JCWP (Japan Cool Water Program Partnership)

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

The Texaco/Edison Agreement is the basi¢ contractual document for 'the venture and :
provides for joint ownership of the plant by each present and subszquent party to
the Agreement. Each party owns an individdal percentage interast equivalent to its
degree of participation. ‘ i

Under terms of the Agreement, each participant agrees to commit & minimum cf §25 '
million to the Program and tc assume a proportiunate share of all Program costs,
Each sponscr agrees to commit & minimum of $5 million to the Program. All
participants, other than EPRI, are subject to unlimited 1iability for capital

costs, and participants indemnify sponsors for ¥iability incurred in excess of
their estabiished funding contribution. ' '

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, hqs
agreed to provide the Program reyalty-free use of its gasification process '
technology. .
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Participants also share in capital- recovery (except SCE), Program decisions,
.receive full technical information developed during the Prog:am, shara in any

-license royalties resulting from technslogy developed under the Program, and
receive the right to nominate a boa] of their chaice for testing in the p]ant.

Add1tluna11y, part1c1pants are granted g reductinn in the Iwcense fee for anV-=
future use of the Texaco Coal Bagification Process for combined-cycle power
generation. SCE iS granted a special license fee consideration for its use.

Sponsors also.share in capital recavery but only up to one-half their
contribution. Tney also receive full technical informat1on and a lesser reduction
in license fees for use of the Texaco Coal Gasificatinn Process for combined cycle
power prndu:t1on.

These ghligations and rights are summarized in Tables 3-1 and 3-2.

Table 3-1
PARTICIPANT QBLIGATIONS AND RIGHTS
Obligations P - ¥
o Capital commitment - $25 millian minfmum

® Shares in‘all Proy = costs

8 Shares in: capmtaT reCovery.-
@ Shares in Program decisions.
: e Full ;echnical information
. & TCEP royalty fee reduction
s qyﬁeﬁ.?;ogram royalty sharing
. Séécial_cpal test wiihout fee
¢ Have Engineers and Technicians trained
¢: Special tests of process, material, or equipment

s Publicize participation
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Table 3-2
SPONSOR OBLIGATIONS AND RIGHTS

Obligation

o Capital commitment - $5 million minimum
Rights

e Shares to one-half capital recovery
¢ Full technical information
e TCGP royalty fee reduction

e Special coal test for a fee

& Publicize sponsorship

Participating organizations in the Cool Water Coal Basification Program have joined
the Program because of their interest in achieving early commercialization of coal
gasification combined-cycle plants and have demenstrated strong management and
technical qualifications which complement one ancther. The tasks to be completed
are similar to those the Participants have performed on other process plants and
power generating facilities. However, the uniqueness of this first-of-a-kind
facility requires higher levels of interaction Setween the major Program suppliers,
especially during the engineering and planning activities. 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 3-1. The Board of Control is the governing body and the Management
Committee is the operations group. Each participant has the right to assign an
individual to eack group to represent the participant's organization in ali Program
matters.
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CONTROL EXTERNAL
AUDIT
PROGRAM
MANAGEMENT COMPTROLLER
COMMITTER
]
I I 1
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i 1
-+ SPECIAL. MAIOR
EDISON/TEXACO mﬁ"‘s‘;}"ﬁ'}] n EQUIFMENT
TASKS SUPPLIER(S)
SUPPLIERS
SUB CONTRALTORS

Board of Control

Figure 3-1. Cool Water Program Management Structure

The Board of Control is camprised of one representative from each participant.
Each participant has one vote. A two-thirds vote of the Board Members, without a
dissenting vate by Texaco or SCE, is required for all decisions. Current members

of the Board are shown in Tabie 3-3.

The Board of Control performs the following duties:

. Estab1ishes the Program objectives.

[ Reviews and approves Program concepts, budgets {including overruns),
progress, changes in the scope of work, responsibilities of the parties,
and recommendations of the Management Committee and Program Comptroller.

N Reviews and approves new and substitute participants and sponsors.

o  Considers any other matter deemed necessary for the full and complete

operation of the Program.




The meetings of the Board of Control are cailed by the Chéjrman and are scheduled
on a quarterly basis or wore frequéntly, as necessary. The chairmanship rotates on
an annual basis between Texaco and SCE. )

The Management Committee, a Comptroller and an External Auditor all report to the
Board of Control.

The Program Comptroller has been appointed by SCE and is respunsib]e'Fnr receiving,
disbursing and accounting for Program funds and revenues. The Arthur Anderson
Company has been selected as the €xternal Auditor. i

Management Committee

The Management Committee is a working team reporting to the Board of Control, It
has the responsibility for carrying out the directives of the Board of Contrel for

contracting, engineering, procuring, constructing, operat1ng and maintaining, and
the final disposal of the plant.

The Management Committee is comprised of one member from each participant. Each
member has one vote. Committee decisions and directions require a two-thirds vote;
if SCF or Texaca cast 2 dissenting vote, the matter must be submitted to the Board
of Cortrel for resolution. Each .Management Committee member may ‘be supported by
additional representatives of the participants for working subgroups .as required to
provide technical expertise to the Management Committee.

The Management Committee meets at least monthlyvor more often as estabiished by its
chairman. The chairmanskip rotates on an annual basis between SCE and Texace.
Current members of the Management Committee are shown in Table 3-4.

The Managément Committee performs the following functions:

[ Reviews and makes recommendations for all items which require approval of
the Board of Controil

] Reviews and approves all other items not reguiring Board approval
1nc1ud1ng, but net limited to, technical aspects for achieving Program
gbjectives, operating budgets and schedule

. Monitors and directs the Program Manager
o Initiates.and maintains a Program control system

. Carries out other tasks and duiies as assigned by the Board of Contrel
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Name

Table 3-3

CCOL WATER PROGRAM BOARD OF CONTROL

Affiliation

J.L., Dunlap

Vice President, Alternate Energy Department,
Texaco Inc.

L.T. Papay

Vice President, Advanced Engineer*ng,
Southern California Edison

D.F. Spencer

Director, Advanced Power Systems Division,
Electric Power Research Iastitute

t.F. Phalps

General Manager, Lnevgy Applications Program
Depariment, General Electric Company

L.5. Hinkelman

Vice President, Bechtel Power Corporation

K. Fujimori

Managing Director, Tokyo Electric Power
Company (representing JCWP)

Table 3-4

COOL WATER PROGRAM MANAGEMENT COMMITTEE

Name Affiliation
T.L. Reed Project Manager, Engineering ant Construciion

Division, Southern California Edisec~

W.R. Siegart

Senior Staff Coordinator, Alternate Energy
Department, Texaco Inc.

N.A. Holt

Program Menager, Clean Gaseous fuels,
Electric Power Research Institute

U.K. Plumiey

Manager, Coal Gasification Combined Cycle
Projects, General Electric Company

J. DebDivitis

Division Manager, Engineering, Refining &
Chemical Division, Bschtel Petroleum Inc.

5. Araki

Chief Researcher, Engineering R&D Center,
Tokyo Electric Power Co. {representing JCWP)
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The Program Manager, the Program Insurance Adninistrator and other special
task-orieisted committees report to the Management Committee.

The Program Manager and The Program Office

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, ax
accountant, a procurement representative and clerical support. The staff is
expected to increase as additional garticipants Join the Program. Al1l

participants, even those without a specifically defined technical role in the
Program, may have representatives at the Program Office.

AN 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 engineéring and procurement approval responsibility
for the Program, as well as the accdunting, funds collection and disbursement, cost
control and scheduling.

The present Program Office organization is illustrated in Figure 3-2.

An auxiliary Program Field Office has been established at the jobsite. This office
is headed by a Program Construction Mapager under the gensral direction of the
Program Manager, as shown in Figure 3-3. The Program Field Office performs the
Program's engineering and inspection responsibilities at the jobsite., Fiela
accounting, funds disbursement, and construction auditing are also provided at the
Program Field Office. Some personnel from the field construction office will be
retained for the permanent plant operating and maintenance organization.

As the Home Office engineering nears completion, the Program Office may be
consolidated at tha job site during f%na] construction and into initial plant
operations. Key personnel from the engineering office will be at the Jjobsite
during the final construction and start-up phase to contribuie their expertise.

Participant Respon51b111£1es

In addition to being part of-the?managemen£ structure of the Program, many Current
participants have subcontract responsibilities in the engineering, construction
and/or equipment supply areas. Each of these responsibilities reflects their



aselq Gugasauibuy - uotieziuebag adtijo wesbord "g-¢ aanb g

ImowranIvIl .
anBs 9
amveascr  uL

.- TaavI 12l
PAILUOITY WHOIINGE s . . : ISR sy
LHULINS DNITHDM === B Vv - fa yumng
T410 L DL ACIELRG H H H S
354440 BIYNSOMA XY i ’ .
s [=] i
on0m " "tz 71 [ “womsi | L] a9 YAt H _M sy | TV
-—— — — A — — —_ WImea NOILV3ISVD
sy ALty g uazNIINT LyoMy
_ T IR ] s i o am 12f04d _ s _ i
[ _wovmrast oy 37 4 a3 oSz [E T L_wol A
: I 1 T T
—— — P - il 1
I A wasanmr GINIWEY AT TT ta - IBUNTET 1134V smvn 2 [T ‘wasi B [T X) ATIOH o
v ynMg RV ] 0107 “ymmowa L} woremowom TV g UOLVNIOUDTI
_ ﬂ Lunpazy HiT pim oy e pesiL e misus AL 1 Ax3r00d AN SS3I0HA &
L M 1503 nasusiooss HIRu3ins A F1] i . SOVENL eIl L (=7
—_—— — . =5 )
_ | 1 } T i i |
o 1 o I
I “Swww ) HITEVIT A A= TN - “ AYiSEID 07 V33N 37
~ saavom _ NOIAVEI 4O UIDYNY I VIDUNVITAUNIONS [ et i s orvn Iirusikaoda N33R 30
ESTION, W1SvkrRVESDNI
L g 3\ WYUDOUS 1MPISETY ity Ty Rviery 11kne
—_—_ — L
T H i — | i i
. R W
Fvusnut

HIWRE FOVUaaN L




aseyqd uoLIdNLISUD) - _.“.mE.mN.EmmLo 821440 PloLd weabodd ‘g-£ .m.:.m.&

IS NIVUYI 10
- _ [T
=%.uwuw=_ E_H_uwmz_ h mun».uzmﬂwz_ LT Eﬁw__mm_uz_
WHLIT1E TWANVHISR fremrrrryet ONIOT3N TN
ST TH
. -
Ol beL i o . 3N LVNI 43
INILNNOIIV SHB312/08315 YOLIRJSNI 0V L
(S)AZHIVT IT 16) IMAVLS [STHAINS IT (SISNVAZ 0T
. TINEL ]
R— BOLYULSINTADY _ S— | samivan usivm gk (INAL
Hv4O0Hd 301140 1 133¢08d NOLLYHINID Y3MD4 21003435 B 1500 [EECTELE]
a3 _ . HIINISNI VIHY g 1 -usvdwonans
1 § et PSR DR | |
L %
| ’ .....“ TATNEL
1 : SINvIdSca06a
| 439 VTN
i .. NOILONHISNDD )
i R | ARVISISSY )
i I e | STTAVE TS i
| 1N3ONILNIBIGNS 1oL .
| NOILINYLSHD? - - ANICHAINMNIING
e NOILANHLSNED
| | poHIY
() 4uvTs W | 18 18vH WY
<] " spitvuido L. .“u - HIDYRYW
- UIDUNVH NO1L2NHISKOI
k03 wvaora wvisissy | | WYHaDHd
Liany o
. . .' — — —— —
AR ,
H3TI0H2IN0D 1
WYHI0Hd
L) 4TLTIVMA TS
; + % aN39Y Y301 1) 39518 pavX3LL
yasyLvA NOILYRIOHO0D TYNDILINNS e e =
) WYHOOUd

3-9



background, expertise and capabilities in providing the services necessary to

accomplish the averall Program tasks.

The barticipants' responsibilities are identified in Figure 3-4. In providing
these services, these organizations are under the direction of the Program Manager.

CODL WATER
PROGAAM

EPRI®

® NDN. GIMBURSABLE SERVICES
» TECHNICAL/ECENOMIC COUNSEL
= TECHNICAL DATA FROM
RELATED PROJECTS

* NOT A PROGRAM SUB-CONTRACTOR

TEXACO ) SCE - -

® SUPPLY TEXACD © PERMITS/LICENSES

COAL GASIFICATION » COMBINED CVILE
PROCESS unIT “-
INFORMATION — OPERATION

@ GASIFICATIOR YUNIT =~ MAINTENANCE

— PHOCESS DESIGN
== DEVELOPMENT
® COALTESTING
* FUELPLANT
— OPERATION
— MRINTENANCE
o PROGRAM MANAGEMENY

Figure 3-4. ‘Responsibilities

s COAL SUPPLY
w SITEAWATER
» PROGRAM MANAGEMENT
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Seciion 4
} o GENERAL PROJECT DESCRIPTION

The Cool Water Coal Gasification Program encompasses the design, construction,
start-up and operation of a commercial-scale, integrated coal gasification-
cambined-cycle electric generating facility. The intent of the Program is to
confirm, at a commercial scale, that coal can be utilized as a fuel {via
gasification) for combustion turbine/combined cycle plants and conventional
boilers to produce power in an environmentally superior manner while satisfying
electric utility regquirements for reliability, economy and compatibility. The

system is being designed to operate as an integrated gasification combined-cycie
plant, although provisions are being included for firing and testihg;the
performance of the synthesis gas in an existing 65 MW boiler.

Specific objectives include:

. Demonstration of the integrated coal gasification-electric power
generation technolegy on & commercial scale (1000 tons coal/day):.“

® Demonstration.of system compliance with envirunmenta1 regulations

[ Demonstration of system compatibility with utility systems and
standards. Of primary interest are specific cperating performance
including start-up, shutdown and dynamic load following capability
over & wide operating range, thermal operating efficiency,
reliability of the integrated system and its components, and
availability and operaticnal safety at a high capacity factor

o ' Demonstration of the feas1b111ty of adapting various hardware
components (burners, combustors, etc.}) to the
gasification/electric power generation process

® Demonstration of oparational flexibility with a var1ety of coal
feedstocks -

L] Development of precise capital and operating/maintenance casts and
procedurss to permit a thorough analysis of the 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 boi]er when f1r1ng
coal-derived syngas



Y Facilitation of utility operator training. On-the-job tra‘mfng
and experience and operating procedures and manuals derived -
therefrom will ensure a smooth transition from demonstration p'lant
to future use of the technology.

The work to be performed in the Program has been divided into five phases, as
showit in Figure 4-1,. and takes inte -account the normal complexities associated
with the design, construction, start-up and operation of a coal-based power plant.

PROGRAM HHASES k] I a0 | N | 82 . I J:x3 ! _aﬂ | 856 I 86 I 87 88 | a9 éﬂ ! N
. PRELIMINARY ENGINEEAING e co
.. ANDPERMITS B ) : '
T
' , aMONTH
il FINAL ENGINEERING PREDEMONSTRATION -
: PERIOD : .
I PROCUREMENT AND Y
CONSTRUCTION
IV.  OPERATION
V.  PROGRAMCOMPLETION , A

Figure 4-1. 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 %o
design, build and operate facilities of this type.

Phase I (Preliminary Engineering and Permits) has been completed and Phases II and
I11 (Final Engineering, Procurement and Construction) are in probfess. Phase IV:
(Operatien) is planned to begin in late-1984, after a suitable shakedown period .
{Pre-demonstration). The venture is planned to terminate in early 1991, at which }
time it is anticipatéd that Southern California Edison may exercise its option, as
defined in the joint venture agreement, to purchase the plant as an energy resource
for their system.
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PHASE 1 - PRELIMINARY ENGINEERING

The Preliminary Enéineering phase of the program began in 1978 .and was completed
when the California Energy Commission granted the environmental’permit in
December 1973. :

Phase I work included:

] The 1978 pre]1m1nary design study performed by Ralph M. Parsons
Company with EPRI funding

® Texaco test:z at the 15 tpd Montebe11o pilot plant and prel1m1nary
.conceptual design studies

[ ] Investigat1on of regulatory permit requirements and preparat1on
anicisubmittal of a Notice of Intent for Approval of Site and
Related Facilities, including supplemental envirvanmental data

. Initial solicitation of participants

Prelim1narj Des1gn Study

An EPRI~ funced study was condncted by Ralph M. Parsons Company to perform the

preliminary design of a.coal gasification combined-cycle demonstration plant.
Included were projgct costs and schedules, preliminary design information and

performancevand”emissinns data for the proposed plant (published as EPRI Report
AF-830). :

During the study, design data was developed for the hajo% systems and included
preparation of:

] Overall plant process schematic diag}am

e  Site and plot plans

Y System design basis .

® Process descriptions and flow diagrams

. Preliminary process and mechanical specifications

» Material {including vtility) and energy balances.

® Project cost estimates and schedules

Coal Gasification Pilot Plant Tests

In 1978 and 1979, coal gasification tests relating to this pfogram were performed
at Texaco's Montebello Research Laboratory facilities. The objectives of: the tests,..
were to determine the feasibility of utilizing low sulfur Western coal in the

43
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Texaco gasifier, obtain preliminary engineering design data and perform
anvironmental measurements to determine the environmental acceptability of the
gasification process. The information obtained from the performance of these tesis
was used in the preliminary engineering studies and, subsequently, as ifechnical
data for submittal to the California Energy Commission in the certifitation
activitias. :

. e
P s

Permitting and Regulatory Activities

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

Fallowing 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.

In November 1979, the California Public Utilities Commission (CPUC) application for.
Certificate of Public Convenience and Necessity {CPCN) was submittéd. A decision
‘on the CPCN from the CPUC was received August 19, 1980. For both Of these
~-399115?F19553 engjgegriqgihgnyirqnmentﬁlnahd economic an;]yses;werﬁ performed.

A Prevention of Significant Deterioration (PSD) permit application was fi!ed with
the EPA. SCE began obtaining the required oné year of monitorirg data on the
existing site local envirenment in late 1979 and had submitted all data to the EPA
by the end of 1980. With Californ1a stancards being generally more stringent than
federal regu]afions, no major problems. were ‘foreseen in obtaining the PSD permit.
The PSD permlt Was approved by the EPA on December 9, 1981.

Solicitation of Partﬁéipants

Though ‘solicitiation of participants and sponsors is not an engineering activity, a
significant number of business and technical presentatiuns have been made to a
variety of potential industrial and ut111»y sponsors by Texaco, SCE, EPRI. Bechtel
and &E during Phase I and Phase II of the Program and these activitiés are
continuing in Phase III. -
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PHASE II - F]NAL ENGINEERING

The F1nal Engineering phase, which began on February 1, 1980, cavers 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 1is estimated to last until the end of 1982,

In the initial months of tﬁis phase certain identified options concerning the
system conf1gurat1on were evaluated, with the aim of firming up the basic plant
des1gn arrangement }

The Program coal, a Utah Jow sulfur bituminous, had been ;elected and process data

runs were made at Texaco's Montebello Research Laborator1us providing the data
necessary to complete the process design. Further test1ng to obtain cenfirmatory

data was-‘pérformed at he 165 tpd Ruhrchemie: facility in Oberhausen, West Germany,

'Specifiéations for major gas p]ant compone ts were developed and issued. 8id

packages for these components were prepared and vendor selections made.

u

Major engineering efforts ar§~pruceeding on one of the key subsystems, the

:Hntegrated control system. The performance of this system, compatible with utility
‘.system practices, represents an important commercial development requared of the
.-+ Coot Water Program.

Khile procureﬁeht is primari]y a Phase 1Il1 activity, some limited procurement,
1nvolv1ng Tong delivery major equipment and confined for the most part to vendor
engineering, was authorized during Phase Il.

Phase II Work included the following:
[ Perform plant configuration studies including:

~-  Steam cycle alternatives -~ Review of the suggested steam
cycle with consideration given to-steam conditions, heat
recovery, steam generator duty and oxygen plant compressor
drive alternatives

-- Plant contraol -”Ana1ysis of the plant control system to
project the load-fellowing characteristics, need for fuel
gas surge tank and ability to transfer to a standby fuel



Auxiliary steam - Consideration Tor use of steam from
existing on-site units, the combined cycle unit on standby
fuel, or the addition of a new auxiiiary boiler for start-up

Hater consumption/balance - Ana?ysxs of total plant water -

requirements and methods of recyc]e of blowdown, fines
1,underf1ow, etc.

Ash d15pusa1 - Determination of ash disposal or alternate
uses and economic considerations associated with same

Plant emissions - Emissions testing and monitoring with
full-scale combustor to project air quality emissions

Test program - Development of a detailed test progran
incTuding a description of locations and types of data to be
gathered, schedule of program and statement of cbjectivexs for
all test modes. The purpose of the test program will be %o
verify technical design, operational cantrols and
environmental effects

Operating requirements - Identification of 0&M requirements
including persennel, start-up and shutdown times

o
S

Perform gasification studies including:

Syngas cooler - Optimizatibn of syngas cooler system design

Sulfur removal - Selection of the cptimdm method of sulfur

* removal to achieve a minimum 97-percent-efficient system for

the design coal and for EPRI's high sulfur I1linois No. &
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 I1linois No. 6
test coal

Oxygen storage - Determination of the benefits of providing -

oxygen surge tank:and storage capacity for periods of plant
shytdown

€oal preparation - Consideration of methods to achieve,
handle and maintain proper coal slurry concentrations. Study
included actual tests of various types,.of grinding/slurrying
equipment

perform soils investigations and prepare report

Prepare plant design criteria, process flow diagrams

Prepare heat and material balances, plot plans, piping and
instrument diagrams, electrical one-11nes, material selection
guides and major equipmeni specifications and data sheets

Obtain quoteg 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 drawings, equipment specifications and
construction specifications

o  Prepare critical path method schedule for Phase III

e  Formulate oberations plan for Phase IV

] Prepare progress reparts for the participants, as required

PHASE 11T - FINAL PROCUREMENT AND CONSTRUCTION

Phase III, which began in December 1981, encompasses the procurement of the
remaining equipment and materials, the construction of the plant and a
pre-demonstration period. This pre-demonstration period is planned to allow
compiete shakedown of the plant in the integrated mode, gasification plus combined
cycle operation, prior to proceeding inte the long-term operation periad of

Phase IV.

With the beginning of Phase 11I, previously selected major equipment vendors were
released for materials and fabrication and procurement of bulk materials began.
Field construction was also started in December 1381.

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

" Procurement Services, including development of bidders' lists,
praparing inquiries, obtaining and evaluating guotations,
recommending awards, inspection and expediting, publication of
periodic status reporis of major equipment and materials

] Construction Services, including direct hire and subcontracting
construction-iabor, field engineering, field supervision,
temporary construction facilities, procurement of field
construction equipment and consumables; monitoring and reporting
construction progress versus schaduie, 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-operaticnal testing a pre-demonstration perioed, presently
planned to last four months, will be initiated. This will allow sufficient time



to "debug" the facility prior to committing the plant to long-term, high capacity

operation.

Specific activities will include:

Initial start-up of fuel plant with corresponding praduct1un of
first fuel gas

Operation of combined cycle on distillate fuel

Integrated operation of fuel piant and combined cycle at partial
loads

Operation of integrated facility at rated conditions

Preliminary load following tests of integrated facility to assess
response to electric power generation demand

Pr2liminary evaluation of performance and economics at rormal and
off-normal operation conditions

PHASE 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 will 1nc1ude.

Operatien of all plant fac1]1t1es 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 tesi
coal .

Maintenance of all equipmeﬁffand systems
Inspection of plant and equ#dment at regular intervals
Monitoring of plant emissions and envirvonmental performance

Reporting on operations progress and econgmic 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 Tabie 4-1 have been identified in order tc achieve this

goal.



Table 4.1
TARGET CAPACITY FACTORS

First Four Quarters 50%
Next Four Quarters . 713%
Next Four Quarters 80%
Next Fourteen Quarters 85%
Average for 26 Quarters 774

Operation and maintenance of the facility during this period will be a joint
effort of Texaco and SCE and the electricity produced wilt be delivered to SCE's
system. Scuthern California Edison will supply the coal and will pay the Program
a fee for its processing inta synthesis gas. This fee will pay for the Program's
operation and maintenance costs and will repay to 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.

Initially, operation of the facility will be on the design coal, a low sulfur Utah
bituminous. Subsequently, participant coal will be utilized to demonstrate at
commercial scale feedstock flexibility of the gasif1datian combined-cycle system.
EPRI has selected I1linois No. B with 3.9 percent sulfur as its candidate coal and
it is anticipated that other participants will also nominate coals expected to be
used in subsequent commercial facilities.

Since this plant represents unique integratien of several processes end
constitutes a single profotype for many future plants, it is imperative that plant
performance measurements and equipment testing and monitoring procedures be more
comprehensive than for a normal commercial facility. These requirements will be
met through the definition of a rigorous, comprehensive test plan, through
performance of heat and mass balances on all major systems, extensive data logging
and thorough equipment surveillance. ’

As presently contemplated, a Program operations schedule is summarized in
Figure 4-2. This schedule allows at lteast twa years for Program coal performance



and long-duration testing, the equivalent of six months of alternate coal tests
which would be completed over a two-year period, with the remaining time allotted
to long-term operation using the Program coal.

:gggg gl?l‘A(i\!nC‘;LTEST <>‘"<>

S o0

TEST COAL P'ERFDHMANGE O e = +

A -t

COMPLETION OF PROGRAM ' O
YEAR 1983 | 1984 | 1985 | 1986 [ 1987 | 1988 | 1989 | 1990 | 1991

Fjgure 4-2. Coo! Water Coal Gasification Program Operations Schedule

The long-duration test operations using the Program coal will Tocus on the
determination of the long-term reliability of the process and the durability of
_process equipment (such as the gasifier refractory). The process will be aperated
in its optimum configuration as determined during the preceding Program coal
performance test phase. Plant operations will again be monitored thoraoughly to
determine such information as plant heat rates, environmental impact and operating
1ife of critical process equipment. An important task will be the monitoring of
materials using suitable measurements and inspections of the materials during

forced outages and scheduled shutdowns. Training of cperating personnel will also
be addressed.

Fallowing the completion of performance and long-duration operations using the
Program coal, a series of tests will be performed using coals selected by the
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participani§ of the Program. The plant operations using test coals will follow an
abbreviated yersidn of :the Program coal performance test program. Short-term
performance tests.will be conducted with each coal to determine optimum process
operating criteria.’ Following these tests, the process will be coperated
continuously, for several weeks to obtain heat and mass balance data similar to -the
. previous Proéra@A;pa1 tests. These tests will also yield performance .data such as
plant heat rates.

PHASE V - PROGRAM COMPLETION

After completion of the planned six and one-half year operation period, it?is
anticipated that the joint venture will be terminated. The Texaco/SCE - ¢
agreement provides distinct options for Program completion, including: ﬁ Y

» SCE's purchase of the total plant for inclusion as an electric

generating facility resource. SCE has the right of first refusal
for the plant

¢  Another utility purchiSing the total plant for operation at the
Cool Water Generating Station or dismantling and relocation

» SCE could purchase a portion of the plant if no offer for the
total plant is received

. If neither SCE nor other parties purchase the plant or portions

thereot, then the Program will salvage the plant and return the
plant site to its original condition
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Section §

PROCESS AND PLANT DESCRIPTION

s

GENERAL

Coal will normally be delivered to the plant by rail in unit trains and will be
unloaded from each hopper car and conveyed to storage. The coal will then be
crushed and ground to the required sige, slurried with water and fed to the
refractory-iined gasifier. In the gasifier, the coal and water will be reacted
with oxygen {in an exothermic reaction), ﬁroducing a raw synthesis gas consisting
primarily of hydrogen (HZJ, carbon monoxide (CO}, carbon dioxide (COZ)’ and
steam. Within the gasifier the coal ash will be melted into slag, which will be
subsequently quenched with water and removad through a pressurized lockhopper
system. The synthesis gas produced will be cooled in the radiant and convection
gas coolers to produce saturated steam (whiéh will be superheated in the combined
cycle unit heat recovery steam generator), thus recovering and utilizing much of
the process waste heat.

" The synthesis gas will pas s thrnugh a wet scrubbiiy. system to remove particulates
and is then cooled to amb1ent temperature prior to sulfur removal. Sulfur
compounds, consisting primq"11y of hydrogen sulfide (H S), will be removed in a
Selexal physical solvent sulfur removal system. A Claus sulfur conversion system

“and a SCOT {(She1l Development Co.) tail gas treating unit will receive a H,S
stream from the sulfur removal unit for conversion to elemental sulfur for
disposal or sale. The synthesis gas from the sulfur removal system will then be
deiivered to the combustion turbine-generator after saturation with water for
NDx suppression.

The combined cycle generating system includes a gas turbine generating unit of
approximately 65 MW capacity. The gas turbine will be designed to operate
pr1mar11y on the synthesis gas altn0ugh provisions are made for firing a standby
(startdup) diesel fuei oil. A steam. ‘turbine will be operated on superheated’ steam R
produced in the heat recovery steam generator, thereby increasing the overall
efficiency of the integrated gasification-electric generation system. After being
cooled in the-heat recovery-steam generator, the combustion turbine exhaust will
be vented to the environment. An overall black flow diagram of the system is

§-1



shown in drawing B73-SK-110, A more detailed flow diagram of the integratea
gesification combined tycle process is presented in drawing B73-5K~100 (sheets

1 and 2). Orawings C20-5K-116 and (20-SK-115 show the overail site plan and plot
plan, respectively.

The coal selected as the normal operating coal (Program cecal) is a high grade Uitah
bituninrous coal from the Southern Utah Fuei Co. (SUFCO) mine. A summary of the
coal's characteristics is shown in Table 5-1.

Table 5-1

PROGRAM COAL CHARACTERIZATION
{Typical)

Proximate Analysis, wt®

Moisture 10.00
Ash 9.45
Volatile Matter 36.05
Fixed Cavban 44.50
7060.00
Yitimate Aralysis, wii
Moisture 10.00
Carbon 63.2
Hydrogen 4.3
Nitrogen 1.05
Sulfur 0.45
Ash 8.45
Oxygen _11.58
160.00

Higher Heating Value

As received: 11,150 Btu/lb

5-2



DEMINERALIZED WATER 7
.- FROMSCE UNTIS3 & @
RAWWATER
WELL WATER |  TREATING : -
& STDRAGE i
COAL i :
KR ' il
N - -  HRSE
. . 2
COAL RECEIPT DAVEEN +
& STORAGE PLANT .. ‘__1‘
. STEAM
oot 0z L ‘ PGWER GRID >
Y T ; -
| _scaussen__ SCRUBRED CLEAN
SYNGAS ' syneas |
stupay] GASIFICATION LOW TEMP SYNGAS
R e i b g M 7 o
AND SCRUBBING .E00LING >
Iq.___’ | PROCESS sosR |AcD ‘
% E As" * CONDENSATE I WATER GAS . ) ?
~ &l |waTER ‘ - _
&l
zIS Y v + \
5 =
S ASHMWATER FLASH =1 SULFUR
. SEPARATION GAS |  RECOVERY i
* GREVWATER + 3 |- -
ECYOLE] I ¢ SouRwater ¥ + L
bl SLAG ___SOLIDS re
RECYCLE HANDLING ‘ ! :
"WATER + 2 A STRIPPED GAS
CARBON + EEFLUENT ’
) WATER
TREATING ..
DIESEL ‘ _ T
{ALT. FUEL) .




ATHL |
{ STACK
GAS

BFW BFW
SYSTEM > HRSR
BFW $ STEAM . SvEAM - ’
e T * (SH) > “ TURBINE *
STEAM b o] exnnuer '
R | sream POWER GRID
FOWER GRID ;
_:‘ < >
RoRUBIED SCRUBBED CLEAN CLEAN I *
K LowTeme . | SYNGAS | o on lsvmeas{ o | svacas BAS e
SYNBAS - 3" pemova . SATURATION [ 2|  TURBINE
COOLING ' .
| FROCESS SOUR | AciD SATURATDR - A
CONDENSATE ‘WATER sas BLOWD DWN AT ]
AR A l + v STACK
) GAS oo T
ASHAWATER FLASH | —¥|  SULFUR AT SULFUR TO
SEPARATION GAS v RECOVERY P MARKETING
* SDURWATER ¥ : .
AIR -
I = - A SLAG __ ToDitposaL
] AREA
+ A STRIPPED 6AS
Ef;ﬁ:l?r WASTEWATER _T0 EVAPORATIGN
TREATING PGND
4,-

BECHTEL

HOUSTON

COOL WATER COAL GASIFICATION PROGRAM

BLOCK FLOW DHAGRAM

Xk Ne.

DRAWNG N2,

13478

&

B73-5K-110

. s iapes

REY.

0




VRATER iy
AftestoLIR

REVLRLRE
LXCHANRLRT

—

apmmay o
100 THHATDAY
a : -v
, K
" 1
TOLNN ii
B eyl
o
| .
[0 1 |
axvoie 1
Floanet . H
casbuzoLYG avLwen
Sonar innmn
anua l 1
A S 1
ﬂ_l'ill'l?lll“ﬂ : .
> |
TN {
1 |
3 1
4.
ol 3 I
1
DUTHOE DATTERY LinE __'
- - - - - -
S/ RATTERY TIRTE

NOMINALLY
TORpDAY

mETYOL
iy
EXCHANGER

et
1

Y

' -
SIVARY
NEATIR L°°

i

AMA
copLina
WATER

REVAHNG
L 18

5-5




wmu

CUISIUARTIENY LIS
——— . ————

WHED1 BATTINY LR

CoAL
fito

—-

AQUINALLY
(130104

ﬁ:

t et
1
! H GaTitiEn —
[apbpieg- l
] I ) U unew
1 \ ut
vowe 1 [ ] & :’ EDOACH
gxvELe net I < Y Ty
Hloena 1 H ) o < s
S KayIOuIONYRAR [ % <& [
agt . Iusnm.u 'l '] " ™ —
T N \ \ 4, 4 i
] 1 1 % caevieniy O St
e < i H <, R A,
i o 'y ¢ U
TAVCENYRIORLITAL \ Aaniant 95 y | 1Mn
1 a LT . . !
TN i e o 3 \: L
i i bt | & 3 P B ke
H 1 ] » 2 ? 1
| ey 1 .4 2 X . [
(— ' L -
' vt 1 ] 1
Lo | t
]' 1 e - _i'.‘
— ———— - re—— = s = e > S 1
el
R
freas 19CK. (i
Iwobere} L] EECOMCOIATIT
U
i\ 'c:-;‘
ity 7
NSMINALLY f— TR
100 anrn Ty
mﬂ"‘:}““ ATt o E /
STEAMA 1 ELaRIFER
. el g ]
. Fjnosar f\\
i) - A
-
| o AXDSEALEMIE TOCRITAAL 10
[ rIaeE
sll"l«l"l
\
=1
nur ' TRURRY
TARK PR ™




- —— - - - - —_——— - - - - - - - - i
: WRSG STIAMTIRGI
]
A 1 L “
K16Y RCCOVERY
N e LY IAN
: Qe haton .
WIURATOR SYNES CLIANGAS by
MEATCE B oM i . HIATER P, b 3
- coo [ ﬂ.— “.Q ooy |
[ RET] (e v
R B ' CO0LING WATER H I
it D, JMHIETION '
[T ~ne e -
fawratan SIAATOR Htphdd Il criam
fri k) Tynpax 1 Lavea . - f
. i o
FRLKLATER pren f T ~
KNOCKONT -
LLLC wp.u fon
g, quTRaL .
7 -
.v l
[]
o . ]
X =
raais CATEMTON SECHID  MRSG COMIENSATL WL ool
€OADINIAIC CINCHLATION onid- CIRCULAVING P fren wANL U
[y rour T "> uve

LA .
y——pe| N
EREY TANIN BLOUNDOYH WATIR

MOTE: EOUPAMENT SHOWM DOTTED IS TENTATIVELY
FLANNEQD FOR FUTURE INSTALRATION

e e

HE

waag
A LODLER

O 0L G WA

l

L2ty

M54 $ODLY

UNDEKOVT
RUM

1]

| |

1




T E Lo 1] >|ll Gl

]
Mo ) '
VAT RECQUINY
BAR
SENTRATOR
— BUTH
taneas
i
R tooue Heatin PPt i
) Ay fe)
., SATURATRR ; -
otwawhtiy L' b WUk
i X et ] HEADINAND |
| w0, AL ETION
Ty Pttt 1 SINLAELGE
st - AR EAS himangose
1A EOOLEA| wnet "soaLing
KHOCROUT nRotEQUE WALR 1 FROV & FR&PLANT
Kt paccs ’ CTmwrin § paiatsin
T EORCEREATL
b 1 o ———am
. EONIRNL - 1AL
1 I —‘< ummmg EREMSOLIUN RIMEVAYL
. L S v o
L b 3
SATURATOR SCCHLM  UATE CONDENELIE [T T
SinEikmion PR CORTULANING rew nta iy
l. e T K
. 5, '
& ' W prEny
{:@um TALATMLET
— VINTGAT > TREI0I UMD
NOTE: EQUIPMENT SHAWN DATTED LS TRNTATIVIAY Bll El'
e TR A TR BEumurn‘!.

£00L WATER COAL BASIFICATION PROGRAM

OVERALL PROCESS FLOW DIAGRAM
OXYGEN PLANT, COAL HANDLING
AND SLURRYING, GASIFICATION,
POWER GENERATION

= AT
y B3+ . i
@ 13478 SHEET1OF2 | 0




h 4

o A

pilif "
ANSORSER Q. 1! .
Oyimaran EFRIGERANT]

ﬂ E i q‘rj SOLVENT N

STORAGE
RESCALER TANK
ABSORBIR QYERMEAD |
TosuE KNOCKOUT Y
GAS HEATER boitd (r Ao LVENT
e . A D TR
[
f 0T Lenld
AICH SOLVENT
r_ 9 EXTHANGER
) -
? L0 LEAW
#LCH SOLVENT,
— T EXCHANGER
REFRIGEAANT ‘r
| "
-—
» y Y
-t L= — =
. el PRESATURATED LEAMSDLVENT " . SOLVENT
PRECODLEN" SOLVENT BCOSTER b MAKER
FUMM M Y PUNP
1 - A syARaTeR
A p RPPER
= | OVERHEAD ZONDENSER - e
ottt \ THUM
2 sauR SOUAWATER
b WATER
[ TRirPER STREPER

REFLUXORUM

Bdn| SLOWDENN
SURCE - Y

TANK SOURWATER

e A
REBOILER

E GREYWATER }- 2

S SN )
VENT GAB 3 |

TOURRANER SCURWATER SOUR
ETRIPKER STRIPPER WATER
AUXILIARY 80TTOMS | STRIPPER
FELEDPUMP PUMP %‘F‘EPUX

5-7



h . 4 STAIPPER &
_— CVERHEAR :
— ) CONTENSER FUtEL GAS !
LR FRIGERANT — -
1
[ ‘_L_ REFLUX -1 AMINE ) )
(['— l) TOLVENT Fy DRuM BRSDREER Y
510RaGE 7
ASORRER TANK STRETER NATL i
OVERHEAD 4 } v s i
Khaekout RICHSD LYERT N i
(l FLASH FEED KEATER
£t L ORUN i
1 - o |
- nEacan
HOT LEAW/ /
RICH SOLVENT
EXCHANGER 5
> STRIFPER L o
. REBOILER :
- €|
COL0 LEAN/ —Jh( STEAM S~ 1
AITH IGLVELT] L L =
— - /e
v - — — _...1 ’_ E
= A [y
A Y Y bt ]
-+ — SOLVERT i
Suwp X 7
Sg \ ¥ | ‘ y J
L -@_. - v o “
PRERATURATCD LEANSOLVERT SOLVENT SOLVERT LERY STRIPPER =1 ABSOREER MR :
S0LVENT BODSTER MAKEUP NP soLvENT RAEFLUX RICH AMINE aLweR
PP PP ¥ SuNP PIM P Pk LT
> - STRTRER | munoatend  ace [+  S7eau -
‘5 OVERHEAD CONDENSER Fiia o S ‘@ HEATER ;
- TLans i
3 omu oHuR m ) pavs '
4 sauk SOUR WATER i
A e ) staipren 3 TayuAAL -
REFLUX DRUN AL | i
REACTIR L ]
"W i
AIR i
HEATER
SmunmaTER ;
ETRIME
Reponn ALTFIAM ﬁ i
i
bes— §
3 I
l {
L | i i
[

> ~ hC;

RWATER SCURNWATER S0uR KnockooT CLAUS AIR STEAM
1PPER STHIFFER WATER DRumM BLOWER SEMERATION
TRy §01TQNS STRIPFER PUNP

D PP UM

AlR BLOWER
REFLUX
LLL g




AMINE STAIFPED
. . REFLOX
'L OAS - CONDENSER
o o~ STEAM ‘1 .
1
——"' AMINE
Y Y ] e STRIPHER
B QuENCH -
ToWER \
¥ESD ARATER :
NEAGTOA -
WATER
COOLER 4
E L . » 3
RICH AMINE il STM.
scot »  |SURGEDRUN
bt ‘ 1] LA -
— LEAN AMINE] <| I)
[13,] CODLER CONDENSATE
TOOLING (
WATER AMBE
-— B — LeaumbicH STRMER
ﬁ - WATER EXCHANGEIR RENGILER
A ’ . :
'-I ——— — -t
A I
oY
© y g e gl R
A SUURWATER GUENCR =TABORAEA RIEH AMINE Laan AVONE STRIPPER
SLOWER BOISTER WATER RICH AMINE SURDEDAUN AMINE REFLUX
) PLRP MNP PLMP PUMP Y 1 nue
‘ ]
' I L] =
Y Y A an Sean sean 1 _
CAYALYTIC ,Qﬁ >
REAETORS P YT
sTEAM -—I h
Y —
L N N L————--—- AR R A A
Laad “vﬂv“v“vﬁvﬁvﬂ vnvﬂ N o N

:nltm' T 4 -..: . - o= SYNGAL
CONDEKSSR L 1 surmm J > -(—::;mw.
! INGINERATGR G

Y

Logt—

i
I i Vi L o M et L I - FINAL SULFUR
giw  COMDENSER




AMINE STRIPPER
REFLUX

CONDENSER
3 ' AMme
' STAIPPER
F 3 o
P X
RICH ANINL - sim.
»  |SURSEDAUM
TH
STORAGE
TANK
AWINE
STRIZHEA
BEROILER
¥ 1
- 3
a —_ — AMINE
siur
L
ST e :
AIGH AMINE \EAN AMINESTRIZPER  AMINE AMINE
TUNOE UAUM AMINE REFLUX CHARGE Ste
e \ FUMP UMY MR Tump

O EVA?, POND

S?em ’Cgﬂm l - —— DT>

{

W c !:_ SULFUR > .
1 TQTRULK .
'I::'\:A-:;‘::‘ ::: . .
. v.\_ava“nUA'A_A_A_t\ 4 -.I \ N ._,_
] " e BECHTEL
e 1 suLrus o - BATUNAL WOUSTON
! REINERATOH S COOL WATER COAL GASIFICATION PROGRAM

- OVERALL PROCESS FLOW DIAGRAM
SULFUR REMOVAL, SULFUR RECOVERY,
» TAIL GAS TREATING, EFFLUENT WATER

% L U s TREATMENT

SULFY
JOBWw. m_!& .1 &N_
B73. 5K 100
@ 13478 SHEET 2 OF 2 0

[




S itrryear=vs. 2y paf —egy \\ AR - D R B E AV m

_.1.m
PR

[ - A

= L
2
Bu i
Bs 4
og

; 02Ul

i
g

- ez P
L — t l.lﬂunlugiﬁl..{f&v‘yl."l--ltl._f )
<Ny - j n!l:.l.l-w..r pry s
i .. 1

AT pTEARTIE o eVax




|
-t
|
|

o ——

)

()

RAILROAD THACK

D T UL, H N —

!lﬂﬂl‘fs!‘&

NN

COAL
GRINDING

Iaghultin
M dskatein

o

—
AL
e

SUtFUR,

REN
=

LING

TOWER
i JoweR ____ .

TEmSTIG eoo

14

GASIFICATION

[*™

FEET

100

]
]
1
[
;

TREATING FACILITIES'

1 EXISTING WATER

—

|

-.r—‘nlm

URBIN
ANO Hﬁgﬂ :

&

¥

Iy

arooved maan.

Y LnANNE WRRATA
1

i

v TRE
Rt

GRAPHIC SCALEY

b

SITE P

£ Tom |

~SK-116 ] O

-5-9



L evtad

ONYE Y
S %ﬂgl.ﬂsﬂl.ﬂi

Z3FROM

v

A

o

f— s

15‘! STEM

LY oL b
— A}
Lt oy —\
ol 5
b i %'ﬁ}l ;'”Tegtr;'lﬁ
H et Priam)
swrur mewguy, [ d o
: QOS . B

N

10 FLA

TR . " -

@ 0ag0: pafine 8™ € ¢
T iy GAS ' EECLLENTpAT :;: oy
COOUING wr?

[
LAR! CONTROL BLOG I I rm'mo —
N J | =
‘! annw, ! n
3 E—

H

4 —

NEEN!

& onl L
GENERWTEA il

- /“/’_/__/" o ? Y M
o a8
*:J\ - o e B =y /
SFe. ="
|

ot

5-11




EYURS
OAL EILOS

CONY.
=z aF gl

\

N =500 -
=R
3 Y

o

o5

SYSTEM

—FREDREER

. e '
§ o By @
B3 0] Bl =
= E 4 <2
. ot | L
2 " o, (= o dnon HASHER
BERLE: Wt | B o
COOLING wew™ [
i >
LAB] CONTAGL BLOG. SATURATORY [
1]
| [TTITT] |~
T é i ‘m— T
GAS TURBINE { GENERATOR - L= )
-'Lr.um TR,
TRALS,

n AR CARG,

.
L |

=

—LCGNDENSATE

SIGRAGE TAMK

TR

——

1O FLARL BTAZK

| S
507 ST COAL GASRCATIOR P

PLOT PLAN

.“-
ﬂ | i) |C-20-$I<-ll5 lO
.

§-1]1



In addition ggjthe Program coal, which will be the predominant plant feedstock,
other Western coals and Eastern coals will be processed (each for about a 30~ to
60-day period). Each Participant has been granted the right to run its coal and
each Spensor can arrange to have its coal run to demonstrate feedstock flexibility
in the commercial scale plant components. Sufficient sulfur vemoval and recovery
capability, for example, has been 1ncorporated into the design to permit
environmentally acceptable operation on.coals with as 1ittle as 0.35 wt% sulfur or
with as much as 3.5 wt% sulfur, as in the EPRI I1linois No. 6 candidate coal.

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

Table §-2
SYNGAS ANALYSIS FOR PROGRAM COAL

Untreated Gas Clean Gas

Mol. %* Mol. %*
co 41.34 " 43.53
Hg 36.38 38.33
" C0g 21.42 17.39
CHg ©0.10 0.1
Ar . 0.16 0.17
Nz . D.44 - 0.47
HzS‘ 0.15. 15 ppm
Cos 0.01 55 ppm
Heating VaTue (Btu/5CF, HHV} 265.2

*0ry Basis
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EXISTING SITE FACILITIES

The site of the Integrated Coal Gasification-Combined Cycle Project is Southern
Califarnia Edison's Cool Water Ranch property in the Mohave Desert region of San
Bernardino County (see Figure 5-1}. 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 site presently includes two steam electric generating units and two combined
cycle units. Units 1 and 2 are canventional oil/gas-fired steam plants with
respective capacities of 65 MW and 81 MW. Unit 1 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 facility will be provided for receiving, unloading and
storing coal delivered by rail and for transferring the coal to the plant.
Orawing B73-5K-101 presents the process flow diagram for this system. AN
conveyors will be enclosed in walk«through tube type galleries. Dust controi, a
Combination of suppression and collection, will be provided throughout the coal
hand1ling system to control fugitive dust.

The coal will be delivered to the plant by train in bottom dump cars with a
capacity of 100 tons each. The coal will have a nominal size of 2 inch x 0 inch.
Railroad tracks and a track unloading hopper will be provided to accommodate up to
85 cars at one time.

The coal will be unloaded at the track hopper, which will unload one bottem aump
car at a time. An enclosure will be provided over the track hopper, also
enclosing the car shaker which assists in unloading the coal. The &2-inch-winoe
un]oadﬁng conveyor will carry coal from the track unloading hopper to the coal
storage silo fi11 system at a rate of 1,200 tons per hour {tph). The head pulley
for the conveyor will be located in the silo fi11 system enclosure. A magnetic
separator will be provided to remove tramp iron from the coal stream. These
rejects will be chuted to a tote box at gradé. Periodic truck removal of the tote
box accumulation will be made.
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. The system is p1annéd to include two coal storage silos. The entire silo fill
system will be enclosed. A dust callection system will be provided to capture
fugitive dust generated by the filling operation and to minimize internal
combustible atmospheres. Each storage silo will have a live capacity of

6,000 tons. The bottom of each sitc will have four cutlets with a bin activator,
a rack and pinfon shutoff gate and a vibrating feeder with a capacity of 200 tph
at each outlet.

Two 100-percent-capacity silc 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. The rising feed conveyor, along with a back-up
feed conveyor, will be installed in a tube type gallery. Feed conveyors will be
24 inches wide with a capacity of 200 tph each.

Coal Grinding and Slurrying

The coal grinding and slurrying system consists. of two full-size trains of
equipment to ensure continuity of operation. It is designed with flexibility to
produce either a coarse grind or a fine grind specification. Each train is
designed to process 1,000 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 if-field oparating exper1ence estab1ishes gcanomic justification. The
process Flow diagram is shown in draw1ng B73-5K~ 102.

Raw coal is carried via two paralliel 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 & variable speed weigh feeder. The cage mill is sized and
powered to reduce the maximum feed size to nominally 100 percent smaller, than
3/4-inch or to 100 percent smaller than 4-mesh (U.5.). The crushed coal 1: Ted
into a wet grinding rotating mill to produce the final grind distribution. In“the
future, this mill may be modified if finer grind product is desired. The rotat1ng
mill is powered by a variable speed drive in order to allow for constant productl
particle size distribution at varying feed rates (60 to 100 percent of de;:gn] o
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An autematic sampler is proviced at the feed of the rotating mill. Screw
conveyors are provided to recycle the oversize product from the rotating mil)
outlet screen back to the mill feed. The ground product is discharged inta a sump

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

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 (1b/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 tﬁe solids suspended and
to pravide a uniform coal slurry to the gasifier. The system is designed to
operate with both tanks full. 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 it 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 gasifier, the cooling of the syngas
and, finally, the syngas saturation and superheating. A process flow diagram of
the gasification system is shown in drawing B73-SK-103.

The coal slurry feed, consisting of fresh ground 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-1ined 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, H2' COZ and steam. Most of the sulfur in
the coal is converted to HyS 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 & small amount of methane, some unconverted carbon
and all1 of the ash not removed in the form of slag. The gas is essentially free
of uncombined oxygen.
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The uppér section of the gasifier is a refractory-lined chamber in whiéh the coal
slurry and oxygen are combined and the partial oxidaticn reactions take place.
Hot raw syngas and malten slag will be discharged from the bottom of the reaction
chamber to a radiant cooler. Hot syngas will be cooled in the radiant cooler that
" generates 1,600 psig saturated steam. The bulk of malten slag will solidify in
the radiant cooler and drop into a lockhopper at the bottom of the radiant
cocler, The s]ag‘wi¥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 convectionrcooler to moderate the inlet gas temperature. The gas wiil thenﬁ
exchange additienal heat with boiter feedwater.

The gas then enter; the carbon scruhber where most of the fine particulate
material is removed. The syngas.is 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 fiows on to further heat exchange. First,
the gas is cooled in & saturator heater by exchanging heat with saturator
circulating water and then s further cooled by a condensate heater. The gas then
flows to dn air cooler and a trim water cooler where it is cooled to a final
temperature of about 100F. Water is removed from the gas in condensate separators
following each cooler. The cooled, particulate-free gas flows from this point to -

the Selexel 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
Selexal 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 Eu]k of that water required by the combustion gas turbine for the
reduction of NOx 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 conled by direct
water contact in the quench chamber. This quenched yas would flow to the carbon
scrubber for particulate removal. It would then be further ¢ooled by an air-fan

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

Oxygen Plant

Oxygen will be received by pipeline from a nominal 1,000 tpd oxygen plant owned
and operated-by Airco, Inc., and located adjacent to the Cool Water Plant. Oxygen
will be at 99.5 volume percent purity. MNitrogen will be supplied at various
pressure levels and 98.0 volume percent purity. The Airco Plant will be able to
deliver these two products to the Cool Wauter Plant at the product specifications
with 2 98 percent minimum on stream reiliability factor. Should the oxygen plant
shut down, 30 minutes of oxygen Vvapor storage as well as 24 hours of liquid
storage will be provided. Process controls will be designed to ensure integration
of the oxygen plant operation with the coal gasification plant. Tne oxygen plant
will Le capable of load-following demand of the gasification plant up and down
from 60 percent to 100 percent of rated capacity without the use of oxygen storage
or venting. A process flow diagram of the oxygen plant is shown in drawing
B73-5K-111. :

Gasification Process Effluent Water Treatment

1

The gasification process effluerit water consists of a number of streams purged
from the gasification process to iimit the build-up of dissolved minerals in the
gasifier circulating water system. Before being discharged to the evaporation
pond, this water fis stripped of dissolved HES; NH3, and COZ. 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. The‘system-i;_designed to process up to 80 gpm of water
with a tesidual NH3 concantration of about 200 pom 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 B73-5K-104. ‘

The system consists of a sour water stripper, a thermosyphon steam reboiier, an
airfan overhead condenser and associated pumps and controls. A 40,000-gallon sour
water storage tank provides stripper Teed surge capacity.
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Ash_and Slag Handling ‘

Fly ash water from the radiant couier, lockhopper and carbon scrubber.contains

Tine ash’ and unconverted coal. These streams go to the clarifier where solids and
- water are separated. The recoverad grey water is stored. Grey water return pumps

are furnished‘to recycle the recovered grey water. The Tly ash slurry is recycled

to the coal grinding section.

Slag from the lockhoppers is fed to a slag sump. A screen classifier separates

) the,coarsé 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-containing _
material from the screen tlassifier is discharged to a recycie solids storage tank
for recycling back to the coal grinding plant. .
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Sulfur Removal (Selexol)

Tt

o

. A Selexol unit is provided to remove sulfur compounds from the syngas. Selexo? is
B ‘2 proprietary process of the Norton Company for selective gas purification. In
R this application, it is designed to remove 97 percent of the HyS ana COS from

e M

. . the fuel-gas product, based on gasifying a design coal containing 0.7 percent by -
’ ' weight of sulfur, while removing only a minimum of the CDZ.- This process

employs a refrigerated solvent for sulfur absorption from the syngas in a
counter-current trayed absorber column. Cooled gas at high pressure enters the

absorber and contacts a counter-current stream of lean Selexol solvent. The hot, ; i
lean solyent 1s'pumped through two exchangers qhich cool the solvent prior to : . '11('~
introduction to the absorber. Ammonia refrigefg:iun is used to cool the lean. g R
solvent. The purified gas passes from the uniﬁﬁaé product gas. The rich solvent ; :  {: !*
from the absorber bottom is fed to the stripper where the absorbed acid gas is , ‘**:Tlfﬁf}
stripped from the Selexol solveat. The overhead gas is the acid-gas feed to the ' ' '

sulfur conversion plant. Drawing B73-5K-107 presents the process flow diagram for
the Selexel unit. -

i
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As an alternate case, coal containing 3.5 percent weight of sylfur could be used
as fzed to the coal gasification uhit. In this case, 97 percent of the combined
HZS plus COS is removed from the fuel gas product by the Selexol sulfur removal
system. The gas is treated to reduce Hgs and C03 from 1.20 percent (1.14

R VS

i ¢ percent HZS' 0.06 percent COS) to 0.04 percent. The 002 content decreases

| é from 19.6 percent to 15.4 percent. The acid gases, containing 17.4 percent :
! combined st and COS, are released to the Claus sulfur recevery unit for further i .
} 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 tail gas unit. The absorber in the SCOT
unit first concentrates:the HZS in the acid gas which then flows to the Claus
unit where most.of the stﬁis 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 B73-5K-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 acid-gas fed to maintain a
ratio of HéS/SDz at 2:1 in the converters. A gas analyzer in the p]ant“tail

gas line monitors the HZSISO2 ratio and feeds back a signal to the air i
controlier for close adjustment of air requirements.

The combustijon gas containing sulfur, HZS and 502 is cooled in the'bniler
tubes by generating medium pressure steam. The gas then passes to the first .
condenser. The first condenser cools the. gas by generating more medium pressure

steam. The gas is then reheated in the first reheater before entering the first
converter.

Most.of the sulfur is produced in the first converter which is indicated by a
léréer 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 tait gas treating umit {TGTU).

AT1 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
1igquid 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 Has content, With either 1oﬁr5u1fur or high-suifur
coal the acid gas separated by the Selexol process is mainly COZ, in about the
sane quantity. Thus, the catalytic section of the Claus plant can be made large
enough to handle the acid gas from high-sulfur coal with very minor added
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investment in steam gene?étion For sulfur condensation. Tne Claus piant will
recover about 96 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 Unfm.* The SCOT unit serves two purposes. It first
concentrates the HyS in theAac1d gas from the Seiexol unit, After the Claus

unit has removed most of thls HgS, the SCOT unit reduces the amount of sulfur
compounds in the Claus ta11 gas tc a level below the allawable atmospheric
emissions limits. The un1t consists of three sections: a hydrogenat1op section |
to convert sulfur compounds to HyS, @ water quench section and an amine
absorption unit for removal of the HaS from the tail gas before incineration.

The acid gas stream from the amine stripper recycles to the {laus Plant.

Y

Power “Generation

The power plant will use the clean gas produced by the gasification plant as fuel
to be burned in a combustion tuﬁpine to gengrate glectricity. The exhaust from
the combustiun turbine is used by the neat recovery steam generator (HRSG) te
produce stean which is combined with the steam produced by the gasificalion plant
syngas coolars, Process steam will be provided to the sulfur removal and recovery
plants. The total steam produced:by the HRSG and the gasification plant is used ~
ta produce additional electricity via a steam turbine.
:‘ lx =

" Major components of the pawer plant consist of the following:

. Combusﬁﬁon Turbine Generaior

e  Heat Recovery Steam.Generator (HRSG)

° Steam Turbine Generator
Combustion Turbine Generator. The combustion turbine generator is a base»muunted:

simple cycle, turbine generator-unit vated at 88,625 kVA at .80 power factor, 3
phase, 60 Hertz and 13,800 volts.

Because fuel gas produced by the coal gasxf1cat1on plant is a medium Stu gas, the
standard combustion turbine will have to be mod1f1ed. The modifications
required in order to burn medium gas Eff1c1ent1y and cleanly are as fallows:

» New fuel nozzles

] New fuel gas supply system to accommodate the high valume of gas
required

5-41



Several design cunf1gurat1ons of the new nozzle were fabricated and checked in a
testxng facility built for this purpose. During the testing, light-off

capability, mechanjc‘l performance, thermal performance;, emission performance and
design capability of the new parts were analyzed and final designs were selected.

The combustion turbina generataor consists of inlet -and exhaust plenums, contro)
cab, accessories comparfment, turbirne compartmént and the generator excitation
compartment including a water-air cooled generator. Diesel fuel will be used
during gas turbine start-up and shutdown. Steam ianjection will be used for ND
emission tontrol. Provision will be made to install a future air pre-cooler to
improve the efficiency of the gas turbine. A complete heating, ventilating,
air-condiiinninq and.fire protection system will be provided for the gasiturhine.

The combustion turbine generator is also provided with a remote combustion turbine
starting and supervisory control panel that will be located in the central plant
cantrol room.

Heat Recovery Steam Generator, The heat recovery steam generator (HRSG) is
designed in accordantce with the ASME Boiler and Pressure Vessel Code, Section I.
The HRSG is designed to utilize the hot exhaust gas from the combustidn gas
turbine to gederate a continuoq$;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 and economizer.

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 auxiii%ry heat transfer. The evaporator is a
multiple-row, two-pass evaporator which provides for unrestrained tube expansicn
through the use of frée-floating return bends (U-bend type coritruction} at the
end of the evaporator. 'The U-bend'desién also providés 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 still 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 HRSG steam
drum. This arrangement provides maximum resistance.to thermal shock and gives
guick start capability. '
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The economizer provides counter-flow heat transfer between the water and the
exhaust gases. The connecting pipe between the steam drum and economizer,
referred o as:a “ﬂartford Loop", prevents the draining of water from the
economizer during oheration, start-up and shutﬁown.

"The HRSG produces approximately one-fourth of the total saturated stéam produced
by the overall plant {(the other three-guarters are produced by the syngaé
cooler). The HRSG superheats the combined saturated steam’{approximately 1,550
psig) produced by the HRSG and syngas cooler to about -950F. ‘

Steam Turbine-Gendrator. The steam-turbine-generator is a standard, base-mounted
unit, rated at approximately 67,000 kVA at 0.90 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 1,000F, and for 2.5 inches of Hg(Abs.) back pressure. The turbine casing is _
equipped with two uncontrolied extractions to supply medium and low-pressure steam.

The steam produced by the HRSG ﬁn%t passés through the steam tﬁrbine to generate
additional electrical power in tﬁe,gpmhined-tycle arrangement. The normal
operéting mode consists of the steam turbine operating on inlet pressuré control
to accept all steam produced by the HRSG unit. A variable inlet pressure control
optimizes the thermal efficiencx of the turbine and minimizes erosion problems
which could cccur if the inlet steam temperature dropped below the desired level.

The vange of. operation on inlet prassure control approximates 25 percent to 100
percént of rating,v During start-up, the high-pressure (main steam) bypass valve
dischargeé steam directly to the condenser to establish initial flows and pressure
Jevels. This bypass valve is also used during shutdown to 21low the turbine to be
tripped while operating at a relatively h1§h temperature.

The steam turbine control system {STC) incorporates turbine auto start logic,
control of turbine acceleration and loading, generator synchronization and steam
pressure control b, the bypass valves and steam turbine. In additioﬁ, the turbine
generator monitoring and protective circuits are incorporated into the STC.
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Thé:steam turbine and-bypass valve system includes the following features:

. Inlet stop valve

iy Multiple cam-operated control valves with hardened lear-off
i bushings and valve stems

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

e Motorized drain valves for turbine casing, steam seal system, and
abovesbelow stop valve seats

o7 Automatic steam seal system
o ° Shaft packing vent system with blower and after condenser

e.% Turbine contral system {5TC} - Incorporates automatic starting,
: loading, stopping. monitoring, and protective functions. The

high-pressure bypass, turbine main control, stop valve and

"synthetic gas cooler bypass tc condenser are under STC control

. High-pressure hydraulic system with fire resistant fluid, duplex
pumps, coclers, filters and -integral fluid conditioning unit

. Electronic overspeed governor and trip with solenoid trip and
" exerciser for on-line testing

e . Lube 0il system with tank, pumps, coolers, valves, vapor
i extractor, gauges, pressure and temperature devices

o . Turning gear, motor-operated with provisions for autumatic‘or
-manual engaging and cranking

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

Steam, Condensate and Boiler Feedwater System

“To maximize efficiency and to minimize cost of the overall plant, an integrated
coal gasification/power plant sieam, condensate and boiler feedwater;system is
provided.

The steam production system is composed. of the syngas cooler (S6C) and the heat
recuvery'éteam generator {HRSG). High pressure saturated steam (1,600 psig) is
produced by the SGC and is transferred to the HRSG drum. The HRSS produces high
pressure saturated steam (1,550 psig) in its evaporater section by utilizing the .
hot combustion turbine exhaust gases. Both the saturated HRSG and SGC steam are
superheated in the HRSG's superheater section to a temperature of approximately
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950F at a pressure of 1,450 psig. This superheated steam is then used by the
steam turbine generator for electri: power generation.

The steam turbine Has twa uncontrolled steam extractions. The higher pressure
(250-300 psia) extraction provides medium pressure steam at a temperature of
approximately 600F. This medium pressure steam is desuperheated to 500F and used
by the cambustion turbine for NO, control and in the gasification process aﬁéa.

The lower pressure {21-31 psia) extraction provides low pressure steam to the
deaerator for feedwater deaeration.

.Some of the medium pressure steam is tet down and desuperheated to 115 psia for
use primarily in the Setexol and seur water stripper reboilers. “Tnis steam is
further reduced to a 59 psia steam level used wholly within the sulfur
conversion/tail gas treating unit. This unit also produces steam at several
levels. Sulfur condensers produce 600 psig 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 blowdown. .“The header floats on the deaerator pressure.

Because of the large dutjes of the power plant turbine generator, most of the
steam consumed by the plant will be condensed and recovered. Condensate recovered
from the vacuum system is collected in the condenser hotwell whare make-up from
the condensate transter system is added. The condensate is then pumped through
the condensate heater where it picks up heat from the syngas being cooled and into
a deaerator where it 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 syngas cooler steam generator receives
the major portion of its feedwater via the HRSG steam drum. Intersediate and low
pressure users are supplied through a pressure reducing station located in the
gasification plant header. Facilities are péovided to.add chemical treating
agents and an oxygen scavenger to the deaerated boiler feedwater supply. Blowdown
water from boilers is discharged inte the cooling tower basin where it 1s used as
partia) make-up to the:circulating water system.
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Plant Electriéé] Systems

The-integrated§p1ant electrical system consisis of the following three divisions:

] 13.8 kv generator main transformers and connections to the
existing 230 kV transmission switchyard .

e - 4.16 kV power system, main auxiliary transformers and connections
to the 13.8 kV generation '

a The power supply to the integrated plant auxiliary loads at
various valtage levels

The electrical main one-1ine diagram is shown in drawing E40-SK-113. Each of the
three divisions is‘descrihed in the Felldwing subsections.

13.8 kV Generation. The 13.8 kv gencrafion 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
generator will be provided with excitation and voltage regulation systems, field
app1icdtiun equipment, the required current and potential transformers, associated

‘controls, surge protection, synchfonizing, protective relaying, metering and alarn

circuits. ' The excitation system will have a high speed response.

Generator Connections to Existing 230 kY Transmission.Switchyard, Each 13.8 kV

generator will be connected to a 13.8 kY delta winding of the three-winding main
transfarmer through a generatbr synchronizing outdoor air circuit breaker by means
of a metal-enclosed, 15 kV cable bus.

The 230 kV wye winding of the main traﬁ former will be connected by an overhead
power 1ine to a spare position din the existing 230 kV transmission switchyard.

The connection will require the installation of a 230 kV power circuit breaker
with its required disconnects.

Each 13.8 kV generator system, including the main and main auxiliary transformers
and the 230 kV power circuit breaker, will be provided with the required current
and potential transformer, lightning and surge protection, synchronizing check,
protective relaying, metering and alarm circuits.

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

either of the following two sources:
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. 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 will be from the main auxiliary
transformer. This transformer will be connected to the gas turbine-generator
13.8 kV bus on the load side of the generator 13.8 kV air circuit breaker. It
will be delta-wye-connected with the neutral grounded through a resistor sized to
limit the ground current to approximately 400 amperes. The main auxiliary

transformer will be within the differential protect1qn zone of the main
transformer. -

A1 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 will consist of a combination disconnecting fused
switch and an electrically operated controller with:

. Qverload current protection for the motor

(] AC control trangformers supplying the contrel circuits
] Ground protaction

] Thermal overload protection

] Wattmeter and ammeter -

Power to each of the 4B0-volt MCC unit substations will be supplied from the

4.16 kV supply buses through a 4.16/.48 kV deTta-delta connecied transformer. A
ground-detecting circuit will be furnished foi* each 480-volt bus. Each motor that
is supplied from a 48(-volt MEC unit substation will be cantrolled by a
combination manually operated, magnetic-trip circuit breaker and an electrically
operated starter. The nomrotating ioads and equipment with integral controls will
be fed through a manually operated, thermal-magnetic circuit breaker.

The 125-voit dc system will cons#st of one 125-volt dc battery, with a main
125~volt dc distribution panel, and two 480-valt battery chargers. Each battery
charger will be furnisked to float-charge its battery and supply the norma3
continuous d¢ control Joad. The dc system will be ungrounded and equipped with a
ground detector for continuous monitoring of ground-fault current.
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The battery will be sized to handle the following combined loads:

Operating Duration {hrs.)

¢  The steam turbine generator T
emergency ail pump

s Control and indication ' 1.5

] Vital instrument UPS system 1.5

A 120-vo1t’ac vital instrumentation power supply bus will be provided_to serve
vital plant a¢ instrumentation and controls, and will normally be powered by the
de/ac inverter (UPS system).

A separate 120-volt ac regulated bus will Be provided for luads requiring
regulated ac supply.’ In addition, this source will be used as a backup supply for
the vital instrumentation power supply bus in case of inverter failure.

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

t.ighting and low-energy auxiliary loads will be supplied from the 120/208-volt or
from 277/480-voit solidly grounded lighting system. Lighting for each plant
operating area will be supplied from at least two circuits fed from Separate power
sources tc prevenit complete loss of lighting on failure of equipment or wiring. _
Locally mounted wall packs will provide emergency lighting for exits and critical '
areas, Qutdoor lighting will be provided for operating areas and will include
parki~ng lot lighting and road lighting to match the existing installation at the
Cool Water site.

The electrical design for each unit will 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 will be capabie of

operating in parallel with each other and the 230 kV grid system. The controls

provided will maintain the required output, frequency, voltage and continuity of
service demand. These controls will also provide protection to plant personnel

and equipment under all operating conditions. To obtain operating reiiability,

the basic design of electrical equipment will be such that the necessity for
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inter1ock§ is minimized and the requirement for control functions 1s also
minimized. Control devices and monitoring. devices necessary for start-up,
shutdown, normal and emergency operations wi1l be provided in the control room.

Protection of electrical equipment will be accomplished by means of coordinated
relay systems, fuses and circuit breaker or contactor operations. )

An automatic and manual synchronizing system will be provided. with: -
] Speed matching
¢ Voltage matching

¢  Breaker closing -E

Each generating unit, the main transformer and the main station auxiliary
transformer will be provided with protection which includes:

Each generating unit:
. Differential (unit and transformer)
. Negative saquence avercurrent
e 0verex;1£ation
e Loss éft?{eld
e Generétur ground
o . Geperator field ground : : ' i
] Stator over temperature
®  Synchrocheck
. Reverse power

. Primary and backup lockout relays

Main, auxiliary and raserve power transformers:
] D1ffgrentia{
¢  Phase overcurréﬁt
° Neutralhnvercurrent
e  Sudden {fault) pressure
] Over;emperature

o Lockout relay
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The 4,160-volt bus will be provided with voltage actuated bus differential
protection, bus overcurrent and under-voitage protectian.

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 tabl_e"luw~
level. The grid:will extend throughout all areas, including interconnections to
the existing grounding grid for Units 3 and 4 generators and the switchvard. A1l
elactrical equipment, all switchgear ground buses, all elactrictal motors’ building
cotumns, transformer and generator neutrals will be connected to this gr@ﬂnding
grid.

Communications Systems. Telephone sets and public address speakers similar to the
existing plant equipment, and a1l wiring and raceways will be provided for
intraplant comunication. A1l locaticns, including the switchyard and outlying
areas dictéted by the overall plant operation requirements, will be covered.

OTKER SUPPORTING SYSTEMS

Flare System ‘

Tha Flare system disposes of excess gas during stert-up, emergency relief and
abnovmal operational transients. At start-up, the syngas stream vents to the
flare an pressure contral until the gas turbine switches eatirely to syngas
firtng. Syngas is also vented to the flare for brief periods during abnormal
operation when gasifier synges production exceeds turbine demand. This too, is on
pressure control. Should an upset condition require emergency relief, a flare
knockout drym will first separate out any liquid water and the remaining gas will
i+ then burn in the flare. The water is pumped back to the grey water system.

Looling and Make-up Water Systems

The integrated plant cooling water system provides coaling water to rémove the
heat loads generated in the power generation equipment and the coal gasification
plant. It consists of the following subsystems:

¢ - Cooling tower
8 Circulating water system
» Clased cooling water system

. Chlorination system
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. Eath of the subsystems is described in the feollowing sections:
The cocling tower circulating water é}stem utilizes a mechanical-draft,
evaporative cooling tower to remove approximately 392.8 x 100 Btu/hr of heat
from the power plant condensars, closed cooling water system and auxiliary.
equipment in the coal gasitication plamt. Clarified water, averaging
approximately 810 gpm, is provided by the plant well. water system to the cooling
tover basin to compensate.for losses caused by drift, evaporation and blowdown
from the cooling tower. Biowdnwn from the steam, condensate and boiler feedwater
system is routed to the cooling tower basir to provide part of make-up and to
minimize water consumption. The circulating water system consists of the
mechanical-draft cooling tower, two half-capacity circulating water pumps, two
“full=-capacity open cceling pumps and the necessary piping, controls and
instrumentation. ‘

The closed-1oop cooling water system 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 eguipment atfééFl
and the heated conling water is returned to the shell side of the cocling water
heat exchangers at 105F. The toutal design fiow for the closed cdpling water
system is 4,740 gpm. Circulating water at 81F is used tc remove the heat load
from the tube side of the cooling water heat exchangers.. Makeup to the closed
cobTing water system to compensate for leakage josses is provided by the combined
cycle condensate system. The system consists of an atmospheric codling water
surge tank, two half-quaéity coa?ing water heat exchangers, three half-capacity
cooling water pumps, a manual chemical feeder and a closed-icop piping network
with connectiens 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 adjecent evaporator reom. Liquid chlorine flows from the manifold of the .
one-ton containers to the evaporator of the main cooling tower basin chlorination
system and the service water storagé tank chlorination system. Gaseous chlorine
flows from the 150-pound gas cylihders to the potable water chlorinetion system.
The main cooling tower chiprination system is an automatic chlorine injection type
where liquid chlorine flows into an evaporator, then to a chlorinator with
injector and finally into the cooling tower basin via a diffuser.
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The service water storage tank chlpfinatidn_system is a continuous type where
chlorire flows into a 1SD-pnunds-@er-day-capacity chlarinator with.an injector.

The potable water chlorination system is a continuous type where gaseous chlorine
flows into a 20-pounds-per-day-capacity chlorinator with an injector.

Plant Water System. The plant water system is designed to meet the overél] water
requirements for the 1ntegrated coal ga51f1cationfpower generation plant. The
p]ant water system_consists of the fO]lOWIHQ subsystemss

) Held water supp]y SJstem
[ Potabie water system
° Service water system

[ Demineralized water and condensate system
° Chemical injection system

. Waste disposal system

The well water supp]y system prov1des a supply of raw water to the service water, .
potable water, circulating water and fxrewater systems. The system consists of a
single water well, a supply line, and a control system dedicated to the integrated
coal gasification/combined-cycie power plant as well as three deep weils. pumps,
piping and controls which already exist to supply SCE Cool Water Units 3 and 4.
Hell water discharged from the well pump'is distributed to three locations: the
service water storage tank, the circulating water system cooling tower basin and
the potable water storage tark.

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 purps, piping and contro]s.

The service water system provides a continuous supply of chlorinated water for
plant utility uses. The service water system consists of a service water storage
tank, two sevvice 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 suction from the service water storage tank.

Normal full load operation will have one bymp in service with the other as standby.
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The demineralized water and condensate system shares a large demineralized water
storage tank and a common spare demineralized water transfer pump with SCE Units 3
and 4. The SCE Units 3 and 4 demineralization system maintains a 24-hour supply
of demineralized water in this tank for SCE Units 3 and 4 and Cool Water GCC Plant
full-Toad operation should the demineraiization system fail. Under normal
conditions, the transfer pumps maintain the level of the integrated coal
gasification/combined-cycle condensate storage tank.

The chemical injecﬁion*system provides for the addition of sulfuric acid and a
proprietary corrosion inhibitor to the circulating water system. Chlorine is alse
added to the various water systems as described in the preceding section. The
sulfuric 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 metering 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 stripper bottoms which discharge directly to the |
evporation pond). The power generation chemical waste system consists of three
headers discharging into the retention basin. Powar generation oily waste fiows
to an oil waste swp containing two progressing cavity pumps which pump to a
coalescing plate oily waste separator. From the separator, the waste flows by
gravity to the retention basin. Accumulated waste water is transferred from the
retention basin to the avaporation pond with two retention basin centrifugal sump
pumps. Lines leading to the evaporation pond are all headered together so that
.only one line actually runs to the evaporation pond. Any sludge accumulating in
the retention basin is removed pericdically.

Plant Air

The compressed air system provides instrument atr which is clean, oil-free and
dried to a dew point of -40F, at a maximum pressure of 125 psig for pneumatic
instruments and controls. This system also provides clean, oil-free (but not
necessarily dry) air for maintenance air base stations located throughéut the
plant.

The compressed air system consists of two identical ﬁonlubricated reciprocating

skid-meunted air compressors each rated ai 669 scfm, two air receivers, two air
dryers each rated at 890 scfm, and all necessary instruments, valves and piping.
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The ajr compressors are provided with.a lead-and-foliow control arrangement in
which the lead compressor runs continuousiy and maintains ‘the pressure within the
set pressure'rqnge by loading and unloading. The foliow compressor will start

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

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

cycle power plant reguires other auxiliary systems in addition to the systems
previously described. The Tollewing paragraphs briefly describe these systems.

Nitrogen. Nitrogen requiremenrts for Cool Water have been identified for three
pressure levels.

[ Low Pressure - 80 psig
¢ Intermediate Pressure - 250 psig

¢  High Pressure - 1000 psig

The basic use of nitrogen is for purge and blanketing of the equipment. The major
uses by system are: .

3

s Low pressure system - 80 psig

~-Blanket grey water system

oS

--Purge loc[popper flush drum ,ai;w

~--Purge flare stack u

~-Pressure air cannons and coal feed hopbgr and slag bin

--Puyrge from the carbon scruhber through to Ffuel skid of the
gas turbine on start-up

y --Purge the gasifier, syngas couler and carbon scrubber
following shutdown

--Supply inert gas to the SCOT Unit for;catalyst congitioning
~-Blanket entire system 1nc]udiﬁh HﬁSG on extended shutdown
] 'Intermed1ate Pressure System - "50 psig

--Purge the gas turbine fuel sk1d piping system following a
“fuel switch.
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R High Pressure System - 1,000 ps1g
--Purge the gasifier burner =,
—-Purge the temperature measuring devices on the gasifier

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

The above systems will 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
details of the system(s) for supplying the different pressure levels required anc
the high instantaneous rates of purge are currently under investigation.

Natural Gas. Natural gas is required continuously for the flare system pilot,
space heating, furnace pilots and laboratory uses. It is also used in the
gasifier wamm-up as well as in the Slaus/SCOT Unit. start-up and shutdown when
syngas is not available. The gas will be supplied through a tie-in with the
natural gas distribution system in the existing Cool Water faciiity.

Diesel. The diesel fuel system supplies diesel fuel to the combustion §as turbine
as an alternate fuel for both start-up and shutdown operations. The diesel fuel
system will be interconnected with the existing diesel fuel system of SCE Units 3
and 4, and will utilize existing Units 3 and 4 transfer pumps to transfer from the -
existing diesel fuel oil tank to a new 500-gallon surge tank. A skid-mounted fuel
forwarding pump supplies fuel from the surge tark to the gas turbine fuel
distribution system at the required flow rate and conditions. In addition to the
pump, the fuel forwarding skid includss a strainer; e]ectr1c fuel heaters, control”
camponents and z flow meter. :

. '-.;_ -
HRA L

Lube 0i1. A Tube 0i1 conditioning system is provided for the éa11ection, storage,

purification and transfer of lube 011 for use in the combustion and steam turb1ne
Tube 0i1 systems.

"The tube oil conditioning system consists of a clean oil storage tank, a dirty 0il
storage tank, a centrifuge-type oil purifier, a lube 0i1 transfer pump, a lube o1l
unloading pump, and all necessary instruments, vaives and interconnecting pipe:

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

positive displacement-type ube 01l unloading pimp and is returned from the clean*
0il tank to the reservoir by the lube oil transfer pump via the purifier.
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Mo1sture and part1cu1ate contaminants are removed from the turbine Tube oil by.the
purifier which is a self-contained unit with built-in feed and discharge pumps.

Slag Disposal. SIag produced in the gasification prodess s separated from the “
main process and conveyed to a slag surge bin. From'there it is trucked to an
onsite disposal area., This disposal area is enclosed by a dike and lined to

prevent seepage. An underdrain detectionlsystem allows-periodic inspection for
liner leakage. o

Evaparation Pond._ Waste water from the integrated coal gaszfication/combined
cycle powey plant will be routed to the existing evaporation pond. The.130 acre
pond is designed for an eveporation rate of 80 inches per year and w11]
accormodate the increased load.

Fire Protection

The fire protection system consists of an electric-motar-driven fire water pump, a
combination éervice'water/fire water storage tank with 200,000 gallons dedicated
fire water'portion; and an underground piping loop serving fire hydrants and hose
racks and reels, with monitors and deluge systems protecting major plant hazards.
The coal silo and gas turbinz are protéctéd with CO,.

The fire water systém is maintained at 100 psig through a connection to the
§ervice water system. During a fire, the service water/fire water ctorage tank
supplies fire water through.the electric fire pump. If service or well water is
unavailable or the electric fire pump fails, a horma\ly closed valve may be opened
to tie=in with the SCE Units 3 and 4 fire water loop, which makes over 1,000,G00
gatlons of cooling tower water zvailable as fire water supply via the SCE Units 3
and 4 electric- and diesel-driven fire pumps.

Deluge water systems will protect the lube ¢il reservoir, coal handling system and
coal grinding train. When the plant is down, the wood structure cooling towers
are autdématically sprayed with water to prevent drying, thus reducing the
potential for fire.

Pollution Control Facilities

Coal will be delivered to the site by train. The rail cars will be open on top;
however, the coal will be sprayed at the source of shipment with a sealing
compouna'to reduce the possibility of fugitive dust. Once on site, the cars,

8-58



which will be of the bottom dump type, will unload the coal inside an encldsure.
The coal will be transported to enclosed storage siles via a covered belt conveyor
system. The demonstration project will not utilize any dead storage piles.

A11 coal handling systems will use enclosures and vacuum exhausi dust collectors
in conjunction with a spray type dust suppréssion system to minimize coul dust
problems.

Ash vesidue particulates are removed from the gas by scrubbing with water. This
rasults in particulate loadings of the order of 1 mg/Nms. Following this

washing step, the water saturated gas is cocled to 100F w1th the condensed water
being separated. The gas is then passed through a su]fur removal process in which
it is contacted with »: liguid solvent. Together, these steps should reduce
particulates by well over 99 percent, i.e., no measurable particulates are
anticipated in the gas turbine fuel. '

In addition to resaturation of the gas, supplementary steam will be injected into
the gas turhire to reduce NDx. It is estimated that this will effect an NOx
reduction by 70 percent. ;

The Claus sulfur znd SCOT tail gas unit will remove S9.6 percent of the sulfur fed
into the system on design coal at design rate.

The sulfur pit will be covered and fugitive sulfur compound emissions will be
collected by an eductor and incinerated in the tailgas incinerator unit.

"
b

The evaporation pend is designed to contain all liquid waste without loss from
1eakage or underflow and be adequately protected against overflow, washout or
jnundation. The pond is lined and monitoring wells allow visual inspections for
T1iner l2akage.

Toe slag disposal area will 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 dike with a minimum top width of 12 feet.



Buildings

The main control buiiding will be & sing?g story pre-engineered metal building
130 feet long by 60 feet wide with an eave height of 15 feet and a cast-in-place

reinforced concrete slab. The building s designed to provide space for the
following: E

e  Control room area including the' control room, kitchen, instrument
shop, watch engineer office and two offices

¢ Laboratory arez inciuding a laboratory office, the laboratory,
gnd a separate grinding room for grinding slag and coal samples.

. 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
ryestibules

The consfruction office building will be a single story pre-engineered metal
buildihg 175 feet long by §0 feet wide with an eave height of 14 Teet and a
cast1ﬁn-p1ace reinforced concrete slab. The building is designed to provide space
* 'for_the following areas:

. Construction office personnel
e Conference room
e . Men and women's restrooms

. Janitor's ¢loset

This building will be converted to the main office building at completion of the
plant construction. '

The warehouse will be a pre-engineerad metal building 120 feet long by 100 feet
wide with en eave height of 22 feet and a cast-in-place reinforced concrete slab.
This building will initially be used as a construction warehouse and converted to
a maintenance shop and warehouse facility at completion of the plant
construction. The building is designed to provide space for:

] Office and rastrooms

) General tool, piping and electrical issue rooms
8 Warehouse .area and loading dock

. Mezzanine storage area

Y Spare parts storage area
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The chlorination shed will 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)
. Chlerine cylinder storage area {shelteved open area)

s Chlorine equipment area (sheltered open area)

The track hopper enclosure will be a steel framed engineered structure to cover
the coal train track hopper. Exterior walls and roof will be constructed of
uninsulated metal siding and roofing. The building will be designed to provide:

. Dust suppression and collection system

e Cosl handling system control area including a control room
(air-conditioned), HVAC area, restrocm and janitor's closet

SYSTEM DESIGN CONSIDERATIONS

Achieving specific technical objectives is essential for the successfu1 commercial
application of this power system. These include:

e The Tull scale design and reliable operation of those major
equipment components and subsystems which will be incornorated
_into the commercial plant design ’

¢ Achieving a performance level which can be reliably and
convincingly extrapolatad to competitive levels through proven
ardfor low technical risk system modifications in the commercial
.piant design ®

s -.Demonstrating flexible plant operaticn and control throughout aii .
" operating modes consistent with power grid maneuvering T
requirements and plant operator capabilities
° Demonstrating low environmental impa@tf:

Developing an operating experience data:base which can be applied =
to comnercial plant training and procedures

. The essential features to meat the above objectives are being incorporated into
" the Cool Water demonstration plant configuration. Design requirvements,
anticipated performance, plant integration characteristics and operational.
requirements are discussed below and in the sections that follow.
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Plant Configuration and Design Requirements

Because of the significant sensible heat in the raw gas (25 to 30 percent of the
coal input energy) it is essential that as much of this energy as possible be
recovered and efficiently converted to power. In addition, due to the significant
ameunts of unreacted steam in the raw gas, efficient low temperature heat
utilization is an important requirement.

The high temperature reducing atmosphere of the-raw'gas, wWith sulfur gas
constituents, introduced material considerations in the raw fuel gas stream heat
recovery bollers {synthesis gas coolers, SGC) 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 hoid 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 efficient steam conditions. The commercial configuration of
the IGCC plant will incorporace modular gasifier/S6C and gas turbina/HRSG trains
with a single steam turbine. The SGC configuration will be similar to Cool Water,
generating saturated steam since metallurgical requirements will be the same.
Thus, uﬁerating experience with the Cool Water SGC equipment will be directly
applicable to follow-on commercial plant designs, even though the HRSG 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 steam equipment
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 for operation at higher steam pressure levels, to
obtain greater steam production, within the constraints of the HRSG shperheating
capab111ty. This is particularly important in selecting the conditions far reheat
units associated with- larger scale plants. This consideration has been
incorporated into the selection of the Cool Water des1gn point resulting in an SGC
operating pressure of 1,600 psi which is considerably higher than conventional
fombined 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 Tuel gas heat in the
S6C a prime candidate for future cost/performance trade-off studies with

commercial configuratiens.

Variations in gasifier operation {e.g., temperature, cold gas efficiency, etc.)
resulting from utilizing different coal feedstocks or changes in slurry conditions
can have a significant influence in the design in ordar to assuregfeliab1e ‘
operation of the steam system under these conditions. Variaticns in the
proportion of chemical and sensible heat in the fuel gas changes the yelative
" steam loads in the S6C and HRSG, resulting in changes in steam turbine
temperatures and flow. Thus a richer gas, (higher Btu/1b) requiring a lower
gasifier exit temperature, cou]d produce significaﬁtly less steam than a more lean
gas operating with kigher gus1f1er exit temperatures. These conditions may come
about by changes in slurry cuncentration, oxygon-to -coal ratios, different coal
types, or as equipment matures.

Significant imbalance of SGC steam production and HRSG superheat or economizing
capability at any operating point can result in unacceptable steam turbine
throttle conditions, aconomizer steaming, throttle steam over-temperature or
inefficient quenching of SGC steam through excess feedwater subcooling. 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 will trend in the direction of reliable operation at off-design point
conditions, at some compromise in optimum performance. The Conl Water steam
system design has incorporated features into the equipment and control to
demonstrate thiy flexibility and coordination.

Under low total steam conditions, the throttle temperature approaches the gas
turbine exhaust temperature. Thus, maximum steam temperature is controlled by
proper coordination of the gas turbine inlet guide vanes which automatically
limits these maximum steam temperatures by adjustment of the total gas turbine
flow and thus turbine exhaust temperatures. Since these conditions can vary -
significantly over the ambient range, this factor must also be considered. '

Reliable steam turbine operation requires that throttle steam conditions (e.g.,

temperature, pressure and flow) are properly coordinated such that last stage
moisture and temperaturs limits are satisfied at all sustainad 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 HRSE 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

different. This control coordination approach is applicable to commercial
configuration plants and will be implemented and demanstrated in the Cool Water
design. ’

"A significant portion of the latent and low temperature energy in the raw gas can
“be afficiently recovered through fuel gas preconditioning prior to combustion.
Moisturizing and heating the fuel gas through a low temperature direct contact
water heater (reheat-resaturator) provides a means of transferring this energy at
high availability in the basic cycle. This moisture cantributes significantly to
lowering the formation of NOx in the turbine exhaust. Current gas turbine
combustion designs incorporate moisture injection to achieve low N{]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 fuei 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 contrel of this moisturing and heating is
important in meeting acceptable gas turbine combustion system fusl 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 on larger scale plants. This
feature will be.of increasing benefit permitting efficient operation at low NOx
emissions as gas turbine inlet temperatures increase to higher levels.

The use of {ntermediate Btu fuel gas in the gas turbine has several design
implications. This fuel wiil 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 combustjon liners are anticipated. A large diameter
fuel gas piping harness arrangement with an off-base fuel valve skid is being
designed far the Cool Kater unit.
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The ralatively high fuel hydrogen content results in adiabatic flame zone
temperatures somewhat higher (e.g., 50F} than those resulting from the use of
natural gas or distillate oil. Since the production of “prompt" NOx is
increased with higher temperature, this necessitates somewhat more moisture at a
given load to achieve a given NOx level than with conventional fuels. This
effect, particularly with the higher gas turbine firing temperatures of future

commercial plants is a significant incentive for fuel gas saturation.

To minimize new development risk at Cooi Water, the gas turbine combustion system
will utilize a modified version of the commercial combustion and fuel nozzle
arrangement. Combustion 1iner air cooling pattern modifications are being made to
maintain long combustor life and praper hot gas temperature profiles, and a new
fuel nozzle will be incorporated.

The combustion system will have dual fuel {e.g., No. 2 01l and medium Btu gas)
capability. The gas turbine fuel control system will be modified with several -
features including: automatic fuel transfer, fuel pressure reguiéﬁiun capability
and divect lead control capability when operating in the turbins-lead mode.

The gas turbine combustar fuel and moisture flow is five times greater compared to
the use of natural gas or oil. Due te this increasead turbine mass flow, gas
turbine pressure ratios and turbine/compressor thrust mismatches will be somewhat
_higher, resulting in maximum gas turbine load limit considerations. Proper
matching of the fuel plant capability within these comstraints, which accur at

Tower ambient conditions, is an additional system design parameter. Maximum load
1imit 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 will have dual gas/oit fuel capabilitx. although operation on oii

fuel is only planned for unit start-up and shutdown. However, for commercial
plant appiication, dval fuel operation 1s of value in maintaining plant load
carrying capahility, particularly through short term outage of fuel plant
equipment. -

Sufficient margin is being incorporated in the Cool Water gas turbine HRSG and
steam furbine designs to accommodate 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
pericd. To achieve this goal, equipment modifications, redundancies and carefully
planned operating and maintenance procedures are being <implemented at Cool Water.
To demonstraie combined cycle running veliability consistent with Project
availability ‘goals and commercial base ioad power generation vequirements, a
combined cycié 1,500-hour mean time between failures (MTBF) goal, with high
turbine starting reliability, has been established and a comprehensive preventive
maintenance program is to be developed.

INTEGRATED PLANT CONTROL

The central control room centains dedicated control panels or consoles for the gas
producing train and the combined cycle equipment. Detailed operation of the
equipment is accomplished at these positions, including the placing of various
equipment in a state of readiness priur to a start-up and operat1on. Figure 5-3
shows a conceptual layout of the main contral room.

Once readiness is achieved, tha seat of normal operation will shift to an
integrated stataon cantrol console. The integrated control performs the functions
of nveral} plant operation 1nc1ud1ng start=-up, shutdown, normal operatiun and

:operation ninde changes. The integrated station control console includes
ﬁtart/sfbp; open/close, indication adjustments as required to perform the control
positions. After start-up, the individual dedicated controls panels are utilized
only in.the event of significant.sub-system upset. Thé'integrated plant control

- concept is 11ustrated in Figure 5-4.

In addition to providing a direct manipulative operator interface, the integrated
consale and 1ts 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 station
control, performs the functions of adjusting the power output of the combired

cycle plant in response to changes in load demand, and the regulation of the Tuel
gas pressure at the discharge of the fuel plant. This is accomplished by
coordinating the fuel gas production of the fuel plant with the gas consumption of
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tha combined cycle power plant and requires that the plant load/pressure control
. interface with and coordinate the operation of the gasifier, gas turbine and
oxygen plant through their respective control systems.

Three modes of plant load/pressure control are being implementad for evaluation of
integrated gasification-combined cycle plant operation.” These are the
turbine-lead, gasifier-lead and coordinated control modes: of operation. (See
Figures 5-5, 6 and 7)

i
] Turbine Lead Mode - In the turbine-lead mode, changes in plant
power-output are initiated by changing the fu=l flow to the gas
" turbine. This acticn is follewed by a change in gas fuel
product1on by the gasifisr which is conirolled to maintain the -
required fuel plant pressure. Use of the fuel gas system

intrinsic storage provides rapid response to overall systenm
demand excursions.

] Gasifier Lead Mode - In the gasifier-lead mode, changes in plant
power output are initiated by first changing the fuel gas
generation of the gasifier. “The gas'turbine control system
regulates the Tlow of fuel gas to the turbine to regulate the
pressure at the discharge of the fuel plant.

] COOrd1nated Control Mode - This mode of operation is. similar ta

: the turbine-lead mode in that changes in plant power output are
initiated by changing the fuel flow to the gas turbine. The
gasifier 1s 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 gasifier to adjust the fuel
gas production rate in anticipation of a change in Tuel plant
pressure, and the use of a feedback signal to the turbine fuel
control signal to limit the rate of change of fuel consumption by
the gas turbine as a result of an extensive change in fuel plant
pressure. It is expected that this mode will provide the most
favorable dynam1c 1oad response capability for the integrated
p]ant, 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.

{peration Guidance

In addition to the operator manual interface at the integrated station control
console, an operation guidance function 1s being provided. This is designed to
provide visual guidance and information support, with the goal of simplifying
operation. The display of information is by video (CRT) and an alpha-numeric
printer. Operator requests are made via a keyboavd.
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The content of operation guidance in¢ludes:

] Sequence Monitoring - This wili guide the operator thraough plant
start-ups, shutdowns and major mode changes. This may be done by
checklists, instructions, graphic displays, or a combination of
the above. Where feasible, direct coordinated operatian of

start-up/shutdown actions and subsequences are being implemented.
o Operating Information - This operator aid will use current and

recent historical plant data to provide graphic displays,
operating smapshots, performance data and printed logs.

Plant Protective Coordination

In addition to the primary protective functions provided by the individual
equipment caontrols, station level protective cocrdination is heing implemen.ed in
the integrated plant control system. The major objective of this protective
system 1s to reduce the probability of a shutdown of the entire plant or large

purtions 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 trip signals generated by the
individual unit controls are communicated to the integrated-protective system
along with equipment status information. Based upon the oparational status of the

plant at the time of an alarm, or equipment trip, the integrated-protective system
initiates signals to other unit control systems in the plant which may be

ultimately impacted by the equipment failure. These signals, as appropriate,
initiate start-up of auxiliary equipment, effect transfer of equipment operating
modes, change controller set-points and initiate equipment shutdowns. These
signals are directed at isolating the effects of equipment fault, keeping as much
cf the plant operating as possible and placing the equipment in a state that would
aliow the most rvapid restoration of the previous plant operating condition.

Ta eliminate potential problems with contro1_system redesigns maximum use is being
made of existing system equipment controls. This includes the combined cycle
power plant equipment and other existing plant subsystem controls. The power
plant controls will be a combinatfon of electronic apaleg and microprocessors.

A:commercially available distributed system is being utiilized in the control of
the fuel plant and the integraied plant control system. A distributed control
system utitizing m1croprocess§rs affords greater flexibility for control loop
configuration changes and mddifications 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 is accomplished by several microprocessor units linked to a
central operator's console, having CRT and keyboard, by a communications line

_{data highway) consisting of a multiplexed digital information transmission
system. Dual, redundant data highways and several CRT's and keyboards will be
used for system security and reliability.

Control Analysis .

To aid in the control system de#elcpment and to more fully understand the plant

process variable interactions, a dynamic simulation study of .2 Cool Water:
configuration has been conducted as a joint technical effori unong Program

' pérticipants. This simulation incorporates dynamic digital mathematical models of

211 major system components programmed in a flexible softwere ty- -~ that provides

_ expedient modification and modular mode) development, while selec I subsystem

" studies proceed 1n parallel.

The results nave been enCouraging, indicating no major control problems or
instability characteristics which cannot be scived by state-of-the-art control
logic and hardware. The relatively large volumes of fuel gas in the fuel system
heat exchéngers, scrubbers ard piping at intermediate Btu heating values, and at
high pressure relative to the gas turbine combustion, give an inhevent system
storage capability which results in small fuel system pressure variations over a
wide range of plant maneuvering. Praper implementation of coordinated fuel
pressure/gas turbine control abpears to result in a responsive power plant with
" flow and prassure excursion% well within design limits.

A goal of the control and protection system is to attain a high running
reliability. To achieve this ojectiva, isolation of control ard protection
circyits with sufficiant instrumentation redundancy to ensure high reliability and
equipment protection is being implemented.

POWER SYSTEM REQUIREMENTS

Normal daily operation and control of a bulk power system requives a continual
adjustment of power generation to match changes in load connected to the power
system. In addition, daily operation frequently raquires the powar system to
respond to abrupt losses of connected generation either through loss of anits or
of transmission facilities. In a great majority of lass of generation cases, the
power system is capable of maintaining service to all of 1ts customers through
good design and operating practices; this loss of generation without loss of
customer service s a near-normal condition.
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In order to equalize load following duty imposed on individual units in the
system, and to prevent serious load-generation mismatches when given units are

incapable of response, it is important that every prime mover supplying a large
power system be capable of supporting its share of regulating and load following
duty imposed by the power system over the life of the unit. These regulating
requirements include the capability to change gemeration over short periads of
time (seconds and minutes), and over longer periods of time (hourly, daily and
weekly), under normal and abnormal operating conditions.

Thus, the network places load demand on individual plants to satisfy:
. Frequency regulation
] Tie-line regulation

. Load following

These demands cover a wide spectrum of load magnitude and duration requiring
different response rates to satisfactorily meet the power system requirements.

Loss of Generation-System Islanding - Emergency Conditions

Under certain infraquent circumstances, a disturbance on a large interconnection
may result in a portion of the interconnection breaking intc one or more
electrical 1slands. Generating units vary in their capability to control
frequency under island conditions. Differences in the capability of units to
regulate frequency are not normally observed in « large interconnection because
units having poor frequency regulation characteristics are supported by units
having better characteristics.

The power system frequency must be regulated under emergency conditions in an
isolated or split-off system. The island's generation must be able to promptly
change power output to maintain generation-load balance in the face of abrupt
changes. The range of requivements imposed upon the island generation is a rapid
change of power output under governing control to arrest the frequency transient,
Tollowed by up to 2.5 percent MY (rating) per minute under a close plant operator
conircl. The tonsequences of not meeting this requirement 1include:

. Additional load shedding manually
¢  Cascading outages of other units or “blackouts"

¢  Extended time to restore service or to resynchronize with system

-¢  [Damage to equipment at off-normal frequehcies

§=-78
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The Cool Water Test Plan will incerporate plant tests to demonstrate the.inherent
capabi1ity of the IGCC plant in meeting these vequirements.

Load Following Capability

The plant shall contribute electrical power with the response desired of an
advanced generating plant operated on a large interconnected electrical grid. The
required response is more demanding than that expected of existing plants and
represents anticipated needs in segments of the electric utility industry.

The target plant response capability shall encompass all of the response sets
presented in the table below, when operating anywhere within its acceptable joad -
range as combined-cycle or simple-cycle.

Table 5-3
LOAD FOLLOWING CAPABILETY

TIE-LINE DALLY
FREQUENCY THERMAL LOAD
REGULATION(T) BACKUP{2) FOLLOWING(3)

Magnitude of Change

% of Rating 2 5 7 12 20 50
Response Rate'Required

% Rating per Minute 20 10 ? 6 5 2.5

Time to Accomplish
Minutes 0.1 0.5 1 2 & 20

. ’
1. Frequency regulation provided primarily by gas turbine governor action.

2. {Contingency mode
3. HNormal cperation

Load Turndown

The plant will be designed for stable, sustained operation on gas fuel at as low a
plant electrical Toad as possible, within the physical constraints of the various
equipment. while maintaining ail plant auxiliaries. A full-speed, zero electrical
load tesl will be implemented.

When operating at maximum turndown, thé ptent shall be operated on its normal
contrct equipment with ability 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 full or partial load. -
a minimum of the plant operating equipment shall trip. Eguipment shall recover
from the load loss transtent in a condition such that the generators can be
resynchronized to the electrical line and the plant reloaded. This shall be true
whether one or both generators suffer this disconnection. During these transients
the gas producing train will minimize the flaring of gas.

DATA ACQUISITION SYSTEM

A computerized plant data acquisition system is being implemented for data
collection, display and reparting. The computer is not utilized in the control of
the plant, but is utilized for such functions as operator start-up/shutdown hasis
and dispiay of major plant process loop conditions. The computer will have
capacity for storage and retrieval of large volumes of data. The data acquisition
system will extend and improve the operator/ plant interface. However, the plant
operation and control wi]]-pe independent of the compyter.

The. data acguisition system will provide support for:

] Engineering analysis of plant operation and performance by way of
several logs (periodic, trip, 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 will be checked by subjecting it to contralled changes. A1l
pertinent variables will be recorded in the plant data acquisition system to
permit subsequent analysis and evaluation.
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Section 6

PLANT PERFURMANCE PROJECTIONS

Planned plant operation on a variety of coal feedstocks in addition to extended
runs under 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
approxXimately 840 MM Biu/Hr at the site conditions of 80F and 2,000 feet
altitude. The gasifier temperature and cold gas efficiency corresponding to an
individual operating condition changes the ig1ationship of sensible to chemical
energy, causing some variation in gas and éféam turbine outputs, coal and oxygen
inputs, as well as overall plant performance. Table §-1 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 §-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
cperating conditions, resulting in compromises in performance. The steam system
configuration has been specified at lower level, non~-reheat conditions. The
modifications for more advanced reheat steam systems effect mainly the gas turbine
heat recovery steam gererator and steam turbine designs. Operation requirements
With reheat steam turbines are known and have relatively little impact on fuel

plant equipment, configuration, or operating conditions and are not considered
essential for damopstration of the IGCC concept.

In order to achieve operating  flexibility, some fuel plant equipment is hetng
included with additional desigh'margins for demonstration purposes. Subsequent
refinement of this system equipment will resuilt in improved cost/performance
benefit in follow-on designs.

The oxygen supply at Cool Water will be providea 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
nave indicated pertoriance incentives and TCGP process capabilities to utilize
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Table 6-1
G00L WATER PERFORMANCE

NET OUTPUT NET HEAT RATE
(Mu) {Btu/kkh)
Initial Operation

{750 MM Btu/Hr of clean syngas){l) 92.0 11,200
Future Operation

(767 MM Btu/Hr of clean syngas){2) 96.2 10,700

(842 MM Btu/Hr of clean syngas)(3) 101.0 10,600
NOTES:

(1) PRepresents expected initial cperating performance.

(2) Renresents ta~get test performance after tentative addition of
slurry prehest™" cberation with 95% 0 purity, and elimination of
supplementa} =i -am “injerctinr for N0y control.

(3) Further efficiency improvement based an future test with higher
slurry cancentration.

Table 6-2

LARGE REFERENCE PLANT DESIGN
CGMMERCIAL PLANT PERFORMANCE

PLANT SIZE NET HEAT RATE

GAS TURBINE INLET TEMPERATURE (MW) (Btu/kkh)
1,985 500 to 1,000 9,200 - 9,500
2,100 "

8’ 650 - 8,850

2,600 " 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 sepavation plant. These features
can be implemented readily in commercial applications to derive these benefits.

Large scale reference plant configurations incorporating the Texace axygen-blown
coal gas process have bsen studied and reported. The performance of these plants
is based on projections of fuel plant.performance on I1linois No. 6 coal which
will be a test coal in the Cool Water Progrﬁm. The results of the stucy
conducted by General Electric are indicated as the Large Reference Plant Design
in Table 6-2. This reference plant incorporates current state-of-the-art gas
turbines with a 1,450 psig 935/935F reheat system and the basic Texace coal
gasification fuel system features to be demonstrated at Cool Water.
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Section 7

COST ESTIMATE AND FUNDING

BASIS & ASSUMPTIQNS

The funding and subscription target for the Cool Water Program was initialiy 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 Campany a" L e =11y updated

by Bechted, - the; onrrar “'¢tnenr—60n=tructor,_and } '<g Lo
organizat1ons 1ncurr1ng ‘réimbursable custs. This ¢ . 'ﬁdgfsféxpected
to be spent in Phases I, II and III, }nclud1ng dpéf , ﬁcéfegpenses
for the pre-demonstration period refgfred to in Seﬁt”"”" po e ip-

Ve w gy
.
'.

The current estimate indicates that the total cap1tau co t for the proaect 15 now
$294 million, as shown in Table 7-1. The basic diftenence in the estimates is the
change in' the oxygen plant from an internal to an "over-the-fence" supply, the use
of existing SCE fagilities for water treatment, the resolved trends and the
escalation associated.with a scheduled completion approximately two years later
than envisioned in the Parson's report. Based on these projected costg, the
Program subscription target is now set at the $294 millicn figure. '

8

PROGRAM FUNDING PLAN

As discussed previously, the Cool Water Coal Basification Program has been
established as a joint venture of participants and sponsors who own an undivided
percentage interest in the project eguivalent 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 35 million. 10 the Program and agrees to assume a
‘proport1onata share of all progrum costs up to the amount of the1r subscription.
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Table 7-1
CURRENT COST ESTIMATE
{Escalated for Mid-1984 Canstruction Completion)

Bechtel

Coal Receiving, Storag: & Handling
Coal Grinding & Slurrying
Coal Gasification
Oxygen Plant Interface
Gasification Effluent Hater Treatment
Sulfur Removal :
Sulfur Canversion
Combined Cycle Plant & Auxiliaries
Unit #1 Pipeline & Bailer Modification
Evaporation Pond
Flare System
Interconnecting Piping & Electrical
Plant Electrical
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 €ontingency
. 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

7-2

$1,000

12,623
#.407
46,445
128
849
5,019
2,759
42,271
1,099
1,080
359
7,162
5,108
2,501
4,862
5,667
153,339

25,018
3,857 -

- 181,914

25,987

207,901

37,255

1,983
247,139

28,506
1,124
5,583
9,317
2,331

46,861

294.000



SOURCE OF FUNDS

Sufficient funds.have been committed to the Program (see Table 7-2) to allow
procurement and construction activities to proceed. However, other alternate )
funding sources are still heing pursued and interested parties are being encouraged
to jein the existing co-funders in this major demonstration project.

Tabte 7-2
COOL WATER FUNDING

SCE § 25.CM (1)
Texaco 3 45.0M
EPRI {current commitment) § 65.0M
{aaditional future
oqligatiun) $ 40.0M
GE § 30.0M
Bechte! . § 30.0M
JCWP $ 30.0M

_ 3265.0M
Additional Contributors o

ESEERCO § 5.0M
-$270.0M

Other Future Funds

(may be borrowed) } 24.0M
) $294.0

(1) This figure does not include seme §6.0M of "other" facilities contributions
made by SCE.



Section 8
PROGRESS.REPORT AND SCHEDULES

PILOT PLANT TESTS
Mcntebello

The Cool Water Program sponsored pilot unit runs at Texaco Inc.'s Montebello
Research Laboratory. The purpose of these runs was to confirm the Program <¢oal
{SUFCO Coal) as an acceptable feedstock and to obtain certain data necessary for
the detailed design of the Cool Water Gasification Unit.

Pitot unit operations involved a total of nine separate runs broken down into five
groups. The amount of coal gasified was approximately 300 tons. The first group
involved a series of variable studies to select optimum conditions for future
testing. The second group was & series of runs to expiore the variables involved
in recycling the lockhopper fines. Additional time was sﬁﬁﬁt 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 graup of runs was conducted to determine the minimum operable temperature of
the gasifier.

During ail test rums, routine samples required to estabiish a material and energy
balance from the gasification system were obtained. Special envirommental 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 pilot 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 pilot unit tests, demonstration tests were carried out'under
Texaco sponsorship at the 165 tpd coal gasification facility within the Ruhrchemie
Plant in Oberhausen, West Germany. The objectivus of the demonstration tests were
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to further confirm the operability of the Texaco process on Program coal, and te
gather operating, enviromnmental and materials data oa a larger scale unit.

The Ruhrchemie Plant operated well on Program coal. It ran for 22 days, as
planned, and processed 3,480 tons of coal. The coat slurried easily, and was
found te be very reactive, leading to efficient gasification. Tne data from the
tests were turned over to the Texaco Engineering Department for further suppove 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-880 “Preliminary Design Study for an Integrated Coal
Basification 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 subseyuently
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 turbine or the
steam turbine combined-cycle in operation was deveioped and a cost estimate
prepared for tﬁé necessary valving, piping, etc. An evaluation of this
"freastanding fuel plant" indicated that it would be cost effective. The
syngas produced is to be fired.in the existing SCE No. 1 Boiler at the Cool
Water Station.’

Cycle Definition and Performance With, Uérsus Withaut, a Gas Saturator

An analysis was made of the most efficient method of intraducing moisture
into the gas turbine combustcrs for NOx suppression. The alternatives
investigated were direct steam injection or water evaporation into the syngas
as it is being reheated following sulfur extraction. The additional expense
of installing a water saturater tower and its pump and heat exchange system
was warranted based on the increase in net power generation.

Oxygen Plant Driver Selection (Steam Versus Electric)

The comparison of drives involved not only an analysis of: 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 Tinal analysis it was determined that the higher
efficiency of the large steam turbine and its genevator in the combined-cycle
part of the plant was sufficient justification to use motor drives in the

oxygen plant and maximize steam to the combined-cycle.

Oxygen Storage Requirements

The typical'axygen plant has a high operating on-stream factor. Unscheduled
down periods pér 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 d "cold" standby condition the plant
restart was quite vapid. The gasifier cannot be held for long periods in a
"hot* condition withoqt the use of considerable fuel gas, and any extended
interruptian in oxygeh flow will bring the plant off-stiream and reguire
depressuring of the gas1f1er’and heat recovery system. In order to minimize
this type of shutdown, a study was made to deterinine the economic feasibility
of providing oxygen storage on which the gasification system would operate
while minor repairs were being made to the orxygen plant. Such a storage
system was incorporated into the plant design and will consist of high
pressure gaseous oxygen for immediate use, during which time a liguid oxygen
system with a vaporizer can be brought on-stream to supply oxygen for 24
hgurs of operation.

Desired Oxyoen Plant Purity Level

A merchant oxygen plant will normally supply oxygen with a purity o7

89.5 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 synfuels plant with oxygen purity between 90 percent and

99.5 percent. The final amalysis indicated that an intermediate purity of

95 percent was optimum. The savings in thé oxygen plant more than offset the
increased cost in the synfuetls plant resu?éﬁng from the incremental nitrogen
dilution. However, since the "across-the-fénce" oxygen supply arrangement
subsequentiy developed for Cool Water also {yvu!ves recavery of Argon and
other gases for outside sale, the purity will be 99.5 percent,

LY
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Alternative 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 905. Prg]iminary 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 by the Norton
Company was best suited for the process requirements and this Tnstallation.

Alternative Sulfur Canversion Processes

A conventional Claus plant with tail gas treating was considered for
conversion of the recovered sulfur to elemental sulfur. Three
licensor-designers submitted system descriptions, investment estimates,
utilities and chemical costs. Overall sulfur recovery is 99.6 percent of the
sulfur fed into the system. A system using a modified SCOT tail gas treating
process licensed by Shell 0i1 Company and the Claus process for sulfur
recovery licensed by Ameco 0it 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‘HZS from approximately 4 percent to above 20
percent reduced the size of the Claus equipment and greatly improved the
operability. The SCOT section has a conventional absorber on the tail gas
for final clean up before incineration and discharge to the atmosphere.

Coaled, Versus Uncoolaed, Gasifier Refractory

A study was made to establish a refractory cooling sysiem for the gasifier.
It was determined that cooling the gasifier refractory may improve its life
but the concept needs data for verification and proper cooling equipment
design. Th& current design does not include provisions for cooling the
gasifier refractory.

Basifier Configuration

The basic configuration of the gasification system was studied in detail.
Factors evaluated were stream time, maintainability, equipment investment,
installed cost, maintenance cests, operability and construction completion
schedules. These considerations were defined with seven case studies as
follows:



. 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
partialily 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 and
distribution, of the coal particles has an effect on the efficiency of the
carbon conversion. A series of tests were made on the selacted program coal
to determine which type of system would be able to produce the fineness and
distribution required. The basic eguipment testeg 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 bg
of the correct slurry concentration. The final analysis indicated that the
Cool Water system should have parallel grinding trains with a 2-row impact
cage mill for initial reduction of the incoming coal and a wet second stage
rotating mill tc 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 milis could be converted to 4-row.

The final design engineering started at the completion of the studies with 20
Bechiel engineering personnel assigned from the Houston Office. Engineering
menpower was increased, in accerdance with a planned build-up, to 157 by the end
of September 1981. Peak manpower was pianned 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 praoject funaing, this plan has been revised to conform to new schedule
requirements corresponding to construction completion by June 1YB4. 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. Pregram specifications are basically Bechtel
specifications modified to incorporate applicable Texaco requirements. All
specifications are submitied to the Program Office Tor comments and/or approval,
and to-date 172 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 dssued. Bids have been received on 116 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 statusina. These 1,464 drawings include those issued
for information which are not returned to the vendars.

Drawings are issued for construction as they are completed and agi:licable Program
approvals received. A total of approximately 1,000 drawings are planned; 580 have
been started and 296 have been issued for construction. Instrument data sheets,
hanger draw1ngs and piping 1sometr1cs are not included in the. 1,000 drawing

total. Process Flow D1agrams {PFD), Piping and Instrument U arrams (P&ID's),
electrical sindle Yines and vessel drawings are’ essent1a]1y cump]ete. Extensive
viork is complete in the civil area to comply with darly construction activities,
such as rough gfgping, earthwerk, underground utilities and major foundations.

In accordance wif California Energy Commission (CEC) requirements, specific civil
and structural draw1ﬂgs are to be submitted to the ‘County Engineer far approval
prior to construction. These drawings are schedu]ed 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 critical path for the plant is the design, fabrication and installation of the
gasifier and 9ts 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 anrd
associated equipment. Engineering is 90 percent compiete 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 all
mechanical and electrical equipment. This includes the coal unioading and feed

hoppers, conveyors and their supporting structures, dust control and ventilativn
systems and associated conirols. :

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 controis 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 pltant is under contract to
Ford, Bacon and Davis (Texas) (F80T) and administered by Bechtel. The FBDT scope
is 49 percent complete, inciuding model work.

Engineering is 24 percent complete for the oxygen supply plant, which is being
engineered, designed, suppliied and constructed by Airco, Inc. Airco will 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 8-1) is being prepared
and piping and instrument installations have started on 14 of the model-base
tables. A1l of these tables have undergona the 10 percent completion review by
the Program Office, and five tables have passed the 50 percent review point. The
contro? room and solids handling model tables will be started when designs in
these areas are finalized. Also, two tables are being prepared by FBDT Ffor the
sulfur recovery plant and these received the initial 10 percent review in
September. There will he 18 tables when the model is complete, including the two
FBDT tabies.

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 guantity controls. In addition,
computer programs have been utilized to maintain status logs for engineering
tasks, specifications, material requisitions and drawings. Tnese logs supply the
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data base from which progress is monitored and centrolled with regard to meeting
engineering budgets and schedules.

As of December 18, 1981 Engineering was 49 percent complete (see Figure 8-2}.

PROCUREMENT

Procurement services for the apparatus, constructicn material and equipment for
the project, including purchasing, subcontracting, expediting, traffic, 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 Pracurement Team, located in Houston, was formed in April 198C. This
group consisted of 10 personnel, representing purchasing, expediting and
inspection, as of late 1981. In addition to the Home Office team, a field
procurement manager and warehouse supervisor were assigned to the project. A
temporary office was rented in Barstow, California, and bids were solicited for
office trailers, furniture, supplies, etc. Trailers were subseguently purchased
and are now in place at the plant site.

At inception of the project, Bechtel committed to giving small, local and minority
gwned businesses an opportunity to participate. Meetings were held with Operation
Second Chance (05C) in San Bernardino to review the scope of work and
qualification procedures. A list of items to be purchased by Field Procurement
was presented and 0SC assistance requested to identify qualified bidders in the
area. Whenever possible, 0SG-recommended vendors are being given an opportunity
to bid.

Permanent plant materials and equipment are procured by the Home Office. A1 long
lead itums and process equipment have been ovdered and the remaining requisitions
are primarily for lesser equipment, instrumentation and bulk materials.

As of October 30, 1981 purchasing was approximately 50 percent compleve and the
Program had approved .B1 orders. )
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CONSTRUCTION

The nucieus of the Tield non-manual organization was assembled in the Houston
OfTice in Spring 1981 for an expected July 1, 198} construction start. This field
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 formulated and the
construction equipment package was prepared for Program review. Bid packages for
portable toilet facilities, radio equipment, vehicies, warehouse pallet rack and
bin shelving and heavy rigging were also developed.

Field purchasing procedures have been completed and approved by the Program. The
draft of the field organization and procedure manual is complete and be1ng
furnished to site contractors.

The field non-manual organization, after being released far other assignments
pending completion of the project funding, has now been re-assembled consisteat
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 Plinning Committee performs the following functions:
[ Provides operaling comments on selected design items

] Reviews and makes recommendations concerning aperating 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 staff. nperators and maintenance personnel

° Reviews and makes operatwonal commants concern1ng IGCC p1ant
start-up planning

At the end of 1981, the Program had filled two key slots within the plant
operating organization. Mr. Wayne N. Clark of Texaco was appointed Plant Manager
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of the Integrated Gasificaticil Combined-Cycle (IGCC) Plant, and alse functions as
chairman of the Operations Planning Committee. Mr. John McDaniel! of EPRI was
appointed Supervisor of Test and Demonstration and Chairman of the Test Plan
Committee, '

: i3
It is presently planned thai Mr. Ciark will assume the responsibilities of Program
Manager ance the Program engineering and construction. is compiete and emphasis

shifts to operations.

The preliminary Cool Water IGCC.operating organization is shown in Figure B-3. It
should be noted that the staffing?humber is higher than that expected for future
plants because this js a first-of-a-kind demenstration plant. The staffing '
requirements for the plant will be reviewed on an annual basis.

MILESTONE SCHEDULE

Figure B-4 shows a summary of scheduled praject milestones. This Milestone
Scthedule shows Phase [I and Phase III activities through the Predemonstration
Period. The fabrication, delivery and erection of the Gasifier and Syngas Coolers
are the critical path activities. The schedule reflects a Start of Construction
on December 15, 1981 and a first Btu production date of June 1, 1984.
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Section 9

REGULATORY REQUIREMENTS

OVERVIZW OF THE REGULATORY REVIEW PROCESS

The California Energy Commission (CEC) is the lead 'agency in the State from which
approval must be received to construct a power plant. The fTirst phase for
pbtaining approval is the submission of a Notice of lntention {NOI) and the second
phase is the Application for Certification (AFC}. B8oth the NOI and the AFC phases
of the CEC process invelve public information meetings, workshops and public
hearings. The haarings cover the full range of issues including need, design,
environmental impacts, safety, rates and financial issues. The HOI is a site
screening phase of'at least three alternative sites; the AFC is a detailed review
of ane site approved through the NOI. It is during the AFC phase that the
Environmental Impact Report is pﬁeparnd by the CEC. Other state and Tocal.
agencies, including {for example), the California Public Utilities Commission
{CPUC), the Air Resources Board (ARB), and the local Air Pollution Control
Districts (APCD's), participate in the CEC process. The “"Permit to Construct®
received from the CEC is in lieu of all other state, local and federal permits to
the extent permitted by 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 Deterioration (PSD) air quality permit must be obtained from the
EPA. Therefore, these three permits represent the primary approvals required to
canstruct a power plant. Past regulatory activities are shown in Table 9-1.

SUMMARY OF THE CALIFORNIA ENERGY COMMISSION (CEC) PERMIT PROCESS

An NOI was filed with the CEC on July 13, 1978 for three alternative sites
including the Cool Water site. Public information hearings had been held and
issues were being defined when the California Legislature passea a law {5B 2066)
exempting coal gasification-based electricity generation demonstration projects
from the CEC's NOIL requirements. Therefore, in October 1978, SCE petitioned the
CEC to convert the NOI to am AFC. SCE's petition was granted and the Cool Water
site was pursued in detail through the AFC phase. 1n December 1979 the CEC
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Table 9-1
REGULATORY ACTIVITIES
COAL GASIFICATION DEMONSTRATION PROJECT

Filed NOI with California Energy Comh};sion {CEC)

CEC issued Certificate of Acceptance of NDI

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 Bi11 2066, Coal Gasification Generation Act
signed into law

Public Information Hearing (Bavrstow)

Pubiic Informatién Hearing (San Bernardino)

Filed petition with CEC to convert NOI to AFC

CEC granted petition converting NOI proceedings to AFC
Transmittgd "Preliminary Environmental Assessment® to CEC
Transmitfeq "Proposed Monitoring and Mitigating Program" to CEC
Position Statement Workshop {San Bernardino)

Public Workshop (San Bernardino)

CEC djstributed Draft EIR

Prehearing Conference {San Bernardino)

Public Hearing (Newberry Springs)

SCE filed motion with CEC to suspend adjudicatory Hearings
Workshop on Draft EIR (Barstow)

SCE filed motion to cancel suspension

Date
7-13-78
7-21-78
8-17-78

8-23-78
9-07-78

§-28, 29-78
9-29-78

10-05-78
10-06-78
10-12-78
10-25~78
11-03-78
11-21-78

- 3-7, 8, 9-79

4-17-79
4-26-79
5-07-79
§-07-79
5-15-79
5-30-79

6-28-79



Table 9-1 {Continued)

CEC Prehearing Conference (San Bernardino) 9-07-79
CEC Distributed "Revised Draft EIR" 10-26-79
Filed for "Certificate of Public Convenience . 1-09-79

and Necessity with California Public
Ytility Commission (CPUC)

Hearings on Final AFC Report ‘ 11-20-79

CEC Issues final EIR _ 12-05-79
Final Decision on AFC by CEC 12-21-79
Obtained Final Certification feom the CPUC - . 8=19-80
F{led for EPA PSD Parmit 9-12:30
EPA PSD Permit Issued 5 | 12-09-Bi

approved the construction of the ool Water -Coal Gasification Demonstration
facility subject to numerous corditions outlined in the CEC's final decision and
Third Prehearing Conference Staéement. These conditions involve design

requirements to mitigate varioq& environmental impacts, as well as worker health
and safety aspects of the Project.

SUMMARY OF THE CALIFORNIA PUBEIC UTILITIES COMMISSION (CPUC) PROCESS

An application was filed with the CPUC in Navember 1979 requesting a Certificate
of Public Convenience and Necessity for the project. Public hearings were held in
Fehruary}and March 1980, after which the Commission issued a decision granting a '
certificéie for the Cool Water Coal Gasification Program in August 1980. After a
series of ‘petitions of reconsideration and clarification by both Southern
CaTifornia%Ediscn (SCE) and the CPUC, the Commission fssued, on June 16, 1981, an
order of clarification with conditions which SCE accepted. The main thrust of the
decision was that SCE may recover its capital contribution through Energy Cost
Adjustment Clause (ECAC) during the demonstration period to the extent that
“ayoided cost" reveﬁues exceed project costs, including plant 03M costs, coal

costs and process1ﬁg fees. If SCE has not recovered all project costs, including
its capital cnntfiﬁution, at the end of the dempnstration period, it may apply for
recovery of those coste, plus a factor computed at the “allowance for funds used
during construstion® (AFUDC) rate accrued during the demonstration period.



SUMMARY OF THE ENVIRONMENTAL PROTECTION AGENCY'S (EPA'S) PREVENTION OF
SIGNIFICANT DETERIORATION (PSD) PERMIT PROCESS

A PSD monitoring program was estabished at the Cool Water site in October 1979,
One year of monitoring data is required to establish ambient air quality ‘
conditions. On September 12, 1980 an application was filed with the EPA for a P5D
permit. The intent of this application was to show that construction of this".:
facility would not prevent the attainment of the national ambient air quality
standards and that best available control technology is being utilized. The EPA
declared the applicaticn complete on May 29, 1981 and 1ssued.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 8-2. A1l other pollutants regulated under the Clean Air
Act are summarized in Table 9-3.

Tahle 9-2

PRIMARY PLANT EMISSIONS

0.7 % S Coal 3.5 % S Coal
Incin- HRS Incin- HRSG
erator gratoy
302, 1b/hr 4.4 35 196 176
NOK, Tb/hr 0.1 140 (H ] 140
Particulates, 1b/hr Negli- 2.8 Negli- 13.6
i gible gible
€0, LB/HR Negli- 77 Negli=- 77
gible gible
Hydrocarbons, th/hr Negli- 4.4 Negli= 4.4
gible gible

The San Bernardino County Desert Air Pollution Control District has placed a
number of restrictions on plant emissions. Rule 468 limits 502 emissions to

198.5 1b/hr from the sulfur recovery/tail gas treating unit. For the Q.7 percent
sulfur coal the unit must also conform to Best Available Control Technology
(BACT). Carbor monoxide emissions are limited to 2,000 ppm by Rule 409. The rate
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shown }n the table correspands to less than 100 ppm. Rule &7 raquires that fuel
burning equipment {i.e., BGT/HRSG) meet the following restrictions: 140 1b/hr of

Nﬂx, 200 1b/hr of 502, and 10 ib/hr of combustion contaminaats (particulates).
Although this rule has been supersee d, 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 lstings (Tables 9-4 and 9-5) of certification conditions for both

construction and cperation. Planned moenitoring of plant emissions and effluents
is discussed in Section 10 and is summardized in Table 10-2.

Table 9-3
MISCELLANEQUS PLANT EMISSICNS

Pollutant Emissions significant Level

= [Tons/vr2) BN (7)o
Rsbestos 0 ¢.007
Beryllium 0.00607 ¢.0cod
Mercury 0.00014 - c.1
Vinyl Chloride 1] » 1
Fluorides g 0.2 3
Sulfuric Acid Mist 20.2* 7
Hydrogen Suiride 0 10

(Hz5)

Total Reduced Sulfur 0 10
(incl. HaS) :

Reduced:Sulfur 0 ~ 10
Compounds (inci. HgS)

*Estimated as . suspended particulates occurring during a year when 3.5% S coal is
tested for a twosionth 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 HRSG appear as “sulfuric acid mist®. Actual mist {particulate)
emissions are likely to be lower.
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Table 9-4
CERTIFICATION CONDITIONS

- CONSTRUCTIGN
Agency . CEC

No. Des¢ription Agency Approval Approval Remarks

1. Construction Worker _ CEC 1/28/81 *6/30/81 Construction Worker Safety
Health and Safety Cal OSHA and .Health Program
Program Program approved by Cal

0SHA letter dated
1-28-81. CC to CEC

2. Operational Worker CEC Draft of operaticnal
Safety and Health TRS worker safety and health
Program plan Tiled witk CEC (CC

to DHS) 1-26-81.

Received written comments
from CEC on 6-26-81.

Will incorporate comments
into final worker safety
and health plan prior to
operatign of olant,

3. Grading, Excavation CEC *6/30/81 Filed with CEC anc copy 1o
and Backfill Plans County S.B. County Department of

Department Bldg. & 3afety 1-29-81.
of Bldg. & Five additional sets sub-
Safety mitted on 7-13-81 to S.B.
- County Building & Safety
Department by their
reguest..-.

4, Fwmal Engrg. Dwgs., CEC *150 days Filing of these documents
Specs and Calcu- County after required 150 days orior to
Jations Department submittal installation of structural

of Bldg. & components.
Safety

5. Drainage Control CEC *6/30/81 Filed as part of Flicod

Berm Design County ) Contral Plan with CEC and
Depariment copy ta S.B. County Dep-
of Bldg. & artment of Bldg. & Safety
Safety 1-29-81. Five additional

sets submitted on 7-13-81
to S.B. County Building &
Safety Department by
_ their request.
6. Use of Non-Fresh CEC Comg.icte Edison reached a

Water

conditional agreement
dated 5-20-81 with the
City of Barstow to use
the Barstow slug water
for Units 1 & 2 provided
it does not affect
operation in any way.
Copy sent to CEC 5-26-81.
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Table 9-4 (Continued)

CERTIFICATION CONDITIONS

CONSTRUCTION
] Agency CEC

Na. Desceription Agency Approval Approval Remarks:

7. Closure & Maintenance CEC 4714/81 -- Approved by California
of Disposal Sites & State Complete Regional Water Quality
Evaporation Ponds Regional Control Board, Lahontan

Water Region 4-14-81. Approval
Quality sent o CEC B-7-81.
Control

Board

8. Wind Erosion CEC 1/22/81 -- Filed with CEC 1-29-81
Control Plan along with a copy of a

letter of acceptance from
Apple Valley Office.

9. Environmental CEC Two copies of a draft of
Surveillance and alif. the description of the
Monitoring Program Dept. of nvirenmental Surveillance

Health and Monitoring/Horker

Services Health and Safety Program
Plan filed 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.

10. Rule 213 CEC Complete The Project has been
0ffset Requirements ARB granted an exemption under

EPA Rule 213(f) {2) (B}. The
“ CEC, ARB and EPA have
transmitted correspon-
dence concurring with the
gxemption.
11. FAA NotiTication FAR **5/28/81 Final determination
approval received from
FAA on 5-28-81. Notified
CEC B-7-81,

* The Commission has 90 days in which to raview submittals. If 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
wpproval column are 150 days after submittal.

*x%

This determination expires 12-20-82.
expiration for renewai.

Must notify FAA 60 days prior ta
Alsp must notify FAA 5 days prior to the gasifier

structure reaching its greatest height during construction.
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Table 9-5

CERTIFICATION CONDITIONS

OPERATIONS
Fiting
No. Description Agency Date Remarks
1. HWorker Safety & Health CEC 90 days prior Must be
Program €al OSHA to start-up. reviewed and

approved by Cal
OSHA prior to
filing with CEC.

2. Facility Design Safety CEC %0 days prior

Code Compliance to start-up.
3. Handling, $toring, and CEC 150 days prior Dept. of Health
Dispasal of Hazardous Wastes to start-up. approval
o required prior
to filing with
CEC.
4. Testing of Product Wastes CEC 180 days after
Dept. of start of
Health aperations.
Services
5. Final Monitoring and CEC 150 days prior Plan to include
Surveillance Plan to start-up. expected dates
far tests and
availability of
results.
6. Noise Survey - Machinery CEC 90 days after
and Equipment operations.
7. Noise Survey - Employee CEC 90 days after
Protection start-up.

8. Fire Protection Program CeC 90 days prior
to start-up.

9, Combined Cost Report CRUC 1 year after Order #9 of CPUC . -
commencement Decision #93203.
of operations.

10. Report on Capital Cost and CPUC 36 days prior Qrder #11 of CPUC

Coal Expense commencement Decision #93203.
of operation
after predemon- .
stration period. ‘
11. Fire Protection Program CEC 30 days prior
County to scheduled

Fire Wardens

Office

9-8
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Section 10

TEST AND DEMONSTRATION PLANS

GENERAL

Cool Water is a demonstration plant with objectives somewhat different from
those of a normal commercial verture. In 1979, the Management Committee
created the Test Plan Committee (comprised of participant representatives) and
charged it with developing testing and data acquisition prucedures (including
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 Comptiance with environmental regulations

» Acceptadble start-up, shutdown, load following capability,
reliability, availability and safety

. Adapting hardware (burners; combustors, etc.} to
gasification/power generation

. Flexibility for a variety of feedstocks

For each objective, the TPC will see to it that plant performance is quantified
and documenied with high quality data and analysis.

The Cool Water operating organization will dinclude a technical staff to do the
necessary testing, analysis and reporting. This Test and Demonstration Staff will
be under the direction of the Test and Demonstration Supervisor whoc will report to
the Cool Water IGCC Plant Manager. The Supervisor will also chair the TPC. The
TRC will identify the needed tests and procedures, and will direct the Supervisaor
to scope each test and develop a cost estimate. The TPC will then seek approval
from the Management Committee. Once approved by the Management Committee, the
responsibilify for detailed definition, execution, data evaluation and reporting
of results will flow through- the Plant Manager to the Supervisor. The Supervisor
will coordinate the test execution with plant operations, maintenance and
engineering,
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TEST PLAN OUTEINE
There are four types of evaluations defined for Cool Water:
) ?erfbrmance evaluations at steady state, e.g., heat rate
s  Material evaluations
] Spacial envirommental tests
e  Plant dynamics and control evaluations
These evaluations will be conducted at different frequencies and intensities

depending on the phase of operation. For the purpose of the Test Plan, the phases
of operation are:

) Pre-demonstration
. SUFCO coal operation at the beginning of project Phase IV
] Operation on participant test coals

s Balance of program operation on SUFCO coal

Additionally, special tests may be conducted and evaluations will take place if
there are any major equipment or control modifications.

Table 10-1 provides a preliminary summary of thg elements of the Test Plan.

PLANNED TESTS AND EVALUATIONS
System (Steady State)

Objectives to be addressed in these tests are the following:

(] Make timely identification of any system performaznce
deterioration

. Characterize system performance aover the life of the project

@ Establish a data base for steady state model validation

. Conduct valid acceptance tests for package systems

The performance of all plant systems or plant process sections will be regglar]y
monitored and compared to "Expected" or "Design®™ performance. Plant systems of
interest are:

¢ Carbon, ash, grey water, slurry preparation

) Gasification

10-2
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) Syngas cooling

] Carbon scrubbing, final cooling
e Sulfur remaval

. Tail gas clean up

] Resaturator, gas turbine, HRSG
e  Steam/BFW and steam turbine

] Cooling water

. Oxygen

‘These evaluations will consist of four steps:

Data gathering

. Heat and material balance calculation

Expected performance calculation

. Compari son/evaluation

Sufficient plant data will be taken to calculate high quality heat and material
bajances and to identify major operating parameters of all the listed plant
process sections. A1l major mass and energy Tlows into and out of sach process
section will be measured directly, wherever feasible. Much of the necessary data
will be automatically taken on the data acquisition system. In order that the
data will be of acceptable accuracy, all involved measurement devices will be
calibrated on a regular schedule.

Most data acguisition for the material balances will be automatic. Flows will be
zutomatically integrated (totalized) and temperatures, pressures and compositions
will be time averaged. These values will be stored at reasonabie time intervals
or on demand to enable subsequent calculation of balances over periods of
particular interest and for Jonger termn accounting and'monthly reporting
caiculations. Texaco typically calculates a balance for every four-hour operating
period and this practice will be maintained at least through the start-up and
testing phases of the project.

A1l major haat and mass inputs and outputs of each process section will be
directly measured, but the balances will not close perfectly due to unavoidable
measurement errors. Closure will be achieved by statistical techniques, 1imiting
adjustment of each variable to the maximum expected measurement error. A vecord
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will be kept of the variable adjustments made to close the balances. These
variable adjustments should be normally distributed. If they are not, some
systematic measurement error is indicated or some assumptiom is invalid. The
instrumentation will be checked and, if faulty, repaired or recalibrated. If the
instrumentation is operating properly and the error persists, the heat and mass
balance assumptions will be modified.

Process conditions inevitably vary from the design point, most frequently through
variatians 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 will
be made. Model input data will be flow rates, compositions and conditions of
streams entering the modeled process unit. The model will calculate the expected
process unit output streams. The first plant balances after start-up and
individual equipment test performance evaluation data will be used for
validation. Once the models have been validated, process unit inputs from
selected heat and mass balances will be fed to the model along with the other
necessary process parameters such as solvent circulation rates, etc., and the
predicted urit performance, e.g., the output stream flows and compositions, will
be calculated. The models will also be exercised at the plant design conditions.

For each process unit 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 rasults shall be reported in
the monthly cperation summaries. When significant variances occur between
expected and observed performance, the source of the variance will be identified,
possibly through more detailed equipment performance evaluations. If performance
has changed, the model parameters will be adjusted. Records of all parameter '
adjustments will be permanently retained.

o

Dynamic Tests
Objectives addressed in these types of tests will include:

] Determine if the dynamic performance of the integrated gasification
combined.cycie system and of certain critical subsystems and components
meets the load following requirements of a powsr generation system

] Evaluate various control strategies during normal system operation and
. system emergencies

s Praovide a data base far validation of dynamic system models so the Cool
Water dynamic performance can be extrapolated to full scale plants

e 10-5



The integration of several process units into an oparable power plant is one of
the significant challenges of the Cool Water Project. A dynamig modal 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 furiher plant tests will be
used to realize the essential operability and the full dynamic potential of the
gasification combined cycle configuration.

Generally, a dynamic test will be staged with personnel directing the test. The
data acquisition computer will be programmed to collect 300 to 500 points of
pertinant 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 will also be arranged for unstagéq 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 will be selectively plotted by the data acquisition system for
visual analysis and for comparison to results predicted by the dynamic simulation
models. This will allow identification of any dynamically deficient equipment and
provide information for the correctiens.

Materia'ls and Equipment Tests

This aspect of the Program is intended to:

) Document performance and the oparating enviromment of ali fool
Hater materials of construction

e Determine the cause and Tind solutions for all unexpected
materials probiems .

] Optimize, the cost effectiveness and reliability of certain key
materials such as gasifier refractories and syngas cooler metals

Due to the specialized nature of materials work and its criticality 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.

It is anticipated that much of the most important materials evaluation work will
take place during forced outages to minimize plant down time.
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The materials testing and evaluation program will consider four areas:

. Generat Metallurgical
¢  Syngas Cooler
e  Refractory

. Failure Analysis

General metallurgical evaluations will be integrated inte the routine plant
inspection, maintenance and safety program. They will 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 will
be aptimized. Because of the high temperature application, if the design tube

materials prove unsatisfactory, special probes will be used for alternate material
testing. @

The refractory 1ining of the gasifier vessel must withstand very severe conditions
of slag attack at high temperature. The 1ife of the refractory will be an
important factor in the aconomics of the plant. Therefors, measurements of wear
rate, visual inspections and photographic records will be made as plant outages
gecur. I the original refractory materials are unsatisfactory, test panels of
different materials will be instatled. The cost effectiveness of all refractory
materials tested will be determined.

Upon failure of any plece of plant equipment, 2 qualified member of the plant
technical staff will make & detailed in-situ inspection, inciuding photographs,
measurements and observations. For certain types of failure or failure of certain
critical equipment, additional specific actions will be taken. In most cases, the
failed parts will be retained in a benign atmosphere (a plastic bag with desiccant
and/or filled with nitrogen) for an appropriate failure analysis. Complete
records of the failure will be retained including process conditions at the time
ot the fallure.
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Environmental Tests

These tests are intendad to:
. Characterize the environmental acceptability of the ptant

e Establish an environmental data base for future IGCC plants

Careful environmental monitoring will be conducted over the life of the project to
characterize the environmental impact of the plant. Emphasis will be en effluent
streams, e.g., stag, waste water, sulfur emissions, NOX, etc., but any high
internal recycles of noxious compounds will also be identified. Trace element
balances will be conducted on each coal type tested in the gasifier.

Datailed methodology to meet parmitting requirements is outlined in Table 10-2.

In addition to this regular envirormental monitoring, special envirommental tests
will be conducted on the design coal and on participants' test coals at carefully
selected operating conditions. The abject of these tests will be to gather
sufficient data so environmental performance can te predicted for the test coals
in most 1ikely commercial plant configurations. Included in such tests will be
complete feedstock and effluent characterization and characterization of key
internal recycle streams. Also, special envirommental monitoring of the gas
turbine will be required during Nﬂx emission reduction tests.
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