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1. Introduction

Morgantown Energy Technology Center (METC}
ia planning to expand itz in-house coal
gasification ReD capabilitiss by instal-
ling a research facility that can addragse
a numbar of concepts ipcluding entrained,
fluld bed, =2nd catalvtic gasification

and flazh pyrelysis. Thiz Advanced Gas-
ification Concepte (RGO} facility 1a; 1o
addition, intanded to have gufficient
flexibility to allow ita use beyond the
stated objectives that formed the hamig
for its design. The design, az it cur-
rently stands, includes piping and ilnstru-
mentation diagrame, vessel drawings and
speciflcations, instrumentatjcn lists and
gpecifications, end equipment layout and
isometric drawings. Before the de=sign

iz finalized, a critigque iz needed +to
ensure that the intended flexibility and
objectives can be met.

This Technical Review of the Flud Bed
Design Report was prepared by Monsanto
Research Corporation (MRC) to satisfy
the regqulrement= of the U, &, Department
of Energy Fleld Task Proposal/Agreement
bearing Contractor Humber P7%=5=249., The
ovarall objective was to provide Horgan-
town Energy Technology Center (METC) with
a critigue of the design report entitled
"Pesign and Specification of a Coal/Char

Gasification Fluid-Bed Banch Scale Pacil-
ity," Revigion 2, dated June, 1979, pre-
pared by Science Applications, Inc. (SaXl).

Tha design approach was evaloated to de—
tarmine whether the presant design will

meet the research cbjectives, Including

tha need for flaxibhility.

Heat and material balances, critical
velocity reguirements, vesgel arrange-—
nents, potential gperational problems,
and instrunenitation ware reviewed.

The mechanical design review included a
oritigue of the drawings and specifica—
tions, adherence to standards and codes,
materizls of constrootion, vesmels, pip-
ing, wvalves, haaters, and fittings. In
addition, uvtilities reguirements, heat
trensfer and particulate removal calcula-
ticns, and pumping and ha2at exchanger re-
guiremente wers checked.

&n evaluation of the egquipment cost in-
cludes a critique of the reliability of
the equipment cost breakdown, the areas
of cogt uncertainpty, apd the areas for
potential cost savings.

& safety analwvsis ie provided that 1den-
tifies highly probablse and highly sericus
putential safety hazards and includes
appropriate recommendations.



2. Summary of conclu-

sions and recommendations

Thigs zection iz a concize comprehensive
surmary of the srgnificant conclo=ions
and recommendaticns pertajning to the
functional capabilities, cost, and

safety of the system., It does not in-
clude the suggestions regarding mihor
clarifications. Additional discussions
regarding the eenclusions and recommenda-
tions are presented in the subsaguent
sections of the report.

2.1, Several stataementt in the report
reguire updating and ¢larification. It
iz recommended that the report he updated.

2.2. The SAI raport cptimistically statas
that design is sufficiently complete to
initiate procurement, whereas the experi-
menta to ke performed with the aystem
have not yet boen clearly defined. It is
recommended that a specific test plan be
generated, including accuracy reguire-
ments, and the conceptuwal design ke thor-
oughly reviewed before procesding fur-
ther with the detailed design, Progure-
ment should not he initiated yet,

£2.3. The fluid bed cannot be operated
properly over such a wide ranga of par=~
ticle sizes as 5 to 300 p. With such a
wide range, it i=s difficult to provide
sufficient gas velogity to fluidize the
largar particles without sigmificant
carryover of the smaller partigles, It
ig recommended that & small particle size
range be salectéd at the upper end of the
5 to 100 u range.

2.4. HNo provisions for solids sampling
apd/or monitoring eolide flow in the

system during an experimental run were
raported. Tt iz recommended that con-
sideration be given to the benefits of
gampling and of verifying the =solids flow,

2.5, Insufficient heat is provided to

the gasg streams to prevent condensation
of the stean when the steam and nonconden-
sible gas streans are mixed., It 15 recom
wended that att additiconal gas preheater
ke provided.

2.6, The pre=ent reactor design of Has-
telloy X can ba operated only to 1650°9F
bazaed on ASME code regquirements. It may
be possible to cohtain approaval to use
Hastelloy X at higher temperatures., such
as 1800°F, from ASME as a apeclal case,
The heaters could than be oversized to
provide for the higher tamperature cption.
If a special case approval cannot he ob-
tained for Hastelloy ¥, then it is recom-
mended that consideration be given to al-
ternate materials and designs.

2.7. The present reactor heater dasign
reguires long heak-up times to reach
steady state conditions and covld limit
the Flexihility of the zystem, It is
recommendad that the reactor heater duty
be increzased in size to obtain the de-
g£ired heat-up time and to cover expected
worst case endothermic operzting condi-
tions when defined.

2.8. It was concluded that the proposed
rotary star feedar, couplad with modifi-
cations based on METC's experience, isg
the best approach.

2.9. The reactor and reactor heater designs
as provided will be difficult £o dismantle
and clean. A reactor and reactor heater
dezign of removable sections would allow



for greater flexibility of bed height and
ease of cleaning and inspection.

2,10, The 2-ip. inlet should be signl-
ficantly larger for esase of adding ocal
to the hopper,

2.11,
to handle the total sclids feed rate to
the reactor of 1 to 2 lbshr. It ia
recomnmended that the design be based on
the actusl expected antrainment ratas

The ¢yclone separator is designed

and expected particle size distribution.
The particle size distribution to the
unit s=hould be confirmed after the tant
prograp is defined.

2.12. The liguid cooling system is ade
quately eized for the present sygtem,
This is an inexpensive area to add extra
capacity for future flexibility, and it
is recommended that this be dohe.

2.13. The flexibllity of the instrumen-
tatign for this project could ke increassd
by the uwse of dual thermocouples to elin-
inate unnecessary shutdowns, and the uae
of data loggers to provide a programmable
capability.

2,14,
summarles and computer simulation appear

The material and enerqy balapce

to ke numerically corract: however, thay
do not include separate cases for all

the parameters that will be investigated.
The material and energy bhalances should
be reviewed when the test program iz de-
fined and should ineclude cases for thae
rlanned sndothemic sonditions with cata-
lized and noncatalized poale,

2.1%. The cost sgtimate iz incomplete
and confusing, making it difficult to

evaluate. The total project cost was

not incloded. It is racommendad that the
estimate be updated to represent the cur-
rent planx.

2.15.1. The estimate 4id not include
engineering costs to complete the design
which will ke a zignificant cost.

2.15.2, Most of the material costs as-
gigned to individnal items seemed reapon-
abla. )

2.15.3.
low for thi= early in the life of the
praject.

The zllowance for contingency is

2.1%.4. A&n escalaticen facter should have
heen added to allow for the rige in costs

due to inflation.

Z.16,
ter and facility and their relationships
are not olearly defined in the design re-
port or the oparating and =safaty manvcal.
It ig recommended that the plamed SAR be
ccmplated and that the Operating and
Safety Manual be updated.
spacific safety recommendations are made:

The aafoty requirements of the sy=s-

The following

2.16.1. It ie recormmended that nitrogen
be used to prezzurize the feed hopper in-
ztead of the flammable gases to avold
unneceasary gsafety concerns.

2.16.2. It is recommended that the flam
mablea gag feed systems include £lame
arrestors,

2.16.3, The system should e instrumented
for ramote operation to elininate the need
for parsonnel to entex the pressure cell
while the system is operating.



2.16.4. The relief wvalves provided on
pressure vezsels are zhown relisving to

the atmosphere. These relief valves ghould
4o to the flare. If the proposed carbon
Eteel roliaf valves are used, they should
be located away from the hot egquipment.
Alsc, it would be zsafer to have some sys-
tem to alert personnel when relief valves
are activated. Pressure sensing and
venting devices shouold be incorporated
at all points where pregsures may be

isclated.

2.16.5. An explosicn suppression system,
availakle from Penwall, should be inves-
tigated. & fire protection system, pref-—

erably Halon, should he provided for the

electronic equipment.

2,16.6, It iz recommended that only
blow=cut walls be used rather than blow-
out walls and a blow-out roof because of
the problems asmociated with snow and
ice loading and the problems of contain-
ment of the blow-out portion of the roof.

2.16.7. It iy recommended that action
and alarm levels for toxic and flammakle
gases ke defined to ensure parsonnel
safety.

23

2.16.8. It is recommended that a two-
spesd venrilatlion system he provided for
the cell. The high-speed ventilation
ghould prevent buildup of toxie or flam-
mable gases and the low-spead should
maximize the senzitivity of gas detec—
tion monitors,

2.16.%, The design °of the information/
alarm systems should consider "haman fac-
tors" to ensure proper rexction from
operators to the systam deviations.

2.16.10. It 18 recommended that emer-
gency power be provided to all systems
nacessary to menitor and shut down the
procese, including such things as air
supply to the air-aoperated valves.

2.17,
tioned in the documentation provided, It
is recommended that copsideration ha

glven to the implementation of appropriate
gquality control measures. For example, it
should bea required that the BHastelloy X
welde be radiographed.

Since guality contryrol is oot men-



3. General review
of design report

Secticn 3 incluvdas general discussions
of topics applicable to most of SAl's Je-
sign report, but not specificelly appli-
cable to any single page or few pages of
the deosgign report. It complements the
digcussiong in Section 4, which address

topics page Ly page.

3-1- Test Erogram

The overall objective of the report ia

to design 2 bench scale fluid bed reactor
to study catalized and noncatalized coal
reactions and to evaluate ways to xeduce
catalyst costs and/or improve reactivity.
This system needs to operate independent-
ly of the entrained aystem and have the
flexibility to operate at pumerous condi-
Studies with this system nre ax-
pected to laat for approximetely five
Specific test plane for the ayg-
tem will be defined when METC reviews
the conceptual design provided by Sal.
When the test program has been specified,
the equipment sapecifications wiil have
to be reviswed.

f£ions.

YEArs.

3.2. Haterizls of Construction

The specified material of construckicn
for mast of the system i= Hastalloy X.
Sinca thiz material is ASME code rated
to l650°F, a =peciz] caze nay have to
be presented to ASME for use above this
tempersturs. With the heater element
and preheatey tube oukside wall limitad
to 1650°F, the preheated gas could net be
tieated to the specified 1750°F, thus
limiting the amount of =ensible heat
availahla. It should be noted thapn an-
other preheater is raguired before the

3-1

gteam 1z mixed with the other gas streoams
ta avold condensaticn. The reactor oper-
ating tenperature would also be limited
to 1650%F at the cutside =surface of the
reactor wall., If these temperature limita-
tiofid are tog great, alternate designs
could he considered.

2.3. Ipstrumantation

The flexibility of the instrumentation
far this project could be increased by
the wse of Jdual thermocouples elimipating
wnecessary shutdeowns and ky the wee of
data leggers.
which can be programmed for increased
flexibility haz the capacity ko easily
monitor 100 temperature points and could
replace many three-pen recorders for a

A digital data logger

cosit Savings.

The PFil dlagrams provide sufficient con-
ceptual information as to what kinds of
instrumentaticon are being propozed and
whers they are located in the process flow,
The two majeor areas of concern on instruo-
mentation are the peed Lo further deflne
the safety interlocking system and the
need to define what valves reguire remote
operation o eliminate the need for par-
gonnal to enter the pressurs cell during
cperation.

In s0ome cases the instrumentation speci-
fications are too specific: They appear
to be rigid specificaticens from a parti-
oular manufacturer, e.q., multipeoint re-
In other cases the specifica-

The instrumehta—

corders.
tions are too general.
tion gpegifications shonld he raviewsed

in greater detail after the process acsur—
acy requirements are defined and comple-
tion of the PRI diagram.



3.4. Duality Control

Cuality control is not mentloned in any
of the documentation provided. Tha sye-
tem involves unigue designs, hazardous
materials, and considerable complexity.

3-2

Az the end result pust e meaningful ex-
perimentzl data,
consideration be glven o the inplemen—
tation of appropriate quality control
measures that meet the intent of a formal
program surh as DOE AL Appendlx 08XA.

it iz recommended that



4. Detailed review
of design report

Section 4 includes dizcumssions which are
apecifically applicable to a single page
or a few pages of SAI'a design report.
Some topics, of a mire general nature,
were previously discussed in Section 3,
which complements Section 4.

Page 1-1

The operating paramstars, such as the gas
fluidization velocity, and the degres of
flexibility will change between ccal,
char,
result of the large differences in d=n-
gity. Definition of specifie test plans
will enable better definition of these

parameters.

and coal history primarily as a

The SAI report states that the "lewvel of
material centained in this: report should
epalble the coptractinyg agency to procesd
directiy with the egquipment selection,
vendor fabrication, and construction with
minimal additional engineering effort."
The design concept iz reasgnpable; howewver,
a large engineering effort will be re-
guired to finalize the detalled design.

Page 2-1

The fluid bed system and entrained sys-
tem are intended to be operable aimml-
tanecusly and independently. Thi= is not
slearly stated in the report and should
be clarified,

Page 2=2

Plant air iz listed as a ntility; however,
what it will he used for is not discussed.

The reactor heater doss not have the
capacity to supply all the necessary heat
reguired for possible epdothermic rsac-
ticns. The sensible heat and the heat
asvailabls from poassikble exothermic reac-
ticng should be considered only as a
gafety factor for future flexibhility.
iz recommended that the reactor heater

it

he designed in sections matching the
anticipated bad height. The hesaters

2ould be oversized for later flexikbllity
up to LAM®F, as dizcussed with HETC, pro-
wided that ASME would approve the use of
Hastelloy X &5 a special caze for this
temperaturae. Heat lassee above the bad
tieight are expected to ke high, elininat-
ing the nmeed for cooling.

The definition of the term “adiabatic"
METC's intent dis to match
the temperatura of the reactants with the

iz nat ¢lear.

temparaturs of the reactor inside wall,
The report should ke updated to clearly
gtata thisx intent.

Page 3-1

Ho specific tests have been defined to
ivvestigats significant improvements in
the overall catalytic gasificaticon pro-
cegss and thus improve the coonomics.,
Ways ta improve economicz include reduced
catalyst loadina, reduced catalyst cost,
improved reackivity of khe catalyst, and
coperation at lower temperature. The re-
port should be updated to include the
specific test plan o study these vari-
ables,

Fage 4-1

Botual pressure cell dimensions are not

clear. The report uses a maximu height
restriction of 20 to 25 ft. The prelim-
inary equipment layeout drawing shows the



equipment helght of 22 £+ and a cell
height of 26 ft.
includes a pressure cell with dimenaions
af 20 x S0 = 20 ft. The report should
be wupdalted to reflect the actual cell
dimenzicns which are understoocd to be

20 x 15 x 36 £t with a height restrie-
tion of 27 ft to tha crane hook.

The budgetary eatimzte

The report does not incloade provisions
for feed preparation, such as oopal grind-
ing, scresning, catalyst impregmation,
and drying, Feed preparation will affact
the properties of the ooal and char and
will eass# solids handling problems liks
agglomeration. Informstion on planned
feed preparation should be included in

the design report.

Fage 4-2

The safety reguiremsnts of the system and
facility and their relstionships are not
clearly defined in the report. It i=
recommended that the planned SAR bhe com-
pleted.

The intarface betwaen the instrumentation
apd the automatic data acguisition sys-

tem is unclear.

Page 5-1

The report saye "to preheat the gas to
250°F above the reactor temperatura”
and needs to be clarified to show this
gas cutlat temperature iz 1750°F.

It should be made clear hew the feed
temperature of the gas going to the pre-
heater (s heated to 200°F,

The prezent gas preheating system mixes
saturated steam at 365°F with the other
gas stream at 200°F making condensation

an area of oconcern on the fluid bed gys-

& "Dowtherm® jacket will be used on
the entrained system to superheat the
other gases to 400°F hefore they are mixed

with the steam fr¢m the steam ganerator.

tem.

It i recormended that a2 similar svatem
e used for the £fluid bed systeom.

Page 5-2

The report should define wnder what condi-
tions the reverse Boudard reaction could
exizt. A problem opuld exist if a large
amount of catrbon moncxide is bypassed
around the preheater, since this wouald
substantially cool the preheated gas en-
tering the reacter. This should he re-
wviewed aftar the test plzns are defined.

Page 5-3

The report specified a2 particle size dis-
tributicon of 5 to 300 v which is smaller
than i3 normaelly used on larger scale ex-
perimental fluidization units, 8 +o 100
mash (149 p to 2380 pl. METC does not
plan to oparate the fluid bed aystem with
thiz T0% through 200 mesh (5 to 300 u)
ooal, The report should be clarified.
It is recommended that 2 small particle
gize distribution range be picked at the
vpper end of the 5 to 200 ¢ spacifisd
range to give greater flexibility to the
operating parametergs and make it eazier
te achieve steady state condikicons.

Bage 5-5

The superficial gas velorcitiez =honld be
adjusted for an actual gas residenhce time
in the bed of approximately 1 to 5 zec.
The velocity needs to be high snough to
aliminate agglomeration; howevar, excess
velocity way carry over fines and net

allow ancugh time for tar cracking. The



planped fead praparation and catalysts
will help minimlize thesze so0lide handling
probleans. The listed velocltisy of 0.1
toe 20 cm/sec will have to be updated
based on the actual coal particle gizes.

The malar ratios of HZDICD and HszD are
specifiad as 2ers and the molar ratio of
steam/hase carbon is specified as 1 to 2.
There nunbere should be consistent: METC
does plan to make some runs with no =2team,

Fage 5-§

The spacificationg and khe PiI diagram

do not include the sxternal heating on
tha coal hopper t¢ prevent condensation
of vapores as mepntioned in the report.
ITnert gas would be better to uze for
pressurizing the feed hopper inatead of
the flammable gasez angd steam mixture and
would minimize condensation problems pro-—
vided that this would not upset the mate—
rial balancs.

The current conceptunal design provided by
B8AI included few provisions to easily
measure the material balance. The three
char receivers and an additional char re-
ceiver, located below the reactor, should
ke easzjer to empty and waigh.
valve at the bottom of these vessels could
fead the s0lids to containers on scales

if this iz economical kased on the Bys-
This would allow
continous monitoring of zolids flow and
could also be used to calibrate the coal
feed system. Other methoda of verifyving
the selide flow should be considered.

The liguid cooling system could include
flow tetaliZers or scales to measure the

2 rotary

tem desired accuracy.

initial and final contents of the systen
if the desired accuragy camnmot be achieved
with the level gages provided.

Page 5-7

It might be possible to 2liminate the
cyclone separator and use just the ven-
turi scrubber. If this alternative is
used, the z20lid Fines and liquid byproducta
could not be kept separate which would be
a digadvantage.

The two differential pressura level con-
trols should ke adequate eliminating the
radioactlve probe alternative. METL is
in agreeament that this altaernative iz not
NeCesSsSaYy,

Page 5-8

The gas preheater is not capable of add-
ing much ©of the heat reguired for the en-
dothermic reaction because the maximom
code temperature of Hastelloy X ia 1650°F.
Since the resctor design tenperature is
1800*F, the gas can ke heated cnly an
additional 150°¥F., cCarbon menoxide, by-
pagsed to reduce carbon deposition, and
other process gases, bypassed around the
gag preheater to maintain temperature
control, further reduce the heat which
can be added to the system. Thus the
raactor heater must ke sizad to =upply
esgentialiy all the heat required for
the planned endothermic operating condi-
tions,

(parating st twice the minimm fluidiza-
tion velocity may cause high entrainment
if a lerge particle slze distrikbution



spread is wsed. A typical ratlio range of
largask particle size/smallest particla
size to get good mixing would he 8 to 10,

Page 6-2

Inert gas is shown on the PRI dlagram,

but not shown on tha process flow diagram.

Fage 6-3B

The normally ¢losed relay shown on the
glectrical power to the gas preheater
shoculd fail cpen. It iz expectad that
HETC's plan to nse 20lid state control-
lers instead of relays will be shown on
the revised P&I diagram.

Flow trapnsmitters on the feed gas streams
numbered 202, 203, and 204 should be num-
berad 203, 205, and 207 respactively to
be consistent with the flow instrument
process data sheet on SAL'2 page 9-68.

Page 6-3L

Th&syni:l-ul used to tie= the reactor
thermosouples £o tha gas prehaatay i=
not defined,

The ralief valvas provided on the pras-
sure vessels are shown relieving to the
stmoephare. These relief valves should
o2 to the flare.

Solids could pluy the line o the flare
if the venturi serubber is bypassad.

The reaactor heater ocontrol and safety
interjiock system iz not defined on the
P&l Aiagrat.

Page 7-1

Typographical error, “ (TR 202-208)"
ghonld =ay "{FRC 202-208}." Tha flammehle
gag feed syetems should include Llane
arrestors. The process =safety systam is
not wall defined at this time. It is
unclear what “"hand control valve"™ means.
METC plans to uza pnsumatic valwes to
avoid penetration to the pressure cell.
These changes shoold be included in the
report and BT diagram,

Page 7-2

It is recommendad that a pre=zsure vesszsl,
gimilar to the char pots, be located be—
low the reactor to catch large particles
apd aid in the coal feedar aalibration.
The aystem instrumentaticn will have to
ke adjusted for each particle size dis-

tribution which will be used,.

Page 7-4

The gas grab sampling system is shown on
the Pal diagram, but there are no equip-
ment specifications. This system should
be instrumented for remote operation to
elininate ths need for perconnel to enter
the pressure cell while the system is

operating.

Eage, 8-3

If hydrogen s wsed to prassurize the
feed hopper, as proposed by BAIL, to avoid
conden=zation, then provisions should be
included in the safety system.

Page B-7

A emergency shutdown which dumps inert
gad to the system will ke a thermal



shock. There might be a zafe way to zhut
dovin an emergenay conditions which would
minimize thermal shocks.

Page 9=3, FReactor Specifications

The affects of oycling temperatures up
ta 1650°F on the Rastalloy X reactor
and ¢ther equipment are uncertain.

It is recommended that the reactor be
fabricated in sections using "Grayloc"
flanges for flexibility and ease in
cleaning and inspection. Since the Has-
telloy ¥ flanges will be axpanzive, a
coat evaluation showld he used to deter-
mine the sconomic nurber of sectionhs.

A well gualified wvendor should be selected
to build the reactor to ensure high gual-
ity control. Welding of the Hastelloy X
will he important and procadurez should
regulre radicgraphy and poasibly post-
wald heat treatment.

The calculations for the reactor should
incluede tharmal expansion considerations,

Pagae 9=7, Recycle Liguid Copler

Specifications

The parameters for cocling water should
ke defined for proper ecopomic selection
of the recycle licuid cooler.

Tha capacity of the liguid cosler looks
adequate, but the reasona foar the de-

sign basis are uhclear.

Page 9-10, Char Receivers Specifications

A nozzle for a pressure reliel valve is
mentioned on the eguipment requisition
sheast hui no nozzle is provided for it

on tha specification or the drawing. It
would be advisable to have the relief
valvea on the vessel instead of on the
inlet piping.

Few provisions wera made for eaza of

g&0lids removal and welghing.

Fage %-13, Fines Regeiver Specifications

A nozzle for a pressure relief valve is
mentioned on the equipment requisition
cheat but no nozzle 1z provided for it
on the specificatiom or the drawing. It
would he advizahle to have the relief
valve on the vesssl instead of the inlet
piping.

Few provisione were made for ease of
snlids remaval and wedighing.

Page 9=16, Froduct Liguid Regeiver
Speciflcatians

A hold-up tima of one hour oould be in-
adegquate. The actuval intermal volume and
average hold-np time are not =2pecified.

The degign preszurse should be 165 psig
as stated, but it may be possible to
cperate at atmospheric pressure instead
of 150 peig, thus eliminating one pras-
=zure vessel potential hazarpd.

Fage 9-20, Char/Ccal Feed Hopper
Sperifications

Typographical error, double cone assembly
called "cove" assembly on the aguipment
drawing. The report doss not state
whether the vazzel capacity of 2.4 Et3
iz with or without the cone assembly

installed.



The 2-in. inlet should be larger for
ease of adding coal to the hopper.

The report does not specify how the cone
asgemhly is attachad to the hopper in-

ternals.

Page 2-24, Char/Coal Feedar Spaciflcations

It iz not clear what will be done to cali-
brate the char/coal feeder., an addition-
al char receiver mounted below the re-
actor as digcusged earlier in section 4
for SAT page 5-6 could alaoc be used for
feed calibyation.

The propoged rotary star feeader and other
potential feed mechanisma were evaluated
for this application. Vibrating feeders,
fluid bed feeders, and screw feeders wers
congidered, The design may reguire sev-
aral interchangeable star whesls to mini-
mize pulse feadipng at low feed rates. A
vibhrating system on the feed hopper and
feeder may be helpful. A fluid-hed ccal
feeder would not have a wide feedrate
range and the carrier gas could interfexe
with cperation of the reactor. A screw
type coal feeder may ke acceptable; how-
ever, pressure fluctuations between the
reactor and the pressurized feed hopper
may caus& problem= ginca the screw feeder
foes not provide positive preasure isc-
lation. Calibration provisions are un-
clear. It wag concloded that the proposed
rotary star feeder, coupled with modifica-
tions ba=zed on MEP('s exparience, is the

best approach.

Page 9-26, Gas Preheater Specifications

The specified "gas side” design tempera-
ture of 2600°F is above the meliting point
(2300 to 2470°F) for Hastelloy X. The
outlet gas temperature of 1750°F is also
abave tha maximum code terpsraturs of
1650*F. If the code temperature is used
a3 the maximum allowable temperatures at
the heater tnbe ocutgide wall, this will
then limit the flexibility of the system.
Altarnate designs could be congidersd for
highar tamperatures and greater Flexikil-
ity.

It iz not clear what the Inconel 400
alloy *High Tewmperature Atmosphere Retort®

specification refors to.

Page $-239, Reactor Heater Specifications

The temperature limit of the heater would
be 1650°F at the reactor outzide wall if
the maximom code temperature for Hastel-
loy ¥ ia used ag the dexign basis.

Greater flaxibility wonld be achieved if
the reactor and reactor heater were de-
gigned in removable sections. The read-
tor could then be dismantled for inspac-
tion and cleaning. The reactor heater
gections sould be oversized for flexibil-
ity with section heights egqual te the
minimum expected £luid bed height. Based
on thease criterias, each reactor haatar
gsection would he capable of supplying all
tha heat required for the carbon stean
reaction with 2 lb/hr char feed at a mini-
mam bed height of 1 ft, 16,300 BTU/hr.

The sensible heat and the heat recovered



from the axpthermic reactions would then
add to the system flexibility. A raactor
heater siged for 16,300 PTUS/hr with a
heated nitrogen purge of 10 1b/hr from
tha gas preheater would require a mini-
mum of 3 hr to heat the reactor to 1500°F,

It i= not olear what tha Inconel 600
allcey "High Tempereture Atmospheric Re—
tore™ spacification refers o,

The reactor heater will need to ba a

clam zhell type that can wrap arcund the
themocouple nozzles.
mnaven heating and inacourate temperature

This may cause

measuryemants.

Page 9-31, Cyclone Separator
Speclifications

The cyclone separator is designad to
handle 1 to 2 lkh/hr, which i3 the feed
rate of the reactor. This design basis
seems too conservative and may not be
the aptimim design for efficiency and
cost, The design should bhe based on the
actual expected entrainment rates and
expected particle size distribution. The
particle size digkribution to the unit
should be confirmed after the test pro-
gram is defined,

Page 9-314, Product Gas Scrubber -
fuencher Specificaticns

The design of this egquipment should be
reviewed after consulting with a vendor
of ocyclone separators to determine the
actual selide flow rate te the gquencher.

Page 9-38, Recycle Liguid Pump
Spegifications

The pump head of 25 pai doss not agree
with the suction and discharge AP of 15

pEi. Thia pump design should be reviewed
after the piping layout is completed.

The I1iquid cooling system is an inexpen-
eive area to add axtra capacity for future

Flexibhility.

Page 9-42, Product Gas Metar Specifications

The design flow rate for the product meter
af 5 1b/hr will not bhe adequate if tosts
This
deaign should be verified after the specif-
ic tegt plan has heen determined,

are run Wwith noncondensable gases.

Page 9-43, Recyclae Liguid Filters

Specifications

There should be 2 disposable filter ele-
ment available in suitabhle materials
other than stainless ateal at a lowet
cost, such as polypropylens or cotton.
The design basiz should he reviewed after
the cyclone is reviewed by a vendor to
determine actual sclide leading which
will probably be less than 0.002 lb/hr.

Fage 9-49

The repart menticns averaging or differ-
ential thermocouples kot does not tell
where they would be required, This could
be related to thesymhnl on the F&T
Alzgram.

The materiale of construction for Bourdon
tubkes and straln gages will be importoant
because of corrozion where high tempera-
tures and pressures exist. Isolation
menbranez may ba reguired if gages are

not available in the desired materials.



Page 9-56

[t ix unclear what instruments reguire
the one-year guarantee mentioned in the
blenket instrumentation specification.

The purchassa of charts and tapes for ra
cording Instruments should be defined
bazed on the needs rather than "three

months ' supply.™

Fage #-61

"Palyfio® or other plastic tubing would
be much esasier and cheaper to usa, whers
applicable, than rigld tubs; howaver,
plastic tube should not be uged in areas
with high temperatures.

The report showld state that the plant
instrument air is available at 50 psig
and that METC plans to reduce the pres-
sure to 3-15 pei.

Page 981

If carbon stesl relief valves are used,
they should be located away from the hot

equipment .

It would ke helpful to have some syatem to

to alert personnel when relief valvex ara

activated.

Page 9-94 Insulatieon Speclfications

The blanket specification does not de-
fine what is insulated for epexgy con-
servation versus personnal protection.
It would be better to specify insulation
ior each piege of eguipment baszed on the
equipment fabricator's preference.

Bage 11-1

Some methods for calculating superficial
fluidization valocities give higher than
actual values, by up £0 an ordsr of mag-
nitude.
mental data iz preferred,

The use of appropriats axperi-

Page 11-24, Material and Energy Balance

The informatien provided by SAI was con-

fusing since extremsly high Tesd rates such

as 20,000 lb/hr charv/ooal ware used in-
stmad of the demired 2 lb/hr. This should
be corrected in the report.

The material apd energy balances should
be reviewad after the specific togt plan
is defined. The planned change to use
larger particles than the 50 p average
gize discussed in the report may increase
the =size of the equipment and/or increase
tha gas flow rats regquiremsants.

EAI uzed the basis that complete &quillb-
rium will exist for the exwthermic water-
gag shift reaction and the methanation re-
action.
cagea where catalystis are used with sueffi-
mient gas rezidence time in the fluidized
coal hed. The outlet gas compositions did
meet thege aquilibrium conditions for the
simulation summaries that wera provided.

Thigs iz a good assumption forx

This equilibrium assumpticn may not be
correct for cases at low temperatures
without catalysts where extremes are used
in the feed gas molar ratios: however,
this should not cause any proklems if the
reactor heater is adequately sized.



The hasis for percent carbon conversion
with the carbon steam reaction needs to
ba clarified. This Lasis is dependent
upen the residense time and temparators.
The valuas of 4% to %BY% usad in most of
the =imulation summaries are reasonable
for most typical rvuns. Simulatlion cases
CH-¢t and CH-7 are below the saturation
temperature and pressurs Of the steam
supply system and would cause condensa-
tion and difficulty ip maintaining the
syatem contrgl, The carbon converslons
for these twe cases were given as LO%
.M for cage CH-T:
these low conver=zicons were the resulht of
the low temperature and the lack of ener-
gy available for the carbon steam rezc-
It is not clear why cases at thase
extremaly low temperatures were includad
in the report,

for case CH-%# and

tian.

The apparent basis for the energy balance
the operatlon of the system will
conditions where po heat 18 sup—
the reactants by £he reastor heat-
heat losses assumed to ba Zero.
anergy balance that was pro-

wasg that
be under
pli=d to
er, with
The only
vided in the computer simalation was re-
viewed. Detailed calculations ware not
provided to accurately check the simulza-
tion: however, the final values nsed

seam €4 be reagsonable, If the asgunp-
tipon is used,; that heat will ncot be
added by the reactor heater, this will
limit tha flexibility of tha system to
low gcarbon convarsion rates when noncata-
lized coel is used with non-ideal sperat-

ing parameters,

The final design of the reactor heater
should be made conservative to ensure future
flexibility and minimlze the time regquired
to heat the reactor uwp to operating tem—

perature. The SAT dezsign of the reactar
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heater with & duty of 10,000 PTO/hr snd
with the preheated gas flow of 10 1h/hr
would require a minimom of 5 hr to heat
the reactar up to 1500°F. This heat-up
time of 5 hr is probably longer than de-
siread, a conservative aporoach would

be to design the resctor heater to supply
all the heat of reaction for the carbon
steam resction not including sensible
heat or heat rocovered from possikble exo—
thermic reactions. If the maxipum feed-
rate is 2 lb/hr char, there willl bLe 1.7
lb/hr carbon availabhle for the carhon
steam reaction with a heat requirement of
16,300 BT/ hr, The reactor will weigh
approximately 370 1b and will, therefore,
take a minimom of 3 hr to heat up to
1500°F with a reactor heater of 16,300
ETU/hy and a 10 lbk/hr nitrogen purge from
the gas preheater at 1500°F. IE this
heat-yp tine iy longer than desired, the
reactor heatsr should be further increassd

in Eiza.

In conclusion, the material z2nd energy
balance summaries and computer simulation
appear Lo be numerically correct; however,
they de not include zeparate caszses for all
the parameters which will be investigated.
The materizl and enerygy kalances should
ke reviewed when the tast program is de-
fined and should include casea for the
planned endothermic conditions with cata-
lize=d and noncatalized coals.



5. Review of cost estimate

Saction 5 contains a review of SA1's

cost estimate that was provided as an
informal supplement to the design report.
It was reviewed for raliahility of the
eguipnent cost kbreakdown, the areas of
cost uncertainty, and the areas for po-
tential cost mavings.

In general the cost estimate 15 ipoom—
plete and confusing, making it difficult
to avaluate. The totsl project coxt was
not totallized and zscalation and con-
tingency factors were not included. It
is recommended that tha estimate he up-

dated to represent the current plans,

It i=s confusjing as tg what labor charges
are incliuvded for the ingtrumentation
versus the other egquipment installation.
There were no engineering charges in-
tluded in the estimate o sohplete the
design which will be a significant cost.

The estimate included two "wrap around
heaters™ and 4id not d=fine whether both
were for the reactor or whether one was

for the gas presheater.

The verhal guote an the reactor appears
t3 he reasonablar however, costs will
increase if the reactor is made in re-
movable sections. There may be interface
probhlam= ketween fabricators of the ra-
actor and the reactor heater which could

inereass costs.

The werbal guote for the char receivers
looks high in comparisen to the other
Hastelloy X egquipment.

The verbal guote for the oyclone sepacra-
tor does not include drawings or
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dimensions to evaluake. Tha oyclone nmay
ke made smaller and lazs expenszive if the
fead rate iz reduored from 2 Yh/hr to the

actual flow of sntrained solids.

Tha snginesring estimstse for the liguid
filter does not state the guantity of
filters.

The verkal quots for the coal feeder is
highar than the one which wasz guotad on
the entrained gasification =ystam which
had higher pressare and Flow reouirements.

Incorrect dimensions, 20 ft x 50 £t x 20
£t, were uged to estimate the pressure csll
cost. plsc, it was not part of the design.
In general, the other eguipment and the
instrumentation verbal guotes appear to

be rezsonable.

Major changes €0 the PLL diagrates, from
like replacing
"HCV, " with
automatic valves for reamote operation

will increase costs for that part of the
systenm. Data loggers which can be pro-
grammed for flexibility could he used to
redute the cost of the tempsrature re-
cording system., It appears that coats
ware not included for the safety interlock

the egtimated criteria,
manual hand control values,

system or the slectrical interface with
the facility.

Potential maicr equipment changes to the
gyatem, sinpce the estimate, include the
additiopal dump tank kelow the reactor, an
additicnal gas preheater to eliminate steam
condenaation when the gases are mixed,

and wtility interface eguipment. A ys-
tem tu wverify solids flow and/or moniteor
the material balance will also increase
cogts 1f used.



6. MRC safety analysis

The purpese of this safety assesament i=
to provide 4 third party review to assist
in maximiZzing the safety and property
protection features., This analysis iden-
tifies the highly probable and highly
sericgus potential safety hazards and in-
cludes appropriate racommendations.

Thig gafety review 15 concerned with the
process goncept and generic safety fea-
tureé of the conceptual facility design.
Specific deaign features are consldered
when identified in the Oparation and
Safety Manual, indicated on procesz flow
sheets, or verbally commuricated to MRC
personpel ; hoWwaver, a oomprahenzive
safety analy=iz of the dezign was not
possible because of a lack of & definitive
dagign,
potential hazards in the process, facil-
ity, mopitoring systems, and procedures
from information availakle and to suggest

We have attenpted to jdentify

corrective or mitigating changes.

The "Operating and safsty Manual®™ was
very general because of a lack of defipni-
tive design. Therefore, we strongly
agqree with the SAI recommendaticn con-
tained therein;"... that the operating
and safety nanual be continuously updated
during the entire preject life,"

The general method of analysiz used was
based upon the ERDA developed "Docupancy-
Use Readiness Wanual - Zafety Considera-
tion=" ERDA-76-45-1. This method pro-
vides an overall review of the safety con-
cerns of the project hut does pnot provide
a systems analysis on the conponent and
component interaction level as does
fault-tree analysis. This technigue in-
volves the DOE'S managewment oversight

and rigk tree {MORT! concepts.

The major areas considered in the analy-
elg wera: the structures, services, pro-
cesa and bhardware desigp, management con-—
trol systems, monltoring systems, and per-
sonnel raadiness.  FEach of these areas is
discuesad in greater detail and suggestions
to improve or ensure safety and property
protection in each area are offered,

6.1. Building and Grounds

It im important to be assured that no one
iz in the cell, or endangered by the re-
liaf mechanisms, while the process egquip-
mant is energized. This involwves:

- Assurance by the operator that the
cell s unoceupied prior to sSystam
activation.

- Methads of preventing entry into the
cell - possibly =ystem interlocks.

- Methods of lecking and assuering
that the perimeter fence arcund the
test cells is seewred. The fenced

area should allow for safe "blow-out"

of the cell without endangering pers

sannel .

If the blow—out design of the roof iz con-
sidered, the effect of gnow loading on the
degree of blow-out protaction needs o be
evaluated.
fam may be to blow the rear walls ints
bunkezrs. The blown-cut panels ahould be
decigned not o shear any wbilities,

B preferred cell relief mechan-

Employe evatuation routexs into the
proposed fenced encloszure or near any en-
dangering wtilities (high pressure lines,
eto.) must be avoided. Thus, to meet
Life Zafety Codes, two or more exits in
the direction oppasite the cell are

recommended.



The layout of the total system {control
yYoom, cells, gas supplies, etc.) should
consider all enargy sources with the po-
teéntial for cauzing accidente. Ground
space permitting, all such ettergy sources
should be separated so that they will
nct impinge on each other. This will
probakly exclude all gas storage., eko.
from the proposed fenced area. Also,
supply lines should net be endangered by
the cell relief mechanlism, Sae Figure 6-1.

It ie recommended that the Control Room
and taszt cells be physically isolated
from each other as far as practical.
This iz recommended because:

- Design analysiz of the cells cannot
anticipate consequences of all
poxsible system failuras.

- Heies created by an ewplo=icn may be
harmful to control room ofocupanis
and it will be difficult to analyze
these affeactzs ax part of the cell
safety analysis.

Gias Supplies
) L - o ¥
) 4 b 4
Bunkers
Blow Cut
4 _———1 ’/f — 3
X 4
Cells
T Supgli ;
10 £, min. > =
Contral Aoom

FIGURE 6-1 - Suggested facility and exclusion Yayaut.



- Minimize creozs-~ventilation problems.
6.2. Ventilation

T epable the monltoring system to he
uzad to detect leaks, the c¢ell ventila-
tion shoyuld be =st at the minimum level
required to prevent heat buildup. To
further reduce raquired ventilation, all
heat generating eguipment that iz not an
explosion hazard can be placed ontside the
¢all, This will alsc reduca exposure of
maintenance peracnnel te hazards pre-
sentad by the process esguipment in the
cell.

Sensing monitors should be strategically
located {including monitering the exhanst
ventilation duct}. If toxic gases are

monitored, a "leak” alarm can bhe activated.

If gas concentrations begln approaching
"Lower Explosive Limit= {LEL}, the cell
vantilation should automatically switch
to high-zpeed. High-speed ventilation

ghould ccour at no lesz than 50% LEL,

Manual switching to high=-speed ventila-
ticn should be available to sweep the cell
of toxic gases prior to personnel entry
inte the cell.

& gimilar two-spesd vantilation system
mzy¥ be considered for the Contyol Room.,
Bipe lines entering the Control Room
carrying flammakle and toric gases zhonld
ba minimized. If some Jangerous gages
arz reguirad for analytical purposes,
manitors should be near these pipes and
in the exhaunzt ducts. The manned Control
Room shauld be veptilated when lavels of
toxic ga=es reach the "action level.”

6.1, Sarvices

Emergency power should be supplied to all
gystem components and aub-systams necezsary
to contrel or shut down the process and en-
gure personnel safety wvhen commercial powex
is lost, Such components or sub-systoms
should include

= Inytrumentation - both process indi-
cators ags wall as gaa detectors for
peraonnel sgafetv.

- Lighting for the contral room.

- Yentilation for the cells (if this
method ia to be nsed a= a proteceive
feature),

= Air compressor and control system for
the air operated valves if this type
of valve is to be used.

6.4, Fire Protection

In addition to standard sprinkler systems
in the Control Room, special dedicated
automatic fire suppression may be con-
sldered for remote and expensive =systems.
Dedicated "dry" or antifreeze sprinkler
systems and other isolated process support
systems may be advisable. The need of
thege sprinklers should be determined by

a cost/benefit trade-off.

A dedicated auvtomatic Halon system for

the electronic conscle iz recompended,
based an the cost of the electronic
aguipment (severz) hundred thoussand &ol-
lars, plus time lost to replace)y. If
dedicated Halen protection for the elec-
tronice is not feaslble, smoke detectors
should be considered in the eguipment
areas. Smoke detectors will =llow fire
control @actiopn prior to sprinkler ignition.



Water may damage the electronice. If

the electronice are water sprinklered

and become wet during an inecident, the
electronic instruments should be dried
as gquickly as possible to minimize Iosses
or damage cau=ed by watar.

It ie suggested that the Morganktown
representative of Fenwall Explosion Sup-
preassion Systems he contacted to evaluate
the practicality of protecting the cells
The ajuipment contents
wf the cells are valuable enough to war-

from explosions.

rant a cost/benefit, feasibility ansaly-
gis of thie type of proterction. The
Fenwall explosion suppression systam
would serve to reduce loss of or damage
to eguipment, rather than zerve as a
personnel protection device becauss the
cell should be unoccupied at any time
the process gystem ig in operatlon.

All the automatic fire suppression sys—
tems recomended above should avkomati=-
cally notify the Fire Depariment or some
24 hr/day manned, emergency Iesponse
offica. Hand sextinguishers of the proper
type (i.,2., Haleon in the electrenrics

areas) are recommended.

6.5. Commnicaticons

Intercom systems are suggested for vsma
in the oell area to shable sontinuous
and reliable communications with the
Control Room.

Emergency procadures should he reviged
to provide for immediate notificaticn
of the Fire Department andsor Safety De-
partment upon occurrvence of a fire, ha-
fore control actiong are initizated by
ocperators. Delays in notifying fire da-
partments too often result in catastrophic

lossas.
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6.6. Gas Supply

Appropriata relief devices throughout the
gas supply systems are always the ficst
line of defense against gverprassuriza~-
tion,
flammable gases reguires attention to =2n-

Venting of relieved toxic and

sure no additional hazard=s are oreated,
An overview of the design lndicates re-
lief devices were considered.

Fuarther dasign evaluaticon, huWwever, raipas
the possibility that flash-back arrestors
nead to he consEidered, Wherever burning
gages may reach Large ensrgy sources,
flash-back arrestors should be conzidered.
Also, in long pipe runs that contain flem-
mables, the possibility of detonations
raesllting from sonic deflagration should
be avaivated.
by avoiding long straight plpe runs where
deflagration2 can accelerate to sonic
levels. <Jonsultations with Dr. Grelecki
of Hatards Research Corp. (Ph 201/637-
{560) concerning system explosion char-
acteristice are strongly reconmended.

Datonations are preventad

All piping containing high pressure gases
should be heavily anchored (at freguent
intervals) to prevent pipe - whip upon
failure. This is particularly true of
small diameter thin walled pipes. High
flow check valves (inertial shut-off
valves) ghould be coneidered at call wall
penetyations 1o lines carrying combus-
tible gases. This would prevent flocding

tha cell if a major leak or rupture DCCUrs.

6.7. Process/Hardware Design

Fages containing process floids that are
flammable or toxic should not be located
in mannefdl areas (Control Foom, ata.).



Transducers and digital/remote read-cuts
are recommended. Backup gages in the
remcte cells are recommended as a mMeans

of okhserving pressura trapping points in

the aystems, when cell entry is requiredf

The capakility te remotely vent the char
and liguid pote, befora the cell is en-

terad to remttra them, is recommended in

order to prevent personnel from sustain-
ing injury while opening the pressurized
containers.

A method of unmanned lsak testing of the
cell saystom iz recommended. Elevating
helium pressures in the syatem, with no
cell ventilaktion, and observing strategi-
cally placed monitors, or monitoring
pressure loapes from the system may be
acceptabhle techhnigues.

The relief vzlves provided on pressure
vessalz should go ko the flare inatead
of the atmosphere, If oarbon steel re-
llef valwvez are used, they should ba lo-
cated away from the ot equipment. Also,
it would ba safer to have some system to
alart personnal whan relief valves are
actuated,
devices should be incorporated at atl
polints where pressures may ke isclated,

Preagure sensing and venting

It i= recommendad that inert gas, such
aF nitrogen, be uvsed to pressurize the
feed hopper instead of the flanmmahle
gases Lo avoid unnecescary a2ccumulation
of flammable gases where not regquiraed by
the pProcess.

All system component= that are not gigni-
firantly hazardouns should be located out-
side the eell. This will allow mainte-
nance activities without endangering
maintehance personneal.
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In aystem designs and operationsz, auch as
this one, it is genarally chserved that
opaerating personnel and system components
are usually well protected. Deatha, in-
juries, and other catastrophies are then
usually releted to improper maintenance
or incomplete fdentification of all pos-
gEible vnusual failure modes.
rial precantions should be taken sa that

Thus, =pe-

maintenance perscnnel are not endangered.

A system safety analysia, such as "faunlt-
trea® or FMEA, should ke considered in
addition to the planned SAR since 2 de-
tailed analysis was nhot included in the
"operating and Safety Manual" provided
by SAI.

6.8. Information Sv&tems

The wide range of temperatures and pres-—
guresd used necegsitates the use of a sys-—
tem to positively indicate ko the cperator
what temperatures and pressuras exist at
varioue locations within the progess =ys-
tam.

Hotification of out-of-limit parameters
such ap excessive temperature or pres-
sura or the pressnce of gases in excess
of predetermined concentrations should be
made to operators in a poeitive, active
method rather than rely uopon the oparator
gbtaining this informaticn from a passive
readout. This is particularly important
whare the out-af-limit parameter mzy in-
dicate some hazapd ko operators. It ig
alag important that such alamms or noti-
fication devices e placed where the
operator who must react will be notified
immediately.

The synerglstic effects of H,d, BCN, and
C0 are such that the acceptable concen-
traticen levels should be evaluwated, Forx



further reference, the HIOSH critexria
document, Coal Gasification Plants, liste
suggested concentration levels for wvari-
aus contaminants.

& hydrogen concentration of 258 of the
Lower Explosive Limit (LEL} should trig-
ger an alamm or notification to the oper-
artcrs thatr a leak has ocourred.
centration of 50% LEL should trigger an

A con-

automatic shutdown and high-gpeed vehti-
lation as discusped previcusly.
action levels should be applied to all
flammable gased unlesz health concerns
require lower action levels.

Thesa

Begause gas supply and pressures are
essential to the process, it is sug-
gested that the supply of gases be veri-
Eied priary to startihg an operation.

Visual monitoring of the call from the
control Room could he accomplished by a
closed circuit video Eystem. Surch a sys-
tem could alzq allow for remote damage
and risk assessment before parsonnel
enter the cell after a problem ooours.

The deszign of tha controlz and instrumen-
tation readouts should congider humen
factors such a= physicel man-machine in-
terfaces and wrisual displays/information
This is particularly impor-
tant when the operator imust react promptly
This system
hag many alarm= assoeciated with it, with
setteral alarms possibly indicating dif-
The design
of the controls and readouts could have a

transfars,

to information he receives.

ferent process deviakions,

significant Impact on the operator’s ahil-
ity to eontrol the system.

The Antematic Data Acquisition System may
be uwsable for controlling the process or

adviaing operators of the proper response
to take to alarm zignals.

G.%. Written Procedures

Written oparating and maintenance pra-
cedures should be prepared and ysed for
all cperations where risk to personnel is
significant., An axample of a procedural
etep which should be documented and fol-
lowed is verification that high pressares
do not exist in the char pot or liguid re-
calver before initiation of steps to re-
move these componsntse.

In the area of emergency procedures,
acticons should be priloritized when they
cannot be performed simuitaneously.
Specifically, the Fire Departnent should
be notified immediately hefore other aso-
tions are taken to control a fire.

Emexgency Shutdown FProcedures shorld he
prepared both for sitvations originating
within tha system/facility and for =itua-
tlons external to the facility (i.e., a
fire in an adjacent bullding).

6.10 Personpel Readiness

Emergency eguipment =uch as supplied
breathing air and protective clothing and
equipmant should be readily available

and perscnnel zhould be adeguataly
trained in their usage.

Additional emphasis on treining in emer-
gency procaduras and in training others
such a=z firefrescuse and maintenanges

pergonnel may need to be considered.
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