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1.1 BACKGROUND

Following the discovery that Viayl Chloride (VCM) was carcimogenic, tha
Nacional Emission Standards for Hizardous Air Pollutants countaining allowable
emissions of VCM ware promulgacad. This report reviews technology davelop=-
zments for control of suspansion and emulsion process amissions ag Polyvinyl™
Chloride (PVC) plants to comply with the following regulations:

1. 40 CFR 61.64(a) and (e) prescribe limits om VCM amissions
from resctor openings and limirs on residual VM ina
polymers following a stripping operxacion.

2. 40 CFR 6l1.63(a) prohibits discharges of VCM excepet for
"emergencies”". An "emsrgency” venting or relief discharge
neans 3 discharge which could not have bean avoided by
taking measures o prevent the dischargas.

3. 40 CFR 61.63(b) 1 chrough 6 prescribe aither VCM qmission
limirs or design specificacions for use in certain equip-
nant for handling VCM liquids.

The suspensiou aad emulsion procssses accouat for over 90% of the FVC
made in che Uniced States. Thase are batch polymerization processes using
szizrred cank resctors. The capacity of Unitad Scaces PVC plancs was abous
3.49 x 10% T/yr (7.69 x 10! 1b/yr) in 1979 frowm thirty-siz plancs whose
capacicies range from 23,000 T/yr (50 x 10* 1b/yr) co 318,000 T/yr (700 x 10°
1h/yey. Figurs l-1 shows che discribucions of plant sizes and capacicias.

Iz can be sesn that the cthree largast plancs produce almost one=fourth aad
che sixzean largestc plants (of che chirty-six cotal plants) produce over two-
thirds of the cotal capacicy. The Tamaining twency plancs with one-chird of
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the capacicy are at a great disadvantage economically. Mamy of che small
plants are able to contioue primarily by having capcive markass for chair
produccs. The oldar plancs ganerally hava smaller rsactors which are om tha
order of 10 to 20 m® (2,000 to 5,000 gallon) sizes with 20 to SO such reactors
in the planc. Yewer plants in the United Statas have 40 to 100 @' (10,000 to
30,000 gallon) rsaccors wich & co 12 such raactors. E:ls in Germany raporca
development and use of 200 = (50,000 gallom) reactors in their oparations.

Tha small reactor systems raquire mora capital, more spacs, more util-
itias, mors manpowar, and additional operacing, maintanance, and repair costs.
E:l: ascimated the 200 @' reactors, compazed to 40 m' reactors, would raduce
capical by 25Z, space by 33%, utilicies by 10%, manpowar by 50Z, and mainte=
nance by 25%, for a 160,000 T/yr plant. Since tha cost of meeting the VCM
emigsions lixmics under the regulations is similarly affectad by resator sizs,

i Zors sevars burden is placed on the older smaller plauts by these regulations.
This i3 caused by the grescar aumber of pumps, agltactors, rsactor chargings
and rasctor opanings anolve& with small racctors.

1.2 OBJECTIVES

A. Reliaf Valve Discharges

A goal of chis work is to provide a comprenensive assessmant of tach=-
nology which can be used in controlling, preventing, containing and descroying
VCM discharges. Another goal is to define a mathod for daecermining vhether
specific past and fuzurs discharges ars "emergencias” or could have been
avoided by taking messuras to prevent che dischargs.

3. Fugicive Emission Sourcas

A comprebensive assassnent of prasent and near term fugitive emission

contral tachnology and tachoology to raduce resctor opening losses and res-
idual VCM in polymar and wastawater is che goal of chis part of the work.




1.3 AZYRQACE

A Lizsracurs sur7vey vas Zada of englaserisg developmants acd of baaile
shysical-chemical daca for suspension and amylsism 2rocasses in PVC plancs.
A dasczipcion vas preparsd of dispaersion amd suspension 2VC procassas usiag
batch systams sctartiag wicth che hamdling of raw nacarials carough che '
finished FYC producs with axsmmle flowsheecs, aatarial “alancas, cperating
Jrocaduras, procass cIntrol systams, aquizment dasigs and sypical plane lay~-
oucs.

The chamistry of V0 resctor aperacion was reviswaed including reaction
Taca ve. tamperature and indcizcor/inhibicor concantrations, VCM and 2ZVC
'sza.bui:y ve. tamperasurs, VGO draakdowm products, aod reaacticn ratas ac
zoraal comdigions. The physics of F7C rasction cparacion was reviewed ia=
cluding VO vaper prassuzs vs. tazperaturs, Qsat of reacsion, heat bdalancs
on rasctor, allacts of inerts aod watar on Teactor prassurs, and effaccs of
three phases, solid, ligquid and vapor oo heat transfar iz zha kectla and on
handling of veacad zacerial.

Plang tzipa Lo IVC production facilizias wers =ade to Taviaw Cachnology
i3 use for control of procassas and VO amissions. Surveys ware mads of
Janufacturers of equipmant used in PVC plancs for conucsol of srocasses and
Jravantion and/or cancaiament of TCM emissions.

EZngineariag design of rupcure dise/rtelief valve and vent syscams used
in the chemical industry for procsccion of equipment and contrel of amissions
7aTs reviaved. 'Prammacure” failurs of rupcurs discs vers discussed wish
Janufzcturers and usars of susl equijment ¢35 idantiiy design and operasicual-
Zaincenance pricsices used for Lzs praveacion.

Extearnal concTols for ralief valve discharzes vere avaluacad iacluding
coutaiomants, ther=al dessTuezion via flaring, inciseracicn, azr i a "oilaz,
satalyeic deascruction and othar jossidle coucral zacknologies.




The following were considarad in thesa evaluations:

safacy,
capiral and operating coscs,
anergy requirements, aad

angineering and deaaign factors.

Starting wi:h‘an aoalysis of daca furnished by EPA on reactor dischargas
in PVC plancs, a sctudy of the chemical, physical, operatioumal, anginaering
and control aspects of the equipment involved was made. Vent systam design,
inszrumentation, operation and maintanance practicas used on reactors and
other aquipment from which relief valve discharges have occurred were raviewed.
The causes of raliaef valve vants in reaccor and liquid storage systems in-
cluding initlator excess, overcharging, heat exchange fallurs, inerts
accumulation, contaminants accumulation, kattle charge mix error, controller
failure, VCM quality, and external activitiass were established. A computar
program @as written to provide ligquid and vapor discharge rates, resctor
temperature and rasetor praessure following a raliaf valve discharge at any
givan PVC raaction rate and cooling jacket condition.

The variables which affact reactor venting and the Cachniques which
are usad Co monitor thess variablas vere reviawad. These variablas included
temperature, pressure, flow and rsactor lavel. Appropriate control actions
and operating procadures to pravent safety relief from all equipment ia vinyl
chlorida service ware evaluated. -Dcsisns and cost estimation for computar

consrol of VCM resctors ware developed.

From this {nformacion a procsdure was recommended to assess che tech-
nologies in use at the tizma of venting from a ralief valve iz a reactor area
of a PVC plant so as to detarmins the conditions existing at the time of the
veating to be a true "amergency” or to be "controllable" with reascmabls
actions haviang bYeen taken t0 prevent or control the discharge.
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A reviaw vas zade of pracgduris and aquijmeat _gsnd 2 chamical plm;s
0 concTol fugitive emissions 2rom loading-unlsadiang lizes, 31ip zauges,
sedls on jumps, comprassors and agitarors, raliaf valve rupturs disc systams,
nagual ventiag of aquipment, and openiag of aquijment.

Daca on che parzizicn coefficiane of VO from polymers and wazar in
Liceracura and on the affeccivenass of scripping and dryiag operacicas wvara
sollected and evaluacad. ?relininary desizz paramecars Jor aquimenc t2 et
ZFA raquirsmencs vers datarmined.

Jaza ou reactor opening VC{ eaissions as a fumction of time, Campera-
tura agd prassura and when usiag eitsher vacsr or iners zas displacamant wace
avaluaged Co astablish 4 range of effactivesess £ov chass proceduras. Raagtor
claaning cachnologies using seolvent and high pressuze washing weza rm'timn_d_:
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SECTION 2

SUMMARY

Four arsas of PVC production which are poteantial sources of significant
amounts of VCM amissicns wers examined and an assessment made of tachnologies
availabla for their comtrol. The major conclusions or cbsarvations of thase
studias ars summarized in this saction and refarencas made to the subsequent
sections for detailed remarks. Tha areas assassed wera:

Relief valve emissions,
Reactor opening loss,
Fugitive emission comerol, and

Polymer scripping.
RELIEY VALVE EMISSIONS

Enissions of VCM from rupture disc/reliaf valve (RD/RV) systems on

solymerization vessals can potantially account for the largast voluma of
emissions from a FVC production unit whecher a point or fugitive source. In
the worst case they can range up to the full contents of one or mors reactors,
i.a., 15,000 to 65,000 pounds. The relsases may result from any aumber of
causes such as the failure of equipmentz, instrumentation, powar or co ling
supply, operater error, or inadequata maintenance.

The NESHAP regulacions prohibics the discharge of VQM from maoual vent
valves [40 CFR § 61.64a(3)] and also from relief valves [§ 61.63(a)] excapt
for smergencias, i.e., a discharge which could not have basm avoidad by taking
Zeasures o preavent the discharge. A study of exiscing faciliciss and new or
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;roposed desizns indicates chac is L: possibla 32 assancizlly alizdnaca siis

sourss of emissions, aizher 9y coutaizment of destructicn of cae V&I, of by

ioplanentitizn of affaccive praventiciva Tsasurss,
2.1.1 Pravencative Ysasures

Through proper planning, dasign, operacion and naiztananca drocadurss
TCM mmissicns Zzom cha RW/RY (ochar chan those deafized as amergzancy) may be
alininacad as discussed i1 Seczign 4.3 and 4.5, '

Plant managemenc is raspousible for procacting che enviroument by
azsuring:

Jew or exiscing facilicies are wall daesizned wich adaquaca seaccor
cooling capacizy, quick response cautrol and momiczoring syscams o
for camperaturs, prassure, £flow, acs., zedundine lascomaescaciony
ueilizias, and csoling watas syscams.

Qualiiiad operacors are wall traiced and suparvised, provided wizh
standard operacing procaduras, automscic control syscams, and
ausherify ta faka carrTectiva acticn ta veac, recard or shortstop
iacipiant tungway reactions.

Yaingenancs 13 parformed following wall dafined pracaduras.

All persouonel ara izscillad wich a concar2 for prevencing amissicus.

Faule Trea Analvsis

Coa z2mans of predecerminisg chac i ceactlion svstem has bHeen desizzed
and Ls baing cparacsd vich che mioimos probabillity of a relief valve opaniag
23 che atosphere i3 £d perform a faulf tres agalysis (or sinilar exercisa)
£a e sure tiat all possidbls poincs 6! fallure are coversd 3y proper operatiag
procadurss, bagk up equijmest or ochey redundant fsacures. This cachnique is .
described In Sectiom 4.2.2.
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Automacic Conetrol Svscam

Bacause of the complaxity of the polymarization reaction procass and
aquipmant, and the unpradictabiliry of temperatura and pressuras excursisns,
it is highly desirable to provide a well-dasigned, raliabla, automicad system
%o monitor the rssction paramatars, control the cooling watar, adjusc chas
relaase of gas or ligquid to an auxiliary vent syscam, alart the operacing
parscnnel, and trigger the addition of ratardants or short-stops when cecas-~
sary. This 13 discussad in Sectiom 4.3.1. The cost of thesa systams may bde
eggily jusctifiad on che bases of increasad productivicy and safecy.

Auxiliary Vent and Recovery Svstem

The reaccion systsm should have adequata Teans for reliesving excass
prassure by discharging inert gases and/or controlled amouncs of r.actant; to
an auriliary vent system as discussed in Section 4.3.2. The relsased macerial
should be coolad, contained, and then recoveraed or destroyed. This vent
system may be accivaced manually by the operacor and/or automacically by a

control system.
2.1.2 Coutainment and/or Dastruction

Although containment of relief valve amissions can be accomplished by

' neans of a gasholder, a charcoal adsorber, or a solvent absorpcion sys:an;
cost studles, summarized ia Table 2~-l, indicata these methods are not cost
effactive for any commarcial sized raactor. These coataimmant cechoiques are
discussed iz detail in Section 4.4. Also che dastruction of VO in boilers
or incinerators is not a viable altermative for econcmic reasons, and flaring
of reaactor emissions is not faasible for safecy reascns as discussed in
Sectionm 4.1.
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TAULE 2-1. SUMHARY OF CAPITAL AND OPEHATING COSTS FOU ALTERNATE
SYSTEMS T0 PREVENT REACTOR MELIEF VALVE EMISSIONS
(Duccwber 1979 Dullars x 10 Y)

Autowatle Solvent GCarbon

Controls Condensat lon Gau Wolderx Abaorption Aduoxpt joa
Goapitul Cosin
Knack-out Bguipmens § - § 821 § 821 $ 821 $§ 821
Neader Bxtenalon® - - 600 600 600
Contalnment Equipacac - 904 1,820 665 1,816
TOVAL EQUIVHERT §119 §1,725 §3,241 §2,046 §$3,237
Eaglneering, Constyuctjon
e & Contlngency 91 914 1,217 1,175 2,061
(=Y — —— ——————
TOTAL INVESTHENT §210 $2.639 §4.,958 §3,261 $5,298
Aunual Operating Losts
O&H § 12 § N § 94 § 40 § W
Ina, & Taxes (2% of
Investsent) 4 53 100 66 106
Caplial Charges (20X
of loavesiment) 42 530 1,000 b6a },060
Credis for Recovered VOH {i5) 20) {20) (20) {20)
TUTAL ANN. OPTG. COST § 43 § 646 . §1,124 § 746 §1,220
RS LT . o
go Aupvzs JOOB feat header to contalawent sysLem arca.
go diAsuimmey 3 major cvent releasesfyear with automatic controls baving 75% success,
w0

Reference Tables; 4-1 &6, 7 4-8, 9 4-10, 11 4-12, 11




2.2 REACTOR OPENING LOSS

The VCM amissions occurriang when a reactor is vented to che atmosph re
(othar than an smargency ralief discharge as definaed im § 61.65(a)) aza
refarred to as reaccor opening loss (ROL). A well operatad faeility cam
readily keep these emissicus below 0.02g VQM/kg of PVC product (dry solids
basis), as required by § 61.584(a)(2). The numerator, i.a., tha amount of
VCM in the gas phase just prior co opening, can be minimized by evacuation
to a low absolute pressurs for an adequate tims pariod, by 'displacement wizh
watar or inert gas, by steaming, or by a combination of these. Eowaver, any
residual polymer clinging to the reactor wulls congizues to realaase unrescted
VQM, and hencs an elevated jackat tcemperatyre £for an axtanded cime period is
required to f{urther reducs emissions. The divisor, i.s., tha total PVC pro-
duction, may be incrasased by reducing the fraquency of reactor openings.
Several batches may ba produced before it bacomes necessary co open the -
reactor L special "closed reactor” tachniques ars ussad o claan the raactor
and/or Lf che vessel walls are trsacud 2o minimize polymer buildup. The
vazrious options currantly in practice or available for license are discussed
in detail in Seeccion 5.4.

2.3 TOGITIIVE IMISSION CONTROL

Fugicive amissious of VCM from process equipment in PYC plancs are
regulatad by 40 CFR 61.65(b), and included thosa from loading-unloading lines,
slip=gauges, seals on pumps, comprassors, and agitators, raliaf valve-
rupturs disc systams, manual venting of squipmenc and equipment openings.

A raview of chese ragulations and the means currencly used or reacoumended Zor
the control of Sugirive amissions are discussed in decail in Seccion 6.




2.4 DPOLTMER STRIZPING . .

Emissions of vesidual TQM Jrom che proceds aquipmant dowvascream gf chae
scTiprer and from che finished rasin, becvesn tha tizme 1= is shipped co the
cize it Ls couvartad o a consumer product, ars dapendent on :lie #fiectivenass
of the polymer strippiag procass. The relaases of unreactad 7CY from che 2V7C
solymar is dapendent ou tie tine, camperacure, and pressure (vacuum) of cha
seripping operacion, as well as on che particla size discribution, and the
scripper dasign. Polymars zade by the suspension procass can be sasily and
aconomically steam scripped i a continuous colum so that the rasidual coocen~
tracion i3 less than the 400 ppm alloved by § 61.64e(l)(ii). Disparsion cype
solymars may e stTipped batchwisa (ac gilder temperatures to prevent theiz
dagradation) to a rasidual VCM concencration lass chan the 2000 ppm allowved
"uy § 61.66a(1)(L). A detalled discussion of the problems and process variablas

i3 prasancad iz Secciom 7,
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SECTION 3

PYC PROCSSS DESCRIPTION
3.1 PROCESSES AND EQUIPMENT

Polyvinyl Chloride (PVC) is produced by polymerization of vinyl chloride
monomers (VCM) in one of four processes in the United Stacas. Three of these
ars bacch processas: suspension polymerizacion which accounts for 78% of
capacity;: dispersion or emulsion polymerization accounting for 13%; and bulk
polymerizaticn which accounts for 62. The fourth process, solution polymer-
ization, is a continuous process and accouncs for only about 3% of :hc we.
rasin capacity.

A brief process description follows. Vinyl chloride is generally
raceived via #ail is az zank car, or by pipeline from a VO unit nearby or
within the plant and is transferved o the VCY storage tank. The monomer
may or may not contain an inhibiting agens, but if inhibiced, the VCM is
passed through a caustic decancar or fractionactor to ramove the inhibitor.
Water, initliators, and suspending agents are first charged to the reactor.

A measured amount of VCM is then fed to the reactor from che VCM storage tank
and/or the moncmar recovery system. The polymerizacion is then carried out
at elavatad Cemperaturss and prassures. AL approximataly 83%2-50% conversion,
the bulk of the unfesctsd moncmar is ventad to rtecovery and the slurry of
7olyviayl chloride granules and water is transfarved to che scripper ta
ramove the ressining unrescted VCM. The scripping process is accomplished

by the applicaction of heat alone, a scripping gas, or a combinatiom of heat
and vacuuma over a paricd of time. The unreacted momomer is driven off to che
recovery system whers it is accumilated in a surge tank and recycled to zomo-
mer storage. 1he stripped slurty goes to a slurry blend cank wich saveral
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ocher datcles 3 cbtain 2 zors unilorn produst. Since any YQ ramaiazing i3
the polymar aftar scripping is relaised co cha atadsphere ia tRe subsaquant
oparaticas (Ll.a., dryiag, scorage, and shipping) the naed Zor affsctivae
stzigoing 13 obvious.

From the bDland canmk the sluzry i3 pumped 2o 2 cenczifuge for saparacion
9f wacar whici i3 generally transferved %o a tTsacmaac araa bafora heing
disposed of or racycliad. The wat FVC caks fzom cthe cancrifugs, contaiziag
abour 30Z zoistura, is procesased through a hot air dryer.. The parsicla 3ize
governy che choice of drying techniquas, which iaclude racary dryicg, Ilash-
ratary drying, two stage flash drying, ind spray drying. The zaxisum allow=

able product cazmpaeracure is 33°C sinca degradacion of che polymer occurs

‘ above 83°C. Drying ecsucioues uncil :h.q polymer zoiscurs content is lowersd

t0 0.23 to 0.4 vt Z. The dried, solid PYC jarticlaes aze collaccad by cyclones
and/or bag collaczors and chen sizead by scereasns. The product is couvaved 2o
storage bizs or silos, and oversized particlas ars rejectad. The zajoricy of
tia finished PVC product is shipped Irom :the plant in bulk rail-cars or cxucks
althiough soms is packaged iz 50 pound hags.

The suspensicu procsss will be described iz 2ore datail below acd 2ha
amulsion pracess will e dascribed briefly ia cerms of its variaciom Zzcm cha
susvension procass,

1.1.1 Suspension Jolvmerizacion Process

Suspensiom polm:i:a:ion is by far the 2038 coomon procass usad o zanue
Jaccurs VC rasing (735 of che tocal U.5. capacicy). TFigurs 3=l srasancs a
sinplifiad Ilow dizgmam. Thae raw zacarials raquised I{zclude viayl chloride
aonomar, inisiazor, suspendiag agens, amulsifiar, and deionized wacar (1).
Table i~1L shows che cypical range by weighc of the Lapur zacerials.

-
Fe3
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Flgure 3-1. Simplified flow diagram of PVC suspension polywmerization process.




TAZLE 1-1. TPUT MATSRIAL FOR 20LIVINTL CHLORIDE
MILSICN AND SUSPENSION PRCCZSSES

Caemical Parzs by Weighe

Suspension
Vinyl Chlaride
Watar
Parox=ide Inictiator
Stabilizars

Tmulsion
Vinyl Chlazide
Tasty Sulionacs
Fatty Aleohkol
Lauzyl Pazoxide

Hatar

174 600/2~77-0231.
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iniciacors are compounds capabla of forming free radicals by charmal
decomposition. Pacant liraratura reports the use of many initiazors. Sus-
pengion polymarizatiom of VCM {s initiated by organic peroxides in iaduscrial
practice, although azo compounds, boron darivatives, and radox systams can
be used.

Suspending agents ars surface active compounds chat praveat agglomerition
of PVC particles during polymerization of viayl chloride. The suspanding
agent influances particle sizs, porositcy, and chus processing charactaristics
of the product. |

Daionized wacer used for suspansion polymerizacion is deazerated, and free
of organic mattar and sulfuzr. Watar serves thres purposes; it provides heat
transfer, it is a medium for Che suspending agent which controls the surface
properties of the particles and ic also moderates the bulk viscosity du:gni
orocassing. Jrocessing of the f£imal producet is improved by thae addition:
of small quantities of a secondary amulsifier to the system. Such emulsifiars
include sylfonated oils or astars, ethylane oxide condensacion products with
polyols, and other synthetic surfaccants.

Vinyl chloride polymerizatioun is cartied ocut in scain;asi stael, glass~
lined carbon steel, or glass-lined stainless steel reactors, depending on
raw materials used, corrousion rasistance, and desired lifecime of reactors.
Reactor sizes vary batween 10 m? (2,000 gals) and 200 =’ (50,000 gals);
sach plant uses 4 co 30 such raactors (cypically 12-18). Newer plancs tand
to have larger and fewer rsactors. Each resccor is equippad witch ag agizacor,
baffles, and temperacure controls. The process inovolves the aixing of a
wvaighed amount of vinyl chloride in a natared amount of water, iniciacor, and
suspanding agents which are pramixed in 2 clean Teactor. A steam jet or
vacuws pump ls used to zamove most of the noncondensable gas remaining aitar
the rsactor is charged. The amount of noncoudensable gas laft dapends on tha
absoliute prassure after avacuaciom. Tha reactor is jackated to provida heaciag
or cooling as necassary for starcup and for concwolling che resction. The
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temperacura of che reaccor is raisad 2o 53°C by passizg staam carough cha

jackac. 3ecausa the polymerization reaccion is axochermic, cooliag wacar
is cireulatad through che jickst £2 kaep the Camperacurs couscauc, Ll.a.,
about 53'C durving ®2e polymerizacionm.

The agizacor, aizher top or HOCZOm encaring, usas zulsislade iopaellars
o provida unilsrm agicacicon, which is impoervanc o both affiziancy of haarz
transfar and control of Jolymer pazticla siza.

Raaczion cemperacurs i3 cue of che primary coatrol variablas ia sus-
fension polymarizacion. Tawperacurs influances molacular weight, zolacular
waight discribution, crystalliaizy of zhe praduct, che particle size of tha
polymer, and cha solubilisy and adsorpeivicy of che suspending agenc. A
Tastar-4lave cascids inscricuient systam L3 usad for camparacura concrol. -
Sesam, cold wacar, and rafrigaracad wvacar or brine ars cizrzuliced :hrousﬁl:hc
TeACZOT jackat a3 raquired., Thae polymerizacicao tamparacurs can be controllad
witk 30°C cooliag watar up to 70% couvarsion. Subsequencly, the reaccion
raca increasas more rapidly dus to auce accalarasica. Ac chis peiae, rafriz-
aratad watar ac about L6°C i3 requirsd o affectively conezol thae campera~ |
tura.

Polymarization takas place ac a pressura of SL7 «Pa (73 psfa) co 89Q
“2a (100 p313). Complacion of che rescetion is indicacad by a dzog in srase
 sura. ?rolougacion of che cycle is harmful to casin porosicy and calor. The
polymarizaction raacticn contizues to 382 conversica wiich raquiras appraxi-
zasaly six hours. Tha ¢ycls is chen tarminstad Yy czansfersizg ste slursy
to =ae polymar bdland tank or scripper.

3.1.2 Reszcgar Claaniag

afzar dischargiag :zhe bulk of chae producs, Setwvesn >atchaes, She rasc-
20T is qlasned 3 Temove jolyZar Suildup fzom chae pravious polymarizacian
cycle. Raacior claanlizess is axt@amaly Inporsant ca product qualizw.

18
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Rasia f{rom che praviocus batzh and/or protactive coacing solucion left in a
Teactor severely downgrades the quality of tha subsaquent batch, This’
claaning procass i3 done either by high pressure watar spray and/or solvents,
by parsonnel who entar the vassel and chip away the buildup, or by a combi-
nation of chese mathods. Tha normal sequanca is co (1) wash all che raactor
surfaces with water and/or solvants, (2) apply a proteccive coating (which
inhibits polymer buildup), (3) remove the protactive coating solvents, and
(4) wash with water again to ramcve excess protectiva coacing.

If che resactor must be opaned co perform these cperations, itc is necas-
sary to first remove the vinyl chloride vapors ramaining in the vesseal from

the previous batch by vacuum or by purging. These vapors are procassed in

the moncmer recavery system. Any noncondansable gases from chat system ate

ventad aftar being routed through an absorber or adsorpcion system or incio-

arator.

In some reactors, using the newest tachnology, the normal procass of
Teactor preparation is performed without opening the reactor to the acwo=
sphere. Lancas with special nozzles project into the reactor for the washing
and coating steps. Since there is no visual inspection for reactor claanlie
ness, the washing and coating devices must funection proparly.

3.1.3 Emulsion Polymerizacion

The aquipment and procass used in emulsion polymerization ars basically
sim{lar to chat used in the suspension procass in chac liquid vinyl chloride
dispersed in a wvater syscam is polymerized in a batch process. Tha diffarence
is that more soap is initially added to che reactor to stabilize the dis-
persed moncomar droplets and pravent the formatiom of agglomeracas. Many
differenc scape and surfaccants sy ba used as emulsifiers, including osacural
and syuchetic colloiial protactive agants such as cellulose derivatives and
polyvinyl aleonol. The emulsifier and initiacor are dissolved ia esld
daionized water. A measured amount of vinyl chloride is added and agicaced
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20 form a mmlavively stable amuliion, Polymarizacion starts when zhe razc=ar
contents ars deacad. Imulsion rasing can He polymerizad ac lower camperacuras
(40=33°C) and ag Fascer rates chan suspension rasins. Thae jolymarizacisn is
carmpizacad ag 307 co 95X zoncmer conversion. Jolymerizacion racas decreasa
rapidly vhen a digh conversiocn lavel is reached. A dacrease i1 pressuras
signilias complecicon of che Tezesion. Uaormactsd viayl chlorida i3 zscovared
and racyclad.

Ezulsion rasing ire zors sensitive o heat and shear scTesses chan
suspansicn rasins and {2 cars is noc taikan, che rtesin particla may be changed
in vays that zakae iz uansuitable for usa. The particle sizas chtaised by the
cmilsicn procass are uch smallar chan chosa cbcained oy suspensiocn. A zmajoer
differenca o equipment of che o¥c procasseas is chat tie samulsion polymariza=
::!.ai usas a spray dryer to aosurs the naincenance of small jarzicla s.izt and
taduced camperagura and shear scrassas duriang drying. )

3.2 OFERASTTON AND MALNTEINANCE FR0CIDURES

The praoducsicn of FUC ceancers around che hatshi reactors wiich have a
cycla time rangimg fxom 8 co 16 hours duracion. THe cycla starts with caa
chazging and contizues cthrough a heat up period, a reaccion period, discharze
of producz, and chen claam up of cha resczor Co orapars for tae zex: bacah.
The opavations of reacsor chargiag and polymearizacion in older plancs ara
cartied out nanually 5y an operacsr whe changes valve positisna, srapazas
cheamical addizives, and starts and scops punmps or c:auprué:'.on s7stans, atc.,
as ceeded. JAutomaric comzzols are used durizg warz~up and Taacszicn paricds
S8 conrTol Taactor CAmpATASuTE, DUS OPerAtor supervision i3 ITaquancly ieeded
o Taseat contzmal ictlious and to prapare chemical addicives. The Taactor
glean uy i3 a zanuxlly coucrsllad operation and oftan iLmvolves a zan ancaring
the Tesegor Sor hand cleaning of chae resctor walls., Yewer plancs wizh sophis-
ticacad so~ling compucar syscams have quccmacad some of the raactor chargiag
icaps and tave also austcmatad che claaning cperacionm usizg solveant and coatizng

Taaancs.




Most planca racaive VCM as liquid in tank cars and aanually control the
transier to in-plamt storage. The racovery of VCM from polymerizatiom vessels
and ocher vants is usually automaced, compressing and condensing vapors from
a gas holder and recycling the recoversd liquid VCM. The polymar scrippers
and dryers are usually continuous cperaticns processing fsed from large polymer
slurry holding tanks and conveying the product zo bins. Bulk shipmencs aad/or
bagging oparations are dome pariodically.

Maintanance of raactors and the equipment assoclated with them is simpli-
fiad by the batch operation. Repalrs can be prascheduled and carried out as
part of the clean-up operation in preparatcion for the next charge., Maintanance
of the major equipment in the more continuous VCY recovery, slurry scripping,
and polymer drying operations requires a scheduled "turmaround”, as is normally
done in continuocus chemical plants. Small equipment such as pumps, .compressors,
tanks, and heat axchangers usually hive spares inscalled in parallel so Fﬁhc
Tepairs can be made without loss of production. Radundancy of this cype is
espacially imporzanc for equipment usad co concrol VO emlsasions.

As discussad {n Sectiocm 4.3, the pravencion of reliaf valve emissions of
VCM is very dependent on the performance of the operating and maincanmance
rarsounal and on the development and application of effaccive standard proce-

dures.
3.3 REGULATIONS ON VCM EMISSION FRQM PVC PLANTS
The cwner or operator of a polyvinyl chlorida planc is requirzed =o comply

with the requirsmencs of Sections 61.54 and 61.65 of Ticla 40 of che Code of
Faderal Ragulacions as discussed balow.

Reactor and Othar ®rocess EZquioment through Scrisoing

The concentracicn of vinyl chloride in axhaust gases discharzed to the
atdosphere from sach reactor is not to excaed 10 ppm as indicacad in § 61.54(a).

21

Ucc
026570




The axcepcicms o zhiz limds are amergency veancing (caverad Selow) aod -
Taactor opeaisg i.au ahich is not to axcaed 9.023 vinyl cnloride/kz (0.00002
ib viayl chloride/lb) of vinyl ghloride pradues, with che sraduct decarmined
on a dr7 solids basis.

Manual vant valve discharge: Ixcapt Ior in amergency zanual vent valve
discharge, thers ig 20 be Do discharge to cha acucschere from any nanual rent
valve ca a polyvinyl chlorida Tasetor in winyl chloride service. An amerzsncy
zanyal vent valvae discharge zsans a discharge to the acdosphers which could
not have been avoided by taking measures co pravenr che discharge. Wichia 10
days of any dischargze to cha acmosphers £37om any zanual venc valve, the ouuar
or qoperacor of the source Irom which che discharge occurs shall submir co che
Adminiscraeor a raport in writing conctaining izfowmation on the source, lacure
and cause of the discharge, cthe dacte and cize of the discharge, the approxinacs -
total vinyl chloride loss during the discharze, che zethod usad for decarziining
taa 7inyl chloride loss, cthe acsicm chatg vas cakag o praventc *ie dischargs,
and zeasures adoprad co pravent fucuza discharies.

In § 61.84(H), (ec), and (d), Lz is stacad chac che concanzracion af risyl
chloride in all axhaust gasas discharzed to che acuosphera 13 108 0 axcasd
10 »pm (axcapt as provided in Section 61.55a) for the follewing vizyl chlorida
Procass aquipmens: from each scripper, f3om aixding, weizhing, and holding
conctainaers pracadizg che stripper, ind Irom the oocmar racover7 syscam. This
Tequiremant does aat apply to equismant that has besn opaued, is out of opera-
tion, and 2ec the raquirsment in Sectiom §1.§35(h) (8) (L) bafors Leizng apenad.

Igul g Tollowing cha Serizver

Tha followizg raquiramancs set forsi 43 § 6L.54(e) apply o amissicns of
vayl chloride 23 cthe atwospnerae fzcm cae combinacion of all sources Zsllawiag
the sczisper ia the plane process Ilow imcludizg hut got limizad 23, ceacTie
Suges, concencPatyzs, Yliand tanis, filtars, drvers, cooveyor air dischargas,

saggers, sCoTige comtalzers, and ia procsss vastavatar.




In pelyvinyl chlorida plancs using stripping tachnology to control vinyl
chloride emissions, the weighted averags residual vinyl chloride concentration
in all grades of PVC rasin processed through the stripping operacionm on each
calander day, msasured Immediarely afcar che stripping operacion is completad,

may not axceed:

{4) 2000 ppm for PVC disparsion (emulsion) resins, axcluding latax
rasing;

(11) 400 ppm for all other PVC resins, including lidtex resins, averaged
separately for each type of resin.

The above mentioned emission standards (L and 1i) also apply to PVC plants
controlliang vinyl chloride emissioms with technology other thanm scripping, or
in addicion to scripping.

Reliaf Valve Discharge

Section 51.65(a) stacas that axceapt for an emergency reliaf dischargze,
thare i3 to be no discharge to the atmosphers £rom any relief valve on any
equipment in vinyl chloride service. An emergency reliaf discharge neans a
discharge which could not have been avoided by taking measures to pravant tha
digcharge. Such a dischargs necassitites a written report to the Admimigecracor
within 10 days containing all of the necessaxry information councarning the dis-

charga.

Fugicive Emission Sources

Section 61.65(k) prescribes how the fugitive emission ‘rom the following
seven sources should be concrollaed.

1. Loading and unloading lines: Aftar each loading or unloadiag
operation and before opening a loading or unloading line to the
atmosphare, the quangifty of viayl chloride in all parcs of
each loading or unloading line that are co be openad to the acmo~-
sphars is £o be reduced so thatg the parcs combined coatain no
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gTeatar thas 0.0038 3? (0.13 223y of vinyl chloride at scandard’
CADPArIcure ind prassure. Aay vinyl chloride removed Irzom a
loadisg line 13 0 be duccad through a concrzol syscam from winieh
the comcantration of vinyl chloride in che axhausc gasas doass docC
excaed 10 ppm (or aquivalent as provided iz Sacziom 31.46).

$lip gauges: During loading or unloading operatiocns, the vinyl
chloride @oaiassicus rom each slip gauge in viayl chlorida sarvica
are to ba nininized by ducting any 7viayl chlorida discharged fzom
the slip gauge cthrough a coutral systam fzom which the comesactracion
of vinyl chloride in the axhaust Zases does not axcaed 10 jpm (or
squivalant as provided in § 81.86).

Laakage from pump, comprassor, and agitator seals: Vinyl chloride
amissions are 5o ba mininized from equipmenc seals in vinyl chloride
sarvice by the following provisioms:

(L) on all rocaging »uxps by installing seallass pumps or pumps
waith doubla zachanical seals;

(11) om 3ll raciprocating pumps by inscalliag doubla outhoard. u&h;

(i1ii) om all retating comprassors by iasctallisg comprassors with
double machanical seaxls;

(17) ¢m all teciprocatiog comprassors by inscalling doubla outboard
saals;

(v) on all agitacors by inscalling agitacors with doubla aechancal
seals, (or aquivalant squipmeanc and/or procedurss as providad
in § 61.66).

If double mechanical ssals or double outhoard seals are used, vinyl
chloride emissicns fzom che saals are co ba ainimized 5y oaintaining
the pressurs bacveaz thae tJo saals so thac any laak chac occurs is
inca che pump, comprassor or agitaced vessal; or by duegizng any vi=yl
chloride bacrean the 70 saals chrough a control systam Ipom wiich
the comcsatratiocn of vinyl chloride iz the axhausc 3ases does zot
axcsed 10 ppm (or equivalant as provided iz § 61.58).

Lasksge from valiaf valves: Viayl chloride emissions dus co laakige
from sach rvalisf valve on equijmemg in vinyl chloride service are Zo
Se ainimized by isscalling a rupcurs disc Harvesn e equipment and
the ralial valve, by comnecting the raliaf valve discharge 22 a
process liza or racsvery systam (of equivalant as provided in

§ 61.64).




5. Manual venging of gases: Excapt for an emergency manual vent valve
discharge, as discussed previously, all zasaes which are zanually
ventad from equipment ia vinyl chlorida service are to be ducted
through a concrol systam from which the concsncracion of vinyl
chloride in che exhaust gasas does not excaed 10 ppm (or aquivalaent
as provided in § 61.66).

§. Openipg of saquipment: Vinyl chloride emissions from opening of
aquipment (including loading or unloading lines that are not openad
to tha armosphera afcar each loading or unloading operation) ara to
be minimized as follows:

(1) Bafors opening any equipment for any resason, the quanticy of
viayl chloridae is to be reduced so that the aquipment contains
no more than 2.0 percant by volume viayl chloride or 0.0950 a!
(25 gal) of vinyl chloride, whichever is larger, at standard
tamparature and pressuze; and

(i1) Any vinyl chloride removed from the equipment in accordanca
with paragraph (b)(6)(1) of this section i3z to be ducted chrough
a contral aystem from which che coucancracion of vinyl chloride
i{n the exhaust gases does not axcead 10 ppm (or equivalent as
provided 1o § 61.66).

e

Zgyivalent Equiomenc” and Procedurss

Section 61.56 stacas that upon vwritten application from anm owner or
operator, the Administrator may approve use of equipment or procedurss which
have besn demonstrated to his satisfaction to ba aquivalant in terms of
reducing vinyl chloride emissions to the acmosphers to those prescribed for
‘compliance wich a specific paragraph of this gubpart. For aa existing sourcs,
any request for using an equivalant method as the initial measure of concrel
is to be submitted to the Administrator within 30 days of the effective dace.
For a new sourcs, any raquast for using an equivalent ;echod is to be submit~
ted to the Administracor wich the application for approval of eonscruction or
modification required by § 61.07.
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SECTION 4
REACTOR RELIEF DISCRARGE MISSIONS

4.1 SAFETY AND OPERABILITY CONSIDERATIONS

The rupture disc/reliaf valve (RD/RV) system on PVC reactors is thare
to pravent over-prassuring of che reactor to the extent that che vessel
rypcures. Lf chis rupcuring should occur, personnel in the aresa would be
exposed to serious injury and ocher equipment nearby would ba damaged. Sinecs
savaral reactors are genarally near esach ocher, one such rupture could asca-
lace into a2 sarias of incidents. The effects are likaly to he cacasiroph{g.
Ixiscing regulacions require safecy relief davices on such vessels and
strigctly define the raquiremsnts for their inscallaciom and for both upstreanm
and dowvnstream connections. Both chesa legal requirsmencs and insurance
company rvequiraments for safecy ralief are strictly wnforced. Thera is ao
likelihood that companias would accaps che principle of couneccing FVC
raactor safery ralief valves inco headers which connect to gasholder and
other collaction or dastruction syscams.

The discharge of large quantities of VQM vapor inco the ais is {tself
inherently unsafe. The flammabilicy limics of VOM in air range from 4.0
parcant to 21.7 percent by volumse. When tha relief valve opvens, 2 VOM vapor
cloud of up o 130 2! VQM/m? resctor volume (17 £7%/zal) may extt ianto che
air and, undar certaino zeteorological conditioms, the VCM conceatration in a
cloud could remain at flammable levels for long discances. Although uo cass
of a VCM emissiont axplosion Ls knowm, similar flarmable matarials have causad
explosicns wich injury and damage from such clouds. This safery consideracion,
in addition co che knowm carcinogenic nacure of VO, justifias expendituras
to ainimize the fTequency and amouncs of relief valve discharies co the atmo-
sphara.

26

Uce
026575




Fince oxidarcion of 7O producas 3 sITasd canzainiag aydrochloric acid,
chloTine and phosgene Zases, i will De cecassary co caustic serub the prod-
ucs gas Izom iacizsracors, catalyctc oxidacion uaizs and hoilars. Cacalymic
chlorinaticu Tedccorvs would raquize condensar/absorber craias wish collaction
of producs and cTaacment of vent sTr=ama to prevenc further air pollucionm.
Alzhough heat zacovary fTom Shese aperaticns i3 possible, the low ‘Taquency
and snar: duracion of che occurvancaes indicitas chac zova inerzgy would e
axyended for aquipmmnc manuficture aod arecciocn tham could se Tacavared iz
zany years of operacion. Such equipment sized Zor che large flows expeccad
from reactor ralief vilves would noc be oparabla for cises of ainor evencs.

Pravicus cast aszizaces have shown cthat VO descTuction syscams wich hasc
racovery for high VCM ccncamcracionm requizrs tigher capital and cperaciag coscs
than coucainment and/or recovery syscsms. The descrucsion systams lack :50“
advancage of racoverizg che VCM as a usesble zacarial and cha zeac racavoind
is aoc usually at a usaful laval of anezgy. 3maccor raliaf discharzes are of
veary large zmagnicude gvar a shors period of tiza ind are iccompaniad by soma
unuysusl condicions if chay are tTuly "emergzency” dischargas. Izgapt for a
2lare, the usa 0f dascIuction syscems, which izvolve a2 chemical razecziom
(exidacion, addicion or disproporsiouacicn of che VQ1), taguiras izscancanecus
scarc-up of large ¢coplax places of aquipmenc under upses condizicons which are
demanding the attantionm of all persononal iz the plant co control che praduccion
aquiymenc chea Ly operaciom.

Flaring i3 a chaemical plant is always 2 lasc resort approachk. Tzs eifac:s
on the anvirouuent are abour cha sime oTier of nagnicude as 3 VO spill., Ia
face, iz zay be woTse chan spills when che high Qeat relaass, 21zs 20ise lavel,
and toxic as well is zoizome fumes praduced are counsidered.




4.2 DISCUSSION OF EVENTS

4.2.1 Causas and Zffaces of Ralief Discharges

The two most fraquent causes of raliaf discharges from PVC reactor are
1) zoo much liquid or the prasence of noncondensabls gases in tha seactor
caused by errors in instrumentation and improper charge oparations, and
2) high temperature in the reaactor because of inadequate cooling. Each of
these resulzs in high pressure in the reactor with substancial VCM emissions
to the atmosphers wvhan the relief valve opans.

Since VCM liquid expands an uousual amount (up te 20 percenc) whaen heatad
to reaction cemperaturs, an overfilling of the rsactor may not bae aviden: when
Zaterials are initially added. As che reactor conctants are heatad coward
reaction cemparature, axpansion of VCM ligquid cakes place and che liquid lavel
tises., When the liquid reaches the reactor top, hydraulic prassure will ocen
the reliaf valva. OverZilling of the resagtor can be caused by a wacer or VM
charge metary erTor, a liquid leaking into the reactor through a bdlock valva,
or wash water not coumplacely drained before scarting the charging oparacion,
The prasance of noncoudensable gases in the raactor will also causa high
prassura to develop. Since the partial pressure of VCM and wacer vapor in
the reactor top will sach teach their vapor prassurs, a multiplying effact
qeceurs., For example, if 50 percent of che vapor space is noncondansabl gas,
then che tocal prassure will be ctwice che sum of VCM vapor pressure and wacer
vapor preassure.

Table 4=) shows che dencsizy and vapor prassurs of ligquid VO at various
temperatures. The opsrating procadure is to charge water with addicives of
suspension agancs and initiator to about 350 parcent of reaccar volume and then
teduce Teactor prassura to about 0.05 atmosphere using a vacuum pump. Soma
vaperizacion of éhn WALAT Occurs to sweap noncoudensables out of the syscam.
With the reactor blocked in under vacuum, the liquid'vcx is added to bring thae
total liquid laval to about 30 percent of che rsactor volume. As the Taactancs
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TABLE 4-l. VAPOR PRESSURE AND DENSITY OF 7CM -

Tamperature Vaper Prassura Densizy
e s psia g/ol
-13.8 7.1 14,7 0.96

o] 32 5.1 0.94




are heated to reacticn tamperaturs, liquid expansion raises che liquid lavel
to about 90 parcent of thae reactor volume so that che concentration of non-
condensablas in che reaccor at liquid VCM antry is incrsagsed as auch as 5=
fold. Since the combined VCM and wvatar vapor prassure at :che normal operating
tamparacurs can reach aboue 10.2 ATM (150 psia) and RD/RV syscams are ofcen sat
at abaut 13.2 ATM (19S5 psia), the prasenca of only 23 parcent zoucondensablas
in the vapor spaca may tTigger a ralief discharge. This would occur Lf therae
wars 3 parcantc noncoudeunsables in the reactor vapor space at start of che
ligquid VC{ charga. Thae sourca of noocondansables ars 1) gases not removed by
the avacuation, 2) gases dissolved or entrained in VQY liquid charge, and

3) laakage pasc block valvas into the raactor between vacuum tTeathent and
Yaat-up completion. 4 failure to complete the purging of noncondensables is
likaly unlass carriad out thoroughly. Foaming of cha water during vacuum
purging can carty additives out of the systems and cause problems with po{?nnr
qualicy. This makes it difficule to get a thorough purging withour carsful
oparation.

The temperaturea at which the sum of the vapor pressuras of VO and watar
may reach reactor relief valve discharge pressure sactings, avea with ao
noucondansable gases presaat, 1s about 72°C or 17°C above the mormal reactor
initiacion cemparacure of 55°C. The polymerization reaction is axothermic
and cooling water -flowing through the resactor jacket ramovas this heat. The
polyner formed is insoluble in both monomsr and water phases and appears as a
solid particla suspended in tha wvacer-VCM liquid mixcura. As the reaction
proceads, the polymer tands to form e coatiag oun the walls reducing the heat
cransfear affaccivenass. At some point above the 50 percent convarsion laval
an autc—acceleration of the reacticn rate occurs with increased heac evolution.
I£ an increasa in camperature occurs ac any time, zhe raaccion rate and heat
avolution will increase. In normal opsration ¢old watar is used in che
raactor jackat to provide a larger Cemperature diffarencial bHetweez tha
reactor contsnts and the jacket as needed %o coantrol tha raactiom temperaturs.
Heat transier affectivenass dapends on vigorous agitacion and ample supplias
af chilled watar. Any unusual reactor fouling or loss of agitation cr
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izadequacias in cooli=zg wagar supplias will allow rapid neacing of Eh. -
T2ACEOT contants and t2e Teliaf valve zay ¢pen I ' zhoe Tesuliing axcassive
sressurs 1o the razezor. The loss of agization is of =oest concarn sincs
aest cransar is signilizanely reduced and supar-geatad VO from lower parszs
of the rasctor will flash suddenly as it is zoved slowly toward chae liquid
surfacs by comvecsion curTzasts. Iz this case a3 very rapid rise {2 rsacrar

FTassUTA can accur. '

When cthae relisf valve firsc opeas on i tsacsier, a rapid flow of wez TCU
vapor, VO ligquid, and liquid water goes chrough che valva. The zaterital
srasent i3 cua vapor phase, Cwo liquid phases and possibly one solid phase,
sometimes vizh reiction procaeding to produce zore solids and heat. Ac che
oyclat of the valve, liguid VQM f£lashes as the drassurs is reducad wich cool-
ing of che mixzsurs. The YOI boiling peiac az acmospheric prassure f.: helow
-12°C (10°T) and under scme condicicns witar 2ay be frozan in the lizas o
aaks agocher solid phase. Gamerally, che duragion of a najor avenc is 10 =
13 ainucas arcd che Ilow race of VCM vaper is ascimatad co range Srom 2500 kg/
aiz (= 3000 lb/mfa) co 50 kg/min (= 100 lb/ain) ovar chis paried depending on
Tagetor size and Row 2uch aoucmer nad already ocolymerized 3efcore che saliaf
Talve cpaced.

In the casa thar tha Teactor i3 ovariull, the aydraulic srassurs which
opens Che valve is quickly reliaved by liquid and vapor Zlows and liczla ar
0 pelyzar is presesc. The valve ganierally rasaacs i2sell with omnly a small
spill resulzing; bBowaver, Lf the valve i1z of the c7ve which vamaing 9pen, a

large voluze of axesarial contizues ¢o £low uncil raaccor Cemperasurs and
srassure i3 Taduced c3 a2 low lavel and aperators can nanually szop the flow,
Siatlarly, in the case of noncaudansablas iz the reaccor, thesa ars ilso
quickly puzged, acrmal pressurs L3 obgained, and only 2 celacsively small
amiggion will vasul:s if cthae raliaf valve Tasaacs icsalf,

Wich ‘zadequate aaf Temoval, the Tising tamparacura aggTavatas o
gizuagisun and a2 =ajer discharge gazerally reasul:is unlass the Twacticm L8 iz




the last stages, a.3., above 30 verzent polymerized. Ac this high conversion
lavel, most of thea 7CM has bean consumad and since the polymar densicy is
higher (up to twica) chan the zcnomer densicy, the liquid level in the reactor
i{s lower and hence thers is lass entTainmant of liquids and solids wich the
vapors. Under reacting conditions, essentially all of the remaining VO will
ba vaporizad unless the reaqeion is stopped quickly. This can only be done
with vigorous agitation and quick addition of proper chemicals.

4.2.2 Fault Tree Analysis

It is desirable to foresee the potential causes for actuation of a
reactor rvelief valve and to provide effective mathods for reducing the prob-
abilicy of this cype of occurrence. Severil techniques have bean developed
and used within the chemical industry to dascribe and axplain the eventcs -
which can cause a reliaf valve to lift. A common approach for analyzing
complax systams, such as the batch raactor, uses logic models which are con~-
carnad primarily with cha logical (ca, off) relationships barween variablas
and avents. Two well imown and publicized techuiques which usilize logic
nodels ars: -

0 failure modas and affacts analysis, and

2) fault tree analysis.

A datailed discussion of chese two types of analysis is beyound che
scopa of this report. Howevar, an example of fault cree analysis applied
to a small porsion of the reactor sysces will {llustrate scme of che fsaturas
vhich mxy be applied to the entira procaess.

A simplified schematic of a polymerization batch resctor in Figur 4-1
shows the individual reactant chargicg systems and the basic concrol instru=-
‘mentation. Tae primary wode of controlling the feactor prassure and chareby
pravenc the reliaf valve from lifcing is to control che zocal nass of zacarial
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charged to the reactor and tha riactcor temperature. Vinyl chloride monomar
(VCM) and wactar containing dispersents, ioitiitors, and stabilizers are
charged separacely to tha rsactor. Raactor temparature is controllad by
continuous stirting of the congants and regulating cha flow of cooling water
or steam to tha vessel jackec. Iz the aveat tha primary controls fail co
Zuncrion as designed, am automatically comtTolled valve may release excass
Prassure to an auxiliary venting system and/or a dump tank on signal from
the concroller.

The £irsc scap in perfortiing a faul:t tree analysis is to dafine che
system and them to defins the faulcs or events to ba lavestigated. TFor the
systam shown ia Figurs 4-1, the fault or top avent to ba investigated is the
Llifting of che ralief valve in stream 100. A simplified diagram of seme of
the system interactions and countzol loops is prasentad in Figure 4=2. Tha

raliaf valve is actuatad by vesseal pressuras, which is in turn affectad bj"

1) the mass of natarial charged, 1) the tamperacurs in tha Teactor, and .

3) onerator actisn. 4As the logic prograsses to tha next lavel, the systam
and intaractions beccme novre complex. The object of faulf crem analysis is
to sat up these interactions iz a managabla formac suitable for analysis.

The dapth of analysis can and should be appropriace for the problem
under consideration. Initial studies can be tailored to include only zZeneral
items such as these showmn in Figure 4-2, As mora datail {3 neaded, th analy-
sis is expandad to include addicicnal featuras., A level of analysis can
quickly be reached which will be quita complex and will require considerable
time and effort for manusl davelopman:.

To illuscrate shis cype of analysis, visualize only the concrol system
for charging viayl chloride zmoncmsr t3 the reactor as shownm in Figure 4~3.
This consists of a £flow control loop which is tamperacurs compensaced.

(me possibla fault cree for this loop is presancad in Figure 4-4. Thia
trea is not écmplu:n since icems such as loss of alactrical ssrvica, loss of
iastrument air, acc., ars 20C yat includad. The possiblas initiacing faulcs
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due co mechanical failures are easily identifiied in che left hand portion o2
this figure. The righc hand chain reflacts potantial errors in instrumenta-
tion setting or comfigurations which might be ovarlookad. This tree should
be expanded to inelude all possible events chat may occur in the VCM charg-
ing syscam. Similarly, this approach should be applied to the water charging
systam, the reactor camparaturs concrol loop, the cooling water supply loop,

the agitator, atec.

Afrer the faulr tree is defiped, the next scep is to devalop a frequeancy
of occurrance for each event. A valid occurrence rats can usually he found
for squipmant avents in one of the many U.S. data basas for each kind of
event. If daca camnot be found then additional analysis can usually be
undartaken to deducs realistic occurrence rates. The interaction of che
human operacor wich the systam may well be much more difficult to quantify
than aquipment failures and may produce results which ars misleading. B
Hersin lies one of the zajor objections co this cype of analysis. It also
is why, rzigzht or wrong, many operating systams ars dasigned to ainimize the
humgn elements.

Once tha ocsurrsnce races have been established, then evaluation of che
faulc tree can procsad to che point whare initiating evencs which would cause
a ralief valva to opan, or othar top event, can be ordered by fraquency of
occurrsuce. Additional analysis can also define probable saverity, i.a.,
the consequences of each occurrence, and then define which iniclacing events
nust be aveided, changed, or do not raquirs alteration. Additionally, the
impact of altaratcions can be quickly evaluatad.

The faull tres analysis can chus be ugilized co highlight system weak-
nesses which might net otherwise be apparent. The resulcs of the faule tree
analysis can be used o prioritize the available effort and rasources ia the
most effective mamner o0 pravent the occurrence of che top evanz through
aquipmant and systam design, operator and maincangnce paerscnuel training,
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redimdaney, and development of affactive oparating jrocedurss., Tor a zore
saorsugh discussion of fauls ree analyeia rafarances ia Saccion ¢ iz the
5ibliography, Appemdix A, ara suggescad,

4.2,3 Quaration and Maincananca

¥any rsportad 7entings hava been ascTibed to Jperatar errar ia chargiag
the Taaccor and in improper adjuscment of conczols during operaciom. Maiocaw
lance, through falluwe €0 coordisaca Tepair work with opearactors, iy cause
ventings when operacing squiment is opened. ZPA has indicacad charc zosc
operation is considerad 2o be a "conczollable” facsor as ralacad to vencinag

' of zmaczors and other aquipmanc in VCM service. To aid i3 assessing che .

cause of a reactor Venting and o prevent similar occurTeuces in the fucturs,
iz i3 suggescad chac the data lliscad in Tiblae 4-~2 bYe supplied by chn'planth
TJanagement when zeporziag such an inecidencs. -

Adaquate supervisior of a production umit izpliss chac each mam involved
in the opearation {3 kaown =9 be trailzed in che work he i3 %0 do and i{s ready
ta da iz properly whem ae Taports to work. Jnycite a 2an does zoc do his wark
sTopacly, this supervision has fa{iled by aicher giving che man too such :o do
or b9y not having the man properly aquipped ta do the job. Racords of craiaing
nead to ba established for each 2an usilized in operatiouns and periodic tasting
should ba cazrTied cut to establish need Zor addicisval craining. Svaluacion
of performance aseds to be 2ada ragularly om each z:an. Supervision also neads
2o contact siach man daily befors he goes o worThk %3 He sure he is iz condiciom
te carTy out his duclas properly.

Rapairs of aquipsens zust Se thorsughly done i3 tesded tus only whan
che squipmenc is available for work £o be done om iz. A checklist of aczion
vafors dismantling the aquipment should include coniirmacion by operacions
thic che aquipment is svailabla and is noc in sefrice, This cype of coordi-
1acion is standard pracsice iz the chemigal iaduscTy.
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TABLZ 4-2. DATA NEEDED FOR REPORTING OF VENTING OF PVC REACTOR

Personnel - Each operator, maintenance man and supervisor involved

a. Namaes, training history, work history (experisncs)
Date and time reporzad for work - day of occurrance
Condicicn at cime raporcad for work ~ physicil/mental
Hours workad at cime of occurrance
Date and times start/end work for 7 previous days
Duties

Dates of other reactor veats involving them during the pravious
12 nomchs

2. Quarating Data - Reactor involved

a. Daze and time of occurrsancs

b. Date and time charged -~ quantities of each material

¢. Approximate % polymerized at venting

d. Langth of time vent continued .
Reactor cemperature and pressure at start of occurrance
Copy of temperaturs chart, pressure chart, and log sheet
Actions taksn to prevent venting
Daviacions from standard procedurs
Status of other reaccors at start of occurrance
External condicions - weather, utility supplias, other upsats
Quancity of VCM ventad

3. Cause of Vemnting

Dactailed chronological dascription wich exact timing of each action
in preparing, charging, starting up, and operating this chargs to and
after the occurrance in the form of sworn stacaments from sach of persou=
ael listed 4in l.a. abovae.




5.3 ZHEVENTION OF DISCZARGES TO ATMOSPHERE

An amarzancy rTallaf valve discharge 13 dedined ia 40 CTR 81.63(3) as
one which could 2ot have 2een aveoided by taking Zeasurss to pravasnt the dis-
charze. IFA has suggesced chat a2 combinacion of proper imscoumencacion 32
datecs upset conditisas, a gasholder and an aucomacic inhibicar solucism
addicion syscal can elinfinace viayl chloride losc Iz this sourca in axiscing
plancs. Thars irs, howvever, saveral additicumal oparaciag and 2aintanancs
facsors thac should be considared co ensurs cthat chers are 2o raliaf valve
discharzes as discussed in the following paragraphs.

Mapual syscems for addizion of rn:ardan:land short-stop soluzicus ca
the Taactor requirs evacuacion of the charze zanifcld, zeasuramence and
siphoning of che solutiom inte the manifold and chen openiag che aanifold
to the reactor co allow the solutiom to drain ineo ik. A csasidarable cime
is raquired o carTy out chasa acciong and iz the case of short-svop addiciom,
the Oparator may have oo locats and gat approval of i supervisor Sefors
austing She solucion iaco the reaczer. A procadurs for adding cold wacar
dizec2ly =5 tha reacter 2ay he part of an operacor's funmcetiom buz che Heac
conesur of wacar which can he added provides oaly a shors (= 10 minuca) delay
ia the rsictor tamperaturas risa.

All plants have radundanc powar supply syscams aicher locally at chae

.ructar: or general for the entire planc. Iz is Iimperacive thac che agita-

zors, the cooliag watar supply, azd the instmmeactation contizus o Ye
sperabla to prevent i 2aior event sleasa of VQ Irom raactors.

Mauy operatiag plancs have compusar systams Co evaluacs cransmitZad
signals from the Tesctors and alart operacors of any deviation Ivom zormal
condicions as t2ay develop. Soma of these 2aka autsmacic action co add
recardant and short-scop solusion 5o che Taactors wheas aigh pressure, nigh
tamperaturs, or unusual visgesisy condicices are izdicaced. Some plancs
also 2ave vant linas wizh ‘mock-out tanks commeczad 0 Tacovery 3vstams




saparaca from the ruptura disc/relisf valve systems which protsct the raactor.
Thase auxlliary vent lines may-have relief valve setiings below the rupturas
disc/relief valve settings or thay may be automatically activated or signal
frem a controller.

Some plants also bave spara slurzy hold tanks to which a rasactor charge
can be dumped bafore control of tha resaccion is completely lost. Such a
dump can be automatically activated and che tank may have chillad watar with
short-stop solution iz it. The literacure indicates chat ac least one plant
naincains a scored volume of chilled (43°F) water for use in reactor jacket_
cooling when sither axzcess heat is ganerated in the reactor or an unusual
fouling condition has daveloped which reduces heat transfar and the normal
coeling water in the jacket can be replaced in lass than 5 minutes by che
chiilled watar.

Literature also indicates technology development using multiple initiator
systams which give a high iziciacion rate early in che cycle and a slover
initiation race when auto accalaration normally occurs. Whethar this cach-
nology is available for license was not determined. Its afiact is co maintaia
DeAT~cOUStANE reactor tamperaturs and prassurs.

4.3.1 Ilostrumentation and Aucomacion

Almost all plants have an automaced cascade tamperature control systam
for the PVC reaactors which adjusts jacket tamperaturs to minimize reactor
temparature risa. The reactor temperacurs is measured by a sansor usually
mounzed in the reactor baffla. This sensor gives a Tasponse o changing
tamperaturs and is subject to giving low raadings when polymar collects on
iz, When claan, the error can be near 22°F but under foulad conditions the
erzor iocreases oo the low side. As reactor tswperaturs rises dus to lowered
heat transfer to tha rsactor shell, this temperaturs 2easurement will lag
considerably behind che agtual reactor tamperature due %o the polymar buildup.
“oen polymer is being formed in the reactor, the rTasctor prassure is a hHectar '
indicacion of reactor tamperatura than is tha cemperacurs neasurement.
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Syscams Jers dasigned Zor inscTumeatacion and autsmacisa of cartain
operacicns whizt cam pravenc zaliaf discharges fzom rzactors. The ovez-
charze cise and/or aoncondensabla casa ara praventad 3y comparing rsaczar
srassurs during heat up to the vapor prassurs of VCI az che camparature
indicacad for thke reactor and veuntiag of 3 small amounc of gases to zhe VY
Tacovery syscam or dusping sluzsy o a tank L prassurs is %20 high. The
isadequace c20ling casa i3 praventad by obsarving tha zaca of prassurs =tisa
on the Teactor and comparing this to a standard comdizism far chae scage of
reaction wizh addizion of racardanc or short-scop automacically is nesdaed.
The high viscosicy cise i3 praventad by acnitoring agicator power and
comparing this co a scandard with addicion of shott-scop automacically heforas
the agication and heat tzansier caases.

Tor the mulsi-reaccor syscams usad in ?VC producticm, a3 canmcral 'ccn:rg_l
Jrocessor and the algernacive of many locally zountad sizgla~coit procsssors
wars both avaluatad. Costs for secsors, crinsmittars, contzol unicss and ]
contzol equipments ot alrmady ia placs wers included in the astinacas. For
che cencTal pracassor, casts Wers bYasad on 3 commarcially devaloped and
compecisive unic which reaquizred lictla developmanc worik =0 apply it on che
TYC zaaezar. contTol project. Thae costs of locally mouncad sizgle umic
JrOoCesscrs wers hased on kmown hardwars to do the job but raquirad softwara
develcopaent of 2ajor zagnituda. Theras uzay be .a.l.::udy developed cont=sllars
af chis sype for which developmant costs would e =uch lass bdus ':.L"zn only
@owa aquismants of chis cypa are propriacary wich VC anufacturars. Fotamw
zially, chay nay Ye obtained oy llcanse agrasmancs.

4.3.l.1L Canezal Frocessor——

The cantril procassor will use dacia storsd in zamory to decide whena T
12 aodifizacisas ceed o be Tade %0 e cedctines. These daga will raprasaz:
20C only Iassursmencs z2ade on Typical reacsion evelas but alse charzadynamic
caleulacicns af che reaczion cycla. The cencral jrocassor siould he much
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oore respousive and accurate in assessing the raaction condictionm and in
responding to any problems than a human operacor. A diagram of the cemcral
arocessor 1ig showm in Tigure 4-5.

The central procsssor will be radundant such that if oca unif bacomes
izoperabla the second one cap be brought om line immadiataly, if not auto-
matically. The systam will also be powared from a nonintarruptable powaer
supply so that in the event of a power failura the concrol will remain cper-
abla.

The historical data may ba obtained by monitoring and storing raaction
¢cycle parameters using the cantral processor. The cencral procassor will be
capable of acting as & data logger. It will alsoc be able co indicate, befors
taking actiom, any reactors aexpactad To have problems so that they zay bae
watched mors closaly. -

The Telatype kayboard and prinser will be the input/cutput device for
the processor. The keyboard will allow for requesting information, etc.
The printar will be usad by the computer o ocuzput data as wall as any
specific informagcion requasted by the operactor. The disc may be used Zor
program podificacion or data storage.

4.3.1.2 Processor for Single Reactor—

The procsssor for the single reactor will monizor the status of four
inpug signals versus tima. A diagrzm of the singla reactor procassor is
showm in Figure 4-§. It will provide the proper control signals to valves
Vi=Vs to naintain proper control over the resaction. The contrzol parsmecars
will be developed by monicoring the same signals as used by the controller
during actual reactious. This information will be used along with tharmo=
dynamic calculations to develop the guidelines usad by cha processor in ics
dacision making procass.
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The operator will still csuoxol the procass 30 long a3 Lt scays i sata
Limizs. Tha devica will comezsl che 3rocess aaly whenm Lz Zets cucside the
sropar bounds.

The unig will provide 2ch closurss €2 activaca lights at che oper-~
tor's stacion co indicate first a problam sitution is {=minent ind thenm a
sacond swizgh closure and lighe to indicaca che concTol activatad.

Thase unics will oot necessarily provide sigmals suitabla Sor daca
logging.

4.3,1.3 Systam Ccmparison—

The incerescing cuscome of the cost amalysis is chac tha iadividual
Taactor courrol syscem (with zore thanm 4 TeactsoTs) costs 2ora chan che cage
tral concrzol undt which has higher radundancy and zany more fastures. The
23jor facteor iz this high cost is she researzh and davelovmenc coscs. Tabla
4=3 shows comparative costs of cameral and local unics.

Altiough the local waic i3 considerably lass complax than the conezol
unit, its ceoatzolling fumction must be the sams. “The sofzwire dasizn i3 noc
much aasiar for the remoce unit than the cemtral conerel umis, Iz facs, i
i3 actually gTeater hecause tha complata operating syscam zusdt e designed.
Tha csncral umit daga acquisicion routines have alzsady teen designed. Tha
only hardwars design costs in the ceatral syscem will be che configuracion
of the oprtion and checkout to be cazrtain that chey funecion propearly. Ve
Taal hazdwars davelopmant zust ba dooe as iz sha cass of the local unic.

Tha canczal systsa iz, bacause it alraady has daca agguisition and logging
capabiliciss, zay bHe drought on line as 2 daca loggzer. Then as sufdiciane
daca are cheained, i 2ay bte phased 12 as a2 congTollar. The local umic will
Taquizre che use of a daca logger since Lz will zoe izberencly lave daca laggicg
capabilizy. This will he an extrTa axPanse 20t Taquizad by che ssncrTal uzdcs
2ar devalopment of ceoncralling rsutiaes.

e
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TABLE 4=~3. COMPARATIVE COSTS* OF LOCAL AND CENTRAL UNITS
FOR PVC REACTOR CONTRQL -
Cantral Unic
Source Local Unit (2 with L on line)

Development (Eardware) $55,000 510,500
Software Development $58,000 $17,500
Installacion $5,000/Rasctor § 95,000 + $3,000/Reactor

TOTAL COST $113,000 + §5,000/Reactor $123,000 + $3,000/Reaccor

Maintesnance (Routine)
Inscrument Technician

Service Countract

1 he/wk/unit

$100/yr/unic

4 hrs/wk

$6,000/yx

*Decemher 1979 Dollars




The two faatures which could zaka the local unit 20ms cost aflactiva
ars oot uytilized {3 chis sisuation. Condulf and cabling costs ars not saved
Secausa acuiacarrupcibla power Tuse He suppliad 2o aach unic and sigmals

. muat also bHe sent back o cthe concrol station. Tolume produccion which

could cacovar developmanc coscs Lis also not usad because only a relacivaly
faw unics will Se Suile for an iadividual planc.

™he local umics will have saveral disadvancages. Tha uaiss «ill coc
have tha izhersct salf castc Zeacura dasigned i{aco chem. They will 2sed to
be plugged ianto a cascing unit to determice that they are fuacciocal. Tae
centTal uniz will have a sall casc roucine which will be run periedically.
The cantral umis will ba able to Take icself off lize or could be zanually
rakan off line ia case of problems. The other centzal unic will megi.anly
taka over conzral. . -

Tha inscrmmaencacion {acluded does noC have 2 lavel alarm on the reactor
30 doas st provids adaquaca procsction from overfilling. It does provida
far pracsction frem othar causes. If developmant of a saliahla lavel alamm
is cbtained chen the overall inscrumencacion s7stam would provide cie ueecaed
procection. Such a lavel instrumeme would probably casc $6,000 par Teactor
as inscallad. Oue izstTumant company indicaced success ia chis zeasursmanc
usiog a radicacsiva scurca detactad by iom chamber sensizg.

4.3.2 Auxiliayy Vesgiag Syscem

CUader most conditicns which can laad 2o rupctuzs disc/relief valve amis-
sions, a rslatively small amounc of zacarial Tamoved IrTom the Taaczar will
sravent cha overprassuss developizng. Thesa ara che cases of rescior aver-
sharge, 20ncoudensable gises iz the reactor, orf Iodarats unexpeccad razcuiocn
TACA ‘ncTeasas and eac STansiar raducsions. As auxiliazy vent ind recovery
or dasczuction syscam whizhk 1s separats ITom tha exarzency syscam is 3
sractical way 23 pravenc raliafd valve amissions vhare & tTis emergancy i3
a0t isvelved.




The syscem or syscems would consist of reaccor vemt linas with pressurs
control valves, a header, a surge tank, a condensar wich liquid trap, a vent
line wicth back prassure comtrol valves leading to an existing gasholder or
incinerator, a chilled water storage tanmk, with chiller and circulation pumps
and pumps for disposition of material collacted in che surge tank. Figure &4=7
is a flow diagram of a systam such as chis.

4.3.2.1 Reaccor and Venting Dynamicsg——

Prassure rise in the reactor is the vesult of temperacura incrasases as

i is heated to reaction Cemperacure and as tha reaction proceeds. Both
liquid volumas and vapor pressuras are incresased by the cemperacure ris .

Tha rate of pressurs rise is relatively slow (< 2 psi/minuce) during normal
heat up to initial reaction tamperaturs unlass an ovarcharge coudition or
nsoncondansable gases exist in the resctor. These can cause a rapid (> % 5;11
minuce) raca of pressure rise as .the reacticn tamperacurs i3 approached.
Similarly, afzer rsaccion is iniriatad and stabilized with normal cooling
wacar on the jackat, prassure rises are slow (< 1 psi/minute) bacause of the
neat capacity of che materials in che veactor and che continuous heat cemoval
by the jackec. Howevaer, when reduction of heat transfer anod auto-accalsration
of reaction race conditions develop, the hest svolution increases and haat
removal decreases resulting in increases in the rate of prassure rise.

A computer progran was davelopad to simulate the changing conditions
within the resctor and the £low through the relief valve. I is assumed thac
che amount of FPVC prasant is small so that che flow chrough the relief valve
is in three phasas: liquid wacer, liquid VCM, and gas. The reactor affluent
flashes across the relief valve and critical flow (Somic) is usually obtained.
The program calculaces the heat ganarated by the polyserizacion reacticnm and
that removed viz che cooling jacket with provision for varying water jackst
tamperacturs. The quantity of liquid encrained in the effluant flow is
inicially equal co the liquid/gas volume racio in che reactor and as zass
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laaves tha raacrtor, it is reduced linearly to 17 by volume in che tocal

flow.

The Runge-Ructa technique is usad to integrate the dynamic paterial acnd
heat balances ovar tima., ZTigure 4-8 shows the flow chart for chis program.
The governing equacions, program listing, and cagse result printouts are in
cha appendix.

The reliaf valve discharge simulation program was run for 10,000 gal
and 20,000 gal reaccors. The results are summarized {in Tables 4-4 and 4-5.
Cases 3 and 4 are simulaciocns of discharges dua to reactor overfilling and
they ccmpare the effact of insroducing chillad water to the jackat with
maintaining a counstant (90°F) jackat temperature. In the five other cases,
discharge is due to an axcassive reaction rate of 40%/hr inizially. Im-
cases 2, 6, and 8 chilled (48°F) water is incroduced into che cooling jacker,
while in cases 1, 5, and 7 it is assumad that the agicator failed and oo

cooling occurs.

For the cases with 40%/hr reaction race and ao cooling (cases 1, 5, and
7) the prassure risas to a maximum of 3 psig above che discharge pressure in
approximately 30 sec. and then declines. When agitation is losz, higher
prassures 1y occur in a shorcer time due to sudden flashing of matarial
‘ brought from the lower part of the reactor by thermal cizculatiom.

When the reactor is ventad through a prassure control or reliaf valve,
the initial flow is a vapor/liquid mixture with some solids possibly present.
Liquid V1 £flashes in che valve and che inertia of che unilashed material
uses up the available emergy. In cases 1-4 the inicizl flow is assmumed to
be 963 liquid by voluma, while for the overfilling cases the initial flow 1is
entirely liquid. Although in normal operasion the liquid level in the
raactor is at the jackar lavel and entrainment may not be this large, it muse
be considersd in the dyuamic amalysis. Iz all cases thers was a linear
raduccion 0 a2 minimum of 12 liquid entraioment as che amount of liquid
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TAMLE &-4. SUMMARY OF REACTOR CONDITIONS AND RELIEF VALVE FLOW
ilA'H‘I LM.CULA'II'J) )4 SIHULATIUN i'ill.leAH (10 000 gal Beactur)
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TABLE 4-5. SUHMARY OF REACTOR CONDITIONS AND RELIEF VALVE FLOW
RATE CALCULATED BY SIMULATION PROGRAM (20,000 gal Renctor)
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vemgved tocalad 20 cha volume of tha Taaczor iaad. in all zasas, a pericd
of up to twe a3inutas of ventiag was raquized 33 achiave a significanc '!C::t!
vaporization rate in the raacior, dependizg uven che raliaf valve azrsa. Tor
a mozzle area of 10 £a%/10,000 gal (cases 1, 2, 5, and 6), ths naxizum vapor
rate Lot tae heider of 50 co 35 1b mola/min per 10,000 zal was achiavad

i lass chan cooe aizuce. I 2 bigher auxiliary rellaf valve pressure secting
is desizad, a lazzer 2ozzle flow arsa, surge tank, and coudansar must o

usad iz order co kasp the prassuze from rising above shac of che safacy
reliaf valve. Conversaly, choics of a lowar discharge pressurZs parmics usas
of a smaller valve ares and tecavery syscam. The sizulicion program enablas
cue to salect a discharze prassure and flow ares which ars mosc suitable for
a particular dasigm., In addision, the pregram giveas 3 tine hiscory of cha
condirious wichin the raactor which is usaful iz decarzining when the telief
valve should closa. '

The 704 liquid encariog the valve is flashed and goes =2 the vent linas
and headers with the gasas whigh ancared che valve. The calculiaced vapor
Tace laaving che valve for che ininial 36% liquid eacrainmenc (£izsc aizuca)
ig aboug 2alf che vapor rate for the 1I ligquid ancraioment condicicn. This-
indicaces chat encraimment coucribucas to che scabilicy of cthe venc syscam
rachar thaz the ravarsa. Eowever, since antyaicment zay zot ba saveras
dapandiag oo cie lavel in the Ceactor, vent syscam dynamics zust be based ou
the maximum possible vapor flow laaving ths valve at cthe incapcion of the
vegting. The vapor lsaviag =he valve passas cthrough the vensz lize izto zhe
hasder acd them into the surge zank. The 7olumm of chis cank caeeds %0 be
sased on cke 2iza zeedad 20 actuate the chilled wacar flow ¢o cthe condensar
and o reach 3 scable oparation. The simulation program oucpus ‘acludas
che quancitias of TCY liguid and vapor amitiad iaco the racovary syscam atc
specified tizes, which are zecessary for sizing the suzge ctank.




4.3.2.2 Design 3asig-

The design of an auxiliary relief system can be based on reasults of
the computer program which providas race of pressura rise in thae reactor and
rats ¢f venting frem the resctor. Using the most adverse coandicions of
Teaction race and heat cransfar, che pressurae secting of the auxiliary relief
valve which will pravent the rupturs disc/raliaf valve from bciﬁs actuatsd
i3 decearmined. It should be noted that several minutas dalay may occur aftar
tha auxiliary reliaf valve opens before significant VCM vapor geveration
occurs ingide the reactor. The auxiliary vent valves, lines, headar, surge
tank and condenser ars sized based on the vent rata of liquid and vapor
leaving the valva. The naximm vent f£flow usually develops after entraioment
is reduced by the lowering of reactor lavel which can taks as long as 2
ainuces and depends on the valve size and initlal reactor lavel.

In order o ensure smooth operation of the auxiliary vent system, the
pressura control valve on the vent linas may have to be slow opening, Tha
pressurs raduction section of the vent line may also have to ba 2 spacial
dasign transition piece of equiyment such as a flow nozzle. A motor operated
ball valve vhich has a variable spasd driva will probably provide a sufficianmt
solution to the oparating problem. The surge tank provided should he sized
3o that the prassure will reach 50 psig in the surge tank after more than
1l minute when a veanting scarts with no encraioment and in about 2 minutas
with worst cass liquid entraioment. Thess times will ba langthepad soma by
the condansation which should begin at about 40 psig. Tharae should be
adequate time allowed for che large pump to be started up and chilled watar
to flow at the desired racs lato the condanser.

Whant the reactor pressure is Teduced, the auxiliary vent valve should
close. The vent system than should stabilize ac about 25 psig. Water/polymer
slurry should He pumped out to a slurry hold tank and liquid VQY can be either
pumpad to 3 Tecovary tank or allowed to vaporize slowly to the gasholdar, the




VG4 vaper racavery systems, or the ingiaeracor at i slow raca as dasizad.
The quanzizy of 7C{ and vacar o be aXpactad can 3¢ dacarmined from che
JOWPUCRT PTUETIW.

In a standby condicion the aquipment 3hould be zaincaized ac 1 psig
with a ziztrogen or VOf vapor purgiag through the small bSypass ou che venc
line., Tha condanser and chillad wazar tamk are zafncaized at the 50°F7
temperacuras by the slow watar cizculacion chrough the aquipment and co the
chillazr. This cirgulacion should be designed 23 recover the chillad watar
storage wizthin 24 hours aisar a period of vensing has occurved. DPraovision
for periodic or contizmucus caustic flushing of the headar 2ay be oeedad as
a safecy fictor and cha "short-scop”, nesded in the surge tank, zay requirza
periodic raplicemane.

4.3.2.3 Auxiliarw Venc Capital and Overagiag Coscs—

The aquipmeac shown i3 Figurae 4-7 can be sizad usizg daca from caa
Taacror and vens dynamics commutar program. Fof caplfal escimacing purposas,
all zke valves, linas and canks handling VCM wers assumed 3 be scaintass
steal matarials. The vartical dowm flow sxchanger was assumad ¢ e cazbon
scael shell wigh stainlass cubes and heads. The watar puzps, lizaes, canks
aud chillar were of carbon stasel zacerial. Table 4-% shows che astimacad
capital coscs per 1,000 gallom of raactor capacicty and values iadicacad for
a4 plane ysing 10,000 gallom rescsars. The accuracy of chase asctiniaces aza
=310%.

Operazicn of the s7sSem Caquisas cue hour dazly Zor 2 mam 9 check he
ficus, lavels, and camperatura of the systam. Iz will, jeriodically, caka a
full 24-hour shifz posizion to Tacurk the.unitc £ odperaciomal stacus aftar
a signilicant amissicn occurs, which zay be as often as 3 co 20 tixmas/vear.
With the ovartize ragquirsmant, abcut 1,000 man Qours/Tesar wars esctinatad.
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TABLE 4=-8. ESTIMATED CAPTITAL COST TACTORS AND COSTS FOR AUXILIARY
VENT WITH CONDENSER (Decamber 1979 Dollars) .

Jaing Eighe
Gome Fagzagw 0,000 zaliv
$/1000 gal lesccars
A Raaator Lalsass and Callaccica Syscam
AL Sucge Task 3 58,000 v+7* $ 4l9,300
Ay Mump aad Motax 1,150 v’ 15,800
Total lascalled Lgquipasnc § A * Ay $ 435,100
A Fiping 7,050 V.4 224,500
A lascTumencs, Coacrol Valves asd 3alscy 2,700 v+*'x 45,200
Ay Suilding and Sice Davalopmenc 0.22 (A * A1) 95,700
As Tacal Mrysizal Cost S A=Ay 420,300
3 Condensing Systam
3, Candensar $ 66,200 v+! $ 132,000
B lsfrigeracion Unizww 12,600 v+? 63,000
By Auxiliary Vessels 26,800 vo* 106,700 -
(pumps, tanis, axchangars, etd.)
Tocal Iascalled Iquipmsat $ 5, + 8+ 9y $ 301,700
5.  ?ping (water lises, vent lises, uygility) 39,300 Vet 236,900
3 [astrusencacion aad Jafscy 18,100 V»*¢ 34,700
B Buildings and 3ice Developmens 0.22 (By + 33 + 8y) $ 110,400
b Toctal Mystcal Cast L TIEE VY L.200700,
¢ Cumbined Syecams Tsacxl PMysizal Case Ayt &y $1,724,200
[} Eoginesring and Goastruction (312) & - 349,000
4 Cantingancy asd Fee (202) 208 344, 300
Tocal Syscem Casg . C+D+12 $2,438,000

¥ = Thousamds af galloas in sash reaccor; R = Yusber of tsmactars ia plaac,

»olf adaquacs short tars (1 day) and coneiauous safrigeracion (+ 40°T) aupply ia .uunu
from exisciag umits, 5hls unic will sac be ceeded.




Maincanance of che valves and jumps will be the awior axpensa iavolved
ia kaeping the 3yscam opsracional. JAn LloscTument :icb.nician for 2 hau:s./day
and zachiaise 1 hours/veek will “a casdad. Maiscemincs macarials will be
about 3$10,000/year.

The cost of supplyiag purge aicTogen and sceam ‘s ascimacad ac §5,000/
yaax.

Tae 2ajor enerzy requiranent i3 che rafrigsration ceeded. TYe aomual
cpariting costs are sbown in Table 4=7 for che 10,000 gallon reactor case.

4.4 CONTADNMENT QF DMISSIONS TROM MAJOR EVENT RELIET VALVE DISCZARGES

Cns category of comcTal that is offas proposed for aliminaeing VO

icus rasulting fTom major avenc raliaf valve discharges is contaimmesas.
Iz chis approach, the vapors Teleassd from the reactor are routad chrough a
Rock=0ut systam 3 ramove dntraized polymer slurey ind liquid VC4 aud then
siped to eizher:

1) a2 gasbolderx,
2) an absorption syscam, or

3)  an adsorpetion syscam.

Although all of chase tachnigues are tectimically fazsidle and have esseazizlly
20 inpact on tha eavizromment, the capifal, oparating, and snargy coscs ars
signilicanc i3 discussed i3 chae following seccions.

The cancaimment syscam should be sized Zor cthe worst cass, L.a., €3
accommodats the eatizes TQU charge to one rsac2or. L cthese discussiocns, ke
costs ars devaloped far an sxamplas reaczar of 10,00Q zallon capacicy, 2 a
200 x 10% 1y/ye plane wich aighc zaactars.
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TABLZ 4=7. ANNUAL OPERATING COST FACTORS FOR AUXILIARY
VENT WITH CONDENSER (Decsmber 1979 Dollars)

Invescmant = $2,638,000 = I

Example Cost for
Engrg. Tactor¥ 10,000 gal
Ttem $/yr/1000 gal Rasctor Reactor Syscam

Qperacing and Maincanance
A Labor and Supervision $ 12,700 V! $ 16,000

B Suppliss and Chemicals 1,100 v.* 4,400

Jtilicies
C Power (kWh @ 4¢) 4,600 v 46,000
D Stem 200 v 2,000
E Cooling Water ' v 300
F Nitrogea ’ 800V 8,000

Total Utilicy (¢, D, E, F) 62,300
Total 0 & M S @, 3,6 ' 82,700

Insurance and Taxzas (@ 20% 02T 52,300
of Investment)

Capical Charges (@ 20% of 21 527,600
Iovestment)

Total Annual Costs 2 (4,3, R 663,100
Credir for Recoversd VCM 2,000 v (20,000)

Total Net Oparating Coscs $ 643,100

*7 = Raactor Volume exprassed in 1000 gallons.




Tha xa0ck-out systam raquired befween tie reactor and iny containoment
system £o T3P encrained liquid VCY and watar would e che same for ased of
the chras altarzacive contaimment syscams discussad bHelow and would He
sizilar co that desczibad iz jazagraph 4.3.2 above, Hut witiour tie condens=-
ing syscam equiyment. Lo would consist of 2 scainless scael zanifold cone
sacting tie individual rsaccor vent systiams and laading izeo a surie vessal
of about 49,000 gallous capacisy, wizh a back prassura contvollar dischargiag
o tae inlet of taa councaimmane syscam. The inscallad cost of justc the
koock-out systam is estizacad 5o be about $821,000 and is included in che
capital escizaces for cthe thres altazzative containmant schemes. The sizing
of the piping co and fzomt the coucaiomenc systam is deapandant on che availablae
spacse and plant layous byt i3 assumed co cost an additiomal $600,000 in thesa
examples., The accuracy of the cosc estimaces are =30%.

4,4.1 Gasholder Capical, Coerating, and Sserzy Cogts

Tha gasholder %o be used for concaiomans of VCU ralasssd from a raaccor
dusing 2 najor event should be dedicaced co that service unlass it is showa
chat additioual capacicy is availabla for "oormal" recovery oparacions in
axcess of cthac cesded for cougaimment of one reactor charzs. A seaparacs,
saallar, gasholder is currenzly provided by many olancs for the concainmentc
of TQM amissions #zom normal operations.

A propased schemacic flow diagram is shewn in Tigu=e 49 for iacorpo-
rating tie large gasholder and its auxiliary squipment inca the plant. Tha
piping and valviag should be dasigned co Se fail-safa and praclude che
craacion of i axplosive aixsurs (3 the gasboldar, the auxiliazr? aquizment,
or che piping. The actual £low schema of the 2ogomar cecovery systam is 308
showa inasmoch 43 Chers ave outarcus configuracions and cachniques that zay
be used affsctively.
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Trom the mock-out vessal a line Zoes dizacaly to the zogomer r3cavery

system Ior procassing of ainor ralaases. However, in chae progosed scheda,
the vessal vould alse he provided wizh a back srassure valve set Jor abouc
30 to 60 psizg chat would open to thae large gasholder izlat namisald iz the
avant of a 2ajor relaasa. The back prassure should be lass chan coe~nall of
tha setting on cthe polymerizacicn vessel raliaf valve to ansurs unresezicrad
flow during zaior avent Telaasas.

4.6.1.1 Gapitzl eguizsmentsw—

The following ars che nor=al speciliicacions of a gasholder %o contain
cle entire 41350 gallem VQM charge 2o aze 10,000 gallonm reaczor (i.a., assumiag
it {a oparatad with a 1.4/1 B;0/vCM racio).

Volumae, cu f£ 200,000
Dizmacar, £z . 1%
daight, = 43
Matazial of CaonssTuecion Carben Steel
Typa of Seal Wacer
Sunber of jcages 1

The gasholder should ba dasigned 30 chac cthe guidas and councerweights
22y be easily zaiataizsed co pravenzt "fraezing” in ona positios during lomg
vericds of conuse. Nigyogen or ocher inert gas comnections ars raquirsd o
purgs the systam. A procadure is deedad to pariodically demooscrace tha
operabilisy of tha Zasholder, auxiliary equipmect, and pipiag.

The capizal coscs for a plang with a rmactar size bDectvesas 3,000 and
50,000 gzallons 2ay Ye estimacad using che cosc factors showisz in Table-4-3.
The costs for 4 systam Co accomuodaca & 10,000 gallon reacsion are showa as
an axampla.




TABLE 4~8. CAPITAL COST FACTORS FOR GASHOLDER CONTAIMMENT SYSTEM
(Dacember 1979 Dollars) ) .

Ixampls Cast for
Case Taccore 10,000 sal
$/1000 gal isactor Syscem

A Gas Holdar
A Tank $ 70,000 V! $  4k1,700
At Ersgeiou, fda. 70,000 Vo! 441,700

Tozal (A + Az) = 140,000 v-* $ 883,400

Lacovery Lquipmanc
Canprassor 8,540 Ve
Macoy $60 7«7
Condeusar 3,260 V<7
Accmulacor 4,000 V-4
Misg, Vessals 4,000 vo!
Punps 1,700 vo#

Sub Tatal Racovery (¢ TS 9

lascallacion 1zl
Tocal Racavery Zascalled (Br »Be) = 3 By

Toexl Tascalled Equip. (A + 3y)

Othar
Paing 96,000 vo* 382,200
laser. & Safacy 23,300 v.** 70,400
Suildings & Sita Davel, 58,300 ¢.4¢ 232,900

Tatal Other Zy, 02, 01) 443,500

Total Cosrairmant Syscam Zie» Ou) 1,820,000

fasci=gug fystem Table 4 811,000
Gasday Exceasion™™ 130,000 LV.* §00,000

Tetal Physisal Coss a2, n, ) 3,241,000
faginssring & Counctrostise 1ze 1,070,000
Congingeaey i N 648,000

Total System Cost T, wy, v 34,938,000
$5,000,000

W o lasgtor Valume exprassed in 1000 galloms,
mf, » Gasder axtession lemgeh, 1000 faac.




4.4.1.2 (Overacing ind Maiscsnanca Cost3~—

The operiving caquiraments of a gasholdar syscem ara aininzl, vee szowics
idharencs t¢ operating and laintensnce procadurss s cecassary £2 amsuca che
afiecsive rasponse of che sysctam during 4o amergency relaidse.

Quarating wguirsmants—Ine perscm should be dasignaced on sach shifs
33 be rcasponsibla co sam chat the gasholder is opericiocmal at all tizes.
Tasis to 5e perdormed would ba 1) log the actual lavel of che gasholder zamk,
2) check cha line—up of valving to and from the holder, 1) check watsr seal
on gasholdar, 4) check level of averilow watar collectionm pitc, and §5) pericdi-
cally raise and loway che tank t9 damouscraca its operabilicy., Ting co
parforz thase dutiss is estimacted to iverage one hour per day. Yizzogen is
raquirsd Zor purging che syscam and steam for heacing :the seal syscem.is

%

wincear oouths.

Coe T

Aaintananca sguirements—To further assurs the <perablilily of tha
aystem, the fpllewing roucize maimcangnca would be raquized:

1) Lubricate the guidas and rollers, %.a., all doving parus,
to pravent a Iechanical "fresze-up" or locking of che
floacing chambex.

2) Inspecs, and rapair as raquirsd, che inscrumencacion and
auzsmacic concral davices.

k)] Perform roucins maintanance ou pumps and comprassors.
4) Parfors schedulad major inspections of encira syscam oa
annual and/or bHizamoual basis.

Tae tizme raquired to perfora thesa tasks i3 satizared 2o average 300
2™n=hcurs/yT. ¥aincanaeca zacarials Tsquirsd for che jump and comprassor
inecludes spare parts, lubricancs, seals, atc.
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4.4.1.3 Enargy Raguirsmencs——

The enargy costs for the gasholder concaizmant syscam are negligible
and are primarily for recovery of the VCM by comprassion and condensation of
cthe vapors. If it is assumed thar the gasholder is fillad three timas a
year, the volume to ba Tacoversd over a cotal of 72 hours would »e 500,000
cu fr of VM vapor for a rsactor of 10,000 gallon capacity. The comprassion
would require about 2000 Wh and tha condensation would consuma about
120,000 galleous of cooling water. The rainwater runoff via the seal water
systams adds about 200,000 gal/yr to the wvastewater strippipg operations.
The incrsmental stsam and cooling watar raquirsments would therefors be
about 4,200,000 lbs/yr, and 1,000,000 gal/yr, respactively.

4.4.1.4 Total Annualized Cost of Gasholder—e

The approximate annualized cost for operating a gasholder to provids
containment of VCM from a reaccor of any capacity may be estimated using the
suginesring factors in Table 4~9. An axample is given for a 10,000 gallon
TA2CLOr casa.

The major axpenss of cipiual charges and che low axpactation of VO
quantity recoversd makas the contaioment of major discharges by a gasholder

uneconcmic and oot cost effective.

4.4.2 Absorption Svstem Capital, Overating, and Enerzy Costs

An absorpeion systsm can be used to effectively contain the reactor
oajor releaases. The system should be able to recover almost all of the VO
relessed and reducs the VO conesntraction in the air emission stramm to
acceaptable lavals.




TAZLI 4~9. AMNUAL QPEZRATTNG COST TACTORS TOR GASHOLDER
CONTALIDMGNT SYSTEM (Dacember 1979 Dollars)

Inveastenct® = 35,000,000 = I

Eagrz. Tacsorh

$/yr/1000 gal Raaczor

Zzampla Cose for

10,000 zal

Aaaczor Syscam

Ovezacing & Maincazancs
Labor & Supesvision

Suppliss, Chemicals,
Ueilizies
2ouar
Steam
Cgaling Wacar
Niczogen Purgs

Tacal Ueilinias

Tocal O & M

Insurance & Taxas

Capital Charge

Tocal Annual Casts

Cradit Zor 2acoverad TCY

Tocal Yetc Anoual
Cparacing Cost
(L)

$ 25,000 7!
5,630 V-4

10v
3,35 ¢
207
520 ¢

e, 0, 2, )

Z (a3, 0
223
02 I

T @) I,

(2,000 ¥)

(L=

§ 31,300
22,500

1,300

33,300

200
3,200

40,200,

94,200

100,000

1,000,000

1,194,200

(20,000)

$1,174,200

*7 = Rascror Tolume exprassad in 1000 gallons.

#*From ftam I, Tablae 4-3.




A schematic flow diagram for am absorptiom system using 1, Z-Dicloroechane
as the absorbing solvent is shownm in Figure 4=10. . The piping and valving
sbhould be dasigned to be fail-safe and preclude the creationm of an axplosiva
mixture at any point in the systam.

The cperacion of the knock-out vaessel ahead of the absorbar is dascribed
in Section 4.3.2. The dischazrge from each knock-out vegsel is piped directly
to the absorption system manifold and alse to the plant's aormal VO vapor
racovery systam during routine oparationa.

The sclvent supply tank should be elavatad to provide a sufiician:
haad £o supply solvent to the absorption system in case of a power faillura.
Coutrols on tha solvent supply tank should be designed to permiz operation
during a power failure. Tha stripping column is dasigned to racover che
laan solvent and send 21l VCM to recovery or disposal im a 24~hour pariod?

Absorber/Stzipoar Absorber Sgrinvo T
Type Packad Towver Tray Tover
Number of Units 4 ‘ 1
Haight, ££ 48 48
Dismeter, fz 4.73 . 3.0
Macarial of Comnstruction Carbon Steal Carbon Stael
Solvent Usad 1,2-Dichloroachane -_
Quaneity of Solveant Needed, 48,000 -—

gal

Rich Solvent Storage Tank
Type Cylindzical
Volume, cu ft 7,300 _

Macarial of Constructicm Carbon Stsel
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Laan Solvent Storage Tanmk

Type Cylindrical
Volume, cu f& 7,200
Elavation, ft 100

Matarial of Consctruccicm Carbon Scael

4.,4.2.1 Capital Requirsmencg-——

The capical coscs for an absorber/stripper dasigned to handle the entirs
digcharge from a reactor, in the 3,000 to 40,000 gallonm range, may be esti-~
mated using the cost factors shown in Table 4=10. An example is given for a
10,000 gallon raactor case.

4.4.2.2 QOveraring, Maintanance, and Energy Costs——

Operating costs for the absorption system are minimal since the systam
is normally not in usa. An operator ou each shife should be respousibla for
kaaping the systam operaticnal at all times.

" The absorption and stripping equipmant should be provided with a con-
tinuous purge of inert gas (such as nitrogen). The operabilicy of the pump,
controls and instrumentation should be damonscrated periodically.

Energy costs for the absorption stripﬁing system are small., The ;ain
energy usas are pumping the vich, V&M laden, solvent through the solvene
stripper and into the lean solvent storage tank; and the scteam and cooling
watar required to scrip the solvent co VCM in the stripper.

Scheduled maintanance inspections and necassary roucine msintenancs
on the operating equipment should he performed. Inspection and repair of
inserumentation and control devices should also be performed on a regular
basis.




TASLE 4=-10. CAPITAL COST FACTORS FOR SOLVENT A3SCRPTZON

CONTAIMMENT SYSTEM (Dacambar 1979 Jollars)

Cose Tactor *

Sxampla Cosc fer
12,000 zal

$/1000 zal Taaccor Syscam
Equirmant
A1 Absorbars $ 43,900 V.7 $ 220,000
A Seripoer 20,800 V-7 104,300
Ay Auxiliary Tassals 25,500 V3 101,400
(Storage tanks, pumps,
GOmMPTAS30TS)
s Total Installed Zquipment (A1, Az, A3) 428,700
3 Piping 34,200 V! 136,200
¢ Inscrumencacion and Safecy 25,400 V! 32,000
D 3ulldings and Sita

Developsant 28,400 v-* 71,400
2 Total Concaisment Systam Sy, 3, C, D) 665,300
Ty Xaock=Out Syscam Tabla 4-% 321,000
F2 Header ZIxcansion® 150,000 LV 600,000
G Tocal Physical Caose (2, F1, F2) 2,086,300
d; Engineeriiag and Constmuatisa 32 6 448,300
g2 Cantingency aud Fee 202 G 417,300
33 Indeial EDC Charge 6,920 v 49,200
I Tatal Syscem Cose 2¢G, 31, 3z, Z1) $3,261,300
43,300,000

*7 = Raactar Volums exprassed ia 1000 zallous

wwl » Hgadar axtansicn langzh, 1000 Zfaec.




The annualized operacing coscs for an absorption system may be escimaced
as showa in Table 4-11. ’ -

The major expense of capital charges and the low expectation of VO
quantity recoversd makes the containment of major discharges by absorption
uneconomic and not cost affective.

4.4.3 Adsorvrtion System Capital, Operating, and Energy Costs

A carbon adsorption system can bhe used to countain rsactor major ralaases.
The system should be able to recovar almost all of che VO released and raducas
the VO concentration in the gas emission sctream €o accaptable levels.

A schematic flow diagram for a carbon adsorption systam is showh in
Figure 4=11. A cypical four-bed vertical carbon adsorption unit is dnpi:EQd
in Figure 4=-12, The piping and valving should be designed to be fail-safe
and pttcludcd the craation of an explosive mixture at any point iag the
systam,

The cperation of the knock=out vessel is described in Seccionm 4.3.2.
The discharze from sach knock-out vassael should be piped dirsctly to the
inlec manifold of the carbon adsorption syscem and also, to che plant's
noral VOM vapor recovery system during routine oparations.

4.4,3.1 Capital Requirsmentg—-

The carbon adsorption syscam should be designed to handle che eatire
discharge of VCM from the plant's largest reactor. Assuming an inieial
charge of 4150 gallons of VCM and 5820 gallons of H;0 to a 10,000 galloo
raactor, cthe specificacions are:
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TABLZ 4=1l, ANNUAL QPTRATING COST TACTORS FOR SOLVENT ABSORSER
CONTAIMENT 3SYSTZM (Decembaer 1979 Dollars)

Lovescoausi = $3,300,000 = T

Zxampla Cost Sor

Engrz. FTactor® 10,000 zal
Iram §/7%/1000 zal Raaczar Rwactor Syscam
Cpeazatizg § aiscanancs ,
i Labor & Suparrision $ 43,300 V.0 5 37,700
3 Supplias § Chemicals 3,350 vé.¢ 13,300
Teilicias
o Powar 3640 ¢ 5,400
] Steam 230V 800
z Caoliag Watar 4 v 400
F Nisrogan Pungs 5Q v 2,500
G Total Ueilicias ¢, 23,8, D 9,100 °
: Tocal O & ¥ > (1, 3,0) 30,100
J Insurancs & Taxas 2zt 86,000
X Capital Charge 202 1 860,200
L Total anmual Coscs 2 (4, 1, K 306,100
¥ Crediz for Racyeled VCY ' 2,000 7 (20,000)
(6480 gal)
X Total Yet Oparacing (L=) § 786,100/yr
Casc

A7 = Fgactsr Volume iz 1000 gzals.

mirem icam L, Tabla 4-10.
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Type 4 bed vertical absorber

Numbaer 8 . .
Heighe, ft 33
Diameter, £t 10
Bad area, sq ft 314

The carbon adsorption system should be designed with an igert gas (such
as nitrogen) purge system. A procadure is needed to periodically demomscrace
tha operability of the systam.

The capical costs may be estimaced using the engineering factors pre=-
sented in Table 4-12. -

4.4,3,2 Qverating, Maincenance, and Energy Costs—-

Operacing costs for the carbon adsorption system are minimal since the
system is normally not in use. An operator on each shift should be ra2spon~
sible for keeping the system oparational at all times.

Energy requirements are oainly for cooling the carbon beds, supplying
and condensing steam during regenaration, heating the drying aitzogem, and
operating the N; blowsr after regemeration.

Scheduled maintenance inspections of the carbon adsorption systcem should
be performed. Mzincsnance and repair of all operating equipmant, inscrumen-
tation, and control devices should also he parformad omn a regular basis.

The amnual operacing costs are estimaced as shown in Table 4-13. The
najor expensa of capital charges and the low expectation of T4 quanticy
recovered makas the contaimment of major discharges by adsorptionm unecomomic

and not cost affeccive.
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TABLE 4~12. CAPITAL COST FACTORS FOR CARBON ADSORZER CONTAINMENT
SYSTEM (Dacember 1979 Dollars) .
Cost Factor#* Cast of Systam
$/1000 gal for Vv = 10
Equipment
Ay Absorbers $ 126,180 Vo7 $ 632,200
Az Auxiliary Vessels 100,400 ¥-° 400,000
(compressor, coudensars, ecc.)
As Total Installed Equipmenc 2(Ay + Az) 1,032,200
B Piping (Vapor handling manifold, 126,400 V¢ 503,400
tecovary, utility)

c Iastrumanc and Safacy 67,800 v+} 85,400
D  Buildings & Site Development 77,700 V< 195,100
E Total Containment Equipment ¥(A;, 3, ¢, D) 1,816,100
F1 FKoock-Out Systam Table 4-~6 821,000
F; Header Extension®* 150,000 LV.* 600,000
G Total Physical Cost S(E, Fy, F3) 3,237,100

H, Engineering and Comstruction (33%) 3z G 1,073,000_
H; Concingency and Fes (20%Z) 208 G 650,400
Hy Initial Carbon Charge 33,800 v 338,000
1 Tocal Systam Cost Z(G, Bl’ H2, Hi) $5,298,500

Say $35,300,000

*7 = Rsactor Voluma in 1000 gallons.
*%L, = Headar excension langth, 1000 feec.
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TABLE 4-13. ANNUAL QPERATING CQOST FACTORS FOR CARBON ADSORPTION
CONTAINMENT SYSTEM (December 1979 Dollars)

Invastxent ** = 55,300,000 = T

Engrg. Factor® Cost of System
$/yr/1000 gal Reactor . for V=10

Operating & Maincenance
Labor & Supervisioca $ 8,300 V! $ 10,500
Supplias, Chemicals : 13,100 v°.¢ 52,100

Utilicias
Powar (37,500 kWh @ 4¢) -300V 3,000
Sceam 630 v 6,300
Cooling Watar 4 v 400
Nitrogen 200V 2,000

Total Utilities s(, o, E, F) 11,700
Tocal 0 & M Z (A, B, G) 74,300

Insurance and Taxes (@ 22 of 221 106,000
Invescment) :

Capiral Charges (@ 20Z of 1,060,000
lavestment)

Total Annual Costs 3 (2,1, K 1,240,300

Credis for Recycled VCM : 2,000V ~ (20,000)
(6,480 gals)

Total Nat Annual Operacing (L-M) $1,220,300/yT
Cost

*7 = Raactor Volume in 1000 gallons.

**From icam I, Table 4-12.
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SECTION 5
REACTOR QPENING EMISSIONS

5.1 VARIABLES AF7ECTING EMISSIONS

40 CFR 61 § 61.64(a)(2) provides that the reactor opening loss (ROL) from
each rsactor opened is not to axceed 0.02 g VCM/Kg FVC produced. The raac-
tors are opsunad for mzaintenanca and to remove degraded polymer which would
otherwise contaminate product and interfers with heat cransfar to cooling
watar in the rasctor shell. At the end of each polymerization cycle, thae
reactor is vented o a gas holder and the polymar slurry is transferred from
the resactor. Another batch may then ba sctarted after flushing and treatdintg
or the reactor may be opened. The major variable affeccinrg reactor opening
loss is the number of batches, mun batween openings.

When a reactor is to be opened, hot water is added, the jackat is heazed
and the reactor is avacuaced. The VCM vapor ramainiag in cthe reactor after
vanting to the gas holder and dumping of the slurry is quickly purged by che
stesam produced from the boiling water under evacuarion conditions. The VO
trapped in the polymer particlss, hovaver, diffuses slowly inco che watar.
Diffusion race of the VM out of the polymer depends on the tamperaturs aand
the type of polymar involvad (Ses Section 7.2)., The temperature of the water
and polymar in the reactor depends oo the prassure (vacium) and the jackazg
Camperzture. 4 very high facket tamperacure may result in furcher degradacion
of the polymer malking it mors difficyle to remove after the reactor is opened.
Sufficienc heating is nesded to maincain & good boiling race so that the VCM
is strippad from che water.
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gigher tamperatures incraage the dififusiowm raza of VCM iaca the warcar
bue cha amounc and che characraristics of cha polyu;-: adharing to the wa.l.’.a
ars bech umprediceabla. A lew pressurs will allow boiliag ¢f zhe wazar at
low camperacuze Huc tesults ia slow dilfusion of VCM frim che polymar.
Alcarnataly, a1 raducsd teating vace will produce lizcla scrippiag stcaam and
will allow VCM ta remain in the wacer shasa of che rasctor unless i very long
tize i3 gpentc at che low boiling raca. Tha bBoiling ousc e concizcad uancil
tha V4 contant of the polymer and watar 13 reduced co che ax:tsnc zhact when
the reactor i3 coolad dovn for engey, the VO rmmainisg in che vapor spacs
will be below the allowable limic,

Tae race of diffusicn of VQM fzrom polymer dapends so mich ou polymer
characeariscics thac only fiald cescing cian escablish che cm-canpqam:n-
Pressure~heas Taca taquirad to aghiave the allowable limits on Teaczor open=
ing emissious. any £ield casts at various Camperarurss ind heat Tacas ire
aasdad sinca the amounst and charactariscics of polymer remaini=mg ia che vessel
varias from bacch co hasch., A porzabla flame lomization datacsor or achar
analyzar 2ay be insertad through a small zozzla or samples »ay be cakan co
datarming the YOI contant of che vapor spaca in tie reactor. These fiald
tasts should be 2ade for each formulacion and rspeacad ac lz2ast sassonably
t¢ updazs tha daca. The ragulaticns requirs periodic reports 3f the acsual
0L emissions axperisnced in operation 30 these Taisuradtents Tust e Zads.

3.2 FROBLIMS ZNCOUNTZRED

T7pical problems encountarad ars fa2abilisy Co aghiavs tha teeded heacing
of the vater i3 che reactor and Zfallurs =9 achiave :ha zesded svacuatcion
prassure.

Touling of hasc excihangars and reactor jackac walls ara the zajor ciusas
of izadaquaca heacing which reducss boch the diffugiom of TQM Irom the rolymer
and the strippisg of TQL Izom the watar. Thass condizions zasul: ITom izsulli~
alant radundancey ind naiantanance of Zeat axchangs and vacuus aquirmenc,
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Companies have reported problems iz maintaining efficient vacuum pump
operations which ware solved ia one instance whnn‘maintanance persannni
received special training from manufacturers represencacives. The VCM venc
service for vacuum pumpe i3 a particularly difficult one since a corrosion
potential and polymer particles exist in chis system. Adequate redundancy
is necessary to permic the needed ovarhauls wirhout afieccing the vacuum
available for che needad time-tamperature-pressurs-heatc race required to
achieve allowable ROL emissions.

Heat exchanger fouling and or steam supply problems are normal experi-
encas in any chemical plant. Thare \aﬂ usually predictable and corrective
aczions that can be takean to pravent this incerference with operations by
propaer planning, maincsnance, and operations scheduling. Reactor jacket
fouling does occur unexpectedly in soma cases but this effect is detectable
and can be handled wich altarnate opearating procedurss to ensure the neaded
time-tamperature-pressure—-heat rate doas occur in the reactor.

5.3 ALTERNATES FOR MEETING ALLOWABLE BOL

Since a major variable i{iavolved in compuring ROL emissions iz the amount
of PVC made, a technique which allows several batches to be producad baefore
the Tesctor is opaned will minimize the amounc of reactor purging requirad.
"Closed Cleaning” cechnology such as high pressurs sprays and solvent cleaning
is used by some FVC producers. Other producers have developed special formu-
lations which give little or no wall deposits. Some manufacturars have
developed raagents which condition the surfaces of the reactor walls so that
polyumar doas not adhare to the surfaces. Many pacants cover spacial
chemicals and nozzle dasigns for these purposes and some of these are avail-
able for license. Although, depending on the techaique involved, thess may
be quite costly in terms of additional equipment needed as well as licanse
feas, chey have ocher advantages which maka thes mors valuable than just )
achieveing zthe allowable ROL. The turmaround time will umdoubtaedly ba reduced
giving addicional production and che labor for manual cleaning operations will
also be lovar.
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A procaduras rsportad 5or suspensicm resizn reacsor claaniag usad 4900
ta 5000 psi wacer in an ZBL watar jet claaning systam wiih the wacar jci
collar fircad dizeczly Lato the reactor Iuanway. This aquipmant alloved 25
to 30 bactchiss oo Ye run batwvesn raactar openings instead of ovening Lecwesn
agch bacek., An {dantical gystam for disparsion resin reactors allcwad 3 2o
15 Sagcchas becveen opacizgs. Wich soma davelopment axpecnsa a spray system
of zhe type could Se daveloped by any 7YC producer. Thae ZRC tachaology was
daveloped by Goodrich and is undoubcadly available for licensiag.

A solvent claaning procass was developed by Alr Products and Chemicals,
lae, ucilizing Di-mechylforzamide (DMF) as the solvent. The redczor is filled
‘with solvent undar i inezt atuesphers and the reactor i3 Heatad and stizvad
while a small coneinuous flow of solvent overilows che rasctor zop,. ‘u:u
sufficiane vine elapses, che solvent is cransfarTed to storage and che rdéaccor
is rinsad saveral tioes with wacer. The reactor is chen ready Enr.m:hdﬁr
polymarizacion cycla. Solvent ragensracion includes precijyizacion of solids,
cangrifugiag co vamove solids and discillacion co purify the solvanc. This
procass is pacmnced and probably avallable for licanss. Ocher solvenzs aras
usazbla for cleaning che rsacsor. If the 7VC plaut is asscciacad wich a VA
planc, dichlaorcachane would Ye an obvicus cholce since solvenc recovery
aquipmant would bYe alrsady iz place. If a spant solveat was useabls as raw
zacarial for scme ochar adjoining operation or had a raady zarikac, che
aconcmics of purificacion could be affectad favorably.

A Shin-Zstu hrochure indicacas use of dpecial tachniquas whizh prevant
tha accumalation of deposiss onm rasctor walls, elizinaging the zeed Zor zea
ts antar the resctor for claaning. 3. F. Goodrigh Company also repor=:s ke
use of a chemical solutigm which is sprayed on the raaccor walls aftsr vatar "
#lushing the zsacsor. This creacmeat afcar aach daseh of polymer has allowved
aors chan 50 batches co be ade before openizg tche raactor. 3ech cha Shin-
2atu and Goodrich processes appear o be availadle for licensa.
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The patant licarature indicites several special formulations consisting
of dispersancs, catalysts, and additives winich minimize wall depoaits &uring
PVC rsactor operacion. The majoricy of thase are based on ralacively small
scale casts so their applicabilicy to commercial use may be questionabla.

The ultimata means of ansuring that the ROL limicacions are nec i3 co
analyze the vapor space for VCM and compute the rasults in tarms of g VQ4/Kg
PVC. If the figure is higher than the R0L allowabls, purging should be
continued until che resulcs show that the reaccor can ba legally openad.

There should be relacively few cases (< 3X) if tha cima-temperaturs-pressure-
"heat rate coudicions are fulfillad. If axcessive numbers of cases raquiring
continuarion of the purging occurs, a new sat of fiald rests should be carried
out to reastablish che requirements for maeting the ROL allowablaa.
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SECTION 6

FUGTTIVE EMISSIONS

Sections L through 6§ of 40 CFR 61.65(b) ara the itams designaced for
consideracion ia this project. These items cover fugitive emissions Zfrom
loading~-unloading linas, slip-gauges, seals on punps, comprassors, and
agitators, velisf valve-rupture disc systams, manual vencing of esquipment
and equipment cpenings. A review was made of the regulactions themselves and
of the material presented in Volumes 1 and 2 of che Standard Support and
Eavironmental Impact Statamsncs: Promulgated Emission Standard for. Vimyl
Chloride and other literature. -

6.1 LOADING-UNLOADING LINES

The regulations require chat VCM concenc of lines ¢o be openad will bae
Teduced to lass than .0038 m® (0.13 f£t’) ac standard temperacurs and pressure
and that the VCQf ramoved by this operacion be ducted through a control systam
from which the vent contains lass than 10 ppm VOM or that use of aquipment
and/or procedures which have been demomstraced to be equivalent in cerms of
raducing VQM emissions to the acmosphere ba proposed in writing co the
adminiscrator and he approves the proposal.

In the ususl case of transferzing VOM from cank cars to scorage, at
completion the tank car is evacuacad to remove all che VO by vaperization.
Undar thase condizions the line will concain only VO vapors. Whea liquid
VQM is being cransfarved to tank cars or ocher storage vessals, the lines
are ganarally blocked at the vessals and che liquid preseant is allowed co
vaporize inte a gasholder.




Zither a watar displacament or 2 vacuum 3systam 33n bHe providad for the

loadiag-unlcadiag lizes. Vacuum pumps can provida ‘adnquanaly low prassuca
neeadad o achiave the allowable VCI semainiang ia chae lines. The gases dis-
placad and the vacuuz pump dischargs oust encar 3 VO recgvery syscam which
dchiaves thae < 10 pem VCM contant of the vazmg, and operacing procedurss zuse
spacify cha usa of vacuum oparacion or wacer flush ac aach tine the lizes
ara opaned.

§.2 SLIZ-GAUGES

Thers are 0o iown cases in which slip-gauges ars used. Most zauges
azs a saalad cype (magpetic) and do nac have any VCM laakage. This iy cone
sidarad co be a satisfactory alzar=ate co a connaeccion ta a VCM recovary
gyscam, wiaich Just be usad wizh any slip-gauge. The zagmeric gauges are - o
considarably lass costly than vencing syscams.

6.3 SZALS ON UMPS, CCMPRESSORS, AND AGITAIORS

The ragulacions raquizs thac VO amissions fzom pumps, couprassers, acnd
agizacors be nizimized by installing seal-less aquipmenc, or by using doubla
zachanical seals with aichar a seal 2luid, at pressurs such chaz che lazkage
will bae seal fluld inco che equipmenc, or by collacting and ducstiag any VO saal
laakage cthrough a control systam from which chae V€4 in the sxhaust Zis is
lass chan 10 ppm or equivalens, or by using demonstraced aquijmant and praca=~
dures wuich ars approved by the adminiscracor.

The znost saveara sarvica for sails on rotasing aquijmenc is the agitacor
saals on FVC rTesctors. Saveral planes indicated use of a doubla seal wich
£luid pressurized £o ansurs seal fluid laakage 1323 zhe vessel for agizacors,
Soms plases also use sinilar double seal systams on JuZps and camprasscrs.

A Contizental QLl Company artiala indi{cacad use of canned or zagnetiz drive
Jumps. 4 Dow Chemical Company prasentation indicaced soma succass iz usa of
a seal-less "ToncTo” jump in iacarmizzant TCM sarvics handliag V.




8.4 RELIEY VALVE - RUPTURE DISC SYSTEMS

It i3 standard practice for rupture discs to ba inscallad on all raliaef
valves in VO service as required by che regulations. Routine daintenagce
procaduras are nesdad and a continuing program of studias of zatcerials of
construction and supplier review are worthwhile.

8.4.1 Ganeral

The primary purpose for inscalling a rupturs disc is to ensura that the
prassure reliaf valve iascalled just downstream of ic will funcciom properly
in case of an overpressurizaciocn. The rupturs disc (RD) servas ta isolate
the ralief valva (RV) from the environment of the vessel and thareby prevent
corrosion and fouling of the RV, .

&
3ecause vinyl chloride monomer (VCM) is boch toxic and flammable it is
highly desirable that che flow of material from the reliaf system be stopped

as quickly as possible after a safe working prassure has been actained
fallowing a rulease, This shuc-off {3 provided by the V.

A significant pocential problem is chat the RV will net fully reseat
because enctrained solids or 'a piacs of the XD may be lodged in the valv .
This sictuation may be resolved in one or more ways.

1. Open a valve to a parallal RD/RV and block in the malufnctioning
valve.

2. Pump out the remaining vessal contants as quickly as possible Co
a holding tank.

3. Eslsase vapor %o the normal vapor racovery systam.
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Swsmacurs Tailura of uscuras Discs

Another fotantial sroblam, but small and easily rasolved, is the sra=
zature failurs 9f rupture discs. ‘Whez chis occurs i3 doas a0t dormally ressulc
iz che ralaase of VC Lif che RV is well seatad. It i3 2 naccar of loss ia
praducsion, LI aay, duriag the cize cha vessel i3 cut of serrice for zaplace~
2ent of che XD and claaning and izmspection of che V. Whather cha pramacuras
failure of V'3 L3 the resulc af corzosion or improper fabrication and zagting
procadurss by the nanufacturar is seill opan co quastion,

In some FVC plants thars 13 no known problam of pramacurs failuzre of

'I's dum ta corwesiom or unaxplained rezsons wharsas ia ocher plants it has
besn a teal problem and use of taflom coacad discs and/or special saintanance
procadurass have Seen ascablished co zmsolve iz. l -

It is conceivable that the rsason soua TVC plancs are axperiencing
problems and ochers nog is thac che Zabrication and/or inspeccion procaduras
ara iradequaza. It would bae rasasonabla for these 77C producers oo discuss
this with cheir XD suppliers, and/or sask new suppliars ia ordar to ainimize
saintapancs costcs.

Iz eme plant, aftar axparisncing some problams a faw yvears ago, thay
swicched co other suppliers and zow chtain over one 7ear life with uncoacad,
stainless staeal 3D's. %Yhen the AT is pulled for its annual shop inspececion,
tha 0 i3 clsaced and izspactad and thcg raturiad co sarvice. They do a0t
axpariance any 3D failura witk chis approach.

Iz some plants, che RD's ara replaced quartarly co ainimize chancas of
prezature failure. Taflou coacad disc ara usad iz corTosive serviza, bug is
is aot known whather chis includes =he reaceor 's. This approach is accape-
ablas, but i =ighc be 39ze costly than i3 Teally necessary.
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6.5 MANUAL VENTING OF ZQUIFPMENT AND ZQUIZMENT QPENING

The Tagulacions raquire manual venting of equipmenc with the VCM being
ductad through a control systam from which the axhaust gas is leass thag 10 ppm.
It i3 also raquired that rasidual VO vapor in the aquipment %o be openaed is
lags chan 2.0 perceznt by voluma at standard temperature and prassure. The
standard practice is deprassuricg the aquipment through a VOM recovery syscam
of adequate performanca followed by use of sceam sweep to ramove razaining
VCM vapors to the recovery systam before opening any vessel in VO servica
acther than raactors. This procedurs can meat 2ll ragulicory requirements.
Reactor opeaning procsduras are described in Sectionm 5.




SECTION 7
DEGASSING TECENIQUES

When a suspension or emulsion viayl chloride polymerizacion raaccion
reaches the desired conversion, a water/polymer slurry containing between
5% and 25X unrsacted VCY ramains. The reactor is then ventad o near
atmospheric pressure so that the liquid monomar volatizes into a VCM recovery
or destruction systam. The remaining monomar constituting approximataly
Q.12 by weight of the slurry or 1-3Z of the devatered rasin, is either dis-~
solved in the wacar phase of the batch or trapped within the polymawy parz=
ticles themselves. This residual wonomer must be captured for reuse or
destzoyed in order to meet EPA ragulations. If a polymar scripping process
is used and residual VO (RVCM) contents of 400 ppm in suspension rasin and
2000 ppmt in dispersion rasin are achievad, only che stripper veat must be
connactad into the VCM recovery or destruction system. If the polymer is not
stripped to these levals, rsgulations require all subsequent polymer handling
vants to be connectad into this systea.

Suspension resin slurry is usually dumped to a hold tank for processing
in a concinuous stTipper. Dispersion resin slurry is either vacuum stripped
in the reactor or transfarrad to a special stripping vaessal. After strippizng,
the PVC slurry must be dewatared and dried for furcher processing.

7.1 FROCESS DESCRIPTION

Vinyl chloride moucmer is usually removed from the reaction slurry by
eithar vacuum stripping in che rsactor or staam stTipping in a separace

stripping vessal. Suspension PVC resins are frequently procsssed in con=
sinuous operacing stasm stripping columms while emulsion (dispersion) rasins




Tust usually Le procassad Dacciwise undar vacuum beciusa of zha sansizivisy
of thase vesing <0 2xceasive heaciag. laerc-gas sﬁa:ziag can e ugad .‘.:':
2lice of staam vhars dilution of zhe amulsion 3usc be aveided. Iz addiciom,
degassing 2ay he accomplished using propriatary scoipping devices such as
che agizated thin-fila evapsorazor or the PaTksen strippar. These are dis-
similar short-residance~cile devicaes which aTe incrinsically adapcabla o3
cautinuous praIcassing. Monomar recaversd 13 comprassed and condensed Zor
reusa.

Batchwise flashing of a IVC reaction slurzy has thrae basic steps:
(1) vent cthe VCM to cthe racovery systam until the resction pressurs is
approxizacaly acwospheric; (2) heat the bacch to 20 £3 25°C above the poly-
2wrization Camperacurs; and (3) evacuate the reactor to an absoluce JTessure
of approxizataly 400 zmHg. The rsaccor or scxipping vessael is held ar chae
tamparatere and reduced prassure for 3 specifiied tize 20 achiave du:l.:ud.f%’
degasaing., The slurry azxy be sparged with ateam or inart gas while heat is
siaultanequaly applisd by cizculacing hot wacar through chae heating jackac.

3 ¥ Goaedrich has developed a contizucus slusyy strigping syscam which .
i3 wvidaly usad i3 che procassing of suspension Z7C zasias. Thuls procass
urilizas a prassurized scTipping column fead cagk o ralaase excass VG and
te form a transition fzom che bacech reactor 2o the contismugus scIippiag
coluzm., The hot sluzty is pumped from the feed cank co che ssripping olumm
ctharough a small vaper-liquid saparator. The liquid slurty ancars che zop of
1 coOumtaAr-cuITant sgaam scTipping column and the vapor scTeams from che fesd
cank separator and columnm are sant o the TQM recovery systaam.

ismoval of rasidual zonomar which is cxapped withis zhe polyzmer particlas
is & zass-tTanafar lindcing process wilch beccmes asre diffigule wich is-
creaning viseasisy. The wiped~-filzs or agitatad thisz-fila evaporitor is a
sropriacary scTipping davice which raportadly axidibiss di2lusivicies of
of 1000 eo 10,000 tizas iTsacar chan cthose for siapls aolacular diifusion

and can be usad =9 process sluzTias for which chae viscasity of che 2iztura




ranges from 1000 to 100,000 cp. Iz this umit, heat is transfarred through a
natallic wall ¢o a chin film of liquid. A machanical agitator discribuces
the liquid avenly over tha heat-tTansfear surface. Disadvantages of this
davice are: design cricaria limits heat transfar area of each unie, oore
zaintenance is raquirsd than for a2 non-mechanical device, and foaming problems
zay oceur.

The patantad Parkson device is a con-mechanical, place—type, dispersad-
flow contactor. The latax is dispersed into a controlled, high velocicy
stream of sceam and the tuull:lns two phase flow passes turbulently chrough a
plage=cype actripper. The stripped latax chen discharges into a cyclone
separator-usually operatad under vacuum~vhere the latex is disangaged from
the vapor. Multistage units oay ba usad to achiave desired residual  zoocomar
lavel. This unit is applicable £o foamy, heat-sensitive or viscous products.
Its advantages are: complete absencs of foam, lack of moving parcs, low-
holdup, low residance time, raduced surfacs fouling, and reducad coagulum
formagion. The main disadvancage is chat the plate design permics only a
limited capacity range. Also, max{mnm dasiin pressurs cannot normally ex-
ceed 8500 mmEg. Typical producticn racee range from 80 to 250 a'/hr and
fluids with viscosities as high as 30,000 cp can be processed.

7.2 THEORY OF STRIPPING PROCESS

The unreactsd vinyl chlorida in PFVC reactionm slurry is prasanc in threse
forme: (1) as & separacs liquid VCM phase, (1) dissolvaed in the watar phasa,
and (3) trapped within the PVC particles. The immiscible liquid VCY vapor~
izas wvhen the reactor is ventad to the recovery systam at approxizataly
atmospheric prassurs. The moncmer remsining in the watar and in the polymsr
particles must be stripped from tha slurTy.

Ramoval of the VCM which is dissolved in the water is a simple binary
distillacion problem. Tha watar entaring the towar is saturacad with 7CM,
thus, the VCM concentration will be in the rasge of 0.13%2 VCM at 50°C and




atzospharic prassuse %o 0.03% 7CM ac 30°C aad 100 amg. This separacion 2ay
e accomplished with aase bDecause z2a vapor prassufe of 7€M Ls much grascer
than chat of wacar; chs relacive volacilicy of VQM 20 ;0 is Secwesn 25 and
100. Iz addiciom, chesa Two compenants form a mdpimme-nolling zzsocTope
vaick Zoes overhaad with che wacar vapor and, chus, anhances the removal.,

The zonomar which ls cTapped within the polymer parsiclas i3 such zors
difficult o vamove. This process is lixitad Hy zass-cransfar within che
polynez which takss placs by simpla Fickian diffusiom plus cslazation-
¢controllad swalling. VOM migrarion occurs by jumps hHecween holes i the
solymer struccuras with a diffusivicy of 2 x 10 ' cm?/s = 50% ac 30°C iz hoeh
suspansicn and emulsion resing. Tha diffusivicy is a2 st@ong funcsionm of
':mcn:urn but is fairly insensizive to the molacular weighc of the polymer,
Ic varies from 2 x 10 ¢ ea?/s ac 90°C sa 1.3 x 107 % c2?/s ac 25°C (Rafér-
co Figurs 7-1). Tiae rata~contzolliag dizensica is tha siza of che prizary
polymer particlas, rachar chan the overall dismecar. Tius, zazoval is {m= _
praved {I chae jolymer zrains ars sasll and perous, but is ratarded by che
prasencs of zon~-porzus, glassy particlas. AL higher camperacuras ches rezoval
rata is iaproved ramarkably by che onset of "psaudo-zoiling', or cuclearics.
of a high liguid/vapor incarfacs. This occurs ag apvroximacaly 95°C under
acmospharic comdicicus iod ac 70°C iz vacuum scrippizg with scaam. Vary rapid
ramoval of aouomar cant cause a zariad increase in rasia porosicy becausae cha
axpansion of T puss swelliang scress on the polymer stxucture.

7.3 STRIOPLNG IQUIFMENT AND COSTS

As discussed {3 zhe pravicus sactions, TQ{ can Y& stzizpad fzom TVC
reaction slurTy by a variacy of diffsrsnt tachimiques. Soms resins ars nors
difficnle o strip than others dus 0 low jorosiszy and/or heatc semsicivicy.
Specizl »recautions Just be caksn i{n handlizng amulsion vasizs Secausa telactive
instabllisy caused by aeat or work ispuss can form coagulum and foul aquismams
lines. Immulsiou rasins ara usuzlly scoipped withlia tha Taac=ar or iz separata
watch 2lash canks whila suspension Tesias 33y e stripned canciaucusly.
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Filgure 7-1. OBiffusivicy of VCH In PVC as a functlon of temperature.




Flash taoks are dcrtaally verzical vessals wnich are at laasc 30% larger
than the ceaccor. Tals faciliracas diacharze ¢f che viscous oT alum-c:fp-
Teacziocn products and halps raducs Joaming ac the vapor cuclat. Cna cank
1ay 2e used for several raactor bHatches and staialess scael coustruccion is
usually sacisfaccory. A vacuum syscam suictable for Zasis stripping in a
90 M kg/yv plang, capabla of pullisg 700 muHg vacuum and compressiag co
4600 mmig, can de purchased for $230,000 co $315,000. Izgerallad cost, imelud-
ing condensar vill amoune co approximacely $1,0%50,000. The powar aund cooling
waAter requitemsncs for chis unic ars 30 kah/hr and 3 a'/ur, cespectively.

Suspensicn resins cian be stTipped 13 continucus, zulti-scage, scagm
stTipping colummns. Many companies ucilize a coniigurazism devaloped by 3 2
Goodrica (Sam Tizuza 7-1). %When the polymerizacion Taaccion is cml'n:l, che
batch is cransferTed Zo a pressurized scripping column feed tamk. The sluzzy
is then pumped coutisually through a small vapor=liquid saparator and iazs
cha scrippiag columm. The vapor leaving the cop of the columm passes chzough
a4 condenser inco a second vapor~-liguid sspazacor. The liquid from the
saparactor is veturned £ che columm whils tha vapor is piped 2o che 7CY
Tacavery or dastIustion syscam. This system reduces VY La che ZVC slurty.
t3 & lavel so thaz cthe dxiad Zinished product resin concains less 2han 1 pm
VC{ (dry rasio basis) and can be desigmed o handle porsus or zom-~porous
slursy faed wich IVCM concant ranging frem 5,000 to 200,000 ppm.

Table 7-1 and Tahle 7-7 show the parcancage increasa in planc capical
raquized to achiave particular lavels of rasidual souomer iz the sctripped
sluzTy Sor suspension and dispersion rasizs, Tespectively. Ia addizion, che
sercautage iacrsase in product price Tequized £o maizmtain the pre-concral
ratury og investuaus is given for asch case.

Tor suspausion Tesiz, an overall canZzol affigiency of 95% can ba
achisved iz Two vays. Casa i iavolves stTipping cha Teacsion slurzr =3 400
Jpm RVCY. and reusizng ke sonomer, while Case 3 usilizas collactice aad
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TAZLE 7-1. SUSZENSION RESIN RASSIDUAL YCHMCMER CONTROL CIST IICRLLSES
63 XM IG/TIAR ITANT ’

% lncreasa Casa A Casa 3
?lant Capical 19 27
Froducs Prizs 3.3 21.9

(hasa prica: 24¢/1B)

Raf: A-l

TASLE 7-2. DISFERSION RUWLWSIN RESTOUAL MONCMER COMIROL COST TNCREASES.

% IscTesss alc 3 Ale 2-A Ale 2.3

14 3 kz/7v Plane
Plant Capiltal 1s. 21. 33,
?roduct Price 1. 17. 52.9

45 WM kg['ﬂ.‘ Flacve
2lant Capital 9. 14. 34,
Produce Price ' 6.2 10.4 40.5

(base prica: 34Z/lb)
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incineration of che vent gases from the centrifuges, driers, ate. Typilcal
gew and existing suspension process PVC plants ara judged able to afiord
Case A, but not Case B.

Two plant sizaes wars considered {n assassmant of control costs for
dispersion resin production. For both a 14 MM kg/yr planc and a 45 MM kg/yr
plant chree alcernacives wara avaluatad. Alcarnative 1 involvas stripping
the reaction reasin to 30,000 ppm, at ao ovarall comcrol afficiency of 3521.

Case A and B for Alcarnative II correspond, raspectively, to improved
scripping co 2,000 ppm and incineragion. From Table 7-2, it is judged thac
Alcernative 1 should not ba a decerrent for new or existing dispersion resino
plants and that Alternative 2-A should be realizable for plants with capacity

greater chan 45 MM kg/hr. Alternative 2-B was couosidered to be a sericus
decarrant for all sizas of amulsion resin plancs. .
:
Following scripping, polymar is blanded, pumped £o cancrifuges for-
partial dewatering and dried in either cocurrent rotary kila driers or fluid
bed driers. In most cases, by the complaetion of processing, or shorzly
thareafoay, flaxible PVC resins are essaencially freea of VOM but nocnomer
stzipping of rigid or non=porous rasins is far slower. However, it is nov
possible for all manufaccurears to reach 10 ppm maximum residual VCM in all
finished rasins and 208t are doing so. One ppam residual is routine for soma

grades produced by particular manufactursrs.
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Calculation Procedurs and
Computar Program for Reactor
and Venting Dynamics
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Caleulation Procadura:

The govaerning equations ara as follows:

Qrifice Flow Egquations
Qj - 80 C uwy A4 f;;::;;;‘
My

} = phase (liquid water, liquid VCM, or gas)
Qj flow in 1b mola/min

A.J effective area for the flow of phasa j
8. gravitational constant

AP = pressure drop across orifice
oj densicy of phase }

c orifice coefficient = (.61
*j = expansion coafficieft for phasa j wj-l.O-O.BSAP for gas
MWB = molecular weight of phase § *

szl.o for liquids

Heat Liberated across Orifice for Flash

HRal - :Q'L (Hi - H:f.,«:m.:) (2

i - component (liquid water, liquid VCM, gaseous water,
and gasaous VCM)

HQ.1 = heat liberated to flash water and VCM in Btu/min

H,, H = agnthalpy of component 1 at orifice inlet

L and exic, respectively

1,o0ut

In addizion,
Hpel ™ Py, m,0 %8y, #,0 * Fv, v %y, ven
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T s Fep e = quanticy of %;0 and VO whish £lashes
7, B Q' TV, v aczoss valve, Zespecctively, g

’

A kY = enthalpy of vapeorization of #;0
Hv‘ 240, Hv' V™ ind VCM, respectivaly.

and, ginca liquid VC i3 immiscibla wizh 1i auid watar,

(&)

YV, YW = molar fractions of VO and H,0 iz gas phase ac
che orifica curlat

Pg, PX = vapor prassures of VCM and ¥,0, rcsuqc:*vuly,,
at cthe orifice outlac.

Tais relacicushipy holds tzua unless all of chae liquid
VCM leaving through tha orifice flashes and the amoume of wacar

which flashes is very small commared to cthe VCM. Zguarions (3) .
and (4) may be solved Zor the {lashad flow racas and composicions.

Psonle = 0,53 2

Psonic = critizal pressu~e
P = zeactor Jressure
?out = grassura downstrsam of :ulicf valve

If Psonmic is greacer chan Pout chen chare i3 a jossibilicw
thac the flew chrough tha orilice Teaches sonic velceisy.

ucce
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Cricical Flow Eguation

AP

terte 7 ] in " out 6)

where: V. ., V ., = molar average specific volume at inlet and
= outlet of valve, raspectively.

If the sum of the flows calculated using aquation (1)
is graeacer than chit' then the flow i3 critical and equatious
(2) through (4) must be solved iteratively so that the sum £

the liquid and gas phasa flow rates do not exceed Qerir:

Boiling Equation

If the reactor pressura is less than the sum of the
vapor pressures of the components in the reactor, liquid vaporizas.

Qv + %w
V = + — o—
cor " % ¥ % ("Lv PLW 7

Vtoc = moles of gas which must vaporize

Q.. Yy, Gy = flow rates of gas, liquid VM, and ligquid
g "LV LW watar leaving the raactor, respectively.

= densities of gas, liquid VCM, and liquid

Q_, B s R
g "LV’ "LW  Cater within the reactor, respectively.

Material Balances within the Reactor

Thve = X2 v R
—dt

- + Yy V - cm?VC:)
dutv QLV Vv "tot —=c




“haTe:

L = vtcc - Q
de

4 “Quy * Iy Vooe)

= (11)

KR » raaction raca comscarnt

R = factor which may be changad Sy usaer to adjuse
raacticn rarca

M y Moo, M., = massas of PVC, liquid VCM, gas,
EACHRR A SN L & S liquid water in the raaseor,
raspectively,

Zv, T,; = mole fractions of VO and watar in the reaccor
vapozr.

Heac Balance

%’f:’:‘- = 3 Gy i e sl e

Bou = ¥ i v S eviov Modior

3tu = total reactor heat contant

Brxn = leaat released by rsacs=ion

3; = heat removed through cooling jackat.

Boem " By

Seve
as

J

szn" Reatc of reaccion in 3cu/lh zols
U = overall-heac-cransiar coefficignc
A = area for heat cransifar

T‘ = TRiQTIT CamBerature
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TJ =» jacket temperature

HJF = Factor which may be changed by user to adjust heac
removal.

The enthalpiaes of water and VCM are fumections of tempera-
ture with a basis of liquid scace at 157°F. Egquation (13) is
used o compute the initial heat content, the derivatives are
calculated using equations (8) through (12), by the integration
routine, then equation (13) is usaed to solve for the temperature
by the Newton-Raphson root solving technique. The new tamperaturas
is then used to calculate enthalpies, vapor pressures, mole frac-
tions and densities. Additional water or VCM is either vaporized
or condensed due to the enthalpy change of the reactor contents.

) (16)

Hy =M, (Hy - Hi, new

where: Hc = heat releasad due to tamperature change

H, H = anthalpy of component i before and aftaer

L temperature change, raspectively.

i,new
In additionm,

Hy = Moy, new 2Bv, vou Mow, new v, w50 (17

where: h HGW = masses of VCM and water which are
“6v.nev, O8W  vaporized, respectively.

The liquid and vapor masses are adjusted using equations
(17) and (4) to establish a new vapor-liquid equilibrium for che
beginning of the next time step.
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RISCHARGE FROM A IVC BATCH REACTOR
Case 1. High Recactlon HRate ~ Zero Heat Rewoval

REACTOM PHRESSURE AT TIME OF NISCHARGE = 194,79 PS1A PRESSURL DOWHSTRLCAM OF VaLVE = &4s70 I’STA
REACTUR TLMP AT T1pE OF DISCHARGE = 16l.80 F WALl JACKET TEMP AT UISCHAKRGE= 9G.00 F
HEACTON VOLUME = 1337,000 cU FY HEAT OF HEACYION = 45516000 BlU/LUBMOLL
LIGUID VCM INITIALL Y By REACTIOR = 460.90 LBMOLE LIG 120 INTTIALLY IN HEACIOR = 2469.7 LiIMOLE
VAPOR INITIALLY IN REACTOR = 1.,5142 LBMOLE JACKET COEF TIMES AREA = 564.2 BTUSHIN- ¥

DENSTTY OF WATER (FONSTANT) =  3.4570 LirOLL/CU FY THITIAL DENSITY oF VCH = 80593 LUMULE/CU FY
AREA OF RELJEF VALVE ORIFICE OPENING = ,0694% SW F§ ORIFICE FLOW COLFFICIENT = L6100

HINIUM LIGQUID ERTRATNMENT = 0100 CU FT LIG/CU FT GAS MINTHUM WATER JACKRET TLMp = 48,00 F
LIQ wOL WHEN MIN ENTRAINMENT IS REACUHED = 12194 CU FT TIME MIN JACKEY TLMP JS REACIED = 5.90 MIN

HEATING JACKET FACYOR z .00 REACTION RATE FAClOR = 2.Y0
WATER REACTOR GAS VLM LIQ, #H20 LIQs NEACTOR REALYOH
REACTOR  MEACTVOR JACKET HEAY LEFY IN  LEFT IN LEFL IN  wlm L 10« H20 tlaq,
TIML PRESSURE TENP TENP CONIENT  REACTUR  REACTOR  REALTOR VoL UME VOLUME
HIN PSIA DEGREE F  OLGREE F iy LUNOLE LAMOLE LANOLE Ly FY Cu FI
a .00 1.95402 1.62+402 9,00+401 2,04405 1,51400 4,61402 2.47+403 5,72+4V2 7,13+402
& 1,00-01  1,9%+p2 1,62+402 8,92401 2,18405 1,73:00 4,57402 2.45403 S5.67+02 7,09+02

2,00-01 1,9642 1,62+02 8,83+81 2,31+405 1.9940¢ 4,54+02 2+44+03 5,63402 71,05+02
1, 00-0} 1,97+n2 1,62+02 8,715¢01 2,43+05 2.1640p 4,50402 2.42¢038 5,59+0U2 71.01+n2
% 00-01 1.974p2 1.,63302 8,.66+81 2.,952+00 2:364008 . 4 ,46402 2.41¢03 S.,hy+02 6,98+402
5 00601 1.98402 1.63+02 8,58+01 2.59105 2.54%4090 §,42¢02 240403 8,49+02 b,9%4+Q2
G- 00-01 1.,964n2 1.,63+402 8,50+01 2.,61+05 2.704+0p 4,38+02 2+.39+03 S,.44+02 6,91402
7.00-01 1,98402 1.63+n2 8.41+01 2.5840% 2.834¢00 4,34402 2+384+03 5,.39+02 6,89402
400~-01 197402 1,624p2 8,33:01 2,45¢05 2.30:09 §,29+402 2+584+03 9,32402 6,808402
9,.00-01 1,952 1,62+4n2 a,24+01 2.24405 2,91400 4.24+02 2.38+03 S5.,26+02 6,88+02
1 0p+00 1.94¢q02 1,61+02 a,16+01 2,062405 2.92+09 4,19+02 2:38+03 5,)9t02 b, 8/+02
1.,10+00 1.92¢a2 1,61+02 86,0840} 1,80405  2,93+00  4,14¢02 2.38403  5,13402 b ,a7+02
1.20+00 1,91+02 1.60+02 7.99+01 1.59405 2.98+00 4.09+02 2:.57+03% S,07402 6,87+02
1,30+00 1.89p2 1,60+02 7.91+01 1.37+405 2,95+0¢0 §.,04+02 237403 5.00+02 6,87+02
1.40400 1.884+p2 1.59+02 7.82+01 1.154+05 2.96400 4,00+02 2.37403 4.94402 6. 87402
1, 504%00 t.,86%02 1,594n2 T.,74+8) a9,249+0Y 2.97+0¢ 3,95+02 2¢37403 4.A8402 6,86402
1.60+00 1.,85+p2 1.98402 T,664+0] 7.0140% 2,98¢0p 3,30+402 2374023 Y.,82¢02 b, 86+02
1. 7To0+00 1.83n2 1,58+02 7.57+01 4, 78+04 2.99+0¢ 3,86¢02 2437403 4,.76+02 6,86402
1.00+00 1.82+02 1,57+02 T.,49+¢01 2.55+404 #400400 3.81+02 237403  4,7h+U2 6 86402

1893Z0
20N




CONPQHATION

PHEFLASH  PREFLASI PUEFLASH FLASHED  FLASHED  FLASHED TOVAL TOTAL TUTAL
GAS VCM Lia, 120 L1Q, GAS veR LG, 120 14, Pyt VCH GAS  vCh L4,
it FLOW FLOW FLouW FLOW Fiow FlLouw PHOVUCED  ERNISSTON  ENLISSION
nN MOLE/ZRI  MoLEZRIN NOLL/ZMIN KOLE/ZKIN MULL/MIN  HOLE/MIN LOROLE LBMOLE LUMOLE
.00 1.96-p1 2,991 1,44+02 2.63401 4.,26409 b.44402 «00 .00 .00

1,00-ul 1,867+00 2,90+01 1,40+02 2,71401 3.93+0p 1,39402 3.60-01 2,100 4, 2001
2.60-010 31,66400 2,79:0) 1,.35402  2,02+01 3,4940p  1.3%402 7.21-01 5 42400 7 ,92-0)
J.u0-al HeFu400 2.65401 1,28402 2,96101 2.97+0p 1.,20+02 1.08400 8,.2/4+U0 L.12400
4. 00-01 8,95¢00 2,% 01 1,20+402 3,14%01 2.,3%100 1,19+02 1+45+00 1,13+01 1,38+4800
S, 00-814 1.31¢01 2.21+0d 1,08+02 3. 30401 b, 5%40p 1.,08+02 1.81400 1,45+01 i, 58+00
&, 00-01 1,91+01 1,85401 3.0T7T+01 3,73+01 4.48-0] 9,05+01 2.17400 1,864U1 3, 68e00

7.00-01 2,810l 1.2%01 6,39+01 4,28+01 00 6,21+0} 2:53+400 2,18+0) 1,69+00
d4_00-01 §.,5Hval 3,47+00 1,73+01 H.,13401 + 00 1,450+0) 2+.88+00 2,62:0) 1,6900
3. 00-010 4,590 1,.38400 &,94+00 §,95+401 «0b 4,70+00 3.22¢00 3,08401 },69400
L. 00+00 4,851 1,36+00 6&,93+04 4,91¢01} +00 4,73+040 3.55+00 $,54101 1,69400
a t. 10+00 4.514n1 L. 344+00 6.93+00 y.87¢01% 0l 4,70+04 3:87+08 4,00:0] 1,69+00
& 1°20400 4, 48+00  1,33400 6£,92480 4 .82+01 o 00 §,7T400  4+18400 4,45+01 ) 69400
1.304¢80 4,444l 1,31+00 6,92400 4,78+01 00 4,804008 4448400 §,90+U1 1,69400
1.,40¢00 .40+l 1,29400 6,91400 §,Ju¥01 «00 4§, A2¢00 §+7T400 9.34+01 1.69+00
1.50¢00 4,37+p01 1.28400 6,90+400 4,7040) +00 i, 44100 5.05+00 8,740} 1,69400
1,60+00 4.35¢nl 1,26+00 6,90400 4,66401 +00 4,86400 §.32¢00 6,22+U1) 1,69400
1, 70400 4,290l L.24400 6,89¢00 4.62401 «+00 q4.08+00 S5.58+00 6,6h08 A, 69400
1.60+00 y.2%4nl 1,23+v00 & LGiv0) 57401 + 00 4,50+040 S.84+00 7.09191 L,624040

2N

ERRUY Lt i A

289920




CORPORATHINMN
WATER KEACTOR GAS VCHM L1, H20 LIG. REACTOIR REALTOR
REACTOR ity ACTOR JACKET HEAT LLFY 1IN LLFT IN LEFI IN VLM LTO. 1120 LG,
TIME PRESSUR| TENP TEMP CONIENT RLALTUR RLACTOR REALTOR LUTRTL [ vupLune
HiN PSIA DEGHEE F ULGKEE F nyu LBMOLE LAMOLE LANOLE LU FT Cu FI
1.90+00 1.00%02 1.56+02 T.40+01 3,04:+03 3,01400 3,77+02 2+374+03 H.048¢02 b, 85+02
2500400  3,794¢02 1.56402  T,32401 ~1.9%+04  3,02:00 3,72+02 2:3T+03 4,58+02 6,.82+02
2 10t00 1. 77402 1.55+02 7.249401 ~i,19404 3.03+00 3.68+02 237403 %,52402 6,.85402
2.204+00 L. 76402 1.,95+02 7.18401 <-6.%4+04% 3.04400 3.63+02 2+37+03 4,47+02 6,8%402
2.30+00 LeT4¢n2 1.84402 T.07401 ~0,70+404 3.,05+00 3,59+02 2¢3T74+03 4.43402 b, A%4+02
2.%0%00 1.73+02 1.54402 6&,98+01} ~1,09+05 3.00%:+00 3,95+02 237403 §,36¢+02 6, 84402
2.50+00 1.T70#p2 1.53+02 6,90+01 ~1,32405 3,064+00 3,50+02 236403 §,30+02 6,8%9%402
2.60+00 1.70402 1.52402 6,82+401 ~1,5540b 3,07400 3,46:02 2¢36403 §,25+02 6, 84%+02
2.70¢00 1.68+p02 1.52+02 6,734+01 «1,77+05 3.08+00 3 ,42¢02 236403 §,19+02 6,8%402
2.80¢00 1.67T+02 1,51402 6,65+01 <~1,99406 3,09+00 3,38402 2436403  4_34+02  &,83+02
2.90+00 1.65402 1.51+¢02 6,56¢01 ~-2,22405 3,10+00 3,34+402 2.,364043 4,08402 6,83402
o 3 00400 LebHtg2 1,50+02 6,48+01 -2,44405 3.11+0g 3,30+02 2+36+04% 4.03+02 6,83+02
L 35.10+00 1.,63402 1.489+82 6.,40401 -2,664+05 3.11+00 3,26+402 2+36103 3,9p402 6,83102
3%20¢00 1.61+02 1.49+02 6,31¢40)1 +~2,89+05 3,12+00 3,22402 2¢36403 3,93+02 &,83+402
3.30+00 l.6U%92 1.48+02 6.,2340) ~-3,11+405 3.13¢00 A, 18402 2+36+03 3,88442 &,824+02
3_4q9+00 1.58402 L.%8+02 6,14+401 -3,33+405 J. 14409 3,.14+402 2.36403 3,083402 &, A2402
3,50400 1.57+02 1.47+402 6,06401 -3,55+05 3,14+00 3,10402 2.36403  3,78+402 6,82402
3 604400 1.56402 L.%6+02 95,98+03 +-3,774¢05 3,15+00 3. 07402 2:36403 3,73+02 b, 82402
3,70%00  1,54402 1,46402 5,089¢01 ~-3,99+05% 3,16400 3,03402 2.36+403% 3, 68+02 6,81+02
3.604+00 1.,534p2 1.45+02 5,081+0) -4,20+05 3.1 7+8g 2,99+402 2435402 3.63+02 6,81402
3,.90408  1,52+402 1,45402 5,72+01 ~4,42+05 3,17+00 2,96¢02 2.35403 3 ,59+02 6,81+407
4,00+00 1,50t02 1.M4+02 $5.,60401 ~4,64405 3.18+00 2,92+02 235403 3, 854+02 6,81402
4%10+00 1.49102 1,43102 5,56+01 -4,85+05 3,19+0p 2.08+402 2.354+09 3,50+402 b,81+02
§ _20+00 1.484p2 1,302 S 47401 -5,06+405 3.19409 2,85+02 2.35403 3,45102 6,80402
4,30+00 1., 46402 1.42402 5.394+01 ~%5,27+05 3.20+00 2,81+02 2:35403 d.40+02 6,80+02
4. 40400  1,45462 1,42+402 5,30¢01 -5,49405  5,21400 2,78+402 2.35403  3,34402 6_a04p2
4_50+00 144402 1.414:02 $,22401 «%5,70405 3.21+00 2,7TH402  2.35+03 3,32402 6,80402
o 4%, 60400 1.43+402 1.,80402  5,14+401 -6,90405  3,22400 2,71+402 2.35%403  3,27+02 6,80t102
>0 4 70400  3,41+02 1,90402 5,05+40] -6,11+405  3,23400 2,68+02 2.35+03  3,23+402 6,79402
gg() 4 8u+00 1.40+p2 1.39+02 4,971 -0, 32405 3.23+00 2,64+02 2:354¢03 3,19+02 6,79¢02
w 4.90+060 1.39402 1.39:02 4,08+01 -6,952400 d,24+400 2,61¢02 2+35403 3,15+02 6, 79402
%.00+00 1.38+02 1.38+02 4,80¢Dp) <6l 72108 3.2%+400 2,56+02 2¢35403 3,10+U2 6,79402
5.10+00 1.374p2 1.37+02 4,80401 -6,92¢v05 3.29400 2,95+02 235403 3,06102 6,79+02




CORPFVNATION

PREFLASH  PREFLASH  PHEFLASHE FLASHED  FLASIED  FLASHED ToVAL TOTAL TuyaL

GAS Vca Lio, 120 L14, HAS vER Liu, 120 10, Pyt VCN GAS  VCH LU,
Fi.OuW FiLoy FLoy FLOW FLow FiLow PHOVUCLD  ENISSION ENISSION

HOLL/MEpe MoLEz7HIn HOLE/HEN HOLE/ZMIN WE/BRIN  MOLE/MIN LunoLE LUMOLE LUHOLE

- - T gy B o A W 5 e " T W g TP T gy B W S g = W e e W e ST S BTN e, .- -ty T e g Wy Ny e

4,22+01 1.21+00 &,87+400 5340} + 00 4§,92+00 6£+08400 T.£1+U1 1,69100

iy 80l 1.19+00 &,86+00 4,49+01 +00 4.94+00 6032400 7.93+01 L,69+00

4,l4+0l 1,18+00 &,84+400 45401 » 00 4,964¢0p 655100 8,35:01 L, 69400

4,100} 1,16+00 & ,083400 h,41401 + 00 4,97+400 6+ 77400 8,76401 1,69+400
2.30000 4,07¢nd 1. 4400 &, 82400 i§,36401 +00 %,99+00 6+98+¢00 9.,10401 1,6%¢+00
2.4%0+00 4.,03+01 1,13+:00 &,81+00 4,32¢01 « Q0 5.,01+400 7:19¢00 9.5a+01 1,69400
2.50¢00 3.99+01 1,11400 &, 79400 §,26+01 +00 5,02400 7+39400 9,99+01 1,69+80
2.6L0400 3.9%+40d 1,18+400 6, T4+4¢00 ,29401 «0U §5,03400 7458400 L, 64402 1,69+00
2 70400 3,92+01 1.08+¢00 6,76100 4,20401 0o %,05¢00 7774040 1.0a102 1,69400
2.80¢00 J. 88+0l 1,07+00 6,ThH+00 4,16401 «00 §,06+00 7+95+00 1.,12+02 1,69400
2. 90400 }.84+nl 1,05400 &,T3+00 4,11t01 « 06 5,07+00 f+12+00 1,16102 1,69400
3*oov00 3.81s01 1,04¢00 &, T71¢0D ,07¢01 00 5,08+00 8.29+00 1,19+02 1,69+00
A 10100 3,710l 1.,02+00 6,69+00 4,03401 00 5,09+08 A«45400 1.,23:102 L,69400
4. 20+00 5,731 1,00400 &,.60100 3,99+01 00 S5.10¢00 de614¢00 1.,27+¢02 L, 69400
3.30+00 3,704p1 9,90-01 6.66100 3,9564¢01 00 5,11+08 B.76100 1,31+02 1,69400
3. 48400 S, hEvpl 9,75-01 6,64+00 3,91401 «0U §,12+00 8+90400 1.,34+0U2 1,69400
3_50+00 3.63+p1 9.A0-n1 6,62400 ~ 3,87+01% «00 5,12+00 9.04+00 1.38+02 1,69+00
370+00 3.59¢01 9.4%6-01 &, 60400 3.83+01 «00 5,13+09 9,148400 1,42+02 1,689%+00
4_T0¢00 1.56501 9,31-01 &,5M00 3.19+01 00 5,14+00 9.31+00 1,45+02 169400
$_hhru0 3.52401 2.17-11 & Lhit0D 3, 76401 NIl 5.14+3d0 Je44+00 1,49+U2 1,69+00
3.904¢00 3. 49%0) 9,03-01 6.54100 3,72+0% T $5,15+400 9.56+00 1.52102 1,69480
4 _.00r00 3.45¢01 8,49-01 6,52+00 3.60+0]) +00 6,15+0n 967100 1. 56402 1,69+400
4, Lusi0 3.42+n] 8,15-01 6,.50+00 d.oht01 +0U §,15¢00 9.79+00 1.9¢02 Y ,694¢00
4 20000 3.3940l be61-01 6,47+00 3.60¢01 «0U S,16400 9¢90+00 1.6£3¢02 1.69400
4_30+040 3,35401 a,40-01 6 45100 3,.57+01 U $5.16+00 1«00¢01 b E6R1U2 1,69+00
4 40+00 3,3240f 8,34-0l & 43400 3,53401 i S5,1L400 1.01401 1. 7n102 L, 69400
4. 90+00 3.2%401 8,21-01) b, 4100 3.49401 «Ob S,16+80 1+02¢01 1.73+02 1,694100
4 _ 60400 1.25¢01 8,081 6,38400 3.46401 ) B.16¢00 1.03+01 1,76402 Y,6Y+00
4 Tovrud 5.22¢01 1,95%-01 6,36400 3.42+0) ) 5.16+0q 104 ¢01 P, 79102 1,69400
4. 80400 3,1940)  7.82-01  6,34400 4,39401 S5,16400  1,05401 L,83¢42 1,69400
5. 9uta0 3. 164p) 1.70-010 &,31+00 $.,3b+01 S,1h¢80 1406401 L.peqa02 1L,69400
H_ 0prib 4.13¢pl 71.57-n1 6,29+00 3,32+ S5.16+0¢ 1.06+01 1,89+02 1.69+00
atl1er00 3. 10+pld r.%5-01 & ,27+000 1.28401% 5,15000 187401 1,92+U2 1,69+00




0
&

TinE
MM

$,20+00
$_ 30400
5 40+00
9.50+00
5,.604¢00
5%70+00
5 _680+00
%.90+00
6_00+00
6_.104+00
& . 20+060
6,30400
L, 90+00
6.50+00
h. 60400
6. 70+00
6.,80+00
6.90+00
7.00+00
T7.30+00
7.20400
7*3u+00
7.40+00
7.50+00
7.004+00
7.70+00
7.846¢00
7.90+00
4,00490
a,16+00
4 20400
8.30400
G_ 40400

REACTOR
PRESSURE

PSIA

1.36402
1.34+p2
1.,33+4p2
1.32+02
1,31¢n2
1,.30+p2
1,294n2
1.28+02
1.27+p2
1.,264n2
1,20+p2
le244p2
1.234p2
1.224p2
1.21+p2
1,202
119402
1,19+02
1.18+402
1.07+q02
1.16+n2
1.15¢02
Lt 14202
1,14+p2
1.134p2
1.124n2
l-ll*nZ
1.10402
1.,10#¢02
1.09+02
1.06#p2
1.07#402
1.07+p2

g ACTOR

TENP

1.37+402
1,36+02
1,36+02
1,35¢02
1.35+02
1.34+02
1,33402
1.53f02
1.,32402
1,32402
1,31+02
1.31+402
1.30+02
1.30402
1029002
1.29+02
1.28t03
1.28+02
1.27+02
1'21f02
1.2640n2
1.26+02
1,25+02
1.,29+02
1.24402
1,24402
1.23+402
1.23402
1.22402
1,22+02
1.21+02
1.21+402
1.20i02

WATER
JACKIY
TENP

DEGHEE F ODLGREE F

e L N an % v e W TP kg oy I o YD T Y TE s e U D T A e VA TR e TE e e e e e T D e T R g, G TR L e B T Y R T e gy s T g T S e Y e e Ll L
-

% ,80+01
4,60+401
4,00+01
§,00+0)
4,80+0})
4,804+01
§,80401
4.,80101
4.,80¢01
4,80+401
4.,80+01
4.80+01
4 ,.80+01
4,804+01
§,60+01
4,80+01
4,80+01
&.,80+01
&,00+01
4, 80+01
4% ,80+01
&.80+01
4,80+01
%,.80401
§,80+01
4,80+01
4 ,00+01
4,80+01
4. 80+¢01
4,80+01
4,80+01
4,80+01
4.,80301

KEACTOR

heAY

CONTENT

ru

v7.,12405
v7,32405
~7,52+05
'7.?2*05
rT.91405
=h,10+405
-f,29+05
~B, 48405
~0,6T7+405
»8,86405
~3,05+40%
-93,2340%
*9,41+05
-9.,59+0%
=9, 77105
»9,95+05
-1,01+06
-1,03+06
-1,05+06
~1,06106
~«1,08+06
-1,104#06
-1.12*05
-1,13+06
-1,15¢06
«1,16406
-1,18406
-1.,20+06
~1,21406
-1,23+06
-1,24406
-},26t06

-1,28+06

GAS

LLFY IN
REALCTOR

LBROLE

3.,29+0p
3,26+0p
3.,21400
3.27+00
3,28+00
3,28+09
3,29+09
3.29+0p
3.30+00
3,30+0p
3.31+0¢
3,31+0p
3,32+00
3,32+0p
3.3340¢
3.33*00
3.34%+0p
3.34%+00
3,34+00
3,30400
3,35+00
3,364090
3,3640)
3,364+0p
3.,37+00
3,37400
3,38+00
3,38400p
3,38400
3,494+09
3,39+00
3.3%4+0p
3.40+00

Ve LG,
LEFT IN
REACTOR

LUMOLE

2,51+02
2,48+4¢02
2.,45402
2,42+02
2,39102
2,364%02
2,33402
2,30+02
2,27+02
2,24+02
2,21+02
2.19:02
2,16+02
2,134102
2,10:02
2.,0T+02
2,05+02
2,02+02
1,99+402
1,97+02
1,94+02
1,92402
1,89402
1,87+02
1.,84+02
1.82+402
1,79+02
1.,77+02
1.,74+02
1,72+¢02
1,70+02
1.67+02
1,65+02

120 L1a,
LEFE IN
REALTOR

LpMoLE

2:354¢03
2:34403
2¢34+03
2:34403
2+34403
2+34403
2+34%:03
2¢34403
234+03
2+34403
2+344¢03
2+34+403
2¢34+03
2+34+403
2+34303
2:+3%403
2:334+404
2.33403
233403
233403
233403
2334035
24334035
2+33403
233403
2¢33+¢03
2.33+03
233403

233403,

233403
2:+33403
233403
2¢33%:03%

HEACTON
VLM L TG,

VOLUKE
Lu Y

I,624+02
2,98102
2,94+02
2.,90+02
2,8T7+02
2,82402
2,79+02
2,75+02
2,71+02
2,68+02
2,64+02
2,61+02
2,57402
2.54+02

2.,50+402°

2,47+02
2.43102
2,.40402
2,37T+U2
2,38402
2.30+02
2,27+02
2.04+402
2,21+02
2.18p+402
2,15+02
2,12+02
2,09+U2
2,06+02
2.03+L2
2,h0402
1.,97+02
L.94+02

REACTONM
420 . 1a,

VO unt
Cu Fi

6,78+402
6,78+02
“ 6,782
6,78402
&,78402
6, 77T+02
6, 71402
6 F71+02
6 17402
6, 77+02
6,76+02
6,76402
6,76402
&, 76402
6,76402
6,76402
6,75402
6 TO4+02
6,79%+02
b,75+02
6,75+02
6, 74+02
6,7%402
6,74+02
6,7%+02
6,74%+02
6, 74%+02
b, T3+402
6,.73102
6.75f02
b, 73402
6,73+02
b, T3502




889820
20N

£

COUMPORATIN

nt
HiN

$.20400
5,30400
H,.480000
h,50+00
h.60+00
5. To+4d
hH. 80t00
5,.90+00
nwBurou
o, 10400
6£,20+00
b,30000
b %0100
6. 50400
L_bBsOOD
6,70+00
u,00+00
L, 904060
7.00:+00
7.10¢00
7 20400
7.30+00
T.h0vro0
7.90400
1’6y 00
T.70400
780200
T.90+800
id4_00+00
g _rorid
at2u+a0
th,30+00
4_ 46400

PREFLASH

GAS
FiOuw

HOLE/ZMIY

J.07401
3. 04401
3.0}
2.9384n1)
2:9%410)
2.92+01
2.8%+¢n1
2-““*“1
2.,03¢01
2.81+¢)
2,780l
2. 7510}
2,72+01
2.,70401
2,670l
2.64401
2,620l
2.99%i101
2,571
2.,04%+¢81
2.92¢101
2,4%4p1
247401
245101
2. 42401
2.,40+01
2-38*h1
2.35¢41
2.531‘“1
2,311
2,29801
2.26401
2.2l

PREFLASH
vcH Lia,
FLou
HOLL /ZRMIN

T.32-~01
T.20~01
7,08-01
6,97-01
6,85-~01
6. T4-01
6,62-01
6.,51.0%
6.80.01
6,29-01
6.,18-01
6.0a4-01
9,97-01
5.“7'“‘
8.76-al
5,66-01
5,%6-01
S5.47-01
5:37'0l
5-27‘“1
b.18-01
5%,09-01
H.99-01
4%,90-01
B,82-01
4,73-01
QQLQ-GI
4.56-01
'l.q?"ﬂl
4.39.01
'I.sl—ﬁl
H,23-n1
4,15-01

SPREFLASH
H20 Li1a,
Fi.ou
HOLE/7HIN

&,24400
6,22100
&, 19+00
6,17¢00
&6,14100
6,12400
&,09400
&,07+00
&,04+00
6,01+00
5,99 00
h,96+00
9,93400
9,91+00
5,086400
5,85+:00
§,83¢00
9,00+08
S, 77+00
5.75+00
8,72+00
S,.69+00
H5,.6T7+00
h.64e00
Y R TH
8.58+00
5,56+00
S, 53r00
5,904:00
S, 47400
S, 44+00
9,42100
S,.39400

LASHED
GAS
FLOW

FLASIILY
ven L1,

FLOW

FLASHL D
120 L18,
FLOW

MOLEZNIN  MULE MIN  MOLE/MIN

P I b L e g L et atadadia i P R e e . L el

3.2bv0}
3.,2240)
3.1a8401
3.15+01
3.12+01}
3.08+01
3, 05+0)
3,.02+01
2,99101
2,96+0]
2,93+401
2,90+01
2.,07+01
2.84%+401
2.,01+01
2,18+01
2.75+0)
2.73%01
2,70+401
2.67+01
2.L440]1
2.,62401
2:594+01
2.56401
2,a4:01
201401
2.,49i301
2.46401
2+.44%401
2.41+01
2.39+01
2:;36+0)
2.,34401

o0l
+Q0
« 00
«00
0l
« 0l
0U
+00
%1
«00
+ 00
+ 00
+0U
+ 00
« 00

« 00"

« 0
+ 00
+00
«00
«u
00
+ QU
Al
+00
«0U
« 00
+00

00

00
«00
« 00
»00

5,15+00
65,1540
B,14t00
S.,14+0g
8,13+00
35.12100
5.,12+0g
S5,11+0¢
5,10400
$,10+0¢p
5,09+00
5,00+00
5,07480
5,0&6+00
S$,06400
5.04+00
55,0300
5,02:00
8,01400
5,00400
4,96+00
4,97+00
§,96+00
4,9h+00
4.93¢00
4,32400
4,90+0n
h,89+00
.,48400
4§,86400
§,848+00
4.,83t00
4,010

To1AL Torm TOTAL

Pyt VCN GAS vCh L]ua,
pPROVUCED ERISSIUN  EMiSsian

LahoLt LunOLE LBMOLE
108101 1,95402 1.69400
1209401 1,98+02 1,.,6%400
L0901} 2.01402 1,694t00
1+10+01 2,04+02 1.69400
111401 2.074¢02 1.6%+00D
1e12¢012 2.1a+82 1.6%+00
112401 2,313+02 1,.69+00
J+13¢01 2,16+02 1,69+00
1¢13401 2,19102 1,6%100
1+14+01 2.,22002 1,69400
1+34401  2,25402 1 _g9400
115401} 2,27+02 Y, 69400
1+15¢01 2,30402 1,69400
1el16401 2,334102 1,69400
1164018 2,36402 1.69+04
117401 2,384+02 1,69¢00
1+17+01} 2,41402 1,69+00
1148101 2.,45402 1,69+00
1.108+81 2461002 L6400
1+1%+01 2,49+02 1,69+00
119401 2,01402 1.69+00
1.19401} 2.55¢02 1,69+00
1+20¢01 2,56402 1,69100
120801 2.59+02 1,69400
1.20:01 2,61102 1,69%a0
1221401 2.64tU2 1,69400
1.21401 2,66102 1,69400
1+21401 2. 60402 1,69100
1222401 2.71402 1,69+00
1.22401 2.73+p2 1,69400
1:22401} 2,75+02 1,690
1+23401 2,70402 1,69400
1.23401 2,60402 1,69400




TInL
HIN

HFACTOR
PRESSURE

B

PSIA

HFACTON
TEHP
OEGREE F

WATER
JACKFT

TEMP

OLGREE F

hEACTOR

HEAT

CONTENY

niu

GAS
LtF1 N
RLALyOR

LuMoLE

vCH L]1G,
i.EFY IN
REACTONR
LBMOLE

120 LIG,
LEFI IN
REALTOR

LphoLE

HEACTON
vin | JU.
vopLuet
“urs

REACTON
H20 pL1aq,
vOLunte
Ly Fi

-, W W - - gy WD S A e gy W G B A e e e el bl -y Ll X L N e ]
[Py EE L P X ey - ey - - - - - .- - P ) -

4°50+00
8 60+00
870400
a.80+00
8.,90+00
9. 00+00
9.10+00
9,20400
9_30+00

3.40+00
3.50+00
960400
9,.70+00
9.680+00
9.90+00
1*00+01

1.06+02
1,052
1.05+p2
1.044p2
1,03+p2
1,03+p2
1.024n2
1.0k¢02
1.01+02
1.,00%p2
9,96401
9,90+4p1
9,.84+n1
9,7A+al
9,73+l
9,67+p1

1,20¢02

3.19+02
1,19+402
l1.18+02
1.18+02
$.18+02
1,17+02
1.,17+02
1.,16+02
1,16+02
1,158+02
1,15+02
1,15+02
1.,14:02
1.,14402
1,13+02

§,80+01
4,60+01
4,80+01
4.80¢01
4,80+01
4.,80+01
4,.80+01
4,80401
4,80+01
4,80401
§ . 80+01
4,.80+01
4,80+01
4.80+01
&,80+01
4.,80+01

-1,29%t06
«l,31+06
«1,32406
-1.,34t06
-1,35t06
=»1.,36+06
«1,38+06
~1,39+06
~»1,41406
-1.,42106
vl 43406
el . 454+06
-1, 46+06
«1.,48+06
=1.49406
-l.50i06

3,40+09
J.4140p
3041*00
J.41400
3.42+00
3,42400
3.,42+00
S.HSfﬂo
3.%#*00
3.43:00
3.,43:00
5.““*00
3.4%40¢
J.4%40p
do“bfoﬂ
&.Hbiﬂa

1.63402
1,61+02
1,58+02
1.56+402
1.54%+02
1.52402
1.50¢+062
1,48402
1,46402
1.43+02
1.41%02
1,39+402
1,37402
1,35+¢02
1,33402
1,31+02

2432403
232403
232403
2432303
2432403
2¢32403
2:32+03
2:32+03
232403
2432403
2¢32403
2432403
232403
2¢32+03
2¢324¢03
2432403

1,92+02
1,.A9+U2
1l.85402
1,83+02
1,63¢02
1078102
1,764¢02
1,73+02
1, 70+0U2
1,68102
1.65402
loﬁliuz
1.61+02
1.58+02
1,56+02
1,53+02

6,72402
6,72+02
6.72+0D2
6,724+02
6-72102
6.72¢402
&,71+402
6,T+02
6,71+02
6,71402
6, 74+02
6,71402
6,714G2
6,70+402
&,70402
6,7U¢02




CORPOMUAYION

PREFLASY  PREFLASIHE PREFLASH  FLASHED FLASHILD FLASHED T0VAL TOTAL TOTAL
GAS Ve LI, 1120 L 10, GAS vCn Liu, 20 10, PyL VCO GAS yen LIu,
FLOW FiLOy FLOW FLOW FlLouw FLouw PROVUCEY ERISSION ENISSION

HOLE/KWEW MOLEZMIN  HOLL/ZMIN  KOLE/ZMIN  MULL/MIN  MOLE /MLH LONOLE CHNGLE LUMOLE

T ST o S Wy T T TS S g T W S em e e S A g YD R g T A S e VR T D g WP Iy O gy T O g W e %D on ke e T T e o g W e O R Ty oy Ry g e

4. 50100 2,22401 4,07-01 S,364¢00 2,32+01 + D0 4.80+00 1:23401 2,p24U2 1,69+00
g . 60400 220001 3,99-0) S.33¢00 2.29101 « 00 4,78%00 1¢23401 2,84+402 1. 69406
0,70400 2.1d¢pl 3,9%1-01 S,30¢060 2.27401 + 00 4,76+400 124401 2.867402 1,69400
4,.80+00 2,164l 3,84-~a1 3,.28¢00 2,25+401 o0 4,75¢00 124401 2.89102 1,69+00
i4_.90+00 2,344} 3, 76-al 5,25+00 2,23+101 +00 4.73+400 1+24+01 2.91+02 1,69+00
4 0ot00 2. 12+l 3,69-01 5,22+00 2.,20401 «0U 4.71400 1+24401 2,93402 },69400
9,104+00 2.,104p1 3, 62-01 $,19+00 2,16+01 «au 4,70+¢00 1e24%401) 2,95+02 1,69+00
9_200r00 2,084501 3,55-01 S,16+00 2,16+01 +ab 4,68+00 1:254+401 2,97402 1, 69+00
9, 30+00 2,06301 3.48-01 $,13+00 2,04401 +0u 4 ,66400 1.25+01 2,99+02 1,69400

9 *4Q+00 2,04%+401 3,41-01 5,11+00 2,12+01 +00 4,644v0p 1+25401 3,01402 1,69+00
Y >50+00 2.024p1l 3,34-01 5,08+00 2,16401 +00 4,62+400 125401 3,034¢02 1,69+00
9,60440 2.00+01 3.28~01 5,05+00 2,07t0} <00 4.60+00 1+25+0) 3,054U2 1.,69400
3, 70400 1.93¢01 3,21-01 5,02+00 2.05401 «00 4,58¢00 1426401 3,07+02 1 ,69400
4780480 1.96401 3.15-01 4,99+00 2.03401 +00 4,57+0n 1e26401 3,09402 1,6%400
9.90400 1.9%i01 3.08-01 4,.96400 2.0140) 00 4.55400 1+2640) 3,11402 1,6%100
}, 00t 1.924p1 3, d2-a1 4,935+00 1.99+01 + 0t 4,53+00 126401 3.13402 L, 69400




CORPFORATION

DISCHARGE FROM A PVC BATCU REACTOR
Case 2. liigh BReaction Rate - Cold Hater ou Jucket )
RECACTOUKR PRESSUNE A7 FIHE OF DISCHAKGE = 194.7Y PSEA PRESSURE DOWNSTREAM OF VALVE = 64«10 PSIA

REACTOH Ftap AT TIprE OF DISCHARGL = 161.80 4 WATER JACKET TEMP AT UISCHANRGE= gv.00 ¥
REACTUH VOLUME = 1337,000 cuU F1 HEAT OF REACTION = 45516+000 LVU/LUMOLE
LIQULID VCM INETIALLY Iy KEACIOR = 460,90 LBROLE LIQ 120 INIVIALLY IN HEACIOR = 2463.7 LBMOLE
VARPOR INITIALLY IN REACTOR = 145142 LLAOLE JACKET COEF TIMES AREA = 564.2 BIU/HIN ¥

UVENSTTY OF WATER (CONSTANT) =  3.4570 LUBIOLF/CU FT INFTIAL DENSITY OF VCM = 80593 LBMOLE/CU FT
AREA OF RELICF VALVE ONIFICE OPENING = L0094 SO FT ORIFICE FLOW COEFFICIENT 5 Lg10

MINIHUM LIQUID ENTRAINMENT s 0108 CU FT L10/CU FT GAS HINTMUM WATER JACKRLTY TEMp = 48,00 t
L1Q 0L WHEN MIN CRTRAINMENT IS REACHED = 12198 CU F1  TI#E MIN JACKETY TEMP 1S REACHED = 5,00 MIN

HEATING JACKET FACJOR = 1,00 REACTION RATE FACIOR = 2,Y0 .
WATER KREALTON GAs VCHM LIQ, - 1120 LIQ, REACTOH REALTOM
REACTOR HCACTOR JACKET HEAT LLF1 N LEFT IN LLF) 1IN ViM LIge 20 1@,
TIME PRESSURF TENP TeEmp CONTENT REACTUR REACTOR REALTOH VoLumrE VUL uME
MIN PSIA ODEGREE F DLGKEE F BRIV LUMOLE LOMOLE LBhoOLL Lu 1 CuU FT
a .00 1.,98+4p2 1.,62+02 9,00401 2.,04+05 1,81+09 Y.,61¢02 2,47+03 9,72+402 1,1%+02
S 1,0U0-01 1,99¢02  1,62402 8,92+01 - 2,14405  1,73+400 4 .57+402 245403  S5,674U2  7,09402
i 2,0u-01 1.95¢02 1,62+02 8,83401 2,23405  1,95400  4,58+402 2444403  5,63+402 7,05402
3:00-01 1.9h#p2 1,62+02 8,7Th401 2,304+03 2.16+0¢0 4.50¢82 deH2403 S, 5R+U2 77,0140
4. 0g-01 1.964p2 1,62+02 8,66+01 2.,35408 2,35+0¢0 4,46402 241403 8,54402 6,98402
. 0g-014 1.96402 1.62402 8,58+01 2.37408 2.5340p §4,42402 250403 S5,49¢4U2 6,9%402
6*00-01 1.,96+02 1.62+02 8,50401 2,35+058 2,89+¢0¢0 4,38+02 2439403 S,44402 6,92402
7700-01 1.,985+402 1.62+02 8,41¢01 2.27+85 2.,81+0p H.,34402 2.38483 5,38402 6,89402
4,00-01 1.944p2 1.62402 8,33+01 2.,08+058 2,88409 4,29+62 2438403 h9,32+02 6, 808402
9,00-01 1,92+02 1,61402 8,24+01 1.83+40% 2.89+00 §,24402 2438403 §,25402 6,88402
1 00400 1,91+4p2 1,60402 8,16101 1,57400 2,9040p 4,19+02 2.36+03 h,194102 &,88+02
110400 3,.89¢02 1.,60002 8,08+01 1,31406  2,91+400  4,14+402 2.38403 5,13+02 6,87+02
1,20400 1.87+¢p2 1,59+¢02 7,99+01 1,05405 2,92+0¢ 4,10402 2:38403 5,06+02 6,87T402
130100 1.,854p2 1.,58:02 7.91+01 7.83404 2.93+40p 4,05402 2+374¢03 5,00402 b, 87402
1.80+00 1.84+402 1.58+n2 7,62+¢01 5,20404  2,94+400 4,00+402 237403 4,94+402  6,87402
1.56%00 1.82402 1.574102 T,74¢0) 2,560 2,95+00 3,964062 2431403 4 _pasu2 6,8740z
1.60+00 1.80402 - 1,%6+02 1,66401 +-9,35402 2,96+¢00 3,91+02 237403 §,8240U2 6,86402
), 70400 1.784p2 1.,56n2 T,57+01 -2,75+404 2.97:0p 3,87+02 2:37403 4, ,T6eU2 6,86+02
1.80+400 -3, 77+q2 1,55+02 7.4940) ~5,40+04 ‘3,39580 3,82+02 2.37+03 4,T70¢U2 6,8b6402
Q C
™~ . §
28
o2
73




CORPFUNAYION

TiAL
M3

.00
1 00~01
2,00-01)
3. 00-01
4_00-01
%.00-01
&_00-d)

7.00~-81

T ITEd '}
Yy uL-u1
1.00+00
L 10400
1.20+00
},30400
}_4us00
) 5a+00
}. 6000
1,70+00
1 00+00

PHEFLAS)H
GAS
FLOW

ROLL/ZNEN

3.96'03
l.bb+p0
3.6b400
h.B84+00
y,02400
1,32+01
1,921
2.,454p1
§,51401
Hh,92+01
B,uT+pl
4y,93¢0l
4,39+01
q,5%+0l
4,5040l
4,250}
4,21401
4,17+p1
4.1210l

PHEFLASH
Ve Lo,
FLOW
HOLE/ZNIN

2199*0‘
2,89+01
2.78+01
2,64481
2,4%5+401
2,19401
1,.8%:01
1.26401
2,78400
1,36400
1,34+00
1,324n00
1,.31+00
1.29+04
1,27+00
1,25+00
1.244+00
1.22+00
1,20400

PREFLASH
120 L10,
FLOW
MOLE/MIN

b.u4902
1,39+02
}, 34802
1,28+02
1,19+402
1,07+02
8,97+0)
6,22¢01
1,3%0)
6 A6V
6,85400
6, 84+00
6, 42+00

81+00
&,79100
&, 74400
6,76+00
&, 74400
6,72+8D

i LASIID
GAS
FLOW

FLASHLD
ven Lju,
FLow

FLASHED
tH20 L]0,
FLowW

MOLE/ZMIN HOLE /RN HOLﬁlﬂlN

- e Ty Ve e I A e L L L L o Ll L R

2.63+01
2.71101
2,82+0})
2,95%+0]
3,13:01
3,37+401
3. 1140
§y,28+401
5.034011
y, 87401
4,B2+%01
4,77401
4,72+01
W,6T401
Q62401
4. 58401
4,5340%
4,48401
4§,4340)

426400
3,99+
3. 54+¢00
3,03:800
2.424+00
1.6240p
5021'31
+00
08
00
+00
«00
«00
+00
+s00
+0u
» 00
00
+0U

1.44+02
1,39+02
§,34402
1,28+402
1.,19+02
1,07402
8,9540%
6,0540)
1,16401
4,69400
4,72400
4, Ths00
%,76+00
4,78480
. 80+00
4,82+00
§,83400
4,85+00
4,86400

ToTAL
Pyt

TUTAL
VEP GaAS

TUTAL
vych 14,

pROUUCED ERMISSION EMISSLION

(AT TH IS

1.04400
1+43400
1+79:00
2.1%400
2449400
2.83‘“0
3.1£100
J.4A4+00
3.78+00
08400
436400
Heb8+00
H«90+00
HelH+0OD
5+40400
5.6“.00

LanLE

2,68+40
S,42+00
8,26400
1.,13+401
1,45441
1., 79+81}
2,1a+01
2,62101
3,07+4U})
3,52+u1
3,97+01
§,52+0)
4.85+01
9,2910]
h,7240)
6&,144010
6,57101
6,9p1U)

LUHOLE

.y o T

.00
4,21~01
7,96=-0)
1,33+00
1,40+00
1,60+00
1,71¢00
1,72400
1,72+00
1.T2400
1,72+00
1, 72+00
1,72+00
3,72400
Y, 72400
b, 72400
1,72+400
. 72400
L. 72400




rgg L}:. uaolLluo REACTOR REACTOR

ACT ; T LEFL IN in o

LI:L Puﬁaaua( 113, TiﬂP CONVENT REALTOR REACTOR REALTOR v§0Lt:2. HSDLb;g.
1 PSTA OEGREE F  OLGREE F v LBMOLE LAMOLE LBROLE tu Fr CuU FI

L
memw S e e -
-w P Y L T L P R L L A P R T R T T R ikl L N et R R L Rk g
- T a RN reaRTaE RNt e o-

WATER
REACTOR JACKET

GAS
LEFT 1IN

KREALT10A

REACTOR HEATY

0
[

1.90+00
2.00%00
2%10+00
2 26+00
2%39+00
2740400
2,50+00
2.60+00
2.70400
zaaufon
2%90+00
3_00¢00
AJ10+00
Ar20+00
3,30¢00
3.40+00
3_.50400
3,60+00
3. 70404
3.80100
3,.90+00
4 09+00
4.10¢00
4, 20400
%_30+00
4 _40+¢00
4.50+00
4 _60+00
4.70400
4 _8Boto0
4. 90¢00
5.0p+00
30400

1., 75402
1.734n2
1.71s02
1, 704p2
l.681p2
1.66¢p2
1.69102
1.63+p2
1.,61+p2
1,60+p2
1.58+p2
1.,56+p02
1.,58+02
1.93+4p2
1.52+02
1.50+02
1.49+p2
1.47+02
1.46¢02
1eliegp2
1.,434p2
1.42¢v02
1.,40+p2
1.394p2
1.,37402
1.36+02
1,35+02
1.34+p2
1.32+02
1.30+02
1.304n2
1.294p2
1.274p2

1,54402
1.54402
1,53¢02
1,92+02
1,52+02
1.51402
‘050102
1,50+02
1,49+02
1.48+02
1.%7+02
1. 47+02
1., 46+02
1.,45¢402
1,.45+02
1.%4302
1.83402
1.83+402
1.,82+02
l1.414g92
L.,41+402
1.4%0+02
1.39+02
1.38402
1.38t02
1.,37302
1.36102
1.36+02
1.35+402
1.34+02
Led4en2
1.33t02
1.33+02

7,40+401
7.,32+01
7,24+01
7.15+01
7,07+01
6,96+01
6,9040]1
6 ,82+0)
6,73+01}
&,65+01
6,56+01
6, 48+01
6,404+0%
6,31+01
6,23+01
6,14+01
6,06401
5,98+01
5,89+01
5,81+01
5,72+481
S.,64+01
5,56+01
§,47+0)
§,39401
5,30+01}
5,22+01
S,14+0)
5.05+0)
§,97+01
4 ,88401
4,.80¢01
4.68040)

-&.06*“~
~1,07¢04
=1,34405
=1,604+05
~1.,6T7T+05
'2.15'05
~2,40405
—2.65*05
«2,93405
*3,19+v05
»3,45405
«3,71+05
'3‘97*05
ey , 231405
v4,494+05
". .?5*“5
-5,004#05
+5,26¢05
-h,51+00
'5.76*05
-6,0240%
’6.27705
~6,51+05
~6,76406
*7.,01405
r7.,25405
~T,49+05
r7.,73+405
'7.9?‘05
-8,21405
£2,4b4+0%
~8,606+0%
~8,91405

2:9940p
3,00:00
3,01+00
3,01+00
3,02+00
3,03400
3,084+00
3,05+00
3,0L4+00
3.05t00

.3,07+00

3.08:00
3.084+00
$.09+00
3,10+0p
3.1140p
3,1140p
3,12+00
3.13:+0¢
3.13400
3,1%40p
3,15+00
3.19+00
3,16400
34,1640
3.,17+00
3,17+00
J,18400
3,19+400
3.,1%4+00
3,p0+00
3.20400
5.21*00

3,78+402
3, 74402
3,69402
3,65+02
3,61+02
3,57+02
3,53+02
3,49+02
3.,45+02
3 . ul+02
3,37402
3,33+02
3,29+02
3,26+402
3 ,22+02
3, 18+02
3.15402
3,11+02
3,08+02
3,04+402
3,01+02
2,98402
2,94102
2.91%02
2,88%02
2.84402
2,81+02
2,78+02
2,75+02
2,72402
2.,69402
2,66402
2.65i02

237403
2:37403
2:37403
2:37+403
2:37403
237403
2.37403
2:36403
2:36403
236403
2:36403
2.36+03
2:36403
2036403
2:36403
236403
236403
2¢36403
2:36+03
2:36+03
2¢36403
2¢36+403
2:.35403
2354023
2¢35+03
2:35403
2+35+403
235403
2:39+03
24354023
2¢35403
2+:3m403
2:35+03

Y4,.65+V2
4,59+02
q.53f02
4,48+02
H,42¢U2
4,37¢02
4,31¢02
%,264U2
§,21402
§,16+02
4,11+402
4,06102
N, 01402
3,96402
3,91+02
3,66102
3.,82+402
3,77402
3,72+402
3.6p1U2
d,£34U2
3,69+02
5-55*“2
3.50+02
A,464+02
J,u2+02
J,38+402
3,34+U2
3,.30+u2
3,26402
3,22+U2
J.,184U2
3,34+02

6,86+02
6,8%402
6,85¢t02
6,85402
6,85+02
6,85402
6, 84+02
6,84402
6,84+402
6,84402
6,83402
6,83+02
6,83402
b,83+02
6,83402
6,82+02
6,824¢02
6,82402
b,082402
6,82402
&, 81402
&,81+02
6,81+02
b.alfﬂa
6,81402
6,80402
6,80402
&, 80102
b.,8U+02
6,80402
6,8U0+402
&,749402
6,79102




CONPOATION

PREFLASH PpbFLASH  PREFLASH  FLADIED  FLASHED  FLASHED ToTAL TOTAL 107AL
GAS VCH Lia, 120 LIG, GAS ven LYU, 1120 14, Pyt VCh 6AS  wCA L1,
[RY, ] FiOW " FLOW FiLow FLOW FiLouw FLow PROVUCED  ENISETON  ERISSION
nih ROLE/ZRER HOLE/ZMIE HOLE/ZBIN KOLE/ZNIN HULL/RIN HOLE/MIN LanoLE L-BM0LE LUMOLE

- W - - TS A P gy N T e A N A T e, Y W N W I MR am e - T R T D g e L, e e R T g B AP R, e e e e - - e - - [ J .,

1.90100 4.,08461 1.18+00 6,70400 4 ,38401 «00 4,88+00 Ge86400 T.h0403 1,72+00
2.00+00 4,04¢pl 1,17+00 6,68+00 4,33+401% « 00 4.89+00 6+08+00 7.80+U1 1,72+040
2710¢t00 3.,99+al 1,35400  6,66400 4,2840) +0U 4,91400 629400 y.21401 1.72400
2.20t00 3,95+01 1.,13:00 6,E4¢00 424401 00 4,921040 650400 8.61401 L,72400
2.30400 3.9l 1.,13+00 6,61+00 4,19401 +00 4,93¢+00 669100 9,0040) 3,12400
240400 3.687+41) 1,10400 6,59400  4,14¢01 U §,94+80 GeBH400 9,.40101 1,72400
2 5304+00 3,82+01  1,08+00 6,57+00 4,09401% « 00 4,95¢00 706400 9,7841U1 1,72+00
2. 66400 3,78+l 1,06¢00 6,54+00 4,000} + 00 4,.96100 Te24400 1,02402 1,72400
2.70%v08 ° 3,7%401 1,06+00 6,.52+00 4.,00403 00 4,96400 Je 00 L, 05402 1,72+400
2.80400 4,.704+01 1,03:+00 6,49+00 3,9b+01 +0né 4,97+00 756400 1,09:02 1,72+00
290408 366101 1,02400  6,4T7+00  3,91+0) e00 4,97400  T.72+400 1 ,33+4U2 3 ,72+00
3.00400 3. 6240l 1.00400 & 44100 3,86401% « 00 4,98+00 J+87100 1,17402 1,724000
a‘ia+00 3,.57+01 9,85%-01 6,41+00 3, 62401 00 4,98+049 601400 1,20¢02 1,72400
3_26+00 3,930l 9,100} 6,39+00 3,77+01 +08 4,99+ 04 815400 1.24302 1,72+00
3%30400 3,.4940)  9.54-01  6.36+00 3,73:0) 00 §,99400 8+29400 ), 27402 1,72400
340100 LT YT 9.39.p1 6,33100 2. L8101 00 4,99+00 fefl 400 1,31:02 1.72400
AThu+00 3,421 9,24-01) 6,3A0400 3,64101 yiH 4,99400 &+54100 1,34102 1,72400
3 60400 3., 38401 9,18-01 6,27¢040 3.60401 +Ou 4,99+00 B:+66400 1,30402 1,72400
5.70+00 1. 34401 4,95-01 6,24400 3,55401 00 §4,99+00 d.77¢00 1, 43402 1,72400
3.60+00 13,3011 8,83-01 6,21t00 3.51401 «00 4,98460 BeBB4GO Tohyv2 1,72+00
390400 3.,26401 8,66-01 6 16400 3,4740) + 00 4,98400 899400 1, 48402 1,72400
4. 00+D0 3., 23410} 8,52-01 &,15400 3.,43501 +a8 4,98+00 9,09+04 L, 01402 1,72400
4., lutbo 3. 1901} 8,38-01 6,12+060 3,390 00 §,97400 919100 - ) 54402 1,72400
§_ 20400 3. 1841 8,25«n1 6,09:00 3,35+40) +00 4,97400 9,28+400 1,57102 1,72480
4, 30t00 3, 1240} 8,11-p1 6,06400 3,31401 +00 §,9b300 9,37400 L,61402 3, 72400
4§ 4G40 3,044n1 7,98-0) 6,630 3, 21441 .08 4, 96400 946400 V04102 1,72400
4,50¢00 3.05¢01 T.85-01 6,00400 3,23401 00 4,95400 9.55400 1.67+82 }, 72100
4. 60+¢00 3,01+nl T.71-01 5,96400 3,19401 «00 4,94+00 Ye£5¢00 1,70+02 1,72400
4 70300 2.984p1 7,59-q1 H,93100 3.15101 «08 - §,93¢00 9.71400 1,73%02 1,72+¢0
W_ H0400  2,94s0)1  T.46-01 S5,90+00 3.31401 o0V 4,92400 9«TB4U0  1,7¢3U2  1,72400
4,96+00 2.91+qal 7,33-0) S, 87400 A Lliv0) «00 - 4,91+¢0p 906400 1, 79102 1,72400
5 UG08 2,87T+«01 7.21=-061 S$,82:00 31,0410} +G0 4,96¢dg 9+93400 1, 62102 1,72+00
Holusul 2,84+01 7.,09-01 S,80400 3,00¢01 » 00 4,89+00 1+00401 1, #5402 1,72+400




CORPFORATION
WAJER hEALTODKR GAS VCH L1Qs [120 LI, REACTOK REALYOM
REACYIOR  Hp ACTOR JACKET HEAT LEFL IN LEFT IN LEF) IN yiM {Jue #1120 Lla,
T1ME PRESSURF TENP TEMP COMIENT REAL JUR REACTOR REALTOR vorLuet VoL une
MIN PSIA DEGHREE F OLGREE F (£} A1) LBMOLE LBMOLE LOMOLE Lu FY Cu FI
5_20+00 126402 1.32+02 4,80¢01 ~9,14405 3,214+00 2,60+02 2635403 3,11+02 6,79402
%.30400 1.254p2 1.31+02 4,80%0) +-9,374056 3.22+0¢ 2,57+02 235403 3.07402 &, 79402
HIR0H00 1,284p2 1,31+402 4,8040) ~9,60+05  3,22400 2,54402 2.35+403  3,03+402 6,79+02
H_50+00 1,23402 1,30402 §,80401 +9,82400 3,2%40¢ 2,53+02 235408 3,00402 6,78402
h, 60400 1.,224p2 1,29+02 4,80401 +~1,00406 3,2340¢ 2.49402 2:344+03 2,964U2 6,78402
S, 70400 3,21402  1,29402 4 ,80+0)1 S1,03306  3,24+400 Z, 46402 2434403 2,53+U2 6, ,TB4D2
5,.80400 1,20¢p2 1,28+02 4,80+01 -1,05406 5,24+0p 2.,43102 2.34403 2,89402 6,78402
H. 90400 1,19¢c2 1,28+p2 §,8U0+01 -1,07406 d,24+09 2,41402 234403 2.,86402 6, 78402
6 00+00 1,18+4p2 1,27+02 &,80+03 <-31,094086 3,254+00 2,38+02 2¢34403 2,82+02 6,78402
6%1p%00 1.17+g2 1.26402 §,80%01 ~1,33%06 3.2540p 2,35402 2434403 2,794u02 6,77402
& 20400 1.164p2 1,26402 4 _806+0) -1,13406 3,26+00 2,33+02 234403 2, 76402 &, 77402
o b.30v00 1.19¢p2 1,26402 4,804p1 ~-1,10406 3,26+00 2,30402 2.34+03 2,73¢U2 6,7T+402
L b 4ot 1.14%p2 1.25¢02 4,80+01 +~1,18+06 5.27400 2,28102 234403 2,£9+U2 6,77402
= 6_.50+00 1.13402 1.24¢02 4,804+01 ~31,20406 3,27+00 2,25+402 234403 2.661U2 6,77T+02
6760400 1e12402 1.23402 4_,80+01 «1,22406 3.27+00 2,23402 234403 2,63¢02 6,77+02
6 70400 1.11402 1.23¢02 &, ,30+01 -1,24106 3.28+0¢0 2,20402 2434403 2,60402 6,76402
6. 80400 1.104p2 1.22¢02 §.,8040)0 ~1,26406 3,28+00 2.,184+02 234403 2,57+U2 6,76402
6 94+00 1,09402 1,22+02 §.,80+401 +~1,28406 3,28+00 2,15102 2,34403 2,54402 6,76402
7.00%00 1,084p02 1,21402 4,80+01 <~1,30406 3.2%00 2,13402 2+.3%403 2,53t102 6,76402
7.30400  31,07+02 1,23402 4,80401 ~1,31406 3,29+00 2,11402 2.34403  2,4p402 b,76¢02
7.20+00 1.07+02 1,20+402 4 ,80¢01 -1,33406 3.304+00 2, 08402 234403 2,45+02 b,764¢02
7.30%00 1,06%n2 1.20402 4,80401 ~1,35406 330400 2,06402 2+34403 2,42402 6,75402
7.40400 1,05+02 1.19+02 4 ,80+01 .1,37400 3,.30+00 2,04+402 2.33+03 2.40402 6,79402
7.50+00 L.04+4p2 1.19:02 §,80401 ~1,39406 3.31+:0¢ 2,02+02 24334013 2,37402 6,7%¢02
7.60+00 1.03402 1.18+02 4.804¢01 =~1,41406 3.,31+400 1,99+02 2+33403 2.,34442 6,75+02
7.70+00 1.03+p2 1.1A+02 4,80401 -1,43+406 A.3440¢9 1,97402 233403 2.31102 6,75402
7 80400 1,02+p2 1,17+402 4 ,80+01 +1,44+06 3.32+00 1,95+402  2,33+403  2,29.02 &,75+¢02
o c 7.90400 1.00402 1.17¢02 4,80401 ~1,46406 3.32+80 1,93402 2433403 2,2¢402 b,75402
H»o 6,00400  3,004p2 1,16402  4,80401 -21,46406  3,32+400 1,91102 2433403 2,23402 6,74402
g;f’ 8, 10+00 9,98401 }, 16402 h,80401 -3, 50406 3,32400 1,89+02 233403 2,21402 6,79402
[ 8,20+00 9,91+4g1 1,15:02 4.80401 +1,5140¢ 3:33+00 1.87+02 233403 2,18402 6,74402
8.30+00 9,848tp 1,15+02 4.80+0) -1,53406 3,33+00 1,85+02 2433403 2,16402 6,74+02
b _40+00 y, 76101 1,144p02 4, 80+¢061 -] 59106 3,33400 1,83+402 2433403 2,13¢02 6,7%402




CONPOMNRTION

PHEFLASE PubFLASIE PREFLASH  FLASHED FLASIIRD FLASIRD TOTAL TOTAL TUTAL
GAS Vel LIo, 20 LIG, LAS Vs Lid, w20 viaQ, tyL ¥Ch GAS vVeh 114,
iht FLOW FLOW Fi.ouw FLOD» FLOW FLDW PROVUCLD  ENISSION ENMISSLON
MLE/ZRH HOLE/ZMIN HOLE ZMEN PELEZBIN MULE /MIN HOLE /BN Lok LunoLt LUNOLE

- T W - L I R e e it B R R o R PR S T e Ll e b T

5.20000 2.81401 6,97-01 5,77i00 2:.97+0) « 00 4,88+00 101401 187442 1, 72400
H,30400 2,7840}) 6,85-01 5,.73100 2.,93101 «08 4,87+00 101401 1,90+02 1,72¢+08
S.4%0480 2,754} 6,73-n1 5,70400 2,90401 o U 4,86400 1:02401 1,93:¢02 1,72400
S 9000 2,710} 6,62-01 8,67+00 2.,06401 QU 4,04:00 1.02+01 1,96 402 1,72+404
5,.60+00 2,68+01 6.,51-01 5,63+00 2.8340} +« O 4,83400 1+03481 1.,99:02 L,T72400
4. Tosob 2.,654+p1 6.80-01 5,60400 2.194¢01 00 4,82400 10440} 2,01+¢02 1,72400
5,80+00 2,62+n1 6,29-01 8,56400 2,76+01 +00 4,80400 104401 2,04+02 1,72+00
5.90400 2.59:01 6.18-01 $5.53+00 2.73401 4,79+00 1¢0540}) 2,064U2 1.72400
& 0peauw 2,.8640) &£,07-01 5,56+00 2.,70¢01 00 4,71¢00 1109401 2,094U2 1,72400
L 10t00 2,531} 5%,97-01 S . 46400 2.66401 4,76400 106401 2,12¢02 1,72400
L 2utll 2,81+4¢1 5,.86-01 S.8300 2.,6310) 4,.74%¢00 1+06401 2,14+0U2 1,72+00
&3+ 00 2.48:p} 5,76-01 h,39400 2,60v01 2«00 4,72¢00 1+07401} 2,17+02 1,72¢00
L 4di0s 2,454} 5,66~01 8,36+00 2,57401 «00 4,71+400 1.07401 2,19+02 1,72400
L. G000 2,.42+01 S,56-01 533400 2.94401 4,69400 1007401 2,22+02 1,72400
& 6Dv0N 2,391 H.47-01 8,29+00 2,51+01 +0U 4,6T+00 1+08+01 2,24+02 1.724040
& TO0U 2,37+01 5,37-u1 S, 26460 2.,40+01 «00 4,654¢00 L+08+01 2,26102 Y, 72400
L 401060 234401 b,28-m f,22+00 2,450 §.635408 140940 2,29%02 1.72400
FALTIEY 2,51+p1 5,.19.01 S,19+00 2.42+01 .00 4,62400 109401 2,31+402 1,72400
T7.00400 2,29101 9,09-01 S, 16400 Z.40401% 4.60400 1409401 2,34402 1,72400
T. 10000 2.26401 S,08-01 S5,12+00 L3140y B . 58+00 1210} 2.,364U2 L. 12400
T.20400 220411 4.92-n1 S, 09500 P340t W, 56+00 1+.10+01 2.,30402 1,72+00
1.30¢0008 2.2V pl 4,8%-11 HS,05w00 F.31401 4, 548400 1.10+01 2. 40402 1,72400
7. 80400 2.19101 . 74-01 9,02:00 2.2910}) 4.,52:040 11130} 2.43402 L. 72400
Trhurod 2. 16410 4,66-01 §.99400 P.2h101 §,50+0p 131401 2.45:02 1,72400
7.60:00 2.4 W, 5g-01 4,95i100 2,23401 4, 48404 1.11401 2.4F7402 1.72400
T.70400 2,124l 4,50-01 4 92100 2.21401 4§ . 45100 1.12401 2.494U2 1,72400
T 600N 2,09:p) 4,42-01 4 80400 2,141 4,4340p 112401 2. 51402 1,.72400
7.9is00 2.,07T+01) 4,3 -m H 854006 716401 4,4140g 112403 2,03+02 1,72400
a_ 0000 2.081061 4,26~01 4, 42400 2.13+01 ’ 4,390y 1e12401 2. 054302 1,72+00
. lbsbi 2.U2401) 4,3-01 4,74+00 2.11+001 4,3740p 121340 2,L74302 1,72400
4_20rada PN RTa ] 4,11-01 4, 7% 000 FSTYIR Y)Y . 4,380 1e13401 2. 489102 1,72490p
8. 3000 1.90epl 4,083-01 4,.71400 2.06L401) I 4,32+0¢ 1213401 2.61402 1,72400
d. 4004 19001 3,96-i1 Y. L8600 fJ13101 4,30+00 113101 C.e3eli2 1,72404




8T=2

459920
290

CORPORATION

TiMi.
HIN

HEACTUR
PHESSURE
PSIA

HE ACTOR
TERP
DEGREE

HUAVEN
JACKEY
TEwuPe
DLOREE F

HEALTOK
HEATY

LONIENT
i

GAs
LEFY N
REACTOUR

LBMOLE

yCH LIQ.
LEFT 1IN
RLACTOR
LBMOLE

120 L1Q,
LEFL IN
REALTOR
LHROLE

REACTOR
VLM LG
VOoLUpE
Lu §7

REACTOH
VOLUME
tu Fi

.--..------.----o---,---,---------——-----—-p-—.———------—-——n--—’-o-—-—-------—-~-—-——-'—----'-—-----_

8.50400
84, 60+00
4M70400
u_840+00
i S0+00
49,004+00
%,10400
9.20+00
Y.30400
9740400
Y, 50400
Y . 60+80
9_T70+00
Yy,80+00
9,.90400
1.00+41

9.1l*ﬁl
9,.654p)
9,58+p1
9,52+n1
9,46+pl
9,40+l
9,34%+0a1
9.26+01
9,224nl1
9,17+pl
9.,114pd
9,064pl
9,01+0}
8,95¢01
A8.90+01
8.,85+01

1.344n02
1.13402
1.134502
1.12+02
1,12+402
1,31+402
1,11:02
1,11+02
1,10+02
1,10+p2
1,094+02
1,09+92
1.0A+02
1,08402
l.ﬂainZ
10071“2

4.,060101
4,80¢+01
4.,80+01

4,60401

4,80401
4,80+01
4,80+01
4.,80+01
4,8040}
4,80¢01
§,80+01
4,80+01
4,60¢01
4,00+01
4,80+01
4,80+401

-1.57*06
'lqbﬂfﬂ‘
-1.60406
+«1,b1406
«1,63+06
-1,65406
-1,66406
1, 68+v06
-1,69406
»1,71406
-1,72+406
-1,7Th4406
-1,7540b
~1,77+406
’1070*06
-1,80+06

3,3440p
3.,3%40p
3.34+0p
3.,3%+00
3.15+0p
3,35400
3,3b10p
3,36+0p
3,36+0¢0
3.36100
5055*00
3,37T+00
3.37*00
3.,37+00
3:.37400
3.37+400

1,81+02
1.,79+0
1,77+02
1,75+02
1,73¢02
1,71+402
1,69¢02
1,67+02
1,66+02
1.,64+02
1,62102
1,60+02
1,59+02
1.,57+02
1.,55¢+02
1,54402

233403
2¢5334¢03
233403
2433403
2¢33403
2:33+03
2:33¢D3
2:33¢:03
2:33403
232403
232403
2+32+403
2.32+03
2+32+03
2:32403
2¢32403

2,11+42
2.“9*“2
2.,06402
2.0440U2
2,01+402
1,99402
1,97402
1,95+02
1,92+402
1,90+402
1L, 82402
1,86402
1. 4h+0U2
1.6i2+02
1.80+U2
1.78+402

6,7%402
6,7T4402
6,73+02
&,73102
6, T3+02
6,73+402
6,73+402
6 T73+02
6,735402
6,724902
&, 72+02
6,72402
6,72+02
6,72402
L,72+02
6,72+402




CONPORATION

T
HIN

8’50100
8.60400
u,70000
4. 0000
4,90+ 00
U TRYT]
y 10404
9_20¢00
9’30400
9 40000

Y h0+00
y_ebibg
9 70+00
2 boe0u
49,90400
3. 0040618

PREFLASH  PREFLASIHE PREFLASH  FLASHLD

GAS
FLOW

VCH LA,
FLOU

HOLE/nIn  NOLE/ZRIN

1,930}
1.9344)
1.89401
1,847+01}
1,85401
1.,85401
1,814p}
1. 7901
1.77+41
1. 79401
1.73401
1.7140})
1.69t0}
1.67¢01
1,6501
1.65¢n1

3.069-01
3.‘2'“1
3,75-0)
3.68-01
3.,61-p})
3,84-01
3,4%8-0l
3.%2-01
3,35-.01
3,29-01
3,23-01
3,17-01
3,11-01
3,08-41
2.99-n1
2.9"’01

H20 110,
Fi 0w

GhS
Lo

FLASHED
ven L1y,
Flow

FLASHED
120 116G,
FLOW

AOLEZBIN  hCLE/BIN MULE /NN HOLE /HIH

TR TR PR BT R R TR an Rmet R R E e EEm e TR TR RS Iy N, S gy e T e 0 e e T R WD W RSy W M g e e W W

4 . 64100
h,61400
§,.58+00
4,.549+400
%,51+00
4,.4700
4,44400
4,41¢00
4.,3T+040
4,348+00
4 .30s00
§,27+100
§,24400
§,20+00
§,17+00
4,13+00

22,0140}
1,994}
1.96+01
19440}
1.,92401%
1.90401
1,870}
1.,85401
1.,83401%
1.61¢01
1., 79401
1.77¢01
1.75+01
1.73+01
1.71401
1.L9¢0)

00
200
+00
+00
+00
+ 00
+0U
.00
00
00
+00
0l
00
«0U
+00
+0u

4,27408
4,25+00
4,23400
4,20400
4,18405
$,15400
4,13009
4,10+00
§,08+00
4,05+08
4,83:00
4,80400
3.96+09
3.95+04q
3.93¢00
3,450¢00

TolAL
vt

TOTAL
VEN GAS

FOTAL
VCH LTO,

PROVUCLD  ENISSJON  EMISSION

tphoit

1+14401
1141401
134401
114401
1«14+01
115401
1+15+01)
115401
115301}
1415401}
115301
1+156401
1:164+01)
12164018
116401
1+16401

LMoL E

2,LH4+02
27402
2,69+02
2,71402
2,73¢02
2,7b4812
2,77+U2
2,78402
2,002
2.“2*02
2.,60h02
2,8g1002
2, A7+02
2,942
2,93402
2,92+02

LUMOLE

1,72400
1, 72+00
1,72400
1,72400
1,72+00
1, 72+040
1 ,72+400
1,72+00
1.72400
1,72+00
1, 72+00
1,.72400
1,72¢00
1,.72400
1,72+00
1,72400




DISCHARGE FROH A PVC BATCH REACTOR

Cuse 3. Overfilling - Constant Temperature
HeEACTOR PRESSUKE AY TIlpE OF nISCHARGE = 194,10 PSIA Pitf SSURE DOWNSTREAM OF VALVE =
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5 & 30+08 92.3%t01 1.,11+402 9,00+401 -1,95406 1,99+00 3,30+02 2:41+03 3,a4+02 6,98+02
[ L 4000 9,29+01 1,11402 9,.00+0} ~1,974+06 1.95+00 3,28102 2441403 . p1402 6,98+02
a.50+00 9,2%401 1,10+82 9,.00¢61 ~-1,%8406 1.954+6n 3.26402 241403 3,79+02 6,98+02
6,60¢00 9,20+nl Y, 10402 9,0p481 -2,00406 1,96+8¢0 3,24+402 241103 3,77402 6,98+02
6 Tusdd 9, lb+pnd 1,10¢02 9,004} -2,01400 1.96:8n 3,22+02 241103 3.7€+02 6,948+02
a,b0400 9,11+01 1,09+02 9,00401 ~2,02406 1,96+080 3,21+02 2.41+403 3, 72442 6,98+02
b, 90+00 9,07+p1 1,09+02 9,00+01 -2,04+06 l,96+0p 3,.19+02 2:41+03 3,7a+02 6,97+62
7.00400 9,03+01 1,09¢n2 9.0810) -2,0ht06 197400 3,17+002 2:41403 3, 66402 6,91¢02
7.10¢00 34,9940l 1.048+02 9,00+0) -2,0L+06 1.97+400 3.15+#02 2441403 3,06102 &,97407
7.26+00 B,9%+p1 L, 0B+p2 2,00%6) -2,08+06 1,97+ 3,14402 2:41+03 S, L4402 6,971+02
7.350+00 B.,904pn1 1.08+402 3,00¢01 -2,094+06 1.97+0p 3,12+02 2:41403 3, 62402 6. 9T+02
7.40400 a.B86%0l 1,07¢02 9. 004213 ~2,10404 1.97+0n 3.10402 2:41103 3,59+02 & . 91+02
1 5G¢00 f,i3+01 1,07¢02 G, 00801 LD, 11400 1.98¢6n 3,09+02 241403 3,H7+02 &,9714+42
7.60:00 N, 79l 1,07+02 9,u04¢01 -2,13406 1.98+409 3.07+02 2:41+03 3,55402 6,.97102
7.76400 f.75%nld 1.06+02 9.00¢0) -2,14%04 L.98+0p J,0b+n2 2:41+03 3,.h3102 6,97402
T_.80+60 G700l 1.06+32 9,0646) -2,)15+08 1,980y 3.04+62 2+41+403 3. 83402 &, 96402
25 7.90400 n,67ial  1,06402  9,00403 -2,16406 1,9Y¢00  3,02402 2.41+403 3, 40+02  6.96402
2D u_ 0urod tebrlitnl 0602 Q00401 -2,1T7400 1.9%¢0q 3,01402 204140 3,.47¢02 b 9402
s 6, 30400 HebrlU Q) 1.,05%44i2 D, 06103 =-2,1Y9400 1o9Y¢tp 2,994+02 2441403 S, 4h¢02 6,96407
B.20+400 A, 57+l 1,05402  9,0080) -2,20406 1.99:00  2.98402  2.41403  3,444U2  6,96402
a. 3006 nohitnl 1.0%4£2 ,00t61 -0,21400 1,99+0p 2,96402 2¢41403 342402 b,964 02
4.%0+00 fn.h00l Y, 0452 J,0040) -0, 22106 2.00400 2,94+02 2+41+03% d.qpi02 6,96402




COMS O ATION

PREFLASH PR LTLASH PREFLASH dLasilb FLASHILD FLASIED TOTAL TOYHi. TUFAL

GAL Vet LTa, H20 L4, LAS Ve LYId, 120 Lo, Pyt VCH GAS yCH ga,
T1EHL Fi.0wW FLouW Y LUk FLOW FLOMW pHoVUCLY ENISSTON ENISSION

ntl POLE /B HolE 7RI BOLL /8T R E/7RIN HULL/BIH MOLE /780N LpfnLL LuMGL L LUNOLE
5 20100 2,040l 6.,20-01 3,9500 2,09101 «00 3,66400 2:28-01 1.20402 1,264101
av3uvob 1.,98t01 h.l2-01 3,93+00 2,L1+01 » BU 3,65+00 2+30-01 1,22402 1,.26401
4 44408 1.964p1 a,85-01 3,91+00 2,L6+01 + N0 3,a3+00 2.32-01 1,24302 1,2640)
b, 56Ul Yo el i, 98-p1 3.00400 2,63401 « 00 3, 62400 2:34-~0 1,26+02 $,2654)
4. 60 +00 1.93¢01 %.91-01} 3, B6400 2.,01401 +« AU 3.6040g 2.36-01 1,2a+02 1,2640)
. 76400 1.91s01) b,8%5-al 3,44¢00 {1,990} 0l 3,.59+0q 2.38-01 1.30402 1,26+0)
u BOrgy L. 898010 A Tn-pnl 3, 82800 1.97+0} L) 3,47¢04 2.41-~0) 1,32+02 1,26401
9, 90000 1.87¢01 h.71-01 3,79400 1.95401 +00 3, 56+00 2.43-01 1,34402 1,26+01
b GOivl 1 . Abrid h.64-n1 3,77+000 1.94101 00 3, 54400 2.44-01 1,36+U2 1,264+0)
L, b0 1804010 bh,58-01 3,75¢00 1,92+00 LN 3,53+10¢ 2eh6~01 1,38+02 1,2640)
u_ 20440 1.682¢01 H.81-n01 3.73100 1.,90+01 LS00 3,51400 2e48-~01 1.40402 1,26404
Q u dorn 1.0t epl S 4%8-01 3,70140 1.8400 00 3,50+04 2+590-0) 42442 31,2640}
it Q. 40400 1,79101 H,39-0) 3 60400 1 ,87+01 .0u 3,46400 2.52-01 ), 43462 1, 2640}
6.50400 1.7810} b%,32-al 3, 66400 l.hbi401 00 J.ubthp 2.54-01 1,45+402 1,26401
Y T 1.76+01 S,2L-01 3, L4400 1,03¢01 .00 3,45¢0p 2.845-01 L, 47402 1,264101
a~Toson 170001 5,20-01 3,60400 1.81401 Q0 3.,43400 2+57-01 109102 1,26+01
w opran 1,730l S.34-01 3,59400 1.006401 «00 J.42+0p 24%9-01 L.hieli2 1,264
U TR YT I PEARYIE) H.08-01 3.07400 VL 7EEON 00 3,40+ 2ebl-U1) 1,L.2802 1,26401
7.004a4 Vet 5,02-91 4, 8400 1, 76401 U 3,380 2e2-01 1.04002 1.26+40]
1.10400 1 otdatpld 4,9%-01 3. 93140 1. 74401 « il 3.5T400 2+.64-01 V.6t 02 1,260
I.2usudl L6740l §.90-01 J, ubritp 1, 7340} o (U 3,540y 2+65-01 1, W74U2 1,2610]
7.30+¢00 1.6h1010 4,85-a1 3, 46vu0 1.72401 T 3,33130 2.67-01 1,09102 1,264m)
750000 Vobrliapl 4.79-n1 3,40i400 1,704 « 00 3.32+¢ln 2e6l1-01 1, 01402 1,2640%
1. 004ub beb2th) Y. 15-a1 ALivaon b LEVOY o () J,a0spp 270-01 V. h2eu2 1,260
T.00¢0§ (P ARTO 4,68-01 3, uli04 1007701} sib 3, 206400 2.71-01 1,60402 1,2630]
7. 104000 1.9+l 4,62-0l 3,590t 1. 68101 08 3,27+00 2.74-01 LLE2U2 1,2bt4}
7. 86400 1.907 1 4,97=-01 3,37+ub 1.64¢t01 DU 3.25%+400 2. 7T4-01 L L7402 1,26401)
17900006 VUl 4.951-01 3, a%100 Joebetii} 0l 3. 23t0pn 2.76-01 b 9+vu2 1,2640)
o oucan 1.h04018 B,4%6-01 3,33 v00 [P ARTY] +04 - 3,22+¢00 2.77-0F, 1,718u2 1,2640)
oo TR P.hepd h.%1-01 3,5 vam 1.59401 Al 3.2040p 2.78-01 1,72+02 1,2640)
&0 b 20640 192101 4,3i-n) 3, 2000 IRV IR « QU . 1840g 2el-01 L. 7je02 1,2640]
53‘7 b, 360U 1.ulaal 4,306-01 3,26000 106401 «0U 3. 16+0p 2.81-01 L.75t02 1,2640)
hind e hivaid ool 4,25-41) I eniun L hht0] il J.15+¢0¢ 2.82-401 M, 77102 1,2640)
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€029z0
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CORPORATION

o >hutG0
8.604%00
8 70+00
g.80+00
8.90+00
y_ 0o+l
gy 10400
Y 20+00
9,350400
9,40+00
9,50+00
Y.60+00
2,704+00
g . 40+00
9 90+00
1000l

RE.ACTOh
PhIrSSURF
PS1A

Ity ACTOR
Fhng
Dy GREE ¢

WATL R
JACKET
TL M
MeulE F

LEALVOK
HEAT

COIVEN]
hid

GAS
LLFY 1)
RE AL TOR

LHMOLE

vCH | 1G,
LEFT BN
REACTOR
LBroLE

$H20 LU,
LEFY IN
KREALTOR
LphnLL

REACT Ol
Vil L Ta.
VOLUPE
Lury

HREACTOR
H2t la,
VOLUNE
Cy Fi

n.%6+0l
h.43i10l
A.39+01
B8.3640}
8,3%+01
0630401
8,27T+01
As28401
f.21401
d.depl
B8.1%+4nl
8.124p}
4,091k
8.06¢01
a,03+0l
B.014n1

LeBf402
le04402
l1.04402
1,03+02
1.03402
1.03402
1,03402
1,02402
1,02402
1.02402
1,024+02
1,014+02
1.°lf02
0302
1,0kepn2
L.004+02

9,.00401
9,00¢+01)
9,00+0}
9,00+01
9.00:01
9,00+01
9,00+01
92.00+0})
9,00401
2,004061
9.,00+01
9.,60+01
9,00+0]
9,00+01}
9,00+01
9,00401

~2.23%006
«2.24+06
’2025*06
v2,20+06
-2,28+0h
~2,.,29+06
~2,30+06
-2.31+08
~2,324086
-3,33406
-Q,SHiﬂb
-2,35406
2. 36406
-2.38406
-2,394+06

2.00:00
2.004+00
2.00+00
2.00400
2.014+00
2.01+00
2,014+00
2.01+00
2,01+00
2.01+00
2.02400
2.,02:+00
2.024+00
2:02+00
2,02+00
2.83300

2,93+02
2,914+02
2,90+02
2.,88402
2.,87+02
2,86402
2.,04402
2.63+02
2,81+02
2.,80%02
2.,78+402
2,7T71+02
2.7T6+02
2.,7Th+02
2073f02
2.,72+02

2el41+03
240403
240403
2:+40403
240403
2:40+03
2:40+03
2e40U+03
2.40+03
240403
240403
2.40+023
2:40+403
2¢40+03
2.40+03
2:40+03

3,382
3,364U2
3,34+02
3,32+02
3.331+¢02
3, 29¢02
3,27¢02
3.2u402
3. 24402
3,20:02
3. 20+U2
d,1ps02
3,17+402
3,15+4U42
3,14+02
3,12402

b,96402
6,964+02
6,96402
6,95402
6,95%402
6,95+02
6,95+02
6,95102
6,90402
6,95+062
6,95402
6&,95+02
6€,95407
L,95402
&, 94%402
6.,9%+02
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]

&

Wiy

01920
230

CONPORATFIDM

PLLEFLASH

AL

Tl Fl.OW
Mk MOLE SME

PrEFLASH
e Liag,

FLOW

HOLIT/Min

UL ASH
H20 L§u,
Fi Ou
HOLL 7BINH

fLASHILD
GAS
Lok

O EZRIN MULLE /BIH

FLASID
ver Ly,
FLOW

FLASIHER
20 gi4a.
Frow
MOLE /RTH

ToT AL
it
pROVUCED
LisMOLL

TOTAL
VEN BAS
ERTSSION

LMoL

1UT AL
ven Liu,
LMESSI0N

LUMOLE

e -y A T A e T ey W BE e P e e PP Y e T e e e B e e 8 Y R e B ey P e T e T T e e S e - .

8. 5000 1.4%84n13
B boul M YIT)!
6. 70440 146401
d il 18300}
3.90000 Y.h3%0l
Y. 00¢00 L, 42901
9 lurnd L4040}
Yy 20rikid 31,3901
g, 30400 V30401
J. 80004 b.37401
. 9501640 135401
9. 6004 To38a01
9 Tu+ah 1. 343+
. 00400 132401
Y. 9B }.Al4nl
1.00+0) L. 29401

4,20-01
.l ) 15-01
4,10-01
4,06-01
4,01-31
3,96-01
3,9)-¢})
3.ﬁb-ul
3.az-01
3, 77-0)
3,75-n1
3,68-01
3,64-01
3,.59-91
3,55-01
3,51-01

3,22:00
3,20400
3,16400
., 15000
d,43408
3.11¢00
3,09¢00
3, 07s00
3,04%+460
3, uzsun
3,.00+06
2.90+4b
2,900
2,9h400
2,92500
2,904¢00

1.53+01
1.5£401)
1,51+01
49401
b 406401
1, 46401
1. uht0]
ITEL R}
1.42+0)
(IR
1,400}
3,38+0)
1,31+
1.30101
13440}
1.33+01

Y1)
<Ll
00
s 0
L
+ 00
80
P
«00
00
Bl
» DU
+00
« 00
«Nl
00

3.13%00
3,.11%0a0
3,09+u8
3,.06+0D
3, ab6t00
3.04+00
3,82+00
3,00+00
2,99+04
2,97+04
2,950
2.93100
2.91400
2009*00
2.8800
2,06400

2:85-01
2:8H-U1
2.86-01
2.87-01
2. 08-01
2.09~-01
2+91-U1
2+92-01
2:93-01
29441
2.95-01
2+96-01
2¢97-01
2+908-01
2+99=-014
I.0U0~01}

L.7psv2
1.8a6+02
1.p1402
1,63:02
| Y L
106402
1,.87+02
1, 6ps02
. .90+02
1,91302
1,93+02
1,94402
1.,95+U2
1,97+¢02
1.,9840U2
1, 99+02

1,26401
11,2640}
1,2640)
1,26401)
1,26401)
1,26401)
1,26+0)
1,26t81
1,26+D)
126401
1,2640)
1,26400)
1,236+01
1,26+0
P, 264014
1,2644G}




CORPONATMIN

DISCHARCE FROM A FPV( BALCI REACTOR
Case 4. Overfilliag - Cold Water on Jacket

REAC,OE PRESSURE A TIrE OF DISCHARGT
FEMp AT THpE O OLSCHAKGL
1347,000 CU ¥

HEAC Ol

REAC. Ot VULULUNE =
LTausll VR InTTEALLY &, BEACTOp
INITTALLY IN REALTOR

OF WATLH (CONSTANT) =
BRLLIEF VALyE ORIFICE OPENING =
LIGUED ELTRALHEENTY = 0100 CU FT LYG/sCU FT GAS
WIEH MIW ENTHAIHMENT IS HEACHEL =
JACKET FACTOH

VaPOoR
LUNSTY
AHLCA OF
MINIMUN
Lig 0L
HEAT TG

Tine
mh

_00
§.00-01
2°00-01
3.00-01
4. 00=-01
5.0u-ul

u 0n-01 .

7.00-01
u_60-01
9y,00-01
1.00+04
171000
L. 20+00
1.36¢00

1.40+00 -

1.%0400
1.60+00
1.70+00
1 50100

REACTUR
PRESSURY
PSIA

1.9L#4G2
1.32+n2
1.32+q2
L.3240F
1,31+p2
1.34p2
1.314n2
1.31+4p2
1.30+p2
1,30+p2
105“*02
102",““2
1.29402
1.28+4£42
1.274p2
1,27#:2
1.26402
te2%ip2
le24tn2

= Je0D

R ACTON
TEME

!"ﬁ{-

wAER
JACKET

T HP

U GRLE | ULGKFE F

1,3502
1.35%+02
1.3%+02
1.35+02
1.3%i02
l.35f32
1.,34402
1.34302
1.34402
1,34+402
1.34402
1,33302
1.33¢02
-l.33in2
1.33:02
1.,32+02
1.32402
1.314n2
1.31402

9,00+401
#,92+01
a8,h3101
8,75+01
a.f:ﬁtl.il
8,.58+01
a,50+0l
8,41+01
6,33:01
A, 24+01
d.latnl
8,00h+01
7,9%401}
T.91t01
T, t2+01
T.74+01
T 6401
T,HbT+01
T . h49+0l

194,70 PSIA

135,00 F

12194 CU FT

KEACTGHR
HEAT

LOLTENY
HiJd

—l.ﬂ'i‘lﬂb
~l,04%06
«1,04+06
-1,63+086
’1103"06
-k,03+06
-1.03+06
-].,83+06
~l.04%06
~1l.,04+06
-} 04106
-1,0%406
~1,005+06
'1006*06
-1, 08+06
-1,09+06

’l.l,‘ﬂb.

-1.13¢06
-1.15406

LUMOLE
347 LIMOLE
J3.4570 LuKLLE/CU FTY
+LESY SU FY

PRESSURE DOWNSTREAM OF Valvl =

WATER JACKLY TEMP AT LDISCHAaGE=

HEAT OF REACYTLION =

L1 120 INITIALLY IN REACIOR = 2
JACKET COEF 7INES AHLA

INITIAL DENSITY OF VCH =

ORIFICE FLOW COEFFICIENT =
MINTPUM WATER JACKRET TEMp =
TIME NIN JACKET TEMP 1S REACHED =

REACTJUN RAYE FACIOR =

GAS
LEFY IN
HEALTUR

LiMgLE

3.“7-02
1.53-01
2,60-01
3,85-01
S,11-0}
b.qb—ﬂ]
T« I1=-01
8,94-01
le014G1
1.13400
124400
1.3%+00
1,44+0¢0
1.53+0¢g
l.61+00
l.ﬁﬂiﬂu
173400
1.77+400
‘lﬁiufnn

- vCH 14,
LEFT 1IN
RLACTOR

LaMolE

4,06+02
4.,83+02
4.a0+02
4,77+02
4.75%02
4,72+02
4,69+02
§.66+02
4,63402
4.61+02
4§.50+402
4,55+02
4§ ,52402
4,49+402
4.,45402
§.42402
4,39+402
4,35+02
4,33402

320 L14.
LLF) IN
REALTOR
LafipLe

TR PR R BT o wmT e e oy W

2:60t03
2:5%9+U3
2:58+03
2:.56403
2+55+03%
2+54+03
2¢53+03
252403
251403
2:50+03%
2:49+03%
2:48+03
247403
2e¢464%03
2:+45+03
2.44+03
2:44+03
244403
2+43403

%564,3 4
+ 83371
Sy

44,

40

REACTOR
VLM LTG.
VOLUME

9.,83+402
S5.79+U2
3.76&“2
5,72+02
f.69+U2
S,66+02
S5,62+02
2,59+02
S.0%5+02
5H,5%2+U2
Ha4pru2
5-“"*"2
9,4n+02
$,27402
4,33+02
5,28+02
b,24+402
S,20+402
5,16402

6470 VSIA
90.00 F

45516000 BIU/ZLBMOLE

€03.0 LBMOLE
TU/N-F
LBROLE/CU FT

0o F
5.00 MIN

HREACTOR

H2V g ta,
VOL UME
CU FI

Y IO .

7,53:02
T.49+02
7,49402
T, 42402
f,38+02
1.39+402
T.31+402
T.28402
T.259+02
1,22+02
fT19402
7.16+02
7,1%+02
T.11402
7,09+02
1,01+02
T,09402
71,0402
T.0%402




CONPORAYION

PRECFLASH  PRUFLASH PUETLASH FEASHIL FLASHED FLASHED TOTAL TOTAL TorAL

GAS VeM LI, 120 LIG, GAS ven LJ4, 120 L0, PVL VCn GAS ven gJa,
¥ o FirLow Fiou Leu FLOW FLouW PRoUUCEU  ERgSsToN ERission
LT POLE 7ML WLl /7N HOLE /7B N BOCLEZMEN BULE /BN HMOLE /BT LpnoLE LRMOLE LHMOLE

J00 1.02-02 3.67+01 1,15102 2.17+01 l.4240}) 1.75+02 «00 L0 L 0U

1.00-01 S.01=01 2,53:0} 1,24¢02 l.L08+01 l1.0040] 1.24+402 6+78~03 1.81400 1,17¢00
2.00-01 L. UR+R0 2.00+01 1.,23¢02 l1.63+0} 9.87+0¢p 1,22+02 1.345-0¢ 1,42+U0 2,17+00
4.00~01 1.66400 2.,86+¢0) 1,.21+02 1.£740] Y. allv00 1.21+#02 2+02-02 hhe+rUl 3,15%140
4 0u-01 2,330l 2.43+0) 1,19+02 1.73401 .47+00 b,)8+02 2+68-02 b,73+l0 4.11+400
H . 00-01 5,03¢00 2.36+01 1, lhto2 V. 7h+00) 9.2%+00 1,16+02 3.33-02 8. 44400 b,04%400
@ 00-~01 3 E4400 2.31¢nd b, 402 1.bU401} .,984+00 J.14¢02 3.94-02 l.02tU} S,495+400
7.00-41 4. 7L¥p0 2.2401 1,11+02 1,86+01 B.6%400 <3,11+02 Hebh2-02 1,20+0) &,84%+00
4, 00-91 S.u0sp0 2,17¢01 1,07+02 1,93+01% 8,3b%s4p 1,07402 H.2H-02 1,39:14) T.69400
g _Uu-01} 7T.00+4U 2,090} 1,.04402 2,00+0) 1.97+00 1. u4402 HeliT=12 1,080} 4,.50400
§tuprodd HoHitanl 2,80+0) 9,935¢01) 2.,09+a1 Ta53400 9,92+01 L+4B8-02 L. 79+u} Y, 28100
KX L3000 10600 1,A849010 I, 4k01 2.20401 T.01+00 9 .40+0 T.09=-02 d,60401 i,00e01
b 1.2a+00 12040} 1. 7600} a,80401 2,33101 639400 a,79+0) Te66-02 2,2210) 1,0/+01
1. 3600 1431401 164401 4,070} 2.49101 L.62¢00 a,.064¢0) Be27-0a 2.4f401 1,13¢01
L T46vuu 1.72+4al) 1.%24a1 7,07401 2.00t01 4.,75%10¢9 7.17:61) neAu-02 2 71401 P, 08401
Vb Lukob 2.096p1 1.20t01 &, 050} 2.93¢010 Jd.olrig 6,540} gsljd=-02 2,994U1) 1,.22+01
1. bBrU0 280401 4,01400 §,594:01 3.2%+00) 2.14%+¢00 4,580} Yegh=-02 3.29140) A,.2%+q1
Y700l 2.6L0l 4.73¢00 2,%%01 3. 10401 3,28-0) 2,42¢01 1.0h-01 .60 1,26+01
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2.,404%00 2,.48+401 #.56-01 4,.0604v00 2.72+¢01 <00 3,99+00 1+38-0) S.52401 1,26+01
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2°70¢00 2.5001t01 8,26-01 4,.02400 2,64¢01 » 00, 3,96+00 1.851-01 6,50+01 1,268}
2 40+00 2.4bvp1 8,16-al . 49100 2,61s01 +0U 3,95¢0¢ 1+855-01 6,55401 1,26+0)
a 2.90400L 2 4040 d,06-01 4.564060 S ot « 00 3.94%+00 1+:59-0]) b, enil} 1,26401
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Case 5. Mligh Reactor Rate - Zero Heat Removal
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‘DISCHAKCE FROM A PVC BATCH REACTOR
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LLY LAY
JACKLT
T Mg

ULGKELD ¢

T S T sy T g P oy MR D e TS e P e U T g B e v e e R g = O s S N gy e O o

4, 00401
.00+40)
4,804+01
4,080+06%
4, B0+6]
§,8040)
% _ 80+0)
4,800
4.,80+0)
4,90¢n1
L TR RTR
4. .80+01
4,80+0]
4, 00+¢0]
§,60¢0)]
Y, HB+0)

LEACTOh

heal

COi TR

il

«2,B8106
~-2,91+846
-2.,90104
-2, 9Ut0&
-3, 004046
«3,04406
~3,00+06
~3,11106
-3,14+06
=3, 17+004
~S,20400
-3,24+006
’5.?&*”&
-3.29'06
'5.32*"6
~3,30106

LAS

(WS o B
HE AL TUM

unoC

T.2040p
7021'0"
7.21+dg
T:+2230p
22400
Te23t0g
7023f00
Te24%400)
T+29409
Te204+0¢
14201409
1.26+0¢
?aa?iﬂﬂ
7.2’*0“
T.280409
T.20400

vl Li1a,
LLET 1N
RLACTOR

LBNOLE

3,26+02
3,22+02
5,18+02
3.1%+02
3,10402
3,06+02
3.,02+¢02
2,90+0)
2.,94%4¢02
2.,90+U2
2.87T+062
2,03402
2, 7940
2. 76402
2,72t02
2,69402

120 LiqQ,.
LLFI IN
" AL Tont

Lol

Hhe4+03
BetM10S
HWeblitDd
463403
YebItDS
463405
Je63+03
4463403
Hebd+D3
Het3403
q.hJ*OJ
463402
B340
H+65403
Ge2+03
Heh2+403

REACTOR
VLM L TU.

vaLumk:
Ly by

3, 1402
4.76*“2
3,71¢L2
3, A74+0U2
3, L2+02
I h7402
3,52+02
3,47+u2
3 43442
3, 3pt02
3, 2440U2
3, 29+02
3,25t
3,20+U2
3.,16402
3. 12¢U2

HEACTOH
HeU Lia,
VUL unME
Cu Fi

- T SR ey T BT oy o um g T e U TR TR TR A S e PT e e ma S g S e e S T o W e o

1,3%403
1, 34%+03
1,34+403
1,34+03
1,34403
1,34+403
1,34+4p2
1,34403
1,34403
1. 3%+403
1,34+013
1,34%403
1,34+403
3,34403
1,.34%403
1,34%4p3




CORPOMATIOM

PatLASHE PRLEFLASH PRETLASH HLASIEDL FLasut FLAMLE TO1AL TOTAL IUTAL

LAS NeH LI0, W20 L1, LhS wen L, H2D0 LG, Pyt VN GAS ven a4,
vl L us 10N Fi ou LD tLaw FrLouw plobuceld) ENTISSTON  EBLSS IO

muN BOLLZM ) HoLE /7RI 0L 7M. BCLE/ZRLH RULLMLH KOLE/MIH LAMOLE . Linbl b LHMOLLE
4. 50400 y, 0berd T.96-01 3.,97+048 ho2hthl «QU 9.07+00 2¢06t0] Q69402 L. o8400
o hlsal N epl T.41=-01 9 RO Ui N 9,02¢00 24004010 a.,75402 Y aBEN
d_Thdo .99} 7.27-01 9 H2e00 h,hbihld QU 8,97+00 2.07401 a,77+02 l.60000
s by §.9%01 1.12-0} g, 75¢00 W, 400} U 8,93+0n 207401 H,83402 1.68400
S Gu1an d.90enl [T T N ) | Y, a4 80 oD tul V4 U, 8800 2.07¢01 b, 85402 1,.68e00
g Burau .01 6.84-01 9,61 v000 4,01+401 DU B,83+40 208401 h,hA9+l2 1.68408
G sl L Y 6,71-01 92,.54+00 3, U601 AU a,7R40g 2elitiedl h,93+42 1,.68+400
FN2d 100 AP NET Y 6,97-01 9. 47vin 5,91401 00 a8,7300 2.08101 h,97+02 b, 68+00
S, 30400 d.Tap) 6&,4%4-01 G, 40060 3,867401 0l 8,68+00 20840} &,014U2 L. abenn
a G HLruu .68 6,31-31 9.3%45¢800 3,9z+1 «BY B,u3¢00p 2.09¢0) h, DU VLB
L ,5030 3.6he01 d.08-21 9,26100 3.78:61 <00 b,u8¢0n 2.09401 6, Gh4U2 1,68+00
he 9 6htdl .6l (A TSN} 9. 1%600 1,74101 «0U #,53+¢00 24049401 b,12402 L 68400
9 70U 3.057¢ L b,94%-01 Y, 12800 3, 6%+l o 10 h,ylhtop 2e0U40] 6H.1h4U2 L.ttt 0o
g _puioi J.03101 5,81-01 9, Uhrp0 3.hb101 « LU g, 43100 2.10¢01 b, lusl2 L, e8¢0}
g, S0100 A4l 5,69=-41 8,98+v00 .61+ «0U 8,37100 2.304+01) &,22402 b, el0100
1. Gu101 bl H,57-01 a. 491000 J.hihtd] «0U B,32100 2+10101 6, 068U2 1.68¢00

AR TY

821820
20N
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RISCHARGE FROM A PVC BATCIl REACTOR

Casge 1.
REACTYOR PRESSUKE AT TIpE OF GISCHARGE
REACTOK TEMP AY TIpE OfF DISCHARGE
REACYOR VOLUME = 2673,000 cU F1
LIQuiD VCR INTYIALLY IN REACTOR
VAPOR INITIAILY IN REACTOR =
DENSETY OF WATER (CONSYTANT) 3.4570
ARLA OF RELIEF VALYE ORIFICE OPENING =

MINIHUN LIQUID ERTRAINMENT = 0100 CU FY LIG/CU FT GAS
LIU wOL WHEN MIN ENTRAINMENT 1S REACHED

HEATING JACKET FACYOR +00

WATER

REACTOR HEACTOR JACKETY

23479 I'SIA
168.50 F

921.50 LUHMOLE

2.

9699 LHMOLE

LEMCLL/CU FT

TiML
H!N

»

.00

1 00-01
2%00-01
3%00-01
4,00-01
5.00-01
6,.00-01

7.00-01

#.00-01
4, 09-01
1%60+00
1.,10+00
1.24+00
1.30+00
1,40+00
1.50+00
1,60t00
1.70¢:80
1. 80+00

PHRESSURE
PSIA

2.15¢02
2.15+02
2,15¢02
2.14+02
2.12+02
2.07+p2
2,02+02
1,984p2
1,93+02
1. 89402
1.85+02
t.8il¢n2
Y TT 0 2
1.73402
l.bg§ﬁ2
1.69+p2
1.,62+02
1.59+n2
1.5h+p2

TENP

TEMP

DEGREE ¢ ODEGREE F

R e RGNS SaE T T RN, TP e TN LNt aAe e S r R PR RN eE TR LT ee BT RnTE g o e, TR T e RN e SRR ER T Pt R e

1.6&‘“2
1.68+02
1.68+n2
1,68+02
1.68+02
1.66+02
1.644+02
1.63§02
1.61+02
1,60+02
1.58+02
31,9702
1,952
105QQ02
1,92192
1051i02
1.,49+02
1."8’.’“2
1,9 +02

9,00+01
8,92+01
8,83+01%
a,745+01
8,66101
8,.58+01
8,50+01
8,41401
8,33+401
8,24+01
8,16+01
8,00+01
T,99+01
7,91401
T.82+01
T,74+01
7,66+01
7.,57+01
T,49+01

2176 SO FY

-
-

hEACTON
HEAT

CONIENT
alu

L
R

9,66+05
9,79405
9,80+408
9,59+02
4,96+05
T.66405
6,3740%
H.09+0b
31,8340%
2,591
1,368405
1 ,89+404
9, 80404
’2.13‘05
-3,25+05
-§,35+05
rH,43105
rb 49405
»7.53+0%

2438.0 cU F)

lligh Reaclor Rate - Zero lleat Rewmoval

PRESSUEE OWNSTREAN OF VALVE =
WATER JACKLY TEMP AT DISCPRARGE=
HEAF OF REACTION = 451146000 LIV
LIo 120 IMIVEALLY IN REACIOR 4

-
-

&4+70 FPSIA
0,00 F

JLBMOLE
9296 LBMOLE

JACKET COEF TIMES AREA = 895.6 BIU/MIN F

INJTIAL DINSITY oF vCM = ,79912
ORIFICE FLOW COEFFICIENT = ,glU
MINIMUM WATER JACKRET TeMp hb,
TIME MIN JACKETY TEMPP 1S REACHED

REACYION RATE FACIOR = 3,90

-
-

GAS
tFi IN

vCH Lla,
LEFT IN

1120 L10.
LEF1 IN

REACTOR

EACTUR
LENMOLE

2:99400
3,94%4+0¢
4,87+09p
Y,65+100
6.,194+0p
6.,22+00
&,2bL400
6.31400
by,39+090
63944
643409
6.“7*08
6-51*00
6,540
b.S8ship
6.,64+00
&.68400
6,712400
§

REACTOR
LHMOLE

9,214¢02
9,07+02
84,92+02
8,76+02
8,59+02
a4,38+02
8,18+02
7,99+402
7,80402
7.61'02
7-“3*02
T.,26402
7,09+02
&,92+02
6, 76+02
6,60¢02
6,44+402
6,29+02
6,1%402

RLALTOH
LBMOLE

§¢93403
Y+8T7403
4+82+03
Ge774013
4eTH403
BeTH+03
eTH+03
§.73403%
$eTI3+03
473403
4+T2403
JyeT24¢03
472403
71403
4e¢71403
4e71+¢03
470403
y.T70+03
$+704+403

VLA L 1G.
VOLUME
Ly FY

1,15+03
1.,134+03
1,12+03
1,30+03
1.07*”5
1,054+403
1,02+43
9,93102
9,67+02
Y. 42402
9,18402
A,954U2
a8,72+02
8,50+¢02
8.?8*“2
8,0Teu2
T.86402
7-67?“2
T,47402

LOMOLE/CU FT

00 F
5,00 MIN

REACYOH

H2u Lla,
VULURE
tu Fy

1.,43403
1,%1+03
1,3%9%03
1,38403
1.37+03
1,37+03
1,37+03
1,37+03
1,37+403
1,3/+03
1,37+03
Y, 3T7T+p3
1,36L303
1,.36403
1,36+03
1.36'03
1,36+03
1,36+03
1,36403




CORPORATION

PHEFLASH  PREFLASH  PREFUASH FLASHIL  FLASIED  FLASIHED TOVAL TOrAL TOTAL
GAS Ve Li1a, 120 10, GAS vCh LIu, 20 L]0, Iyl VC™ GAS vCen LIaG,
T FLUW F1LOu FLoy f10W FLoMW FLOMW PHOVUCLD  ERJSSION EMISSLION
HOLEZMIp  HeLEZHIHN MOLE/ZMIN KMOLE/ZRTN MULL /BIN ROLE/ZRIN LphoLe LuMnE LUNOLE

..... L et el b R R e e T T R L B e Ll L PR A L R R e T

Joo 1.934n0 1,25+¢02 5,97:02 1.17402 1.0440) 6,96402 «00 Y 00
1.00-01 1.494n) 1.16¢02 5,58+02 1.24402 8,144+00 5,.57+02 6£+494%-01 1,21401 9.61-01
2.,00-01 3.56¢n1 1,03402 4 ,98102 1.35402 4.50+0p §,97+02 1+38400 2,48:01 1.614100
3.006-01 T3¢l T.824+01 d,81402 1,58402 +0U 3,713+02 2.05+00 3.89401 1,8k+00
y_o0p-01 1.01¢pn2 3.04:01 1.b0602 2.,02402 +«08 1.,40+02 270400 42,63401 1,81400
4, 00-01 1,95¢02 S5,72:00 2.,90401 2.,11402 0t 1,904+0y 3.31¢t00 T. 0401 1, a81+00
&_OL-01 1,902 bYohtithl 2. 87401 2,0b402 <l 1,92+¢01 3.687+00 4. 43401 1.81+00
7'00-01} L.bbsn2 $,38+00 2,87+0} 2.,00402 « 00 1,940 430400 1,13+02 1,81400
6,000 1.00¢02 5,22+00 2.85:01 1.96402 «au 1,96+0) 4.85:00 1,32¢02 1,81400
9.60-01 1.77+02 8,06+00 2,83+01 1,93+02 00 1,97+0y 5.28+00 1.50402 1,81400
100400 L. 73402 4.904+00 2.,01401 1,06402 +au 1.994+01 S5«68400 1.67+02 1,81400
1. 10+00 1.69¥p2 §,75+¢00 2,79401 J.,02¢02 + 00 2,00+0) &+05400 1. 4q+02 1,61400
VP 20400 L.65¢n2 H,60+00 2.17+01 L.77402 DU 2,014+0) L+38400 2,01302 1,81400
3. 30400 1.63+02 4. 46400 2, 74+01 1.,73102 00 2.,02+0] 6£469400 2,18+402 b, al+00
NG00 1.97402 4,32400 2,72+0) §,69402 « 00 2,0310) £+98400 2,34402 1.814+00
A _bhotoo 1.54402 4.,18:00 2,70+01 1.65402 o DU 2,04+0) T+24+00 2.49+0L2 1,81400
1. LOO0 1.50402 §,05400 2,68:01 1.63+02 » 00 2,08+01 T+48400 2,£5102 1.81400
y.7u+00 L4T4p2 3,.92+00 2,66+01 1.,57+02 s 0OU 2,05+40) T+70300 2,79+V2 1,81+00
1. 80400 L. u4+02 3,.79+00 2.63:101 1.53%02 o0l 2,0h+0) T4914+00 2,94402 1,81400
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. CORPORATION

FIML
N

1.90+00
2,0p+00
210400
2i20f00
2.30+00
2.40+00
2,50+00
2%60+00
2°T0+00
2,80400
2.90t00
3_.066v00
3,10+00
5,20400
J3.30¢00
S.40+4400
5.504+00
3.60+00
3.70¢00
s 80+00
J.90¢00
4_00+00
410400
4_ 20400
4 3600
4540400
4.D50+00
4. 60+00
4_Tor00
4_60+00
4.90+00
5 _00+00
S’30u+00

REACTOR
PHRESSURF
PSIA

He ACYOH
TENP

WATEN
JACKET
TELMP

DEGREE ¢ DEGHEE F

1.52+02
1.494p2
l.46#02
1.,44402
1.41+02
1,38492
1.,36¢02
1,33+02
1,31%02
1.29¢p2
1.27¢02
1.25¢p2
1.23¢p2
1.214p2
1.19402
1.17+02
1.15+n2
1,132
1.12¢02
1.18+p2
1.09¢p2
1.,07T402
1,06+n2
1.,04+p2
1.03+02
1.02+4p2
1.00+402
y.,uy24nl
9,80+01
9,68+al
9.57+nl
9, 4T¢pl
9,36+01

1.45+02
l.%4402
1.42+02
1.“1*02
1,40+02
1.38+402
1,37+02
1.36+p2
1.35+02
1.,33402
1.32¢402
1.31+02
1,30+02
1,29+02
1,28+402
1,27+02
1.,25¢+02
1.24+02
1.23+02
1.22402
1.21+02
3.,21+002
1,20402
1,19+02
1.,18+02
1,17+02
1.16+02
1,15+02
1.14i02
1.14402
1,13:02
1,12+402
1.,11+02

T.4040}
7.32+01
T,24+01
7,15+01
7.07+01
6,98+01
6,90+01
6,82+01
6,73+01
6,65+01
6,56+01
6,48+01
6,40+01
6,31401
&,23+01
6, 14401
6,06+01
5,98+01
5,8%9+01
5,81+01
5,72+01
S5.64401
5,56¢01
5. 47401
5,39+¢01
5,30401
5,22+01
5, 14+01
5,05401
4,97+01
4§, 80401
4,.80+01
4,.80+01

hEACIOR

HLAT

CONILENT

alu

eB,54+05
-9,54+05
r]1,05+06
-1,15406
~1,24406
«1,33406
«1,42+06
-1,51406
'1.59f06
«1,6684006
~1,761t06
) B4 +06
«1,92¢t06
r1,99406
e2.,07T¢06
v2,14406
-2!22"06
~2,29400
=2.,36+06
-2,42+06
’2.“9*06
vz HD106
=2,62¢+06
-2.b0306
2, 14706
'2.90*06
=2 JOE+06
r2,92406
«2,971t06
«3,03406
~3,68406
vr3,13406
-3,19+06

GAS
LLFT IN
REALTOR
LUMOLE

6.73+40p
&.76+0p
&.749+0q
L,81+00
6&,8%4+060
6,86400
6089*00
6&,914+0¢
&,93+40¢
&h,99+0¢
6,97+0p
6,99+00
T.034+00
T,03:+00
T.85%4+00
T.Obfﬂﬂ
T.ﬂﬂiﬂﬂ
T.10:800
?ollfﬂﬂ
T«13+00
T.1%40¢
T.16400
T.17400
119400
T.20400
7-21*00
T.?alﬂﬂ
T.2%100
T.,25+00
T.26400
T.31400
?.25100
7.29109

vin L 10,
LEFT IN
REACTOR
LBMOLE

6,00+02
5,85+0)
5,72+40
5,58+02
8.,45+02
t,32402
5,19+02
5,07+02
4,95+02
4,83+02
4,71+402
4,60402
4.,49+02
4,38+402
§,27+02
4,17402
4,07+02
3,97+02
3,87+02
3,71+02
3,60+02
31,4902
3,50+402
3.41402
3,324062
3,244+02
3.15+02
3,07+402
2.,99402
2,9140
2,08340
2,76+02
269403

1120 LIG,
LEFI IN
REALTUR
LAMOLE

REACYOR
VLN L BGe
VOLUME
Lu FY

REALTON
H20 L19,
VO uhE
CU FI

hafeadndinl e w0 PR A L Rl B L B R R R R R bl Bl il et L Rl Rl B P L Pl el S had B R ol ol ool el ialod
-
-y ™ - L L e Y - - - -

e£94+03
H+¢69+03
4469403
4+69+03
Y4¢68¢03
468403
468403
$:68403
HebTH+03
§.67T403
H.67403
H.67¢03
66403
Be66+03
e6bt03
4e66+403
465403
4:65+03
Y.65403
H¢65¢03
HeEUH03
Y.64403
He64403
HYe64403
Y.63+03
4+63403
H+63403
He& 3403
4463403
462403
4462403
Bei2+03
Yeb2¢03

7.28¢02
T.30+U2
6,92+U2
b, T+02
6,5T402
6,404¢802
6,24+02
6,00402
3,93+02
%5,78+U2
3.63+02
5.49402
H,35+02
5,21402
S.,08+02
4,95+¢02
4.824¢02
4,69+02
4,51402
H,46402
4,34+402
§,22+02
4,11+02
4,00402
3,90+¢0L2
3,79+02
3,69402
3, 4594+U2
5.“9*“2
3. 40402
3,31402
4,21+02
3,13402

1,36103
1,36+0)
1,36+03
1,36+03
1,354+03
1,35+03
1,35+03
1,35+403
1,35+03
1,35%+403
1,3%+403
1,35¢03
‘3 ,3%+03
1,35+03
1,3bs03
1,35+03
1,35+03
1,35+403
1,34:+03
1,3%+403
1,34403
1,.34+03
1,3%+03
1,34403
1,3%+03
1,.34+403
1,.34+03
1,34+03
1,34+03
b,3%403
1,34%403
1,34%+03
1,349¢03




CUMPONATION

PULFLASH PUEFLASIE PREFLASH  §LASHEL FLASHILD FLASIHED 101AL TQTrL TOTAL
GAS e Lia, H20 LIG, GAS ven L0, {120 LIQ. PyL NCR GAS uen LI,
T1ML FLOW FiL.OW Fi Ou FLOW FLOW FrLoW pitovuceLld ERISSION  ERISSION
GIL MOLE/NIY  MOLE/ZMIH  MOLi/MIN  MOLE/RIN MULE /BN nnLr/ﬂm LioLE Lunoy b LUMOLE
1.90+00 1.40402 3.67400 2,610l 1.50402 « 00 2.05+0) 8.13+400 J.0p+u2 1,481¢00
2.;00+00 1.374p2 3,5%+400 2,59+01 Lo 46402 <0l 2,05640) 828400 3, 22402 1.,81¢00
2.50400 1.34%¢02 3,48400 2,57+01 1.43¢402 00 2.,0b40] aeybedO 3,36402 1,81400
2. 20+00 b.31402 3,324:00 2,54+01 1,40+02 «00 2,0b6+¢0) 860400 3,49+02 L,81+00
2 30+00 1.20402 3,2%+00 2,62+01 1,36402 00 2,08+0 8744060 3,62:102 1.81+00
2.490400 .1,264p2 3. l1+00 2,568+01 1,33+02 <00 2,040} B.8T4+0D 3,75+02 1,83400
2.50+00 1.23:p2 3,01+00 2.,47¢01 1,30402 +00 2,04+40] Re99400 3. 8BR4UZ 1,81+400
2 60100 1.20402 2,91400 2,45%401 1,27+402 +08 2.,0310) 911400 4,00402 1,.84400
2.704008 1.184¢p2 2,81400 2.,434+0) 1,25402 Pyill 2,034¢0) ge21 400 4,12+02 ,alv00
2.80v00 1.15+02 2,7¥400 2.,40401 1.22402 « U 2,0240} 9.31+00 4, 24402 1,81400
2Y9u+400  1,13+02 2,62+00 2,33+0) 1,194102 «00 2,01+01 9440400  4,35402 - 1,.8h+80
a 3. 00400 Tedltn2 2,53400 2,36401 1,17402 «ad 2,014y Y 49+00 4.46402 1,81+00
KX 3_10¢00 1.,08+02 2,45:00 2,301 114402 B0 2,00401 S+5T7T400 4,57+02 1,81400
Ls j 20400 1.06+02 2,36:00 2,31+01 1. 12%02 00 1.9940] Ge60+00 HY.68e02 1.81400
$.30+00 1.04402 2,28+00 2,29401 1.,09+02 + 0l 1,98+0) 9. 71408 H,794¢0U2 1,81+00
3,.40¢00 1. 02402 2,20+00 2,26%010 - 1 ,07402 «0U 1,97+40) 9.70+00 N,89+02 1,81s00
J _Hutul 9,97+l 2.13:00 2.,24+01 1,0L¥02 « 00 1,96401% e 4400 4,99+02 1.8400
3.60400 9,770l 2.05:00 2,224018 1,02402 .00 1,9940) 9.90400  H,09+42 1.861l400
s 1a+00 .07¢al 1.98+00 2,194+01 1.,00+¢G2 « 00 1,935¢01 395400 83,1942 1,81400
S sasdu ST 3T 1 L,914000 2,17¢01 9.82401 s08 1.,92+01 1.00401 S5,2p102 1,84400
3.90+00 9,204p) 1.84400 2,1h+01 9.62101% « 00 1.9140}% 1:01401 H.38102 l1.,al+480
4. 00t00 3,82+01 1.74+08 2,12+01 9.,42+01 « 010 1,90401 1+01401 B, 47402 1.8Y400
4§ 10400 a.,048401 1, 71400 2,10+%u1 9,23t01 <0l 1. 66401 1401401 B, HE4U2 . 8L100
8§ 2000 8,67T+n1 L,6%+00 2.,08+01 G9,04+01 + Ol 1,87+01 1+02+01 S.65402 1,.84+00
4_3a+no 8,540 1,59+00 2,05) B, UHe0} 00 1,85+0) L.02101% 9,73+02 1,81%00
4 40¢00 8.315401 1,93+00 2,03+01 G.,tT7T+01 100 1,.84810% 1.02401 5.82102 1.81+00
4 50400 a.17+pl} L. 4%4+00 2.01+101 i, ,b040]) U J.,u8330] 1.03401]) 5.96+02 l1,81¢00
4. 60000 8,0)14p1 1.42+00 1.94101 f,33+01 s QU 1,81¢0) 1.03+01 5,9a402 1.8400
o 4,70+00 7.8%0l 1,37+00 1,96401% i, 16401 00 - 1,7940% 1:03+01 b,064U2 1.80400
mg 480400 T.70¢p)  1,32300  1,94+40) 7.99401 00 1.7840) Je0440Y 6,314402 3 ,.8)400
J6 490606 7.5%ep)  1,27+00 1.91401  7,.83+01 .00 1,76401  1¢04401  6.22+02  1.8)+00
& 9.06¢00 740401 1,22400  1,894¢61 Foeb1t01 W08 1,75401 1:04+401 6.29+02  1,8¥300

$%10000 Te20401 1,17100 1.87+01 Ted2101 «U 1,73+0) L4401 &.36002 L,alt00




£e1920
200

26=-2

CORPORATION

TiHE
HIN

$.20408
4%,30400
S 40400
5. 50+00
560+00
5. 70400
5%80+00
S 90 +ud
6,00+00
6M10+400
620400
& 30+00
6. 40+00
a.50%ul
L.60¢00
6.70+00
L. .80+00
6 98400
7.,00+00
7210400
7.20+80
7.30#00
7406400
750400
7.604060
7.76000
P . bu+0Y
7.90+00
8_0o0s0U
8.10+00
8.20+00
8,.30+00
8. 40+00

RCACTOR
PRESSUNT
PSIA

9.26*“1
9-16*01
9.0?*01
a4.,9a+01
0.89*81
8.80+p}
a,12+nl
8,64401
a,%6t01
a.,48+p1
. 4k+pl
8,34+al
8,2T+nl
ﬂ.?ﬂif'l
8.13+qa}
8,07+l
a4.01+g1
7.95+p1
7.894pn1
7.84401
1.,780¢01
T.734+01
T.68¢01
T.634p1
T.90+01
T.53401
T.49¢0 1
T.4%+pl
T.40¢01
7.36401
7.32+01
7.23*ﬁ1
T.24401

AgACTOR
TENP

WATER
JACKETY
TENP

UEGREE F  DEGREF F

S T R e e S e L NN T SRR TN, P RS e L PN, Mo~ L ol bl o B o bt e had e Bk R E DR e Rl R L

1.10+02
l.10+02
1,094p2
i.,08+02
1,08+p2
1,074+02
1,06+02
1,06+02
1,05402
1,04+402
1,04402
1,83+02
1,03+02
1,02+02
1,01+02
1.01+p2
1,00+02
9,98+01
9.,93+01
9,88+01
9.,83401
9.78+01
9,T4+01
9,69401
9,65+01
9,601
2,96 ¢0)
9.52+01
9.48401
9:““'01
92.%08¢01
9,.37401
9.33iﬂl

§,80+01
4,80+01
§,.80+01
§.80+01
4.80+01
4,80+01
4,80+01
4,80+01
4.804+01
§,80+01)
4§,80+01
4.080+01
4.,80+01
4.,80+01
4,80+01
%,80+01
4,80+01
4,.B0+01
4,80+01
4,80+0)
4,80+01
4, 080+01
4.0804+01
4,80+401
4. 80401
§.804¢01
. 6040}
4.80+01
4,04 01
4,480+0)
4.80+0})
4. 86+01
4.80401

REACTUR
HEAT

COILENTY
Ay

~3.24406
~3,29406
-3,533106
~3,34406
—3.q3*06
=3, 47406
-3,52+06
e3 . 56406
~3,60406
-3.,66406
~3,69+06
«3,73406
~3,77406
-3,61+06
«3,84+406
-3,88+06
»3,92+06
=-3,95+406
»3,99406
'“.02*06
-4, 05406
-4, 08+086
'".12*06
"'l. lbiﬂfa
-ll .18*06
=i 21406
~14,23¢06
—ﬂ.26f06
"l.29i06
-4,32+06
-4 ,34406
~4,37406
'4.39fﬂﬁ

GAS
LLFT IN
HEACTUR

LurokE

7.30+0p
T+31400
Te32¢0p
1433408
Te34v0p
7.35+0p
7.36400
1.37+00
7.37'00
T.Sﬂiﬂn
7.39100
7."“*00
T.40+00
7.“1'00
T«42+09
T+43¢00
T.43+00
Tehi+0g
Te44+0g
T.45:00
Tehbrig
Teb+0p
T.47400
Teyl100
T«483:0p
T+48:00
ToeyJtlo
Teu}400
T,50+00
7.50+60
7.51+00
7.5110“
7.52*00

viM 1@,
LEFT IN
REACTOR

LAMOLE

2,61¢02
2.54+¢02
2.,47402
2,40+402
2.34402
2,27+02
2,21+02
2,14+402
2,08+u2
2,024032
1,96402
1,90+02
1.85+02
1,79+02
1,749+02
1.68+02
1.63402
1,58402
1.53+02
1,48+02
1.43402
1,38+402
1,34402
1,29402
1.25+02
1.21102
l.16402
1.12+02
1,060
1.,04+02
1.00+402
9.,67+0)
3.3040)

H20 L14G,
LEF! N
HEALTOR
LIMOLE

He£:2403
61403
H+61¢03
H+61403
61403
$¢61403
+60403
.60403
4+60+03
$e604¢03
He£N+0S
HeE0+0D3
4459403
4+59+03
4459403
H+59403
4+¢59403
4+59403
H+¢D59403
G8403
458403
BeS58+03
4.584+03%
H4.584+03
458403
50403
HeHT7403
457403
HeST+03
4.57+03
457463
457403
+57T403

REACTOR
vin LIQ.
VoL UME
Cu FT

d,04¢02
2,95+02
2,874¢02
2,79402
2.71402
2.63+¢02
2,55+02
2,4a102
2.40402
2,33+02
2,26402
2,19+U2
2,13+02
2,06+02
2,00402
1,93+02
1.87402
1.83402
1.75402
1,69+02
1.64+U2
1,56+402
1,53+02
1,.48a+0L2
1,43402
1.38402
1,33+0L2
1,2A+U2
1,23+02
1,19402
V. 14402
1,104¢02
L,06+U2

HREALTOR
H20 L 1a,
VULUME
Cu FI

1.348403
1,33403
1,33+03
1,33403
1,.33+03
1,33+403
1,33+03
1,33+03
1,33+03
1,33+03
1,33:+03
3,33¢03
1,33+03
1,33403
1,33403
1,35403
1,33+403
1,33+03
1,33+03
1,33+03
1.33403
1,33¢03
1,32+03
1,32+03
1,32+03
1,32+403
1,32403
1,32+03
1,32+0)3
1,32+03
1.,324103
1,32403
1,32403




CONPONATION

PUEFLAS) PurEFLASH  PREFLASH FLASHEL  FLASHED FLASHED TalatL FOTAL TOTAL

GAS VEH LIg, 20 LIG, GAS ven LIg, 120 14, Pyt VLN GAS ven i,
T FLOM FLOMW FrLow FLOW FLauW FLOW PROVUCED  ERNISSTION EMISSION

H;N MOLEZNTE. HOLEZRIN MOLE/ZMIN  WMOLE/ZFPIN RULL/BIN  MOLE/ZHMIN LunoLE LuMOLE LBMOLE
5,20¢00 7.124p} 1.,12400 1.84101 T7.37+#01 +0U 1,71¢01 1e05+%01 6.44402 1,81+00
5.30400 6£.99401 1,08:00 1.82+01 7.22401 s 00 1,70+0y 1040401 6.,h1+U2 1,81+¢00
h_ 40+00 6.85tp1 1.04400 1,60+0) 7.07401 +00 1.,6840) 1.05+01 6 . a2 1.81400
5.56460 6. 72401 9,95-01 1, 78401 H,93101 00 1.6640}§ 105401 6,65+02 1.,8)+4n0
5.66+00 6.59401 9,55~01 1,.759401 6y 79401 OO 1,610} 1+05401 6, 71402 1,81400
2,70+00 FR T} ! 9.16-01) 1,73+01 L,68¢01 «00 1.63+0) 1+86101 6, T8+02 1.,81+00
L,80¢00 6.33401 8,18-01 1,71+01 L,52¢01) .00 1,61+0} 1:064+01) b, B4+U2 Y k400
5.90¢00 6,241 8.41-0l 1,68t01 £.39401 00 1.59+0) 1+06+401 6,902 1,8ltq0
6. 00000 6,09ep) B,085-01 1,66301 £,2640) <00 1,57¢01 1.06+401  6,97402 1,_.a8ls00
o*10+00 9.971v01 7.11-01 1, 64+01) f,13401 <00 1,%5+01) 1.0640) T,03+402 1,83400
6. 20400 5.085+401 7.38-01 1,61401 6.00+01 «00 1,53+0y le640] 7.09102 1.8k400
o L 3urd 8,73:01 7,06-01 1,59+01 H, 8101 Jau 1,51+01 1+06401 T,14+02 1 . 81400
& 6 40¢00 S.6210) 6,75-01 1,57¢01 5,76+01 « DU 1,49¢0) 1+07+01 T,20+402 1,82400
n L 50400 H.80¢nl 6 . 44-01 1.54+401 h,64401 00 1.47+401 1.07+01 T.26402 1.81400
660400 S.39+011 &6,.15-01 1,52+01 Le52101 00 L. 4H401 L0740} T.31:02 1.81+00
b, JOr00 9.,20401 5,87-p! 1,50¢01 H. 41401 + DU 1.,43+0% 1.07+401 T,36402 1,83400
. 80400 S.181p1 S.60-01 1,474+01 %.,29401 ) 1.42¢01 1:074+01 T 42402 1.84400
6.90¢00  5,074p1  5,34-01 1,45%+0) 5,18401 Qb 1.39+0} 1e07401 T,474U2 1.81+400
72.00¢00 4,96+l 5.09-01 1,43+¢01) h,07+401 00 1.,37:01 107301 T.h2+02 1,8l1+00
7.30¢00 4.0640l 4,84-91 L. 40¢01} 4,96401 Y1) 1,3040) Le074+D1) T.h1i02 V. 8)+00
7.2u+00 4,76901 4§,61-01 1,38+01 4§,Bhe01 00 1,33+0 1.07401 T,61402 1.8Y400
1.36+00 Y, buind h,30-01 1,36¢0) Hh,7%%01 N6 1,3140) 107401 T, 6E4U2 1,814G60
r.40s00 Yhhtpl 4,.16-01 1,3310) ljebljtl «Qu §1.,29¢01 1«07¢t01 T.71402 1.81+00
7.50+00 4,464n1 3,94-01 1,31+01 4,54401 00 1,270} 1.07401 7.75+02 1,.81400
7.60%00 4,3uinld 1,715-p} 1,29401 4,44%4+01 Qi 1,2L+0) 1.08401 T.80402 1,.80400
7_.70400 4,264l 3,55-p1 1, 26401 4,33¢01 N0 1.2340) 1.08401 7.04402 1,81400
F. U010 q4.17+pl 3.37-01 1 245400 y,23101 400 1,240 1.08+01 T, pasli2 t.8)400
7 .90 00 W 070l $. 19} 1,224¢0) L olh400) U 1,194 l«GH01Y T, 92eug 1,.8)4p0
oo 400U 391401 3,01-nt 1.19+81 Y.04401 00 1,17+ 1.08401 T.96442 1.81400
RO g.10+00 4.069401 2.685-p1) 1,17¢61 A,94101 T L,14%+01 1:08+01 a, 00482 1,.8)t00
~ O d.26400 3, tbeqld 2.69-01 1,15%+01 3,06401 00 1.12401 1.08408  B,04+02 1.8040p
® 4.40000  3.70end  2,63-a1  1,12401 375401 .ab 1.10¢01  1+08401  6.08+82  1.alsgo

0 HH1u0 J.ubipd 2,39-01 1,40401 A 660 0] 0l 1.08+0) 1.0561401 A, 11402 L. 8400




WATER
Wi ACTOR JACKEY
Tt PRESSHRE TEnp 1EMp COHIEND RLACTUR  REACTOR . REALTOR VULUAL VO

) . v LUNME
MIN PSIA DEGREE & DLGRIE F TR IY) LBnoLE LBMOLE LpnhoLE LU FTY CU FJ

LR Rl ol ol ol B Rl e dl R Pl et "Rl ol ok B E R B B R T R R R ol hatadindbll ol ol o L i Rl B PR N el R it ol B K E R L L Rl el X

hEACTOR
HEAT

GAS
LEF) 1IN

vy 110,
LEFT IN

H2o L14d,
LEFY IN

REACTOH
vis | 14,

REALTOR

REACTOR H20 Lla,

0.50+00
&%60+00
8.70400
8,80400
8,.90+00
9*0u+00
9.10t00
9%20¢+00
3.30+00

9.40+00
9._.50+30
9. 60+00
9 70+00
9, 80+00
Y,90+00
186401

T.20400)
Te1T4p}
T.134¢pl
7.10%p1
7.07+¢1
T+048¢01
7.01+01
6.,90+01
6930401
6.,92+41)
6£.,90+01
6e.B8T4+01
6.,0%+0l
6.824+01
6.80401
t.7H+01

9,29+01
9,26+01
9,234n1
9-19‘“1
9.16+0l
9,13401
9,10+01
2,07+01
9,04491
9,02+n1
8,99+01
8,96+01
8.,94+01
8,92+01
8.89:01
8.87+01

4,8030})
&,80+01
4.80+01
4.,80401
4,80+01
4,00+01
4,80401
4,80401
4,80+¢01
§,80101
4.80+01
4.,80+01}
4,80+01
4.,680+¢01
%.80+01
%,8040)

~§,42+06
-l 44406
~ 46406
-II.IIH'HJS
~i,H1406
- ,53406
"“.55*“6
9“.57*06
-q.59i86
w6400
~4,62406
- ,64406
4 E6106
~4,67106
-4,69+06
'ql?lins

T+52+00(
T.52+0g
7.53+0¢0
T.53400
TS840
759100
T.54%+0p
T.59+0p
T«5540p
T.55+0p
T.56400
T.56+00
Te56400
T.56+00
Te8T400
7.57‘00

86,9410}
8,60+0}
88,2640}
T7.,93+0¢%
T.614+01
71:.2940)
6,99+0}
66,6940}
6.,41401
6,13+01
5,80640)
5,59+01
5,34+0)
5,09+0)
4.85401
4.62t01

457403
H+56+03
y,56+03
4+564+03
4+56403
4+564083
456403
4:,56+03
4+56+403
456403
4§.564¢03
Y4+56403
55403
4:55+03
455403
455403

1,02+02
Y,77+01
9.38+41
9,00+01
8,63+0}
4,28¢01
7,93+U1
7.59+01
1,261tV1
6,94+01)
6,63+01
6,23101
6,04+0])
5,76+U1
S.49401
5,23101

1,324+03
1,32+403
1,32+03
1,32+403
1,32+403
1,32403
1,32+03
1,32403
1,32+03
1,32+403
1,32+03
1.32+03
1,32+03
3 ,32+03
1,32+03
3,32+03




CONPOMATION

BUEFLASY Pyt FLASH PREFLASHL HLASHED FLALILD FLASHED TOTAL TaTAL 1UTAL

GAS NeH LTa,  H20 LA, GAS Ve LEu, |20 11O, I'yi VCN GAS VCh 14,
f Il FLUOW FL oW Fi oK L0k FLOMW FLou PROVUCED  ERISSTON  ENISSION

AN HOLLZWIr Mol /BN NOLEZBTN ROLLEZRIN HULEBIN BOLE 71TH Lot LML LUnNOLEY
b, 50400 3.5301 2,25-01 1,008+01% 3.57401 « 00 1.0648] 1e0U801 8,15+02 1,8)400
4. 00400 A.44%%0l 2.,14-01 1,08540) 5.48401 « 00 1.03¢01 108401} a,19402 1,8b+00
g.7Tet00 3,.35+401 1.,98-01 L, 03+01 3.39+01 00 1.01401) 1.08+401 4,22+02 1,800
8 60+00 3, 264p1 1,88-01 1,01401 3,30+01 « 00 9,90¢00 1.084+401 8,2e402 1,a8l100
a.904+00 3. laepd 1. 7T4-0) 9, 44400 4,21+¢01 .00 9., 6H8+00 1208001 B,2a402 1,800
Yy apead 5,09401 }.63-p1 9,60400 3,12401 <00 9, 46+00 1+08401 8,32402 1,81400
G 1ue0u 3,041 1.53-01 9, 36400 3.04401 +O8 9,23+00 1.08:101 8,3h4U2 1,814100
g, 26400 2,920 L, 4201 99,1300 2,95101% +00 9,01100 1e0RTUL 4,37402 1,84400
9,.30+00 2,8u4pl 1,33-.01 8,A9¢00 2,86401 «00 8,78+408 1.08401 8, 40402 1,68k100
Y 46100 2,761 1,24-01 8, 66000 Z.18441 DU 8,55+00 1.08+0]) 4,43402 1,8k400
9. 50+00  2,67+al 1,15-81 8,42+00 2,10401 +s00 8,32+00 1.08¢01 B,46¢U2 1,81+00
a 9. 60400 2.5%al 1.,07-82 8,18:00 2.,61401 « 00 8,10480 1+08+401} B, upsl2 1,8le00
) 970400 2.50401 Y,89-02 T.95400 2.53:01 0u T.87+04 168401} a,51402 1.,81400
~ 9_Bu+0u 2.%3:n1 9,16-02 7,71+00 2,45¢01 +08 T.64108 1:0840} 8. 4H3+02 1,81400
4. 9020 2,351p) 8,46-02 T, 47400 2.37+01 +00 7.41400 10840} d,her 02 1.81+00
1.UDe i} 2.27+0} 7.,80-02 7,23+00 2,26+0) L04 T.17+00 108401 f,hpa02 1.81+00

N IN

Qe
%]
(o) §
I6
(4% ]
[ /]




DISCHABGE FROM A PVGC BATCH REACTOR

Caase 8. Nigh Reactor Rate — Cold Water ou Jacke
REAC10H PRESSUNE A TIME OF nlscunpsr = 214.79 PSIA IPHE SSURE DOUHsiﬂlﬂH OF VALVE =

REACTOK TEMP AT TIpE OF DISCHARGE = 1ltB.58 F WATER JACKET TEMp AT ulsc@nuos: 9u.00 F
REACYON VOLLML = 2673.,000 CU FI HEAT OF HEACTION & 45516000 HIU/ZLBMOLE

LEQ 1120 INIVITALLY IN REACIOR = 4929.6 LBMOLE
JACKET COEF TIMES AREA = 895.6 BTU/MIN ¥

INITIAL DENSITY oF VCHM = 79912 LBMOLE/CU F1
ORIFICE FLOW COEFFICIENTY = ,g2b
MIMINUN WATER JACKETY Temp = 48,00 ¥
TINE MIN JACKET TEMP 1S dEACHED =
REACTION RATE FACIOR = 1,90

6410 VS1A

LTQuld VCH THITIALLY IN HULACTOR =
VAPOR INITIALLY IN REACTOR =
OENSa TY
AREA OF
HINIMUN
L1g voL
HEATING

921,50 LBMOLE
2.96899 LUMOLE

OF WATER (CONSTANI) = 3,4570 LBFULL/CU FT
RELIEF VvALYE OKIFICE OPENING = L2776 S6 FT
LIQUED ENTRAINHENY = ,0100 CU FT LIO/CU FT GAS
WHEN MIN ENTRAINMENT 1S KEACHED = 243840 CU FT
JACKEY FACTIOR = 1400

S.00 HIN

WATEN HEACTOR

HEAT

GASs
LEFT ON

vin Lia,
LLFT IN

2o LI1G,
LEF) IN

REACTOR  REACTOR

HEACTOR HEACTOR

TiME
HIN

PRESSUNRF
PSIA

TENP
UFGREE F

JACKET
TLMP
BLGREY F

CONIENT
nyu

RLacron
LUnoLL

REACTOR
LanoLE

REALTOR
LOMOLE

vim LT,
VOoLLME
‘U FY

H20 l1a,
vipLune
CU FI

.—-—_----—-o----------‘-n------—--'—----—--—-—----—-----—--—---—-——-—----_—--—--—---—---—-------—---.

.00

1,00-01
2.0u-01
3_00-01
4.00-01
5.00-01
6_00-01
7.00-01
t,00-01
4_0u~01l
10¢+00
1.10¢00
1,20400
1.30¢00
1. 46+00
1.56+00
1.60+00
1_70400
1°80+00

2.159+4¢2
2. 14482
2.144p2
2.13+n2
2.11402
2.,06402
2.,01%02
1,96+02
1,91402
L. 07ep2
1.824p2
L. 7B¢02
1, 744p2
1.70¢02
L6602
1,63+n2
1.59+32
1,950402
lohi*ﬁe

1.68+02
1.68402
1.68102
1.,68+4p02
1.67+02
1.66*02
1.64402
1.62:+02
1,6)+02
1.99402
1057f02
1,56+02
1.5%+02
1.,53+02
1.51102
1.499+p2
1.%8+02
1.,46402
1. 45402

9,00401
8,92+01
8.83+01
8,75+61)
8,6640)
8,580+0)
8,50+01)
8.41+01
8,33101)
8,24101
8,16+01
8,08+01
7,99¢01
7.91401
7,62+01
T.74+01
7,.66401
7.57+0}
T.49401

9, 712405
9,66+05
y,38+05
B.6T7+0D
T.31405
L 94405
4.60405
3,29+05
2.,00+0%9
T.29+04

«h,16+04

~1. 74405

«2.93405

-4,10+05

~5,259+05%

~h,37+05

«~T, 47405

-,95400

2:9940g
3,01+0g
$.73+00Q
B.hl400
5,99+0p
6. 06400
6.‘1*00
G.16+0p
6. 20300
b.,20+0g
6,28400
b6.,324+00
be3%4+0p
6039i00
6.42+00
6. 40+¢040
&. 49100
6:52+0p
£.549400
|

9,21+02
9,07+402
8,92+02
B,76+402
8,59402
6,39+402
8,19+02
Te99402
7,81%02
T.,62402
T.45402
T.,27¢02
7.10402
6,94+02
6,764+02
&,62+02
6,47T+02
6,32+02
6,17+02

4§¢935+03
4.87403
H.824¢03
YeTT4+03%
BeTH 403
G$eTHHUS
BeTH+US
73403
HeT754¢03
Be73¢03
§.72403
§.72403
72403
471103
471403
BeTl+0 3
.TO+0 3
4.,70+403
4.,70403

1,15%+03
1.13+03
1.12+403
1010103
1.07+03
1.05+03
1.02+U43
9.93+02
I,67+02
9,.43¢02
9.19¢U2
8,95+02
8,73+02
8,5)1+02
8,30402
H.09+L2
T.891U2
T,£9+U2
7.50402

1,43403
1,41403
1,394+03
1,38+403
1,37+03
1,37+403
1,37463
1,37+03
1,37+03
1,37+403
1,37+403
1,37+03
1,36+03
1,36403
1,36403
1,36+03
1,36+03
1,36+03
1,36403




o
[ ]
S
TS
[#5]
0o

65-0

COMNPORATION

PUEFLAS). Pt FLASH
GAS Ve Lo,

1y hi FLOW FLOW
H.N HoLEZBMIp  HolE/RIN
Tl 153400 1.25402

1.00-014 t.h810) 1,16+02
2.00-01 3.964p1 1,83+02
j.uu-ﬂl 7.‘3'“' 1.'0'“‘
4 00-01 1,62402 2,99+01}
% 06-013 1.94+402 S, 70400
6, 00-01 1,89402 S,82+00
7.006-01 }.84+p2 8.35+00
&.00-01 l.ﬂﬂ&nz 5.18'0“

3,.00-01 L, 75%02 §,02+00

1.00+00 1.71¢02 4,86+:00
1,10¢00 1.674a2 4,71+00
1.20400 1.65402 4,% 400
1,30+00 1.59¢02 %.%1+00
1.40+00 159402 4.27+00
1.950:00 l.5l¢tn2 %.,134:00
1.60¢00 L7402 4,00+00
170+¢00 1.44%102 3,87400
1. 80800 141442 3.74+¢00

PREYLASH
1«0 14,
FLOw
MOUL§ /HIN

5,97+02
5,.58402
§. 9002
3. n0402
1 .48+02
2,89+01
2,87+01
2,05+01
2,83+:¢01
2,80+01
2,78+01
2,76401
2,73+01
2,71+01
2,69+0)
2,66101
2.6%301
2,b)s01
2 Y9461

" oo -

FLASHLED
GAS
FLOW

FLASHLD
vin L4,
FLOMW

FLASHED
120 L14Q,
FLOW

HOLE/ZRIN  MULL/NIN  HOLE/ZMIN

1.17+02
1.24t02
1.35402
1.57+02
2.02+02
2,09+02
2.,04+802
1,99+02
1.93+02
1,89+02
1.84402
1.79¢t02
1. 74402
1.,70+02
1.66+02
V. 2902
1.58+02
1,54¥02
..50*&2

louqiol
8.2240p
4.7“#00
W00
+NO
+00
+ 00
o 00
» B0
«00
+ 00
Py 1l
+00
+00
«00
« O}
«00
o0
« Ol

5,96+02
5.57+02
4,97+02
3,72+02
1,38402
1,90+0y
1.,92¢0
1.94:0y
1,95+04
1,970}
1,98+0y
1,998
2,000y
2,01+0)
2,02¢0
2.,02+0y
2,03+40%
2,0340)
2.03:0q

TOTAL TOIAL UT AL
Pyt VCR GAS VCH L4,
PROVUCLD  ERISSION  EMISSLION
Lofols SHHOLE LupolLEe
+«00 00 .00
6£+93-01 1,2140) Y,66-01
1.38+00 2.484+01 1,62¢00
2.056+00 3. h840) 3, 84400
2:69+00 5, ,52¢0) 1,84400
3.29+00 7.49+40} 1,849+00
3.83+400 99,4041 1,8%400
4.33400 1,13402 1,.84+00
4:79+00 1,351402 1,84+00
S5.21+00 1,49+02 1,84¢00
5+60400 166402 1,.84+00
§5.954¢00 1,83402 1.,84+00
6:28400 2,ppe02 1,84%400
658400  2,1£402 ) 8%+00
685400 d.,32+02 1,84+00
Te11400 2,47402 3, g4+00
7+34+00 2.£62102 1,84%400
T+545100 2, 77402 1,849¢00
Te75400 2,91%0L2 1,.8%4060




6€L820
0N

CORPORATION

TiML
HiN

1.90+00
200400
2.10+00
2,20+00
2.,30400
2. 40400
2.950+00
2.60400
2, 70+00
2,.680+00
2.90+040
3 0n+00
3710400
3. 20400
4730+00
S‘Qﬂtﬂﬁ
3 s6+00
3.60+00
170400
5 80+00
3.90¢00
4 00+00
%.16+00
4 20+00
4, 30%00
I 40400
4.50+00
4 Luved
% 70+00
4 _8u+00
W YL+00
G5_00400
% 10400

RLACTOR
PRESSURE

PSIA

149402
1.h6+02
1.43¢02
1.41402
1.38402
J.3b+p2

c1.334p2

1.304p2
1.28+p2
P, 26402
1,24402
1.,21+52
1.19¢n2
lelb4)2
V.lH402
112402
1.,18402
1.09¢n2
1.074p2
1.064%02
1,09402
103402
1.014n2
1.,00402
93.087¢61
9. Thtpd
U YT}
9,511
I TIEYD ]
9'29"“1
9.1%41n1
C TR

HEACTOR
TENp

WATL K
JACKET
TEMe

HGHREE F  DLGHEF F

l.44402
1.4842+02
1.“1*02
1,394+02
1.38+02
1.37+02
1,3%+02
1.34+n2
1.33002
1,32+02
1.30fn2
1.294p2
1.28402
1.,27+02
l.2l-t[l2
1.25*02
1.2“*02
1.23:02
1.22+p2
1.2)1+02
1.,20+02
1.1%402
l1.18402
1.17+02
1,16+02
1:15{“2
1.14402
1,134n2
1.12102
1,114p2
1.11!02
1.10+02
1,09442

L LR L L A A EL I PR L Al P L Lt l E P L bl L Ll

7.40+01
T.32401
T.248¢+01
7.,15+401
7.07401
6,98+01
6,90+01

_ 6,82+01

6,73+r61
6,65¢01
6,56401
6, 48401
6,40+01
6,31+01
6,23401
6,14+01
&,06+01
5,94+01
5,89+01
H,81+01
5,72+01
S,64+40)
9,56+0)
5.47+01
.39+
9.30+0)
5,22401
S,.14+401
5,05+01
4,97+01
4. 8P4u1
4,80+01
§,60401%

KE ACYOK

{HEAT

CONVEN]

Bly

~9,61105
~1,06+06
~1.,16¢t06
~1,26106
~1,36%06
~1.464+06
-1,55+06
el biiv0b
-1,73406
~1,81406
«1,90+06
-1,98+006
-2,06+06
-2.14106
’2.22*"6
«2,30¢00
v2:.37+06
c2.45406
~2.952+06
'2.59“06
~2,b640b
2. 73806
-2.79+06
—?. 36*06
e ,92406
v2,98106
~4,05+06
~3,10+06
~31,16%06
-3,22406
-3, 2008
-3,33+06
-3,39406

GAS

LLFL IN
HEACTOR

LUMOLE

6.5?*0“
b,6040p
b,62400
6.62400
6.,67400
&, 70+0p
6,72+0p
b, T4+0g
b,76+0¢0
6, 78+0p
&, 00400

- &,02400

b, 8%4+00
6.8240p
b, AalT+0p
L,h9+00
b.90+0p
6,92+00
&,93¢0p
be924+0p
66,9640
boguiﬂﬂ
b.9Y:+0¢g
T.00:00
7.01+00
7.05f00
7.0" tﬂn
100400
T.06400
T.07+00
T.08+06
7.09*00
T+10400

vCM 1LIG,
LEFYT IN
REACTOR
LBMOLE

6,03+02
5,89+02
5,76¢02
5,63+02
5,50+02
5.37+02
5,25+02
5.13402
5,01402
4,894u
4,78+02
4,67402
4,56402
4,46402
4,36+02
4,26+02
4,16+02
4,06+02
3,97+02
3,874+02
3.78+02
3,69+0)
3,61402
3, 52402
3. 4840
3,36+02
3, 28+02
53,2040
3,12+02
3,05+402
2,98+0,
2,91+02
2.,84+4)

H20 L1G.
LEFY IN
RLALTOR

. LBhoLE

PR R R ol b ol L el bt W L el R R R R il L P R B R R R R e R R

+70403
4+69+03
469403
4469403
HebBH+0U3
He£HB1+05
Y.68403%
He 684035
Yeb7403
4ebT40S
467403
ebTH+03
HBeEh 403
4456403
Yeb&¥UI
4+.664+03
Bhe6H103
65403
4.654+U3
Bebht03
4s65403
He64+03
hebUHr02
HeLYH+03
HebH4t+03
el t03
HetI¥0S
Beb3HUS
H,63403
4263403
£ 3403
h+62403
62403

REACTOR
viM § )G
VOLUKE
Lu Fy

REALFOH

20 1@,
VULUME
tu Fi

T,31442
7.13+402
6,96102
6,79+02
b.62¢02
6, 46402
6,30402
6, 14402
9,99+U2
S,85102
5,70+02
H, 56+ 02
S,43¢02
9,29+U2
D,1E£+VU2
S5.04+02
4.,91¢02
§,79+U2
H.,684U2
4,561+02
b 45402
4 ,34+02
44,2340
%,312+02
4 02202
3.931‘“2
3.83+02
I, 75402
A,64402
3,H68+02
A.4¢€102
3,3p+02
3.?9*“2

1,36+03
1,364+03
1,36403
1,36+03
1,36403
1,35+03
1,354+03
1,3b5¢03
1,35+03
1,35+03
1,35403
1,3%+03
1,.3%+03
1,35+03
1,35+03
1,35+03
1,32+403
1,35%+03
1,3%+403
1,34+03
1,.34403
1,34+4n3
1.34+03
1, 34%+n3
1,34%+03
1,344+03
1,34+03
1,34403
1,34+403
1,344p03
1,344(53
1,34403
1,34403




pFLOC0
aoNn

192

PHREFLASH  PpEFLASH  PUEFLASH
GAS Vch LIO, 1120 LYG,

Tyt FLOM FLOW FLouw

HIN BOLF /78Iy HoLE/nin MOLE/MIN
1.90+¢00 1.37T+n2 3,62+00 2,56+01
2. 00400 L3402 3.50:00 2,954+¢01
2.12:00 1.3 3,.39:a0 22,5101
2. 20400 1.28402 3,28+00 2.%9501
2*3uvan 1.25402 3,.17+00 2,46+401
2'40+00 1.,224p2 3.0a400 2. 44401
2,.50400 1,20408 2,96400 2,81+0)
2, ubt00 i.17%02 2,86+00 2,39+01
2,70+00 1.34n2 2,77+00 2,36+01
2,.801+00 1.12402 2,67¢00 2,34+40)
2,90+v00 1.,09¢n2 2,58+00 2,31+01
3. 00480 1,07¢p2 2.49400 2,29+01
3,.16+00 1,05vp2 2.%1+00 2,26+%D1
3.20+40 1.02¢02 2.33+00 2,24401
4.30+00 3,00+4p2 2,25:00 2,21401
3.404+00 9,820} 2.,17«00 2,19+01
350400 SIS RTY) 2.09:+00 2,16¢01
33,6000 9, 411013 2,02400 2,14¢01
$_7D0400 93,2130l 1.95%:00 2,11401
3700030 J,824ul 1,8n900 2,0%40%
3.94+00 d.,0350l 1,82300 2,86401)
4 0us00 d,654¢01 1, 75400 2,0%10)
4, L0+00 a.,47+01) 1,69:00 2,01+01
4 _20+00 B.,29pl 1,63:400 1.98:0)
% _ 3u:00 8,12401 1,074G8 1,.96401
4 _%us00 7.95+¢01 1,51800 1,9340%
4 508+00 7.794001 L4600 1,910
4% _L0Y00 7.63¢n1 1., 40+00 11,6840}
w, fosdo T.487+qd 1,5%400 1.86301
4 _Lr0h T.32:01 1,30+00 1,4310}
4 _Sniho T,470d 1.2%¢00 3,030
n_ Lo 1.0211l 1.2)1300 V 78400
Q. 1608 6.870d l.16400 L, 76e0t

CORPFORATION

FLASHED
GAS
"FLOM
KOLE/HIN

1,46402
1.43+102
1.39302
1,36¢02
1.,33+02
1,30+02
1.,27402
1,.24402
1,21402
1,18+%02
1,15402
1,13402
1.,10402
1, 08ta2
1.,05+#02
1.03+02
1,63102
9,86+01
Y,644101
G.4308)
9,22101
9,020}
A,83v0}
B, 4101
nL45G101
8,27401
n, 0940}
7.92+01
7.,15t01
7548401}
F.u2e0lL
7.2‘-"0‘
T1.10:0)

FLASHIED
ven LIu,
FLOM

FLASHED
20 L1,
FLouw

HULE /MIN  MOLE /BN

e e e IO R e e D W ey A e TN s g W W TS W g T ML e e Wy TP oh U W M ep e g W haldhalinhadadn ottt i

« 00
+00
wal
+00
« 30
,00
00
.00
00
+ 08
«00
A0
00
.00
+00
«Q8
«00
» 04
«Ou
« U
QU
Y
«00
«0U
00U
00
00
.00
«Ab
+00
«G8
<04
bl

2.03+0%
2,03+0)
2.,02¢0y
2,02+0)
22,0240}
2,01+0}
2,01+0)
2,00404
1,.99+0}
1,90¢1}
1.97i0y
1,960}
1,95+0)
1,94+01
1.93¢0})
1.92+0})
1,90¢0)
1,89t0)
r.80440)
l. bbby
1,u5¢0
l-"3lﬂ‘
1.,82+¢0,
1,800
1,791
1,1740y
1.75+01
1.73401)
1,72401
1,704+031
1.,6840)
166401
1.6%40}

TOVAL 107AL TOTAL
Pyt VER GAS vEenR LIu,
PHOVUCED  ERNISSION  ENESSLION
LOMOLE LonoLt LUMOLE
7+94+00 3,.u68+02 1. 84+00
G+11400 3,19402 1,4%480
#e264¢040 $.,324U2 1,8%400
B+414¢00 3,454¢02 1,.84+08
BeSH0D 3. Ep402 L, 84%400
0.67¢00 3 To4U2  1,8%+00
B.THEOD 3, a2+02 1 ,84%+00
E+89+0D 3,94+02 l,844040
£+99+00 4,06¢02 1.,6864%+404
9.,09¢04 4,17+02 L,8%+00
9.17+400 §,29:102 1,84%+00
9425400 §,39:102 1,64+00
3435400 4,60+82 1, 8%400
9.40¢00 4.63+02 1,84%4+00
9.4TH00 4, FYeU2 1,84%+00
S.53:00 4§,£3402 L. a49400
4459400 g,9340U2 1. 84400
G:64+00 9,00¢02 b, a4+04
&9+l b.3ce02 L. 8%+ 00
GeTH LY 9,19802 1,84 00
9.79¢00 5,28+U2 1,84+00
S.83¢00 b,3f202 b, 84404
Ge87400 S,45%02 1 _g4o0
9,91+00 S 02 1.4649+00
9.94 ¢G0 b, 62 } AYvun
9.98+00 5,70402 1,84+00
1.00401 S, 784U2 1. 84480
1:00¢4] S,.66482 1,8%+00
101401 $.93302 1.84400
1.00)801 6.033:02 1, 84480
101801 6, 0p002 1,.84+80
L«031401 b.1F402 L. ha4+00
L0230} bh,224U2 b.84400




TNk

REACTOR
PRESSURG

RgaCTON

TENP

WATLR
JACKET
TEne

hEACTON
JEAD
LONVENT

GAS
LEFT N
KEALTONR

vin (10,
LEFT IN
REACTOR

2o Liq,
LLF) IN
HEALTOR

VOLUME

REACTOR REACTQOH

VLM | J0. H20 glao,

VOLuUNE

MIN PSIA DEGHEE §  OLGREE F

L Sl LAl d B P T LA L P LA e P L ETE L L X

) T LdMOLE LHMOLE Lgholt LU F3 Cu F1

WS RR BTN Ny PR e PO BT T e TP a e P RS e TR RE TS e ey

4,20400
530100
5% %0400
5,50400
" 5,60100
5, 70400
5.b0+00
5.90+00
& 00+00
6 10400
6 20400
b 30+00
6.4%40+00
6.20400
6_ 60400
6.70400
6.60¢00
6, 90+60
7.00+00
7410400
7.20+00
7.36+00
7740+00
7750400
7.60400
7.70+00
7 60+00
7.90+00
8. 00+00
4,10+00
8,20+00
a,30400
840400

A.,984p1
48,8940l
84,8040}
aA,7T14¢p}
A 62911
8,54%¢01
8.45tnl
a.38+0l1
a,30+al
8.23%401
A.1540)
8.,09+01
8.02+¢1
7.,95+4¢01
7.89+¢¢1
T.83+01
7.77+a1}
T.71¢pnl
TG 4p}
T.68¢01
T.9%401
T.50401
T.,45+nl
7.41+01
7.36401
T.32¢p1
T.27401
Te234111
7.19+0n1
T.1b+01
7.12¢01
T.08+n1
T.048+401

1,08402
1.08402
1.07+02
1,06+02
1.,05+02
1,05+02
1.04+402
1.,03+02
1,034:02
1.02+02
1,02+02
1.,01+p2
1.00402
9.98+01
9.93:+01
9,87:01
9.,824+n1
9.77+01
92,72+01
9.67+01
9.,62¢01
9.58+01
9,531
92.49+01
F.494%4n1
F.40+01
9.36+401
9,32401
9.2af01
92.,24+0}
9.21fﬂl
9.17+01
9. 4+4n)

4,40+01
4.,40%+01
4,80+01
4,80+01
&.80401
§,460401
§,80401
§,080+0})
§4.80+401
4,80+01
4,80+01
4,804+01
4,40401
4.8G+01
4,60+01
4,80401
&.,80¢01
4,080+0]1
4,80¢01
4,80+01
4,00401
4,8040)
4,680+01
h, 80401
4.00+0)
LTI (D
4.80+01
%,80401
4, 80401
4,.80+01
§.20401
4,80+01
Y 8040

=3,44+06
e5,49t06
=3,54406
»3,59+06
-3.64406
'5.59*0h
’3.73*06
-3,786+06
=3,02486

’3.3?‘06'

-3,91+06
-3.95*06
+3.,99+06
-H.Oliﬂﬁ
-4.0?*06

~4,11406

-§,15¢06
~4,18+406
-y ,22406
~4,25406
-4 ,29+06
~4,32406
-1, 35+06
PH.SBiﬂﬁ
-}, 42+06
'Q.thﬂﬁ
-q.quﬂﬁ
=~ H0+06
-4,53t06
-14,56106
~§,584+06
-4,61406
-4,64406

7-[1*00
Tsl2400
Ts13¢0p
T«1%10p
Ts1b20g
7.15*00
T+16+00
7.1740p
T,18+00
T«18+00
T+19+0p
T.20400
7.20400
T+2140p
T.22+00
T+22:00
T.23:+00
7.2“*00
724400
?.25*00
T.29+00
T.26400
T.2640p
T,27+00
T.21:00
T.28+400
T.28+0p0
720400
T.294+00
].a”iﬂe
T+3U400
7050t00
7.30400

2,77402
2.704+02
2,63102
2,57+402
2.51+402
2.,44+02
2,38¢02
2,33402
2,27402
2.21402
2,16+02
2,10402
2005{02
2.00+02
1,95+02
1.90+02
1.85¢+02
1,80402
1.76402
1.71+02
1,67402
1.63402
1,58+02
1,.54%+02
1.50+02
b . 46402
b 43402
1.394+02
1,36402
1,32402
1.29*“2
1.,25+402
1,22+02

ep2403
Ye62¢03
J.62403
§eb1403
H.614%03
461403
§e61+403
4.6£34¢03
4.61+03
460403
4e60+03
4+60+03
Ye6U+03
4a60¢03
460103
4+60+403
§:59+03
459403
4¢59403
459403
459403
§:59403
459403
4.59+03
4.58+03
4.5L+03
HeHBHDS
458403
458403
58103
4+584+03
458403
4+58403

3,2140U2
3,13+402
3,05402
2.97+402
2,90+02
2., 82402
2.,754U2
2,68402
2,631+02
2.54+U02
2.,48402
2.41442
2.35402
2.,29+02
2,23+02
2.17402
2,12+02
2,.06402
2.05102
1.,96+02
1.90+02
1.85+02
1,81302
1,76402
1.71+4U2
167402
1,£2+02
1 0R4U2
1 ..‘b'i.iUE
1. 40402
l.46402
l1.42+02
1,39+U2

1,34+03
1,34%+03
1,344+03
1,33+03
1.33403
1,33+03
1,33+03
1,33+403
1,33403
1.,33+03
1,.33+03
1,35403
1,33403
1,33+03
1,.33+403
1,33403
1,33403
},33+03
1,33403
1,33+403
1,33403
1.33+03
1,33403
3,3%403
1,35403
1,33+403
1,33403
1.33+03
1,32403
1,.32+403
1,32+403
1,32+03
1,32+403




FAZRTAY
J0N

£&=2

| CORPONATION

._--_—--«-----—---.--wq'--q-.-.-----—--—-——-———-—-o-——-v----

5720400
5.30+¢00
S 40400
5 50+00
55,6000
L ETH00
5 80+00
5,.90400
600400
V10100
L, 20600
& 3ns00
W R0+00
u, h0+00
6. Lorod

o, HI+Gd

L., 80¢00
w, 90408
T,00000
T7.18400
720400
7.30¢00
1840100
7,50400
7.60100
7.70¢00
7.80:00
1.90+40
8. 00t0U
4. 10¢00
4,2utl0
u_ 30400
d 4yl

PREFLASH
GAS
FLOW

HOLE ZM I}

6.73¢p}
6.594401
' 1IT))
b.18n1
6.,05+401
5.92¢01}
S.80+01
5.6T+al
%, 05101
.43¢01
Ge3btpl
S. 19l
5.08:n1d
4,9+al
4.,85101
4,744l
4. 63041
4.,5201
Y. 41401
H.dlepl
4.,20401
4. 1040l
4,004g10
L YIT )1
3,791
3,69001
LR VIT !
1.0}
3,%0:101)
1,501
3.2kvad
S.lliﬁl

PREFLASH

ven

Lia,

FLQW
MoLE/nn

[ 38
87408

|

12«00

}.03400

9

.g’ 'ﬂl

9.52-0‘

9.
a,

?

(3

§

3
3
3

’

2

y-0l
18-al

24304}
«09-01
T
T.
+13~-01
b
&,

Ta-al
44-01

8i-ol
54-01

«26=-01
5.
5.
G,
S,
§.
4.
5.

99-g1
73.al
48-al
24.01
01-a0l
Ta-04
56-al

+35-01
4,

15-0l

o 96-01
«17-01
«99.01
3.
3,
3.

§2-p)
25-q1
09-a}

2.93—(.1
«10-01
V-

64-01

PIEFLASH
H20 L)AQ,
Fi. oW

i LASHLY
GAS
FLOW

FLASILD
vin L1,

FLOW

FLASIIED
H20 L1G.
fFLouW

HOLE/ZMIN MOLE/ZRIN  HULE /AN HDLE/HIN

1,73:01
1. 71+01
1,68+01
1,66401
1,6330)
1,63+01%
1,58¢0)
1.56¢0)
1,63+01
1,5140}
1,448+401
L4640}
1,493+0)
1,41+013
1,380
},.36+61
1,330
1,340}
1,.28401
1,26:01
1,230
1.2+
1,.18401
1.16401
1,13¢01
1,311401
1,08+01
1,06+4a]
1,.03:02
1,0)+01
9,.80000
9,551 00
9.2%100

£,956401
6.B80¢01}
Ge65101
E.01401
£,36101
he22t0)
h,094+0}
H.95401
H.82+0)
5,6910]
4,56101
H.4101
.,31t01
%,19401
i, 07401
4 ,95401
§.84101
H,72+0}
4.,L1401
11,5040}
H,394¢0)
y.28401
4,1 7+01}
h,0Lt0}
3,96401
3.85¢01
A, 6tt0l
3. H4¢0)
J. 44401
3.34401
J.2hi01%
3.15401

«00
+ 00
«00
+ 00
+ 00
04
0l
+00
+ 00
« 00
+ 00
+ 08
+ 0
+0l
00
«00
00
«0b
<0l
«0l
« 00
« 00
«0U
+OU
«00
.00

oﬂu_

+0O
00

Q0
1a .

o}
U

1.62+0})
11,6140}
1,59+01
1,57+0)
1,55+¢01
1,83+01
1.51¢01
1.,49+¢01
1,46+01
L. 44+01
1.,42+01
1.40401
1.38:0)
1,36+%01
1,30}
1.,31¢0)
1,29+01
1,27+0]
1.,2540)
1.23+01
1.20+01
1.,18+01
1. 16401
1,13+01
1,11401
1,09+01
1,06401
11,0410
1.,024+0)
9,92+0p
G, 8400
G400

ToTAL TOTAL TUTAL
Pyt NCP Gas ven LIa,
ploBUCED  ENISSION  ERISSION
LnoLE LUnoL E LUMHOLE
1:02401  6,29102 1,84%:00
1:02401 6,35+02 1,844+00
10240} 6,42+02 1,84+00
102401 6 . 468¢02 1.84400
1.03401 6, E54U2 1,84%+00
1.0340) 6,61+¢02 1,.04%+00
1.03+01 b ET4U2 1, 8%+00
1.03+01 6,73+402 1.,84%+00
1.03401 b,70+02 1,8%+400
1:03401 6, £4+02 1,84¢00
103401 &,90402 1, 84%400
104401 6,95402 L, 84+00
1e04+81 7.0p402 1,44%480
104401 7.,05+02 L,8%+00
leOH 0L T.,10402 1,84400
10440} 7.15+02 1,8%+00
1+04101 1,20+02 1,84%+a0
1404401 T.25302 1,84400
104401 1.294¢82 1.84+00
1.044¢01 T,34+¢02 1,84%+00
1.04+01 T.3p:02 1,8%400
1.05+01) T.43402 1.84+00
1.05+01 T,47102 1.,4%100
l.08+0} T.51402 1. 84400
1.05¢01 T,55¢02 1,84%+00
1.05401 7.,69402 1,.849+00
1+05401% T.62102 184300
$.0b101 T,66402 ,a4%00
1:.05¢0} T.69:02 1,849+00
185401 7T.73482 . 8%400
1. 0h¢018 7.760L2 1 _8%i00
1+060:01 1,79+02 L., 84%400
100401 T.,62102 1,89300

19400




Tyl
MiN

L~

HEACTOR
PRESSUNRY
PSTA

B ACTOR
TENP
UEGREE §

WATEDR
JACKET
TEMP
DEGREE F

KEACTOR

HEAT

COLTEND

niu

GAS
LEFY IN
NEACTOR

LHMOLE

- e - —-O---—------.—.Q..,C—--- ..... LR R R I N R ] -

a8 50t00
8.60+00
4.70+Q0
&,80+00
8.,90+00
9*00+00
9 k0+80
9_20+00
9 30400
9 40400
450400
9 60+00
9~70+00
Y 60+00
Yy,.90¢00
1./00481

T+03¢01
&,98401)
6.95%01
6.92+01
6.89¢01
b.864p1
&.031p1
6.,00401
6,784p1
6. 75801
6,730l
6. 78401
hebIin1l
667401
6.65401
6.53.81

9,10+01
2,07+01
9.04+01
9.01{01
I.?ﬂtﬂl
8,95+01
8,92+41
8,90+81
4.87+01
8,85+401
0.,82+01
8,80+01
8.78+01
B.764¢01
8,74+01
8072.“1

§,80+01
§,80+01
§,804+01
4,80+01
4.80+01
4,80+01
&,00+01
4. 80:01
4.80+%01
§,A80+01
4,80¢0}
4,80401
§,80+01
4,80401
§,80401
4,00¢01

~4,66+06
4 ,6L406
i, 71406
o, 73406
-l 475406
=4,77+06
’QQ79t06
ey 83406
"l.ﬂs*ﬂﬁ
"l.l.l?'lﬂﬁ
’“'88*06
-l , 90406
-y ,92406
~4,93406
-4,954+06

T¢33+40p
7431400
T+31400
T+3240p
T«3240¢p
T«3240¢g
7.33*00
T«33508
733409
7.3‘*00
7.3%+0¢
T.34+0¢9
T.34+00
T.3%+00
T+34400
7.55i“ﬂ

vCM LG,
LEFT IN
REACTOR
LHMOLE

1.,19+02
1.16t%02
1.13+02
1,11+402
1.,08+02
1,05+02
1.,03¢02
1,00¢02
9.80+01
9,58+40)
9,37+03
92,164+01
4,97+0}
8,78+06)
8,60+01
8,44+40}

H20 LIW,
LLFL IN
REALTOH

LMoLt

q.ﬁ?fﬂl
§eS5THDS
§57+03
457403
457403
46T+03
4.,57T+03
4.57+03
H57403
457404
457403
457403
457403
456403
H+56403
H+56103

NEACTON
vin L 1Q.
VoL UrE
U A

1,35+4U2
1,32+02
1,28+02
1,25+02
1.22+02
1,19¢U2
1,164+02
1,14+02
1,11+402
1.,08+¢02
1.064U2
1.,04+02
1.01+02
9,92101
9.72+01
F.02+0]

REALTOR
H20 LiQ,
VuLyne
U Fiy

1,32403
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1,32+03
1.3%2+03
1,32403




§&=2

CORVORAYTION

8,50400
d,604+08
h 70400
A, 80400

6, 90+00

y_0a+00
9 1ut00
Y 20+08
9,30¢00
9%40400
Y. S0tuu
Yy a0t0l
2, 70100
3,60¢00
9.90400
1 000018

PREFLASH
GAS
FLOW

HoLE/n]p

3,02tp])
2.924l
2.831p1
Zo'qiﬂl
2.,64%4n1
2.5%101
a2, 4bspl
2,311
2.2Tp1
2.1}
2.098p1
2.004p1
}.91+01
1.82¢5G1
1. 73401
L.6%4p]

CREFLASH
Vil Lo,
FLOw
Nl b /70IH

2,50-01
2.37-0a}
2,24.01
2.,12-01
2.“.’“1
1.,89-01
1,79-01
1,68-01

1,%8-n1 -

1,49-01
l1.,4906-01
1.33-014
1.23-01
1,14-01
L,07-01
9.9“’02

PRES LASH
120 Lia,
F1Lo0u
HOLL /71l

9.03+00
8, Th+00
8,52+00
8,26400
6,00+00
T.7%400
7.48+00
T,21¢00
6,95+00
6,68t00
&, 42406
6,15+00
S5.88400
5.61+00
8,35400
5,07+00

FLASHEDL
GAS
FLDW

FLASHLD
wvin Lja,
FLOW

FLASNED
120 LI1G,
FLOW

LOLE/ZRNIN RULEJHMIN  pOLLE /MIN

N Wy PO AP T gy Wt T N g T P % s e e e T e 00 T e M e S R S oy T B e Y TR e S5 TR N g e o T oy T e 0 TS P e e o PR e G W e WO N W e e e e

3.05401
2.95¢01
2,8610])
2,176441
2,67401
2,57T01
2,48+01
2,39+01
2.29¢01)
2,20+01
2,11101
2.0140)
1,92401
1.83+001
VL, TH403
1.65¢01

« 00

« B
1
.04
0l

« 00
+au

«+ 00
08
+00
Lau
i
Y1
5-23‘”3
1.07-02
1.51-02

84,95+00
&,70400
0,45¢00
8,20:0p
7.95+00
7.,70+00
T, 48400
7,19+400
6,93+00
6,67+¢00
6.,41+40)
6,14%+00
b, 88+00
5.61400
S5,45400
5,07+00

TOTAL TOIAL FOTAL

Pyl VR GAS Vel Lia,
PUHOVUCLD ENISSTON ENISSION

LanoLE Ll B LHaoLE
105401 T.,86402 1.849+80
VeDH40}) T.89402 1,8%400
1.05+01 7.92+02 1.84%400
1,05+01 T,94+U2 1,84+¢00
1.05+01 T.97+02 1. a4%4¢00
1.05401 8,00402 1,84%+00
1:06400 B,02+02 1, ,84%¢00
1.06+081 B,064¢02 1,84%+00
106401 8,07¢02 1,84+80
Le0B40] d,.09102 1,8%+00
1+06401% 8.11402 1,8%+00
1:06401  8,134U2 1,84+00
1eUEtD]) 8,15¢02 1,849+00
1.06401 8,17+402 1,8%+00
1.06t01 8,19+02 1.89+400
1e06+0L 8.,20+02 1.84%+00
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APPENDIX D

Matric Toits Conversion Tible

Multiply (English Units) : by To Obtain (Metric Units)

English Uniz Abbraviation Convarsion = Abbreviacion Megric Unic
.  Symbol Symbol |

Bricish Tharmal 31U 0.252 kg cal kilogram-

Uait \ ) calorias
cubic fast cu fe 0.028 cu m * cubic maters
degreas Fahraanheit o4 0.555(°F=32)* *c degrees Calsius
faat fc 0.3048 ] zatars
gallon gal 0.00378S cu m cubic macars
kilovatt~nour kwh 3.6 x 10° i joules
pounds : 16 0.454 kg kilograms
pound per squars psi 6.8943 %Pa kilcpascals

iach ' C T e
squace feet sq f£ 0.0929 squ " square macers
squara inches sq in 6.452 g sq\qj“ ’ sqmtcom:i-

[ maters

*Accual Conversion, nac a nuleiplier,




