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Rm July 21 to Auqust 1 ,  1985, gl s.lp1.d ti- smcee  at nr0 
plan+. i n  th. Wattle,  Wuhlngton arm to collect &U an d s e l o a  of  
toxic capounde. 'Ibis report dlscuesee the reeu1U of urplinp tu0 
vacuum exhaute end tho fwitive d e e i m e  fro. 010 rotor+. a t  WyJIoff, 
me.'., cr-0-a trutiw plMt. 
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Normally, the door is ap8n for about 30 ninutem while tho load i o  pulled 
out and a n n ,  load put in. 
handled while o ~ p l i n g  vas b i n 9  perforred ar8 includod i n  Appndix A. 

Copiss of the procsss recorda for  tha load. 

The i n i t i a l  plan for  sampling envisioned U u t  vecuum v e n t  emission. 
occurred during aevmral phases because the retort waa placed under vacuum 
during the.. tims. tlcnmvar, this vacuum vas usod as the =ti- for re  
for  f i l l l n g  the rstort rith l iquid and thus therm waa no dischargs t o  
the at l laphers  as a resul t .  Olmsrtntiom of ths process and additanal 
diacuasiana t i t h  p l m t  ~ n a g e a n t  and o p r a t i n g  prmonnel confirmod that 
s ign i f icant  ~m'rsians occurrd throughout th. en t i r e  conditioning tin 
and durinq f i n a l  vacuum and not duriaq o a r  phrssa of tha heating pro- 
cess. mmss two ph...s wr8 th8 ones amplod. 

The pollutants of concsrn a re  pntachloraphmol (C#21) 1 ,  crsosota 
c~.pounda and WAS. Tha spcific co.pounda that  corpri.8 crea8ot8 are 
PWAm and typically includ8 2-4. uch of a c e ~ p h t h 8 ~ .  fluon-,  dipheny- 
l8ns oxid., anthracmns, u r b u o l a ,  11-14. phenmthrene and ~ p h t h a l 8 n s  
Ths rsluindsr i a  unspc i f i ed  PlsA.. h n u  cormista of 58 pnuchlorophenol  
i n  a l i g h t  f w l  o i l  (8quival8nt to (2 disssl f u l l .  
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Am previcamly discussed,  emission suples wore M e n  f r a  the vecuum 
m n u  rh.n emesions wore being m n u d ,  and from the open retort during 
l o d  chuqem. Soprat.  u r p l u  u r e  M e n  f r a  creomou urd from p n u  
u u s r i n g .  Each t.et iaaolvod collecting dupliuu e..ples w i t h  p i r d  
sampling trains. ngur~ 3.1 and 3.1 portrsy the goners1 a r r m g e m n u  
tor =cum m n t  and retort f q i t i m  supLinq. 

Tabla  3.1 provides a chronological s u m m y  of the eaet NIU. A. 
m t i o n d  i n  Chaptor 2.  initially, suplea WN to b. collacud dtuing 
o a r  piusen of rtw +rsatinq eyela. 
ther clarifiutioru a i  tho procmes by p h t  m l u g e w n t  1.d to tho conclu- 
s ion  thnt  the aisaions during those o a r  phu- wre nsgliqible and 
thorefore wre not  s.rp1.d. Copies of the field data a n  includd as 

Ob.emtion or the proass urd fur- 

a. 
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The iampliry and analyt ical  pzoceduree for  th ia  project are derived 
from EPA'a .Test Hathod. fo r  Evaluating Solid Waate. (SY-846, J u l y  198:)~ 
*Sampling and Analysis Uethod. for tlarardoua Waate Combuation (Draft) '  
(A.D. Little, Inc., February 1983); WIOSU IUnual of A n a l y t i c a l  Uethoda., 
U.S. DIM, U I O S H ,  Publication #75-121; and Title 40, Par t  60, Appndix 
A, C o d .  of Federal Reguhtiona. Tho lrbcratory reaul ta  are conuined i n  
~ppsndix  c of thia report. 

SAnPLItS PRocEDrmes 

Modified ~ethod 5 - General 

The ru(5 aamplinq t r a i n  waa rued to co l l ec t  organic compound. w i t h  
boiling p o i n t s  betrsen 100OC and 300.C auch aa product. of incomplete 
embustion (PIC.), P W ,  Kp and c r e a o u  cacllpouod.. 

Extract., rinaea, and related materiala from the aampling system for  
each sampling period ware 8nalyZed to quantify the s p c i f i c  eonpound. of 
in te rea t  for each teat .  A t o t a l  of 13 NN ware conducted. 

Samplinq '-:ah 

The gaa stream !ma directed to a modiflad EPA h t h o d  5 t ra in ,  de- 
pictad i n  Figure 4.1. Thla system eonaiat. of tha follawing componenu 
i n  series: nozzle, probe, heated particle f i l t e r ,  one aorbant module, a 
bank oi impingers, and a meter box. A detailed diacuaaioa of the phyai- 
cal conauuction of the unmodified nethod 5 t ra in  and ita aaaembb,f i a  
givan by Martini Wnte rance  i a  given by Ron (AF'TD-0581. APTD-0576). 

A gkea f iber  (pa r t i c l e )  f i l t e r  waa encloaed i n  a glaaa houeing and 
aupportad by a atainleae steel meah. This aection of the t r a in  wae con- 
tained i n  an e lec t r i ca l ly  heated box with manual tsmperature regulation 
to minta in  a ample g.ra temperature of about 120.C. 

A typical  aurbent module/condeMar i a  ala0 depicted i n  Figure 4-1. 
There are separate aections f o r  cooling the incoming gas stream and fo r  
trapping organic gaa consti tuents.  Cooltng waa accomplished by routing 
the gaa through a coil of glass t w l n g  aurrounded by water circulated 
f rm an ice and mrer bath. Organic conai tutenu of the gaa are removed 
by 20/40 meah XAD-2 res in  conained i n  an all -glaaa trap. High collec- 
t ion eff ie ienciea (90-1001) are typical for  vapor ph8.0 organic myciea 
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The tomprature of the gam a t  the ou t l e t  of the sorbent was aaaured 
and u i n u i n e d  &+uwn th8 liriu of 0. and 20.C. 

cer ta in  organic species. To insure tha t  th ia  material is collected,  the 
sorbent module was positioned ver t ica l ly  ouch that  the condensate prco- 
la ted through the resin bed and i n t o  the bank of imping)rs. 

cooling of the 9.8 con- 
deMe# pa r t  Of the OePple 96. moi#turO Which may entrain and/or dl#BOlva 

D u r i n g  sampling of Wyckoff's vacuum n n u ,  the mass of organic matter 
condensad on the eurfacee of the cooling coil wae large enough to markedly 
reduce the h u t  transfer rate and prevented proper cooling of the sample 
gas. 
discWSiOn of the affecu of the organic compound condennation. 

The detailed r u u l u  eection of thia report  c o n u i m  additional 

'me inpinger bank consisted of . four  impingere cormoctad i n  aeries. 

The Greenberg-SPrith noxrle vaa replaced by a 
'the first impinqer was i n i t i a l l y  empty to co l l ec t  the conda?laate from the 
preceding sorbent mdule. 
vary short stem stub thAt the s a p l e d  ga. doas not bubble through the 
collected COndONate. 

rim second and third.impingers *re included to remove acid specie. 
from the gas, ud eacb contained 100 ml chromatographic-grade d i s t i l l e d  
water. The fourtb impinwr vas f i l l a d  w i t b  silica gel t o  absorb moisture 
r m i n i n g  i n  the gas, thanby aseuring accurata gas flJr m8aauramenU and 
prnnn t ing  damge to  the p a p i n g  s y s a .  

A standard Hathod 5 mater box containlng a variety of gaa handling 
and wtaring d e v i a s  fo l lowd  the impingar &nk. 

I 

All componenu of the s u p l i n g  t r a i n  wre joined either by s ta in leas  
stwl Svagelok. fi t t inge or by ground glaas -11-nnd-mocket join+. cap- 
able of l e a k - f m  e u b  under sampling condition.. Stopcock grease was 
not wed a t  any mint in the s~8-s 

A l l  c a p o n s n u  of the t r a i n  which contact the .ample gas were vigor- 
The cleaning consisted of =sly cleaned prior to trmnaport to the field.  

soaking i n  chrorrqe., rlnxing w i t h  tap water, d ia t i l l ed  -tar, uad cbram- 
atographic-grade msthmol, sucmssiPrly.  A l l  COmpDMnU Wm s u b d  W i t h  
athylem chloride-rimed aluminum foil. 
and resin is disctuamd i n  the analytical wction. 

Preparation of the XAD nodulox 

Prior to ucb run, the individual CapononU of the s u p l i n g  w a i n  
wre assembled, and the prob./sa.rpling t r a i n  l 8 r l r - t u t d .  The boating 
ud cooling syatm am e i a r t d  and a l l a d  to ruch equilibrium. 

If the lor*.+ ucaoded rtu Iweer of 4b of the eampling rata or 0.02 
cfn. the le.* was cortwtad. 

Then, 
t h e  nostl. Wae p l u g ~ d  Ud the ByetU 8vaCI%lud to rbout 200 0 Sa (15.). 

Sampling Procedure 

The sampling plan cal led for multiple point isokinet ic  sampling for 
3-4 hours. The condensation of organic material diaNseed above vas 
grea t  enough to prevent  sanpling isokinet ical ly  for the duration of the 
sampling period. Further, the exhaust gas -locity was vary lor acreas 
the crws section of the stack and, within the accuracy of the p i t o t  tub. 

I 
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the crms section of the stack and, within thm accuracy of thm p i t o t  tubs 
symtu. essent ia l ly  conatant so lack of muhiplo paint t rs tnrs ing and 
i . o * I M t i C  s u p l i n g  was judged to haw minim1 conaqumnces. Tho spnplos 
warm coilactad a t  a paint of avarsgm valocity a t  e rata u Mar to isakinetic 
as possibla. 

Pas t -Tes t  Operations 

A t  the COnClU~iOn of thm tast, the t ra in  11. le.* checkad Md a1- 
l amd  to cool. 
filtar holder i n l a t  cappad, end a11 conpanenta tsken to thm clsanup area 
f o r  sample rmcotnry. 
mdifiad a8 n a m a a r y  for  recowry of sample. for  organic analysis. ?ha 
mob., nozzle and f i l t e r  holdmr ware uch r i ~ d  thrn tlrs w i t h  ece- 
tom and then thrn t i r m  with r ' a y l e n  chloride. A l l  l iquid samplas 
ware transferrsd to glass bottle. with Nflono-lin& up which had b.sn 
elmanad as prevlarsly Qscribad for tho glassware. The )(AD mdb?e was 
rsllomd f r o .  the t ra in  and smalad with g r e e s r f r a a  glass ball# uul sack- 
e+.. T ~ O  i .pingara wre r e m 4 6  and the v o l u r  of cond.nsed uter  col- 
lsctad muured. h e  prco la t ad  condensata frm the f i r s t  impinger was 
tranmfsrred to a #maple bot t le  along with rinses from thm condenser, the 
contents of thm second and th i rd  impingars and a m t o m  end methylene 
chloridm r1ns.s of a11 three impingara urd connecting g h m r e .  
bottlms wrm t ight ly  cappd,  ssalad w i t h  Nflano- l ind  up and Teflon. 
tap.. urd t h m  l iquid letnl u r k e d  on thm b0ttl.a. 

Tk. proba/norzle uni t  vas remand urd u p p d ,  and the 

Tho basic procadurea of -A k thod 5 wre followad, 

All 

POr thmse tests, O M  XAD mdule was expomad u e f i e l d  blank to  the 
lab. 
ware inmullad into e sample train, la& cb.ct.d, h u t a d  to 120.C for  2 
hours, and then recovarad along w i t h  thm o t k r  sampla t r a in  fractions.  

There ru o m  t r i p  blank includad in tha shipurt. The f i e l d  blanks 

NIOSH Sorbant Tuba Samplinq 

Retort fugl t i tn  d u i o n r  warm to ba s u p l a d  for 6 hours ( 3  NIU 0 
2 hours/run) with a tu45 t r a m .  This apprach  b a u r  i8prsc t ica l  when w 
discovared that the door was l o f t  open for only half an hour ra ther  than 
8 hours. 
co lhct  a sample i n  a short  tir (approxiu ta ly  30 mimatas) urd re ta in  

A sampling s p t a  asing 19IOSU-typa sorbant eubu u s  devisad to 

&e a n a i y t i u i  .eMitiVcity or m. 
Sampling Train 

Plqure  4.2 displays a miul 191088 daaiqa sorbant tuba and the 
sampling t r a i n  usad to ext rac t  tbm m a m p l a  gam frm tbm stack. 
Nmthod 6 t y p  r u r i n g / f l a  control s y s t n  warn wd to plrl thm muple 
gam and rasure the .ampled gms volun .  Ih. supla train consistad of 
o n  or tvo sorbant arbis containing 600 mq of -2, a mistnre ramoval 
trap. wanple l ine ,  and control coxaole containing r o u l t a r  and dry 
g a m  mater. P l a  ra tes  and total gas volur ware set and muurad t o  
mtch the capacity of the norbent and the a n a l y t i u l  s ens i t i v i ty  neces- 
sary. 'hro separate systems were used to collect duplicate samples. 

An -A 
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~igurs 4.3 s b a  ha ths tubs., s u p l s  1111~s ud -t.r -N 
assombla3. 
suplinq Ur as rll u in tormdia to  v m h i t y  rudinys. 
rstort opsnin9 vhich had gss 0 u t f l ~ n 9  or inflauinq w u  u U m h t . d  
ob.srvi4 a sst of r ind sock 'dirscuonsl flags. p l a d  in f ront  of ths 
sgsninq. 

h s  an-tor was umd to obtain M avmrag. vslocity for ths 
Th. a- of tho 

sampling Procsduro 

S u p l s s  r r s  c o l l s c t d  by broakinq off tbs SI& 0: tho f l u  suld 
sorbsn t  tub.. lad pulU4 supls gsa through tho tubm a t  b.25 Lit.r/minute 
for abwt 30 .Inut.s. A t  tb. conclusion of sampling, M. tubos nrs r c  
v..d f r a  tho traim and u p p d  ritb up mgpliod by cbo W a C t P t s r ,  
ud tbsn p t d  l n  M on*.lops, prm-labmlsd w i t h  tba dacs, rrm nambmr, and 
...pio ID w r .  

Post-hSt omrations 

nsld b k d s  wrs u L s n  by brssking tlm snd. of a tubs ud oxposing 
to u b i s n t  air for  a tir prlod -1 to sampls c o l l c t i o n  tin. 
b h d r  (s tubs uLsn to tba fisld bmt not  oponod) u s  a t M d  snd s h i m  
r i th  ths sampls tub.. 

A tr ip  
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tho oonplo. 
tJm adsorbon- bofore their remom1 f r a  the 9lma aorbont trap. -1 
the enclru content.  of th. sorbent t r ap  in to  a 9 l u a  extraction thhbl.  
w i t h  a c o a r a c f r i t t a d  bottom. 

w-fl W o r b o n t  - ~ b . e m d  and noud the physical p r o p r t i e a  of 
Spilud the rampla as rumasary with compound. di rec t ly  in to  

The reain i n  the t h k b l a  warn c o n r d  with 9h.a roo1 to p r e n n t  th. 
reain from flcatinq QIE into the Saxhlet extractor. 
rinsd vith 10 m l  acetone ud then t h r n  10 ml p o r t i m  of r t h y l e n e  chlo- 
r ide,  ud the.. rinsaa &ad to the r0cdn . r .  me SarlIlet extractor waa 
charged w i t h  2SO ml r t h y l a m  chloride, and thio reein u t r a c t d  for 24 
hour# with a eyela of 10 to 14 ti... B.r bour. Ru extract.+. ru 
t h .n  dbd to th. K-D warnrator u d.rrib.d .ba f o r  Contlinr Ioo. 1. 

me aorbont t r a p  u u  

6. Utmr a11 caponen+. of the ruple  n r m  e n d  i n  ttu K-0 
evmporator, th. v o l w  *.a r e d  to a bora, ~ ~ l l  volum (S m l ) .  mi. 
ample w furth.r evmporatd or  rmdl lu td  u -rad to obtain a ~ l y + i -  
ca l  r e m & ~ u u  within tln r q r  oi ttu uUbratiom curna fo r  the olricua 
m a l y u e .  

?bo sample. warm bjed i n to  a t n p r a t u r c p r o q r u n d  capi l la ry  
c o l u a  gae chrmatoqrapb with u a a  a p c u a r t m r  (aC/I(B) fo r  ident i f icat ion 
.ad q u n t i f i u t i o n  oi u u l y t u .  ma -le nru firat Uu1p.d on cc/m 
to obtmin a p w t .  uulytm eolrarrtraclosl. to aubU8b &?propria+. di- 
lucloo., i f  MY, for uu s p c  uulymi.. Ru cymral  p r o a : ~  &.cribad 
i n  IPL pubUution IOI 846 ((.a d for  met up ud ulibraclom oi tb. CC/M 
ud c a m  id.nUficaLim prtorrd  by tb. dam aymtom with mrification 
by tln umlymt. @unclficatioa of u u l y t u  g. ud. by rmapaua factor  
uicuhuaa r u b t i -  to pb.auathrwm for tb. AR. ud to a p c i r i c  uu- 
braclam standard. for pnuchlorophbnol ud naphtbalmm. 
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RESULTS 

The emission rates for  a variety of organic compounds have baen onti- 
m t d  and are summarized i n  this section. The major pmrautsrs determin- 
ing the calculated a d s i s o n  ra tes  are  volumtr ic  flw rate of exhaust gas 
and pollutant concentration, calculated f r m  various meuuremntm. 
major elmanta  of eh. wuurewnt and the i r  precision are discuued  &la. 

m u a t  Gas Flow R ~ t e  - Vacuum VenU 

The 

The vacutm vent  stack dischargee the vapor f r a  a condensate knock- 
out tank which reaives the exharut from the procoma vacuum pump& These 
turlrs are  c m r e d  with a stem1 deck rkth a steel s u c k  over the middle of 
tho tank. The ra t .  of gaa discharged is determln.d by the pressure i n  
turlr urd 9.. d U  through stack arid through Cracks and holes i n  the deck 
plating. The pulaationm of tho vacuum are  momwhat dampd by the v . ? l u m  
of the un*s, but the exhaust gas velocity varies in  a pllmlng mamar. 

p r r l l r L ~ r ~  pulocity traverse m a  c0nduct.d i n  each of the stacks, the 
amraqa vdocity calculated, and a p o i n t  of average velocity selected. 
During sampUng, the Valocity heed a t  th is  point was wasursd and assumed 
t o  k amrage velocity. 
amraga va lw  of tbe Valocity a t  the point over tho samplo period. and 
n r e  ca1culat.d w i t h  Equation 2-9 of EPA Mathod 2 (40 CPR P a r t  60,  Appn- 
d i .  A). 

Th. velocity data herein reported represent the 

worm1 op.rationa a t  Wyckoff b e  three to tor t .  operating a t  di f fe r -  
ent  phuee of the t rea t ing  cycle and the v8por discharges from all three 
vantiog to o m  knockout unk. For these test., houever, only 1 r e to r t  
w u  op.ratod i n  o a r  to obtr in  samples frm 1 phase or tb. cycle and 
ttnu the total gas f l w  va# l a r  than norml. Ihe  result ing increase 
i n  UamrUinty as to flw rams n e  considered less  important than ob- 
t.inirrg a . u p l a  repruenut ivm of the .riuion from one and only'one 
phue of the t r u t i n g  cycle. 
p r u u r r .  I h u e  flow rat.. rstlect the aystam exhaust i n  the f i r s t  
haarm of p1cuum on e chug., vhether the f i n a l  vacuum/cool-dnm or the 
boginning of conditioning. LL8it .d  data rsksn with a vane anemometer 
a t  the *;d of conditioning ( S A . ,  a t t a r  36 hours of mcuum) on the creo- 
so te  myeta yield a 9.. velocity of 4.8 f t / r ac  or approxilo.tely 360 acfm,. 

of tho rater and a i r  have been removed from the logs and the gas discharge 
probrbly reprosenu the continuing volat i l izat ion of t reat ing oil and a i r  
inlutuge c.wd by the system vacuum (22' Kgl. 

Table 5.1 suamrizee the calculated stack 

Wch 1s Slight ly  1-r than the init iA1 hours. ' I U S  1s e q c t e d  as most 
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Exhaust G.a ?la Rata - Rntort  Nqitiwn 

Tha r t h d  r.ploy.d to astimata tha voiw of g u  discharqad from 
tha retort uwad by owning the doors yialdod surpris inqly roproduciblo 
rmaulu. Ih. flow ratas n r a  c a l c u l a t d  by rasuring tha vmlocity of tha 
a r t f l a r i n g  gas Mar tha top e e n u r  of the r a t o r t  opening v i th  a vane ane- 
=%tar, o s t i m t i n q  the f r a c t i o n  of retort opanxnq in each of three ragi- 
IN (in-flaring. out-flaring. and a u q n a n t )  and calcnlat ing a f l a  rata 
as tha product of m l o c i t y  and d i s c h r g a  arm.. Tabla 5.2 a r n u r i x a s  tha 
r s s u r m m u  ud raaul t ing ? l a  ra tas .  
r a t a  while tha r e t o r t  is ampty uith door rid. opan, 1.0.. attar tha 
t r sa td  load h u  W n  pullad. bu t  bafore a IIW load is put in. man a 
t N a U d  l a  is pullad. tha W l W  occupiad by tha loqm ud tr- is 
r . p l a d  vith a b i e n t  a i r  and when a I*I) cham is loadd, a eoluw cf 
air is displacad by tha n w  load. RH total retort tml- is about 5,700 
tt.1 and a typiul tal 1 4  pr-ly -pias 50-7s. of +h total ooluw. 
ma a i r  dram i n  witb ramon1 of a l a d  u n  ha c a u i d s r a d  u displaced whan a 
n w  load is durp.d. m s  amunu to 3,0004,500 f t 3  during a 2-5 u n u t a  
priod. 
a t  a rata of 4.000 a&=. tha total gas axluund is 120,000 f$ ond tha 

Of tha toUll. 

mum d ~ t a  r a p r a w n t  ch. f l a  

If tha retort is opn 4nd u p t y  for  half nn hmr and is discharging 

displacad by Chngxng load. i. r a l a t i m l y  ins igni f icant  (only 3-4. 

The major areas of uncsr ta inly aawci4rad uith thus m u u r a n n t a  
and rwmults arm a e t i r t t o a  ot tha arm of discbup. ud tb uniformity of 
tha vmlocity acrms that araa. Tha arm aa+iytion is probsbly within - +25b of tha M. nlw. Rw vmlocity nuur-ta -an am r m a w l y  
accaxata (+I  bpt M unnrt.inty dari-s f r m  whmthr t?m vmlocity a t  
tha nuurad p i n t  is in f a c t  the amrag. bulk -locity of th axluust 
9.1. ~ a r  hsic  h u t  t r a n s f a r  ulculatioru suggmst th.t 1 x 10s f$ of 
air at. r - 4  fo cool ttn retort f r m  180. 80.I. 1I th. ratort 
COOL dmn i n  2 hours, tha f l a  rata rould ba 8,300 acfm which -ram 
favorably. given tha natura and a x t m t  of tha vrr iablaa ineolvad. r l t h  
r a a u r d  valuss of 4.000-5,000 acfr. 

Tablss 5.3 and 5.4 summrisa r)H nuurad and u1cul~t.d v81u.s for  
ths nn5 and f u g i t i m  sample col lact ion.  
rcutina and tha aqu.tiolu of kthod 5 arm usad. 
includad i n  Appndix D. 
analpim of tha auplma. The r a u l u  arm axpressad u total up of tho 
anslytes  i n  tha supla  .ad raflmct tha i n s t r u n n u 1  nlw, any e i l u t i o r u  

, or connnt ra t lons  and calculation of total MI. of uylyUs i n  tho sa.pla. 
Data u s  presantd f o r  PIU colpound. fonnd i n  tb supla  f r m  =A's pr i -  
o r i t y  pol lutant  list md includas t h a a  rpc i f i c  corpora& which uara 
a p c i f i c a l l y  tarp.t.d for  ana lys i s  ( p n u c h l o r o p h n o l ,  r u p h r h l a a ) .  

RH calculat ion p r m d u r a a  arm 
-la U ~ C I J ~ ~ ~ O M  are  

T a b l e  5.5a and 5.5b preaant ths m a u l u  of K / H S  

WBaiDrl EDaMtaa 

Tha data i n  trblaa 5.6 -5.9 arm &rived from tha analysis  r e a u l u ,  
ampl ing  parmutars, and gas f l a  rata a s t i m t i o n a .  Tha mas. muasion 
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ratas should not ba c o n s i d a r d  as represeni.dvm of overa l l  fac i l i ty  
d s s i o n r  they arm supplied to provldm a refarenem for t i r  
rata of dincharge. 

Tha fugi t ive e r l s s i o n  r a t e s  are  representative,  within the l l m i u  
previcusly discrused, of short-term emission rater  process schedules, 
ac tua l  work practices regarding open d m r  and recharging, and t rea t ing  
oil n r i a t l o n  varld n o d  to k coruidmred to es tab l i sh  o m r a l l  emission 
ra-as. The vacuum v e n t  rates arm more re l iab la  and represantativm of 
emission from the t r e a t i n g  process; again, h w a w r ,  process operating 
s c h d u l e ,  and work practicas such tima of conditioning naed to k con- 
aiderad in extrapohtinq s i n q l a  r a t o r t  data to the vhola f a c i l i t y .  
a s t i u t a  of tJm o t n r v l l  eri8SiOn rata u n  k Mda for  tha avai labls  data. 
A typical Uaating cycle 1. listad &lo, 8hartnp tha duration of each 
phase of th ia  yc1a .  

Sow 

P r u s u r a  (PI Discharge 
-.tion or to 

Ph.8. (hr8 ) vaeuua ( V I  AwsQhOrE C o m e n u  

Conditioning 40 V Y U  

P r a 8 s u r e T r u t i n g  1 P m 
3 V no 

Tabla 5.10 prasenu  estimtad ~ . ~ S S ~ O M  for  on8 complav. cycle of p e n t a  
a d  craaote treating. ma r a t e  q i w n  arm &sad on the flow mmurewnu 
ud m a n u a t i o n  data p r o v i a s l y  discussad. 

\ 

I 

. .  . .. 
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Awraw Volumetric Plow 

YPY-Ul6-lA 7/29 152.4 26.9 11.2 
12.2 - 27.9 - -1n 7/29 - 152.3 

152.4 27.2 12.2 780 490 

vpV-IIl6-U 7/31 145.8 21.4 11.5 
11.8 - 11.6 - 145.3 -2B 7/31 - 

A.9 145.6 22.0 11.7 750 510 

YCV-lOb-lA 7/37 131.5 17.2 6.2 
6.3 - 16.7 - 131.2 - .  -1B 7/31 

AW 131.4 17.0 6.3 460 340 

vcv-IPU-U e/1 145.4 . 20.5 6.3 
6.3 - 21.7 - 145.3 - -2s 8/1 

A.p 145.4 21.1 6.3 460 320 
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D E notort  C 

Pant. Tratlng O i l  Q . o . O t m  CX.'.o.Otm 

7/26/85 7/31/8S 7/31/85 0.- 

Tima 1255-1 355 1350-1 420 1 1 S?-1727 

302 313 372 Amraga V a l o c i t y  f t / a n  

1316-375) (286-333) (400) (Range of In tmmdiata  ve10- 
C i t l U )  

Amraga O i s c h u g a  a s  P l o w  
U t a  acta 

4960 41 60 4950 

. .. 
I .  : 
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52.666 

i .oa 

So. 3 

29.9 

1.013 

221.9 

i .a27 

51 4 7 7  

10.1-27 

17.2 

20.84 

26.w 

6.25 

131.3 

460 
u a  

36.822 59.403 

1.27 0.60 

01.1 %.7 

29.9 29.9 

1.013 1.007 

l%.l 445.8 

1 .2a7 1.069 

35.159 56.996 

9.230 20.- 

20.5 26.9 

28.84 2e.u 

26.62 25.92 

6.21 12.10 

145.4 152.4 

462 le3 
319 493 

13.316 

1.56 

85.2 

29.9 

1 .w1 

416.4 

1.069 

12.051 

19.6co 

21.4 

28.84 

26.52 

11  -62 

145.6 

745 
509 

. .  
. .  . . . .  , 
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TABLE 5.4 

mOITIVE DUSSIOR SAUPLINC DATA 

YPP-x vpp-x WCP-X WCP-X HCP-X 
mmIn 1A 18 1A 'U 2 8  

-tar v o l u n ,  l i m n  15.240 14.23 9.835 10.22 8-18 

latar V O l u n ,  acf 0.539 0.520 0.348 0.361 0.289 

)(.tar R a u u r m ,  in .  Ufl 1.00 1.20 1.00 0.91 1.21 

-tar h r p ,  *I 83.6 79.8 86.1 81.3 71.9 

mroltric Prmssurm, in .  e9 29.9 29.9 29.9 29.9 29.9 

0.955 0.951 0.951 0.955 

0.489 0.321 0.321 0.273 

0.951 

0.500 

5-7 



i 

/- 

, 

VACUUU W ;AMPLING ANALYSIS RESULTS 
Total uq or Ana1yts 

Creosote Pent. 
ycv ycv Kv vpv wpy 

Compound 1A 2A x-2 I A  1A 

Naphthalene 2,500,000 900,000 7200 2,000,300 1,000,000 

ACeMphthylOne 2,400 8,200 m m m 

kemphthene 3,600 40.000 20 30.000 25,000 

Phenanthrene 1,400 3,400 m 2,100 1,700 

Fluorsnthene ND ND m m Nu 

Fluorene 

Pyrone 

4,700 25, OCO m 8,400 9,800 

ND ND m m ND 

Wnt.chloropheno1 Nn m m m m 

Anthracane m m m m No 

Kmtection U t  1,000 1 ,000 10 1.000 1,000 

.. . .- 

t -- . 
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.. 

YP? vp? wc? *Q m 
com€uound 1 A  18 1A u 2s 

luphtb lena  50 200 3,000 11,070 1,200 

WlUphthYhM tin riD Nn 90 60 

Acenaphthene ND 10 2,200 1.900 1,500 

Ph~nu~threna  Nn 10 640 300 130 

pluotanthana Nn Nn 300 40 Nn 

Pluorona Nn 20 740 580 340 

maria tlD km Nn 20 tlD 

Pantachlorophanol w 600 Nn w m 

AlltkaIXlU Nn ND 100 loo 20 

ratmetion U t  10 10 10 10 10 

I 

TULE 5.5b 

WCITIVE SUIPLIHC WALYSIS RESULTS 
Tota l  uq of An41ytm 



Msaions 
Compound #/d#cf ppln (hour  

Naphthalane 107 x t o 4  323 2.20 

A c e ~ p h t h y l ~ ~  

Acenaphtham 

PhanAnthram 

Fluoranthen- 

Fluoram 

Plr- 

Pentachlorophenol 

Anthracem 

0.103 x lo4 

0.154 x lo4 
0.060 x lo4 

t0.043 x lo4 

0.201 x 104 

t0.043 x lo4 

t0.043 x lo4 

(0.043 x lo4 

0.26 

0.39 

0.13 

tO .08  

0.17 

t0.W 

tO.06 

<0.09 

O.QO2l 

0.0032 

0.0012 

<O.OOOS 

0.0041 

<0.0009 

to. 000s 

<0.0009 

... 

_ j  
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Bi..ioru 
t(d8Cf  p p v  #/hour Capound 

ss.s x 104 168 1.06 lU9lleh.luU 

heulaphcby1.a 0 . m  I 104 1.29 0.0097 

2.47 x t o 4  6.19 0.0472 Acenaphthena 

0.210 x 104 0.46 0.0040 PherYnthrua 

<0.062 11 1 0 4  (0.12 <0.0012 

1.54 104 3.59 0.0295 

t0.062 x 104 <0.12 <0.0012 

<o.oa x 104 (0.09 t0.0012 

<0.062 x 104 (0.13 <0.0012 

m- 
p.nt.chloropJmno1 

aathracem 

5-1 1 
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TA0LZ 5.h 

wss1m RATm 
PROCESS CYCLE - PWA CONDITIONINC (INIT& V A C V V ~ ~ )  

EXIUUST GAS PLCW PATE, 493 dscfn 

m e e i o n s  
Comwund #/decf pmv #/hour 

N&~ttulux 77.1 x 106 234 2.29 

A ~ ~ ~ p h t h y l ~ ~  t0.039 x lod tO.10 t0.0011 

Acenaphthene 1.16 x lo4 2.91 0.0343 

Phenanthrene 0.081 x 104 0.18 0.0024 

Pluoranthena c0.039 x <O -07 t0.0011 

Pluorem 0.325 x lod 0.76 0.0096 

Pyreno t0.039 x lod t0.07 <0.0011 

PsnUchlorophenol t0.039 x lo4 t0.06 <O.OOll 

Antiuacem <O.039 x loa <0.08 <0.0011 

5-12 



30.6 x 104 92.4 0.93 mphth.1.n. 

Acumphthala- 

~cmaphthano 

Ph-thram 

?luorntbam 

P1uor.m 

m a -  

<0.031 x lo4 < O . M  <0.0009 

0.765 1 0 4  1.92 0.0234 

0.052 X lo4 0.11 0.0016 

<0.03* x 104 t O . 0 6  <0.0009 

<0.031 X lo4 <0.06 <0.0009 

<0.031 X lo4 t0.M <o .0009 

<0.031 X loe6 <0.07 <0.0009 

0.300 X lo4 0.70 0.0092 

mnuchloroph.Ml 

Anthracana 

5-1 3 
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B i a m i a u  
8 u P l .  Wducf pm 6- 

B 9.69 x l d  a9.3 a.ai 

&WU@+b.lOEU A 0.5s x 10-6 1 .s 0.134 
0.49 x 1 6  1.2 0.111 

~ l u p h t h u m  A 12.4 x 10-6 31 .a a.03 
B 11 .1  x 10-6 30.4 a.76 

..pbth.l.- A 7a.4 x 10-6 ai9 16.5 

0b.rYn- A 1.96 x 10-6 4.3 0.447 
B 1.05 x l o b  a.3 0.239 

I1uor.ath.D. A 0.16 x 10-6 0.W 0.060 
8 t0.06 x 10-6 t0.15 t0.018 

Ilu0t.a A 3.79 x 10-6 8.8 0.865 
8 1.75 x 10-6 be4 0.626 

pY=-- A 0.13 x 10-6 0 . S  0.030 
to.011 x 10-6 to. 15 t0.018 

P.nuchloropk.no1 A tO.065 x 1 0 4  tO.10 <O.O15 
B to.061 x 10-6 to. i a t0.018 

AnthrAcmlm A t0.65 x 10-6 1.4 0.149 
B 0.16 x 1 6  0.35 0.037 

5-14 
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t0.045 x 104 <O.ll <0.012 

0.015 x 104 0.11 0.012 

0.015 x 104 0.10 0.012 

t0.045 x lo4 <0.09 <0.012 

0.090 104 0.21 0.024 

pyrra < o . w  104 (0.09 <0.012 

Aathr- <0.045 x 1 0 4  <O.l <0.012 

p.nuehlar@nml 2.71 1 0 4  3.9 0.72 

. , , ~  -- 

. .  
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M I S S I O N S  (LB/m) 
CYUE 

CONDITIONING PINU FUGITIVE -AX. COWPOmSD 

(48 HR) ( 1  HR) (1 /2 HR) 0 6  LIR) 

1.06 4.m 111 Naphthalene 106 

0.0097 0.613 0.172 

0.0472 1.40 1.60 

0.004 0.172 0.233 

Acenaphthalene 0.101 

Acsnaphthene 0.154 

PhaMnthrena 0.0576 

Fluoranthane 

Fluorene 0.197 

Pyrene 

Pentachlorophenol (0.0431 

Anthraceno 

t3.0442' <0.0012 0.0195 <0.0639 

0.0295 0.373 0.599 

<0.0431 <0.0012 0.012 <0.0564 

<o .0012 0.0083 <0.0527 

<0.0432 <0.0012 <0.0465 (0.0417 

. .  

\.' 
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'To?AL PnmA C r a a  E I L l S S I ~  
lLB/tol) 

D I I S S I ~  (LB/HR) 

l a  lm) I 1  HR) (112 HR) 156 HR) 

CYCLE 
COIPOUP) tXWITIOlns0 FmN. NG1m mu 

110 0.933 0.120 1 1 1  IuptlthluI8 

~ p b t b . l . r n  tO.OS28 to . o m  t0.006 t0.0597 

&8lUphtb.m 1.65 1.920 0.006 3.57 

Phuun-08 0.115 0.110 0.006 0.231 

t O . 0 0 0 0  t0.006 t0.597 

0.461 0.0091 0.012 0.482 

tlwraatb8m tO.0528 

FlUOt.08 

tO.0528 t0.0000 t0.006 tO.0597 ?m-- 
P.atm=hlor@I8ool tO.05ZE tO.OOOO 0.360 t0.414 

Aattuaorn tO.05ZB tO.OOOO (0.006 t0.0597 

indluus nlums ca lco lud  lmmr limit of dmuetion. 

5-1 7 

, .~ 
-... 1- 

/ .  ' :. 

., 
. .  

.... ' , :. 
. ,  

. ,> ' , . . .  . ' .  

' \  .~ . 1 . . .  
., . , 

. . I  ' .  

. ,  



. .I 

\ 

7 I *  
.. - 

.... 

, .- - 

I . .  ' 
. .  

I 
. .  . .  

I .  

.,'. ;, i' 
I . .  

. .  ... . . .  . . .  ......... .' < -  .:. ... - .  ,' 

~ 

- 
_ .  . .  



. .  

I 

. . . .,. . 
1, I. 

_. - . . .- . .  
. .  . .  

. .  ~..-- 
I. 

.. 

. .  - .  -. 

. . ,  I .  '... 
. .  . .. 

,> 

. . , 

. ... , ... . .. . . 





- . 

-. 

. ... .. 

e. 
..,.=. :. L., . e. '- e . .  

...,. : .. . 





' 
' I, 

. . .  :. . 

.... .~ 

, 

! 

. , 
... , 

A -c 



. ... . 





. .  

, .  
- .  . . 

I 

. . I 



,’ .. 
. .  

! 

h’- ‘i 
. . .. . -.- 

-. . . . . - . 

I 
/ 



. .  

..: I . .  

.: 

- 
. .  ~. . . .  . .  

I 

. . . . . . . . . . . .  . .  '-. 
. 
. .- 

. . . . .  .... .... 
~ 

. !  _ .  .. . ' ._ . .  ~. . . t  

, I.. 

:.:. . .  . A , : .  . 

I -.. 



, . 
.. 

,-. 

~ ... . -. 

...,. ? . .  

-._ 

. .  

I I 
Y a 

E 
0 i' ti 

I 

I V '  
. 

....... 
. . .  . . . . .  ..... . . . . . . .  

/ 

. .  
I _.  - ,;, 

'. . .. , 

. ' ./" '. .,,.' 
.. . ,  

- .  -. . .- . .  . .- . .  

r- 
ia 



" I 

-- I . -  
4 

. .  

i 
, 
. . ... 

... 

~ 

- 
-.,.' / .  
.... ,. 

. . , .  . .  

. . 

I 

. . . ..... ... 

. . . 

. - .. . .  . 



. . a  *- . .  

.... ..; . 
/ ;  

/ : 
. I  

. :  
i s  . .  

. . : . .  
-. 

_-. ;  ;, 

. .  
i . .  , 

. . . . . .  

. . .  

. . . . .  

a. a a c , = i i  
i 
s 

c 
t 

7 
_/ ' .. , 

, 
. : 

., .. 
.~ 

. .  
_r 

.: . . .. 

. . .  ,,' : 
?.. ' - .' 

. . .  ... . .  - . . . . . .  .. ~. 
-... 

.. . . . . .  ..... . . . . . . . . .  

I .  

, .' c . .  . .  I. 

\I __e. 

., . ' . .  



. .  

. .  

. .  . .  
. .  

~. ; ..:< 
- .  , . 

.; > 



. .  
- .. . . .> . .'.. * ,.. . . . . . - 

,, : 

--. 

. -. . 



I. 

.,. . 

.... . 
. .  

- .  
, 

'~ I . ~ .. . 

. . _/ ' I 



. 
_ -  

. . .  

I '  ' 



, \  
. .  , 
I, 

: - r .  ' 

. '  . , '  . .. ', ' 

8l 
\ -  ml 

m l  

P 
eoz.0 P 

81 
m l  

ml 
Y I S '  



. // 

.. 

- I  

. . . ... . . . . -. . .. ... . . .  . 



I’ 

, r  

I 

/ 

. 

. 



. 

.' 

I" 

. . . 



0 



. .  . .) 

-. .. - ' 

. ~. . . .. .. 

, .C'  

.r 

. .  
I .  

! 

: . .' . .. . .  
! 

i 

s 



, - ... 
.. ''1. 

...- 

. -  

. .  . .  
~. 

_1 . -; 

, .  - .. . 

, - .  

i 
. 

, 
. .  I , .  ..' . 

. . .  I '  ,.' , I 

i .. 



.. 



.... 

,' 
. .  ., .. 

. ., 
i 

_-  ~ > ;:. 
, ... ' :.e- .. . .  . .  . . . .  

/.- - 

. .  . .  ..... 
~ ..r .' 

,. .. I . . ,;/; 
. .  . . . .  . .  . . . . .  ... 

, '  . . .  



. 

., 
<' 

c 

: ... 
' . /' 

i . _- :. 
- .  ,- . . . .; . .  . . 

- .. __ 
, 

. .... . . .  
, 

. .  . .  

.. , 
. .. . .  

. .  . 
__._. 



.. 

. . .  
,./ .., ' 

'' >: .... ,,> ,: 

," . ., 
...... . . . . .  ,.. . . I .  

I ... -.- - 
.. .~ 

. . . .  . . .  .. '. . ,_ ... 
. *.- 

\. 
.J.... 

. .  .-.. _ _ _ . .  I 

. 



/' . , .'. 

.. / '  

I . .  
I .. 

- _,' 
. ... . .  

, 
. . .  

' ' ' ' i  . .  
~. 



. I  

. .  .... 

I 
. .  . .  . ~. 

1. 
. r -  

I. . , ... 
r 

-. 

. .  . .  

. -  
/- . /- . . 

. -. 



... 

. . .  _ _  

. .. 



... . 



- .  . 

8l 

m l  

0 

. . .. __  . . 

- 

I 
I 

i 
I 
! 

.. . .  . .. 



.. . .. . 

I 

, .- - 

. ... 

. . 'I4 . 

. 
D . 
. . . . . 

. 

. 
d 

b 

* . I  - . . . .  . 
: 

. 

: 





c , - . . . . . . .  
,. _, 



' I  

I 
i ,  

. .  
I 

, .  
.i' 

I .  . 
t '  

. .  

,/ 

.. ... ., . -- . .  .. . . . . . . .  ._.^* - _-. - . . .  . - _ _ _  i... . . .  ..-_-__ . . . .  



-.-_ - 

I., 

. . I  

::I 
I!. . ,  

ii! 
. .  . .  : j  

.. , ,  
' ' ; 0.. . L .  I.. . 



. .  
: .. . .  

.. 

. .  
. . _  ~. . 
i 

. . . .  , . .  
I' . !  ' . ,  

~ , : 
. A  i 

:' ! . 1;: 
I 

i :  

, 

i:i 
!il . . .  , I  . .  . .  . .  

* .  . . .  . .  ' * .  , ' .  . . .. . . .  

. .  . .  . .  

. .  ,. . 
. . .  

/' 

. . . .  . . .  . . .  
. .  

.,. . . . .  
2 

.I 

.. 

. . .  
I 

.. 

..... ...... ..-._ - .  . 
___._ i!l . ' .  ....... . .  

I '  

. .  

. . .  
I 

. . .  .I 

. . . .  : '/* . ,. . ,. 
. -  . . 

: .. 
c' 

. .  



A- 31 





.. 1 , .~ 

. -  , 

.. 
x_- .. 



- _ -  

,Ii 
...... - .  

.. ,'- -. 

. .- .. 

4.. . - .  . . . . .  
1' <,:-. . . . . .  . . . . . . . . . . . . . . . .  / . .- 

. . .  
. .  . . ,.-. 



.:. ._ 
. .  

. .  
i 
. .  

I 



. . . .  





.. 
i 

. . .. 

APPENDIX D 

CILCVUTIONS 
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PROCEBB CYCLE 

EXHWST QCIS C L W  
R n l E ,  DSCFM 

Ucv-1n 

345 

NWHThALENE 

KENWMTHVLENE 

KEWWTHENE 

PhENCWTWRENE 

FLUORANThENE 

FLUORENE 

PYRENE 

PEhiRCHLOROPhENOL 

ANTMRACENE 

128.2 

1%. 2 

IS4.2 

178.'1 

202.3 

166.2 

Ga2.1  

266.4 

178.2 

2. S00. -8 1.07E-04 

2.400 1.03E-87 

3.608 1.54E-07 

. 

1.403 6. 010~-aa 

1 1.3)YB) -4.2QE-88 

4,708 a. 81 E-87 

ti. 1300) -4.286-08 

<A. a08) -4.2bE-0B 

(1.00B) -4.18E-88 

323.20 2. z0 

8.26 0.00211 

0.39 @.ea316 

@.I3 8.00113 

-0.013 -0. 0aoae 

8.47 0.8Y413 

4 . 0 8  -0. W088 

-e. 86 -0.0@86& 

-0.09 - 0 . 0 ~ 0 ~  

SROCESS CVCLE rcv-aa 

EXr(AUST GCIS FLOW 
RQTE, DSCFPI 319 



PROCESS CYCLE uw-ia 

EXHWST OCIS FLOU 
RFITE, D S W M  493 

56.9% / 

FLUORCINTilENE 282.3 (1.063) -3.87E-W - 8 . 0 7  -0.Bd114 

FLUORfNE 166.2 8.40. 3.2SE-87 0.76 8.@0961 

/ I  PVREhE Y 6 2 . 1  (1,000) -3.87E-0d -8.07 -0.8d114 

I 

,' . , .I' 

. . .  
, PDiT~CkLOROPnEhOL 266.4 t 1,000) -3.87Y-W -4.86 -0. me1 I 4  

FINTHRCICENE 178. i? ( i r m e )  - 3 . ~ ~ - e e  -0.08 -8.-114 

PROCESS CYCLE UPV-Z64 

EXWSKIST -8 Fl.3W 
RATE, DSCFFl S 0 9  

! 

WHTCICILENE - l28.e 1.000,000 3.868-85 92.36 0.93 

a c a u w n T n y L M  lS2.2 (1,000) -3.06E-88 4 . 0 8  -0.86093 

1.91 B.82336 RCEMPHTHENE 154.2 2s. 000 7.65E-81 

PHENaNTHRENE 178.2 1,700 S. 20E-08 0.11 0.01615'3 

FLUORMTHENE 202.3 - ( 1,008 J -3.86E-Qc) -0.06 -0. 0W9.3 

FLUORENE 166.2 9,6100 3.0W-07 0.716 0.00916 

PVRENE 282.1 ( 1,000) -3.06E-W -8.06 -0.00093 

I .. .- __.-  
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PROCESS CYCLE 

EXHWST OF18 FLOU 
RCITE. DSCFM 

samPLE VOLUME 

COMVOUND 

. . . .  . 
.I <, , . 

.. 
P66.4 ' 4 A ,  0003 -3. 06E-dB -0. @v -d. dad% 

i78.2 ( 1, 00%) -3.068-@6 -a. at  -a. 0b3093 

UPF-X- 1 B 

4478.04310 

a. 489 

mu ug WDSCF +3MV */ha 

NWHTWOLENE 128.2 Pa0 9.WE-0t 2.7a 0. b* 

FCENCIPHTCIYLENE A s 2 .  P ( r e )  -4. SAE-aS -a. 1 I -a. a r i l  1 

PROCLSS CYCLE 

ElkWST GCIS FLOU 
RQTE. DSCFPl 

WF-X-213 

3763.365Sl 

ncENePnrwLmE 152. B 90 S.8YE-07 A.5@ d. la&* 

CICEWPHTHENE lS4.2 1.90Q I .  24h-eS 31.19 C. 8d633 

PHENnNTHREhE 178.2 300 I.%€-06 4.26 d.*43iJ. 

FLUORCINTHENE 202.3 40 2.b16-01 0. S@ a. dS90,3 

FLUORENE 166.2 580 3.79146 8.83 a.85675 
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WRENS asa. 1 ze 1.31~-0? 0.2s 0.0d9J4 

PENTnCHLOROPHENOh. 266.4 (10) -6.S4E-08 4. l d  -0.01477 

PROCESS CYCLE 

EXHWST Bas FLOU 

SRPI?LE VOLunE ' 

RCITE, DSCFM 

128. a 'I I 200 

lS i3  i? 

. 1S4.2 

178. e 
203.3 

166.a 

em. 1 

266.4 

178.2 

WCF-X- 1 AF 

4467.08965 

0.3a1 

9.638 -S 

4. 83C-07 

1.21E-05 

1.03Z-WB 

-8.@IX-(bd 

2.7SE-Wi 

-8. 0bB-Od 

-8. d8E-de) 

1.62k-07 
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