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This attachment contains detailed calculations regarding PCB emissions that would be emitted
from the Evaporator stack. The initial feed concentration is set at 0.2 mg/L of AroClor 1016.
Additional information regarding emission rates is contained in Section A.2.3 of Appendix 1.

Mass Balance/ Operating Data CA-1

Feed :
Quieakt ’ Q,, X, slurry
f3
Quirleak] = IL' (SCFM) (from Safety Analysis Report based on dip tube and leakage)

min

Converting Q,;cax1 t0 mol/min

L
Qairleak 1| 2831 7_3\
fi” )

Qairleak 1molar:=

22.4i
mol

mo
Qairleak Imolar= 1.264—
min

Converting Qi a¢1 to kg/min

298M )

Qairleak 1molat (
mol )

Qairleak Imass ‘= m
100022

kg

kg
Qairleak Imass = 0-0367—
min
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Feed: Flow is 60 gal/min with SpG = 1.02 (from Campaign 01-01)

gal L \ kg\
= 60—":| 3.785— |-| 1.020—
Qimass min ( gal ) ( L )

k
Q1 mass = 231.642—5
min

Assume 18gm/mol

Qimolar = Qlmass’

mol

Qimolar = 12869—
min

Boiloff: Waste Volume Reduction from Campaign 01-01 boiloff was 81%

I
boiloff; := (0.81)-60- 2
min
. gal
boiloff; = 48.6——
min

This has a SpG of 1.0

Converting boiloffto kg/min

boiloffy = (boﬂoffl)-(sjssi\-(l oke)

gl )\ L)

k
boiloffy = 183.951—=
min

Converting boiloffto mol/min

boilofty- ( 1000i—m\

boiloffs := e
1882
mol
I
boiloffy = 10220
min
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Q3 = boiloff + Qgirleak

Q3mass = boiloff) + Qajrleak Imass

ki
Q3mass = 183 -988_.g
min

Q3molar := boiloff3 + Qairleak 1molar

I
Q3molar = 1.022x 101 2
min

Q2 = Qimolar — boiloff3

1
Q) = 2.649x 100 2
min
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Mass Balance Operating Data EC-1

FromCA-1 | 1 | Q Ventto EC-2
7" Ec
=400
Vs Qs T=40°C 4 Q, Condensate to C- 100

Q3mass = 184 kg/min, which is 0.0367 kg/min dry air (Q

airleak1mass)

Qg is dry air and moisture; at 40 °C, there 0.0491 kg H,0/kg dry air (Perry's 61" Ed., Table 12-1).
The moisture is therefore 0.0367 kg/min(0.0491 kg H,O/kg dry air) = 1.80x10-3 kgH,O/min

The molar H,0 flow is then (1.80x10-3 kgH,O/min) (1000gm/kg)/(18gm/mol)=0.100 mol H,O/min

_3 kg
Qs = Qairleaklmass + 1.83010 =~ —=
min
kg
Q5 = 0.0385—
min
mol
Qsmolar = QairleakImolar+ 0.100——
min
mol
Qsmolar = 1.364—
min
Q4=Q3-Q5

Q4mass = Q3mass — Q5

k
Q4mass = 183-949_.g
min

Q4molar = Q3molar — Q5molar

1
Q4molar = 1.022x 104 m_f)
min
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Balance/Operating Data E-C2

C‘~!inbleed1 Q

steam1

Q, J-ECA[

Q6 = Qs + Qinbleed + Qsteam

3
ft
Qinbleed] = 25— (SCFM)
min

gal

Qsteam1 = 1.23=—
min

EC-2
T=50°C

————— Q4 Ventto EC-3

— Q7 Condensate to C-100

(From Safety Analysis Report)

(From Campaign 01-01 totalizer data)

Qg = 0.0385 kg/min and consists of 0.0367 kg/min air and 1.80x10 -3 kg/min of H,0
Qg = 1.364 mol/min and consists of 1.264 mol/min air and 0.100mol/min of H ,O

Inbleed: Inbleed in mol/min

L
Qinbleedl'[28~3 17—\

& )
Qinbleed Imolar:= L
22.4—
mol
mol
Qinbleed 1molar= 31.604——
min
Inbleed in kg/min
gm
Qinbleed1molar (29 _\\
mol )
Qinbleed1mass =
gm
1000—
kg
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kg
Qinbleed1mass = 0-917—
min

Steam: Steam in kg/min

L k
Qsteam1mass = Qsteam1 (3-7855) : ( 1 Ofg}

kg
Qsteam1mass = 4.656—
min

Convert to mol/min:

gm
Qsteam I mass’ ( 1000_\

kg )
Qsteam1molar =
1882
mol
mol
Qsteam1molar = 258.642—
min

Q6mass = Q5 + QinbleedImass + Qsteam1mass

kg
Q6mass = 5-611—
min

Q6molar = Qsmolar + Qsteam1molar + Qinbleed 1 molar

mol

Q6molar = 291.61—
min
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Qg is the dry air and moisture at 50 °C (assumed), there is 0.0868 kg H,O/kg dry air (from Perry's
6th Ed., Table 12-1. The total dry air is 0.0367 kg/min + 0.917 kg/min = 0.954 kg/min. The
moisture is therefore 0.954kg/min(0.0868)=0.0828 kgH20/min.

The molar H20 flow is:

k
0.0828—=.1000 £
min kg
Molarg20flow =
1822
mol
mol
Molarg20flow = 4-6——
min
Qg = dryair + moisture
kg kg
Q8mass = 0.954— + 0.0828—
min min
kg
Q8mass = 1.037—
min

Q8molar := Qairleak Imolart Qinbleed1molar+ Molarg20oflow

1
Q8molar = 37.468 mf)
min

Q7=Q6—-Qg

Q7mass = Q6mass — Q8mass

kg
Q7mass = 4.574 .
min

Q7molar = Qémolar — Q8molar

1
Q7molar = 254. 142111'0
min
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Mass Balance /Operating Data EC-3

Qsteam2
| |
AAAT L Q,, Ventto Stack
EC-3
Qq ——J-EC-2 Q T=50C —————— Q,, Condensate to C-100
9

This balance is the same as EC-2 except that there is no air inbleed.

gal

Qsteam2 = 1.23—
min

Qg (mass) = 1.04 kg/min and is 0.954 kg/min air and 0.083 kg/min H ,O
Qq (molar) = 37.5 mol/min and is 32.9 mol/min air and 4.60 mol/minH ,O

kg
Qsteam1mass = 4-656—
min

mol

QsteamImolar = 258.642—
min

Q9mass = Q8mass + Qsteammass

kg
Q9mass = 5.692—
min

Q9molar := Q8molar + Qsteam 1molar

mol
Q9molar = 296.11—
min
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Q4 is dry air + moisture. Since no additional dry air was added, and the operating
temperature is unchanged, the quantity of water is unchanged.

Q1 1mass = Q8mass

kg
Qllmass = 1.037—
min

Q1 1molar = Q8molar

mol

Q11molar = 37.468—
min

Q10=Q9 - Qg

Q10mass ‘= Q9mass — Q1 1mass

kg
Q10mass = 4.656—
min

Q10molar ‘= Qomolar — Q1 1molar

mol

Q10molar = 258.642—
min
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Mass Balance/Operating Data C-100 Tank

Qairleak—l —> Q,,, to vessel vent
Condensate from EC-1, 2,3
Q4
C-100 . .
—Q Diptube Air
& Q, | T=45"C or 2P
Q10

Q,, Condensate to LERF

C-100 tank receives condensate from EC-1, EC-2 & EC-3. It also has two air additions. Dip
Tube (DT) air sparges through the liquid and is fully saturated. Air inleakage enters the top and

is unsaturated.

3
ft
Qpr :=0.10—
min
i
Qairleak3 == 150—
min

QDT~[28.317£\

o _ i )
DTmolar - 2. 4L\
mol )
mol
QDTmolar = 0.126——
min

QDTmolar (29 ﬂ\
mol )

QDTmass =

100022
kg

-3 kg
QDTmass = 3.666x 10 = —=
min

(SCFM) (from operating data)

(SCFM) (from Part B Permit)
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3
lSOft—.~[28.317£\

min ft3 )
Qairleakmol:= L
22.4—
mol
mol
Qairleakmol = 189.62—
min
1
189.62M9L [ 59, £ )
min mol )
Qairleakmass == m
10002
kg

kg
Qairleakmass = 5-499—
min

Q12mass = Q4mass +* Q7mass + Q10mass

k .
Q12mass = 193.178—‘(.g (approximately 51gpm)

min

Q12molar = Q4molar + Q7molar + Q10molar

4 mol
Q12molar = 1.073x 10" —
min

Q,, is the airleakage (Q plus the dip tube air (Qpy) + moisture from diptube air.

airleak)
At 45°C, there is 0.0654 kg H,O/kg air (Perry's 6th Ed., Table 12-1).

kgH, O in diptube air = 0.0654 kg H,0O/kg(3.67x10-3 kg/min) = 2.4x10-4 kg/min

mol H, O in diptube air = (2.40x10-# kg/min) (1000 gm/kg)/(18 gm/mol) = 1.33x10-2 mol/min

— 4 k
Mass water := 2.4-10 4.m_§i;n
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Mass water( 1000%‘)

Molyyater = m
mol

mol
Molyater = 0.0133—
min

Q14mass = Qairleakmass + QDTmass + Mass water

kg
Ql4mass = 55—
min

Q14molar = Qairleakmol + QDTmolar * Molyater

1
Q14molar = 189'76m?
min

Q13mass ‘= Q12mass + Qairleakmass + QDTmass — Q14mass

kg
Q13mass = 193.178—
min

Q13molar = Q12molar + Qairleakmol+ QDTmolar = Q14molar

1
Q13molar = 10732.1 7mf)
min
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Mass Balance/Operating Vessel Vent

from EC-3
Q11 Qvent

Q14 Q airbleed

from C-100

Q,irpleed 18 370 SCFM (based of flow testing performed during HEPA filter efficiency test).

3
370ﬁ—.~(28.317~£\

min ft3 )
Qairbleedmol = L
22.4—
mol
mol
Qairbleedmol = 467.736——
min
gm
Qairbleedmot (29 _\
mol )
Qairbleedmass = m
100022
kg
kg
Qairbleedmass = 13.56——
min

Qventmass = Q11mass T Q14mass + Qairbleedmass

kg
Qventmass = 20.104 .
min

Qventmol ‘= Q1 1molar + Q14molar + Qairbleedmol

1
Qventmol = 694-97m?
min
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Volumetric flow at STP

L)
Qventmol'| 22.4—

Volumetricflow:= - mol )
1000—
3
m
m3
Volumetricflow= 15.567— (approxim. 550 SCFM)
min
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Henry's Law

This is an example of how the Henry's Law constant is corrected for different operating temperatures.
The example is for Aroclor 1016 at 50°C.

Henry's Law constants are given in a variety of units. The U.S. Army Corps of Engineers gives
constants in units "atm-m 3/mol", while Sanders gives units of "mol/dm3-atm", where 1m = 10 dm. The
unit used in this PCB analysis is "atm", which is corrected for the molarity of the solution.

The U.S. Army Corps of Engineers gives a Henry's Law constant of 3.3x10-4 atm-m3/mol. To convert
this to mol/dm 3-atm (for use with temperature correction factor from Sander):

1 1
Kgy=/m07 Ky =3030 o
33107 4. atmm3 atm-m3
mol
Convert to dm:
— 1
dm:=1m-10
Kot = K, Im \3
H1 =KH _10dm)
mol
Ky =3.03——
dm™-atm
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A temperature correction factor is given in Sander:

— AsolnH [ 1 1
R T Trt j

Kyt = Kp-e
—AsolnH is given in Sander. An average of +7400 is used for Aroclor 101¢
R
1 1
50+27 5+27
K50 :=Kgi-e
mol

Ks0 = 0.443———

dm-atm

To convert this to atm, use equation from Sander (which uses the solution molarity, which is the same
as water molarity):

1
KH(L\-H(atm) =553

dm3~atm )
H(atm) = szl
o o)
drn3~atm )

H(atm) := 126:atm

Note that the ambient value is :

i'?’ = 18.251 atm
3.03
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242-A EVAP CA-1

Feed boiloff
Q,.x, CA-1 Q,.Y;
Q,ireak Q,.x,

slurry

x: mol fraction PCB, liquid phase
y: mol fraction PCB, gas phase

X1Q1 +yairleak1 Qairleak1 = y3Q3+X2QZ

Yaireak1 =0 (no PCB in air)

Calculate x,Q, (molar feed rate of PCB)

Feed rate = 60 gal/min

Feed PCB conc. = 0.2 pg/L
Feed density = 1.02 kg/L

Feed PCB massflow
Q4 (mass) = 231.6kg/min
Q4 (molar) = 12869 mol/min

= 110 ©

Feedgone == O.ZH—I;g

k
Feedgensity = 1.02?g

Feedcone

PCBgonc ==
Feed density

PCBopc = 0.1961-2
kg
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kg
Qlmass =231.6—
min

(PCBconc)'(leass)

PCBrate =

(moooooﬁ\
gm )

PCBryge = 4.541x 10 ° %}

Converting to mol/min

(Molecular Weight of PCB = 258 gm/mol)

mol
Q1molar = 12869—
min
PCBrate
PCBrater = —m
258.g_
mol
- 1
PCBrytey = 1.76% 107 ' 22
min
PCB 462 = X1Qq
X=X, Q,/Q,
PCBrateZ
X i=——
Q1molar

x{ = 1368x 107 ' (unitless)
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P := 60torr (from operating data)

Converting to atmospheres

60torr

t
760—=
atm

Patm =

Patm = 0.079atm

Hj := 126atm (at 50°C) (See section on Henry's Law)

I
Q= 2650
min

1
Q3 = 10221
min

Application for Risk-Based Disposal Approval for Polychlorinated Biphenyls
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Henry's Law:

y3P = x2H or X,= y3P/H
X1Qq = x,Q,yy;3Qg
X1Qq =y3(PQy/H + Q)

X1*Qlmolar
Y3 =
Patm Q2 \
+Q3
H; )
y3=1.722x 107 !
PCByent == y3-Q3 (PCB to vent)
— 1
PCByey = 1.76x 10 | 22
min
Massrate := PCByent: 258&\
mol}
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Massrate = 4.54x 10 > Em
min
¥3:Patm
X) =
Hj
X =1.08x 10 14

PCBglurry =% Q2
— 11 mol

PCByjury = 286x 107 —

Slurrymassflow := PCByrry- (ngg_ml)
mo

_ PCB to slur
Slurrymassflow = 7.38x 10 9& ( V)
min

X1 Qimolar
DF .= ——
x-Q2
DF = 6156.74
¥3-Q3
%volatized := —— 100
X1 Q1molar

%volatized = 99.984%
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EC-1 Condenser

From CA-1

N

Y3 Q,

AN NS
EC-1
T=40°C
P=0.105 atm

Define Temperature Unit

degC =1

Kelvin to Celsius:

Celsius to Kelvin:

c(k) :=(k-273.19
k(c) :=(c + 273.19-K

— V5 Qy Ventto EC-2

"X, Q, Condensate to C- 100

¢(293.19 = 20degC
k(20) = 293.15K

Solve similar to CA-1 using mass balance and Henry's Law.

¥3-Q3=x4Q4 + y5:Q5

y3:=1.7210

1
Q3 = 10221 2=
min

y3-Q3 =1.76x 10

mol
Q4 :=10219—
min
mol
Q5 :=1.364—
min
P:=0.105%tm
T:=c(313.1H
H:=61-atm

— 7 mol

min

Pressure of steam at 47°C.

T = 40degC

At 40°C.
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As before:

y3-Q3

H )

gm
mw =258 —
mol

_ g mol
ys-Qs = 1.27x 10 02
min

ys-Qsmw=3.26x 10 *EL
min

_ 7 mol
x4-Qq = 1.63x 107 1 2
min

X4-Qqmw=421x 10 > &
min

_ y3Q3mw
x4-Qq-mw

DF:

y5-Qs-mw
y3-Q3-mw

%volatalized :=

6
ppmyol :=y5-10

y5=9.28x 10

Molecular weight

PCB mol rate, vent.

PCB mas rate, vent.

x4 =1.6x 10 i

PCB mol rate, condensate.

PCB mass rate, condensate.

DF =1.08

%volatalized = 7.2%

ppmyol = 9.28x 10 3
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EC-2 Condenser

Qi piceat Qgteamt \ |

TANANAS
e EC2 | vy,Q, ToEC-3
5 =5 =500
From EC-1 Jet | T=S0°C A Toc-00
Yo Qs | P=0.61 atm »Q
Define Temperature Unit
degC =1
Kelvin to Celsius: e(k) = (k — 273.19 ¢(293.19 =2 x 10" degC
Celsius to Kelvin: k(c) :=(c + 273.19-K  k(20) =2.93x 10°K
Solve similar to previous examples.
As before:
¥6' Qe ygP
yg = and X7 = ——
P-Q7 + 0 3
H 8
P :=0.6latm Assumption that J-EC1-1 pulls 70% of the vacuum. It is the larger jet.
T = o(323.19 T=5x 10! degC Assumption
H:=126-atm At 50°C.
y5:=9.2810 ?
mol
Qs :=1.364—
min
— 1
ys-Qs = 127x 10 S 2
min
mol
Qp =292 —
min
mol
Q7 :=254—
min
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1
Qg =375
min
¥6'Q6 = ¥5:Q5 + Yinbleedl Qinbleedl + Ysteam1* Qsteam1 Yinbleed1 =0 Ysteam1 =0
y5:Qs _
Y6 = v =433x 10 !
Qs
- 1
Note that y5.Qs = y6-Qg=1.27x 10 Sm—f’
min
mw = 258 2 Molecular weight
mol
v6Qgmw=327x 10 6& Mass Flow
min
¥6' Qs _
ygi= —————— yg=327x 107 10
P-Q7 0 )
— +
H 8 )
yg-P — 12
X7 = —— x7=1.58%x 10
7 H 7
Vent
yg-Qg=1.23x 10 8 mol Molar Flow
min
yg-Qgmw=3.16x 10 6& Mass Flow
min
Condensate
— 10 mo
x7:Q7=4.02x 10 ~—— Molar Flow
min
x7-Q7mw=1.04x 10 7& Mass Flow
min
¥6 Qg mw _ Feed 1
DFi=—— ~ Cond DF =3.15x 10
x7-Q7-mw
. ygQgmw  _ Vent ,
%volatalized .= ——— ~ Feed %volatalized = 97%
y6' Qe mw
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EC-3 Condenser

QsteamZ ‘ ‘
l O A
EC-3 - Y4 Q ToVesselVent
Frog, Sc%z Jet T=50°C |
Yo Qg | P=0.98 atm X400 Q;p Condensate to C-100
Define Temperature Unit
degC =1
Kelvin to Celsius: c(k) == (k - 273.19 ¢(293.19 = 20degC
Celsius to Kelvin: k(c) :=(c + 273.19-K  k(20) = 293.15K
Equations are identical to EC-2.
¥9-Qg yi1-P
YIl=7-———< and X|[0=———
P-Qjo . 3 H
H 11)
P:=0.9%tm From reading, Campaign 2001-01.
T:=c¢(323.19 T = 50degC
H:= 126 atm At 50°C.
yg=32710 10
mol
Qg = 37.5'—.
min
— 1
vg-Qg = 123x 10 0 2
min
mol
Qg =293 —
min
mol
Q10 =258 —
min
mol
Q11 :=375——
min
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¥9:Q9 = y8-Qg + Ysteam?2 Qsteam?

y8-Qg _
ygi=——— yo=4.19x 10
Qo
mw:= 258-&
mol

Note that y¢.Qg = yg-Qg =1.23x 10

Feed

_ g mol
yo-Qo = 123x 107 02
min

yo-Qomw=3.16x 10 * 22
min
Vent

_ g mol
y11-Qq = 1.16x 107 ° 2%
min

y11-Qrmw=3x 10 6_gIT1
min
Condensate

_ 10 mol
x10-Q10 = 6.23x 10 10%

x10-Qro-mw=1.61x 10/ 22
min
¥9-Qg-mw Feed

 x10:Qo-mw Cond

y11-Qurmw _ Vent
%volatalized .= ————— = Feed

y9-Qo-mw

11

8 mol

min

Ysteam?2 = 0

Molecular weight

y11 =3.1x 10 10

X190 =2.41x 10 12

Molar Flow

Mass Flow

Molar Flow

Mass Flow

Molar Flow

Mass Flow

DF =19.7

%volatalized = 94.9%
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C-100 Diptubes

5 c-100 |
airleak2 Vapor WM 1o Vessel Vent
Space
Mpie yDTout’ QDTout
Diptube Air Qpqi,

o - x13, Q13
Xe Q, C 10_0 | . Condensate to LERF
Xy Qi Liquid

X7’ Q7

X100 Qig

Define Temperature Unit

degC =1
Kelvin to Celsius: c(k) :=(k—-273.1) ¢(293.19 = 20degC
Celsius to Kelvin: k(2py=(298.25K.19-K

The model of C-100 is in two parts: a diffusion emission and a diptube emission. The diptube
emision is similar to others using Henry's Law.

x12:Q12 = x4:Q4 + x7:Q7 + x10° Q10

Molar Flow
— 7 mol
X =1.6310 - —
4Q4 min
- 1
XTg7 =4.0210 12
min

— 10 mol
x1 =6.2310 -—
Q).IO min
— 7 MmO
x12Q12 ==x4Q4 + x7Q7 + x10Q 10 x12Q12 = 1.64x 10—
min
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Mass Flow
mw =258 2 Molecular weight
mol
X110 mw=4.23x 10~ S
min
Model the Diptubes
Qorin Yotoutr QoTout
— To Vent
C-100
_— T=450C O To LERF
Yo Qyp 137 13
P :=0.98tm From Campaign 2001-01.
T :=c(318.19 T = 45degC From Campaign 2001-01.
H :=88atm At 45°C.
1 .
Qprip = 0.126— Air
min
k — 3 k
QDTin0.0291—& = 3.67x 10> —& Mass Rate
mol min

Calculate the moisture to add to DT ;.. At 450C, from Perry's, there is 0.0654 (kg H,O)/(kg
air). Moisture is 3.67x10 -3 kg/min (0.0654 (kg H,0)/(kg air) = 2.4x10-4 kg H,O/min.
This converts to (molar):

-4 k
2410 1 =& 1
moisture := — moisture = 0.0133m—f)
gm min
18—
mol
. mol
QDTout = QDTin + moisture QDTout = 0.139—
min
mol
Q13 =10731—
min
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X12Q12 g
YDTout * YDTout = 1.37x 10
P-Qi3 Lo )
H DTout}
Vent
— 1
YDTout"QDTout = 1.91x 10 lom—? Molar Flow
min
YDTout" QDTout mw = 4.93x 10 8& Mass Flow
min
YDTout P _
X[3 = —— xi3 = 1.53x 107 !
H
Condensate to LERF
x13:Q13 = 1.64x 10 7m—9 Molar Flow
min
x13-Q3mw=4.23x 10 5& Mass Flow
min
DF x12Q12 _ Feedrate DF - 10012
’ x13-Q13 Cond rate .
YDTout QD Tout MW Vent rate
Y%volatalized = ——— ou = Teed rate %volatalized = 0.12%
Xl?le-mW
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C-100 Diffusion

Define Units
degC =1

Kelvin to Celsius: c(k) = (k - 273.19 ¢(293.19 = 20degC
Celsius to Kelvin: k(2P)=(298.23K.19-K

3
ft
scfm=—

min

Hg =——

The diffusion rate is given by = J.A

Where: m = mass rate (gm/min)

J = Diffusion flux (gm/cm?2 sec)
A = Surface Area

Cair )
H )
Where: K = overall transfer rate (cm/sec)
¢ = concentration in liquid (gm/cm 3)
C,; = concentration in air (gm/cm 3)
H = Henry's law (dimensionless version)

J is determined by the formula j = K{c —

. . kg'kl
K'is determined by the formula K- —2=—
ko + kI-H
Where: kg = gas phase diffusion (cm/sec)

k, = liquid phase diffusion (cm/sec)
H = Henry's law (dimensionless version)

The gas diffusion is the velocity in the vapor space (since airflow is much greater than natural
diffusion). The liquid phase is determined by the formula:

D-
k= =
h
Where: D = water phase diffusion (cm?2/sec)

v = liquid velocity (cm/sec)
h = height of liquid in tank
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D is determined by the correlation D=

132610 °

1.140.589
TR

Where: p = viscosity (cp)

v = specific molar volume, 247.3 cm3/mol
D = diffusion (cm?2/sec)

The calculation consists of the following steps:

1)
2)
3)
4)
5)
6)

Calculate kg using air velocity in tank

Calculate D using assumed viscosity
Calculate k; using a water velocity, D and h
Calculate K from kg and k;

Calculate J from K (assume c ;. = 0)
Calculate m from J and tank surface area (A)

1) For air velocity, use airflow in tank divided by surface area, A.

d:=4.3m
A::%-d2 A =145x 10° cm’
3
. . 4 cm ..
airflow := 150-scfm airflow=7.08x 10 — Air inleakage
sec
ko = airflow kg = 0.487°2 Air velocity
A sec
2)  p:=0.641cP At 45°C for H,0 (Literature)
v=2473 2L
mol
—5 2 2
13.2610 _
p=—2— D=857x 10 0
1.14 0.589 sec sec
TR

Tank diameter per RCRA permit.
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3) v :the volumetric flow divided by the surface area; there is no agitation in the tank.

Q2= 193.§ Mass flow into the tank
min
kg Densi .
p = 1_0T ensity of this flow
. Q12 . 3 cm
volumetricqgy = —— volumetricflgw = 3.22x 100 —
sec
volumetricf]gyw cm
Vi=s———-—— v =0.0222—
A sec
h:=7.5ft h = 229cm From operating experience at 50% level.
D- _
k= | — K =2.88x 10 > 22
h sec

4) Convert H to dimensionless:  [H(dimensionless) = H (mol/dm3-atm)- (RT)]

L-atm
R :=0.08206
mol-K
T:=318K 45°C
mol
H:=3.0 R-T H=78
L-atm
ki-k _
K=—2 K=288x 10 >
k sec
kg + —

Note that K is approximately equal to k |. This means liquid phase diffusion is limiting.

5) Assume ¢, /H <<c¢, soJ=Kc.
Determine ¢ (concentration in liquid (gm/cm3)

— 7 Mo

x12912 = 1.6410 -— PCB molar flow rate
min
mw = 258 £
mol
x12912-mw = 4.23x 10 >em PCM mass flow rate
min
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. 3 cm
volumetricflgy = 3.22x 100 —

Calculated in step 3 above.

sec
x12Q12-mw
- volumetricf]ow
J=K-c
m:=J-A

c=2.19x 10 0 &m
cm

T=632x 10 0 &m
sz'SeC

m=551x 10 S &L
min

Compare this with liquid mass rate of 4.24x10-5 gm/min.

x1 “mw
DF o QUMW
x12Q12'mw—m
%volatalized := rm)
X 12-mw

Combined Dip Tube and Diffusion

. — 8 gm
DipTubevent pagsrate = 4.94 10 g_
min

DF =1.0013

%volatalized =

CombinedpTpiffusion := M + DipTubevent jassrate

LEREte = (XIQQIZ'mW) — CombinedpTDiffusion

i X
Liquidgopei=——"
Q12
p
Liquidgone = 022“_8
L
CombinedpTDiffusion
C100yentcone = .
airflow

0.13%

CombinedpTpiffysion = 1.04x 10

LEREy = 422x 10 > 22
min
.. — 7 gm
Liquidgope = 2.19x 10 =—
to LERF
— 14 gm

C100yentcone = 2.46x 10
cm

7 gm
min

February 2002
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C-100 Vent Concentration

CombinedpTpiffusion

airflow

vent cone :=

Note: Instep 5 assumed ¢ /H <<c.
Cair = 2.4610 14

Salr = 3.2x10-16 which is << 2.19x10-10 gm/cm3.
H

XIQQIZ'mW
DFiota] == '
(Xlelz’mW) - ComblnedDTDifquiOn
CombinedpTDiffisi
%volatalized := ( 12Q I )uSlon
x12Q12-mw,

vent pone = 2.46x 107 1421

cm

DFtotal = 1 0025

%volatalized = 0.25%
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Overall Results
o\,(e:r/;:ads EC-1/2/3
Overheads Vessel
— = EC-1/2/3
> Vent
TK-100
Vent
o EC-1/2/3
I Condensate
— > C-100
CA-1 Slurry
" TK-C-100
Condensate
Define Units
gm
Hg ==
10
PCB rates:
CAlfoedrate = 45410 22
min
CAlpyerheads := 45410 5.&
min
CAlslurry =7.3310 9'£ To Tank Farms
min

CAlgyerheads
%CAlgyerheads =

76CAlgyerheads = 100%
CAlfeedrate

EC12%peq = 45410 2%

Note: %CA1 yerheads founds to
min

100%. Actual number is 99.98%

EC123%yerheads := 2.98 10 6.&
min

5 gm

EC12%ondensate :==4.2410 ~-—
min
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EC12%yerheads
%EC12 =— %EC12 =T7%
0 Jverheads EC12%0eq 0 Jverheads o
C100kpeq = 42410 - 21
min
— 7 gm
C100yent = 1.0510° "-=—
min
— 5 gm
C10Q:ondesate :==4.2310 ~-—
min
C100,ent
%C100yen( = —————— %C100yen = 0.25%
C10G;ondesate
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To Vessel Vent

Vesselyent = EC123%verheads + C100ent Vesselyen = 3.08x 107 022
min
Determine % slurry, condesate, vent _
° Y Vesselyent = 5.14x 10 8em
sec
CAl _ Alstumry
Sty CAlfeedrate CAlglurryy, = 0.016%
C10Gondesate
Yocond = Yocond = 93%
CAlfeedrate
Vesselyent
Yovent = Yoyent = 6.8%
CAlfeedrate
Calculate slurry, condesate and vent concentrations
gal
feedfgy := 60—
min
Condensate Flow = boiloff + steam jet flow
Slurry flow = feed - boiloff
Boiloff is 81% ( Campaign 01-01)
gal
Slurryfow = feedfiow-(1 — 0.81) Slurryfiow = 11.4——
min
gal gal
Condensate {1y = feed gy 0.81+ (1.23 + 1.23).— Condensate 1oy = 51—
min min
CAlg _
Slurrycong = — Slurrygone = 1.71x 10 !
Shurryfiow
C10Q;ondesat
Condensate ¢onc == — e Condensate ¢onc = 0.22kE
Condensate fjgyw L

Note that the concentration of PCB in the PC is greater than the feed. This is because about
90% of the PCB is in the PC, but only 80% of the volume.

3
Vesselvent floy = 5501 from annual flow checks
min
Vesselyent
Ventcone = — Ventcone = 0.198E&
Vesselvent foyw 3

m
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