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5. PURPOSE

10CFR50 App.A GDC.19 (Ref.1) requires that a control room be provided, from which actions
can be taken to operate the nuclear power plant ::afely under normal conditions and to maintain it

. in a safe condition under accident conditions. Release of hazardous chemicals can potentially
result in the control room becoming uninhabitable. Thus the NRC requires each utility to assess
the habittbility of the control room during and after a postulated extemal release of hazardous

i chemicals based on the chemical toxicity limit, vaporization rate, and the relevant atmospheric
dispersion coefficients (Ref.2). The explosion and flammability hazard of these chemicals must
also be addressed (Ref.2).

CCNPP proposes to use a 90% sulw.c acid solution, which will be stored in an 12900 gal tank
' at the tank farm. The chemical habitability of the control room after a chemical release involving
100% sulfuric acid was determined based on in-house dispersion calculations and toxicity

. determinations for the current control room configuration with the inleakage points at the control
*

room inlet and exhaust danipers and for the modified control room configuration with the
inleaka ge points at the west road inlet plenum (Refs.3-4). Results indicate that 100% sulfuric
acid so ution can be stored in the 12900 gal storage tank at the tank farm without constituting a

,

',

? toxicological or fire hazard to the control room following a worst case accident for both the
cunent and modified contml room configurations.|; <

The results of the toxicity calculations for a 100% Sulfuric Acid Solution are as follows:

Peak Concentration

|
Current Configuration No Recirculation * '2.50 ppb

With Recirculation 2.50 ppb
i Modified Configuration With Recirculation 1.75 ppb -

Toxicity Limit (IDLH) 20 ppm )
Note that under the current and modified coniigurations, the peak control room concentration |
under worst case conditions is less than the IDLH toxicity limit, the maximum level from which

;

one could escape within 30 minutes without any impairing symptoms or irreversible health
effects. Sulfuric acid will not pose a flammability or explosion hazard in the control room, since
the substance is nonflammable.

L

| The current calculation incorporates many assumptions which make these results conservative.

(1)thout physical incapacitation of an average human.A maximum concentration limit (IDLH) was utilized that could be tolerated for 30 minuteswi The regulatory requirements of Ref.2
dictate a maximum concentration limit that could be tolerated for 2 minutes without physical
incapacitation'of an average human. IDLH denotes Immediately Dangerous to Life and Health
and is defined as the maximum level from which one could escape within 30 minutes without
any impairing symptoms or irreversible health effects (Ref.5). (2) For the current configuration
the maximum control room intake flowrate of 8300 cfm is utihzed. This'value is twice the
normal operating value (Refs.6-8). (3) The control room volume conservatively neglects dead
spaces in the control room ceiling and the volume of room A512. (4) The most conservative
methodology is utilized: turbulent evaporation.

_

.
,
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6. INPUT DATA

The following input data is incorporated into this work:

(01) Chemical data for 100% sulfuric acid:
CAS number 7664-93-9 Refs.5,9
Chemical formula H SO Refs.5,92 4

Toxicity LimitIDLH (ppm) 20. Ref.5
Odor threshold (ppm) 0.25 Ref.5
Volume fraction 1.00 Assumed
Volume (gal) 29900 Refs.19,20
S ific gravity gm 1.84 Refs.5,9
Papor pressure ((mm/cc)Hg) VP 0.0015@35 C Ref.21

Boiling point (Degrees C)le) MB
TB 290 Ref.9

Molecular weight (gm/mo 98.08 Refs.5,9*

Lower explosion hmit(Vol%) Non-flammable Ref.5

(02) Physical properties of air per Refs.13,14:
~

Molecular weight (r;m/ mole) MA 28.97
. Characteristic engt 2 in air (Angstroms) SIGA 3.711
Molecular energy of attraction / Boltzmann constant (K) E/KA 78.6
Mass density of air (gm/cc)RHOA 1.204E-03
Viscosity of Air (gm/cm-sec)MU 1.83E-04
Universal Gas Constant (torr-cm3/gmole-K) R 6.24E+04

(03) The updaW control room volume of 234157 ft' was extra ~ N m Ref.18.

(04) Control room damper inflow for the current configuration is extracted from Refs. 7-8 and is
defined as 8300 cfm or twice the maximum flowrate.

.(05) Control room inleakage for the modified configuration is extracted from Refs. 3-4 and is
defined as 3000 cfm.

(06) The Tank Farm-Control Room ARCON96 X/Q inputs were derived as follows (Att.B):

(a) Number of meteorological data files: 3 Refs.B2,B10

(b) Meteorological data file names: CC1991. MET Refs.B2,B10
CC1992. MET Refs.B2,B10
CC1993. MET Refs.B2,B10

(c) Height oflower wind instrument (m): 10. Ref.B3

(d) Height of upper wind instrument (m): 60. Ref.B3

(e) Wind speed units type (l=m/s,2= mph,3= knots): 1 Refs.B2,B10
*

(f) Release type (l= ground,2= vent,3= elevated): 1
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1(g) Release height (m): 0.
,

2(h) Building area (m ): 1155. Att.G
The cross sectional area calculations ap analyzed in Att.G. The calculation of containment
cross sectional area yields 12435.63 ft above the rooftop level,of 91'6". The auxiliary
building cross sectional area can be calculated to be 1938.93 ft . For a west-to-east wind

'directiog the total cross-sectional area of the auxiliary building and the two containments is
to-west wind direction, the total cross sectional area of the turbine

26E10 ft . For an capFor a north-to-south and south-to-north wind firection, the total crossbuilding is 27167 ft .
sectional area of the containment and the tybine buildipg is 21016 ft . The cross-sectional |
area of a single containment of 12435.63 ft or 1155 m will conservatively be used. 1

(i) Effluent vertical velocity (m/s): 0

(i) Stack or vent flow (m'/s): 0-
,

(k) Stack or vent radius (m): 39.42.
_ !

r = SQRT(A/x) ,

2 2
= SQRT[(12900 gal)*(3785.422cc/ gal)/(1.cm)/n*(1.E-4m /cm )) j

= 39.42 m 1

i

;(1) Direction to source (deg): 335 Refs.B12,B14

E(m) Source window (deg): 090 Ref .B13-B14

(n) Distance from source to receptor (m): 163 Refs.B12,B14

(o) Intake height (m): 15.62
- 91.5' + 4.75' - 45' = 51.25' = 15.62 m !

where 91.5' is the height of the Auxiliary Building roof (Ref.B6),4.75' is the control room |
exhaust height (Ref.B13), and 45' is ground level (Ref.B8).

(p) Grade elevation difference (m): 0 Ref.B1

'(q) Primary output file name: CHTF2CR.OUT

- (r) JFT file name: CHTF2CR.JFD
4

0.1 Ref.B1(s) Surface roughness length (m):.

(t) Minimum wind speed (m/s): 0.5 - Ref.B1

(u) Sector averaging constant: 4 Ref.B1

(v) Hours in avere.ge: 1248122496168360720 Ref.Bl

(w) Minimum number of hours: 12 4 811 ?? R7152 324 648 Ref.B1
,

-_ (x) Horizontal diffusion coefficient (m):- 14.33

ar =r/2.15=39.42/2.15=18.33 m (Ref.B1)y
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}
(y) Vertical diffusion coefficient (m) 0.

\

l

| (z) Flag for expanded output: n- Ref.B1

. (07) Atmospheric dispersion coefficients from the Tank Farm to the Control Room:
'

. 0- 2 hrs . 2.11E-04 sec/m3
2- 8 hrs 1.69E-04 sec/m3

. 8- 24 hrs 7.69E-05 sec/m3
24- 96 hrs 5.35E-05 sec/m3-

''

%-720 hrs 4.36E-05 sec/m3
(Attachment B, Refs.B1, B10, B15)

- (08) The Tank Farm-West Road Inlet ARCON96 X/Q inputs were derived as follows (Att.C):

(a) Number of meteorological data files: 3 Refs.B2,B10
*

(b) Meteorological data file names: CC1991. MET Refs.B2,B10
CC1992. MET Refs.B2,B10
CC1993. MET - Refs.B2,B10

: (c) Height oflower wind instrument (m): 10. Ref.B3

(d) Height of upper wind instrument (m): 60. Ref.B3

(e) Wind speed units type (l=m/s,2-mph,3= knots): 1 Refs.B2,B10 '

(f) Release type (l= ground,2= vent,3= elevated): 1

(g) Release height (m): 0.

2(h) Building area (m ): 1155. Att.G
The cross sectional area calculations ap analyzed in Att.G. The calculation of containment
cross sectional area yields 12435.63 ft above the rooftop level of 91'6". The auxiliary

2building cross sectional area can be calculated to be 1938.93 A . For a west-to-cast wind
directiory the total cross-sectional area of the auxiliary building and the two containments is
26810 ft . For an eagt-to-west wind direction, the total cross sectional area of the turbine
building is 27167 A . For a north-to-south and south-to-north wind firection, the total cross
sectional area of the containment and the nijbine buildipg is 21016 ft The cross-sectional
area of a single containment of 12435.63 ft or 1155 m will conservatively be used.-

~

(i) Effluent vertical velocity (m/s): 0

' 0) Stack or vent flow (m'/s): .0'

(k) Stack or vent radius (m): 39.42
r = SQRT(A/n) '

'

_

2 2
= SQRT[(12900 gal)*(3785.422cc/ gal)/(1.cm)/n*(1.E-4m /cm )) j

'

= 39.42 m !y
,

(1) Direction to source (deg): 354 Refs.B12,B14

i
.!
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/
(m) $ource window (deg): 090 Refs.B13-B14

x

(n) Distance from source to receptor (m): 201.37 Refs.B12,B14

(o) Intake height (m): 9.14
The Auxiliary Building roof above the control room and above A512 will be sealed tight. '

Most control room inleakage can then be assumed to originate at tne Auxiliary Building
inlet plenum on the west road side (ES199702144). Per Ref.B11, the inlet plenum is
54'x10' with a bottom elevation of 70'. Thus the intake height is 75'-45'=30'=9.14 m

(p) Grade elevation difference (m): 0 Ref.B1

(q) Primary output file name: CHTF2WR.OUT

(r) JFT file name: CHTF2WR.JFD-

(s) Surface roughness length (m): 0.1 Ref.B1

(t) Minimum wind speed (m/s): 0.5 Ref.Bl

(u) Sector averaging constant: 4 Ref.B1
,

(v) Hours in average: 1 2 4 8 12 24 96 168 360 720 Ref.B1

(w) Minimum number ofhours: 1 2 4 8 11 22 87 152 324 648' Ref.B1
.

(x) Horizontal diffusion coefficient (m): 18.33

o =r/2.15=39.42/2.15=18.33 m (Ref.B1)y

(y) Vertical diffusion coefficient (m) 0.

(z) Flag for expanded output: n Ref.B1

(09) rueespheric dispersion coefficients from the Tank Farm to the West Road Inlet:
b 2 hrs 1.48E-04 sec/m3
2- 8 hrs 1.21E-04 sec/m3
8- 24 hrs 5.64E-05 sec/m3

24- 96 hrs 4.12E-05 sec/m3
96-720 hrs 3.30E-05 sec/m3
(Attachment C, Refs.B1, B10, B15)

.
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7. TECHNICAL ASSUMPTIONS

The following technical assumptions were utilized in this work:

(01) Per Refs.19-21, t 90% Sulfuric Acid Solution is stored in the concentrated acid storage tank
of 12900 gals capacity max. ~A 100% concentration will be conservatively assumed in this work.

(02) Per Ref.15 in a postulated accident, it is assumed that the entire container of the toxic
substance ruptures.

(03) An average ambient atmospheric temperature of 30 C and pressure of 760 torr will be used
in this calculation. Variation in these parameters shows insignificant impact on the results
(Ref.16).TA=30 PA=1

(04) The chemical spill will be assumed to spread in a circular shape with the maximum radius
determined by a spill thickness of I cm per Ref.15.

.

(05) Based on the characteristics of the chemiceas, the following release mechanisms will be
assumed: For the sulfuric acid solution, the mass transfer is the worst of three metitodologies:
diffusion in still air, laminar mass transfer, and turbulent mass transfer.

(06) For laminar and turbulent mass flow, a wmd speed of one meter /sec is assumed. This is
consistent with the wind tunnel methodology and the CCNPP data of Ref.B3. Note that per
Ref.17 (p.265), a flow with Reynold's Number less than SE+05 is lamm* ar.

(07) The vapor pressure of the spilled material will be adjusted to the ambient conditions via the
ideal gas law:

VP(@T,) = VP(@T ) * T / T,y

.

.

.n
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9. METHOD OF ANALYSIS
*

This work utilizes three separate methodologies to calculate mass transfer from the spill site to
the control room.

(1) The first methodology is diffusion in still air for spills in closed areas and for liquids with
high boiling points. The method of analysis utilizes the algorithms of Ref.15 to derive the toxic
gas concentration inside the ' control room. '

(la) Calculation of the Diffusion Coefficient of an air / toxic gas system for dilute gases at low
. pressures per Ref.13 by the method of Wilke and Lee:

DAB = B'*TA'#*MR /(PA*SIGAB , OMEGA)05 2

whem
2DAB = Diffusion coefficient (cm /sec)

-

B' = 0.00217 - 0.00050 * (1/MA + 1/MB) 5
-MA= Molecular weight of air (gm/ mole)

-MB= Molecular weight of toxic gas (gm/ mole)
MR= (MA+MB)/(MA*MB) = Molecular weight of binary gas (gm/ mole)
TA = Air temperature (K)
PA = Air pressure (atm) . .

SIGAB = Characteristic length of molecule A interacting with molecule B (A)

(SIGA+SIGB)lengthofmolecule A(A)
/2 --=

SIGA = Characteristic
SIGB = Characteristic length ofmolecule B (A) = 1.18*VB" .

|VB = Lebas molalvolume(cc/mol) m
'

OMEGA = Collisionintegral

The Lebas molal volume VB can be calculated as follows per Ref.13: i

VB = 14.8*(C) + 3.7*(H) + 7.4*(O) + 9.1 *(O in Methyl Esters or Ethers)
+ 9.9*(O in Ethyl Esters or Ethers) + 11 *(O in Higher Esters or Ethers)
+ 12*(O in Acids) + 8,3*(O Joined to S, P, N) + 15.6*(N Double Bonded)
+ 10.5*(N in Primary Amines) + 12*(N in Secondary Amines) + 27*(Br)
+ 24.6*(Cl) + 8.7*(F) + 37*(I) + 25.6*(S) - 6.0*(3-Membered Ring)
- 8.5 *(4-Membered Ring) - 11.5 *(5-Membered Ring) - 15*(6-Membered Ring)
- 30* Naphthalene - 47.5* Anthracene + (Molecular weight / density)*(Element)

The collision integg+OMFg +can bis 9plculatg,y follows per Ref.13:OMEGA = A/TS C/e E/e + G/e
A=' l. % 036
B= 0.15610
C= 0.19300
D= 0.47635

.E= 1.03587
F= 1.52996
G= 1.76474

| H=- 3.89411
'

|- TS = . TA/(E/KAB)
| E/KAB = SQRT(E/KA * E/KB)
| E/KB = 1.15*(TB+273.15)

e
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(1b) Surface Area of a Spill Per Ref.15 .d i
'

The rate of mass transfer of a liguid into the atmosphere is directly proportionial to the surface
area of the spill. Ref.15 approximates the initial shape of the liquid body by a cylinder, with the

' height equal to the radius of the base.

VO(m') = Q*QF'(0.003785422 m'/ gal)

R0(m) = (V0/n)'#3
2 2

A0(m ) = n*R0

The liquid spreads quickly by gravity to a thin pancake on the ground. Its surface area may be
estimated by the following equation:

,

2 2
A(m ) = n*(R0 +2*t*(g*V0*(SG-RHOA)/(n*SG))")

where
~

I

SG = Density of the liquid (gm/cc)
g= Gravitational constant = 9.81 m/see,
t= Time (sec)

The surface area, however, does not expand indefinitely as the above equation indicates. The
maximum area of the spill in an unconfined space is estimated from the initial volume by
assuming a spill thickness ofI cm.

2
AF(m ) = V0/0.01

tA(sec) = Time to maximum area
(AF-A0ySQRT(4 *n *g* V0 *(SG-RHOA)/SG)=

The total mass of the liquid can be calculated as follows:

M0 Q*QF*SG*3785.422 gm=

' where
;

Q= Storage quantity (gal) '

QF Volume fraction ofliquid or weight fraction of solid=

SG Specific gravity (gm/cc)=

(1c) Vaporization Rate in Still Air:
1

When exposed to the atmosphere, liquids with boiling points above the ambient temperature will ;
evaporate by diffusion into the air. The main driving force is the vapor pressure difference, i.e., j
concentration gradient, between the li::uid phase and the air. The rate ora vapor diffusing into
still air is computed from the Fickian c iffusion equation in Ref.15

.

2VR(gm/m -sec) = VP * RHOV * 10000. / p * SQRT(DAB /(n't))

. where

i

L._ j
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# #
VP(torr) = ~ Vapor pressure of theliquid

*

Xtorr) = . Ambient atmospheriepressure (760 torr) .
HIOV(gm/cc) = Vapor density of the hquid

t(sec) = 2 Time
' ;

. '

DAB (cm /sec) = Diffusion coefficient

'Ihe vapor density of the liquid RHOV is derived from Ref.14 as follows: !

RHOV(lbm/cf) = 144*P'(psia)/(R*T(R)) |

RHOV(gm/cc) = 144*14.696/(1545/MB*T(R))?(.01601846 gm/cc/lbm/cf)
~

' = MB(gm/ mole) * 14.696*.01601846/(10.7292*T(R))

- (Id) The vapor density outside the control room can be calculated via I
,

VD(gm/m') =^ VR(gm/m -sec)*AF(m ),yfq(3,cj,3)2 2
,

~ The corresponding vapor' density outside the control room in ppm is (Ref.13)
~

3PPM = (24500/MB) * VD(gm/m )

(le) The vapor concentration inside the control room at time t can be calculated via the
. following: dCca/dt = A * Csxt- A * Cca

for t<tg Ccat = Csxt * (1 - exP(-A * t))-
1

for tg<t% Ccm2 = CsxT * {l. - exP[-A * (t-ta)]} + Ccai * exp[-A * (t-tg)) -

- for t>t. Ccas = Ca2 * exp[-A * (t-t.)] I

- where

3
Cea = - Control rcom concentration in gp/m or ppm
Csxt = - External concentration in gm/m or ppm
A= Fca / Vca = Turnover constant in 1/ min at time t 1

Fca = Control room ingress and egress flow rate at time t
Vca = Control room volume
t= . Time (min) .

. ime at which recirculation starts (min) iTta =

Time at which evapomtion of toxjc substance ceaseg/cm ) * (60.sec/ min)}(mlp)t=. !

SG(gm/cc) * (1.cm) / {VR(gmhn -sec) * (0.0001 m=

(If) The spill area, vaporization rate, and vapor density are time-dependent quantities for
diffusion m still air for spills in closed areas. The peak vapor density occurs at the time to
maximum area (tA), which should be used under these conditions. !

(2) The second methodology is mass transfer to forced convection for laminar flow per Ref.15. i
,

,

' VD(gm/m3) = VFL *ADC*AF (1. - exp(-K * t)) .'
I

PPM = ' ~ (24500/MB)*VD

:
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'

where
ADC .= Atmos heric dispersion coeflicient(sec/m3)
AF Final s ill area (m2) See Ib.=

MB'= Toxh gas molecular weight (gm/ mole)
VFL = Laminar evaporation rate (gm/m2-sec)

HDL * MB * VP * 10000./(R*(T(C)+273.15))
=

.T(C)~= Temperature in *C at which VP is determined
VP Toxic gas vapor pressure (mmHg)=

.TA Ambient air temperature (C)=

R= Universal gas constant = 62400 torr-cm3/gmole-K
HDL = Laminar mass transfg' *coegent (cm/sec)

0.664*(DAB /L)*Re Sc=

DAB = Diffusion coefficient (cm2/sec) See Ia. 1

L= Characteristic I
(4*V0*l.E6/n)gggth (cm)*

=

VO= Initial volume (m3)-See Ib.
Re= Reynolds number

.

L*VW*RHOA/MU=

VW = Wind velocity (cm/sec)
RHOA = Mass density ofair
MU = Viscosity of air

,

Se = Schmidt number ;

MU/(DAB *RHOA) i=

A= Fca / Vca = Turnover constantin 1/ min
Fca = Control room ingress and egress flow rate
Vca= Control room volume
t= Time to maximum concentration = 10000.*SG/ VFL

(3) The third methodology is mass transfer to forced convection for turbulent flow per Ref.15. I

VD(gm/m3) = VFT*ADC*AF (1. - exp(-A * t))
PPM = (24500/MB)*VD

where
ADC= Atmos heric dispersioti coefficient (sec/m3)
AF Final ill area (m2) See Ib.=

MD = Toxic gas molecular weight (gm/ mole)
VFT = Turbulent evaporetion rate (gm/m2-sec)

HD F*MB'VP * 10000./(R'(T(C)+273.15))=

T(C) = Temperature in C at which VP is determined
VP Toxic gas vapor pressure (mmHg)=

TA Ambient air temperature (C)=

R= Universal gas constant = 62400 torr-cm3/gmole-K
HDT = Turbulent mass tranger cggeient (cm/sec)

0.037*(DAB /L)*Re ,Sc=

DAB = Diffusion coeflicient (cm2/sec) See Ia.
L= Characteristic I

(4*V0*l.E6/n)gggth (cm) ,

=
i

V0 Initial volume (m3)-See Ib.
' =

!

[
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Re= Reynolds mdnber
L*VW*RHOA/MU=-

VW = Wind velocity (cm/sec)
RHOA = Mass density of air
MU = Viscosity of air
Sc = ' Schmidt number -

MU/(DAB *RHOA) -=

A= Fca / Vca = Turnover constant in 1/ min
Fca = Control room ingress and egress flow rate
Vcn = Control room volume
t= Time to maximum concentration = 10000.*SG/VFT

- (04) Explosion and Flammability Limits:

Comparison of the maximum concentration of the relevant toxic chemical concentration inside-

the control room should yield a limiting value with which to compare against the explosion and
4. flammability limits.

_

;

I
I
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#' - 10. CALCULATIONS

The chemical concentration of 100% sulfuric acid inside the control room for a chemical spill of I
12900 gal in the tank farm is calculated via EXCEL spreadsheets captured in the following !
attachments using the methodologies of Section 9:

Attachment D:' 100% Sulfuric Acid Solution -
for Current Control Room Configuration

Attachment E: 100% Sulfuric Acid Solution
for Modified Control Room Configuration

i

1.

!

_ j

i
j

;

i

I

.

L
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11. DOCUMENTATION OF COMPUTER CODES #]
l

This work employed the ARCON96 computer code, widch was verified, benchmarked, and i

documented in Ref.B10. The installation is documented in Ref.B15. ARCON96 imalements a j
computational model for calculating atmospheric dispersion coefYicients (X/Q's) in tae vicinity '

ofbuildings.

,

|
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#
12. RESULTS

CCNPP proposes to use a 90% sulfuric acid solution, which will be stored in an 12900 gal tank
at the tank farm. The chemical habitability of the control room after a chemical release involving i
100% sulfuric acid was detennined based on in-house dispersion calculations and toxicity i
determinations for the current control room configuration with the inleakage points at the control
room inlet and exhaust dampers and for the modified control room configuration with the
inleakage points at the west road inlet plenum (Refs.3-4). Results indicate that 100% sulfuric
acid solution can be stored in the 12900 gal storage tank at the tank farm without constituting a
toxicological or fire hazard to the control room following a worst case accident for both the
current and modified control room configurctions. l

The results of the toxicity calculations for a 100% Sulfuric Acid Solution are as follows:

Peak Concentration
Current Configuration No Recirculation 2.50 ppb -

With Recirculation 2.50 ppb
Modified Configuration With Recirculation 1.75 ppb
Toxicity Limit (IDLH) 20 ppm

\\
!

|.

|

|

!

l
4
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13. CONCLUSIONS
-

Note that under the current and modified configurations, the peak control room concentration
under worst case conditions is less than the IDLH toxicity limit, the maximum level from which

;

one could escape within 30 minutes without any impairing symptoms or irreversible health
effects. Sulfuric acid will not pose a flammability or explosion hazard in the control room, since
the substance is nonflammable.

The current chemical habitability calculation incorporates many assumptions which make these
results conservative.

;

(1) A maximum concentration limit (IDLH) was utilized that could be tolerated for 30 minutes j
without physical incapacitation of an average human. The regulatory

. dictate a maximum concentration limit that could be tolerated for 2 mm, requirements of Ref.2:utes without physical |
incapacitation of an average human. IDLH denotes Immediately Dangerous to Life and Health '

and is defined as the maximum level from which cne could escape within 30 minutes without
.

-

any impairing symptoms or irreversible health effects (Ref.5). I

(2)lized. This value is twice the normal operating value. (Refs.6-8)For the current configuration the maximum control room intake flowrate of 8300 cfm is
.

uti ~

(3) The control room volume conservatively neglects dead spaces in the control room ceiling and
the volume ofroom A512.
(4) The most conservative methodology is utilized: turbulent evaporation.

.

|
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) 14. ATTACIIMENTS

ATTACHMENT A
DATA FOR SULFURIC ACID

L
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PA6E tA sutum som 3045
TOXICITY DATA WirH REFERENCE SYNS:

HExAF1UoRURE de soUFRE (FRENCH) D SULFUR FLUO-eye.rbt 6 ppm /4H/32D MLD JPCAAC 10.17.60 RIDE
mmo-omi 10 mmol/L MUREAv 39.149,77

- dnd hmn:lym 5700 ppb MuREAv 39,149.77 TOXICITY DATA wrTH REFERENCE
ihl mus TClo:32 ppm /24H (female 718D ivn rbt LD50:5790 mg/kg TotEDs ioco(sp ).ioo.8o

post): REP TJADAB 31.98.85

ihl.mus TClo:25 ppm /7H (female 615D post):TER CO'lSENSUS REPORTS: Reported in EPA TSCA
Inventory.

PCTXAV 18.743.8o

ihl mus TClo:500 ppm /SM/30W.I: ETA BJcAAI 21.606.67 OSHA PEL: NA 1000 ppm
ihl-hmn LClo:1000 ppm /10M:PUL croxAo $,198,72 ACG|H TLV: TWA 1000 ppm.
thl hmn TClo:3 ppm /5D:PUL TxAPA9 22319,72 DFG MAK: 1000 ppm (6000 mg/m')
ihl hmn TCLo:12 ppm /1H:PUL sAIGBL 14,449.72 DOT CLASSIFICATION: 2.2; Label: Nonflammable Gas
lhl rat LC50:2520 ppm /1H NTIs AD-A148-952
ihl dog TClo:500 ppm /2H/21W."I SAFETY PROFILE: This material is chemically inert inJTEHD613.945.s4

the pure state and is considered to be physiologicallythl mus LC50:3000 pptr/30M JcToDH 4.236.77
inert as Well. HoWeVer, as it is ordinarily obtalnable, itihl gpg LClo:1039 ppm /24H cBTIAE 10.28139

ihl frg LClo:1 pph/15M HBAMAK 4,1396.55 Can Contain variable quantities of the low-sulfur fluo-
rides. Some of these are toxic, very reactive chemically,

CONSENSUS REPORTS: EPA Extremely Hazardous and cerosive in nature. These materials can hydrolyze
Substances List. Reported in EPA TSCA Inventory. EPA ora cosact with water to yield hydrogen fluoride, which
G:netic Toxicology Program. is highly toxic and very corrosive. In high concentra.
OSHA PEL: TWA 2 ppen; STEL 5 ppm tions and when pure it may act as a simplo asphyxiant.

incompatible with disilane. Vigorous reaction withACGlH TLV: TWA 2 ppm; STEL 5 ppm
Csilane. May explode. When heated to decomposition itDFG MAK: 2 ppm (5 mg/m')

NIOSH REL: (Sulfur Dioxide) 'IWA 0.5 ppm emits highly toxic fumes of I" and 50,.
DOT CLASSIFICATION: 2.3; Label: Poison Gas

806200
SAFETY PROFILE: A poison gas. Experimental repro- CAS:57670-85-6 HR: 2
ductive effects. Human mutation data reported. Human SULFUR THIOCYANATE

systemic effects by inhalation: pulmonary vascular resis- mf: C,N,S, mw: 148.22
. . ~

tance, respiratory depression, and other pulmonary PROP: White crystals. Polymerizes on heating. Decomp
:hanges. Questicaable carcinogen with experimental by H,0. Mp: 93*. Sol in Et,O, CHCl, and C H,.
tumorigenic and teratogenic data. It chiefly affects the

SYN: DICYANoTRISULf!DEupper respiratory tract and the bronchi. It may cause
edema of the lungs or glottis, and can produce respira. TOXICITY DATA wtTH REFERENCEtory paralysis. A corrosive irritant to eyes, skin, and ipr-rat LD:>500 mg/kg NCNSA6 $,28,53
mucous membranes. This material is so irritating that it
provides its own warning of toxic concentration. Levels SAFETY PROFILE: Moderately toxic by intraperitoneal
of 400-500 ppm are immediately dangerous to life. Its mme. Decomposes explosively on storage at room
toxicity is comparable to that of hydrogen chloride. temperature. When heated to decomposition it emits
However, less than fatal concentration can be borne for toxic fumes of SQ and NQ. See also THIOCYANATES.
fair periods of time with no apparent permanent dam.
age. It is a common air contaminant.

801500 CAS:7664-93-9 HR: 3A nonflammable gas. It reacts violently with acrolein.
SULFURIC ACIDAl, CsHC,, Cs,0, chlorates, CIF,, Cr, FeO, F , Mn, KHC,,

KClO,, Rb,C,, Na, Na,C , SnO, diamminolithiumacetyl- DOT: UN 1830/UN 1832
cne carbide. Will react with water or steam to produce mf: H,O,5 mw: 98.08
toxic and corrosive fumes. Incompatible with halogens PROP: Viscous, colorless oily liquid; odorl'ss. Mp:eor int:thalogens, lithium nitrate, metal acetylldes, metal 10.49', d: 1.834, vap press: 1 mm @ 145.8', bp: 290',

,

oxides, metals, polymeric tubing, potassium chlorate, decomp @ 340*. Misc with water and alc (liberatingsodium hydride. great heat).

For occupational chemical analysis use OSHA: #ID-107
SYNS: ACIDE O URIQUE (FRENCH) D ACIDo soLFoRICoor NIOSH: Sulfur Dioxide, 6004,
(ITAuAN) O Bov D DIPPING ACID D HYDRooT D MATTING
ACID (dot) D NoRDHAUsEN ACID (dot) D OIL of VITRIOL
(dot) O sCHTEFELsAEURELoE$UNGEN (GERMAN) O SPENT sUL-8 01000 CAS:2551-42-4 HR: 1

MA.M IEXAFLUORDE rUR!c AclD (dot) O sULPHURIC ACID D VITRIOL BRoTN o!L D

DOT: UN 1080 vsTRiot, ott or (dot) D ZTAVE12UURoPlosSINGEN (DUTCH)

mf: F,5 mw: 146.06 TOXICITY DATA wrTH REFERENCE
eye rbt 1380 pg SEV AJoPAA 29.1563,46

,

PROP: Colorless, ododess gas of high chemical stability eye rbt 100 mg ras SEV TxCYAC 23.281,82
and inertness. Non flammable. White sublimable solid ihl rbt TClo:20 mg/m'/7H (female 618D
C low temps. Stable to H,0 and to glass. Mp:-51' (subi post):TER JEsEDU 13.251.79
O -64'), van d: 6.602, d (liquid): 1.67 e -100'. Very thl.hmn TClo:3 mg/m$/24W BJIMAG 18.63.61
insol in H,0; r, lightly sol in ETOH. unt man LDio:135 mg/kg 8sDcAl 2.73.70

!
I
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3046 SOG10 SULFURIC ACIO, womatic cA04554 REVO .

PA6E {
orl rat LD50:2140 mg/kg A!HAAP 30.470,69 801510
ihl rat LC50:510 mg/m'/2H 85GMAT 107,82 SULFURIC ACIO, aromatic

HR: 3
lhl mus LC50:320 mg/m'/2H 85GMAT .107.82
thl rat TCLo:784 pg/m'/24H/84D-C GisAAA 38(3)A73 PROP: Clear, reddish brown liquid; peculiar aromatic )

odor; pleasant acid taste when diluted.
CONSENSUS REPORTS: Reported in EPA TSCA
Inventory. SYN: cux!R of viralot

SAFETY PROFILE: Corrosive. Flammable when ex-OSHA PEL: TWA 1 mg/m'
ACGlH TLV: TWA 1 mg/m'; STEL 3 ppm posed to heat or flame. Explosive in the form of vapor
DFG MAK: 1 mg/m' (ethyl alcohol) when exposed to heat or flame. When

NIO3H REL: (Sulfuric Acid) TWA 1 mg/m' heated to decomposition it emits toxic fumes of S4 See
DOT CLASS:FICATION: 8; Labeh Corrosive also ETHYL ALCOllOL and SULFURIC ACID.

SAFETY PROFILE: Human poison by unspecified route. Sol 520 CAS:8014-95-7 HR: 3Experimental poison by inhalation. Moderately toxic by SULFURIC ACID, fuming
ingestion. A severe eye irritant. Extremely irritating, DOT: NA 1831
corrosive, and toxic to tissue, resulting in rapid destruc. mf: H,0.5 O,5 mw: 178.14 ;

tion of tissue, causing severe burns. If tauch of the skin
is involved, exposure is accompanied by shock, col. PROP: Heavy, fuming, yellow liquid.11,50.+ up to 80%
lapse, and symptoms similar to those seen in severe 50,. A solution of sulfuric anhydride (sulfur trioxide) in
burns. Repeated contact with dilute solutions can cause anhydrous sulfuric acid (NTIS" PB233-098),
a dermatitis, and repeated or prolonged inhalation of a

SYNS: DisOLPHUnic AclD D DlTHloNIC ACID D FUMING SUL.mist of sulfuric acid can cause inflammation of the
upper respiratory tract, leading to chronic bronchitis. rURIC ACID D oLEUM O PYRosULPHURIC ACID D SULFURIC

Acto fumins > or -sos free suitur irioxide (dot) O suLrURic Acid, iSensitivity to sulfuric acid or its mists or vapors varies fuming <30% free sulfur trioxide (dot) O sUlrURIC ACID MlxTURE
with individuals. Normally 0.125-0.50 ppm may be with sULruR TRioxtos
mildly annoying,1.5-2.5 ppm can be definitely unpleas.
ant, and 10-20 ppm is unbearable. Workers exposed t TOXICITY DATA WITH REFERENCE
low concentrations of the vapor gradually lose their ihl rat LC50:347 ppm /111 TxAPA9 42,417,77
sensitivity to its irritating action. Inhalation of concen-
trated vapor or mists from hot acid or oleum can cause CONSENSUS REPORTS: lARC Cancer Review: Group I

IMEMDT 54,41,92; Human Sufficient Evidencerapid loss of consciousness with serious damage to lung IMEMDT 54,41,92.
tissue. Severe exposure may cause a chemical pneumo-
nitis; erosion of the teeth due to exposure to strong acid NIOSH REL* TWA 1 mg/m'*~

fumes has been recognized in industry. An experimental DOT CLASSIFICATION: 8; Labeh Corrosive; DOT Class;teratogen. 8; label: Corrosive, Poison
This is a very powerful acidic oxidizer that can ignite

or explode on contact with many materials, e.g., acetic SAFETY PROFILE: Confirmed human carcinogen. A
acid, acetone cyanhydrin, (acetone + HNO,), (acetone poison. Moderntely toxic by inhalation. A corrosive |

<

+ K,Cr,0,), acetonitrile, acrolein, acrylonitrile, (acrylo- irritant to skin, eyes, and mucous membranes. A very
nitrile + H,O), (alcohols + H,O,), allyl alcohol, allyl dangerous fire hazard by chemical reaction with reduc-
chloride, NH.OH, 2 amino ethanol, NH., triperchro- ing agents and carbohydrates. A severe explosion hazard
mate, aniline, (bromates + metals), BrF., n butyraldeh- by chemical reaction with acetic acid. acetic anhydride,
yde, carbides, CoHC,, chlorates, (metals + chlorates)' acetonitrile, acrolein, acrylle acid, acrylonitrile, allyl
CIF,, chlorosulfonic acid, Cu,N, dilsobutylene, (dimeth- alcohol, allyl chloride, 2 amino ethanol, NH.Off, ani-
y1 benzylcarbinol + H,0,), epichlorohydrin, ethylene line, cresol, n butyraldehyde, cumene, dichloroethyl
cyanhydrin, ethylene diamine, ethylene glycol, ethylene ether, diethylene glycol monomethyl ether, diisobutyi.
imine, fulminates, hcl, H,, IF,, (indene + HNO,), Fe, ene, epichlorohydrin, ethyl acetate, ethylene cyanohyd-
isoprene, Lt.Si,, Hg,N,, mesityl oxide, metals, (HNO,+ dylene (Namine, ethylene glycol, ethylene glycol
glycerides), p nitrotoluene, perchlorates, HClO., (C.H odyl ether acetate, ethylene imine, glyoxal, IICl,
+ permanganates), pentasilver trihydroxydiamino phos'- HF, isoprene, isopropyl alcohol, mesityl oxide, methyl
phate, (1 phenyl 2 methyl propyl alcohol + H,O,), P, dyl ketone, HNO , 2 nitropropane, S propiolacetone,
P(OCN),, picrates, potassium-tert-butoxide, KCIO,, propylene oxide, p'yridine, NaOH, styrene monomer,
KMnO., (KMnO.+ kcl), (KMnO.+ H,O), D propiolac. vinylidene chloride, sulfolane, vinyl acetate. Will react
tone, RbHC,, propylene oxide, pyridine, Na, Na,CO,, with water or steam to produce heat and toxic and
NaOH, steel, styrene monomer, water, vinyl acetate, corrosive fumes. Can react vigorously with reducing
(HNO + toluene). When heateo i emits highly toxic materials. When heated to decomposition it emitst

fumes;,will react with water or steam to produce heat;highly toxic fumes of 54 See also SULFUROUS ACID.
can react with oxidizing or reducing materials. 'When
heated to decomposition it emits toxic fumes of SO, See

S 01530 CAS:7664-93-9 HR: 3also SULFATES.
SULFURIC ACID (mist)

For occupational chemical analysis use OSHA: #1D 113 '

or NIOSH: Acids, inorganic. 7903.
PROP: The airborne form of sulfuric acid is an aerosol
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Program Tit 12s ARCON96.

Developed For U.S. Nuclear Regulatory Connission CA04554 REVO
Office of Nuclear Reactor Regulation

' Division of Reactor Program Management PA6E 23
Det2s s ' June 25, 1997 11:00 a.m

J
NRC Contacts: J. Y. Lee . Phones (301) 415 1080

e-maili jyllenrc. gov :
J. J. Hayes . Phones (301) 415 3167

e-mails jjhenre. gov
L. A Brown Phone: (301) 415 12323

e-mails lab 2enre. gov

Code Developert J. V. Ramsdell ' Phones (509) 372 6316
e-mail j,ramsdellepnl. gov.

Code Documentation: NUREG/CR-6331 Rev. 1

'The pogram was prepared for an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor any of their
esployees, makes any warranty, expressad or implied,' or assumes any legal
liability or responsibilities for any third party's use, or the results of such

- use, af any portion of this program or represeats that its use by such third
party would not infringe privately owned rights.

.Progr m Run 8/21/1998 at 07:44:10 1

- ******* ARCON INPUT **********

Number of Meteorological Data Files 3=

Meteorological Data File Names
CC1991. MET
CC1992.MRT
CC1993. MET

H;ight of lower wind instrument (m)' 10.0=

Height of upper wind instrument (m) 60.0=

Wind speeds entered as meters /second

Ground-level release
Release height (m) .0~=

Building Area (m*2) 1155.0=

Effluent vertical velocity.(m/s) .00=

Vent or stack flow (m*3/s) .00=

Vent or stack radius (m) 39.42=

Direction . intake to source (dtg) = 335
Kind direction sector width (dog) 90=

'Tind direction window (deg) = 290 - 020
' Distance to intake (m) 163.0=

Intake height (m) 15.6=

TIrrain elevation difference (m) .0=

Output file names

CHTF2CR.out
CNTF2CR.jfd J

l
. .5 !Minimum Wind speed (m/s).

Surface roughness length (m) .10 )=

Sector averaging constant 4.0 !=

Initial value of sigma y 18.33=

Initial value of sigma . .00

Expanded output for code testing not selected

' Total number of hours of data processed = 26307
^

Hours of missing data 416=

Hours direction in window- 7292=

Hours elevated plume w/ dir, in window 0=

' Hours of calm winds = 495
i

Hours direction not in window or calm 18104 ;=

|

DISTRIBUTION SINethRY DATA BY AVERAGING INTERVAL
AVER. PER. 1 2- 4 8 12 24 96 16B 360 720 |

UPPER MM.' 1.'00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 |
low uM. 1.00E-07 1.00E-07 1.00E-07 1.c0E-07 1.00E-07 1.00E-07 1.00E-07 1.00E-07 1.00E-07 1.00E-07 |

i
1

i



e . ,

ABOVE RANGE 0. D. O. O. O. O. O. O. O. O.12 RANGE 7787. 9277. 11183. 13638. 15683. 19595. 24932, 25103. 25169. 24910.
BELOW RANGE 0. O. O. O. O. O. O. D. O. O.

EERO 18104. 16548. 14524. 11848. 9985. 5989. 273. 1. O. O.
TOTAL X/Qs 25891. 25825. 25707. 25486. 25668. 25584. 25205. 25104. 25169. 24910.
5 NON EERO 30.08 35.92 43.50 53.51 61.10 76.59 98.92 100.00 100.00 100.00

95th PERCENTILE X/Q VALUES
/ 2.11E-04 2.04E-04 1.95E-04 1.79E-04 1.47E-04 1.11E-04 6.79E-05 6.00E-05 5.22E-05 4.68E-05

956 X/Q for standard averaging intervals

C A045E4 REV 00 to 2 hours 2.118-04
2 to 8 hours 1.69E-04 D

PA6E b8 to 24 hours 7.6bE-05
1 to 4 days 6.35E-05
4 to 30 days 4.36E-05

HOURLY VALUE RANGE
MAX X/Q MIN X/Q

CENTERLINE 2.75E-04 2.19E-05
SECTOR-AVERAGE 1.72E-04 1.50E-05

NORMAL PROGRAM COMPLETION

l
l
|
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Program Titl3s ARCON96.

CA04554 REV ODev:1oPed Fors. U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation

PA6E 30Division of Reactor Program Management

| Dates June 25, 1997- 11:00 a.m.

NRC Contacts: J., Y. Lee - Phones (301) 415 1040
. .

.e-mail jyllenrc. gov
| J. J, Hayes- Phone: (301) 415 3167
'

e-mails jjhentc. gov
L.'A Brown' Phone: (301) 415 1232

e-mails lab 2enrc. gov

Code Developer J, V. Ramsdell Phone (509) 372 6316

e mnil: $_samsdellepal. gov

Code Documentation: NUREQ/CR 6331 Rev. 1.

The program was prepared for an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, expressed or implied, or assumes any legal
liability or responsibilities for any third party's use, or the results of such
usi,' of any portion of this program or represents that its use by such third
party would not infringe privately owned rights.

Program Run 4/21/1998 at 07:44:37

e*ee*** ARCON INPUT **********

Number of Meteorological Data Files = 3
Meteorological Data File Names

CC1991. MET
CC1992.h8RT -
CC1993. NET"

Height of lower wind instrument (m) 10.0.=

Height of upper wind iltstrument (m) = 60.0
Nind speeds entered as meters /second-

.Cround-level release
R21 ease height (m) = .0
Cuilding Area (m*2)

.

= 1155.0
Effluent vertical velocity (m/s) .00=

Vent or stack flow (m*3/r) = .00
V:mt or stack radius (m) 39.42=

Direction .. intake to source (deg) = 354
Eind direction sector width'(deg) = 90
Eind direction window (dog) = 309 - 039
Distance to intake (m) = 201.4
Intake height .(m) 9.1=

Tarrain elevation difference (m) .0=

Output file names

CHTF2KR.out
CHTF2WR.jfd

Minimum Nind Speed (m/s) .5=

Surface roughness length (m) = .10
Sector averaging conctant = 4.0

Initial value of signa y 18.33=

Initial value of sigma s = .00

Expanded output for code testing not selected

Total number of hours of data processed = 26307
Hours of missing data e 416 j
-hours direction in window 7470=

Mours elevated plume w/ dir. in window 0=

Hours of calm winds 495 |=

17926 |Hours direction not in window or calm =
,

DISTR 19UTION stb 01ARY DATA SY AVERAGING INTERVAL -

AVER. PER.' 1 2 4 8 12 24 96 168 360 720 )
' UPPER LIM. 1.00E-03 1 00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03

1DN LIM. 1.00E-07 1.00E-07 ' 1.00E 07 1.00E-07 1 00E-07 1.00E-07 1.00E-07 1.00E-07 1.00E-07 1.00E-07

)



k I

. . .

; ABOVE RANGE 0. O. O. O. O. O. O. O. O. D. J

| IN RANGE 7965. 9453. 11343, 13855. 15936. 19755. 25017. 25101. 25169. 24910. !'

!E14W RANGE 0. O. O. O. O. O. D. O. O. O.
EERO 17926. 16372. 14364. 11631. 9732. 5829. 188. 3. O. O.

TOTAL X/Qs 25891. 25825, 25707. 25486. 25668. 25584, 25205. 25104 25169. 24910.
t NON EERO 30.76 36.60 44.12 54.36 62.09 77.22 99.25 99.99 100.00 100.00

95th PERCENTILE 1/Q VALUES
1.4SE-04 1.44E-04 1.39E-04 1.28E-04 1.06E-04 8.018-05 5.10E-05 4.49E-05 3.92E-05 3.54E-05 |

95% X/Q for standard averaging intervals

0 to 2 hours 1.48E-04

c A01.55
yh

2 to 8 hours 1.21E-04
8 to 24 hours 5.64E-05

p g Q[ .$I1 to 4 days 4.12E-05
4 to 30 days 3.30E-05

HOURLY VALUE RANGE
MA2 X/Q MIN X/Q

CENTERLINE 1.98E-04 1.73E-05
EECTOR-AVERAGE 1.24E-04 1.08E-05

NORMAL PROGRAM COMPLETION

i

|

I

|
4

i |
| |
|

1

j

J
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CA045 54 REV 0
SULFURIC ACID-12900-CR

P AGE 33
!

A B C D E F G
1 SULFURIC ACID
2 1
3 CHEMICAL H2SO4
4 IDLH (PPM) 1DLH 20
5 ODOR THRESHOLD (PPM) OT 0.25
6 STORAGE QTY (GAL) Q 12900
7 STORAGE PUR11Y (FRACTION) QF 1.00
8 SPECIFIC GRAVITY (GM/CC) SG 1.84
9 VAPOR PRESSURE (TORR-C-R-K) Vr 1.50E-03 35 554.67 308.15
10 BOILING POINT (C-K-R) (B 290 563.15 1013.67
11 MOLECULAR WT(GM/ MOLE) MB 98.08
12 DIFFUSION COEFF (CM2/SEC) D 0
13
14 MOLECULAR WT AIR (GM/ MOLE) MA 28.97
15 MOL EN ATTR/BOLTZ CON AIR (K) E/KA 78.6
'16 CHAR LENGTH A!R(A) SIGA 3.711

17 PRESSURE AIR (ATM-TORR-PSI) PA 1 760 14.696
18 TEMPERATURE AIR (C-K-R) TA 30 303.15 545.07 -

19 MASS DENSITY AIR (GM/CC) RHOA 1.20E-03
20 VISCOSITY OF AIR (G/CM-S) MU 1.83E-04
21 R(TORR-CM3/GMOLE-K) R 6.24E+04
22
23 VOL-CR (CF) VCR 234157
24 Q-CR (CFM) FCR 8300
25 WIND VELOCITY (CM/SEC) VW 100
28 MAXIMUM TIME (MIN) Tmax 32028954 32028954 )
27 CONTROL ROOM FACTOR CRF 1.00000 CRF = 1. exp(-FCR*Tmax./VCR)
28
29 LEBAS MOLAL VOLUME
30 C 14.8 0 0

31 H 3.7 2 7.4
32 O 7.4 0 0

33 O IN METHYL ESTERS & ETHERS 9.1 0 0
34 O IN ETHYL ESTERS & ETHERS 9.9 0 0

35 O IN HIGHER ESTERS & ETHERS 11 0 0
36 O IN ACIDS 12 2 24

37 O JOINED TO S, P N 8.3 2 16.6

38 N DOUBLE BONDED 15.6 0 0

39 N IN PRIMARY AMINES 10.5 0 0

40 N IN SECONDARY AMINES 12 0 0

41 BR 27 0 0

| 42 CL 24.6 0 0

43 F 8.7 0 0 ;

44 1 37 0 0 j

45 5 25.6 1 25.6

46 3-MEMBERED RING -6.0 0 0

47 4-MEMBERED RING -B.5 0 0

48 5-MEMBERED RING -11.5 0 0

1-
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CA045 54 REV O ISULFURIC ACID-12900-CR
p

,

A B C D E F G49 6-MEMBERED RING -15.0 0 0
50 NAPHTHALENE -30.0 / 0 0
51 ANTHRACENE -47.5 0 0 '

* ,

52 OTHER 0.0 0 0 )
i

53 LEBAS MOLAL VOL VB'(CC/MOL) VB' 73.6
54
55 DIFFUSION COEFFICIENT: METHOD OF WILKE AND LEE
56 CHAR LENGTH B (A) SIGB 1.18*VB'^1/3= 4.945157 CHAR LENGTH A-B (A) SIGAB (SIGA+SIGB)/2= 4.328058 MOL EN ATTR/BOLTZ CON B (K) E/KB 1.15*(TB+273.15)= 647.622559 MOL EN ATTR/BOLTZ CON BA(K) E/KAB SQRT(E/KA*E/KB)= 225.617260 TSTAR T* TA/(E/KAB)= 1.3436 '

61 COLLISION INTEGRAL CONSTANT A 1.06036
62 B 0.15610
63 C 0.19300
'64 D 0.47635
65 E 1.03587
66 F 1.52996 -

67 G 1.76474
68 H 3.89411
69 COLLISION INTEGRAL OMEGA A/T*^B +Cle^(T*D)+ Ele ^(T*F)+Gle^(T*H) 1.2564E+00
70 B-PRIME B' O.00217-0.00050*SQRT(1/MA+1/MB) = 2.0643E-03
71 MOLECULARWEIGHT MR (MA+MB)/(MA*MB) | | 4.4714E-02
72 DIFFUSION COEFF (CM2/SEC) D B'*TA^1.5*MR^0.5/(PA*SIGAB^2* OMEGA)= 9.7899E-02
73

| | | 9.7899E-02
74 VAPOR DENSITY (GM/CC) RHOV MB*14.696*0.01601846/(10.72*TVP) 3.8830E-03
75

| |
76 INITIAL MASS (GM) MO Q*QF*SG*(3785.422 CC/ GAL) 8.9851E+07
77 VOLUME (M3) VO Q*QF*(3.785422E-3 M3/ GAL) = 4.8832E+01
78 SPILL RADIUS INITIAL (M) RO (V0/PI)^0.33333 = 2.4957E+00
79 SPILL AREA INITIAL (M2) AO Pl*RO^2 = 1.9567E+01
80 SPILL AREA FINAL (M2) AF VO/0.01 = 4.8832E+03
81 DELTA SPILL AREA (M2/SEC) DA SQ RT(4 *Pl*0.81 *VO *{S G-RH OA)/SG)) 7.7562E+01
82 TIME TO MAX AREA (SEC) tA (AF-AO)/DA = 6.2706E+01
83 CHARACTERISTIC LENGTH (CM) L SQRT(4*VO*1.E6/Pl) 7.8851 E+03
84

|
85 VAPOR DENSITY INSIDE CONTROL ROOM - DIFFUSION IN STILL AIR
86 TF

-

87 ADC (S/M3) ADC 2.11E-04
88 TIME (SEC) T 1 10 62.7063 70
89 AREA (M2) A MIN (Pl*R0^2+T*DA.AF)
90 VAPORIZATION RATE (GM/M2-S) VR VP*RHOV*10000/760*SQRT(D/Pl/t)
91 VAPOR DEN INSIDE CR(GM/M3) VD VR*ADC*A
92 PPM INSIDE CR PPM (24500/MB)*VD
93
94 CASES T ADC A VR VD PPM
95 1 2.11E-04 9.71 E+01 1.35E-05 2.77E-07 6.93E-05
96 10 2.11E-04 7.95E+02 4.28E-06 7.18E-07 1.79E-04

Page 2
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0A0455Z
FACE 3 [REV0

SULFURIC ACID-12900-CR

A B C D E F G f
97 62.7063 2.11E-04 4.88E+03 1.71E-06 1.76E-06 4.40E-04
98 / 70.0000 2.11 E-04 4.88E+03 .1.62E-06 1.67E-06 4.16E-04
99

100 VAPOR DENSITY INSIDE CONTROL ROOM - FORCED CONVECTION
101 REYNOLD NUMBER RE L*VW'RHOA/MU 5.1765E+06
102 SCHMIDT NUMBER SC MU/(D*RHOA) 1.5559E+00
103 |
104 TURB MASS TRANS COEFF(CM/S) HDT 0.037'(D/L)*RE^0.8*SC^0.33333 1.2514E-01
105 TURB EVAP RATE (G/M2-S) VFT HDT*MB*VP*1.E4/(R*1VP) 9.5747E-06
106 VAPOR DEN INSIDE CR(GM/M3) VD VFT*ADC*AF*CRF
107 PPM INSIDE CR PPM (24500/MB)*VD
108 CASES ADC VD PPM
109 2.11E-04 9.87E-06 2.46E-03
110

111 LAM MASS TRANS COEFF(CM/S) HDL 0.664*(D/L)*RE^0.5*SC^0.33333 2.1735E-02
112 LAM EVAP RATE (G/M2-S) VFL HDL*MB'VP*1.E4/(R*TVP) 1.6630E-06
113 VAPOR DEN INSIDE CR(GM/M3) VD VFL *ADC*AF*CRF
114 PPM INSIDE CR PPM (24500/MB)*VD -

115 CASES ADC VD PPM
|

116 2.11E-04 1.71E-06 4.28E-04
117 laminar turbulent

;

118 Time to peak (sec) = t=1/ER/.0001*SG 1.11E+10 1.92E+09 |
119 Time to peak (min) = 1.84E+08 3.20E+07

'

120 Time to peak (hr) = 3.07E+06 5.34E+05
121

122 Turbulent Evaporation without Recirc Inlow(cfm) 8300 8300 8300 8300 ADC
123 Time (min) 2.00E+01 3.20E+07 3.20E+07 3.20E+07 2.11E-04
124 PPM 1.25E-03 2.46E-03 8.51 E-04 2.94E-04
125
126 Turbulent Evaporation with Recirc Inlow(cfm) 8300 3000 3000 3000 ADC W
127 Time (min) 2.00E+01 3.20E+07 3.20E+07 3.20E+07 2.11E-04 |
128 PPM 1.25E-03 2.46E-03 1.68E-03 1.14E-03 |

|

|

|

.
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CA045 5 4 REV OSULFURIC ACID-12900-WR
p

A B C D E F G
1 SULFURIC ACID
2

.? CHEMICAL H2SO4
'-

4 IDLH (PPM) |DLH 20
5 ODOR THRESHOLD (PPM) OT 0.25
6 STORAGE QTY (GAL) Q 12900
7 STORAGE PURITY (FRACTION) QF 1.00
8 SPECIFIC GRAVITY (GM/CC) SG 1.84
9 VAPOR PRESSURE (TORR-C-R-K) VP 1.50E-03 35 554.67 308.15

10 BOILING POINT (C-K-R) TB 290 563.15 1013.67
11 MOLECULAR WT(GM/ MOLE) MB 98.08
12 DIFFUSION COEFF (CM2/SEC) D 0
13

14 MOLECULAR WT AIR (GM/ MOLE) MA 28.97
15 MOL EN ATTR/BOLTZ CON AIR (K) E/KA 78.6
16 CHAR LENGTH AIR (A) SIGA 3.711
17 PRESSURE AIR (ATM-TORR-PSI) PA 1 760 14.696
18 TEMPERATURE AIR (C-K-R) TA 30 303.15 545.67 -

19 MASS DENSITY AIR (GM/CC) RHOA 1.20E-03
::0 VISCOSITY OF AIR (G/CM-S) MU 1.83E-04
21 R(TORR-CM3/GMOLE-K) R 6.24E+04 '

22
23 VOL-CR (CF) VCR 234157
24 Q-CR (CFM) FCR 3000
25 WIND VELOCITY (CM/SEC) VW 100
26 MAXIMUM TIME (MIN) Tmax 32028954 32028954
27 CONTROL ROOM FACTOR CRF 1.00000 CRF = 1.-exp(-FCR*Tmax./VCR)
28
29 LEBAS MOLAL VOLUME
30 C 14.8 0 0 |
31 H 3.7 2 7.4
32 O 7.4 0 0
33 O IN METHYL ESTERS & ETHERS 9.1 0 0
34 O IN ETHYL ESTERS & ETHERS 9.9 0 0
35 O IN HIGHER ESTERS & ETHERS 11 0 0
36 O IN ACIDS 12 2 24
37 O JOINED TO S, P, N 8.3 2 16.6
38 N DOUBLE BONDED 15.6 0 0
39 N IN PRIMARY AMINES 10.5 0 0
40 N IN SECONDARY AMINES 12 0 0
41 BR 27 0 0
42 CL 24.6 0 0

i
43 F 8.7 0 0 '

44 1 37 0 0
45 S 25.6 1 25.6

*
46 3-MEMBERED RING -6.0 0 0
47 4-MEMBERED RING -8.5 0 0
48 5-MEMBERED RING ' -11.5 0 0
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C 4554 REV 0SULFURIC ACID-12900-WR
P AGE 30

A B C D E F G
49 6-MEMBERED RING -15.0 0 0
50 NAPHTHALENE -30.0 0 0
51 ANTHRACENE -47.5 0 0

"

52 OTHER 0.0 0 0
"

53 LEBAS MOLAL VOL VB'(CC/MOL) VB' 73.6
54
55 DIFFUSION COEFFICIENT: METHOD OF WILKE AND LEE
56 CHAR LENGTH B (A) SIGB 1.18*VB'^1/3= 4.9451
57 CHAR LENGTH A-B (A) SIGAB (SIGA+SIGB)/2= 4.3280
58 MOL EN ATTR/BOLTZ CON B (K) E/KB 1.15*(TB+273.15)= 647.6225
59 MOL EN ATTR/BOLTZ CON BA(K) E/KAB SQRT(E/KA*E/KB)= 225.6172
60 TSTAR T* TA/(E/KAB)= 1.3436 |

,

61 COLLISION INTEGRAL CONSTANT A 1.06036
62 B 0.15610 l
63 C 0.19300
~64 D 0.47635 1

65 E 1.03587
66 F 1.52996 -

67 G 1.76474
68 H 3.89411
69 COLLISION INTEGRAL OMEGA Aff*^ B + C/e^(T* D)+ E/e^(T* F)+ Gle^(T* H ) 1.2564E+ 00
70 B-PRIME B' O.00217-0.00050*SQRT(1/MA+1/MB) = 2.0643E-03
71 MOLECULAR WEIGHT MR (MA+MB)/(MA*MB) | | 4.4714E-02
72 DIFFUSION COEFF (CM2/SEC) D B'*TA^ 1. 5 *M R^0. 5/(PA*SI GAB ^2 *O M EGA)=9.7899E-02
73 | | | 9.7899E-02
74 VAPOR DENSITY (GM/CC) RHOV MB'14.696*0.01601846/(10.72*TVP) 3.8830E-03
75

| |
76 INITIAL MASS (GM) MO Q*QF*SG*(3785.422 CC/ GAL) 8.9851 E+07
77 VOLUME (M3) VO Q*QF'(3.785422E-3 M3/ GAL) = 4.8832E+01
78 SPILL RADIUS INITIAL (M) RO (V0/Pl)^0.33333 = 2.4957E+00
79 SPlLL AREA INITIAL (M2) AO Pl*RO^2 = 1.9567E+01
80 SPlLL AREA FINAL (M2) AF VO/0.01 = 4.8832E+03
81 DELTA SPILL AREA (M2/SEC) DA SQ RT(4*Pl*9.81 *VO*(SG-RH OA)/SG)) 7.7562E+01
82 TIME TO MAX AREA (SEC) tA (AF-AO)/DA = 6.2706E+01
83 CHARACTERISTIC LENGTH (CM) L SQRT(4*VO*1.E6/PI) 7.8SS1E+03
84 |
85 VAPOR DENSITY INSIDE CONTROL ROOM - DIFFUSION IN STILL AIR
86 TF
87 ADC (S/M3) ADC 1.48E-04
88 TIME (SEC) T 1 10 62.7063 70
89 AREA (M2) A MIN (Pl*RO^2+T*DA,AF) |-
90 VAPORIZATION RATE (GM/M2-S) VR VP*RHOV'10000/760*SQRT(D/Pl/t)
91 VAPOR DEN INSIDE CR(GM/M3) VD VR*ADC*A
92 PPM INS'OE CR PPM (24500/MB)*VD
93
94 CASES T ADC A VR VD PPM
95 1 1.48E-04 9.71E+01 1.35E-05 1.94E-07 4.86E-05
96 10 1.48E-04 7.95E+02 4.28E-06 5.03E-07 1.26E-04
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97 62.7063 1.48E-04 4.88E+03 1.71E-06 1.23E-06 3.08E-04
98 70.0000 1.48E-04 4.88E+03 1.62E-06 1.17E-06 2.92E-04
99

j
100 VAPOR DENSIW INSIDE CONTROL ROOM - FORCED CONVECTION I

101 REYNOLD NUMBER I RE L*VW*RHOA/MU 5.1765E+06 |
102 SCHMIDT NUMBER SC MU/(D*RHOA) 1.5559E+00 |

103
|

.

104 TURB MASS TRANS COEFF(CM/S) HDT 0.037*(D/L)*RE^0.8'SC^0.33333 1.2514E-01
'

105 TURB EVAP RATE (G/M2-S) VFT HDT*MB*VP*1.E4/(R*1VP) 9.5747E-06
106 VAPOR DEN INSIDE CR(GM/M3) VD VFT*ADC*AF*CRF
107 PPM INSIDE CR PPM (24500/MB)*VD
108 CASES ADC VD PPM
109 1.48E-04 6.92E-06 1.73E-03
110
111 LAM MASS TRANS COEFF(CM/S) HDL 0.664*(D/L)*RE^0.5'SC^0.33333 2.1735E-02
112 LAM EVAP RATE (G/M2-S) VFL HDL*MB'VP*1.E4/(R*TVP) 1.6630E-06
113 VAPOR DEN INSIDE CR(GM/M3) VD VFL *ADC*AF*CRF
114 PPM INSIDE CR PPM (24500/MB)*VD
115 CASES ADC VD PPM
116 1.48E-04 1.20E-00 3.00E-04
117 laminar turbulent
118 Time to peak (sec) = t=1/ER/.0001*SG 1.11 E+10 1.92E+09
119 Time to peak (min) = 1.84E+08 3.20E+07
120 Time to peak (hr) = 3.07E+06 5.34E+05
121

122 Turbulent Evaporation with Recirc inlow(cfm) 3000 3000 3000 3000 ADC
123 Time (min) 2.00E+01 3.20E+07 3.20E+07 3.20E+07 1.48E-04
124 PPM 3.91E-04 1.73E-03 1.18E-03 8.01 E-04

s

.
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ATTACHMENT 11 MCR CSVEROHEET (Pcg o 2)
MCR NO. E - 02.2 - ool - 00
AIT N O. P69 60009 7 Page 'I oI d-

POSSIBLE MODE RESTRICTION CANCEL Yes
1. INITIATION: E5 4460 NO
NED Due Date bIYM6 .

j System Class: R NSR '

PES Due Date NV % M'i Priorky 3 MWO No. Ol9940306
Schedule to work (QSS) Le K G (2ZG) Unit em me a

P oposed Change: I

hrede sive L use + +he Conear fed %%c Aed %v T9nk mil \
Lec+ron. Reb to A reva3 %d ma.e u for d r.n 4 o m m e cloo3es.
Justification (list reference source or document) 1

06 FSK hwaqs dow differed mark %L wlves.The FsX F0.M con Aqurab d3 nd
re flecf Oe fiel) configurufica.The corredly w hiled drooAr=9m a Ive isinadeou.fe SetA'

.omplic tion. Three (O mowkwante orders have beef 9ener=ted ie +5e hst Vecir lo CErh9ul/ reeka

Originator: T.A1.Bl4N h Work Group: SS664 Date: os 126./99.- ,,-,- - -
a

Approved Disapproved Supervisor Date:

Comments:
.

11. PES REVIEW: Yes / No Estimated total cost is less than $25,0007
N/A Yes V No Estimated Engineering man-hours is less than 2007

! / sapproved SE/RE Ai MAN /l. Date: Oll26 / 9.7TApproved Di
PRik1tg AND $1GNATURE j, 5

Approved Disappro'ved PE MffDate:-

Comments: 1

v

|

111. ACCEPTABluTY:
|

Approved Disapproved PE-PDS/GS-DES Dato

Comments:

IV. CAPITALRECOVERY:
N/A
Management Systems Budget Unit Contact Date:

Contacted BY:
4 __

MCR Cost Accounting Charge No.:
Comments:

7211 sw0 PtGe1
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ATTACHMENT G
CROSS SECTIONAL AREAS
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