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INTRODUCTION

For reascns of safety, both of the general public and of control room

personnel, the Nuclear Regulatory Commission requires that, for a variety

of potential accident situations, the control rooms of nuclear reactors

‘e maintained in a habitable condition. These accidents include the
range _f design basis radiological accidents as well as spills of

chemicals which may result in injurious levels of toxic gases in the

control room. The NRC has promuloated standards for the evaluation of

: : ]
these potential hazards in section 6.4 of the Standard Review Plan' and

Regulatory Guide 1.42 which deals primarily with the radiological

hazard; Regulatory Guide 1.7&3 which deals with the evaluation of

chemical hazards; and Regulatory Guide 1.95" which deals specifically

with the chlorine hazard. The analysis methods used in this report
comply with those in the above documents insofar as they are compliete and
pplicable to the TMI-1 control “oom; where methods are not specified or
are, for some reason, inapplicable, appropriately conservative
methodologies were developed for this analysis.
The accidents considered in this report all consider flow through
pathways other than the normal control room intake system. It is
postulated that these pathways could occur due to leaks or damper
failures. The same accident sources have been considered, postulating
all flow through the normal control room intake system (in either normal

or emergency mode), in previous studies.
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2. SCOPE OF THIS STuDY

In this study, several accident source terms (both chemical and
radiological) are studied in conjunction with pathways other than the
control building air intake system. Accidents with the same source terms
but with flow paths through the air intake system have been considered in
previous studies. It was felt that, for the sake of completeness,
leakage of contaminated air by alternate pathways into the control
building envelope should be considered.

The source terms considered in this study are:

design basis loss of coolant accident (LOCA)

rupiure of the Unit 1 ammonium hydroxide storage tank

rupture of a one-ton cylinder of liquid chlorine at the river the
Unit 1 chlorinator

For all three of these sources, the possibility of leakage through the
exhaust damper (AH-D-37) was considered. In the first two cases the
concern was the proximity of the damper to the source of contaiminaticn.
For the last case, the concern was the lack of a chlorine detector at
either the Unit 1 chlorinator or the exhaust damper. Additiorally, the
design basis LOCA was analyzed assuming that the entire design leakage
went into the auxiliary building, and a portion of this activity le: 4
into the control room via the fuel handling building, level 306' of the
control building, the control building elevators and stairways, and the
patio area, and finally into the control building isolation zone.

The radiological accidents assume that ES actuation results in the
closing of the intake dampers while the detectors in the control room

Cause autcomatic shutdown of normal ventilation in the control building

envelope, followed by activation of the ventilation system in the
emergenCy mode. The applicable portions of the Murphy-Campe method are
applied to the radiocactive rnleases. The ammonium hydroxide and chlorine
releases are treated using k factors determined by Dr. James Halitsky in
Appendix A, using the 5% worst meteorology. The ammonium hydroxide tank
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1s considered surrounded by a dike which contains the spill,

emergency response to the chenical accidents is assumed.

2-2
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METHODOLOGY

The assumptions and methodology used in this study are in accordance with

2 1.78% and

].95.“ where no specification was made of the models to be used in the

. R s . :
the Standard Review Plan 6.4  and Regulatory Guides 1.4,

analysis, appropriate models were developed as described in the following
sections.

3.1 MODELING THE LARGE BREAK LOCA

The release of radioactive material resulting from a large b»2ak LOCA was
calculated using the assumptions of paragraph c.) of Reg. Guide 1.4.
Credit was taken for the removal of iodines by the Containment Spray
System using Sodium Hydroxide spray solution. The assumptions and models
used in this analysis are presented in a previous report entitled, “"Dose

T : 1 : “5
Estimates for Three Mile Island Unit 1: Spray Solution".

This report
describes the HYDROS computer code and all data input needed to calculate

the leakage rate for all radionuclides considered. For this study, the

HYDROS code was modified to output the containment release rates as a
f

function of time up to 30 days after postulated releases begin. These
were needed as input to the Emergency Building Concentration and

Dosimetry models described in Section 3.6.

The dilution of the plume of radioactive material between the containment
and the intake vent was computed by using the Murphy-Campe method6

described in Section 3.5. This should lead to conservative results.

3.2 MODELING AMMONIUM HYDROXIDE TANK RUPTURES

Aqueous ammonium hydroxide solution is a liquid at normal ambient
temperatures and pressures. Upon release from the storage container the
solution spills to the ground and ammonia (NH3) and water vapor (HZO)
evaporate from the spill to form a continuous plume. Only ammonia
impacts the habitability of the control building.

75436062685




Since ammonia is more volatile than vater, ammonia evaporates from the
spill at a faster rate than the water. As a result, the fraction of
ammonia in the spill decreases as evaporation proceeds. Since the NH3
evaporation rate is proportional to the partial pressure of NH3 above
the 1iquid spill and since the partial pressure decreases as the weight
fraction of NHS in the spill decreases, the ammonia evaporation rate
decreases with time.

-
|

he ratio of evaporation of a chemical species i from a liquid mixture is

given by:

Myi = hgi Myi Alt) (Pgi - Pai)/RT, (3.1)

where

My i = rate of evaporation of chemical i, gm/sec

hgi = forced convection mass transfer coefficient for chemical i, cm/sec

Myi = molecular weight of chemical i, gm/gm mole

A(t) = area of spill at time t, cm?

Pei = saturated partial pressure of chemical's vapor above 1iquid
mixture, atm

Pai = partial pressure of chemical's vapor in ambient air, atm

Ta = ambient temperature, °K

R = gas constant = 82.05 cm3-atm/g-mole, °K

t = time, sec

The forced convection mass transfer coefficient is given by:

; " .
h,. =0.037 2 pe0-8 5c0-33 (3.2)
di — i
L
where
Dj = mass diffusivity of cliemical species i in air, cm?/sec

3-2
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= characteristic length of liquid spill, cm

Re = L U pa/ua = Reynolds Number, dimensionless

S¢i =yua/pa Dj = Schmidt Number of chemical species 1,
dimensionless

U = mean wind velocity, cm/sec

Oa = density of ambient air, gm/cm3

Ua = viscosity of ambient air, gm/cm-sec

The characteristic length of the spill is taken as the spill diameter,
Therefore:

aae)\ 172 (3.3)
L(t) =

The liquid spill area, A(t), is given by

Alt) = n [+ 2 fqu)/2 (3.4)
* ()

where the density of air has been neglected. Here

g acceleration due to gravity, 980 cm/secz

-l
n

initial volume cf liquid, Cm3

%
"

initial radius of spill, cm

ot
"

elapsed time since rupture, sec

It is assumed that the pool reaches its maximum size when A(t) equals the
dike area or the thickness of the pool is ) c¢m, whichever occurs first.

To account for the depletion of ammonia in the spill, the mocdel is
applied as follows. At any time t, the mass of ammonia and water in the
spill are M, (t) and M,(t), respectively. The mass fraction of

ammonia in the spill is

3-3
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M](t)

M](t) +WCAU

f(t) =

The saturation partial pressure of ammonia, PS](t) and water Psg(t)

are functions of f(t) only anu are given over a wide temperature and
composition range in Reference 9. At time At later

M,(t + at)

when Mv]lt} and Mvz(t) are calculated from (3.1) to (3.3). Therefore,
beginning at time 0, it is possible to update this amount of each species
in the spill and their sa.uration partial pressures. The model allows
f(t) to fall to zero as time proceeds. The model is run with a
background (ambient) partial pressure of zero for NH3 and one
corresponding to 50% relative humidity for HZO'

This model has been implemented as the PLG code NH3VAP, which produces a
time history of the evaporation rate of ammonia in grams per second from
a pool of ammonium hydroxide for specified accident conditions.

3.3 MODELING CHLORINE TANK RUPTURES

According to NUREG-0570,8 the mass of chemical which is instantaneously

flashed to form a puff release is

mass of instantaneously vaporized (flashed) chemical, gm

total initial mass of spilled chemical, gm

75436062685




liquid heat capacity of chemical, cal/gm-°C
ambient temperature,
normal boiling point of chemical, °C
heat of vaporization of chemical at normal boiling point, cal/gm
of the release which does not flash to puff will form a
whose surface area is given by equation (3.4). This liquid
will vaporize by absorption of atmospheric and solar

radiation, convection of air and ground conduction. NUREG-0570 gives the

following formula for calculating the vaporization (boil-off) rate:

gm/sec

. 2
solar and atmospheric radiation fluxes, cal/m“-sec

: : . 2 )
neat transfer coefficient for wind convection, cal/m -sec-"°

ambient temperature, assumed for both atmospheric and ground, °C

chemical's normal boiling point, °C

“

liquid spill surface area, md

heat of vaporization, cal/gm
5

197 cal/m2—°C~sec”'

time after tank rupture, sec

7543GC 62685




The wind convection heat transfer coefficient is conservatively assumed
to equal 1.6 ca]/mz-sec-°C as suggested in NUREG-0570. Since radiation

flux data were not available, q,. was conservatively assumed to equal

275 cal/m“sec. The values used for hC and q. do not significantly

affect the calculations since evaporation due to ground conduction (last
term in brackets in equation 3.4) far outweighs that due to radiation ard
wind convection except at extremely long times after release. At these
long times the concentration in the control room has usually passed its

maximum,

If (3.4) is substituted into (3.10), the resulting equation may be
integrated to yield the mass remaining at time t, M(t):

5 2

Y § 1
Y - bt - ct’*Y - dt©

i B »
{ gvo) Lq, + hC (Ta -

until the pool reaches its maximum extent and thereafter by:

M(t) = et”’s + ft
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and where Amax is the maximum extent of the pool.

This model has beem implemented as the PLG code CL2VAP, which produces a
time history of chlorine evaporation rate in grams per second for
specified accident conditions.

3.4 MODELING ATMOSPHERIC DISPERSION

The dispersion of an effluent is generally modeled with the equation

(3.13)

: ¥ R . :
effluent concentration at receptor, in Ci/m” for radioactive

materials and g/m3

for non-radioactive materials
proportionality constant, which is a function of source position,
receptor position, wind direction, atmospheric stability, and the

structure of the terrain surrounding and between the source and

receptor, in m°2.

effluent release rate, in Ci/sec or g/sec as appropriate

wind speed in m/sec

the large break LOCA, Murphy and Campe propose6

standard deviation of the effluent concentration in the
horizontal crosswind and vertical directions respectively at
distance s from a point source, m.
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containment building, m

and receptor locations, m

containment diameter, m

, and o, are based on the most stible case excluding
2
(i.b., 5% of all hours as or more stable than the stability
are as or less stable). This is known as the 5% stability,
windspeed used for the first 8 hours is the 5% windspeed,
is the 10% windspeed, for the following three days
the 40% windspeed is used thereafter. The
0 allows a correction for wind meander of
ours, (.5 + .5F) for 1 to 3 days, and F
fraction of time that the wind direction
1t was also taken for the occupancy factor as

method,

releases of toxic chemicals, values of C in equation (3.13) were
ed from wind tunnel studies by Dr. James Halitsky (Appendix A).

es are similar to Murphy-Campe results for the point-source and
point receptor case when credit is taken for the finite size of the spill

and receptor. ) )th chemical releases, the 5% worst meteorology was

XILIARY AND FUEL HANDLING BUILDINGS AND THE

BUILDING OUTSIDE THE_CONTROL BUILDING ENVELOPE

The flow path including the Auxiliary Building, the Fuel Handling
Building and the portion of the Control Building outside the isolation
zone is modeled as shown in Figure 3-1. The quantity of each of the 18
radionuclides considered by HYDROS, described in Section 3.1 &8
aetermined in each compartment as a function of time by the PLG code

AUXFLOW, and the amount leaked into the control puildino envelope is

75436092685




determined for each radionuclide at each time step. The input to AUXFLOW
consists of the volume of each compartment (\i) and the 5 flow values
{UJ} shown in Figure 3-1, along with the release quantities from

HYDROS. The governing equations for radionuclide:

is the concentration of radionuclicde J in compartment i,

and Coj(t} and O]th) and the input and output quantities,
respectively, of radionuclide j. The identity of the compartrents is
given in Figure 3-1.

The equations are solved ercactly in each time step. It is assumed that
Qog(t) may be treated as an exponential in each time step.
J

TO CONTROL ROOM PERSONNEL

The Control Building Envelope may be modeled as a flow system as shown in
Figure 3-2. The time dependent concentrations of eighteen radionuclides
in each of the three compartments shown in Figure 3-2 are computed by the
PLG code CRDOSE, using the methods described below. The dose rates and
integral doses received by personnel in the control room are also
computed by CRCOSE.

75436100285




The CRDOSE code uses time-dependent containment release rates for
eighteen radionuclides produced by HYDROS, described in Section 3.1 or
AUXFLOW, described in Section 3.5. The remaining data is input by the
user, and consists of the volume ‘\i> of each compartment, the

umetric flow rate (u,) into that compartment, the volumetric fliw

[ &

rate from that compartment into the recirculation loop (uwk, the intake

volumetric flow rate (u_), the filter efficiency (n), and the volume of

10

the intake duct "D) For a given isotope, other pertinent variables
are the intake concentration measured after decay in the intake duct

(C.(t)), ine concentration of the radionuclide in each compartment as a

0!
function of time \C‘(t¥}. and the decay constant D* The
concentrations are then governed by the equations
dc (3.20)
-_p— = 2 C (T) *+ v,;L t)
d j=1 ) \'J 170
wnere
= 4 9 \
; u; /v, (3.21
v, ® u. (3.22)
i=]
3
oL Y (3.23)
1=]
= | ' (3.24)
1 \J‘[,\.l~
) Up (3.25)
Yr™ Yo
Y:s = (l=n) By;a, =~ ( * An) O, ( :
i . i % ; D’ % (3.26)
and
v = \“— ) ’\]- / (3 27}
i i
3-10
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The set of equations (3.20) has a particular solution and three linearly

independent homogeneous solutions. It is assumed the C _(t) may be

0
adequately represented in some time interval k beginning at tk by
Colt)= Ae [A (t-t, )] te< t <t (3.28)
The particular solution then has the form
c ( = - ] (
“1i t) F1e k L(t tk)‘ (3.29)
Substituting this expression into equation (3.20) at tk yields
\
3
- 3 = {3 0
(Ys4 k %z’ FJ v Ak (3.30)

This set of linear equations is solved in CRDOSE by Gauss-Jordan
elimination. In order to find the homogeneous solution which matches the
boundary conditions (tie concentration in each compartment at time tk'
computed 1n the previcus time step), the characteristic equation of the
matrix [.1J] is first solved for the eigenvalues of ['1J]' wj, and

the corresponding eigenvectors. Let E1J be the element of eigenvector
J corresponding co compartment i. The solution in interval k is then
given Dy

w

ro _ i -1 ( W,

(t-t )

(t-t,) K (3.31)

+ F e’k

Using the known concentrations at time tk' the unknown values Bj may
be found by solving the set of linear equations

E..B. = Ci(tk) - F, (3.32)

7

In CRDOSE, since the operation is carried out many times for each matrix

3°*
found in each time step by using

: ] ,
E the inverse matrix EjJ is found, and the unknowns BJ are
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This process is repeated for each isotope at each time step, yielding the

time dependent concentration of each isotope.

Two types of doses are computed by CRDOSE: beta skin dose and gamma r
whole body dose. These are treated in the manner outlined in Regulatory
Guide 1.4‘ for infinite plumes, with two exceptions. For beta skin

dose, a user-input protective factor for clothing may be input. Also,
for gamma whole body dose, a correctisn is made for tne finite size of
the control room, rather than using the infinite plume value. The

Goldstein buildup factor of

B(ur) = (1 + Kur) (3.34)
W
1S usec, where
K === ‘3.35)
a
A correction factor is derived which is the fraction of the dose from an .

infinite plume resulting from gamma rays emitted within a distance R of

the source point. This is
- "R - ur
r. =N / 1 + Kur) e dr
¢ a Jo
- UR . « UR R )
= (1-e"") - (u-u.) Re : (3.36)

The radius R is that of an hemisphere of equivalent volume to the control

/ e
:v 1 /9 (3.37)
R &) us
>
» The walls, ceilings and floors in the Control Building are of a great

enough thickness that the contribution of external shine to the dose may

5

be neglected.

~n
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be noted that both the control room flow mode) ind the finite

dose model are more sophisticated versions of approaches
6

in the Murphy-Campe mode).

AR Tas B TAYIS Ae
WUELING OF TOXIC GAS CC

ENVELOPE

for toxic gas concentrations in the cuntrol building envelope
1S shown in Figure 3-3. While the radioactive decay problem does not

occur, the flow path is different in this model.

At the intake damper, a portion of the flow, UB‘ 1S diverted to the

machine shop, while the remainder, U, is used in a manner
1
in Section 3.6. With this substitution, and
et to zero, equations (3.20) to (3.33) are

n as a function of time.

‘fication is used to correct for the fact that the intake

drawing air from a volume over which the concentration
If no correction is performed, the amount of toxic gas

ome circumstances, be overestimated to the point that more
in than was actually released. To alleviate this

em, the conservative approach shown below was used.

assumed that a cross-section of the plume taken in the crosswind

at the intake has a gaussian distribution with standard deviations

the horizontal direction and %, in the vertical direction

ing at windspeed V. Since the plume is reflected by the ground,

ive a dilution factor as a function of horizontal distance y and
vertical distance z of

S

vy
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Bearing in mind that z > 0, this isopleth is a semiellipse with an area of

A= 0.579 0 s° (3.40)
y 'z

It is assumed that the intake flow is taken from the area bounded by such
an isopleth, thus conservatively maximizing the amount of toxic gas taken
in. The required area is

(3.41)

where U is the intake flow rate. Setting the areas in (3.40) and (3.41)
equal,

where ‘O/Q is the value of (3.38) at y=z=0, the centerline atmospheric
dilution factor. Integrating (3.38) over the area bounded by the
isopletn (3.39) and multiplying by the windspeed Vv yields the fraction R
of toxic gas which is introduced into the vent:

1 - exp (-52/2) = 1 - exp (-x,U/Q).

It is seen that, in accordance with physical reality, this fraction
varies from zero to one as U increases from zero to infinity. Dividing R

Dy the uncorrected flow rate into the tunnel gives the required
correction factor

l-exp{-~ou/;)

which reduces to unity for small flow rates.
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4. DATA

In this section, the data required for the analysis is discussed. The
values used are tabulzted herein, and the sources of the data are
referenced,

4.1 HYDROS INPUT DATA

The HYDROS code used containment flow, spray and leakage models to find
the release rates of eighteen radionuclides from containment as a

function of time, given a Design Basis Loss of Coolant Accident.

The radionuclides considered and the data required to calculate the
release rate for a period of 30 days is presented in Tables 1 to 5 and
Figures 1 and 2 of Reference 5. lodine removal was calculated with one
spray header operating. The study of Reference 5 focused on dose
estimates at the exclusion boundary at 2 hours after the accident.
this study i1t was therefore necessary to replace entries 1 to 4 and

of Table 4 of Reference 5 with values relevant to this study. These

are discussed in Section 4.8.

AMMONIUM HYDROXIDE AND RELATED DATA

relevant chemical data was taken from an earlier habitability study
s oIl :
IMI-1"", as were the tank volume and the distance from the tank to

intake vent., The data are given in Table 4-2,

CHLORINE AND RELATED DATA

The relevant physical properties of chlorine, as well as tank capacity

and position data, were taken from the study mentioned in the previous

section. = The data are reproduced in Table 4-3.
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4.4 VOLUME AND FLOW DATA FOR THE AUXILIARY, FUEL HANDLING AND CONTROL
INTERMEDTATE TURBINE BUTLDINGS

The volumetric data was computed from a set of drawing furnished by GPU

12

Nuclear. The flow data was taken from 2 ventilation flow diagrams

furnished by GPU Nuclear.13 The data used is given in Table 4.4,

4.5 CONTROL ROOM ISOLATION ZONE FLOW DATA

The control room ventilation system may be run in a variety of modes,
each of which has a unique set of flow rates. The flow rates were taken
from a variety of sources, primarily a ventilation drawing,]3
measurements at the p]ant,]d and calculations by Burns & Roe.]S The
relevant values are given in Table 4-5.

4.6 DOSE LIMITS
The dose limits are taken from Section 6.4 of the Standard Review Plan.
Gamma whole body dose to an cperator must be no greater than 5 rem, while

beta skin dose must not exceed 30 rem, *

4.7 TOXICITY LIMITS

The potential for ammonia and chlorine to incapacitate control room
operators is based upon short term exposure limits recommended by the
Commonwealth of Pennsylvania, Dept. of Environmental Resources, Title 25,
Article IV, Chapter 201 (1971). These are reported in Reference 16.
Exposures in excess of the following are considered to incapacitate the
operators.

Ammonia: a ppm for 30 minutes
ppm for 10 minutes

Chlorine: r ppm for S minutes

ppm for 2 minutes

7545G082785




For both ammonia and chlorine, the calculations showed that if the second

criterion is violated, the first is also violated. Therefore, criterion

1 is 1imiting and the toxicity model is actually based on 100 ppm for 30
min for ammonia and 3 ppm for 5 min for chlorine.

RSION DATA

data from the period July 1976 to June 1977 taken at the

-

used to determine the relevant meteorological conditions at

he The joint frequency tables are given in Table 4-6. The data

required for the calculations in the Murphy-Campe method and the
resulting atmospheric dispersion factors are given in Table 4-7. The

atmospheric dispersion factors for the 2 chemical spill sites are given

in Table 4-8.
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TABLE 4-1. DATA F(

m—

Curies
Isotope Released Beta, Skin f Gamma, Whole Body

.J4E+3 11E+2
. 36E+2 .04E+3
. 32E+3 .46E+2
.99E+2 .82E+2
.01E+2 .31E+2
.80E+3 .86E+]
.90E+3 .68E+2
.78E+4 .45E+2
.79E+3 .36E+3 .48E+2
1E+4 .59E+2 .68E+3
N/AQ N/Ad
.44E+2 .92E+0
.94E+2 .69E+]
S1E+2 . 2RE+]
.26E+] .54E+2
.49E+2 L04E+2
.86E+3 S1E+2
.19E+2 .B1E+2
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TABLE 4-2. PROPERTIES AND STORAGE OF AMMONIUM HYDROXIDE

Dencity of 29.4 wt. % aqueous solution
Molecular Weight of Ammonia
Molecular Weight of Water

Diffusivity of NH3 in air

Diffusivity of H20 in air
Relative Humidity of Ambient Air

Volume of Storage Tank

Distance of Storage Tank from Intake Vent

7545G062685

.897 gm/cm3

17.03

18.016

.200 cm®/sec
.214 cmz/sec
. 261 cmz/sec
.279 cmz/sec
50%

7000 gallons
182 m

2




TABLE 4-3. PROPERTIES AND STORAGE OF LIQUID CHLORINE

Molecular Weight

Norma( Boiling Point

Heat of Vaporization

Density of Saturated Liquid

Heat Capacity of Saturated Liquid
Relative Vapor Density

Yapor Pressure

Mass of Chlorine in One Tank

Distance nf River Water Chlorinator
from Intake Vent

Distance of Unit 1 Chlorinator
from Intake Vent

7545G06268¢

70.914
-34.05°C
68.79 c&l/gm
1.557 gm,"cm3

.222 cal/gm®
2.45

116.49 psia
157.09 psia
2000 1b

100 m

354 m

o
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TABLE 4-4. VALUES USED IN AUXFLOW MODEL

w

799316 ft-
584370
275450

= 120761 ft
59748 ft
16048 ft
2539 ft
1000 ft~/min

-
a

—
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W w w www w

/min
/min
/min

/min
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TABLE 4-5, CONTROL ROOM ISOLATION ZOWE FLOW RATES FOR VARIOUS CONDITIOMS, cfm

(a)
Flow Conditions Uo Ug Un Ur2 Urs Um Ug2

U(b) U(b)

(b)

Economizer Mode 69667 25383 13660 15810 8074

Normal Mude, 20% Outside Air 32880 25383 13660 15810 8074 10880 12648
Emergency Mode 3000 - 11755 13666 6979 10667 12401
Emergency Mode 4000 11755 13666 6979 10304 11979
Emergency Mode 5000 11755 13666 6979 994) 11557
Emergency Mode 6000 11755 13666 6979 9578 11135
Emergency Mode 7000 11755 13666 6979 9215 10713
Emergency Mode 8000 11755 13666 6979 8853 10292
Emergency Mode 9000 11755 13666 6979 8490 9870
Emergency Mode 10000 11755 13666 6979 8127 9448
Emergency Mode 11000 11755 13666 6979 71764 9026
Emergency Mode 12000 11755 13666 6979 7401 8605
Emergency Mode 13000 - 11755 13666 6979 7038 8183
Emergency Mode 14000 11755 13666 6979 6676 7761
Emergency Mode 15000 11755 13666 6979 6313 7339
Emergency Mode 16000 11755 13666 6979 5950 6517
Emergency Mode 17000 11755 13666 6979 5587 6496
Emergency Mode 18000 11755 13666 6979 5224 6074
Emergency Mode 19000 11755 13666 6979 4862 5652
Emergency Mode 20000 11755 13666 6979 4499 5230
Emergency Mode 21000 11755 13666 6979 4136 4808
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TABLE 4-7. DATA FOR AND RESULTS FROM MURPHY-CAMPE METHOD
FOR THE DESIGN BASIS LOCA

Source Type: Diffuse

Receptor Type: Point

Containment Diameter, d: 41.76 m
Source-Receptor Distance, s: 20.9m
Containment Projected Area: 1985 m2
Wind Direction Sectors that result in exposure: N, NNE, NE, ENE, E

WSW, W, WNW, NW, NNW

K factor: 7.917
:y for 5% stability: negligible

o for 5% stability: negligible
§z windspeed: 0.67 m/s

10% windspeed: 1.12 m/s

20% windspeed: 1.50 m/s

40% windspeed: 2.46 m/s

F factor: 0.7090

X/Q, 0-8 hrs: 7.45E-3 sec/m°
X/Q, 8-24 hrs: 4.15E-3 sec/m>
X/Q, 1-4 days: 2.73E-3 sec/m-
X/Q, 4-30 days: 1.44E-3 sec/m>
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TABLE 4-8. VALUES OF Xu/Q FOR CHEMICAL RELEASES

Urit 1 Chicrinator to Exhaust Vent
Wind Directions NNE and NE

Stability Class Xu/Q (m=2)

. 70E-5
. 10E-4
.99E-4
.40E-4
.30E-4
.40E-4
.00E-4

Unit 1 Ammonium Hydroxide Storage Tank to Exhaust Vent
A1l Stability Classes

Wind Direction Xu/Q (m=<)

NE 1.38E-4
1.10E-4
4.14E-4
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5. ANALYSIS PROCEDURE

In this section, tl< calculational procedures used in each part of the

analysis are detailed. The flow rate assumptions and the codes used are
given.

5.1 ANALYSIS OF THE LARGE BREAK LOCA VIA THE EXHAUST DAMPER

In this case, it is assumed that the dampers close upon the ES actuation
signal, but that the emergency fans do not go on until the radiation
detectors in tne control room detect abnormal radiation levels. This is
assumed to occur one minute into the accident. The flow rate is the same
in either flow condition; only the filter efficiency changes (0.0 before
emergency mode activation, 0.90 afterwards). The intake flow rate was
varied between 3000 to 21000 cfm in increments of 1000 cfm, with either
200 cfm or 2000 cfm assumed to leak through the exhaust damper, and the
remainder flowing through the control building intake system. Since the
dose is a linear function of the leakage rate through the damper for a
given total intzke flow rate, the limiting leakage rate may be determined
as a function of total intake flow rate.

For this part of the analysis, the HYDROS code is coupled directly with
the CRDOSE code, with one HYDROS run providing input for all of the CRDOE
runs.

5.2 ANALYSIS OF THE DESIGN BASIS LOCA VIA THE AUXILIARY AND FUEL
HANDLING BUILDINGS

As in the case above, it is assumed that the dampers close upon the ES
actuation signal. However, due to the small dose rates expected, the
radiation detectors are not assumed to detect abnormal radiation levels,
thus no filtration is assumed. Emergency flow rates were used. The
intake flow rate was varied between 3000 cfm and 2100C cfm total with
1000 cfm assumed to flow via the auxiliary building - fuel handling
building flow path, and with the entire release directed into the

auxiliary building. The results were extrapolated to determine the

5-1
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maximum allowable flow rate through the Auxiliary Building - Fuel
Handling Building flow path as a function of total intake flow rate.

For this part of the analysis, the HYDROS code is coupled to the CRDOSE
code via the AUXFLOW code in order to model the Auxiliary Building - Fuel
Handling Building flow path.

5.3 ANALYSIS OF THE UNIT 1 AMMONIUM HYDROXIDE TANK RUPTURE YIA THg
EXHAUST VENT

The rupture of the Unit 1 ammonium hydroxide storage tank was analyzed
using the NH3VAP code in conjunction with the CRCONI code to find the
ammonium concentratlion in the control room as a function of time. Two
cases were run: one with the control room ventilation system in the
economizer mode, the other with the outside air reduced to 20% of the
total flow. In both cases, the 5% worst meteorological case and the
actual dike area of 453 square feet were used.

5.4 ANALYSIS OF THE CHLORINE TANK RUPTURE AT THE UNIT 1 CHLORINATOR
VIA THE EXHAUST VENT

-
|

ne rupture of a one tone chlorine tank at the Unit 1 chlorinator was
analyzed using the CL2VAP code in conjunction with the CRCONI code to
find the chlorine concentration in the control room as a function of
time. Two cases were run: one with the control rocm ventilation system
in the economizer mode, the other with the outside air reduced to 20% of
the total flow. In both cases, the 5% worst meteorological case was
used,

75566082785




RESULTS OF THE ANALYSIS

The results of the analysis performed for each accident type are given in
separate sections below.

6.1 DOSES T

CON
EXHAVS E T

TROL ROOM PERSONNEL FROM THE DESIGN BASIS LOCA VIA THE

The beta skin dose and gamma whole body dose are given as a function of
total intake flow rate for leakage rates through the exhaust damper of
200 cfm and 2000 cfm in Tables 6-1 and 6-2. Doses are computed using
Murphy-Campe occupancy factors for thirty days starting with accident
initiation. In Table 6-3, and Figure 6-1, the limiting leakage rates for
beta skin dose not to exceed 30 rem are given. The leakage rates
required for the gamma whole body dose to exceed 5 rem are larger than
those for the beta skin dose to exceed 30 rem for all flow rates, and
thus are not given.

e and gamma whole body dose are given in
of total intake flow rate for a constant leakage
trol bdw1ding envelope for this flow path.
nto the auxiliary building is
the 1imiting leakage rates for
beta skin dose not to exceed 30 rem are given. The leakage rates
required for the gamma whole body dose to exceed 5 rem are larger than

the total flow rate for all flow rates, and thus are not given,

1S 0
5T ¥

J
5
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F THE UNIT 1 AMMONIUM HYDROXIDE TANK RUPTURE VIA THE
ENT

The maximum concentrations of ammonia in the control room for these

-

scenarios are 3.44 ppm with the ystem in the economizer mode and /.75
ppm with 20% outside air. In both cases, a leakage rate of 3500 cfm
through the exhaust damper is assumed. These values are well helow the

>l

100 ppm limit.
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6.4 RESULTS OF THE RUPTURE OF A CHLORINE TANK AT THE UNIT 1 CHLORINATOR
HOUSE VIA THE EXHAUST VENT 3

The maxim™ concentrations of chlorine in the control room for these

scenarios are 2.62 ppm with the system in the economizer mode and 7.3)

ppm with 20% outside air. In both cases, a leakage rate of 3500 cfm

through the exhaust damper is assumed. In order to reduce the peak level

in the latter case to the 3 ppm 1imit, the leakage rate must be reduced
to below 1436 cfm.
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TABLE 6-1. DOSE TO CONTROL ROOM PERSONNEE,VS. TOTAL INTAKE FLOW RATE
WITH 200 cfm LEAKAGE THROUGH £XHAUST DAMPER

Beta Gamma
Uo Skin Dose Dose

3000 . 985 196

4
4000 4.340 172

w

936 . 156
.665 . 145
.466
.316
.196
. 093
019
. 954
.895
14000 .842
15000 .802
16000 2. 766
17000 . 73]

18000 .699

19000 .673
20000 .653
21000 2.627

5000
6000
7000
8000
9000
10000
11000
12000
13000

N NN W W W w w

N
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DOSE TO CONTROL ROOM PERSONNEL VS. TOTAL INTAKE FLOW RATE
INCLUDING 2000 cfm THROUGH EXHAUST DAMPER

Beta Gamma
Ug Skin Dose Dose

3000 31.230 . 342
4000 24.664 .091
5000 20,585 . 931
6000 17.777 .818
7000 15.750 .734
8000 . 198 .669
9000 .999 .618
10000 "1.983 .573
11000 . 148 .536
12000 .465
13000 .898
14000 . 361
15000 8.926
16000 .533
17000 .189
18000 .882
19000 .599
20000 . 347
21000 118

75616100885




TABLE 6-3. LIMITING FLOW RATES THROUGH EXHAUST DAMPER
TO AVOID EXCEEDENCES OF LIMITING BETA SKiN DOSE

Tetal Flow Limiting Flow Rate (cfm)
Rate (cfm) Beta Skin Dose
3000 1915
4000 2472
5000 3017
6000 3559
7000 408¢€
8000 4613
9000 5121
10000 5650
11000 6174
12000 6681
13000 7166
14000 7684
15000 8194
16000 8700
17000 9193
18000 9681
19000 10185

20000 10686
21000 1171
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TABLE 6-4. "POSE TO CONTROL ROOM PERSONNEL VS. TOTAL
INTAKE FLOW -RATE FOR RELEASE INTO AUXILIARY BUILDING

Tntal Flow Beta Skin Gamma Whole

Rate (cfm) Dose (rem) Body Dose (rem)
3000
4000
5000
6000
7000
8000
9000
10000
11000
12000
13000
14000
15000
16000 .945
17000 .844
18000 .743
19000 .656
20000 .569
21000 .496

.814
.42]
.034
.059
. 366
.835
.413
.008
.819
.59]
. 391
219
.075

o

. 381
.294
.239
. 202
176
1
.139
.126
116
.107
.099

& O © O O © O © © O© © ©

9
7
6
5
4
3
3
3
2
2
2
2
e
|

-t

e © O 0 © O
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TABLE 6-5. LIMITING FLOW RATES INTO CONTROL BUILDING ENVELOPE FOR
AUXILIARY E TO AVOID EXCEEDANCES OF LIMITING
A SKIN DOSES

BUILDING RE

LEAS
BET

Limiting Flow Rate (cfm)
Beta Skin Dose

Total Flow

Rate (cfm)
3000 3000*
4000 4000*
5000 4971
5930

sR7
’
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7. _CONCLUSIONS

From the ahove analysis, it Ay De concluded that the beta skin dose wil)
never exceed 30 rem for either of the LOCA cases as long as the flow
through the exhaust damper is limited to no more than about 53% of the
total intake flow rate for the first case and as long as the leakage via
the auxiliary building and fuel handling building is held below 95% of

the total! flow in the second case.

The rupture of the ammonium hydroxide storage tank results in ammonium
concentrations well below the 100 ppm thresheld, and thus pose no
probliem. The chlorine concentration resulting from a rupture at the
unit 1 chicrirator is below the 3.0 ppm 1imit if the ventilation system
1S 1n the economizer mode, but could rise as high as 7.3 ppm if only 20%
Outside air is used. A reduction of the leakage rate through the damper
Ih this case below about '430 ¢fm would remove the possibility of

éxceedance.
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REFERENCES

NUREG-75/087, Standard Review Plan 6.4, "Habitability Systems,"
USNRC, 1975,

Regulatory Guide 1.4, “"Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss of Coolant Accident for
Pressurized Water Reactors," USAEC, June 1974,

Regulatory Guide 1.78, “Assumptions for Evaluating the Habitability
of a Nuclear Puwer Plant Control Room During a Postulated Hazardous
Chemical Release," USAEC, June 1974.

Regulatory Guide 1.95, "Protection of Nuclear Power Plant Control
Room Operators Against an Accidental Chlorine Release," Revision 1,
USNRC, January 1977,

"Dose Estimates for Three Mile Island Unit 1: Containment Spray
lodine Removal Using Sodium Hydroxide Spray Solution," prepared by
Pickard, Lowe and Garrick, Inc. for GPU Nuclear, October 1980.

K.G. Murphy and K.M. Campe, “Nuclear Power Plant Control Room
Ventilation System Design for Meeting General Design Criterion 19,"
13th AEC Air Cleaning Conference, August 1974.

"Final Safety Analysis Report, Three Mile Island Nuclear Station -
Unit 1," Metropolitan Edison Company, March, 1970.

Wing, James, "Toxic Vapor Concentrations in the Control Room
Following a Postulated Accidental Release," NUREG-0570, USNRC,
June, 1979,

Perry, R.H. and C.H. Chilton, editors, Chemical Engineers Handbook,
Sth Ed., McGraw-Hi1l Book Co., New York, 1973.

“TMI-1 Control Room Habitability Study: Probabilistic Assessment of
the Potential Impact of Hazardous Chemicals Stored Onsite," prepared
for GPUN by Pickard, Lowe and Garrick, Inc., June 8, 1982,

GPU Nuclear, Drawings I[E-154-02-001 through IE-154-02-009 and
IE-155-01-001 through IE-155-02-005.

Killough, G.G., et al. "“A Methodology for Calculating Radiation
Doses from Radioactivity Released to the Environment." ORNL-4992,
Oak Ridge National Laboratory, March, 1976.

Gilbert Associates, Drawings C-302-841, Rev. 29 and C-302-842,
Rev. 30.

Telephone conversation between T.E. Fenstermacher (PLG) and
D. Slear, J. Gulati and J. DelLockery (GPU), April 23, 1984,

75696100285




Private Communication, H.W. Young to T.E. Fenstermacher,
April 18, 1984.

Weiss, G., editor, Hazardous Chemicals Data Book, Noyes Data Corp.,
Park Ridge, N.J., 1980,

75696062785


































ANIMN 5220 3

S e -
4. =y Vit ’0"#

v
«
(N

R -
SOt N3 WY 2 Ve TN
.
2NV e v o3 Lo
.l.ﬂ ad 500y — v i3 OCP 29% ot o>C Lo
L . WO'I9 s 13002 =1 28

© 3 ~ 4
- | e i
Y4 oL !
1t 5 4 'O
! | 2 B
! o' } 4 f " P \ |
| ; oF 1 .P ¥s oy ;
\ 12 + l\/ ! (t.q V
| 5
- - .of 1 I §0f
_ Vsl o N
! - ’e
-
¥ ! ! \ - -—
v L1, | \ g PRl
ANYL =
HO*uN
re ¢ - - -
ATy S L0V
4 Y - v
] .\.’
! | -
! |
. ! 1
”
\... Pos!
.

Lo W B

.

JaMOL 2 30X
WJ.«.J! T >


















results given ) = There are five

ation « S n the TM1-1 Control Buildin

1 A
iing Envelope

opeen performed for a variety of measured flow conditions,

with the
S¢ flow data with 1(

following damper positions

' -

per
iamper ] { i1 open
: 4 J O}

'

jamper 4]

| amper

The first thres
auxi'tfary ar
three rad

and fuel har







