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THE REMOVAL OF RADIOAC TIVE AEROSOLS
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OF AN LWR-CONTAINMENT
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Laboratorium fuer Aerosolphysik und Filtertechnik
Projekt Nukleare Sicherheit
Kernforschungszentrum Karlsruhe, Germany

Abstract

The computer code NAUA has been developed to model the removal of the
airborne radioactive particles in the post accident atmosphere of an
LWR~containment. It calculates the aerosol processes coagulation,
diffusion, sedimentation and thermophoresis, the steam condensation on
the particles, and significant thermodynamic effects such as heat
removal by the contesinment spray system.

With +the first version NAUA-Modl calculations have been done which
show the dominant role of the <condensation process. The number
concentration and the size of the so formed droplets affect very
strongly +the 1rate of subsequent coagulation between droplets and the
remaining dry particles, This effect 1is further enhanced by
temperature decrease due to spraying.

The paper dicusses the structure and potential of the NAUA code, and
presents the results of a parametriec study on the important removal
effects. Some problems of the physical behavior of the aerodispersed
system in the post accident LWR-atmosphere are discussed which cannot
be solved by the modelling alone., Therefore, the investigation of the
condensation process and of the proprties of the three phase particle
droplet steam system will be part of the supporting experimental
program,

I Introduction

The events in the course of a hypothetical accident in & light water
reactor could be divided into three main groups which are physically
gquite different, the release of radioactive material from the melting
core into the <containment, the removal of radioactivity from the
atmosphere inside the containment, and the transport phenomensa and
radiological impact to the environment. As the amount of released
radiocactive material can be very high in melt down accidents following
blow down, the removal processes inside the containment are of great
importance as a means of mitigating the radiological consequences,

The physical and chemical properties of the radiocactive material
immediately suggests &a classification into the groups of chemically
nonreactive noble gases, volatile fission products mainly iodine
compounds, and solid particulate material. The latter includes most of
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the long lived isotopes as e.g. Co, Sr, Ce, and Pu.

Mathematical modelling of the time dependent behavior of the gaseous
radioactive elements and compounds is not very difficult as soon as
the physical and chemical processes of removal are known. In the case
of the saerosolic matter, however, even if the removal processes were
understood, the modelling would 8till remain complicated by
interactions between the particles themselves and, particularly in the
LWR case, by the presence of large amounts of condensable water vapor
released during blow down., This water will condense on part of the
aerosol, and thus introduce a third, liquid phase to the system.

The subject of this paper will be to discuss a mathematical model and

results of preliminary calculations of the time dependent aerosol
behavior in the post accident atmosphere of an LWR containment.

II Theoretical basis of the model

Many descriptions of aerosol removal in closed containments start from
the suggestion that the decay rate of any kind of mean airborne
concentration C be proportional to C itself

ac/dt = -«.C (1)

vhich immediately 1leads to an exponential decay. General experience
contredicts this exponential 1law, and the model is adjusted by
introducing time dependent factors &, which are obtained empirically
from experimental work. This numerically simple approach enables the
model to handle multicomponent systems with moderate computation
times.

The opposite approach, the one we wuse, is to model as closely as
necessary the physical processes in the aerosol system. This leads to
more complicated mathematical structures and consequently to necessary
reductions in the geometrical complexity of the model containment in
order to keep computation times adequately low.

We consider our approach to be more reliable for two reasons: First,
in the large volumes of a reactor containment, the aerosol removal is
governed by the physical aerosol processes rather than by the geometry
of far off containment walls, and second, decay factors in eq.(1) are
valid only for the experimental conditions from which they were
deduced, and cannot be transferred to other situations with greatly
different pearameters. The use of experimental data should be limitead
to cases where the microscopic processes are well understood both in
the experiment and in the calculated situation.

Sterting from these considerations we constructed the NAUA code (NAUA
= NAch-Unfall-Atmosphaere = ©post accident atmosphere) using the
microscopic aerosol removal processes coagulation, sedimentation,
thermophoresis, and diffusion, and the interaction process with the
condensing water vapor, which is a molecular high speed process. These

processes are considered to be the most important, in future versions
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of the code other mechanisms, as e. g. gravitational coagulation, may
be added if necessary.

The model further includes homogeneous steam and particle sources of
arbitrary time dependence.

ITI Numerical concept of the code

In calculations of time dependences, the most important parameter of
serosols is the size of +the individual particle or the size
distribution of the aerosol. Sizes of irregularly shaped particles can
be defined in numerous ways, we choose the mass equivalent radius as a
measure, because the particle mas s is proportimal to the
radicactivity. The effect of the irregular shape is accounted for by
means of form factors whenever necessary. In discussing the structure
of the model, we will concentrate on particle radius and particle
properties. Detailed descriptions of the underlying physical
mechanisms are given in earlier reports [1].

The code is separated into two main subunits because of numerical
reasons. The first is called NAUCON, and calculates the condensation
of steam on the particles and the thermodynamic properties of the gas
phase. The equation given by Mason (2] is used to calculate the change
of particle radii

r dr/dt = A (s8(t) - exp(B/r)) (2)

where S is the degree of saturation, which is close to one in the LWR
post accident atmosphere, and A and B are thermodynamic functions of
the gas-steam system.

The second subunit of the code, NAUPAR calculates the aerosol removal
processes. The change of the population of a size class n(r) is given
by

dn(r,t)/dt = Q(r,t) - (Xg(r) + Xp(r) + Xe(r)) n(r,t)
—‘/’K(r,r1) n(r,t) n(r,,t) dr, (3)
+jy'K(rz,r3) n(r,,t) n(ry,t) dr, dr,

Here Q is the particle source term and the alfas are coefficients for
deposition by sedimentation, diffusion and thermophoresis
respectively. The two integrals describe the action of coagulation.
The first integral is the coagulation rate f r om the size class
under consideration to all others, the second_ describes coagulation
into this size class, where obviously r3 = r; + rg.
Eq.(3) is +the PARDISEKO equation which was used to calculate aerosol
removal in LMFBR containments [3]. In the LWR case this equation
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cannot be used, because n(r) is no more a continuous function and the
coagulaetion integrals cannot be solved with the necessary precision.
Thus the coagulation integrals have been replaced by a much simpler
particle counting and classifying routine that, by definition,
conserves the mass during coagulation. Because the new method cannot
be represented by an equation of the type of eq.(3), its description
will be omitted here. A detailed discussion is given elsewhere L[L4].
Another advantage 1s the higher computation speed of the new
technique.

The already mentioned form factors are wused in the NAW model to
account for the differences DbYetween the reality and the idealized
mathematical model which e.g. always uses spherical particles.
Presently three form factors are used., The first one f,, is needed in
eq.(2), whieh is valid for condensation on water droplets only, and
not on irregularly shaped solid particles. The rate of steam
condensation is dependent on the degree of wetting of the particle,
too, f., thus depends on the actual radius of every individual
particle. The second form factor, the aerodynamic form factor e
describes the <change in mobility Aue to the fluffy structure of the
fuel particles. The coagulation form factor fg, finally, accounts for
the fact that the target particles are considerably larger than is
represented by the mass equivalent radius.

All +three factors are size dependent and unknown for fuel aerosols.
Their values will be measured in the experimental part of the program.
At the moment, values from pevious work on LMFBR aerosol behevior are
used for fy and fg, f, is set to one.

In order to test the performance of the code under varying conditions,
and to identify the most relevant parameters that need experimental
investigation a sensitivity study has been executed. Because the
response of +the aerosol system to changes in steam density is always
instantaneous, it is reasonable to discuss the condensation processes
and the long term removal separately, as will be done in the following
sections.

IV Short term calculations of steam condensation

Steam condensation on fuel-like particles is the elementary process of
the NAUA model for which the least experience exists. It has been
studied intensively with variations of all possible parameters, the
most important results will be discussed now,

As a result of +the condensation, which acts only on the bigger
particles of the initial size distribution, bimodal particle-droplet
distributions are generated within a few seconds. Fig.1 shows as an
example the resulting bimodal distributions that are created from an
initial dry particle size distribution of log-normal shape with a mean
geometric radius of 0.1 mm and a standard deviation of 1lng = O.h., It
is apparent that the temperature of the system has little influence,
This is valid for all other effects, too, which are not very sensitive
to temperature, with the exception of steam density of the containment
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atmosphere. Thus temperature dependences will not be discussed in this
paper, the influence of steam density, however, is shown in the next
section.

A large Dbandwidth of particle size distribution parameters has been
used in calculations of steam condensation together with various time
dependent steam source terms. The differences in the resulting bimodal
size distributions are great, but is was not possible to evaluate any
quantitative simple law to connect input and output of the condensing
steam-aserosol system. The complete model has to be employed in order
to obtain reliable results.

Further calculations have Dbeen done to assess the influence of the
non-sphericity of the particles on the condensation process. Since no
experimental work has been published on this problem we varied the
form factor f.,. Starting values for the initially dry particles are
fon = .5, 1, and 2. Fig.2 shows the time dependent mass concentration
of the growing droplets, the total condensable steam concentration
being 10 g/m® in all three cases. For fam = 0.5 it tekes more than two
minutes wuntil all the steam has condensed on the particles, in the
other <cases &a few seconds are sufficient for the droplet formation,
The great difference that 1s also exhibited in the number and size of
the droplets emphasizes the need for exect experimental data. The
steam condensation on fuel particles will be investigated closely in
the first phase of the experimentel program.

V_Long term calculations of serosol removal

Using an f, = 1, 1long term calculations have been done to study the
influence of the aerosol parameters and of containment spraying on the
removal process., To do this it was necessary to input into the model
some properties of the containment and some assumptions on the
accident sequence. The containment properties are mainly geometric and
thermodynamic data, and were taken from the Reactor Safety Study [5].
The temperature function T used in our calculations is shown in Fig.3.
When necessary it was extended to longer times. It will be shown,
however, that a further temperature decrease beyond the first 30
minutes will contribute little more to the removal of particles, Thus
in most cases the temperature was held constant after the rapiad
decrease in the first half hour. As already mentioned, the main effect
of tempersture is to change the amount of condensable water veapor in
the system. The density of condensable steam is shown by function Cy,
in Fig.3.

Among the other date the particle source term has the greatest
influence on the behavior of the aerosol-steam system. On the other
hend very 1little is known of these data, particularly when the
particle size distributions and the single particle properties are
required. As a rough estimate for particle sizes, we used experimental
results of generation of fuel aerosols by exploding wire technique
which were done in our laboratory previously [6], and by = direct
arching method which was developed by one of us recently., The most
reasonable values for a particle size distribution of fuel serosol in
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Figure 3 Time dependence of containment temperature T
and steam densitycV used in the long term
calculations,

the melt down and evaporation phases are a mean geometric radius of
0.7 mgm and e standard deviation of 0.4, assuming a log-normal size
distribution, We have used these velues in our long term calculations.
The total released mass is 1000 kg as given in [5]. In the
calculations reported here, we assumed a source with constant rate but
with variable duration. Another removal mechanism of great importance
is the action of a spray system. Its effect on particles is not yet
investigated very well, we consider the most relevant effect to be the
rapid decrease of temperature which frees large amounts of condensable
steam (Fig.3). Whereas temperature decrease through cold containment
walls mainly leads to water condensation on the walls, the result of
the spray action as a volume effect is that the steam condenses on the
particles, because the surface of the particles is greater by orders
of magnitude than the surface of the containment walls or of the spray
droplets. Thus in our model we assumed the action of spraying to be
that all condensable steam condenses on the particles. The real
fraction and its dependence on the various parameters will be subject
to investigations in the experimental progrem.

Table I shows the scheme of parameter variations in the long term
calculations. Case D1 is the reference case with which all others are
compared. The values f = 3.5 and fg = 8.2 are taken from previous
LMFBR safety experiments TG].
Fig.l shows the time dependence of particle number and mass
concentrations C, and Cwm for the reference case D1, The most
interesting result is that, at the end of the particle source action,
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case particle Ty fg spray
#* source

D1 30 min 3.5 8.2 off
D2 120 min 3.5 8.2 off
D3 30 min 1.0 8.2 off
DL 30 min 3.5 2.0 off
w1 30 min 3.5 8.2 on
w2 120 min 3.5 8.2 on

Table I Scheme of parameter variations

for long term calculations.

the total released mass of 1000 kg (40 g/m3) is airborne. It takes
some hours for the coagulation process to form big enough particles,
before the sedimentation becomes effective. In our case the temporal
separation of the dominance of coagulation and sedimentation phases is
so large that it exceeds the duration of the particle source. This can
be seen <clearly in Fig.5 where the cases D1 and D2 with different
source term duration are compared., Only an insignificent delay of mass
removal 1s visible, because the coagulation phase is much longer than
either source term interval.

It should be emphasized, that this result was calculated with an
aerosol behavior model that depends strongly on aerosol properties
which are not exactly known., Fig.6 represents the results of
calculations with variations of the particle properties, namely form
factors fp, and fg.

fg acts on the —coagulation rate oniy. Therefore, in case DL the
coagulation rate was lower than in case D1, After a prolonged
coagulation phase, the aerosol removal rate finally approximates the
same value as in case D1,

In case D3 the particle mobility was increased by putting fp = 1. The
factor f, acts on all removal processes simultaneously. So an
immediate beginning of the removal without a distinct coagulation
phase and a much faster decay of the mass concentration is observed.
Thus with an fi, = 1 also a dependence on source term duration could bve
ex~ected that is more pronounced than in Fig.5,
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Figure U4 Time dependence of airborne particle
mass and number concentrations C,,
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Figure 5 Airborne particle mass concentration
with different source term duration.
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Figure 6 Airborne particle mass concentration
with different particle form factors.

The fact that both the influence of the source term and the long term
behavior are very sensitive to the particle form factors emphasizes
the importance of their direct experimental measurement, which will be
rart of our experimental program.

So far we did not consider the effect of condensation of large amounts
of water vapor that will take place during the action of conteinment
spray systems. In Fig.T the airborne mass concentration for cases W1
and W2 are shown. The time dependence is quite different from that of
the 'dry' D cases, First of all nearly_ the total mass consists of
condensed water droplets, as only LO g/m3 meximum of solid material
were released. The mass concentration closely follows the curve Cy, of
condensable steam +that is set free due to the temperature decrease.
A fter 20 minutes, the droplets have grown so0 big that the
sedimentation becomes noticeable. All the time the coagulation acts
only Dbetween the source particles and the already existing droplets,
and is enhanced by their great size difference. A short time after the
end of the particle source action, all particles will have vanished
due to coagulation into the droplets, and the long term decay of
airborne so0lid mass is determined almost only by the sedimentation of
the droplets.

This is illustrated in Fig.8 where the airborne mass of solid material
(without the condensed water fraction) for cases W1 and W2 is compared
with case D1, The difference between cases W1 and W2, that was
obscured by the great water content in Fig.7, is now clearly visible.
The decay of solid mass or of radiocactivity is faster in both cases
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than in case D1 without spray. However, the fractional content of
solid matter, that is shown in Fig.8, is only a rough estimate. The
measurement of the distribution of solid particulaste material inside
the droplets as &a function of the system parameters is one of the
great problems that have to be solved experimentally.

It should be noticed finally that the effect of spraying is most
significant in the Ybeginning when the temperature is still high. A
shut off of the spray system after 30 minutes will cause only a short
delay of the removal of airborne mass, as is shown by the dashed lines
in Fig.T.

VI Experimental Progrem

As has been shown, some of the unknown physical parameters of the
aerodispersed system have great influence on the time dependence of
the eirborne particle mass concentration, If <the NAUA code
calculations are intended to be more valuable than conservative
assessments, the measurement of these parameters becomes unavoidable.

The construction of the experimental facility has been started, with
whieh investigations of the microscopic effects such as form factors,
condensation phenomena or particle distribution in the droplets can be
done as well as integral experiments on spray system efficiency, wall
effects and code verification. It is planned that the construction and
testing of the facility will be completed in the first half of 197T.
The assembling of the instrumentation and development of new
measurement techniques, especially for the droplet mesurement, will be
finished early enough to be used in the testing period.
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GAS CLEAN-UP SYSTEM FOR VENTED CONTAINMENT

J. L. Kovach
Nuclear Consulting Services Inc.
Columbus, Ohio

Abstract

Component selection and sizing analysis was performed for both operational
and post accident vented containment for light water reactors.

The criteria used was the decrease of pressure and retention of significant
health hazard isotopes which would be present in the containment after a loss of
coolant accident.

Tims—-pressurs curves wers developed for different vent volumes together with
fission product capacity for the various components of the system.

The analysis indicates that the design of post accident venting systems is
feasible and the protection afforded can justify the cost of the system.

Two types of operation were analyzed; treatment extermal to the containment

and vent to the atmosphere, and treatment external to the containment with recir-
culation to the containment.

I Introduction

The ventillation systems for nuclear power stations are still primarily in
the realm of shest metal work. Although the gaseous waste treatment systems may
involve chemical process technology, the expertise of the chemical solvent vapor
handling techniques have not permeated the nuclear industry. The use of deep bed
adsorption systems to recover solvent vapors has been practiced for over 70 years,
and aspects of this process can be well suited for any major release clean-up or
post accident venting of the containment. In the following,design and operation
criteria for such systems is evaluated.

Il Clean-up VYolumes

Figure 1 is a reproduction from WASH 1400 (1) for a typical PWR where the
containment free volume is 1.8 X 106 ft3. The volumes to be cleaned-up and
vented are at the following rates:

Daily Vent % Containment Volume CFM
100 1,250
200 2,500
300 3,750
500 6,250
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Therefore even at a 2,500 cfm rate the failure preseure range will not -be
reached and at approximately 200 minutes after LOCA the pressure inside the
containment would be decreasing even with no containment safeguards operating.

Similar values can be gensrated for BUWRs also, however both the size and
cost is less therefore, the sizing evaluation here is based on PWR only.

III Design Concept

The air (gas) motive force exists in the containment itself. The pressurs
differential is sufficient to result in the required flow because total pressure
drop through the system is, at most, several psi. Therefore the basic clean-up
process does not requirses blowers.

The first analysis is based on an iodine and particulate fission product
removal at the 3,000 CFM flow rate corresponding to venting 3 containment volumet
per day. The temperature exiting from the containment is assumed at 130°C.

The following components are considered for this application.
a) Heat Exchanger using water to lower gas temperaturs to ~50°C,
b) Send Bed filters for particulate removal (99.97% Efficiency).
c¢) Iodine removal bed based on decay (99.99 + % Efficiency).

The cost estimates for such components in 304 stainless steel are

a) $180,000.00
b) $105,000.00
c) $285,000.00
Total: $570,000.00 redundant, code construction.

The iodine adsorption bed sizing is based on long term operating lifs, where
the iodine may be transported through the bed; however it is decayed in a similar
manner to the noble gas delay beds. Ths design of such bed is discussed in
detail in Part VI of this paper.

For elemental iodine decay in the adsorbent bed approximately 10,000 lbs of
carbon is required assuming an inlet concentration of 1.0 mg iodine FP/m3,

The sizing data for sand beds is based on operational experience at the
Savannah River Plant of USERDA (2) (3).

This mode of operation would result in venting to an outsids location and the
noble gases would not be delayed to an appreciable extent in the system.

If a recirculation mode is used, i.e., the particulate and iodine FP decon-
taminated noble gas~containing-air is reinjected into the containment, the rate of
return would be approximately one third of the total gas removed because a large
part of the steam is condensed. The rate of recurnable gas is approximately
1000 CFM.
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If reinjection is used, an airmoving device capable of boosting the residual
gas to approximately 60 psia is required; the cost of such a compressor is
estimated at $40,000.00 each.

IV Clean Up Components

Sand Bed Filter

Vertical bed using base grating with graduated particle size packing.
Approximate gas velocity through bed at <20 FPM, bed depth 80-100 inches. Ths
efficiency for such beds was measured for particulate fission products and
uranium or plutonium aerosol of above 99.99% (4) (5) (6).

Jodine Removal Bed

Grated bed is most beneficial where the roughing adsorber contains nen-
combustible 80-90% minimum efficiency packing followed by or in a separate bed
with impregnated carbon or other high efficiency adsorbent. Velocity at

> 40 FPM; bed volume to be sized for long-term decay type removal process, where
self-regensration takes place. Efficiency for iodine fission products 99.939%.
Detail of such sizing is discussed in Part VI of this paper.

V' Estimation of Installed Cost

Direct Costs

Equipment $650,000
Installation (75%) 487,500
Structures and Buildings 125,000
Subtotal., . « ¢« ¢ « ¢ ¢ s ¢ e o 0 s e . . . $1,262,500

Indirect Costs

Engineering Design (18%) $227,250
Field Erection (50%) 631,250
Ouwner's Cost (5%) 63,125
Contingency (25%) 315,625
Interest During Construction (30%) 378,750

Subtotal. ® ® o & e 6 o * ¢ ¢ e &+ o e s o s @ $1 ,616,000

TOTAL o v o o o o o o o o a o s o o« s o o« « $2,878,500

VI Sizing of Iodine Decay Beds

Elemental iodine is removed from contamihated atmosphere in activated
carbon beds by adsorption. In flowing air stream a concentration band is formed
in the inlet side of the adsorber from 0 iodine concentration to the inlet
concentration. Once this concentration band is formed it moves along the depth
of the adsorbent bed at a constant rate.

A similar concentration gradient is formed when methyl iodide is decon-

taminated by isotope exchange. Both processes are controlled by bulk diffusion,
i.e. intergrain diffusion in laminar flow systems, while the rate controlling
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step becomes a much faster pore diffusion in turbulent flow systems. The reason
for this phenomenon is that in turbulent flow, the movement of an iodine or methyl
iodide molecule to the surface of the carbon grain becomes much faster.

When adsorption of a radioactive molscule takes place the above described
manner of achieving equilibrium is not applicable, because as a result of the
radioactive decay the movement of the concentration gradient will not stay
constant but will decrease in rate as it moves along the adsorbent bed and
finally will become stationary. (7)

As a result of radioactive decay the mean life of a radioactive isotope is
T=1/A (1)

Denoting the radioactive atom of an adsorbing molecule as X¥* the following
will take place on the surface.

When the molecule is adsorbed, upon decay of X* a rescoil nuclei will be
ejected into the gas phase or into the body of the solid adsorbent. The adsorp-
tion site (active site) will be freed and may be used for the adsorption of a
molecule containing the undecayed X* isotope, if the fragments of the original
molecule and the daughter isotope do not interfere. (Although the possibility
of new active site generation,i.e. extsnded surface or porosity by the radiation
and the recoil atoms is indicated, its effects are not discussed hers.)

The process is somewhat simplified when the decay product is only weakly
adsorbed. Such is the case during the adsorption of halogen isotopes either in
the form of Hal™ or (Hal), or more specifically I~ or I;. The decay products
Kr, Xe and other noble gases are not chemisorbed at all and are only weakly
adsorbed by Van der Waals forces. Therefore it can be assumed that one adsorp-
tion site is freed-up on sach iodine isotope decay.

In theory, if only radioactive isotopes are present,the possibility of the
"perpetual" operation of the adsorbent bed exists with complete adsorption of the
continuously introduced iodine upon sites continuously freed up by radioactive
decay of the adsorbed iodine and subsequent release of the daughter product
into the gas phase.

At zero time the surface of the adsorbent is completely free from radiocactive
iodine. At time t=0, beginning from the inlst section x5 = O,the
iodine containing gas stream is passed through at a concentration of C, and a gas
velocity of v. The superficial gas velocity is always much greater than the rate
of movement of the concentration band (or adsorption wave front), therefore the
iodine concentration will sharply (exponentially) decrease along the length of
the adsorbent bed. Thus, initially, the radioactive iodine content of the first
portions of the emerging gas stream will be negligibly low even for relatively
short adsorbent depths. This initial condition is shown on Figure No. 2.

If the introduction of the iodine containing gas stream is maintained,the
inlet section of the adsorbent bed is gradually filled with iodine resulting in
the formation of the adsorption wave front; behind this front the adsorbent is
at equilibrium with the inlet iodine concentration and in front of it there is
a sharp fall to zero concentration. As the front moves forward, because of
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partial freeing of the adsorbent surface as a result of decay inte a weakly
adsorbed molecule, the rate of movement of the front (in contrast to its move-
ment in case of non-radioactive molecules) will continuously be slower until it
stops completely at some depth of the adsorbent bed designated L.

The value for L depends on A, the geometry of the adsorbent bed, the gas
flow rate v, the capacity of the adsorbent for iodine, the tempseraturs of the
system, the relative humidity of the system, the inlet concentration Cos and the
form of the iodine species present. When the wave front has reached this
section L along the adsorber a steady state system is achieved.

In the following only initial and limiting case equations are shown as a
rough guide for the practical application of this design method.

By setting C(x,t) to denote the concentration of the radicactive gas per
unit volume of the adsorber charge at a given time t and at a given distance x
from the inlet of the adsorber. The corresponding concentration of the radio-
active gas adsorbed per unit volume of the adsorbent is denoted by A(x,t). The
maximum amount of the radioactive gas component adsorbed (at equilibrium) per
unit volume of the adsorbent is denoted by N,. The balance equation in the gas
phase will be:

g% -0 & ke(e) (N,-R) (2)

and in the adsorbed phase:

24
at

where KF(C) (Ng-A) characterizes the adsorption rate, i.s. the quantity of
radioactive gas adsorbed per unit time per unit volume of adsorbent on the
available free sites Ng-A.

= KF(C) (Ng-A) - A A (3)

The value of A A denotes the rate of decay of the adsorbed iodine per unit
time per unit volume of adsorbent.

At low concentration the concentration dependence f(C) can be described by
the Langmuir equation:

f(c) =__ & (4)
C+ bo

In general b0 is very much smaller than the inlet concentration Cy. Such
function corresponds to a low dependence of the adsorption rate on the spacs
concentration almost up to complete adsorption of the starting radicactive gas.

The value K characterizes the adsorption rate and is the reciprocal of ths
time required for the adsorption of the iodine by the adsorbent. Both experi-
mental data and theoretical svaluations show that K increases in turbulent flow
for the earlier describsd reasons.

At the initial moment t=0

C(x,0) and A(x,0) =0 ' (5)
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and in the inlet section at x=0
c(0,t) = const. = Cg (6)

The initial stage of the adsorption up to the formation of the stable
adsorption wave is characterized by the concentration distribution illustrated
in Figure No. 2. The distance 1 over which the concentration falls by a factor
of two is given approximately by

u

== (7)

While the ratio of the outlet concentration Cf to the initial concentration
Co is
Cf X Kx

—— - —) -

t, - exp(- =37) = exp( =) (8)

where x is the full length of the adsorber bed.

This ratio is established after a short time:

T u (9)

which is required for the passage of a portion of the gas through the apparatus
and then will increase slouly.

As a result of the high rate of adsorption, particularly in turbulent flow,
the length of the adsorption wave front will be very much less than the depth of
the adsorber, therefore Cf will be orders of magnitude lower than Cj.

In the next stage of the adsorption process as the adsorption wave front is
sstablished, the concentration distribution of the radioactive iodine in the
gas phase and on the adsorbent is shown on Figure No. 3.

Balance equations can best be used to determine the wave front velocity u.

The amount of the radioactive iodine entering in time dt per unit section
of the adsorber equals uC_dt. The front of the adsorption wave moves by udt in
the same length of time; %he amount of iodine adsorbed per unit section of the

adsorber equals approximately vNodt because the maximum adsorption capacity Am
is close to Ng.

However in the same length of time, of the adsorbed radioactive iodine =2
NgoX (per unit section of the adsorber) a Adt fraction will decay. The total
amount of radiocactive iodine decaying equals Noxldt.

Becauss of the law of conservation of matter:

UC, = WNg + NgxA (10)
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Considering that

dx
V=3t (1)

and integrating Eq (10):
V= v, exp (- At) (12)

where the initial velocity of the front u, at x = 0 is
v =u"ﬁ— XK u (13)

)
(=}

From equation (12) it follows that the motion of the front will practically
cease after a time:

PO

which is approximately three times the half life of the radioactive iodins.

The length of the adsorption wave front can also be calculated by

L, e 2o (18)
a A ANO

from equation (10) when v=0.

When the movement of the adsorption wave front ceases some final concentra-
tion distribution is established in the adsorbent bed as illustrated on Figure No.
4, ,
In ths part from the inlet section to x=L_, the adsorbent is at equilibrium
while the concentration in the gas phase drops to a value of:

Cq = by (16)

Beyond this layer there is a sharp exponential fall in the concentration
C and A according to equation (8). Thus the final outlet concentration is
approximated by

Ce (x-L,)
L moe [- r] o

Therefore near complete decay of the radioactive iodine can bs achieved in
approximately twice the length of the adsorption wave front:

x = 2L (18)
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Expressed on a volumetric basis, Va = SL_ is used to denote the value of
the adsorbent containing the adsorption wave ?ront and V = 5x will be the

adsorbent volume. From equation (15):

v, = %o (19)
W

and from equation (18):
V= 2y, (20)

Therefore the quantity of required adsorbent can be calculated to permit
decay of the iodine without breakthrough.

In case of isotope exchange the number of active sites (when excess iodine
is deposited on the surface, which is the case above 2% I, present) is approxi-
mately the same as the sites available for adsorption.

All estimates should account for poisoning of the bed by adsorption of
non-icdine species on the adsorbent surface. Experimental data indicates that
poisoning takes place only in a narrow inlet section of the adsorber; thus the
correction should be additive and not factored into the sizing calculation.

Symbols
A = quantity of radioactive gas adsorbed at concentration C.
b = constant in Langmuir equation.
€ = concentration of radioactive gas.
1 = 1length of bed in which the concentration falls by a factor of two.
L = length of the adsorption wave.
N = quantity of radicactive gas adsorbed by unit volume of adsorbent.
s = cross section of the adsorber.
t = time.
u = velocity of the adsorption wave front.
v = supsrficial gas velocity.
V = volume of the adsorbent.
X = length along the adsorbent.
X¥ = denotes decaying isotope.
A = decay constant.
T = mean lifetime of decaying isotops.

a = properties of adsorption wave front.
f = final.

m = maximum.

o = initial.
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Figure 2
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DISCUSSION

COLLARD: Did you evaluate the dimensions of a delay bed for
jodine when the charcoal used is an unimpregnated one?

KOVACH: We have postulated a case where the quantity of
adsorbent 1n the system 1is lncreased to the polnt where it would com-
pletely delay even xenons, 1if not the kryptons, in the system. Cost
can determine whether it 1s better to use a very large external sys-
tem or to pump back about a third of the total flow into the contain-
ment. On a cost basis, it looks much more economical to pump it back
and allow the noble gases to decay, at least for a certain length of
time, in the contalnment before venting to the outside.

FORSBERG: Is it correct to assume that this system could be
designed so no electric power would be required for operation?

KOVACH: Electric power would be required only if you are

returning the gas. If not, you don't need air motive power because
the contalnment 1s pressurized. Total pressure drop for the system
can be calcualted. It 1s about 3 psi.

LORENZ: Mention was made of very deep and, I presume, large
charcoal beds. For those of you who aren't familiar with the possi-
bilities of combustion of charcoal, a word of caution. As the size of
charcoal beds 1ncreases the chance of spontaneous combustion also in-
creases. The probabllity of spontaneous combustion depends upon the
reactlvity of the charcoal, the air supply rate, and the temperature

of the bed (whether elevated by decay heat or some other means). I
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refer you to a brief discussion in the 13th AEC Air Cleaning Confer-
ence paper entitled "Behavior of Highly Radioactive Iodine on Charcoal"
by Lorenz, Martin, and Nagao.

KOVACH: You are correct. In the paper, we were discussing
the use of inorganic non-carbon adsorbents to pick up most of the
iodines and the use of mixed media for an adsorption system.

MILLER: Is the purpose of this system to more quickly ac-
celerate the depressurization of the containment or to allow a higher
containment leakage rate?

KOVACH: Either/or. This proces$s permits you to vent under
control and to depressurize the containment more than you otherwise
could.

MILLER: Is it your intention to modify or replace the exist-
ing iodine safety systems in primary containment such as the spray sys-
tems?

KOVACH: We have not looked at eliminating sprays and using
this type of an approach as a tradeoff.

MILLER: Is it logical to assume that you could not release
the vented gases directly to the environment because of the noble gas
dose?

KOVACH: Not necessarily. A dose evaluation is required for
this type of safety approach. The main thing we wanted to be sure of
was that all particulates and iodine, plus everything else that's
volatile, except noble gases, is removed as close to 100 per cent effi-
ciency when the contaminant is depressurized. After initial recircu-
lation for a period, the system can be operated in the vent mode.

DIETZ: What are some approximate dimensions and quantity
requirements of adsorbent for the proposed system?

KOVACH: Approximately 10,000 1lbs (on carbon basis) for the
postulated design case.
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Gibbs & Hill, Inc.
Engineers, Designers, Constructors
New York, New York

Abstract

The Gibbs & Hill, Inc. (G&HI) approach to standardization of the
air cleanup systems serving the controlled access areas in pressur-
jzed water reactor (PWR) powerplants was developed in the course of
designing a succession of powerplants including Fort Calhoun Unit 1,
Angra Unit 1, C.N. Almaraz Units 1 and 2, Comanche Peak Units 1 and 2,
Fort Calhoun Station Unit 2 and the G&H standard plant.

The G&HI designs emphasized operability, maintainability,
quality, testability, redundancy, constructability, and operation
convenience at minimum cost. The later designs have been strongly
influenced by Nuclear Regulatory Commission (NRC) Regulatory
Guide 1.52, (1). All designs have, to some extent, been influenced
by conditions related to the geographical locations of the stations.

The relationship and interplay of these factors is illustrated
by discussions of the Comanche Peak Units 1 and 2, Fort Calhoun
Station Unit 2, and the G&HI standard plant designs.

The features covered by this discussion are:

1. Physical and general arrangements (GA)

2. Modular design

3. Effects on total system design

4. Interrelationship with engineered safety features (ESF)
5. Compliance with NRC Regulatory Guide 1.52
6. Methods of energy conservation

7. Maintainability of the filter trains

8. Testability

9. Reliability of filter train systems

10. Economics of the design

11. Manufacturing and shipping processes

The standard plant, has to some extent, complicated the system
design by requiring a design that can be built on a variety of sites.
The design innovations to standardize the air-filtration system
necessitated by this requirement are discussed in this paper.
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Introduction

Historically, the ventilation system was a stepchild in the
design of nuclear powerplants, mainly because the average design
engineer did not have a full appreciation of the physical size of the
air cleanup components and thus allocated insufficient floor space
for this equipment. This led to designing air cleanup trains
customized to fit into available spaces which resulted in adequate
but less than desirable ventilation system designs. GHI was no
exception in this matter as shown in Wash-1234 (2). Visits by the
authors to powerplants under construction, air cleanup system vendor
facilities, as well as the publication of Wash-1234 and NRC
Regulatory Guide 1.52 convinced G&HI that a better approach to an air
cleanup system design was needed. Four steps were taken to achieve
a better design:

1. The Heating, Ventilating, and Air Conditioning (HVAC)
engineer made certain that sufficient space for all the ventilation
equipment had been allocated during the initial phases of the GA
layout.

2. Centralization of the air cleanup units and other ventila-
tion equipment, while maintaining separation criteria, was pursued.

3. An economic study was performed to determine if capital and
operating cost of refrigeration equipment would be offset by savings
in filter costs, smaller ducts, and smaller equipment sizes for sites
where the available cooling water temperature was above 70 F.

4., After discussions with vendors, an economic study was per-
formed to determine if several .smaller identical air cleanup units,
completely shop-manufactured and shipped intact to the jobsite, would
be less expensive than larger custom built units, which were shop-
assembled, then dismantled, and finally field-reassembled.

From the results of the studies and a judicious allocation of
equipment space and location, G&HI arrived at a standard design, based
upon use of modular air cleanup units, which we believe is unique to
the power industry. The design can be applied to any size nuclear
powerplants by either adding or subtracting modules.

This paper presents the standardization of the air cleanup
system and giyes a brief discussion of the application of the design
to the system design on the Comanche Peak, Fort Calhoun Station
Unit 2 and the G&HI standard nuclear powerplant, Topics include the
system designs, mode of operations, maintenance and testing,
economics, and the impact on the design by the NRC regulatory guides
and standards, and similiar regulations.

General System Description

Air cleanup units are necessary to minimize the radiocactive
gaseous and particulate effluents released to the environs during
normal operation (3), to remove fission products in a postaccident
environment, and to protect plant operators from the accidental
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release of radioactive gases (4). The ventilation systems requiring
the use of air cleanup units include the controlled access area
ventilation (CAAV), control room HVAC, hydrogen purge, and contain-
ment preaccess filtration.

The CAAV system encompasses the ventilation of the controlled
access sections of the auxiliary building, safeguards areas, and the
fuel-handling building, all known as the nuclear island. The system
also provides for containment purging and ventilation during reactor
shutdown.

The CAAV system uses a modular design arrangement for both the
supply and exhaust. The supply is comprised of several 30,000-scfm
air-filtration cooling and heating modules and the exhaust is
comprised of several 15,000-scfm air cleanup modules. The supply
modules, six for a single 1130-MW reactor plant such as Fort Calhoun
Station Unit 2, (see Figure 1) eight for a two unit plant such as
Comanche Peak (see Figure 2), are connected in parallel to a common
air intake plenum. Outside air is drawn in through a missile- and
tornado-protected seismic Category I intake by the supply units and
discharged into a common distribution plenum. A main supply header
is attached to this plenum for the auxiliary building (controlled
access portions), the safeguards building, the fuel-handling building,
and for containment purging. The quantity of modules is a function
of plant physical size, not of plant geographical location, since the
entering air is cooled to a predetermined temperature.

The exhaust modules, 12 in the case of Fort Calhoun Station
Unit 2, (see Figure 1), 16 for Comanche Peak (see Figure 2), are
connected in parallel to the plant vent stack plenum. Each exhaust
module is also connected to a common suction plenum which contains
branches for the auxiliary building, safeguards building, fuel-
handling building, containment, and the condenser vacuum pump
discharge. Two of the exhaust modules are classified as ESF and are
maintained on a standby mode. Dampers in the common suction plenum
of the exhaust allow the fuel-hanlding building exhaust to be routed
through the ESF modules during refueling periods. The exhaust
modules are separated into two equipment rooms which are located on
different elevations, thus enabling separation of redundant modules.
(see Figures 3 and 4).

The control room HVAC system is designed to insure that the
habitability of the control room is maintained during all operational
transients and following design basis accidents (DBA). The air
cleanup equipment of the system consist of the emergency filtration
and the emergency pressurization modules.

The system is provided with ductwork which supplies approxi-
mately five percent fresh makeup air from a missile-protected air
intake and 95 percent of recirculation air from the conditioned space
(see Figure 5). The system is provided with dampers which also allow
the system to operate on 100 percent recirculation air (see Figure 6).
The emergency filtration module, which is sized at 4000-scfm for a
single-unit control room and at 8000-scfm for a double-unit control
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room, consists of a fan and air cleanup unit; it draws a portion of
the recirculation air from the return air ductwork and discharges
this air to the suction side of the air-conditioning units. The
capacity of the emergency filtration module is sufficient to filter
the control room volume once every hour.

The emergency pressurization module, which consists of a fan
and an air cleanup unit with a capacity of 1000 scfm, draws outside
air in through the missile-protected intake and discharges it to the
suction of the emergency filtration module. The quantity of air
handled by the emergency pressurization module is sufficient to
maintain the control room at a slight overpressure (.25 inches wg).

The emergency filtration and the emergency pressurization
modules are provided with 100-percent standby capacity. The
redundant components are physically separated, assigned to two
separate and independent trains with only common supply and return
ductwork.

The hydrogen purge system is designed to maintain the concen-
tration of hydrogen within the containment below three-percent by
volume following a LOCA. The purge system is provided with supply
and exhaust modules. The supply module, consisting of a prefilter
and supply blower, draws 1000 scfm of outside air in through a
missile-protected seismic Category I intake and discharges into a
supply header. The supply header routes the purge air into the con-
tainment distribution ductwork through a single penetration.

The exhaust module, also consisting of a fan and an air cleanup
unit with a capacity of 1000 scfm, draws the containment atmosphere
through a single penetration through a suction header. The contain-
ment atmosphere is routed to the plant vent stack through the exhaust
module discharge header.

The hydrogen purge supply and exhaust modules are provided with
full redundancy. The redundant modules are physically separated from
each other by being located on different elevations of the auxiliary
building, each having connections to the common purge supply and
exhaust headers.

Additional connections on the hydrogen purge supply header and
hydrogen purge exhaust header are provided in the case of the
Comanche Peak Station. This enables the system to purge either one
of the containments, fulfilling the protection requirements for both
units with a single system.

The containment preaccess filtration system is designed to
reduce the concentrations of radioactive particulate and gaseous
iodine to permit limited personnel access to the containment during
a hot standby or shutdown without containment purging.

The preaccess filtration modules, consisting of a fan and air
cleanup units draws air from the lower levels of the containment and
the discharge is routed through ductwork to the operating level.

T™wo 50-percent modules are used, each sized for 15000 scfm and
located on the intermediate levels of the containment.
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The design is based on the use of two supply module sizes,
i.e., 1000 scfm and 30,000 scfm, and three air cleanup module sizes
of 1000 scfm, 4000 or 8000 scfm, and 15,000 scfm.

Module Description

The air cleanup units design incorporated the guidelines of
NRC Regulatory Guide 1.52 and the recommendations of ORNL-NSIC 65 (5).
Specific problems in previously designed air cleanup units as shown
in Wash-1234 were also considered. Particular attention was paid to
adequate lighting and service space (both inside and outside of the
unit) to facilitate maintenance and testing (see Figure 7). Prime
consideration was given to the shortening of maintenance time thus
reducing cost and exposure to the personnel.

The normal exhaust air cleanup units and fans are designed for
normal operation only. These units are used in the containment pre-
access filtration and CAAV systems. The components comprising the
air cleanup units are as follows in sequential order: prefilter,
HEPA filter, adsorber, and HEPA filters. Moisture separators and
electric heaters are not used since the relative humidity does not
exceed 70 percent, as shown on Figure 8. The fans are direct-drive
single-inlet centrifugals. Centrifugal fans are required since the
systems resistance approaches 15 inches wg with dirty filters. The
direct-drive limits the amount of maintenance required for each fan.
Adjustable inlet vanes are provided for each fan to maintain the
design flow requirements over the range of system resistance.

ESF air cleanup units are used in the hydrogen purge exhaust,
control room pressurization, control room recirculation and the
controlled access emergency exhaust. The components comprising the
ESF air cleanup units are in sequential order as follows: moisture
separators, electric heater, prefilter, HEPA filter, adsorber, and
HEPA filters. The controlled access emergency exhaust units are the
only exception to this in that prefilters are not used.

Moisture separators, although inefficient when compared to
prefilters used within the air cleanup modules, are used in lieu of
prefilters in the CAAV ESF air cleanup modules.

The reduction in the life of the HEPA filter resulting in the
use of the moisture separator is considered justified for two reasons.
First, the function of the filtration units, using the moisture
separator section is to act as a redundant standby to those air
cleanup modules which operate normally and to operate only during
refueling and in the event of an accident condition. Secondly, to
maintain the same standard size of the other modular filtration units,
the prefilter has been replaced by the moisture separators. It was
felt that the disadvantage in shortening the HEPA life was far out-
weighed by the savings realized in maintaining the same basic housing
size.

The same direct-drive single-inlet centrifugal fans are used as

in the normal modules. Adjustable inlet vanes are provided for each
fan to maintain the design flow required.
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Component Description

Moisture separators are provided in the air cleanup units and
function in an adverse environment of moisture-laden air. The
moisture separators are designed to remove an entrained water and
steam mixture from the air entering the air cleanup modules. The
removal of the water and steam mixture protects the prefilters, HEPA
filters, and adsorbers from water damage and plugging. The moisture
separator section of the air cleanup module is built up from a
number of cartridges each capable of handling approximately 1500 scfm,
and each consisting of stainless steel baffles and a stainless steel
fiberglass mesh. The addition of the fiberglass enables the moisture
separator to act as a medium efficiency filter. To reduce the
potential of fire, the moisture separators are rated UL Class I (6).

Electric heaters are provided downstream of the moisture
separator section. These heaters are designed to heat the passing
airstream and reduce the relative humidity to below 70 percent, thus
allowing the filters and adsorber to maintain their design efficiency.
The electric heater casings are of stainless steel construction. The
elements are the extended-fin type with chromized steel enclosing
the resistance heating wire.

The prefilters are the first set of particulate filters located
in the normal air cleanup unit. Prefilters remove the larger
particulates thus extending the life of the more efficient and
expensive HEPA filters located downstream by preventing premature
loading. The prefilter section consists of a number of filter
cartridges each capable of handling approximately 1200 scfm at one-
inch wg. Prefilters are constructed of fiberglass media with a
chromized steel casing. In order to reduce the potential of fire,
the filters are rated UL Class I.

The second set of particulate filters located in the air
cleanup modules are HEPA filters. The HEPA filters are designed to
remove fine particulate from the exhaust air which may be radioactive.
The third set of particulate filters are also HEPA filters. This
HEPA filter section is located downstream of the charcoal adsorber
and is provided for removal of potentially radioactive carbon
particules released from the adsorber bed. Each HEPA filter section
is comprised of a number of filter cartridges each capable of handling
approximately 1500 scfm of air. The HEPA filters are of the
separatorless design, constructed of a fiberglass media with a
stainless steel casing. In order to reduce the potential of fire,
the HEPA filters are designed to satisfy the requirements of
UL-586 (7).

The adsorber section is located downstream of the first HEPA
filter section. The adsorbent removes radioactive gaseous iodine
(either elemental iodine or organic iodines) from the exhaust air.
The adsorbent material is activated, impregnated charcoal. This
material is contained in vertically oriented bed modules fabricated
from stainless steel. The face of each module is either a perforated
stainless steel sheet or mesh. The adsorber section is capable of
handling 1000, 4000 or 8000, and 15000 scfm, with a resulting face
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velocity enabling a 0.25-~second (per 2-inches of adsorbent material)
residence time of the exhaust air within the adsorhent. The design
of the adsorbent section allows for gravity feeding of the adsorbent
through the top of the adsorber section and withdrawing of the

adsorbent through drain piping located at the bottom of each bed.

Mode of Operation

The air cleanup modules, modes of operation are tabulated in
Table 2. During normal plant operation for Comanche Peak, Fort
Calhoun Station Unit 2 and the G&HI standard plants four of
the CAAV air cleanup modules, the hydrogen purge air cleanup modules,
and the control room emergency air cleanup modules do not operate.

As indicated in Table 1, during startup and normal operation,
four supply and eight exhaust modules operate continuously, while the
remaining CAAV modules are on standby. Following plant shutdown,
one additional supply and two additional normal exhaust modules are
required to function for containment purging. During the refueling
mode, the operation of two exhaust modules are terminated and left
on standby since the fuel-handling building exhaust filtration is
accomplished by using the two emergency exhaust modules.

During startup, normal operation, and shutdown, the CAAV
emergency exhaust and standby modules do not normally operate.
However, periodic testing and inspection may be performed. The tests
and inspections will include sequencing of dampers, unit flow tests,
heater capacity tests, filter and adsorber penetration tests,
adsorber efficiency tests, filter resistance tests, and visual
inspection of the module.

The emergency exhaust modules are operated during refueling
mode, serving as the fuel-handling building ventilation exhaust.
In the event of a fuel-handling accident at least one exhaust module
is capable of maintaining the fuel-handling building at a slight
negative pressure thereby limiting the potential offsite release of
radicactive iodine and other radioactive particulates, to the
environs in accordance with 10 CFR part 50, Appendix I. The normal
ventilation system is not required to operate in the event of a LOCA.
In the event of a LOCA, at least one emergency exhaust unit is
manually operated to maintain the controlled access areas at slight
negative pressure with respect to the uncontrolled access areas and
the outside.

During the winter months, botn energy and filter usage are
conserved by terminating the operation of several modules, thus
reducing the flow through the CAAV system. Sufficient number of
two-position volume dampers and flow indicating meters are located
in the system to allow two system balance points, summer and winter,
and still allow sufficient ventilation airflow within areas of
potential radioactive leakage.

The parallel operation of 8 to 12 exhaust modules requires
constant surveillance of the flow to ascertain that the modules are
paralleling. This is accomplished by using flow straighteners and
multi oitot-tube monitors in the inlet of each module with either
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direct or remote readout so that an operator can adjust the fan inlet
vanes to maintain the flow constant as the filter resistance increases
because of dust loadings.

The hydrogen purge system air cleanup modules and the control
room air cleanup modules are only used following a DBA. These modules
all have l00-percent redundancy. The hydrogen purge system is only
operated in case the containment hydrogen recombiners fail.

Maintainability, Testing, and Reliability

It should now be evident that we are dealing-basically with
only three different size air cleanup modules, all designed in the

same manner, which is, from a maintenance point of view, a desirable
arrangement. All modules in the nuclear island are identical to the
containment modules which means the same maintenance procedure can be
used for all. The hydrogen purge modules are identical to the
emergency pressurization modules which are essentially smaller
versions of the other air cleanup modules using the same components.

The air cleanup modules use cartridge-type prefilter sections
with rated efficiencies of 85 percent according to the NBS dust spot
method of testing. A high-efficiency prefilter is used to extend the
life of the HEPA filters which decreases the frequency of filter
replacement. Prefilters specified for the air cleanup system have an
initial air resistance of 0.35 inches wg and are replaced when the
final air resistance reaches 1 inch wg. High-efficiency prefilters
of the automatic-roll type are also used in conjunction with the
supply air handling units to maintain relatively clean areas through-
out the power station.

Separatorless high-efficiency (99.9 percent at 0.3 micrometer
as in reference (1)) particulate air HEPA filters have been used to
extend the filter replacement frequency, thus reducing maintenance
cost and radiation exposure to personnel. The apparent lower
initial air resistance and larger dust-holding capacity of separator-
less-type HEPA filters coupled with operating these filters to a
final air resistance of 3.5 to 4.0 inches wg, extends the life of
the filters and reduces the frequency of the maintenance cycle.

In specifying the charcoal adsorber section of the filtration
unit, maintainability was an important consideration. The gasket-
less adsorber section using vertically oriented charcoal beds and
horizontal airflow with a remote means of filling and emptying the
charcoal bed was chosen. This method eliminated the need for
maintenance personnel to come in direct contact with the contaminated
carbon, reduced personnel exposures during adsorber replacement, and
eliminated servicing gaskets to ascertain zero bypass leakage.

Air cleanup filter housings have been designed and specified in
order to conform to be accessibility guidelines described in NRC
Regulatory Guide 1.52 and ORNL-NSIC-65. This facilitates replacement
of filters and minimizes the radiation exposure to maintenance
personnel in accordance with Regulatory Guide 8.8. The units have
been provided with adequately sized access doors, sufficient lighting,
5 feet of separation between filter frames and a maximum filter bank
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height of six feet (three 24 inch by 24 inch filters high).

The air cleanup modules are furnished with test ports located
in accessible locations on the side of each filter housing, together
with portable injection and sampling grids for DOP and Freon, in
order to facilitate test procedures when performing in-place testing
of the HEPA filters and charcoal adsorbers. Sample adsorber can-
nisters and local pressure gauges which monitor filter resistance are
provided to maintain surveillance on each of the air cleanup modules.
Permanently installed flow meters are also provided to maintain
surveillance and avoid time-consuming pitot tube traversing. The
test procedures and the testability requirements are in accordance
with ANSI N10l1l.1, ANSI N509, ANSI N510, and the guidelines included
in NRC Regulatory Guide 1.52 and ORNL-NSIC-65.

All air cleanup modules which are designated ESF remain on
standby during the normal plant mode of operation. The ESF units
will operate only 10 hours a month in accordance with NRC Regulatory
Guide 1.52. Therefore, it is anticipated that the proposed require-
ment of testing ESF atmospheric cleanup systems after 720 hours of
operation will not be attained during a year of reactor operation.
However, an annual test of the air cleanup modules is conducted for
both the ESF and normal modules.

The feature of using only three sizes of modules allows for
interchangeability of parts, enabling efficient and fast replacement
of any part while a standby module is operating thus allowing overall
system reliability of the highest order.

Economics

As shown earlier, there is a definite requirement to determine
what the minimum temperature increase in the plant must be in order
to maintain the relative humidity below 70 percent. With a
maximum temperature of 104 F imposed by electrical equipment, this
increase is minimum 11 F if saturated air is assumed to be entering
the plant. A study determined that the use of refrigeration equip-
ment to increase the temperature difference would be economically
favorable since increased AT resulted in lower flow rates and hence
smaller filter trains, ducts, fans and so on. The lower limit in
reducing the airflow is the quantity of air required to maintain the
airborre radioactivity levels below 10 CFR Part 20 maximum permissible
concentrations (MPC). The Comanche Peak Station, the Fort Calhoun
Station Unit 2:and the G&HI standard plant have been designed with a
specific inlet air temperature. Comanche Peak and Fort Calhoun
Unit 2 use chillers while the standard plant may use chillers or
evaporative coolers depending upon the particular site requirements,
the cooling water temperatures, and the availability of makeup water.

The modular system allows for energy conservation. By
designing the system with two or more system air balancing points,
i.e., for seasonal operation, the plant airflow can be reduced to
cool operating equipment during the winter months by shutting down
several air cleanup and supply modules and by balancing the system
so that the 10 CFR Part 20 MPC requirements are met.
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The modular design allows for much lower capital cost of the
air cleanup trains since the engineering cost is minimal. Jigs can
be used in the manufacturing process resulting in an assembly-line
type arrangement.

G8#I has estimated, based on munufacturing techniques, shipping
and field erection costs, that this design results in capital cost
savings of approximately 20 percent over the customized design.

The Comanche Peak station uses four different air cleanup
module sizes. The original design called for only three sizes but
redesign of the layout in the containment deprived us of sufficient
space to maintain the size desired, therefore, the containment
preaccess filtration system had to be redesigned to fit into the
available space. This particular problem was corrected in the
Fort Calhoun and the standard plant stations.

The size of 15,000-scfm nominal was selected as the module
size for the nuclear island in all three plants primarily because
this size is readily shipped by truck without specific permission and
routing. A 15,000-scfm air cleanup train that can be completely
assembled and tested in the manufacturing plant and then shipped
intact to the josite, eliminating costly field assembly, lends itself
to a minimum cost system of highest reliability and maintainability.

Cost analysis showed that in the long run the gasketless air
cleanup systems were less expensive and easier to maintain than the
tray type. This may not be the case for the smaller systems.
However, the G&HI position is that mixing of the two types of systems
defeats the purpose of standardization; therefore, the tray types are
not considered for the applicationsdiscussed.

In addition, the cost analysis performed to justify the use of
refrigeration equipment proved that approximately $1,000,000 could be
saved in filter replacement cost over 40 years for the Comanche Peak
Station, due to the lesser air quantities required.

Summary

In summary, the G&HI air cleanup design can be applied to any
size nuclear powerplant by either adding or subtracting modules.
This fulfills the intended air cleanup function and also is the most
economical approach from both the capital investment and the opera-
ting and maintenance cost points of view.

770




14th ERDA AIR CLEANING CONFERENCE

oXe

s389ovIq JINOYJITM SId9 MN

- (e, s

- ]

N

ATuo butjeaado T ITUkx

-juerd pIepuels IHID oYy3 pue gz ITuN unoyfed 3Iod

(e1] ot [er] 8 [er] 8

[97 s [9] v [91 v

[oT] &
**mng v

*Z pue T S3TUn YRad SYOURWO) IOF muwﬁ”u §39)0eIq UT SI9qUNNy

butband usu
-utejuoo sepnioul (1)

WOV uoT3lezTans
Z -saxd Xousbiaswg

WOV uoT3RInd
Z ~-IT02x KAousbaswg

wooy TOoI3uod
(4 WOV 3sneyxd
z a1npou At1ddng
abang usboapiH

z Z oTnpow 3sneyxs JISd

UOT3IRTTIUSA Adusbisudg

[v1] o1 WOV 3sneyxd

ﬂwm 9 oInpow A1ddnsg

UOTIBTTIUSA TBPWIAON

Y001

I9M0d buttanyg
9318330 -2y
Jo sso1

(1) umop umopanys
-3nys TewixoN butmoliod
Jueld dniaeas

dnjae3ls
TeT3Tul

paTTe3IsSuI
s3TUN AVYD
Jaqumpy

8AT3eI9d0 SOTNPOW JO Ioqumy

T JTdYL

NOILVYEd0O AAOW (WOV) FTNAOW dANVITD ¥IV

771




14th ERDA AIR CLEANING CONFERENCE

References:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

U.S. Nuclear Regulatory Commission
Regulatory Guides (RG)

a) RG 1.52, Design Testing, and Maintenance
Criteria for Atmosphere Cleanup System Air
Filtration and Adsorption Units of Light-
Water-Cooled Nuclear Powerplants, 1973

b) RG -8.8, Information Relevant :to Maintaining
Occupational Radiation Exposure As Low As is
Reasonably Achievable, 1975

U.S. Nuclear Regulatory Commission
Wash-1234, Engineered Safety Features

Air Cleaning Systems for Commercial
Ligh-Water-Cooled Nuclear Powerplants, 1974

Code of Federal Regulations, 10CFR20, Agpendix B,
Concentration in Air and Water Above Natural

Background
Code of Federal Regulations, 10CFR50,

a) Appendix A, General Design Criteria
for Nuclear Powerplants

b) Appendix I, Numerical Guides for
Design Objectives and Limiting Conditions
for Operation to Meet the Criterion "As
Low As Practicable" for Radioactive
Material in Light-Water-Cooled Nuclear
Power Reactor Effluents

Energy Research and Development Administration
ORNL-NSIC-65, Design, Construction and Testing
of High-Efficiency Air Filtration Systems for
Nuclear Application, 1970

Underwriters' Laboratories, Inc. (UL)-900
Safety Standard for Air Filter Units, 1971

Underwriters' Laboratories, Inc. (UL)-586

Safety Standard for High-Efficiency Air Filter
Units, 1971

772




(8)

14th ERDA AIR CLEANING CONFERENCE

American National Standards

a)

b)

c)

N10l1.l1, Efficiency Testing of Air
Cleaning Systems Containing Devices
for Removal of Particles, 1972

N509, Draft Standard for Nuclear
Powerplant Air Cleaning Units and
Components, 1975

N510, Standard for Testing of Nuclear
Air Cleaning Systems, 1975

773




14th ERDA AIR CLEANING CONFERENCE

uun ojbuis uoneuap
Bdly SS83J%y pojjonjuo) | ainbi4

A9 JMO]
INPOy 1sneyx3

i

WOV

sadwep

Ao[3 Joddn
S9INPO isneyx]

A3 JemoT
SAINPOW Atddng

913 Joddn
anpoy Addng

ooy

uaeyig

TT4




14th ERDA AIR CLEANING CONFERENCE

3

16 Air Cleanup Modules

Primary Plant Ventilation Exhaust

TEIS JUSA

J3aNd 3nd

L 39UNd 1 39und
m ANIANNIVINGD LNIWNIVINOD

F@D_. LONIQNING LONIGUNS
QUvND3I4vS QuvNDIIVS

T ONIKTING Z ONIgTing
qQuvNo3a4vs auvnoaivs

|
Z304Nnd z39uNd
-@_D_ INIWNIVANOD \ \ INanNIviNOD

-

775

Faksy . o — |
oNagung DNIQTING )
AHYTIXNY A"VITUXNY

8 Supply Modules

Primary Plant Ventilation Supply

Ventilation Two Unit

Figure 2 Controlled Access Area




14th ERDA AIR CLEANING CONFERENCE

¢ HUM uoniels unoyje) 1404
Juswabuelly [edisAyd € ainbi4

apISINO

\
<y

@m SONPOW dnuesio IV | soInNpoy AIddns N\

SeINPOW Addng

SOINPOW dnuest) Iy

/

776




14th ERDA AIR CLEANING CONFERENCE

2 ® | SHUN Yead ayduewo)
juswabueny [edisfyd  9inbig

ainpo\ Alddng

So|nNPoW iSneyx3

i

(I

A
SIS

(]

= M- - L . ==
\ [JJ

C_]
L1

B il i

il

-

777




14th ERDA AIR CLEANING CONFERENCE

uoneladQ JO 9POW [BWION DVAH WOOY |0NU0) G ainbiy

xajdwion

Wwooy |0AU0D

[ ]
n
[ ]
[ ]
[ ]
[ ]
]
“ sualians
. | 1 T
: B un @ :
i L]
[ ] L) [T LT T 1]
'lllll-O’lllllllf-l
3 “ 0’ m.....,.

“ -lllllhll\lllll- Sesssssszassny
u 8 uojenNONOeY B ® uonenoosy  §
. 3 Aouebowy § 8  Aousbiowig §
“ 00 -lllllfllllll- -lllllllllllll .
assnsprnnnnaneds > "u *
“ 00 ..u ] uojesedag ] lllllll.Ollllll
. ' #] Wawdinb3 > .
“ nllllllllllllll 1lllllﬁ\llllll-
E 5 ssoil4 1 . n ssold g

Iy QMO n Aousbiaw] m \:r\ “ Aousbiawg n > ny

spsing * g * Bususngpunnnns | [T Ty —- . apisinQ

: 3 3

\ a “-‘0 ’. ’.-00 .’

“ lllIllllllllllllllﬁIlllllllllllll‘Ollllllllllllllllll-lllllloﬁlllllll

( >

g uelj Vv uiel]

778




14th ERDA AIR CLEANING CONFERENCE

uonesado jo apon

uonejnoay Asusbiowg HJVAH WooY [onuo) 9 ainbiy

co_ﬁz_cxm

-‘lllllllllllllllllllllllllllllQllllQ an xojdwo)

“ gEESEENSEEREEEEGEE QO.IIIIIIII ooy 10/U0D V

[ ] [ | 00

a a1

] [ ] ﬁ

“ “ -llllll.Qllllllll

: : 5

m m -IllHlllu A

. . m syun 3 .

: : P oV & :

. n . m 00 'llulll
L W2 lllll’ EEEEREEN

v : o ™
a
u -lllllrullll‘
: B unaosy » Hun 108y
. 8 Aousbiow3z u B Aouabiaw3
B 'lllll‘llllll +]
| 0 QIO .
5 uonesedag
mll HQQIIIIIIIIJ 1 Juewdinb3 A “
” -lllll,-\llll‘ W

P el Y B Jlun ssald N ssaid oo
1% B foudbiow3 n A AouabBlew3 ¢’ m ¢ (VO) AV
(VO) m 'lllll’llllll L “ apISIND

H |

Pl H
A N s o n /,
/ ......'............l......-.ll..-........l........l. \
N\ N m -\

g uel] Vv uesp

779




14th ERDA AIR CLEANING CONFERENCE

Hun dnues}) a1y 2 ainbiy

‘HH %0 moleg
0} a1eydsowy Buiuoou| 8oNpay 0] SSINPO

453404 papInoid JojeulllF ISIN 1R JejeaH (1)
18QIOSpY 8UIPO| SSa|1oYSEX) (dA1) ‘uuog Bunss| seaTiueIebueY 9 4OQ

=

IIIII

-

‘—_———-———\

Vd3H VdiH J8)4 Jeyieid

780




14th ERDA AIR CLEANING CONFERENCE

jue|d Buudug Jly pajeinjesg

an

1o} siseg ubisag g ainbi4

AeQ Jowwng [BULION

suiel] dnues|d mccwuﬁov N ('

‘ ¢ Unouyed 14 {3 'ﬁ

y

yesd Syouewo) &

ou

odl




14th ERDA AIR CLEANING CONFERENCE

DISCUSSION
ZEIDMAN:. Is 1t right that you were standardizing the first
packages at 15,000 CFM?
NICOLAYSEN: We are using three packages of 15,000, 4,000, and

1,000 CFM. 1In the Comanche Peak Station we are using 8,000 CFM units
for the control room since it 1s a twin unit station.

ZEIDMAN: That would be relatively small for us. Doesn't this
lead to space problems because the modules restrict flexibility in
the sense that space and equipment become "prearranged" into fixed
design modules?

NICOLAYSEN: By ascertalning that sufficient space is allocated
as soon as the general arrangement drawings are being prepared, we
have no restrictions as to space. For the Comanche Peak Station, our
two maln equlpment rooms were on the top elevation and could be ex-
panded or contracted to flt the need.

ZEIDMAN: Do you recommend using the standard units even if
you are up to a million CFM?

NICOLAYSEN: I would recommend cooling to reduce the airflow and
the use of this design. I did a study on cost benefits on cooling.

A station saved a million bucks in filter costs alone by. putting in
chillers.

KAHN: I was wondering why you tied the fan to a 15,000
CFM unit in your modular approach. It seems to me it would generate
quite a bit of interaction between the fans of a 12-unit system.

NICOLAYSEN: We looked at the pro's and con's of using fans in
parallel separate from the fllter banks. It requires additional
space to do 1t that way. Furthermore,it 1s much easier to compen-
sate for the filters becoming dirty in this manner since each module
contains an airflow monitoring device and variable inlet vanes for
the fans. Another advantage with the fans being the 15,000 CFM size
i1s that during the winter, when we do not require as much equipment
coollng, we can shut off units and reduce the airflow. However, we
must maintain sufficient airflow to stay within the M.P.C. require-
ments of 10 CFR 20. We conserve energy in this manner.

KAHN: In your engineering safety feature systems, do you
have 100% duplication?

NICOLAYSEN: One hundred % redundancy. In the control room slidey
you saw the separation. On one slde of the separation wall there was
the operational unit; on the other, a standby.

KAHN: The loss of a single component, such as the fan,
loses the total unit?

NICOLAYSEN: Yes. It loses the unit. But using only three dif-

ferent sizes of fans, you can have spares on hand and in a couple of
hours you have a new fan on the line.
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BELLAMY: My first question pertains to how you can Justify
a seismic category one, safety class three, filter housing for the
normal ventilation system modules.

NICOLAYSEN: The modules 1n the controlled access ventilation
system are all alike but for the replacement of the prefilter with a
moisture separator - electrical heater combination in the modules
designated ESF. Since the design 1s to standardize, it is Just as
easy to qualify twelve as Category I as to qualify two. Furthermore,
we originally designed all the modules such that any one could be
used to exhaust the fuel bullding during refueling, having the mols-
ture separator and heater located within this building separate from
the modules. Then you came up with the 720 hr ESF testing requirement,
that's why the two dampers went in. In addition,the system is de-
signed already and I do not seen any reason to redesign it.

BELLAMY : My second question concerns the philosophy behind
operating the engineering safety feature modules during all modes
of refueling. Why not have them on a radiation monitoring signal
to turn them on when there is sufficient radiation in the area?

NICOLAYSEN: We could. This is part of the technical operating
procedures.

BELLAMY : That is a flexlible unit.

NICOLAYSEN: According to Regulatory Guide 1.52, it is not pos-

sible to bypass. That 1s why we guard against 1t by saying, "All
right, use the ESF system during the refueling cycle."

MUNSON : I would like to inquire about the capability of
standard fans to handle the various system pressures that wlll occur
with different duct requirements in a custom designed station.

NICOLAYSEN: We designed the ducts to have approximately the

same pressure drop all the way through by balancing the pressure drops
in the system. The flow is also balanced by using alr monitors and
balancing dampers in all major trunk lines. This 1s part of good
ventilation design. You have to have thils, otherwise you can't bal-
ance air flow.
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CONTROL ROOM VENTILATION INTAKE SELECTION
FOR THE
FLOATING NUCLEAR POWER PLANT

D. H. Walker, R. N. Nassano, M. A. Capo

Offshore Power Systems
Jacksonville, Florida

Abstract

In the event of accidents on or near a nuclear plant, it is necessary to
provide sufficient protection to the plant operators in the control room to
permit them to safely shut down the plant and to maintain the plant in a safe
shutdown condition. One consideration in providing this protection is the
adequacy of the air supply to the control room, Hazards or conditions usually
considered in design of the control room air supply are release of radioactivity
from the plant as a result of an internal plant accident and release of a toxic
gas near the plant as a result of a nearby accident.

To assist in the design of ‘the control room air supply for a floating nuclear
plant, a comprehensive wind tunnel measurements program, employing scale models of
two floating nuclear power plants located within a scale model of a typical break-
water, was performed at the Colorado State University under the direction of
Offshore Power Systems. The purpose of the program was to provide data for:

1) selecting locations on the standard plant for the two alternate control room
ventilation intakes, and, 2) determining applicable dispersion factors between the
release locations and the selected intakes required for hazard analyses. This
paper describes the measurements program and the methods employed by Offshore
Power Systems in analyzing the experimental data that lead to the selection of the
intake locations and the values of X/Q for control room hazard analyses.

I. Introduction

One consideration in the overall design of the control room for a nuclear
power plant is to assure that the plant can be shut down and maintained in a safe
shutdown condition (following certain postulated accidents). Accidents involving
release of radioactivity (from the plant) or release of toxic gases (external to
the plant) are usually considered in the plant design. The criteria to be met in
t?e ev??tzog)such accidents are specified by the Nuclear Regulatory Commis-
sion. sCy

Floating nuclear power plants may be sited off-shore(4) and as a result the
operating crew may be required to remain on the plant for a few days following
a postulated accident. It is therefore important that the air intakes be located
such that an adequate air supply will be available following such an accident.
The ventilation system design for the control room on the floating nuclear plant
is to have dual intakes which are physically separated. The purpose of the dual
intakes is to allow for drawing of outside air from a region where the concentra-
tion of radioactivity or toxic gas, if any, is relatively low. If there were to
be gaseous release under very stable atmospheric conditions with low wind speed,
a relatively concentrated plume of small lateral dimension could be carried
toward and past one of the intakes. This condition appears to be the most severe
from the standpoint of ventilation system design.
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A wind tunnel measurements program, employing scale models of two floating
nuclear power plants located within a sca]i Tode1 of a typical breakwater, was
performed at the Colorado State University 5) under the direction of Offshore
Power Systems to determine:

1. The locations on the plant for the two alternate control room ventilation
intakes and

2. The dispersion factors between the release locations and the intakes for
hazards analysis.

The app]icabi1it¥ of scaled wind tunnel tests to determine the extent of
mixing (at full scale) when both the release point _and the intgkes are located on
(53, Halitsky(6) i
0 » Halitsky\®J), and in the
P

r near complex s?ryctures is discussed by Merony
each Bottom PSAR(7),

II. Description of Experiment

The model, located in the wind tunnel, included the two model power plants
and the model breakwater, constructed to a linear scale of 1:450. The model is
shown in Figure 1.

Ten sample ports, representing potential control room ventilation*intakes,
were placed on each of the side-by-side plant models during the test. Figure 2
illustrates the location of several sample ports on two isometric views of a
plant. The sample ports are labeled 6 (16) through 15 (25), where the numbers in
parentheses refer to the corresponding locations on an adjacent plant.

The location of simulated release points on the plant are also shown in
Figure 2. These include the plant vent stack, steam relief valve vents, contain-
ment vessel surface, and the house boiler exhaust. Metered quantities of gas were
vented from the release point of interest to simulate the exit velocity and to
account for the bouyancy effects due to the temperature difference between the
released gas and the ambient atmosphere (if any). For this purpose, helium and
compressed air were mixed in metered amounts.

The floating nuclear plant design(4) has a shield building surrounding and
separated from the containment. The space between the shield building and the
containment is maintained at negative pressure by a ventilation system both dur-
ing normal operation and during postulated accidents, such as a loss-of-coolant
accident (LOCA). Radioactivity which may leak from the containment in the
event of a LOCA would then be a controlled release from the plant vent stack.
Some radioactivity release could also occur from the surface of the shield build-
ing as a result of bypass leakage. As shown in Table 1, each of these potential
release modes was considered in the experimental program. Releases from the
plant vent stack at relatively 10? Xelocity following an accident is typical of
the floating nuclear plant design 8). Some tests at higher exit velocities were
performed to determine what effect increasing the stack velocity might have on
dilution between the vent and potential intake locations.

I11I1. Experimental Information

Table 1, taken from Reference 5, gives an overview of the tests performed
during the experimental program. Table 1 shows that the following variables were
considered: source release point on either Plant A(a) or Plant B(g), plant vent
stack height, atmospheric stability (neutral, N, or stable, S), wind velocity(Va),
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stack velocity (V.), and wind angle. The alphanumerics (eg, B3 listsd in the
table reference sBecific tests as described in the CSU data report(5).

A schematic plan view of two adjacent plants located inside a breakwater 1is
shown in Figure 3. (While this arrangement is for the Atlantic Generating Station’
Units 1 and 2, it may also be used at other sites). Figure 3 illustrates the
wind angles used throughout the experimental program. Also shown are the standard
intakes on each plant, as well as typical sample locations and release points.

Although experimental data were obtained for all of the experimental release
points shown in Table 1, this paper deals only with the plant vent stack and con-
tainment releases and their application to potential control room hazards
analysis. Data concerning potential release of toxic gas outside the plant and
breakwater were also obtained during the test program. These data and these
analyses are not discussed in this paper but are included in Reference 4.

Qualitative Test Results

Tests with visible plumes were performed so that overall effects could be
observed qualitatively. For these visual tests, gas was bubbled through a con-
tainer of titanium tetrachloride before venting. The plume was illuminated with
arc-lamp beams. Figure 4 is a still photograph showing a well defined plume
exiting the stack from one plant model and passing over the top of the adjacent
plant model. In addition to the still photographs, a series of color motion
pictures of the visual test releases was obtained.

On the basis of visual observations, the following qualitative conclusions
were reached:

1. Releases from the plant vent stack at low velocity may potentially
envelope the upper part of the plant structure,

2. Releases from the plant vent stack with higher exit velocities did not
appear to entrain between the various building cavities.

3. Releases from the containment surface may envelope the entire structure,
but are quite well mixed p»oviding significant dilution,

4. Although wind orientation and atmospheric stratification influence the
character of flow over the plants, there is no strong evidence of a "worst"
situation with respect to concentration at air intakes.

Quantitative Test Results

For quantitative measurement of the extent of mixing between the release
point and the sample intake location, a mixture of Krypton-85 and air was vented.
Samples were collected at each of the intake locations. Subsequently the samples
were analyzed by counting of radioactivity. The counts for each sample point were
then transformed into concentration values. The experimental data were reported
in terms of V;(x/Q), where V5 is the wind velocity and x/Q is the atmospheric
dispersion factor.

The experimental concentrations are presented in Reference 5 for each test

at each sample location on the plants. In addition, the test data were provided
to Offshore Power Systems as computer printouts and as card data decks. The
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latter data were employed in the analysis of the experimental results, described
in Section IV.

IV. Analysis of Experimental Data

The experimental data were analyzed in two phases. The first phase was to
select the most favorable location for an alternate air intake, considering both
plants. The standard intake is located on the south side of the plant as shown
in Figure 2, where the standard intake is labeled #6 for Plant A and #16 (in
parenthesis) for Plant B. The second phase of the analysis dealt with derivatior
of the dispersion factors between the release and intake location for use in con-
trol room dose calculations.

Selection of Alternate Intake Locations

The test data were segmented into series for analysis, with a series being
comprised of the data for all wind directions for release from a single release
point, with other variables (stack height, wind velocity, and stack velocity)
held constant. Next, the "worst" wind direction within each series was determined
on the basis of the largest value (least mixing) of (V, X/Q) measured at the
standard intake location. These data are presented in Tables 2 through 5, Each
1ine or bracketed set in the tables represent a set of data, The worst wind
direction and the (V5 X/Q) value for the standard intake are listed in columns
5and 6. (V3 X/Q) values for other potential alternate intakes are listed in the
subsequent columns. Taples 2 and 3 apply to intakes on Plant A for neutral and
stable stratification, respectively. Tables 4 and 5 apply to intakes on Plant B
for neutral and stable stratification, respectively.

For several test series, all concentrations were less than detectable limits
at standard intake location 6 (Plant A) or standard location 16 (Plant B). For
those cases (shown by ** on Tables 2 through 5), three wind directions were
chosen which geometrically represent the potentially worst wind directions rela~-
tive to the standard intake. Note that the source of release is given in the
first column of each table. Generally, the tabulated data indicate concentration
of potential second intakes for the worst condition at the standard intake (6 or
16). One would want to switch to a second intake when the conditions at the
standard intake become unfavorable.

The data from Tables 2 through 5 were next reduced to the form shown in
Table 6. Table 6 illustrates the most favorable second intake location for each
test series analyzed. An x indicates the intakes which had the observed lowest
value of V5 (X/Q) for a particular test series. For some test series there is
more than one preferred intake, since several sample locations had concentrations
below detectable levels for a particular test series. Generally, these data show
that intake #12 is the preferred second location on Plant A and intake #18 1s the
preferred second location on Plant B.

Floating nuclear power plants are to be of standard design, and hence the
alternate air intake must be at the same location on each plant. Table 7 combines
the data on preferred intake locations on Plant A and Plant B to indicate the
alternate intake which is the best overall alternate location as indicated by the
test program. The values in the right hand column of Table 7 were obtained by
adding the appropriate totals from the bottom of Table 6 for a set of matching
intakes on the two plants. From Table 7 it can be observed that the preferred

combination is intake #8 on Plant A and intake #18 on Plant B, Thus, these loca-
tions on the southeast side of each plant were selected as the alternate intake
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locations for design.

The next step in this analysis was to determine which of the intakes on each
plant would be employed for the various wind directions. The measured values of
Va (x/Q) for the selected dual intakes for all wind directions on both Plants A
and B were tabulated. These tabulations are given in Tables 8 and 9 for Plants A
and B, respectively.

Only data for release from the plant stack of standard height (195 feet),
and from the containment for the lower wind velocity of V3 = 5 feet/second
(1.5 m/sec) (typical minimum mixing) were considered. Data for both the neutral
and stable atmospheric stratification conditions were considered as shown in
Tables 8 and 9. The data for the dual intakes are grouped in these two tables
according to release points (stack or containment) and the plant from which
release occurs. For each experimental wind angle a maximum observed value of
Vi (x/Q) is listed at the bottom of the table for each of the four intakes on the
two plants (intakes 6 and 16 and intakes 8 and 18) for both plant vent stack and
containment releases. These maxima were plotted versus wind direction (angle)
for both the plant stack and containment release points for both Plants A and B
as shown graphically in Figures 5 through 8. (It should be noted that the value
of V5 applicable to these data is 5 ft/sec or 1.5 m/sec.). Specifically,
Figures 5 and 6 apply to intakes on Plant A, for release from the plant vent and
containment, respectively; whereas Figures 7 and 8 apply to intakes on Plant B,
for release from the plant vent and containment, respectively.

In the unlikely event of an accident such as a loss-of-coolant, most of the
radioactivity which could affect operation in the control room is released from
the plant vent stack. Therefore, data on release from the plant vent stack were
the primary data used to determine which intake would be employed as a function
of wind direction, Figures 5 and 7. The selection technique will be discussed
using Figure 5 as the example. The maximum values of Va ?x/Q) for intake #6 are
shown on Figure 5 as a dashed curve-and for intake #8 as a dotted curve. The
solid curve is an envelope curve based on the lower value of the two curves for
all wind angles, i.e., it represents the intake providing the more favorable
dilution. From Figure 5 it can be observed that on Plant A intake #8 is pre-
ferred over the ranges 330° to 360° and 0° to 180° while intake #6 is preferred
over the range 180° to 330°. (Referring to Figure 6, it is observed that the
preferred intake as a function of direction is generally the same for the con-
tainment release).

A similar technique was employed to select the preferred on-line intake for
Plant B. From Figure 7, the envelope curve shows that intake #16 is preferred
over the ranges 310° to 360° and 0° to 140° while intake #18 is preferred from
140° to 310Q°.

Figure 9 shows a plan view of Plants A and B and indicates the preferred
intakes as a function of wind direction for both plants,

A wind direction indicator on each plant will be used to select automati-
cally which intake should be utilized in the event of an accident. The operator
can override the automatic feature if necessary.

Selection of Dispersion Factors

To calculate potential doses in the control room from airborne radiocactivity
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release following a hypothetical accident, dispersion factors between the release
point and the intakes are needed. For the dose analysis for the floating nuclear
plant, the applicable x/Q's were developed from the experimental data.

From Figures 5 through 8, maximum values of V5 (x/Q) were selected for the
on-line intake (solid curves) for each plant and each release mode. These maxi-
mum values are summarized in Table 10. The two least favorable values for plant
vent stack release and for cgntainment,re]ease, required for dose evaluation,
are 1.8 x 10°” and 6.0 x 10=" respectively.

V. Summary

Offshore Power Systems has employed a series of scale model wind tunnel
tests for selecting the location of dual and alternate ventilation intakes for
the control room on standard design Floating Nuclear Power Plants and for deter-
mining dispersion factors between the point of release and the intakes for
accident analyses. The location of the alternate intakes and the accident analy-
ses employing these dispersion factors has been approved b{ She Nuclear Regula-
tory Staff in their Safety Evaluation Report for the plant 9l.

Furthermore, the dispersion values for control room dose ana]yses(g) for
the plant vent are about a factor of 20 lower than dilution from the plant vent
that would be calculated from reference 6. The atmospheric dispersion factor
derived from the test data for releases from the containment was essentially in
agreement with that derived via reference 6. These data demonstrate the general
applicability of the methods in reference 6 for calculating dilution when
releases are from the containment surface (within the building complex). The
data also show the significant additional dilution attained from a release
elevated slightly above the containment.
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FIGURE 1
Photograph of Plant Scale Models

Enclosed Within Scale Model of
Breakwater at The Colorado State

University Wind Tunnel
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FIGURE 4

Photograph of model
During Test IT1lustrating
Well Defined Plume
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TABLE 6

£
o
el
o~ xr
Cal s~ PLANT A PLANT B
E w 5» PREFERRED ALTERNATE INTAKES PREFERRED ALTERNATE INTAKES
SOURCE ATl Bl va Vs 78 9 10 11 12 13 14 15 17 18 19 20 21 22 23 24 25
Plant A N 195 5| .05 X X P X x X
Stack " » " 10 ) 4 X
Release " " 25 | .05 X X X X X X x x X X
“ o« | 15 x X
" 245 .05 X X X X X X X Xx X XX X x X X X
" " 25 | .05 X X X X X X x x X X
Plant A S 195 5 1.05 X X
Stack " " " 15 X x
Release " 245 w | .05 X x x X x X X X X x X X X
» " . 115 X S
Plant B N 195 5 1.05 X X X X X
Stack " " " {10 X X
Release " n |25 1.05 X X X X x X x x x x x X
" » w {18 : X X
" 245 5 ;.05 x X X . x x x x X X X X X x x X
" " 25 { .05 X X X X X x X X x
Plant B S 195 5 1.05 X x
Stack " “ " 15 X X
Release " 245 w 1.05 X X X X X X x X
" " " 15 x . x
Cont. A N N/A] 5 1.5 X X
Release " w |} 25 2.5 X X )
S " 5 .5 X X i
Cont. B N N/AlL 5 | 1.5 H x
Release n u ] 25 2.5 X X
S " 5 .5 X
TOTALS 710 9 7 B8 13 6 7 6 10 13 9 10 8 3 5 7
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TABLE 7
POTENTIAL ALTERNATE INTAKE PREFERENCE CONSIDERING TWO PLANTS

INTAKE COMBINATION NUMBER OF PREFERENCES
POART K - PLANT B FROM EXPERIMENTAL DATA

7 17 17

8 18 23

9 19 16

10 20 16

11 21 18

12 22 21

13 23 S

14 24 12

15 25 13

SELECTED ALTERNATE INTAKE: 8(Plant A); 18(Plant B)

801




14th ERDA AIR CLEANING CONFERENCE

(v=)e°1 (¥)9°1L (v-)6°¢ (v=)8°1 (s-)6'9 (9-)€"9 (9-)9°2 (9-)e°8 WIWI XYW
- (s=)p°1 (v=)v°2 (s=)6'2 (9=)1°2 - - - S M1 S 8-INDD
= (s)r (s (v)et (s-)6's - - - N MO S 8-INOD
(s-)9'6 (s=)1'e (v-)6'¢ (9-)1°6 (£-)8°¢ (9-)e°9 (9-)9°2 (9-)e°8 S MOT S Y-INOD
(»)e’L (v=)¥°1 (s=)s°c (v=)s1 (L-)e°tL - (9-)p°2 (9-)p°¢e VM1 S v-INOD

(s=)u'e (s=)2°1L ()11 (s=)¥‘L (9-)v°¢ (9-)1°2 (9-)8°1 (9-)s°L WIWI XYW
- (e (et (et (o)t (9-)1°z - - S st 0§ g-INIA
- (9-)6'9 (s-)s'2 (s-)v°1 (£-)s°e - - - N 0l S a-INJA
(9-)e°2 (9-)v°1 (9-)6°2 (9-)#¥°t {9-)v'¢ (2=)e*y {9-)s°1L {(9-)s°L S SL S V-IN3A
(s-)t°e (s-)2°1 (r=)1'1 (9-)v'e (9-)s°1L {9-)2°1 19-)8"1 (L-)5°¥ N 0L § VY-IN3A
oSLE 0042 0522 008l oSEL 06 oS o0 ALITIGVIS SA  ®BA  32¥n0S

g SFonur Sraumn1y

(¥=)6"1 (s=)e's (9-)2'9 (-)€'9 (s-)e'L {9-)2'9  (9-)s°9 (v-)6°2 WOWI XYW
- (9-)e1 (£=)9%2 (#=)€°9 {s=)2'1 - - - S MOT S 8-INOD
- (s=)e's (9*)2'9 (s-)e’s (s=)2’1 (£=)L's - - N MOT § 8-INDD
(s-)8°8 (9-)2°2 (9=)1°2 (9-)e'e (9-)e'L (9-)2'9 (9-)s'9 (p=)t7e S M1 S V-INOD
(v-)6°1 (9-)e'¢e (9-)v'e (s-)8'e (¢-)9°¢ - - (v-)6°2 N MO S V-INOD

(s=)e"t (s=)e*L {9-)9°1 (s-)e°1 (9-)2's {s-)L°2 {9-)2°s (s*)v°2 WNWI XYW
- (2=)1s (9-)9°1L (9=)1°¢ (9-)e'e (9-)0°¢ - - S SL§ g-IN3A
- (9=)e't  (¢=)e°8 (s=)e°L (9-)2’s (8-)v°9 - - N 0L S 8-IN3A
{9-)¥'c (s=)e*L (2=)v'6 (9-)2°2 (9-)2'¢ (£)v°9 (9-)s5°2 (9-)2°1 S SL§  y-IN3A
(s-)e°1 (9-)6"s (£-)6°1 (9-)¢L2 (9-)2°L (s-)e°e (9-)L°s (s-)v-2 N 0L S V-INIA
oS1E 02 0522 0081 oSEL 006 oSy o0 ALINISVIS SA  BA  30MN0S

. (2-W) (b/x) eA
g9l# a%eu] paepuess
JTONY NOILIIYIQ ANIM "SA ¥V INVTd NO SINVINI a313373S ¥04 (b/x) ©A

8 3714vl

*

802




14th ERDA AIR CLEANING CONFERENCE

(y-)s'e (t-)o'¢y (y-)6°¢€ (v-)s't {£-)2'¢L (9-)¢°9 (9-)9°¢ (v-)L2 HIWI XYW
(5=)9°6 (v=)8°2 (#)6°¢ (9-)1°6 {t-)e’e (=)€L (9-)9°¢ (9-)e8 S MOT § §-INOD
(v)e’L (y=)t°2 (s-)s’¢ (tv=)s*t (L)L - (9-)v°2 (9-)s°¢ N MOl S 8-INOD
(v-)s°¢ (s-)6°2 - - - (9-)€*9 (9-)9°¢ (9=)L°2 S MOT S V-INOD
()22 (v=)o'v - - - - - (v=)p°L N MOT S V-INOD
(s*)L'E (v=)9's (#2171 (9-)v°¢ (9-)v°¢ (9-)2°2 {9-)s°2 (9-)6°2 WOWI XYW
(9-)e2 (9=)¢°1 (9-)6°2 (9-)p°L {9-)v’¢e (9-)¢°2 (9-)s°t (9-)5°L S 6l § 8-IN3A
(s-)te {v=)9's ()11t (9-)v°¢ {9-)s°1 {£-)s'v {9-)8°L (£-)s°% N Ol & 8-IN3A
{9-)1°2 (9=)1'L - - » (£-)8'e (9-)5°L {9-)t°2 S §L 0§ Vv-INIA
(s-)L'L (99)1°¢ - - - {£-)€'8 {9-)5°2 {9-)6°2 N 0L S5  y-IN3A

oSLE 0042 0522 008L 0SEL 206 0S¥ o0 ALTTIGVIS SA A 3JWN0S

(z-W) (07%) °A
8L# MIU] jRULIILY

(t-)6L (s=)9°L (9-)¥°¢ (s-)8°2 {9-)e°t (9=)L° (s-)¥°¢L (#-)1°€ WOWI XYW
(s-)8'8 (L)' (9*)L°2 (92)e'e (9-)e’L {9-)6°2 {9-)5°9 (v-)1°¢ S MO S 8-INOD
(v-)6°1 (9*)6's (9=)v‘¢ {s-)8'2 {£2)9'¢ {9-)s"1 - (v-)6°2 N MOT § §-INOD
(s=)i'2 (s-)1°L - - - (9-)1°¢ {9-)e'e (v-)t°1L S MOl & ¥-INOD
(v-)s*tL (s=)o'L - - - (£-)9°¢€ {s-)¥°L (p=)v°t N MOT S VY-INOD
(s=)"t (9-)t°9 (¢-)v'6 (9-)¢'2 (9-)2'¢ (9-)9°2 (s-)z°v (s-)L% WOWI XYW
(9-)¥'¢ (£-)1'8 {£-)t'6 (9-)2'2 (9-)2°¢ {9-)9°2 (9-)s°2 (9-)2°1L S St §  8-1N3A
{s-)e°1 {9=)p'9 (£=)6°1 {9-)¢°2 (9-)1°1 - (9-)L°s (s-)v°2 N 0L § 8-INJA
(9-)pe  (9-)9°L . - - (908"t {9}z (9-)2°¢ S Sl § V-INGA
(s-)L°1 (9-)¥°2 - - - (£-)L°s (s-)e°y (s-)L°9 N Ol § V-IN3A

oSIE o042 0522 0081 oSEL 006 0S¥ o0 ALTTIGVLIS SA BA 309N0S

o,.ammuwaa“uwv”uum
79NV NOILIIYIO ONIM “SA 9 INV1d NO SINVINI @3LI313S ¥0d (b/x) m>

6 318Vl

803




4
107

_6
10

14th ERDA AIR CLEANING CONFERENCE

FIGURE 5 MAXIMUM Va (x/Q) ON PLANT “A" vs.
WIND DIRECTION FOR RELEASE FROM
PLANT VENT
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FIGURE 7 MAXIMUM V. (X/Q) ON PLANT "B
— " VS. WIND DIRECTION FOR
RELEASE FROM PLANT VENT

Legend

— = = — Intake #16 ;
Intake. #18 e
= Intake on Line

50 100

.
soanoe®?

-
o-noot""'

wind]a?rectionzgooegrees 250

806

300

350




14th ERDA AIR CLEANING CONFERENCE

] FIGURE 8 MAXIMUM Y, (X/Q) ON PLANT "B" VS, WIND
- DIRECTION FOR DIRECT CONTAINMENT RELEASE
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DISCUSSION
SCHUERMAN : How did the Reynolds numbers compare between model
and prototype?
NASSANO: The Reynolds number for the model was equal to the

Reynolds number for the prototype.
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EVALUATION OF CONTROL ROOM
RADIATION EXPOSURE

T. Y. Byoun and J. N. Conway
Breeder Reactor Division
Burns and Roe, Inc.

700 Kinderkamack Road
Oradell, New Jersey 07649

Abstract

This paper discusses the development, and practical
test applications of - a computer program "AID" (Accident
Inhalation Dose). The "AID" computer code calculates the
external cloud doses (gamma, whole body and beta skin) and
the resultant inhalation doses after a radiological release
based upon site meteorological data and a wide range of
possible ventilation and filtration designs.

I. Introduction

At the 13th AEC Air Cleaning Conference, a paper was
presented by K.G. Murphy and K.M. Campe of the Directorate
of Licensing entitled, "Nuclear Power Plant Control Room (1)
Ventilation System Design for Meeting General Criteria 19."
After evaluating this paper, it was apparent that it could
provide the basis for a computer code to analyze a variety
of possible ventilation and filtration options which might
be selected to meet General Design Criteria 19 of 10 CFR 50,
Appendix A. In the course of developing this code, it was
decided that it should function as a practical design tool
by permitting easy parametric changes of:

1. Filter efficiency

2. Filtered recirculation rate in the Control Room

3. Filtered intake rate entering the Control Room

4. Filtered recirculation rate in the Reactor Contain-

ment Building

5. Filtered exhaust rate from the Reactor Containment
Building
6. Source-receptor configurations
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This computer code allows the user to either analyze a
previously selected ventilation/filtration system or to
selectively vary any of the above variables until an accept-
able system is created. Since this computer code is very
inexpensive to run (less than $3.00 per run), it has been
our practice to fix those variables which are already frozen
in the design and then to allow the computer code to optimize
each of the remaining variables on successive runs. This
approach allows us to see the effect on the ventilation
design as each of the remaining variables is iterated until
an acceptable design evolves.

II. Method of Analysis

Under a reactor accident condition, the radioactive isotopes
of the core inventory may become airborne inside the containment.
The continuous activity release from the containment would
contaminate the air in the vicinity of the control room (CR) air
intake(s) depending upon the on-site meteorological conditions.
The exposure or inhalation of the airborne activity which is
introduced into the CR via ventilation systems will contribute
to the operating personnel radiation dose during the post-
accident period.

The mathematical models incorporated into the "AID" program
based on the above scenario consist of the containment model,
meteorological data treatment, the ventilation system simulation
for both the containment and the CR, and the time-integrated
dose model. The diagrams of the system which can be handled by
the "AID" are shown in Figures 1 and 2.

The time-integrated radiation exposure based on the above
models can be expressed as follows:

[

Ta
. - .- - . x ’ [
D, * Fg; 5 Ale): Mg RCe) d¢, (1)
T

where:
'bg = the timeEﬁntegrated radiation exposure (Rem)
due to ¢ radioisotope
Fts = effective dose conversation factors for thejth

organ, that is, whole body, beta-skin, lung,
bone, and thyroid

At)

activity release rate (déked from the containment
at time, ¢, after an accident
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e

R(t)

effective atmospheric dilution factors (“%B)
based on the site meteorological data

activity dilution factor inside the CR depending
upon the ventilation condition.

l. Containment Model

The term,A(t), in equation (1) is the function of the con-
tainment leakage rate, f , and containment cleanup system design
(See Fig. 1):

A(t): %oL'E*pE(AH‘e*{;Ui/é)t] .’0_(|,,£3/) (2)

where:
- +th , ,
%o.' = source strength (C.) of ¢ isotope at time
[ & .
zero after an accident
d¢ = decay constant (1l/sec) of¢ th isotope
" ’ ] 3 3 "
ézcmd£3 = filter efficiency of the containment recircu-
lation and exhaust filter, respectively
/
J, = in-containment recirculation rate (CFM)
Vc = free volume of the containment.

2. Control Room Filtration Systems

The activity dilution factor in the CR, R(t), in equation (1)
is a function of the CR filtration system design (See Fig. 1) and
is shown as:

- \fl(i‘Cl)'fUB. C X P =/ v o '
R (¥) YT {l ExP[ (qfu,_élfvs)t&]§ (3)

where:

'U},UE)QA€U3 = air-intake rate through filter (Vj), filtered
recirculation rate (U3), and unfiltered air in-
filtration rate (15) in the unit of CFM

éa““d £2_ = efficiency of the filter trains for intake
and recirculation, respectively
17& = control room free volume (ft3).
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3. Meteorological Data Treatment

The effective dilution factor (%/ -value) is treated as
a function of site meteorological data as well as the source-
receptor configuration. Adjustment factors to account for the
long term meteorological averaging consist of: (1) occupancy(l)
factor, (2) wind speed factor, and (3) wind direction factor.

The possible source-receptor configuration are expected to
be: (a) diffuse vs. point release-point receptor, (b) ground
vs. elevated release, and (c) single vs. multiple air-intake
arrangements. Three different formula for the ’%Q evaluation
are incorporated into the "AID" program depending upon the above
source-receptor configurations.

(3.A) Evaluation of Diffusion Coefficients

Standard deviations for both horizontal crosswind (OB )
and vertical crosiyind direction (03 ) are based on the Pasquill's
diffusion curves. " For the desired Pasquill's stability
condition (from Type A to Type G), the program "AID" estimates
the co?fficients by using the interpolation formula given
below:

4

0y ) = oleX (@)
X
oL = &m {%Cny«,cx.\} ("%,)
B - og (x))-x % (4b)
where:
(ha(x) = standard deviation of the gas concentration in

the horizontal crosswind at distance, X , from
the release point

Ua(xb andq;(x,)= standard deviations 01;, , at reference distances
Xy and X which are permanently stored into
the program as a function of the stability
condition.

The coefficient for vertical crosswind direction, Q. ,
is evaluated by using the same equations given above. t
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(3.B)x%&_ ~-Values as a Function of Source-Receptor
Configuration

(B.1) Volume Source Formula(z)

x/q = .Exp(' %:) (5)

where: N u,,?, g‘i
U, = five percentile wind speed in meter/sec
R = effective height of source (meters)
Sy = (04 + C’*/?-'i'r)yL (5a)
2, = ( Oy + afyw)e (5b)
Q_ = the cross-sectional area of the containment Oynz)

The above equations are for general cases, such as volumetric
release, elevated releases, or point-ground level releases.

(B.2) Diffuse Release and Point Receptor(z)

_ ~1
x/c'i =u, .{'rro; o, + °~/(K+z)}

(6)
where:

K - 2 (s/d)'.* for single air-inlet arrangement (6a)
K = O for dual inlets (6b)
8

= distance between the containment surface and
receptor (meters)

d = containment diameter in meters.
Equation (6) could be applied for the following cases:(l)
(1) Diffuse release-point receptor, or vice versa

(2) Point release-point receptor with source-receptor

elevation difference greater than 30% of containment
height

(3) Dual air-inlets located on the major plant structures
contiguous to the CR (see eq. 6b)
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(B.3) Remotely-Placed Dual Inlets(l)

X = 0./ &
2 " Luox )

where:

= distance from source to the closest inlet (meters)

= vertical mixing layer in meters taken as the con-
tainment height divided by 2 for the consideration
of building wake factor.

Equation (7) could be applied when the dual inlets are
placed about 180 degrees apart from the release poin%l?nd each
inlet is located well away from the major structure.

(3.C) Long Term Meteorological Data Averaging

The five percentile &41 calculated from equations (5) to
(6) is reduced on the basis of long term averaging considerations.
These consist of: (1) wind speed factors,ldg r (2) wind direction
factors,uwsy . and (3) occupancy factors, Wy -

The first step to calculate the wind gspeed and wind direction

factors is to determine the ?ETber of 22.5° wind sectors that
result in receptor exposure. "

N = 10 if 0.0 4% s/d £0.38
n = 8 if 0.38 < s/d < 0.50
N = 7 if 0.50< s/d< 0.63
n = 6 if 0.63 < s/d <'0.82 (8)
R = 5 if 0.82< s/d< 1.24
N = 4 if 1.24< s/d< 2.47
n = 3 if s/d > 2.47.

Notations used in eq. (8) are described previously in eq. (6a).

The wind speed factor for the "P"-percentile wind speed, Wy,
is given by using the annual joint frequency data of wind direction
and speed shown in Table 1, and the following equations:

P (9)

£
P 'FC.'! Z f¢ 3 (o)
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wp = (LL,Q“LLJA (11)

where:
U,and W p = wind speeds of five percentile and "P“-percentiles,
respectively
{CS = agﬁual joint frequency data for{th wind sector and
wind speed as shown in Table 1
A =4 th wind speed column in Table 1 which would give
"p“—percentile speed
Nl and Nz =N th ana N2 th  52.5° wind sectors which are calculated

by usxng eq. (8). (Winds blowing from hl*u-Ni_sectors
will result in the receptor exposure.)

-0
Il

the wind speed percentile to be used for different
time intervals.

The wind speed percentiles, ¢ , applicable during subsequent
time intervals after an accident are: (1) 5% during 0-8 hr.
period, (2) 10% during 0-24 hr. peri?gi (3) 20% for 1-4 days,
and (4) 40% during 4-30 days period.

The wind direction factor,W4 , is given by evaluating the
fra?i}on of time frequency of the receptor exposure (See Table 3),

(s N‘L)J =8
Fd - Z ' 'FC_; (12a)
(o8 T

ﬂ.‘ =1 (12b)

Basé@ on the above fraction of time of wind blowing from
source to receptor, the wind direction factors,‘%lj during subse-
guent time intervals after an accident are used:

W4 = 1 for 0-8 hrs. period (13a)
W4 = 0.75 + 0.25+F4 for 0-25 hrs. period (13b)
Wd = 0.5 + 0.5+Fa for 1-4 days period (13c)
Wy = Fd (134)

4. Dose Models

The "AID" program calculates the external cloud doses (gamma,
whole body and beta-skin) and inhalation doses (thyroid, 1lung,
and bone dose). Effective dose conversion factors, F , in
equation (1) are illustrated below:
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(4.A) External Whole Body (WB) pose (2}
FL‘-\ ©.2S Eye¢ (14a)
for the WB dose based on the semi-infinite cloud model
©.338
F‘-_j = 0.25° E < °'V' 1173 (14b)

for the external WB dose due to the activities dispersed
inside the control room (CR).

where:
Egi = totaltﬁamma ray(Q}sintegration energy (MeV/sec)
of ¢ isotope
.33,
\Q = Geometry factor for the immersed cloud in the (1)
n13 CR based on 0.733 MeV of average gamma energy.
(4.B) Beta-Skin Dose(z)
The beta-skin dose calculation in the "AID" code has two
options; with and without taking a credit of dead skin depth:
Fc‘.j = 0.23_E-p; for surface dose (15)

Fii om Tyl ene1- 4 Y ram e} 1o

for the depth beta dose(Z)
where:
Eg. = average beta energy per dlslntegratlon (MeV/dis)
- '7'\0.7-
= = number of electrons per atom
oy . . . .
Ep = maximum beta disintegration energy (MeV/dis)
d = dead skin depth in gr/cm2
MK
C = 2 for 0.17 MeV<Ep { 0.5 MeV
Ma
C = 1.5 for 0.5 Mev S E, ~ < 1.5 Mev
C = for 1.5 Mev < E;M" < 3 Mev
ol =

[3( (c -|)e]" (16b)
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Ma g l'sT
NV - 31.7./(% - 0.03&) (16¢)

[3 -exe (1-94)- Vg - (1 Am cuﬂ]”’ d2 A ea

(4.C) Inhalation Dose

Inhalation doses which can be estimated by "AID" program are
thyroid, bone, lung, and whole body doses.

Fey = (BR) We; (17)
where:
(BR\ = standard man's breathing rate (m3/sec)
CQaJ =] th organ inhalation dose ﬁonversio?3factors
(Rem/c . =inhaled) due to(: isotope*
<
5. "AID" -- Flow Diagram

The simplified flow diagram of the "AID" program is shown in
Fig. 3.

The main input data required for "AID" program consist of:

(1) Containment leakage and geometry data (containment
diameter, height, free volume),

(2) site meteorological data =-- annual joint frequency
data as a function of wind direction and speeds
(See Table 1),

(3) initial activity data as a function of isotope,

(4) source-receptor configuration,

(5) filtration system conditions for both containment and
control room based on the desired model shown in Fig. 2,

(6) option control card.

III. Discussions

A series of parametric studies on the control room(CR) acci-
dent dose analysis is usually required to develop acceptable alter-
nate CR filtration system design which meet the regulatory require-
ments. The CR habitability system design features which are
impacted by the above dose analysis are mainly:
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(1) CR filter efficiency reguirements,

(2) filtered recirculation rate(CFM) requirements fo.
the control room or for the reactor containment,

(3) single air-inlet vs. multiple inlet arrangements
including the location of the inlets,

(4) leak tightness of the control building to prevent
the unfiltered infiltration of the radioactivities
and to minimize the air-intake rate requlred for the
pressurization of the CR.

The "AID" program is a practical tool for these parametric
studies since it enables the designer to make a timely decision on
the above design in the preliminary design stage. The special
features of the "AID" code are as follows:

(1) Built-in routine for the versatile treatment of
the meteorological data, including wind sector
averages, and the long term %/g -value adjustment
factors, with minimum input requirements.

(2) Various options for different source-receptor
configurations.

(3) Options for the site boundary analysis and activity
concentration analysis in a certain cell due to
the activity release from an adjacent cell.

(4) Several options in choosing the filtration system
models for the contaimment and the control room
are available (See Fig. 2).

(5) Time-dependent containment leakage rate can be
handled.

(6) A library of 295 isotopi?3diya including the organ
dose conversion factors. ™’

(7) Automatic updating routines for different control
room/containment recirculation rates, source-receptor
distances, and time intervals.

IV. Conclusion

The "AID" program has proven itself to be an extremely
valuable tool which we have used for both the scoping and de-
tailed analyses that must be performed for a nuclear power plant
to determine the control room vertilation design. This program
is presently be used for this purpose for the Clinch River Breeder
Reactor Plant. Results of a typical sample problem are included.
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FIGLKE 3 -SIMPLIFIED FLOW DIAGRAM OF THE

COMPUTER. CODE “AID”
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TABLE 1 - ANNUAL JOINT FREQUENCY OF WIND DIRECTION
D WIND SPEED {MEASURED DATA)

ANNUAL JOTNT FREQUENCY DATA (F,;.) AS FUNCTIONS
OF WIND DIRECTION (*) AND WIND SPEED (**)
WIND SPEED
(u;)
U U U U
WIND 1 2 7 8
DIRECTION (i)
. = (%)

N(G=1) 1. f1.2 f1,7 fi.8
NNE (i = 2) f2,] f2,2 f2~,7 f2’8
NE (i = 3)
NW (i = 15) : : - : : f15,7  Fis.8
NNW (i = 16) f16,1  Ti6.2 f16,7  Ti6.8

(*) N (i = 1): WIND DIRECTION BLOWING FROM 22.5 DEGREE SECTOR OF THE NORTH
DIRECTION (i = 1,2, ... 16)

(**) Uy 5TH WIND SPEED (KNOTS OR METER/SEC)

825




14th ERDA AIR CLEANING CONFERENCE

SAMPLE PROBLEM

Based upon a radiological release from the Reactor Containment, "AID" runs
were made for Case I - Single Control Room Intake and for Case II - Dual Control
Room Intakes. The only variable used was the Control Room filter recirculation
rate. The initial "AID" run defined the threshold recirculation rate necessary
to meet the Guideline Dose for each organ.

FOR CASE I - A&B (SINGLE CONTROL ROOM INTAKE)

DOSE RESULTS (REM) CORRESPONDING TO THE

THRESHOLD RECIRC. THRESHOLD RECIRCULATION RATE FOR EACH
RATE (CFM) TO MEET _ORGAN
ORGAN GUIDELINE DOSE FOR WHOLE  BETA-
NAME EACH ORGAN BODY SKIN THYROID LUNG _ BONE
WHOLE BODY 2,000 4.0 4.1 11.3 17.0  140.
BETA-SKIN 2,000 4.0 4.1 11.3 17.0  140.
THYROID 1,000 6.9 4.1 18.7 30.6 252.
LUNG 4,000 2.3 4.1 6.3 9.1 74.
BONE 12,000 1.0 4.1 2.3 3.2 26.

Based upon the above information two options were selected for further
evaluation. Specific runs were made for each option with the results as shown
below.

CASE A. SINGLE INTAKE AND SINGLE FILTER TRAIN:

ORGANS DOSES (REM)
r BACKUP FILTER =
FROM 500 CFM! | it A
INLET ! - - :
HEPA + 95% CHARCOAL THYROID 2.3
RECIR.  LUNG 3.2
RATE BONE 26.0
RECIR. RATE
12,000 CFM CONTROL ROOM | 12000 CFM
CASE B. SINGLE INLET AND COMBINED FILTER TRAINS:
BACKUP FILTER |  |BACKUP FILTER ORGANS 35 (Re
FROM 500 CFM WHOLE BODY 1.0
M [HEPR + 557 PR | mecin. maveols 113
CHARCOAL : '
RATE LUNG 3.2
10000 CFM  BONE 26.0
RECIRC. RATE }
2000 CFM—=_1 coNTROL ROOM |——»-
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FOR CASES II - A& (DUAL CONTROL ROOM INTAKES)

THRESHOLD  RECIRC.

E

L

THRESHOLD RECIRCULATION RATE FOR EACH

RATE (CFM) TO MEET ORGAN
ORGAN GUIDELINE DOSE FOR WHOLE BETA-
NAME EACH ORGAN BODY SKIN THYROID LUNG _ BONE
WHOLE BODY 1,000 4.5 1.2 7.4 20.2 170.
BETA-SKIN 1,000 4.5 1.2 7.4 20.2 170.
THYROID 1,000 4.5 1.2 7.4 20.2 170.
LUNG 2,000 2.4 1.2 4.2 10.6 89.
BONE 8,000 0.7 1.2 1.2 2.8 23.2
Based upon the above information two options were selected for further
evaluation. Specific runs were made for each option with the results as shown
below.
CASE A. DUAL INLETS AND SINGLE FILTER TRAIN:
r=IBACKUP FILTER "7 ORGANS
FROM 500 CFM ! ' WHOLE BODY 0.7
e ! T
[} .
HEPA + 95% CHARCOAL LUNG 2.8
BONE 23.2

RECIR. RATE
8,000 CFM

CONTROL ROOM

CASE B. DUAL INLETS AND COMBINED FILTER TRAINS:

BACKUP FILTER

BACKUP FILTER

FROM 500 CFM
INLET
‘ HEPA + 95% CHARCOAL HEPA
RECIR. RATE ’ RECIRC.
1,000 CFM RATE 7,000
CONTROL ROOM ——%— CFM
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ORGANS _ DOSES (REM)

WHOLE BODY 0.7
BETA-SKIN 1.2
THYROID 7.4
LUNG 2.8
BONE 23.2
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DISCUSSION
MUNSON : I would like to ingquire about the reclrculated HEPA
fllter. What 1s 1t doing?
CONWAY: In our case, it 1s reducing the average concentration

in the control room. We needed it because of plutonium. It was a
specific requirement there.

MUNSON: Is this requirement directly related to the outdoor
intake air cleanup by-pass that must be assumed in the dose calcula-
tion? I am sort of surprised to see particulate in the control room.

CONWAY: It was our initial intent not to have recirculation,
but we found that we couldn't handle 1t by any other mechanism. We
had run outside air quantities down to 500 CFM. We decided it was an
absurdity and below the amount we needed to pressurize the load. At
that point, there was no other avenue open to us.

MUNSON : Is that the assumed amount that you have to consider?
CONWAY: Yesy, and 1t really hurt us. In this calculation, we

went to the minimum number that 1s allowed by NRC. I believe it was
in the order of 3 CFM. That alone was significant.
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