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People 's Republic o f China

Abstrnet

Impregnated granular activated carbon bed filters have been
used worldwide to treat nuclear power plant exhaust gases of
containing iodine and extensive experimental studies have been
conducted. It has been discovered that the impregnated granular
activated carbon has some inherent defect such as the ignition
temperature is lower, the adsorption ef ficiency .and capacity were
lower and afected strongly by relative humidity and the adsorption

A new type impregnated activated carbon fibers
( I ACF ) is lower. material was developed in our laboratories.
velocity

The I ACF is a felt material which has a wealth of micropores,
low apparent density, high chemical stability, especially higher
ignition temperature, low affinity for water, high adsorption velocity
and the shape of I ACF can be tailored to achive the best adsorption
results. Therfore, the IACF is possessed of a high adsorption capacity
and ef fici ency in high relative humidity ( >95% R.H. ) . According to
the ASTM D 3803 method A test, the result showed that the adsorption
ef ficiency of >99% in bed depth of 2.5 cm

In this work, the various surface structural parameters, surface
chemical character 1stics and adsorption dynamics were stu 'ied by the

r i spectrom-X-ray dif fraction, infrared absorption, X-ray photoeler
etry method etc.

The results show that the various characteristics /1 the I ACF -
are better than existing nuclear grade granular activated carbon. For
this reason the I ACF will be full of promise for the material of iod-
ine filter and i' will lead to a significant change for nuclear ' air
cleaning.
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I. Introduction

Activated carbon fibers ( ACF ) is a new type adsorbent material.
| The research was first recorded more then forty years aco(1), but the

time of industrial manufacture was only twenty years. It has a series
of advantage such as a high adsorption capacity and ef ficiency, a
high adsorption velocity and a high thermostability etc. besides the
whole characteristics of granular activated carbon (GAC). Thus it was
extensively used in the military physical protection, air cleaning,
water treatment and other pollutd.on controlline. In addition, it also
con be used in carrier of catal:/st. noble metals recovery and extra-
corporeal hemopertusion for adsorbing urea, endotoxin and other toxln
from blood.

In the late 1970s, we had found the high capacity of ACF and
suggested that a research for iodine removal with ACF was launched
when we were studying the iodine filter o f Qin-shan nuclear power
plant.

The use of impregnated granular activated carbon for lodine
removal was getting on for twenty-odd years in the worldwide. From
the operational experiences, it have been discovered that the
impregnated GAC have some obvious deficiencies such as the adsorption
capacity and efficiency were strongly affected by relative humidity,
the adsorption velocity is slower and the ignitior temperature is
lower etc. Therefore, a new type impregnated acti vated carbon fibers
(I ACF) adsorbent material was developed in ou" laboratories.

With regard to the research of I ACF for iodine removal, the
TOYOBO Co.has published patents (2)(3) in 1983 and 1984. It shows tha t
an adsorbent for removing radiciodine was obtained by looding ACF
with TEDA. The yugoslavia VUJISIC(L) it was reported that the
adsorption properties of the ACF are equal or better than the same
properties of impregnated activatea charcoals used on NPP Krsko and
i t could be promissing for use as a filter materials in iodine filter.

In this work, including these studies of the raw aaterial
screeinc. carbonization, activation and activator and tl e method of
impregnating etc. From the ACF of some dozens kinds, screening out
the I ACF in accord with the nuclear grade gas phase adsorbents.

In addition, the structure of surface, the chemical composition
of surface, the thermostability, adsorption isotherm and adsorption
dynamics were studied.

We expect that the I ACF will be used in nuclear air cleaning
| and other environmental enginerring on these bases of this work.

II. physical Chemical properties of Activated Carbon Fibers

The results of studies has shown that the adsorption process
is complex. The adsorption capacity was a f fected by the surface
structure, chemical composi tion of surface and the conditions o f

| adsorption process etc. These basic characteristics of IACF of
differential adsorption ability has a very great difference.
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In this paper, the surface- characteristics or -i.uclaar grade IAC
F material which was obtained by the screening i.a', narrated as follows

Analvt es of Surface Structure
X-ray Dif fraction Analysis

The ACF and the GAC were compared; the result shows that the elementary
structure is appronmately equal. The AUF is a porous high polymers
of fibrous carbon. It has a -graphite microlite of high disorder.
Figure 1. is a x-ray dif fraction curve of carbon figer and activated'
carbon fibers ( the activation temp.of 850 C and 900 C ).
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Figure 1 X-ray Dif fraction Curve
a. Carbon Fiber
b. Actgvated -carbon fiber of activation Temp.of ,

850 C
c. Actgvated carbon fiber of activation Temp of

900 C

.
From figure 1. We can see that the disorderty of graphite'

micro 11te is progressively increase with increase-in the activation
temperature and the unit lattice size is decrease with= increase in the
activation temperature, interplanar distance is roughly the same ( see-

table 1. ).
It -was generally thinked -that the unit lattice size is decrease

and the disorderty is increase will cause the active point to be inc-
rease on surface and it will advantages the adsorption.
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Table 1. Lattice Parameters of ACF
,

,

Interplanar
Lattice size

| Kind of Carbon Distance
d (R)

002(3)d c
,
,

'

Carbon Fiber 3 86 9.76
i .

ACF 3.83 9.65
ACF 3.80 9.012

* ACF) The activation temp. of 850 C
,

**ACF The activation temp. of 900 C2
i

Analyses of Sennnine and Transmission electron microcranh

The scanning and transmission electron micrograph was used it
cere able to observe the micropore structure of adsorbent surface.,

'

Figure 2. is scanning electron micrograph and from the figure we can
see that there are micropores of large number only in the smooth
surface of activated carbon fibers,but opposite, there are macropores
and mesopores in the granular activated carbon surface and there are
micropores in the interior. (see figure 3.)
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Figure 2 Scanning Electron Micrograph of ACF
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Figure 3 Scanning Electron Micrograph of GAC (x10000)
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Figure 4 Transmission Electron Micrograph of ACF (x1000000)

Figure 4. is the transmise' ' tron micrograph of ACF whichu

is magnified for a million diames . . .c the figure, we can see that
the micropores was spread all ova - the activated carbon- fiber.

Analyses of specific surface and vore size distribution

In this analyses, the B.E.T. method was useo and in the first
place the impregnated activated carbon fibers isotherm for adsorption
nitrogen were determined then the pore size distribution and specific
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surface was obtained by computation. The figure 3. and 6. present the
I ACF isotherm for nitrogen and the pore size- ditribution curve.

3V em /gg

Figure 5. shows that this is
a isotherm with adsorption
return-line and it belongs to
the 2ed type of.Brunauer's
isoth'erm which indicated that

3000' it will get a good result for
specific surface and pore
size distribution.

2000

1000

0 .~2 O.6 1.0 p/p
~

~

g

Figure 5 Isotherm for nitrogen ,

at -195.6 C

34 V/ R ,cm /g 3
300x10-3'

Figure 6 illustrates
the micropores are a
large number, and the,

chink between .these
200x10_3- fibers are as the

action of .macropores
-' and mesopores in the

adsorption process.
Thespecificsur-

face of 2500 m /g' about,
100x10 3 In addition, from-

the results of the scan
-ning - electron micro-

'

graph and pore size di-
* *

stribution demostrate. .

the adsorption velocity
10 30 50 70 R (R) was small affected by-

p the pore dif fusion.- For

Figure 6 Differential distribution rapfd ity an aof pore size of ACF short retention' time in.
adsorption process.
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Ansivses of chemicol comoosition of surface-
The surface chemical composition are the important_ characterist

-ics of adsorbent.

In this work, the surface chemical composition- are'some function
-al group in the skeleton of carbon, and the results of elementary
analysis. And the infra-red absorption spectrophotometry and x-ray
photoelectron spectrometry _ and chemical analysis method were. used.

( Functional aroun analysis

|

| The chemical titrimetric analysis was used- for the determination
of functional group content, the deteemining result -were presented in
table 2.

Table 2 Content of Surface Functional Group of ACF

Internal Acidity. Basicity
-COOH -OH ester group grn'ip

meq/g

ACF 0.0464 0 3343 0.0539 0.4279 0 5605

The functional- group of containing oxygen on the surface of ACF
was produced in the activation process on the activation point.of -

lattice edge.

The specific surface and functional group content are increase
with increase in temperature and time of activation. It will advantage'

the-adsorption. But happen at same time,-the recovery and thermostabi
-lity of ACF was decreased.

Elementarv analysis

The carbon, hydrogen, oxygen, nitrogen, magnesium, calcium and
ash etc. of ACF'was analysed. The results as follows.

Table -3 Chemical-Composition of ACF

C H N O -Mg Ca : Ash
% % % % ppm - ppm %

ACF 87.75 0.8 0 31 11.14 42 57 61.45 1.6
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|
In fra-red Absorption Spect rum

The infra-red absorption spectrum of activated carbon fibers is
|

| presented in figyre 7. the {igure shows that there are absorption
peak in 1100 cm 3400 cm- , it illustrate that there is the hydroxy,

ace of ACF, and there are continuous little peak
of phenol in the sur{At demonstrates that there are carboxy group inin the 2700-2500 cm'
the surface of ACF.

Transmission ( %)
35.15

-43

AN'32.52 f
29.89 %

27.26
n

!

| 24.63
| !

\
4000 3000 2000 1600 1200 800 cm"I

Wave number
i

Figure 7 Infra-red .ipectrum o f ACF

X-rav Photoelectron spoetrometrv

The x-ray photoelectron spectrometry is able to see the combining
status for the carbon atoms. Figure 8 and 9 are the XPS pattern, we
can see that the peak shape presented widening and unsymmetry, it
shows that there are varied combining status for carbon atoms in the
surface, and the EC-OH is more in those. In the 0 pattern, there are
peak in 532.5 ev, it shows that there are C=0 andg C-0 in the surface
of ACF but the C 6 is more in those.

Relation between pH value nnd sened fi c surface

In general, the pH value is a important index of activated
carbon and the index has been set, the pH value muec be >9 and when
the pH47 the carbon should be changed,

In this work, the relation between pH and the activation degree
of ACF was investigated.

652
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Figure 8 XPS Pattern of ACF'.
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Figure 9 XPS Pattern of ACF
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Table 4 ' Specific Surrace and pH- Value of ACF

Condition Specific Surface
2of pH m jE

ectivation

6.36 500

.30 C 6.27 800-

5 92 1000

10.06 500

900 C 9.90 800

9.50 1000

Taole 4. shows thgt the pH of water extract is high in qctiva-
tion temperature of 900 C, but the activation temperature (850' C) is
lower and the pH is clear descent.

In a dition, when the same condition of activation, the.pH value is
decreased with increase in the specific suriace. This is probably due'

to the resultant of acidic group which is produced in the activation
process.
Test of thermal stability

The spontaneous ignition temperature is a' important property of
nuclear grade activated carbon. .In this paper, the thermal stability
of ACF was examined by the thermal gravimetric analysis. Figure 10. -

shows that the weightlessness curve of two ACF, jhe ACF)it'shas a highactivation degree and speficic surface of 1000m /g.and
has a lowerweightlessness begins in the after 500 C. The gCF2

activation degree and specific surface of 800m /g, it's weightlessness
begins in the after-600 C. From figure 10 we can see that tue -thermali

stability is decrease with increase in specific surface.
i

i |
III. Adsorption characteristics of I ACF !

Adsorotion isotherm of T ACF- for Methyl iodide

The adsorption isotherm indicates significant adsorption char-
acteristics. Figure 11 is a dynamic adsorption isotherm in-low con-
centration.The condition of test listed below:

,
T

Methyl Iodide concentration 0 3 --27 ppm
,

| Bed Depth 5 cm
Relative Humidity 95 %4

Gas velocity 12.2 m/ min.'

! Temperature 30.010 5

Figure 11. shows that the experimental adsorption isotherm is-'

very good -in accord with -the Freundlich adsorption -equation, and the
following the equation will be used.<

|
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Figure 10. Curve of Weight Loss en Heating of ACF
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; Figure 11. Adsorption Isotherm of ACF for Methyl Iodide-

13 q = ig k +-- 1/nig' C

Where: .

k = 22.03 1/n = 0.218-
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c: Saturated Cap 9 city of dynamic adsorption

C: Gas concentration
k, t/n: Cc'a c t an t s

i

Test of Adsorptinn Velotitz

Becauce the special micropore structure of I ACP the adsorbate
is not need passing through the macropores, mesopores then entrance,

to the micropores of adsorbent. Therefore, the adsorption velocity ,

is very quick. '

U/sdrorption Velned tv Tect of Sat urntad St onm of PO C

0The ACF and GAC in the bath of saturated steam of 20 0 for 5 hr.
For the ACF, the adsorbate amount (steam) up to 80 % of the saturated
adsorption amount. For the OAC, the adsorbate amount (steam) up to
22 % of the saturated adoorption amount.

.

Teet o f Adrorntion Re.id dance Time for Met hy) iodide

The reoidence time of activated carbon is generally 0.25 sec.
In order to examine the high npeed property of ACF, the residence
time of 0.12 sec., 0.072 sec., 0.062 sec., 0.048 coc., and 0.045 sec.
respectively was tested. The results of test is in figure 12.

%
.--.

100 E" -

> +rol(iq --- o_---
pjg j;#m;rnf Figure 12. Adsorption

3 N ef ficiency as a function
U"

96 of residence time

94r

1

92
,

I
90 - ~

0 0.05 0.10 0.15
: sec.

Test conditions:
3Concentration of methyl iodide 1.75h0.2gmg/mTemperature 30.0 - 0.5 C

R. H. >95 %
Duration 120 min.
Bed depth 2.5 cm

Figure 12. shows that the I ACF of 5 cm bed depth, when the gas
velocity of 70 cm/sec. (residence time is 0.071 sec), the pore dif f-
usion is the rate contro(ling step. But the correspondence gas
velocity in 40.6 cm/sec. (residence time is 0.12sec. ) for the GAC.
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Affect o f Fe19tive humd di t y on ndooreti on CH)I
It is universally acknowledged : hat the adcorption of activated

carbon for methyl iodide was strongly af fected by the humidity,
recently. Scarpellino re?7rted (5) that in the 96 to 99% R.H. range,
one percent variation n relative humidity can have a 100 percentn

chance in methyl iodide penet ration value. For this reason, the high
humidity test was conducted.

In the test, the relative humidity of >95 % and >98 % were
tested, and other condition in the ASTM D 3803 was followed, the
results of test shows that

R.H. >95 % Penetrabili ty=0.25 % and
R.H. > 98 Y Penetrability=0.85 %,

the penetrability is lower then that of GAC,the penetrability of GAC
is 10.513.9 6 in 98 T R.H. the reason is probably the low af finity for
water of imprennated activated carbon fibers.

In order to illuminate the phenomenon, the saturated adsorption
test was conducted and the results are as follows:

Pable 6. Adsorbing water vapor tests

Amount of Aosorbing Steam Increment of amount

in pre-equilibration period

20 C, 120 hr. static 30 C, 16 hr. dynamic

IACF 28.6 % 25.6 %
GAC 46.8 % 42.4 %

From table 6. we can see that the adsorbing water vapor amount of I ACF
is small and both static and dynamic are similar. For this reanon,
the competitive adsorption of wat er is small for the methyl iodide,
therefcre, there are a less ef fect on adsorption efficiency of methyl
iodide in high relative humidity.

Ef fect of concontrntion of methyl iodide on ponetration

Many studies have been carried out on the relation between the
breakthrough time and inlet concentration, and many equations have
bean estab11shed(6), and this paper author have published similar wo-
rk(7) But between those test canditions and the ASTM D 3803 method A
there are some differences. In this study, the test conditions have

no dif ference besides gas concentration and duration time.

The results of tests are presented as a plot of log te versus log
C as figure 13. which shows a good linear relationship in the range
oi concentrations of the test, and the breakthrough time t can be

bapproximated by the following equation

DF = 1000, t = 532C -0.863b g

From above equation, we can obtain the breakthrough tJ me-concentration
667
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'

relation in limitad concentration range by extrapolation,

tb "IU'
5000

'

i

;

1000" Figure 13.

Breakthrough

! Curves of I ACF
i for methyl iodide

i

100'

,

10

0.1 1.0 10 100 ppm

i Test condition:

Relative humidity >95 %
i Gas velocity 12.2 m/sec

Bed depth 5.0 gm
,

Temp. 30.0 0
; DF 1000
;

Frfect of bed depth on eenetration

From the breakthrough time point of view, there are superiority
in the deep bed adscrption and the bed depth of 5 cm appears to be
inadequate.

In this work, it has been demonstrated that impregnated activa- ,

ted carbon fjoers adsorbent material of 2.5 cm bed depth will be
able to mat:h the GAC of 5 cm bed depth. Therefore, if it is packed
in the bed of 5 cm with the IACF (the amount is 1/10 of granular acti-
vated carbon), it will take effect of the deep bed adsorption. !

The variation of breakthrough time with the bed depth is
presented in figure - 14.

Test conditions:

Concentration 0 31 ppm v/v
R.H. > 95 %
Gas velocity 12.2 g/ min.
temp. 30.0 C

DF 1000
!
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Figure 14.

13 Breakthrough Time
as a Function of

Bed Depth of I ACF
,
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IV. Test _of Nuclear Grade Gas Phase Admorbent

imorernant

The tests and screening were conducted and the prescription-of
5% TEDA + 2% KI were used.

Test of Nuclear Grade Oas Phase Adsorbents

The test procedure outlined in ASTM D 3803 methods -A.--B. D. E.
wns followed and the parameters listed below:

,

*
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Method A Method B Method D Method E
I27 ,+ I) I,I27 I3l IlTest adsorbate CH 2 + CH

32 e cs
| Concent ra tion m g/m >2 1.750.25 1.75+0.25 17 5*0.5 75*5

Equilibrntion Temp. ( C) 30.0 0.5 80.0*0.5 30.0*0.5
period R.H.(%) c5 95

Duration (h) 16.00 16.00

Feed period Temp ( C) 30.0+0.5 B0.0+0.S 30.0*0,5 180*2
4

R.H.(T) 95 95 95 Ambient

Duration (min) 120.0 60.0 120.0 10.0

Elution Temp. ( C) 30.0$0.5 S0.0+0.5 30.0+0.5 180*2

period R.H.(%) 95 95 95 /

Duration (min) 240.0 240.0 240.0 240.0

Absolute (g y) 97,3 97,) 97,) 97,)p
pressure

Gas velocity (m/ min) 12.2*D.3 12.2:0.3 12.2*0.3 12.2*0.3
bed Depth (mm) 25*1 25*1 25*1 25*1

99.7 % 99.8 % 99.95 % 99.78 %Adsorption (y)
effittency 99.7 % 99 9 % 99.97 % 99.87 %

9c.6 %
4.2 % 99.91 % 99.50 %Unimpregnated (y)

ACF 4.0 K
4.2 %

In the test, monitor temp., pre ssu re , R.H. , air flow and press-
ure drop across the bed at least every 5-10 minut os, and tripi cate
analyses were preformed for the each sample.

Test of radintion t niernnee staton nr T ACP

In order to obtain the radiation tolerance status of IACF wgich
was exposed in a strong radiation field, the rndiation doso ia 10 Gy
The samples of radiation treatment was tested by the ASTM D 3803 met-
hod A. The results of test shows that the adsorbent material was not
injured by the strong radiation and possessed same adsorption effici-
ency, and triplicate analyses are 99.50 %, 99.40 %, 99.60 %
respectively.

Affect of arinr treatment in nir
0The adsorbent aging tests are performed under conditions of 30

C, 95 % R.H..The result shows that the aging treatment was conducted
for one year, the adsorption characteristics of I ACF was not af fected.

| The long time aging treatment under -the complex environmental
condi tions will await candue t -.
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- , _ _ _- . . _ . . _ _ , _ . , _ , _ _ .. .



_.. _ .. __ _._ _ _. _ .._- . __ _. _ ._. _ . . _ _ __..._._ _ _._._ _ _ _ _ ._. _ ._. _ _._ _ _ . _ _

21st DOE /NRC NUCLEAR AIR CLEANIND CONFERENCE

V. Nuclear Grade ImDreanated Activated Carbon
Fibers Adsorbent Material SDecifications

Molecular iodine,30 C 95% RH 99 96 %
" " 180 C ' ASTM D 3303 99 83 %i

Methyl iodide, 30 C 95% RH (Bed depth of 2.Sem) 99 70 %
99.80 %" " 80 C "

Out ward Felt

pore size (r) (B.E.T.) 10-15 A .

1.2334 ml/g ipore volume ( 200 E ) "

2l specific surface 2500m fg"

packing density 0.06-0.1 g/ml

C C1 activity 80mg/g
4

ash content 1.6 %
Ignition temp.

0IACF 410 0
ACF 500 C

pH of water extract 9.2-10
Benzene activity 95-60 %
monofilament diameter 10-204

2-tensile strength _8-10_ Kg/mm

thermal stability

weightlessness 500 C, 50 min 6%
folding strength

IACF was curved in diameter
0of 5 mm and 180 , no break-

VI. Concludinc remarks

The research has demonstrated that the activated carbon fibers are
an adsorbent of excellent function. The ACF was impregnated and can
reach to the specifications of nuclear grade gas phase adsorbent.
Because the apparent density is less 6-8 times then that of GAC.
Therefore, it will be able to be obtained well efficency when the
dosage is less. In addition, it have that the moisture content ils
less and the adsorption velocity is quick.

These characteristics clearly display that the IACF is better
then the OAC. This I ACF is used as a new type adsorbent which will
have important significance in the environmental protection and'
nuclear air cleaning. About the studies of structre paramotors have a
certain guide sense on the production and control of the adsorbent.

661
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DISCUSSION

ElEG: If off gases contain NO, is the 1ACF still good to use for removing lodine?

Lt. We have not studied the effect of NO,, but I think that the IACF will perform acceptably
because the thermal and chemical stability of IACF is good.

GLADDEN: What are the physical parameters of the lACF, length, fiber diameter, etc.? Is there a
commercial source of the IACF felt? What is the relative cost of this material?

LI: The IACF is like a carpet or cloth, fiber length may be anything you like. It's a
monofilament with a diameter of 10 20 pm. A commercial source for IACF felt is being investigated.
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A STUDY OF THE EFFECT OF COATINGS OPERATION
ON RADI0 IODINE REMOVING ADSORDENTS
W. P. Freeman and J. C. Enneking
Nuclear consulting services, Inc.

Abstract
.

Nuclear air ticatment systems are designed to remove
radioactive contaminants from air. If the contaminants are gaseous
in form (icdine and it's compounds), activated carbon is employed to,

remove them frem the air stream by the process of adsorption.
The ability of the carbon to perform it's function is checked
periodically by sending representative samples to a laboratory fori

| testing. Tr.st methods and conditions are included in the plant
technical specification along with failure criteria. When a test
sample fails to perform as specified, the carbon in the air cleaning
unit must be replaced with new material.

Solvents from coating operations can " poison" carbon by
blocking or reducing the surface area available for subsequent
reaction of radioiodine compounds. NUCON hus developed mathematical
models to predict the amount of solvent in-the air and residual
solvents remaining in the coating at any given time during a coating
operation for both normal and accident ventilation modes. Required
input parameters for the model include the evaporation rate of the
solvents in the coating, the rate of application of the coating, the
volume of_ air treated by the air cleaning system and the air flow
rate to the air cleaning system. Output includes the amount of
solvent remaining in the coating, the amount of solvent in air and
the concentration of solvent vapor in the air.

Presented in this paper are results obtained using the model-
for nuclear air treatment systems and a number of different types-of
available coatings. The effect of solvent loading on the carbon
beds was performed experimentally by determining the radiciodine
removal performance of carbon beds containing a known amount of
solvents. These results provide data upon which to base decisions
concerning coating operations.

Introduettan'

,

nuclear Air Treatment Systems (NATS)_are used-at all nuclear
power plants for removal of radioactive contaminants from air.
These contaminants can be particulates, which are removed by the
HEPA filters installed in the NATS.- If they are gaseous forms et
radioactive iodine, impregnated activated carbon is used.

Tho ability of the carbon to remove gaseous radioactive iodine
compounds from air is affected by many conditions. These includo
temperature, humidity, bed depth, velocity, adsorbent
characteristics, aging effects and the presence of other adsorbed
materials. Many papers have' dealt with these parameters including
the impact of adsorbed solvents og $he radiciodine removali

efficiency. Kovach and Rankovic L1 identified sources of organic/

contamination and recommended activated cggbon guard beds upstream-
of the radioiodine adsorbent. Broadbent \'I studied the impact of
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various amounts of common paint solvents on the radiciodine removal
efficiency of new and aged activated carbons. In order to reduce
the possibility of contaminating carbon, somn plants have
established guidelines for the maximum aggynt of painting in an area
communicating with an air cleaning unit W1

USNRC Regulatory Guides 1.140 (4) and 1.52 (5) outline general
designcriteriaforNATScomponentyfncludingthaadsorberbanks.Appropriate sections of ANSI H509 are referenced for design and
construction details. The physical property characteristics of new

,

adsorbent and the radiciodine removal requirements are given in !

Table 5.1 of ANSI H509. The Reg. Guides themselves give guidance
for the bed depth of the adsorber banks.

The Reg. Guidos also deal with " Laboratory Testing Criteria for
Activated Carbon". They include recommendations for testing
frequency, test conditions and failure criteria. of course the
technical specifications for each plant contain explicit
instructions for testing the-activated carbon from-each of the air
cleaning systems and must be consulted to determine exactly what is
required.

Predictina Impact gf Adscrued Solvents

Methods have been developed to predict the amount of organic
vapor that will be introduced to an air cleaning system during

'

painting or evaporation of cleaning solvents. In general, higher
percentage pick-up of contaminants on the adsorbent will result in
lower radioiodine removal efficiencies. Therefore, when the amount
of contaminant is compared to the amount of carbon in the adsorber
bank, a prediction can be made about the impact on the performance.

The amount of activated carbon in an air cleaning system can
vary widely. It is generally proportional to the airflow rate but
it dependo on the bed depth.- Type two trays (2" deep beds)
typically contain 55 lbs. of adsorbent and three of them are used
for each 1,000 CFM of airflow. Therefore, the carbon weight is
approximately 165 lbs. per 1,000 CFM of rated flow. For type III
adsorbers, the bed depth can-vary. The amount of carbon can be
calculated from the following formula.

W = 2.67 Q d

V

W = veight of adsorbent,-lbs.
Q = rated airflow, CFM
d = bed depth, inches
V = superficial velocity, ft/ min.

For example, a type III adsorber rated for 10,000 CFM at 40
i ft/ min. superficial velocity with a 4" deep bed would contain 2,670

lbs. of adsorbent.

If the air' cleaning unit operates continuously, all of the
solvents from the paint being applied, or those vaporized during
cleaning operations, will be adsorbed on the carbon. By keeping-a
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running inventory of the weight of this material, the percentage
pick-up on the carbon can be calculated. Then a prediction of the
impact on radiciodine removal efficiency can be made.

Most safety-related air cleaning systems, are normally in
standby mode. The areas communicating with the units are served by
the normal ventilation systems which will exhaust the solvents.
However, if painting is being done in the area, there will be some
solvent in the air and come remaining in the undried paint. If the
air cleaning unit trips on, there will be some exposure to the
solvents. However, that can be minimized by using low solvent
content paints or by applying smaller quantities of paint during a
given time.

It is important to realize that each air cleaning system
represents a unique situation. Therefore it is not possible to
apply a rule of thumb concerning painting or the permissible
quantities of cleaning solvents. Some air cleaning systems contain
large amounts of carbon. In some cases, the decontamination factor

.

is low and the failure criteria for lab testing is lenient. If the
laboratory test is conducted at high temperature and high humidity,

theresugy)w.illbebetterthanatotherconditions (see Freeman,
et. al. A method of studying the impact of adsorbed organic,

materials on radioiodine adsorbents has been developed which takes
all releva".t parameters into consideration.

'

Descriptio.D 21 Comouter Procram

The computer program useo an iterative procedure to calculate
the amount of solvent evaporated from a coated surface anytime after
a particular coating operation begins. Input variables includes
treated air volume, ventilation rate, coating application rate,
percent solvent in coating and evaporation rate of the individual
solvents. The program sums the evaporation rates for the individual
solvents and weights them by a factor that depends on the coating
system involved. The program also allows for the calculation of
solvent concentrations after switching the ventilation system to an
accident mode.

Snecifig Examples

Shown in Figure 1 is the graphical' output of $he program for a
typical reactor enclosure equipment compartment 1 8 /. With normal
ventilation, the solvent concentration in the air does not exceed 1
ppm, while the amount of unevaporated solvent reaches an equilibrium
level of about 4.5 lbs. Essentially all of the solvent is
evaporated 9 hours after painting is stopped. The ventilation
system used here is non-safety related and thus, operates
continuously. Since the Keeler and Long Epoxy H contains 0.75 lbs.
VOC/ gallon, the total burden on the 7,000 lbs of carbon in the
system would be < 0.2 Wt%.

In Figures 2 and 3 are sol gpt concentration versus time curves
for a typical reactor building 1 Tne corresponding data sheets
for the coatings are shown in Tables 1 and 2. Both figures
represnnt normal ventilation modes with no carbon beds involved,
Figure 2 is representative of a coating with a relatively small
amount of solvent applied at a high rate while Figure 3 represents a
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!
4

coating with a relatively large amount of solvent applied at a
moderate rate.'

In Figure 4 is shown the solvent evaporation curve for the1

coating from Table 3 for normal ventilation. In Figure 5 is the
same system now with an accident occurring just as painting ceases
and thus, the maximum amount of solvent is available to the carbon
beds. The solvent is adsorbed by 16,000 lbs. of carbon in the
accident (recirc.) mode.

A similar situation is shown in Figures 6 and 7 for the coating
shown in Table 4. This coating system with a large volatile content
and high application rate presents a somewhat worse case scenario.

,

Yet, the approximately 70 lbs, of solvent that could be adsorbed-
during the accident mode amounts to only 0.5 Wt.% burden on the

i carbon bed.

Effect af solvent Loadino SD Methyl Iodide-121 Egnetration

A series of methyl iodide removal tests were performed on
impregnated carbon samples containing known amounts of adsorbed
solvent. The results are shown in Figures 8, 9 and 10 for mineral

i spirits, xylene and monomethyl glycol ether respectively. These
'

results indicate that more than 10% by weight of these solvents can
be adsorbed while still keeping the methyl iodide-131 penetration
below 1% for the 30'C, 70% RH test without equilibration.

,
Conclusions and RecommendatioDA

I

' Using a computer program that calculates the amount of
evaporated solvent from coating operations, we have seen that the
predicted burden to the carbon in the air cleaning systems involved
would have a negligible effect on methyl iodide removal for the
cases considered. However, according to current (and proposed) ,

standards, the carbon would still have to be tested but it would be
of some comfort to know that, for a given situation,.the carbon
performance would not be compromised. As we. continue to refine the
model with input from utilities and coating manufacturers,
information can be provided to base procedures for coating
operations at nuclear power stations that will minimize risk to |
nuclear air cleaning systems.

'
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| Tablo 1

Manufacturers Carboline Company

Paint Systems Starglaze 2001

Part A 2.1% Volatile Matter Densityt 10.8 lbs/ gal.

Glycidylether (less than 15%)
Mineral Spirits (less than 5%)

Part B 0.0% Volatile Matter Densityt 8.6 lbs/ gal.

Mixed in a 4:1 ration.

Mixture - 1.8% Volatile

Density Mixture - 10.4 lbs/ gal.

Application Rato - 20 to 30 gal por 10 hour day.

|

|
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Table 2

Manufacturers Carboline Company'

Pe. int System: Sanitile SG
Sanitile 550 Fortifier

SG 33.8% volatile Matter Density: 10.0 lbs/ gal.
,

Mineral Spirits (less than 35%)

550 29.8% Volatile Matter Density: 8.5 lbs/ gal.

Mineral Spirits (less than 25%)

|
Mixed in a 4:1 ratio, SG to 550.

Mixtures 33.1% Volatile - Mineral Spirits ;

Density of Mixture - 10.3 lbs/ gal.'

Application Rate - 10 to 15 gal per 10 hour day.

572
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Table 3

Manufacturert Carboline Company

Paint System PC Base Coat

28.5% Vclatile Matter Density: 12.0 lbs/ gal.

Me,d,or Ccmponent: Mineral Spirits

Kindr componentst Xylene (less than 1%)
EBA Solvent (less than 5%)

Application Rate - 10 to 15 gal. per 10 hour day.
|
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Table a

Manufacturer Carbo 2ine compar.y

Paint System Starglare 20lle

Part A 32.9% Volatile Matter Density: 9.7 lbs/ gal.

2-Ethoxyethanol (less than 10%)
part B 69.2% Volatile Matter Density: 7.9 lbs/ gal.

2-Ethoxyethanol (less than 40%)
2-Butoxyethanol (less than 10%)
1-Nitropropane (less than 10%) Isopropanol
(less than 10%)

Mixed in a 4:1 ration.
Mixture - 40.0% Volatile

2-Ethoxyethanol 33%
2-Putoxyethanol 2%
l-Nitropropane 2%
Isopropanol 3%

Density Mixture - 9.3 lbs/ gal.

Application Rate - 20 to 30 gal, por 10 hour day.

|

|
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l
DISCUSSION'

: ilAYES 110w would your curves of weight percent of loading vs. penetration be effected if you
were at 95% relative humidity and if you went to a preequilibration period of 16 hrs?I

DEEMAN: I think they would show a little higher penetration based on the fact that they show higher ,

i

penetration for those conditions without any solvent. The lowest imiling point solvent, glycol ether, was
'

almut 124*C. We found that the solvents stay on the charcoal, although we recently obtained some
unpublished results that show that solvents like toluene can be removed during preequilibration at 95%
Rii. So with lower boiling point solvents, the 95% RH equilibration can remove some of the solvent
from the carten and thus the effect of the solvent is diminished.

McVEAN: Does charcoal retain solvent over long periods of time, or does it release it after months?

FREEMAN: This is something we would like to study further but it appears to be dependent upon the
affinity of the solvent for carbon and the adsorption process. Some will be removed over a period of
time. The lower the Imiling point of the solvent, the faster it will be removed. We might try to use a;

moisture injection system to push solvent off of carbon after we have done a painting operation, but I
don't think anytody is ready to put 95% humidity on the charcoalif they don't have to.

ANNON: The only way you can remove some of these solvents from charcoal is to steam clean
themi Some are there to stay once they are on the charcoal.

GUEST. Do you have any plans to continue the work using aged or weathered carbons? It is a ;

! rare occasion when somebody has brand new carbon in the plant?
-

FREEMAN: Yes, we do. In fact, this is an example of the work we do in the laboratory on a
continuous tiasis to try to solve our clients' probbms regartling radio iodine removal. The next step is
to look at a combination of oxidation and solvents which seems to be the worst condition.

KOYACll: The test conditions used here were not the most conservative but those in the Technica!
Specifications of the Utility Tests at 95% R.11. and 30'C will result in less liberal results, particularly,

with preequilibration. The effects of each specific paint system have to be known and their solvent effect
'

on Cli 1 removal determined under actual use conditions.3

IIYDER: I agree with these general comments. We have looked at organic contamination of
carbon by paint and solvent vapors. Xylene and higher boiling compounds are retained a long time;
more volatile substances apparently are lost from the carbon after sometime in service.

:

FREEMAN: Yes, I agree. The solvents we looked at (xylene, glycol ether and mineral spirits) all have
'

boiling points greater than 124'C and are strongly retained by the carbon.

DENARD What are the effects of evaporation at no flow during off situations? We have ESSF
systems which do not run and the only exposure will be from evaporation.

FREEMAN: The evaporated solvents should be removed by the normal ventilation system. As long
as the isolation dampers for the ESF system are in good repair,little or no solvent should reach the ESF

_

carbon.

,

:
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FACTORS AFFECTING ThE RETENTION OF METHYL IODIDE BY
IODIDE IMPREGNATED CARBON

M. L. Hyder and R. A. Malstrem
Westinghouse Savannah River Company

Savannah River Laboratory
Aiken, South Carulina 29808

|

Ahstraet

lodide-impregnated activated carbon that had been in use for up to 30 months was studied to
,

characterize those factors that affect its interaction with and retention of methyliodide. Humidity and
competing organic sorbents were observed to decrease the residence time of the methyl ;odide on the
carbon bed. Additionally, changes in the effective surface area and the loss ofiodide from the surface are
both important in determining the effectiveness of the carbon for retaining radioactive iodine from methyl
iodide. A simple model incorporating both factors gave a fairly good fit to the experimental data.

Introdoetion

This paper comprises two sets of studies of methyliodide retention by iodide-impregnated carbon. In
the first of these, the retention of the methyliodide on the carbon surface and its subsecuent evolution were
observed directly by a technique of combustion and phosphorescence. In the second, t le methyl iodide
retention in a standani test was compared with surface area measurements and the concentration of
unreacted iodine. A correlation among these parameters was identi' led and characterized. Carbon quality
was varied thmugh the selection of used material with differing service histories.

Air from the Savannah River Site reactor buildings is vented through carbon beds for control of
radiciodine before release to the atmosphere. The carbon used is North American Carbon Co. type
GX-176 coconut shell carbon impregnated with one percent triethylenediamine (TEDA) and two percent
potassium iodide by weight. Replacement intervals for the carbon have been as long as thirty months.
Analysis of samples withdrawn at much shorter times has shown that the TEDA is lost after a few months,
and the perfonnance of the carbon for methy) iodide retention is dependent on the iodide impregnant.
Efficient methyl iodide retention is not a r4rement for carbon in this service; however, methyl iodide
retention as measured by the ASTM Test D3803 (method B) has been found to correlate well with other
desirable properties of the carbon such as radiation stability. The studies undertaken here were intended to
shed light on the changes taking place in this carbon during long term service and to provide a basis for
simpler measurements of carbon quality.

Exoerimenis

Carbon of known and widely varied service history was obtained from routine sampling operations at
the Savannah River reactors. Portions were analyzed for metnyl iodide penetration by Nuclear
Containment Systems of Columbus, Ohio. A modification of ASTM Method D3803 (B) was used,in
which two 25-mm (one-inch) thick carbon beds were mounted in series and individually analyzed instead
of the specified 51-mm (two-inch) bed. Penetration values cited are for the 25-mm beds.

Iodide on the carbon was measured by a water leach method in which a five gram sample of carbon
was stirred for ten minutes at ambient temperature in 50 mL of a slightly alkaline aqueous solution. The
ingrowth of iodide was measured by an iodide-selective electrode. The leach solution consisted of
equimolar (0.05 M) sodium carbonate and sodium bicarbonate with 0.001 M sodium iodide added to
provide a baseline for the electrode. The electrode response versus concentration was determined in a set af
dilution experiments. Control experiments showed that most iodide was dissolved in the ten minute leach.
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The surface area of carbon samples was determined using a Micromeritics Digisorb 2600 surface area
analyzer. The samples were approximately 0.2 g and were heated to 110 degrees Celsius for three hours
before analysis at a pressure of 0.050 torr or less. Nitrogen was used as the adsorbate.

Methyl iodide sorption on carbon was observed using the apparatus shown in Figure 1. An aspirator
was used to pull air at a steady rate through a train consisting of a sample bulb, a pyrolysis cell, a
fluorescence cell, and finally a bed of ion exchange resin for iodine retention. For each experiment, a
small quantity of methyl icxiide (typically 50 microliters) was placed in the five-liter bulb and allowed to
evaporate. After a mixing period of ten minutes or more, now thmugh the test tmin was initiated with no
carbon in the carbon bed. Once a base line was established, the carbon bed was loaded with carbon
(normally two grams or about 4 mL) and now resumed. (The carbon bed height was about 1.5 cm.) The
gas flow rate was measun:d by a water displacement now meter. A typical now rate was about eight mL
per second.

---+
lo@ne To Flow meter
coMcton I 1 and Asprator
Bed IL J ' *

Air in

1 0 Carbon Tc *

Cowmn v7 5 *

.
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' " spectrometer Detector
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Ceu
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jky g Computer p
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Figure 1. Schematic drawing of laser fluorescence apparatus for methyl lodide detection,

Methyl iodide passing through the carbon was detected and measured by laser-induced phosphores-
cence of elemental iodine. The efnuent from the carbon bed was passed through a small cell containing a
heater that decomposed the methyl iodide into methyl and iodide radicals. The methyl radicals were
combusted forcing the iodid: radicals to recombine into iodine molecules. The gas stream then passed into
a long rectangular cell with optically Dat windows at either end (Figure 2). This cell was illuminated along
its length by a five-watt argon ton laser (Spectra Physics Model 2020). To ensure a constant light output,
the laser was operated under hght control mode at I watt and 514.5nm. This caused the iodine in the air
stream to be excited to the B3p2m electronic state. Emission from that state back to the ground state was
collected by a i/1.7 lens. He emission was filtered by a 550 nm-long wave pass Glter and focused into an
f/3.5 Instruments SA 1/3 meter monochromator. An EG&G/ Princeton Applied Research 1420 diode-array
was used to detect the emission. The detection point along the axis of the lasca beam was chosen to
maximize the signal. Elemental iodine was found to be incompletely formed at the point at which the gas
stream entered the detection cell, so a point several inches from the entry point was chosen for detection.
Spectral data from the detector were regularly logged to a computer in which background correction and
peak summing over the spectral range of interest could be performed automatically and recorded for
subsequent study.

During the course of the experiment,it became evident that the humidity in the building air was
affecting the results, even though the building is air conditioned. This effect was studied using a
commercial wet- and dry-bulb humidity instrument.
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Figure 2. Phosphorescence ci:ll, Laser, and associated apparatus.

Besults and Discussion

Interaction of Methyl Iodide With Carbon

A typical curve for the passage of methyl iodide through a carbon bed is shown in Figure 3. After a
brief delay lasting, at most, a few minutes, the methyliodide is released in a broad peak with a long tail.
The tailing is probably the result of the high internal pomsity of the carbon, resulting in long diffusion
paths in and out of the pores. This type of curve was observed only for used carbon or carbon subjected
to special treatment. For untreated new carbon, which is impregnated with TEDA, the methyl iodide was
quantitatively retained and none was detected in the effluent.

Comparison of various samples gave results that were difficult to correlate, and study of duplicate
samples soon established that there were uncontrolled variables affecting the results. After some
investigation, the humidity of the room air was found to be a ma,br factor. This was not controlled in the
original work, but it was found to vary over a wide range and to eifect the results considerably. This was
no surprise, once eunhiished, because humidity was known to be a factor in carbon performance. The
implication of thic M is that the humidity decreases the residence time of the methyl Iodide in the carbon
and therefore allcr. <s time for exchange or teaction. Standard methyl iodide retention tests are
normally conductec a 95 percent relative humidity, which is much higher than the humidity encountered in
any of these experiments, and so the residence time for methyl iodide is still shorter in the standard tests.

A series of experiments was then done to further evaluate the effect of humidity and organic vapors on
methyl iodide retention.

585



. - . - . - . - - - _ . - . . . - - - .. - . - ,_- - . . . . . . . - . - . - - . . - - . . - . ~ . - . . . . - . - - . . . - .

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

100

:

n

10 - _ _ _ _ syn,i_ . .

E. :!

|
E!

|

.

1 . . .

0 10 20 30 40

Time After Adding Carbon, min.

Figure 3. Typical methyl lodide curve.

In the first set of experiments, the air was not dehumidified, but carbon samples were dried before the
experiment by overnight storage in a dessicator, The results clearly showed that the methyliodide is more
strongly held and is released more slowly from the dried carbon (Figure 4),
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!- Figure 4. Dried and undried carbon compared.
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in the second set of samples, a sample of relatively low service (nine months) was dried by overnight
storage in a dessicator, and then a portion of this material was exposed to xylene vapor until it had taken
up about 30 pen:ent ofits own weight of xylene. These two samples were then tested similarly. The
results are shown in Figure 5. 'lhe results were striking. The sample loaded with xylene retained almost
no methyliodide; the other sample retained nearly all. Following this test, a sample of unused carbon was
prepared with a similar xylene loading and tested. Although a substantial amount of the methyllodide was
retained. there was still a steady release that had not been observed in untreated new carbon (Figure 6).

1000
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Figure 5. Effect of xylene loading on Mi clution.
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Figure 6. Effect of xylene on MI elution.
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In a final set of samples, the effect of removing all humidity was observed. The results are shown in
Figure 7. A carbon batch that had seen 29 months of service was tested under three different conditions:

| first, with no humidity control; second, with dried carbon but ordinary laboratory air, and, finally, with
dried carbon and dried air. The results show the much longer residence of the methyl iodide in the carbon'

under dry conditions.

1000 ,
.

"
100
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| ,

i ;
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,
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|
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Figure 7. MI elution in dry air.

{ Humidity, temperature, and organic contamination have all been shown previously to affect the
| performance of carbon in retaining,;ndioactive methyliodide. Experiments of the type described here
| could be used to quantify these effects by establishing the residence times of the lodme in the carbon bed
! under the conditions of mterest, Unfortunately, the equipment had to be dismantled before these

| experiments could be carried to that point. An improved system would include humidity and temperature
| control as well as equipment for injecting methyl todide at a constant rate. With such a system,

quantitative measurement of such factors as preconditioning and various organic contaminants could be
made readily.

Methyl lodide Retention as a Function of Iodide Content and Aren

Retention of methyl iodide by the carbon used at the Savannah River Site (SRS) decreases steadily
with time in service. This phenomenon was characterized by Evans.(1) Carbon samples with time in 1

service ranging from 0 to 30 months were selected for this study and their methyl iodide (MI) retention
was measured by the method previously described. Results are shown in Table 1. The anticipated wide -
variation of M1 retention was observed.

The hypothesis was adopted that the variation in MI retention was the result of the chemical reaction
(or perhaps the physical removal) of the iodide impregnant. The teach method was used to test for the
3resence ofiodide. Using the iodide selective electrode, the concentradon of iodide in the solution could
x: measured continuously during the teaching process. A set of typical leaching curves is shown in
Figure 8. As the result of a number of prelimmary experiments, a teaching time of ten minutes was
adopted as a standard. Using this value, we attempted to optimize several factors. The time was long
enough to make any variation in the mixing of the sample and solution unimportant and also to leach most 1

of the iodide into the solution. It was short enough to minimize effects of electrode drift and other causes
of variability observed at long leach times. The results of the teach tests are shown in Table 1.
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Table 1. leach, ans, and methyl lodide rWention data for the carbon samples
studied.

Area Iodide Leach Methyl lodide
Sample (M2/g) (ppm by weight) AXIL Retention Lnl/lo

P3046 391 90 35,200 19 0.163
P5116 836 270 225,700 72 1.27
15732 849 110 93,390 51 0.713
K4047 380 190 72,200 32 0.386
(New) 1176 665 750,800 96 3.0
K6057 758 134 101,500 44 0.58
K2016 312 341 106,200 36 0.446
L3126 774 286 221,200 62 0.968
P2126 736 265 194,900 70 1.20
L3095 865 203 175,500 73 1.31
1850 292 115 33,600 12 0.127

soo

M500 - A

8

400 -

h + New Carbon
@ + K2016g,y + K4047
4 - -- + P6116
N + L6037

~
100 -

0 2 d 5 $* 1O 12
'

Time, min

Figure 8. Representative iodide teach curves.

A plot of the leach data against the methyl iodide retention data showed a rough correlation (Figure 9).
However, there was considerable scatter, and this was not resolved by repeating MI retention or iodide
leaching measurements for the outliers.

Simultaneously with the leaching studies, surface area measurements of the carbon were undertaken.
The carbon had a relat "I high surface area of about 1000 square meters per gram as received. Most of-
this surface was in inten , pores. Microscopy showed a highly convoluted fibrous structure derived
from the original fibrous structure of the coconut shell. Scoutmg measurements with gas sorption for
measuring surface area showed that the effective surface area of the carbon decreased by a factor of as
much as three during service, even in samples outgassed at high temperature (350 C). Evidently, some part
of the internal surface was blocked off by non volatile substances entering the carbon structure during
service.
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Figure 9. Iodide leached versus MI retention.

Carbon samples give a Type I adsorption isotherm because they are micmporous. The absolute values
of surface area analyses made using Type I isotherms has been quesdoned because the micmwres are
filled at the same time as the surface is covered with the adsorbate gas. In this work the abso ute value of
the surface area is not so import-t as consit,tency because the numbers were used only for relative -
comparisons.

As a result of the preliminary studies, a series of surface area measurements was undertaken. These
showed significant changes in surface area among samples that had been in service, although the amount
varied significantly between samples. *lle surface area data given in Table 1 correlate with the methyl
iodide retention shown in Figure 10. This correlation is somewhat better. The data points shown are the
average of two or more measurements. The carbon samples used in these measurements were so small that
significant variation was found among individual samples.

At this point, a mathematical model of methyl iodide retention was developed and applied to the data.
As a result of the studies described in the first part of this paper, it was learned that methyliodide passes
fairly quickly through the carbon compared to the time required for the methyl iodide analysis. It was also
learned that retention of the radioactive isotope is the result of an exchange pmcess. As Dietz(2) has
confirmed, this follows the expected first order relationship with thickness, thus:

Ln (I/lo) = Cx (1)

where lo is the amount of radiciodine entering the bed and I is the amount reaching the depth (x). . If it is
then assumed that there are two factors affecting the removal constant (C) and they are the surface aren (A)
of the carbon and the density (D) of active sites on the surface, then it is reasonable to write:

C=KAD. (2)-
:

A is directly measurable, but it is not obvious that all the surfre area is ually important. The
residence time of gas in the carbon bed is less than 0.2 seconds; consequent! , diffusion into much of the
interior through very small holes is too slow to be important. Using A direct y in this equation infers that'

the area of the accessible surface is diminished during use in proportion to the change in the total surface
measured by gas sorption. This must be considered a plausibl6 assumption, especially in the light of the
results.
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Figure l'O. Surface area versus MI retention.

D (the density of active sites) is not directly measurable and can, in principal, also differ between inside
and outside surfaces. It is presumably a function of, not only the amount of active iodide impregnam -
remaining on the surface, but also of the presence of other substances such as water and organic molecules
sorbed on the carbon. In the methyl iodide retention test, humidity and temperature are carefully controlled,
so it is possible to compare samples on a consistent basis.

D should be proportional to the amount of iodide on the carbon surface, and it should, in principle, be
possible to measure this chemically. Oxidized iodine, or iodine chemically bound to the surface, is not -
expected to be effective in retaining radiciodine. The water leach is an attempt at such a measurement.
The water leach test does not recover all the iodine. Even with new carbon, only about half the iodide
originally added is recovered as iodide. Presumably, the remainder is inaccessible to the water because of
surface tension in the small pores. Activation analysis shows that essentially all the iodide added is present
in some form in all samples studied. However, the water-leach test should recover the most accessible
iodide.

From the preceding, at constant bed thickness, humidity, and temperature, it might be expected that:

Ln (1/Io) = -k A D (3).

As Figure 11 shows, this is not a bad approximation to what is rctually found. The data for new
carbon were not included in the plot because it also has TEDA impregnant on it.

The results of this study suggest that the simpler methods of water leaching and surface area
measuremem might be used in place of methyliodide retention to evaluate carbons of this type. However,
the following limitations of these methods should be kept in mind.

Tbc effect of TEDA, where present, is not measured..

Large quantities of extraneous materials such as organic vapors can cause the teach test to be an.

inadequate measure of quality.

The effect has not yet been much studied at low service times, so the functional relationships in this
.

region are still uncertain.
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Figure 11. Fit of data to mathematical model.
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DISCUSSION

KOVACH: I think if you used an unimpregnated carbon you would get.very similar results.
Whether a carbon is capable of moving methyl iodide is not demonstrated just by the absorption--
retentivity for stable methyl iodide.

HYDER' : I didn't intend to propose it as such. I was more interested in developing a technique
.that was sensitive to iodine. After I started using it, I found that it could be used for looking at the
effects of some substances on methyl iodide retention. But we are a long way from being able to
correlate residence time, as it would be measured with the other parameters of the carbon.

KOVACH: What was the concentration of methyl iodide?

HYDER: Typically, we put about 50 microliters of methyl iodide into 5 liters of air.
,

|

KOVACH: Have you checked the velocity through your carbon bed?
'
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HYDER: Yes, the velocity was carefully controlled. We regularly used a water displacement system
in all experiments to measure velocity accurately. Velocity through the bed was about 8 cm'/sec, or
about 4 bed volumes per second. Methyliodide desorption varied with carbon history.

FREEMAN: It is my understanding that the methyl iodide in your lit:le evaporating bowl was methyl
iodide 127. Therefore, the removal mechanism was just physical adsorption not isotopic exchange
because there was no isotopic force to cause a change. Therefore, it doesn't make any difference
whether TEDA or KI was on the carbon.

HYDER: Exactly, except the removal mechanism for TEDA is supposed to be that of chemical
reaction, which would prevent release of methyl iodide.

FREEMAN: That is correct.

EVANS. A.G.: There has been some speculation that one of the reasons why both TEDA and some of
your soluble iodine decrease is because the TEDA is reacting with the impregnated iodine. This might
explain some of the apparent loss of materials.

HYDER: It is at the moment something of a mystery exactly what happens to the TEDA, but I
can't rule it out. TEDA disappears from the carbon. I asked the plant to run some_ analyses for TEDA,
but their chromatograph was tied up, so I had to defer solving this particular mystery.

GUEST: We use single impregnated carbons with a minimum of 5% TEDA on them. We had
some samples of cubon taken out of our systems that had been in service up to three years. The worst
loss of TEDA was 3.5 to 3.8% of the original 5%. I don't know what is happening that you are losing _
your TEDA so quickly. It seems surprising. It may be an analysis problem or the fact that the TEDA
is reacting, as Mr. Kovach suggested.

HYDER: We find that we get a certain level of acidic gases going through the carbon during
service. You might expect these to react witn TEDA. The pH of the extract drops-steadily during
service and this may well have something to do with the loss of the TEDA. Therefore, the differences
you noted may also result from differences in the contaminants in the two air streams.

MULCEY: What is the detection limit of your apparatus in terms of concentration of methyliodide?

HYDER: Initial concentration,50 pg/5 L; sensitivity was 3 or 4 orders of magnitude below this,
depending on how low the light background could be made (by shedding out room light).
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REMOVAL CHARACTERISTICS OF SOME ORGANIC IODINE FORMS
BY SILVER IMPREGNATED ADSORDENTS
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Y. Kondo, Y. Ilirose
Hitachi Works, Hitachi, Ltd.
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Energy Research Laboratory, Hitachi, Ltd.
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Abstract

The removal characteristics of organic lodine forms, such as methyl ,
ethyl , 1-propyl , n-propyl ,1-buthyl , n-buthyl , and cyclohexyl-lodides i

were evaluated on silver impregnated adsorbents, such as stuer silca gc1
and silver alumina.

The decontamination factor values were evaluated in regard of alkyl
lodide species, nitrogen oxides concentration, temperature, preliminary
iodine loading, linear gas velocity and adsorbent column length. The
results obtained in this study revealed that silver silica gel and silver
alumina were practically effective to remove organic iodine as well as
inorganic iodine.

1 Introduction
|

For the past several years, various kinds of silver impregnated
adsorbents have been investigated to remove ( ogefromoffgasstreamsofIodine forms considered

t spent nuclear fuel reprocessing plants.
I previously were mainly elemental lodine and methyl lodido. Only

qualita j e g}aluation was made on organic iodine forms other than methylI and no quantitative evaluation was made on them. In thislodide
study, the removal efficiencies of the organic iodine forms were evaluated
on silver impregnated silica gel (AgS) and alumina (AgA).

11. Exnerimental
|
| Adsorbents

Table 1 shows the specifications of the adsorbents used in this
study. AgS was made by Sud Chemie, GMBH and contained 12 wtT, silver. AgA
was made by Hitachi, Ltd. and contained 24 wt% silver.
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Table 1 Specifications of the-Iodine Adsorbents

-

Carrier ImpreEnated Silver Content Adsorbent Size

Material (wt %)- (mesh)

Silver Silica Gel Silica Gel AgNO3 12 10-20

24 10-20Silver Alumina Activated AgNO3

Alumina 4

Exoerimental method

Figure 1 shows the ' flow diagram - of the experimental- apparatus for
evaluating the removal characteristics of_the adsorbents. Carrier gas _-was
air and the humidity in the . gas stream was approximately 0.4. vo1%._ Gas
chromatograph and spectrophotometer= were used- to determine the
concentrations of the or6anic iodine and nitrogen oxides (NOx),
respectively. The decontamination factor (DF) was calculated from- the-

lodine concentrations at the inlet and the outlet of-the adsorbent' column.
The detection limits of organic iodine forms were about 0.6 ppm and about
10 ppb using the' flame ionization detector (FID) at the inlet and the
electron capture detector (ECD) at the outlet, respectively.

The adsorbent column was. cylindrical glass tube with an inner
diameter of 10 mm and a height of 300 mm. The adsorbent was loaded in
this column to get normally a height of 20 mm.

Table 2 shows the main experimental conditions. The organic iodine
forms were six kinds of normal- and iso-alkyl iodides, and cyclohexlyl
lodide. This study also evaluate the organic iodine removal efficiency _of
the adsorbents whic adsorbed -preliminarily an adequate amount of-
elemental lodine (1 ) which considered that the Ip was the main lodine-2 8:

forms to be treated at the off gas system. To minimize the' analysis time
three kinds cf organic iodine were mixed at - maximum and ' loaded ! to the.

. adsorption column to maintain the total- lodide concentration- of about 50
ppm.

M. Results and Discussion
'

Bemoval characteristics for the organic lodines

Figure 2 shows the dependency of the DF values ~for organic-lodines on-
,

the preliminarily adsorbed amounts o!' elemental iodine on AgS and AgA. '

The- result shows- that the DF values decreased with . increasing
preliminar11y adsorbed -12 amounts for each organic loagrees with the reported results for elemental iodine g e. This tendency

.

_

In case of no preliminary adsorption, the DF values of over 108could-
be obtained for the organic iodines except for methyl iodide. So methyl
iodide was found to be the.most difficult form to be removed.
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Table 2 Experimental Conditions

Item Conditions

Methyl Iodide
Ethyl Iodide

n-Butyl Iodide

Organic lodine 1-Butyl Iodide

n-Propyl Iodide
i-Propyl Iodide

Cyclohexyl Iodide

Iodine Concentration 1, 5, 20 ,

(vol ppm) 50

|
| NOx Concentration 0, 1, 5

(vo1%)

Temperature ('C ) 50, 100, 150

i

Linear Gas Velocity 20 50,

(cm/s)

Adsorbent Length 20 50,

(mm)

Futhermore, AgA showed the higher DF values than AgS, which could be
explained by the hi her silver content (24 wt%) for AgA than that (12 wt%)6
for AgS and thus higher reaction ability of AgA.

Effect of temperature and NOx concentration

Figure 3 shows the dependency of the DF values on the temperature and
the effect of the 1.5 vo1% NOx on the DF values. For AgS, the DF values
for every organic iodine were constant over 100 *C . For A A, the DFS
values for isobutyl lodide and isopropyl lodide were constant over 50 *C
and the DF value for methyl iodide gradually increased with temperature
(50-150 'C) . AgA and AgS had the same removal ability for organic iodines
at 50-100 'C and Ag A had the higher removal ability for methyl lodide at
150 'C.
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1.5 vo1% of NOx was found to have no adverse effent on removal of
organic lodines.

Effect of orcanic iodine concentration

Figure 4 shows the dependency of the DF values for methyl iodide on
its concentration. The DF values for methyl iodide slightly decreased
with its concentration both in the presence anc' in the absence of N0x.
The dependencey of iodine concentration was also investigated for
isobytyl- and isopropyl-lodides, but their concentratio.p of 1-20 ppm had
no adverse effect on their DF values, which were over 103 in each case.

Examination of the removal characteristics for organic lodineji

Table 3 shows the comparison of the DF values for seven kinds of
organic lodines obtained in the same condition with AgS and AgA. Althouth
tabic 3 shows the minimum DF values based on detection limits, their order
of magnitude coincides with the tendency shown on figure 2. AgS and AgA
could equally remove alkyl lodideg, so far studied except for methyl
lodide, with the DF values over 103 when temperature, NOx concentration,
linear gas velocity and column length were 150 *C, 1.5 vol%, 20 cm/s and
20 mm, respectively.

For methyl lodide, the DF values of over 103 could be also obtained
with longer adsorbent column (50 mnt and higher velocity (50 cm/s),
however the DF values of 50 and 7.3x10} were obtained for Ags and AgA,

Table 3 DF for Organic lodines by AgS and AgA

(Temperature ; 150 *C, N0x concentration ; 1.5 vo1%,
I Linear Velocity ; 20 cm/s, Adsorbent Length ; 20 mm)

Organic lodir.e Form AgS AgA

250 7.3 x 10
Methyl Iodide (2.5 x 10 "1) (2.8 x 10 "1)3 3

Ethyl Iodide > 2.6 X 103 > 2.8 X 103

1-Fropyl Iodide > 2.3 X 103 > 2.7 X 103

n-Propyl Iodide > 2.7 X 103 > 2.9 X 103

1-Buthyl Iodide > 3.5 X 103 > 4.2 X 103

n-Buthyl Iodide > 1.8 X 103 > 2.0 X 103

Cyclohexyl Iodide > 1.2 X 103 __

#1 Adsorbent Length 50 mm, Linear velocity 50 cm/s.
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respectively, with shorter adsorbent column (20 mm) eventhough lower
velocity (20 cm/s).

The results obtained in this study revealed that AgS and AgA were
practically effective to remove organic lodines as well as inorganic
iodine.

From figure 2 and table 3, cyclohexyl iodido shows the highest DF
value and methyl lodide shows lowest value. Its order is as follows,
cyclohexyl > isopropyl > isobuthyl > normalbuthyl > normalpropyl >
ethyl > methyl .

II)As was reported previously , the reaction between alkyl iodide and
silver impregnated adsorbent was considered to proceed as follows,

R+-I" + Ag+ -+ R+ + Ag l , (1)

R+ + NO ' -* R-NO , (2)3 3

where R+, R+-I- and B-NO re carbonium ion, alkyl iodide and alkyl
3

nitrate, respectively.
)
'

Reaction (1) easily proceeds with stable carbonium ion, so the order
of the stability for each carbonium ion might be proportional to the
adsorption reactivity for organic lodine and to the magnitude of the DF
value. The stability for each carbonium ion can be evaluated
experiencia11y and coincides the order of the DF value shown in figure 2
and table 3.

Thus the DF values for alkyl iodides could be qualitatively evaluated
by the stability of the carbonium ion in alkyl lodides.

N . Conclusions

The removal efficiency for organic lodine forms were evaluated on AgS
and AgA which were chosen as adsorbents. Following conclusions were
obtained.

1. Thg adsobents could remove the alkyl iodidea with the DF values over
10 in a proper application.

2. 1.5 vo1% of N0x had no adverse effect on the removal of alkyl
iodides.

3. Temperature of 100- 150'C had no effect on the removal of alkyl
lodides by AgS and AgA except for methyl iodide removal by AgA. The
DF value for methly lodide by AgA increased with temperature in this
region.

4. Organic iodide concentration of 1-20 ppm had little effect on the
removal of alkyl lodides.

5. The removal efficiencies obtained for different alkyl lodides could
be explained by the stability of the carbonium lon.

6. Representing all organic iodides by Methyl lodide is sufficiently
conservative manner to evaluata the removal efficiency of organic
iodine by AgS and AgA.
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DISCUSSION

FURRER: I would like to know how you t'ook the gaseous sample after your bed? Was it a cold trap
or did you take the sample directly out of the flow?

KONDO: The outlet gas collected in a cold trap at a temperature of-10*C, The gas was absorbed -
in hexane and injected into a gas chromatograph to measure the average concentration of the outlet gas.

FURRER: I would like to make a comment. The unidentifie' peaks in your gas chromatogram ared
the reaction products from secondary and tertiary alkyd iodides with AgNO to alkenes and alkanes.3

We found these results some years ago. The paper was published in the Monatshefte fur Clemie,1976.

- KOVACH: (1) You are dealing with two different processes here. On'e is a physical adsorption
process and the other is the iodide silver reaction. Have you assumed _that your system was under
complete equilibrium conditions as far as physical adsorption was concerned with all of your compounds
and the sole effect was the iodine-silver reaction? (2) Do you expect the alkyl halides to be present in
10-50 ppm concentrations in a processing plant? -

'

'~

KONDO: (1) We have already confirmed that the main reaction is a chemical reaction with the,-

; silver nitrate impregnated adsorption materials.~ Below a temperature of 150*C, no' desorption ofiodine .
from AgS and AgA was observed using a nitrogen gas purge following 1 loading. (ref. CONF 840408,2

2:1343 (1984). (2) No, we do not expect alkyl halides in the 10-50 ppm range. We performed the
. experiment with iodide concentrations as high as several tens of ppms, because of _the detection limit-
in the experiment.. But we think that the decontamination factors obtained here can be extrapolated to
low concentrations.

MULCEY: In your paper you refer to a global NO, concentration, were the separate effects of NO
and NO investigated? -

~ ' ~'

2

KONDO: No, they were not, but we measured the NO/NO, ratio..- It was from 0.3 to 0.6. No
-adverse effects were observed from a combined total NO, concentration up to 1.5 volume percent.
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CLOSING COMMENTS OF SESSION CO CllAIRMAN EVANS

Let me summarize the four papers presented in today's session, in two papers dealing with
activated charcoal, we learned of the natural weathering of carbon by exposure to flowing air and about
the adverse effects of paint fumes and other air pollutants on carbon bed performance. In the remaining
two papers, we learned of experimental materials under development as potential replacement for
granular activated carbon in iodine adsorber beds.

|

|

,
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OPENING COMMENTS OF SESSION CO CHAIRMAN WEADOCK

The title and content of this session, Nuclear Codes and Standards, is not all inclusive; we have j
already had several sessions this week dealing with the status and use of various industry codes and
standards relating to nuclear air cleaning.

The scope during this session will be a little different however, and will focus on the use and
incorporation of these codes and standards into regulatory guidance; a topic of obvious practical interest i
and concern to our attendees.

Leading off the session will be two papers of specific interest to NRC licensees. The first paper -
details the impact of NRC issued generic information on technical specification requirements and testing
protocols for activated charcoal testing. Next, we will be hearing an update on the status and content
of NRC Regulatory Guide 1.52, last revised in 1978. -Our third and final paper takes a more global
perspective and provides an overview of IAEA activities in the 1980s related to gaseous waste
management.

t
,
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CHANGES IN ADSORBER TESTING AS A RESULT OF NRC GENERIC INFORMATION

John J. Hayes, Jr.
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

Abstract

Before a nuclear power plant can be licensed by the Nuclear
Regulatory Commicsion (NRC), it must demonstrate that, even in
the event of a nuclear accident, the exposure to radiation of
onsite and offsite individuals will remain within NRC
regulations. One of the ways licensees limit such exposure is to
incorporate into their plant design such engineered safety
feature (ESP) systems as atmospheric cleanup systems. Typically
such a system contains impregnated activated charcoal adsorbers
which remove radiciodine. Licensees are required by their plant-
specific technical specifications (TS) to demonstrate on a
periodic basis that, at the end of its operating cycle, the
charcoal is capable of removing radiciodine with an efficiency
sufficient to ensure performance equivalent to that assumed in
the plant's Final Safety Analysis Report.

Between the period 1985 and 1987, the NRC identified
deficiencies in Method A of ASTM Standard D 3803-1979, which is
utilized for the determining the capability of activated charcoal
to remove radiciodine. These deficiencies were presented in NRC
Information Notice 87-32 and in an EG&G report, EGG-CS-7653. A
series of control room habitability surveys conducted at
operating plants between September 1985 and December 1986 found
that some licensees were testing activated charcoal at
inappropriate conditions and that, for some plants, the

- acceptance criterion for adsorber penetration in the TS was lower
a than that credited in the staff's safety evaluation. In other

cases, the acceptance criterion did not incorporate an adequate
margin to account for charcoal degradation. The NRC issued these
findings in Information Notice No. 86-76 and in NUREG/CR-4960.

The NRC conducted a study of operating nuclear power plants
to determine what, if any, changes have been made to the
technical specifications, test conditions, acceptance criterion
for adsorber penetration and the test method for activated
charcoal as a result of the issuance of NRC generic information
in the form of Information Notices 86-76 and 87-32, NUREG/CR-
4960, and EGG-CS-7653. The results of the study revealed that
very few licensees have implemented the generic information and
that few are contemplating utilizing it. Those that have
utilized the information or are contemplating its use have not
applied it in its entirety or accurately. The study also showed
that the generic information needs to be applied to most ESF
ventilation systems. Licensees continue to test their charcoal

607
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with inappropriate test conditions, protocol, TS, and acceptance- i

criterion for penetration. Given the lack of implementation of
appropriate testing of the charcoal, concerns, identified in
earlier NRC studies regarding the capability of the charcoal to
perform its intended function at its assumed efficiency, remain
unchanged.

I. Introduction

Before obtaining a license from the Nuclear Regulatory
Commission (NRC), owners of nuclear power plants are required to
demonstrate that, even in the event of a nuclear accident,
individuals will not be exposed to anv r. ore radiation than is
permitted by NRC regulations (1) 10 CFR part 50, Appendix A,
General Design Criterion 19 and (2) 10 CPR Part 100. One of the
means of limiting such potential exposure is to incorporate into
the plant's design such engineered safety feature (ESP) systems
as atmospheric cleanup systems. A typical component of such a
system is the impregnated activated charcoal adsorber. These
adsorbers remove elemental and organic forms of radioiodine.

The operators of nuclear power plants (NRC' licensees) are
required by their plant-specific technical specifications (TS) to
demonstrate, on a periodic basis, that the charcoal is capable of
removing radiolodine with an efficiency sufficient to ensure
performance equivalent to that assumed in the plant's Final
Safety Analysis Report (FSAR). In 1983, the Committee on Nuclear
Air & Gas Treatment (CONAGT) of the American Society of
Mechanical Engineers (ASME) invited a number of laboratories to
participate in a round robin testing program of activated
charcoal. The.results of the round robin revealed gross
differences in the measurgd penetration when using test method Aof the ALTM D 3803-1979' standard. These differences raised
concerns within the NRC as to whether or not charcoal in the ESF-

ventilation system would perform with an efficiency equivalent to
or greatar than that assumed in the licensing of-the plant ar-d
whether or not licensees were meeting their technical
specifications. Therefore, the NRC contracted with EG&G, Idaho
to conduct a program to evaluate the (1) results of the round
robin, (2) ASTM test standard, and (3)- laboratories testing the
charcoal. In addition, EG&G was to conduct another round robin
and, if it proved appropriate, to propose a revision to the test

g star.dard.

In April 1987, the results of EG&G's work were published in
a technical evaluation report ' EGG-CS-7 653(2) This report's.

recommendations were directed toward the ASTM D 3803 standard,
the testing laboratories, and the NRC. With respect _ to the
standard, the - report recommended sweeping revisions to the
radionnalytical methods and substantial changes to the
requirements for test procedures and instrumentation associated -
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with Method A of ASTM D 3803-1979. The report included a draft
revision of the standard which incorporated these changes. The
EG&G report stated that this revised standard, with its 16-hour
pre-equilibration period, would increase the sensitivity and
reliability of the standard to the detection of degradation of
cha' coal performance. In December 1989, the ASTM D-28 Committee
essentially adopted this revised Jtandard.

Addressing the charcoal testing laboratories, the report
identified the need for laboratories to use standards as
references in their analytical work and to maintain a well
calibrated system by periodically testing internal reference
charcoal and evaluating these results. A laboratory
accreditation program was recommended. Finally, the report
recommended that the NRC

1. Revise all TS to refer directly to the most recent
revision of the ASTM D 3803 standard for all activated
charcoal performance evaluations;

2. Revise all TS to an acceptance limit of 20: penetration
(80% efficiency) for used charcoal and 3% for new
charcoal when tested using the revisec ASTM D 3803
standard; and

3. Reevaluate current activated chc" coal adsorber designs
and TS in light of the more " realistic" officiencies
obtained from the revised test method, particularly in
the use of 2-inch-deep charcoal adsorbers in critical
ventilation systems which might be subject to
condensing water vapor or steam.

The report did note that the use of heaters in the ESF
ventilation systems would allow the acceptance test to be
conducted at 70% relative humidity and would reduce the inherent
variability of the test. The report also noted that the
recommended acceptance criterion of GO% penetration for used
charcoal might be too permissive to ensure adequate radioiodine
removal capability.

I In July 1987, the NRC issued Information Notice No. 87-
| 32 * to inform NRC licensees of deficiencies in the testing of
' nuclear-grade activated charcoal. The information notice

indicated that EGG-CS-7653 was published and placed in the Public
Document Room. In addition, it also noted that there were
problems with the capabilities of the testing laboratories and

| with the ASTM test method, neither of which had ever been
verified. It further stated that testing laboratories could use
the EG&G protocol (developed to address some of the test method's
deficiencies) to perform charcoal tests until a revised D 3803
standard could be adopted. [As stated previously a revised D
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3803 standard was approved in December 1989W and was issued in
February 1990.]

During the period between September 1985 and December 1986 a
series of control room habitability surveys were conducted at
operating plants to determine whether the control room
habitability systems would perform as they were described in-
licensee's response to TMI Action Item III.D.3.4, " Control _ Room
Habitability." The results of the survey were reported in
h0 REG /CR-4960*. One finding in the report identified problems
involving laboratory testing of charcoal and associated plant TS.
Some licensees were testing activated charcoal at conditions that
would overpredict the capability of the charcoal to remove
radioiodine. Tests were being conducted at inappropriate
temperatures (80 or 130 degrees Celsius instead of 30 degrees
Celsius) and at an inappropriate relative humidity (at a relative
humidity of 70% when the test should have been conducted at a
relative humidity of 95% because the relative humidity of the air
to the charcoal was rat centrolled to 70% or lower) .

Another finding was that the acceptance criterion in the
technical specifications for the penetration test was
inappropriate because the criterion was

1. equal to or lower than that credited in the staff's
safety evalustion; and/or

did not include the apg opriate safety factor from2.

Regulatory Guide 1.52 to ensure that, at the end of
the unit's operating cycle, the charcoal would have a
removal efficiency at least equal to that credited in
the staff's safety evaluation.

Table 4.2 of NUREG/CR-4960 indicated that only 1 of 15 units
surveyed performed their laboratory test of charcoal for the
control room at ar. appropriate temperature of 30 degrees Celsius.
In addition, licensees at only 4 of the 15 plants incorporated
the appropriate safety factor in their TS.

mInformation Notice No. 86-76 told NRC licensees about the
problem of testing the charcoal at an inappropriate temperature.

II. Purcose of the Study

This study was performed to determine whether NRC licensees, ~

in response to the issuance of NRC generic information in the.
form of Information Notices 86-76 and 87-32 and reports NUREG/CR-
4960 and EGG-CS-7653, had made changes to their
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:

(1) test inothod, test laboratory, and/or test conditions;
,

(k) technical Specifications; and

(3) acceptance criterion for penetration for the laboratcry
test; and

(4) whether changes should have been made in the above
three areas.

A total of 80 nuclear units were invited to participate in this
voluntary study. Responses to the study covered 37 nuclear units
and 'J3 ESF ventilation systems.

The study was performed utilizing a survey. A survey form
was developed for participation by licensees._ The survey form,
presented an Appendix A, was divided into an introductory section
followed by four numbered sections (I-IV). The introductory
section requested a system description including (1) system
flowrates (2) design value for the charcoal adsorber face
velocity; (3) adsorber bed depth; (4) the adsorber efficiencies
assumed in the latest licensee safety analysis submitted to the
NFC and the submittal date; (5) -whether the system utilized
electrical heaters to limit relative humidity to 70% or less; and
(6) the adsorbec efficiency credited in the latest NRC safety
evaluation and its. issuance date. Section I of the survey
requested information on the TS and some of the test conditions
for the particular ESF system. Information requested included
(A) the laboratory test method utilized; (B) test conditions such
as temperature, relative humidity, acceptance criterion for the
laboratory test either in terms of penetration or ef ficiency,
pre-equilibration period, face velocity, and testing laboratory;
and (C) additional clarifying comments. Section II of the survey
form requested information from licensees planning to revise
their TS and/or their test conditions or change their test
laboratory. If they were planning revisions, they were asked to
note the changes and to give clarifying comments, if appropriate.
Section III of the survey form asked the licensees to indicate
what changes had been made to the laboratory test method, test -

conditions, and/or TS since January 1, 1996. Again, the reasons
for the cht.nges and clarifying comments, if appropriate, were
requested. 3ince the survey form only sought information on what
licensees had changed to and not what they had changed frQE,
discussions were held with licensee personnel to determine
conditions that existed before the change. Section IV of the
sorvey form, " Individual to contact," gave the NRC staff
information needed to arrange the discussion.

Gli
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:

!

!

III. Results of the Study

Chances Incorogrited and/or Contemn 1ated

| The 37 plar.sts responding to the study reported that nine ESF
ventilation systems (less than 10%) had made changes to either,

| their TS, the test method, test conditions, or acceptance
criterion for penetration as a result of either the EG&G work or;

i the control room habitability work or the information notices
associated with these efforts. The survey indicated that
licensees were contemplating changes in slightly more than 20% of'

the ESF ventilation systems (21 of 93) as a result of NRC generic.
information.

!

The fact that so few have changed their TS, test method, or
test protocol or are even contemplating a change, may be an
indication that most of thf charcoal in the ESF ventilation

I systems is presently being tested at appropriate conditions, with
an ap propriate test method and an appropriate acceptance
criter:.on for penetration such that changes are not needed.

; conversely, licensees may have chosen to ignore the generic
information and maintain the " status quo." one could speculate
that licensees were awaiting the ASTM D 380) revision before
implementing any change. Indeed, data from the study indicated

! that for 12 of the 21 systems for which changes are contemplated,
licensees planned to evaluate the use of the revised ASTM D 3803
standard. However, no licensee to date has made the change to,

the 1989 revision. The test methods currently being used are
distributed as follows:

ASTM D3803-1979/1986 68%
,

. |
'

RDT-16-1T 1973 21% |

RDT-16-1T 1977 11%

| None of the units indicated thst they had changed test-
'

laboratories as a result of the EG&G work and its associated
information notice although at least one of the laboratories
previously testing-charcoal no longer performs such tests.

._ .

Need for Chance

Before it could be determined whether the existing test
method, test conditions, TS, and acceptance criterion for the
penetration test were appropriate; the appropriate test
conditions, test method, TS, and acceptance criterion for the
penetration test had to be defined. The appropriate conditions
came from the Information Notices 86-76 and 87-32, NUREG/CR-
4960, EGG-CS-7653, and Regulatory Guide 1.52. The appropriate
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test method was considered to be the revised ASTM D3803 standard
or the EGGG protocol in EGG-CS-7653. The appropriate test |

conditions and acceptance criterion were defined as follows: !
|

1. Temperature
'

All charcoal was considered to be tested at an
appropriate temperature if it was tested at 30 degrees
Celsius.

2. Relative Humidity

Systems without heaters which do not control relative
humidity of the. incoming air tc 70% or less should be
tested at 95% relative humidity. Systems with heaters
Which control the relative humidity' of the air to 70%

|

or less should be tested at 70% relative humidity.
,

3. Face Velocity

Systems designed for a face velocity of 40 ft/ min or
less should be tested at 40 ft/ min. Systems-designed
with a face velocity greater than 40 f t/ min should be
tested at the design-velocity.

4. Acceptance Criterion for Penetration

The acceptance criterion for penetration should be
given, depending upon how the acceptanne criterion is

'
. ,

defined, as either:
;

Allowable Penetration = (100% - Efficiency Credited in
NRC Safety Evaluation)/ Safety
Factor,

Safety Factor = S (for systems with heaters)
=7 (for systems-without heaters)

or

Removal Efficiency Efficiency credited in NRC=

Safety Evaluation + 0.857
-(100% - Efficiency Credited in
NRC Safety Evaluation)-
(for systems without heaters)

Efficiency Credited in NRC-=

Safety Evaluation + 0.8 (100%
Ef ficiency Credited in NRC--

Safety Evaluation)
-(for systems with heaters)
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5. pre-equilibration Period

The pre-equilibration period should be 16 hours.

All 93 ventilation systems were evaluated to determine
whether the charcoal was tested 1:' a manner to meet these five
criteria. only one system met all five. The remaining 92
systems were deficient in one or more of these criteria. Every
system met at least one of the criteria.- Table 1 provides
information on the number of systems as a function of the number
of inappropriate criteria.

Table 1 Humber of Systems and Their Inappropriate Criteria.

Number of Inappropriate criteria Number of Systems

1 17

2 49

3 20

4 6
,

More than 80% of the ventilation systems (75 of 93) are
dnficient in two or more criteria. Tabin 2 indicates the number
of systems with deficiencies in each criterion.

Tame 2 Number of Systems with Deficiencies in a Given
Criterion

,Criterirja Number of Systems with Deficiencies

Pre-equilibration Period 66

Temperature 65

Acceptance Criterion for Penetration 46' '

Relative Humis;
, 16

Face Velocity 6

From Table 2 it can be observed that the majority of the
deficiencies, almost 90%, occur in the pre-equilibration period,-
the test temperature, and the acceptance criterion for

i
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.

penetration that determines whether the charcoal will perform its r

intended function. As noted previously, problems in these areas
were identified in the NRC generic information documents. From
the data collected in the study, it appears that the deficiencies
still exist and that licensees have not made appropriate changes
to their TS and/or their test conditions, nor are they, for the
most part, planning changes.

'

It should be noted that of the 46 systems that had an
inappropriate acceptance criterion for penetration, five systems
had an acceptance criterion which was less than that assumed in
the safety analysis or the safety evaluation while another 23 had
an acceptance criterion which was equal to that assumed in the'

i safety evaluation. Thus, almost 30% of the systems surveyed could
'

restart, following a refueling outage, with charcoal with an
efficiency less than or equal to that assumed in the safety
evaluation.

It should be noted that one licensee's response in this
study, involving nine ESP systems, indicated that while the
plant-specific TS allow the charcoal to be tested at a
temperature of 80 degrees Celsius, both an 80 degree and a 30
degree Celsius teet are performed. The 30 degree test is used to
determine acceptability of the charcoal. ' Discussions with the
licensee indicated that they have replaced the charcoal on the
basis of the 30 degree test results. However, for the purposes,

of this study, these nine units were classified as having an
inappropriate test temperature criterion because their is no
requirement for the licensee to utilize the 30 degree test.'

4

The study also showed that some licensees test their
charcoal at 25 degrees Celsius. This is because some licensees
arg','gesting in accordance with various versions of RDT 16-
1T 8 This test temperature was changed from 25 degrees
Celsius to 30 degrees Celsius with the issuance of the 1977
version of RDT 16-lT. Since the 25 degree is still considered a
realistic temperature for determination of charcoal capability,
those systems which had-their charcoal tested at 25 degrees were
counted as having an appropriate temperature for the purposes of
this study.

Chances Made

.In assessing the changes that have been made, in some cases,
licensees made changes that were inappropriate for the system
involved and, in some cases, not enough changes were made._ For
example, four systems had their test temperature changed from 130
degrees Celsius to 80 degrees. Three systems did change their
test temperature to 30 degrees Celsius, but the - acceptance
criterion for penetration was changed to an inappropriate value.

616
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Those that did change the acceptance criterion for penetration
did seem to implement it correctly.

Chances contemplated

As with the ventilation systems for which changes have
already been made, licensees contemplating changes show a mixed
success in selecting appropriate changes. The previously
mentioned licensee, who performs both the 80 degree and the 30
degree Celsius tests for nine ESF systems is considering adopting
the 1989 revision of ASTM D 3803. That licensee would reduce the ;

test temperature from 80 degrees Celsius to 30 degrees Celsius;
change the pre-equilibration period to 16 hours; and reduce thei

acceptance criterion for allowable penetration (because of the 16
hour pre-equilibration period) to below that assumed for the
safety analysis and the safety evaluation in all nine cases.

Two licensees were contemplating changes to three ESF
ventilation systems which involved consideration of the use of
the 1989 revision of ASTM D 3803 but the specific changes were
not identified. Another licensee was considering a change to
utilize the 1986 version of the ASTM D 3803 standard and an
appropriate change to the acceptance criterion for allowable
penetration from lot to it, but the test temperature would not be
changed to 30 degrees Celsius but rather to 80 degrees Celsius.
Another licensen is contemplating changes to incorporate a 30
degree test for three ventilation systems but the pre-
equilibration period would not be changed to 16 hours for the
three and the acceptance criteria would remain unchanged and
inappropriate for two of the systems.

IV. Conclusions
The NRC has issued generic information to its licensees in

the form of reports and information noticca on appropriate
laboratory test protocol, test conditions, TS, and acceptance
criterion for penetration. An NRC study revealed that very few
licensees have implemented this information and that few are
contemplating utilizing it. Those that have utilized the generic
information or are contemplating its use, have not applied it in
its entirety nor accurately. The results of the study also
showed that the generic information is applicable to most ESP
ventilation systema. G l a.'. th: lack of implementation of
appropriate test conditions, protocol, TS, and acceptance
criterion for penetration, concerns, identified in earlier NRC
studies regarding the capability of the charcoal to perform its
intended function at its assumed efficiency, remain unchanged.
The NRC is reviewing the results of this study.
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hpDADdix A Sury_cy_Ign

You are requested to complete the following survey forms for
your plant. The information in this survey will form the basis
of a paper to be presented at the 21st DOE /NRC Nuclear Air
Cleaning Conference antitled, " Changes in Adsorber Testing Au a
Result of NRC Guidance". Please complete one survey form for
each engineered safety feature ventilation system at ycur
facility. If you have two or more reactors on site and the units
are identical in design and there are no differences between each
Unit's Technical Specifications, then just indicate that the
information for Unit X is also applicable to Unit Y e.g.,-McGuire
Units 1/2. Otherwise, a separate survey form should be completed
for each ESF ventilation system for-each Unit. Presentation of
an earlier draft of this survey form to utility personnel
required 30 minutes to an hour-per Unit-to complete.-

Please send- your completed survey forms by June - 22, 1990 by
mail or FAX tot i

Jack Hayes
U. S. Nuclear Regulatory Commission .'

Washington, D. C. 20555
FAX Humbers (301) 492-0259, 492-0260, 492-1137

FAX Verification Number (301) 492-0262
If there are any questions concerning the completion of the

survey, please telephone the above at (301) 492-1456 between the
hours of 6:45 A. M. and 4:30 p. M. Eastern Daylight time.

Your cooperation in this survey is greatly appreciated.

* PLANT NAME

ENGINEERED SAFETY FEATURE VENTILATION SYSTEM (CIRCLE AND COMPLETE
THE SURVEY FORM FOR EACH APPROPRIATE SYSTEM)

ANNULUS VENTILATION
CONTROL ROOM
STANDBY GAS TREATMENT SYSTEM
FUEL HANDLING BUILDING
CONTAINMENT / REACTOR BUILDING
AUXILIARY BUILDING
EQUIPMENT CUBICLES (MAY BE ECCS PUMP ROOMS)
OTHER (SPECIFY)
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SYSTEM DESCRIPTION

1. FLOW RATE CFM

2. CHARCOAL FACE VEIDCITY FT/ MIN

3. CHARCOAL BED DEPTH INCHES ;

4. LATEST VALUE OF LICENSEE ' ASSUMED CHARCOAL ADSORBER .

REMOVAL EFFICIENCY IN DOSE ANALYSIS CALCULATION- IN
SUPPORT OF AMENDMENT REQUEST, OPERATING LICENSE, ETC.,-

APPROVED BY THE NRC % DATE OF SUBMITTAL

t 5. ARE ELECTRICAL HEATERS USED TO REDUCE RELATIVE HUMIDITY
! TO 70% OR LESS? YES NO

4

6. CHARCOAL ADSORBER REMOVAL EFFICIENCY CREDITED IN LATEST
NRC SAFETY EVALUATION %

DATE OF ISSUANCE IF DIFFERENT THAN ORIGINAL SAFETY'

EVALUATION ISSUED FOR THE OPERATING LICENSE
i

I. EXISTING TECHNICAL SPECIFICATIONS

|

| A. CHARCOAL ADSORDER TEST METHOD-(CIRCLE APPROPRIATE TEST
i METHOD)

i ASTM D3803-1979 ASTM.D3803-1986

ASTM D3803-1989 RDT M16-1T-1973

RDT M16-1T-1977 RDT M16-1T-1972

I OTHER (SPECIFY)

B. TEST CONDITIONS
,

1. TEMPERATURE (CIRCLE)

25 C 30 C 80 C 130'C

OTHER (SPECIFY)-

2. RELATIVE HUMIDITY (CIRCLE)

70% 95% OTHER(SPECIFY)_,
.

1

| '

!'
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3. ACCEPTANCE CRITERIA (RESPOND To a OR b BELOW
ONLY)

a. ALLOWABLE PENETRATION (CIRCLE)

0.175% 0.2% 1.0% 5.0% 10.0%

OTHER (SPECIFY)

b. REMOVAL EFFICIENCY (CIRCLE)

99.825% 99.8% 99.0% 95.0%

90.0% OTHER (SPECIFY)

4. PREEQUILIBRATION PERIOD FOR USED CHARCOAL

HOURS

5. FACE VEI4 CITY

FT/ MIN

6. TESTING LABORATORY

C. ADDITIONAL CLARIFYING COID4ENTS
_

~

i___

II. IF YOU ARE PLANNING TO REVISE YOUR TECHNICAL SPECIFICATIONS
FOR THIS SYSTEM, COMPLETE THIS SECTION. OTHERWISE PROCEED
TO SECTION III.

A. INDICATE REASON FOR REVISING THE -TECHNICAL
SPECIFICATIONS:

" 1. INTERLABORATORY COMPARISON RESULTS - OF ASTM D3803
mum TEST METHOD (" FINAL EVALUATION REPORT FOR THE

NRC/INEL ACTIVATED CARBON TESTING PROGRAM", EGG-
CS-7653)

" 2. INFORMATION NOTICE 87-32, " DEFICIENCIES IN THE
- TESTING OF NUCLEAR-GRADE ACTIVATED CHARCOAL"

620
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1

1

''"' 3. INFORMATION NOTICE 86-76, " PROBLEMS NOTED IN
sums CONTROL ROOM EMERGENCY VENTILATION SYSTEMS"

""' 4. NUREG/CR-4960, " CONTROL ROOM HABITABILITY SURVEY
amus OF LICENSED COMMERCIAL NUCLEAR POWER GENERATING

STATIONS"

" 5. OTH E R ( PLEAS E S PE C I FY )
name

i

i

B. WHAT REVISIONS ARE YOU PLANNING TO MAKE?

1. CHANGING CHARCOAL ADSORBER TEST METHOD To (CIRCLE
APPROPRIATE TEST METHOD)

ASTM D3803-1979 ASTM D3803-1986 -

>

ASTM D3803-1989 RDT M16-1T-1973

RDT M16-1T-1977 RDT M16-1T-1972

- OTHER (SPECIFY)

2. - CHANGING TEST CONDITIONS To:

a. TEMPERATURE (CIRCLE)

25 C -30 C 80 C 130 C

OTHER(SPECIFY) __

'

b. RELATIVE HUMIDITY-(CIRCLE)

70% 95% __OTHER (SPECIFY)- -

c. ACCEPTANCE CRITERIA (RESPOND TO l' OR 2 BELOW
ONLY)

1. ALLOWABLE. PENETRATION _(CIRCLE) ';

0.175% - 0.2% 1.0% 5.0%
10.0% OTHER -(SPECIFY)

2. REMOVAL EFFICIENCY (CIRCLE)
;

e
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99.825% 99.8% 99.0%
1

! 95.0% 90.0%

{ OTHER (SPECIFY)

d. PREEQUILIBRATION PERIOD FOR USED CHARCOAL

HOURS'

e. FACE VEIDCITYj

FT/ MIN
i

C. ADDITIONAL CIARIFYING COMMENTS

-

,

,

,

III. IF YOU REVISED YOUR TECHNICAL SPECIFICATIONS FOR Ti!IS ;
2

SYSTEM, SINCE 1/1/86, COMPUTE TilIS SECTION. OTHERWISE, Go
4

TO IV.

A. INDICATE REASON FOR REVISIONS. t

" 1. INTERLABORATORY COMPARISON RESULTS OF ASTM D3803
'

suum TEST - METi!0D (" FINAL EVALUATION REPORT FOR Tile
NRC/INEL ACTIVATED CARBON TESTING PROGRAM", EGG-

4

| CS-7653)

'
,

" 2. INFORMATION NOTICE 87-32, " DEFICIENCIES IN THE.
smus TESTING OF NUCLEAR-GRADE ACTIVATED CHARCOAL"

.

" 3. INFORMATION NOTICE 86-76, " PROBLEMS NOTED IN'

| " CONTROL ROOM EMERGENCY VENTILATION SYSTEMS"

" 4. NUREG/CR-4960, -" CONTROL ROOM HABITABILITY ' SURVEY _ _
muum OF LICENSED COMMERCIAL NUCLEAR POWER GENERATING

STATIONS"

" 5. OTHER ('P L E A S E S P' E CI FY )
ums.
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B. WHAT REVISIONS WERE MADE?-

1. CHARCOAL ADSORDER TEST METHOD CHANGED TO: (CIRCLE
APPROPRIATE TEST METHOD)

ASTM D3803-1979 ASTM D3003-1986

ASTM D3003-1989 RDT M16-1T-1973 '

,

RDT M16-1T-1977 RDT M16-1T-1972

OTHER (SPECIFY)

2. TEST CONDIP'9NS CHANGED TO: *

a. TEMPERATURE (CIRCLE)

25 C 30 C 80 C 130 C,

,

OTHER (SPECIFY). _

b. RELATIVE HUMIDITY (CIRCLE)
,

70% 95% OTHER (SPECIFY)
t

c. ACCEPTANCE CRITERIA (RESPOND TO 1 OR' 2 BELOW
ONLY)

1. ALLOWABLE PENETRATION (CIRCLE)

0.175% 0.2% 1.0% 5.0%

10.0% OTHER (GPECIFY)
'

2. REMOVAL EFFICIENCY (CIRCLE)

99.825% 99.8% 99.0%-

95.0% 90.0%

OTHER (SPECIFY)

d. PREEQUILIBRATION PERIOD FOR USED- CHARCOAL
1

HOURS

t

i

d

623
;

,.-.-vv.%,y---,.y, , , ,w-y-,.~--r-w. ,,--,,,,w~-.yw..,-..- , -.-~.-v..,.,, .,w -e. ,wy-- ,,,-m,,.~,4 - we , -w ww.,=--r- ,--me- -.w-- - , - -+ , , -



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

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE
,

o. FACE VELOCITY

FT/ MIN

C. ADDITIONAL CLARIFYING COMMENTS

.

-

_.

IV. INDIVIDUAL TO CONTACT

|
NAME

TITLE

TELEPHONE NUMBER ( )

TIME REQUIRED TO COMPLETE FORM (HOURS PER UNIT)

DISCUSSION

We dealt with a number of different plants and have seen the variation in allORNBERG:
the tech. specs, across all the systems. There is a great deal of confusion out there. I guess one of the
questions I hear from many of the plants is that they are not sure where this should start; who should
start first in this change. It is obvious that many of the technical specifications go back to the early and
mid 1970s, and that there was even more confusion back then. We know a lot more now. My first
question is, can or should the NRC do something with regard to a generic technical specification
change? Every time I have been involved in discussions people shudder at that thought. If you are a
single licensee and proposing something that even smells of a generic technical specification change,
there is some ominous cloud that hangs over the discussion at that point.- Can you elaborate on that
or describe the process that you have to go through with a generic technical specification change?

IIAYES.1: I am most familiar with the Westinghouse process for a generic technical

L specification change which involves the technical specification upgrade program. I think the review is
; supposed to be completed sometime in October of this year. Westinghouse owners group made a

submittal that is being reviewed. I believe North Anna is the plant undergoing the initial review, in'

answer to your question whether the NRC should be initiating generic technical specification changes,
one of the problems I have had and the licensees have had, is that the technical specifications are not
specific enough in this area. In other words, it does not spell out the test conditions, the acceptance
criteria, or the method to be utilized. What I have suggested to licensees is that they come forward and
request technical specification changes. I do not believe they would have to come forward on a generic

-

basis to go through the CR GR process. I think they could do this on an individual basis without going
through the CR GR process and be successful.

ORNBERG: You would be looking at 100.different plants going through this individual-
process.- There would be confusion among the' utilities concerning test conditions. It seems to me more
efficient for the NRC to send a letter to all of them to suggest technical specification changes and
explain to all the utilities that this type of change is looked upon favorably by the NRC. That would
initiate the process.

L
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IIAYES. J,: The results of this study became available two week 3 ago. When passed up
to the management chain for review, the ultimate boss for Regulatory Guide projects, Jim Partlow, had
this question, "What are we willing to do about this." You may be right, we may be coming out with a
generie letter with respect to this item. Obviously, we have a potential for a creditability problem. We
have designed systems for certain efficiency and we have assumed that efficiency in our accident
evaluations. If charcoal is not capable of performing at that level, we have to correct the situation.
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USNRC REGULATORY GUIDANCE FOR ENGINEERED SAFETY FEATURE
AIR CLEANING SYSTEMS

Dr. Ronald R. Ballarf
U. S. Nuclear Regulatory Commission ,

475 Allendale Road !

King of Prussia, Pennsylvania 19406

Abstract

The need for clear, technically appropriate, and easily
implementable guidance for the design, testing, and maintenance of
nuclear air cleaning systems has long been recognized. Numerous
industry consensus standards have been issued and revised over the
last 30 years. Guidance has also been published by the U. S. Nuclear
Regulatory Commission in the form of regulations, regulatory guides,
standard review plans, NUREG documents, and information notices. This
paper will summarize the latest revisjons to these documents and
emphasize Regulatory Guide 1.52, " Design, Testing, and Maintenance
criteria for Post-Accident Engineered Safety-Feature Atmosphere
Cleanup System Air Filtration and Adsorption Units of Light-Water-
Cooled Nuclear Power Plants," which was last revised in 1978. The
USNRC has undertaken a project to ravise this regulatory-guide, and
the status of that revision is highlighted.

Introdug_tiSD

One of the primary means for the U. S. Nuclear Regulatory
Commission to distribute guidance is by publishing regulatory guides.
Regulatory guides are documents issued by the NRC staff to describe
and make available to the public methods acceptable to the NRC staff
of implementing specific parts of the Commission's regulations, to
delineate techniques used by the staff in evaluating specific problems
or postulated accidents, or to provide guidance to applicants. It is
important to note that regulatory guides are not substitutes for
regulations, and compliance with them is not required. Methods and
solutions different from those set forth in regulatory guides will be
acceptable if they provide a casis for the findings requisite to the
issuance or continuance of a permit or license by the NRC. However,
regulatory guides are considered to be of sufficient importance that
safety analysis reports are required to contain sections detailing the
degree of compliance with applicable regulatory guides. In short, a
regulatory guide is one acceptable means of satisfying the NRC's
regulations, and this means has been endorsed by the NRC staff.

Comments and suggestions for improvements in all regulatory
guides are encouraged at all times. Guidos will be revised, as
appropriate, to accommodate comments and to reflect new information
or experience. Once reviewed and concurred in by the NRC ;;taff, new
and revised regulatory guides are reviewed by the NRC's Committee to
Review Generic Requirements (CRGR) to ensure that backfit issues are
appropriately considered, and by the Advisory Committee on Reactor
Safeguards. They will be noted in the Federal Register, and public
comments will be explicitly solicited. Comments should be sent to the
Secretary of the Commission, U. S. Nuclear Regulatory Commission,
Washington, D.C., 20555, Attention: Docketing and Services Branch.
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Anyone desiring a single copy of issued regulatory guides should
request it in writing to the U. S. Nuclear Regulatory Commission,
Washington, D. C. 20555, Attention Director, Division of Document
Control. You may also request placement on automatic distribution for
single copies of future guides in any one of ten specific divisions
of guides (power reactors, research and test reactors, fuels and
material facilities, environmental and siting, materials and plant
production, products, transportation, occupational health, antitrust
review, and siting). Issued guides may be reproduced.

Engineered Safety reature Air cicaning_.RCmilAbry_fdiiCA

Regulatory Guide 1. 52, " Design, Testing and Maintenance Criteria
for Post-Accident Engineered Saf ety Feature Atmosphere cleanup System
Air Filtration and Adsorption Units of Light-Water-Cooled Nuclear
Power Plants," is the applicable regulatory guide for engineered
safety feature (ESP) air cicaning systems. It was first issued in
June 1973. Revision 1 was issued for comment in July 1976, and
incorporation of these comments resulted in the issuance of Revision
2 in March 1978. There have been no revisions of the Regulatory Guide
since that time. Thit. Guide has proven to be an extremely useful and
important document. It is referenced in numerous plant technical
specifications and in so doing, becomes a part of the f acility license
and an enforceable regulation. Most importantly, it has been uned as
a vehicle to reference numercus industry consensus standards, and
emphasize the importance of these standarda. Standards and other
documents referenced have included:

1. ERDA 76-21, " Nuclear Air Cleaning Handbook"
2. ANSI /ASME H509, " Nuclear Power Plant Air Cleaning Units and

Components"
3. ANSI /ASME N510, " Testing of Nuclear Air Treatment Systems"
4. ASTM D3803, " Standard Test Methods for Radiciodine Testing of

Nuclear-Grade Gas-Phase Adsorbents"
5. ASTM D4069, " Standards Specification for Impregnated Activated

Carbon Used to Remove Gaseous Radiciodine from Gas Streams"

The Need to Revise Reculatory Guide 1.52

The above-referenced documents have boon issued in numerous
revisions since the last revision of Regulatory Guide 1.52 was issued
in 1978. Unfortunately, the Regulatory Guide in some cases refers to
specific editions of these documents, and in some cases the Regulatory
Guide does not refer to any specific editions. This has caused
significant confusion over the last 10 years. Plant technical
specifications referring to specific editions of the Regulatory Guide

,

lock the licensee into outdated, inferior docueents that must be l
satisfied. Although this has been acknowledged by the regulatory
authorities, no documented position on what guidance to use has been
issued. The dilemmas become compounded now that the ASME Committee
on Nuclear Air and Gas Treatment has issued (and revised) ASME/ ANSI
AG-1, " Code on Nuclear Air and Gas Treatment." The need to revise
Regulatory Guide 1.52 has been recognized since 1980, and a revision
was initiated twice, but never completed. In the summer of 1988, a
decision was made to allocate the necessary resources to revise the
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|

Guide, and that effort is ongoing. A number of internal drafts have'

been generated, and internal comments incorporated. Progress,
nonetheless, has not been as f ast as anticipated. A draft is not yet

! available for public comments, although a working paper is in the
final stages of development, and is anticipated to be ready in the
fall of 1990. When issued, it will ba noted in the Federal Register,
and public comments will be solicited and welcomed.1

' Elanned Chana n
!

Regulatory- Guide 1.52 refers to - a significant number of
documents, many of which are industry consensus codes and standards.

,

It is a major goal of the upcoming revision to Regulatory Guide 1.52*

to refer to the latest issue of each of these documents. This will
, improve the usefulness of this regulatory guide as a regulatory
i document and, as importantly, as a vehicle to provide endorsed
) guidance to the users of the guide, the operators of commercial
! nucicar power plants, the designers of air cleaning systems,
' corporations who perform in-place testing, and consultants.

A. Carbon Testina Procedures and Criteria,

i Committee D20 of the American Society for Testing and Materials
~

is recognized as containing technical expertise with respect to
nuclear grade active carbon. ASTM D3803-89 will'be referenced as the

,

appropriate testing procedures for radioiodine removal by activated4

carbon. This is a revised document that incorporates industry
comments. In addition, ASTM D4069-90 will be referenced as the

| appropriate acceptance criteria for laboratory testing of new
activated carbon. This revised version of ASTM D4069_ conforms to ASTM

j D3003-89, and although not yet issued, ASTM Society ballots are due
August 31, 1990. No negative ballots are anticipated, and ASTM D4069-

| 90 should be available shortly thereafter.

i B. Water Sorays r.nd carbon Wettina Phenomena
:
,

The original version of Regulatory Guide 1.52 suggested the use'

of water sprays on the carbon sections of filter systems to ensure
,

! fire extinguishing capability. Revisions 1 and 2 of the Guide
! acknowledged the possibility of inadvertent activation of the sprays,

and discussed other means of adsorbent cooling. Proposed-Revision 3'

.
to the Guide substantially augments and expands this discussion. The
Guide will clearly indicate that wetting of impregnated activated'

carbon should be-avoided-because it establishes conditions for rapid
chemical -corrosion between the impregnants .and stainless- steel

:
! structural material supporting the charcoal beds.- For example,

inadvertent actuation of water spray systems or deluge systems may
! result in the rapid disintegration of stainless steel screens unless

the vetted charcoal is removed promptly and replaced with dry
material. Thus, water spray or deluge systems should not be used for
adsorbent cooling purposes because of the severe corrosion problems
which result; however, water deluge systems may be used for fire
extinguishment if licensees are aware-of the potential ir.plications
of system actuation.
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Further, the Guide will include provisions for removal of a
sample of used carbon and laboratory testing following detection of,
or evidence of, penetration or intrusion of water (or other foreign
material) into any portion of an ESF atmosphere cleanup system. 4

L DOP Toxicity

The potential risk to humans from intake is addressed in Revision
3 to Regulatory Guide 1.52. DOP, an acronym for dioctyl phthalate or
di-2-ethylhexyl-phthalate (DEHP), is the standard challenge aerosol
used in the testing of HEPA filters. DOP has been considered to be
a substance of low toxicity by all routes of human intake. The
National Cancer Institute has conducted carcinogenesis bioassay tests
on DOP; preliminary findings showed DOP to be potentially carcinogenic
in mice and rats but the reports made no determination of risk to
humans. At such time as definitive recommendations are made by the
National Institute for Occupational Safety and liealth (NIOSH),
specific guidance on the use of DOP will be issued through the Office
of Nuclear Reactor Regulation and through Regional Administrators.

D. Carbon Innreanants

I.. all revisions to the Guide, activated carbon is assumed as the
sorbent material for radiciodine removal. There has not been any
specific discussions on the impregnant used to improve radioiodine
removal efficiency at high humidities. Typical impregnants used are
iodide - or amine - compounds. It has been suggested that the use of
potassium iodide-impregnated carbon in primary containment
recirculating ESF atmosphere cleanup systems may result in the release
of froe nonradioactive iodine which could interact by isotopic
exchange with the relatively stable es131I deposited on containment
surf aces in a design basis accident (DBA), making free 131I available
in the containment atmosphere and increasing the airborne radioactive
iodine fraction. While the existence of such conditions in a DBA has
not been conclusively demonstrated, licensees should consider the use
of carbons coimpregnated with potassium iodido and a tertiary amine
to prevent the potential release of free iodine from the carbon
impregnant and to minimize the potential for the formation of airborne
radioactive iodine within containment.

E. Denartment of Defense Oualified Products List

The basic specifications for HEPA filters are contained in two
military specifications, MIL-F-51068, " Filter, Particulate, High

| Efficiency, Fire-Resistant," and MIL-F-51079, " Filter Medium, Fire-
| Resistant, High-Efficiency." Part of the requirements of these
' specifications concern listing on the Department of Defense Qualified

Products List for HEPA filters installed in commercial nuclear power
| stations. These requirements need not apply if the manufacturer

maintains a quality assurance program consistent with the requirements
of Appendix B, " Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants" to 10 CFR Part 50. Therefore, licensees
and manufacturers are being given an option for implementing quality
assurance for HEPA filters either have the manuf acturer of the
filters maintain an Appendix B QA program, or purchase filters listed
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on the Qualified products List. It is important to note, however,
that for all activities affecting the safety-related functions of HEPA
filters, Appendix B applies.

There are no changes planned to the reference for USDOE filter
test facilities.

P. Carbon Testina Definitions

To ensure that there is no misunderstanding on testing required
for new activated carbon, proposed Revision 3 to Regulatory Guide 1.52
will clearly specify that each original or replacement batch or lot
of impregnated activated carbon used in the adsorber section should
meet the requirements for adsorbent contained in Section 5 of
ANSI /ASME N509 and in ASTM D4069. In ASTM D4069, a test performed
"only for qualifications purposes" should be interpreted to mean a
test that establishes the suitability of a manuf acturer's product for
a generic application, normally a one-time test establishing typical
performance of the product. Tests not specifically identified as
being performed only for qualification purposes should be interpreted
as " batch tests." " Batch tests" are tests to be made on each
production batch of product to establish suitability for a cpecific
application.

The definition of batch and lot of activated carbon are taken
from ANSI /ASME H509. A " batch of activated carbon" or a " batch of
impregnated activated carbon" is the maximum quantity of adsorbent
(not to exceed 10 cubic motors) manufactured from the same base
material, processed throughout its manufacturing cycle in the same
equipment and under the same manufacturing procedures, which can be
homogenized it one time in one blending device and for which certified
results of appropriate tests of physical and chemical proporties are
available. This constitutes a " batch" to be presented for radioactive
and/or other specified tests under conditions within tolerances
specified. A " lot of activated carbon" or a " lot of impregnated
activated carbon" is that quantity of adsorbent consisting of one or
more batches of the same type and grade, each of which meets the
specified performance, physical and chemical requirements, and is
shipped to the same purchaser by the same manufacturer for the same
lob requirement.

G. Allowable Reoairs

It is not unusual for leak tests of installed HEPA or carbon
banks to fail to satisfy the leak test conditions in the technical
specifications. There are repairs that are not acceptable, and
repairs that are allowable. HEPA filter banks in ESP atmosphere
cleanup systems which fail to satisfy the appropriate leak test
conditions should be examined to determine the location and cause of
leaks. Repairs, such as alignment of filter frames and tightening of
filter hold-down bolts, may be made; however, repair of defective,
damaged or torn filter media by patching or use of caulking materials
is not permissible in ESF atmosphere cleanup systems and such filters
should be replaced and not repaired. HEPA filters that fall to
satisfy test conditions should be replaced with qualified filters.
Af ter repairs or filter replacement, the ESF atmosphere cleanup system
should be retested in accordance with Section 10 of ANSI /ASME H510.
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The above process should be repeated as necessary, until the system
combined pcnetration and leakage (bypass) is less than 0.05%.

Adsorber banks which fail to satisfy the appropriate leak test
conditions should be examined to determine the location and cause of
leaks. Repairs, such as alignment of adsorber cells, tightening of
adsorber cell hold-down bolts, or tightening of test canister
fixtures, may be made; however, the use of silicone scalants or any
other temporary patching material on adsorbers, filters, housings,
mounting frames, or ducts should not be allowed. After-repairs or
adjustments have been made, the adsorber banks should be rctested in
accordance with Section 11 of ANSI /ASME H510. The above process
should be repeated as necessary, until the adsorber bank combined
penetration and leakage (bypass) is less than 0.05%.

H. Iniection Location for Refrioorant Cas

Numerous questions have arisen with respect to the effect of ,

refrigerant gas on HEPA filters. This question is important when the
refrigerant is injected upstream of the HEPAs, in order to obtain
adequate mixing or for other space considerationL. Revision 3 to
Regulatory Guide 1.52 will indicate that it is acceptable to inject
a refrigerant gas upstream of a bank of HEPA filters in order to test
a bank of adsorbers since it has been shown that prefilters and HEPA
filters in the duct have no effect on the refrigerant test gas and
that refrigerant gases have no adverse effect on HEPA filters.

I._ Prequency of In-Place Testina

Guidance on when leak testing is required has, in the past,
indicated that such testing should be performed (1) initially, (2)

'

at least once per 18 months thereafter, (3) following painting, fire,
or chemical release in any ventilation zone communi,:ating with the
system, and also for adsorber banks af ter removal of an adsorber
sample for laboratory testing if the integrity of the adsorber system
is affected. This guidance will be supplemented in Revision 3 to
Regulatory Guide 1.52. Testing will continue to be required initially
and once per 18 months, but the 18 month criteria will include "or
once per refueling outage." The requirement for testing after
painting, fire, or chemical release will include additional guidance
to indicate that this testing need be done only if communication with
the system occurred in such a manner that the HEPA filters or carbon
adsorbers could become adversely affected by the fumes, chemicals, or
foreign materials. Testing will also specifically be required (1)
after each partial or complete replacement of a HEPA filter bank or
of a carbon adsorber in an adsorber section or bank, (2) following
detection of, or-evidence of, penetration or intrunion of-water or
other foreign material into any portion of an ESF atmosphere cleanup
system, and (3) for adsorber banks following removal of an adsorber
sample for laboratory testing if the integrity of the adsorber section
is affected.

,
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1 J. Activated Carbon Decontamination-Efficiencies
*

i

I A major point of discussion with respect to the upcoming revision
i to the Guide concerns what laboratory tests are required for used
; carbon, what is the acceptant criteria, and what credit can be

assigned (decontamination efficiencies) for accident analyses.'

Specific test methods in ASTM D3803 will be referenced, with maximum
methyl iodide penetrations based on ASTM experience. More specificity! will be included in terms of bed depths and relative humidity control,"

i
Summarv

! The basic document that has been issued by the U. S. Nuclear
1 Regulatory commission to disseminate approved guidance concerning

engineered safety feature air filtration systems is Regulatory Guide'
,

1.52. This guide was originally issued in 1973, and has been revised
twice since that time. The latest revision is dated March 1978.,

'

Since that time, numerous industry consensus standards have been
revised a number of times, and since these consensus standards are
referenced quite heavily in Regulatory Guide 1.52, it is clear that'

i
this Guide is in need of revision. The USNRC has undertaken a project
to revise this Guide that, after two years of effort and internal-'

, reviev, has resulted in a document ready for public comment. It is-

anticipated this proposed revision will be issued for public comment
i in the fall of 1990. Although the major change will be to refer to

the latest available industry guidance, other clarifications such as'

i the effect of carbon wetting, toxicity of DOP, allowable repairs,

{ f requency of in-place testing, and laboratory activated carbon testing
criteria, will also be made.i

| The USNRC recognizes the importance of Regulatory Guide 1.52, and
its impact on the safe operation of nuclear power stations. Public
comments will be welcomed, and will be considered prior to the
issuance of a final revision.

;
4

_
_ _
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'

DISCUSSION

KUh1AR: You referred to the efficiencies in Regulatory Guide 1.52. I have a suggestion.
Jack Hayes said that with heaters the safety factor is 7 but without heaters it is 5. The safety factor
should be linked to a relative humidity that may be obtained with or without heaters. In our case, Davis-
Besse, we never see more than 70G relative humidity even without heaters. That does not mean that
efficiency will be down without heaters.

HEllAN1Y: If a licensee could justify to us that their system would never be above 70%
relative humidity, i e., would have the equivalent of heaters, it would be a factor we would consi<Jer in
our analysis.

EDWARDS: There is no relation between AQA program (10CFR60,B" or NOA 1) and QPL
testing. What basis does the NRC have in implying such a mutually exclusive relationship? i.e., that
using NOA 1 to manufacture a filter will guarantee that the filter will meet OPL requirements. A clean
room filter can be manufacturer to NOA l.

11ELIAN1Y: The criterion we have used all these years is 10CFR50, Appendix B, Quality
Assurance Program. If licensees desire to continue to use that program to qualify their ilEPA filters
in advance of installation, that is acceptable. The OPL is referenced in two military specifications, and
in N5101978 and N5101979. A number of us have witnessed these tests at Edgewood and other places
and it is the staff's opinion that the program is equivalent to having the manufacturer of the HEPA
filters implement an effective Appendix B Ouality Assurance Program. That does not eliminate your
right, either as a purchaser of a HEPA filter or as a user of a HEPA filter, to visit the manufacturer and
conduct an independent OA check.

EDWARDS: A OA program does not do the same thing as a OPL test program. It is
entirely different.

HELIAN1Y: I think that the differences are considered not to be sufficient to affect the
performance of the HEPA filter once it is installed in the plant. That is the conclusion that we made.

,lACOX: You mentioned, correctly, that in earlier versions of Regulatory Guide 1.52 you
referenced specific editions of documents and cited others without a specific edition designation. You
did not state what you will be doing in the new edition. Would you comment on that?

HELIAhtY: Revision 3 of the Regulatory Guide,will specifically reference dates and titles
of documents. There has always been a concern on the part of the NRC staff on how to reference
consensus standards. I am aware that some consensus standards point out that the latest issued version
of a document is acceptable for use. The staff is not comfortable with that and we will continue to
reference specific editions of documents.

JACON: Will that be 100% rather than partial as it is now?

IIELIAhtY: Yes, that is the goal. If we miss any,let us when you get it.

PATEl/ Does proposed Regulatory Guide 1.52 Rev. 3 eliminate the in place testing of
(1) downstream HEPA filters and (2) HEPA charcoal testing following painting, chemical release, or
a fire?

IlELIAN1Y: It will not be eliminated.
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PATLL How about testing the downstream IIEPA filter?
!

lil;LIAMY. It wdl not eliminate the requirement for testing.

hilLLER: I am interested in how you will handle references to consensus standards )
ASME NSO9 and AG l? 1

|
liEtl&lY: That qt.estion came up yesterday morning in aother panel. At that time, I
said I would address it here. The Regulatory Guide, a+ now drafted, will reference the latest issues of
ASME NSO9 and N510. There is no mention of AG 1 in that document at the present time. Ilecause
this is an on going project and because we have had many different staff people working on it at
different times both at lleadquarters and at the Regional Office, the question of referencing AG 1 has
not come up yet. By the time we get comments on the proposed revision and resolve all the comments
as we are required to do, and conduct our cost benefit analysis, additional sections in AO 1 will have
been issued and then there would be an opportunity to reference AO 1.

FRANKLIN: I am referring to the question asked by Mr. Edwards. The 10CFR$0 QA
Program is not a performance test. It is only an assurance that the manufacturer will reproduce a
product to a specification. A OPL program includes a performance test that assures that the product
will meet certain performance criteria. I cannot understand how you can connect the two. When you
qualify for a OPL designation in order to assure customers that they are getting a qualified filter, the
manufacturer has to have a 10CFR OA Program. In either case, a OA program would have to be in
place. I think you are saying that if you follow MIL 51068 specifications you don't need to conduct a
performance test.

IlEl.l A M Y: In my preprint you will find that there are requirements applied in addition
to Appendix B, Quality Assurance Program. To say that all you have to do is satisfy Appendix D OA

|
and you then have an acceptable llEPA filter is not what 1 implied. Your comment is well taken. There |
is further discussion on this matter in the paper. I

.
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IAEA DECADAL ACTIVITIES IN THE FIELD OF RADIOACTIVE GASEOUS
WASTE MANAGEMENT

G. R. Plumb
Waste Management Section

Division of Nuclear Fuel Cycle and Waste Management
,

International Atomic Energy Agency
Vienna, Austria

Abstract

The IAEA has long recognised that gaseous waste management is
vital in the design and safe operation of all nuclear facilities
such that in the decade of the 1980's the IAEA programme covered
the important aspects of the entire field. The activities reviewed
in this paper were iaarked at the outset by a comprehencive inter-
national symposium on the subject in February 1980 organised by the
IAEA jointly with the Nuclear Energy Agency of the OECD when the
detailed state-of-the-art was established in 43 papers. In the
interim, experts have been convened in IAEA sponsored meetings to
result in sixteen technical documents which included summaries of
three substantial Co-ordinated Research Programmes.

Early IAEA activities paid particular attention to management of
gas radionuclides which from a matured nuclear industry, could be
judged to build-up to long-term sources of irradiation for regional
and global populations. The radionuclides of long half-life and
capable of widespread dispersion were krypton-85, tritium, carbon-14
and iodine-129. Detailed international studies into capture and
retention of the radionuclides initiated in the mid-1970's, had
been. pursued and enlarged to offer practicable industrial
application for the more significant wastes by the mid-1980's.

Mid-term ongoing activities in handling and retention of
gaseous radionuclides arising from abnormal operations in nuclear
power plants were given much emphasis following the Chernobyl
accident. An important Co-ordinated Research Programme on retention
of airborne nuclides in nuclear facilities during accident
conditions was completed in 1988 leading to an Advisory Group
Meeting extending technology to manage the more complex and severe
accident conditions at Nuclear Power Plants. The impending
technical report is aimed to assist the many Member States
presently undertaking decisions on gas treatments for the
controlled venting of LWR containments in severe accidents.

In the latter years the IAEA activities included detailed
examinations of the design and operation of gas cleaning systems
for the range of nuclear facilities. Technical reports on gaseous
waste management were issued relating to high-level liquid waste
conditioning plants (including control of semi-volatiles), nuclear
power plants, low- and intermediate- level radioactive materials
handling facilities and radioactive waste incinerators. Notably,
there is a comprehensive guide on the practice of particulate
filtration throughout nuclear operations, which is awaiting early
publication to updatu an equivalent much-used 1970 report.
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I. Introduction

The status of IAEA activities in gaseous waste management and
the forward programme were examined at the beginning of the decade
in a paper to an international symposium at IAEA Headquarters in
Vienna organised jointly with OECD/NEA(1). The previous IAEA
forum dealing specifically with the field was twelve years earlier
in New Yoth in cooperation with USAEC and Harvard University (2),

Activities in nuclear gas cleaning technology described at the
1980 Symposium were greatly influenced by the watershed
requirements for increased demands for safety efficiency and
reliability following the Three Mile Island accident. In turn
activities in the latter years were given greatly increased
emphasis due to the Chernobyl accident. Priority will no doubt
continue to be devoted to treatment of releases from nuclear power
plants where the potential extreme source terms under accident
conditione present major challenge to gas cleaning systems and
demand highest standards of environmental protection.

In the early 1980's, much attention was paid by the IAEA to
managing the discharge to the environment of the gaseous
radionuclides which owing to build up in the environment from
expanding nuclear programmes could be judged to constitute long
term sources of irradiation to regional and global populations.
The principal radionuclides involved are krypton-85, tritium,
carbon-14 and iodine-129, each having long half-life and the
capability of widespread dispersion. Excepting for the former,
each is intimately involved in life cycle processes. The emissions
of the volatile radionuclides were the subject of very broad debate
across the international scene and some national regulations were
being framed to specify quantitative emission limits for 85Kr and
1291,

International programmes mainly concerning research and
y development into methods of capture and retention of the

radionuclides had been initiated in the mid 1970's, pursued and
enlarged to offer industrial application by the mid-1980's.
Emphasis had been placed by the IAEA on noble gases, tritium and
iodine with reports covering the management strategy and
developments in technology to aid in control of routine discharges
in compliance with the principles of ALARA for the range of nuclear
facilities.

From the mid-1980's, IAEA activities in the gaseous waste
management area became directed towards improvement of particulate
filtration and radioiodine removal equipment. A Co-ordinated
Research Programme (CRP) comparing test methods for particulate
filters was followed by another CRP on retention of iodine and
other airborne radionuclides under abnormal and accident
conditions. Related assessments were also carried out by expert
groups and technical reports were issued with early completion of a
comprehensive guide into particulate filtracion in nuclear
facilities outstanding to update a notable 1970 report (3).

036
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During the late 1980's the IAEA activities also included
examinations of the design and operation of gas cleaning plants
across the range of nuclear facilities with documents on the
especial problem of control of semivolatiles in high-level liquid
waste vitrification plants, gas cleaning in low- and intermediate-
level materials handling and radioactive waste incineration with
the specific challenging treatment of the emissions. Gas treatment
technology for nuclear power plants however received particular
emphasis in a recent Technical Reports Series document with another
to be published soon to cover the abnormal operations contributing
to the information supporting vital decisions in many Member States
on controlled venting of reactor containments under severe accident
conditions.

II. Gas Treatment Studies

Krypton-85 Retention|

|

| IAEA activities on this fission product noble gas radioisotope
(half-life 10.8 y, beta-0.25 MeV, gamma-0.002 MeV) in the nuclear'

fuel cycle were focused and substantially completed with the early
issue of a Technical Reports Series entitled Separation, Storage
and Disposal of Krypton-85(4).

Nearly all the inert isotope is discharged to the atmosphere in
reprocessing and the growth of nuclear power as then envisaged led
to corresponding concern that the accumulation in the atmosphere
and the consequent global impact would increase greatly without the
commercial scale application of techniques for separation and
retention.

The report quantified the emission sources, concentrating on
the major arisings in fuel reprocessing but also considered reactor
off-ganes. The methods and concepts for immobilisation, storage
and disposal were reviewed with regard to the radiological
hazards. It was concluded that economic commercial scale retention
and disposal required further R&D to adapt ordinary cryogenic
separation technologies. Advanced concepts including ion
implantation process into metallic matrices were developed and
demonstrated for safe decay storage.

The Member States with legislation specifically limiting 85 rK
emissions (making retention required in large scale reprocessing)
are not currently engaged in such reprocessing operations. present
operating or early commercial reprocessing plants do not have
routine 65 r separation and immobilisation units installed. SomeK

further development and design remains outstanding before change in
industrial practice can be realised.

Tritium Removal and Handling

In the context of the IAEA programme commenced in the late
1970's attention to the isotope was directed to concentration and
separation techniques for tritiated effluents.
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Tritium (half-life 12.3 y, beta-0.006 MeV) is formed in reactors
through ternary fission and neutron activation of deuterim, lithium
and boron in coolants, canning or control components. Tritiated4

water contamination of effluents is caused particularly from heavy
water reactors and reprocessing plants unless especial measures are
taken.

!
' The Technical Reports Series document reviewing the need f

controls and the technologies available was published in 1981(g[31
; continued developments in separation equipment recovery operations

and immobilisation process designs were recommended. Techniques
for on-line monitoring were not regarded as entirely satisfactory.
Subsequent review of strategy and techniques based on the ongoing
national and international programmes was recommended. The final ,

report on the Co-ordinated Research Programme on the Handling of
Tritium Contaminated Effluents and Waste was published in 1984(6),

Present operating or early large scale commercial reprocessing
plants have not applied the voloxidation or isotope enrichment

1

process examined in the first report. The process options based on
recycle of tritiated liquid streams in reprocessing to confine the
isotope in highly active head-end and HLW acid recovery operations

"

have been importantly progressed for some plants. However, many
drawbacks foreseen in the IAEA reports have been confirmed so that'

the advances in tritium management in reprocessing plants to
achieve isolation and immobilisation of this radionuclide have not
progressed to commercial application.

Iodine Removal and Treatment

The management of radioiodine was evaluated by IAEA expert
groups in two main directions namely the control.of short-lived
isotopes principally 1311 (hal life 8 d) of concern in reactors;

andthecontroloflong-lived {2WI' (half-life 1.7x107 y) of
concern in emissions from reprocessing plants.

Activities relating to the management of were reported
first in 1980(7) where methods and scenarios ajplicable in t.ormal
Managementof1gVIinoperationsatreprocessing.plantswasalsoand emergency p tuations were examined by a Technical Committee.

- reviewed considering the technical means of retention,.immobilisa-
'

tion, storage and. disposal with regard to-the radiological hazards.

Subsgguentlythesubjectsoftreatment, conditioning and disposalof 1 I including the aspects of management in the contents of
unreprocessed spent fugl were reported some seven years later in an
IAEA technical report (o). This took into account the advances in
options and the detailed-radiological studies in the interim.
. Control of gaseous emissions through technologies which can be
applied to reprocessing dissolver operations was examined.
Adsorption or absorption methods were-recommended to control doses
from gaseous emissions to local populations to safe levels.
Alkaline scrubbing of dissolver off gases was concluded to be an
effective gas treatment dependent upon the rigorous limitation of
organic material in the dissolving-process. The organics
limitation in turn influences the recycle of recovered nitric acid
and the management modes to be adopted for 3H control.
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Semivolatiles Treatment

The contaminants in gaseous effluents from nuclear facilities
usually consist of particulates and gases. However, under some
circumstances semivolatiles may arise and not be adequately trapped
by common devices. These include isotopes of selenium, technetium,
ruthenium, antimony, tellurium and caesium. A technical report
considered the arisings and control in fuel cycle facilities under
normal conditions (9). Ruthenium was shown to be the most
important semivolatile contaminant arising under acidic oxidizing
conditions in highly active reprocessing stages and within high-
level liquid waste solidification plants. Ruthenium volatilization
phenomena were reviewed corresponding to low temperatures involved
in high-level liquid waste evaporation ano to high tempert: 2res
corresponding to subsequent calcination and vitrification.
Experience was examined in detail on ruthenium control in gas
trectment processes for high-level waste treatment plants.

III. Examinations of Gas Cleaning Systems

High-Level Liquid Waste Conditioning

Member States have undertaken substantial research and
development programmes to achieve the removal of volatilised fiss
products occurring in nitrogen oxide laden off gases during the
immobilisation of high-level liquid wastes. A Technical Committee
reviewed the design and performance of the typical systems and
equipment used in the advanced high-level waste treatment plants to
lead to publication of a technical report in 1988(10),

Facilities Handling Low- and Intermediate- Level Radioactive
Materials

The number of developing Member States constructing new
facilities for production and processing of radioisotopes is
increasing, inaking important the provision of the latest
comprehensive information or '- 'an and operation of suitable
off-gas cleaning and ventiu 3ystems. The Technical Reports
Series representino the result. or' an Advisory Group Meeting was
published in 1988(11).

_ Radioactive Waste Incinerators

Treating combustible wastes by incineration potentially leads
to the highest volumetric reducticn, at the same time converting
the, waste to inorganic stable residues which may be easily
immobilised for geological disposal. The overall advantages of the
process are however often not achieved in problematic installations.
Secondary wastes including liquid effluents from gas treatment and
filters, maintenance and decommissioning wastes arising owing to
corrosive off-gas conditions may require to be taken into account.
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The incinerator may have to burn a wide range of wastes of
variable composition (eg. low or high PVC content, halogen, nitrate
or sulphur constituents) so that the selection of incinerator /-
off-gas treatment combinat3cn has proved complex. To provide
essential comprehensive guidance especially for developing Member
States, the IAEA sponsored a Technical Committee Meeting in 1984 ,

!which was concluded in an appropriately detailed Technical Reports
Series in 1989(12),

Testin, fjd Monitoring

A Technical Reports Series reviewing methods, techniques and
equipment for test;ng and monitoring of particulate filters, iodine
sorption systems and noble gas delay systems in nuclear power plants
was issued in 1984(13). Most test methods were applied only to the
nuclear power plants oct many methods were applicable to corres-
pondi" cystems in other nuclear facilities. No international
conse us was determined reg.rding the use of a particular method
as standard or reaarding d1= tinction of criteria between accident
- normal conditions. Test methods were regarded as requiring

velopment to become capable of demonstrating compliance with
aa lent criteria.

Oc-ordinated Research Programme (CRP) on Comparison of Test
for High Efficiency Particulate Air Filters (HEPA).

arm sted in 1982(14). Continuing concern regarding difficulties
la _oessing the HEPA performance and iodine adsorbers during
ac 3ent conditions led to the initiation of a further CRP on
Ret ition of Iodine and Other Radionuclides in Nuclear Facilities
during Abnormal Conditions. Large components of the programme
running from 1983-1988 were necessarily concerned with development

i of appropriate sensitive test methods for HEPA filters and iodine
adsorbers under high temperature, humidity and radiation (15),
Comparison of results f rom existing HEPA tests under ambient
conditions on filter media from a single source with efficiencies i

less than 99.99% showed no contradictions. Rig methods were,

developed to indicate that HEPA performance levels for a glass
fibre filter material were maintained up to 3000C. Beyond that
stage commencement of reduced performance and physical
deterioration was observed. The high temperature testing was based
on silica or metallic aerosols and further development was proposed.

Particulate Filtration in Nuclear Facilities

Removal of particulate radioactive material by fibrous filters
from the atmospheric exhaust is an essential feature of virtually
all nuclear installations. A Technical Committee Meeting was held
in 1988 to produce a comprehensive ' state-of-the-art' guide to
design background, operation, installation, maintenance and testing
of nuclear air cleaning filters. Particular emphasis is placed on
High Efficiency Parti , late Air filters (HEPA) because of the great
utility, although othet aquipment types are given thorough
coverage. The immediately 'mpending technical repot;(16) will
succeed the important report an air filters for nuclear facilities
widely used since 1970(3),
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Design of Systems at Nuclear Power Plants for Normal and Abnormal
Conditions

An expert review of the design principles of off-gas cleaning
systems for nuclear power plants (NPP) was commenced at an Advisory
Group Meeting in 1983 and was concluded in a Technical Reports
Series in 1987(17).

Because of the large inventory of fission products in the fuel
(5x109 GBq/GW(e) y) and increasingly demanding airborne
radionuclide release limits by Member States, air and process
off-gas cleaning technologies were progressing rapidly. . Recovery
efficiencies were improved whilst at the same time meeting concerns
following the TMI accident requir'ng smaller probabilities of
malfunction. The report identified and quantified airborne
arisings, reviewed status and trends in design for normal operation
and design basis accidents and gave comprehensive guidelines for

,
design of off-gas and air cleaning component and systems for
NPP's. Aerosol filtration operations, iodine retention processes'

and noble gas delay systems were examined for LWR's and other types
i of reactors.

The trends of the decade necessitating successful handling of
cirborne radionuclides during even the least probable but most
severe reactor accidents were reflected, when following the IAEA
CRP on extending gas treatment technology (18), an Advisory Group
Meeting was held late 1989. The objective of the last of the
series of activities in the decade was a critical review of the
design strategies and complex interfaces for the successful
mitigation of the consequences from airborne radionuclides'in the
spectrum of abnormal operations up to severe accidents for NPP's.
The report will be completed in the present year.

Conclusions*
<

The IAEA activities i .ae field of gaseous radioactive waste
management continued through the 1980's at the high-level reached
from 1978 on. Resurgent emphasis arose initially largely from two-
directions: firstly from the aftermath of the accident at Three
Mile Island with demand for new and improved systems of increased
safety, reliability and efficiency particularly in abnormal
operations and; secondly frem the environmental assessments of the
early 1970's which highlighted'the relative' radiological impacts of

85 r,the long-lived ubiquitous gaseous fission products JH, K
and 129I which are-emitted in normal operations from power
reactors and reprocessing facilities.

Activities related to the latter were backed by development,
essentially leading by the mid-decade to practicable industrial
scale systems for retention of 129I which have impacts judged to
be the most significant. The activities:related to the-former-were
further reinforced by the aftermath of Chernobyl'particularly in
mitigation measures for controlled venting of power reactor
containments in severe accidents. Limited IAEA activities in this-
direction continue into the next decade and with some development of

!

,
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gaseous radioactive waste treatment systems to attain increased
reliability and efficiency in accident conditions.

Nuclear gas cleaning technology was successfully established
during the 1950's and fundamental changes and innovations have
since remained steadily progressive. Normal development by
manufacturers has been successful in maintaining the status of some
equipment, the HEPA filter representing a notable example. The
extension of related IAEA activities in the next decade beyond the
objective of more robust, passive systems based on present
technology may depend upon unforeseen innovations linked with.
development of new reactor concepts.
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CLOSING COMMENTS OF SESSION CO-CilAIRMAN REINERT

From John's paper I think i learned that not everybody has a timely response to guidance and I
don't think that is unique to the NRC. All of us know that it exists in almost every area. The important
thing that Ron Bellamy told me is he was going to have a draft out by Labor Day. The Guide doesn't
apply to me at DOE but I am going to hold him to it. However, if you noticed he didn't say 1990,just
" Labor Day" From Jeff Plumb I learned that the IAEA are prolific compared to some of the other
agencies. In some nys, that is good but I hope DOE, in particular, doesn't do things like that in the way
of standards. Wc have enough trouble going with the ones they have given us.

|

,

1

644



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

:

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

SESSION 11 -

MODELING

Wednesday: August 15, 1990
C& Chairmen: R. R. Bellamy

J. Pearson

CAIRE A REAL-TIME FEEDBACK SYSTEM FOR EMERGENCY RESPONSE
H. Braun, H. D. Brenk, H. de Witt

KINETIC MODELLING OF THE FURGING OF ACTIVATED CARBON AFTER SHORT TERM METHYL
IODIDE LOADING
V. Friedrich, I. Lux

MATHEMATICAL MODELS FOR CHANGES IN HEPA FILTER PRESSURE DROP CAUSED BY HIGH AIR
' HUMIDITY

C.1. Ricketts, M. Schneider, J. O, Wilhelm

OI"TIMlZATION OF AIR DUCTS FOR NUCLEAR REACTOR POWER GENERATION STATION
K. Hirao, H. Yoshino, T. Sonoda

ALTERNATIVES TO CURRENT PROCEDURES USED TO ESTIMATE CONCENTRATIONS IN BUILDING
WAKES
J. V. Ramsdell, Jr.

CLOSING COMMENTS OF SESSION CO CHAIRMAN BELLAMY

m

.

645

.- -. - .



- . . _ - - - - _. .~ - - - . _ - - . . . . . . . - . - -.. - . - .

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE'

C. AE R _E

i

- _ . . A . _R E A I.t- _ . _ TZ M E ,,

FEEDBACK _ SYSTEM

FOR

EMERGENCY .R E S P O N S E.._ -

H. Braun

Federal Ministry for the Environment,
Nature Conservation and Nuclear: Safety,

Husarenstr. 30, D-S300 Bonn, FRG

H.D. Brenk, H. de Witt
Brenk Systems Planing

Heinrichsallee 38, D-5100 Aachen, FRG

ADSTRACT j

|

In cases of nuclear emergencies it is the primary task of emer-

gency response forces and decision making authorities to. act

properly. Whatever the specific reason for the contingency may.

be, a quick and most.. accurate estimate of the' radiation exposure

in consequence of the emergency must be made. This is a ne-
,

cessary prerequisite for decisions on protective measures and

cff-site emergency management.

,

With respect to this f act and the recent. experience of the'cher-'

nobyl accident, remote monitoring systems have increased their,

importance as an inherent part of environmental surveillance in-4

sta11ations in the FRG and- in other countries. The existing

systems in Germany are-designed to cover both, routine operation

! and emergrney situations. They provide site specific meteorolo'-

gical data, gross effluent dose rates, and dose rate measure-

ments at on-site and approximately 30 off-site locations in the

vicinity of a plant. Based on such telemetric surveillance net-
,
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works an advanced automatic on line system named CAIRE (Computer
Aided Reiponse to Emergencies) has been developed as a real. time
cmargency response tool for nuclear facilities. This tool is de-

signed to provide decision makers with most relevant radiation
exposure data of the population at risk.

All dose assessment models currently used in cases of emergen-
cies are associated with appreciable uncertainties. Due to error
propagation these uncertainties may lead to increasing diver-
gence between model calculations and reality with increasing

duration of the event if the calculations are not controlled by
environmental measurements.

In order to minimize this deficiency CAIRE allows the continuous

feed-back of current measurements of environmental impacts into
diagnostic calculations for bringing measurements and calculati-
ons into best correspondence.

This is the main advantage of CAIRE compared to conventional
emergency systems and it results in both, a consistent actual

interpretatien of a bulk of single measurements of dose rates
and/or activity concentrations, and a more realistic set of mo-
del parameters. Subcequently these parameters are used as input
data for the evaluation of actual dose commitments and projec-
tions of them by means of real-time calculation.

J- second advantage is a more realistic assessment of the source
term if in-plant dose rate measurements are not available due to
emissions out of leckages, e.g. In such cases the assessment of
the source term can be cased on off-plant dose rate measurements
located on the ground within a source distance between 200 and

.

300 m.

A further advantage: CAIRE can also be operated as a cimulator
for personnel training and emergency response exercises.

The development phase of CAIRE has already been finished. CAIRE
is now in an operational status and available for applications
in emergency planning and response.
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1. BASIC PROBLEMS OF DECISION MAKERS

In cases of nuclear emergencies it is the primary task of emer-

gency response forces and decision making authorities to act

properly. Whatever the specific reason for the incident or the

accident may be, quick and most accurate analyses of the actual

and future exposure situation in the endangered area must be

made. This is an unalterable prerequisite for appropriate pro-

tective measures in due course.

With respect to this, model calculations have the advantage to

supply consistent interpretations of possible radiation impacts

in consequence of an emergency. Thus they do be able to improve

decision making significantly. The use of model calculations as

a basis for decision making processes, however, is not sacisfac-

tory. This is the case for two reasons. First, their assessment

certainties are limited, and, second, the results of model cal-

culations can only be relevant for decision making if they are

supplied in real-time.

If we assume a bandwidth of about one order of magnitude to dif-

ferenciate between various possible protection measures, such as

a sheltering

e ingestion of iodine tablets,

or

a evacuation,

the assessment certainty of model calculations must be signifi-

cantly smaller.
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This requirement, however, cannot be obtained by model calcula-
tions alone.

On the one hand this is caused by the limited assessment cer-

tainties of partial models of Fig. 1. On the other hand, due to

error propagation the assessment certainty of model calculations

may principally decline with increasing duration of the emer-

gency. Hence, the deviation between model calculations and re-

ality may grow uncontrolled. This is the case for each model

calculation if it is not made conform to the true situation from
time to time.

With respect to the partial models, Fig. 1 shows the greatest
|
' uncertainty for the assessment of source terms (up to 4 orders

of magnitude). This uncertainty is not in contradiction to the

variability of real emissions caused by the nuclear accidents in
Harrisburg, Windscale and Chernobyl, cf Tab. 1.

Table 1; Bandwidth of real emissions during nuclear ac-
cidents

Released Total
I-131 Cs-13i

Activity (Bq)

Harrisburg (*) 6.3 x 1051 very small
amounts

Windscale tb) 7.4 x 1014 2.2 x 1010

Chernobyl ( b ) 1.7 x 10te 8. 9 x 1016

(*) Facility with containment
(b) Facility without containment

|
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In contrast to this, the inherent uncertainties of the other
~

partial models, for atmospheric dispersion and deposition as

well as for_the dose evaluation models, are of lower importance.

Because of the deficiencies of model cniculations explained

above, one may conclude to base decisions pref erably -on measure-
ment,s of dose rates and activity concentrations both, in air and

on the ground.

But even this is not satisfactory. In fact, measurements are'

free of greater uncertainties. Their decisive disadvantage, how-
ever, is the fact that they are -only available after activity

has been released to the environment. Difficulties in decision
making processes are also raised by the fact that measurements
are only available- at discrete,- possibly less representative

points. Additionally, the measurements are not necessarily syn-
chronized, and usually comprehend only single exposure pathways.
Moreover, in cases of superposition of several radiological ef-
focts it is difficult to accomplish equivocal associations.

Thus, an optimal real-time evaluation of a - growing amount of
measurements, differnet in their physical character and.taken at
various locations and time periods is hardly, possible without -
support of interpolating model calculations. This is especially
true with respect to the psychological stress 'to which decision
makers may be exposed'in real emergency situations.

Apart f rom the real-time problem, the advantages and disadvanta-
ges of model calculations and measurements are essentially com-
plementary. It is self-suggesting, theref ore,_ to - merge the two.
decision aids in such a way that the deficiencies of' each i aid'

-

are compensated and all available- information is used in the
best way-possible.

*
|
i 651
|

|

!

. - - . -.



.- _ ._. . _ _ _ _ _ . _ _ _ . _ __ .__ ._ . _ __ _ _ _ _ _ _ __ _

| - 21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE
l

- This combination can be realized by a- systematic ' and continous

feedback of actual measurements into diagnostic 'model calcula-

tions in order to bring calculations and measurements in best

correspondence, and to supply consistent information about the
actual exposure situation in the endangered area. Additionally,!

this procedure also forms the best bases for further projactions
(

of the radiological situation.
|

|
As mentioned before already, decision makers do not wait. There-
fore, all decision relevant.information have to be supplied in

f real time, i.e. before any decision .is necessary_ and before

! significant changes of the radiological situation may accur.

2. DEVELOPMENT _OF_CAIRB

2.1 Introduction
i

In order to meet the main objectives (feedback and real-time)

|
explained above an advanced emergency guidance system for real-
time applications and personnel training, named CAIRE (Computer
Aided Response to Emergencies), has been developed. It is an

emergency response tool originally based on a feedback procedure

in connection with telemetric networks. It can also be operated,-

however, with the aid of field team measurements and a-combina-

tion of both.

The main tasks of CAIRE are diagnoses'and-projections of radia--

tion exposure, guidance of field teams and personnel training

for exercise purposes. These objectives have been realized in

two steps:

First, in a feasibility study (1) it was- shown that on-line-
model-based consistent interpretation of surveillance measure-

ments by feeback of them into model calculations is possible in
real-time. Appropriate numerical tools had been developed to

meet the objectives of sufficiently fast convergence of the ad-

aption procedures, and the accomplishment of considerable reduc-
tion of uncertainties in emergency dose projections, cf. (2), =

[3), ,
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All calculation procedures developed ' within - th'e scope - of . the
feasibility study' mentioned -above, however,-necessitated an ex-

pensive high-capacity computer to remain: them within the obliga -
tory real-time period of 10. minutes . This was a = serious' defi-

ciency with respect to practical application of the system in
monitoring networks.

Therefore, a second step of development was iniciated in order

to meet the following principal' objectives:

a evaluation of an operable feedback system

and

a optimization of the existing software and hardware to

accomplish real-time and economic requirements.

2.2 Realization _of._ Feedback

Refering to the explanation of feedback in: chapter 1,-CAIRE has
a special software modul, where the integration of Jmeasurements
of activity concentrations,- dose rates and/or ' ground contamina--
tions into model calculations takea place, cf Fig. 2' . Key. ele-
ment of this modul is the iterative adaption procedure being
illustrated by the control circle - in Fig.. 2: Starting with
initial values of model parameters for each tine step, the
system systematically adapts the calculations of absorbed doses
to the corresponding measurements. This- is done by . variation . of

-

the model parameters-until the dif f erence between calculated and.,

measured values becomes a minimum. -The variations are automati-
cally executed on the basis of 'a particular variation strategy-

considering the rank of sensitivity of J each- parameter. This-
strategy distinguishes =between the assessment of the source term ~
and the determination of other dispersion and deposition parame-

| ters.
:

,

First, the source term can be assessed by _ detecting gamma rays-

.

at monitoring stations near the plant within 200 m to 300 m:of-

653
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distance. This assessment is independent of the meteorological-

dispersion model used and the current--weather situation,-because
the mean f ree path way of the decisive. photons in air is in the-
range of hundred meters.

1

Our numerical experience shows, that 5 stations in a source
distance of 200 m to 300 m are enough to determine the= source
term within an accuracy of one order of magnitude.-

[

In a second step of the variation strategy the rest of the'model
parameters is evaluated by adapting the calculated values of
dose rates and activity . concentrations. to the corresponding
measurement values, in doing so the - strategy also ensures-- that
physical contradictions with respect to the finally selected set ~i

of parameters are avoided.

The adaption procedure is repeated each time step and ~results in
both, a consistent actual interpretation of a' bulk of single'

'

measurements, and a more realistic set L of model parameters,.
including- the source term. ~ Subsequently these . parameters are -
used to evaluate actual done-commitments of population.' at - risk. j
Based on this dose projections can-be calculated.

,

The outputs of these calculations'are supplied <in form of color
graphics, tables-and guidance information for' field ; teams. Addi-
tionally, all emergency data are_ stored--for perpetuation of evi-
dence, and later investigations.

2.3 Realization _ of Real-Time.

The accomplishment of real-time calculations was possible- under
the following main conditions:

|-
..

! a- choice- of an analytical puff-trajectory- dispercion
model for describing the time-dependent activity con- '

..

centration in air and subsequent ground deposition,

655
.

. . . _
-.,i., . . _ -- J- - - - - ,



21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

a analytical approximation of the necessary time and

volume integrations to evaluate gamma - submersion

doses,

a use of parallel processors, called transputers, for

enlarging the computation capacity.

For the selection of an instationary air dispersion and deposi-
tion model allowing for changing weather conditions a lot of
more or less co- . lex, numerical dispersion models were available
which could pri.. Apally be applied in this connection. The re-
quirement, however, to keep the computational time within the
permissible scope of 10 minutes, severely restricted the number
of convenient models. Therefore a quasi-instationary analytical
Gaussian puff-type dispersion model is used as a reasonable ap-
proximation to solve the problem. This model has been developed
by GEISS et. al., cf. [4] and (5]. Its analytical character

allows relatively short computation times.

A further condition to realize the real-time calculations in.

CAIRE was a substancial reduction of computing time for the eva-
luation of the cloud shine factor. This aim was obtained, first,

by quasi-analytical integration over a cloud configuration being
maximally combined by 50 single Gaussian puffs.

Second, for the integration over the exposure time a procedure
has been developed allowing the evaluation by using 5 to 7

bases, generally. The resulting accuracy for this procedure lies
between 10 and 20 %.

Compared to the former conventional numerical solution of the
volume and time integral the new procedure allowed an accelera-
tion of computing time of about 4 orders of magnitude.

Even this enormous reduction of computing time was not suffi-
cient to supply all necessary calculations, tables and graphics
in real-time. Therefore a third condition concerning the hard-

ware had to be satisfied.
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A realization on main frames was out of question because of

their expensiveness and relatively low availability due to their

multi-user operation systems and the obligatory long distance

data transmissions.

A solution of the problem on a micro computer in connection with

a net of transputers, however, had the advantage, to be reaso-

nably prized and shows high availability. Beyond this, the com-

plete system of software and hardware forms a complete self-con-

tained unit which can be individually designed for each user.

In order to take sufficient profit of the application of trans-

puters it was necessary to considerably parallelize the calcula-

tion procedures. This leads to a further advantage of transputer

applications. As the data processes are not bound to certain in-

dividual transputers, it is possible to enlarge the transputer

net with the objective of accelerating the calculation or the

graphic processes in order to keep them within real-time.

The application of transputers resulted in an additional de-

crease of the computation time of about one order of magnitude

so that, over all, 5 orders of magnitude have been obtained to

meet the real-time requirements of CAIRE.

3. FINAL REMARKS

Complex decision making processes in emergency situations, with

most of the decision makers under extreme psychological stress

dnd pressure of time, can significantly- De improved by support

of real-time feedback systems. This is the case, first, because

systematic feedback of actual measurements into the analytical

calculations ensures more accurate diagnoses of the actual ex-

posure situation in the endangered area, and hence form the best

possible basis for dose projections. Second, the results of the

analyses of the system are available within time periods suffi-

ciently short to contribute to reducing the load of time pres-

sure to decision makers.
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These improvements have been accomplished for-the - first time in
the advanced emergency guidance system CAIRE, which can also be

used for personnel training. The system is operable now and can

either be directly connected to telemetric networks being in-

stalled around nuclear power plants or adapted to the procee-

dings of mobile field teams or a combination of both. It checks

and processes all input data both, on-site and off-site, and

supplies all decision-related results in'a sufficiently conden-

sed user-orientated manner.

For the time -being CAIRE shows good perf ormance f or cases of

simple orographic terrain up to source distances of about 30 km.
In cases of more complex orography the dispersion model used has
to be completed, at least by a wind field model in order to. con-

sider the influence of hills, mountains and valleys. This~in-

creases the number calculations and thus the computation time

substancia11y. Appropriate performance tests are under way.
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DISCUSSION

llELLAMY: I would like to ask Mr. Braun if a copy of this computer simulated code would be
available to us here in the United States, and if so how would we go about getting hold of a copy of it?

!UGl.LN: Principally the computer code is available in the United States. If there is realinterest
on your side, please, directly address either to me or Brenk Systems Planning, lieinrichsallee 38, D 5100
Aachen, FRG.

IlORON' I want to ask about the meteorology You mentioned that the model is useful after
about 30 kilometers. Do you hase provisions to enter a changing meteorology in the region or do you
only have one meteorological station to represent the whole area?

HRMLN: I think the validity of the model for source distances greater than 30 km is a ,

misunderstanding on your side. I mentioned that the meteorological dispersion model is a Gaussion- 1

Puff Trajectory model. The model is used in correspondence with the monitoring network around the |

nuclear power plants, usually up to source distances of 30 km. It is not a regional dispersion model.
With respect to your question concerning the meteorology: the model allows for

changing weather conditions. In cases of simple flat terrain one meteorological station may be sufficient.
For more complex terrain more than one station can be incorporated in windfield calculations,

HORON- So you have to use a model to get the wind field? You cannot enter meteorological
data from different points in the field?

HRAUN: Meteorological data from more than one meteorological station can be incorporated
in wind field evaluations. The number of available meteorological data depends on the site where the
system CAIRE is used.

SCliOLTEN: I am sure that is a good program, but you need a very complicated computer system
for CAIRE and also input from outside. Would it not be better to have a simpler code so that you can
use a P.C. system that you can find in any average working office?

HRMLN: First: the system CAIRE does not need any main frame computer. It simply runs on

i a P.C. extended by transputers.
Second: the measurement input from outside is supplied by already existing telemetric

networks. Thus the code is used, in a first step, for diagnostic purposes, i.e., the diagnostic calculations
incorporate all measurements from various locations and various time intervals to interpret them in a
comprehensive form with respect to the value of object, the equivalent dose. In this way it is made sure
that the calculations reflect the real actual exposure situation as exactly as possible. Among others, this;

| procedure allows to evaluate the source term only on the bases of emission measurements. This is
| important for otherwise undetected airborne leakage from the plant. This would hardly be possible with

such a simple instrument you mentioned.

SCIIOLTEN: In the Netherlands we have simpler codes. You rely on a technical system.

BBA.UN: For decision makers the correct analyses of the actual and future exposure situations
:

i of the public is much more important than simple codes.

SCllOLTEN: The point I am making is that your decision makers have to rely on sophisticated
i computers. Isn't it better to have simple codes that can be run on any kind of office computer?

i
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;

BRAUN: What would your reaction be if the results of your simple code are completely different
from the actual measurement in the ficid. A more sophisticated code with feedback technique,like
CAIRE, is designed to make sure that this situation cannot happen.

\

.

|

|

'

[.
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Abstract

A bimolecular reaction model containing the physico chemical parameters of the adsorptbn and
desorption was developed earlier to describe the kinetics of methyl iodide retention by activated carbon
adsorber. Both theoretical model and experirnental investigations postulated constant upstream methyt iodide
concentration till the maximum break through.

The work reported here includes the extension of the 'hooretical model to the general case when the
concentration of the challenging gas may change in time. The effect of short term loading followed by purging
with air, and an impulse like increase in upstream gas concentration has been simulated.-

The case of short term loading and subsequent pu,ging has been experimentally studied to validate the
model. The investigations were carried out on non-impregnated activated carbon. A 4 cm deep carbon bed had
been challenged by methyl iodide for 30,90,120 and 100 min and then purged with ak, downstream methyl
iodide concentration had been measured continuously. The main characteristics of the observed downstream
concentration curves (time and slope of break through, time and amplitude of maximum values) showed
acceptable agreement with those predicted by the model.

!

|

,
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I introduction

Physical adsorption plays an important role in the retention of gases and vapours by activated carbons
even if the performance of the c& bon was irrpoved by specialimpregnants (eg Ki or TEDA for the removal of
methyl 60dede). It is, therefore, important to understand and model the physico chemical processes resulting in
the retention r_f airborne contaminants During the last two decades investigations have been performed on the
dynamic character of gas adsorption on granular carbon adsorbentsu 2.3), experimental studies of the influence
of varcus; parameters have also been reported +s6). Expenmental investigations have examined charcoal
performance for long term operation and within a wide range of conditions including those hkely to be
encountered following en accident 18). However, such experiments are hmited in time and rarige of parameters,
and therefore predictive models can be usefulwhen asses.eing long term and post. accident behavior.

A bimolecular reaction model containing the physico chemict.1 parame%rs of the adsorpton and
desorpton has beer. developed to descnbe the kinebcs of methyl iodide retention on activated carbory910). Both
theoretcal model and experimental investigations postulated constant methyl iodide loading till the maximum
break-through. The work reported here includes the extension of the model to such cases when the
concentration of the challenging gas changes in time, for example after a short loading period fa|Is to zero, and
the adsorbent is then purged with air. This case has been investigated experimentally and the results were
compared with the model calcutations. The model can also be used to simulate adsorber pedorrnance when
more subsequent impulse like inlet concentration changes occur, the results of such calculations are also
presented.

Il Theoretical Model

Assuming that the adsorption mechanism can be represented by the reversible processes of adsorption
and desorption, a bimolecular reaction model was developed to descnbe the kinetics of adsorpton on activated
carbon (910L At constant inlet gas concentralcos, an analytical solution was four:d for low inlet concentrations
and a cascade type numencal raethod was used for calculations at higher inlet concentrations.

Considenng that th9 conditon of constant inlet concentiation represats a special case of the adsorption
process it was necessary tc develop the model for the general case when any change in inlet concentration
(whetner increase or decr67.se) may occur.

Let E(z,t) be the concentraton of the adsorbed gas molecules at the point z (measured from the inlet
point of the adsorption column) and the time t. Furthermore let G(z,t) be the concentration of the propagating gas
molecutes at z and t and A(z,t) be the density of the active (adsorbing) sites. The evolution of the system is
govemed by the following relatons:

0
-E(z,t)- kpG(z,1) A(z,t) kgE(z.t) (1)
di

describes the adsorption desorption process where kp and kg are the respective rate constants. The
conservation of the adsorbing N.es is expressed as

A(z,t)+E(z,t) A (2)o

where A is the density of the adsorber sites in the absence of adsorbed gas molecules. The system is initiallyo

(at t=0)
!

| G(0.t) = E(z,0)= 0 (3)

i

whereas the incoming gas concentraton is fixed as
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G(0,t) = G (t) t>0 (4)o

Finalty the conservation of the gas molecules within the column is described by the equation

2 1

J [E(z',t)+G(z',1)]dz' = v I[Go(t') G(z,t')] dt' (5)
o o

where v is the velocity of the gas flow in the column. The 1.h.s. of Eq.(5) gives the quantity of gas molecules
residing within the section ej the column between 0 and z at the time t, whereas the f.h s. expresses the
d;tforence of the gas quantities entering and leaving the same section.

Diff erentiation of Eq (5) yields:

3 &
--[E(z,t)+G(z,t)) = -v - G(z,1) (6)
dt 31

Transforming the coordinates as

x ; kpA z/v , y = kg(t z/v) (7)o

and introducing the functions F(x,y) by the relation

ka(t-z'v)
Ei(z,1) = A J F(x,y') dy' (8)o

o

Eqs. (1) through (6) transform to

kg k,Apv
-G(z,t) = a(y) - J F(x',y) dx' (0)
kB o

and

F(x,y) = a(y)- F(x',y) dx'
o

y

-[1+a(y)) J F(x,y') dy'
o

I y

' yW j F(x,y') dy' (10)
o

w'

a(), (11),

kg

the inlet gas concentration. Eqs. (8) through (10) desenbe the change in space and time of the concentrations in
the column. For x=0 and for y=0 Eq.(10) can be solved analytically, e.g.

F(x,0) = a(0) e-" (12)
.
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while in the general case the solution obtained numerically as follows.

The independent variables x and y are discretized as

-b
x, = 1.(2Ax) i= 0,1, . . . .N ,

y = j.(24y) j = 0,1. ,...Nj y

The following auxiliary quantities are defined:

x,
- |

A = 1 + a(y) J F(x',yi) dx' - (13)y
o

B = 1 f' F(x,,y') dy'
4 (14)'

o

Approximating the integrals in Eqs. (10), (13) and (14) by the simple trapezoidal rule and neglecting the term Ax
Ay F ,if we havei

A,,,,j A Ax (F .ij+F,;) (15)y i

B,.iji = B,ji Ay (F .ij + F jpi) (16)i i

and

F .ij = [(A,- AxF ) (B,.343 - Ay F .jpi) 1]/ [Ay (A Ax F ) + Ax (B,.333 Ay F .iyi) + 1] (17)i 4 i 4 ii i

Eq (17) is solved successively for every I at a given j value and repeatedly for increasing l's, The initial values
F(1,0) and F(0,J) follow from Eq.(12) and the corresponding analytical solution for F(0,y),

in the case of stopwise change in the inlet concentration,i.e, if
,

a(y) = ag yg.i < y 5 yg (18) _

k = 1,2, . . .

It can be easly scen that tuo function F(0,y) changes its values stepwis6 as

F(0,yg+0) .- agi + 1+ag,3 {F(0,yr0)- ag)
(19) L

1+ng

whereas at the time of constant inlet concentration og the function eches as,-

F(0,y) - exp{-(1+ag) (y yg.i)] F(0,yg.i) (20)

if yn.i < y 5 yx

TNs Eqs. (12), (15) (16), (t7), (19) and (20) define a complete iterative solution of Eq.(10) and Eqs.(8) and (9)
' f

serve for the reconstruction of the concentrations of interest in case of step tise variation of the inlet _ gas-
concentration.
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|

[

lli. Eroerimental

| The investigatons were carried out in a laboratory test apparatus described in Ref.10. The test bec' us
'

f ailed with Nont RB 1.5 type non-impregnated activated carbon. The cha!Ienging gas was methyliodide vapour,
generated by evaporating liquid methyl 'cudde at controlled temperature and diluted by controlled air flow. The
concentraton of methyl iodide in the challenging mixture was 3.5x10 7 moi cm'3. The temperature of the methyl
iodide air mixture was 5000, relative humidity was 50%, the temperature of the test bed was also 50oC. The bed
depth was 4 cm, diameter 2 cm, face velocity of the air methyl iodide mixture 3 cm s . The carbon waso

,

| precond: toned at the above temperature and humidity up to constant weight (about 1 hour). After the desired
loading penod the ca bon was purg3d with air of the same flow rate. The downstream concentration of methyl
iodde was continuously measured by gas chromatog.aph during loadirig and purging.

IV Resets and Discussion

Results of the theoretcal model

As it is shown in section 11, Eqs. (8) through (10) describe the gas concentrMon at any time and in any
secton of the adsorpton column. From practical point of view the concentration at the end of the column (ie. the
break through) is of most interest, therefore the functioning of the model is demonstrated by calculating break-
through curvos in some typical cases. A computer code based on Eqs. (12) through (20) and the following set of
parameters were used for the calculations:

kp=4 0x103 cm3moldso

he=8.0x104 so
A =4.0x10-3 moi cm 3n
v 3 cm so
z-4cm

1.00 - ,. ---- ---- 1.00

(/

,' 5
8 / o
& I [

*l o

/ 3
f0.50 ~ - 0.50

I
I

I
I

I
/

/

/
/

! O,00 -fi , , , , , , , , , ,

O 30 60 90 120 150180 210 240 270 300330 360 390
T [ min]

Figure 1. Calculated break through at constant methyl iodide loading So|id line: concentration of the
challenging methyl iodide vs. time. Dashed line; downstream concentration of methyl iodide vs. time
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Figure 2. Calculated break through at 60 min methyl lod:de loading followed tsy purging with air, Solid line;
concentration of the challenging methyl lodide vs. time. Dashed line; downstream concentration
of methyl lodde vs. time. Dotted line; break through at constant upstream concentration (see,

| Fig.1).
,

The first special case is when the adsorption column is challenged by gas of constant concentration. The
result of this process, shown in Fig.1, is the well known break through curve, determined by the above s

parameters and the inlet gas concentration 001

The second typical case is when the adsorber is being loaded during a certain time penod and then
purged with the carrier gas (eg. air). As it is shown in Fig 2, this process results in the delayed elution of the
previously adsorbed gas (dashed line). The delay time, the maximum value and the duration of the discharge ,

depends on the physico chemical parameters, the concentration of the challenging gas and the loading time (in
the gtven example 3.0x104 mot errr8 and 60 min, respectively, see solid line). The dotted line shows the break-
through if the loading was not interrupted at 60 min.

In the third case the adso'ber is continuously challenged and there is an impulse like increase in the
inlet gas concentration for a short time period. It can be seen in Fig 3 that the impulse-like loading of the
adsorber does not have a 2ignificant immediate effect on the downstream concentration (ie, does not
immediately influence the penormance of the adsorber) but results in a sooner break through (see dashed line)
compared with the break through in the case of constant iniet concentration (dotted line).

:
|
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iFigure 3. Calculated break through at constant methyl lodide loading Jdh an impulse like increase in
upstream concentration between 20 and 40 min. Solid line: concentration of the challenging i

'

methyl iodide vs. time. Dashed line: downstret.n concentration of methyl lodide vs. time. Dotted
line: break through at constant upstream concentration (see Fig.1).
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Figuie 4. Calculated (sohd line) and measured (dotted line) downstream concen' rations of mothyl iodide
at 30. 90.120 v<l 130 min methyl lodide loading (curves No.1,2,3 and 4, respectively).
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tt is to be remarked that the extent and character nf the effect (og whether just a sooner break through
or a peak-type change in the downstream concentration or the Combination of both) depends on the time point,
duraton and amphtude of the inlet corgentration impulse.

Comnarison of the mylel with the experimental results

In the course of the experiments the carbon bed was challenged by methyl sodido vapour till a certain
time and purged with air afterwards. This procedure corresponds to the second case discussed in the previous
gection.

The results of the experiments and the corresponding model calculations are shown in Fig 4.

Curves No.1,2,3 and 4 shew the downstream methyl iodide concentration dur6ng 30,90,120 arv' 180 ;

min loading and subsequent purging, respectively. The dotted lines are measured concentrations divded by the
inlet corcentration (G'G ), whereas the sold lines show calculated curves. When calculating the theoreticalo
curves the following procedure was performed:

The values of parameters V, I and Go were these set in the orporiments (3 cm sl,4 cm, 3.5x10-
7molem 3, respectively). A was e: . erimentally determined by measuring adsorption isotherms and using theo
L angmuir equation for the calculati ~a more detailed description of this method can be found in Ref.10). The

value of A determined in this wa) s 2.$x10 3 molicm 3, The values of kg and kb were then determined byo
fliting the iterative solution of Eqs. (b, : irough (10) on each measured curve, using the method of least squares.
Finally, the curves shown in Fig 4 were calculated using the aver 0ges of the four kp and kg values, respectively:

kr. 4.010,8 x 103 cm3 molls 4
k * 9.011.0 x 104 soD

When comparing the measured downstream concentration curves with those calculated by the model it
can be established that the model acceptably reproduces the main characteristics of the observed concentration
curves (ie. the time and slope of break through, the time and amphtude of thJ maximum value), taking into
account the experimental error of kr, kg. A and Go. A significant deviation can be observed between theo
measured and calculated curves at longer purging time, namely the clution of the adsorbed methyl iodde occurs
faster than predicted by the model. This deviation exceeds the experimental error and needs further
investigation, which may involve the extension of the model with some Nher processes (eg, pore diffusion,
capillary condensation).

V Summary and Conclut. ions

A former bimolecular reaction model describing the adsorption kinetics of methyl ioaide on activated
carbon 00) has been extended to the general case when the concentratbn of the challenging gas changes in
time, it is shown that the model can be used to predict the performance of charcoal adsorbers at constant
upstream gas concentrations and also when the concentration changes in time. The eff ect of short term loadin0
fol|owod by pJrg;ng with air and an impulse like increase in upstream concentration has been simulated. in the
practice the former case corresponds to the conditions during and after an accdont, the letter case simulates an
increased, shor11erm adsoiber loading due to temporary abnormal plant operation.

The case of thort term loading and subsequent purging has been expenmentally studied to validate the
model The acceptable agreement of the expenmental results and model calculations shows that the model can
be used to predict adsorber performance. The deviaton observed between the measured and predicted data
indicates the need for further development of the model.
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HATHEMATICAL N0DELS FOR CHANGES IN HEPA FILTER PRESSURE DROP

CAUSED BY HIGH AIR HUMIDITY *
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Laboratorium for Aerosolobysik und Filtertechnik II

Postfach 3640, D-7500 Karlsruhe i
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l
i Ahn. trac.t

Possible high air humidities resulting from an acc3 Gent in a
nuclear installation threaten ths integrity of HEPA fil'..or units in
the facility air cleaning systems. Field surveys indicate t.i.at filter
units continue to be exposed to adverse humidities in routine service
despite the development of moisture countermeasures.

One of the detrimental consequences of exposure to high air hu-
midity is an increase in filter pressure drop. Reported failures due
to a tearing of the filter medium partly result from elevated struc-
tural loadings imposed by op increases. The extent to which filter op
varier with airstream conditions can be used to help calculate safety
margins for filter units during normal and upset operations as well
as during postulated accidents involving high air humidity.

Studies of humidity-related changes in pressure drop were
carried out to help explain structural failures in routine service
and to obtain the empirical data needed to numerically model flow
dynamics in air cleaning systems under accident conditions. Tests
were performed on full-scale filter units under fog conditions and on
camples of filter media at humidities up to 99% RH.

Test results show that typical changes in op can be mathemati-
cally modeled by a number of time functions having coefficients that
can only be determined empirically. Regression analysis is used to
catablish the coefficients for specific filter units and dust

i loadings tested under the operating conditions of interest. Compari-
con of measured and calculated increases in pressure drop for clean'

filter units under fog conditions show that good agreement can be
obtained with coefficients determined as relatively simple functions
of the airstream velocity and liquid water content.

* Work performed under the auspices of the Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety under Contract
No. SR 290/1.
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L .. Introduction

Ventilation and air-cleaning systems provide for the thermal
comfort and the health safety of working personnel in industrial and
laboratory facilitics that contain hazardous or toxic radioactive
materials. The air cleaning systems (ACSs) also help to prevent the
release of contaminated airborne particulates and gases to the our-
rounding environment. The required extremely good particle removal
efficiencies at relatively low pressure drops are made possible by
the use of High Efficiency Particulata Air (HEPA) filter units"*".

Particularly in power reactor facilities, minimum system air-
flows are required in order to maintain pressure differentials-

between confinement zones"), to remove the decay heat from iodine
adsorbers"), as well as to cool electrical equipment"). To ensure
that airborne radioactive particles do not escape containment
barriers, it is also crucial that the HEPA filter units remain free
of leaks.

The presence of liquid water within the matrix of typical glass
fiber HEPA filter media can not only reduce system airflow to below
the design minimum but can also lead to tears in the filter medium
itself. As a consequence, iodine desorption, pressure differential
inversions, or the failure of ACS controls or electrical components
become possible. Not to mention potentially large decreases in HEPA
filter removal officiency. The end result can be an escape of
airborne radioactivity to less contaminated areas or to the environ-
ment.

Mois_tur.c_Countersc anurns_and_Their._ Shortcomings

Since the adverse effects of moisture on filter performanco
could quickly lead to a loss of containment, liquid water is one of
the more stringent possible challenges from which MEPA filter units
in nuclear service must be protected. This protection is based not
only on the treatment of the airstream to prevent filter exposure to

'

moisture, but also on the use of moisture-resistant construction
materials to minimize the detrimental offccis of inadvertent
exposure. Airstream humidity can be reduced to a saft:. level upstream
of HEPA filters by the use of droplet separators and air heaters").
Water repellant filter media'" and qualification tests in standards
for new filter units" " are intended to inhibit failure should
filters nevertheless become wet for brief periods of time.

The realizations of these countermeasures, however, have not
entirely eliminated incidents of filter malfunction or failure
related to mois turo*") . This indicates that filter units are still
being exposed to sensible moisture and that filter construction
materials, the medium in particular, remain yet sensitive to its
offects. Reported exposures and subsequent failures, most of which
occurred during normal operations, can have several of a variety of
possible causes.

The potential sources of moisture within the containment
boundaries are numerous. The inlet air itself, the reactor coolant,
fire sprinkler or containment spray-injection systems, and even
ground water") are among these. In addition to equipment failures,
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cases of filter exposure to liquid water have been attributed to
errors in the design, the installation, the operation, as wn11 as the
maintenance of air cleaning systems or ACS components"*"*20 Uncer-
tain is whether reported incidents could be related to regulatory
guidos that do not specify minimum performance characteristics for
mandated droplet separators (H or those that do not require them at
all"H, for ACSs in service during normal operations.

Once liquid water appears at filter units, performance
degradations intended to have been essentially eliminated by water
repellancy treatments and filter qualification standards can occur

repellanc can benonetheless. For instance, filter medium water
significantly reduced by dust loadingn e-mo , creasing"8dy3, gamma
radiation exposureUU, and aging"" of the filter medium. All factors
to be taken into account with nuclear grade filter units.

It is not unrenconable to question whether current moisture-
resistance qualification tests for new, cican filter units"*0, suffi-
ciently simulate the moisture-induced stresses that can eventually
occur in aged, dust-loaded filters, during the service conditions for
which failures have been reported. With the exception of the recent
coalization of commercial high-strength units in German "H, user
requests for HEPA filters with greater moisture resistance (yH seem to
be going unheeded. Revisions of current filter unit standards to
reflect improvements in performance should accompany any adoption of
better filters.

i Though the inherent fragility of glass fiber filter media in a

|
wet condition can be overcome by a reinforcing scrim, this improve-
ment is not yet to be found in widespread use. Nor does it give the
appearance of finding recognition in filter unit qualification ston-
dards any time soon. Similarly, measures to prevent the detrimental,
moisture-induced loosening of the filter- pack have not been

| implemented in general practice, nor is their potential benefit
'

reflected in filter standards. Means for promoting the drainage of
water from the filter medium remain largely uninvestigated as to
their viability in mitigating deteriorations in the performance of
filter units accidentally subjected to fog.

Additionally open to question are the reliability and perfor-
mance of conventional filter unita during emergencies such as a LOCA
or fire suppression actions sUcuetions that would- involve the-

release of large quantities of steam or water into containment areas.
Minimum performance characteristics for mandated droplet separators
in standby g*as treatment systems are not always specified in regula-
tory guides for example. As active components, which require,

external power and control systems, heaters are more likely to-fail
during an emergency than passive ones. The effectiveness of demisters
and heaters in protecting aged, dust-loaded filter units has yet to
be experimentally proven under transient conditions involving con-
densing steam.

For the above reasons it is worthwhile to reevaluate the
processes underlying the potential escape of radioactive materials
caused by filter unit exposure to humid airflows.

.
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PotentinLCausarand-Effcctaclationshipa_That Could_innd_ta_alonn.of
Containmentl ua_to_liumid litflowc

The sequences of phenomena that can occur between initial humi-
dity exposure and an eventual roloose of airborne radioactivo sub-
stances are illustrated schematically in Fig. 1. The incor'poration of
liquid water into the filter me61um from the airstream, results from
any one or combination of three mass transfer processes. The subse-
quent offects can include penetration of filter units by liquid water
or detrimental changes in the filtration charactoristics of an intect
filter medium. An increase in filter unit pressure drop, accompanied
by simultaneous decreases in filter medium tensile strength and pack
rigidity, threatens the folded filter medium with irreversible struc-
tural damage. The offect with the greatest potential ramification is
the increase in filter unit op.

Exposure of HEPA filters to high humidity airflow

I l

water vapor water vapor droplet
adsorption condensation filtration

i I

presence of liquid water in filter medium

I
I I I I

penetration by increase in decreaso in changes in
liquid water , pressure drop pack strength filtr. cond.

! j l I
~

l

e _i
decrease in tearing of
ACS airflow filter medium 1

I I
I I

overhoating of overhooting of
iod, adsorbers cloc. equip.

I I O
I I I }

decrease in op failure of decrease in
adsorb. eff. inversions ACS comp. filter eff.

I I I I

Loss of confinement or containment

Elg. 1: Sequences of phenomena that can lead to a release of radio-
activity caused by filter exposure to high humidity airflow.

674

. . ., .

.. . .

. .-

. -



_ __. - . _ . _ . _ _ _ . _ . . _ __ _ _ . . _ _ . ___ . _

|

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

Increase _in_Elow Ecsistancc_Duc_.to_11umid Airflow

in humid air, the extent of increases in the flow resistance
of IIEPA filter media is influenced primarily by the amount of liquid
water incorporated, as well as by the chemical composition, amount,
and size distribution of any captured dust porticles present. How
quickly water is transfered into the filter medium and the
characteristics of any dust loading present will play important roles
in the rate of increase in flow resistance. The airstream temperature
can also be decisive at 9 s 100% RH for filters loaded with fine
dusts. Filter medium and airstream parameters with significant
influence on the rate and the extent of change in filter medium op
and 11guld water content (LWC) are summarized in Fig. 2.

Airstream _parametern E11ter_. medium _. parameters

Air velocity Dust loading *

-_

l

| Air temperature * composition -

!
I

quantity -

Air humidity

part. size dis.

LWC > 0 g/m'

I Drainage character.
mass conc.

;

I water repel,
droplet size

;

pleat geometry
& orientation-

;

I50 s9s 100% RH*
separator geo.
& orientation

* relevant for
dust-loaded
filter media Liquid Water Content
only of Filter Medium

~

l

Filter Unit Pressure Drop
in Humid Airflows

Eig..._21 Parameters with significant influence on the op and the fil-
ter medium LWC of HEPA filter units in humid airflows.

675

_, - __ . __ ._ _ . _ . . . _ __ _ __ _ _



- - - - - - . - - - - . . - ~ . - _ . _ - - . . . - . ~ . _ - . - - . . - - - - . . -

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE
!

Many of the parameters listed influence filter pressure drop
independently of filter medium LWC. Those that offect f11ter medium
LWC or the structure of captured dust deposits can have additional
effects on filter op. In dry air for example, the characteristics of
the aerosol particulates help determine the structure of the dust
loading on the upstream surface and within the fiber matrix. The
velocity, temperature, and the relative humidity of airstreams can
influence the dust structure or the filter medium LWC, both of which
in turn affect pressure drop. Under fog conditions, filter medium ;

drainage characteristics influence not only the blockage of the3

upstream surface by drainage water but also the liquid water content.
1

1

The challengo to filter units ponnd by moisture-rainted
'

decreasen in airflow. Air velocity will not necessarily remain con-
stant as a result of HEPA filter exposure to high humidity. It can
sink, depending upon the extent of the blowers'' capability to main-
tain constant delivery with the increasing filter pressure drop.
During a LOCA, expanding steam could elevate airflows through ACSs in
spite of increases in filter op " .

Flows diminished to levels below the controlled operating range
of the air-cleaning system are not necessarily harmless, as is evi-
dent in Fig. 3. Should the level of airflow approach zero, the
maximum blower op at no air delivery would appear across the water
clogged filters. The path op (0 ), which filter op follows- as thep
humid airflow through the ACS sin s, depends on the syrtem and blower
characteristic curves op (O ) and opg(0) . The airstream and filterg d
medium parameters that affect filtor pressure drop determine how
quickly and how far this path is traversed. Comparatively, the paths
in dry air ap (O ), are straight lines. The max. damper op is op ,,,.p d p

I
ap 'N x /

N
/y,\ - - ain(0) arg(odif

%
\ /
N/g n,w j g

- AP aanl

k / ~~,

| / ( \/ arcW \j
/ / fully

/ 1e d| /
Apr(O h ]p p d

. clean_,g -

0 '

AM0W "d* * A '' Q9

Elg. 3: Path for rise of filter op with increasing filter flow re-
sistance and decreasing ACS flow due to high air humdity.
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The latent potential of tho blowers for producing destructive
pressure drops across filter units being clogged with water is worthy
of closer examination. It is only after the control damper reaches
the fully-open position, in an attempt to maintain constant flow
conditions, that the system airflow begins to be reduced by the
filters' clogging. As the flow level sinks, two phenomena act to
enable filter unit pressure drop app, to rise significantly. The sum
of the pressure drops across the ACS components other than the HEpA

will decrease. Simultaneously, thefilters and the damper,
apC,thestatic pressure delivered by blowers op , will increase. Theg

overloading of filters with dust could cause the same effects, though
at much slower rates. The kinetics of increases in opp due to soot
loading during a fire could take place just a quickly as those
possible during water loading.

That the potential maximum pressure drop across the filters is
can be expressed mathematically as follows. Foressentially apB.dcirflows reduce by increases in filter flow resistance, the

relationship between the three functions is given by

0
/

ap (O ) = apB(0) - apC(O ) - APD(0), ( 0 < 0,,,,,, ) . (1)p h h

As

lim ap (0) sg a pD...
H

and

lim ape (O ) =0h
o-o

then

lim ap (O ) " apa.., .p h
M

In order to protect filters from this challenge, with a safety
factor of two for example, the burst strength of filter units in a
wet condition, at the end of service, should be at at least twice
that of apB.. This can provide a rough estimate for the minimum
pressure drop,.which should be required in moisture resistance tests
for the qualification of new filter units as nuclear grade.

The_ challenge to filter units posed by elevated flown of humid
c h The above evaluation does not, however, take into account any
filter pressure drops > apB... that could result from increased flows
driven by the expanding steam of a LOCA"U. Maximum values for these
cases are scenario dependent and would best be determined by numeri-
cally modeling the resulting flow transients within the ACS. Computer

Mcodes being developed to this end U require as input, functions that
describe changes in filter op with time for various airstream end
filter unit parameters. Of particular interest are those summarized
in Fig. 2. The primary reason for investigating the influence of

677
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these parameters on filter Ap is for purposes of safety analysis. Tho
011mination of moisture related filter malfunction or failure is the
end objective.

Evaluation _of_prio r_invca tig ationa.s To be found in the litera-
ture are dif fering, partly contradictory trends for the extents and
rates of change in the flow resistance of test filters exposed to
moisture laden air"H. This can be attributed to the difficulties
encountered in the occurato measurement and control of high airstream
humidities. An additional contributing factor is the sensitivity of
filter pressuto drop to small changes in humid air states close to
and above saturation. Frequently the humidities of the test air-
streams woro not measured. Dif forences in test air temperatures, as
well as in the characteristics of the filter media and the dust
loadings of the filtor units investigated, contribute to scomingly
inconsistent results. A cross comparison of results for tests
perforuod with decreasing airflows are not possible for the many
cases where the characteristic curvo of the employed blower was not
denotod. The lack of data suitable for medelling purposes is,
however, mostly due to the fact that paramotric studies have not boon
the principal objectivos of past investigations.

In the preparation of tests performed for the development of
mathematical models, two major conclusions were drawn from results
found in the literature. One was the nncessity for inetrumentation
and contzM systems to accurately measure and to closely regulato
airstream humidity. The second was the need to perform tests using
the filter units and the dust loadings typical for the air cleaning
systems of interest.

lla_Experimontal._ Work

To study the behavior of HCPA filter units or media under high
humidity conditions requires rather sophisticated test facilities
built specifically for this purpose. Experiments were performod with
two test rigs at Kornforschungszentrum Karlsruhe (KfK), one for
filter units, the other for samplos of filter media. In each caso,
careful attention was paid to the accurato measurement and control of
airstream humidity, temperature, and volocity.

Icata_.cf Filter _Unita_.in Super _ Saturated.Js1IntInams

Full-scale filter units were tested under super-saturated condi-
tions in the TAIFUN facility. Descriptions of the test filters,
procedures, and results have been described in detail elsewhere,
together with that of the rig itself"U.

Init_.on samplen _of Filter Modig_at Air _l[umiditinn up to 99% _ Ril

Preliminary tests showed parametric investigations on dust-
| loaded units at humidities up to saturation to be impractical for a

number of reasons. Those included the limited number of dust-loaded,

'

filters available and the different degrees of loading among them. An
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additional factor was the thermal inertia of the test rig which mado
precisely achieving the desired relative humidity a process too
demanding for the test time available.

A smaller rig was thorofore constructed for testing samples of
filter media removed from full-scale filter units. Only in this way
could the availablo dust-loaded filters be cost effectively
investigated to the extent necessary for a useful parametric study.
For air humidities up to saturation, it is the filter medium that
accounts for the greatest proportion of the total filter unit flow
resistance. Results of tests on specimens alone can be used to
calculate the drop of filter units containing the foldedfilter medium"' pressure

LUETEIL_ tent _._rlg. Variations in the pressura drop of filter-
media specimens were investigated using the laboratory test rig
LOFTER, shown schematically in Fig. 4 and photograph 1cally in Fig. 5.

I The airstream is recirculated through the test section by a sliding
vano compressor driven by a 0.75-kW clectric motor. A throttle valvo

8ut the compressor inlet limits the airflow to 6 m /h. Carbon particu-
lates worn from the compressor vanes are removed by a .20- x .20- x
.9-m HEPA filter at the compressor discharge.
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Elg m41 Schematic diagram of the laboratory test rig LOFTER.

' The clean air is humidified by bubbling it 0.4 m through a 20-1
water bath maintained at some 2'C above the air dow-point temperature
set for the test. A downstream perforated platc earves as a droplet
separator to minimize the carryover of liquid water. The water-
saturated air exits the cooler at the set dow-point temperature and
enters a host exchanger where it is heated up to the desired dry-bulb
temperature. The fino adjustment and regulation of the airstream dry-
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|
; bulb and dew paint temperaturr.T al',ows the air relative humidity to
I be accurately set and maintained.
I n . . . . . ... s ,
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Eig._S1 Photo of LOFTER test rig.

:

The air relative humidity is measured psychrometrically;

i upstream of the junction that divides the airflow between the bypass
and the test section. Aged four-wire, 100-0 RTD probes connected to a
precision ohmmeter sense the wet- and dry-bulb temperatures. Only 5

3to 25% of the 6-m /h airflow required for the humidity measurement 10
directed to the test section, illustrated in Fig. 6. The remainder is
routed through the bypass to a control valve which serves to keep the
airflow through the test section constant.

*-~ . rn ! 4^ -
,

Parameters sampled at the t
.

.

-

test section include the pressure
drop of the test specimen as well 1

.

''

as the dry-bulb temperature and -

- . / t .
absolute preeeure of the air- -i

' ~

h p(
.

stream. The liquid water content
,.

of the 108-mm dia, test specimen '

' -'
can be gravimetrically establish-' 4

- h'ed with a microbilance during
' i

.

,

intermittent intereption of the .f ' '

''airflow to the test section. An ''

orifice plato downstream of the
.

,
.

test cection is used to measure -

-

<

the airflow and to provide feed- I - " a
. .h [.

.: .

'back to the control valve via a
pressure transducer.

E194_61 View inside test section.
The airflows of the test section and the bypass are fed into a

16-1 pulsation damping chamber before returning to the compressor. A
third inlet provides makeup air to compensate for any leaks in the '

system which is operated in an overpressure mode. With the exception
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of the compressor and its discharge filter, all components and
connecting ductwork are wrapped with regulated hcoting elements and
insulation. The performance characteristics for the test rig, thu
measurement instrumentation, and the control systems are summarized
in Table I.

Zabic_11 Performance characteristics of the LOFTER test rig.

Test Operating Measurement Control
parameter range uncertainty tolerance

st__ test __sec tion

Airflow (m'/h) 0 - 1.7 1 0.003 1 0.006

Air temperature ('C) 20 - 80 1 0.05 1 0.1

Air humidity (% RH) 40 - 99 1 0.5 i 1.0

Overpressure (kPa) 0 - 20 - -

t
-

.

'

for__teAI._a w le

Superf. vol. ( cni/s ) 0-5 1 0.01 1 0.02

Pressure drop (kPa ) 0 - 15 1 0.01 -

LWC (g/m') 1 - 500 1 0.1
I

-

_.

X-sect, area (cm') 92 - -

Tent _ specimens _ani tasLprocedurn.L. Filter units purchased from
several manufacturers on the open market were sources for clean '

samples. Test specimens loaded with fine particle dusts came from
commercial filter units after normal service in uncontaminated
laboratory air cleaning systems at KfK. Specimen dust loadings lay
between 0.1 and 4 g/m' for pressure drops in the range of 290 to 800
Pa at 2.5 cm/s, 25'C and p < 40% RH. The dry weight of samples was
determined after conditioning in an oven for 24 h at 50*C and an,

l absolute pressure of 5 kPa.

Kinetic tests were run after a 30 to 60-min conditioning of the
airstream to achieve the desired at the test temperature and air-
flow. Specimens were spanned between the halves of a ring-shaped '

holder before being mounted in the test section. During mounting, the
test section was blocked off from the test air and open to the
ambient enviroment at < 50% RH. Tests began with the opening of the
valve upstream of the test section. The change in specimen op with
time was recorded for up to 4 ? of exposure at constant temperature,
relative humidity, and flow. Tests were ended and the specimen
weighed once an approximate maximum or minimum equilibrium value of
pressure drop was attaine'l.

,
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Typical _ test _r.csulta.

9 show some typical offects ofThe test results of Figs. 7 -

throo important airstream paramotors on the relativo op increano of
dust-loaded specimens having an initial Ap of 500 pa at 2.5 cm/s in
dry air. In general, both the rate and the extent of the Ap increaso

,

grow with greater values of relativo humidity above 70% as seen in
Fig. 7. No significant change in pressure drop was evident at < 70%
RH and 25'C. The increase in op , with rising constant relative
humidities was nonlinear above 90% h,H.

- - - - - -' ----320
. _ . - _ . - -- 98.5*'. Ril

_

T. f
2
I 240 - - -- -

I ,

'

e
b
* 160 -

I
h y.- - - - - - - - - - 90.67. RH
..

b B0 --

90.0P. Ril"
.g .:
a; -

' 80.07. HH
g__ / - -75.07. Hij , 70,0'?. Hli

0-
0 1 2 3

Exposure thw

Elg m21 Influence of air relative humidity on the rate and extent
of the relative Ap increase for a dust-loaded HEPA filter
medium at 25'C and 2.5 cm/s.

For the given test conditions, Fig. 8 abows that a 20% increase
at 25'C, changes at 50'C to a decrease of about the same magnitudo.
The equilibrium value at 75'c is an even lower ~44%. This indicates
that temperature can play a decisive role in the structural loading
of filter units at high relative humidities up to saturation. The
threat to filter integrity can decrease with increasing temperature.
This indicates another potential benefit in the use of air heaters,
in addition to that of lowering airstream relative humidity. The
mechanisms triggered by this temperature effect are not yet
established.
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! Eig. .. B t Influence of temperature on the rate and extent of the re-
I lative op increase for a dust-loaded HEPA filter medium at
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Elg. 91-Influence of-filtration velocity on'the rate and extent of.
the relative op. increase for|a dust-loaded HEPA filter med-
ium at ~25'C ar ' 94% Rh. ~
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The curves of Fig. 9 indicato that filtration velocities loss
than design values can produce Ap increases greater than those for V
= 2.5 cm/s. This phenomenon poses an additional throat to filters in
ACSs where airflows have been reduced to lower than design values by
the offects of high air relativo humidity. It has not been observed
in tests of dust-loadod filters in super-saturated airstreams.

111. F.athematical.liodula_.forl hangen_in_HEEA E11ter_PIcaaurn_ Drop

Results for tests performed at constant flow indicate that
humidity-related variations in filter pressure drop with timo can be
approximated well by the functions illustrated in Fig. 10 and
summarized in Tablo II. Whether the pressure drop changos
significantly and whether a decrease or an increase occurs, depends
on both the airstream paramotors and the characteristics of the
filter medium. Decreases have been observed for filter units or media
loaded with fine particulato dust in service and tested at 6 > 50'C
and air humidities up to 99% RH, for examplo. All, clean filter units
or media showed negligible changes up to saturation, as did some
dust-3oaded ones for certain combinations of temperature and relative
humidity.

gp ap s f it') S apsf(h t) m

6patunt)

/
/,

['P '' f m.nt) ,

G)

b
$ sp,- tw
I aps f (e'Im

,r- op f f (t)

; Apaf
0 t, t

Exposure time

Elg _101 Time functions observed for the changes in pressure drop of
HEPA filter units or media exposed to humid airflows.

Dased on visual api ,arance, functions similar in form to those
of Table II appear among curvos ublished by other investigators who,

| tested with constant airflows""22
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Tabic _111 Summary of currently established time functions for the
variation of HEPA filter pressure drop due to high air
humidity.

Type of Functional Altstream conditions
' lime Relationship 20 $ d $ 80 SC 2050$500C

Function op a 60 < p < 100% RH 0.5 $ LWC $ 10 g/m3
filter units Blter units
clean loaded clean loaded

OPD - a bt yes- - - -

a bt

Ap / f(t) Apo yes yes '
- -

e' Apo exp (cit *2) yes yes yes--
,

1
g B2t Apx + git yes- - -

_

t Apx + ht yes yes- -

i in t Apx + k ln kiti yes yes yes
~

-

O"+P yes- - -

m nt ,m nt,

j Filter units in supnr-saturated _airstreams.

Si nificant increases, initially of the exponential form to beexpectedg'H,'

were invariably observed for filter units in super-
!

modelledbye{ lows"U. The rise in op under fog conditions could besaturated air

up to a transition pressure drop ap,,; regardless of-

i filter unit manufacturer, design, pleat orientation to the airflow,
dust loading, or the test air conditions. Above o p,, the curves
exhibited one of several other functional forms.

,

With clean filters, an extremely steep increase of the-form t9
occurred shortly before. failure for 'minipleat types from most

! manufacturers and for deep-pleat units from several suppliers. This
| was also typical for all deep-pleat units in the sizes 305 x 305 x

292.mm and 610 x 610 x 150 mm from 3 manufacturers,

| Characteristic of a few deep-pleat filters slightly loaded with
I dust, was a linear range, possibly an extended transition into an
) 2n(t) function, interrupted by structural failure. = Otherwise, the

form of In(t) was found to be typical for both conventional and high'

strength deep-pleat units clean and dust-loaded as well as for.- -

all dust-loaded minipleat filters.

Samples of Filter Media and Filter Units fer Air Humidities s 99% RH

Filter units or media with the most variety and. combinations of-
time functions were those loaded with dust and exposed to air rela-
tive humidities between 50 and 99%. Observed exclusively in this
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group wore the functions of -t/(a+bt) and +t/(m+nt), an indication of
adsorption phenomena. For relative humidities high enough to
influence pressure drop, the airstream temperaturo potormined the
sign. A third, less frequent initial function was o, followed by
either +t/(m+nt) or In(t), and occasionally both. The linear ht
function was also evident in some casos in a transition stage between
the other types. Mathematical models for dust-loaded filters are
still being refined and will be published in more detail later"".
Datermination_oL_thn_ Empirical _Confficienta

Once the relevant functional forms have been identified by
least-squares fitting, the next stop is to determine the coefficients
necessary to make them useful. Summarized in Table III are the known
airstream parameters with primary influence on coefficient values.
Though this tabulation can be considered neither complete nor
universal, it provides an initial general reference. The filter
parameters of Fig. 2 will also greatly influunce the coefficients.
Hence, they con only be datormined empirically. This requires that a
number of filters or samples of filter media be evaluated in tests
within the range of the operating conditions of interest.

Table III: Summary of currently established empirical time function
coefficients and airstream paramotors of influenco.

Coefficient Airstream conditions
of Table 11 20 $ d 5 80 cc 20 5 d 5 50 0C

60 $ p < 10096 RH 0.5 5 LWC 510 g/m3

'
a f(0, p, V) -

b f(0, p, V) -

ci f(0, p, V) f(LWC, V, 0)
__

ci t(d, p, V) f(LWC, V, d)

81
-

|
f(LWC, V)

s -

;

h Ap(t) for t > txh

k f(Apx) f(Apx)

km f(tx) f(tx)

| m f(0, p, V) -

n f(0, p, V) -

Apx f(0, p, V) f(LWC, V, 0)

tx f(Ap(t) for t < tx, Apx)
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To obtain such coefficients for evaluation, ten now filter
units from one production lot were tested under steady-state
conditions at d = 20'C, LWCs between 1.2 and 10 g/m', and average
filtration velocities V, from 54 - 216 m/h. For

op(t) - op, exp (c tes) t < t,i
,

and

ap(t) = 6p, + k 1n k,t t h t,3
,

the empirical coefficients and their respective coefficients of
8determination R , or standard deviations o, were

I c = 1.08 10 8 (LWC V) - 1.19 101 (R8 = 0.98),

10

E Ct
= 1.38 = %g (values ranged from 1.13 - 1.95) (a = 0.25),c2

ki = 1.32 Apx + 1.25 10 8 (R8 = 0.91),

k = h,
Apx = 1.16 101 LWC + 8.20 10 8 V + 3.75 10 8 (R8 .= 0.97),

and

= fintx

As shown by four typical curves in Fig. 11 the calculatedvalues fit the measured ones reasonably well. The relative simplicityof the models, as well as the ease with which the empirical
coefficients can be determined from test results(8H, should encourage
further investigations in this area. With the exportence gained, it

| 1s possible to show that the information necessary for theseparticular models could have been obtained by 5 or 6 filter tests and,

i a judicious s. election of the test conditions. The greatest
disadvantage of such models lies in their validity for only a single

I
'

productior. lot of filter units.

Mathematical models such as these have applications other than
that of being able to predict pressure drop increases in terms of
particular airstream parameters. For example, an equation similar to
that for ap, was established to predict the pressure drop at struc-
tural failure op , for the filter units. Measured values for the 10tests deviated fr,om

6pe = 7.71 10 8 V + 1.60 101 LWC + 2.84 (R8 = 0.86)
I
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by not more than 12%,. An empirical expression for the exposure time
until failure was also developed in terms of V and LWC using the
above functions and coefficients.

0 5 10 h 15

!
6

''"''5 cim't *er P'nt.WP t29'm',

- twc = 13 9 m'/
I' "''

M0 * UO ' 292 mmkPa v. O cmts

/
k.$ $w L 1 | . A .-g i. u . . - ,

) '" 4 M ,,,,'

l

| jg ts .,,.

- , ,

-
<y-- -.a 2 - - _ -

- . -

,

v . 20.c

s[ cat 6pf t):
.. .......

O "- i

0 1 2 h 3

Exposure time

Elo. 111 Comparison of measured and calculated pressure drop incres-
ses for clean, deep-pleat, 610- x 610- x 292-mm filters at
20*C under fog conditions.

IL Summary _and_Concluulona
i

Surveys of the literature indicate that the development of
measures to counter the effects of high air humidity have not elimi-
nated incidents of moisture-related HEPA filter failure or air clean-
ing system malfunction. Prevention of similar events in the future
will depend on the possible causes being forthrightly addressed.
Included among these are the nonuse or the shortcomings of available
countermeasures - in particular insufficiently stringent performance
standards for now, clean nuclear-grade filter units in humid air.
Regulatory guides that do not take full advantage of potential'
countermeasure technology may also in part be responsible. Improved
field surveys and incident reporting systems would be required to
more definitively attribute reported failure events to their

respective causes.

Current safety concepts, which essentially rely on counter-
measures intended to prevent filter exposure to moisture, should
include back-up provisions sufficient enough to at least prevent
filter structural failure in humid airflow. That the maximum blower
static pressure could 1n principle appear across water-clogged HEPA
filter units additionall.y underscores the need to consider revision

|
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of filter unit Wot-strength qualification standards. Bused on
established failuro mechanisms, the stabilization of the filter pack
and the use of filter media with increased wot strength could help
climinate structural failure in humid airflow. The reliability of
filter units in dry air would thereby also be increased.

The results of the parameteric studios reported on here 4

indicato that pressure drop increases for clean filters exposed to |
fog at steady-stato conditions can bo modeled well by relatively
simple functions of the exposure time and several airntroam
parameters. Pressure drop increases for clean water-ropellent filter
media woro insignificant up to saturation. Models for dust-loaded
filter units in humid airflows are still in dovolopment.

The principal drawback of such models is their particularly
strong dependence on the charactor1Htics of the filter units and any
captured particulates involved. Accordingly, safety analysts will be
forced efther to obtain empirical data for the specific cases of
interest or to choose conservative values from those that otherwise
becomo available.

The observed decreases in op of dust-loaded filters for
elevated temperatures above 40 50*C offer a potential bonofit in-

,

| lowering the structural loads on filter units at air humiditics up to
saturation. They also point to a further advantago in the use of
hoators. Under fog conditions, however, no positivo effect was

! evident for the filter units and temperatures (up to 50*C)
investigated.

|

L_EuturcJuska

For the futuro, a number of rosearch needs becomo apparent not
only for model development and verification but also with regard to
protecting filter units from moisturo-related failure.

i

The models currently under development will be valid only for
steady-state operating conditions. Flow, humidity, or temperature
transients can affect the transfer of water into the filter medium or
the captured-dust structure, and hence filter op. Models for op
increases with varying airstream conditions remain to be delt with.

The observed-overproportional increases in op-of dust-loaded
samples for V 1.25 cm/s, together with the potential increases in=

| filter op with decrecsing system airflow seem particularly
threatening to filter unit integrity. Since each can contribute to

! 211ter failure in normal service, their potentially interactive,
individual effects need be investigated in combination. The
utilization of simplified or scale-model air cleaning systems will be
required in such an endeavor.

With respect to severe accident conditions, the effectivenees
of currently employed droplet separators and heaters in protecting
aged, dust-loaded filters from condensing steam need to be verified,
particularly during the transient temperature, humidity, and flow
conditions of a major LOCA.
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DISCUSSION

SW.AG: On the fourth or fifth slide you were showing tmperature effects at constant relative
humidity. Was thb a used filter?

RJ.CKI1TS: The tests were performed on small samples of filter media removed from filter units
after normal +vice h an ait cleaning system at Kernforschungszentrum Kat,isruhe.

KOVACll: A chirifit. tion, you were coming in at 94cc R.ll. and that, yor. were superheating.'

Therefore the humidity v.o ild be lower at higher temperature. Or did you misintained 949o' R.ll. all the
way through.

lyGEllS: These wers esults from three different tests. Each test was conducted at a different
temperature but the relative hi njoy t'= identica: for each test.

liOYdfll is the velo . that pu gave a normalized velocity under standard conditions or the
vehicity r mal tempeim re7

KlGl:Ti 5 Eta' is the velocity at the actual temperature.

EDXAG: If you normalized selocity there woulJ have been significantly difinct;l ek> cities
through the med|a.

RLGElls No,1 ; ave tho wbeity in the media.

}
!

!
l

,

l

i
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Abstract

In the optimization study on the heating, ventilating and air
,

conditioning system in Nuclear Reactor Power Generation Station,I

proper arrangement of air ducts has been studied using the
experimental and analytical investigation from a viewpoint of duct
arrargement optimization. This study consists of two parts. Part I is,

l optimization of air ducts in the corridors and Part II is
optimization of air duct in each rcom.

In part I from viewpoints of confinement of radioactive,

materials in facilit.ies having possible radioactive contamination and
improvement of thermal environment for workers, we have studied air
ducts system in which fresh air is supplied to corridors and heat
removal and ventilation for each room are performed by transfering
air from the corridors, instead of current ducts system with supply
duct to each room. Hereafter we call this air ducts system as
" substitution of corridors for air ducts". Surveying plant
characteristics in 1350 MWe class Advanced Boiling Water Reactor

| Power Station, hypothetic test building, that is one floor model
whien consists of a corridor and twenty-one (21) rooms is

|
established. Air temperature and air flow distribution in the
corridor and each room in the above test building are examined, using
a similar nodel and a thermal fluid computer analysis program. From
the test results, temperature in the corridor rises in proportion to

| a distance from supply outlet, rising rate of the temperature has
I certain value and iter.s to be considered for application of
| substitution of corridors for ducts to a actual plant are obtained.
| Futhermore, conceptual design of substitution of corridors for

| ducts is conducted for reactor area in a Advanced Boiling Water
| Reactor Power Station, using design method obtained in this study. As
! a result, reduction of air ducts and space for duct arrangement and

improvement of environment in corridors are obtained.
In part II the condenser room with complex configuration and,
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large space, and the electrical equipment room with simple spacs are l
selected for model areas. Experimental investigation with the '

one-tenth reduced scale nodel and analytical investigation with a
three-dimensional thermal hydraulic analysis method are performed to
understand the flow and the temperature characteristics in both
rooms.

In the investigation of the condenser room, the measured
temperature data in an actual plant in the plant operation mode are
compared and evaluated with the measured data at the experiment and
the result of the analysis. The optimized duct arrangement was
proposed from the temperature distribution and the flow distribution
point of view by selecting six (6) duct patterns as a parameter. In
addition, three (3) cases were selected for analysis f rom the six (6)
cases ot experiments, and three-dimensional thermal hydraulic
analysis have been carried out, and verified the conformity with the
actual plant data. As a result, based on the obtained ventilation
type, the optimization of air-duct in the condenser room are
established.

In the investigation of the electrical equipment room,
experimental investigation is done for the conditions of duct
patterns (layouts of supply and exhaust ducts) and several thermal
parameters. The experiment was done for twenty-seven (27) cases under
each condition. The thermal parameters are the configuration of
rooms, that of heat generators in each room and the heat generation
density in each room. And the optimization of air-duct arrangement is
estalished in accordance with room conditions and the method of
selection for duct arrangement design is estalished. Now, analytical
investigation method verified by comparing with experimental data in
typical cases.

Based on these studies, experimental and analytical
investigation (using a three-dimensional thermal hydraulic analysis)
technique has been established, and the ef fective design method for
duct arrangement of HVAC design has been verified for Boiling Water
Reactor Power Station. The air-duct arrangements optimized in this
study are applied to an Advanced Boiling Water Reactor Power Station
in trial and reduction of the air-duct quantity is confirmed.

Optimization of Air Ducts in the Corridors (Part I)

I. Introdution

In our current design, ventilation and air conditioning for
nuclear power stations have been performed by supply and exhaust
ducts installed in each room. But recently, corridors where operators
pass frequently are required to have improved thermal environment for
operators. Additionally, as building volume of a nuclear power plant
is reduced from a stard point of rationalization, each system and
equipment should also be reduced in the amount of the materials. We
have proposed an air duct ventilation system as " substitution of
corridors for air ducts" in order to respond above requirements. As

j substitution of corridors for air ducts is assumed, temperature
! dictribution in corridors should be evaluated quantatively, because
l it is expected that supply air temperature to each room is different

due to air temperature distribution in a corridor. From this point of
view, we made a scale modoi which can easily change heat lead and so
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on as parameters, and studied the tendency of temperature
distribution in a corridor through experiments and computer analyses.

II. Method of Study

Before the study of design method for " substitution of corridors
for air ducts", shapes and heat loads in reactor area and radioactiva
waste disposal area of a 1350 MWe class Advanced Poiling Water
Reactor Power Station are surveyed. Results of the survey are shown
in Table 1. From the results of the survey, a model of nuclear power
plant is established as shown in Figure 1

Table 1 Plant data for ventilation system design
Itene Reactor Area (R/A) Rad. Waste area (Rw/A1

Shapes of Corridors blind Alley (I riocre) Bland Alley (3 riocre)

loop (4 rioore) Loop (I rioore)

Length of Corridore Atmut 160 m/Faoor About 160 m/ Floor
Widthe of Corridore Average of Narrow Average of Narrow

corridors 2.4 a Corr!dore 1.8 m
Average of Wide Average of Wide

Corridore 8.6 a corridore 6.6 m
Beight of Corridore 5.9 m (2.3 ~7.7 m) 4.1 m (4.5 ~7.6 m)
shape of acome Aquare 44 g square 100 g

others 16 %
Waber of noons tverage il Rooma/ Floor Average 14 tooss/ Floor

Area of Rocae Avetage 37 g/Rs Average 71 g/Roon
volume of Dooms Average 229 g/Rt Average 449 g/Poom.

Beat need of Equipment Maalaua 19300 W Maximum 19200 W
in Corridore

Rest Load of Lighting Average 14.9 W/d Average it.1 W/d
in corridore (10.2 19.7 W/d) (14.0 ~ 19.0 W/d)

Reat Load of Equipment Maalaua 15200 W Maalaus 15200 W
in Roome

teat Load of LLghting Average 11.7 W/d Average 14.7 W/d
in moose ( 9.2 ~il.0 W/d) (137 ~15$ W/di

Thickness of Wall 0.72 a 2 0.42 a 0.9 a 0.1 m
(Drywell 2.0 2.5 m)

Sise of Ratchway Mazimua 8.9 m x 6.0 m Mazimum 2.0 m x 3.0 m

42.0m

i
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Figure 1 Typical floor model in a nuclear power plant
;
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This hypothetical test building is designed to imitate typical
floor in the nuclear power station, and it consists of a circular
corridor and rooms surrounded by the corridor. On the floor, a
hatchway is installed considering the effect of the lower level
floor. Fresh air over ti.is floor is supplied from the corridor corner
into the corridor. Openings (transfer ducts) are installed in the
partition wall between the corridor and each room, and the exhaust
ducts are installed in each room. Air for each room is supplied from
the corridor via transfer duct. Therefore, the supply air temperature
for each room has a relation with the position of the transfer duct
which is installed in the partition wall.

Scale model tests and computer analyses shown below, are carried
out for a primary .,urpose of understanding the tendency of the air
temperature distribution in the corridor.

III. Tests and Analyses

Method of Scale Model Tests
In this scale model test, a similar model reduced to a scale of

one-tenth hypothetical test building size (See Figure 1, the model
size is approximately 4m x 4m x Im) is adopted. The similarity rules
applied to the test and the reduc ion ratio are listd in Table 2.
Similarity rule of velocity is calculated by allowing the archimedes
number to agree between the actual device the model iyygagn (1).
These rules are t.ypical in such a similar model test

Archimedes Buoyancy Force ogBall' g Bil l
IIINumber Incrtial Force p 1, u , u 3

._-

$;1*$*! ! : "tQts"" 2au u : ^1hocuy #: '"'"Y

_B:'"!)an;ly 8: n;iWit?*!
_

Table 2 Similarity rules
_

! tem Simiiarity Ru1e and Reduction Ratio

1/2 1/2 1/2
n1 = (1/10)Ve1oeity nu=n9 -

3/2 5/2 5/2 -3

Heat Load nQn=n6 n1 = (1 N ) =3.t6xio

F1ow Rate nV=n1 . n u = (tm) = 3.16 x t o"
*

Thermal I Inr=nu ( +1)-
Resistance a Ty a Tuy s

nu; Reduction Ratio of Air Velocity
r. 9 : Reduction Ratio of Differential Temperature
ni Reduction Ratio of Representative Length
n Q, Reduetion Ratio of Heat Load
nV. Reduction Ratio of Air Flow Rete
nr: Reduction Ratio of Thermal Resietance
a, Heat Transfor Coefficient (Ac t u a l i t y)

u. Heat Transfer Coefficient (S c a l e Mo d e l)
7, Thermal Resistance (A c t u a l i t y)
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In scale model tests, it is usual to use one-room model and heat
loads from walls are simulated by plate heaters or regarded as an
adiabatic system. In this scale model test , the mulit-room model is
considereo and heat load from the wall is simulated by using wall
material having thermal conductivity calculated based on the
reduction ratio of thermal resistance.

Conceptual flow diagram of model test is shown in Figure 2.

p- --- ---- r- ~ ~ T - ~ ~ '~ ~ ~ ~ ~ ~ ~ I """''" I

$ PLATE TE

| RECORDER |HEATER
| V.T.R. |

j '
, __ __

rm--r. . . . . .. .)
b | ORIFICE|

eri *H. f
- U PLY, ,

CAMERA | |
F F

,

u _ m --------- a{61neou| coanicoa<

EXHAUST FAN L- J / ,

f bHEATER /\ c o**' * o* " " * '
t c

+
*f / ;' .D A M PER,j

h EXHAUST h
| CH AMBER

\ ESISTOR

Figure 2 Conceptual flow diagram of model test

About two hundred fif ty thermocouples are installed in the
model in order to measure the air temperature distribution in the
corridor.

Method of Thermal Fluid Computer Simulation
In this analysis, non-compressive viscosity fluid model is used

as air flow since the air flow velocity in this study is sufficiently
lower than the sound speed and there is no factor of causing a
significant turbulent flow except a flow near the duct outlet. The

,
buoyant force effect and the vortex viscosity effect by turbulent

| flow are analyzed by approximation of Houssinesq and Zero(0) equation
model. These flown are given by the following equations (2),(3) and

| (4). The number of meshes is 2023 (17x17x7). The individual ohysical
| property values are the same as those of the scale model teo. i.
l au

1

| -o (2)
0*J
au, a 1 SP O Su omg -

Cu u ;) - -- + ((v. * ,) 1+ s (3)'
g8t 6x p.

3 61, 6x 31 p.

O m *= 0 . (1 -B (T -T. ) )

Sh 8 8 BT

3) =
( (a. + , ) ) +4 (4)+ (h u

Bt Bx; 6x; On;

u: Velocity h: Enthalpy v. Viscosity
P: Pressure T: Temperature a. Thermal

| g: Gravitational Diffuatvity

|
Acceleration

' a Eddy Viscossity a, Eddy Diffusivity
n

|
|
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Conditions for Tests and Analyses
In the tests and analyses, the neasurement of air temperature

and air flow distribution in the model was carried out using the heat
load as a parameter. This parameter is the thermal distribution in
the model (Table 3 and 4). Table 3 divides the heat load over the
floor in the model into three cases. We refer to the case of small
load as " Case a ", the average case as " Case b ", and the large case
as " Case c " in accordance with plant data for ventilation system
(Table 1 ). Case e is divided into the case of small heat load from
equipment in the corridor and the case of great heat load from
equ ipment in the corridor. In table 4, we refer to the case where the
heat load from the equipment in the room becomes larger as the room
is closer to the air supply outlet in the corridor as " Heat Load
Distribution 1", the reverse case as " Heat Load Distribution 3", and
the flat case as " Heat Load Distribution 2".

Table 3 Heat load parameter
Haat toad an the Model (W) |

'

Corrador Rooma

Equipment Walle, Lighting Equipment Walls, Lighting

a**t Load a 32560 0 14880 8840 8840
Heat toad b 65010 5700 21740 28730 8840
neat toad c-1 9420 26160 53040 8840

9 460Hast Lo*d c-2 26150 26160 36210 8840

Table 4 Heat load distribution in the model

H e a t L o a d ( W )
koom Heat Load 3J Heat Load b Heat Load C-1 Heat Load C-2
Number Distribution Distribution Distribution Distribution

1 2 3 1 2 3 1 2 3 1 2 3
R001 S20 $750 1690 0- 3120 7220 2130

,

5002 520 5100 1690 0 3120 6450 2130
R003 520 4470 1690 0 3120 5640 2130
R004 520 3830 1690 0 3120 4840 2130
R005 520 3190 1690 0 3120 4030 2130
R006 520 2550 1690 0 3120 3220 2130
R007 520 1920 1693 0 3120 2410 2130
R008 520 1280 1690 0 3120 1600 2130
R009 520 640 1690 640 3120 800 2130

R010 520 0 1690 1280 3120 0 2130
Roll 520 0 1690 1920 ' 3120 ' 2130

R012 - 520 0 1690 2550 - 3120 0 2130
R013 520 0 1690 3190 3120 0 2130

R014 520 0 1690 3830 3120 0 2130

R015 520 0 1690 4470 3120 0 2130
RO:6 520 0 1690 5100 3120 0 2130

520 0 1690 5750 I j3120R017 1 r 1 0 2130 '
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IV. Result and Evaluation

Results

As one result of these model tests, Figure 3 shows the
relationship between the distance from the outlet in the corridor and
the air temperature of the corridor. In Case a/2(heat load a and
distribution 2) and b/2, the standard deviation by the primary
approximation is calculated for 100m and 160m distances from the
outlet in the corridor, as the temperature rise rate is nearly
linear. These standard deviations are shown in Table 5. This-Table
shows that the standard deviations for 100m distance from the
corridor outlet has better coincidence.

.
45

*/*40 -

~

WM*'~.o A2
*

, 5:, A #

,o....o **
-

s _ s s---- es-5: o-w
,-cr ''5"'% 35 '-

o . '//,/-

k *'

,u.--e
~~ " ,

'

/
.cr x..x a/2

G o..o b|2", j. e ' - A-A C 1/2i n. 30

2 , ~2- -- o-o C 2/2
"

'

d'y a-a C 2/2
(Computer Simulation)-

25 -7
I I I t t ! I I i 1 I I I I I I

i: 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

DISTANCE FROM SUPPLY DUCT OUTLET (m)
Figure 3 Air temperature in corridor

, Table 5 Standard deviation of the primary approximation
for air temperature in corridor'

| Case a/2 Case b/2
|

FrOS Outlet to 100m From outlet to 160m From outlet to 100m From outlet to 160s

!itandard deviatior:

af the primary 0. 31 0, 66 0, 31 0 71
mpproximation

4
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Therefor, Table 6 chows-the result in'which the primary
appt uimation of each case is performed up to 100m long from the
outlet. If Case c-1 and c-2 are excluded in this table as these cases
are based on large heat load in plant data for ventilation system
(Table 1 ), the temperature rise in the corridor is about 0.06 C/m.

Table 6 Temperature rise in-corridor in each case

Heat Load Distribution 1 Heat Load Distribution 2 Heat Load Distribution 3

Heat Load a 70 28.4+0.0694 X

0 0.31

Tce28.9,0.0762 X 7c.29.9+0.0647 K Tc=26.9+0 0654 E

Heat Load b go 0.32 g* 0.31 go 0.61
~ 5.'M '7'e'0','0'S'7's' it""' ~

g 0.37

Heat Load C-1 Tc=26.0+0.0796 X

ga 0.49

Heat Load C-2 Tc 30.5 0.0918 K T5*26.4*0.105 X

g 0.93 go 0.94
Tc iAir Temperature X : Distance from outlet (m) * ; Looped corridor

in Corridor (*C )

As a typical result of the computer analyses, the output for
Case c-2/2 as well as comparison with the model tests is shown in-
Pigure 3. The average difference between the air teoperature by
computer analysis and by model test is 0.35 C _The air temperature
has good coincidence between computer analysis _ and model test as the
standard deviation is +1.7 C. Figure 4 shows sectional air _ flow
distribution in the corridor for computer analysis-and model test.on
Case b/2. The air flow in the same direction as supply air flow over
the floor, reverse air flow to_the outlet along the roof, and so on,
direction and velocity have good coincidence between computer

__

analyses and model tests. Therefor, we can judge that the tendency of-
temperature rise in the model tests is the same as that of-computer

_

analyses.

1jy y-. .-~-- . - , --> Q,, ,
-

M
f e-e--- + - - *-- * + -+o

-j y

yye y-- . - . - . - - , n
i _j s* g Le * **: * - * ~ * ~ * - ,*~ = .== *

*Ag
7%-.y

Mode 1 T e s~t (Caae b/2) .t. __

. . -, - -.- - - . . ,.

.. . , .- .- .-- _-,,__

0I & ge ===* es*'*"" e6-==== er==== ag. =* g e- E7
,., -- .-- .-. - . .,,

''* t/ j
*'' ' " Mesh for Computer

Computer Analysis (C a s e . _b/2) Analysis (P l a n)
Figure 4 Comparison of air flow- pattern between -model test and

computer analysis
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1

Summary of Design Method

On-the basis of the above results and the other data on air flow
distribution and so on, we have established the design method of
" substitution of corridors for air ducts". The design method is
summarized as follows:

1) Distance from a supply outlet in the corridor to a transfer
duct of each room is to be within 100m.

2) Temperature rise in the corridor- is expected to be 0.06 C/m.
3) hir flow velocity at the outlet in the corridor should tn

selected about 10 m/sec. to make the temperature in the
corridor uniform.

4) When a large opening is installed in-the floor, the outlet in
the corridor should be installed apart from it as far as
possible.

Conceptual Design

The conceptual design of the ventilation system, " substitution
of corridors for ducts" is conducted for the reactor area of the

| 1350 MWe class Advanced Boiling Water Reactor. Power Station, using
the knowledge obtained in this study. The amount of duct reduction
is shown in Table 7. About 30 % of total-ducts are reduced. And an
improvement of environment in corridors of about 10 C temperature is-
obtained.

Table 7 Comparison of duct amount

This Systet Current System R a t .i o

Supply Duets 16 53 0.30

Exhust Dueta 48 45 1.07,

l
Transfer Duets 8 2 4.00

T o t a 1- 72 100 0. 72

i

,

l

!
i

l

|
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Optimization of Air-duct in each room (Part II)

I. Introduction

The optimization of air-duct in each room is performed by
comparing and evaluating the experimental investigation with the
one-tenth reduced scale model and analytical investigation with a
three-dimensional thermal hydraulic analysis method.

The study was performed through the following three (3) steps.

STEP 1. A room with complex configuration and a room with
simple space (which can be applied to general design) are selected
for model areas.

In case of the model room which is simulated complex
configuration, the measured temperature data in an actual plant in
some plant operation modes are compared and evaluated with the
measured data at the experiment and the result of analysis.

STEP 2. Various cases of duct patterns and conditions in the l
both rooms are compared and evaluated with experiment and analysis. l

And the optimized duct layouta are selected.

STEP 3. The scope of application of optimized duct patterns
is evaluated, and the optimized duct arrangements of this study are
applied, in trial, to an Advanced Boiling Water Reactor Power
Station and effects are estimated.'

II. Method of study

Selection of model areas

For evaluations of the optimization of air-duct in each room,
,

model areas, which are performed experiment and analysis, are"

selected from the view point of complex area and generalized area'

for duct arrangements.<

Temperature data are iured in an actual plant, and are used
ftical investigation for the modelfor the experimental and 4 4

area.
The model areas are t6 ypes considering the followings,

a) The area which requires investigations for general design,
because the complex air flow is expected and the large three
dimensional air flow including up and down flow may occur.

b) The area for general design, bccause the configuration in the
room in simple and flow and temperature distributions are
easily definable.
The condenser room and the electrical equipment room are

selected as the rooms corresponding to above a) and b).

4 Method of experiment and analysis

Experiment In case of the experimental investigation of the
room with different room average and supply temperatures, the
Archimedes Number (eq.(5)) must be kept equal between the model and

i actuality, which is the similarity rule derived from the buoyancy
force and inertia force,

f
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l

Ar : Archimedes NumberFh g # A0 |
= (5) Fb : buoyancy force = p g-g AB 13

Ar = i u, Fi : inertial force = p 12 u2F

p i density 60 differential temperature
: representative lengthg a gravitational acceleration 1

u : air velocityg unit volume expansion

From the similarity rule, each experimental parameter is' set'
for the one-tenth reduced scale model.

An experimental device is composed as. figure 5 and set as the
condenser room model. The electrical equipment room model is
composed as the part of the condenser room model.

The temperature and flow characteritics are measured in the
experiment and compared with the measured temperature data in an-
actual plant and the result of the analysis.

'/.

SUPPLY DUCT , . .s
-

/ HEAT GENERATOR %

N FLOW ELEMENT g"

c ,

0Il 1 E

> CHILLER

O O HOT WATER
'x ' ' ' -

f .. ' I
'psg q,,

\1RANSFAR f UMP \
'

-

'

j, . f
4

- , TANK - 1W *Cf
.

1% N NEXHAUSTf.L.p.! ffAN # 5s
_

DUCI ,, 4 ; , t

, FLOW ELEMENT COOLING C0ll HEATER yi ,

\ CHAMBER
Figure 5 Experimental device and room model a

Analysis In the analysis of this study, three-dimensional-
thermal hydraulic analytical code for non-compressible viscosity
fluid is used which treats the thermal convection caused-by,two
forces (buoyancy force and inertial force). Figure-6 indicates the

8analysis model for the condenser room.- #,1
,

i
m cmemm t--+=t*9p r = . ;y-

,,

-

3uTitr, rr-- 1_e_y
-p:3

- m
. . - . .7 -

,
;.

q.:.= t u m ,.-_,. 4 ;y -

. g ..;.:. :-_: ;-,

E5E f == *- W ~ w J 2M #$%X '''

' N@NMNE$5Nhjh l 3E"
'AE w q. w w= m mty:pppp W Q} ... .

E1b E ,,gh - fh!I ,i EI5khb
"

*I'7$]h ~"~ jh 3-p_g gg I^~ '

'sE 5 tai . Ay=h n,gU,m .lsb,n+t ibv er re. n m, . s ,, u a
FLOOR (1F) T

Y .R a a,..

j g--ige Egigj = min
e m w t e...r.t.e, , , . . . , , , . y, .y 7, ;.L. ,, mma,n,m

Figure 6 Analysis.model for condenser room
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III. Optimization of air-duct in condenser room

Experimental condition
,

Using the condenser room model-reduced to one-tenth scale of'
- -

1350MWe Advanced Boiling Water Reactor Power Station (ABWR) (see-
3 Figure 6), following experiments are performed.

a) Experiment for confirming the temperature distribution of the-
i condenser room-of 1100MWe plant ducting =using the 1/10 ABWR
< model. (Case A)

b) Experiments for applying the optimized air duct in the
condenser room of 1350MWe plant. _ (Case B, C),

; ,

i The basical patterns of duct arrangements are two types. Olie
: is that supply ducts are located at upper area (lF) and exhaust
i ducts are located at lower area (D2F) (Case B). The other.is
) opposite to the above case (Case C). Each case has three (3) duct-

patterns as shown-lii-Table 8. These are the cases of changing and
reducing the supply and exhaust ducts."

- Table 8 Experimental conditions of condenser room case
.

: 51gnisental case >
j Duel Psetern #et e
j 15 BiF 81F
- Case B-1 . .. a - s - .$

+ -.s s s ~~ *~ s ,.g.,.g a

Case B-! -+ -- '*

" ' J- ' . Supply esuet
,

'* ~~ ' ''-*''#'

.. m E haust duct
' *Casa B 3 +- -

S-,, __ ..

,, a s. -- --

yC..e C-i
...,

y|g}|
-- ~- *Case C-2 -|-

. .. ,,m,

Case C 3 4 ,' - *- - - '
-

.' "*'
..- .,

~

Qsson>
Actual kle n Note

1.L,ength(se) ggg , '***

nQ el/350
H 21500 H=2l50 - sy .3,esx3g-a-

2. heat load (t) 825.580 ' 2.360(1) B1F Piping- 330.540 971
(2) BlF Piping 83.720 238
(3) IF P.lping - 287.210 820-

Heater 80.230 232
EJAR 34,880 99M elocity(a/s) (6. 0) ( 1. 5 )

Supply 6. 0 1. 8
Transfar 4, 0 1, 1

4 Air flow rate (4/h) - (122,100) (374)
Supply 64.200 197
transfer B7,900 177
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Experiment and analysis

Experiment Figure 7 indicates the measured temperatura data-
of experiment (Case A) and the actual plant.

The tendency of temperature distribution seems nearly rqual.
Figure 8 indicate the results of measured-temperature of each

experiment based on table 8 for selecting the optimized air duct.

. sw'

'A

q w a| !: h Jm
4

Q i. .
'

j+.u. .

S @!!:!

N: h -
B1F :

ucis
etit d- ) es i,i....<t)

. et....r.ior. (t)
jl , for i En,erlee.t

9
,.m. ....: m..i -,,,

it: %

Figure 7 Result of the_ temperature measured in the experiment
(Case A)

* T- 9
_.lf__ -IF

i

> u

BlF BlF

B7F _. 8 2F
30 40 50 60 30 40 tX) 60 30 40 50 60 ('C) W 40 W 60 - 30 40 50 m - 30 40 50 F3 (D

B-1 B-2 B-3 C-1 C-2 C-3-

Figure 8 Temperature distribution of each experiment (Case B, C)_

From the result of experiments, the dependence of duct patterns
on temperature distribution is confirmed as-follows.2
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a) The upper supply and lower exhaust method (Case B) is largely
influenced by supply duct and less influenced oy exhaust duct.
The upper exhaust and lower supply method (Case C) is little
influenced by supply duct and largely influenced by exhaust
duct.
That is to say, ducts of upper area have larger effect.

b) The upper supply and lower exhaust method (Case B) is more
gentle slope in temperature.
That is to say, the ventilation method case B matches for
complex and large space.
From the above, the followings are concluded as the guideline

for adoption of optimized air duct in the condenser room.

1) The duct arrangement with the upper supply (1 ') and lower
exhaust (B2F) method has the gentle slope in temperature from
upper to lower space.

11) Minimized exhaust duct is possible because of the small
dependence on temperature distribution in lower space,

iii) Supply ducts must be routed in upper space.

Analysis Using the analysis model (see figure 6), analytical
investigation is performed to evaluate measured data of the
experiment and to determine the duct arrangement in condenser room.

Figure 9 indicates the temperature data from measurement of
experiment and result of analysis. The tendency of analized
temperature distribution is nearly equal to the data of experiment.
The analized direction of air flow has same tendency to the
experimental data measured by tuft method.

O ,,0
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th% h,g
,

A ,* 's . ,B2F ( ,, 101
''+ IhI Top : Experiment (t)

N It:1 Bottos: Analysis (E)
hhl'

,

Figure 9 Temperature distribution of experiment / analysis
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As the next step, to study a rationalized exbaust ducca design
based on ci.e guideline 1), 11), 111) above, two analytical cases of
pattern A and-B are investigated which are cons _5ered as reduced
exhaust ducts.

Figure 10 indicates the result of analysis. The temperature
distribution'is nearly equal in both cases, and these duct patterns
are applicable to the condenser room.

Table 9 Duct patterns for analysis
cuct restern N o te

IF bif B2f

Case B-l Y~~ ~~

3, z _2
-- -- p,4..s.,

. SUPPLY duct*Pattern A '_ ~] .

,

H --a Exhaust duct

~~ ~~ [Pettern B T
-- - -

i. 4,,g

0 o c.

IF

o <>
'

<>

nir

+ + -o.

877

30 40 50 60 30 40 50 00 30 40 S) EO('C)
B- 1 - Pattern A Pattern B

Figure 10 Temperature distribution for cases A,-B with
reduced exhaust ducts

Conclusion Experimental and analytical investigations are
performed for some optimized air ducts in the condenser room, and-
from the view points of reduction of the air ducts and temperature
and flow distribution, the-two most optimized air duct systems'have
been established.
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IV. Optimization of air-duct in the electricc1_eculpment room

Experimental condition

In the investigation of the electrical equipment room,
experiment is done for conditions of duct patterns (layout of
supply and exhaust ducts) and several thermal parametecs. The
thermal parameters are the configuration and layolits of heat
generators and the heat generation density in the room. Tric
experiment is consist of twenty-seven (27) cases shown in Table 10

|

| and 11.
1

! Table 10 Experimental ''able 11 Experimental<

|
configurations conditions,,

i
-

I m; Duet pattern note AcLua1 Node! Pete
f

' 'Supply duct type 26700 ; 2000@ j j j
J+ * 4- *

"

q ,,

n081/400

Q|H17500 k H:f*U n ht.92 x 10"

Exhaust duct type f@ ~ * ' ' '
'

-r. ._. 2. Velocity (m/a) 0 1.7
G aPerleental case )

Emperheental coda A e t u a i N o de 14 re g gg,,, g
Heat load flow rate Heet load Flow rate

-A- - .. . < (mi- m.- m.) (W) (nf/ h ) (W) (nf/ h )
@-@-@ 139,500 19,000 349 55

~ ~
*

m. Confleuration of heat senerator h o t e
i r e tration @-@-@ 130,500 19,000 340 45

l @ @-@-@ 139.500 19,000 349 55

@-@-@ 139.500 19,000 349 55

DWCm { ~ - 130,500 10,000 340 55

c @-@(@, @)-@ 41,860 5,700 105 17

@~@(4 @)-@ 41,800 5,700 105 17gg
@-@(@, @)-@ 41,800 5,700 105 17

concentration large ty"
@- @ (@) - @ 41,800 5,700 105 17

@-@(@)-@ 41,800 5,700 105 17
~

C -@(@)-@ 41,800 5,700 105 17

Concentration Small tFP* @-@-@ 13,950 1,900 35 5.5

O 2-*-* 13 850 1'000 35 55
@-@-@ 13,950 1,000 35 5.5

Dispersion Small type @-@-@ 13,950 1,900 35 5.5
@ @-@-@ 13,950 1,900 35 5.5

@-@-@ 13.950 1.000 35 5.5

m, neat load ne.t den.it' (El@ Men (18) #mM
@ 130,500 w a s w/af temperature measurement are
@ 41,soo w n o w/nr installed nine (9) horizontally

times two (2) vertically.)
@ la,oso w c , s w/nf

Experiment and analysis

Experiment Figure 11 Indicates frequency of temperature
appearance within eighteen (18) points measurement.
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heat loadheet load @ Ductless tm
| Figure 11 Frequency of temperature appearance

in each experimental condit)on

From the experimental investigation, the followings are
concluded as the guideline for application of duct design to
ventilate the simply configurated room such as the electrical
equipment room.

a) The room with large heat generation density must have supply
ducts with several air outlets in both cases of concentrated or
dispersed heat generation,

b) The room with medium heat generation density must have supply
ducts with several air outlets in case of dispersed heat
generation,

c) The room with low heat generation density can be ventilated by
ductless type.

Ana.'.vs i s Analytical investigation is performed for-selected
typical cases and compared with.experime_ntal temperature-data. The
tendency of temperature-distribution is-nearly equal.|

'[LE *b .

*

|
t GBE 6|

..,

.ldght
8 d *N~ *4'3.es 1,s Emperiment(t)

Analysis (t)

Figure 12 Temperature distribution of experiment / analysis

Conclusion As a result of experiment and analysis, the
guideline for air. duct optimization in a typical room such as the
electrical equipment room is established as shown in figure 13.
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( 67 ART--)

<.. < , N .,..
N~7.

1 flidius

Dispersed

N'1V
c.....ir.t.a

Duct patt.ra @ Duet pattern @
(Duettess type) (supply duct type)

Figure 13 Flow diagram of selection of optimized air duct

V. Summary

optimized duct arranaement

! In this study, experimental and analytical investigations are
performed, and for the condenser room with large complex
configuration and the electrical equipment room with-simple
configuration, optimized-air-duct arrangements are proposed.

For the-optimized air duct in-the condenser-room,--the
ventilation-method with upper supply and lower exhaust duct
arrangement is proposed from the view point of-reduction of the air
duct and temperature and flow distribution.

For the optimized air duct in.the electrical equipment room,
the optimized-duct configurations-are proposed in-accordance with
heat ioad conditions in the room'.

Conceptual desian for actual plant
.

I

A conceptual-design based-on the optimized air duct arrangement
is carried out for--1350MWe Advanced Boiling Water Reactor Power
Station.- The effect of reduction of air duct is showniinitable 12.-

Table 12- Effect of reduction of' air duct-

This study Previous desigo R a.t i o
@ '@ Ol@

Condenser- -Supply-duct 49- 49
-Exhaust-duct 25- 5J'

| room Total- 74 100 0.74
Electrical Supply duct S 61 88:

Exhaust duct 20 3 2-
equipment roos -Total- 76 100- 0.76

,

4
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Conclusion

The design method for optimizatier, of air ducts has been
established by a series of model tests and computer analyses, and the
conceptual design has been conducted for 1350 MWe class ABWR power
station. As a result, it is confirmed that reduced ducts and space as
well as improved environment in corridors are implemented.
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ALTERNATIVES TO CURRENT PROCEDURES USED: TO ESTIMATE
CONCENTRATIONS IN BUILDING WAKES

J. V. Ramsdell, Jr.
Atmospheric Sciences Department
Pacific Northwest Laboratory

Richland, Washington

Abstract

This paper discusses a new model for estimating concentrations in
building wakes and offers alternative guidance for evaluating the con-
sequences of releases from nuclear facilities. The new model accounts
for about 57% of the variability in concentrations observed in wakes.
Models suggested in current guidance account for-less than 10% of:the
variability. The alternative guidance demonstrates application of.the
new model. It covers ground-level releases, roof-top vent and short-
stack releases, and elevated releases.- It also includes a procedure
for accounting for uncertainty in building-wake diffusion estimates.

'
.

Introduction

The Nuclear Regulatory Commission provides licensees with guid-
ance on acceptable methods for implementing the Commission's regula-i

i tions. Regulatory Guides 1.3, 1.4, and 1.5 deal with the problem of
estimating diffusion in building wakes simply.UhU)'W Regulatory

'

Guides 1.111 and 1.145 modify the earlier guidance.to include use of
,

onsite meteorological data and account for enhanced diffusion at lowi
wind speeds.W'W This paper describes new methods for estimating

f diffusion in wakes. It offers an alternative to the guidance in
Regulatory Guido 1.145, and it compares diffusion estimates made
with the alternative to estimates-made with=the Regulatory Guide
procedures.

Regulatory Guide 1.145 recommends treating all releases from
buildings as ground-level releases and basing wako diffusion estimates-
on three equations. These equations are

X = Q/(U(ra a, + A/2)]- (1)y

X-= O/(3rUa a,) (2)-y

and

X = Q/ (RUE,a,) .- (3)-

where X = concentration at the plume centerline
Q = release-rate
U = wind speed et a height of.~10 m

a,,a, = horizontal and vertical dif fusion coef ficients,
respectively

A = projected area of the building, and
E, = a modified horizontal diffusion coefficient.
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Equation (1) is a standard building-wake model. It under-estimates concentrations near the release point. Equation (2) gives
concentrations that are a factor of 3 lower than those predicted for
the center of a plume in the absence of a building wake. Thus,
Equation (2) limits the credit that may be taken for additional dif-
fusion in a wake. Equation (3) is a ground-level diffusion model in
which a modified horizontal diffusion coefficient accounts for
increased diffusion resulting from wind meander during low speed
conditions. The modification is an empirical correctton that dependson wind speed, atmospheric stability, and distance. It includes theeffects of building wakes implicitly because it is based on data col-
lected in building-wake experiments.

These equations are used in a two-step procedure. In the firststep, Equations (1) and (2) estimate concentrations in the wake. Thelarger of the concentrations is saved for the second step where it is
compared with the concentration estimated using Equation (3). The
final concentration estimate is the lower value.

Diffusion in Wakes

Comparisons of concentrations measured in building-wake diffusion
experiments with model predictions show that building-wake models do
not describe variations of concentrations associated with changes in
atmospheric conditions.m Figure 1 compares model predictions of
centerline concentrations in the wakes with concentrations measuredbetween 8 to 400 m from the release point. At these distances, wakeeffects shoula dominate diffusion. On the average, the models predict
concentrations that are of the right order of magnitude, but they
clearly don't predict the variations.

Further analysis shows that the primary problem with the models
is the way in which they account for the effects of wind speed on dif-
fusion. Variation of the ratio between predicted and observed concen-
trations with wind speed providea a clear indication of the problem.
If the model were correct, the ratio would be independent of wind
speed because the model includes wind speed as a factor. However,this
isn't the case; the ratio is very much a function of wind speed.

Multiple linear regression of observed concentrations on dis-
tance, projected building area, wind speed, and stability provides
insight to the proper relationship between conterline concentrations
in building wakes and wind speed. It also provides a means of deter-
miniag the predictability of centerline concentrations in buildingwakes. The regression yields

X/Q = 85 S "
t t2

U
1 la (4)x .1 A

where X/ O = normalized concentration at the plume centerline (s/m )3

S = numerical equivalent of the Pasquill-Gifford stability
class, 1 = A, 2=B, etc.

U = wind speed (m/s) at 10 m upwind of the building
x = distance from the release point (m), and
A = minimum projected area of the building.
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-Figure 1 Comparison of centerline concentrations predicted by-
a standard wake diffusion model with centerlino con-

i centrations observa/ in wakes to a distance of 400 m.
:

Figure 2 compares the concentrations estimated using Equation (4) with
centerline concentrations measured in field experiments. The=regres-
sion model is significantly better than the regulatory guide models.
It accounts for about 65% of the variation in-the observed concentra-', tions. The standard wake model accounts for less than 10% of the

| variation,
i

I A regression model can be expected to perform better than the.
! standard model, but tr difference is greater than would be expected.

Use of the regression tel was recommended as an. interim measure*
-

until models more firmy based on physical principles could be devel-
| oped.(8) Regression models provide reasonable predictions when applied
' within the limits of the data, but extrapolation beyond_these. limits

j is always subject to question,

j Ramsdell derives theoretical expressions for building-wake diffu-
} .sion coefficients that may be used in the usual Gaussian diffusion
i models.(7) These expressions assume that diffusion and travel time are
j directly related. A relationship between concentration and distance

follows from the Galilean transformation x = Ut where t is the travel
time. Without repeating the details of the derivation, wake diffusion
coefficients may be estimated by

i

; E ,,8 = a + g ,2 (5).2
y y

;

;
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Figure.2 Comparison-of. centerline concentrations. predicted.by
a regression model with centerlino concentrations
observed in wakes to a distance of-400 m.

and

E ,,2 . , ,2 + ,,,2 (6)-
where E,,, E,, = dif fusion coef ficients to be used in Gaussian models-

a,,a, = diffusion coefficients resulting from background
turbulence, and

a,,,a,, = diffusion coef ficient increment caused by- turbulence!in the-building wake.

Assume that the standard methods of es'timating a,- and' a,-ere accept-able and consider a ,and a,..y

The wake diffusion increments are

kM/2 1-(1+0,0869x2 0.0869,#, . gxp {7)2 g/2 g/20.0076U

and

kM/2. 0.0869sx 0.0869sx, 2 1- 1+ gxp (g)
0 . 007 6 U'S2 g/2 g/2,
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where S is a stability parameter ranging from about 1 for extremely
unstable atmospheric conditions to 2.5 in extremely stable conditions.
The_k in Equations (7) and (8) represents a combination of several
terms in the theoretical model that can't be evaluated easily with
readily available met.eorological data. It is treated as a dimensional
constant.

Figure 3 compares centerline concentrations to a distance of
400 m predicted with a Gaussian model with a ,and 0,, given by Equa-y

tions (7) and (8) with k = 1 m /s'. For the moment, a and a are8

assumed to be negligible. Clearly, the theoretical mbdel is,an
improvement over the regulatory guide models and is nearly as good as
the regression model. It accounts for about 57% of the variability in
observed concentrations. However,it is biased in that it slightly
underpredicts the centerline concentrations. I f k = 0. 91 m'/s were ,

used, the model would be unbiased. Addition of the normal diffusion
components reduces the concentrations estimated by the theoretical
model. Setting k = 0.5 mf3: compensates for this reduction.a
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Figure 3 Comparison of centerline concentrations predicted by
a model with time-based wake diffusion coefficients
observed in wakes to a distance of 400 m.
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Alternative Guidance

The following procedures offer an alternative to the procedures
recommended in Regulatory Guide 1.145. They implement the wake diffu-
sion model just described. They also incorporate features to prevent
unrealistically high concentration predictions near the release point.
Ground-Level Releases

The starting point for the alternative guidance is a slightly
modified version of the standard Gaussian plume model for ground-level
releases. The modifications account for initial dilution of the
effluent before release and for diffusion in wakes. It is

X = Q / ( F, + r U E ,yE ,, ) (9)

where F, is the flow at the release point and E and E are defined
by Equations (5), (6), (7), and (8) with k = 0.3 m /s . ,, The flow8 2

keeps Equation (9) from predicting concentrations that exceed the
concentration at the release point. This is important when the
release point is a vent or short stack. The flow may be set to zero,
if desired.

With diffusion coefficients defined by Equations (7) and (8),
Equation (9) naturally achieves the goals of the two-stop Regulatory
Guide 1.145 procedure. The wake diffusion increments approach zero as
the distance from the release point decreases. They increase to a
maximum value determined by the building area as distance increases,
and they incy;oase as the wind speed decreases. It is not necessary to
limit the wake correction near the source or to make a correction for
meander at low wind speeds.

Figure 4 compares centerline concentrations predicted using Equa-
tion'(9) for distances between 8 and 1200 m with observed concentra-
tions. For this example dif fusion coef ficients from the XOQDOQ andPAVAN computer codosW'N, represent the normal diffusion, and F is 0.
The model accounts for about 55% of the concentration variatio,ns and
16 slightly biased toward overprediction.

Under most atmospheric conditions, the alternative procedure pre-
dicts concentrations that are lower than the Regulatory Guide 1.145
procedure predictions. Figure 5 compares concentrations predicted
using Equation (9) and predictions made using the Regulatory Guide
1.145 procedure. Equation (9) gives lower concentratiens near the
release point and carries the wake effects farther downwind. However,
both curves show regions near the source where the building wake
enhances diffusion. They also approach a common curve at long dis-
tances where the initial effects of the building are not significant.

Near the source, the difference in concentration predictions of
the two procedures is primarily a function of atmospheric conditions.
Table 1 shows ratios of concentrations predicted 400 m downwind of a

22000-m building using the two procedures as a function of wind speed
and stability. Ratios greater than 1.0 show those combinations of
atmospheric conditions for which Equation (9) gives lower concen-
trations. For most combinations, the ratio is between 1.0 and 5.0.
The largest reductions in concentrations occur in low, wind, stable

719
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I Table 1 X/O reduction factar pegulatory guido/ alternative).
Wind

Speed
gffQ

_ Pasquill-Gifford Stability Class
A B C D C F G

1.8 2.02 3.36 5.00 6.62 0.02 13.25 20.21
1 3.6 1.23 1.52 1.87 2.54 3.06 4.68 10.41 1

5.8 1.06 1.13 1.21 1.36 1.46 2.01 4 .1?- 4
8.5 1.00 1.00 1.00 0.97 0.93 1.13 2.16

11.2 0.98 0.95 0.9L 0.83 0.73 0.80 1.41>

14.3 0.97 0.93 0.87 0.75 0.62 0.63 1.00s

conditions. In these conditions,the reduction may exceed a factor of
10. Finally, during high wind speed conditions, Equatiott (9) predicts

,

concentrations that are higher than the concentrations predicted by
the regulatory guido procedure.

The ratios in Table 1 show the differences in concentration pre-
3|dictions between the two procedures for specific sets of atmospheric

conditions. The impact of these differences on diffusion estimates at 4
*

a specific site depends on the frequency of occurrence of each combi-
nation of wind speed and stability. Figuro 6 shows cumulative fre-
quency distributions for normalized concentrations predicted using

,
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Figure 6 Comparison of annual cumulative frequency distributions
for normalized concentrationis eistist.ated using the Regu-
latory guide 1.145 procedure and the new wake model.,
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Equatio3 (9) and thn regulst ory guido proc'adure. The distributions
are basoc ca a joint f requency distribution for wind speed and sta-
bility for \f onford.

Two features in the figure deserve comment. First, the range of
concentrations predicted by the regulatory guida procedure 10 much
larger than the range predteted by Equation (9). However, recall that
+he regulatory guido procedure did not do well in predicting the.

variation of concentrations measured in building-wake diffusion
experiments. Second, the slope of the curve for the concentrations
predicted using Equa tion (9) flattens when the cumulative frequency
exceeds about 90%. .As a result, differences between the concentra-
tions exceeded 10, b, and it of the time are small.

Elevated Releasea and Fumigation
(

Regulat ory Guide 1.145 defines elevnted relesees as releases
accurring from points that are more than tu, and one-half times the
leight of adjacunL st ructures. For elevated releases, it suggests
using

X = ,g exp(h//2a/) ',10 )y
g

s

to compute ground-level concentrations, where U is the wind at release
heLeht, h, is the e. 'fectiva release height, and all other eynbola are
as previously defined. Tianettionn1 meteorological conditions that
typically occur in morning and near bodies of water are treated sepa-
rately uring a " fumigation" model. This model, which acaumes rapid
downward mixing of materini, is

X = Q/[(2r)UfU a h,) . (11)iy

The vind speed, 2 , i.n Equation (11) is a layer-average speed that may3

be assumed to be 2 a/s in the absence of better information.
s

The only ouggested change to this guidance is the addition of an
optional F, tenn to the denominators c f Equations (10) and (11). This
iu not a f undamental change to the equations. Oc only reflects a
recognition that the maximum concentra. tion in the plume may be no,

greater than Cae concentration ett the relear3e point.
E lev a ted-1/e n t and Short-Stack Releaser,

Regulatory Guido 1.145 t'roats roloales from points lower than two
- and one-half ti.mes the height of adjaernt structures as ground-level

releases. However, Regulatory Guide 1.111 provides somewhat different
gu idanbe. It considers releases from :cof-top vents and short stacks
as a separate class of'relearies. W h s.a. han been cefered to as a0
" split -h' approach is used in estimating concentrations for this class
of releases. It is an empirical method of accounting (or a fre-
quantLy observed phenomen"n in which plumes from short stacks alter- Inate between being entrained in a building wake and escaping from the |8 wake. Conceptually, the " split-h' approach is as applicable to evalu- '

N at17g the consequences of eccidental releases as it is to evaluating
| the consequences of routine releases.

9

s i
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The " split-h" procedure divides the rolwasos into throo groups
based on the ratio between the vertical velocity of tro releas<!! nnd
the wind speed at the release height. If the vortical velocity of a
release is lose than or equal to the wind speed (ratio <= 1), the
reloano is assumed to be at ground level in the wako of the building.
If the ratio is greater than 5, the releaso 10 assumed to be an elo.
vated release. In either of those casos, the concentration la com-
puted using the equation appropriato for the release assumption. A
mixed-roloaso modo is assumod if the ratio is betwoon 1 and S. In a
mixed-releaso modo, concentrations are computed by ..?oraging concen- itrations estimated with elevated and ground-level plume equations. |

Weights given to the ground-lovel and elevated plumo concentra-
tions depend on the ratio betwoon the vertical velocity and the wind
speed. If the weight assigned to the ground-level concontration is

;E, then the weight given to the elevated concentration is 1 - E. jt g

j Regulatory Guide 1.111 computes E fromg

2. 5 8 - 1. 5 8W,/U for 1 < W,/ U < 1. 5 (12)E =
g

and

E 0.3 - 0. 0 6W,/U for 1. 5 < W,/ U < 5 (13)
=

g

where W is the vertical velocity at the roloaso point. Building-wake di,ffusion data of Johnson et al.00 provido the basis for the
numerical constants in Equations (12) and (13).

Using the " split-h'' proceduro with the ground-level and elevated
plume models suggestod in the regulatory guidos results in lower con-

| contration predictions than are estimated with the ground-level model.
That is not noconsarily the case when the procedure is used with the
ground-level diffusion model represented by Equation (9). Table 2
comparos 50% and 95% normalized concentrations predicted using hourly
meteorological data from the Hanford Site for 1987. The example

2assumes a projected building of 2000 m. In addition, for the roof-
top release, it assumos a release height of 40 m, an F, o f 10 m / s ,8

and a W, of 10 m/s.

Tablo 2 Comparison of X/O predictions made by the Regulatory
| Guido 1.145 and alternative proceduros using 1987
| hourly motoorological data from the Hanford Site.

Alternative Procedure
[ Distance RG 1.145 Ground-Level Roof-Top

50% X/0 400 m 2.2E-4(a) 2.8E-5 1.2E-5
1600 m 3.2E-5 8.0E-6 1.1E-5
6400 m 5.4E-6 3.0E-6 3.5E-6

95% X/0 400 m 9.6E-4 6.4E-5 6.4E-5
1600 m 1.8E-4 1.8E-5 7.2E-5
6400 m 5,0E-5 1.0E-5 1.8E-5

d(a) E-4 = 10
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Concentrations estimated using the alternative procedures are
lower than thoso estimated using the current procedures. Howevor,
with the alternative procedures, ground-level releases do not always
givo lower concentrations than roof-top releases. Near the sourco,tho

,

concontrations from roof-top releases are lower than concentrations !

from ground-levol roloasos. Tho situation changes as the distanco
from the sourco increasos. Even with tho * split-h" proceduro and a
nominal vortical velocity of 10 m/s, the roof-top roloases tend to
9 s9 larger concentrations than ground-level roloasos.1

Uncertainty

The new wake diffusion models account for more of the variability
in observed concentrations than the model Jn the current guidance. .
Howevor, the scattor of the data in Figure 4 c' 'arly shows that there
is still a significant amount of uncertainty in building-wake concen-
tration estimates. This romaining uncertainty must be considered in
ovaluating the cc eaguoncos of potential releases. This section
discussos one motnod of combining the modol concentration estimates
with uncertainty to got a cumulativa frequency distribution.

Mathematically, the problem is to find the probability that the
concentration in a wako at somo distance x will exceed a threshold
value, X,. This probability can be represented aa P(X > X ) . It may
be ostimated from the distribution of motoorological condi,tions and
uncertainty using

P(X > X,) = E [P(X/X, > X,/X,) P(M)] (14)
M

whero X, is the model estimato of the concentration at distance x'

given meteorological conditions M with a probability P(M)bility-If M.

represents a specitic wind speed, wind _ direction, and sta
combination, P(M) is a probability from the normal joint frequency
distribution qsed with the curront guidance.

Figure 7 characterizes the uncertainty remaining in diffusion
estimates in complementary cumulative distributions of the ratio of

X/X'dicted concentrations, and the y axie is the probability that this
Tho x axis in this figure is the ratio between observed and.

pre
2 ratio will be excooded. The solid line in the figure represente a

complementary cumulative distribution function that approximately fits
the distribution of ratios for ground-level reltaser when Equation (9)
is used to estimato concentrations. This figure may be used to esti-

ma te P ( X /X, > X,5 4,./X ) .For example, if X /O !s 1.0E-4 and X,/Q is 6.5E-5
then X /X, is 1. The figure shows th,at the probabality of exceed-
ing 1.h4 is about 0.39-(39%).

Table 3 shows computation of.the probability of X/Q exceeding
1.0E-4 for the ground-level release examplo in Figure 6. The first
column in the table gives a frequency band, and the second column
gives an appcoximate X,/O for the band. The third column gives the. I

ratio used as input to Figure 7. -The last column is the-product of-
the probability of X/0 exceeding 1.0E-4 given X
probability of occurrence of the motoorological,/O (column 4) and theconditions associated
with X,/O (column 5) . The total at the bottem-of the last column-in
the probability that X/O will exceed 1.0E-4. Table 2 shows that the

724

4

_

.
.

. .
.

-
. .

.

.

, . -



_ _ . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ __._. _ __ _ _._. _ _ _ . _ _ . _ _ _ _ . . . _ . . . . _ . _.

21st DOE /NRC NUCLEAR AIR CLEANIN3 CONFE"'ENCE

90

De
- eowetwna.

a twe snm
_

'*90
*n

so a
3

a70 -
A

60 -

A
60 - A

30 -

6, e,40 -

A
020 A

-

jic
A

a .a,,A-

AR6 -

iNal' ~

i , , i,,,,, , , , i,,,,,

0.1 02 OS 1.0 to 60 10 to 60

ot ~.oca.emo e m .dcao.wa.

Figure 7 Uncertainty estimates for the new wake models.

!

' Table 3 Computation of the probability that the normalized
concentration (X/Q) will oxceed 1.0E-4.

X,jg X,/X, P ( X /X,>X,/X,) P(M)

> 99% 8.0E-5 1.25 0.45 0.01 0.005
95 - 99% 7.0E-5 1.43 0.41 0.04 0.016
90 - 95% 6.2E-5 1.61 0.38 0.05 0.019
80 - 90% 5.4E-5 1.85 0.34 0.10 0.034
70 - 80% 4.7E-5 2.13 0.31 0.10 0.031
60 - 70% 4.0E-5 2.50 0.27 0.10 0.027
50 - 60% 3.3E-5 3.03 0.24 0.10 0.024
40 - 50% 2.5E-5 4.00 0.18 0.10 0.018
30 - 40% 1.9E-5 5.26 0.14 0.10 0.014
20 - 30% 1.5E-5 6.67 0.11 0.10 0.011

| 10 - 20% 1.1E-5 9.09 0.08 0.10 0.008
i < M6 8.3E-6 12.05 0.05 0.10 0.005

0.212-
!
|

| 95% X/O is about 6.5E-5. However, the computation in Table 3 shows
I that the probability of X/Q exceeding 1.0E-4 is greater than 20% when

uncertainty is considered.

The solid line in Figure 8 shows the results of repeating the
calculatior,in Equation (14) for a number of-threshold concentrations.
After adding uncertainty to the model concentration predictions, the .

95% concentration is approximately 4.0E-4. ThieLyalue 13 e factor of
about 6 higher than the 95% concentration estimated by the new wake
diffusion model, and it is-a factor of 2.4 lower than estimated by the
current procedure.
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conclusions
j

'

This paper discusses a new model for estimating concentratiots in
building wakes and offers alternative guidance for evaluating the een-
sequences of releases from nuclear facilities. The new mods 1 accrNnts
for about 57% of the variability in concentrations observed in we.Kes.
Models suggested in current guidance account-for less than 10% of tne-

| variability. The proposed guidance demonstrates application of the
| new model. It covers ground-level releases, roof-top vent and s w t- '

stack releases, and elevated releases. It also includes a proci;.W.re
for accounting for uncertainty in building wake dif fusion estbar.tas.

,
As an example, the paper shows application of the proposed guid-

| ance to a 2000-m' building using meteorological data- at Hanford. In-

| the example, changing-from the procedures recommended in Regulatory
Guide 1.145 to those suggested as an al;ernative reduces the 95% X/Q ,

used for evaluation of accident consequences by a factor of about 2.4
at 400-m.

Acceptance of tho alternativo-guidance discussed in the paper
would impact current thinking related to diffusion in wakes in several
ways. The most significant change is in the concept of worst-case
meteorology.

Under current guidance, worst-case meteorology is synonymous with
low wind speeds and stable atmospheric conditions. Frequently this
means F stability and a 1 m/s wind speed. However, worst-case mete-,

'

orological conditions exist only in reference to specific _ diffusion
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mcdels. With the now building-wake model and proposed guidance, the
worst-caso motoorological conditions depend on release modo and

|distanco from the releaso point. Near the building, the worst-caso
I

conditions are moderato to high wind speeds. These speeds gonorally I

occur during near-neutral stability. For a specific application, the
worst-caso conditions should be datormined from the model and a repre-
sontativo joint frequency distribution.

Diffusion models recommended in current guidance ostimate high
concentrations at low wind speeds, and these estimates are sensitive
to small changes in wind speed. As a result, the wind speed classos
in joint frequency distributions have fine resolution for low wind
spoods and coarse resolution at high speeds. Diffusion models in the
proposed alternative guidance ostimato high concentrations at high
wind spoods. Fine wind speed resolution at low speeds in joint
froo'ioney distributions does not make a significant contribution to
the concentrations of interest. With those models, uniform wind speed
classes are a botter alternative than varying from fine to coarso

| resolution. Of course, the problem of class sizes can be avoided by~

using hourly motoorological data directly for diffusion ostimates.
Tho computations, which lead to Figuro 6, were made with hourly data
(8760 observations) and took less than 2 min on a personal computer.

The suggeated alternativo guidance includes uso of the " split-h"
proceduro from Regulatory Guido 1.111 for roloases from roof-top vents
and short stacks. With tho models in the current guidance, use of the
" split-h" procedure would result in reduction of the predicted conse-
quences of roof-top vont and short-stack releases. With the models
proposed in the alternative guidance, use of the proceduro can result
in increason in predicted concentrations at some distances. The
result of the oxample presented in Tablo 2 demonstratos this.
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DISCUSSION

DORON: Did you consider for a specific site the effects of changes in wind direction as well as
wind speed. At a specific site, w hen the building has a certain configuration, changing may give dif ferent
results for the same location.

RAMSilELL: If I were to use this model for a specific site, I would definitely put in a directionally
dependent area. However, for the analysis that I have presented, I assumed the cross sectional building
areas used for licensing the commercial power plants. The cross sectional areas used for the three INEL
facilities were given to me by people at INEL. The model was very much overpredicting the
concentrations at Diablo Canyon until we got the right building area. After that, we were very close.
An area of 1600 sq. meters was used in licensing Diablo Canyon. When their meteorologists went back
" the drawings, they found that the area was more typically 7000 sq. meters. Putting that area into the
model reduced the bias by about a factor of 7. For Diablo Canyon, we are predicting about 80ccofthe
variation in centerline concentrations. This is a particularly difficult site because we only used
experimental data for one distance. Therefore, we don't have the normal distance dependence to assist
in getting a high correlation; we only have the variatioa in meteorological conditions.

lAqldi: When you have an extended source of variable aspect, don't you have a problem
modeling wakes using a Gaussian plume which is exact only for a point source?

bah 151tELL: Two approaches to modeling an extended source in a wake came to mind immediately.
The first is to use the expressions given in the paper to estimate wake diffusion coefficients and use
these coefficients in a line source model. The other approach is to model the source as a line of point
sources having equal release rates,

I
|

|

|

|
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Cl.OSING CON 151LNTS Ol' SESSION CO CllAIRhtAN llEl.lA%1Y

'Ihis session has had fise papers associated with mathematical modeling. We have discussed
computer simulated models for emergency response to accidents, for purging activated carbon after a
short term insult of methyliodide (which I would characterize as an accident), heard about ilEPA filter
performance, talked about the optimization of air duct design, and we have heard about some new
mathematical models for meteorological considerations. It demonstrates the importance of being able
to analyee situations mathematically and, as pointed out by a number of the questions and comments,
the importance of being able to consider the use of personal computers and the case of using computer
codes in the future for our work.

1
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OPENING COMMENTS OF SESSION CO-CllAIRMAN GILilERT

This is the second conference session on filters and particulate air cleaning. The objective of this
session, as well as the earlier session, is to improve air cleaning technology.

We have five interesting parets. In addition to improving our techniques and our products, we
might ty also to improve the economy of air cleaning in terms of conserving teth time and funding.
Sometimes 1 think the concept of economy has been downgraded even if not forgotten. We must strive
to upgrade particulate filtration, not only in efficiency, but with due regard to its practical design for the
operation being filtered.

.
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lilOli EFFICIENCY STEEL FILTERS FOR NUCLEAR AIR CLEANINO'

W. Bergman, J. Conner. O. Larsen, R. Lopez,
C. Turner, O. Vahla, C. Violet, and K. Williams *

Lawrence Livermore Natonal Laborateef
P. O. Box 5505 Livermore CA 94550

bbstract

We have, in cooperation with industry, developed high efficiency filters made
from sintered stainless steci fibers for use in several air cleaning applications in
the nuclear industry. These filters were developed to overcome the failure modes in
present high efficiency particulate air (llEPA) filters. IIEPA filters are made from
glass paper and glue, and they may fall when they get hot or wet and when they are
overpressured.

In developing our steel filters, we first evaluated the commercially available
stainless steel filter media made from sintered powder and sintered fiber. The
sintered fiber media performed much better than sintered powder media, and the
best media had - the smallest fiber diameter.

Using the best media, we then built prototype filters for venting compressed
gases and evaluated them in our automated filter tester.

; 1. Introduction
l

llEPA filters have provided the nuclear indu,try with the best available
technology for nearly 40 years in preventing the release of radioactive particles into
the environment. Although improvements were made in the reliability and
performance over this t!me, the present IIEPA filter used in the nuclear industry is
quite similar to the origint.1 unit that was made by gluing folded filter oper into a
wooden frame. The most significant improvement was the replaceme, Sf the
cellulose filter paper with glass liber filter paper in the late 1950s to mhke the filter
fire resistant. This change was prompted by a fire at the Rocky Flats Plant in 1957,
when some of the combustible llEPA Gliers burned. An excellent review of the
history of IIEPA filters in the nuclear mdustry is given by Gilbert.fl)

The reliability of IIEPA filters has been criticized in recent years because of
increasing concern with environmental protection and the recent disclosure of
serious contaminants at several Department of Energy (DOE) facilities. Much of the
criticism of IIEPA filters is based on the potential structural dsmage to the filter. Our
investigation of high efficiency steel filters was motivated by our desire to reduce
this failure potential.

*This work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract No. W 7405 ENO 48,
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llEPA SLtuutaLEafn.tEC

llEPA filters may suffer structural damage under extreme conditions of
temperature, humidity, air flow or shock wave, and particle deposits. The failure of
IIEPA filters undet these conditions is not surprising since llEPA filters are
essentially delicate, weak structures made by gluing folded paper into a frame. These
failure modes can be avoided by providing adequate design features in the off gas
system,

liiglLAiLElow or ShxLEnt !! EPA filters will be structurally damaged when they
are subjected to high air. flow conditions that may occur during tomadoes or
explosive shocks.(2)

111gh Te mt.e ramit When llEPA filters are exposed to hot exhaust, they can suffer
severe reductions in strength and structural integrity. These llEPA failures depend
strongly on the material and the design of the filter, in addition to the temperature
and time of esposure.(3 6) Visible structural damage, such as media tears and
distortions, are usually seen wheri ilEPA filters are exposed to temperatures above
2 $ 0'C. Above 175*C (350*F), the binder that holds the filter paper together begins to
burn off, leaving a filter medium that can be casily blown apart.(5 6) Although all
llEPA filters used in nuclear facilities are required to be qualified and labeled by
Underwriters 1.aboratories as fire resutant,(7) these tests do not simulate real failure
modes, where high temperature exposure is followed by mechanical stresses.

Since llEPA filters are not gencrull installed in high temperature process
streams, they experience high temperature exposure only during accident
conditions. Under these conditions, the llEPA filter blow out is due to more than just
the high temperature.

Ilich flu m btur. Recent studies have shown that ilEPA flhers can suffer severe
structural (am;; and may even blow out under high humidity conditions.(8 ll) The
accumulation of v ater in the llEPA filter ! rads to an increase in the differential
pressure and a d crease in the filter pack stability and the media's tensile strength.
The increased .ischanical load on the filter, coupled with the decreased strength, can
lead to structural failures.

{{cavv Par 11cle Deposits. Particle deposits on llEPA filters increase th: mechanical
load on the filters and can lead to mechanical fallute in the same fashion as discussed
for high humidity. The use of an efficient, cleanable prefilter can prevent this
problem.

Combination of condilians. The combination of the previous conditions can lead to an
,

accelerated destruction of IIEPA filters. Swedish studies have shown that high'

hurnidity at 100"C causes a llEPA filter to " fall due to its own weight or in a minimal
stream of air.(!0)" Another example is the case of high humidity and heavy particle
loading, in this case, the particle deposits increase the water adsorption in the filter
and can lead to filter blow out.

The potential for llEPA filter blow-out following high temperature exposure is
very high if the !! EPA is subjected to any additional stress. The llEPA medium is
structurally weak since the binder holding the filter paper together is burned off.
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l

in addition, the entire filter pack is loosely supported in the filter frame.(4.') Any
subsequent exposure that exerts a mechanical strain on the filter can cause the IIEPA
pack to blow out of the filter houtling. In some instances a water spray was used to
put out nres in IIEPA filters, which caused the filters to blow out of their frames.

Steel Fihers Do Not Suffer Structural Damace

The high efficiency steel filters described in this report do not suffer frorn
the type of structural damage described for the glass paper filters. This follows from
the intrinsic strength of the steel and the welded construction of the filter. The steel
media consist of fibers or powder held together in a mat by diffusion bonding and are
far stronger than glass paper media. Welding the steel media into a steel housing
yields a high strength filter that will not have st ictural damage under extreme
conditions of high temperature, humidity, alt slow or shock wave, and particle
deposits.

The use of steel filters in nuclear air cleaning applications is not new.
Cleanable stainless steel niters were used as prefilters to extend the life of IIEPA
filters in hot off gas systems such as in waste calciners (13) and in waste
incinerators ( 3 4). These filters had high pressure drops (over 8 inches w.g. at 4 feet
per minute air velocity) and low efficiencies (about 65%) when clean. The pressure
drop and efficiency increased as particles built up on the filter. Dillmann et al
(15,16) described the use of 2 pm stainless steel fibers to make deep bed filters for use
as vent filters in nuclear power reactors. The deep bed filters had efficiencies
compaisble to the glass IIEPA filters but were much larger and could not be cleaned.
Kieln and Goossens (17) showed major improvements in filter efficiency with
decreasing diameter of the meel fibers from 12 to 4 km, llowever, the efficiencies

I were far below IIEPA grade. They also showed that deposits of methylene blue
acrosols could be efficiently cleaned from a cylindrical filter by washing with a
wap spray. Recently, Randhahn et al (18) described a stainless steel filter that had
efficiencies comparable to a llEPA filter. Ilowever, no pressure drop data was given
for a comparison to llEPA filters. Dillmann et al (19) showed that sintered metal
filters made from fibers performed much better than those made from metal powder.
The pleated cylindrical filters made from 2 pm fibers had efficiencies af 99.8% for
uranin particles and a pressure drop of 5.6 inches of water at 58.9 cfi..

II. Steel Filter Medin Evaluntl0D

We evaluated the commercially available steel filter media made from sintered
powder and sintered fiber. The large variety of filter media that we evaluated is
illustrated by the electron micrographs shown in Figs 1-5. Figure 1 show.. the
surface of a sintered powder filter from Pall Trinity (PMM M020) at 2X

; magnification. The cross section of this filter is shown in Fig. 2. Figure 3 shows the
surface of a sintered fiber filter from Bakaert (3AL3) at 2X magnification, while Fig.
4 shows the cross section of the filter. The structure of sintered metal filters con also

|
be rather complex, as illustrated by the four magnifications of c Memtec filter (XS44)

l in Fig. 5. Our objective was to screen samples of the niter media and select the most
promising candidate for use in fabricating steel filters. The screening process
consisted of measuring the aerosol penetration and the pressure drop across each
filter at several flow rates.
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Grnual Procedun
!

Figure 6 is a schematic of the test apparatus used in our screening tests. We
j used a variety of acrosols such as dioctyi sebacate (DOS), sodium chloride, and silica to
j challenge the filters. The concentration of particles was measured as a function of

particle size by using one of two laser particle counters from Particle Measuring |4

Systems, Inc. One laser particle counter (4SLAS 32) had a sample flow rate of 0.31/m
and measured particles from 0.065 to 1.0 pm over 32 channels. The other counter.
(LPC IIS Special) had a sample now rate of 2.81/m and measured particles from 0.07
to 0.5 pm over 16 channels. The two particle counters were used interchanteably in

1 our study. We determined the aerosol penetration as a function of particle atze from
the ratio of the downstream to upstream concentrations for each particle. size range.

I Defore measuring the upstream particle concentration, we first diluted the sample,
j using one to three stages of TSI diluters to prevent counting more than one particle
; at a tin.e in the leser counter. A typical dilution ratio was 1000:1 in our tests. To
! prevent premature plugging of the filter, the upstream aerosols were directed to a

dump while the concentrations were measured. The concentration of particles
i downstream from the filter was measured after the acrosols were directed to the
j fil t e r.

Figure 7 shows the measured concentration of DOS aerosols generated by a
Laskin nonle in a typical steel filter screening test. This figure shows the upstream,

j downstream, and background concentrations as functicns of particle size. The
! background measurement represents the downstream sample with the acrosol
| generator turned off. We took background measurements to verify that there were
j no leaks present.

The filter penetration was computed from the ratio of the downstream to
j upstream particle concentrations and the results c.re plotted in Fig. 8. This

penetration curve represents the fraction of DOS particles passing through a samp!c
,

of Pall sintered fiber media (fil025 ilEPA) at a face velocity of 6.2 cm/s. The pressure
drop at this face velocity was 190 mm of water. This filter had the best performance
of those tested in our evaluation.

Sigtutdliber Filten,.lg Better Than Sintered Powder Filters
;

j We evaluated a large number of difirers iUMr media fr . .i Trinity,
i Memtec, Michigan Dynamics, Bakaert, and Mott to find ib 1. cst . Our studies
j showed that for equivalent sired powder and fiber, the powder fli''.s always had a
i higher particle penetration and a higher pressure drop than the fiber filters.

Figure 9 illustrates this point with two filters from Pall Trinity: a sintered powder
filter (PMM M050) made from 5.0 pm steel powder and a sintered fiber filter (PMF-

1 F11050) made from 5 pm steel fiber. Both filters were evaluated at a face velocity of
1.25 cm/s. The powder filter has a maximum particle penetration of 0.95 and a
pressure drop of 7.4 mm water, in contrast, the fiber filter has a maximum particle
penetration of 0.017 and a pressure drop of 0.9 mm of water.

The higher filter penetration and higher pressure drop for the sintered-
powder media compared to the sintered fiber media is due to the filter structure.
Figure 10 shows electron micrographs of metallurgical samples of the sintered fiber
(10A) and sintered powder (10B). The more open structure of the sintered fiber
filter has less air resistance than the more closed structure of the sintered powder
filter. This accounts for the lower pressure drop in the sintered fiber filter. The
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more open structure of the sintered-fiber filters also inctease the residence time of
the particles inside the filter. This increased residence time increases the particle
capture due to Brownian motion and hence decreases the filter penetration.

'

Eihgrs With Thinner Fibers Are Better

Another major finding from our screening tests is that sintered fiber filters
made from thinner fibers have better performance than those made with thicker
fibe rs. Figure 11 shows the penetration of two different Pall sintered fiber f'Iters at
a face velocity of 3.7 cm/s. The filter made with 5 pm diameter fiber (PMF F11050)
has a much higher penetration than the filter with 2.5pm diameter fiber (PMF.
Fil025). One of the most efficient media from our screening tests was a Pall filter
made with 2.0 pm diameter fiber (PMF Fil025 ilEPA).

Steel Filter Media llave Similar Penetration but 111cher Prenure Dron Comoared to
Glass HEPA Media

Our filter penetration measurements demonstrated that the Pall steel filter
with 2.0 pm fibers (F11025 ilEPA) had a particle penetration similar to the glass llEPA
filter, but more than three times the pressure drop. Figure 12 shows the DOS
penetration for the steel fiber media and the glass llEFA media when tested at 3.5
cm/s face vcic, city. The pressure drops across the steel and glass media are 9.9 and 2.9
mm of water, respectively. Thus, a steel llEPA filter would tequire more than three
times as much filter area to have penetration and pressure drop similar to the glass
llEPA filter. This would result in a very expensive filter.

.
III. Develonment and_fgaluation of Prototvoe Steel Filters

!

We then used the results of our screening test to develop prototype filters for
applications as venting filters for pressurized gas systems. The increased air .

resistance of the steel filters compared to the glass filters is not important in those
venting applications. Figure 13 shows a prototype filter from Memtec that we
evaluated for our application as a vent filter. This filter was cut in half to expose the
twoutage concentric cylinder design. The exhaust flow enters the large opening in
the bottom, passes through the outer cylindrical filter and the inner filter, and
finally exits through the small opening r,n top. This filter design represents a
compromise between minimum filter penetration and minimum cost.

We evaluated the prototype vent filter in our automated filter tester shown in
Fig. 14. This figure shows the filter being inserted into the filter chuck of the test
apparatus. The basic components of the tester are similar to those shown
schematically in Fig. 6. The DOS acrosols are generated with a Laskin nozzle
generator. The results of the penetration measurements for the filter are shown in
Fig.15. This filter has a maximum penetration of 1.2X10-7 at 0.1 m particle diameter
and 3.0 cfm flow rate. The pressure drop is 1.36 m of water (1.94 psi).

A more complex prototype filter from Pall Trinity is shown in Fig.16. This
filter also has a two-stage concentric design but has the filter media pleated into a
cylindrical configuration. Figure 16 shows the housing with the two filter stages
separated from each other. The results of our penetration measurement are shown
in Fig.17. We see that this filter has a maximum penetration of 3.2X10-8 at 0.1 pm
particle diameter and 2.0 cfm flow rate. The pressure drop at these conditions is 107
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mm of water. Although this filter with the pleated cylinder design has a lower
penetration and pressure drop, it also costs several times more than a filter with the
flat cylinder design.

Another prototype filter that we developed is shown in Fig.18. This filter is a
single stage filter with a pleated cylinder design and is made from a combination of
sintered fiber (Fil025) and sintered powder (M010). The results of our oenetration
test are shown in Fig.19. This filter has a maximum penetration of 1.6X1G-3 at 0.09pm
particle diameter and 6.0 cfm flow rate. The pressure drop at this flow rate is 295 mm
of water.1

IV. Conclusion

We have developed high efficiency steel filters for use in nuclear air-
cleaning applications to avoid the structural darnage that occurs with the glass paper
llEPA filters. Ilowever, the steel filter media have the same penetration but more
than three tirnes the pressure drop as glass paper ilEPA filters. The steel filters at
this time are, therefore, restricted to applications that are not sensitive to air flow
resistance. They can be used in exhaust vents for a pressurized gas system or in any
compressed gas line. These filters can also be used in many other applications where
glass paper llEPA filters are used, if the filter capacity is downgraded, llowever,
under these conditions, the sicci filter is much larger and far more expensive than
the comparable glass-paper IIEPA filter. Figure 20 shows that the sicci filter is much
larger than a glass paper llEPA filter with similar penetration and pressure drop
characteristics.

'
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DISCUSSION

SX1DLRJ: You stated that typical ventilation systems would not
tolerate high resistance to flow. You also said that you had reduced
the four-fold difference in resistance between regular HEPA filters
and steel filters to a two-fold difference. Although steel filters
have higher mechanical integrity than typical HEPA filters,
installations can have redundancy by installing two or three stages.
Would that change your conclusion?

DERGMA)]: Figure 12 of the paper shows that the steel HEPA
media has 3.4 times the air resistance of the standard glass HEPA
media. This higher pressure drop would not be acceptable in most
ventilation systems. Although it is true that those installations
having three stages of standard glass HEPA filters have about the same
pressure drop as a single stage steel HEPA filter, the multiple filter
installations also have much higher efficiencies. Until both the
pressure drop and the efficiency of steel HEPA filter become
comparable to the glass HEPA filter, the steel HEPA filter will not
generally be suitable for use in ventilation systems. However, in
applications where the glass HEPA filter is subject to severe
structural failure, the steel HEPA filter may be acceptable in spite
of the higher air resistance.

MORRIS: If you had the Midas touch and you could convert a
glass material to stainless steel, would you expect to get a better
efficiency from the glass? If not, why?

BERGMAN: There will be no dif ference between a glass fiber and
a metal fiber filter. The glass fiber filter may have a slightly
better performance because of added electrostatic attractive forces
that do not exist with a steel fiber filter. However, this increase
would be very small for the glass fiber filter because it still
conducts electricity.

MORRH: You would expect the stainless steel filter to come
up to the same efficiency level? There is no reason you can think of
why it shouldn't?

D_ERGMAN : No, not one reason.

NORRIB: Is there any way of using electrostatics for your
benefit? Could you charge the particles and get a better filter?

DERGMAN: ElectrostLtics will not be beneficial in steel
filters because they conduct electricity. We had previously looked at
applying electrostatics to glass fiber filters and published several
papers in previous Proceedings of this conference. Although
electrostatics showed remarkable improvements in filter performance,
they were not well received in the nuclear industry because of
increased complexity and lower reliability.
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A PERMANENTLY MAGNETISED HIGH GRADIENT MAGNETIC FILTER FOR GLOVE BOX CLEANINC
AND INCREASING HEPA FILTER LIFE

Dr J.H.P. Watson and Dr C.H. Doorman
institute of Cryogenics

University of Southampton
Southampton 609 SNH

England

introduction

The purpose of this paper is to describe the structurc and testing of a permanently magnetised magnetic
filter on simulants for radioactive material. The experimental work was carried out at British Nuclear Fuels
plc, Sellafield, England and in CEN/SCK, Mol, Belgium using Cr powder which is a good magnetic simulant for
PuO . The basle of the use of such a filter in the nuclear lodustry relies on the fact that much of the2

radioactive material is paramagnetic, as shown in Table 1.

Material Origin Suscopibliity (SI)

U Ma0nox fuel 3.9 (10'4)
Pu Research Lahe 6.3 (10'4)
LO Oxide Fuei 1.2 (10^ 3)2

! (AGR, PWR, BWR, LMFBR)

| PuC LMFBR fuel 3.7 (10'4)2

Zr PWR, BWR fuel 1.1 (10'4)

tsoge Fissionlmd.sta

Mo Irradiated Fuel 1.2 (10'4)
Fb from all types of 4.6 (10'_5)
Fh reactor 1,7 (10'4)
Pd 8.2 (10'4)
Tc 3.9 (10'4)

Table 1 Magnetic volume susceptibility data (Si units) for materials occurring In the!

| nuclear Industry,

in the last twenty years a separation technique has been developed which allows weakly paramagnetic
particles of colloidal size to be separated from fluid which passes through the separator. This method is.
called high gradient magnetic separation (HGMS) and _is accomplished by magnetising a fine ferromagnetic>

wire -matrix by an externally applied magnetic field. The wires of the matrix attract the paramagnetic
particles which are also magnetised by the applied magnetic field. The technology of HGMS is used throughout
the world to purify kaolin clay, in the United States this industry is centred in Georgia. Many of the
applications of this technology in the minerals inductry have been discussed by Svoboda(l)

.

While modern technology allows the generation of high magnetic fields and which have been used in many
applications, there remain a significant number of applications where the magnet or solenold, providing the
magnetic field, would be difficult, if not impossible, to accomodate. This paper describes a new approach to
this problem, by using a magnotically hysterstic material to construct the ferromagnetic matrix, it has been
possible to provide a magnetic field in the region of the matrix and also have a residual magnetisation within

i.
the matrix. This provides extremely compact magnetic separation systems. There are sume subtle

;
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differences between this separation system and conventional HGMS which makes the radial feed system,
with all its advantages, almost mandatory for hysterstic HGMS.

The permanently magnetised magnetic filters described in this paper have the following important features:
(t) No external magnet is required. (2) No external power is required. (3) Smalt in size and portable.
(4) Easily interchangeable. (5) Can be cleaned without demagnetising.

Two uses have been proposed for such a filter:

(A) As a cleanable pre filter in front of an absolute filter in order to reduce the load on the absolute filter
and thereby increase ha useful life. This reduces greatly reduces the absolute filter storage cost.

(B) To improve housekeeping in a glove box by preventing the spread of fine PuO2 through the box by
constantly circulating the air or part of the air through the filter. By adopting this measure operator
orposure could be reduced.

Macnetic inteinction of a carticio and a maanetic fibre

The theoretical model assumes a flow of paramagnetic particles carried by a fluid past a magnetised wire.
We assume that the wire is ferromagnetic and hysterstic. The magnetic field in which the wire sits is the
internal demagnetising field H of the whole assembly of hysterotic wires which have been magnetised tog

saturation after which the external applied field is reduced to zero. This leaves the residual demagnetising
field as the magnetic field in which the wires and the paramagnetic particles slt. In this situation

), p

Gk#
g'j;j;jfj!!I!! g[jjk!N

,gsjjj
.

' //
4dfjj!f!

Yo
' ,N

Magnetisation M
in the opposite Particle
direction to H i Redius
M= 2p,( H - I H l ) be i

Fig 1 Shows the particle of redlus b carried by a fluid of background velocity V, moving
parallel to the x axis along which a magnetic field ;l; la applied. it is necessary to
determine the capture cross section 2R a, as shown. R is referred to as the capturee e
radius,

763
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the magnetisation M of the wire is in the oppoelle direction to the local magnetic field H and is given by Mi

is the coercive force and o 4n (10' 7)H/m, the permeability of free spaco. It is= 2pn(H . jH,| ) where Hec

assumed that the wiro is perpendicular in direction to this local field. From this following the methods by
Watson (2) and more recently by Lawson, S, mons and Treat (3) and Simons and Treat (4) the equations of,

motion can be calculated and the capture cross.section 2R a for the particle can be calculated. Here R ise e
termed the capture radius and a is the wire radius. The geometical significance of the capture cross.section
is illustrated in Fig 1.
The equations of motion determining the particle trajectories show and, in consquence, the capture of
particles by a fibre, in are background magnetic field H , are determined by three parameters;g

j i) V /Vm o
i where V is the ' magnetic velocity' containing all the important magnetic parameters in the system,m
,

and V is the flow velocity. V is given by;e m

1
2m- (2/9)x b MH,/ qa (1)

'

V

where x is the difference in susceptibility between the fluid of viscocity y and the particle of radius b. M is
the magnetisation of the ferromagnetic wires of radius a and H la the local magnetic field, which for the caseg

of the permanent!y magnetised rqatrix is referred to as the internal field H . Then using the expressios giveng

above for the wire magnetisation M, equation (1) becomes

Vm * (4/0)% D Ho(H . |H,1)|H,| /na (1a)c

V is maximised with respect to H when |H;| = H /2.m j e

(ii) The short range parameter K, given by;

K = PW2 Ho i - { H /|H;l ) - 1 (2)e

If the wire is not magnetically saturated then K = 1. If V is maximised then K - 1 as the capturo radius Rm e

depends on V / V and on K, the maximum in R does not necessaryy occur at lH l = H /2.m o e e

iii) Stoko's number, Ns t;

2 2 2Nst" (2/9)P b V / qa = (Re/9)(p / pl)(b / a ) (3). p o p

p and pl are the particle density and the fluid density, respectively, Re is the wiro Reynolds number wherep
'

Re - 2 pt o /n. The efficiency of capture by the fibre can be adjusted by changing these parameters.Va

In the case of a permanently magnetised filter the optimisation of these parameters is crucial. To understand
'

why this is so some background is necessary. In HGMS weakly magnetic particles are captured by the
combination of high fields and high field gradients. This is possible through the use of largo electromagnets,
or superconducting ma9 nets so large values of V can be obtained. However there are some disadvantagesm
which must be considered. One of those concerne the short range term, K, and the fact that for a soft
ferromagnet with low hystoresis K can only have a values between 0 and 1. In the case of a permanently
magnetised filter the magnetic field is significantly smaller than that experienced in HGMS, however,
because of magnetic hysterosis, it is possible to create values of K much greater than unity. Consequently,
the optimisation of the field and magnetisation is crucially important. Given this optimisation, magnetic
particles passing the filter o%nents will be captured if they are inside the capture radius R of that element.e
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The magnitude of R can be determined from V , V and K. It is possible to build a model relating relating Ke m o
to R for various V / V ratios. Fig 2 shows a graph of the capture radius as a function of the ratio of

e m o
magnetic velocity to flow velocity. This graph has been obtained from data calculated by Watson (5) Theo.

values were calculated for the case where dependence on the Stokes number is small and negligible.

It is interesting to look at the differences between conventional HGMS and HGMS with _hysterstic

Rc(K) vs Vm/Vo
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Fig 2 Shows R versus V'Y for various values of the parameter K. For normal softe m o
ferromagnetic material K can never be greater -than 1, but for hysteretic material values
of Kn1 are possible.

materials. In conventional HGMS, the surface of the wire becomes divided into four regions, two of the
regions are attractive to paramgnetic material and two repulsive to paramagnetic material. In hysterstic
HG!fS, the attractive regions become repulsWe and vice versa. This has been discussed previously by
Boorman, Watson and Bahaj(6),

The development of this model requires an understanding of the filtration applications envisaged for the
system. A prototype filter has been constructed irmorporating a roll of expanded ferromagnetic metal mesh,
as shown in Fig.3. The mesh is an hysterstic ferromagnetic but it is also flexible with a coercive force of
300 Oersted. Chromindur is a product of Telcon Metals Ltd, Manor Royal, Crawley, England.

The matrix was magnetised parallel to the surface of the sheets in the roll, and also parallel to the filter
axis. The applied field was then reduced to Zero, and, due to the hysterstic nature of the Chromindur, the

fdter remained magnetised with an internal field stsength H of 14881 Am'I. The myistisation of those legsj

perpendicular to the field, on which most magnetic capture will cecur due to the large field gradients
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@
%
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h

Y -
Unit Cell Separation of

the layers

Fig 3a Structure of the prototype filter showing a role of chromindur expanded metal
merh. This is wound on the inlet tube so the flow is radally outwards through 76 layers
of mesh. A cross section through the filter is shown.. The unit cell is the repeated unit
generating the two dimensional sheet. The separation of the layers is 0.4 mm

L | --

,

-- R mex

|Inlet Outlet-

Radius

\
'"

.

) Chromindur R 2 = 50.0 mm
lietrix R j = 6.35 mm

20% Filling 76 layers

Fig 3b Shows a section through the filter. The original
filter had a length L=25.4 mm. The matrix is wound on the central perforated tube. The
gas flow is radially outwards. The separation between the layers is 0.4 mm and the
thickness of the sheet is 0.2 mm. The chromlndur is magnetised in the plane of the sheets
that la parallel to the exts of symmetry.
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present, will be 17980 Am'1 For fibros of radius, a = 0.2 mm, and particles of radius, b = 0.5 microns,

with a susceptibility of 5 x 10 5 (S.I. units), the resu!!ing magnetic velocity will be 0.00!8 mm/sec. In this
case a value of V / V . 0.03 would be suitable, i.e. a flow velocity of 0.06 mm/sec. The correspondingm o
value of K will be 2.55.
A reasonable approximation to these parameters (for the case V / V - 0.03) is:m o

R a + b.K (4)e

where a = 0.0004 and ba - 0.048. The capture radius for the filter elements in this case will therefore be

0.132. Assuming a 7% filling factor, the total volume of the matrix la 1.4 x 10 5 m . As a| ready mentioned,3

3the mass loading envisaged for the filter is about 0.04gm/m . Nesset and Finch (7) introduced a quantity
called the loading number which has been modified to incorporate interparticle frictional forces and this

'*loading number has been used to calculate the total mass that can be theoretically captured by the filter.
Using this approximation the total mass captured by the filter has been calculated to be 283 grams. If the

3loading is 0.04gm/m , and assuming a 60% packing factor for the material built up on the wires, this means
3 3the total processed volume will be /,128 m , and, at a flow rate of 0.0036 m /hr (assuming an inlet flow

2area to the filter of 0.00lm ) the overall lifetime of the filter will be 1.15 million hourall 11 should be realised
that this is a small prototype filter. Practical filters will need to process somewhere in the region of 10

3m /hr if they are to be useful,

in a filter of this structure with conventional HGMS, with the field applied parallel to the sheets of
Chromindur, the particles would be captured into the holes in the mesh so a radial feed system would certain

|

to block as the suspension must pass through the holes so an axial feed would be approplate here. On the '

contrary, for hysterotic HGMS the particles are attraced to the mesh leaving the holes clear which makes a
radial feed ideal (6),

Ernerimental work at British Nuclear Fuels ofc Sel!nfield

Exnerimenta! nrranaements

in order to test this filter in an 'in. situ' environment it was sealed and attached to a glove box at British
Nuclear Fuels plc The arrangement is shown in Fig.4.

f1egnette
Se)erator

N
b $ Absolute

h Filter

b

|Hijg : . U .':'.:i. ..

UhN(!bh,' ;j' -.

. . .

d'' '.

Fig 4 Arrangement of the glove box test rig at SellafleId. A Cr powder simulant was used
in these tests.
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Chromium powder was suspended insido the glovebox and circulated through the filtor. The filtered air then
passed throuch a second fIter which contained a glass microfibre filter (to detect any particles that may
have passad through the magnotic filter). 'This second fi!!or was both weighed, visually inspected and
replaced after every hour of operation. The pressure drop across the microfibre filter was recorded
throughout the test whue the pressure drop across the magnetic filter was recorded from the forty sixth
hour of the test. The pressure with n the glove box was kept approxirnately constant between the lovels of
negative one inch and negative six inches water gauge, by the use of the vacuum pump and a conipressed air
line. The chromium dust was suspended by hand through the glove ports ar'd by the use of the compressed air

3line. The flow rate through the filter was kept at 300 cm / min,

R91!i!11

(1) (.oad;ng of the fi| tor

The loading on the f4itor was inaintained at between 0.5 and 0.0 grams por hour throughout the test.
Throughout the test. last 96 hours, no breakthrough was detected by the microfibro filtor. 11 was estimated
that the total amount of Cr powder that passed into the filter was 50 grams ( .t 10 grams)

(2) Washing the fdtor

The fdter was washed using a solution of manganese chlorido. The susceptibility of this solution had boon
measured and adjusted to match that of the Cr powder. Hence it was noped that it would be possible to wash
out the majority of the Cr powdor. The solution was passed through the filter continuously for several hours.
The f. Iter was then removed and shaken before being replaced in the flow stream, A total of 25 grams of Cr
was removed from tne filter in this way.

i
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Fig 6 Filter officiency for Cr powder an a function of the average velocity. The flow rate
in litre /hr, for this filter, can be obtained by muttlplying the velocity by 36.36
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Ernerimental tottino of the orototvoc flyer at CEN'SCK Mot Gela! urn

The performance of the magnetic f6|ter was tested at Mol in Belgium using an APS 33 Aerodynamic Particle
2 or PuO , since tao filter was -sizer. Chromium powder simulants were used in place of the radioactive UO 2

required for further research after this testing was complete. The powder, after being acid washed to
ensure purity from ferromagnetic contamination, was mixed with water and then atomised to produce a fine
spray. This spray was then heated and passed over a bed of silica gel to remove any moisture before passing
through the magnetic filter,
initially a low mass loading was used to test the officiency of the filter at various flow ratc9 Comparisons
could then be made with the results obtained using non magnetic aeroscls.
At a flow rate of 8 htres/ hour (0.22 cm/s' ine filter was found to be exceedingly efficient. Over a four
hour run the efficiency of the filter was greater than 99% Similar results were obtained at 10 litres / hour
(0.27ern/s). However, as can be seen from Fig 5, the efficiency fell as the flow velocity was increased. For
this filter the flow rate in litre /hr can be obtained by multiplying the velocity in em/s by 36.36.
These results are very encouraging. However they are interesting to compare with the efficiency of
mechanical capture acting alone with!n the filter as a function of particle size. A ceries of tests were
carried out at Mol in which non magnelic aerosols were passed through the filter. Fig 6 provices a
comparison _ of the capture of the magnetic and the non. magnetic particles for particle diameters of 0.5
micron, l.0 micron and 2.0 microns. Above two microns diameter the mechanical capture is very strong but,
at the smaller sizes, the capture due to magnetic forces considerably increases the capture of the particles.

,

12o

joo .- - ..- .

' W* -- - g
,

- ai
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80 -h ---- -
--.8 a N. mag 2 rmcron
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e N. mag t rneron

e so a Mag o.5 meron

k N \. 4 N-Mag o s rnicron
.

,

N43 _

N N

l o.2 0.4 o.6 o.8 1.o
|
,

Vo cmis

Fig 6 Filter efficiency for various magnetic and non magnetic particles of various sizes
with the test filter et various flow velocities.

Conclusions and Future Procram

Although there has been no detailed comparison of the capture radius with the experimental results, the
theoretical model has suggested a number of important factors which have been incorporated ,nto the

766a

|

-__ - . . , - . - ~ , _ ,-. -



k en s A s,a p A,,L. 4 al.h.------.-444.4-. e. k41eAn,@ e u n as e-- u - m u - 4-,4. 0 c w a - e- -mqwesam e s t..e4 ..ws,mn-> e a,aearm.-. s.-2_-w g,ms - = . - u+a-m m.wam.~ mas -,.e .a _-w.we -a

Y

<

,

4

s
e

4

!-
.

4

t .

$
j

I
,

.
x

.

i
|
<

4

.

4"-
!

!

.

"

i
e

i

T_

1 -

4

i-
i
d

4
4

k

,
f

-T-

'
I

I
)1

h

4

t-s
a

4
f

$

e

o

s <

l

i I

i
i
?

's
-

s
i

e

#n~
J'

I

o

T

h
i

I

b.
''1

|' _ _.

,

1 - |
1. |

s
b.
4 -.

|

|
f- 1

'
1,
i., -
|d

l I

l,
I

-

:
J, '.

1
.i
4

4 1

4 - |

.._.. . -.. ..- . _. , ._ _.._.. . . __ .... .



_

| 21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

separator design, namely:
1 1. The matrix material should have high coercive force and high romanence while remaining highty ductile and

malleable.

2.The internal field H; within the structure is highly dependent on the overall shape of the matrix. The shape
can be changed to optimise the capture radius.
3.The material held on the matrix wires in hysteret:c HGMS is on the opposite quadrants to conventional
HGMS. Confirmation of this experimentally illustrated the value of radial feed in hysterstic HGMS,
4. Although not discussed in detail in this paper, a complete solution to the calculation of the etpture radius,
includir.g magnetic, drag and gravitational forces has been achieved (7) This model also includes a frictional.

term acting between the particles of the captured material. The effect of gravity on the capture and
retention of low density weakly magnetic particles in a magnetic field, created by a highly coerc!ve
material, are small. On the other hand for high density particles gravity is important and retention remains
small unless the inter. particle friction is high.

Experimental results have been obtained with the filter under various flow conditions using chromium metal
powder as a maOnetic simulant for PuO . At low flow rates the capture efficiency was 100%. About 30gm.p

of chromium was recovered from the filter and while this was collected using radial flow the pressure drop
across the filter was constant. The theoretical capacity of the filtsr was near 200gm. At higher flow
velocity the efficiency drops as theory suggests. When a comparison is made between the material passing

through the separator and a theoretical expression given by Watson (El is found the filter is consistentlyit
more efficient than theory predicts, however the predicted sen.!;ng with the quantities used in the theory
appears successful allowing the perfomance of Ani fiiter designs to be calculated with reasonable
confidence. The next step is to work with PuO rather than a simulant.

2 ,

Using the results from the prototype filter an algorithm was constructed to predict the efficiencies expected
3 3from various sized filters operating over a range of flow rates varying from i m /hr to 100 m /hr. While

the filter dimensions become very large at the higher flow rates, the algorithm suggests that reasonably
sized units can be constructed with high extraction efficiencies at moderate flow rates.

Calculated Performance

110
l
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Fig 7 The projected perfomance of the proposed filter based on the results obtained using
chromium metal powder as a simulant for PuO . The total capacity of the filter is in2
excess of 530 gm. of material.
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A suitable compromise is for a filter with same inner and outer radil as the filter used in Inis work which
allows an overall dimension Rmax, as shown in Fig 3b, to be less than Gin., a sequirement for glove box

posting A test a filter with L.406.4 mm, R -6.35 mm, R 50.8 mm and with Rmax< 6 in. or 152.4mm has_ j 2
been built. There are to be 74 layers 0.4 mm apart.

This filter will start tests at British Nuclear Fuels plc, Sellafield in the last part of 1990 on PuO '
2
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DISCUSSION

llANSQE: I am curious if you tried reversing the polarity on the filters to see if it would cause
the contamination to fall off? Is that practical?

WATSON: What we did to remove material was to simply wash the filter in a liquid. If you use
a liquid, the viscosity is considerable higher than air and you can wash the material out because of the
very much higher drag on the particles, it is very difficult to change magnetic properties.
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BEHAVIOR OF THE POLYGONAL HEPA FILTER EXPOSED TO WATER DROPLETS

CARRIED BY THE OFFGAS FLOW

K. Jannakos, G. Potgeter, W. Legner-
Kernforschungszentrum Karlsruhe GmbH

Postfach 3640 D-7500 Karlsruhe
Federal Republic of Germany

A.hstract

A polygonal HEPA filter element has been developed and tested with a view to i

cleaning the dissolver offgas from reprccessing plants. It is likewise suited to I

filter process offgases generated in other plants. !

Due to its high dew point (about 30*C) the dissolver offgas, before being di-
rected into the HEPA filter, is heated with a nis heater to approx. 100*C so that
condensation in the pipework upstream of the filter and in the filter proper is
avoided. In case of failure of the heater the offgas may undergo condensation up-
stream of the HEPA filter until it is bypassed to a standby heater or a standby
filter system. Consequently, the filter may be loaded with water droplets. There-
fore, experiments have been per: formed with a view to estimating the behavior of-
the polygonal filter element when exposed to condensate drop 1Ets in a real plant.

According to the experiments performed so far it can be anticipated that in
case of failure of the heater the amount of condensate producea until bypassing to
a standby system will not damage a new or little loaded polygonal filter element.

The experiments will be carried on with Q goal of investigating the behav-
ior of a heavily loaded polygonal filter element exposed to water droplets.

Introduction

The polygonal HEPA filter has been developed to filter process offgases from
nuclear facilities, especially to filter dissolver offgases originating in repro-
cessing operations. The dissolver offgas is normally treated in screb columns be-
fore it is passed through the filter system. When entering the filter system it is
wet saturated at a temperature of about 30'C. In the filter system it is pre-
cleaned in a demister, then beated to approx. 100-150*C in a gas heater,_and only

i

then passed through the HEPA filter. Therefore, before the gas enters the HEPAI

filter, its relative humidity is <4 %. This prevents condensate droplets from de-
veloping in the gas pipework or in the filter proper.

I

! In case of failure of the heater the offgas may cool down to room temperature
until it is bypassed to the standby filter system and the standby heater, respec-

|
tively, and considerable amounts of condensate may be produced which are present
as droplets in the offgas. For instance, during cooling down of the offgas from'-

30'C to 20 'C in the state of saturation _13 g of condensate per kg of dry air are
produced. Some of the condensate droplets _will reach the HEPA filter where most of,

I them will be removed.
,

Ob.iective of Testino
i

It was proposed to study the beha Mr of the polygonal HEPA filter exposed to
j water droplets carried by the offgas s., cam. Above all-it was to be found out
,
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whether and, if applicable, after which duration ti'e filter is damaged by exposure
to droplets.

Description of the Pol _YQonal HEPA Filter

The polygonal HEPA filter element (figure 1) was presented at the " Nuclear
Air Cleaning Conferences" 1986 and 1968 (1, 2) .To help better understand the re-
sults and the differences in design and face flow as compared to the usual rectan-
gular filter element a brief description of the polygonal filter element will be
given below.
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FIG. 1 . POLYGONAL FILTER ELEMENT DIEPA) '
VIEWED FROM THE BOTTOM

The polygonal filter element is an annular filter; the filter element i. cyl-
inder shaped. The filter medium (fiber glass paper) mounted endlessly with only
one pasting line on the perimeter is compartmentalized into five filter chambers
with equally wide inner and outer surfaces using V-shaped spacers. The filter ele-
ments used in the various tests have a protective strip made of fiber glass pro-
vided between the filter medium and the spacer edge. A slotted sheet metal is in-
stalled between the inner space and the filter medium. The slots are 10 mm in
length and 0.7 mm in width. The slotted sheet metal serves to protect tne filter
medium and to guarantee radial flow through it. The polygonal illter elements can
be manufactured with or without slotted sheet metal.

3

[The offgas flows from the bottom through the circular cross-section in axial
direction into the interior and then in radial direction through the filter medium

'

towards the outside. The circular cross-section of face flow is much smaller than
the f ace flow area of the filter ring and has been dimensioned in such a way that
at nominal gas flow in the non-loaded condition the pressure loss of the filter
element is approx. 0.3 kPa. The maximum admissible operating temperature is 160*C.
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'

Based on test results the mechanical structure of the filter element wSs optimized.

so that the axial strain of the stainless steel filter frame does not exert an in-
fluence on the filter medium at operating temperatures up to 180'C.

Test facilititi
for investigating the behavior of the polygonal filter element ' exposed to wa-

ter droplets, two test benches were used: VERBE, in which a 72* 56ctor (1/5 of the
polygonal filter element) was investigated, and REFIFI, which allowed the entire
filter element to be tested. A short description of the test benches and of the
results obtained will be given below.

VERBE Test' Bench
-

t

The VERBE test bench (Figure 21 has been designed in such a manner that 1/5
of the polygonal filter element (one filter chamber) can be tested, The flow con-
ditions at the filter medium correspond to those encountered when the polygonal
filter element is installed in a standard filter housing. It was possible to
choose any value for the lateral contact pressure of the filter medium. In the ti-
periments the same contact pressure was chosen as for the standard filter element.
The attachment of the filter medium at the top and bottom edges cor ~ponded to
that of the polygonal filter element. Experiments were performed with and without
slotted sheet metal. The water droplets were injected about 80 cm upstream of the >

gas inlet of the filter element using a two-fluid nozzle. According to information ,

from the manufacterer of the nozzles the mean droplet-diameter under the condi-
tions set for the experiments and with a rate of H2O injection of 6 kg/h is 18.5
pm, whereas it is 19,9 pm for 12 kg/h and 17,4 pm for 18 kg/h. ,

|

p PDI q Pi FILTER ELEMENT =,
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| / -
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~
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WATEP ,/ 4
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./
b
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1

\
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Fig.: 2 VERBE: DEVICE FOR TESTING THE HEPA POLYGONAL FILTER ELEMENT
|DURING EXPOSURE TO WATER DROPLETEs

|
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The quantities of air and water were set prior to the test and kept constant
during the test. The' air taken in was ambient air. lnerefore, the relative humid-
ity of the air taken in was not always constant during the test. The following pa-
rameters were measured.

- the pressure differential imediately at the filter clement;
- the discharging quantity of water downstream of the filter;

.

- the temperature and the relative humidity upste%m of and downstream of the fil-
ter.

Most parts of the VERDE test bench were made of plexiglast in order to be
able to observe the flow conditicos and the behavior Of the ft,ter medium during
the test.

Test Gwiitions

All the tests started with the dry fittar element.The dimensions of the fil-
ter element were equal to the dimensions of a filter chamber (=1/5) of the poly-

i gonal filter element. They were 730 mm in height, 180 mm in width, 120 mm in
depth. About ten usts each were performed with one filter element. In every case
ambient air was taken in at about 21 'C. The relative humidity of the air taken in

,

was not constant but varied during the test series between 21 % ar.d 57 %. The wa- '

ter injected was likewise at ambient temperature and the quantit) was always larg-
er than necessary in order to achieve saturation of the air taken b. A test las- '

I ted about six hours. Two tests were performed which lasted 70 hours. ~

;

;

Test Results

a total of 30 tests were carried out at-different offges_ flow rates-(600 m3/h
= nominal gas flow rate, 800 and 1000 m3/h) with different quantities of water in - .

jected : 7,16 and 28 g w m3 of air taken in. Three filter elements were used in
the-tests.

General phenomenological consideration of the-behavior of the-filter element.
All the tests'were similar in their course. However, the data measured differed
and depended on the quantity of wate- injected, the gas flow and the condition
(dry or wet) of the filter element. After water injection had started the water =
droplets were entrained by the air taken in and carried to the filter medium. The

'

whole quantity of water injected arrived at the-upstream side of the filter. It
was not possible to determine the droplet size and distribution immediately up-
stream of the filter inlet side.

After a certain interval depending on the quantity of-water injected - be-
tween 5 and 50 minutes in the test - some of the droplets injected and retained on
the filter medium started to flow downwards at *.he inlet side of the filter ele-
ment. At the inlet of the filter element the water was entrained by the air taken
in and returned to the surface of the medium. Then the quantity ~of water flowing
downward increase 1 so that the flow developed into a spout from-the filter inlet
towards the filter medium. During that time. interval the pressure differential at
the filter element increased steeply. At the downstream side of the filter elen,er.t
water droplets were visible at some points after development of the spout; they

_

run towards the bottom of the filter element along the edges of the spacers. Then
the downstream side of the filter element became: completely saturated with water
and the spout stopped to exist. The quantity of water measured at that point-in'
time at the downstream side of the filter element was larger than the quantity of
water injected. Subsequently, the conditions prevailing at the filter element were

!
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steady state. After the downstream side of the filter element had been fully wet-4

ted it was observed that during the entire test very few single droplets were en-
trained by the gass flou at the edges of the spacer.

Data measure 6 figure 3 shows a typical plot of the differential pressure im-
mediately at the filter element with 600 m3/h gas flow rate and different quanti-

,

ties of water present in the offgas as entrained droplets. With the quantities of
water getting larger in the offgas the differential pressure rose and the time
from the start of water injection up to attainment of the maximum differential'

pressure became shorter. When the water injection was stopped the pressure differ-
ential dropped within about twenty minutes to nearly the orfginal value measured
before the onset of Water injection.

" fl@ OF W hTER METEKn0N

{
~
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FIG. 3 DIFFERENTIAL PRESSURE BEHAVIOR AT THE POLYGONAL FILTER ELEMENTt

WITH VARIOU5 WATER VOLUMESINJECTED.

.

As already mentioned, the differential pressure depends likewise on the con-
dition of the illter element. Figure 4 shows the plot of the differential pressure
in a filter element which had been exposed ,to 10 kg/h-water droplets in the dry'

: condition at room temperature (21 'C) and at 600 m3/h gas flow rate; the water in-
jection had been intentionally interrupted af ter 4.7 hours and was restarted af ter.

another 70 minutes by injecting the same quantity of water.-The maximum differen-
i
: tial pressure prior to interruption of water injection was 2.2 kPa, but af ter re-

start of water injection only 1.5 kPa.*

The steep rise in the pressure differential shortly af ter the onset of watar
injection is probably attributable to the water repelling effect of the dry fliter

,

; medium. The water droplets are retained at the filter medium and pushed inside by-

| the gas in the grooves of the spacer towards-the spacer edge where they run down
i to the filter bottom. Only when the filter medium has been saturated with water it
i becomes permeable to the arriving water droplets. A constant value of the differ-

]
ential pressure is then established which is obviously dependent on the value of

776;
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FIG. 4 DIFFERENTIAL PRE $sVRE BEHAVIOR AT THE pct.YGONAL FILTER ELEMENT
DURING WATER INJECTION IN THE INTAKE AIR

saturation with water c' 'le filter inedium (i.e. the quantity of water contained
in the wet filter mediue . The value of saturation with water probably depends on
the condition of tha (llter element prior to water injection. This is the only
plausible explanation of the diffenrent values of differential presAures plotted
in figure 4.

Figure 5 shows a typical niot of the quantity of H2O at the downstream tide
of the filter element during m iing at 600 m3/h gas flow rate and 10 kg/h of wa-
ter injected. The quantity of water corresponding to the difference between the
wa+er injected and the water measured at the downstream side of the filter element
was consumed mainly to saturate the intake air.

The entrainment of individual water droplets at the duwnstream side of the
filter element was well visible. With small quantities of water hardly visible
droplets were entrained by the offgas flow. The larger the quantity of. injected i

water became the more frequently water droplets were entrained by the offgas flow.

Condition of the filter elements after testina: The average duration of a
test with water injection was six hours. In addition, two tests of about 72 hours
duration were performed without interruption. As already mentioned, also tests in-
volving larger gas flows and quantities of wates injected were performed in order
M be able to estimate the ?imit of opera +1on of the polygonal filter element. The
maximum differential pressure applied wa 6 5 kPat it was achieved at 1000 m3/h
gas f' a rate end 16 kg/h water injected.

As the tested filter elements were examined for their condition at the end of
each test, subsequently dried and used again in the following test, one filter
element underwent test operation of up to sixteen days duration and during that
time interval it was exposed to water droplets for a total of about 100 hours with
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interruptions htween the sgle tests. At the end of testing noae c,7 the inree,

J filter element s tested exhibited visible dataage.
i
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| FIG. 5 H2O QUANTITY ON THE DOWNSTREAM SIDE OF THE FILTER 4

,

|
i

! REFIFI Test Bench

The REFIFl test bench (Figure 6) consists of a standard filter housing for
j the polygonal filter and the respective measurement and water injection devices,
; as shown in Figure 6.
t
' The intake pipe into which the water was injected is 203 mm in inner diame-

ter. The water was injected at about 6 m distance from the filter housing. The in.
,
' ner diameter of the filter hcusing is 790 mm and the diameter at the inlet of the

filter element is 205 mm. A complete polygonal-filter was installed for testing.
The tests were performed at 3000 m3/h nominal gas volume flow rate. Tests were;

j performed in the vent air and circulated air modes of operation.

in the vent air mode of operation it was found that the filter element re-I

mained dry despite the water injected. Consequently, no rise in the differential
pressure was measured, not even over several hours of test operation with water

'4 injection. Most of the water injected accumulated in the bottom part of the hous-
ing due to cross-sectional widening in the filter housing and coagulation taking
place in the pipework which probably had increased the droplet size. The remainder
of the water did not suffice to saturate the intake air; for instance, of 30 kg/h,

4

i
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Fig.:6 REFIFl: DIVict FOR TESTING THE HEPA POLYGONAL FILTER titMENT

i

of water injected 24 kg/h accumulated in the bottom part of the housing. There-
fcre, the tests in the vent air mode of operation have not been continued.

In the circulated mode of operation the circulating gas was wet saturated !(100 % relative humidity plus water droplets). The gas temperature was 44'C, the
gas volume flow rate was 3000 m3/h, and the quantity of water injected was 18 4

kg/h. 8 kg/h of water inject.d accumulated in the bottom part of the housing. The
remainder (10kg/h)certainlyarrivedatthefilterelementas'dropletsorvapor.-
Figure 7 is a plot of the differential pressure directly at the filter element. It
differs from a plot derived from the tests in the VERBE test bench; see Figure 3.
The maximum differential pressure is attained only after about seven hours.

Taking into account the results obtained with the VERBE test bench the fol-
lowing conclusions can be drawn regarding the events in the REFIf! test bench.

,

The quantity of water arriving as droplets at the filter element was small.

Saturation of the filter medium with-water took several' hours (approx._6) be-
cause only after saturation of the filter medium with water the steady-state-

i differential pressure was attained.

. Likewise, it took several hours until' water could run.down at the downstream
side of the filter.

After 80 hours of test operation with water injection the filter element-was
dismounted and examined for possible damage by application of the oil mist test.

. No damage was found. Three tests were carried out under similar test conditions-
-

'

and with similar test values.
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FIG,: 7 DIFFERENTIAL PRESSURE AT THE POLYGONAL FILTER DURING

WATERINJECTION

in order to find out how a damaged polygonal filter element could look like a
polygonal filter element was installed in the REFIFI test bench in which only 1/5,
i.e. only one filter chamber, was provided with filter medium. The rest of filter
chambers were tightly sealed with sheet metal. This filter element was tested
while exposed to a wet saturated gas flow at a rate of 3000 m3/h (cerresponding to
5 times the nominal gas flow rate). The maximum differential pressure at the fil-;

4 ter element was 5.1 kPa. After about 4 hours the filter element was dismounted and
| inspected. Several tears at the edge of. pleating of the filter medium were detect-
| ed at the downstream side of the filter element; see Figure 8.
'

i,

j A_}sesstent of the Pol _vaonal Filter Element
,

!

! The experiments were performed with a view to assessing whether after failure
i of the gas heater installed upstream of the polygonal filter element damage to the
i latter must he expected to occur by droplets before a standby filter section or a
i standbyheatercanstartoperation(estimatedmaximumMurationuntilconnectionto
i standby systems 1 - 2 hours).

It was not possible and, actually, not intended to finiate exactly the oper-
t ating conditions prevailing in en offgas system installed, above all as regards
' the amount of condensate, the droplet size, and the droplet size distribution.

! On the basis of the tests performed with quantities of water smaller or larg-
er than calculated to be present in an accident occurring in a real plant it can ,

. be anticipated that a polygonal filter element not loaded or little loaded will ;
i not be damaged under accident conditions. |
; '

The behavior of a. loaded filter element will be__ studied in a later test se-
ries.
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EFFICIENCY AND MASS LOADING CllARACTI:RISTICS OF
A TYPICAL llEPA FILTER MEDI A MATERIAL

Y.J. Novick, P.J. Illggins, 11 Dierkschiede.
C. Abrahamson and W.II. Richardson

Engineering Physics Division
Argonne National Laboratory

Argonne, Illinois

and

P.R. Monson and P.G . Ellison i

Westinghouse Savannah River Company
Alken, South Carolina

Abstract

The particle removal efficiency of the llEPA filter material used at the Savannah River |
Site was measwed as a function of monodisperse particle diameter and two gas filtration
velocities. The results indicate that the material meets or exceeds the minimum specified
efficiency of 99.97% for all particle diameters at both normal and minimum operuting
flow conditions encountered at the Savannah River site. :

The pressure drop across the llEPA filter material used at the Savannah River site was !

measured as e function of particle mass loading for various acrosol size distributions. The
pressure drop was found to increase linearly with = the particle mass loaded onto the
filters, as long as the particles were completely dry. - The slope of the curve was found to
be dependent on the particle diameter and velocity of _ the _ aerosol. The linear behavior
between the initial pressure drop (clean filter) and the final pressure drop (loaded filter)
implies that the filtration mechanism is dominated by the particle cake that rapidly I

forms on the front surface of the llEPA filter. This behavior is consistent with the high
filtration efficiency of the material. :

Introduction

An Airbome Activity Confinement System (AACS) is used in each.of the reactors at the
Savannah River site to provide for the capture and confinement of accidentally _ released
radioisotopes. Figure i presents a schematic description of the AACS.I The purpose of the

{

-

moisture separator - (first filter) is to remove the water droplets and any other large
aerosol particles before they can be deposited in the liigh Efficiency Particulate Air
(IIEPA) filter. The llEPA-- filter is designed to remove all particles from the - gas stream
with efficiencies of at least 99.97E2 The final component of the filter compartment is a
carbon bed. The purpose of the carbon bed is .to remove - more - than 99.9% of the-

elementsi iodine vapors from the exhaust gas.3
|

The purpose of this research was to characterize the llEPA filter media material. This
work consisted of- three major tasks. The first task was to determine the filtration
efficiency spectrum for _ solid _ particles as a function of particle diameter. The second task
was to measure the pressure drop characteristics of the llEPA filter material as a function
of the vosol mass loading. Particle size effects were studied _by using different particle
size file ion efficiency - spectrum for solid particles as a function of particle diameter.
The thiro task was to provide a theoretical foundation that will allow the experiment
results from the mass loading tests to be generalized. - An experimental apparatus was set
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up based on filter characterization work discussed in the literature.M Sodiurn chloride
w as chosen as the challenge aerosol based on a tiumber of considerations. Sodium
chlo ide is highly soluble in w ater, it is non toxic, and it allow s a precise means of
analy sis by c o n d s. . t i v i t y . Sodium chloride particles produced by atomi7ation are non-
spherically shaped. In (oruparison to spherical particles, they may simulate more closely
the shape of particles haely to be produced in the Savannah River Reactor. The filter
media v. a s chosen to be identical with the Savannah River filter material. Ilowever, the

filter site was chosen to be 47 rum in diameter in order to facilitate laboratory handling
and analysis and to minimi/c the total mass of particles that are needed to be acrosolized.
To account for the difference in filtration area, the gas flow rate was scaled such that the
s elocity through the filter rnedium w as the aame for both plant filte rs and laboratoty
filters The gas viscosity is espected to be sitnitar to that encountered at Savannah River
by using air at 25"C. The particle site is an e xperirnental variable since there is
uncenainty in the particle site distribution that may be released into the AACS.

huerimental Set un for Efficiency Tests

I igure 2 illustrates the esperimental apparatus used for the efficiency tests. The
experimental set up consists of two main systems, aerosol generation and aerosol

aerosol generat on system consists of an acrosol nebuliter, a dryer to dryisamphng. The
the w et acrosoi and a neutrali/cr to reduce the electrical charge on the aerosol to a
lloltzmann equilibrium. The aerosol sampling systern consists of a mixing chamber and
the acrosol sampling devices.
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* Faer > 00h0fal0f A
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Figure 2. Experimental Configuration for Efficiency Tetts
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Typleally, filter efficiency spectra are obtained using monodisperse challenge
aerosols. In addition, the characteriration of the filter efficiency using monodisperse
particles would be more useful for later code input for calculating probable scenario
dependent releases. A proven method of generating monodisperse aerosols is to use an
electrostatic c l a s si fie r.7. 8 The classifier used in this work is the rWodel 3071.
manufactured by TSI Inc. of St. Faul, Minnesota, capable of producing monodisperse
particles ranging from 0.01 pm to 1 pm in diameter.

Data was acquired during the efficiency test, by simultaneously using condensation
nucleus counters (CNC's) to measure the filtered and unfiltered particle concentrations
from the sampling chamber. The CNC used to measure the unfiltered particle
concentration (TSI Model 3020) has an internal mass flow controller, factory set to

j sarnple the aerosol at a rate of 0.30 liters / min. The instrument has two particle counting
modes, providing a dynamic measurement range of 10 2 to 107 particles /cm3 The CNC
used to measure the filtered particle concentration (TSI Model 3760) operates in only the
single. particle mode. Acrosol flow through this CNC is controlled by a critical orifice and
an external vacuum pump, providing a constant gas fmw rate of 1.415 liters / min. The
range of particle concentrations measurable by the Model 3760 extends from 10 3 to 103
particles /cm3 For particle concentrations below 103 particles /cm3, the two CNC's
simultaneously measured the same acrosol concentration to within 15 1

1:fficien e t Test lies ult s

Flowrates and voltages on the Electrostatic Classifier were adjuxted to provide at least
eight different monodisperse particle diameters, ranging from 0.05 p m to 0.5 p m, as
challenge acrosol for the filters. The penetration of particles through the filter was
measured for each m nute by dividing the downstream particle concentration by the
upstream particle concentration. The removal efficiency for a given particle site was
found by averaging the penetration values over at least 15 minutes and subtracting the
average penetration from one. The penetration as a function of time over the 15 minute
measurement was observed to be fairly constant, decreasing by only 10% to 20E This
slow decrease in penetration is typically observed as the particle cake forms on the
filte r's surface.

The filtration efficiency was measured at two different pas velocities. The velocity of
2.98 cm/s through the filter rnedia is typical of normal operating flow rates of the AACS.
The velocity of 0.89 cm/s was tested in order to determine the efficiency for the minimum
operating flow rate conditions of the AACS.

Figures 3a and 3b show the average number penetration as a function of particle size
for the two filtration velocities. Figure 3a shows that for a filtration velocity of 0.89 cm/s
the maximum penetration occurs near 0.3 pm. This maximum penetration corresponds to
a minimum filtration efficiency of 99.99886 % As expected from filtration theery, the
efficiency is seen to increase for both larger and smaller particle sizes. This is because
the mechanism of filtration for smaller particles is diffu: ion, which varies inversely
with particle size. For particles larger then that producing minimum efficiency,
impaction and interception with the fibers increase dir# as function of particle size.

For the higher filtration velocity of 2.98 cm/s, the overall penetration increased
approximately by a factor of ten and shifted toward smaller particle diameters. In this
case, the maximum penetration occurred at epproximately 0.15 pm, correcpending to a
filtration efficiency of 99.9727E Two additional points are included on this graph. ,

When the efficiency for 0.12 m particles was first measured, it was noticed that this
point did not fall on a smooth curve joining the other points. The efficiency
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measurement was repeated for this particle size and this time the point did fall very close
to the curve defined by the other data points. To investigate repeatability, another test
was rerun at 0.199 pm. This time the second measurement was consistent with the first
and with the majority of the other data points. Since no procedural error was evident,
the error in the first measurement at 0.12 pm was attributed to filter variation. Out of 10
total filters tested at 2.98 crn/s, only this one produced results inconsistent with the
others. No inconsis:encies were observed at 0.89 cm/s.
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Diameter for Monodispctse Nacl Aerosols
Using an Electrostatic Classifier, Filtration
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Due to the high collection efficiency of the filter ma:crial, it is postulated that there
will be a rapid formation of a particle cake on the suiface of the filter Therefore, it is

expected that the pressure drop behavior of this filter material as it is loaded with a mass
of particles, will follow that predicted by particle cake theory.

Theory

A general model describing the increase in pressure drop as a function of mass
loading an be found in a variety of sources ,10 For high levels of particle mass9

loadings oi. filte rs, it is generally accepted that the total pressure drop across the filter
can be writto s as the sum of the pressure du, across the clean filter plus the pressure
drop across the "!ter cake due to particle loading.

(1)AP = APo + 4Pp

. n. thee tests, the gas flow throughFor the range of prassure drops under consi
the filter is laminar. allowing equation (1) to De rewritten in terms of the gas velocity.

AP = K V + K2 V hl/A (2)i

where

V = gas velocity through the media

M/A n particle mass loading per unit area.

The constant K1 depends on the filter structural properties such as the porosity and
thickness of the filter. K2 is a constant for a given set of particle and cake parameters
such as the particle size and cake porosity. This simple model assumes that the particles
are salid. 1.iquid droplets arc rnore difficult to model due to factors suco as the wetability
of the filter. media and the surface tension and viscosity of the liquid. Obviously there is
no cake formation with liquid droplets.

The value of Ki for the filter material tested in this work can be found by measuring
the clean filter pressure drop as a function of gas velocity. Figure 4 plots the data and
fits a straight line through the data for selocities up to 5 cm/s. The slope of this line is
K1 The value of K1 is given as 7.97 x 102 g/cm2 s. The value of K2 can be determined
both theoretically and experimentally. The theoretical analysis first assumes that the
layer of particles forming the cake is comprised of isolated spheres far enough apait so
the flow around one sphere does not interfere with the flow around a neighboring
sphere (i.e., the porosity of the cake, e, approaches one) and that the Reynold's number,
is less than one, then Stoke's Law can be applied to determine K ,2

2K2 Stokes = (18 p)/(CD pp) (3)

whcre

gas viscosityp =

particle densitypp =

D particle diameter=
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C is the Cunningham slip correction factor given as:

C = 1 + A/D [2.514 4 0.80 exp ( 0.55 DA)] (4)

where X is the rnean free path of the gas. For air molecules at standard conditions the
mean free path, A, is 0.066 pm .
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E y. 8 4271 + 70.593x R^2 - 0.993
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1 0 1 2 3 4 5 6
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Figure 4, Filtration Velocity Versus Pressure Difference
for Clean 47mm IIEFA Filter

in real situations the spheres touch causing the flow around each sphere to be affected
by its neighboring spheres, hence the porosity no longer approaches 1. In order to
account for the effect that porosity has on pressure difference, a resistance factor, R is
defined which allows for a real solution of K2:

K2 = RK2 Stokes (5)

At least two different rec. ...hers have developed methods of defining resistance factor
R I1 The work of Koreny and Carman led to a semi empirical equation that determines
the resistance factor to be:

R = 2 Kek (1 c)/c3 (6)

where e is defined as the porosity of the filter cake and the empirical constant Reg is
equal to 4.8 for spheres - and 5.0 for irregular shapes. Leith and Allen 10 state that
Equation (6) should not be used if e > 0.7.

Alternatively, Rudnick and First12 '

developed an equation for R derived from theory and
thus does not have an empirical constant as in Equation (6). This equation is given as:

R = [3 + 2(1 c)$/3) / [3 4.5 (1 c)l/3 + 4.5 (1 - c)5/3 3(1. c)2] (7)

Both methods of determining R require a knowledge of the porosity of the particle cake,
llowever, the poro',ity can only be determined with experimental measurements of the.

thickness of the deposited cake and the total mass of particles in the cake. R can also be
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calculated directly from the experimental data without a thickness measurement by
,

combining Equations (1),(2),(3) and (5) to give: !

R = ACppb2 (3p.APo)/18 pV M (8)

Both theoretical and experimental values for the resistance factor it will be discussed in
the section describing the results of the filter mass loading tests.

,

hoerimental Set.un for the Mass Londinn Tests

The sampling chamber allowed for three 47mm filters, a cascade impactor and a
Tapered Element Oscillating Microbalance (TEOM) to- simultaneously sample the aerosol '

stream. Simultaneous measurements of the acrosol particle mass - collected . by each port,
as determined by the average between a gravimetric analysis and conductivity analysis,
indicate that the maximum difference between any- two- ports is 1,1% while the average
difference is 0.5%.

To investigate the role particle diameter plays in the mass ing vs. pressure drop on
the llEPA filters, a series of tests were designed to loud the . ters to given values of t

pressure difference with particle size distributions of different mass median diameters.
The different particle size distributions were obtained by using two different - nebulizers,
changing the solution concentration of Nacl solute and varying the gas velocity through

'
the nebulizer. The polydisperse acrosols used in the mass loading tests were sized before I

and after each test with a seven stage inertial cascade impactor.

; The basic concept of the experiment remained the same as in the efficiency work.
Clean, dry air was supplied to an aerosol nebulizer producing a distribution of droplets.
The droplets were then dried and neutralized and the solid acrosol particles were
collected for analysis. There were a number of improvements, in the experimental set up-
relative to the efficiency apparatus. A schematic diagram of the equipment used for4

-

these tests is given in Figure 5. Connecting transport. tubing was shortened and as many -

'
components as possible were mounted vertically to minimize particle losses due to,

settling. An impinger was added after the Retec nebulizers to remove large droplets that -
were the major factor in forming occasional plugs in the transport tubing. Another

impinger / mixing chamber was added just_d agglomerates,
before the sampling chamber for all tests. This

impinger removed any large resuspende allowing - better control over the
sampled particle size daring the course of the experiments. The chamber also provided a
number of additional ports whete dilution ' air could be added and the pressure and
humidity measured.

Mnss Londing Test Results

The first series of tests duplicated the ' acrosol generation and- filter c collection
parameters for two mass loading tests in order to show that the: experiments were "

reproducible and to quantify - the amount . of error ' inherent in the experiments.
Measurements were made by collecting acrosols on a 47mm filter until ' a ' desired pressure
drop was ; observed across the filter. The mass on each filter was . determined by an-
analytic balance and by measuring the conductivity of the solution used :o wash . the
filter. Measurements were typically taken at pressure differences of 500,1000,1500 and
2000 Pascal (2, 4, 6. and 8 inches of_ water) above the initial pressure drop through the
clean filter. Supplementary measurements were obtained with a Tapered Element .
Oscillating Microbalance (TEOM), a real time mass collection device. ' Problems with the
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reliability and reproducibility of the TEOM in the larger size ranges, limited its
usefulness in these experiments.

DMon
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. -a. _
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Minho ChargeExhaust 1 ,m
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'
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l
Vacuum+ % a Pressure_

Pump Transducer
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Figure 5. Experimental Configuration for Pressure
Difference Versus Mass Loading Tests

llowever, as Figure 6 indicates the TEOM was able- to confirm the essentially linear
behaviar of the mass loading as a function of pressure drop. This justifies fitting the
47mm filter data with a linear least squares fitting routine. Four sets -of 47mm filter data
were collected for the TSI generator using a 10% Nacl solution concentration. These tests
are overlaid with data taken from Novick and liigginsl3 and shown in Figure 7. The
particle sizes measured for these four tests are shown 20% larger than those measured
for the Novick and Higgins test for the same generation and sampling conditions. This
difference is most pwbably due to the improved transport properties of the redesigned
experimental system. -Note that the reproducibility in particle size, determined by the
average between cascade impactor measurements -just before -and after each mass loading

,

test, between the four tests is excellent. The . spread in the data for this particular
generator, solution concentration and flow rate (TSI, 10%_ Nacl and 2.45 cm/s) is
approximately 1, 7% from the average of all of the data poinu,

|_

Figure 8 presents the data from four sets of 47mm filter tests compared with the Novick
and liiggins results for the Retec generator with a 10% Nacl solution concentration- at 'a - s

filter media velocity of 2.45 cm/s. - Again the particle size distribution transported by the
new system is larger than that measured in the Novick and liiggins test. The spread in
the data for this set of conditions is approximately .t_12%. Both of these measures of the -
scatter in experimental data is consistent with the - crror expected from an. analysis of the
uncertainty . in each of the measuring devices. Some of the error may be attributed to-
particle size differences between tests.
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Figure 7, Tests Comparing the Pressure Difference
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with a 10% Solution (Velocity = 2.45 cm/s)
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Figure 8. Tests Comparing the Pressure Difference
Versus hiass Loarling Using the Retec Nebulizer
with 10% Solution (Veloeity = 2.45 cm/s)

Figures 9 thr , ugh 12 present examples of the data obtained for each test using a
different particle size distribution, in all, nine different particle size distributions were
measured. As stated earlier, the TEOh1 confirms tne essentially linear behavior of the
mass loading as a function of pressure drop. Therefore, each data set was fit with a linear

function using the standard least squares routine contained in the Cricket Graph
software. The particle site tests were limited at the low end by the time required to obtain
e pressere drop of 2000 Pascal (8 inches of water) across the filter. For the smallest size
tested, hlh1D = 0.66 pm, a continuous collection time of 14 hours was required. The large
particle size limit was determined by the transport efficiency through the experimental
system, increasing the solution concentration beyond 10 % with the Retec generator
resulted in nu increase in particle size distribution.
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Figure 9. Pressure Difference Versus hiass Loading

for a Particle Size Distribution with a hihiD
= 0.66 pm (TSI Atomizer, 2% Solution, V = 3 cm/s)
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Figure 12. Pressure Difference Versus hiass Loading
for a Particle Size distribution with a
hih1D = 1.69 pm (Retec Generator,10% Solution
and 4% Solution, V = 3 cm/s)

Clearly Figures 9 through 12 show that varying amounts of acrosol material can be
collected on the filter for a given increase in pressure difference. As discussed
previously, it is common practice to define the specific resistance of a filter as the
increase in pressure difference for a given amount of mass per unit filter area at a given
velocity, so that comparisons betwecn filters can be made, in this work, the measured
specific resistance ranges from 3.9 x 105 s.1 to 1,4 x 106 s.1 for particle mass median
diameters ranging from 1.7 p m to 0.7 pm. Comparisons between the specific resistance
for particles in this size range, can be made with other researchers.

Rudnick and First12 tested Arizona road dust on four woven fabric filters and
measured specific resistances between 5.5 x 105 s 1 and 1.0 x 106 s. t . Apparently, the
particle size distribution was only measured once from a portion of the -dust batch and not
for each experiment. The particle size is given as an area median of 0.5 pm with an
approsimate standard deviation of 1.73. This would mean that the nominal mass median
particle diameter for the Arizona road dust experiments was 0.68 pm, which is within the
range of particle site tested in this work using Nacl. Note that the measured specific
resistance of the road dust is also within the range measured for the Nacl.

Durham and liarringtonl4 also measured the specific resistance for three types of
glass fiber filters using fly ash. Specific resistances ranging between 4.3 x 104 sl to 7 x
104 s1 at a relative humidity of 30%. The particle site in these experiments was also only
measured once from the fly ash batch by dispersing a small quantity in a liquid and
using a Coulter counter. The resulting treasured mass mean diameter was 4 pm. Optical
measurements of the particle size were made for every test, but the authors only reported
that the range of particle size remained between 1 m and 25 pm throughout the tests.

Specific resistances can also be calculated from the data given by hicCormackl5 These
mass loading tests were conducted with a variety of IIEPA filters, of which the type
designated I appears to be the same as the Savannah IIEPA filter. The test aerosol was
generated by burning sodium in air with steam added in some tests, to increase the
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relative humidity from aerosol 40% to near 60%. The calculated values of the specific l

resistance ranged from 8.7 x 104 d to 6.4 x 105 yl. In general, the larger values )s

occurred at higher humiditics and lower flowrater. The particle size measured in these
tests ranged from 6.8 pm to 1.4 pm, averaging 3 km for the mass median aerodynamic :

liowever, the particle size was not measured for every test. Clearly, the larger !diamt -

fly ash and sodium hydroxide particles have lower values for the specific resistance
compared to the smaller Nacl or Arizona road dust.

Examination of Figures 9 through 12 show a similar relationship betwecn the slope of
the line which is the specific resistance, K2 and the mass median particle diameter
representative of the acrosol distribution. Figure 13 presents a graphic presentation of
all the mass loading data from tests denoting the relationship between the mass loading
per unit area per unit pressure difference (i.e., the inverse slope) and the mass median
particle diameter. Clearly, the specific resistance decreases as the particle diameter is
increased.
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Figure 13. htass Loading Per Unit Area Per Unit Pressure
Difference Versus Particle Size for All Data
with V = 3 cm/s

in order to compare experimental results with theoretical predictions, thickness
measurements were taken of the particle cake for a number of tests. The porcoity of the
cake can be calculated from the thickness and cross sectional area cf the cake and
knowledge of the density of the solid particles.

For all data, where thickness was measured, the porosity averaged 0.7 with a standard
deviation of almost 50%. The calculated resistance factor based on the the porosity of
each test, R, however, has a standard deviation on the order of 200%, from an average of
21, clearly indicating that either a better method for determining R is required or that R
has a functional dependence on some experimental parameter. On the other hand, using
Equation (8) for the same data set, the average value of Rexp is 6.8 with a standard
deviation of 35%.
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Another method of determining R, that is instructive, is to take the slope, K2 of each of
the pressure drop vs. mass loading curves. This slope is essentially an average of the
(AP APo)/(ht/A) measurements for that particular selocity and particle sire. Dividing the
slope by the velocity and plotting the results as a function of the inverse of the particle
diameter squared, is a convenient method of combining all of the data on one graph. The
slope of this line should simply equal R times some constants as indicated from Equation
(8). Ilowever, Figure 14 shows that the data clearly has a y-intercept, indicating that R is
also a function of the particle site. The slope from Figure 14 defines R to be

R = 3.06 + 7.56 x 10 pp CD27
(9)

The density and particle sire are in egs units. This method of determining R has a
standard deviation of only 20% which is much closer to that expected from the analysis of
errors in the experiment.
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Conclusions

The IIEPA filter media is at least 99.99886 % efficient for all dry particles sizes traveling
with a gas whose velocity is 0.89 cm/s. The media is at least 99.9727 % efficient forparticle dusts at a velocity of 2.98 cm/s. These measured efficiencies meet or exceed
current specifications. Efficiency spectra were determined for both flow rates allowing
the release to the environment to be calculated for a given particle size distribution.

The resistance factor, R, was shown to be dependent on the mass median particle
diameter for polydisperse aerosol distributions. This contradicts the assumption that the
resistance factor, itself, is independent of particle size. However, as particle diameter
decreases, the resistance factor does indeed become a constant according to Equation (9).

796

_-



-_ .___ . - . . . . - . . _ _ _

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE
l
|

Combining Equation (9) and Equation (8) allows the mau loading per unit area to be
predicted for a given increase in pressure differences across the filter, a given velocity
and known or estimated mass median particle diameter.

2 7 2ht/A = (AP APo) CppD /18 Y p (3.06 + 7.56 x 10 pp CD ) (10)

Equation (10) also uses cgs units for all terms. This equation accounts for variations in
particle diameter, particle density, gas viscosity and gas velocity. Therefore, it can be

generalized to a wide variety of filtration scenarios within certain limitations.

One limitation is that the model described by Equation (10) is only good for dry, solid
particles. Wet soluble particles appear to produce an esponential increase in pressure
drop as the aerosol mass is increased in the filte r. This effect was also seen by
hic Co rm a c k l5 using sodium hydroside-acrosols, it is probable that insoluble particles
with a liquid coating also exhibit non linear behavior. Ilowever, Durham and

l lliarrington 5 Ariman and llelfritch 6 showed that for some combination of aerosol and
I filter rnaterials, the specific reaistance of a filter cake decreased as the relative humidity
| was increased from 20% to 60% and from 20% to 80% respectively. This effect has not
j been quantified or incorporated into the model.

Another limitation is the extension of Equation (10) to other materials and shapes.
Based on the apeement between Rudnick's data for Arizona road dust and this work with
Nacl, in measuring the porosity of the particle cake, Equation (10) should be applicable to
a wide variety of materials that are relatively non sticky. In addition, based on the

observation by Kozeny and Carmen of a 4% difference between spherical and irregularly
shaped particles. Equation (10) should be applicable to most particles with aspect ratios
near unity. Flakes and needles would probably have significantly different porosities
and hence different values for the resistance factor. Finally, there may be limitations on
the applicable particle size range of equauon (10). Ve ry small particles with high
adhesive coefficients may cause variations in the cake porosity in a manner similar to
the ' sticky' particles mentioned earlier. Also, particles with a size corresponding to the
minimum efficiency of the filter material may cause an initial non linear increase in
pressure differential as a lunc' ion of mass loading.

In general, the highly efficient collection capabilities of this filter media, cause a
particle cake to be formed very rapidly on the surface of the filter, hicasurements
indicate that this cake forms in the first few minutes of acrosol collection. This
phenomena allows the use of Equation (10) for predicting mass loadings on the Savannah
River flEPA filter material.
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AEROSOL PENETRATION INSIDE HEPA FILTRATION MEDIA

p. Letourneau, Ph. Mulcoy, J. Vendel
Comaissariat & l'Energie Atomique

IPSN/DPT/ SPIN /SEIP
CEN/Saclay - 91191 Gif-sur-Yvette C6dex, France

Abstract

Attemps made to modelize changes in HEPA filter pressure drop
as a function of such parameters as the amount of aerosol colloc-
ted, which also take account of filtering medium characteristica,
those of the filtered aerosol and the filtration velocity, have
always been limited by a lack of knowledge of the distribution of
particles within the medium.

For the last few years, a method, developed over 25 years ago
to study the distribution of Radon daughters within filter media
made of cellulose fibers, has been reused and applied to radio-
active and fluorescent aerosols penetration studies. This method
enables determination of acroso. distribution on the surface and;

I inside the filter medium by peeling away successive layers using
an adhesive tape and measuring the specific amounts removed each
time.

Knowledge of aerosol penetration within the filter has revea-
led that, for a given aerosol, particle distribution inside the
filter rapidly decreased exponentially and that fixation on the
filter's front surface rapidly superseded penetration inside the

i medium.

The deposit profiles thus measured have made it possible to
propose a model for determining the rate of filter pressure drop
increase - based on the model proposed by Bergman - that closely
agrees with experimental results.

I. Introduction

Work has been underway for several years in our laboratory in
order to modelize the removal efficiency and presure drop of HEPA
filter media, as a function of such parameters as aerosol par-
ticle size distribution and concentration, filtration velocity,-
rate of clogging, ...

This paper concerns the work conducted to modelize filter
pressure drop change during clogging.

The first part of thic paper will be concerned with the test
installation and the characteristiiu of the test aerosol (uranine)
and those of the filtering media (D. 306 Bernard-Dumas).

The second part will deal with experimental results. The
latter involves the following:
- measurements of the change in pressure drop as a function of the
surface mass of the filtered aerosol at various filtration I

velocities,
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aerosol distribution within and on the surface of the filter-

medium.

The last part of the document will deal with modelling, and
inparticular,theincorporationofthepenetrationprofy)esin
the pressure drop calculation model developed by 11ergman .

II. The test facility

11.1. Description

The test facility is shown in simplified form in figure 1.
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1 Uranine aerosol generator
2 Cartridge filters

j 3 Exhaust HEPA filter
4 Aerosol injection

|
5 Main duct
6 Filter holder
7 Pressure drop controller
8 Ventuel flovmetet
9 Downstream filter holder

10 By pass
11 Sampling probe
12 Upstream filter holder
13 Pneumatic gas meters I

14 Air ejectors 1

Figure 1 Schematic diagram of the test facility
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The acrosol produced by the uranine generator (n' 1 in draw-
ing) is partly or totally injected in the main duct (n* 5) used to
convey the air flow corresponding to the filtration velocity
selected. Samples taken upstream (n' 12) and downstream (n* 9)
from the filter tested (n* 6) are used to evaluate the volume con-
centration upstream and the removal efficiency of the filter
tested.

Filter pressure drop is continuously monitored (n' 7) and the
filtered air flow is kept constant during the test via a venturi
system (n' 8).

II.2. Tqst acros21

Tests were made using uranine acrosol (soda fluorescein)
produced by a standardised NF X 44011 generator. The characteris-
tics of the fluorescent acrosol thus produced are as follows:

'
type: fluorescein (sodium salt)

shape: spherical
3density: 1,500 kg/m

number median diameter: 0.08 ym

mass median diameter: 0.15 pm

geometric standard deviation: 1.6

acrosol generator output: 25 to 30 mg/h

1I.3. Elli.cf_ina media

The filter media used are HEPA type media made of glass
fiber. Their characteristics are as follows:

Supplier: Bernard-Dumas (France)

Product n': O 306

Thickness: 475 pm
2GSM: C7.4 g/m

Proportion occupied by fibers: 7.38 10-2 (in volume)
Shape: plane filter disks of actual filtration diameter of 10.8 cm

These characteristics are averages determined on the basis of
14 samples.

III _Exoerimental results
III.1. Initial filter Dressure dron

Figure 2 shows the change in filter pressure drop (oP) as a
function of filtration velocity (Um).

I
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Delta P (kPa)

,

2.5 -

i

2 - 0 306 clean filter medium )
_-

-

\
l

|
'

1.5 -

,

1 -

,' -

,

3
AP(Pa) =.6.8910 Um(m/s)0.5 -

.

' ' ' ' ' ' ' ' ' ' ' '0 --=

O 5 10 15- 20 25 30
^

Filtration velocity (cm/s)

-Figure 2 Change in pressure drop of clean D 306: medium
'

versus filtration velocity

The average result obtained from 13 filters led to the fol-
lowing formula:

3AP = 6.89 10 Um (1)~

where AP is expressed in Pa and Um in m.s*1

III.2. Chance in filter oressure dron durina cJqccing

The graphs of D 306 filter pressure drop variation as a
function of-the-amount of aerosol. filtered per effective tait of
filter surfaco are shown. in figure 3. ".'he filtration velocities
selected are respectively: 3, 5, 10, 20 and;30 cm/sec.
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Figure 3 Changes in pressure-drop of loaded D 306 media-versus
surface mass of filtered aerosol for different filtration. velocities

.
III.3. Profiles of aerosol carticle Dengtration insid* di.lterina
media

.

' '

i III.3.1, Peelina method

The method consists in using an adhesive tape sample of known
surface area to collect a fraction of the filterfs thickness,-and
to repeat this operation until no filter medium remains.

If operation is performed very repititively, the operator
succeeds in obtaining a constant number of samples. Fourteen
peelings were consistently made in this study,-of a mean thick-
ness of 34 #m,
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III.3.2. Penetratioq,within the filter padingt

The results obtained allow the general penetration rate to be
determined. The first peeling was ignored due to its considerable
dependence on the total amount collected (filter surface accumu-
lation).

It was revealed that the penetration profile is uniform at
low velocities and has two distinct slopes cs filtration veloci-
ties increase, and that the second part of the graph significant-
Ay depends on the filtration velocity. This is shown in figure 4.
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h. .
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\ A \h \

k \ \\

\i 9
\ \\|

O.1 -
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'

*\

-

' ' ' ' '
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Depth insido f.lter medium (pm)

i

Figure 4 Distribution profiles versus deposition depth I

for different filtration velocities (D 306 media) |
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In this figure, the amount of fluorescent material removed on ,

!peels 2 to 14 is exprecaed as a percentage of the total amount
collected on these peels.

III.3.3. Aerosol deoosit on the filter's front surface

Penetration profiles are only slightly affected by the amount
of aerosol 'iltered, as may be seen in figure 5. However, the
amounts deposited on the upstream filter surface, and collected by
the first peeling, depend greatly on this value, as shown in
figure 6, in which the percentage of fluorescent material collec-
ted by the first peeling as compared to the total surface mass'of
deposited aerosol was plotted at various filtration velocities.

Surface mass of deposited aerosol fg/m*2)
10 -

A

A

1 - + 1.84

Total deposited masses (mg) o 12.61
,

A 27A2
A ,

0.1 * o a 52
A
+0

h6
A0.01 - 4

kA
+

h

0.001 - A h
14

*$
on
A *

Filtration vetority : 5 cm/s
0.0001 - 2 ,o3

A @
A h

A- ,

0.00001 ' ' ' ' '

O ;00 200 300 400 500 -

Depth Iriside filter medium ( m)

! Figure 5 Surface mass of deposited aerosol versus. deposition-
depth for different filtered masses

j (Um = 5 cm/s)
|
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j 60 -O
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|
~
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I D
I

|
\
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!
ig

i
!

! 30 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

i
j 0 1 2 3 4 5 6 7 8 9 10 ;

! Surface mass of filtered aerosol (g/m*2)--
t
:

) Figure 6 Changes in surface deposition versus surfac'e mass
{ of filtered aerosol for different filtration velocities
,

4 - This figure shows that the. amount of aerosol penetrating )
-

inside the filter medium.decreasesLrapidly and becomes almost
,

insignificant when the total surfage: mass of filtered aerosol'is4

filtration- igreater than approximately 2.5 g/m 'Beyond this value;
by the aerosols deposited on the upstream-surface of-the filter
becomes the dominating mechanism.
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| IV. Modelling

IV.1. Pressure dron characteristics of a new filter
The formula developed by baviesO):

, 3/2
AP = 16 9 Um-Z (2)Ra

adequately describes the change in pressure drop (AP) of a filte-
ring medium as a function of filtration velocity (Um). In this
formula:

4 is the dynamic viscosity c' the gas
.is the fraction of the filter volume occupied by the fiberso

r
R* is an equivalent fiber radius
Z is the thickness of the medium.

Using the characteristics measured for the D 306 medium (see
II.3), we were able to determine an equivalent fiber radius of
0.63 pm.

ly.2. Pressure droD modellina of a clocaed filter

Inordertoaccoung)forthechangeinpressuredropofthefilter medium, Bergman ( proposed extending Davies model by g

assuming that the deposit of particles of radius r inside the
medium was equivalent to adding a new group of fibers. Formula 2
is modified as follows:

1/2a a , ,

(pf3AP = 16 4 Um Z + r) (R r} )+

in which a is
the particSes. the fraction of the filter volume corresponding to

Although determining or p ses no major difficulty, since the
structure of a filter medium may be assumed to be homogeneous to alarge degree, the same is not true for o .

p

Attemps to apply this formula for HEPA filters (3) have reveal-
ed considerable differences between the model and experimental
results.

Since one of the main reasons of these~ differences was attri-
buted to the assumption that aerosol particles were uniformly
distributed within the filter medium, the method of using repre-
sentative profiles to calculate o was applied.p

If the filter medium is considered to be a series-of disks ofthickness dx, its total pressure drop may be expressed as follows:
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1/2 ,p{x)p p(x)Z a o o p
+ ) (F + ) dx (4)AP = f 16 y Um (p,, ra r

o

In this formula, o is a function of the thickness.p

Since aerosol distribution inside the filter medium decreases
exponentially, it can easily be shown that o can be expressed as-

p
follows:

-kx
m ko (5)p(x)a =-

.

p(1 - e-kZ)'

in which:

m/s is the surface mass of the aerosol collected
p is the density of the particles!

j k is the mean penetration factor in the filter medium.

j Using formula (4) with o determined by formula (5), resultsp
i in:
4

1/216 y Um a [2 0 r 3/2(1 + Be.g) )
y 7 ((1 + 8)<{3a.

AP = -
.

; a. x
? m

[(1 + 8)1/2 _ {1 , 3,-kZ)1/2+ 2 ,

j + log III + O2 ~ 13III + 0* I + ll *(6),
l((1 + B)1/2 + 1)7{1 , 3,-kZ) _ 1)I

'

with B = ,k *a 2

y

i An average value of factor k (k ='2.69 10' md) obtained from
,

figure 5, which shows that for the first part of the graph - that
! for'which deposits-(and therefore their effect on pressure drop)
; are the greatest - k is almost independent of filtration-velocity,

) Results are indicated in figure 7 and 8, in which the change
in pressure drop noted at filtration -velocity ( AP/Um) is expressed
as a function of the surface mass of filtered acrosol.,

It can be seen in this-figure that the experimental points
corresponding to the various filtration-velocities agree closely

: with the graph derived from formula (6) .

$ The improved model satisfactorily describes the behaviour of
the filter pressure drop during clogging with uranine-aeropol even )-

for surface mass of filtered aerosol of more than-2.5 g.m - i.e
for a total amount of aerosol-deposited on the filtcr surface of

; more than 90%.
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l
,

mechanism from fibers to cake filtration seems to have no conse-
quence on the pressure drop modelling.

Delta P/Um (kPa.s/m)
30 o-

A
-

25 -

O
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| A
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-

' ' ' ' ' ' ' ' ' ' ' '
0
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Surface mass of filtered aerosol (g/m*2)

Figure 7 Changes in pressure drop with clogging : compariso
of the improved model with experimental results (m/s < 3 g.m p)
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Figure 8 Changes in pressure drop with clogging :
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V. Conclusions

Determining the change in pressure drop for HEPA filters as a
function of the amount of aerosol collected has been the subject
of many studies but none have resulted in a satisfactory model
since the distribution of the aerosol particles inside the filter
medium was not accounted for. Using an adhesive tape peeling
method provided the data required to describe particle penetration
in the filter medium and enabled it to be shown that particles
deposited on the filter surface rapidly become the most important
factor.

The use of actual profiles of penetration within the filter
medium makes it possible to adequately describe the change in
filter pressure drop, regardless of filtration velocity.

Moreover, the description of the evolution of the filter
pressure drop during clogging seems not to be affected by the
change from fibers to cake filtration.
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CLOSING COMMENTS OF SESSION CO CHAIRMAN DO'LMAN

Dr. Bergman: Improved metal filters by fabrication of metal fibers into alter medium. Test data
indicate HEPA efficiency but with somewhat higher pressure drop.

Dr. Watson: Long interested in magnetic separatic' ., aescribes r. new approach by constructing a
ferro-magnetic matrix. The filters described have important features such as requiring no external
magnet or power, are smaller and portable, and can be cleaned without demagnetizing.

Dr. Jannakos: Tests at Kernfornschungszentrum Karlsruhe of a polygonal filter designed to
withstand water droplets expected from an ac.ident involving coolant, show effective resistance to
damage. This finding parallels U.S. data where filters show similar resistance to water damage.

Dr. Novick: Pressure drop across HEPA filter material has been measured as a function of loading
for various particle size distributions. Results show that for dry particles 1) there is a linear increase
of pressure drop with mass,2) small particles cause more rapid rise of resistance than those of larger
distributions. The authors consider that the linear increase of pressure drop with mass loading is caused
by the particle cake which forms on the filter surface. Maximum penetration through the filter material
was found in the 0.15 to 03 p region, depending on filtration velocity.

Dr. Mulcey: Tests made using hetero dispersed aerosols of 0.15 p mass median and the HEPA
filter material showed a rapid exponential decrease of particle _ concentration inside the filter. The
authors state that deposition on the front surface of the filter quickly supersedes penetration in depth.
Their model of a clogged filter describes the change in pressure drop with loading by the aerosol even
when surface loading accounts for more than 90%

That concludes this afternoon's session. We thank the authors for their interesting presentations
and you, the audience, for participating. ;
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OPENING COMMENTS OF SESSION CO CilAIRMAN WICllMANN

Five papers devoted to safety will be presented in this session. Fire is one of the events which
may have severe consequences in a nuclear plant. In such an accident, it is important to understand the
behavior of the ventilation network because it is one of the containment barrier for the plant, ne first
paper will present the impact of filter clogging on the behavior of the ventilation network in the event -
of a fire, in nuclear reprocessing plants, high activity wastes are stored waiting vitrification. Due to the

,

!

high heating power of the fission projects, they must be cooled. The second paper will present original
observations concerning the behavior of ruthenium in case of a hypothetical shutdown of the cooling

,

'

system for a high activity waste storage facility. The third paper, like the first one, is related to a fire
accident and wiL present the effects on a large scale ventilation system. The fourth and fifth papers will

.

;
deal with monitoring systems for aerosols. The fourth paper discusses a continuous air monitor for

i
| alpha emitting aerosol particles The fifth paper describes a measurement system for alpha and beta

aerosols with a wide dynamic range and krypton 85 masking. 1 think these are very significant
presentations at the Nuclear Air Cleaning Conference because much of our interest is concerned withj
how to maintain and improved safety at nuclear plants.;
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IMPACTS OF THE FILTER CLOGGING ON THE BEHAVIOUR
OF A VENTILATION NETWORK IN THE EVENT OF FIRE

J.C. Laborde*, M.C. Lopez**, H. Pourprix*, J. Savornin***,
J. Teissier***

Commissariat a l'Energio Atomique, IPSN
*DPT/ SPIN /SEIP

CEN/Saclay - 91191 Gif-sur-Yvette C6dex, France
**DPT/ SPIN /SEIP/LESI

CEN/Grenoble - B.P. 85 X, 38041 Grenoble C6dex, France
***DAS/ STAS / SPI

CEN/FAR - B.P. 6, 92265 Fontenay-aux-Roses C6dex, France

Abstract

One of the main roles of ventilation in a nuclear plant is to
maintain dynamic containment during normal or accidental operating
conditions. Among the incidents likely to affect a nuclear instal-
lation, fire is one of those which, coming from the safety stand-
point, requires the greatest attention because it is one of the
most probable risks. The consequences of a fire have to be analy-
sed not only in the room where it breaks out, but also for the
entire ventilation network. To evaluate these consequences and
develop strategies against fire, the Ceamissariat & l'Energie
Atomique (CEA) uses several test rigs and calculation codes by
which the impact of a fire upon the sensitive points of a network
can be determined.

Research and development studies currently under way give
priority to the clogging of High Efficiency Pargiculate Air (HEPA)filters. Beginning with polymer fires in a 85 m ventilated room,
the influence of filter clogging on the characteristic parameters
of the associ,ted ventilated network (pressure in room, extraction
flow, ...) is highlighted. The resultant modelling study following
these experiments reveals that coupling of a ventilation code with
a fire code cannot be disassociated from the development of a
filter clogging model. This paper also gives the first experimen-
tal results relative to the determination of the variation, accor-
ding to time and mass of deposited aerosols, of the air flow
resistance of a filter clogged by aerosols derived from combus-

[tion of standard polymers used in the nuclear industry (methyl
acrylate polymer, polyvinyl chloride). A methodology to extend the
recults obtained on our clogging test rig to any ventilation
network is then described.

I. Introduction

Fire in a nuclear plant is an accident event which must be
taken into consideration during the building design phase since it
is one of the most probable risks. Studying fires and their conse-
quences is complicated due to the diversity of the causes and
parameters related to fire spreading. As a consequence, it can
easily be conceived that thermal challenges will, in almost cases,
be associated with other challenges such as the release of gases
and aerosols, pressure stresses and vapour condensation.
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The effect of these phenomena on the behaviour of ventilation
systems and associated air cleaning components must be studied in
order to evaluate if containment is maintained during the fire.

The Commissariat & l'Energie Atomique initiated a research
and development programme several years ago in view of specifying
fire prevention and fighting strategies. This programme involves
the implementation of experiments and calculation codes designed
to control the fire and its consequences-from the source term
until release to the environment.

One of the critical factors with respect to the fire safety
strategy is the presence of aerosols, which is generally diffi-
cult to take into consideration. 'lowever, the behaviour of Hight

Efficiency Particulate Air filters (HEPA filters) is closely
dependent on the accumulation of aerosols which can rapidly clog

4

these filters and decrease the capacities of the-ventilation
system.

This paper demonstrates, on the basis of polymer fires crea-
ted in a ventilated room and the modelling of the associated
ventilation system behaviour, the importance of the risk of HEPA
filter clogging. Some results cord:erning clogging according to the
aerosols formed during fires are also given.

II. Description of experimental and calculation means

In order to study, under-full scale conditions, the spread of
-fires in confined areas and their consequences on the behaviour of
ventilation systems, two experimental facilities (BEATRICE and
MELANIE) and a ventilation code (SIMEVENT) a r t. currently used.

II.1. BEATRICE test ric (figure 11

Air
inlet

\k-

\ c osure

Ye e

,

f'

instrumentation room % . Air

( \
-

.- g Tw
\ l ;

~~ 2nd flitration level
b

Exhaust fan

Figure 1 BEATRICE test rig
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i

Initially designed to determine the characteristics of fire

ofdustdepositsinventilationdgtsandtheireffectonthe
behaviour of air cleaning systems the VEATRICE test facility,

was modified in order to create fires involving various materials
in a small ventilated enclosure.

3This test facility consists of a 2 m volume made of stain-
less steel where the combustible materials are located, and an

exhaust circuit cong)isting of 2 m long rectangular straight sec-tions (450 x 300 mm It comprises two HEPA filter stages which.
'

simulate the two filtration levels (before and after air dilution)
usually recommended in nuclear plants.

A fan, located dgwnstream from the circuit, .ovides the air
exhaust flow (3,400 m /h under rated conditions) .

Sampling and measuring points are located along the exhaust
circuit in order to determine the following parameters:

- temperature of air and of duct wall,

- air flow rate,

- HEPA filter pressure drcp,

size distribution and concentration of the aerosols formed.-

II.2. MELANIE test facility (flaure 2)

( Air
outleto

Air
o inlet

I 1

*
f er ,,

%h N
r |. ii

- : | |

\ ,_ \ ! !- |
Experimental |

fire ,I |'

f |,!Ih Nw_. r o
oN- N j j[ "'

,

. i i

- - }- ,g -4, f, j
" -'

F

Scrubber | ^\ ''nf. 7.

Instrumentation Test cell
room (84 m2)

Figure 2 MELANIE test facility-
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Test enclosure

The test enclosupe is a room with concrete walls of an appro-
ximate volume of 85 m . Another adjoining room is coupled to the
test enclosure and serves as the control and instrumentation room.
Between these two rooms, a rectangular window made of tempered
glass enables the test to be filmed and observed.

The combustible-materials are locaced in the centre pf the
test enclosure in a stainless steel tray (90 x 70 x 10 cm ) on a
metal frame (43 cm high) associated to a weis51.ig system.

-

Associated ventilation network

It consists of the following:

An air supply system, which includes:.

- an air intake duct which can be thermally insulated,
- a fan,
- an air flow control damper,

2- low or high position air intake, through 0.4 x 0.6 m grids.

. An exhaust system, which includes:
- an exhaust duct located in the room, equipped with high or low

0.4 x 0.8 m intake grids,
- a fire damper,
- a filter housing equipped with HEPA filter,
- a scrubber,
- a fan,
- an exhaust stack.

.

Instrumentation

The test facility is equipped-with instrumentation connected
to a data acquisition system which provides the following infor-
mations:
- air temperature at various points in the room and in the exhaust-

duct,
-

- thermal flux,
- air intake and exhaust flow-rates,
- pressure at various points of the system,
- gaseous effluents-composition-(gases and aerosols),
- combustible weight loss,
- contamination transfer coefficients from the source term to the

exhaust HEPA filter.

II.2. The SIMEVENT ventilation code (2)

The SIMEVENT ventilation- code is used to evaluate the- beha-
viour of a complex ventilation network submitted to various dis-
turbances of mechanical and/or thermal origin. The code is based-
on the division o'f the system in nodes linked by branches. A node
represents a point of the system whose temperature and pressure
can be consAdered as uniform. A branch is a part of the system
limited by two codes and fully defined by the relation AP-= f(Q)
which-expresses the pressure difference (AP) as a function of the
flow rate (Q) in the branch.

a
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For a given accident situation, the code makes it possible to
calculate the new values of pressure and temperature at the nodes
and the flow rates in the branches. It can then be seen whether
the simulated incident causes undesirable effects with respect to
safety (reversal of air flow, room overpressure, etc).

To evaluate the consequences of a fire in a room, a fire
description code must be used to be coupled with 91MEVENT. Two
complementary methods were used to achieve this coupling:

- the use of SIMEVENT with a fire software prog.amme based on
a simplified model of the chsnge in temperatura of a room sub-
jected to fire,

- the use of SIMEVENT with the FLAKME code 43) wh ch makes it,

possible to precisely describe f.he fire in tne roem using a zone
model.

|
Using SIMEVENT with the simplified model is a fast prelimi-

nary approach to solving the problem, which may then be more<

precisely analysed, if necessary, with SIMEVENT and FLAMME toge-
ther.

A semi-empirical correlation which calculates the gas tempe-
rature in the upper layer of a room as a function of the fire heat
release rate, the ventilation flow rate, the ambient temperature,
and the room's physical and size characteristics was developed by
Alvares Foote and Pagni at the Lawrence Livermore National Labo-
ratory(j) .

Given the followirg:

Q, : fire heat release rate (kW)
gas specific heat capacity (kJ kg-1.K~1)C, :p

T, : ambient temperature (k)

T : upper layer temperature (K)

m, : mass ventilation flow rate (kg.n~1)
2A : room surface area (m )

h : effective heat transfer coefficient ( kW . m-2 . k- 1 )

h= P" if t s t"
p

k" if t > t,h=

wall specific heat conductivity (kW.m'I.K"1)k, :

Wall specific heat capacity (kJ.kg"1.K"1)C, :p

| wall density (kg.m"3)p, :

e : wall thickness (m)

Ble
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= ( "Ck, ) ()
p 2

t : wall thermal penetration time _(s) t
p p

t i time (s)
The upper layer temperature rise above_ ambient is calculated

as follows:

T-T O 0.72 - 0.36
a c hA

= 0.63 (m C T) I I9 m C
a a Pa a a Pa

J

This formula constitutes the simplified-model'used with
SIMEVENT.

I- III. Exoer_imental evaluation of-th.e effects of oolymer fires I

l
III.l. Test ctnditions

The characteristics of the two polymer fires.are indicated in |

.
table 1.

1

Table 1

Methyl Acrylate PMMA'+ Polyvinyl
Polymer (PMMA) Chloride (PVC) +

i combustible i Type + 250 ml of 250 ml-of ethyl
; Material i ethyl alcohol alcohol-

i I
Weight (kg) 10.200 10.530 of PMMA. ,

i + 1-of;PVC
i

| Air g/h)
upply upper part upper part

'
j (m 2,480 1,800
e

i Ventilation aust lower part. lower-part
Exg/h)(m 3,930 3,950-j Parameters

1
1 1 6P room 12.5 12.- -

! (daPa)

i
Note:.

- the room is initially set at a negative pressure.
- the dif!!erence between the air supply and exhaust flow rates'is-3

j due to leakage from the outside,
j- - the 250 ml of alcohol are used to ignite the combustible mate--

rial.4

. III.2. Tvoical results
i
'

We are mainly interested in the effects of the presence of
I aerosols whose characteristics are indicated in table 2 0) .

.

a

j 820
.
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;

Table 2

10.200 kg PMMA 11.530 kg PMMA
fire + PVC fire

Aerodynamic mass median diameter 1.03 1.3
(pm)

Geometric standard deviation 3.5 2.8

3Mean concentration (mg/m ) 108 138

Weight of aerosols deposited in 20 25
the room (g)

Weight of residue (ashes) (g) 0 215

Weight collected on the exhaust 150 190
HEPA filter (g)

| As shown in figure 3, these aerosols involve the HEPA filter
clogging which results in.a significant increase of the pressure
drop and a decrease in the exhaust flow rate. This phenomenon
occurs even though the weight of the aerosols deposited on the

; filter is low (200 grams approximately) and only represents 2% of
the initial combustible material weight.

Filter clogging causes the room pressure drop to increase
(see figure 3c). It must therefore be considered one of the most
important factors to be taken into consideration, since an over-
pressure in the room may result in the spreading of contamination
to the outside.

The duration of fire never exceeds 1.h, the most important
change in paramaters occurs during the first 30 min.

821
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Figure 3 Evolution of characteristics values during the fires
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IV. Modellinct the effects of oolvmer fires N

The SIMEVENT modelling diagram of the MELANIE test facilty is--
shown in figure 4.

M"
: room

g Q:% fant .... ........

I
.-777- filter resistance

%
} e: duct resistance

h j /g.A L : leak resistancey.............

a
' p.,... : thermal resistance

. - . . . . . ./if7 . _

, .

Figure 4 MELANIE modelling diagram

The code was initially used.to describe the fire on the basis
of the simplified model, i.e. by only considering the fire in
terms of temperature evolution.

We note a rather bad fitting between the results-provided by
the code and those. derived from the experiment, in particular with
respect to exhaust flow rate (see figures Sa and Sb), room pres-
sure and pressure upstream from the HEPA filter-(see figures Sc
and Sd). The differences are attributed to_the filter clogging
which is not taken into account in the code.

The filter clogging was therefore included--in SIMEVENT, using
the experimental data collected.on MELANIE, in the form of " filter
resistance" calculated as follows:

R p7AP = Qp y
o

This formula is expressed in SIMEVENT using the "GAINE" model

GAINE (N1, N2) =R, O7

AP : filter pressure drop (Pa) ~between N1 and N2

4, y, : dynamic viscosity of air under experimental and standa.ed
conditions respectively (Poiseuille)

3O : volumetric flow rate at the filter (m /s)y

filter resistance (kg/m's)R :F

823
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Figure 5 Comparison Code --: Experiment without clogging model
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Calculations can now be seen to better correlate with experi-
ments (figure 6).

It results from this comparison that to evaluate the conse-
quences of a fire on a ve.ntilation network, the " Ventilation Fire"
code used must include a module accounting for filter clogging.
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Figure 6 Comparison Code - Experiment with clogging model
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V. Idr flow resistance of a cloaaed filter '

Generally speaking, there are very few models or basic expe-
ramental data concerning HEPA filter clogging. Furthermore, these
data are provided by experiments using test aerosols (atmospheric
particulates, ASHRAE particulates, etc) which are not representa-
tive of the aerosols actually formed during fires.

A study was therefore carried out using the BEATRICE test
facility in order to acquire data concerning the clogging of
filters with respect to aerosols formed during fires involving
typical materials used in the nuclear industo . These materials
are polymers (PMMA and PVC) used essentially to manufacture glove
boxca.

Table 3 indicates some tests conditions and includes the
weights of the aerosols deposited on the HEPA filters whose degree
of clogging is to be evaluated.

Table 3

Weight of
acrosols

Amount Amount deposited
of of of the

unburnt burnt HEPA
material material filters M/Q

Test n' Material (kg) Q (kg) M (g) (%)

1 2 kg PMMA 2 24.5 1.2-

2 4 kg PMMA 4 54.0 1.3-

3 6 kg PMMA 6 89.8 1.5
'-

4* 2 kg transparent 1.320 1.680 78.3 4.7
PVC + 1 kg PMMA

5* 2 kg opaque PVC 1.450 1.550 73.9 4.8
+ 1 kg PMMA

6* 4 kg transparent 3.430 2.570 98.5 3.8
PVC + 2 kg PMMA

7* 4 kg opaque PVC 2.470 3.530 214.7 6.1
+ 2 kg PMMA

* It is assumed in testa n' 4, 5, 6 and 7 that the PMMA initially
introduced was completely consumed and that unburnt material
entirely resulted from the PVC.

The following values were measured continuously during these
tests:
- air temperature and flow rate
- mass concentration of aerosols at HEPA filter
- pressure drop

The air resistance of the clogged filter (R ) spe"ified inysection IV may be found using these values.
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The graphs in figure 7 represent the variation of R as a
F

function of time and aerosol mass deposited on th( HEPA filter. *
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Figure 7 Variation of R as a function of time and massF
of filtered aerosols
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We can see that the resistance of the clogged filter varies
linearly with the weight of the aerosolg deposited on the HEPA
filter, over the range from 0 to 10 g/m tests.

A relatively small amount of aerosol-causes large increases
in air flow resistance considering the nature of these-aerosols
(i.e. solid and/or liquid particulates depending on condensation
phenomena). Fir'9 resulting from PMMA + PVC mixtures clog filters
more rapidly th,.n fires from pure PMMA.

Since the type of material is an important factor, other
tests are currently being made involving other materials in view
of elaborating a data bank of their respective clogging potential.

The following method is proposed to apply the results provi-
ded by BEATRICE to evaluating the behaviour, during a fire, of a
given ventilation network modelled using SIMEVENT coupled with a
fire code.

Basic data

a) Fire source term

It is characterized by the size distribution and the mass
flow rate (Q,) of the-aerosols deposited on the HEPA; filter. Inte-

!grating the Q = f(t) graph provides the weight (M,)' of the aero-
sols depositeb on the HEPA filter.

N
| Q, n d n

_)

INTEGU(TION

> t ; t
,

b) Resistance of a clocced filter

The results provided by the tests on BEATRICE will lead to-
, typical graphs indicating the clogged filter resistance evolution
! R f(M ) for various materials.=

dy
4

: Fn
2

I

1,

; -
1

M'

3 ; d-
4
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i

c).Modellina the system usina the SIMEVENT code and a fire
Cadt

_.

GAINE (N1, F2) =R, O7

Instruction describing the air flow resistance of the
filter. .

Methodoloav

* at t = 0 Md= 0 R =R7 yo

* at tg = at

Given the basic data:

1*M (t ) = Md 3 d1

2 - R (t ) =Ry 3 yg

3 - new system state (flow rate, pressure, etc)

* at t2 = A2 t
1 ~ M (t ). = Md 2 d2

2 - R (t ) =Ry 2 r2

| 3 - new system state (flow rate, pressure, etc) and so on...

The above methodology would be easier to-implement numeri-
cally if an analytical model describing the variation in=the: air
resistance _of a clogged filter was available. A basic study is,

currentlyunderway;todevelopsuchamode))onthebasicoflabora-tory experiments involving test aerosols ( .

VI, conclusion

This study shows that among the many phenomena involved in a
fire, the risk of HEPA filter _ clogging is one of the factors that
should be carefully evaluated.

Considering the complexity of-the clogging mechanisms, many-
experiments must be conducted to acquire the basic data that could '

be-incorporated in the codes describing the effects'of a_ fire on
the behaviouroof ventilation networks.

| . The two main phenomena associated with' filter clogging are
the decrease in the air exhaust flowLrate which may result.in room

| overpressure, and the damage of the HEPA filter.
i

l

|

|
'
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. Abstract

The consequences of the failure of the cooling system of fission product storage tanks over a variable
period were investigated as part of the safety analysis of the La Hague spent fuel reprocessing plant.
Due to the conskierable heat release, induced by the fission products, an prolonged shutdown of the tank
cooling system could cause tM progressive evaporation of the solutions to dryness, and cuhninate in the
formation of volatile species of mthenium and their release in the tank venting circuit.

,

To determine the fraction of ruthenium likely to be trtnsferred from the storage tanks in volatile or
'

aerosol fonr uring the failure, evaporation tests were conducted by evaponiting samples of actual nitricd

acid solutic. of fission products, obtained on the laboratory scale after the reprocessing of several
kilograms of MOX fuels irradiated to 30,000 MWdayat 1 A distillation apparatus was designed to
operate with small volume solution samples, reproducing the heating conditions existing in the
reprocessing plant within a storage tank for fission products.

The main conclusions drawn from these experiments a:t as follows:

ruthenium is only volatilhed in the final phase of evaporation,just before desiccation,.

for a final temperature limited to 160 *C, the total fraction of volatilized ruthenium reaches 12%,+

in the presence of H20, HNO , NOx und 0 , the volatilized ruthenium recombines mainly in the.
3 2

form of ruthenium nitrosyl nitrates, or decomposes into ruthenium oxide (probably RuO ) on the2
walls of the apparatus.

Assuming a heating power density of 10 vV/ liter of concentrate, and a perfectly adiabatic storage system,
the m'inimurn time requind to reach dryness can be estimated at 90 h, allowing substantial time to take
action to restore a cooling source. It is probable that, in an industrial storage tank, the heat losses from
the tank and the offgas discharge ducts will cause recondensation and internal reflux, which will
commensurately delay dryness and the release of the ruthenium fem the solution.

1 Introdue:lon

The proble.ns raised by ruthenium in the radioactive offgases of a spent fuel reprocessing plant derive
mainly from its complex chemistrv and its high specific activity (essentially due to to6Ru), since this
fission product can in fact volatilize significantly during the evaporation or solidification of high-level
liquid wastes.

831
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Most of the ruthenium solubilized in dissolution is found in the raffinates of the first extraction cycles,
~

which are then concentrated to a volume of 300 liters /t of uranium reprocessed, and then stored for at
least one year before vitrification. These concentrates exhibit very high ra6oactivity and, due to a
considerable heat release (about 10 W. liter for a PWR fuel irradiated to 33,000 MWday rl and cooledt

for three years before reprocessing), the tanks in which they are stored Mye to be cooled permaneatly.

The cooling systems are designed and maintained to perform their function wiS ri very high level of
reliability, so that a tank cooling system failure w extremely improbable. The analysis of the
consequences of such an occurrence was neverthele: onducted as part of the safety analysts of the La
Hague reprocessing plant, especially in order to de omine the time interval after which a substantial
release of radioactive materials could take place, anJ to evaluate the effectiveness of the emergency
measures taken in such a situation. Due to the high activities present in the tanh, self heating of the

| fission product concentrates, following a prolonged cooling system shutdo,vn, could in fact culminate in
their progressive evaporation up to desiccation, with these phases likely to cause the fonnation of volatile
species of rathenium liable to be released in the tank venting circuit. The evaluation of the .mavity
transfer to the offgas system hence demands the knowledge of the fraction of mthenium likely to escapel

from the storage tanks in volatile or aerosol form during the cooling shutawn. To do this, tests
designed to simulate the progressive evaporation of a fission product solution in representative conditions I

were conducted on the laboratory scale with real concentrates, complying in parucular with the heating
power induced by the fission products. ]

2 Parameters affecting the volatilization )
of ruthenium in a cooling nccident

The bibliography concerning ruthenium is extremely rich, but the tests conducted are sometimes not very
| systematic, and usuilly perfonned with synthetic solutions [1]. Among the factors governing the

volatilization of ruthenium during effluent concentration operations, the following are generally'

distinguished.<

'

Solution concentrations in nitric acid and nitrates: while the effect of nitrates is less well.

understood, the volatility of ruthenium in nitric acid medium generally becomes high between 8 and
13 M. with volatile RuO4 being formed by oxidation of the ruthenium nitrosyl complexes in-

solution.

The presence of reducing agents: these products inhibit or delay the formation of RuO4 They.

may be formed by radiolysis of the medium (HNO2, H 0 ), or introduced in the different steps of2 2.

the pmcess (TBP entrained in raffinates, denitration with fonnol).i

Solution storage time: the equilibrium of the different chemical species of ruthenium present in the*

concentrates is often slow to be established, and depends on the age of the solution. Storage also
influences radiolysis in solution (production yield of certain species, degradation rate of organica j

compounds).,

Temperature: during evaporation, the oxidation kinetics of tN ruthenium complexes depends.
,

-

directly on the temperature buildup profile. At higher temper;tures, thermal decomposition of the
ruthemum/ nitrosyl complexes may also cause the formation ci volatile RuO4

i The large number of parameters involved precludes any precise tad reliable prediction of the behavior of
ruthenium during an FP tank cooling system shutdown. This never*heless shows that the simulation
tests are only significant if conducted with real solutions containing all the chemical elements likely to
alter the behavior of the ruthenium, and in thermal conditions as close as possible to reality, especially the
heating power released by the FP. This parameter will be preponderant, because it conditions the
temperature buildup profile, the change in acidity of the solution, and the time required to reach dryness.

,
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!

3 Experimental

The tests were conducted in a hot cell in onier to: i

uilibrium curves of a real FP solution, to associate the change in
determine the liquid / vapor ec|dity of the concentrate in the subsequent tests,

*

tempera *ure with that of the aci

simulate the progressive vaporintion of an FP concentrate to dryness, without taking any sample*

from (I . apparatus, to avoid disturbing the behavior of the iifferent FP and to be ab e to compile
their balar at the end of the operation.

Source of concentrater

The fission product co-';entrates used for these tests were obtained from the laboratory reprocessing of
-S hiOX fuel rods conta'ning 5% plutotium, irradiated to 30,000 h'.Wdayet 3 The raftinates of the

i first extraction cycle were concentrated to 300 let 1 with continuous denitration by the addition of
' femu:dehyde.

| TM nneentrate was then stored for six months for ageing before conducting the ruthenium volatillation
tests. The composi* ion of the FP cor,:entrate is shown in Table 1. 'Ihe acuvities are updated to the date
of the tests, or after a cooling time of 1550 days (4 2 years).

Table 1

Composition of fission product concentrate
~

volume 315 let 1
chemical composition:

[IlNO3] M l8*

[NO -) hi 81*
3

[hio] gel 1 24*

[Zr]g11 66*

(Fe) gel 1 13 8*

[PO4 -] gal 1 0 243*

[Rulhi 4 04*

LV; activity: TBq'm 3 Ciel 1
IddCn + 3ddPr 5,032 136 0*

125Sb 118 32*

IMRu + 106Rh 4,603 124 4*

13dCs 3,718 100 5*

137Cs 11,255 304 2*

15dEu 725 19 6*
~

total (Uy 25,452 687 9
total a activity 3,800 102 7
calculated residual power (Wel 1):
* t 3 57

ts/y 3 04*

total 6 61*

1

l
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Apparatus and procedure

The experimental rigs employed are shown in Figures 1 and 2. These systems were designed to operate
3with small volumes of concentrate (400 cm ) and reproduce the acti.al heating conditions existing in a

storage tank with a capacity of several tens of cubic meters.

1

04 =
|

Heated neck
- -Condenser

N_ 1

Teseperature probe CI3EEE" ,,, ~ I

%

I
Vacuum sampling in boiler -+--- |

@
Oil icontrolled temperature bath)- ' >

MM i &r
3 p-

_._ _ -

_p3 ,, e T w/
$ t '@' 2,-qA :

-. ,

u % lC Condensate I$Metallized glass '?I S i -,
~

} { j j'{ recyclevacuum stopper C q q ; ; I

M. % , I [ : .= n'

Metallized glass $aq
'

;

7,7d= *
; a'

4: ree,eratu,evacuu. nask ru a

A,-
<

probe1 %;.' % o s ' -

,

Stainless steel ') [h PFconcentraTe
-

~

*_ y. .
Condensate

= 0.7 *=%0 $ -

J:*A'
sampling.

: %.

,.. % : in''

Heating resistors- U- ', - ./ y'.e%
i kt.s~----- Temperature''d 4 , u

~ ' ' ' ' ' ' '' ~ ~

g- ms

MMnetic stirrer ---b % g. probe'

- .u 'r do
3, u x c's .'',- u .s 1. ' m 'w . m - 's3. n.- ",

Heat insulator /

l
,

Figure 1 Apparatus used to determine liquid / vapor equilibrium curves
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Figure 2 . Apparatus used for the test of evaporation to dryness

Given the low heating power densities involved, the apparatus was fully insulated by a double wall of
silver plated glass under vacuum. The boiler tank was of stainless steel, its cylindrical shape helyd to
keep the boiling surface area constant and to limit the variation in the heating surface area c.urmg
evaporation, lleating was provided by oil circulation avoiding local overheating at the boiler wall. The
heating power was adjusted in accordance with the heat balance. De heat really absorbed by the
solution at any time was equal to the difference between the amount of heat stipplied to the system and
that lost to the exterior and absorbed by the apparatus. The determination of the mass of water and of
the coefficient of thermal conductivity of the system as a function of twaperature thus helps to calculate

'

the total energy to be supplied to the system at any time to obtain the desired effective heating power.

During the tests, the heating power used was about 8 il 6 W (or a power density of 2014 W/l of initial
concentrate), and the heat losses reached up to nearly 80% of the total gaantity of heat supplied at the end
of evaporation.

The system used to determine the liquid / vapor equilibrium curves and shown la Figure 1 is
distinguished by the heating of the neck to prevent partial liquid reflux in this zone. The method-
employed was direct distillation with recycle. Retum of the condensate to the boiler ensured a fixed
composition and equilibrium temperature in the fraction of solution remaining in the boiler. When
equilibrium was reached, the distillate and concentrate were simultaneously sampled, and a larger fraction
of the condensate withdrawn. The acidity and temperature of the concertrate then rose progressively
until a new equilibrium was reached.
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in the second system employed for the progressive va wrization of the concentrate and shown in Figure
2, the heating of the neck was climinated, but the nec 5 remained insulated by a double wall of silvered
glass under vacuum. Only the condensate samples were taken periodically during tne ta To avoid
overpressures and vapor losses to the exterior, and also to take account of the air circulation in the
storage tanks, the a pparatus was placed under a slight air blanket (11.h 1). The ruthenium volatilized in
the test was trapped by a caustic sembler,

4 Experimental results and discussion

4.1 Variation in acidity and temperature
during vaporization of FP concentrates

Tne rough liquid / vapor equilibrium curves obtained with these FP concentrates are shown in Figure 3.
These curves are compared with those of a water / nitric acid system.

125 i i i i i i i i i i i i I i
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o Hp-HNO mixture dew point curve3a
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0 2 4 6 8 10 12 14

HNO (M)3
,

Figure 3 Liquid / vapor equilibrium curves of FP concentrate

As may have been expected, these two systems are quite different. For the same aqueous phase acidity,
the boiling point is much hl.;her for a solution containing saline nitrates than for an aqueous nitric acid
solution. 'lhis is explained >y the decrease in the partial pressure of the water due to the salts, causing a
rise in the boiling point of the solution.

Above an acidity of 5 M (temperature 116 'C), the nitrate concentration is such that it is impossible to
take any samples, because they crystallize at ambiev temperature From 130 'C, NO, is also formed,
indicating incl aient decomposition of the nitrates. The acid balances that can be determined from the
distillates are Tence in excess, and no longer serve to estimate the real acidity of the boiler, and the
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evaluation of the real volume of the liquid phase is also increasingly difficult due to the growing
formation of precipitates. liowever, concentration was continued to dryness, ne final acidity of the
condensate was 115 M for a boiler temperature of over 150 'C, a truch higher temperature than that
corresponding to the azeotrope of the water / nitric acid mixture (120 'C).

The first data finally provided by this test can be summarized as follows.

Variatioa in the acidity / temperature pair during vaporization is only significant for nitric acido

concentrations of 5 M or less.

The final temperature during the precipitate dryness phase is about 150 *C.*

Incipient decomposition of the nitrates is observed, and the concomitant appearance of NO, from-

130 'C.

4.2 Ilchavior of ruthenium during vaporization
in the desiccation of FP concentrates

The experiment was conducted this time in a single step, without any samples taken from the boiler.
Dryness was reached in 70 h (t = 0 corresponding to the equilibrium temperature of the FP tanks, or f0
*C). This interval was increased by the existence of an internal reflux estimated at 30% of the total flow
rate of the vapors leaving the solution. After dryness, the residues were kept at 160 *C (experimental

' limitation) for neraly 20 h.

The cumulative volume of distillate collected and the change in the evncentration of the solution are
shown as a function of time in Figure 4. Dryness was reached at a concentration equivalent to 221.t 1
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Figure 4 Cumulative volume of condensate and concentration as a function of time
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We temperature buildup profiles of the solution and the heating bath are shown as a function of time in
Figure 5. During the first 50 h, the solution temperature stabilized at around 102 to 103 'C. It then
increased rapidly up to 150 'C before reaching desiccation.

)
Figure 6 shows the change in activity of the condensate, and in the total percentage of acid distilled as a
fut ction of time. As above, it can be observed that:

the acidity of the condensate rises suddenly efter the distillation of about 75% of the volume of+

initial solution, to reach a plateau at around Il 5 M,

the arhount of acid recovered in the condensate is more than 20% higher than the number of initial+

moles (partial recombination of NOx produced by destruction of the nitrates).

I I I I I I I I
,

,

- temperature of iwating bath / |
-
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i

#
'
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,. . . .. ~**~~~. . - - - - *
_

_

00 -
-

1 I I I I I I I -60 -
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TIME (HOL5ts)

Figure 5 Temperature rise as a function of time ;

Figure 7 compares the variation in time of the 106Ru fraction recovered in the distillates with those of
13'Cs and of the a emitters considered as non volatile (fractions expressed with respect to the initial

activities in the concentrates). Note that the behavior of the other FP measured (134Cs and 14dCe)is
identical to that of 137Cs throughout evaporation.
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These curves finally show that ruthenium is volatilized after 60 h (brown coloration of the condensates),
to ether with a sudden increase in acidity of the condensate pointed out above. Th!s volatilization is
cf tive from:

a concentration of 85 l*t 1,*

a solution temperature of 119 'C,*

acidity of about 6 M in the boiler.e

The ruthenium thus leaves in the final evaporation phase corresponding to the formation and the
desiccation of the residues, thus confirming the results of previous studies conducted on simulated FP
solutions (2.3),

Table 2 shows the final balance of rutheplum and of the main radioisotopes transferred from the tank
during vaporization. The fractions of activity recovered in the condensate, the caustic trap and the
evaporator rinse solution (neck and condenser) are expressed with respect to the initial activities of the
concentrate.

Table 2

Balance of main radioisotopes transferred from the tank
;

activity recovered (% of initial activity)
initial in solution in the in the in

radicisotope activity in the caustic a,pparatus precipitate to'.al
GBq (Ci) condensate trap nnse form distilled

solution
MRu 921 (249)709 24104 3 33 1 68 12 1

'~
mCs 4503 (121 7) 1 12*104 7 104 26104 145100.

~ .13 104a emitters 1520 (41 08)9 1 104 2 2+104 1. .

Most of the volatilized ruthenium is found in the condensate (7% of total Ru) and not in the caustic trap
(-104%). The share due to droplet entrainment is very small. trpresenting a maximum of 0 01% of the
total amount volatilized.

Visible /UV spectrophotometry (Figure 8)was used to confirm that ti,e species solubilized in the
condensate and the rinse solution were mainly in the form of complexes of ruthenium nitrosyl nitrates
[5). It can therefore be assumed that RuO4, or possibly other volatile species of the RuNO type, such as
those re prted by Klein et al(4) are instantaneously recombined in the condenser in the presence of H 0,2

HNO , NO, and O to fonn the foregoing complexes. These observations are confirmed by the sudden3 2

drop in the nitrous acid content in the condensates, observed from the onset of tuthenium volatilization
(Figure 9).

The apparent volatilization rate constant, determined assuming a first order kinetics,is 5.3104 min *
1 between 140 and 160 C. This figure is higher than the constant determined in 9 to 13 M boiling nitric
acid medium for similar Ru concentrations (6,7]. - The very clear influence of the nitrates and of the
temperature on the ruthenium volatilization process is hence confirmed in these mnges close to dryness.

At the end of the experiment, the walls of the tank and the neck appear to be covered by a black deposit,
insoluble in nitric acid. These fine particles, averaging 7 pm in size (measured by sedimentation),
represent about 15% of the total quantity of ruthenium volatilized. This implies that part of the
volatilized RuO4 is thermally decomposed by the reaction:

0RuO4 -> RuO A + O22

840,
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or could have reacted with the NO, present in the apparatus according to reactions of the following type
(8):

RuO4 + 2NO o RuO2 1 + 2NO2
Ruo.: + 4NO2 o RuO2 1 + 2N:05

llowever, ruthenium dioxide was not formally identified. |

|
These experiments finally serve to distinguish three phases in the ruthenium release process.

The boiling phase in which ruthenium transfer from the tank is slight and only cecurs through the*

fom1ation of aerosols entrainal by the vapor with the other fission products.

The phase approaching dryness, when the ruthenium begins to oxidize or to decompose locally,*

and when the tmnsfer of radioactivity by volatilization of this element predominates over transfer in
the form of aemsols with the other fission products.

The final drying and calcination phase, in which the volatilized RuO4 is decomposed on the tank*

walls or reacts with the NOx probably to fonn solid RuO . These fine panicles, given the2

extremely small gas flow rate, tend to redeposit on the apparatus walls.

S Industrial scallag up

These tests finally demonstrated that the risk of ruthenium volatilization,in the case of the prolonged
shutdown of the FP tank cooling system, would only exist in the ultimate phase of evaporation
approaching dryness. During this final phase, the quantities of ruthenium likely to be transferred to the
stack of the plant will depend on local conditions (temperhture, NOn, scavenging air, wall surface area)
and especial;y on the holdup of the lines and the rate of aerosol entrainment.

Consec uently, the time required to vaporize the concentrates completely will determine the maximum
time al' owed to the reprocessing plant operators to take remedial action. Based on the distillation rates
measured experimentally, and assuming a heating power density of 10 W.11, this period could be about
90 h (including 5 h of rise to boiling point). In these conditions, volatilization of the ruthenium would
only become effective after the 75th hour, leaving substantial time to restore a cooling sourte,

it is also probable that, in an industrial storage unit, the heat losses in the ducts of the ,ffgas discharpe
system will cause local condensation and hence internal reflux in the storage ta.ks, which will
commensurately delay the release of the ruthenium from the solution.

It is in fact very unlikely that complete evaporation of the stored solutions could occur, rather leaving the
possibility of an equilibrium established between the power released by the FP and the heat losses of the
tank and its vents.

It is nonetheless the operator's duty to minimize the scavenging air flow rate in the tanks, because this
could shift the liquid / vapor equilibnum and accordingly accelerate the evaporation rate of the solution.

6 Conclusions

The experiments described in this document were conducted in order to analyze a prolonged accidental
shutdown of storage tanks for fission product solutions in a spent fuel reprocessing plant. These tests,
perfonned on a real FP solution, demonstrated very clearly that the volatile species of ruthenium are only
formed in the ultimate phase of evaporation, close to dryness. During this phase, the transfer of activity
by the volatilization of this element will prevail over simple contamination by aerosols. These volatile
species nevertheless prove to be highly unstable, and could recombine mainly in the form of soluble
complexes of ruthenium nitrosyl nitrates, or decompose, probably to RuO2, depending on local
conditions. These experiments also demonstrated that, on the industrial scale, the minimum time
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available before the release of the ruthenium from the solution would be more than three days, leaving the
plant operators substantial time to restore a cooling source.
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POOL FIRES IN A LARGE SCALE VENTILATION SYSTEh!
by

P.R. Smith and 1.11. Leslie
New hiexico State University'

and
W.S. Gregory and D. White

Los Alamos National Laboratory

Abstract

A series of pool fire experiments was carried out in the Large Scale Flow Facility of the
Me:hanical Enginec hg Department at New Mexico State University. The various experiments
burned alcohol, hydraulic cuttin6 oil, kerosene, and a mixture of keroacne and tributylphos-
phate. Gas temperature and wall temperature measurements as a function of time were made
throughout the 23.3m burn compartment and the ducts of the ventilation system. The mass8

of the smoke particulate deposited upon the ventilation system 0.01m x 0.01m IIEPA filter for
the nydraulic oil, kerosene, and kerosene-tributylphosphate mixture fires was measured using an
in situ nuli balance. Significant inerenses in filter resistance were observed for all thren fuels for
burning time periods ranging from 10 to 30 minutes. This was found to be highly dependent
upon initird ventilation system flow rate, fuel type, and flow configuration.

The experimental results were compared to simulated results predicted by the Los Alamos
National Laboratory FIRAC computer code, in general, the experimental and the computer
results were in reasonable agreement, despite the fact that the fire compartment for the exper-
iments was an insulated steel tank with 0.32cm walls, while the compartment model FIRIN of
FIRAC assumes 0.31m thick concrete walls. This difference in configuwlon apparently caused
FIRAC to consistently underpredict the measured temperatures in the fire compartment. The
predicted deposition of soot proved to be insensitive to ventilation system flow rate, but the

l measured values showed flow rate dependence, llowever, predicted soot deposition was of the
same order of magnitude as measured soot deposition.

Introduction

in this paper we describe the results of a series of pool fire experiments carried out in
the Large Scale Flow Facility (LSFF) at New Mexico State University (NMSU), a full ecide
ventilation system similar to those found in nuclear facilities. The fuels used were methyl alco-
hol, kerosene, a "non flammable" cutting oil, and a mixture of kerosene and tributylphosphate

i (TDP). The purpose of these pool fire experiments was to study the transport of the heat and
smoke generated through the ventilation sy= tem to further verify the FIRACU) computer code
developed by Los Alamos National Laboratory (LANL) through the use of realistic fuels and
ventilation system configurations, in particular this series of experiments was intended to test
the FIRIN compartment fire module of the FIRAC computer code.

The FIRIN module was developed by Pacific Northwest Laboratories (PNL) and was inte-
grated into the FIRAC code to describe the combustion processO) in a single compartment. The
FIRIN module uses a zonal model that couples the hot and cold layers within the compartment.
The module provides the capability of simulating pool or crib fires and predicts temperatures
within the compartment and heat transfer through the compartment walls. Although FIRIN
has other capabilities, such as prediction of oxygen concentration, changes in mass flow rates,
etc., only temperature predictions were emphasized in this series of tests.
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A secondary purpose of the experiments was to evaluate the prediction of soot produced {
and mass accumulated on the exhaust High Efficiency Part'culate Air OfEPA) filter. The Exper.
iments test both FIRIN's soot predictive capabilities and FIRAC's transport and filter pluggiag
predictions.

Description of the Experiments

The LSFF is a laboratory of the hiechanical "ngineering Department of NhtSU located in
Las Crucer., New Mexico. Figure 1 is a schematic of the full scale model ventilation system which
consists of two room sized volumes connected by steel ducting. The model ventilation system is
housed within a large prestressed concrete building which provides environmental control. The
system is designed to accomodate thermal, pressure and aerosol inputs. Thermalinput can be

,

from a natural gas fired duct heater rated at 02000 kcal/h or by burning pml or crib fires in one

| of the simulated rooms. Pressure pulses are limited to a 140 kPa overpressure,
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Figure 1 Schematic of Full Scale Ventilation System, Config.1

The arrangement of ducts and rooms of the ventilation system is shown in Figure 1 Sched.
ule 20 pipe,30.5cm in diameter, is used for a by-pass loop around the two rooms. The remainder
of the ducting was fabricated from 0.04cm steel plate and has a flow cross-section which is 0.0m
by 0.0m square. For a detailed description of the ventilation system see reference 2. The pool fire
experiments reported in this paper used various configurations of the system, depending upon
the fuel burned; these configurations will be described as each experiment is described.

Temperature measurements throughout the ventilation system were made with type J there
i mocouples. Wall temperatures were made using thermo o 2ples peened into the steel walls. Gas

temperatures at the centerlines of ducts and rooms were measured with shielded thermocou-
.
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ples. Flow rate through the ventilation system, generated by a centrifugal blower (capable of a
maximum tiow rate of 5000cfm) located at the outlet of the ventilation system, was measured
30 duct diameters downstream of the fan outlet with a pitot tube connected to two Validyne
DP103 pressure transducers ( 0.01psid range). Pressure drop across the exhaust IIEPA filter lo-
cated upstream of the blower was measured using a Validyne DP7 pressure transducer (11.0psid
range). Temperatures, flow rate, and pressure drop neross the HEPA filter were recorded at set
time interrn!s using an IIP DS45D data acquisition system. Burr 'ir.<s were mensured with a
stop watch.

The mass gained by the exhaust HEPA filter during the burn expeAments was mensured
by a null balance system connected directly to the filter. This system had a least count of about
4g. See reference 2 for details.

All the pool fires were burned in a pan 0.015m above the bottom of the cylindrical tank
shown in Figure 1. The pan has dimensions 0.33m wide,1m long and 0.152m deep. The

! eylindrien! tank is 2.74m in diameter and has a volume of 24.3m with a nominal height of 4.1m.8

The walls of the tank are 0.035mm in thickness. The tank has openings at the top and bottom
centerline and on the side 1.27m from the bottom. All these openings are 0.307m in diameter.

|

Table 1 lists the heights of the cylindrical tank centerline thermocouples above the bottom
of the tank. Notice that thermocouple CT4 is actually located in the 0.307m pipe extending
upward from the top opening of the tank.

Table 1 Location of Cylindrical Tank Centerline Therm' .ouples

Thermocouple No. highkm
CTI 0.85
CT2 2.41
CT3 3.05
CT4 4.54

&rosene Pant Fires

Two flow configurations were used for the kerosene tests. The first configuration is shown
in Figure 1. The flow enters the bottom of the cylindrical tank and follows the path through
the ventilation system chown by the arrows. The second configuration b pictured in Figure 2.
In this configuration, the bottom opening of the cylindrical tank is closec and the flow enters
the tank from the top opening and flows out the side owning and along the peth through the
ventilation system, as indicated by the arrows. The tota. length of each flow pam is about 70m.

Five experiments were run, each burning 5 liters of kerosene: two in conflguration 1 (Figure
1) at 500cfm and 1000cfm flow rate; and three in configuration 2 (Figure 2) at 1000cfm,1200cfm
and 1700cfm flow rate. These experiments are summarized in Table 2 as tests KER03 through
KER07.

Table 2 Kerosene Burn Tests
Test Config- Nominal Durn Filter AP Filter
No. uration Flow Rate, efm Time, min. Increase em H O Mass Gain, g2

KER03 1 500 12.S0 4.57 137
KER04 1 1000 13.70 3.31 150
KER05 2 1000 5.30 3.50 Ol'
KER00 2 1700 0.03 4.32 100
KER07 2 1200 10.45 2.04 82

* Fire went out with about I liter of kerosene left in pan.
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| Figure 2 Ventilation System Configuration 2

i

I
. Methyl Alcolwl Burn Tests
;

I The configuration of tl- ventilation system for the methyl alcohol burn tests (called con-
figuration 3) is shown in Fig .re 3, The air enters the bottom of the cylindrical tank, exits the
top and flows through the system as shown by the arrows. The total length of the flow path is
about 20m. Four tests were run: two without inenlation on the cylindrical burn tank, and two
with a nominal 7.02cm blanket of fiberglass insulation over the entire surface of the tank. The-
conduction coefficient of the insulation was 0.04 IV/m - K. Table 3 summarizes the methyl2

alcohol burn tests, tests FUELOS through FUELOS. |

Table 3 Methyl Alcohol Durn hte

Test Insula, Amnt.of Nom. Flov Meas. Flow Burn Fitr. Mass
No. tion Fuel, t- Bate, cfm Rate, cfm Time, min. Gain, g

FUEL 05 No 15 000 542 20.05 1D.0*
~ 37.0"FUELOG No 15 1000 1008- 31.14 -

FUELO7 Yes- 15 1000 092 31.39 23.0 "
FUELOS . .Yes 15 000 599 30.51 21.3' -

''A'large amount of condensation took place, so weight gain was probably water.(

" Weight' loss apparently due to drying of the filter during test., _

846
1

|

-._ ,. 2._.._.__....-,.___.-- . . . . . . _ . . _ . _ _ . . - - - . , . _ . - _ . . _ . . . _ . . . ..a-_



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

21st DOE /NaC NUCLEAR AIR CLEAfilND CONFERENCE

Notice that all the alcohol burn tests used 15 liters of methyl alcohol and that two nominal
flow rates were used: 000cfm and 1000cfm.
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Figure 3 Ventilation System Configuration 3

Cutting Oil Burn Tests

Two burn tests were run with Rectorseal Dark Thread Cutting Oil. Configuration 3 (Figure
3) was used for both tests, one at a nominal flow rate of 000 cfm and one at 1000 cfm. The
cylindrical burn tank was insulated, as described above, for both tests. Table 4 summarizes these .
as tests FUELOD and FUEL 10.

Table 4 Cutting Oil Burn Tests
Test Insula. Amnt.of Nom. Flow Meas. Flow Burn Fitr.a P Fitt. Mass
No. tion Fuel, ( Rate, cfm Rate, cfm Time, min. Incr. cm H O Gain,; -

2
FUELOD Yes 4 1000 1032 30.27 9.02 333.3
FUEL 10 Yes 5 000 013 27.30 8.51 329.G

| Kerosene TBP Burn Tests

I A mixture of 70.0% (by volume) kerosene and 29.4% TDP (3.0 liters of kerosene and 1.25
liters of TDP) was burned using configuration 3 (Figure 3) of the ventilation sys. tem. Three
nominal flow rates were used: 600 cim,800 cim, and 1000 efm. The cylinderical burn tank was
intulated, as described above, for all three tests. Table 5 summarizes the tests as tests FUEL 11
through FUEL 13,
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Table 5 h'erosene TBP Burn Tests

Test Insul- Amnt.of vom. Flow Meas. Flow Burn Fit r. A P Plti .M r.ss

No. tion Fuel, i ' r, cfm Rate, cfm Time, min. Incr.,em Hao Gain, g

FUEL 11 Yes 4.25 .000 1018 13.49 8.84 424.8

FUEL 12 Yes 4.25 000 005 15.10 1.78 314.3

FUEL 13 Yes 4.25 800 848 15.32 1.52 338.0
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;

4

Results and Discussion.

In the following sections we discuss the experimental results and compare them to the
results of the FIRAC computer simulations in the case of kerosene and kerosene plus TDP.
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EctotencJhtnLIrtts C9nwmed to FIRAC_Siutulniinu

The FIRAC node locations are shown in Figures 4 and 5. Figure 4 shows (for configuration
1) that nodes 1, 2, and 3 represent the characteristics of the incoming nir flow, while nodes 4
and 5 model the exhaust flow from the burn tank for tests KER03 and 04. Figure 5 shows
(for configuration 2) nodes 1,2, and 3 characterizing the incoming air flow and nodes 4 and 5
modeling the exhaust flow from the burn tank for tests KER00 and 07. Downstream nodes for
both configurations are shown in Figures 1 and 2.

Four plots are presented from FIRAC output for tests KER03, KER04, KER00, and
KER07. KER05 was neglected because the fire terminated before all the fuel was consumed.
Each plot presents the hot layer temperature predicted by FIRAC compared with tank CT men-
sured temperatures. Other information such as hot layer height, 0 , CO , CO, and smoke2 2

concentration, f - burning rate, pressures at branches, volumetric flow rates at branches, etc.
can be found in exerence 3.

Figmes 0 through 0 give the comparisions of the FIR AC predicted hot layer temperature
and the temperatures mesured in the experiments at the four tank centerline locations. KER03
(Figure 6) has a flow rate of 500cfm entering the bottom of the tank. This low flow rate causes
the hot layer to extend down to the floor. The measured tank temperatures peak at about 475'F
(240 *C) while the FIRAC temperatures peak at about 375'F (100.C'C).

FIRAC predictions for HER04 are shown in Figure 7. The flow rate for KER04 was
1000cfm. The effect of this higher flow rate was manifested by a hot layer extending to approx-
imately 2.5m above the floor, i.e. the higher flow rate pushed the hot layer up. The FIRAC
temperature predictions decreased from those predicted in KER03 (135'C compared to 100.C'C).
However, the experimental temperatures increased (274*C compared to 240*C for KER03). The
underprediction of temperatures was alno true for nodes throughout the remainder of the venti-
lation systemW.

Tests KEROG and 07 were performed with configuration 2. Configuration 2 has the fresh
air entering the top of the burn tank and exiting the side of the tank about 2.4m above the tank
bottom. This configuration did not allow use of the flow rates of 500cfm and 1000cfm. Instend,
KER00 had a flow rate of 1700cfm and KER07,1200cfm. Below these flow rates the burning
caused instabilities that blew out the pool fire.

Figure 8 gives the tank tem,crature results for KER00. The hot layer in this case extended
to the floor of the burn tank ano the temperature of the hot layer exhibited an initial spike up
to approximately 340'F (171'C) but then dropped back to a range of 225 250*F (107121'C).
Only CT4, at the top of the tank, compared favorably with the FIRAC prediction. However,
the hottest temperatures experimentally were in the lower part of the tank, e.g. 770'F (410*C)
mensured compared to 340*F (171*C) predicted. As a result of these underpredictionsin the burn
tank, FIRAC n!so underpredicted the temperatures downstream in the rest of the ventilation
systemm,

The FIRAC comparison to the experimental results for HER07 is shown in Figure 9. The
results are very similar to those for HER00, except the peak temperatures are slightly lower.

A comparison of the predicted mass gain on the HEPA filter and that measured during the
experiments is shown in Table 6. Table 6 indicates that the predicted deposition was of the same
order of magnitude as the mensured deposition. However, the predicted results are not sensitive
to the two flow configurations or two flow rates used for the experiments,
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Table 0 Soot Deposition on HEPA Filter for Kerosene Burn Tests

Test No, hiensured hius Gain, g Predicted hinsa Gain, g
KER03 137 102.2
KER04 150 *

KER00 100 ~ 100
KER07 82 ~ 100

+ Unconverged solution from FIRAC analysis,

hiethyl.Almhullhn_Treb

One possibic explanation for FIRAC's underprediction of the temperatures in the burn
tank we that the FillIN module usumed a 0.31m thich concrete wall, while the experiments
were carried out in a tank with a 0,32cm thick steel wall. To qu!ckly check this difference
experimentally it was decided to run a series of experiments (using Configuration 3, Figure 3)
with and without insulation on the steel burn tank. h!ythi alcohol was chosen as the fuel to
eliminate soot production. The resulting burn tank centerline temperatures for the four tests are
shown in Figures 10 through 13. Complete results for these experiments n.e available in reference
4. Notice that the tests FUELO5 and FUELOB are identical except for the wallinsulation in the
latter case. Both had flow ratas of 000cfm and burned 15t of nicohol. In Figures 10 and 13 we
see that the burn tank centerline temperatures are nearly identical for these two experiments.
However, the metxismim interior wedl temperature for FUELO5 (unir.sulated case) was about
40'C lower than the mnximum interior wall temperature for FUELOS (insulated ense)N. Similar
results were obtained for tests FUEL 00 and FUELO7 (Figures 11 and 12), the 1000cfm flow rate
cue. Thus,it appears experimentally that the bulk gas temperature within the burn titnk is not
overly sensitive to the wall insulation characteristics. Unfortunately, we were not able to easily
change the thermal mass charneterinties of the wall.

Cuttine Oil Burn Tests

Figures 14 and 15 give the ucrn tank centerline temperatures measured for tests FUEL 00
and FUEL 10, respectively. Notice that the mnuimum temperatures attained were essentirdly
the enme (225'C) in both experiments as were the amounts of mnas gained by the HEPA filter
(see Table 4), although FUELO9 had a flow rate of 1000cfm while FUEL 10 had n Eow rate of
000cfm, It may be that FUELOD had not yet reached its maximum temperature by the time its
fuel was expended (note the inerensing temperature just before burn oW). For more extensive
results see reference 4. No comparison to FIRAC predictions were possible since cutting oil was
not included amoung the available FIRIN fuels.

|

| Keroaene-TDP Burn Tesu
!

Figures 10,17, and 18 give the burn tank centerline temperatures for the kerosene-TDP
mixture burn tests. The flow ri tes were 1000cfm,000cfm, and 800cfm, respectively. Notlee in all
three enses the hot layer temperature predicted by FIRAC is lower than the measured mnximum
temperature by about 100'C, but that FIRAC piedicted a longer burn time (i.e. the amount ;

of energy release was comparable between simulation and experiment). Table 7 compares the
reasured and predicted mass gain of the HEPA filter. FIRAC predicts an essentially constant
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mus gain with flow rate (about 300g), while the measured values increase with flow rate. It
appears that the predicted soot generation rate is insensitive to flow rate.

Table 7 Soot Deposition on IIEPA Filter, Kerosene-TDP Burn Tests

Test No. Flow Rate, efm Measured Mass Gain, g Predicted Mr.ss Gain, g
FUEL 12 000 314.3 303.4

e FUEL 13 800 338.0 303.1
0 FUEL 11 1000 424.8 207.3
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Figure 18 Kero TDP Burn Test FUEL 13 Tank Centerline Temperatures, Q=800cfm, Config.3

Filter Londing and Filter Resistance

The measured values of the mass of soot deposited upon the exhaust HEPA filter are given
in Tables 2, 4, and 5 for Kerosene, cutting oil, and kerosene-TDP, respectively. Notice from
Table 2 and 5 that the amount of soot deposition goes up directly as the flow rate. In Table 4,
the 1000cfm case and 600cfm case seem to have the same mass gain, but notice that the amount
of fuel burned in the 1000cfm case was 4f, while in the 600cfm case the amount of fuel burned
was 5t. Hence, in general we can say that the amount of soot mass gain increases directly with
flow rate.

Notice that the maximum gain at 1000cfm for Kerosene-TDP was 424.8g, for cutting oil,
333.3g and for kerosene,150g. Even allowing for a 20% increase (i.e. to 300g) in the cutting oil
soot since this burn had it less fuel than the kerosene and kerosene-TDP burns,it is apparent
that the Kerosene TDP produced more soot. We cem not compare the kerosene case, because its
flow path (configuration 1) was about three times longer than the other two cases (confia;uration
3) and duct wall deposition probably greatly reduced the soot load of the air stream before it
r;;achd the HEPA filter.

867
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Exeunination of Tables 2,4, and 5 show that in all crues but one (KER04, Table 2), the
resistance of the HEPA filter (indicated by an increase in the filter pr ssure drop) increased as
the rnass loading (i.e. the higher the innsa loading the larger the increase in pressure drop).

Conclusions and Recorntnendations

FIRAC predicts the prope- trenos for the burn cornpartruent teinperature, but significantly
underpredicts the mnximutn ternperature. This inny be due to the FIRIN inodule's use of a
0.01m thick concrete wall, while '.he experirnentrd born ronrn had a 0.32ein thick steel wall.
Further invettigation of the effects of thermal upon the combustion process appears to be in
order. AdditionaBy, it is apparent that a zonal fire inodel ht a diffleulty aimulating a reverse flow
situation (configuration 2) due to t!"'large flow instabilities that occur fo- design flow rates.

Firac predicts the right order of magnitade for the mass of soot deposited upon the HEPA
filter, but it does not show a dependence upon mass riow rate that is present in the experimental
results. The cauce for this should be investigated.

There appears to a direct dependence of HEPA filter resistance increase with rnass loading
upon the futer.

Mass lovling upon the filter depends upon the fuel bur..ed, the burning rate, and the
distance of the fire from the filter.

Acknowledeemente

We noe grateful to John Corkran and Dere's Jones for their careful perfornusace of the
experiments reported in this paper.

Referencra

1. Nichols, D.D. and Gregory, W.S., "FIRAC User's hianual: A Computer Code to Simulate
Fire Accidents in Nuclear Facilities", Los Alamos Natienal Laboratory Report LA 10078 ht,
NUREG/CR-4501 (April 1980).

2. Nichola, D.D., Gregory, W.S., Fenton, D.L., and Smith, P.R., " Fire- Accident Analysis Code
(FIRAC) Verification", Proc.,19th DOE /NRC Nuclear Air Cleaning Conference, Seattle,18-21
August,19S0.

3. Gregory, W.S., White, D.W., Smith, P.R., and Leslie, I.H., "FIRAC Code Predictions of
Kerosene Pool Fire Testa", Los Alan.os National Laboratory Report, in press.

Smith, P.R., Leslie, I.H., " Pool Fire Experiments with hiythi Alcohol and Cutting Oil",4.

Progress Report, New hiexico State University. Smitted to Los Alamos National Laboratory,February 19,1990.

858

.

,,
.

.



| 21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE
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M201rAGI

A new alpha CAM sampler is being developed for use in detecting
the presence of alpha-emitting acrosol particles. Tne effort
involves design, fabrication and evaluation of systas for the
collection of aerosol and for the processing of data to speciate and
quantify the alpha emitters of interest. At the present time we
have a prototype of the aerosol sampling system and we have
performed wind tunnel tests to characterize the performance of the
device for different particle sizes, wind speeds. flow rates and
internal design parameters. The results presented herein deal with
the aerosol sampling aspects of the new CAM sampler. Work c3 the
data processing, display and alarm functions is being done in

i parallel with the particle sampling werk and will be reported
separately at a later date.

Wind tunnel tests show that =50% of 10 pm aerodynamic
equivalent diameter (AED) particles penetrate the flow system from
the ambient air to the collection filter when the flow rate is 57
L/ min (2 cfm) and the wind speed is 1 m/s. The coefficient of
variation of depos)ca of 10 um AED acrosol particles on the *

collection filter is 7%. An inlet f ractionator for removing high
mobility background aerosol particles has been designed aed gsuccessfully teated. The results show that it is possible to strip
95% of freshly formed radon daughters and 33% of partially aged
redon daughters from the aerosol sample. This approach offers tre
opportunity to improve the signal-to-noise ratio in the alpha energy
spectrum region of interest thereby enhancing the performance of
background compensation algorithms.

L Backaround

Alpha continuous air monic0rs (CAMS) are used in the nuclear
industry to detect the presence of transuranic (TRU) alpha-emitting
aerocol particles. In principal, a steady flow of air le drawn into
the CAM sampler and the aerosol particleo are deposited on a
collection substrate where the radioactivity energy spectrum is
continuously monitored. Generally the particles are separated from
air by filtration, although inertial impaction has also been used
for collection (Tait, 1956; Alexander, 1966). In the case of a
filter collector, the detector is placed parallel to the filter at
a distance of approximately 5 mm from the filter face. Typically,
with an inertial impactor sample deposition takes place on a
substrate located over the detector.

Ideally, each radioisotope has a unique alpha energy signature
which should render the speciation and quantification process
straightforeard. However, there are several practical limitations
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which manifest themselves in obscuring the true results. First, in
the case of filter detectors, the air gap causes a distortior. r f the
low-energy tails of the alpha peaks leading to severe overlap, which
suggests that CAM samplers should incorporate designs which reduce
the gap to as small a value as practical. There is a limitation
which must be taken into account since, if the gap is reduced below
a certain level, there will be inadvertent losses of aerosol
particles on the internal sampler walls in the filter /datector
region. In a unique device for dealing with this problem, Kaifer et
al. (1986) separated the sampling and readout functions of a CAM and
collected the aerosol at ambient pressure and performed the analysis
under vacuum in order to improve the reselu'. ion of the energy
spectra. Due to the additional complexity and high cost of
implementation, o vacuum readout approach was not considered in the
present design.

Second, in the case of inertial impactors, the mechanics of
operation preclude the collection of particles with sizes s 0.5 pm
which, for certain types of aerosol release mechanisms, can cause a
failure to detect over half of the alpha-emitting aerosol particles
present since, in some sampling situations, the mass median acrosol
size is <0.5 um AED (Kirchner, 1966; Elder et al., 1974). Also,

inertial impactors have an inherent tendency to cause large
particles to rebound from the collec-lon surface and be carried away
with the exhaust air stream. Greasing the collection surface will

,

reduce the problem, however, the grease layer will cauce addi'fonal'

distortion of the energy spectrum.

Third, the presence of alpha emitting background radionuclides i

(radon and thoron progeny) can cause difficulty in recognition of
TRUs at concentrations far abova regulatory alarm levels. For
example, Pu-239 emits alpha ra'*.uttlor ith an energy of 5.15 MeV and
RaA/ThC emits at 6.0 MeV. Th,_, the Pu region of interest in the
alpha energy spectrum lies in tl low energy tails of the natural
background peaks. At the alarm le' 1 c,ncentration for Pu-239 given
in U.S. DOE Order 5480.11, the typical CAM sampler will register
about 15 cpm from the rRU and may detect an order or two of'

magnitude greater count rate in the same region of interest after 8;

hours of sampling due to the tailing of the energy spectra of the
radon / thoron progeny. The most common approach to dealing with this
problem to to employ a numerical algorithm to subtract an estimation
of the background counts from the TRU energy channels. But,
background compensation has definite limits in high background'

conctitions. An alternative approach is to try to eliminate some of
the background radionuclides from the sample. If the radon / thoron
yogeny are relatively free from attachment to other aerosol
particles, some separation of the background radioactivity can be
accomplished prior to collection of the aerosol. For example, in a-

fractionating CAM sampler head design based on inartial impaction
'

alone, the mobile background aerosol particlea are separated and
carried away from the collection substrate along with the fine
(usually submicrometer) fraction of the aerosol. For a filter-
collector design, the f.ractionation must be performed upstream of
the filter, since an aerosol sampling filter will have a efficiency
that approaches 100% for a3' particle sizes incluC.,9 those of
freshly-formed radon / thoron progeny. In the development of our CAM
sampler, we have incorporated fractionation stages upstream of the<

j
'
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filter to strip freshly- med, highly mobile radon / thoron progeny
from the size distribution. Preliminary experiments have been
conducted to demonstrate the feasibility of the concept.

A fourth problem of many contemporary CAM samplers is that an
unbiased sample of aerosol does not reach the collection substrate.
Losses on the internal walls of the sampler can substantially reduc 6
the concentration of large particles detected by the CAM. In a
previous study, we conducted wind tunnel tests with CAM samplers
supplied by three vendors in which we examined the penetration of 5,
10, and 15 pr 3D aerosol particles from the free stream to the
sampling filte::s (McFarland et al., 1990). For one of the units,
essentially no particles with sizes larger than 6 um AED were able
to penetrate through the flow system to the filter. One goal of the
present development is that the CAM should permit penetration of at
least 50% of aerosol particles of 10 pm AED. This size was selected
by the U.S. EPA (1987) as representing the division between aerosol
which could penetrate to the thoracic region of the human lung (s 10
pm AED) and that which would be deposited in the extra-thoracic
regions.

fifth factor, which will cause problems in deternning the.

concentration of RDUs is that of non-uniformity of filter deposits.
If aereol particles are predominar.tly deposited near the edge d a
filter, the counting ef ficiency will be reduced and the CAM wil
underestimate the concentration (Rodgers and McFarland, 1989).
Should the deposit be primarily in the center of the filter, there
would be an overestimation of concentratio . N r. r. ann and Valen
(1983) tested a commercially available CAM cappler and observed
substantial non-uniformities. In the study of three commercially
available CAM samplers, McFarland et al. (1990) examined che areal
deposition of 10 m AED particles by analyzing subsamples cut from
samp]inj filters. The coeffic'ents of variation of areal deposition
were 18% and 39% for the two units which did transmit significant
concentrations of 10 pm AED acrosol particles.

In the present CAM sampler development, we have designed and
fabricated a prototype which has been wind tunnel tested to
determine the aerosol transport characteristics. Tests have been
conducted to determine filter uniformity. Also, bench-type studies
have been performed with freshly-formed radon daughters to ascertain
the feasibility of using fractionators to separate the highly mobils
background fraction from the distribution.

.

LL. Prototvoe CM

The prototype CAM sampler is shown schematically in Figure 1.
Wind tunnel testing of the unit has been performed without the
electronics assemblies, since the design and placement of those
components does not interact with the aerosol flow pa*n in the CAM.
With reference to Fig.re 1, aerosol at a design fitz ste of 57
w/Lin is drawn into the CAM though a uiffusion screen system which
is intended to serve two functions; namely, to collect highly ecoile
unattached bec? ground alpha-emitters and to uniformize the aerosol
velocity profile. Further inside the u r.i t , the air is directed
through electrical field in a condensee. Tba condenser is

-

intended to provide essentially quantitative collection of charged
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Figure 1. Schematic diegram of-prototype CAM.,

!

and unattached bart;rnund . radon / thoron progeny. After passing
; through the Osncenser, the aerosol flows into ' the gap between the

filter and detector. In the current configuration,-the detector can
'

| be as large as 49 mm diameter and the diameter of the open area of'

the filter can be as large as 42 mm. The filter _s mounted in a
j special ho] der which, in turn, is inserted into . the sampler' in a -

drawer. During sampling, the- filter is sealed - in place with a--

mechanic;l cam arrangement. - Airficw through the ~ CAM is " controlled
with a critical flow venturi (Wright, 1954) and monitored with. a
mass flow meter'(Sierra Instruments, Inc., Carmel Valley, CA).

III. Methodoloov ansl Test Accaratus

The wind tunnel used in the ' testing, Figure 2, has a basic
cross section of:61C mm x 610 mm which is expanded to 1000 mm x 1000
mm at the test section.- The exnaasion is designed to - reduce
blockage effects in the test sectic Aerenol was generated with a-

vibrating jet. atomizer (Berglund ' aric. Liu, 1973) .from a mixture -; of
nonvolatile oleic acid in ethanol. A fluorescent analytical 1 tracer,

'

sodium fluorescein, was added to the . oleic ' acid in'a ratio-of 10%
(m/V). Durir.g testing, samples of Phe oleic acid terosol were
collected on oilphobic glass ' slides -and- examined under -a . light

; microscope to determine the size.- The resulting observed-sizer were
|- converted to AED by using the flattening factor- of Olan-Figueroa 'et

al. (1982) lind the calculated density of- ' the oleic acid / sodium4

| flucrescein mi).ture.
!
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Figure 2. Wind tunnel used to characterize aerosol sampling
attributes of the prototype CAM sampler.

Freshly formed aerosol was introduced into the wind tunnel
through a mixing barrier and a grid plato. The purpose of these
elements is to obtain a uniform aerosol concentration profile over
the center 2/3 of the wind tunnel, the test section, the aerosol
was simultaneously sampled with the t prototype and an isokinetic
probe fitted with a filter collector. t the completion of a test,
the filters were removed from the C' and isokinetic probe and
brought to an analysis laboratory wher6 the sodium fluorescein was
eluted and subsequently quantified. . Aerosol penetration, P,
through the CAM was calculated fromt

f'"p= (1)
r,lso c

vhere: m,,,and m, ,,are the masses of fluorescein collected by the
CAM and isokinetic filters, respectively; and, Q, and Q,,, are the
flow rates through the two samplers. At least triplicate tests were
run at each condition in order to provide a measure of the
reproducibility of the experiments.

The tests which involved determination of filter uniformity
consluted of operating the CAM sanpler in the wind tunnel for a
period of timo sufficient to collect an easily analyzable quantity
of fluorescein, cutting the filter into 20 subsamples and then
quantifying the fluortcein on each of the subsamples. Triplicate
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experiments were conducted at each test condition.

The concept of using fractionators to remove high mobility
background alpha-emitters from the aerosol size distribution was
tested with the apparatus shown in Figure 3. High grade uranium ore

| was placed in a 200 L vessel as a means of . generc. ting radon
daughters. Iiltered room air es admitted into the vessel and then
drawn into two commercially availulo CAM samplers. . One of the CAM

|- samplerc had no fractionator and the other was fitted with an inlet
'

which contained a screen and/or~an 61ectrostatic precipitator. The
resulting energy spectra were analyzed for radon daughters 'in

| selected regions of interest. We _also conducted experiments with
| partially aged radon daughters, where the radon daughters were given
i the opportunity to attach themselves to aerosol particles - in room

air. For these lattar testu, the air exposed to tge high grade'

uranium ore was discharged directly- into a (200 m) laboratory
environment. The two CAM samplers were positioned about 5 m from
the radon daughter source. Again, comparisons were-made between the
counts accumulated with the fractionating CAM those detected with
the unmodified CAM.

E. Results

I since one of the key parameters in the design of a CAM sampler
is the spacing between filter and detector, a set of tests was
conducted to determine its effect of spacing upon aerosol

; penetration. Here, the sampler was operated at a flow rate of 57

$4wpuHc C.wi A CAM * 8
CHAW 8(R

OLitA

'' 'H + t
f pgE X H AU$t 10

ATWOSPHERE ,,

\FRACTOMATOR

'f'
=

rtowutitR g -C== intt f

--

M'TC"
~Igop i.vt.sst6

1
6une oat y

i
,

i
i

! Figure 3. Test apparatus used to characterize the transmission
| .of radon daughters through a fractionating inlet.
'

CAM A had no special inlet and was'used to provide a
: comparative - reference with the fractionating inlet
i on CAM D.
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L/ min (2 cfm) in a wind speed of 1 m/s and challenged with 10 pm AED
aerosol particles. The gap between filter and detector was set at
various levels from 3.3 to 7.1 mm. It should be noted, however,
that the actual minimum gap through which the aerosol flows is 2.03
mm smaller than the filter / detector gap due to the presence of the
filter holder and the detector clamping ring. The results of these
experiments, Table 1, show the penetration to be unaffected by
filter / detector gap over the range of values tested. For all
experiments we noted the penetration of 10 pm AED ptrticles was
between 85 and 87%. However, thnre was visual evidence of non-
uniform deposits on filters for the 3.3 and 3.9 mm gaps, so a gap of
4.6 mm was selected for use in the CAM design.

The effect of wind speed on sampler performtnce is given in
Table 2. The flow rate was 57 L/ min, the particle size was 10 um
AED, and the wind speed was set at 0.3, 1, and 2 m/s. The values of
penetration corresponding to these three wind speeds are 83, 87 and
88% with a standard deviation of about 3%, which indicates there is
no substantial speed dependency over the range of speeds tested. No
screen-type inlet fractionator was used during these tests.

Table 1. Penetration of aerosol through the prototype CAM
sampler as a function of gap eetween filter and detector.
Wind speed = 1.0 m/s, particle diameter = 10 pm AED, flow
rate = 57 L/ min. No inlet screen. Minimum gap between
filter holder and detector holder is 2.03 mm less than
the filter / detector gap.

Filter /
Detector Penetration Std. Dev.
Gap (mm) (percent) (percent)

3.3 87.1 0.9

3.9 85.9 1.7

4.6 87.1 2.7

5.8 86.3 1.7

7.1 86.7 1.7

Table 2. Penetration of aerosol as a function of wind speed.
Flow rate = 57 L/ min, particle diameter = 10 pm AED. No
inlet screen.

Wind
Speed, Penetration Std. Dev.
m/s (percent) (percent)

0.3 83.2 4.0

1.0 87.1 2.7

2.0 88.1 3.1
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The variation of aerosol penetration with flow rate at a wind
speed of 1 m/s is shown in Figure 4. Essentially 100% of 5.4 um AED
aerosol particles penetrate from the free stream to the sampling
filter. At a size of 10 pm AED, the penetration values are 92%, 87%
and 79% corresponding to flow rates of 28, 57, and 85 L/ min,
respectively. The cutpoint particle size (AED for which the
penetration is 50%) is 17 um for a flow rate of 57 L/ min. No inlet
screen was used during theso tests.

| The effect of including a fine mesh inlet screen with 0.11 mm
diameter wires is shown in Figure 5. For those tests, tho' CAM was
operated at a flow rate of 57 L/ min in a wind speed of 1 m/s. It

: may be noted that the presence of the screen reduces the penetratian
: of 10 pm AED particles from 87 to 71%. The cutpoint particle size
| is approximately 13 um AED when the screen is used. Research is

continuing en the design and placement of the screen elements.'

j Filter uniformity data for 10 pm AED aerosol particles are
summarized in Table 3. The sampler was operated a flow rate of-57
L/ min in a dnd speed of 0.3 m/s for these tests. The locations on

! a filter Itom which each .of the 20 subsamples were- cut are
; identified in the drawing shown in Table 3. Test results have been
| normalized to a mean areal deposition of unity for each test. The
*

coefficient of variation of areal deposition values is 7% for tests
i conducted either with or without a fine mesh screen over the inlet.
'

Other tests which were' conducted at flow rates of 28 and 85 L/ min
showed coefficients of variation of 4% and 8%, respectively.

.
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) Figure 4. Effect of flow rate upon aerosol penetration. Wind
j speed = 1 m/s.
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Tests conducted to characterite the removal' of frechly formed
radon daughters showed the combination of a fine mesh-screen _and an
electrostatic condenser eliminated 95%. of the background
radionuclides in tne region of interest.- Correspond'.ngly, the
removal of partially. aged-radon daughters was 33%.

L. Discussion
The CAM sampler prototype which is- reported' herein has: a

cutpoint - which is greater.than 10 pm AED when oper.ated' at -a flow
rate of 57 L/ min with or. without an inlet screen. 'We believe that a-

cutpoint of at-least 10 km-should.be used as a performance criteria
for CAM samp' #s since this size - can penetrate = to the thoracic
region of the ' man lung trrae -(ACGIH, -1985)' and Fince_ partic.les of
this size,- or .arger, can easily be generated under certaln imoident-

.or release scenarios (Eld'. et al., 1974;-perrin, 1987; Ba*. linger et'
al., 1988). From the standpoint of alarm considerations,.it is--also
important - that - larger . particles -be effectively collected.: The

,

current standard for Pu-239 corresponds ' to the - amount of alpha
radiation which is: emitted by a single-particle of approximately 10
pm - AED over an . 8-hour . period. Inadequate collection - of; larger
particles- could affect the abil.ity of an instrument to correctly ~
signal an alarm.

The performance- of the prototype CAM in the collection of 10 pm -
'

AED particles at a flow rate of 57 L/ min -is relatively Lunaf fected by
,
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Table 3. Filter uniformity areal deposition. Values are
normalized to a mean of unity. Wind speed = 0. 3
m/s, particle diameter _= 10 pm AED and flow rate =

57 L/ min. Three replicates at each condition.- The
i values are standard deviations.

With a Fine
Sub- Without an Mesh Screen
sample Inlet S;reen Inlet

g A 0.95 10.05 0.94 10.03
B 0.93 10.01 0.88- 10.06 '

MECM C 1.00 to.03 0.89 10.05-
h- n D 1.04 20.08 1.00 10.05

J R LN B'T L E 0.95 20.05 0.96 10.02;

-1 C F 0.94 10.03 1.02. 10.02
i G 1.01 to.01 1.04 10.03

i P_&M_WL n 1,os to,o, 1,03 .io,os

I 0.''^ 10,91 1.00 10.02
3,

J ,.93 10.02 1.10 10.05
,

K 1.03 10.02 1.08 10.06
: L 1.02 10.04 1.08 10.02

M 1.13 10.03 0.97 10.02-

N 1.09 10.08 1.08 10.06
.

0 1.12 0.02 1.04 10.03
|

P 1.07 10.05 1.04 10.02
' Q 0.90 10.03 0.94 10.04 )
,

R 0.94 10.02' O.98 10.03i
S 1.01 10.03 1.03 10.03'

{ T 0.91 10.02 0.89 i0.03
Coefficient of
Variation, % 0.07 0.07

:

wind speed over the rance of 0.3 to 2 m/s, showing penetration
: values of approximately oS% for_ these conditions. In clean room
I laboratory environments, the recommended mean air speed is

!- approximately O.5 m/s (ASHRAE, 1987), a value_which-is encompassed
| by the rangn of test conditions. It is anticipated that . sampling
i biases woulu ra primarily associated'with|high wind speeds (Durham

and Lundgree. 1980) so it is expected - the prototype CAM should

~

perform well us an area sampler in - a laboratory 1where the air.

velocity is within the tested range. _Also, flow rate over the range
of values of 28 to 85' L/ min does not ' have a substantial effect or. |

.

the sampling performance; thus, if a sampler is operated'at a ~ flow |
'

-rate which deviates from the design _ condition of S7 L/ min, _ the -
I

_

I

characteristics of the sample will not be greatly affected.-

'Ine~ uniformity of deposits of 101 t.m AED ' aerosol particles on
sampling filters is- 7%, as . represented by the coefficient. of
vorlation of 20 subsamples cut from each test filter.- This is -a
lower values than noted in earlier tests .with two commercially ,

'

available CAM samplers which were able to _ transmit . significant .
fractions of 10 pm AED aerosol particles (McFar. land et al., 1990).

W
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Preliminary experiments with a prototype inlet which
fractionates high mobility background alphT-emitters show 95% of
freshly formed radon daughters can be rt. moved from the size
distribution prior to collection of the aeresol by the sampling
filter. When the radon daughters were allowed to beenme partially
attached to ambient aerosol particles, the removal dropped to 33%.
For certain sampling situations, the use of inlet fractionators
could provide a relative enrichment of the TRU fraction of the
aerosol and thereby improve the quality of alarm signals.
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DISCUSSION

h1EBCIER: Is this a prototype or have you made many installations of this kind? How do ,

l

you see this in the future?

McFARLAND: The unit we showed is a prototype. The Los Alamos National Laboratory is
currently encouraging evaluations by instrument manufacturers who have shown an interest in
commercializing the device. I believe they call this a technology transfer program.

LAICHTER: Do you have any calculations regarding the minimum detectable activity of your
instrument for alpha emitters?

McFARLAND: The part we have shown deals only with the physical arrangements. The
electronic apparatus combined with the physical apparatus will be tested in Los Alamos facilities this
fall. I can tell you what our criterion is. Wo wish to detect on the order of a couple of counts per
minute in the plutonium channels, but that remains to be seen. We hope the field experiments will be
completed by the time the next DOE /NRC Conference takes place.

MULCEY: You made some comments on eliminating non attached radon daughters. llave

yo,u done anything on eliminating the attached fraction of radon daughters, they are important, too?

McFARIAND: The experiments we conducted were related to the unattached fraction. We
did some rather preli . mary experiments in looking at room air with the attached fraction and we alto
made some calculations. As a design goal, we are trying to strip particles with equivalent aerodynamic ;

size of less than about 0.03 pm. The particles are, roughly,10 times the size of the unattached radon j

daughters. With our screen approach, we are attempting to push it up into this higher size range. |

SCIIOLTEN: You said that plutonium particles of greater than 10 pm are not inhalable.
That is true. But I don't think that it is permissible to inject into the environment particles nigger than I

10 pm, despite that they are not inhalable. You have to measure thc.r.4, also. |

870 ;
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McFARlAND: Your point is well taken that the size range of the particles does exceed 10 pm.
In some experiments that have been conducted to look at plutonium size distributions, there was as
much as 20% of the material associated with sizes larger than 10 pm, depending upon the source. Our
desire is not to fractionate at 10 pm but to draw in as large a sample of the larger particles as possible.
We are not purposely segregating the 10 pm particles; we are saying we want to have a cut point of at
least 10 pm.

SCllOLTEN: Would it be possible to measure the radon daughter polonium 210 separately?
In our laboratory we are working with polonium 210. Is it possible to distinguish between radon
daughters?

SkEA E t'iQ: What we have mostly looked at are the gross counts over the entire range of
radon daughters. We have attempted to look individually at Radon A and Radon C, but we have not
gone farther than that.

EUEZ: Firs * of all, I am glad to see you are trying some front end fractionators to
eliminate interfering r an hughters. I think that is a great idea. Do you have on the spectrum of the
remaining radon daughteis that we could look at? What is the resolution of the detector system? Did
you consider using a virtual impactor as they have at Argonne Labs? Why dd you decide to use a
diffusion battery rather than a virtual impactor?

McFARlAND: We have looked at several options. The experimental data that we onowed
here were based strictly on the use of the screened inlet. We have probably run a couple of hundred
tests and the sort of spectrum that you see here is fairly typical of the spectra tha. we have determined.
The spectra come off the instrument channel by channel; and, we have smoothed out the curve. I think
you can get a general idea of what the characteristics of the spectra look like.

KURZ: How big is the detector?

BicFARIAND: We used both I in. and 2 in. detectors. The data we showed were assos .atedwith t. flow rate of I cfm and a 1 in, detector.

t
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Abstract

In manufacture and reprocessing of fuel elaments, vaste gases as well ar, the
ambient vent air ' ave to be monitored for alpha and beta emitting aerosols
which are discharged via the stacks of the buildings. A monitor is described
which can measure the lov activity concentrations to be expected in nort il
operation as well as activity concentrations which exceed the limit values oy
several orders of magnitude. Simultaneously, the interference effects of high
noble gas activity concentrations (krypton 85) are suppressed to maximum ex-

12 Bq/m3 for beta emitting aerosols,tent. Vith a measuring range of 50 to 10
the monitor is also suitable for emission monitot ing during depressurization
of the centainment in nuclear power stations, j

l
1 Problem definitian

When reprocessing teal elements, it is necessary to monitor the vessel and
ambient vent air for beta emitting aerosols. i

Emission of radioactive substsaces via the vent air is inherent in the |

85Kr, are liberatedprocesr. Gaseous radionuclid n , essentially the noble gas
during uissolution of the fuel in the dissolver and are discharged with the
dissolver vaste gas. Emission with the stack vent air thus involves radioac-
tive gaseous substances and aerosols.

The aerosols occurring directly cr as a result of noble gas decay pass into
the vaste gas or aabiert vent air systems. Here, they are passed through
numerous vaste gas cleaning systems and filter sections.,

Downstream of the aerosol filters, the air is dfscharged via the stack into'

the environment.
As lov activity concentrations are to be expected in normal operation,

measurements must be extremely sensitive. The vaste gas rates most also be
monitored in limit value operation. This is rendered more diff}cultbythe
fact that, during dissolution of a fuel element, an additional 82Kr cloud of
high activity concentration occurs for several hours.

2 Principle of operation of the monito,c FET 59 ST

A bypass flow of 1.4 m /h is taken from the sampling system (see Fig.1).3

This air flow is heated by a pipe heater to prevent the temperature falling
below the dev poin t.. The vide dynamic measuring range measurement s; s tem
(Fig.2) consists of a sonitor with 2 measuring points operating on the step-
ping filter principle.
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|

Vith Heasuring Point 1, directl', above the dust collection point, in the
event of the beta limit value beicg exceeded and for the eventuality of the
beta limit value possibly being exceeded by several orders of magnitude, the
high activity concentrations are determined by means of gamma measurements
for the beta aerosols, employing the knovn beta / gamma ratio. Vith Heasuring
Point 2, in normal operation, the activity concentrations up to the point
where the limit value is reached are recorded by means of alpha and beta
measarement. At the same time, this measuring point is used to record the
activity concentrations where the alpha limit value is exceeded for alpha
aerosols up to the point where the alpha limit value is exceeded by several
orders of magnitude, and for beta activity concentrations up to several times
the bottom measuring lange limit of Measuring Point 1.

At Heasuring Point 2, there is a purging system which ensures that any 85Kr
present in aerosols and accumulated on the filter material is purged from the
filter.

In normal operation, the filter is allowed to collect dust for one hour and
is then advanced to Heasuring Point 2. At this measuring point, the filter is
first purged before measurement to ensure that the beta measurement is not
disturbed by the effect of 85Kr (maximum beta energy ca. ),67 HeV) .

At Heasuring Point 2, a ZnS-coated plastic scintillation cornter is used
which cof'nes simultaneous alpha / beta measurement with good alpha / beta
electivit" and is distinguished by a high counting rate stability. The
preamplifi. takes the form of special electronic circuitry with a linearity
range cover..ig 6 decades.

During dissolution of fuel rodo and, for example, for radioactivity emis-
sion of 10% of the alpha or beta limit value, the cycle time is changed to 6
minutes of dust collection and measurement time. This has the effect of im-
proved time-related resolution on the one hand and extension of the measuring
range up to approx. 50 MBq/m3 at Heasuring Point 2 on the other hand,

hr Hesuring Point 1, a ZnS-coated plastic scir.tillation counter is used as
well; this is however shielded from the dust cellection area vith a graphite
plate and a lead plate. Here the aerosol radioactivity measurement is typi-
cally carried out by means of gamma measurement.

The graphite plate fitted directly above the dust collection point has been
dimensioned so that high energy beta radiation, such as the radiation from
106 Fh vith a maximum snergy of 3.5 HeV, is also totally absorbed with mini-
mum bremsstrahlung. The lead plate between grap'aite layer and detectar re-
duces the intensity of the gamma radiation.

Vith a beta activity concenter.tlon in excesa of 0.5 MBq/m3, 6 cemetion
limit of Measurirg Point 1 is exceedd. :: Gat the measaria.g r nt;es ofe
Measuring Points 1 and 2 overlap by two decades.

The two reasuring points together completely cover a range of oeta activity
12 Bq/m3concentrations of 50 to 10

The measuring range for the alpha aerosols between the bottom measuring
cange limit and an activity concentration of 3.7 x 106 Bq/m3 is completely
covered by Heasuring Point 2.

3 Interference effect of high filter radioactivity on the measurinr Points

As high levels of- activity can accumulate on the filtet strir, the reel
onto which the strip is vound can become the " source". Here. only the
nuclides emitting gamma radiation are relevant, as alpha and beta radiation
is absorbed by the coiled filter strip or the fitted shield.
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11 Bq)If one assumes an emission of 10 times the beta liait value (6.7 x 10
during dust collection on a filter gtrip, according to 'Le flov rate rativ of
sampling and vent air (1.4-to 600 m3/h), a bett, activity of 1.6 x 109 Bq vill

emittingnuclides,thisvouldresultinarelevantactivityof8x10jBq.
accumulate on the filter. Taking into account the fraction 0.5 i gamma

I
Measuring Point 1. Here, the radioactivity on the coiled filter strip is

| 'toca t eda t a distance of 25 to 38 cm from the detector. For 1370s this vill
result, in the case of a point source at a minimum distance of 25 cm, without
taking account of shield materials, in a dose rate of tpproximately 1 mSv/h.

,

I

In addition, at least 8 cm of lead shield has to be taken int account,
1.1 cm y) at thewhieb leads to a dose rate of approx 0.15.uSv/h (ppb

locr. tion of Setector 1. This corresponds to an -increase in the background
rate of 1 s-k in the gamma channel. In contrast to this, due to the external

of approx. 10 uSv/h e-h gv/h vith all-round shielding of 3 cm, a doseradiation field of 10 p| essumed - 0.37 uSv/h is to be expected in the event! rate
| of stray radiation. Altpgether, this vould result in an increase in the

background rate of 3.5 s-1
Taking into account the considerable uncertainties in the estimate quoted,

,

spite of the conservative assumptions used as a basis, a background rate"

of 10 s-1 vill be applied below. This vill esult in a bottom measuring range>

5 Bq/m .limit ofr the gamma channel of 5 x 10
Measuring Point 2. A similar estimation of the dose rate increase due to

.

j the dust-coated filter strip (minimum distance 12 cm, minimum lead layer 6
- em) results in a dose rate of approx. 6 USv/h. This corresponds to the
i background rate in the beta channel of 40 s-1. The increase in the alpha

channel is less than 1 x 10-2 -1 If, for reasons of conservativeness, as

background rate in the beta channel of 100 s-1, and of 1 x 10-2 -1 in the
-

s

; alpha channel are taken as a basis, the following bottom me.eut2ng range3

3 in ,he beta i
! limits vill be abtained for a measuring time of 6 mini 125 Bo .n

channel, and 1 6 Bq/m3 in the alpha channel in the case of stray radiation. |
j

|

4 Interference effect of krypton 85 on H,asuring Point 1*

.

9 Bq/m3 and an effective gas85Kr activity concentration of 1.7 x 10For a
volume of approx. 100 cm3 at the dust collection point of Heasuring Point 1,

,

;

an effective ODKr activity of 170 kBq vill result.-
85 r is only 4 x 10-3,-as oppo

Cs, with a response capability of approx. 3 x 10 ged,As the gamma emission probability for K
137 3

e.g., to 0,85 for
137 s. Thiss-1/Bq, a mounting rate of approx. 0.024 s'l vill be obtained for C

rate is negligible in comparison with the background rate of about 3 s-1
caused by an external homogeneous radiation field of 10 uSv/h.-

During the official test it could be demonstrated that, with the present-
state of the art of science and technology, a dynamic measuring range exten-
ding over almost 12 decades can be successfully achieved. Fig. 3 gives a view
of the monitor. ,
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CONTAINMENT VENTING -

SLIDING PRESSURE VENTING PROCESS FOR PWR AND llWR PLANTS
-f

PROCESS DiSIGN AND TEST RESULTS

8.Eckardt-

| Federal Republic of Germany

KWU Group _of Siemens AG'

i

Abstr;0

in order to reduce the residual risk associated .vith hypothetical. severe nuclear+

accidents, nuclear power plants in Germany as well as in certain other European;

countries have been or will be backfitted with a system for filtered containment-

) venting.

! During venting system process design, particular importance is attached to the
requirements regarding, for example, high aerosol loading e.apability, provision

;

! for decay heat removal from the strubber unit, the aerosol spectrum to be-

| retained and entirely passive functioning of the scrubber unit ~ The aerosol
spectrum relevant for process design and test.ng varies depending on aerosol,

I' concentrations, the time at which venting is commenced and whether there is an |

f upstream wetwell, etc. Because of this the Reactor Safbty Commission in- |

Germany has specified that SnO with a mass mean diameter of approximately2:
! 0.5 pm should be used as an enveloping test aerosol.

| To meet the above-mentioned requirements, a combined venturi scrubber system

| was developed which comprises a venturi section and a filter demister section and
! is operated in the sliding pressure mode, This scrubber system was tested using'a

full scale model and has now been installed in 14 PWR and BWR plants -in

!- Germany and Finland.

[ - Depending on the specific reauirements of each project, units have been installed

! for mass flows of between 3-and 14 kg/s, decay heat removal of up to 480 kW
_ ~

! from the scrubber unit and an aerosol loading capacity _ of se"eral hundred
:

; kilograms.The scrubber unit is between 2 and 4 m in diameter, depending on the

|- design mass flow, and around 8 m high.

j in the cour'se of the experimental program totest s: rubber operation, itwas
:
1
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necessary to perform hydraulic functional tests and removal efficiency tests at
pressures from 1 to 10 bar and temperatures between 50 and 190 *C using air,
steam and mixtures of the two.

To perform these tests, the JAVA scrubber test facility was erected enabling a
section of the system to be tested on a scale of 1 1.

Tests were conducted to determine the removal efficiencies for DaSO4, uranine

and SnO2 aerosols as well as elemental iodine under various pressure and
temperature conditions. To prevent coagulation effects of a significant
magnitude, low aerosol concentrations of around 0.1 to 1 g/m3 were employed.

To achieve high removal efficiencies in boiling scrubber fluid and during
operation above atmospbcric pressure, it was necessary to modify the venturi
section and the filter demistcr section. Following completion of these
c'ptimization measures, medium-energy venturi operation was sufficient to
achieve BaSO4 removal efficiencies of around 99 % in the venturi section.
Retention of the micro-aerosol SnO2 in the water pool was also demonstrated to
be around 99 % during high-energy venturi operation.

The removal efficiencies of the entire combined scrubber unit were found to be
greater than 99.95 % for all the aerosols employed in the tests. These removal
efficiencies are also in good agreement with the decontamination factors
determined for this scrubber unit during the ACE Phase A tests, namely:
for mixed aerosol (Mn, Cs and I; MMD 1 - 1.5 pm) > 105
for DOP (MMD 0.7 pm) > 5.103
The iodine retention capability was demonstrated using iodine with a radioactive
tracer. Discriminating iodine sampling filters designed for 1 and CH 1 retention2 3

were employed to determine the removal efficiency.

The removal efficiencies established for iodine were > 99 % over the entire
operating nmssure and temperature range and at various venturi flow velocities.

Owing to the use of discriminating iodine sampling filters,it was also possible to

determine that the removal efficiency for organic iodide is in the range of
85-95 %.

lodine revolatization experiments were performed with scrubbing water
coriditioned with NaOH and Na252O . Using an hir/ steam mixture having an air3

content of around 10 % by volume, it was possible to demonstrate that iodine
revolatization within the entire scrubber unit is < 0.2 % over a period of 24
hours.

in order to meet special requirements for high organic iodide retention
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(> 99 %), a completely passive sliding pressure version using an integrated
sorption bed which does not need active heating equipment was developed
which achieves an organic iodide retention efficiency of more than 99 %.

1 Introduction

The general requirements to be met by venting system designs are that such as
system must have as high a retention and loading capability as possible but
should be of simple design, without active components.
After a number of basic studies using venturi scrubbers and filter demisters had
been completed, a two stage filter system was selected.

2 Requirements ,

Because of their significant influence on the process design and verification
program, some of the most important requirements are described below:
- Partale size distribution |

Because of its considerable influence on the retention capability of the system,
the aerosol distribution was calculated in the course of parametric studies
based on experiments. Analysis of these parameters revealed that aerosol
mass mean diameters of less than 1 pm down to 0.65 pm could be expected,
primarily on account of the long term effects of concrete-melt interaction.

Aerosol spectra still having a relevant submicron content are also encountered
j

'

when venting is performed via an upstream suppression pool since these pools

i primarily retain larger aerosols.
,

|Therefore,in view of the ongoing investigations,it has been specified that the
design of aerosol filtration equipment be based on aerosol fractions having a
large submicron content for the sake of conservatism. Because of this, the
German Reactor Safety Commission specified that tin dioxide (SnO2) having a

mass mean diameter of approximately 0.5 pm gerwrMed by a plasma torch
should be used as an enveloping test aerosol.

- Passive removal of decay heat from the filter

PWR BWR

>7kW > 200 kW
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Filter loading capacity-

Demonstration with SnO2 or the following venting system flows:f

PWR BWR
160 kg j>_30 kg

Filter, efficiency-

Aeros615 2 99.9 %
todine (elem.) 2 90 %

- Flow rate
Depending on the reactor type and the point in time at which venting is
initiated the resulting flow rates were:
3 kg/s 14 kg/s

Other general requirements applied to the filter- design included the|

following:

- The filter should be able to operate in a passive and fully autonomous
manner.

The system mest have no adverse effect on the existing standard of safety.-

Any associated dynamic loads - arising, for example, during steam-

condensation - must also be determined.;

| - All verification tests have to be _ performed under representative test
I conditions and were to cover both steady _-state and transient as well as full -

load and part load operating conditions.
- Speciai requirements from other European countries, e.g. the TVO venting -

systems in Finland for which-480 kW of. decay heat needs to be removed -

from- the filter or the Soviet reactors which have - an aerosol size
distribution with an MMD of 0.5 pm, also required consideration.

8is
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|
,

3 Retention Process i

i

The filtered venting system consists of a wet scrubber with venturi nozzles
followed by a combined droplet separator and stainless steel fiber filter demlster
housed in a pressure vessel. !

To activate the system, the isolation valves are opened by remote control from
the control room (see Fig.1 for example of German PWRs)

,

A separate battery power supply as well as provisions for remote valve actuation
guarantee reliable valve _ operation.

Another solution used for the BWRs in Finland, TVO 1 and TVO 2,-is also shown in

Figure 1. Activation of this system is effected using rupture discs which open
passively.

The venturi scrubber (Fig. 2) is operated at pressures close to the prevailing

j containment pressure levels due to the provision of a throttling orifice in the
I filter discharge line. The venting flow entering the scrubber is inkcted into a pool

of water via a small number of submerged, short venturi nozzles.The ratio of the
diameter of the aerosols and the venturi throat precludes any clogging. |_

IAs the vent gas passes through the throat of the venturi nozzle, the incoming gas -
flow develops a suctioa which causes scrubbing water to be entrained with it and,

on account of the large differerwe between the velocity of the scrubbing water

! particles and that of the incoming vent flow, a large proportion of the aerosols

| are removed. "

At the same time, the particles of the entrained scrubbing water provide large;

i mass transfer surfaces inside the throat of the nozzle, which permit effective
i sorption of iodine. Optimum retention of iodine in the pool of' water inside the
j scrubber is attained by conditioning the water with caustic soda and other

| additives. In view of the mechanisms occurring _inside the venturi, most of the -
iodine and aerosol particles are in fact separated inside the throats of these
nozzles.

The pool of water surrounding the nozzles acts as the primary oroplet separation .

section and also serves as a secondary stage for retention of aerosols and iodine.

The gas exiting from the pool of water still contains small amounts of hard to-
retain aerosols as well as scrubbing water droplets, in order to ensure high
retention efficiencies even over prolonged periods of time-for example,24 hours -
- a high-efficiency droplet separator and micro aerosol filter demister is provided

as a second retention stage.
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A throttling orifice installed downstream of the scrubber unit provides for crit; cal
expansion of the cleaned gas, which is s"bsequently released to the environment
through a separate stack.
A second scrubber version is based on operation close to atmospheric oressures

for venting containments *vith lower design pressures, e.g. 2 bar absolute.
This version is likewise d(signed to retain most of the aerosols in the scrubber
section. Even under extremely low flow conditions the reduced ventur; retention
ef ficiency is fully compensated for by the filter demister.
During the qualification tests of this version, the same level of retention
ef ficiency was achieved as with the sliding pressure version.

Both venturi scrubber versions provide a retention efficiency for aerosols of
99 95 % and more. This retention capability also applies to micro-aerosols of less
than 0.5 pm so that, for example, variations in the particle size distribution of the
aerosols cannot diminish the removal efficiency. The retention efficiency for
elemental iodine under all operating conditions including overpressure
conditions is above 99 E The retention officiency of organic iodide was found to
be better than 85 to 95 E
Furthermore, the venturi scrubber poolis designed such that evaporation of the

! pool water caused by the decay heat generated by the aerosols a the water will
likewise not lead to an unaccept Le drop in the pool water level.
The decay heci removal requirements of > 7 kW for the German PWRs and up to
480 kW for the TVO BWR plants can be handled in the pool without water
makeup for 24 hours.

Because of high organic iodide retention requirementsin sw .ial cases of 2 99 %,
an additional venturi scrubber version was developed.

This version has an integrated sorption bed with provisions for continuous passive

heating based on the principles of throttling and self-heating, and also operates
under sliding pressure conditions.

The retention rates are:
for organic iodide 2 99 %

for elemental iodine 2 99.9 %

This version was developed in 1989 in response to special requirements and is not
presented in detail in this paper.
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4 Verification Program

The pretests performed for the purpose of pro'.ess selection were conducted un-
der atmospheric prenure and room temperature conditions on individual sec-
tions of the process such as the venturi and the metal fiber filter demister. After

| final selection of th.; process, it was then necessary to perform functional tests

j under representative conditions. These tests covered aerosol removal efficiency

| tests as well as tests for iodine retention at a full scale test facility, especially at
pressures above atmospheric.

A full scale test facility was erected specifically for the purpose of conducting the
tests of this verification program.

S JAVA Test Facility at Karlstein

Figure 3 shows the flow diagram and the test parameters of the JAVA test facility.

The scrubber test vessel houses full-scale retention elements. In the various test
series performed, both short and long venturis we.e installed. |

'The facility can be operated as a closed loop or as an open circuit connected to a

steam boiler (22 MW) and a suppression tank. A summary of the main test
Jarameters is also given in Figure 3.

Equipment for aerosol and iodine injection as well as measurement was installed
upstream and/or downstream of the scrubber and filter sections.

Each test was monitored from a central control desk. This desk was equipped for
continuous recording of all physical data measured at the JAVA facility.

6 Aerosol Generation

I

Aerosol generation and injection had to be performed at different system I

operating pressures (up to a maximum of 10 bar), depending on the test %ing
conducted. Therefore, the methods usually employed for aerosol injection had to
be modified.

A separate upgrading program was conducted on the following equipment to
qualify them for operation within system pressure ranges of 1 to 6 or 1 to 10 bar:

,
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|

- plasma torches (for SnO generation)2

- rotating brush powder disperser and belt dosing unit (for BaSO4 injection)
) - spray equipment (for uranine aerosol generation)

- spray equipment (for iodine injection).
<

A detailed description of the methods selected for aerosol generation cannot be
given in this summary.

The aerosol concentrations of less than 0.1 g/m3 expected under containment
venting conditions were unable to be continuously simulated during the SnO2
test series.

As far as the generation of test aerosols was concerned it was, however, known
that high aerosol concentrations could - even in the case of short residence times -

result through coagulation in a significant increase in the size of the originally
small test aerosols,

in order to obtain sufficiently small sized test aerosols, it was therefore decided

to use short residence times (duration between aerosol generation and arrival at

the scrubber) and in this way it was possible to adequately prevent coagulation
ef fects which could also arise with test aerosol concentrations of around 0.5 g/m3
Figure 4 shcws ari SEM photomicrograph of the enveloping test aerosol SnO2

Figure 5 contains a comparison of the aerosol spectra that were generated
against an aerosol spectrum that was derived from NAUA distribution
calculations.This comparison reveaN that particularly SnO can be regarded as a2

conservatively enveloping test aerosol on account of its high submicron content.

6.1 Measuring Techniques

As a departure from customary sampling techniques performed at atmospheric
p- sure, aerosol sampling was conducted under realistic operating conditions at

. ressure above atmospheric cr.d usino thermal tracing to establisha ;

temperatures above the corresponding saturated steam temperatures in order
primarily to avoid agglomeration affects and any significant deposits in the
instrument lines

Samples of the main process gas flows were taken isokine;ically at specified
measuring locations, higivefficiency filters being used to remove the aerosols
from the sample flows.
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The material retained on the sample filtering elements was then evaluated by the'

AES (atomic emission spectroscopy) and gravimetric techniques. The aerosol
iparticle size distributions were measured by the light scattering method as well as

using a scanning electron microscope.

7 lodine Removal

From-the literature it was known that chemically conditioned scrubbing water :
pools displayed good iodine retention properties. Likewise, removal equipment
such as venturis as well.as irrigated packed wire mesh filters were known to have
good sorption characteristics an account of their large mass transfer surfaces.

'

Since the combined venturi scrubber presented herein constituted separating
elements of this kind connected in series, high removal efficiencies were expected

from the start.
Theoreticalinvestigations perfoimed in advance of system' design using a droplet
model to study the iodine remov;.1 capability of the venturi showed furthermore
the significant effect had by operating . temperature and pressure on removal
efficiency.

iTherefore it was necessary for a full scale system mockup to be built for the
purpose of verifying the iodine removal efficiency during short-term as well as
long-term operation.

1

-7.1 Performance of Test for lodine Removal <

s

This test was performed at the JAVA test facility using an aqueous 12 solution
containing 1123 as a tracer. The use of a tracer enabled a sufficient accuracy of
measurement to be attained even at low iodine concentrations of between 10-3
and 10 5 g/m3, which made it possible for decontamination factors in; excess of.

100 to be verified.

Figure 6 shows the equipment used for iodine injection.The aqueous 12 solution
.

_

having a pH of 3 and containing the 1123 tracer was pumped out of a storage
tank by a piston pump into a forced circulation evaporator. Here the solution was
evaporated and the resultant gas superhemed to about 30 to 50 *C above the
system operating temperature.The system temperature on the scrubber inlet side;

i

!
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was selected such as to ensure that the temperature of the liquid would be in a i

superheated condition of > 10 *C.

7.2 lodine Sampling and Measurement

Two iodine sampling systems were provided, one in the DN 150 inlet pipe
immediately upstream of the venturi scrubber (contaminated gas side) and one in
the DN 150 discharge line immediately downstream of the metal fiber filter
demister (clean gas side). The two systems were of identical design and are
depicted in Figure 6.The samples were taken via a hook-shaped probe attached
to a short, thermally-traced, flexible stainless-steel hose. A manifold connected
the hose to three thermostatically-controlled heating chambers arranged in
parallel and containing iodine adsorbers operated successively. Prior to entry into
the iodine adsorbers the pressure of the gas sample was reduced to atmospheric

inside an adjustable pressure-reducing valve. The temperature of the gas in the
metal hose up to the reducing station was set at 200 'C and was brought down to
140 *C inside the heating chambers in order to prevent condensation.

The discriminating iodine adsorbers were installed vertically inside the heating
chambers and comprised the following equipment when viewed in the direction
of flow:

aerosol filtei-

absorbent material impregnated with potassium iodide-

- absorbent material impregnated with silver nitrate
downstream condenser operating at a temperature of < 40 *C.-

The filters were additionally qualified in laboratory tests with respect to their
discriminating 12 CHl3 removal efficiency under the relevant operating para-/

meters.

8 Test Results

in the following a few of the results obtained from the numerous tests performed

will be presented. These results were obtained after a wide range of different
design optimizations had been effected; for example:
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modification of the venturi design in order to be suitable for operation in-

boiling liquid and particularly at elevated operating pressures and velocities.

selection of the optimurn venturi throat velocity range are) air to water ratio.-

optimization of the filter demister design as well as operating flow velocities.-

; The results have been subdivided at.cordity to medium or high energy venturi
} operation, and long or short venturis, as shown in Tables 1 and 2..

Some of the iodine tesi results are presented in T3bie 3. These data incorporate
correction factors based on pipe factors determined ict the contaminated and
clean gas sides.

In ad lition to the measurements of removal efficiency at different temperatures

and venturi throat velocities, particular mention should be made of the long term
iodine revolatization tests.

8.1. Aerosol Retention

Medium energy venturi operation tests were performed using soluble uranine
and nonsoluble BaSo4 aerosols having mass mean diameters in the region of
1 pm.

Even under low flow conditions, almost all of the aerosols (between 97 and 99 %)
were retained in the venturi section.1

As a result of the combination of venti ris with a metal fiber filter demister, even
at system pressures of 1 to 10 bar retention efficiences of > 99.99 % were verified

under full flow conditions and also at reduced gas flows - due to the greater
efficiency of the second section (see Fig.2).

In keeping with the requirements specified by the-German Reactor Safety
Commission, SnO was generated by means of plosma torches for use as a test2

aerosol in the final series of tests. In the course of these tests, aerosol mass mean

diameters of 0.5 pm were attained. For these tests the venturi section was -
operated in the high-energy mode, that is by using a reduced number of venturis

o; arated with a higher pressure drop. Due to this mode of operation, again
almost all of the aerosols (95 to 99 %) were removed in the venturi section.
The total removal capability of the entire scrubber unit tended to decrease at
higher operating pressures as well as lower vent flow rates.

However, in general the retention efficiency of the entire unit was nevertheless
> 99.95.
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8.2 lodine Retention
|

The total iodine removal efficiency of the entire unit was determined in short-
term and long term tests.
The elemental iodine removal efficiencies provided by this two-stage filtration
equipment were consistently > 99.4 %. These results have even been obtained
under operating conditions that have an unfavorable effect on gas sorption, such
as the following:

elevated system operating pressures, and-

- reduced venturi velocities under atmospheric conditions.
lodine revolatization tests yielded revolatization rates of < 0.2 % over an
operating period of 24 hours and using an air content in the vent flow of 10 % by
volume.
Furthermore, as a result of the capability of the measuring techniques to
discriminate between elemental iodine and organic iodide, it was possible to
verify an average organic iodide removal efficiency of 85 to 95 %.

!
9 Conclusions

The venting process tested in detail in the course of the JAVA test series revealed

that under all operating modes, including sliding pressure, espe <.ially as a
consequence of the selected two-stage design of the process, extremely high
removal efficiencies can be attained for both large-diameter aerosols anc' micro-
aerosols, nam 2iy a > 99.95 % for aerosols and a > 99 % for element.sliodine.

These results are also in good agreement with the removal efficienc e determined
in the ACE Series A tests for the micro-aerosol DOP of likewise y > 99.95 %.

The specific design of the system for sliding pressure operation has resulted in
ccmpact overall dimensions which means that, despite the high mass flows of up
to 14 kg/s, the system is capable of being backfitted in existing buildings.

Siemens filtered containment venting systems have now been installed at the
BWR units TVO 1 und TVO 2 in Finland as well as in all West German BWR plants

(total of seven).
Furthermore, systems for filtered containment venting have up to now already
been installed in five West German PWR plants.
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Test No. Test Venturi Pr.ssur. Temp. Gas Flow Medium Dengity Total Removal Partial Removal.
Aerosol Operaton Iba'l [* CJ Im'el Ivm 1 ter / m'l Efficiency [%] Efficiency [%] S

L

091 UL Uranine Medium - 2. 4 102 1000 Air / 0.79 99.999 8 ,

Energy . Steam m

093 UL Uranine Medium - 6 123 600 Air / 1.2 6 99.999 g
Energy . Steam o

0105 UL Uranine Medium - 3 113 1220 Air / 0.45 99.998 Z

Energy Steam 5
m
>

039 AD BaSO4 Medium - 6 169 1000 Steam / 3.07 227 99.999 2:

Energy Air >

[$ 041 AL. BaSO4 Medium . 8 126 1000 Airl 6.678 229 99.999
Energy Steam^

040 AL BaSO4 Medium - 10 129 1000 Air / 8.394 114 99.997 >
Energy Steam E

413 AL BaSO4 Medium - 2 94 600 Air 356 99.996 h
Energy o

O
Z

922 AD 'SnO2 High-Energy 4. I 154 1250 Steam / 2.18 498 99.998 99.5 m-
Air g

921 AD SnO2 High-Energ~y 4.1 152 1050 Steam / 2.17 390 99.991 99.3 $
Air m

927 AD SnO2 Medium - 1.8 163 650 Steam / 0.90 520 99.967 95.6
AirEnergy

uexwuAerosol Removal Efficiency Tests
o ss,

- Short Venturi with Metal-Fiber Filter Demister '""
Table 1

-
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SIEMENS

Test No. Test e, su,. Temp. Gas Flow Medium corawruned Total Removal Pvtial Removal U
Aerosol P=1 [' CJ - [m ?h] Gas cor=*anor Efficiency !%] Effoency 1%) E

imWmI o
O

944 AD BaSO4 1.9 175 2000 Steam / 107 > 99.999 99.2 !"
(*) $

818 AL BaSO4 2.0 106 1200 Airi 132 >99.999 98.9 0
(sn m) z

820 AL BaSO4 2.0 112 1000 Air / 152 >99.999 98.9 5
(Seam) E

819 AL BaSO4 2.0 114 600 Air / 128 99.996 97.7 $
(Sasam) >

ce 826 AL BaSO4 3.3 119 10G7 Air / 362 99.998 99.6 5
'E (Saam) O

5
929 AD SnO2 22 188 2000 Steamt 352 99.99 Waterlevel Z ;

(*) 2

$933 AD SnO2 2.4 172 2000 Steamf 352 99.99 max.
(*) O '

930 AD SnO2 1.8 187 1500 Steamt 400 99.97 min. $(*) @
932 AD SnO2 1.5 161 600 Steamt 440 99.97 min. Fu

(*) N
"934 AD % 1.9 145 1500 Steamt 343 99.99 max. .

I(*)

Aerosol Removal Eflicsency Tests un neu
Long Venturi with Metal-Fber Filter Demoster am

"Table 2
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n
H Pressure Gas Flow Removal lod.ine oVenturi P* Gas CompositionTest No- Type Ibar] [nl/h] Efficiency [%) Revolatization O

~

z
903 ID - D short 9. 6 4. 3 1200 Steam (air + CO2) 99.8 % - $

z
905 ID - D short 9. 5 1. 9 450 99.9 % ---- %

"

30% by vol. Steam / r-

900/903 ID - D short 12.5-9.5 4. 3 1200 9% by vot air _ y* 9, 2< 1% by vol. CO2

91010 - D long 9. 3 1. 8 2000 Steam (air + CO2) 99. 9 % - $ ., -

. n
913 ID - D long 8. 9 1. 8 450 > 99. 9% - m*

82 - 90 % by vol steam z
907/ 903 ID - D long 12. 7-9 1. 8 2000 18 - 10 % by vot air

-- 1.1x1f7%/h E
O< 1 % by vol. CO2
o
O
'*

9
m
2* 0.2 % by wt. thiosulfate
m

lodine Removal and Revolatization Results u s3
os.in t

Venturi with Metal-Fiber Filter Demister
i

Table 3
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DISCUSSION

CEDEROVIST: You claim in your paper that you have about 85% to 95% efficiency for
removal of methyl iodine. Can you substantiate it/ Sometimes you can have you can have very high
efficiency for removal of methyl iodine during transient operation, but not during long term operations.
Do you think there is a risk that efficiency will go down?

ECKARDT: It was demonstrated that the measuring technique consisted of discriminating
iodine samplers. It wa.; found during the test that about 1% of the iodine was organic iodide. When
we back calculated the organic iodide retention between inlet measurements and outlet measurements,
we found consistent values between 85% and 95%. We tested over periods of many hours.

KOVACil: How would you compare the hygroscopic properties of Sno, and BaSO to the4

mainly Cs salt aerosols generated in an accident?

ECKARDT: During the JAVA test series it was found that the SnO and BaSO retention2 4

efficiencies are conservatively low in comparison to soluble aerosols like Uranin (pool specific). In
addition during the ACE tests with the Siemens Venturi scrubber it was confirmed that retention
efficiencies for Cs aerosols of >3.105 could be obtained (approximately 10 times higher than SNO2
results during the JAVA tests).
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INVESTIGATIONS INTO THE DESIGN OF A FILTER SYSTEM
FOR PWR CONTAINMENT VENTING

H.-G. Dillmann, J.G. Wilhelm

Kernforschungszentrum Karlsruhe GmbH
Laboratorium f0r Aerosolphysik und Filtertechnik II

Postfach 3640, D-7500 Karlsruhe 1
Federal Republic of Germany

Abstract

The reactors of power stations in the Federal Republic of Germa-
ny are being or have already been equipped with systems for contain-
ment venting under severe accident conditions. Two different offgas
cleaning systems are available. One system, realizing a complete pas-
sive filtering concept, which will be discussed below, consists of a
multistage metal fiber filter for coarse particulates and aerosol re-
moval and an additional molecular sieve filter for gaseous iodine re-
tention connected in series.

The requirements made with respect to aerosol filtration
includes among others the capability of retaining 60 kg of a recon-
densing aerosol with a 0.5 pm mean geometric cass diameter. I

BaSO4 and SnO2 were used as tracer aerosols !n the experiments. )
In varicus test filters comprising several metal fiber stages loa-
dings up to 13 kg/m2 SnO2 and up to - 20 kg/m2 BaSO4 were measured.
All the decontamination factors were > 1000.

Vaporous iodine is removed on molecular sieve filters (zeolite
filters) subsequent to airborne particulate filtration. As Ag-
zeolites act as catalysts in the H2/02 reaction and thus might give
rise to a violent exothermal reaction, the catalytic effect was sup-
pressed by substituting mixed doping for doping solely .with silver.
The removal efficiencies achieved with Ag-zeolites and zeolites with
mixed doping in air-steam mixtures are indicated, and investigations
of the catalytic behavior in air-steam-H2 mixtures are described.

I. Introduction

Continued evaluation of experimental and theoretical work on
aerosol concentration and on the spectrum of particulate sizes in the
containment atmosphere has led to the specification of additional
stricter requirements with respect to the dust storage capability of
the filter systems used for containment venting in German PWRs.

By modifications of the design the dust storage capability was
greatly enhanced; additional evidence was provided on the filter per-
formance. As regards the removal efficiency to be achieved (require-
ment 2 99.9%) no modifications had to be taken into account because
also in the experiments with the least favorable spectra of particu-
late sizes of the tracer aerosols values 2 99.99% were attained in
practically all cases. Despite the combustion of hydrogen in the con-
tainment which had to be ensured by use of igniters, it is assumed in
a conservative approach that a hydrogen -residue is still present in
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the offgas. Molecular sieves have been developed whose catalytic ac- 4

tivity on the H2/02 reaction was suppressed by binary doping. |

II. The Loadability of the HEPA Filters

According to the results of research work it must be expected
that approximately 40 kg of mass have to be accommodated at the mo-
ment of pressure relief in the containments of German PNRs. A 50% ,

safety allowance has been made in addition to this mass. The mean '

particulate diameter was fixed at the conservative value of 0.5 pm
and a recondensing aerosol was specified. With that type of tracer
aerosol and with other aerosols whose particulates dif fered in their
properties loading experiments were performed.

III. Tracer Aerosols Used

BaSO4, TiO2 and SnO2 have been used as tracer aerosols. BaSO4 is
a color pigment, which is supplied with different grain size distri-
butions (Fig. 1). The flowability of all tracer aerosols has been en-
sured by adding small amounts of Aerosil (s 2 vol.%, Aerosil is an
extremely fine SiO2 Powder) so that plugging can be avoided in the
dispersing equipment. The mean particulate diameter ranged from 0.8
to 1.2 pm.

A further tracer aerosol, TiO , was evaporated in an are gener-2

ated argon plasma in order to distribute the aerosols very finely.
The recondensed primary particulates make up an agglomeration spec-
trum and were fed into the test equipment (~ 0.05-0.2 pm). It was pos-
sible to use TiO2 both alone and mixed with other tracer aerosols,
e.g. to shift the spectrum.

Rather large amounts of SnO2 were used as tracer aerosol; they
had likewise been produced by plasma evaporation, in this case as me-
tallic tin powder, followed by oxidation. A mean particulate diameter
of 0.4-0.5 pm is achieved in that evaporation. (Fig. 2)

IV. Description of the Test Rigs

The test rigs described in earlier publications were used for
the loading tests /1, 2/.

In addition, a test bench of Battelle, Frankfurt, was used for
some large filter loading tests because of the infrastructure equip-
ment available at that company (large plasma torch and large steam
generator). The test bench is represented in Fig. 3.

V. Description of the Tilters Tested

In some experiments the filters corresponded to the usual de-
sign, namely

2.5 kg/m2 30 pm fibers in the prefilter
1.5 kg/m2 22 pm fibers in the prefilter
1.5 kg/m2 12 pm fibers in the prefilter
1.5 kg/m2 8 pm fibers in the prefilter
4.5 kg/m2 2 pm fibers in the main filter.

899



_. . _ ..._

!
*/. of Moss NAUA (colculated) i

. .f, % 8
100 / / >~ |

/- / I / .

95 7' / / /
9090 / Sompte point pmple point'

,

near fdter Mnear generator ,
E 'I80 ,' ;80 ; U,

! ,r O *

m
,# - }f

70 70
I 2

,I I O ,

i 2'

60
'

60

i BoS0g micro" "N I C
ONAUA J

50 -

50 . $
"

,' !
3

q. a r > ;

40 ]
I !e

. 40 [ - O >-
, I r-o

I .) ,I
o m

s y30 (j Z4

i /
1 Z

l
-

| / 'O
'20 f 20 ; o .i,

j f O
I |-} k N
n

D
/

i m'
i 10

z/ / // =5
v 5 f g

0 /js

0 ::- ::': - O
0.1 -Q2 QS 1.0 2 'S 10 #'

-QS 10 ' 2.0 5.0 10 m
"'

Particle diameter Jim 0.05 Q1 Q2
Porticlediameter Jsm |

Fig. 2 gp j
Fig. 1- g(1 nuru,s=,,m -

Particle distribution of Ba SO4 micro ** Porticle size distribution of Sn 0 _
'

2 ,

i

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



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

21st DOE /NRC NUCLEAR AIR CLEANINO CONFERENCE

:kI'Q@_ STEAM *
wu

@| AEROSOLGENERATORh

e-! O@-
PRESSURIZED TEST *

AIR 4 CHAMBER W

@~]$ST6Lgj
h ' '

-

+ STACK

hwn,
Fig. 3 FILTER TEST RG ,

op (mbar)
50

Filtersurface 0.3 m2
Flowrote 300 m3/h
Loadng: Prefilter 5.6 kg a 18.666 kg /m2

Finefilter 0.14 kg 10.466 kg/m2

j Filter completea

b /first weighing 18 8 6 kg/m2 p,

5 on the prefilter >p
a 50 [ l

$ Prefi r

: ._-._._._. . _.._. . .

_j " Fine r

0"~"~~ i |
10 time (h) b

i i < i , ,

2 3 5 6.5 8.5 ' 10.5 Bo SQ .. micro"
feed ( kg )

|

Fig. 4 Filter loading test with Bo SO4_.. micro"

901

- --



_

|
21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

In some experiments the fine filter stage comprised half the '

number (only thrae) of layers with 2 pm fibers because the hindmost
layers in direct.on of flow serve solely to achieve extremely high )
removal efficieraies and do not contribute to attaining maximum load- I

'

ability.

For the finalizing tests on maximum loading the prefilter was
augmented by fiber cores of 40-65 pm fibers with different layer
thicknesses.

VI, Loadinq Experiments with BaSO4 |

Test filters were examined for their dust storage capability us-
ing BaSO4 aerosols. Fig. 4 shows the pressure loss curve in the
course of loading. The tests had to be terminated at 105 mbar rise in
pressure differential. A ' kg loading was measured at the filter
with 0.3 m2 filter surface ich corresponds to - 19 kg/m2 The aerosol
masses removed in the pipew rk between the feed point and the filter
was not taken into account.

VII. Loadinq Tests with Mixed Aerosol

In order to determine the loadability of metal fiber filters us-
,

ing a tracer aerosol to which a much higher portion of fine sub-
stances than in the pure BaSO4 aerosol had been added, the BaSO4 aero-
sol (Blanche Fix) was mixed in the gas phase with the very fine aero-
sol TiO2 (using the plasma evaporation method). Experience with this
tracer aerosol had been accumulated both in the methods of prepara-
tion and detection. Mixing with BaSO4 at the ratio 1:1 gives a bimod-
al mixed aerosol with 10% of the mass less than 0.2 pm in size and a
median value of approx. 0.7 pm. For comparison a fine fraction of
s 1% at the time of venting can be determined with the NAUA code for
< 0.2 pm particulate diameter. Titanium dioxide was fed approx. 3m
upstream of the test filter into the TAIFUN test section, BaSO4 ap-
prox. 2 m upstream of the filter, using the technique described be-
fore, in order to keep low the aerosol losses and to get a good mix-
ture. With this tracer aerosol the loading plot shown in Figure 5 was
recorded.

The plot makes evident that the reserves for loading the metal
fiber filters are sufficient also in cases where there is a very high
fraction of very small particulates. After the filter had been dis-
mantled at 105 mbar pressure differential it was weighed. The gain in
weight was 1.95 kg for 0.3 m2 face area which is equivalent to
6.5 kg/m2 loading at 80 mbar rise in pressure differential.

In order to comply with the specification above the maximum mass
to be removed on the filter installed downstream of a throttle is
2 kg/m2 with the envisaged face area (approx. 75 mbar pressure loss).
Pressurized filters of smaller dimensions which are installed up-
stream of a throttle are expected to remove 5 kg/m2 at the maximum
(pressure loss approx. 90 mbar).
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Loadino Tests with SnO2

As verification tests required by a advisory committee loading
tests with SnO2 tracer aerosol were performed on filters with 0.9 m2
filter area. Two different filter elements and two different face ve-
locities were investigated.

The steam to air ratio was approx. 2:1. The system pressure was
4 bar in two experiments and approx. 1.5 bar in one experiment per-
formed at approx. 145 "C. This corresponds to the conditions expected
to prevail during venting provided chat the filters are installed up-
stream and downstream, respectively, of the throttle.

The loading tests are represented in Figure 6. Figures 7 and 8
show typical SEM micrographs as well as the aerosol spectrum of the
SnO2 particulates. In the first test the total loading attained was
approx. 13 kg/m2 at 0.1 m/s face velocity and at 150 mbar pressure
differential. The rated pressure differential in that experiment was
1 bar which means that the reserves are remarkable.

At twice the face velocity, i.e. 0.2 m/s, loading as determined
by weighing was approx. 10 kg/m2 at approx. 600 mbar pressure differ-
ential.

When a filter of much simpler design was used downstream of the
throttle the loading was approx. > 4 kg/m2 at about 0.22 m/s face ve-
locity. The pressure differential attained was approx. 400 mbar. ;

It appeared in all tests that interruptions in operation caused
a reduction in the pressure differential which means that upon re-
sumption of operation the pressure differential was lower with the
same system pressure and under identical atmospheric conditions. In l

'

order to stay on the conservative side, this effect was not taken
into account when the filter was desioned.

VIII. Behavior of a Loaded Cold Filter
Simulation of Resumption of Operation

Startup Test

To clarify the behavior of a cold filter during startup while it
is exposed to steam, one existing filter (loading 6.53 kg/m2) was
subjected to a " cold startup test" in order to simulate the phase of
condensation.

Conditions of Testinq

Filter temperature 25 *C carrier gas at the beginning of expo-
sure: humid air at'80 'C, air-steam ratio about 1:1, additional trac-
er feed, heating of the loaded test filter through condensation up to
a value above the dew point.

Figure 9 shows the temperature and pressure plots. The pressure
drop is caused by condensation at the structures of the particulates
removed. The agglomerates undergo shrinkage and become more compact
bodies with reduced flow resistance /3/.
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IX. The Temperature Behavior

The materials used in venting filters resist temperatures of up
to 400 to 500 'C. During filter operation the filters are cooled by
the air-steam mixture; when disconnected, the filters should release
the decay heat of the fission products without requiring active cool-
ing measures, i.e. solely through convection and heat radiation.
Since the relevant computations are very complex, true-scale filter
modules with electric heaters integrated in the layers of the metal
fiber filters and in the molecular sieve layers were heated. At con-
stant temperatures of approx. 400 'C in the layers establishment of
the temperature equilibrium was awaited and the electric power feed
was measured (Fig. 10 and 11). It appears that the decay heat to be
expected can be removed in a passive mode without cooling.

X. The Results of the Advanced Containment Experiments (ACE)

Under an international program some venting systems were inter-
compared in Richland, Washington, within the framework of the Ad-
vanced Containment Experiment.

Among others, several scrubbers and filter systems as well as
combinations of both were investigated. On the KfK metal fiber fil-
ters decontamination factors of several 106 were obtained for cesium
and manganese aerosols. The decontamination factor for iodine was
60,000 when the tracer aerosol was CsI. The relatively low DF sug-
gests that some of the iodine had penetrated the particulate filter
as a gas. The test filters had not been equipped with a sorption fil-
ter stage for iodine removal. In the preliminary test involving DOP
as the tracer aerosol DFs of about 50,000 were measured. This means
that the KfK metal fiber filters attained the highest decontamination
factors achieved so far in these comparisons. The increase in pres-
sure differential of the filters was 60-80 mbar (Fig. 12); in the
test AA 20 the pressure increased faster in the prefilter at the end
of testing; however, it dropped quickly again at constant volume flow
rate. The pressure drop at the fine filter remained constant. The ef-
fect might be attributable to a typical feature of the 60% Cs0H~

aerosol fraction.

XI. Molecular Sieves for Iodine Filtration
durinq Depressurization

The technique of filtering gaseous radioiodide from the offgas
of the containment during depressurization should satisfy as far as
possible the following requirements:

passive simple removal method requiri: no additional energy;-

high removal efficiency with respe elemental and organic lo- |
- <

dine:

avoiding additional sources of risks, e.g. by radiolytic production-

of hydrogen, ignition of hydrogen-oxygen mixtures, and concentra-
tion of hydrogen bearing mixtures due to steam condensation;

907
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resistance of the removing medium to the constituents'of the offgas-

including the reaction gases from the interaction of core melt with-
structural material (e.g. core melt / concrete) and elevated tempera-
tures;

resistance of the removal medium and of the iodine removed to high-

radiation doses;

removal of the iodine such that no further measures are required-

during the period ot decay. (The half-life of I-131 decides upon
the decay time).

Radiciodide can be removed at elevated temperatures most conve-
nie.itly and by passive means through filtuation in a deep bed filter
using silver containing molecular sieves as the sorbent material.

*lready at the 20th Air Cleaning Conference it was reported..

about the removal efficiency of silver doped molecular sieves under
the conditions of temperature and humidity to be expected during de-
pressurization of the containment /4/. A multiplicity of further test
results are meanwhile available on these materials /5/. Recent axperi-
mental activities have been focused-on the development of the binary
dopod molecular sieves, on the measurement of their removal efficien-
cy for elemental iodine, and on the study of the catalytic properties,

of these sorbent materials with respect to H /02 reactions in steam->

2
air mixtures. Molecular sieve doping has been optimized inasmuch as
catalytic properties have been suppressed and the highest pos s.i hle
removal efficiencies achieved. In the present report data - are indi-
cated which have been obtained during the measurement of binary doped
molecular sieves envisaged for installation in the filters which are
operative during depressurization.

XII. Behavior of Molecular Sleves in Steam-Air-Mixtures-

In the course of depressurization of the containment:of a German-
pressurized- water reactor offgas temperatures between about - 160 *C
(opening) and about 120 'C (closure) may_be expected. The . molecula r
sieve filter is installed in all cases downstream of the throttle and
operates at a pressure which is -determined by the flow , resistance of
the filter and of the subsequent pipework.

The relief of the pressurized steam-saturated containment offgas
to a pressure close to -atmospheric pressure involves drying' of ~ the
offgas. The dew point in the filter can be underrated only during the
startup phase while the filter still at ambient pressure is exposed
to the of fgas. It is assumed that preheating (an active energy con-,

suming measure) of the flow path and the filter is renounced.

Molecular sieves absorb water while releasing much adsorption
heat and are very much he.Med by that process. It- hta been shown in
an experiment that while a test filter is exposed to initially satu-
rated steam a temperature prevailed in the sorbent material which was
well above the steam temperature and condensation in the sorbent ma-
terial can be excluded for the entire startup phase. The temperature
plot in a filter accommodating 22.2 kg molecular sieve and exposed to

909
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an air-steam mixture is shown in Figure 13. The filter element was
610 x 610 mm in overall size with 75 mm layer thickness of the sor-
bent material. In the cold condition (36 *C) it was exposed to a
steam-air mixture (dew point temperature 96 *C at the moment of en-
trance of the cold test bench). The temperature measuring points were
arranged in the inflowing air 20 cm upstream of the filter with
1.5 cm and 3.7 cm, respectively, of the layer thickness of the sor-
bent material.

Figure 13 exhibits a very fast rise in temperature (> 100 *C) of
the sorbent material withir, about 2 min as well as a temperature of
the sorbent material which is permanently above the gas temperature.

HO isThe maximum adsorption heat of the molecular sieve for 2

3000 kJ/kg, 715 kcal/kg).

Table 1: Removal Efficiency of a Binary Doped Molecular
Sieve for I-131 in a Steam-Air Mixture ;

Sorbent material: Molecular sieve, spherical shape,
diam. 1 - 3.5 mm |

Sweep gas: Steam-Air mixture 2.9:1; temperature 145 *C,

pressure 1 bar, linear air velocity 31.2 cm/s
i

Test medium: 1-127 + I-131 mixture as elemental iodine
or organic iodine compound |

|
|

|
'-

Removal efficiency in %

Bed depth (cm) 2.5 5.0 7.5
Residence time (s) 0.08 0.16 0.24

Type A,12 99.74 99.973 99.981

Type A,12 99.46 99.946 99.966

Type A, CH 1 84.7 96.8 99.213

Type A, CH 1 79.6 94.4 98.13

TypeB,12 99.930 99.973 99.983

Type B, CH 1 95.0 99.74 99.9743

Type C,12* 98.7 99.19** 99.931

Type C, CH 1 83.8 97.0 99.333

* Sorbens material conditioned for 15 h with stu.m air mixture.

+ 61 H , before loading with I 2'
2

** mechanical leak in 2nd test bed
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The results of some investigations of the removal of elemental
iodine and methyl iodide from an air-steam mixture are indicated in
Tab. I. They show that high removal efficiencies (> 99.9%) can be at-
tained. The molecular sieve specimens were conditioned with the air-
steam mixture for 3-3.5 h prior to exposure and after loading with
iodine (0.5-1 h) they were flushed with the air-steam mixture for 16-
17 h in order to make up for any desorption processes (Test rig Fig.
14). The experiment involving CH I was performed within a flushing3

period of only 1h duration. A multitude cf experiments carried out
at an earlier date did not reveal an influence exerted by the dura-
tion of flushing. The sorbent raterial used in the experiment enumer-
ated last in Tab. I was treated for 15 h at 145 *C with a steam-air
mixture ai the ratio 2.7:1, with 61 hydrogen added, before the remov-
al efficiency was determined in c,r d e r to detect any hydrogen induced
changes of the material. In another two experiments 6% hydrogen was
added to the steam-air mixtura over the entire duration of the ex-
periment (Tab. II). The equipment was not fully automated so that the
duration of the experiment could only be extended to 6 h at the maxi-
mum.

Table 2: Removal Efficiency of a Binary Doped Molecular
Sieve for Elemental Iodine in a Steam-Air
Mixture with 6% H2

Sorbent material: Molecular dieve, type C, spherical shape,
diem. 1 - 3.5 mm

Sweep gas: Experiment I: 471 steam, 47% air, 6% H,2
Vlin 31.2 cm/s

Temperature: 145 *C, pressure 1 bar

Experiment II: 651 steam, 291 air, 61 H ,2
Viin 50 cm/s

Temperature: 145 *C, pressure 1 bar

Exp I Bed depth (cm) 2.5 5.0 7.5

Residence time (s) 0,08 0.16 0.24

Removal ef ficiency (%) 97.9 99.42 99.86

E x p.11 Bed depth (cm) 2.5 5.0 8.0
._

Residence time (s) 0.05 0.1 0.16

Removal efficiency (%) 90.4 96.6 99.34

911
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XIII. Experiments on the Catalytic Activity
of the Molecular Sleve

The investigations were made with the equipment shown in
Fig. 15. The majority of the tests were performed with a conservative
steam-air mixture as regards the air fraction, namely at the ratio
1:1. The hydrogen fraction in the total gas mixture was set at 5, 10
and 15%. The linear gas velocity around the sorbent material was
fixed at 10, 20 and 30 cm/s. To record also the heat effect due to
adsorption of the steam during the startup phase the dry molecular
sieve was challenged abruptly by switching the gas flow from the by-
pass section to the test section. The pipe section ending shortly in
front of the molecular sieve bed was heated before switching; the
pipe section with the sorbent material was heated to the temperature
of the inflowing steam beginning with startup in order to compensate
for the heat losses of the molecular sieve bed (2.5 cm in diameter).

t(*c1
2',o U-- - - b-- ! I l- !

'

|

femperoture withm mollieve bedy,.

Gas tenperature downstream of motsieve

}Z . --4_- 's-- -

{
-- -

._.

; ' s-
! / ''Gos temperature upstream of mollieve

/

150 t ,

!/

.$
90 H . . . . . _

Oas matste contomsrg -
15 %H

|
42 5% Air

j 42 5% Steam'

50 - + - - +

. 0 3 m/s

0 +---

0 5 m 15 20 Jo 45 60 75 90
t me I mm )i

. y ww=. - - .- -

- = . .

Pig. 18 _Tegoeroture behaviour
of a binary doped _ molecular sieve
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The catalytic reaction of the exclusively silver doted molecular
sieve produced the maximum heat effect with 10% hydrogen fractior and
10 cm/s linear gas velocity. Figure 16 shews the typical temperature
plot in the inflowing gas mixture and in the molecular sieve bed in
one of these experiments. After a temperature maximum occurring at
the beginning around the moleculer sieve bed and caused by the amount
of heat released by H2O adsorption and H2/02 reaction a constant over-
all temperature difference of about 230 *C established between the
inflowing gas mixture and the sorbent material due to the catalytic
reaction of hydrogen with the oxygen present in the air.

Figure 17 shows the temperature plot when a binary doped molecu-
lar sieve is used. During startup of the initially low temperature
molecular sieve a temperature develops very quickly around the layer
of the molecular sieve which lies above the temperature of the in-
flowing gas mixture. This higher temperature decreuses within a time
interval determined essentially by the gas velocity and hence by the
amount of water supplied per unit of time and attains again a level
near the gas temperature. This is also shown in Fig. 18 under differ-
ent conditions.

In a great number of further experiments the suppression of the
catalytic propertins of the molecular sieve due to binary doping
could be demonstrated for the individual molecular sieve batches.
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DISCliSSION

KQMCil I would like to say that I am very glad you have decided to switch to some
material other than silver adsnrtrntt As we discussed at the last Air Cleaning Conference, their use
could create more of a hazard than assistance in some units. Maybe it is a help that we have had a lot
of success in this country with silver lead combination absorbents to prevent this type of application.

MULCEY: Did you perform specific investigations on the hygroscopic nature of the
aerosol to be filtered with regard to the pressure drop increase?

D11.LMANN: Not directly, but the ACE Experiments with approximately 60G of Csoll have
been finished successfully, in a real accident the content of Csoll in the containment atmosphere will
be in the range of a few percent.

|
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EXPERIMENTAL STUDY ON AEROSOL REMOVAL EFFICIENCY FOR POOL
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ABSTHAQ1

Removal ef ficiencies of particulate materials in water pools
were studied. The experiments were carried out for many different
parameters such as geometric, thermal hydraulle and aerosol proper-
ties. The experleents were perf ormed with the scrubbinr. pool which
is a cylindrical pressure vessel of 1 meter in diameter and 5 meters
h i r.h .

-I From the experimental results, it was unfirmed that the effi-
ciency strongly depended on scrubbing depth, particle diameter and
steam fraction of carr.ler gas. The efficiency increased significant-

| ly when the steam fraction exceeded 50--vol.%.
Moreover, the outhors confirmed the ef fIclency reductle* phe-.

nomenon at bollinr. pools, which had been theoretically predicted.
As the results, the efficiency f or the bolling pool decreased to a
half of that for a subcooled pool in the case of 2.7 meters scrubbing
depth.4

; I NTil0 DUCT 10N

There are many f acilities which contain water in nuclear power,

; plants. These facilities vill serve as a particulate material catch-
! er.'

When particles (aerosol) included in a mixture of incondensable
cases and condensable stena are released into water pools, the1

aerosol-is expected to be' retained in water.4

! In the present study, experiments were carried out in order to
j investigate the ' scrubbing effect'. which means the removal phenone-
: non for the aerosol material in water pools.
; Carrier gas injected into a valer pool forms bubbles and aerosol
i

i

j 918
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is suspended in the bubbles. The suspended aerosol noves to the
surface of the bubble through several driving forces such as gravita-
tional settling, inertial deposition, diffusional deposition and
steha condensation. Aerosol is expected to be retained in the water,
when it has Just arrived at, and deposited on the surface of a
bubble. Table I shows models for aerosol deposition velocity adopted
for the prototype SPARC code (1).

Table 1 Calculation models for pool scrubbing

(prototype SPARC code)

-
: .

* Oravitational Settling o ,+ d ,2 C s g
: Va= --

Velocity

|

* Inerital Depostilon V .2. o , . d ,2. c a
Y *i e

Velocity 4uD.

* Diffusional Depostilon DV''

: Vo=2Velocity aD.,,

a * Deposition Velocity by Wy
I Y'"steam condensation or y, (p,+ p,)m

evaporation
RTo ..

0,: particle density Wv : average vapor flux

d,: particle diameter into a bubble
C s: Cunningham silr correction M, : average.notecular

factor velght at the surface-

|
g : acep'eration due to P, : total pressure at pool

6ravity surface
u : gas viscosity P, : water vapor pressure

V.: bubble rise velocity To : Interface temperature

D.: bubble dlaaeter R : gas constant4

8 : angle sensured from D : particle diffusivity

vertical pole

|

-

|
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The SPARC code. which was released by U.S. NRC. Is used for scrub-
bing effeet analysis. The authors referred these models when test
conditions were chosen. .

The test conditions had been expanded to cover a vide range of
conditions to investigate various situations.

IlliT COND I T IMS_

There are many f actors which af fect aerosol deposition velocl-
ties as shown in Table 1. The authors selected eight parameters
considering geometric, thermal hydraulle and aerosol properties.
The parameters and their ranges are shown in Table 2. Standard
values were selected f or each parameter and tests were carried out
while varying only one parameter. This clarlfles the influence by a
specific parameter.

Polystyrene LATEX particle was used in this test, because its

i diameter is fixed and its density is unity. The authors didn't
1 change particle density parametrically, because :the aerodynamic

diameter was used for evaluating results. Consequently, particle
dieseter was chosen for aerosol property and sometimes. Csl was also
used for comparison with LATEX. For the thermal hydraulle property, l
some fundamental factors were chosen. They are pool vater tempera-

'

ture, carrier gas temperature, carrier gas steam fraction, and
carrier gas flow rate. Scrubbing depth and injection nozzle diameter
vere chosen for geometric property.

'

Table 2 Scrubbing test conditions

Standard Range
p

value

Geometric injection nozzle diameter (es) 15 1 ~ 15

property scrubbing depth (seters) 2.7 0 ~ 3. 8

pool water temperature (t) 80 20~ 110
Hydraulic carrier gas temperature ( t )' 150 20~ 300
property steam fraction (vol.%) 50 0~ 80

,

carrier gas flow rate (t/ sin) 500 300~ 2000

Aerosol particle diameter (ua) 0. 2 ~ 1. 0 0.2~ 1.0
property material L. A T E X L AT EX.Cs l

i

920j
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|| Is expected that a bubble formed in a bolling pool vould get
larger as it goes up in the pool, because pool vater evaporate to

the inside of the bubble. Therefore, it vill be difficult for
aerosol to anve toward the scrface of a bubble against the water
vapor flux. In order to invest! sate this officiency reductlon phe- i
nomenon, the authors carried out several tests under balling pool

conditions.
It should be noticed that bubble diameter and its rise velocity

are also important parameters for both inertiai deposition and diffu-
sional deposition velocity, as shown in Table 1. As bubble rise
velocity depends on its dinneter. only bubble dieneter Jhould be
considered. In these tests. Injection nozzle dinneter and flow
rate were varied, instead of varying- the bubble dlaaeter itself.
The authors consider that the bubble dinneter distribution formed
under these conditions, is more suitable for a real scrubbing phe-
nomenon than uniformly controlled bubbles, i t was reported as 4.

result of BCL/EPHI experiments, that the. bubble diameter distribu-
; tion does not depend on hydraulle and geometric conditions. The mean

value of bubble diameter and the geometric standard deviation vere'

reported-to become about 5.6 millimeter and ebout 1.5 respect ively,
under various conditions (2).

TEST APPARATUS
,

Figure 1 shows the test apparatus, This is composed of carrier
gas generation system (air compressors and steam boiler), aerosol
generator, scrubbing pool, pool vater control systen and exhaust
gas treatment systen.

Carrier gas generation system can serve alr/ steam alxture gas at
2

'

flow rate at 6 kg/ce -G maximum gas pressurea 2000 N L/ min maximus
and 300*C maxinua cas temperature.

The aerosol generator i s an atomizer type. The solution con-
tained aerosol i s injected into carrier gas using air pressurized by
2-3 kg/cs2 versus carrier gas and the solution pressurized at the
same pressure as carrier gas.

Figure 2 shows scrubbing pool details, it is a cylindrical !

pressure vessel. I seter in diameter and 5 meter. high. It has 5,

pairs of vindows. 20 ca i n dlaaeter. Maximum scrubbing depth is
3.8 meters.

The pool vater control system can heat or cool the pool water by
circulating pool vater through two external. heat exchangers. This
systes can control the pool water temperature from roon temperature
to 120'C.

The exhaust gas treatment systen is located down streas from the
scrubbing r.ool. Two pressure control vs!ves maintain carrier gas
pressure in the scrubbing pool. This systen also has a heat ex-
changer and an Industrial vet scrubber. The former is used to cool
exhaust gas and the latter is used to remove aerosol.

|

|
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AER050L_ M E AM!R I N0_.M Ell!QD.

In these tests, two kinds of aerosol material vere used. One
was LATEX and the other was cesium iodine. These aerosols vere
measured by different methods. Explanations of each measuring method
follow (refer to Fir. 3).

Aerosol sampling nozzle

Main streas > >1

3 r' '

r_. a

-

1
1

Dry heat air

v !
~

Hlxer
j % ) Exhaust'

>f- Sonicnozzle) 1.aser aerosol
( spectrometer# ,

Exhaust
7s

i

Dry heat air
;

.

]

k Pressure chamber Andersen impactor
;

h /
-"

i

-A N Flov meter'[ 'V[y

>\ <!

D4 " Flow meter
i
l ..

Absolute filter

Figure 3 Aerosol measuring system
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LAIELMEAftWlEMEN1

l'olystyrene LATEX part icles vere used in the test. The particle
diameters were 0.21, 0.31, 0.56 and 1.0 micro meter.

The aerosol sampling nozzles look like a pitot tube. They are i r.

main line located down stream nnd up stream from the scrubbint. pool.
Aerosol is extracted from main stream by the sampling nozzles,

in aerosol measurement, the most severe condition is when
aerosol exists in a pressurized steam mixture gas. In this case,
the authors used the sonic nozzle to reduce the sampled gas pressure.
This sonic nozzle also provides a constant flov, which depends on its
critleal flov. Just after this depressurizatlon, the sampled gas is
diluted 150 times by highly dried hai at the same temperature. Most
of the diluted gas was exhausted and a fev 10 cc/sec of the gas was
cooled to room temperature. During this cooling, a mist contamina-
tion by steam condensation vould not happen, because the gas dev
point had been reduced below room temperature by that dilutlon. The
cooled gas is introduced to a laser aerasol spectrometer and its
particle diameter and number concentration are measured.

Generally, it is expected that particle diameters and number
concentrations are disturbed by those complicated processes, in this
test, this disturbance is kept small by followint, reasons, (1) using

fixed diameter LATEX. (2) adoptinr, a diameter range, which is
unlikely to deposit and.(3) designing the sampling lines to be un-
likely to deposit. The authors performed the calibration tests us!ng
a vacant scrubbint. pool under various conditions. As the results ,

the difference in particle number concentrations between samplinr.
points down stream and up stream from the pool was 20 % at the maxi-
mum.

Cs l ME AftjREMENTi

Cesium lodide is so hygroscopic that it tends to absorb vater
vapor in carrier cas. Due to this property, it is expected that
differences in steam fraction vould change the Csl particle diameter.
The Csl particle diameter vill be small, if the same dilution process
as the IATEX measurement is used. The reason is that the process
strongly decreases the sampled gas steam fraction.

For Csl measurement. a conventional Andersen impactor was used.
However, it was not used under atmospheric conditions. The impactor
was used at the same temperature and pressure as sampled gas to
maintain the original diameter.

An Andersen impactor is usually used under depressurized condi-
tions obtained by a suction pump. In this test, since the impactor
is sometimes used under highly pressurized condition, calibration
tests using LATEX vere carried out. Results confirmed that the
impactor can be used with only general theoretical compensation.
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IESLRESRLIX
,

in this test, many different parameters, which expanded to
vide range, were introduced. Some important resulte are as follow.
The removal effect is defined as the ratio of entrance aerosol !
concentration to the exit aerosol concentration, which is called the
' decontamination factor'. ;

The value for each parameter follows the standard values in
'Tabl 2, if no special remarks are included in the figures.. In the

stan,srd condition, steam / air carrier gas is 150'C temperature at;

22.0kg/cm -0 pressure, 500 L/ sin flov - rate and 50 vol.% steam frac-
tion, pool temperature is 80'C and its scrubbing depth is 2.7 meter,
and the injection nozzle is 15 cm diameter. The carrier gas is

.

injected into vater trough the downvard injection nozzle. )
i

(NJECT10N N0ZZLE DI/JELE]LIFFECT .

1

Figure 4 shows the injection nozzle diameter effect, which is
6, 10 and 15ca, on the DF. This figure also shows the carrier gas
flow rate effect on the DF. The results show that the DF does not
depend on elther injection nozzle dlameter or flow rate, but the
difference of the DF caused by particle diameter is ranged for one
order. The DF vas about 100 for 1 alcro meter LATEX.

The fact that DF does not depend on either injection nozzle I
diameter or flow rate means the bubbles diameter distribution is
alteri the same under those conditions. This result is consistent
with the o.voerimental results obtained from BCL/EPRI (3).

For compasiron between extremely different con <litions, several
! tests using the I cm diameter injection nozzle were carried out,
j Results showed that the small nozzle 'DF increased to 10 times higher

than that-for a large one. This seems to be caused by inertial
|' deposition velocity, increased with an increase in the injected gas
! velocity.
i

SClll!!ULlRLQEEIH EFFECT
i

; Figure 5 shows the effect of scrubbing depth, which varied from
0 to 3.8 meters, on the DF. The results show that the DF increases
exponentially with an increase in the depth. The DF for 1' micro-

; meter LATEX ls about 10 for 1.1 meter depth and about 500 f or 3.8
meter depth.

The DF is about 2 f or 0 meter derith. This seems to-be caused by
: inertial deposition at the injection nozzle exit.

STEAM FRACTION EFFE.f.1
i

i Figure 6 shows that the effect of steam fraction in carrier gas
i varied from 0 to 80 vol.% on the DF. The DF increases with an in--
i crease in steam fraction above 50-vol.%. While it slightly deviates-
; around 100 below 30 vol.%.
,
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Figure 7 shows that the effect on the DF when carrier gas flow
rate ranged for 300 to 1000 L/ min. The results show that DF hardly !
depends on the flow rate. Notice that there was no steam fraction in
this case.

This results means that the bubble diameter distribution does
not depend on the flow rate, as mentioned before.

DalklNLl310LE1EEE1

The boiling pool test was carried out for two scrubbing depths,
1.6 meter and 2.7 met ers. The pool vater temperature was 110*C and
the pressure above the upper pool surface was equal to its saturation
vapor pressure. Figure 5 shavs the DF for a boiling pool, compared
with a subcooled pool (80'C). From these results, the predicted
reduction in DF is not observed for the 1.6 meter scrubbing depth.
However, The boiling pool DF for 2.7 meter depth is a half that of
the subcooled pool. The heat energy per pool volume, supplied at

3the boilint, test, was 9.6 KW/m ,

(LLSCUSS 101

COMP AltlXG WITB OTHEJi TEST RESU.LTS

The scrubbing test results for a small injection nozzle, 1 cm
diameter, vere reported by llCL/EPRI (3). Some scrubbing tests were
also carried out in the authors experiments. Figure 8 shows a com-
parison between BCL/EPRis and the authors' test results under almost
the same test conditions. The DF values for authors' test for parti-
cle diameter, ranged from 0.3 to 0.5 alcro meter, are consistentr

with BCL/EpHl's. Moreover, the DF of the authors' test for 1 micro
meter particle diameter vere linearly interpolated between the
BCL/EPRl's DF, it is concluded that these test results are consist-
ent with each other.

The tests on nearly saturated pool vater vere also reported by
BCL/EPRI. It is said that the differences in the DF, between boiling
and subcooled pool vater, vere very small. On the other hand,
tests on boiling pool vater vere carried out in the authors' experi-
ment. Results confirmed that the DF in boiling pool vater decreased
to a half of that in subcooled pool voter. These different results
seems to mean that the DF depends on the evaporation rate from pool
vater into the bubble. Therefore, it should be noted that the heat
energy, supplied in pool vater, or the evaporation rate, vould be
one of the important parameters, when the DF evaluation in bolling
pool water is required.

CORP A R I NG W I TH M01ELS

Calculation by prototype SPARC vere carried out and compared
i

i
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vith the authors test results. However, it should be noticed that
the absolute values for the SPARC DF vere always lover than that for

i BCL/EPRl's experimental DF (4).
A comparison between the calculations and the test results was

carried out for 1 micro seter LATEX.
Figure 5 shows a comparison between acasured and calculated DF

for the scrubbing depth offect on DF. As sentloned above, the
calculated DF is always lover than the sensured DF. but the trends,

are consistent with each other.
Figure 6 also shows a comparison for the carrier gas steam

fraction effect on the DF. The calculated DF is also conservative,
but the trend is well comparable.

It was predicted that the DF at boiling pool vould reduce,
because of pool water evaporation toward the inside of the bubble,
Figure 5 also shows a comparison between measured and calculated DF
values at a boiling pool. Calculated DF at a boiling pool is 8 times
lover than that at a subcooled pool. The increasing evaporation
rate, due to the energy supplied to pool vater, was not modeled in
prototype SPARC. If it was modeled, the calculated DF value vould
be smaller than the present. On the other hand, the measured DF-

value at the bolling pool is about a half of that measured at the
subcooled pool, in spite of supplying 9.61(W heat energy,

it is difficult to explain these differences from only these 1

results. However, it is assumed to be one of the reasons that hy- i

draulic turbulence, raised by boiling water, increases inertial
! deposition velocity in the bubble,

it has been reported that a new version SPARC has already been i

developed, using BCL/EPRI test results. The new version SPARC seems I

to be consistent with the authors test results, except for the I

boiling situation.

CONCLUSlq1

|- In these experiments. DF measurements were carried out for many

| different parameters such as scrubbing pool geometry, hydraulle
i conditions and aerosol conditions. Results confirmed that the DF

hardly depended on thermal hydraulle conditions, but that scrubbing
depth and particle dinneter are important parameters, This means

i that the scrubbing DF can be roughly decided by the facility geometry
and the scrubbed material property.

These test data are consistent with those obtained f rom: the
other experleent and calculation. However, since the present calcu-
lation for boiling pool see n.s to bc so conservative, a new model
should be developed.

These data offer basic and important information regarding the
questions about.how much aerosol material is removed by-plant facill-
ties under various situations.

930
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helveen the authors' results and BCL/EPRI's test.
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This study has been performed as a joint study by Tokyo Elec-
tric Power Co. Inc.. Tohoku Electric Power Co. Inc., Chubu Electric
Power Co. Inc.. flokuriku Electric Power Co. Inc.. Chugoku Electric
Power Co. Inc., Japan Atomic Power Co. Inc.. Toshiba Corporation,
and tillachi Ltd.
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Impact of the filtered venting system design upon the
total radioactive release in case of a seve:e accident and
a comparison of European requirements

Hans Cedervist ABB Atom, &72163 VRsteras, Sweden
IQell Ellsson' ABB Atom, &72163 Vesteras, Sweden

GustafIEwenhielm Swedish State Power Board, &182 87 Vullingby
Erika Appelgmn Swedish State Power Board, &182 87 Vullingby

Abstract:

Filtered containment venting systems have been introduced in several nuclear
power plants in Europe. The objective is to relieve the containment overpressure in
a controlled way during a severe accident involving core nclt.

The release of fission products when operating the venting system has been
compared to that resulting from diffuse leakage from the ccntainment. The
conclusion is that the diffuse leakage of gaseous and particulate species can not be
neglected in comparison to that resulting from operating the filtered containment
venting system.

Representative European requirements related to filtered containment venting
have been analyzed and compared.

1. INTRODUCTION

Since 1988, all Swedish nuclear power plants, nine ABB Atom BWRs and three
Westinghouse PWRs have been equipped with filtered containment venting
systems (FCVS). The need to go beyond the original design basis accident for
accident mitigation was recognized during the late 70's as a result ofinternational
studies and the TMI accident in the U.S. The fundamental role of a proper
functioning containment in order to prevent large releases also became apparent.

As the first nuclear power plant in the world, the Barsebsck 1&2 BWRs in 1985
were equipped with a FCVS comprising a shared gravel bed filter of high capacity.
(1).

At that time, discussions were underway to introduce FCVS also on other Swedish
nuclear power plants. The experience from Chernobyl confirmed the importance
of containment integrity and accelerated the ongoing programme aiming at

;

mitigating severe accidents (clacs 9 accidents)in Swedish nuclear power plants. i

1
1
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The major elements of this programme are:

filtered containment venting, see figure 1.1,*

1.iereased reliaulity of the containment spray system by connecting*

dicscidriven pump,

introduction of emergoney operating procedures that cover the whole*

range of a severe accid'mt from the initiating event to restoration of a stable
situation.

education and training of operators in order to increase their capability*

to handle an accident situation.

This programme is further described in (2).

The FCVS used in Sweden (except Barsebuck)is the FILTRA/MVSS where MVSS
stands for Multi Venturi Scrubber System (3).

The basic function of the FCVS is to prevent containment overpressurization by
relieving excess pressure through a filter. The system plays an important role in
the accident mitigating strategy adopted in Sweden, which aims at preventing
severe accidents involving core melt from causing unacceptable radioactive
releases, especially ofland contaminating products such as Cs.

a
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Figure 1.1: Conceptual lay out of Filtered Containment Venting System
(FILTRA/MVSS)
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|
|

|In a severe accident situation, the release to the environment will emanate from '

two sources, i.e. diffuse leakage from the pressurized containment and discharge l
from the FCVS, when operated. |

The objective of this paper is to discuss and compare these two release paths in
order to conclude what requirements should be applied regarding the separation
efficioney of the FCVS,

This paper is based upon a large study performed by the Swedish State Power
Board (SSPB) aiming at determining the diffuse leakage and its effect upon the
accessability to vital systems during a severe accident (4). The results for the
Forsmark 1&2 BWRs (2x1000 MWe) have been utilized,

it should be recognized, however, that the processes involved in a severe accident
especially in the containment are complex and to a large extent plant specific.

1.2 Design basis accident saluence

The total blackout of all AC current has been chosen as the design basis severe
accident sequence in all Swedish nuclear power plants. Numerous potential
sequences involving small and large LOCAs, transients etc have been analyzed but
the total blackout was found to be usable as envelope also for these. Plant specific
versions of the MAAP 3.0 code have been applied.

To give an example of the analysis with MAAP 3.0 the results from a total blackout
sequence for Forsmark 1&2 is presented in the following, as shown in figure 1.2.
The analysis concerning fission product release is terminated at 24h when
electrical power is assumed to be available again.

Drywell pressure (APa)

550-

500-

450-

400- |
350-

300-

250- &nr d r**d
200-

I150-

~ 'O 1'5 20 25 3'O 35 '40 4'5 50 55 601 ~
~ ~

O 5
Time (h)

!

t Figure 1.2: Design Basis Accident Sequence (Total Blackout)

|
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The scenario starts with a total blackout and thus loss of core cooling and residual
heat removal systems. Scram is initiated and the reactor water level starts to
decrease while the pressure in the rentor is maintained at approximately 7 NPa.
The batteries are assumed to be available for the specined duration (2 h) maintain-
ing the safety relief valves and the containment isolation operable.

Depressurization of the reactor pressure vessel is initiated at low water level in the
reactor and this leads to total core uncovery and increased fuel temperatures (1213
minutes).

Aner 25 30 minutes, zircaloy oxidation starts and hydrogen is produced. As the
metal water reaction is exothermal, this oxidation leads to further increased fuel
temperatures.

After 1 h, the core starts to melt and a total of 30 % of the zircaloy is assumed to be
oxidized. This is more than originally predicted by the MAAP 3.0 code which is
non conservative in this case,

,

Aner 1.4 h, the core melt has progressed so far that the melt ("corium"= mixture of
uranium dioxide, zircaloy, zirconium oxide and steel) starts to now to the lower
plenum of the reactor pressure vessel. The time to molt through of the reactor
vessel is assumed to be short,1 minute, occurring throuch a control rod drive
housing. The pressure in dry well is increased due to the combined efTect of H2-
generation and Dashing of water nRet melt through.

The resulting fast increase in the dry well pressure will cause the FCVS to be
initiated automatically after 1.7 h due to opening of the rupture disc at 550 kPa,
equal to the containment design pressure. The simultaneous blow of steam to
wetwell, venting and cooling of the core melt in the lower water filled drywell will
result in a pressure decrease which will be reversed once boiling starts in lower
drywell and wetwell.

A reduction in drywell pressure is achieved when the containment spray system is
assumed to be initiated, i.e. aner Sh.

The pressure increase after 24h is caused by the water reaching boiling tempera-
ture and fill up of the containment achieved by operating the spray system.

Manual control of the FCVS is possible during the whole sequence.

2. SOURCE TERM

The calculations of the accident sequence, core melt progression, thermal
hydraulles and the transport and. retention of fission products have been -
performed with the MAAP 3.0 code as described in section 1.2. These calculations
also give the source term to the FCVS. The source term to the reactor building,
caused by diffuse leakage,is based on the pressure and fission product content in
the reactor vessel and drywell given by the MAAP calculations.
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,

The following total amount of radioactivity is assumed to be released to the FCVS.

Table 2.1 Source Term to FCVS
i

Noble gases 100% (of core inventory)
I (CsI,12, CHal) 2.2%
Cs (CsOH, Cal) 2.3%
Te 3.5%
Mo group 1.6E-3%
Sr group 6.5E 3%

; 3. ASSUMPI' IONS FOR TIIE DIFFUSE LEAKAGE CAILULATIONS

To calculate the diffuse leakage, the pressure and the fission product content in
the reactor vessel and the drywall are needed. As die leakage calculations, as
shown in Section 4, are grdte complicated, it * .;. necessary to simplify the results
from the MAAP 3.0 code.

,

The time, therefore, has been subdivided into four periods:

A. 1600 6100 s. from start of fission product release from the fuel to
vessel failure.

B. 610015000 s, from vessel failure until all non condensible gaser are
collected in the wetwell gas phase.

C. 15000 28800 s, until the containment spray starts

D. 28800 86400 s., until water reaches nominal top core level

During each time period the pressure and fission product content in each node
were assumed to be constant.

The fission products can be present in the reactor vessel, the drywell and the
wetwell. The transport of fiss.on products betwoon these volumes is given by the
MAAP 3,0 code calculations.

The diffuse leakage will occur from:

* -isolation valves
personnel locks*

equipment hatches*

penetrations*

Of these, isolation valves give the completely dominating contribution. No dry
leakage paths from the wetwell to the reactor building could be identified.
Therefore only fission products in the reactor vessel and drywell will contribute to
the diffuse leakage In Figure 3.1 is shown how the noble gases are divided
between the reactor vessel and drywell.

._

i
i

i
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figure 3.1: Distribution of source term iroide containment i

All values are choecn somewhat higher than the mean value for each time period.

During the first time period (A) up to vessel failure fission products are released
from the fuel. After automatic depressurization of the reactor vessel to the wet well
the pressure in the vessel will be limited to 500kPa. The reason why fission
products are found in the drywell is the pressure increase in the we'well gas
phase, caused by hydrogen, which does not condense in the condensation pool.
When the wetwell pressure exceeds the drywell pressure with 50 kPa, the vacuum
breakers will open and release activity to the drywell,

In the second time period (B), after vessel failure there is a continuous transport of
non condensibles to the wetwell gas phase. The exception is the non condensibles
in the vessel, where the gaseous airborne fission products are trapped due to the
slightly higher pressure. Thus in the third time period (C) negligible amounts of

| fission products are assumed to be present in the drywen until tbc containment
spray is initiated.

Steam will then condense in the drywell and cause an underpressure compared to
the wetwell, the vacuum breakers will open, and most of the gaseous fission
products will be transported from the wetwell gas phase to the drywell during time
period D.

938
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4. ILEIEASE FROM THE CONTAINMENT BY DIFFUSE IEAKAGE

in connection with the work to implement die mitigating measures at the
Ringhals and Forsmark plants, the radiological habitability in vital areas was
investigated (5). The dose rates in such areas are affected by the radioactive
materials in the containment and FCVS piping, contamir.ated systems, the noble
gas plume and diffuse leakage.

As the design sequence was a total blackout (as described in Section 1.2)it was
realized that the emergency ventilation would not be in operation. The main
purpose of the investigation at that time was to determine the problems associated
with the radioactive materials staying in buildings outside the containment.

In this paper, however, the err ' sis is to judge the release to the environment -
caused by the diffuse leakage a 10 nmpare it to the release through 0.e FCVS. ;

i

! 4.1 Irakage from the containment

; it proved not possible to use the leakage criteria (1 %/24 hours) given in USNRC
- Regulatory Guide 1.3, because a severe accident situation is very different from a

DBA event such as a large LOCA accident.

At the Swedish Power Board reactors, isolation valves covered with water in a
large LOCA accident have less stringent leakage requirements than those in gas
media. in a total black out situation many of the valves, covered with water in the
DBA accident, will be in gas phase leading to a larger release. Another important-

difference is that the scram system with nitrogen tanks have valves with fail safe
1 in open mode. This means that when the battery capacity is exhausted (after at

least 2 hours) only the check valves in this system would stop activity release but
; with a considerably larger leakage,

important for the containment leakage are the conditions, such as the activity
distribution and pressure, in the containment. These conditions have been
described in Section 3. The method used to calculate the activity transport has been
the following:

,

1. Select volumes in which the activity is to be calculated.
'

2. Estimate the leakage factor between these volumes.
3. Solve the di&rential equations set up. These were simplified by,

,

assuming that the amount and distribution of radioactive matter and
: pressure m the containment were constant during the four time periods.
4

The volumes selected and the leakage paths between these are shown in Figure
4.1, Notice that the reactor building has been divided into primary and secondary
parts. The primary part of the reactor building are those areas into which leakage
from the containment can occur, such as rooms in direct contact with the contain-
meat or with systems connected to the reactor vessel or drywell volumes. The
remaining area in the reactor building is labeled the secondary part and includes -

| refuelling floor, corridors, lifting shafts, etc.
i
!

(
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Figure 4.1. Leakage paths

The leakage rates from individual volumes are expressed as the leakage factors,
defined as

L= %

V

where: v = leakage in Nm3/24 h
V : leaking volume in Nm3

The leakage factors from the containment to the surrounding buildings are shown
in Table 4.1.

Table 4.1 Leakage factors
Time period A B C D

Leakage factor for
Reactor Vessel 0.40 0.37 0.59 0.30
Drywell 0.006 0.003 0.006 0.002

The total leakage is obtained by multiplying the leakage factor with the activities in .

the reactor vessel and drywell given in Figure 3.1.

The release during the analyzed 24 hours is then 1.4 % (of which 1.3 % from the
reactor vessel) of the gaseous activity.

It should be pointed out that the diffuse leakage characteristics depend upon the
accident sequence.
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4.2 Leakage pathe to the em'ironment

If the emergency ventilation is in cperation most of the iodine will be ventilated to '

charcoal filters where more than 99 % will be retained. For the analyzed sequence,
in which the emergency ventilation will not function, a part of the activity willleak
to the environment unfiltered, but a large fraction is estimated to deposit within
the building,

The transport of radioactive materials in surrounding buildings and to the
environment according to the leakage paths in Figure 4.1 have been calculated (4)
but these resulte are not presented in this context,

The most important leakage path involves leakage directly from the reactor
building (secondary volume) to the environment, This will result in a ground
release whereas discharge from the FCVS takes place from a separate stack.

4.3 Sensitivityanalysis

A considerable effort was made to estimate the uncertainties. Most important for
the activity release to the environment is the uncertainty of the containment
leakage to the surrounding buildings, It was found difficult to estimate the
uncertainty of this leakage due to fluctuating results from leakage measurements.
Tne release to the environment, as well as the dose rates calculated are directly
proportional to the leakage factors.

4.4 Summaryof thediffuselealmgo

The totalleakage of noble gases during the analyzed 24h is 1,4 % of the core
inventory. As 1,1 % of the iodine is assumed to be found in gaseous form, the
corresponding leakage would be about 0,015 %. However, the elementary iodine
has a tendency of bemg trapped on surfaces. It is assumed that these retention
processes in the systems and buii#ngs will lead to a DF coiresponding to 210.

These processes are not assumed to affect the organic part of the iodine but the
release of gaseous iodine will be less than 0,01 % of the iodine inventory.

For particulate species the retention in systems and buildings depends upon the
following factors:

* particle size distribution
* concentration

chemical form*

* humidity in atmosphere
* residence time
* transport paths
* etc,

941
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These processes have been studied in several international experiments, e.g. the
LACE program (G).

It is a complex task to determine the diffuse leakage of particulates to the
environment. A complete modeling of the processes anc, systems involved would be
required to calculate the resulting release and this is beyond the scope of this
investigation.

However, based on an analysis of the involved systems and volumes, DFs in the
range 50 500 were judged to be appropriate for the retention process, and the re-
sulting release of Cs due to diffuse leakage will be 103 104 % of the core
inventory.

5. DISCHARGE VIA TIIE FILTERED VENTING SYSTEM

The FCVS installation is shown in figure 1.1.

The Swcdish requirements focus upon the potential release ofland contaminating
fission products such as Cs and state that in a core melt accident the total release
of Cs to the environment shall be less than 0.1 % of the core inventory (for 1800
MWt).

In order to determine the available source tonn in case of a core melt numerous
calculations e.g. with the MAAP 3.0 code have been performed. Based on these
calculations, the Swedish utilities determined that the following decontamination
factors were to be applied for the FCVS:

BWR 100
PWR 500

The DP is applied to all fissions products except noble gases and organic icdine.

The source term described in section 2.1 is assumed to be released to the FCVS
during 24h.

For the BWRs, the resulting nominal release will be:

I(as Cs I) 0.02 %
Cs (CsOH and CsI) 0.02 %
Te 0.03 %
Mo, Sr <10 4 %

Consequently, the release of radioactive land contaminating species will be
smaller than the stipulated requirement.

The actual release of fission products, e.g. Os will be several orders of magnitude
smaller due to that the realistic DF in the FILTRA/MVSS for Cs is larger than 10 .4

This has been shown in the Swedish verification programme and the ACE-tests
(8).
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The release of Cs due to diffuse leakage will be of the same magnitude as the
discharce from the FCVS with a DFin the range 2000 20000.

_l

The corresponding figure for I will be 3001000. However, the release ofiodine will
be dominated by CH31.

.

!

6. EUROPEAN REQUIREMES"I'S

Requirements regarding the installation of filtered containment venting systems
today exist in virtually all European countries utilizing nuclear power.

Sweden was the first country to introduce these requirements, but has been
followed by e.g. Germany and Switzerland where installation of eflicient FCVS has
been done or is underway.

The release of noble gases in a severe accident is deemed as an acceptable sacrifice
in order to prevent the possibility ofland contamination resulting from releases of
Cs and 1.

No separation requiremena therefore exist for noble gases and organic iodine.

The following DFs are applied:
Aerosols Iodine

Sweden BWR 100 100
PWR 500 500

Germany BWR&PWR 1000 10
,

Switzerland BWR&PWR 1000 100

The consent seems to be that a DF in the range 1001000 is suflicient to prevent the
available source term from causing unacceptable damage.

All installed or planned FCVS in these countries have DFs that exceed the
stipulated requiremeats. It should be noted that in Sweden the requirement
concerns the resulting release of Cs as described in Section 5.

When analyzing the existing differences between the countries, the following can
be concluded:

Sweden
Large emphasis upon sturdy design in order to withstand*

dynamic effects (e.g. hydrogen ' deflagration).
Manual initiation of FCVS is not accepted requiring high filter*

. -Ibrmance over a large turn down ratio (1-100% of full flow) and-
iization of rupture disc.

hiter located outside in a separate building.*

Connection of FCVS to drywell (BWRs).*

943
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Germany
More credit taken for operator action and containment performance*

during an accident.
Filters located inside existing structures or in a separate building.*

Connection of FCVS to wetwell (BWRs).*

Switzerland
No automatic initiation of FCVS allowed. Filters located inside*

or outside.
Connection of FCVS to drywell and wetwell (BWRs).*

The most typical design severe accident scenario is the total black out sequence .

The initiation time after an accident depends upon the scenario and varies from 3h
to 30h.

The typical requirement is the possibility to relieve 1 % of the nominal thermal
power. However, the flow rate does also depend upon containment design,
scenario etc. Flow rates from 214 kg/s have been specified,

r

7. CONCLUSION

The performed comparison between the release from the FCVS and that resulting
from difTuse leakage has shown that the importance of the diffuse leakage can not
be neglected. An important observation is that the diffuse leakage will be dominat-i

ed by the direct leakage from the reactor pressure vessel through the primary
system piping, thus by passing the containment.

Since diffuse leakage causes release on ground level,it is of great importance not
'

only for systems accessability but also for land contamination in the vicinity of the
plant.

:

|
|

|
|

|
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DISCUSSION

WII,IIE131: With respect to the use of sprays in a serious accident, did you calculate what
air / hydrogen concentrations you might reach by condensing steam inside the containment? Calculations
in Germany show clearly that if you do this, you create an explosive mixture because when the steam
is down, hydrogen will be increased in concentration. Steam is an inhibitor, if the inhibitor is taken
out of the mixture of steam, air, and hydrogen, the atmosphere may become explosive.

CEDEROVIST: Yes, a lot of effort has been devoted to calculating the risk of hydrogen
explosions and this has had a very important impact on our design of filter systems.
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DESIGN AND FULL SCALE TEST OF A SAND BED FILTER -r
i

Maurice KAERCHER
Head of nuclear circuits and lay out Division-

Design Department
Electricits de France

LYON, FRANCE

Abstract

All French PWR plants are equiped with a containment venting
system. This system is designed and implemented by Electricitd de
France (Design Department) with the technical support of Safety
Authorities (Institute of Protection and Nuclear Safety of Atomic
Energy Commission). '

This paper covers the following items :
- main assumptions, sizing and design requirements,

- basic design of the filter resulting from PITEAS R & D program
carried out between 1983 and 1989 at Cadarache nuclear conter,

- full scale tests performed in 1990 on FUCHIA loop at Cadarache
. description of the loop using plasma torches to generate CsOH

aerosols in a steam - air flow,.
. preliminary resulte concerning thermohydraulic and thermic

behaviour under residual power simulated filtration efficiency
with Cs0H aerosols and iodine,

- complementary design including :
. hydrogen risk during condensation period,
, radiological shieldings of the filter,
. heat removal after the filter closure,

-

,

- conclusion on the validation of the filter.

1. Introduction

Since the publication of the WASH 1400 report, and after the
<

TMI 2 accident, studies and experimental programs have'been carried
out to deepen knowledge about the evolution and consequences of
serious accidents which can happen on reactors. These studies have
enabled families of accidents to be brought to light originating
from multiple failures and which could lead to meltdown and
containment loss.

946
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To avoid or limit the consequences of such accidents,
Electricits de France (EDF) have set up ultimate procedures
(U procedures). These procedures are especially aimed at assuring
fuel cooling and avoiding or delaying loss of containment
integrity.

Scenario studies showed that in many cases of containment
integrity loss, its internal pressure was able to increase slowly
over several days under the combined effects of steam and
incondensable gas releases from core concrete interaction.

This pressure increase could cause a containment failure and
an important uncontrolled release of radiation in: the
environment. Now it is a fact that an adequate management of such a
release by controlling flow, activity and time of aperture would
permit the risk zone to be sufficiently limited so that, in
accordance with studies carried out by the Civil Safety
Authorities, population evacuation would be possible.

It was therefore decided to place a decompression - filtration
system of the simplest design on the containment to assure a
reduction of released radiation, except rare gas and gaseous
iodine, by a factor of 10.

The choice of technical filtration properties was defined
resulting from the PITEAS Research and Development program lead by
the Institute of Protection and Nuclear Safety (IPSN) in
collaboration with Elech;icity de France (EDF).

The system was then tested at full scale under conditions
representative of accident conditions.

All PWR reactors installed in France are equipped with it.

2. Desian hvoothesis of ventina system

Results of accident scenario studies show that the containment
pressure remains below the design pressure in the first 24 hours.
Thus the filter design criteria from the thermodynamic and aerosol
viewpoints was fixed at conditions existing in the containment 24
hours after the start of the accident.

The filter is put into operation when the pressure in the
containment reaches the design pressure. The gas flow rate through
the filter was specified in such a way that its evacuation capacity
assures that the design pressure is not exceeded. This sized the
filter to give a gas flow rate of 3.5 kg/s.

From the 'asol characterization viewpoint, various
1 carried out, show that 24 hours after the startsensitivity stu.

of the accident, the aerosol properties (concentration and

947
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granulometry), are relatively independent of the source (flow and
granulometry) and that in the area of release values which can be
expected and for dry containment designs of the EDF type, the

3concentration after 24 hours is most often less than 0.1 g/m and
the AMMD is about 5 pm.

As for granulometry, taking account of the fact that the
efficiency in the considered area diminishes for the smaller'

granulometries, the AMMD was fixed at 1 pm in order to determine
the filtering. medium and to guarantee the factor of 10 searched
for.

1

The main design hypothesis are grouped in appendix A.

3. Descriotion of decomoression filtration system

3.1 G6n6ral description (see figure 1).'

Tha decompression-filtration system from upstream to
downstream consistes primarily of :

- a containment penetration with double insulation made by two
valves in series located outside the containment, and as close as

| possible to it.

- an orifice plate reducing pressure to atmospheric (with the,
'

exception of pressr e losses)
:

| - a sand filter

- a device for measuring radiation released

- an independent evacuation duct located inside the normal effluent

{ stack of the plant.

With the exception of the containment penetration (with its
"

isolating valves), the system is not safety classified nor designed

]
for earthquakes, _it concerns a complementary installation.

I 3.2 Special Points

i
3.2.1 Circuit conditionina under normal clant operation

The principle of a permanent circuit conditioning during,

1 normal plant operations was selected in order to guard against the
humidification of the system (protection from corrosion) and

j particularly of sand.

This conditioning is achieved by assuring that the
installation is continuously scavenged by dry filtered air,

i

.
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3.2.2 Condensation

The aim is to avoid under established operating conditions,
any condensate accumulation during the implementation of the
system, in the bottom of stack.

Maintaining this objective is guaranteed by the following
arrangements :

- adequate thermal insulations of_the device

- discharges via an independent small diameter duct (400 mm)
located inside the normal effluent plant stack assuring a speed
sufficiently high to ensure condensate entrainment.

3.2.3 Measurino device for released radiation

A device is provided downstream of the filter enabling the
released radiation to be measured if the circuit is put into
operation. The detector in the process of being qualified will
permit iodines, cesiums, and rare gas to be separately measured.
3.2.4. Evacuation dugi

This duct is inside the normal plant stack for the following
reasons :

- no climatic loadings (particularly wind)
- better dilution of accidental phase release due to the air flow

supply extracted from the nuclear island buildings.
3.2.5. Ooeratino conditions

From the principle viewpoint, it seems worthwhile recalling
that safety depends on the containment and that this fundamental
principle should not be brought into question by the existence of a
venting device permitting a controlled opening to be made in this
containment and that in consequence it would be preferable to
postpone as long as possible, and if possible to avoid putting of
device into operation, by taking account of its mechanical
resistance proporties.

This being specified, the decision to put the system in
service then out of service is the responsibility of the Power *

Station Director in conjunction with the local and national level
of the authority who is in charge of the crisis management.

The system is put into service-by opening the containment
isolating valves (after closing the-incoming conditioning air) . The
internal containment pressure is then about 5 bars.

The specific start up criterialof the system are specified in
the serious accident intervention guide prepared jointly by

960
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Electricits de Frar.ce and the Safety Authorities.

3.2.6. Desian of sand filter l

l
3.2.6.1. Efficiency and filterina medium '

Tests on the PITEAS loop (see paragraph 4) permitted the
definition of the following conditions :

- 10 cm/s gas mixture velocity in the filter corresponding to a
2filtering surface of_about 40 m

- filtering bed of 80 cm,

- filtering medium made of "Cattonom" sand of granulometry
corresponding to a mass medium diameter of 0.6 mm and a standard
deviation less than 2,

- gas mixture reduced to near atmospheric pressure,

4
|

- a maximum filtering medium pressure drop of 10 Pa.

3.2.6.2. Descriotion (see figure 2)

The sand' filter is a vertical axis cylinder with the
torispherical upper and lower ends with the following
characteristics :

- diameter : 7.32 m

- height : 4m

- empty weight : 12 tons

- operational weight : 92 tons.

The sand bed support comprises an expanded clay layer with a
basket system for gas recuperation and a cellular concrete floor in
the filter bottom.

For all sites except Fessenheim, this filtration section is
installed on the roof of a nuclear island building, the PWR 900 MWE
series being fitted with a system common to two twinned plants.

|
! 4. Research and Develooment Drocram for the sand filter

|
The program called PITEAS' developed to define the sand filter,

evolved.in two stages : the first one, carried out in the
laboratory, permitted the selection of sand to meet the
specification : filtration coefficient more or egal to 10 ; the
second, made on the pilot-loop, studied the system's thermal
behaviour and defined its field of use. Finally a full scale test

951

_ _ _ _ _ _ _ _ _ -. - _- __ _ _. __ _ _ _ _ _ _ _ _ _
-- -



- . - .. -. - _ - - . - . . . - - - . _ . - . - . - - . _ - . . _ - - - . . _ ._______ - _

21st DOE /NRC NUCLEAR AIR CLEANIN2 CONFERENCE

was made on the FUCHIA loop.

4.1. Laboratory tests

baboratory tests were carried out on a sand column, 80 cm high
and 20 cm diameter. For these trials, the uncondensable gases (CO
and CO2) were replaced by air, giving the following test gas
mixture properties :

- temperature : 140*C

- pressure : slightly above atmospheric pressure

- composition % w/w : air 68%, steam 32%.
The gas velocity through the filter varied around set point of

10 cm/s (tests at 7 cm/s and 14 cm/s) .
The aerosols used were made from cesium carbonate. A

parametric study of the AMMD influence was done.
The tests of relatively short durations (1 hour) were carried

out in 2 ways :

- under thermal equilibrium conditions (steady state operating
conditions) for the filter.

- under transient thermal conditions, that is with a filter at
ambient temperature at start of test.

The filtering medium used was sand, from "Cattenom" produced
in the High Mosell valley. Different granulometeries obtained by
sieving were tried : 1.6 - 1.2 - 0.7 - 0.5 ard 0.42 mm for the mass
medium diameter, doviation being less than 2.

A complete parametric study of the purifying coefficient as a
function of the aerosol diameter, sand granulometry and gas
velocity through the filter was made under steady state operating
conditions (see figure 3). In transient operating conditions
punctual measurements, confirmed the results obtained under7 steady
state conditions. Pressure drops under both operating conditions-
were very similar (see figure 3). No indication of clogging.was
detected during the tests. The aerosol sand load obtained during
the tests reached 1300 g/m2 for 0.7 mm sand and 191 g/m2 for 0.5 mm
sand. The re-entrainment of aerosols deposited under the action of
the gas current, was the subject of 2 tests with a 0.5 mm sand with-
an initial load of 144 g/m2 and gas velocity |of 7 cm/s-; the'

-4fraction released over one hour was-less-than-10

From these results a sand granulometry was selected
corresponding to a mass medium diameter of 0.6 mm and a standard
deviation below 2. Under these conditions, a filtration coefficient
significantly above 10 is obtained, and a pressure drop for the set

952
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4velocity 10 cm/s, below the 10 Pa limit which was imposed.

4.2. Tests on oilot system (PITEAS looDi

The second part of the program was carri d out on the pilot
loop with the selected sand quality. To identify the filter's field
of use, three test series were run.

- a first series to characterize the filter's thermal behaviour,

- a second series to check out the results obtained in the
laboratory,

- a third series to study the filter's performance under various
operating conditions.

4.2.1. Descriotion of test system

The main composents of the test system are shown in figure 4.
s

The sand bed is a cylinder of 1 meter diameter and 0.8 m high.

j Instrumentation essentially consists in measuring the
sensitive points of the installation, pressures, temperatures, and

: air and vapour flow rates. y
i |

! Aerosols are generated by the acoustic pulverization of an
j aqueous cesium carbonate solution. Tests were carried out with
! aerosols of AMMD of 1.17 - 2.15 - and 4.7 pm obtained from

I

different solution concentrations, by sparger condensers. The
'

,

| cesium was analysed by atomic absorption spectrometry in solution
j samples taken from the system and from the effluent. tanks.-

# 4.2.2. Thermodynamic behaviour of the filter

! The test objective was to evaluate filter blockage risks by
i flooding,-in the condensation-phase of the vapour, during the start
; up phase when the filter is cold. The filter's'behaviour was
'

followed during temperature measurements at different points of the
sand bed and pressure drop measurements..

i

! The tests were carried out at-two-gasivelocities through the
! filter ;-5 and 10 cm/s. Various gas compositions were tested :

| - air 68%, steam 32%
; - air 35%, steam 65%
! - steam 100%

The thermal balance on the three transient phases-
0 (condensation, evaporation and reheating) enables the duration of
i these phases to be: calculated. The values obtained confirmed tho'

measurements. The calculations also give an estimation of-the-.

condensed water mass. It is about 23 kg for the gas mixture. These
! low values-in relation to free volume available between the sand

|
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particules, which is close to 240 L, explain the minor-influence of
condensation-on pressure drop.

4.2.3. System efficiency under steady state oDeratina conditions

A series of tests made after preheating the filter to the gas
temperature, confirmed, the results obtained in the laboratory ;.
filtration coefficients-cross check-(see figure 3), and salting out
is low.

4.2.4. System efficiency under transient oDeratina conditions

The test revealed a significant drop of the purification
coefficient during the condensation phase.

This phenomena seams to be linked to a. cesium hydroxyde
entrainment by water produced by condensation, in contact with the
cold sand.

This phenomena, which at the beginning concerns the whole sand
mass of the filter,-progressively reduces as the drying front
propages itself. The dried upper part of the-sand then
progressively recovers its maximum efficiency, and the global
efficiency of the system increases.

The curve of figure 5 concerns a test made with a lower mix ]
temperature upstream of the filter favourising condensation and
shows the increase of the-filtration coefficient.
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Figure 5 :-System efficiency under transient' conditions.
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4.2.5. Molecular iodine retention

A test aimed at examining molecular lodine behaviour in
contact with sand was carried out under steady state operating.
conditions with 32% steam in the gas. This test revealed a good
momentary iodine retention and a notable salting out under the
action of a gas blowing made 24 hours after the test. The filter
seems to act as delay line for iodine.

S. FULL SCALE TESTS ON THE FUCHIA LOOP

A full scale decompression-filtration system called the FUCHIA
loop was erected at Cadarache in 1989 (schsmatic diagram see
figure 6) . The FUCHIA loop is virtually identical to the -venting
system implemented on PWR in France.

Several different kinds of tests were performed :
thermohydraulic, filtration, thermic and salting out tests.

These tests were performed on a fully insulated filter from
January 10th 1990 to February 19th. A partially desinsulated filter
was tested from March 6th to the end of April 1990. The fol3owing
preliminary results only concern the fully insolated sand filter
and have to be confirmed.

5.1. Thermohydraulic test

5.1.1. Dgscription

The filter is fed during 30 hours with an air-steam mixture
(35 % air, 65 % steam, temperature 140*C) maximizing the
condensation effects. There is no aerosols generation.

About 30 temperature measurements, mostly taken.at different
levels in the sand, were recorded during the test. The quantities
of condensed water at the low points of the circuit-wore measured.

5.1.2. Preliminary results

The thermohydraulic results are in accordance to the
calculated elements and PITEAS results :

- the temperature field is homogeneous with a few degrees loss at
the circumference and a almost symetrical-distribution,

- the sand reaches its nominal temperature af ter a condensation
transient of 15 hours,

- the pressure loss is close to the expecteu value,

- no important condensation is noticed -in the system.
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|

|

5.2. filtration test

5.2.1. Description of filtration test

The sand filter is blown through by an air-steam mixture (35 %
{air, 65 % steam et a temperature of 140*C) during 50 hours.
|

During the first 25 hours, conium acrosols are generated by
means of plasma torches with an AMMD of 1 pm at a flowrate of

f
1

513 g/ hour.
{

- iodine is introduced in molecular form at a flowrate of
70 g/ hour.

During the following 25 hours then neither aerosols nor iodine
are generated.

5.2.2 Preliminary results

the filtration efficiencies on cesium and iodine are evaluatedby :

- mesuring cesium and iodine concentration above and below the sand
filter.

- mesuring cesium aerosols AMMD and concentration above and below
the sand filter by impactor (ANDERSEN 2000).

>

- three dimensionnal cartography in the sand by means of core
samples.

The main primary results are the following
- the AMMD of cesium aerosols measured above the sand filter isnear 1 pm (standard deviation about 2.3)

- the average flow of cesium aerosols above the sand filter is near
150 g/h, that means that 350 g/h of the 500 g/h generated do notreach the sand filter. 30 % of the aerosols stick to the pipesbefore reaching the sand filter.

- the concentration of acrosols given by concentration and
granulometry measurements are coherent.

- the diagram (see figure 7) gives the efficiency for cesium
hydroxyde measured on the sand filter as a function of time.

- for iodine an average ef ficiency of 20 seams to be observed butthis result has to be confirmed,

- a very low salting out is noticed during the period without
aerosols generation.
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Figure 7 : Efficiency on cesium hydroxyde.

5.3. Thermic and Saltina out test,

After the filtration tests the thermal behaviour and the
fission product salting out are checked over ten days. The residual
power is simulated by electrical heating and a cooling is carried
out by blowing fresh air (10 % of-normal flow). After. ten days the
temperature the temperature measured are near 100*C. The salting
out ratio noticed during this period of time is not significant.

6. COMPLEMENTARY DESIGN

The following points must be taken into account when putting
the decompression-filtration system of-the containment into
operation.

6.1. Hydrocen rick in the filter

This risk is extremely _short-lived and could occur when the
filter is put in operation-in a situation where-the upstream gas
mixture-contains a significant quantity of hydrogen.

This would imply a scenario in which hydrogen, produced in
large quantities, had not burned previously-inside the containment
and where-there is a high steam concentration. Condensation would
then lead to hydrogen-enrichment of the gas mixture in the pipework
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and filter during the temperature buildup transient in the metal
| parts upstream of the filter.

Although combustion of the mixture is unlikely (there is no
specific rource of energy) and although it is improbable that this-

combustion would destroy the filter, it cannot decively proved.

Provisions must therefore be taken to provide against this
occurence. These measures consist in providing a preheating system.

|

This system uses an electric heater downstream of the
conditioning fan. It's supplied by normal power supply or by an
independent electric generator. The system is able to heat the
pipe, the filter top and the upper sand bed part in a few hours. It
was tested on a french unit (Cattenom 4).
6.2. Radiation orotection : on-and off-site traffic

The surveys undertaken show that, as regards on-site and off-
site protection, biological shielding is necessary for direct and
indirect dose rate values (skyshine) induced by the limit values
corresponding to the radioactivity trapped in the filter for the
most pessimist hypothesis with an extreme source term.

With regard to direct radiation, the neutralizing effect
procured by a sand bed ring (25 cm) significantly reduces the
direct dose level, to such an extent that no further provisions are
necessary.

Decision has been taken for the implementation of
installations aimed at-limited protection with respect to sky
effect (indirect dose rates), leading to on-site and off-site dose-

rate values which are not significantly penalizing.

Contraints related to seismic resistance of supporting
structures result in technically different solutions being adopted
for different series of plants : concrete slab or structure to be
filled with water.

6.3. Thermal behaviour after filter closure

When the system is shut off, the heat dissipated in the filter
raises the temperatures in-the sand. The target was not to exceed
300*C in the sand (CsOH meltdown is 315'C).

For normal dissipated heat values (below the extreme-source
term /10), the sand temperatures do not exceed the target values
from the FUCHIA results, even with the insulated filter.

For high values and the insulated filter, it would be
necessary to use an air sweeping cooling device using the
conditioning fan, or to provide a water cooling device on the
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filter dome.

7 CONCLUSIONS

The Laboratory tests and then the PITEAS program on a reduced
scale model, enabled the main design parameters of the sand filter
to be defined. This filter was subjected to a full scale test on
the FUCHIA loop. The perfect control of representative test

Iconditions resulted in a reasonable spread of the first test
'

results and permitted the following conclusions to be drawn :

- On the thermohydraulic plan, the influence of the condensation
phenomena on the flow conditions in the loop and cn1 the
filtration efficiency is small.

,

- The filtration ef ficiency measured is higher than that observed
in the reduced scale tests. This efficiency measured for the
decompression system is further increased by deposits inside the
piping.

'
- The residual power can be evacuated by blowing fresh air at 10%
of normal flow.

- Salting out levels observed on the test periods are low.

Although many measurements are still in the process of
analysis, particularly those concerning aerosol distribution in the
sand, these preliminary results fully validate the design options |

of the filters installed on PWR power stations in France-and
confirm their high efficiency,

i
i

!
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APPENDIX A DESIGN ASSUMPTIONS

SAND BED FILTER DESING

Minimum efficiency : 10

No interaction with other systems

Passive system

No seismic design

flowrate :-3,5 kg/s

Time allowed before operation : at least 24 hours

CONTAINMENT-ATMOSPHERE'-

5 bar Air : 33 %
140'C Steam : 29 %

CO : 33 %2Composition CO : .5 %

Aerosols : average diameter : 1.to 5 pm-

total-mass-: 5 kg
6activity : about 10 ci |

I
y

|

|
|

963

_ _ _ .~ . _ . . . . . _ . . _ . . -. . . _ . . _ .



.-.
..

..

..

.. . ..

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE
;

DISCUSSION

H ANDYSIDE: Are you confident that the physical and chemical forms of CS and I used in
your test are the same those expected in a reactor accident?

KAERCilER: From the point of view of cesium, we have selected, for FUCHIA tests, an
aerosol which maximized the negative effect of condensation, i.e., CsOH is a soluble aerosol. In
addition, accident studies showed that the proportion of CsOH in Cs releases is important. From point
of view of iodine, accident studies showed that most of the iodine releases are Csl or 1. The behavior

2

of Csl is described by CsOH (both are soluble) and la is tested in full scale tests.

IIERGMAN: What is the expected sand bed filtration efficiency for particle sizes such as 0.1
p m.

KAERCHER: No test was performed with 0.1 pm particles during our program. The reason
is that this size is far from the expected size, which is between 1 and 5 pm. A theoretical analysis has
shown that sand bed filtration efficiency increases when particle size decreases below I' pm.
Consequently, filtration efficiency for smaller particles, such as 0.1 pm, is not less than the value
measured during FUCHIA tests with I m particles.

I
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CLOSING COhiMENTS OF SESSION CO CllAIRMAN KOVACII

I think it was an interesting session. We learned about a technology that is currently being refined.
You can see that there are several different applications aimed at the same problem and its solution,
using the different criteria, different performance requirements, and different technology. It is a very
interesting field, but at the same time my belief is that we n::ed additional test data, particularly to make
sure that our evaluation challenges do, in fact, closely simulate accident conditions.

|
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OPENING COMMENTS OF PANEL SESSION CO CllAIRMAN PLUMB

In this session we will try to cover such toples as the international development of systems,
equipment, test methods, and regulations as they relate to reactors, fuel storage, reprocessing,
management of high, intermediate, and low level wastes, other fuel cycle activities, and finally non fuel
cycle activities. We will try to deal with them, first, in a generic manner and then go to particular
developments of special note.

1
|

|

|
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THE DUTCH NUCLEAR PROGRAM

L C. Scholten !

N.V.KEMA
P.O. Box 9035

NL 6800 ET Arnhem, The Netherlands

The Dntch nuclear program is limited. In our country we have two power reactors, a BWR and
a PWR a:.d an ultra-centrifuge fuel enrichment plant. There were plans to build new plants, but directly
d. r sne Tsjernobyl accident our government postponed the decision and ordered a new study on the
safety of nuclear energy. That study is now completed and at the moment under discussion. A facility-
for waste storage on land is to be built. The first stage for low level waste is under design and
construction will start soon. later, the facility will be enlarged for storing spent fuel for the next 100 -
years.

The filter systems at the seactors and the enrichment plant are tested by our company on a regular
base. For the testing we have adopted the ASME.N510 standard and the ASTM D3803 standard for
charcoal. We are not obliged to follow these codes exactly; our test methods have been ap, proved by .
the nuclear inspectorate. More detail cf the testing methods are in papers at the nuclear air cleaning
co:iferences organized by the European Commission.

At the Dutch power plant contaiament vent filters will be placed. In December 1988 the nuclear
inspectorate has ordered to install containment vent filters by 1992. In practice that means that they
will be installed during refueling outage in spring 1992. At this moment it is not yet decided which typ,e
of filter will be used. For the PWR a shdmg pressure unit of modified Siemens-KWU design is -
foreseen. For the BWR a decision will be taken when the results of level 2 calculations with the STCP
are available. We expect that a filter working at atmospheric pressures will be used.

Furthermore research is going on for the penetration of ultra fine pa-ticles through HEPA filters.
Those small particles, smaller than * 1 #m and down to 1 nm, are believed to creep through HEPA
filters with the same mechanism as plutonium particles. - We still have to verify our theory
experimentally. Therefore we are working together with the CEA in Frrnce, where the depth
penetrations are examined with the peeling technique explained at this conference.

In the international field, we share in the ACE propram and subsequent programs, i.e., large scale
tests for studying the behavior of aerosols inside contamments during severe accidents.

A special case is our BWR. It is a small one, only 60 MWe, built as a demonstration plant in 1968.
It is built according to GE-specifications with n MARK 1 like containment.- It is the only BWR in the
world with natural circulation, so without internal pumps. Therefore, it serves now.a model for the
SBWR design of GE. In fact some of our reactor engineers are accredited at GE for some years.
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NUCLTAR AIR CLl'ANING PROGRAMS IN USA

M. Lee llyder
Westinghouse Savannah River

P.O. Box 616
Aiken, SC 29802

in many respects, my review of U.S. air cleaning programs may be a fairly easy task since many
of these have been reported at this Conference, llowever, I have been able to identify some other
activities that were presented. In addition, you may know of some that I have missed. If so, I hope
you will bring them forward, as Dr. Plumb has suggested. it is apparent to me that the U.S. programs,
though containing some significant areas of new work. are not as extensive as they may have been in
past years. In part, this is a natural consequence of a maturing industry. After all, there are more than
40 years of air cleaning studies that have been reported at tlese conferences, it is now possible for
engineers to construct excellent air cleaning systems of considerable complexity for many purposes using
standard commercial components. But this reduced level of effort also reDects the considerably
diminished h vel of new construction in the U.S. nuclear industry, that inevitably is reflected in the level
of research and development in this area and others.

I would like to describe the U.S. pro.; tams in the manner that Dr. Plumb has suggested by talking
first about generic programs. Much of w1at I have to say deals with aerosols and particulate cleaning.
We have heard at this Conference about the work done at Livermore National Laboratory on the
development of metal filters. We have heard of work on the characterization of aerosols and of the
performance of filter equipment being done by Argonne National Laboratory and at New Mexico State
University. We have heard of at least two groups who are working on filter testing using various
particulate generators to challenge the llEPA filters. Still, it is my impression that the U.S. work on
aerosols is more extensive than has been reported here. I know from talking with people working in
this area. that the field is a broad one. It is a significant area of research at several of our universities
and there are national and international meetings held in this field which go well b: yond the interests
on the nuclear industry. I hope that we will continue to draw technology into our nuclear programs
from this resource. An active generic area that has been referred to occasionally but not specifically
mentioned m any one paper,is tSe development of models and codes for r.were accidents dealing with
movement of both aerosol and gaseous radioactivity, it is foreseeable that during the coming few years

,

there will be a great deal of effort, directed into fitung some of these fairly newly developed codes to
experimental data in order to validate them.

Turning to the area of air cleaning regulations and standards, we have been made aware here of
numerous changes which are in progress in this country. The updating of the NRC Regulatory Guide
1.52, the recent issuance of new versions of ANSI Standards ASME N509 and N510, and the progress
of work on the AG.1 Code will all haa significant effcets on future air cleaning development.
Additionally, the recent modification of the abarber test methods, reDected in the test standards, will
come in time to be reDected in practice, as well, although it appears that things are not moving very fast
from what we have heard here.

With these thoughts in mind, I will look at some of the specific e.ctivities underway in developing
air cleaning information for specific areas, beginning with the support of nuclear reactors. One of the
largest such activities has only been dightly discussed at this. conference because it is privately conducted
research of a proprietary nature. I refer to the work coordinated by the Electric Power Research
Institute, the so called LACE and ACE programs on reactor accident phenomena. This work is being
done in collaboration with pariners from many countries. We have heard about some, including the
Dutch presentcion. As I understand it, these studies have recemly included various concepts for reactor
containment venting, including some of those that we heard about this morning, as well as pneric
studies of iodine behavior in accident situations. Outside of these programs, there is only a limited
amount of work in support of nuclear reactor operation. I have to mention that we maintain at the
Savannah River Site a continuing program related to aerosol and adsorber research as well as research
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on natural air circulation. Some of this is being done to develop the kind of code validation that I
mentioned earlier AdditiciaHy, this is an area that may see some new construction. The anticipated
design and ecnstruction of r, ac or even sescral new production reactors may be the basis for future work
by the Department of Energy,(DOE) and its contractors. Also, as we have heard at this meeting, the
firms involved in advanced power reactor design have no doubt been addressing various air cleaning
problems, and their work may become more apparent in the future,

in the area of nuclear fuel reprocessing, I am sad to report our activities in this country have sunk
to a rather low level. There is pioneering work centered at Oak RNge National Laboratory, and that
lab gave a paper in this field during this conference. In my discussions with Dr. Jubin and Mr. Birdwell,
they told me that this is a very limited area of research right now. Of the remaining areas of nuclear
industry research, the most active by far is waste management, and it has many aspects. We have heard
about the design of waste and fuel repositories with ventilation as an essential part of the design. The
cleanup and concentration of waste from several DOE sites, which has gotten considerable attemion.
and no doubt wiu have more, includes several areas of air treatment development. I can mention
specificauy, for example, work being done at the Idaho Chemical Processing Plant on catelytic reduction
of nitrogen oxides and the recent development and construction of an off gas sptem for the metter and
soudification building at the Savannah River Waste Defense Processing Facihty which is scheduled to
be put into operation during the coming winter. This procus includes several interesting problems
involving air cleaning, as it must handle substantial quantities of benzene in one part of the process as
well as mercury vapors. The performance of this equipment should, I think, be an interesting topic for
the next air cleaning conference. Also, there will tie work during the coming period on other waste
management efforts at the various DOE sitet, including the planned llanford waste solidification facility,

'

and a number of waste incineration programs. Other areas of the nuclear tuel cycle, including uranium
refinement and fuel manufacturing, a
no new developments in these areas.ppear to be adetuately covered by existing technology. I know of

In conclusion, . wot.ld like to emphasize that we still don't feel
that we know everything, particularly in areas relating to sorbents, forrMion and migration of aerosols,
and some of the other phenomena that might be encountered in polar,dal reactor accident situations.
I expect that there will be work continuing in these areas, and that we wM 5e hearing more about them
in future conferences.
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NUCLEAR AIR CLEANING R&D PROGRAMS IN CANADA

Christaphn H, Cheh
Ontario liydro

Chemical Research Department
800 Kipling Avenue

Toronto, Ontario, M8Z SS4 Canada

All CANDU generating stations are equipped with various gas treatment systems. The Off Gas
Management System, the Reactor Ventilation System (or Contaminated Exhaust System), and the
D2O Vapour Recovery System reduce gaseous radioactive emissions during normal station
operation whereas the Emergency Filtered Air Discharge System is designed for post accident
containment clean up. These systems installed at Ontario Hydro's CANDU stations are briefly
described in e previous paper (1), in the following, R&D programs on gaseous radionuclides in
Canada wiP oc briefly discussed.

.Cerbon 14 Fl&D Proarf.m

in 1980, Ontario Hydro initiated a carbon 14 development program to reduce emissions from our
nuclear generatioO stations. A removal process using calcium hydroxide at ambient temperature
was developed from bench scale to full scale engineering system for both moderator cover gas
system and nitrogen annulus gas system.

Dunng replacement of the pressure tubes of Pickering NGS A Units 1 and 2, carbon 14
contaminated dust was found in the annulus gas system. Elaborate work procedures had to be
followed by retubing workers to avoid personal contamination. This affected the retubing schedule.
A study was therefore carried out to find a way to decontaminate the annulus gas systems of Units

| 3 & 4 prior to retubing. It was learned that,in a nitrogen filled annulus gas system, carbon 14 forms
'

hydrogen cyanido (HCN), which then polymerizes and crystalilzes out on the annulus gas system
surfaces. Even at a high temperature, the carbon 14 species decomposed very slowly, The
decompo .ition products are H 0 NH , and CO at temperatures up to 300 C. Yhe decomposition2 3 2

of the pol) ner material is normally incomplete. Pyrolysis, however, is enhanced when a source of
oxygen is provided (2). Consequently, it was proposed that oxygen be added to the annulus gas
to oxidize the carbon 14 which could then be purged from the system.

A carbon 14 removal unit was assembled to remove carbon 14 from the moderator cover gas at
NPD NGS. This unit was later modilled and used to remove carbon 14 from the purge of the
annulus gas at Pickering NGS Units 3 & 4. Details of this carbon 14 removal program are
summarized in a paper presented at this conference (3).

Trillum R&D Proaram

Both Atomic Energy of Canada Limited and Ontario Hydro have installed large scale tritium removal
facilities to extract tritium from D 0 The AECL Chalk River Tritium Extraction Plant us9s their2

proprietary wet proof catalyst and liquid phase catalytic exchango process (cIlowed by cryogenic
distillation (4). Ontario Hydro's Tritium Removal Facility at Darlington NGS uses the vapour phase
catalytic exchange process to extract tritium from D,0 and then separate the tritium by cryogenic
distillation (5).
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The Canadian Fusion Fuels Technology Project was formed in 1982 to undertake research and
engineering in tritiurn technology and robotics for fusion applications. The total prograrn is about
$10 rnillion per annum including contributions frorn subcontractors and cost sharing viith external
projects. The technology program is subdivided into three major elements; Systems and
Engineering; Safety and Facilities Engineering; and Technology Applications. These major program
elements include specific activities on: blanket and first wall systems; fusion fuel systems; saf ety and
the environment; risk, reliability and maintenance; engineering services; remote handling; and
technology trans!er. An overview of the scope of the program is covered by two papers published
in 1988 (6.7). Some of th, projects Ontario Hydro Research Olvision has been involved in include
hydrogen isotope separati .*n (8), tritium dispersio" ar'd behaviour in the environment (9), and tritium
immobilization (10).

10d_intB&O PrQggn)

The adsorption / chemisorption capacity of personal respirator canisters towards H S/SO and CH 12 3

has been tested to determine whethe* these canisters met the spec!!! cation of Ontarlo Hydro for use
in our nuclear stations (11). Methods for in station testing of charcoal filters and cold lodine analysis
are also being developed.

The performance of charcoal filters under post LOCA conditions had been tested and reported at
the 20th DOE /NRC Nuclear Air Cleaning Conference (12,13).

A photochemical technique of removing both organic and inorganic forma of radioactive lodine from
a!r developed by AECL is reviewed in a paper presented at this conference (14).

hEL91r9Ll1tukttiLEL999rl)

A multi-purpose aerosol research f acility is being constructed in three stages to study ambient, high
temperature and high humidity, and low temperature conditions, respectively. First stage of
construction is now complete. The facility will support fu idamental aerosol research, HEPA and
charcoal filter testing. insulator studies and flow measureriient calibration. Detdled design of the
facility is given in an Ontario Hydro Research Division Report (15).

There is often a need to verify filter periormance under normal operating conditions or to obtain
information on filter performance under extreme conditions, og operation for long periods or at high
temperature and high humidity. Work in this field was started in a modest way by assembling a
system to characterize the perfortnance of the small HEPA filters used in respiration systems (16).

An active and important area of research is the investigation of the behaviour of liquid aerosols
formed in containment by a LOCA (17,18). An understanding of aerosol behavlour in this situation
is important because aerosols may act as carriors of non gaseous radionuclides and therefore are
responsible for transport of these species within containment and their release to the environment.

Hghl Smfs R&D erparipjA j

Technical and economic feasibility of applying the noble gas removal technology to remove Xe
isotopes from the containment building air followiag an accident will be studied at WNRE.
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| Because of the short notice I had to be a panel member, I am sure I have omitted some of
the R&D programs in Canada.
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UNITED KINGDOh! ATOMIC ENERGY AUTilORITY PROGRAhtS

David floiman
UKAEA

AEE . Winfrith
Dorchester, Dorset

United Kingdom D12 8Dil

A large number of waste management facilities are currently planned or are under construction in
the United Kingdom. They include about 5 cement encapsulation
and equipment we are developing for reactor decommissioning, plants, a couple of super compactors,particularly on some of the old gas
cooled reactors. In addition, there is some ongoing refurbishment of active handling facilities. Each
af the systems has relatively simple off gas treatment; predominantly double HEPA filtration for the
removal of particulate. I suppose the major differences in the U.K. are now almost total utilization of
the type of circular filters Dave Loughborough spoke about at this conference. The excellent sealing
and remote handling techniques associated with the push through capabilities developed by the staff
at liarwell have made use of this type of filter almost universalin the U.K. Several very large systems
have been installed including a couple of units that deal with up to 100,000 cu. ft/ min. Examples are
our reprocessing plant, our reactor installations, and some of the major radioactive materials handling
facilities around the U.K. Because of the wide use of circular filters with their improved seal
arrangements, we were able to overhaul our facility design codes and now we specify 99.99% removal
instead of 99.95%, which had been the norm before. Indeed, we are getting penetrations of less than
0.005% and even down es low as 0.001%, approaching the efficiency of the material itself.

On the subject of fuel reprocessing, I believe most people at the conference are aware that British
Nuclear Fuels in the U.K. are planning to commission their oxide processing plant in 1992. The off-
cas treatment technologies for this plant were established quite some time ago and their designs were
frozen. The systems involve only a primary condenser and demisters on the dissolver off gas line with
an acid scrubber for NO, removal and an alkali wrubber for iodine and C 14 retention, all backed up

| by double llEPA filters. Krypton-85 removal using cryopenic or fluorocarbon techniques was not
considered necessary or cost effective, 'though the possibility to retrofit such a system has been
included in the building design. Currently, a major new program in the U.K. is aimed at the future
reprocessing plants; a plant we call ' Son of TilORP" is aimed for the year 2010 2015.

Using environmental impact considerations and due to the cost of large off gas scrubbers, it has
been shown clearly that it is worthwhile to evaluate alternative nad advanced technologies. The key
features that have been looked at as part of waste minimization piogram tre reduced off gas flows with
recycle of the off gases within the dissolver off-gas and the vessel vent off gas systems whenever possible.
The use of improved stainless steel. lined cells reduces in leakage, lowers cell ventilation requirements,
and leads to smaller IIEPA installations then are currently specified by TilORP. Segregation and
treatment of the vessel vent system willlead to reduced transfer of organic materials to the dissolver,
leading to organic iodine problems. Steps to minimize radioiodine residues in the raffinate coming
forward to the purex system will lead to reduced difficulties of lodine bleeding out into the off pas
systems all the way through the purex purification procesa, a source of difficultics for many reprocessmg
plants. We are currently examining volume intensified scrubbers and jet spray towers to reduce the size
of the acid and the alkali scrubbers at the head end of the reprocessing vessel off gas treatment systems.
We will also require improved NO, abatement both because of its chemical toxicity and to enable
!rypton 85 systems to be considered at the back end of the process.

Currently, there is work in the U.K. on selective and non selective catalytic NO, abatement and a
new technique (which I am not aware of being studied anywhere else in the world) that uses corona
discharge. This is a high voltage system that is very similar to electrostatic precipitators but is operated
under higher voltage. With this system you can convert NO, to NO,. If the corona discharge is
operated with continuous alkali irrigation, NO, can be removed to very low levels in a single unit. An
advantage of the corona discharge system is that it is also capable of removing both organic and
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inorganic iodine simultaneously because it completely converts organic iodides to CO, and iodine ,

oxides that can be removed by an alkali scrubber system.
I

Schemes to lower C 14 discharges, in particular C 14 that arises from carbon monoxide, are also
|

being examined. Another novel application is selective removal of various key isotopes by membrane-
type processes. At the moment, the program involves looking at membrane materials and trying to find |
selective membranes which will remove the key radionuclides. The successful implementation of off. 1

gas flow minimization coupled with new improved NO, abatement techniques should allow us to use
krypton 85 removalin any future plant. In particular,I think, the chromatographic technique described
earlier at this Conference by Dr. Ringel of Julich looks particularly attractive in that context. In the l

ways I have outlined, futcre reprocessing plants will be installed in the U.K. that will achieve a markedly
lower environmental impact than any existing or planned plants in operation anywhere in the world at
this time. I hope we shall be able to report some of the developments of this work at the next Nuclear

;

Air Cleaning Conference.

l

l

t
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IRVELOPMENTS IN Tile AREA OF REGULATORY MATIERS IN Tile UK

lan llandyside
lier Majesty's Inspectorate of Pollution

Room A512
Romney 1 louse

43 Marsham Street
London, England SWlP 3PY

.,

As you probably know, we opted at an early stage for gas cooled reactors in the U.K. Currently
there is a hold on further development of nuclear power in my country. Ilowever, we have one PWR
design which is currently well advanced in construction. It is going to be located at a place called
Sizewell. It is based on the Snupps design. We also have in place a public inquiry for a PWR plant at
another site and we are waiting for results of that inquiry.

So far as reprocessing is concerned, there is a significant development at Sellafield in that the
plant for vitrification of high level wastes is now on stream and, perhaps by the time of the next
conference, there will be some useful information on performance of gas clean up systems.

On the subject of waste disposal in the UK we are currently actively searching for a new disposal
site and we anticipate that one will be available early in the next century.

!

On fusion, we have the JET facility constructed and it is at an early stage of operation, but quite
soon it will be taking in large inventories of tritium and by the time of the next conference there will

i

likely be some useful information on its management.

There is not a lot to report on the nuclear regulation front in the UK although one change that will
|come forward by the end of the year is that research establishments such as AEA, including liarwell,

will come under the formal regulations that apply to civil nuclear installations.

Much more fundamental on the regulatory scene is a major initiative that will become law soon.
We are introducing an Environmental Protection Act that will apply to the most polluting non.
radioactive substances. This is to be based on the concept of integrated pollution regulation and will
require each operator to adopt the best practical environmental option for waste disposal. Operators
will also be required to use best available technology not entailing excessive cost, to minimize discharges
of waste from plant.1 think there has been reference to a simdar concept in amendments to the US
Clean Air Act that are going through the regulatory system in the US.
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i NUCLEAR AIR CLEANING PROGRAMS IN PROGRESS IN FRANCE

Philippe Mulcey I
institut de Protection et de SQrete Nucleaire l

Dirf/ SPIN /SEIP, batiments 389,393 i

CEN/SACLAY j
91191 Gif Sur Yvette 1

Cedex, France '

I shall try to give a short presentation of the nuclear air cleaning programs in progress in France, 1

First, concerning reactors, a good presentation was given this morning of the sand belt filter and, in
particular, a full scale test of a filter unit at Cadarache, so I shall not elaborate more on it. 'n this 'I
topic, we also have a big program in Cadarache called PHEBUS PF that involves simulating vey avere j
accidents in a PWR. Associated with this big program, laboratory studies about iodine and aerosol <

measurement techniques for use during such severe accidents are in progress.

Concerning reprocessing plants, the trapping of all species of gaseous and particulate iodine before i
irelease to the stack is one of the most important things to do from the point of view of volatile

radioisotopes. "Ihe program we have in progress is to use an iodine scrubber to transform gases, such
as molecular iodine and methyl iodide, into solid and stable particulate of iodine oxides. This technique
was initially proposed by our Canadian colleagues at Whiteshell, the team of Andy Vik85 At present
laboratory tests are being conducted on a pilot scale facility at flow rates ranging from of 100 to
300 m3/hr in order to study the influence of humidity, No, concentration, iodme concentration, on
the efficiency of the process.

-a

Concerning waste management, we have an important program in France for incineration of TRUS.
From the point of view of air cleaning, the two major points are first, the improvement in our knowledge
of the source term, that includes all gases and aerosols that are to be filtered and improve our
understanding of all operating conditions of the incinerators. The second major point is our research
and development program on appropriate filtration systems. That is to say, a search for systems that
can reduce secondary wastes as much as possible, and, when possible, to collect aerosols as such to make
storage easier. Two different techniques are under study in our laboratories: one, is gas microfiltration
derived from liquid technology and leads to an interesting application to gaseous filtration. The secondF

study is directed toward the use of granular beds.

Concerning the dismantling of nuclear facilities, we are looking at the emission of aerosols from
dismantling tools and here too, there are two directions for our R & D programs. One is improvement
in our knowledge of the source. term, including the concentration and size distribution of emitted

| aerosols. The second is research on appropriate filtration systems. One of them is under study in our
laboratories. It refers to a new design of a cleanable electrostatic filter.'

For all nuclear facilities, we are looking at the effects of fires in rooms and ventilation ducts. We
are elaborating for a source term data base applicable to many materials and components that emit
aerosols, gases, and heat during fires in order to develop ventilation strategies for fires in nuclear
facilities. This activity has mainly resulted in the development of a computer code that describes the
behavior of ventilation networks under fire conditions, (SIMEVENT code). For this it is necessary to
couple to the ventilation code the codes that are able to describe heat generation and heat transfer as
well as aerosol production and transfer inside the facility.

Regarding filter testing, a paper was presented during this Conference on the realtime detection
of a fluorescent aerosol. As you may know, the HEPA filter tests in France are performed according
to Standard NF X 44011 which suffers from a delayed response of the content ot aerosol sampled
upstream and downstream from the filter. An attempt is made to incorporate all the sequences of
measurement into a realtime detection apparatus. Modeling pressure drop evolution of HEPA filters
is in progress from existing models and experimental data obtamed with a peeling technique of the filter
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media. A paper was given yesterday on this topic. We also have a study in progress to model granular
,

bed filters, and an experimental program on liquid aerosol futration to study removal efficiency and J
resistance during loading. As you know, the behavior of liquid aerosols in filter media is different than i

the behavior of solid aerosols and this difference affects the development of pressure drop and efficiency
'

during loading. This is being studied in the Center at Fontenay auvroses, ne last point I want to
point cut concerns migration of aerosols through HEPA filter media. A study on thermo migration of
ultra fine particles through HEPA filters is being conducted in collaboration with Lambert Scholten from
KEMA Laboratories (The Netherlands).

I

I

|
<

l
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A SHORT OVERYlEW OF THE PROGRAMS IN SWEDEN

llans Cedergvist i

ABB Atom AB |

S.,vice Division |4

} S 72163 Wteras ,

Sweden j

! I

i i will present a short overview of the situation in Sweden. Presendy, we have 12 nuclear power
'

plants in operation,9 BWRs,3 PWRs. A preliminary decision to phasecut nuclear power hangs over:

: us like an ominous cloud, but we are doing everythin.; we can to change this decision, you may be sure.
,

We have in operation a central storage for spent fue which is located underground; we have presently j
atmut 2,000 tons there. Because it is located 50 meters below ground level, it riceds a lot of ventilation - ;

j and a large portion of the facility consists of ventilation systems. De ventilation systems are mostly of - i

a conventional type.
,

We also have a central storage facility for intermediate waste, close to the Forsmark plant. We
have a fuel factory where we employ conventional filter technology. A new facility that has been placed
into operation is a low level incinerator in Straswick where filters for removal of dioxin has been

j installed and are presently in operation.

i It is very easy to summarize what has teen happening in nuclear air cleaning in Sweden in recent
years. Air cleanir.g research has been completely dominated by filter containment systems and a big:

effort has twen made to develop systems that can be demonstrated to work under accident conditions
and to install them into the various nuclear power plants with all the procedures and accessories that
are needed to make these systems function. The praram began in 1985 and today we have teached

; the situation where we have containment filter systems in all the plants. It has been a major effort

|
which now is concluded.

.

The ADB Atom
UWRs employ a unique design for treating off gases. It is a comb! nation of a sand bed and small

charcoal columns where wc use adsorption desorption. They have been in operation since 1980. The
regulasions 6pplied inaude the US NRC Regulatory Guide 1.52 plus Swedish regulations that have been
issued t>y the Radiation Pr9tection Agency in 1985. We presented them here at the Nuclear Air
Cleaning Conference in 1986.

To summarize the situation in Sweden, we have no large programs underway; we try to optimhe
the systems that are presently in operation, to improvec efficiency, and to decrease the cost of
operation.

;

i

|
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NUCLEAR AIR CLEANING ACTIVITIES IN GERMANY

Juergen Wilhelm
Kernforschungszentrum Karlsruhe Ombli

Postfach 3640
D 7500 Karlsruhe 1

Federal Republic of Germany

I would like to restrict my discussion to nuclear air cleaning activities in Germany. Only limited
activities are now going on in the Federal Republic of Germany. I tried to get some information about
what is going on in the German Democratic Reput> lie but it seems that hardly anything goes on there.
Work is underway in the Federal Republic of Germany on containment venting with reard to filtration
based on a combmation of stainless steel roughing and fine filters with a DF similar to or better than
that achieved with IIEPA filters. The main point of interest at the moment is the development of
relatively small filter units that can be located inJde the containment. Some of these filters are under
construction and will be installed in nuclear plants. 13esides avoiding additional costs for filter
construction, this special concept keeps the particulate material insloe the reactor containment.
Problems of handling extremely hi^ radioactivity materials and the need for additional shielding are
avoided in the case of a core melta en. Similar considerations apply to the use of Venturi scrubbers
combined with stainless steel filter, i.e., use of existing > buildings for the filter system so that new
buildings are not necessary. We had to optimin the stainless steel filter with respect to its loading
capacity for aerosols by enabling it to accommodate 60 kg of aerosol with a mass medium diameter of
0.5 pm which is generated from tin dioxide with a plasma torch. Because the filter capacity for these
particles is at least 60 kg. the capacity for larger particles will be much higher, namely try a factor of 5
or more. For use in the future in nuclear power stations whh a proposed new containment design, the
development of a large stainless steel filter is being considered at the Karlsruhe Nuclear Research
Center. The new containment design is intended to withstand a steam explosion, a hydrogen explosion,
and a core mehdown accompanied by melt penetration through the pressure vessel. This means
complete confinement in the case of a very severe reactor accident acutally the most serious reactor
accident one can assume. He idea is to cover the steel containment with a concrete containment and

| to have connections between the steel containment and the concrete containment to carry the pressure
I from the steel containment to the high strength cenerete containment. A containment budt this way will

withstand static pressures of around 40 50 bars and short pressure peaks of more than 100 bars.

I heard at this Conference the opinion that future reactors will not need air cleaning system. My
feeling is that even though we will have a new design, air cleaning will be needed because I have never
seen or heard of a containment with kicks and penetrations that are absolutely tight. I can't imagine
that 100% leak tightness can be guaranted because operating a reactor one has to bring people and
material into the containment, one has to take steam out of the containment, one has to bring water
in, and so on.

The new double containment has annular rooms between the steel containment and the concrete
containment. The idea is that concrete containment wi' have openings and the air inside the annular
rooms will be exchanged by a stack draft effect as it is . eated up (Fig.1). %e air will cool and steel
containment, heated by the decay heat of the core. Herefore, the steel containment is cooled in a
3assive mode. The air from the annular rooms will have to be filtered because it may contain activity
caking from the inner containment. At the moment, German standards allow a leakage of 0.25% per

day of the volume of the inner containment. The filter one has to use for the new contalment concept
will be rather large. The ainiow needed for cooling the inner steel containment after a core meltdown
is on the order of some 100 m'/s. Therefore, only the air will be filtered from that 3 art of the
containment where penetrations and leakage may occur. Rese are penetrations which are e osed under I

conditions of normal operation, but it still may have some leakage. At Karlsruhe around 30 people are I

working on the new containment concept, named containment 2000. That doesn't mean that the l
containment 2000 will be built in Germany with certainty, but it does mean that experienced people are - I

'

working on a new design and hope for public acceptance. My personal feeling is, if one does not do new
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6ings in the power reactor safety area one may never be able to build more nuclear power stations in
the future.

Another part of the work in Germany is concerned with the dismantling of decomissioned reactors.
Ilere, aerosol generation due to cutting heavy components is being examined. We are looking for the
best method that will produce the lowest possible amount of aerosols. Also under development in
Germany is a code for calculating filter stresses that include high air velocity, gas compressibdity, high
humidity, the effect of condensation processes, and shock waves, as well as supersonic flow in the
ventilation systems.

Going to reprocessing. it can be said that Germany will not build a reprocessing plant, strictly
speaking for pohtical reasons; there are no technical reasons. Therefore, work on reprocessing is down.
There are some residual activities because the system which was developed for the off gas system of the
reprocessing plant, including the vessel and dissolver off gas systems, has been sold to Japan and some
additional measurements will be done. Further, some work is done on off gas cleaning of incineration
plants. One important thing is the fact that dioxin has to be trapped in the off. gas of incineration plants.
The startup of a new incineration plant showed the concentration of dioxin to be rather high, but with
a better design of the process the concentrations may be lower. In total, the amount of research and
development in the nuclear air cleaning field is at a low level at the moment. Most of the groups
working previously in nuclear air cleaning are now using their knowledge and experience to solve
problems of conventional air cleaning. For example, the KfK work on the high strength ilEPA filters
is the background for a reeleanable . lEPA filter for application in conventional industry. As I see it,
the admissible concentrations for the release of substances like cadmium and heavy metals will be so
low in Germany in the future that I think we can use our special knowledge to benefit the conventional
field.

i
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AIR CLEANING PROGRAMS RELATING TO Tile FIRST I
JAPANESE COMhlERCIAL REPROCESSING PLANT

Yasuo flirose
liitachi Ltd.

31 1 Salwal cho, liitachi shi
Japan

My presentation will put special emphasis on the air cleaning programs related to the first Japanese
commercial reprocessing plant. %is project is the biggest nuclear issue in Japan these days. The plant
is going to be located at the northern most part of the main island of Japan, facing the P.icific Ocean.
Officially, construction will start next year and is scheduled to be completed by the end of 1997, A
detailed design and regulatory procedure is underway at the moment. He plant is specified to be
capable of storing 3,000 metric tons of uranium in the pool facility. Eight hundred metric tons of
uranium will be processed per year from spent fuel 50% derived from IlWRs and 50% from PWRs.
It is specified that the spent fuel assemblies will have burned 45,000 megawatts per ton average and
55,000 megawatts per ton maximum. Several Japanese industrial groups, including nuclear 3ower plant
manufacturers, have been selected to take part in the construction of the plant. French tec1nology has
been introduced extensively into the main part of the Purex process. .n addition we are using the
reduced pressure evaporation technology and we are using the German iodine retention technology.
We will Tave the safest and most relia'cle and efficient reprocessing plant. I should add that U.S.
safeguard proven technology will be introduced, also. Our policy is to demonstrate techn! cal reliability
by many test programs. Here are some pertinent data about this special process. The. air cleaning
system can be divided into the shear dissolver off gas, the vessel off gas and the vitrification off gas
sections. After careful evaluation of the environmental radiation risk, no other volatile fission product
but iodine was designed to be removed from the gaseous effluent of the plant. So far as dissolver off.
gas cleaning is concerned, radioactive particles and lodine are to be removed in the remotely
maintainable filtering system using high efficiency demisters, and heaters, IIEPA filters, and solid lod (ne-
collecting adsorbents. The technology has been reported to this Air Cleaning Conference by our
German colleagues. It is planned to climinate iodine from a!! liquid streams and to transfer it to the
gaseous stream as much as possible by providing lodine desorbers. Here will be high retention
capability for iodine within the plant in the form of a highly stabilized and compacted waste. These are
safety feature of this new reprocessing plant.

The alternative absorbent has been discussed at this Air Cleaning Conference several times by our
colleagues. Although German technology could have been demonstrated in an operating plant, we have
ourselves made a careful selection of structure materials for iodine at higher temperature. Disposal of
iodine 129 waste is a future obFgation to be considered carefully, it is my belief that after impregnated
solid waste has absorbed iodine chemically it is stable enough to be stored for something like 40 years

,

while waiting to decide on a final conditioning method. It has been decided, moreover, that unused
space should be provided in order to install additional cleaning capabilities for possible future demand
for collecting vo atile products other than iodine. Each component of the processing facility, such as
fuel receiving and stort.ge, head end, separation, purification, conversion, and the numerous steps of
waste treatment, including the storage, evaporation, and incineration has its own best set of gas cleaning
systems. Hey consist, typically, of scrubbers, condensers, mist separators, and IIEPA filters. Taking
into account possible iodme contamination, special off gas cleaning systems are provided on storage
tanks and separation processes. Air cleaning technology associated with the vitrification process will be
demonstrated in the pilot plant at Tokai, it is a special safety feature in Japan that containments will
be used to
conditions. prevent spread of radioactivity to the environment even under very severe vale
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DISCUSSION

ILGID' SIDE- Vitrified high level waste in storage needs cooling. Do you intend to include air
cleaning systems for stored vitrified high level wastes?

{{lRQEE: We are going to provide double walls,
i

[[ANDYSIDE: But no gas treatment?

lilROSE- No. |

MERCIER: I hase a small question on the vitrification comment in your presentation. You
mentioned a ruthenium filter, can you give some information on the nature of this filter? j

!
111EDSE As a matter of fact I am not so much involved in this particular technology, but there |
will be a substantial amount of ruthenium. I think it will be collected with a scrubbing solution and sent !
back to the highly radioactive liquid waste concentrator. Just for safety, we are going to include a
ruthenium filter.

I
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VPmos Friedrich
Institute of Isotopes of the I-lungarian

Academy of Sciences
P.O. Box 77

11 1525 Budapest, ilungary

in llungary within the nuclear fuel cycle, we have one nuclear power plant with four reactors of
440 megawatts electrical each. his is a Soviet produced pressurized water reacte type VVER 440.
De spent fuel from 'hese reactors is transported back to the USSR after five years storage at the
nuclear power plant site according to the present contract.

Among non fuel cycle facilities we have one research reactor plus one small reactor for educational
i

and training purposes. We have one isotope production laboratory that prepares as its main product
different kinc of radiciodine isotopes. it can produce 40100 curie per week of I 131 that are used for
industrial and medical applications.

At the moment, ilungary has one disposal site for low level radioactke wastes that originate from
non fuel-qcle facilities and designing a bigger disposal site for low and medium levelwastes. Although !
the nuclear power plant is now completed, the construction of this disposal site has been delayed for '

more than two years due to strong pubtle opposition at the site.

Concerning air cleaning activities, first, the nuclear power plant does not have conventional
containment type construction. You may say that it is a special kind of confinement system. It has a
control room ventilation system consisting of aerosol filters and carbon adsorbers. De aerosol filters ,

contain plastic fibers and the carbon filters contain non impregnated charcoal ne off gas cleaning
system consists of a catalytic hydrogen recombiner, dryer, and a carbon delay line for noble gases. net

main safety features are a sprinkler s
development in the Russian designs. ystem for confinement and a localization tower that is a newDe only reactors which have this localization tower are in
llungary, Finland, and Ctechoslovakia. ney contain bubble plates filled with boric acid solution for
steam condensation and for scrubbing aerosols. nere is also a post accident recirculation system which
consists of glass fiber aerosol filters and carbon adsorbers which, at the moment contain non.
impregnated carten. Unfortunately, there is no regulation or standard in llungary for testing any kind
of nuclear filters, a very poor situation. My laboratory has developed in situ testing methods and
equipment for llEPA filter testing in nuclear power plants. De test method is based on the British
sodium chloride test. We couldn't use the DOP test due to the presence of plastic fibers in the aerosol
filters. We are now working on develofng in situ carbon testing methods but, unfortunately, the present
construction of the carton adsorbers m our nuclear power plant is such that even if we got had results
from testing, the carbon cannot be changed. Dat is a problem at the moment and developing some in.
situ testing methods foi the nuclear power plant is a , art of our research and develo, ment work. Part
of the development work was done as part of a coorcinated research program organ zed by the IAEA.
In addition, some investigations are being conducted on performance of IlEPA filters and charcoal units
under severe conditions of high bumidity and high temperature, Part of this work was also performed
within the framework of the IAEA coordinated research program, Development of predictive computer
codes is underway to evaluate and predict carbon performance because, at the moment, we are not able
to perform in situ testing of the carbon. . At a presentation yesterday, I spoke about this program.

Finally, I would like to ask a question of the IAEA representative who is here. As far as I know,
the IAEA is now going to initiate a revision of the safet features of the European Russian type of
nuclear power plant, the type VVER. Is it possible to in ire whether the air cleanin
points of view within IAEA are such as to revise the requ rements in these countries, g and filtration

i
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l'LUMI!: In response to the specific request, we will, of course, take note of the needs associated with
VVER safety features in air cleaning and consider them within the Secretariat. We will observe due
process when resolving the matter.

>

987

_ . . . .



.

.

. .

-

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE
1

INDEI OF AUTHORS AND SPEAKERS

ABRAllAMSON 782-798 CROSBY 109-115, 339

AMEND 234-246 DE WITT 646-659

ANDERSEN 442-466 DENARD 582

ANDERSON 183 DEUBER 247-258

APPELGREN 933-945 DIERKSCllIEDE 782-798

BANTON 19:i-197, 206 DILLMANN 898-917 '

BELLAHY 204, 208, 333-335, DORMAN 375, 812
337, 626-634, 660, 730

DORON 660, 729
BERGHAN 79, 172, 486, 525, ,

733-761, 964 DUNBAR 360-365

BIRDWELL 271-298 DUPOUX 80-93

BOORMAN 762-770 ECRARDT 876-897

BRAUN 646-661 EDWARDS 207, 318-319, 339,
360-364, 633

BRENK 646-659
ELISSON 933-945

BRESSON 352-359, 434

ELLISON 782-798
BRODDA 299-313

ENNEKING 563-581
9URBACil 299-313

EPPERSON 415-418
CANNITO 190-202

EVANS, A.G. 384, 593, 604
CAPON 139-153

EVANS, J.S. 57-76
CARLON 126-138

EVANS, G.J. 376-384
CASSETTE 80-93

FANG 222-232
CEDERQVIST 55, 897, 933-945,

980 FEARON 435-438
CilANG 530-541 FIES 222-232

CllEli 530-542, 971-974 FIRST 1-4, 14, 41, 55, 76,
116-125, 351, 359, 423,CllRISTIAN 467-486 434, 439

CONGEL 16-27 FRANKLIN 218-219 365, 393,
634

CONNER 733-760
FREEMAN 563-582, 593

888
,

-....ii.,,, ., , ,
'

'-

' '' - '

u



.

.

,

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

FRIEDRICH 662-670, 986 HOBART 198-202, 204

FU 545-562 HOLMAN 486, 975-976

FUKASAWA 594-603, 918-932 HOMICH 154

FURRER 234-245, 247-258, 486, HYDER 582, 583-593, 969-970
603 {

JACOX 320-326, 333-338, 633 1

CILBERT 732
JANNAKOS 247-250, 772-781

GLADDEN 339, 562
JOHNSON, J.S. 435-438

GOLES 442-466
JUBIN 233, 315

COUMONDY 259-270
KAEMPFFER 247-250

GREEN 212-216, 218-219
KAERCHER 946-964

GREGORY 366-374, 844-858
KANEKO 918-932

GU 545-562
KIM 394-409

GU$ 831-843
KING 562

GUELTA 126-138
KOBAYASHI 594-603

GUEST 93, 108, 502, 593
FONDO 594-603 |

HAKII 918-932 ~

KOVACH 207, 216.-218, 333,
HALL 419-423 336, 339, 410-414, 582,

592, 603, 694, 897, 917,
HANDYSIDE 246, 314, 509, 525, 965

542, 964, 977, 985
KREINER 872-874

HANSON 125, 365, 771
KUMAR 218, 333, 633

HAYES, J. 337-338, 582,
607-625 KURZ 871

HEFFLEY 360-364 LABORDE 80-93, 815-030

HENSEL 366-374 LAGUS 729

HERRMANN, B 222-232 LAICHTER 870

HERRMANN, F.J. 222-232, LARSEN 733-760
234-245

LEGNER 772-781
HIGGINS 782-798

LEIBOLD 510-525
HILLEY 337, 526-529

LEINONEN 530-541
HIRAO 695-713

LESLIE 366-374, 844-858
HIROSE 594-603, 984-985

989



.

.
.

.

.

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

LETOURNEAU 799-811 NERI 173-182

LI 545-562 NESBITT 198-202

LINEK 247-258 NOVICK 782-798

LING 545-562 OLSON 332, 339

LIU 545-562 ORNBERG 207-208, 334, 624

LONG 488-508 ORTIZ 93, 859-870

LOPEZ 733-760, 815-830 PANG 545-562

LOUGilBOROUGH 139-172 PARTilASARATilY 205, 375

LDWEHilIELM 933-945 PATEL 336, 633

LUX 662-670 PilILIPPE 831-843

MA 545-562 PLATINI 173-182

MACFARLANE 376-384 PLEVA 198-202

MAI 510-524 PLUMB 56, 635-643, 967, 987

MALSTROM 583-592 PORCO 206, 327-328, 333, 339,
393, 414, 434

MATSUMOTO 918-932
POTEGTER 772-781

MAZZACURATI 173-182
POURPRIX 815-830

MCFARLAND 859-871
PRINTZ 299-313

MCINTYRE 385-393
PYBOT 95-108

MCVEAN 582
QIAN 545-562

MERCIER 831-843, 870, 985
RABON 529

MILLER 185-188, 97, 203-208,
210-211, 216-219, 634 RAMSDELL 714-729

MOELLER 15, 28-41, 77, REINERT 644
488-509

REMICK 343-349
MONSON 782-798

RICNARDSON 782-798
MORRIS 93, 139-153, 761

RICKETTS 671-694
MOTOI 222-245

RINGEL 299-314
MULCEY 95-100, 246, 593, 603,

799-811, 917, 978-979 ROBERSON 329-331

NELSON 859-870 RODGERS 899-870

990

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

-



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

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

ROUSTAN 259-270 WEBER, L.D. 393, 424-434, 525

RUDNICK 116-125 WEIDLER 317, 333, 335-338,
341, 526-528

SAVORNIN 815-830
WERKHEISER 198-202

SCHNEIDER 671-693
WHITE, D. 844-858 !

SCHOLTEN 660, 870-871, 968
WICHMANN 014, 872-874

SCHULTHEIS 366-374
WILHELM 246, 510-524,

SEIDERT 761 671-693, 898-916, 945,
981-983

SEVIGNY 442-466
WILLIAMS 733-760

SHEPARD 441, 543
WILLIS 16-27, 335

SMITil, P.R. 366-374, 844-858
WOOD 529

SONODA 695-713
YAMASilITA 918-932

SPRUNG 57-76
YAN 116-125

STEVENS 525
YANG 545-562

TEISSIER 815-830
YE 545-562

TIGGEMANN 872-874
| YOSHINO 695-713

TORGERSON 42-56
YUAM 545-562

TURNER 733-760
ZHU 545-562

VAHLA 733-760
ZIEMER 5-15

VAN SCHOOR 222-232

VENDEL 93-108, 799-811

VERSK 206, 208

VIGNAU 259-270

VIKIS 221, 233, 314, 376-384

VIOLET 733-760

VOGAN 189-192, 204-207

WALLS 366-374

WATSON 762-771

WEADOCK 509, 606

WEBER, F.R. 435-438
:991 =

|

I

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



_

i

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

LIST OF ATTENDRES

AMEND, Juergen BERGMAN, Werner
Kernforschungszentrum Karlsruhe Hazards control Dept., L-386
Postfach 3640 Lawrence Livermore National Lab.
D-7500 Karlsruhe 1 P.O. Box 5505
Germany Livermore,-C! ~'550

ANDERSON, Wendell L. BERRY, Daniel
RR 4 Rocnester Gas & Electric
Box 4172 2048 Ridge Rd.
LaPlata, MD P.O. Box 148 ;

20646 Ontario Center, NY 14530

ARNDT, Tim BIRDWELL, Joseph
Westinghouse Hanford S2-02 _ Bldg. 7601
P.O. Box 1970 Oak Ridge National Lab.
Richland, WA P.O. Box 2008

99352 Oak Ridge, TN 37831-6306

AVIDA, Ram BISHARA, Amin T.
Nuclear Research Center Negev Suite 408
P.O. Box 9001 Plant Technical Services, Inc.
Beer-Sheva 500 Grapevine Highway
ISRAEL 84190 Hurst, TX 76054

BAINARD, W. Dale BOND, Leroy
Washington Public Power Supply Technical Papers Division
3000 George Washington Way Lydall Inc.
Richland, WA- -P.O. Box 1960

99352 Fnchester, NH 03867

BANTON, Steven BRAUER, Fred P.
Pacific Gas & Electric Co. P7-35
Diablo Canyon Nuclear Power Plt. Pacific Northwest Lab.
P.O. Box 56 P.O. Box 999Avila Beach, CA 93424 Richland, WA 99352

BATEMAN, Jim BRAUN, H.
Flanders Filters, Inc.
P.O. Box 1708

~ Ministry of Environment, Nature
Conservation & Reactor SafetyWashington, NC -5300 Bonn

27889 Germany _

BELLAMY, Ronald R. BRESSON, James F.
Radiological Protection Branch Dames & Moore
U.S. Nuclear Regulatory Com. 6100 Indian School Rd.475 Allendale Rd. Albuquerque, NM- jPrussia, PA 19406 87110

BENDER, Larry BURWINKEL, Paul iAirGuard Industries Georgia Power Co.
3807 Bishop Lane- Plant Vogtle
Louisville, KY -Waynesboro,.GA

40218 30830-

_ _ _ _ 992

.:



21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

CARLON, Hug). R. CRUICKSHANK, Robin
U.S Army C'.cmical Research Arizona Public Service
Developme'.t & Engineering Center P.O. Box 52034 i

Aberdeen Proving Grounds, MD Phoenix, AZ
21',10-5423 85072-2034

CARLSCN, James CURHAM, John J.
Univ of California Public Service E3ectric & Gas
6051 Heath Ct. Salem Generating Station
Pleasanton, CA P.O. Box 326

94588 Hancocks Bridge, NJ 08038 {

CEDERQVIST, Hans DENARD, David W.
ABB Atom AB Duke Power Company
Service Division Oconee Nuclear Station
S-721 63 Vasteras Seneca, SC i

Sweden 29665 {

CHEH, Christopher DEVENA, Stan
'

Chemical Rasearch-Process Chem. Wolf Creek Nuclear Corp.
Ontario Hydro-Research Div. P.O. Box 411
800 Kipling Ave. Toronto Burlington, KS
M8Z SS4 Canada 66839

CHIPUL S., Miguel de WITT, H.
Com. Federal de Electricidad Brenk Systemplanung
Of ficina de Ingenieria DOS BOCAS Heinrichsallee 38
APTO. Postal No. 178 D-5100 Aachen i

Veracruz, Ver., Mexico Germany |

CHRISTIAN, J. D. DHINGRA, Sada
Idaho Chemical Processing Plant MS 1796
Westinghouse Idaho Nuclear Co. Arizona Public Service Co.
Idaho Falls, ID P.O. Box 52034

83403 Phoenix, AZ 85072-2034 '

CICHELLO, John P. DILLMANN, Hans-Georg
Cleveland Electric Illum. Kernforschungszentrum Karlsruhe
Perry Nuclear Power Plant Postfach 3640
P.O. Box 5000 D-7500 Karlsruhe 1
Cleveland, OH 44101 Germany

CROSBY, David W. DOERSAM, Michael A.
Air Techniques Div Barnebey & Sutcliffe Corp.
Hamilton Associates, Inc. P.O. Box 2526
1716 Whitehead Rd. Columbus, OH
Baltimore, MD 21207 43216

CROSS, Sherri DORAN, Jerry
A5-10 Nebraska Public Power District

U.S. Dept. of Energy P.O. Box 499
P.O. Box 550 Brownville, NE
Richland, WA 99352 68321

993

_



I

l

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

DORMAN, Richard EPPERSON, Stephen A.
24 Balmoral Rd WSRC, Bldg. 735-11A
Salisbury Savannah River Site
Wiltshire Aiken, SC
SPI 3PX United Kingdom 29802

DORON, Eliahu EVANS, A. Gary
Nuclear Research Center Negev Savannah River Site
P.O. Box 9001 Westinghouse Savannah River
Beer-Sheva Aiken, SC
Israel 84109 29808

DUNBAR, Al EVANS, John S.
Charcoal Service Corp. IPH
P.O. Box 3 Harvard School of Public liealth
Bath, NC 665 Huntington Ave.

27808 Boston, MA 02115

DYKES, D.M. FAVIS, Fred
Westinghouse Savannah River Bechtel National Inc.
Savannah River Site 50 Beale St.
Aiken, SC San Francisco, CA

29808 94105

EARLE, George W. FIRST, Melvin W.
Westinghouse Savannah River Co. Harvard Air Cleaning Laboratory
Savannah River Site School of Public HealthAiken, SC 665 Huntington Ave.

29808 Boston, MA 02115

ECKARDT, Bernd FLIS, Christine
Abt. S 331 Cook Nuclear Plant
Siemens AG - UB KWU Indiana Michigan Power
Postfach 101063 One Look Place
D-6050 Offenbach, Germany Bridgman, MI 49106

EDWARDS, James R. FLYNN, Kevin D.
Charcoal Service Corp Mail Code D2B
P.O. Box 3 Southern California Edison
Bath, NC P.O. Box 128

27808 San Clemente, CA 92674-0128
ELLIOTT, William H. FOX-WILLIAMS, Kathy
EG&G MS LE-13, Airdustrial Bldg. S
Rocky Flats Plant Dept. of Energy
P.O. Box 464 Olympia, WA
Golden, CO 80402-0464 98504

ENNEKING, Joseph FRANKENBERG, Ronald E.
Nuclear Consulting Services CVI Incorporated
P.O. 29151 P.O. Box 2138
Columbus, OH Columbus, OH

43229 43216

994

_ . . . . . . . . - -

-
--

-

- -
-



l

21st DOE /NRC NUCLEAR AIR CLEANIND CONFERENCE

FRANKLIN, Ben GAZDEK, Jim
American Air Filter Argonne National Lab. )
215 Central Avenue P.O. Bcx 2528
Louisville, KY Idaho Falls, ID

40208 83401

FREEMAN, Peter GEER, John A.
Nuclear Consulting Services 2395 Dartmouth Ave.
P.O. Box 29151 Boulder, CO

3
Columbus, OH 00303-5209

i- 43229

FRENCK, Roland L. GHOSH, Deep
DT-12 Southern Company Services

Eng'g. & Operations Support P.O. Box 2625
U.S. Dept. of Energy Birmingham, AL ,

Washington, DC 20545 35202

FRETTIIOLD, J. GILBERT, Alan
EG&G Rocky Plats Vokes Limited )

P.O. Box 464 Henley Park
'

Golden, CO Guildford
80402-0464 England GU3 2AF

FRIEDRICF, Vilmos GILBERT, Humphrey
Institute of Isotopes of Consultant
the Hungarian Academy of Sci. P.O. Box 704

|
P.O. Box 77 McLean, VA '

H-1525 Budapeut, Hungary 22101

FULLER, David GILL, Charles
TU Electric Region III
304 Spanish Tr. Dr. U.S. Nuclear Regulatory Comm.
Granbury, TX 799 Roosevelt Rd.

76048 Glen Ellyn, IL 60137

FUNK, John GILMORE, Robert D.
Hanford Environmental Health Suite 104
1826 Birch Environmental Health Sci
Richland, WA Nine Lake Bellevue Bldg.

99352 Bellevue, WA 98005

FURRER, Juergen GLADDEN, David J.
Kernforschungszentrum Karlsruhe STEDP-MT-TM-CB
Postfach 3640 U.S. Army
D-7500 Karlsruhe 1 Dugway Proving Grounds
Germany Dugway, UT 84022

GARCIA, Andrew G. GODAS, Thommy
EG&G National Institute of Radiation
Rocky Flats Protection
P.O. Box 464 Box 60204
Golden, CO 80402-0464 S-10401 Stockholm

Sweden

995



_

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

GOLES, Ronald W. GURRAM, Jack
Process Technology / MS G601 Salem Generating Station
Battelle Pacific Northwest Public Service Electric & Gas
P.O Box 999 P.O. Box 236
Richland, WA 99352 Hancocks Bridge, NJ 08038

GORDON, Mike GUSTAVSSON, Borje
MS/PV-11 ABB ATOM AB

U.S. Dept. of Ecology ASEA Brown Boveri
State of Washington S-721 63 Vasteras
Olympia, WA 98504 Sweden

GRAVES, Curt GUTTMANN, Jack
Nuclear Consulting Services MS 16-H3
P.O. 29151 U.S. Nuclear Regulatory Comm.
Columbus, Oli Washington, DC

43229 20555

GREEN, Claude A. IIALL, G. Robert
stearns catalytic Div. Stearns-Roger Div.
United Engineers UE&C
30 S. 17th St. JACADS Johnston Atoll, Box 134
Philadelphia, PA 19102 APO San Francisco, CA 96305

GREEN, Melvin HANDYSIDE, Ian
Codes & Standards Div. Her Majesty's Inspect. of
ASME Pollution
345 East 47th St. Room A512, Romney House
New York, NY 10017 43 Harsham Street

London, England SWIP 3PY
GREGORY, William S.
Group N-6, MS K557 HANSON, Wallace

Los Alamos National Lab. Idaho National Engineering Lab.P.O. Box 1663 EG&G Idaho
Los Alamos, NM 87845 P.O. Box 1625

Idaho Falls, I" 03412GRUBER, Mark
Prairie Island Plant HAYES, John J.
1717 Wakonado Dr. E. MS OWFN 14B20Welch, MN US Nuclear Regulatory Comm.

55089 Washington, DC 20555

GU Xiaochun HAYES, Timothy W.
Shanghai Textile Res. Institute Southern Company Services
545 Lan Zhou Rd. P.O. Box 2625Shanghai Birmingham, AL
People's Republic of China 35202

GUEST, Alan HERRMANN, Franz J.
Ontario Hydro Research Div. Wiederaufarbeitungsanlage
800 Kipling Ave. Karlsruhe Betriebsgesellschaft
Toronto, Ontario 7514 Eggenstein-Leopoldshafen
M8Z SS4 Canada Germany

996



_

|

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

|

| HILLEY, James R. JACOX, Jack
Duke Power Company Jacox Associates I
P.O. Box 33189 P.O. Box 29720 {
Charlotte, NC Columbus, OH

28242 43229

HIROSE, Yasuo JANNAKOS, K.
Hitachi Ltd. Kernforschungszentrum Karlsruhe |3-1-1 Saiwai-cho Postfach 3640 !

Hitachi-shi D-7500'Karlsruhe 1 |

Japan Germany
.

HOBART, Sue JAX, David !
Suite 200 Detroit Edison, Fermi-2 f

Adams & Hobart 6400 N. Dixie Highway
2025 Gateway Place Newport, MI
San Jose, CA 95110 48166

HOFFMAN, J. R. JOHNSTON, H. Stephen
Florida PoWor & Light President CH/BD
P.O. Box 14000 Delta Filter Corp. |Juno Beach, FL 14 Arch St. ~

33408 Watervliet, NY 12189

HOLMAN, David JOSS, Gregg E.
UKAEA Rochester Gas & Electric
AEE - Winfrith Ginna Station
Dorchester, Dorset 1503 Lake Rd.
DT2 8DH United Kingdom Ontario, NY 14519

HOMTCH, Laurence L. JUBIN, Robert T.
U.S. Army /Descom Bldg. 7601
Letterkenny Army Depot Oak Ridge National Lab
Chambersburg, PA P.O. Box 2008

17201-4150 Oak Ridge, TN 37831-6306

HUGHES, M. B. KAERCHER, Maurice
M.C. Air Filtration EDF. Septen
Motney Hill Rd. 12-14, avenue Dutrievoz
Gillingham, Kent Villeurbanne 69628
ME8 7TZ Englatid Codex, France

HYDER, M. Lee KAGAWA, Alan
Westinghouse Savannah River Evanite Fiber Corp.
P.O. Box 616 P.O. Box E
Aiken, SC Corvallis, OR

29802 97339

IHNEN, Merlin W. KAID, Latif
Martin Marietta Energy Systems Charcoal Service Corp.
P.O. Box 1410 P.O. Box 3
Paducah, KY Bath, NC

42001 27808

997

__



21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

KANEKO, Itaru KLAUBER, Douglas W.
Nuclear Enginee.!.ig Lab Hollingsworth & Vose
Toshiba Corporation Townsend Rd.
4-1, Ukishima-cho, Kawasaki-ku West Groton, MA
Kawasaki, 210 Japan 01472

KARAKAOJA, Paavo KOHLER, Gerhard M. A.
Imatran Voima Oy Kraftanlagen AG Heidelberg
P.O. Box 112 6900 Heidelbberg,
Vantaa, 01601 Im Breitspiel 7
Finland Germany

KIM, Yos .un KONDO, Yoshikazu3
Korea Atomic Energy Research Adv. Reactor & Ncl. Fuel Cycle
P.O. Box 7 Hitachi Works
Daedukdanji, Chunty.am 1-1 Salvalcho 3 Chome Hitachi-
Korea Ibaraki-ken, 317 JAPAN

KING, Robert KONO, Fumitaka
MS 11 Toshiba Engineering Corp.-

Dept- af Ecology 8-Somsigota Ospgp-ku
State of Washington Yokoha City

lympia, WA 98505 235 Japan-

U., Carol A. KOVACH, J. Louis
r.-.u.s Corp., Ste. 205 Nuclear Consulting Services
'OM. Tsrry Highway P.O. Box 29151
E: a, PA Columbus, OH

W 0 43229-1035

KI , Gary Q. KRANZ, Eugene
b.dg 2000 MS-6054 Northern States Power

Martin Marietta Energy System 1518 Chestnut Ave. N.
P.O. Box 2008 Minneapolis, MN
Oak Ridge, TN 37831-6054 55403

KIRKLAND, John KUMAR, Viswa S.
Health Protection --221-25F Center for Energy MS 3045
Westinghouse Savannah River Toledo Edison Co.
P.O.-Box 616 300 Madison Ave.

.

Aiken, SC 29803 Toledo, OH 43652 *

KITTELSON, Richard KURZ, Jerome L.
Niagara Mohawk Power Co. Kurz Instruments, Inc.
8653 Braewood Dr. 2411 Garden Rd.
Baldwinsville, NY Monterey, CA

13027 93940

KLAES, Leo J. _LAGUS, Peter
WT 10C143 H-K Suite M
Tennessee Valley Authority Lagus Applied Technology Inc.
400 W. Summit Hill Dr. 11760-Sorrento Valley Rd-
Knoxville, TN 37902 San Diego, CA 92121

998

_



1

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

LAICHTER, Y. McFARLAND, Andrew R.
Nuclear Research Center - Negev Mechanical Engineering
P.O. Box 9001 Texas A & M Univ.
Beer Sheva College Station, TX
Israel 77843-3121

LaRUE, Joteph McHUGH, Kevin
G 6-16 Lydall Inc.

Westinghouse Hanford Co. 1 Wakefield St.
P.O. Box 1970 Rochester, NH
Richland, WA 99352 03867

LEIBOLD, Hans McINTYRE, Julie A.
Kernforschungszentrum Karlsruhe MS K499
Postfach 3640 Industrial Hygiene Group L
D-7500 Kariruhe 1 Los Alamos National Lab. {Germany Los Alamos, NM 87545

LEONARD, Len McVEAN, Michael T.
ANPROG TU Electric
Unit 15 P.O. Box 2300

10631 Bloomfield Ave. Glen Rose, TX
Los Alamitos, CA 90720 76043

LI Qi-dong MERCIER, Jean-Pierre
Dept. of Nuclear Sciences CEA/CEN BP 6
Fudan University 60-68 Ave du General Leclerc
Shanghai 92265 Fontenay-aux-Roses
People's Republic of China Codex, France

LOCKWOOD, Ian Roberts MESSINA, Gary D.
Hollingsworth & Vose (Europe) HEFCO
Postlip Mills 3651 Hempland Road
Winchcombe, Crus Lancaster, PA
England 17601

LOUGHBORol'GH, David MEYER, Steys
AEA Technology Union Electric Co.
Harwell Laboratory P.O. Box 62C
Didcot, Oxon Fulton, MO
OX11 ORA England 65251

LYTTON, Russ MILLER, William H.
Duke Power Company Sargent & Lundy Co.
P.O. Box 1006 55 E. Monroe St.
Charlotte, NC Chicago, IL

28201-1006 60603

MAKAM, Suri MOELLER, Dade W.
MC N-50 Office of Continuing Education

Public Service Electric & Gas Harvard School of Public Health
P.O. Box 236 677 Huntington Ave.
Hancocks Bridge, NJ 08038 Boston, MA 02115

999



.

21st DOE /NRC NUCLEAR AIR CLEANING CONF".9ENCE

MONROE, David L. MURROW, Jack
Martin Marietta Energy System Murrow's Monitors
V.O. Box 2003 4 Carmel Ave
Oak Ridge, TN El Cerrito, CA

37831-7324 94530

MONSON, Paul NELSON, Jack R.
Westinghouse Savannah Site HEPA Corporation
Savannah River Laboratory 3071 East Coronado St.
Aiken, SC Anaheim, CA
29808 92806

MOORE, Glen NERI, E.
Flanders Filters, Inc. ENEA-CASACCIA, Bldg. T-21
P.O. Box 1708 s.p. Anguillarese no. 301
Washington, NC S. Maria di Galeria

27889 0060 Rome, Italy

MORRIS, K. NESBITT, Loyd B.
AEA Technology M/C 736
Harwell Laboratory General Elect'ric Nuclear Energy
Didcot, Oxon 175 Curtner Ave.
OX 11 ORA England San Jose, CA 95125

MOTOI, Victoria NOVICK, Vincent
WAK GmbH EP-207
Postfach 1263 Argonne National Lab.
7514 Eggenstein-Leopoldshafen 9700 S. Cass Ave.
Germany Argonne, IL 60439

MOY, Roger H. OLSON, Peter
Rm. 14f>l Flakt Inc.

Pacific Gas & Electric P.O. Box 2300
77 Beale St. Glen Rose, TX
San Francisco, CA 94105 76048

MUKHI, Sudesh ORNBERC, Stephen C.
j Rm 1028 Sargent & Lundy

Con Edison Co. 55 E. Monroe'

4 Irving Place Chicago, IL
New York, NY 10003 60540

MULCEY, Philippe ORTIZ, John
IPSN/DPT/ SPIN /SEIP Los Alamos National Lab.
CEN/SACLAY, batiment 389 P.O. Box 1663
91191 Gif-Sur-Yvette Los Alamos, NM
Cedex, France 87545

MULLALLV, James OTSUKA, Kazuhiko
G6-06 Nitta Industries Corp

Westinghouse Hanford Co. 172 Ikezawa-cho Yamatokoriyama
P.O. Box 1970 Nara Prefecture
Richland, WA 993532 639-11 Japan

1000

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



21st DOE /NRC NUCLEAR AIR CLF.ANING CONFERENCE

| PAGE, James A. PHILIPPI, Hardy M.'

Martin Marietta Energy Systems Atomic Energy of Canada
P.O. Box 1410 Chalk River
Paducah, KY Ontario

42001 KOJ IJO Canada

PARKIN, Philip H. PIERCE, James G.
Ontario Hydro CVI Inc.
700 University Ave. P.O. Box 2138
Toronto, Ontario Columbus, OH
MSG 1X6 Canada 43216

PATEL, Manu C., PIERCE, Mary E.
TU Electric Co., LB-81 Hollingsworth & Vose
400 N. Olive Street Townsend Road
24th fl, Skyway Tower West Groton, MA
Dallas, TX 75201 01472

PARTHASARATHY; P2-tha S. PLATINI, Massimo
MS 45/7;A31 Univ. di Roma

% htel National Inc. Plo A Moro No. 2
50 Beale St. Rome
San Francisco, CA 94119 Italy

PAUL, Joseph D. PLATZ, Mike
Westinghouse Savannah River Co. Evanite Fiber Corp.
802 East Martintown Rd. P.O. Box E
North Augusta, SC Corvallis, OR

29841 97339

PAULING, Ned B. PLUMB, G. R.
United Engineers & Const. IAEA
30 South 17th St. Wagramerstrasse 5
Philadelphia, PA P.O. Box 100

19101 1150 Vienna, Austria

PEARSON, John R. PORCO, Richard
NCS Corporation Consultant
4555 Groves Rd. #41 130 Glenwood Drive
Columbus, OH Monroeville, PA

43232 15146

PEST, Mark E. PORTER, Greg
Arizona Public Service Pacific Gas & Electric Co.
Lichfield Park P.O. Box 56
502 Cascade Drive Avila Beach, CA
Phoenix, AZ 85034 93424

PHILIPPE, Marc POWELL, Dennis
C%-CEN Nuclear Consulting Services
Fontenay-aux-Roses P.O. Box 29151
bat. 18 60-68 Av du Gel Leclerc Columbus, OH
BP no.6 92265 Codex, France 43229

1001

._. j



21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

PYSH, W.A. RICKETTS, Craig I.
Techno Corporation Kernforschungszentrum Karlsruhe
620 West 6th Street LAF II, Postfach 3640
Erie, PA D-7500 Karlsruhe 1

16507 Germany

RAB EKOFF, Wendy RINGEL, H. D.
Fluor Daniel Inc. KFA-Juelich
333 Michelson Drjve 5170 Julich 1
Irvine, CA Postfach 1913

92730 Germany

RABON, Rod L. ROBERSON, Philip W.
Bldg. 706-17C McGuire Nuclear Station

Savr.nnah River Site Duke Power Co.
Westinghouse Savannah River Charlotte, NC
Aiken, SC 29800 28242

RAJA, Sri K. RODGERS, John
Farr Co. MS K483
2221 Park Place Los Alamos National Lab.
El Segundo, CA P.O. Box 1663

90245 Los Alamos, NM 87545

RAMM, Dave ROESKE, Tom
Hollingsworth & Vose Pall Corporation
1485-6 ENP Court 2200 Northern Blvd.
Concord CA East Hills, NY

94520 11548

RAMSDELL, James V. ROUSH, Dale
Atmospheric Sciences Dept. Ellis & Watts
Battelle Pacific Northwest 4400 Glen Willow Lake Ln.
P.O. Box 999 Batavia, OH

,
Richland, WA 99252 45103

|

| REINERT, Bruce B. ROWLAND, William D.
Industrial Hygiene Grp. MS K499 US Dept. of Energy

| Los Alamos National Lab. P.O. Box A
P.O. 1663 Aiken, SC
Los Alamos, NM 87545 29801

REMICK, Forrest J. SALISBURY, Scott
MS 16-H3 MS K-486

U.S. Nuclear Regulatory Comm. Los Alamos National Lab.
Washington, DC P.O. Box 1663

20555 Los Alamoc, NM 87545

RHODES, William G. SALO, Paivi
General Electric Co. Finnish Centre for Radiation &
P.O. Box 1072 Nuclear Safety
Schenectady, NY P.O. Box 268

12301 SF-00101 Helsinki, Finland

1002



. __ - .~ . . . .- . - -- -

2ht DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

SAVORNIN, Jacques SMITH, Luther H.
CEA - IPSN Kaiser Engineers Hanford
BP no. 6 P.O. Box 888
92265 Fontenay aux-Roses Richland, WA
Codex, Frt...a 99352

SCHERR, Rodney W. SMITH, Phillip R.
Savannah River Site Dept. of Mechanical Eng.
Westinghouse Savannah River New Mexico State Univ.
Aiken, SC Box 30001

29808 Las Cruces, NM 88003-001

SCHOLTEN, Lambert C. SOFFER, Leonard
N.V. KEMA MS NLS-324
P.O. Box 9035 U.S. Nuclear Regulatory Comm._
NL-6800ET, Arnhem Washington, DC
The Netherlands 20555

SCHWARTZ, Barry SONODA, Takayuki
Sargent & Lundy Nuclear Power Plant Eng'g Dept.
55 E. Monroe Hitachi Works, Hitachi,-Ltd.
Chicago, IL 1-1 Saiwaicho 3 chome, Hitachi-

60690 Ibaraki-ken, 317 Japan

SEAM, Balbir C. STAHL, William C.
Bechtel Corp. Set-Point Control Inc.
9801 Washington Blvd. 1100 Jadwin Ave., # 175
Gaithersburg, MD Richland, WA

20878 99352

SEEL, Richard STEVENS,. Don
General Dynamics Pall Corporation
14 Holmea St. 2200 Northern Blvd.
Mystic, CT East Hills, NY

06355 11548

SEIBERT, Jeff TINKLIN, B.-T.
Pall Corporation M.C. Air Filtration
2200 Northern Blvd. Motney Hill Rd.
East Hills, NY Gillingham, Kent

11548 ME8 7TZ England

SHEPARD, Robert L. TORGERSON, David F.
NL-007, Ibn N-162 AECL Research

off, of Nuclear Regulatory Res. Whiteshell Laboratores
U.S. Nuclear Regulatory Comm. Pinawa, Manitoba-
Washington, DC 20555 ROE ILO Canada

SICKELS, Dave VanTRIEU, Vi
ECO Air Products, Inc. United Engineers & Constructors

-

9455 Cabot Drive 30 S. 17th St.
San Diego, CA Philadelphia,-PA

-92126 19101

1003

_ .



_____ __._ __ _ _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ __

,

21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

VENDEL, Jacques WATSON, Brian W.
IPSN/DPT/ SPIN /SEIP A.E.A. Technology.

| CEN/SACLAY, batiment 389 Wigshaw Lane
( 93191 Gif-sur-Yvette culcheth War *ington

Cedex, France WA3 4NE Englord
|

VERMILYA, Donald Scott WATSON, J.H.P.
Bldg. 706-15C Institute of Cryogenics

Savannah River Site Univ. of Southampton
Aiken, SC Southampton

29808 SO9 SNH England

VIGNAU, B. WEADOCK, Anthony A.
CEA/IRD/DERDCA/DGR -Office of Safety Policy &
Service de Latelier Pilote Standards, EH-352
BP. 171 U.S. Dept. of Energy
30205 Bagnols sur Cedex, France Washington,-DC 20545

VIKIS, A. C. WEBER, Larry
AECL Research. Pall Corporation.
Whitoshell Laboratories 2200 Northern Blvd.
Pinawa, Manitoba East Hills, NY
ROE ILO Canada 11548

VOGAN, Thomas WEIDLER, Raymmd R.
Sargent & Lundy Duke Power Co
55 East Monroe St. P.O. Box 1006
Chicago, IL Charlotte, NC

60603 28201-1006

VRESK, Josie WEINERT, Arnd
Argonne National Lab. Environmental & Prot. Dept.
9700 S. Cass TUEV SUEDWEST E.V.
Argonne, IL Postfach 103262, D-6800

60439 Mannheim 1, Germany.
,

|

WALKER, Bob WHITE, E. R.
Atomic Evergy Control Board Rockwell-INEL
270 Albert St. P.O. Box 1469
Ottawa, Ontario Idaho Falls, ID
K1P 559 Canada 83403

L WALKER,-Jimmy N.. WICHMANN, Hanns-Peter
Bldg. 703-H WAK GmbH

Savannah River Site Postfach 1263
Westinghouse Savannah River 7514 Eggenstein-Leopoldshafen
Aiken, SC 29801 Germany

WALTMON, Roy WIEBE, Peter
Martin Marietta Energy Systems _ Ontario Hydro
P.O. Box 1410 700 University Ave._
Paducah, KY Toronto, Ontario H11 F22

42011 MSG 1X6 Canada

1004

. - -



21st DOE /NRC NUCLEAR AIR CLEANING CONFERENCE

WILHELM, Juergen
Kernforschungszentrum Karlsruhe
Postfach 3640
D-7500 Karlsruhe 1
Germany

WILLIS, Charles A.
MS EWW-360

Div. Radiation Prot & Emergency
Preparedness

U.S. Nuclear Regulatory Comm.
Washington, DC 20555

WOODS, Paul
MS 6006

Arizona Public Service Co.
P.O. Box 52034
Phoenix, AZ 85072-2034

YOSHINO, Hirokazu
Plant & System Planning Dept.
Toshiba Corporation
8, Shinsugita-cho, Isogo-ku
Yokohama 235, Japan

YOW, F. J. Roland
Corp. Consult & Development
P.O. Box 12728
Research Triangle Park, NC

27709

ZARBO, Robert
Arizona Nuclear Service
405 Redondo Dr. S.
Litchfield Park, AZ

85340

ZDON, Edward
#414

955 E. 3rd St.
Long Beach, CA

90802

ZHANG, YingZhong
Light Industrial Engineering
Design Institute

No. 611, Qi Pu Road
Shanghai, 200085
People's Republic of China

ZIEMER, Paul
Assistant Sec. for Environment,

Safety and Health
U.S. Dept. of Energy
Washington, DC 20555

1006



. _ _ _ -

| t gi,Nty:
,

g,oH,s us u.s. Nucttan ReGutavoR v couwssion

, "r"oD'E BIBUOGRAPHIC DATA SHEET NERNP"- 0D5""
.

l
tsu ,merw,.,. , vie ,vem,s CONF-900813

2. ii nt Ana u i.f it i . Vol. 2
Proceedings of the 21st DOE /NRC Nuclear Air Cleaning Conference
Sessions 9 - 16 {

3 oArt RtPOnf eueuSHeDHeld in San Diego, California
|

= 'iaa
August 13 - 16. 1990 February 1991

4. f IN OR GR ANT NuMBE R

b AUTHOR (Si 6. TYPE OF REPORT

M W. First, Editor

1. 9L R 10D COV t R t D tiassverne Derest

8P F RW NG ANil AllON - N AMt AND ADOR ESS (if NAC, p< erne Ommea. Ottav w Aeosea, u & here>+ Aoyi,4ewy Ceawiemann, one eissame en*ent if sperarset, p,se ss

Harvard School of Public Health
The Harvard Air Cleaning Laboratory
665 Huntington Avenue
Boston, MA 02115

O. SPONSORING ORG AN17 A TION . NauF Ah 3 ADOR ESS (se NAc, nee *5 as eavee";fr oarserser, pre ese 4AC 0% offsv er AW M hucaper Asen,asseer Co,emaisensen,s

"*"* Office of Nuclear Safety Office of Nuclear Regulatory Research
U.S. Department of Energy U.S. Nuclear Regulatog Commission
Washington, DC 20585 Washington. DC 20555

International Society of Nuclear Air Harvard School of Public IIcalth
Treatment Technologies, Inc. He Harvard Air Cleaning Laboratory

P.O. Box 29246 665 Huntington Avenue
Columbus, OH 43229 Boston, MA 02115

11. ABS I R ACi (m were er met

This document contains the papers and the associated discussions of the 21st
00E/HRC Nuclear Air Cleaning Conference. Major topics are: (1) chemical
processing systems. (2) reactor operations, (3) incineration and vitrification.
(4) particulate filter developments, including filter testing and respcnse to
physical and temperature stress (5) adsorption and testing of activated
carbonandadsorbersystems,(6)severeaccidentmitigationincludingmodeling
of emergency response systems (7) nuclear waste management systems, (8) carbon -34
removal, (9) monitoring and measurement systems, (30) the development of
standards and regulations and concerns with existing standards and regulations,
and (11) nuclear air cleaning activities around the world,

12. KE Y vtORDS/DESCR'PTORS (tas wims, er ansves snee ova essas n._ . ee aereams nue sseert.i la AVA4LAasuiY $f AT EMENT
NUCLEAR AIR CLEANING. CONFERENCE Unlimited

14. St(,UHf f v CLA554flCA f 40N

flAss #efel

Unclassified
(fag Aesmartl

Unclassified
Ib. NVMBE R Of PAGE S

16 PHICE

NHC FOHM .in fiam

_ . . .



.~ . _ . -_

|

|

THIS DOCUMENT WAS PRINTED USING RECYCLED PAPER.



- - -

UNITED STATES senem eovam< tass mate
NUCLEAR ret 2ULATORY COMMISSION 'o* "if,Jy" ^*

WASHINGTON, D.C. 20555
,,,,,,,o,, ,

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE 4300

10DSSS13eet1 I 10%19^19H,U S NRC~0t6s

n m (ftf thyb'khlICATIONs gyce,-

WASHINGTON
DC 20555

3

=

|

!

|

!

!

|

| !
|

|

|


