THE ANALOG COMPUTER AS AN AID 1IN
CRITICAL VENTILATION SYGTEM EVALUATION

T. W. Pickel
Oak Ridge National Laboratory

The purpose of this report is to indicate some advantages of using analog com-
puters in the anelysis of air handling systems and to present an illustration
of an analysis of a simple system,

The analog computer can be of assistance in evaluating several areas of a venti-
lation system, First, simulation of the system on the computer can help the
designer select the proper components and test their compatibility with the
rest of the system. This would involve a study of static flow conditions over
a range of the operating variables such as filter resistance., ©Second, it can
help in the operation of the system. This is particularly true for the start-
up of a complicated system in which a proper balance of air flows is difficult
to obtain and maintain, It is also true of operation after startup when in-
creases in filter resistance will cause a shift in the air balance, Third,

the computer can be used to evaluate upset or transient conditions. The
ability of the analog computer to handle differential equations mekes it an
extremely valuable tool in this type of analysis, Items of interest here may
include the stability and resyronse time of the system and the effect of dynamic
changes on component performance. The length of time to recover from such dis-
turbances as explosions, fires, accidental release of fire extinguishing sys-
tems, and opening of air locks is of interest in a haezards evaluation,

The complexity of the system that can be analyzed is limited only by the com-
puter equipment available and the ingenuity of the analyst., The accuracy of
simulation may be limited by the data available on the performance character-
istics of the components, For this discussion, I am considering a rather
simple system. The layout is shown in Figure I. The system consists of a
building containing a single cell, Air enters the building through a filter
and backflow preventer. Air from the building enters the cell through a filter,
backflow preventer, and hand-operated valve. The exhaust system consists of
a filter, hand-operated valve, and a fan. Flow resistance in the filters is
considered to be proportional to the flow rate. Resistance in valves, ducts,
and backflow preventers is assumed to be proportional to the square of the
flow rate. In this illustration, it is assumed that the fan curve is linear
over the range of flow rates to be covered, In many problems this assumption
would not be adequate. In these cases the complete pump curve could be simu-
lated by a function generator.

Figure 2 shows the equations used, The first three equations give the static
pressure drop in bullding intake, cell intake, and cell exhaust systems respec-
tively. The symbols Cj, Cj3, and Cg represent the filter resistances, and Cp,
Cy, and C; represent the duct, valve, and backflow preventer resistances, The
symbols Cg and f represent the intercept and slope of the fan curve respec-
tively. The last two eguations relate the rate of change of the building and
cell pressures to the flow rates. Kb and Kc may be considered to be the
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reciprocals of the capacitances of the building and cell respectively. For
this model these values are considered constant. A more accurate represents-
tion would be to express them as functions of pressure. However, for this
illustration the maximum error introduced by this assumption is two per cent.

The computer diagram is shown in Figure 3. The diagram 1s divided into areas
that correspond to particular portions of the system. The area labeled
"Building Intake" includes the computer components that relate the flov rate
entering the building to the pressure drop scross the intake duct and asso-
ciated equipment, A similar correspondence exists for the areas marked "Cell
Intake" and "Cell Exhaust'". Since we are interested in cases in which the
cell pressure is higher than building pressure, it is necessary to simulate
the action of the backflow preventer in the cell inteke line. This 1s done
with a comparator. When the building pressure is greater than cell pressure,
the switches are closed and the circuit calculates the cell intake flow rate,
When the cell pressure is equal to or greater than building pressure, the
switches are open, giving a zero flow rate. The areas indicated as “"Building"
and "Cell” represent the buildup or decay of pressure due to transient condi-
tions.

The computer being used for this problem 1s an Electronic Associates, Inc,,
Model TR-10. This unit has twenty high-gain (107) amplifiers, two quarter-
square multipliers, one x2-function generator, twenty-four potentiometers, one
comparator, and two manual switches, For this problem we have used fourteen
amplifiers, both multipliers, the x?-function generator, twenty potentiometers,
the comparator, and one manusl switch, Additional cells, separate building
exhausts, automatic control equipment, and multiple fans can be added to this
model. However, more computer equipment would be needed than is available on
the TR=-10,

Four possible upset conditions are considered. First, Figure 4 shows the re-
sponse of this system to a sudden opening of a door to the cell., The building
and cell pressure quickly equalize at e value between the two initial pres.
sures, The flow of air into the cell increases rapidly, then decreases to a
new equilibrium value., The flow rate into the building also increases to a
peak, then decreases slowly to the new equilibrium position. The change is not
as abrupt for the building intake as for the cell inteke. The exhaust [low
rate increases to the equilibrium quantity at a slower rate, The pressures
equalize in less than one second, but the flow rates take approximately five
seconds to reach a new static condition,

The second condition considered is an explosion in the cell. The system
response 1s shown in TFigure 5, The cell pressure is assumed to suddenly in-
crease and then decay. The bullding pressure increases and then returns
slowly to its initial value. As the building pressure increases the flow rate
into the building decreases. After the building pressure reaches its pesk
value and starts to decrease, the flow into the building starts increasing and
returns to its initial value. The cell intake flow rate drops to zero and re-
mains there until the cell pressures drop below the bullding pressure. The
cell exhaust rate increases with the cell pressure, then decreases to the
equilibrium value, Approximately six seconds are required for the system to
reach steady-state conditions after the explosion.

The third condition considered is an accidental release of compressed CO; into
the cell. This is shown in Figure 6. It is assumed that this causes a raduc-
tion in cell temperature which results in a reduction in cell pressure. Since
the model has no backflow preventer in the exhsust system, the flow of air in
the exhaust system 1s into the cell rather than out of the cell for s short
period of time. About five seconds are required for the system to recover,
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The fourth case, which is shown in Figure 7, is an example of & fire in the cell,

This example assumes a constant rise in cell temperature,

to last for 3.5 seconds. After this, the system returns to equilibrium,

The fire is assumed
About

five seconds are required for the system to return to equilibrium after the fire

is stopped.

The model considered here is a cell,

The same techniques can be used for glove

boxes, building ventilation systems, exhaust systems, vessel off-pgas systems,

and other air handling problems,

Although the examples shown are of drastic

changes to the system, a study of less drastic changes may be of equal or

greater importance in evaluating the system.

The value of the computer as an

aid in designing and operating a complex system applies to all air handling
problems and not Jjust to critical systems as the title of this paper implies,

Several important features were excluded from this model for simplicity.

Some

of these are covered in a study by J. J. Perona, W, E. Dunn, and H. F, Johnson
and reported in Calculated Transient Pressures Due to Impulse and Ramp
Perturbations to Ventilating Systems in Buildings 3019, 3026, 3508, and L4507,

ORNL-3086 (1961).

In summary, the analog computer can be a valuable aid in the design, operation,

and hazards evaluation of all air handling systems.

Although the system con-

sidered here is simple, complex problems can be analyzed with & modest amount

of analog computer equipment.

TABLE I

Input Data for Steady-State Condition

Variable Definition Value
Qp Building Inteke Flow Rate 300 efm
Q2 Cell Intake Flow Rate 300 cfm
Q3 Cell Exhaust Flow Rate 300 cfm
Vb Building Volume 5,000 ft3
VC Cell Volume 1,000 ft3
Pb Building Pressure -0.3 in. HQO
P, Cell Pressure -1.6 in. H,0
Pa Atmospheric Pressure 0 in. HEO
C1 Building Intake Filter Resistance 0.25 in. HéO/3OO cfm
02 Building Intake Line and Valve Resistance 0.05 in, HEO/(BOO cf,m)2
Cy Cell Intake Filter Resistance 1.00 in. HéO/SOO cfm
C), Cell Intake Line and Valve Resistance 0.3 in. HEO/(BOO cfm)2
05 Intercept of Pump Curve 4,0 in. H,0
Cq Cell Exhaust Filter Resistance 1.0 in. H20/3OO cfm
07 Cell Exhaust Line and Valve Resistance 0.2 in. HQO/(BOO cfm)2
T Negative Slope of Pump Curve 0.00k4 in, HQO/cfm
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TABLE II

Potentiometer Settings

Potentiometer
Number Quantity Setting
1 Ki/E.h 0.034
2 Pbo/20 0.485%
3 Pa/ZO 0.500%
2
L ¢, /80 c, 0.0156
5 10'6/5 Cy 0.360
6 cl/zooo C, 0.750
7 ¢ 0.100
8 PCO/QO 0.420%
9 P_/20 0.500%
10 05/20 0.200
2
11 (cg + £)°/80 C, 0.303
12 c3/2ooo Cy, 0.500
13 A 0.600
1L 10'6/5 C), 0.060
2
15 Cg /80 C), 0.0k16
16 10'6/5 Co 0.90
17 (c6 + £)/20,000 Co 0.165
19 Kc/z.u 0.170
20 10/10 0.3162
2
21 Cy /80 C), 0.0416

*
Five volts corresponds to a gage pressure of O in,

HéO.
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DISCUSSION AND COMMENT

Analysis has not been performed on a real system to check
computer results against actual measurements; therefore, no data is
avallable to check a simulated system. We hope to do so in a few
years, both cells and glove bLox facilities will be simulated.

Session Chairman: Thank you, Mr. Pickel.

The second paper, "Safaety Aspects of the Design of Filter

Ventilation Systems,' has been prepared by 8. E. Smith, F. J. Hall
and W. E. llolmes, all of the UKAEA. The paper will be presented by

S. E. Smith.
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SAFETY ASPECTS OF THE DESIGN OF FILTERED VENTILATION SYSTEMS
by
S- Eu Srnith, F.J-Ha.ll, W'E'HOIJneS

UNITED KINGDOM ATOMIC ENERGY AUTHORITY

Atomic Weapons Research Establishment
Aldermaston

SYNOP3TS

A pumber of safety aspects ol the design of filtered ventilation systems
for radioasctive and toxic bunildings have becn considered.

These include theosretical and experimental assessments of the heat release
from fires of various kinds in workrooms, fume cupboards, glove boxes, and ex-
tract systems, the use of spark and flame arrestors, the ignitability of dust
deposits in extract systems and filters, the cooling of hot pases in exhaust

ducts.

As a result of this work, it is possible to formulate principles which
should be followed in the layout and design of such systems, in the future;
existing systems have been found not to require any serious modification apart
from installation of glass paper filters.

1. INTRCDUCTION

In the recent past, considerable attention has been paid at AWRE, as in
other parts of the UKAEA, to the problem of fire protection in filtered venti-
lation systems of radioactive and toxic process buildings.

A major contribution to this has been the adoption of non-combustible
filters based on the use of filter papers made from glass fibres, in place of
the combustible filters, congtructed either from cellulose-based paper, or from
the resin-wool, asbestos-wool, and cotton-ashbestos pad materials previously
employed. At AWRE, glass-paper filters were first used experimentally in 1958,
but were not accepted for general use until commercially available glass-paper
filter units had undergone a number of modifications. These were due to AWRE
insistence on a completely non-combustible construction, and on various other
mechanical features, to avoid fallure (refs. 1,2). At about this time, AERE
(Harwell) tests had demonstrated that ordinary paper filters in wooden frames
could not be satisfactorily fire-proofed.
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The standard filter, now in use in all modern installations in the UKAEA
consists of the 1000 c¢fm. 2' x 2' x 1' high-temperature absolute filter insert,
which contains approximately 250 sqg.ft. of thin (0.,025"~.03") glass paper,
pleated around spacers of corrugated aluminium and sealed with a fire-resistant
cement into a steel frame. The metal spacers have beaded edges toc avold per-
foration of the paper at the folds. Such filter inserts are either used in a
"honeycomb" wall pattern, bolted directly onto duct flanges, or, as at AWRE,
sealed into an outer steel canister which 1s mounted in the ductwork headers.
These canisters contain one or more inserts in series.

This paper 4s not concerned with the adoption of ylags-paper filters, but
with a number of safety aspects of the ventilation systems in which glass-paper
filters are now used, which have also been investigated at AWRE in the last two
to three years, and with the safety philosophy which has evolved as a result of
these various investigations.

The safety aspects of filter installations which have been covered include:

(1) experimental work on spark and flame arrestors, and an examination of
the need for flame and spark arrestors in filter systema

(2) experimental investigations, and theoretical caleulations, of the
possible temperatures which could arise in the extract ailr, and at adjacent
filters, as a result of fires of various materials in (a) workrooms and
process enclosures, etc. and (b) the extract ducts and filters

(3) experiments and calculations on the cooling of air in the ducts, to

arrive at gafe digtances of separation of filters in ductwork in the absence
£ dilution effects
?4) isolation of ventilation systems in emergency, by the use of dampsrs

and fan cut~outs, and the installation of fire detection equipment in
flltered ventilation systems

(5) examination of the design of existing systems at AWRE, end of the
condition of the systems with regard to dust deposits

(6) data on the ignitability of various dust deposits in the beryllium
extract systems and filters at AWRE, as well as limited data from uranium
and plutonium filter deposits, and on some synthetic dusts.

As a result of this work, it 1s possible to set out the principles which
are now being followed at AWRE with regard to the safety aspects of the design
of filtered ventilation systems of radioactive and toxic buildings.

In the following sections the work which has been carried out under each
of these headings is summarised. PFuller detalls of the varilous investigations
are available.

2., FIRE HAZARDS IN RETATION TO GLASS PAPER FILTERS

2.1 The fire resistance properties of glass paper filters may be stated to
be as follows:~

(1) Although these filters are non-combustible, they are only fire-
resistant up to approx. 500°C, (lOOOOF). Above this temperature fallure
occurs by melting of the glass paper, which 1ls the weakest material
present.

(2) They are not intended for routine or continual operation at
elevated temperatures, but are expected to remain intact after asccoidental
heating to a temperature not above 500°C. Most important is the fact
that they do not themselves catch fire although burning material caught
on the filter could cause a breach of the filter by melting the glass~
paper medium.
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(}) Under accident conditions such as a solvent fire in close
proximity to the filter, when very high temperatures are invelved, failure
will occur quite rapidly.

(h) Hence where inflammable material, hot gases or incandescent
sparks can reach it, some means of protecting the filter is essential
if failure of the filter concerned cannot be tolerated.

2.2 In considering the eff'ects of fires on filters it is necessary to
distinguish between fires in which the material involved is solid, and gives
rise to solid combustion products, and fires of solvents, etc., where the
combustion products are gaseous. The important difference is that in the
former case, heat iransmission occurs by radiation and conduction, as well as
by convection from the golid material to the gas stream, with an additional
hazard of transport of solid debris, while in the latter case, heat evolved
is mostly transferred directly to the gas stream with great rapidity.

3 SPARK AND FIAME ARRESTORS

At the time that the development of glass paper fillters was taking place,
investigations into the selection and performance of spark and flame arrestors
were initiated at AWRE, and in early 1960, a working party wss sppointed to
examine the necessity for flame and spark arrestors in the venitllation systems
of radicactive and toxic bulldings.

3.1 Spark Arrestors

An experimental programme carried out in the Chemical Engineering
Branch at AWRE in 1960 led to the conclusions that, as far as spark arresting
was concerned, glass-fibre was a satisfactory material to use, and that s coarse
glass fibre pack, of quite low filtration efficiency, would adequately intercept
any incandegscent particles which were large enough for them to have a suffici-
ently long life to endenger filters within a few feet of the arrestor. It
was concluded that a coarse loosely packed glass~fibre pad, 2" thick, operating
at a face velocity of 300 ft./min., should be installed at the entrance to
extract ducts, whever a spark hazard could be said to exist (e.g. machining
boxes, welding booths, casting operations).

Suitable filter pads of this type are commercially avallable, are inexpensive,
and have a low flow resistance. These pads could also be used as spark
arrestors in the first stage of a composite filter to protect the main filtera,
although some economic advantage will normally accrue from the use of s more
efficient prefilter of the pleated glass mat type, to extend the life of the
main filter, and this will also serve a spark arresting function.

A prefilter of this type would acquire a heavy burden of any combustible
material present in the extract gases and cansideration was also given to the
propagation of secondary fires in such filters and prevention of debris from
these penetrating further downstrean. For this purpose experiments were carried
out to determine the duration of burning of different sized particles of various
materials in a current of air so as to determine the mesh size of a debris
arrestor in relation to the size of particle to be arrested, consistent wilth
a low pressure drop contribution.

Carbonaceous materials, being slower burning, had a longer distance of
travel than metal particles, but the temperature ©f carbonaceous particles

is lower, and hence the ignition danger to a subseguent main filter ds
€8Se




For general use, a spark guard of stainless steel wire BSLO mesh has been
adopted; this will give burning distances of 20 ft. for carbonaceous sparks
and less than 5 ft. for magnesium; the location of the main filter should be
decided accordingly.

3.2 Flame Arrestors

Flame arresting presented a much more difficult problem, and discussions
which were held with the Group Safety Officer and the Fire Research Station at
Boreham Wood, led to the general conclusion that commercially available flame
arrestors were likely to be effective in only a limited range of conceivable
conditions, and for only a very short period of time.

It was agreed that the most satigfactory approach in the light of the
current state of lmowledge of this subject was to restrict the use of highly
inflammable materials (certain organic solvents, celluloid, etc.) in sensitive
areas, and where their use was essential, to impose striect limits on the quantity
of such solvents which might be introduced into ventilated boxes or fume cup-
boards and to provide sufficient air flow to reduce the concentration of vapour
in the event of total spillage to below the inflemmable limit (refs. 3, &, 5).

4 THE TEMPERATURE OF AIR AND COMBUSTION GASES AS A RESULT OF VARIOUS TYFES

OF I'IRE

The effects of fire involving inflammable solvents, metals, whether massive
or finely divided, and certain inflammable materials of construction (e.g.
perspex) in raisinyg the temperature of air extracted from open workrooms, fume
cupboards or glove boxes, were considered, both by theoretical calculations and
by practical experiments. Similar consideration was given to the effect of
fires in the extract ducts and filters themselves.

Lol Room extract

Solvent fires constitute the worst hazard in these circum-
stances; it was concluded that the temperature of air entering the main room
extract duct is unlikely to exceed 500°C from this cause,

4+2 Fume cupboards

In fume cupboards where the volume of extract ls normally in
the region of 1000 cfm. solvent fires again constitute the principal hazard;
the local extract temperature might reach 10000C, in the event of a solvent fire
although in general this would be reduced by dilution with air from other sources,
further down the duct. Temperatures to be expected from metal (Pu, Be) fires,
even when the metal is finely divided, are lower,

43 Glove boxes

Fires in air filled glove boxes, or inert gas boxes where a
breach of containment has allowed some air to be drawn in, and where the
emergency high velocity extract is in operation at 50 e¢fm., might give rise, in
the case of burning beryllium swarf, to extract gas temperatures as high as
2000°C; for solvent fires the figure is about 1000°C, for massive beryllium it
is below 1000°C and for massive or finely divided plutonium below 500°C.

The findings of separate investigations to consider certain aspects of box
fire hazards (refs. 7,8) incluwie recommendation for the cancellation in the event
of a box fire, of high velocity extract (this is a system whereby air at high
velocity is sucked in to preserve containment), With this precaution the proba-
bility of damage of main extract filters by fire arising in inert-gas~filled
boxes is considered to be negligible. Iocal filters would however, be expected
to fail rapidly.
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L4 Filters

(a) Where glass fibre filters (which having a comparatively
loose structure, have a large surface area) are concerned, jgnition of a deposit
consisting essentially of all metallic dust, would raise the air passing through
the filter to a very high temperature (1700°C), which could cause damage to
another filter downstream, unless it were a considerable distance away, so that
the air cooled before reaching it.

(b) For a dust of a more likely composition, i.e. partly
organic, and partly inert inorganic, with only a small proportion of metal dust,
providing the metal is not more than 80 gm. approximately and the rest is not
more than 50% combustible organic material, the heat release is not enough to
railse the air to a temperature sufficient to damage another filter, even though
this is close to the filter containing the combugtible dust.

It is possible that the materials would not burn readily if the total
diluent were sufficient, i.e. a fully loaded filter but containing only this
quantity of metal dust.

(c) In the case of a glass paper filter, owing to the lower
surface area avallable far heat transfer purposes, calculations indicate that
even if the dust accumlated were all metallic, the consequent increase in
temperature of air passing through the filter would not exceed 500 C, although
the filter itself would probably disintegrate eventually.

Where the fire is due to ignition by gases which are already at 500 °C then
the existing gas temperature could be raised beyond this, and might therefore
approach 1000°C for the cases quoted.

5  RATES OF COOLING OF HOT GASES IN UNLAGGED DUCTS
5.1 Theoretical Assessment

Calculations based on conventional heat transfer data have been
made, to determine the expected rate of heat loss from hot gases pasaing through
unlagged mild steel ducts (see Fig. 1).

The initial maximum temperature was assumed toc be 100000; the only con-
dition under which any extract gases might conceivably exceed this figure is that
of a major beryllium swarf fire in a glove box under high velocity extract at
50 cfm. and stringent operating precautions are taken to avoid such a condition.

A flow of 1000 cfm. of gas through a 1' diameter duct is one of the con~
ditions considered, since this is the highest flow rate for which (in a solvent
fire in a fume cupboard) a temperature of 1000°C might be attained; above this
flow, dilution with cold air from other sources could be expected to reduce the
temperature. Since the supply of gas at this temperature and flow rate would be
of comparatively short duration, the unsteady states at up to 2 mins. were con-
sidered, and graphs were drawn of the temperature profiles along the duct, under
unsteady and steady —state conditions. From this it could be seen that the duct
lengths required to cool the combustion gases to L50 °C for 1 and 2 mins. are
110* and 130' respectively, while the steady-state requirement for the game
degree of cooling is 160'.

The other case considered is for a flow of 50 cfm. through a 4" duct, the
oondition for standard glove box high velocity extract. Since a fire involving
a normal guantity of solvent might be expected to last for a longer period at
this extract rate, the steady-state condition only is considered, and it is
calculated that the direct length required under these conditions to reduce the
temperature to 450 °C is not more than 25' to 30°',

5.2 Experimentsl verification of cooling rates

It was considered advisable to carry out a practical check on
heat transfer conditions approximeting to those under review.
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A small research contract was therefore placed with the Chemical Engineering
Branch, Department of Scientific and Industrial Research, Warren Spring Iaboratory,
who happened to have suitable equipment available to investigate this (ref. 10).

The air was heated by a paraffin burner, the maximum capacity of which was
insufficient to heat 1000 cfm. of ges measured at STP. A reduced duct dlameter
of 8" was therefore adopted, and three flow rates were chosen to give about the
same linear velocity as in owr original calculations, the same Reynolds number
and one value intermediate between the previous two. Gas temperatures were
measured at 3% 32' and 61' and wall temperatures at 3! and 32', over a period of
5 mins.

Theoretical calculationg of duct length versus temperature were made for
these experimental conditions; the duct lengths, calculated for the three
different flow rates as giving the temperatures observed at 61' from the entrance
after 2 mins. were 70', 65' and 62.6' respectively, confirming our belief that
the method of calculation used for the conditions in sections 3.1 and 3.2.1 was
valid.

6o HEAT TRANSMISSION BY RADIATION AND CONDUCTION

The worst case which can be envisaged, i.e. that leading to the highest
temperature and rate of heat release, is the case of a heavily loaded filter or
prefilter containing essentially 100% beryllium dust, or a similar dust accumi-~
lation anywhere in the ductwork.

In this case, assuming a temperature of burning beryllium of over ZOOOOC,
then a main filter located adjacent to 1t would suffer a severe temperature
increase due to radiant heat. Aluminium spacers, if present, would castitute
the main heat sink, but even so the temperature would reach at least 750°C, and
whether sluminium were present or not, glass paper would certainly fail.

There would not be much heat loss by conduction to the ducting, until the
filter collapsed. Then the temperature of the burning massg would rapidly
cauge the steel duct to melt through.

With a more likely filter dust deposit, as postulated in 3.l.4, if this
ignited, then the heat relsase by radiation could gtill cause fallure of =
second glass paper fillter, downstream, but it is doubtful whether with these
compositions, combustion could be sustained, unless the metal content exceeded

80 gms.

BExperiments to check this on the rig shown in Fig. 2 and 3 using filters
loaded with atmospheric dust, with and without added magnesium powder in
quantities up to 100 gms., and filters loaded with carbon and tarry matter
from the rag-and graphite crucible-burning extract in a uranium building,
showed that even when combugtible matter ignited on the filter and the local
temperature rose above 1000 C., the temperature of alr passing through at
1000 cfm. rose only from 450°C. to 5007C.

A fire in the prefilter only damaged the main filter when burning debris
was carried onto the latter.

7. THE USE OF ISOLATION DAMFERS AND FAN CUTQUTS IN AN EMERGENCY

7.1 ILocal Isolation

Whilst it might seem to be desirable to be able to isolate a part of
an extract system in which a fire occurs from other parts of the system, if
the system 1s designed so as to avoid the transmission of both burning debris
and hot gas to the main or secondary filters then it is preferable to keep
the extract golng in such circumstances.
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This however does not preclude the control of a fire by, for example,
shutting down openings in fume cupboards.

Hence it is not necessary to fit special local isolation dampers in
filter systems for this purpose.

7.2 Complete Isolation

It has always been possible at AWRE to shut down main fans without
undue difficulty or delay. It is envisaged that this decision would be
taken only after due deliberation end while adequate time remained for the
necessary action to be carried out. Existing plant control rooms provide
for this with sufficient accessibility.

Also as a last resort, the systems at AWRE have main isolation dampers
at the stack which could also be operated as in 7.2 above.

8, FIRE FRECAUTIONS
Separate investigations were set up to cover fire deteotion in filters,

in work boxes and in workspaces.

As far as filters and extract systems are concerned, recommendations for the
fitting of certain types of fire detector were formulated so that in future
all filter systems will have installed fire detectors of a recommended type.

9. BERYLILIUM EXTRACT SYSTEMS
9.1 Review ot Beryllium Extract Systemgat AWRE

In view of the high fire risk involved in handling beryllium powder,
a special review was made of the operating and extract conditions in the beryl-
lium metallurgy buildings at AWRE. '

(a) Non-combustible prefilters and main filters are employed.

(b) Primary collectors are provided at extract points where beryllium
dust concentrations are high, reduoing the quantity of beryllium reaching
the main extract system.

(e¢) No continuous collection system was provided for swarf arising in
machining operations (this has since been provided).

(d) Production and handling of beryllium powder are carried out in argon-
filled boxes.

(e) Machining boxes are provided with spark arrestora.

(f) Certein minor buildings still used combustible filters. These have

been replaced by glass paper filters.

Egg Main filters are adequetely protected by mepara tiom distances and dilution.
h) Spark puards should be fitted after local filters on machine boxes.

9.2 ZExamination of Deposits in Extract Systems

A detailed examination was made of the extract systems in all beryllium
buildings at AWRE; the total quantity of deposits present in the ducts was
assessed end samples were taken for chemical analysis and determination of
ignition temperatures. Ignition temperatures were determined by a differential
thermal analysis technique, using the apparatus shown in Fig. 4.

In general the beryllium content of all deposits was low (0.0l to 1.5%),
although isolated instances of high metal gontent in machine extract systems
have occurred. These systems are being modified to confine contamination to the
immediate vicinity of the boxes.

The deposits fell into three groups, those (consisting mainly of organic
matter) whioh ignited at various temperatures below 500°C, those (containing
metallic dusts) which ignited above 500°C, and those (consisting of inert
inorganic dust) which failed to ignite up to 950°C.
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In none of the cases where ignition took place below 50000 was the heat
released sufficient to raise the temperature of the burning mass above 500
although in a few instances, further external heating of the sample gave

successive ignition points above 500 °C. The inference drawn from this is, that
dusts arising in the course of normal operation in beryllium buildings, which
have these low ignition points, could not constitute a serious hazard to the
integrity of glass paper filters, which are heat-resistant up to 500 °%.

The samples showing ignition points above 500°b produced in most cases
a very small temperature rise, indicating a low metsl content, and the quantities
of such deposits were so small that they are considered unlikely to constitute a
serious hazard to the filters, unless in contact with them, in which case the
filter would be expected to fail before ignition toock place. The only possible
exception to this was in the exhaust duct from the hot press, where the deposit
contained 10% of beryllium, snd ignited at 800°C with a considerable tempera-
ture rise. If deposits were allowed to acoumulate in this duct a fire arising
igé gﬁpoﬁxyress might be transmitted to the fllters. A local filter has now

9.3 Synthetic Beryllium Dusts

Tests carried out on samples of beryllium powder showed ignition
tenparatures in the region of 750°C with a rapid temperature rise to well above

1000°C.

9.4 Effect of Glass Filter Material

Mixing beryllium with glass fibres from high efficiency glass paper,
and from low efficiency glass fibre prefilters had no effect on ignition
temperatures, although on ignition the coarge glass fibres fused round the
dust and stopped the combustion. When actual dust deposits were combined with
glass fibres they showed the same or higher ignition temperatures, and samples
taken from fully 10aded glags~fibre prefilters and glasas~fibre main filters did
not ignite below 950°C although another prefilter which was heavily loaded with
oil ignited with a very small temperature rise at 360 C and again at 500 and
550°C.

It is concluded that glagss fibres and glass paper do not affect the ignite-
bility of dust arising in the course of beryllium metallurgy operations.

9¢5 Posgsible Methods of Ignition

(a) Tests using Dewar flasks have established that spontaneous
heating does not ococur in dusts from the extract system, either alone or
intermixed, or mixed with glass fibres.

(b) The possibility of build~up of static electricity when dry air
passes through glass~paper filters with metal separators was also explored, but
in all cases the static charge developed was found to be negligible.

9.6 Combugtibility of Filter Material

Samples of cotton-asbestos and resin-wool fllter materials from
obsolete types of filter ignited at 24,00C and 430°C respectively with low
(~~30°C) temperature increases, although these would be expected to be higher
if a complete filter were ignited; this would, in any case, be completely
destroyed, with consequent release of toxic materisl held on it.

10. URAN EX T _SYST

Samples were taken in 1958 from loaded 300 ofm. glass fibre filters in a
uranium metallurgy bullding in order to find out whether there was enough
uranium on them to be economically recoverable.

The total dust burden was estimated to be ebout 500 gms., and this inoluded
about 6 gms. of uranium in the filter from the foundry extract and about 1 gn. on
the filter from the machine shop extract.
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The dust deposits had low ignition temperatures (below hOOOC) but produced
a temperature rise of less than 50°O on the standard test. Attempts to produce
sustained ignition of a camplete filter in a cwrrent of air, by application of
sparks or a flame were unsuccessful, even on a filter removed from the crucible
and rag-burning system, which was heavily loaded with tarry and carbonaceous
material (see 3.3 and Fig. 3).

It is concluded that deposits accumulating in extract systems from this
type of building are unlikely to contribute sericusly to a fire hazard.

11. PLUTONIUM EXTRACT SYSTEMS

Semples have been taken from a resin wool filter which has been in use in a
plutonium metallurgy building for neerly 10 years on the extract fyrom a higlb—
activity area. These samples ignited at temperatures between 200 C and 4L00'C

Plutonium analyses on filter samples, and on material deposited in electro-
static precipitators, indicate that the total plutonium burden accumulating on
mein extract filters in 5 years is about 1 gram. Deposits in duct work and high
veloclty box extract filters probably total no more than this, end thoge in the
filters on the argon box circulation system about the same.

12, DESIGN RECOMMENDATIONS
12.1 The UKAEA standard non-combustible high efficiency glass paper fllter
is sufficiently fire-resistant for use in all normal extract systems; although

speclal consideration willneed to be given to installation design to protect it
from heating above its failure temperature (450-500°C). Some edvantage may be
obtained by elimination of the aluminium-f'oil spacers snd this should be one aim
of further development.

12.2 Glass—fibre spark arrestors should be used to protect the glass-paper
filters from damage by incandescent sparks entering the system. Such spark
arrestors should be located close to all extract points. A wire mesh spark
guerd should be fltted downstream of each pre~filter. A 2" thlck low density
coarse glass~fibre mat of the "Versil" or "Renuglas" type, operated at about
300' per min. face velocity, econstitutes a satisfactory spark arrestor at a
low cost and low pressure-~drop. OConslderations of economy in replacement of
main filters meay however dictate the use of a more efficient glass-fibre
prefilter/spark arrestor, of the type shown in Pig. 5.

12.3 In certain cases (solvent fires, metal swarf fires), glass-paper or
other filters installed locally to glove boxes, fume cupboasrds or room extracts
will be breached.

12.4 The present use of spark arrestors in ventllated machine hoods is
correct.

12.5 No known flame arrestor is likely to provide adequate motection from
a major fire at the high flow rates involved in ventilation systems. Wherever
possible the use of inflammable solvents, eto., should be reatricted and the
integrity of the main filter aystem should be ensured by providing a suffioient
length of duoting to cool combustlion gases below the temperature at which the
filters will fail, unless adequate dilution with cool air is available.

12.6 Where the dust burden involved consists essentially of normal atmos-
pheric dust the spark-arrestor and filter need be no more remote from the area
extracted than 1s necessary to protect them from direot exposure to flames
within the area.
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12.7 Where combustible dusts are involved, as in machining box extracts, a
local dust removal system terminating in a filter should be employed, to keep
the duct work and main extract system free from combustible matter.

Such a system is vulnerable to fire hagards and would itself add to the fire
if material in it ignited, the main filters should therefore bhe proteoted

(a) by location where they cannot receive direct heat radiation from the
local filters

(b) by installation of a spark arrestor between the local and main filters

(¢) by providing either for a mixture of cool air from other sources, or
for a sufficient length of duct, to cool the gases bslow 450°C in the worst
credible conditiong.

12.8 Where inflammable gasea or liqulds are handled in an extracted enclosures
the danger of damage to the main extract and filter aystem should be guarded
egainat by ensuring that the air flow is sufficient to maintain the concentration
of inflammeble vapour below the lower exploaive limit undex all operating
conditions. Provisions 12,7 (b) and (o) should also be followed.

12,9 Temperature senslitive elements should be fitted to main filters to
glve warning of high temperaturss as an additional safeguard.

12.10 No special provision need be made for local lsolation dampers to ocut
off parts of the system in an emergency.

A disgrammatic layout sketch of the type of extract system reoommended is
given in Fig. 6.
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DISCUSSION AND COMMENT

While you speak of a fire-resistant filter, we tend to use
the term non-combustible in the sense that this construction would not
contribute any heat itself. The construction was one which we arrived
at in cooperation with the manufacturers, We did not accept the
readily avallable units, and these underwent certain modifications to
make them satisfactory to us. Essentially, the filter consists of a
glossed paper filter medium, an all-steel case, not an impregnated,
wooden case, and a suitable cement, I say that guardedly. There are
alternative ways of achieving the cementing of the filter. There are
at least two acceptable possibilities.

Session Chairman: Mr. Smith that was a most interesting
paper and we are fortunate to have had the opportunity to hear your
presentation,

The third paper in this Session 1s by A. B. Fuller of
Oak Ridge National Laboratory and the title 1s, "Design Considerations
for Exhaust Systems Involving Radioactive Particulates."
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DESIGN CONSIDERATTONS FOR EXHAUST SYSTEMS
INVOLVING RADIOACTIVE PARTICULATES

A. B. Fuller
Oak Ridge National Laboratory

ABSTRACT

The dependability requlred of exhsust ventilation systems
handling radioactive particulates makes it essential that:
élg thorough investigations concerning needs be made, and
2) good engineering practices be applied. Many features
peculiar to such systems are not clearly understood by in-
experienced designers. A number of these "designer short-
comings" are discussed, with references listed, to enable
designers to brief themselves prior to planning, reviewing,
end designing such exhaust systems.

Just ten years ago the subject of sir handling and alr cleaning was a far step
back of where we think it is today. Knowledge and know-how of twenty years ago
concerning alr handling and cleaning would now be termed primitive. Before
World War II, few college-level courses were offered beyond elementary tutoring
in heating, ventilation, and sir conditioning. Many basic fundementals were
not stressed.

Things have changed-~along came the nuclear sge--the space age. Now everyone
ig, or should be to some degree, concerned about the alr he breathes and how
clean it is, Air 1s one of the few necessities of life that 1s plentiful and
still free. This resource has been abused by mankind and still is being
sbused. We must learn better how to preserve and care for it. That knowledge
should then be applied whenever the opportunity cen be created. This is one
reason we are here this week.

The engineer is the "doer" who is expected to apply his skills to design new
alr handling systems, These systems, then, will never be any better than the
engineering knowledge he is capable of designing into them. Is your engineer-
ing designer sufficient for the job? Maybe he is the best man available, but
is he experienced in this field? Do his designs accomplish their objectives?
As in any field, there is no substitute for good experience.

The design of an exhaust system handling radioactive particulates demends good
engineering judgment and experience to achleve safe, acceptable performance and
needed dependability. It is necessary for an exheust system to function as
planned to ensure the proper operation of 1ts alr cleaning components. QGood
engineering judgment can only result from good factual conditions: complete
and concise criterila, a clear understending of design objectives, and the
freedom to act.
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We who are representatives of AEC contractors often find ourselves in the roll
of preparing criteria and reviewing the design work of others. By our stand-
ards, we at the Osk Ridge National Laboratory have found most alr handling de-
signers employed by Architect~Engineer firms incapable of doing this type of
job well. They lack know-how for this particular type of design assigmnment.
Review effort therefore has been heavy; resubmission of review materials is
frequently required, end confusion results. Much time is lost. It 18 also
necessary that our own designers be sufficient for this Job of reviewing, as
well as doing direct design asssignmente. ZExperience is needed in all phases
of deslgn, construction, end operation; good experience, not jJust an exposures

This experience is difficult to find and, therefore, the price 1s high,

The design of exhaust systems involving radiosctive particulates 18 & rather
narrow field. Certain aspects are pecullar to this type system. This specific
knowledge does not exist in one book. What 1little that is written is scattered,
difficult to correlate, and very time-consuming to search out and eveluate.
Therefore, it is difficult, near impossible, to know all the "best methods" of
solving every problem that will arise.

The type and complexity of exhaust systems varies widely. I would like to
point out some of the problem areas that we find need particular sttention:

1. Many designers are short on the evaluation of meintenance needs and how
to keep maintenance costs reasonable. This is very clearly reflected in
their choice of equipment, space mllowances, and access to items requiring
routine attention.

2. Design calculations are poorly prepared, 1f prepared at all, for the final
arrangement of the system. Operating end meintenance limitations are not
glven the users of the systems.

3. Deslgners are forever designing system components to meet the meximum
demands and leave the lesser conditions to chance. These "less-than-
meximum" conditions represent as much as 99 per cent of the operating
time. Therefore, they too must be analyzed and designed for good oper-
ebility.

L. The selection of fans and their application are areas often slighted,
especially when space is limited., The needed compensation for & poor
arrangement of ducting is frequently neglected, sometimes at a flow de-
deficlency equal to 20 per cent of tabled ratings for fan performance.

5. Designers are found to be weak in the proper application of instrumente-
tion and controls. The area of pressure control and monitoring is diffi-
cult to keep within practical limits of cost end good operability.

6. TFilter selection and their proper application for the particular use is
the pinnacle of the designers' problems. High efficiency filter appli-
cations are new to the inexperienced man; and having radiocactive particu-
lates further complicates the picture. It is here that designers need
the greatest assistence and guidance. Too, 1t is here that much develop-
mental work must yet be done to ensure instellations of good dependebility
end reasonable maintenance.

These six categories seem to cover all the aspects in designing an exhaust sys~
tem. Though this is near the truth, a particular designer 1s not necessarlly
weak on all counts. Haeving the services of competent designers is all impor-
tant in getting the Job done well.
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I have compiled comments concerning design consideretions for various aspects
of this subject. These are attached.

These remarks do not cover all phases of design but attempt to offer guidance
on the controversial items and those often cemusing trouble.

CODES GOVERNING DESIGNS (USAEC INSTALLATIONS)

All design effort for USAEC installations is governed by the AEC Design Menual,
with its local interpretations. AEC instructions in this manual include com~
pliance with local codes as well as certaln other nationally recognized codes
that are in the interest of constructing safe facilitles and in providing for
thelr safe operation.

Design References

See Ref. 11 esnd 13. BState and local codes for the location under consideration.

Design Conslderations

1. A designer must make himself thoroughly femiliar with the AEC Design
Menual, end applicable codes, during early planning of any work.

2. Rediation safety features and control do not always remain competible with
the usual interpretation of NFPA Fire Codes. Therefore, early establish-
ment of the governing consideration must be ascertained from the juris-
dictional euthority. To this end the designer must errange systems to
maximize compliance with both conslderations.

3. A basic guide to all ventilation work can be had in the
Date Book. From this publication, and its referenced information, a de-
slgner can secure much of the written materials concerning exhaust
systems.

ARRANGEMENT OF SYSTEM COMPONENTS

Planning the arrangement of components can provide advantages that are para-
mount to the success of a system, The order, or sequence, of components may
vary for different types of exheust systems. Therefore, considerations of
features such as shielding, containment of conteminants, and access must be
studied and evaluated.

Design References

See Ref. 1, 3, and 5.

Deslgn Coneilderations

1. It 1s desirable to have all ductwork and other components under a negative
pressure during all operations of a system(s). This means the fan powver
is situated near the terminus of the system; 1.e., before release to the
atmosphere or stack.

2. TID 7023 (Ref. 3) suggests the physical separation of roughing filters
from high efficliency filters to minimize the spread of fire. See
"Filtration" for other considerations.
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3. Ductwork under negative pressure is subJect to collapse. The arrangement
of components must be considered for their pressure loasding. The nearer
the filter component(s) can be situated to the fan, the less heavy duct-
work 1s required. Filter resistances most frequently constitute a major
portion of total systems flow resistance.

4. The exposure to weather of system ductwork, housings, etc., can create
problems of condensetion., Such surfaces should be minimized to lessen
the expense of 1tems such ag insulation, weather painting, and internal
drainege spperatus. Where dralnage can be tolerated and handled, con-
densation need not be a serious problem and can be the cheapest approach.

5. Convenience of access must be carefully studled and arranged. 8hielding,
if required, must be given preferential treatment to minimize cost and
maximize operationel convenience. Maintenance provisions must be planned;
good conditions do not happen by eccident.

6. Systems that will include alpha particle contemination muet consider
needed containment of components to allow malntensnce by an acceptable
methed. Cleanup provislons are needed to prevent the spread of loosed
contemination. Features required of this type system must be designed
to prevent the release of intolerable smounts of radioectivity, not Just
to sllow for the cleanup of materials that may be released. Penetration
of the system at points where negative pressure conditions will be en-
countered is a prime consideration. Penetrations downstream of filtration,
where feasible for the particular need, 1s another preference.

T. The atmosphere is not a dump for radioactive particulates, Maxinum allow-
able concentrations and rates of release are closely regulated by the
UBAEC, Advice from the AEC must be obtalned.

FILTRATION

Where chemically neutral exhaust gases are to be handled, perticulate filtra-
tlon is best achleved by a method that does not entall secondery westes such as
washing solutions, water, or oil additives. Dry type filter unitse serve this
requirement better thean other type devices. Where perticulate loading in the
air stream i1s low (i.e., <0.05 grains per 1000 cubic feet), high efficiency
filter 1ife can be expected to last well beyond twelve months' continuous usage.
Prefilters are desirable for long filter life when a significant pert of paer-
ticulates 1is over one micron. Where atmospheric alr is being hsndled (not
previously filtered on intake systems), prefiltering is mendatory.

Exhaust streams containing chemically active ingredients present a formidable
hazard to filtration equipment, both freming and medium. It is essentlel that
investigations predetermine sll the constituents to be encountered by the fil-
tering devices. BSystems arranged to serve multlple sources of effluent, from
perheps unrelsted operations, present an even more difficult filtration prob-
lem to solve. Costs scar as a result of attempting to meet complex criteria

of incompatible effluents. It is adviesble to provide separate filtretion
facilities for each basic need and, 1f necessary, combine effluents downstream
from filtering points in the system. This permits filtraetion to be best suilted
to the particular needs of each exhsust source.

The delicate construction of most fillters, especially high efficlency of the
absolute type, requires that precautions be teken in their spplication and
use that guarantees the integrity of the installation throughout the filter
life.
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Special consideration must be given to ensure dependebility commensurate with
the hazards involved. Particulate filtretion facilities in radicactive exhaust
streams must serve as defense againet release of air-borne activity, both to
downstream portions of the system as well as against the release to the
atmosphere.

Design References

See Ref. 1, 3, 4, 9, and 12.

Deslgn Conslderations

1. Investigate the nature of the intended effluent very carefully to allow a
proper selection of medium and dust-holding capacity for each component.

2. Physically separate prefilters from final filters where caombustibles are
involved. Consider whether or not the system flow can be stopped in cese
of fire within, or near, the fillter section. Does a radiological air-
borne releese have a greater potentisl of hazaerd then a contained filter
firet? If yes, the fans should be stopped upon the detection of a fire and
the fire contalned insofar as possible. If the fanse are stopped, what
effect does this deficiency have upon the aree that was being exhausted?

3. What safeguards are to be considered for fire prevention and control?
Use of: (1) equipment that is noncombustible wherever possible, (2) separa~
tion of combustibles, (3) a fire extinguishment system consietent with eize
and application of combustibles, (4) smoke end/or heat detection equipment

for early warning and preaction, flow diversion, and lgolation--all are
measures worthy of conslderation by the designer. The potential hazard
involved in heving a fire and the results from a fire must be the para-
‘mount concern upon which a decision 1s reached and coets are Justitied.

k., During initiel investigation, determine the method of handling and replace-
ment that must be epplied to filters and removable framing. If direct con-
tact is to be allowed, the designer must stay within physical limits of an
individual to carry and meneuver filter and frame units during changes.
Filter bank heights over 6 feet should be avolded unlese access 1s included
as part of the designed facility. Steps must be minimized. Weighte over
50 pounds become very tiring when lifting is involved., If the use of pro-
tective clothing, respirator (or mask), etc., 18 to be neceseary, areas of
abnormal heat, 1ifting, and handling weilghty obJects can become very acute
to the problem of filter change or replacement. Where radiation fields
and/or high contamination levels preclude direct contact for maintenance,
many additional considerations must be made. The reguirements for con-
taining highly contaminsted components will involve the need for good
closures and sealing. Preplanning must establish an acceptable handling
procedure to afford the designer criterie with which to work. Filter
handling and replecement facilities must afford the worker and the sur~
rounding area ample protection ageinet excessive radiation exposure and
the accidentael spread of rediocactive contamination. Positive means for
effective cleanup must be evaluated.

5. Provide for drainage from each compartment of a filter section. The
method of decontamineting inside surfaces could involve washdown using
water or other agents needing dreinage of epprecieble amounts of liquilds.
If surfaces are exposed to outside winter temperatures, condensation may
accur, Any entrapment of molgture droplets that loads a high efficiency
filter will cause an alr flow blockege that can result in sudden failure
of the filter bank. A fire protection scheme involving liquid sprinklers

-77-




must be limited to a system that has alr flow stopped in the event the
sprinklers are applied.

TIn the absence of exact data concerning the gradation of particulates by
size and weight to be expected in exhaust streams, the followlng 18 sug-
gested for initial design:

Prefilter (up to 35 per cent NBS efficiency, or equivalent):
Provide for pressure drops, at normel flow, that are at least
three times the initial resistance (clean), or 0.5" wg, which-
ever is the greater value,

High Efficiency (from 35 to 95 per cent NBS): Provide for
pressure drops, at normal flow, that are at least three times
the initial resistance (cleen). Never exceed the manufacturer's
recormended 1limit for pressure drop, or as framing strength mey
1limit the losding, at eny flow rate that will be produced.

High Efficlency--Absolute Type (99.95 per cent, or better, per
DOP testing): Provide for pressure drops, et normel flow, that
are at least three times the initiel reslstance (clean), except
where preceded by & filter bank of equal efficiency. In such
event, a resistence allowance of 1.25 times the 1nitial resistance
for the second stege of filters will afford reasonable life, inso-
far as particulete pickup is concerned. Meximim resistence for
high efficiency units of the corrugated separator type unit should

seldom exceed 4" wg, except where the spplicstion approaches the
'Ydeal conditions" of dryness, chemical neutrality, filter posi-
tion, temperature, and smoothness of air flow. From s practical
viewpoint, such an ideal situation will never exist. Where re-
sistances exceed 3" wg, particular care must be taken concerning
the conditions under all phases of operation, more from the con-
sideration of filter deteriorstion than from dirt pickup. It
should be remembered the 24" x 24" x 5 7/8" and 2h" x 30" x

11 1/2" size unite are weeker construction than are other stend-
ard size unite such as the 24" x 24" x 11 1/2"; therefore, their
applicetion can become more critical in achieving satisfactory
performance. QGaskets will present problems where loading is
epplied to extremes and filter 1life 15 maximized.

Sealing faces for filter gaskets must be prepared initially as flat,
smooth surfaces that are accessible for cleaning and inspection. It is
essentlial that crack leakage be eliminated at the sealing fece; this is
done best by welding all jolnts with continuous seal welds. After welding
the sealing face must be ground smooth, flat, end free from weld spatter.
Then the surface must be prepared with a coating to preserve its smooth-
ness., Tolerances not to exceed 11/16" from a true, flat plane should be
required of seal faces prepared for high efficiency sbesolute type 24" x
24" size filter units. Smoothness of surfaces before coating should be
compereble to 250 P (microfinish) or better at mll contact faces. While
caelking can be termed accepteble for prefiiter frame sealing, it is un-
acceptable for high efficlency ebsclute type filter banks. Welded Jjoints
(ground at seal faces) are best and are reasonsble in cost.

Provisions for in situ testing should be made for all high efficiency
filter installations of the absolute type. If DOP smoke penetretion tests
are spplied for routine system quallty assurance, it is necessary that
appropriate openings be provided to intrecduce DOP smoke ahead of the fil-

ters, sample upstream, and semple downstream. ORNL-3LL2 gives the re-
guirements for such testing, elong with other test experiences.
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E)
‘l§§$ Filter unit hold-down must pr

N gy

e uniform gasket pressures. Individual
filter unit mounting is preferfkd where contact maintenance is to be
applied, with liberal spacing 1 provide easy handling. Hold-down attech-
ments must be kept simple to ggerate and require a minimum of time to per-
form. Small pleces requiring P®sitioning or alignment are to be avoided.
Filter unit framing should be provided aligning guldes and weight rests
that minimize the chance of poor positioning. The hold=down pressure to
compress gaskets must be spread sufficiently to prevent damage to the fil~
ter framing that may later release pressure by fatigue or breskage. Ini-
tiel gasket pressures will vary by the type of material used. Approximate
value for 5-10 durometer neoprene sponge (1/4 inch thick) would be 2 psi
for 50 per cent depression (i.e., to 1/B-inch thickness). Clamping and
framing strength must account for a safety factor of at least 4. No de-
flection of framing can be tolerated that would shift or sheer gaskets or
filter frames.

10. QGood lighting is an ebsolute must for contact meintenance filter chenge
areas. It is essential that operators be able to clearly see how to posi-
tion filters, mlign clamping, and inspect framing and medium.

11. When conditions of maintenance will allow physical contact, filters should
be considered for upstream mounting, thue taking full advantage of in-
creased gasket sealing as filter resistance increases. Thies means gaskets
are to be limited to the downstream edges of fillter unit framing. 8Should
contamination levels prevent direct contact with the filter units and fram-
ing, other mounting schemes are necessary. Mounting filtere on downstream
feces of seal framing will meen gasket pressures are lessened as fllter re-
sistance increases. Also, as gaskets lossen, their "blow out" is more
likely to occur. Therefore, in applications involving heavy filter resist-
ence, such as high efficiency absolute types, greater dependebility end
longer life expectency can be achleved with filters arranged upstream of
the seal framing.

12, High efficiency filters of the absolute type must be mounted in a particular
way to maximize strength and life. A strong preference is given for their
having framing in a vertical plane (or near so) with the air flowing hori-
zontally. Filter pleating must be vertical. Filter mounting should in-
etall the marked test flow arrow correctly to match the system's flow.
Filter installations of this absolute type which have vertical eir flows
increase the chance of bulging and breasking the medium.

13. Provide pressure drop indicators across filter banks, individually. Pro-
vide means to correlate this pressure drop data with the flow rate through
the bank. Good evaluations of filter dirtiness can only be mede by having
pressure drop and corresponding flow rates.

FAN SELECTION

The heart of the system i1s the fan, or fans, that provide for the movement of
alr. QGood operstion is dependent chiefly on the fan and ite installation
matchlng the flow characteristice of the system. A fen that is oversized can
be as critical to good system performance as one that is undersized. Deslgners
must respect the importance of & proper selection to suit both normal and mexi-
mum system demends. Fan selection must be finalized after ell other festures
of the system are designed.and are carefully enalyzed to anticipate system
characteristics.
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Degign References

See Ref. 1, 2, T, and 10.

Design Conslderations

]_.

Make a final selection of s fan only after the system 18 designed and 1ts
characteristics are calculaeted and anelyzed. If a system is being de-
signed or modified to suit an existing fan unit, be certain its perform-
ance is known. Use certified data from the manufacturer.

Remember--seldom, 1f ever, is & fan epplied to a system in & manner equal
to AMCA test conditions. Therefore, the fen performance to be expected in
8 system application is different from the catalog dats given by s menu-
facturer. The variation must be compensated for in the selection of the
fan and its drive. Conditions in a practical application are alweys more
adverse to good performance then those for AMCA test conditions. Factors
such as temperature variations, inlet configuration, inlet approach, dis-
charge configurstion, voltage variations, and belt sllippege are to be con-
sldered.

Select fane having non-overloeding characteristics for systems having
mejor variations in static pressure due to filters, eutomatic, or manual
adjustments, Fan performance must be steble during any condition of the
system, meaning the selection of the operating point must alwaye be well
beyond the peask of statlc pressure for the speed being used. For an
application of a fan with a backwardly inclined wheel, flow will increase
a8 static reslstence of the system decreases in a predictable manner, and
vice versa. Where operating points are selected too near the pesk of maxi-
mum static pressure, operation is unstable; a slight variation in system
characteristics can easily upset the flow level.

Dependabllity of system flow must be considered in fan selection. The
arrengement of a fan unit is a prime part in providing dependabllity, A
unit heving e direct drive is more dependable than a V-belt-driven unit.
Arrengements L4 and 8 can be termed more dependsble, but less versatile,
in en application than arrangements 1, 2, and 9.

DAMPERS

To regulete and control flow and pressure in an exhaust system, a means of
varying the system's characteristics is required. Dsmpers can offer this type
of performence, They function as orifices, having varieble restriction, that
produce pressure drop, thus regulating flow. Maeny types exist having various
identifications, such as: multi-blade, parallel blade, opposed blade, butter-
fly, single blede, etc. Some names are synonymous with others; no standardized
identiflcation is complete for all the types in use.

Design References

See Ref. 1.

Design Conelderations

1.

The most common fault with demper applications ie in oversizing them.

This means added coste and less effectiveness as an edjustment to system
characteristics. To be a control, a dsmper must provide resistence to the
flowing stream.
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2., A demper may be applied only for shutoff uses, thereby limliting its control
to two positions only, open and shut.

3. Demper conatruction for exheust systems must provide for: (1) needed
strength to sult meximum suction or pressure conditions to be experienced;
2; minirmum lesksge, both through the blade cracks and from the outside;
23 reliability and eesse of movement; and (L) desired characteristics.

Lk, Metal bladed dampers of multi-blede construction are preferred to be
metal-to-metal, free of edge gaskets, when access 1s limited. Maintenance
costs for edge gaskets can be intolerable in corrosive end contemineted
locations.

5. Clear, concise information must be established in the specification of
dempers concerning strength, leskage, and operability during operation.
Static water tests are suggested to prove strength. A stipulation of
meximum crack area (by percentage of the net free area) is necessary to
esteblish leskege parameters. Operability must be controlled by stating
torque limits for required opersting conditions. All dampere do not re-
quire a complete listing of all these features. However, when a feature
ig critical to the needs of the system's operation and safety, such
features muet be formulated Into detalled requirements.

6. Where damper operation is planned, as two-position action, employ spring
power to meke the device fail in the safer position of operstion.

T. Be certain there is a position indicator on all dampers where blades are
obetructed from view.

8. Supply all dampers with setting and locking quadrants. Provide means for
marking demper positions after the balancing of system flows and pressures.

9. Dempers for heavy vacuum or pressure service (-8" wg to -60" wg, and +8"
vg to +60" wg), having low leskage features, are difficult to obtein as
standard items of manufecture. Construction more common for these levels
of pressures is the butterfly type. This type can be found for pressure

limits of 5 pei, or asbove, but not readily available for the 2-psi limit,
Therefore, many epplications will, of necessity, include values having
heavy weight and pressure capabilities far beyond the other features, such
as the ductwork that comnects to the demper.

DUCTWORK CONSTRUCTION

Ductwork 1is the controlled route for the ailr or gases for the exhaust system.
Iarge systems can involve ductwork of complex design, whereas smell systems
may be arranged to employ standard metal or plastic pipe or tubing. Choice

of construction is complex. The need for good aerodynamic qualities should
always be a paramount consideration to the designer. The most economicsl
arrangement of ductwork does not consistently stay the same; it will be in-
fluenced by 1tems such as: size, quantities, tolerances for fit, basic mate-
rials, coatings, method of Jointing, sequence or space limitetions for instal-
lation, field connection requirements, There is no substitute for test experi-
ence in evaluating life versus costs.

Design References

See Ref. 1, 2, and 8.
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Deslgn Consideratlons

1.

Wherever space will allow use round ductwork on exheust systems. The round
shepe provides many adventages over rectangular shapes: (1) the round shape
ie the most economical use of metal, by weight; (2) the round duct is
stronger as a section, retaining ite shape when under more abnormal pressure
conditions then will rectanguler shapes; {3) velocities can be kept more
uniform in round ducts without requiring internal vanes or other aids;

hg internal drainege 1s less of a problem to control in round ducts; and

5) supports cen remain more simple with round ductwork. The one principal
disadventsge of round ductwork ig it makes less efficient use of critical
space than do rectangular shapes. However, the more round ductwork used
inetead of rectanguler shapes, the less will be over-all weight of metal
and the lesser wetted arees subject to needed coatings, insulations, or
expensive construction.

For sir-tight construction in metal ductwork sn appropriate method of
welding is preferred for all longitudinal end girth seaming between dis-
connect points. Flenged Joints, gesketed and bolted, are best at dis-
connects. A minimum number of Jjoints should be applied consistent with
the needs of erection, coating, inspection, etc.

Coating requlrements, ss well as other surface preparations, must respect
the size of pleces being applied in the system., Exemple: Interior sur-
faces on small duct sizes are difficult to prepare and coat. The spray
coating of sizes less than 12" diameter is not reesonable. These should
be hand brushed, with lengths limited to four (L) feet to say within arms
reach from either end. Sizes 8" and less are not practical for even hand
brushing., Dipping mey be considered for emall sizes (less than 8"),

Where fire protection and radistion safety regulations permit, plastic
ductwork maey be applied at substantiel savings in low pressure systems.

As suction (or pressure) increases in the system of ductwork, thereby
increasing the loading on the surfeces, full plastic materials become less
attractive to needs. For systems having medium and high pressure condi-
tions (approximately 4" wg or higher) dipped or coated metal ductwork is
more sppropriste. Plastic materials, such as polyvinyl chloride (PVC)

and polyethylene (PE) cannot reesist heat beyond 150°F without some adverse
effects. A system having a serious potentisl of hazard should bve given

very close evaluation before epplying ductwork sections that are all
plastic,

Any ductwork system intended to handle radioactive materisls deserves a
pressure-leek testing, before initiel service, to prove its capability
for the intended use(s).

The recommended ductwork construction listed in the ASHRAE Guide and Data
Book does not list a test pressure for each style of sizing. The ASHRAF
recommendetions are applicable, more directly, to uses having internsal
positive pressure conditions. Extreme care should be given to their use
a8 suction systems. For suction applications, their capabilities are not
the same. The type of Joint and choice of reinforcement method greatly
affect the suction strength of sections. Further care must be exercised
in specifying the test pressure for such types of constructions.

The following types of construction have been used successfully over
extended periods (years):
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Exposed Round Ductwork Systems Operating Up to 8" wg Suction

Size
6" thru 12" dia

Above 12" thru
36" disa.

12" wg Test Pressure

Material

16 ga carbon
steel, metal arc
welded; interior
coated (or dipped)
exterior painted
enamel.

14 ga carbon
steel, metal arc
welded; interior-
exterior painted
enamel.

Joints

Flanges of 1/4"
plate u 8
or 1 1/2" x
11/2" x 3/16"
angles on 10"
and 12" dis;
gasketed and
bolted (5" o.c.,
max) L' lengths

Flanges of 1 1/2"
x 1 1/2" x 3/lé"
rolled angle,
gasketed and
bolted (5" o.c.,
max) L' and 8'
lengths, depend-
ing upon coating
needs.

SYSTEM INSTRUMENTATION

Reinforcigg

None, except for
girth rings of
angle at support
points.

11/2" x11/2" x
3/16" angle girth
rings (welded) at
midpoint between
flanges of 8'
lengths.

Instrumentation for exhaust systems can be selected to: (1) monitor system
conditions, (2) provide for the autometion of certain system functions, or

(3) the combination of these two features.

plicity.

Degign References

See Ref. 1.

Design Considerations

Relisbility is borne out of sim-

1. Simplicity of controls and instrumentation is elways to be desired over

arrangements involving greater numbers of items and more interdependability
of control action. Never choose two when one will do,

2. To determine conditions of system performance, both flow rate(s) and pres-
sure must be obtaeined.

3. For systems that must provide for standby fan startup, never rely on
monitoring motor current fallure alone to initiate automatic action.
Basically, flow or pressure, whichever is deemed more critical, must be
sensed with an ebnormal status being detected to cause standby startup or
changeover of fan units.

4. In choosing whether to allow dual exhaust fan operation or single fan
(standby) operation, the analysis of dual fan effect on the system must
be made. Excesslve flows or pressures must be tolerable and not jeop-
ardize the integrity of filters, ductwork, or other components.
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Manual adjustments of system pressures and flows are to be preferred in
applications where changes are minor and/or infrequent, Manusal adjust-
ment of devices such as valves and fan speeds provides a high degree of
simplicity and reliability where fast response time is not a factor. For
situations needing a fast response to an sbnormal situation, such as an
electrical power fallure, automated correction is mandetory.

Controles must be selected to fall to the safer condition of operation.

PERFORMANCE TESTING

Testing the performence of a system is as basic as designing the system. It
proves, or disproves, the system will accomplish the design objectives originally
established ss criteria. Only through testing can this convincing knowledge

be gained.

Design References

See Ref. 1 and 6.

Design Considerations

1.

Testing is essential to gain the required knowledge for good system opera=
tion. Actual system capabllities must be demonstrated by testing. Care-
fully record all test date acquired in a form clearly legible for snyone
to declpher.

Stendard methods of flow measurement muet be used. Multi-point traverses
should be prepared in a systematic manner to allow repetition.

Test points and traverse stetions must be preplanned and have access pro-
visions mede to afford meximum use.

Refer to ASHRAE Guide and Data Book, 1963, Chepter 16, "Measurements and
Instruments," for the accuracies of different types of measuring instru-
ments.
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6. Industrial Ventilation, A Manual of Recommended Practice, Seventh Edition,

American Conference of Governmental Industrial Hygienists,
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Systems, Heating, Piping and Air Conditioning, September, 1962.
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Session Chairman: Gentlemen, the last prepared text in
Session II is a joint effort by ORNL personnel. The paper, '"Contain-
ment and Ventilation Systems in the Transuranium Processing Plant,"
by W. D. Burch, B. F, Butterfield, W. E. Unger, O. O. Yarbro, and
J. P. Hichols. W. D. Burch will deliver the paper.
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CONTAINMENT AND VENTILATION SYSTEMS IN THE
TRANSURANIUM PROCESSING PLANT

B. ¥. Bottenfield W. D. Burch
J. P. Nichols 0. 0. Yarbro
W. E. Unger
ABSTRACT

The unique features of the ventilation snd containment
systems Incorporated into the Trensuranium Processing Plaent,
which is under construction at the Oak Ridge National Iabore-
tory, are described. Thils facility ie deslgned to recover
from lrradiated target rods by solvent extraction and ion
exchange techniques gram quantlties of many of the heavy
actinide elements for research in many laboratories through-
out the country. Containment of process solutione is 1lnsured
by surrounding the equipment with multiple negative-pressure
systems, including final containment by maeintaining the entire
building at a - 0.3 in. pressure. The effects of operational
and accidentel activity relesses from the facility are

discussed.
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The Trensuranium Proceseing Plant (TRU) is a new facility currently under
construction at Osak Ridge National Laboratory designed to recover for research
purposes grem quentities of many of the very heavy actinide elements including
americium, curium, berkelium, and californium. Target rods, containing Iinitially
Pu-2h2, will be irradiated in the High Flux Isotope Reactor (HFIR), then
dissolved and the products recovered in TRU, and the lighter isotopes refabri-
cated into recycle rods for further irradiastion. The contalnment problems for
TRU are in many respects completely unique. Shieldlng requirements were
dlctated by neutrons from the spontaneous fissioning of Cf-252 and Cf-254% but
very high levels of gamma emittiing fission products are alsc routinely handled.
Containment criteria are very stringent because of the extremely high level of
alpha emitters. For instance, the facility will contain up to 300 gm of Cm-2Lk.
In comparison with alphe decay from plutonium, this 1s equivalent to 430 kg of
Pu-239. The problem 18 extremely acute becmuse of the very high specific
activity; the sources are extremely concentrated. One grem of Cf-252 contains
645 alpha curies, emits 3 x lO12 neutrons/sec from spontaneous fission and

10

represents L x 107 body burdens of activity.

In addition to the normel methods of containment, three additlonal
features have been incorporated into the building to insure positive contain-~
ment. First, the major equipment has been installed wlthin secondary en-
closures within the hot cell bank. These enclosures, termed cublcles, are
maintained 0.3 in. of HEO pressure below the cell proper. Secondly, the
master slave manipulstors, provided to operate the equipment within the
cubicles, will be double booted end a pressure monitoring system will be
incorporated into the space between the boots to insure against leakage from
this vulnerable source. Finally, as & more positive means of insurlng against
total loss of contalnment from the facility, the entire building will be

maintained at - 0.3 in. H,.0 with respect to atmospheric pressure.

2
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BUILDING DESCRIPTION

The bullding is a two-story structure, approximately 120 feet square
(Fig. 1) roughly divided into two equal parts, the first containing the cell
bank, limited access area and cell operating areas, and the other containing
elight laboratories, bullding sexrvice and office areas. The cell bank contains
nine cells, seven for process use and two for analytical purposes. Fach cell
is divided internally by a two-foot shielding wall (Fig. 2). 1In the operating
side is the cubicle containing the equiprment racks. 1TIn the rear is the tank
pit area where process storage tanks, evaporators, and waste tanks are located.
Equipment 18 removed from and installed in the cublcles by another specisal
containment device, the equipment transfer case, shown on top of the cubicle
in Fig. 2. The door in the cubicle ceiling is sealed asnd locked to the
transfer case door while both doors are raised into the transfer case. After
the equipment has been lowered into the cubicle by means of & hoist within
the case, the doors are lowered Into their normal positions, unlocked, and
the transfer case removed. For handling contaminated equipment, a one-foot
thick concrete shield is provided; and the transfer case can be operated
through the shield. Similar double-door, mechanically-sealed closures are
provided on the conveyor access openings in each cubicle (see Fig. 1) to limit
the spread of contamination from one cublcle to the others and to the transfer
area at the end of the cell bank. To date, the mechanical operations of both
these seal systems have been adequately tested, but actual demonstrations

with contaminated equilpment and cells have not been performed.

The second floor (Fig. 3) contains the remainder of the laboratories,
a chemlical make-up area for servicing the cell baenk, and the recirculating

cooling water equipment.
VENTILATION SYSTEMS

Four primary zones of containment, deflned by the degree of activity
contained, are included in the cell bank ventilation system (see Fig. 4).
The process equipment 1s vented to a caustlic scrubber system maintained at
- 10 in. of HEO while the cubicles are held at - 1.7 in. by a control valve.
The cell pressure is controlled at - 1.4 in. of H20 snd the building sur-

rounding the cell at - 0.3 1in.

Cubicle Ventilation System: Both the vessel off gas and cubicle vent

systems exhaust through the same scrubber, filter, and blower system. Air
flow requirements here are approximately 20 CFM for the vessel off gas and

500 CFM for the cublcle purge. Cooling of each cublcle is achieved by separste
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blovwer systems which clrculate 350 CFM of air within the cublcle through
absolute filters for cleaning, an external cooling coil and back into the
cublcle. The major source of heat with the cubicles is from the lighting
system. Purge air through the cubicles is manually set in the range of 5 to
50 CFM. Cublcle pressure is controlled through a pressure control valve in
the exhaust manifold. Thus all cublcles are tied together, but contamination
spread from one cublcle to another 1s eliminated by back flow preventers in
addition to the positive alr flow into the manifold. One roughing and two
absolute filters are provided in the alr stream down stream of the caustic

scrubber.

Cell Ventilation System: TFlows from 300-1000 CFM are maintained through

each cell, depending on heat removal requirements, which are in turn governed
chiefly by the number and size of evaporator vessels within the cell. Air is
admitted through roughing filters and hack flow preventers at the top rear
face of the cell and exhausted Into the cell ventilation duct which runs
beneath the cubicles. The total stream of approximately 6000 CFM is exhausted
through an absolute and two roughing filters, thence to the 250 foot stack.
Pressure is controlled in the main header at - 1.4 in. by mesns of dampers in
the blower suctions. During meintenance operations in which one cell is opened
up, the system is so designed to provide an extra 6000 CFM flow into this cell
while maintaining normal flows and pressures in the others, Fire protection
is provided 1n the cells by dual detection devices which first alarm on

slgnal from a rate-of-rise detector, then provide an automatic deluge upon
fusion of a Quartzoid element. A simllar system in the cubicles detects and
alarms from a rate-of-rise detector, but water spray is actuated manually.

Fach cell 1s protected separately to minimize the quantity of water used.

Up to 100 alphe glove boxes in the laboratory wing are also exheusted
through the cell ventilation system.

Fllter Housings: Filters for both the cubicle vent system end the cell

vent system are installed in parallel with shut off valves for isolation
during replacement. In each system (Fig. 5) the roughing and absolute filters
are instelled together in a single housing. This reduces the cost of the
original installation by minimlzing the number of the special Jjoints required
between filters, but results in some additionsl operating costs for changlng
filters. The filter housing installation 1s designed for safe filter changing
even with gross quantities of contamination on the filters. After isolating

a fllter unit, a slide gulillotine valve is lowered into place to close off
each end of the filter housing, and the housing, containing the dirty filters,
is removed Into a specially built disposal box. If gross contamination 1is
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present, the disposal box is handled in a one-foot thick concrete shield.
The filters are located below floor level 1n the limited access area, thus
insuring ageinst activity release from the building during filter changes.
Fllters are sealed by a spring-loaded flange operated by a lever extending
up to the operating floor.

HAZARD ANALYSES -~ FILTER EFFICIENCY REQUIREMENTS

Routine Operational Activity Releases: During routine operation of the

plant, small quantities of radioactive rare gases, halogens, and aerosols
will be released through absolute filters and scrubbers in the vessel and
glove box ventilation systems to the 250 foot stack (Table I).

Dissolution of HFIR targets will repult in release of < 40 curies X9133
and < 1 curie Il31 (18 curles released, assume 1 curie through scrubber)
over a several-minute period about every two weeks. The xenon relessge will
cause meximum downwind ground concentrations averaged over the time of release
of only 10% of the maximum permissible concentrations in air for occupational
exposure. The average annual concentration and deposition resulting from the

131 will cause maximum

xenon release 1s negligible. Release of one curle of I
downwind concentrations over the time of the release of 2.5 times MPC. This
concentration averaged over a year willl be negliglble, Maximum deposition of
1131 on the ground will be koo d/min—dm2 and the maximum levels of deposition
averaged over yearly weather conditions will be 50 d/min—dm2, both levels

tolerable in the area surrounding the Transuranium Processing Plant.

The continuous release of radlosctive rare gases from spontaneous
fission of californium in storage in the facllity and the release of aerosols
of alpha-emitting actinides and fission products from handling operations in
the facility will result in acceptably low ailr concentrations and deposition

raetes.

Accidental Releases; The worst accldents thet may credibly occur in TRU

(Table II) would result from dispersal of the meximum qiantity of radicactive

material in a cell or glove box by a fire or explosion.

Our studies have shown that, in the event of credible (contained)
accldents, the activity releassed from succeseive leaks through the primary
and secondary contelinment walls 1s insignificent as compared to the credible
release through the ventilation filters. 1In a credible accident, the blast
effects of an explosion are confined to the region of primary containment
{glove box, lsb, or cell). Although a radiocactive serosol may leak through
the primary containment wall and become mixed with the air in the secondary
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Table 1

UNCLASSIFED

ORNL-LR-DWG 75000

OPERATIONAL RELEASE OF RADIOACTIVE GAS AND AEROSOL FROM TRU

DOWNWIND GROUND CONCEN-

GROUND DEPOSITION

; . 2
SOURCE OF RELEASE TYPE TRATION % MPCa-40 d /min- 1I00cm
ACTIVITY MAX. AVG. | MAX. AVG. ANNUAL | MAX. AVG. | MAX AVG. ANNUAL
HFIR TARGET DISSOLUTION
40 CURIES Xei33 AND «i Xe- 133 10 Q. 0001
CURIE 13" RELEASED IN
SEVERAL MINUTES EVERY -1 250 0.01 4400 30
TWO WEEKS
- o
“RARE GAS FP'S 106 Xe 2 0.04 5000 8
P . Cs-137
WATTS SF IN Cf Ke (Cs 138) (Sr- 89)
CONTINUQUS ESCAPE OF
AERQSOLS OF ACTINIDES ACTINIDES 0.2 0.005 5
(%Opc/dny) 8 NONVOLATILE FP'S 0.002 0.0000! 270 80
F.P'S (I000 uc/doy) FOR 10 YRS.
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Table II UNCLASSIFIED
ORNL-DWG 63-5787

EFFECTS OF MAXIMUM CREDIBLE ACCIDENTS IN TRU

TYPE OF ACCIDENT

EFFECTS OF ACCIDENT

RUPTURE OF GLOVE BOX

CONTAINING 1 g. Cm244

BY EXPLOSION AND FIRE

(@)

(b)

< 1g Cm2*4 DISPERSED TO LABORATORY
GLOVE BOX. OPERATOR MUST EVACUATE
IMMEDIATELY TO PREVENT INGESTION
OF A LETHAL DOSE

2 mg Cm244 ESCAPES THROUGH FILTERED
VENTILATION SYSTEM; MAXIMUM DOWN-
WIND DOSE, 2 rems; 8.5 sq. mi. CON-
TAMINATED ABOVE 30 dis/min~-dm2

RUPTURE OF CELL
CUBICLE CONTAINING
1 g Cf POWDER BY
EXPLOSION

(@)
(b)

(c)

<1 g Cf RELEASED TO CELL

~5 x 1078 g Cf RELEASED TO BUILDING
CAUSING PERSONNEL EXPOSURES OF
~1 rem BEFORE EVACUATION

0.2 mg Cf ESCAPES FROM STACK THROUGH
FILTERED VENTILATION SYSTEM; MAXIMUM
DOWNWIND DOSE 0.2 rems; 6.5 sq. mi
CONTAMINATED ABOVE 30 dis/min-dn2




containment zone (building) durlng the period vhen the primary containment
zone is pressurized, the leaked air is ordinarily not sufficient to raise

the secondary contalnment pressure above atmospheric.

The so-called "AEC asbsolute" filters that are wldely used in radiochemical
plants are the weakest link in the contalmment-of credible accidents. The
susceptibility of the filters to both physical and chemical degradation
necessltates that thelr integrity and efflciency be assured by routine in-situ
testing or by preplacement testing plus careful installation and operstion.

The filters must be protected from excesslve corrosion and excesslve loadings
of dust or water, and must be located such that they can withstand the blast
wave from credible explosions without rupture. In typical facilities the
tortucus path and expansions and contractions of the ventilation duct are
sufficient to reduce the blast wave from credible explosions to a tolerable

level at the filters.

In the evaluation of the credible accidents in TRU, it is assumed that
no more than 20% of the radiocactive aerosol that 1s dispersed 1n the primary
contalnment zone passes to the fillters and that the remainder is deposited
on the walls and ventilation ducts. The fraction of serosal penetrating the
filters is estimated from the assumed particle size distribution in the

aerosol and efficiency of the filters as & Ffunction of particle silze.

Experience with AEC absolute fllters operating at the rated flow indicates
that they have greater than 99.95% efficiency for removing particles of size
greater than 0.3 microns, that the efficlency decreases to a minimum of
approximately 87% for partlicles of 0.05 to 0.1 u size and that the efficiency
is greater than 87% for particles of smaller size.l Cheever has shown that
these filters are approximately 99.5% efflclent in removing smoke from a
plutonium metal fire, varying in size from 0.00hk to 0.03 p, and that the
addition of one to slx backup filtere in series did not slgnificantly improve
the efficiency.2

In these studies it 1s assumed that filters have removal efficienciles
of 99% for particles smaller than 0.05 p, 87% for particles 0.05 to 0.1 p,
95% for particles 0.1 to 0.3 u, 99.95% for particles 0.3-5 y, and 100% for
particles larger that 5 p. Smokes from fires of metal, solld carbonaceous
materials, or organlc liquids which would be predominantly 0.0l to 0.1 u in
size are assumed to be 99% removed in filters. This slightly enchanced

iL, Silverman, Harvard Alr Cleaning Laboratory, personal communicetion
with J. P. Nichols, ORNI, February 1960.

2
C. L. Cheever, "Recent Air Cleaning Developments at Argonne National
Laboratory,"” p 308-326, TID-7627 (March 1962).
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efficlency, as compared to 87%, partially compensates for the effects of
agglomeration in the duct and improved efficiency because of filter loading

in moderately large fires involving carbonaceous solids or organic liquids.

The maximum credible accident in the glove box laboratories of TRU would
result from an explosion and fire in a glove box that contains 1 g of Cm-24k,
the maximum quantity anticipated to be used 1n glove boxes. Such an
accident could result in dispersal of < 1 g Cm-244 into the laborstory
requiring that glove box operators evacuate immedlately to prevent ingestion
of a lethal dose. Allowing for 80% deposition of the smoke in the glove box
and laboratory and assuming that the filters are only 99% efficient in
removing the smoke approximetely 2 mg of Cm-2L4 would be released from the
roof of the building through the filtered ventilation systems. This release
could cause maximum downwind ingestion doses (accumulated over a lifetime)
of approximately 2 rem and contsmination of approximately 8.5 square miles
downwind to levels greater than 30 d/min-dm2 of alpha.

While absolute prevention of such glove box ruptures is impractilcal,
the probability of such accidents 1s to be maintalned at an acceptably low
value by inclusion of multiple safe-guards. 'The effects of flres in glove
boxes are to be minimized by heat-activated water fog nozzles Iin the boxes
as well asg through the use of ventilation systems designed to maintaln the
differential pressure resulting from credible glove box fires below ~ 6 in.
v.g., which 1s required to break gasket seals. Those boxes to be opersted
at temperatures above the flash polnt of the process solvents will be supplied

with an inert gas atmosphere to prevent explosions.

The meximum credible accident in the cell area would be an explosion (of

Al -8ir, H2

a8 fine powder. The explosion could have sufficlent vliolence to shatter the

-air, or organic-air) in & cell cubicle contalning 1 g of californium

vessel or cubicle and scatter its contents within the cell but would not
rupture the cell wall or ventilation filters. The callfornium released through
broken "alpha" seals in the cell wall into the bullding might cause lifetime
doses to operating personnel of approximately 1 rem. Assuming a conservative
particle size distribution (98.8% = 0.3 p, 1.1% between 0.1 and 0.3 p, end
0.1% less than 0.1 u) and assuming 80% removal by deposition before the filters
0.2 mg of Cf could be released through the cell ventilation system to the
250-foot stack. This could cause maximum downwind doses (accumulated over a
lifetime) of approximastely 0.2 rem and contaminetion of approximetely 6.5
square miles downwind to levels greater than 30 d/min--dm2 of alpha.

The possibllity of such dispersive accidents will be minimized through
inclusion of multiple safeguards.
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Tt is not credible that an explosive mixture could occur in a significant
portion of an entire cell since the ventilation rate is sufficient to dilute
the maximum credible formation rates of organic vepor or hydrogen below 1ts

explosive limit.

DISCUSSION AND COMMENT

The filter efficiency was based on experimental data, much
of which was presented at the last Conference. For example, the effi-
ciency in absolute filters for smoke was of the order of 99%. The smoke
has a particle size of .0l to .05 when it is formed assuming the
particle size distribution,

The only rationale for two-in-series filter 1s that we consider
the second filter as a safety factor.

The presumption for shielding was based on a full gram of
californium, which is estimated to contain a quantity of californium-254,
and thus was shielded down with four feet of high-density concrete to
a quarter mr per hour.

A water spray fire-protection system 18 provided within the
cubicle.

Session Chairman: My appreciation and thanks to all four speakers
for the excellent papers presented during Session II.

SESSION IIT - CLEANING METHODS FOR RADIOACTIVE PARTICULATES

Afternoon - 22 October 1963

W. E. Browning, Jr., Chairman

Seasion Chairman: Will the meetirg come to order? Mr. D. D.
Cowen, of the Oak Ridpge National Laboratory, which plays host to meetings
such as this, has an announcement.

MR. COWEN: Good afternoon, gentlemen. I had a feeling this
marning you had three or four welcomes, but I, too, would like to welcome
you on behalf of the AEC-0Oak Ridge National Laboratory, and the prime
operating contractor, Union Carbide.

1 am sure you have heard by now that we have a little trouble,
trying to struggle along with it, and this meeting is further complicated
by the fact that we are doing an international conference on approxima-
tions in Gatlinburg at the same time.
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We are happy to have you, again, as our guests at Oak Ridge,
under rather adverse circumstances. If we can do anything here--within
reason, of course--to make your visit more informative, niore profitable,
more pleasant, please see us and we will try to see what we can arrange.
Thank you very much, gentlemen.

Session Chairman: We are pleased in Session III to have a
UKAEA contribution, "Experience in Trapping lodine-131 and Other Fission
Products Released from Irradiated AGR-Type Fuel Elements," by D, A,
Collins, Rk, Taylor, and W. D, Yuille, The paper will be delivered by
Mr. Collins.
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