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ABSTRACT

A fTiltration-adsorption system is installed in the
ventilation exhaust of each reactor bullding at the
Savannah River Plant for confinement of alrborne partic-
ulate and lodine vapor activity that might be released
in the highly unllkely event of a reactor accldent. Alr
from the process areas of each building is pasgsed con-
tinuously through moisture separators, then through
particulate filters, and flnally through lodine adsorber
beds of activated carbon. The system has the experi-
mentally demonstrated abllity to confine more than 99%
of alrborne particulate activity and more than 99.9% of
airborne halogen actlvity, even wlth allewance for
methyl iocdide, under emergency conditions that could
exist followlng a reactor accident. A mechanism for
methyl lodide formatlon was developed from published
data for general application to reactor confinement.
Under Savannah River Plant condltions, less than Q. 0001%
of the total iodine inventory in the reactor would be
converted to methyl iodilde. '
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ACTIVITY CONFINEMENT SYSTEM OF
THE SAVANNAH RIVER PLANT REACTORS

INTRODUCTION

The activity confinement system for the Savannah River Plant
{ SRF) production reactors 1s designed to collect ailrborne partic-
ulate and halogen activity and waterborne activity that might
be released from the reactor in the highly unlikely event of a
major reactor aceident. It represents one of many lines of
defense that include preventing accidents, limiting the conse-
quences of accldents, and confining activity that may be released
from the fuel and reactor.

The confinement system for ailrborne activity consists of
moisture separators, particulate filters, and halogen adsorbers
in the exhaust alr portion of the ventilation system. Air is
exhausted from the reactor process areas through the filters and
adsorbers, and discharged to a stack. The system will not con-
tain noble gases. A 50-million-gallon basin is provided near the
reactor bullding to collect waterborne activity. The system has
been in full operatlon 1in all reactor areas since 1964.

Development work on the confinement system started in 1960
and has been a continuing major effort of both the Savannah River
Laboratory (SRL) and Savannah River Plant (SRP) organizations.
Conslderable laboratory work was required to develop a satisfac-
tory system that would function properly under possible accildent
conditions. SRL and SRP personnel participated closely in the
design, installation, and operation of the system. Comprehensive
evaluatlons of the performance of the operating system havé led
to several improvements to increase reliabliity and efflclency.

A substantial technical effort is continuing, and further improve-
ments will continue, as more knowledge is gained.

Thlg report presents the results of this extensive program
of develcpment and evaluation of the operating system. It covers:

e A brief review of reactor accidents.

® A description of the confinement system.

e A discussion of lodine compound formation and iodine
transport.

® An evaluation of the effectiveness of the confinement
sysatem.

¢ COperating experience.

® A review of development programs.

-1 -
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SUMMARY

The SRP actlvity confinement system has the demonstrated
ability to eollect over 99% of airborne particulate activity and
over 99.9% of alrborne halogen activity under emergency condltions
that could exist following a reactor accldent. These efficiencies
are applicable even after the minor deterioration which the unlts
might incur during operation prior to an accident.

The flltration-adsorption system 1s on-line continuously
during normal operation and requires no manual oxr automatic
operating actlion when an emergency occurs. A negative pressure
1s maintained in process areas 80 that air that could be contam-
inated in an accldent is exhausted through the filters and
adsorbers. The system would operate at full alr flow even after
an aceident. It 1s adeguately designed so that even if an exhaust
fan, normal electrical power, or reactor room seals fall,
particulate or iodine aetivity will be confined without actlion

by the operator.

A large number of actions can be taken by an operator durlng
an emergency to provide backup protection or to counteract addi-
tional failures. Control and monitoring are possible either in
the reactor central control room or in the remote control station
loeated about 10 miles from the reactors.

Comprehensive and continuing evaluations of each type of
unit in the system ensure good performance of the system. Tests
of each particulate filter, before and after installation, wilth
dioctylphthalate (DOP) demonstrated that the filters remove 99+% of
submicron particules. Representatlve molsture separators and
particulate filters (which had been exposed to service conditions
in the SRP facilities for up tc 2 years) successfully withstood
exposure to steam and steam-air-entrained water mixtures (fog)
for 10 days and still maintained a filter effilciency of QO+%.
These tests demonstrated that the combinatlon of molsture sepa-
rator and particulate fllter gelected for the SRP facllitles will
witnstand the conditions during any accldent that does not seri-
ously damage the reactor bullding.

Tests of activated carbon before use showed that at least
99.99% of elemental iodine 1is removed ceonsistently under a
variety of adverse conditions. Periodic tests have shown that
after more than 2-1/2 years of service the efficiency for removing
all forms of iodine that might be released from the SRP reactors
and transported to the beds remains greater than 06.9%, even with
allowance for penetration of methyl iodide and iodlne in partic-
ulate matter. The expected performance 1is summarized in the
following table:

-2 .




Average Iodine Penetration of Activated Carbon Beds(2)

Mechanism —» I,(b) _ Gasket Methyl(b)
Vapor Particulates Leaks Todide Total

Todine reaching beds, 50 <0.0003 50 £0.0001 -
% of total inventory
applicable to mechanism

shown

Penetration, % of that 0.02 100 <0.03 100 -
reaching the bheds

Iodine leaving beds, 0.01 £0.0003 £0.015 £0.0001 £0.026

% of total inventory

{a) 50% of the lodine was assumed to remain in the reactor. Average
refers to four banks on-line.
{b) Assumes steam-alr conditions; penetration would be less for air.

The high efficliency of the installed carbon beds is known
because:

¢ The efficlency of representative samples is measured
routinely in laboratory tests to establish that the
carbon 1s an efflclent adsorber.

® Leak paths of the installed beds are now measured
routlnely using "Freon-112"* as a tracenr. ‘

e A comprehensive analysls and laboratory test program
hag characterized the mechanism for collection of
lodine under normal and accildent conditions.

Evaluation showed that the probability of igniting the carbon
in the event of a nuclear accldent 18 acceptably low. In the
eritical perilod after a possible accildent, air flow of less than
10% of normal will remove the decay heat from fission preducts
trapped cn the fillters and adsorbers and will maintaln the carbon
temperature below the measured ignition temperature of 340°C.

Two exhaust air fans are always operating and a third fan is
avallable. Power for the fans is fed in a lcop cilrcuit from two
or three power plants that are widely separated.

* "Breon" and combinations of "Freon-" or "F-" with numerals are
Du Pont's reglstered trademarks for its fluorinated hydrocarbons.

-3 -




A review, analysis, and correlation of published data showed
that less than 0.0001% of the total lodine inventory in the reactor
fuel core would be converted to nonremovable compounds of ilodine
under SRP conditions. The conditions that reduce the percent-
age of elemental lodine converted to methyl lodide include:

1. In Reactor Vessel

e Intense radiation field which decomposes practlcally all
methyl iodide released from molten fuel.

e Rich hydrogen lodide atmosphere which precludes formatlon
of significant amounts of methyl lodlde.

2. Qutside Reactor Vessel

e Negligible "aging" because of high once-through ventlla-
tlion flows,

e Low surface-to-volume ratios.

e Low deposition of iodine on surfaces.

e Relatively clean alr and bullding surfaces.

e Iow hydrogen content in fuel.

e Oxidizing and/or condensing steam atmospheres.
¢ Relatively low temperatures.

e High initial gas-phase lodine concentration.




DISCUSSION
|. POTENTIAL REACTOR ACCIDENTS

The activlty confinement system 1s only one of several lines
of defense that limlt off-site exposure to radiation or radio-
active contamination. It 1s designed for use in the highly
unllkely event that a serious reactor accident occurs. Its pur-
pose 1s to confine 1) airborne particulate and halogen activity
after the activity leaves the reactor hydraulie complex but
before 1t leaves the reactor building and 2) waterborne activity
after it leaves the bullding but before it enters the uncon-
trolled environment. Multiple lines of defense are provided to
prevent accidents and to limit the course of accidents.

This sectlon summarizes the conditlons under which activity
could be released from the reactor and reviews the bases for the
design of the activlty confinement system. There are baslcally
only two potential reactor accldents that could lead to a sub-
stantial release of fission product activity: 1) loas of coolant
followed by fuel melting from decay heat, or 2) an inecrease in
reactor power that would cause boiling of the D0 followed by
fuel melting. Theoretically, each of these can occur and can
lead to a falrly wide range of activity releases.

The most serious potential accident is a major D,0 leak
followed by a significant delay in actuation of the emergency
light-water cooling system. Under these conditions, fuel coolant
could be lost in a short tlme and fuel melting would follow.
Actlvity would be released first to the reactor tank and then to
the above-grade process room through numerocus vents in the top
shield and plenum. Actlvity could be released also to the below-
grade process areas through the leak in the hydraulic system., If
emergency cooling 1s not added rapldly after loss of the D0
coolant, the entire core could melt from the decay heat. Most of
the fuel would be contained within the reactor tank or the piping
system because heat transfer would be adequate to prevent melting
of the reactor or piplng. Only 1f the leak oceurred below the
bottom of the reactor tank, could a part of the fuel flow into
the below-grade areas of the reactor bullding and release addi-
tlonal activity. The sequence Just deseribed 1s the only known
potential acecldent that could lead to release of 100% of the
equllilbrium inventory of noble gases, 50% of the ilodine, and 1%
cf the particulates. Thils potentlal accldent provides one of the
bases for design of the actlivlty confinement asystem.

"
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Loss of cooling could occur if all the Dp0 pumps failed
(perhaps caused by light-water flooding of thet reactor bullding)
or if light-water flow to the process heat exchangers stopped.
In neither case would meltlng cccur unless there was also a
gserious delay in actuation of the emergency cooling system. If
that occurred, fuel decay heat would vaporize the D0 in the
reactor before the full core melted. At first, steam would
escape through two vacuum breakers into the above-grade process
room, and later (as the tank water level decreased) steam would
vent through numerous other openings into the above-grade process
room. Some fuel melting could be experienced during this stage;
hence, the steam could be contaminated with flsslon product
activity, but most of the core will not melt until most of the
D,0 has vaporized. Fuel melting then would take about the same
course of action as previously described. The added time
required to vaporlze the D50 would allow significant decay of
fission product activity and would allow an appreciable time to
add emergenecy ccoling. Steam could be generated durlng the
course of this accldent, but the rate would be signiflcantly
lower than in some reactlvity accldents.

For possible power-surge aceldents, reactor power could in-
crease and cause bolling of Dg0 1in the reactor. Steam and water
would be vented to the above-grade process room through vacuum
breakers and other vent paths. After the start of steam genera-
tion, fuel would begin to melt because of vapor in the fuel cool-
ant passages. After enough fuel melts, the power surge would atop
because of loss 1in reactivity. Unlese fuel cooling also was lost
at the same time (this is eonsldered to be unlikely) no further
fuel melting would ocecur. Any activity released from the fuel
would be vented to the above-grade process room. Because only
part of the core would melt, release of activity would be less
than that for a major 1osg-of-ecoolant accldent.

The filtration-adsorption system was developed specifically
for the SRP facilities to achleve high efficiencies for removal
of particulate and halogen activity under the most unfavorable
combination of accident conditions. As discussed in Section II,
filtration-adsorption unlts were exposed successively to tests
that simulated the worst features of accldents involving potential
complete core melting.

1-2
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tI. DESCRIPTION OF SRP ACTIVITY CONFINEMENT SYSTEM

A. REACTOR

The SRP production reactors are 1/2-inch-thick stainless
steel tanks, (1) 16 feet 2-3/4 inches in dlameter* 15 feet 4 inches
high, as shown in Figure II-1. The tank 1s surrounded on the sides
by an iron and light-water thermal shield, and by a concrete
biological shleld. Thermal shlelds, cocntalning light water and
stainless steel Raschig rings, are bullt into the top and bottom
of the tank, Above the top thermal shleld 1s a 12-inch-thick gas
plenum which contalns the top surface of the moderator for the
reactor and through which helium blanket gas clrculates. Above
the gas plenum is a 10«lnch-thick D,0O plenum.

Heavy water, used as coolant and moderator, enters the reasctor
through six symmetrically spaced nozzles at the top of the reactor,
flows from the plenum through the fuel assemblies and into the
bottom of the reactor tank. D20 is transported in six coolant
loops out of the tank to the pumps, heat exchangers, and hack into
the plenum,

B. REACTOR ROOM
1. Volume, Surface Area, Surface Finishes, and Materials

Information in this gseetion 1s used in celeculating filssion
product deposition, organie compound formation, and residence time
for alrborne fission products. The information presented 1s for }
the reactor process room, but comparable condltions exlst In other

pProcess areas.
The reactor room 1s in the center section of the reactor
bullding and is approximately 125 feet long and 60 feet wide.

The height varies from 43 to 61 feet, and the contained volume is
about 320,000 cubic feet. The D0 plenum and six Inlet nozzles
protrude sbove the floor of the room as shown in Figure II-2.

v

Surface materisls, flnlshes, and areas are summarized in
Table II-1.

Concrete surfaces are painted with a vinyl coating,
"Amercoat"** 33HB. Floors are palnted annually; however, the
celling and walls have not been repainted =since the original
application. "Amercoat" 33HB 1s used because of 1ts hard finish

and ease of decontamination.

* The diameter of C reactor 1s about 28 inches larger.
** Trademark of Amercoat Co.
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TABLE II-1
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C. PRESSURE RELIEF PATHS FROM REACTOR ROOM

Positlve pressures could be created in process areas of the
reactor bullding by a rapld steam release from the reactor. This
section describes the passages from the reactor room through which
the pressure could be relieved and the areas into which flow could

. occur; these are summarized in Table II-3, Pressure surges in
’ other process areas are much less likely and would be signifi-
cantly lower than could occur in the reasctor room.

TABIE II-3

* Reactor Room Vent Paths

Pressure Seal

Vent Path Rating, AP AdJjacent Area
Exhaust duct - Activity confinement system
Discharge canal 12 inches H,0 Disassembly area
Monorall trangfer 2 pei Assembly area
Crane door 2 psi Crane wash and maintenance
) areas
Personnel access door 2 pel General personnel areas

Normally, ventilation air flows from the reactor room through
sixteen 9-inch x 9-inch concrete ducts at elevation 42 feet T#
- inches, and nine 18-inch round ducts at elevation 60 feet 2. inches.
' These ducts discharge into a single header. The exhaust ports are
on one wall of the reactor room at the celling. For pressures
of up to 12 inches of water these ports would be the only pressure
rellef paths from the reactor room, other than leakage. 'The
opposite wall contalns the same number of exhaust ports, except
. that under present operating conditions they are closed.

Alr 1s supplied to the reactor room through twenty-four 18-
. Iinch-dliameter round ducts; these will not act as pressure relief
* paths because backflow dampers are installed in the system.
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At pressures greater than 12 inches of water, the water
seal in the discharge canal between the reacter room and the -
disassembly area would be broken. Flow rates as a function of
pressure differential are discussed in Sectlon I1,D,3. Typlecally,
the disassembly areas are about twice the slze of the reactor
room and are connected to the remainder of the bullding by :
unsealed corridors, except below-grade process areas. The .
ventilation system for the disassembly area is separate from the -
maln process area ventllatlon system. Alr 1is discharged to the -
atmosphere and no fllter or adsorber units are used.

Seals for all other vent paths from the reactor rooms are -
designed to withstand a differential preasure of 2 psi. All .
other areas connected to the reactor room by the 2-psl seals are
unsealed and interconnected.

Although seals between the reactor room and adjacent areas
might be broken during an accldent, gases that may escape 1ln the
initial pressure surge were assumed to be clean becausge of the
size of the process room, the relatively long distance of the
reactor from these openings, the 1likelihood that fuel melting
wlll not ocecur until after the initial steam surge, and the
relatively short perlods when positlive pressures may exist in the
reactor room. A negative pressure in the process room would
be re-established rapidly by the exhaust fans, because the dura-
tion of the pressure surge would be only a few seconds.

D. SUPPLY AND EXHAUST AIR VENTILATION
1. Supply Air }

a. Fans ‘
The process areas (reactor room, purification, and -20 foot
and -40 foot levels) are continuously purged with fresh, outside
alr supplied by three sets of centrifugal fane. A schematlc dia-
gram of the supply and exhaust ailr systems is shown 1in Flgure II-3. o
Figures IT-4 and 1I-5 are schematic diagrams of the supply ailr . o
system and show the location of the reactor room supply fans (902)*
and the below-grade supply fans (911). A fan (907) supplies air to
the purification area which 1s then exhausted by the bullding
exhaust system, Figure II-6, The supply air fans and their func-
tion are listed in Table II-4, . H

R

¥ Fang and dampers are ldentified in the text, tables, and
figures by equlipment plece number: 902, 907, etc,, for fans;
and A, B, etc., for dampers.
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TABLE II-4

Process Area Supply Alr Fans

Alr Flow to : -
Fan Confinement No. of Fans
E.P. No. Service System(a), efm Operatelb) Spare
g02 Reactor room 37, 700 1 2
supply |
907 Purification 26,300 1 0
supply
g1 -20 and -40 foot 64, 000 1 1

levels supply

(a) Design value air flow with clean exhaust alr filters.
(b) Normal operation,

b. Dampefs and Controls

The supply alr dempers are designed to control the flow of
air to the process areas. Flgures Ir-3, II-4, and II-5 show the
location of many of the dampers, and Table II-5 lists the dampers
and theilr type and class of operation, Several groups of dampers
are interlocked to perform automatlic action under certain condi-
tions, TFollowing 1s a brief description of the operation of the
dampers.

The controls of dampers in the reactor room supply header (c)
and in the actuator tower (E and F) are designed to prevent back-
flow from the reactor room, The signal source 1s the AP between
the discharge plenum of the reactor room supply fans (902) and
the reactor room. Normally the reactor room is at a lower
pressure than the fan discharge plenum, but should the pressures
become equal, the dampers wlll close and protect against release
of possibly contaminated material to the atmosphere without
passing through the filtration-adscorptlon unlts.

The dampers between each supply fan (902) and the resctor room
supply header are interlocked with thelr respective fan to open
or close as the fan starts or stops. If all three supply fans
(902) are stopped, all three of the dampers (A) will be opened
sutomatically.
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TABLE TI-5

Schedule of Supply Alr Dampers

Damper class(a) Location " Size, inches No.

A C, Between each supply alr fan T85x563 3
(902) and reactor room
supply header

B D Between prefilters and supply 73Z Dia 3
alr fans (902)
c A In reactor room supply header 102x60 1
D F In fan room ventilation 50x24 1
supply header
E A In actuator tower supply 63x25
B In actuator tower exhaust 42 Dia 2
Ca Between supply air fans (911) 105x75% 2

and -40 foot level

(a) Class of Dampers

A Rubber=1lined butterfliy; modulating and gquick closing
operation,

B: Rubber-1lined butterfly; two positlon, quilck closing
operation,

C;: Conventlonal louver blade; modulating and closing
operation interlocked with respectlve fan.

Cp: Same as C;, except no medulating action.

D; Variable inlet vane; fastened wlde open.

s ILouver damper, manual control.

The modulating dsmpers in reactor room supply header (C) and
in actuator tower supply (E) are used to adJust and balance the
air flow to the process areas., They are Interlocked to be fall-
safe (open fully) if the operating alr pressure is lost, If air
pressure 1s lost when the dampers are being positioned by another
interlock, the dampers wlll remain in the position dletated by the
first Interlock slgnal.

¢, Prefilters

On the suctlon slde of the supply alr fans are prefilters
designed to remove relatlvely large partlecles of dust and to reduce
the dust burden on the confinement system's high efficiency
particulate‘filters. The exlsting prefilters are 5 ply and willl
remove T70% of 1-p particles and 81% of 2-u particles. Provisions

I1-6

[



ars being made to lnerease the removal efficiency of the pre-
filters with the use of 10-ply filters that will remove 90% of
1-¢ particles and 96% of 2-i particles.

d. Alr Ducts and Flows

The supply air fans discharge into a system of steel and
conerete ducts that convey ventllatlion alr to the procese areas,
The supply fans create a pressure of ~4 to 5 inches Hp0 at the
discharge plenum, which 1s reduced to a negative value 1in the
process areas by throttling the inlet dampers, and by the exhaust
fans that discharge at atmospherilc pressure.

Ducts downstream of backflow dampers that could be exposed
to a 2-pslg pressure surge in the reactor room are designed to
withstand this pressure without failure. Figures II4 and II-5 are
schematic diagrams of the supply air system and the flows to the
process areas.

The resctor room supply alr system 1s designed to produce a
flow pattern that will prevent locallzed activity concentrations,
A concrete header 5 feet x 8 feet-6 Inches extends the full length
of the reactor room (on one side) and provides 24 outlets to dis-
perse 37,000 cfm of alr about the room, The outlets are schedule
10 steel pipe, 18 inches 1n dlameter and about 13 to 20 feet long.
An 18-inch-long nozzle 1s on the end of each ocutlet and tapers
the pipe to 14 inches in diameter,

2. Exhaust Air

a, Reactor Room Exhaust Header

Exhaust air 1s removed from the reactor room throughfa con-
crete header duct, 5 feet x 8 feet-Hinches, located on cne side
of the room., A similar header 1s on the opposlte side of the
room, but is clesed. Twenty-five nozzles are open to the header
in the reactor room and exhaust the alr flow. The nozzles (typi-
fied by C Area) are of three sizes and include: sixteen 19 inches
X 9 inches x 5 feet in length (concrete}, six 18 inches in diam-
eter x about 23 feet in length (schedule 10 steel pipe), and three
18 inches in dlameter x about 23 feet in length (schedule 10 steel
pipe), About 21 feet of lid-inch x 20-1inch duct (galvanized)
connects the nozzles to the exhaust header. The exhaust header
has a volume of about 16,500 cu ft and a surface area of 12,000
sq £t between the reactor room and the fllter compartments.
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Figure II-6 1s a schematic dlagram of the exhaust alr system
and shows the locatlon of many of the dampers.
the dampers and thelr type and class of operatiocn.

Dampers and Controls

Pable IT-6 lists

TABLE II.6 -

Schedule of Exhaust Air Dampers(a) - :
Damper CIass(b) Location Size, inches No.
G A Between purification area 84xu8 1 B
and filter compartments -
Hy A Upstream side of each filter 54 Dia 5 o
compartment ; ;
Hp B Downstream side of each 54 Dia 5 ¥
filter compartment :
I G In exhaust fan (903) leak 16x16 3
collection system
J D Upstream of each exhaust 73% Dia 3
fan (903)
K Cy Downstream of each exhaust T83x563 3
fan (903)
M A Between -20 foot and -40 foot  138xT2 1
levels and filter compartments
N B Batween -20 foot, -40 foot 138x72 1 }
levels and stack
Q E Between -U40 foot level and 912 Dia 2
exhaust fans (910)
R G In exhaust fans (910) leak 2Ux24 2

collection system

(a) See Figure II-6 for damper locations.
(b) Class of Dampers

A

B:

Rubber-1lined butterfly; modulating and qulck closing

operation,

Rubber-1lined butterfly; two position, qulck closing

operation. -
Conventional louver blade; modulating and closing )
operation interlocked with respective fan,

Variable inlet vane; fastened wide open. P
Variable inlet vane; automatic control. ’
Blast gate.




Clasa A and B dampers, which are butterfly-type with a
rubber-lined seat, effectively seal the ducts. Following 1s a
brief description of the operatlon of various dampers.

Several groupg of dampers are lnterlocked to provide auto-
matlic actions that take place under certain condltions. The con-
trols of dampers in the exhaust from purification (@) and in the
exhaugt from the below-grade process areas (M) are interlocked
with the upper alr plenum pressure (filter compartment inlet
pressure). If this pressure should approsch atmospheric (normally
-1l inch to -2 1inches Hao), the dampers will close to prevent back-
flow of alr to purification and -20 foot and -4#0 foot areas.

Thus any contaminated material relessed from the reactor room,
even if accompanled by a pressure surge, cannot reach other areas
by the exhaust ventlilation ducts.

The dempers adjacent to the filter compartments (H; Inlet
dsmper and Hp, outlet damper) are interlocked with their respective
compartments such that both dampers will be closed when the
filter compartment 1s not in its proper position and/or latched.
Electrical switches attached to the filter compartment and latch
provide the necessary control slgnals.

The dampers (K) immediately downstream of each maln exhaust
fan (903) are interlocked with thelr respective fan to open or
close as the fan starts or stops. However, if all three exhaust
fans {903) are stopped, all three of the dampers will be opened.

The modulating dampers are used to adjust and balance the
alr flow from the process areas, All modulating dampers in
reactor room supply header (C)}, in actuator tower (E), in exhaust
duct from purification area (G), upstream of each filter compart-
ment (H,), and in exhaust duct from -20 foot and -40 foot levels
are interlocked to be fail-safe (open fully) if the operating air
pressure is lost, If air pressure is loet when the damper 1s
being positioned by another interlock, the damper will remain In
the position dictated by the first interlock signal.

c, PFilter Compartments

1) Description and Location

The filter compartments contain the flltratlon-adsorption
units. TFive compartments are on the roof of the reactor bullding
at the +55 foot elevation, and each contains three banks of filters
or adsorbers in series, as shown in Figure II-7. The first bank
has 20 molsture séparators, the second has 32 particulate fllters,
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and the third has 32 activated carbon beds, Each compartment is
connected to the ventllatlon gystem between the exhaust air duect
and the exhaust fans (903); hence, the compartments operate with
a negative pressure. Each compartment ie held in place by a
latching mechanism attached to the plenum wall and the compart-
ment, If the compartment 18 not in proper posltlon and latched,
1t cannot be put on-line because the Interlocked inlet and outlet
compartment dampers (H; and Hé) will not open. The air flow
pattern is shown 1in Flgure II-7.

The filter compartments can be remotely delatched from the
ventilation system should they become highly contaminated, (2}
All compartmente are mounted on tracks and connected to cables
for movement away from the plenums to the edge of the reactor
building where they can be removed from the roof by a crane and
shipped to the burial ground. Sufficlent area 1s also avallable
on the roof to pull the compartments away from the plenum for
service, The compartments contain drain lines to the reactor
room to diespose of contaminated water, which could collect in the
compartment at the moilsture separators (described below) if an
accident occurs with a release of steam and/or entralned water.

The three types of unlts in each compartment are descrlbed
in the following paragraphs and are shown in Filgure II-13.
Operating experience of the compartment, fllters, and adsorbers
1s presented in Section V.

2) Moisture Separators

The molsture separators {"Demisters"*) are designed to remove
about 99% of 1- to 5-u entrained water particles to protect against
significant rupture of the water-repellent particulate filters,.{3)
The separators consist of about 2% mats woven from "Teflon"** yarn
(individual fibers sbout 0,001-inch diameter) and stainless steel
wire forming a pad 24 inches x 24 inches x 2 inches thick. The
number of mats in each pad 1s dictated by the desired removal
efficlency which was correlated in terms of a flow resistance
requirement of 0.95 0.05 inch HgO at the rated alr flow of 1600
¢fm, The case, mat, and support mechanism are designed and tested
to withstand flows equivalent to sbout 10 times the rated air flow
through the separator.

Becauge no information was avallable In the literature on
the performance of commerclal separators for removal of water
particles 1n steam-air mlxtures (fog), extensive tests were con-
ducted at SRL on candidate units. These tests showed that the

* Registered trademark of Otto H. York Co,
*% Registered trademark of E. I. du Pont de Nemours & Co.
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specified "Demisters" were the only commercially avallable unlts

that were satisfactory at the time of installation in the SRP b
facilities, The "Demisters" successfully wilthstood the test con- i
ditions (wet steam flow to about 10 times the normal air flow and

exposure to fog for 10 days) and prevented damage of the particu-

late filters when exposed to these conditions., On the basls of

calculated efficlencles and the ohserved test results, most of

the water particles in the fog were removed by the "Demister"

made of "Teflon". The calculated maximum water lcad on each

"Demister" is about 1 pound of liquid H,0 per minute, and the

manufacturer's rating is 8 pounds per minute before flooding

cccurs.,

Tests of standard type prefilters and conventilonal wire-mesh
separators showed that they were practically useless In removing
the entralned water particlegs, One type of prefilter was blown
from its contalning frame after 10 seconds exposure to wet steam
at a maximum rate of 7 times the rated alr flow.

The minimum temperature at which thermal degradation of the
"Demisters” would be expected 1s about 150°C. At this temperature
the neoprene gasket would begin to deteriorate. The gasket is
self extingulshing, however. At about 260°C, the "Teflon" would
begin to deteriorate, but the strength of the unit esgsentially
would be unaffected because of the stainless steel wires on which
the "Teflon" is woven. Radiation effects on "Teflon" have been
measured. Calculations showed that at radlation levels associ-
ated wlth the maximum accumulation of flssion products in the
filter compartments, the reduced fiber tensile strength i1s far in } .
excess of the actual gtress on the flbers for several hours after - L

an acecldent.

1

Complete specifications for the "Demisters" are presented in ‘
Appendix A. Operating experience is presented in Section V. i

3} Particulate Filters

The particulate filters are designed to remove 99+% of all
particles of 0.3 u diameter, or larger. The necesslty for this
hlgh efficiency is explained 1in Section IV,B,1,b. Fllter medlium
1s made of 18-mil-thilck glass-asbestos felt sheet which 1s fire
reslatant and water repellent with high wet strength characteris-
ties. Under accident conditions the filters could be exposed to
hot air, wet steam at 100°C, or fog mixtures of steam, air, and
entrained water particles. e eE
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Commercially available particulate filters wlth a water
repellent medium will remove 99,5+% of particulate matter from
flowing alr or other dry gases. Such fllters were known to be
satisfactory for humid alr, but were not designed for wet steam
end/or fog. The wet strength characteristics of the various
medis were not known if the water load occurred after the filters
accumulated dust from continuous service. To determine the maxi-
mun conditions of steam and fog filtration that newly developed
filters could withstand with less than 1% loss 1n efficiency,
four types of tests were performed by SRL(3s4,5);

e Bench-scale tests with ailr, water, steam, and fog
to screen candldate materilals.

e Tests on clean filters with alr-water spray, steam,
and 10 days of fog.

e Tests on clean and dusty fllters in series with
"Demisters" with alr-water spray, steam, and 10
days of fog.

e Dioctylphthalate (DOP) efficilency tests before
and after the above tests on full-size units.

The most important tests were on full-slze fllters wlith and
without "Demisters". The filters were exposed successlvely to:

¢ A burst of wet steam to about 10 times the normal
alr flow of 1000 c¢fm for 30 seconds.

e A steam flow of twice the normel air flow for 5
minutes.

1

® Fog flow at about normal flow for 10 days,
The results of these tests showed:

e Tilters wlth non-water-repellent media collapsed
when exposed to steam and fog.

e Two types of commercially avallable filters with
clean water-repellent media satlisfactorlly survived
exposure to wet steam flow,

e Only one commercially aveilable filter with clean
water-repellent medium survived the entire sequence
of tests.

e None of the filters survived the 10-day fog test when
loaded with atmospheric dust and without a "Demister”,
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Based on these testg, the best water-repellent filter was
selected and extensively evaluated with clean and dusty medila
with & "Demister" upstream, These tests demonstrated that the
combination of "Demister" and particulate fllter selected would
withetand all the tests. These tests simulated the exposure
conditions for any accldent that would not significantly damage
the reactor bullding. More severe conditions would be expected
onily when there 1s 50 much damage to the reactor building that no
practical confinement system would work.

Significant design fesatures and specificationg for the water-
repellent particulate fllters ineclude:

e The filter is constructed by foldlng the felt sheet
over corrugated aluminum inserts into closely
separated pleats in a steel frame forming a unit
24 inches x 24 inches x 113 inches thick, The unit
1s designed for 1000 cfm alr at a pressure drop not
exceeding 1,.00-1nch H,0 when clean.

# Each roll of medlum must be qualified by the manu-
facturer by subjecting representative samples to
tensile strength and elongation tests, both dry and
wet, and with and without a flat fold in the medium.

¢ One full-size filter assembled from each roll of
filter medium and selected randomly by a Du Pont
Inspector must pass the following sequence of tests:

a) AP across the filter must not exceed 4 times the
normal when exposed to wet steam flow at twice
normal flow and with water spray injected ups
stream of filter for 15 minutes, '

b) Flow resistance after drylng must not exceed
nermal AP at rated air flow.

¢) The filter must not fail when exposed to a
dust loading of I pounds at normal air flow.

d) The filter must not fail when subjected to a AP
H times normal for 10 minutes.

e) Maximum penetration of DOP must not exceed 0.1%
of 0.3-4 particles at rated air flow after com-
pletion of all sequence tests.
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¢ Each production unit 1s tested for pressure drop and
DOP penetration by the manufacturer. DOP penetration
shell not exceed 0.03% for 0.3-) diameter homogeneous
particles at 204 and 100% of rated flow. Individual
unlts are encapsulated during the test to permit
detection of leaks in the gaskets and/or in the frame,

e After installastion in the filter compartments, the
units are tested with 0.6-u DOP prior to operation
of the compartment. Any filter with a detectable
leak (greater than 0.05%) ls replaced, because smsall
holes may enlarge 1f the unilt remalns in service.
The in-place DOP test 1s repeated annually to deter-
mine 1f leaks develop durlng service.

The gesket, adhesive, and binder in the particulate fillter
would begin to deteriorate at about 150°C. However, the
efficlency of the filters would not be affected because:

e Slgnificant deterioration would not occur until after
the flssion products were confined,

e All compcnents of the fllter are self-extinguishing.

¢ The strength of the fllter 1s more than adequate to
resist damage even without binder.

o Underwriters Laboratory tests showed that damage to the .
filter is negligible up to 370°C. } -

Complete specificatlons for the water-repellent' particulate
filters are presented in Appendix B. Operating experience is
presented in Section V.

The 1n-place DOP test was modeled after the technlque by
the Naval Research Laboratory (NRL)(G) and the Army Chemical
Center.!”) The DOP smoke generator was bullt to NRL specifica-
tions. The generator consists of a DOP contalner into which .
compressed alr at 30 psig is discharged through orifices located . -
in the liquid. The resulting DOP smoke (polydispersed aerosol .
wlth & mass mean dlameter of approximately 0.6 u) 1s discharged .
from the generator to the upstream face of the particulate filters.
The alir-DOP mixture is passed through the filters and then is
analyzed for DOP by a Sinclair-Phoenix smcke penetrometer. Both -
the penetrometer and generator were callbrated at NRL.
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4) Carbon Beds

Activated carbon beds were designed to remove more than 99.9%
of elemental lodine vapor that might be releassed from a reactor if
an accldent should occur. Numerous tests of small-scale carbon beds
showed that more than 99,99% of elemental ilodine vapor can be '
removed conslstently with & l-inch-thick bed of new actlvated
carbon of the type specified for SRP, {4,8)  The tests were run
under a wide range of conditions that included:

e Prefiltered fog mixtures {[steam-air-entralned water
particles) at 65°C and at face velocities to 80 feet
per minute (normal face velocity 1s 65 feet per

minute).

e Unfiltered fog mixtures wlith liquid water entrainment
rates up to 5 times that expected downstream of the
particulate filters, and with the carbon beds dry or
saturated with liquld water.

e Steam at 70 feet per minute and from a wet conditlon
at 100°C to superheated conditions at 130°C.

# Alr at 5 times the normal flow and at temperatures
to 110°c.

e ITodine loadings to 6 mllligrams I, per gram of carbon,

Additionally, the tests demonstrated that mass transfer was
the controlling mechanism for elemental icdine adsorption under
SRP conditions, The results were correlated with the semiemplrical
equation for critical bed depth developed by Dole and Klotz 8’}
and discussed in detall in Reference 8, As shown in Figure IT-11,
‘s bed depth of only 0.4 inch is required for an ilodine removal
efficiency of 99.99% at rated air flow. The design efficiency of
99.9+% for the l-inch-thick SRP bed i1s maintained at flows greater
than 10 times the rated alr flow, as shown in PFigure 8 of Reference
8. A l-inch-~thick bed was specified as an added measure of con-
servatism and to allow sufficient capacity for extended service
life in the SRP confinement facilities.

No known commerclal adsorber beds could satisfy the test re-
quirements; hence, it was necessary for SRL to deslign and develop
improved beds. The carbon beds developed by SRL and in use at
SRP pass all of the above tests, The full-size unlt consiste of
a one-inch-thick bed of activated carbon enclosed between perfo-
rated metal sheets, as shown in Pigure IT-8. The carbon and frame
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are subjJected to stringent tests by the manufacturer and SRL.

Significant design features, shown in Figure II-12, and speclfica-

tions of the unit currently specified include:

Type 304I stainless steel construction to retard
corroglon. (Bede currently in service are made
with frames of cadmium-plated or palnted mild
gteel. These have the same adsorption charac-
teristics as those made of stalnless steel, but
they have a shorter life (see V,D). Beds made
with stainless steel frames are now being 1n-
stalled in all fllter compartments.)

Rigid framing to prevent warping or buckling from
mishandling and to wlthstand steam blasts to at
least 10 times the normal air flow. No damage was
sustained by elther frame or carbon in an ll-day
test with flowlng steam-alr mixtures.

Spacing fingers external to the carbon bed to malin-
tain the bed thickness at a minimum of 1 inch.
Internal spacers are not used because flow channeling
st the carbon-metal interface could occur, and spacers
mey interfere with obtaining a uniformly packed bed.

12 separate pleats to retard settling of the carbon
during shipment or contlnuous exposure to flowing
alr for several years. The pleats are formed by 1l
shielded baffles between two continuous sheets of
perforated metal. ILeaks are possible 1n units where
each pleat is individually removable, but not where
the unit is continuoue. Shields direct the flow
through a tortuous path in the curved portfons of
the unite where nminor settling may occur.

Beds installed with pleats horizontal, to further
minimize settling of carbon during service.

A l-inch baffle at all sldes of the bed formed by
omitting perforatlions at the edge of metal sheet to
prevent channeling at the carbon-gasket lnterface.

Each carbon bed unit packed wlth about 57 pounds
(minimum) of activated coconut shell carbon that is
relatively dust free (97% hardness, *°) minimum).
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The carbon packed with a gravity system in which the
carbon falle a minimum dlstance of three feet before
entering the bed, The bed is vibrated for 1-1/2 minutes
after the initlal loading operation. This method pro-
vides a high packing density and a more uniform dis-
tribution of the carbon particles.

After packing, carbon fines and dust blown from each
unlt with compressed alr at a minimum nozzle veloclty
of 5000 feet per minute.

4 mesh distribution of 10 x 14, selected because tests
showed that occaslonally coarse particles could segre-
gate with carbon contalning a wider range of carbon
particles, i.e., mesh distribution of 6 x 1¥4.

A perforated face area of about 15 square feet that
can pass 1000 scfm of alr at a AP of about 0.,8-inch
H,O0, The unit measures 24 inches x 24 inches x 113
inches.

Physical and chemical tests of representative samples
from each batch of carbon made and certified by the
vendor.,

Carbon with an ignition temperature greater than
330°c.

Representative samples of the carbon submitted by the
vendor to SRL for analysis. The carbon must remove
99.99% of elemental iodine when exposed to fog at 65°C
and flowing at a face velocity of 70 feet per miriute
and wilth an iodine loeding of 1 milligram per gram of
carbon,

All units inspected by a Du Pont representatlve for
quality construction and freedom from obvious and
obscure flaws, before, during, and after charging
with carbon, Particular attention 1s directed to
construction details affecting quallty of airtight
seals and the carbon loading operation,

Each unit tested for leaks with "Freon" by SRL prior
to installation 1n the confinement system., Beds con-
taining leaks greater than 0,1% of the total flow are
unacceptable. Detalls of the preinstallation "Freon"
test{**) are given in Section VI,A.
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e Carbon beds leak tested 1n place. The technlque was
recently developed and demonstrated by SRL. "Freon- ;
112" 1s used as & tracer to determine if lesks exist ]
in the carbon beds or at gasket surfaces. The test ;
will be conducted on a routine basls. Additlonal o
detalls of the technique are glven in Sectlon VI,A. L

Activated carbon beds, as well as "Demlsters”" and particulate .
f1lters, have necprene gaskets which begln to deteriorate at
about 150°C. In the lgnition test described in Section VI,D,3 on
a full-gize prototype of the new SRP carbon bed, the neoprene gas- .
kets were not significantly damaged by exposure to an air flow -
of 70 ft/min at_280°C for 35 minutes. .

Complete specifications for the actlvated carbon bed are
presented in Appendix C. Operating experience 1s presented 1n
Section V.

d. PFans

The exhaust fans (903) are belt-driven centrifugal fans with
an electric motor drive. These fans remove the ailr from the
reactor room, purification area, and -20 foot and -40 foot levels
during normal operation and discharge it into the stack. During
normal operation, two exhaust fans are on-line (in parallel) and
one remalins on standby. The two operating fans can move the
rated flow of 128,000 c¢fm with a differential pressure of 5.9
inches H 0. The fan suctlon pressure 1s normally -4 to ~5 inches i
H_O0. The fan housings have a positive pressure rating of 10
inches H;0 (about 0.1 psig), but gross failure is unlikely at

pressures below 1 psig. ;

Each exhaust fan has two separate power distribution systems;
the electrical distribution systems for the reactor bullding and
for the confinement substation, Elther can be selected as a
primary source. The systems are supplled by the area powerhouse
(except for ¢ reactor) and outside area powerhouses (DsO-Production
Area and South Carolina Electrile and Gas). Emergency AC power is
also provided to the reactor bullding dlstrlbution system by
dlesels that start automatleally if normal power falls. Auto- .
matie switching between normal and emergency power supplles pro- .
vides a reliable power service to the fans. N

e, Stacks

The exhaust air is discharged to a 200-foot-high stack . The
stack 1s of concrete construction with a base I.D. of 17 feet 2%
inches and a top I.D, of 16 feet.
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3. Flow-Pressure Drop Characteristics

The design air flow for the exhaust ventilatlon system is
128,000 cfm. The total flow includes 37,700 cfm from the reactor
room, 26,300 cfm from the purification ares, and 64,000 c¢fm from
the =20 foot and -40 foot levels, Rated flow 1s achleved wilth two
exhaust fans operating and four fllter compartments containing
clean filters on-line. Pressure losses in the system are summa-
rized in Table IF7 for the design air flow.

Normally the reactor room is maintained at a negative
pressure; however, 1f an accldent should occur a positive
pressure could persist for a few seconds. With positlive pressure
in the reactor room, considerably more air can be vented to the
sbtack through the exhaust header. Figure 1I-9 shows the flow-aAP
characterlstics of the exhaust ventlilation system for the reactor
roonm.

The discharge canal has a 12-inch water seal between the
reactor room and the fuel disassembly area. If the reactor room
pressure exceeds the value of the water seal, significant flow
would be vented through the canal. Flgure II-10 shows the cal-
culated alr flow through the canal for reactor room differentlal
pressures to 5 psi.

TABLE II-7

Pregsure Losses in Exhaust Ventllatlon System at Rated Air Flow

AP at 128,000 cfm Alr Flow,

Locatlon of Pressure [OSses inches HzO(a
Reactor room header 0,77®!
Fllter compartment .20
Entrainment separators (clean) .95
Particulate filters (clean) .83
Carbon beds .36
Weter seal Ak
Fan sucticon duct AT
Fan discharge duct .25
Duct to stack .20
Stack losses 0,04

Total — 4.71

(a) For 4 filter comparments on-line with clean filters.
(b) For one reactor room header open with an air flow of
~38,000 cfm, measured in R-Reactor Area and confirmed

i1n C-Reactor Areas test.
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For the worst postulated sccident, the meximum pressure in i
the resctor room would be 1.9 psig. Air would be vented at a -
meaximum rete of about 300,000 cfm each through the exhaust header
and the discharge canal, The analysis was based conservatively -
on air flow through all vent paths, i.e., vent flow would be -
sbout 1.4 times greater for steam flow (nc credit was taken for
heat transfer to the bullding durlng the transient). Ag shown in
Table IT-2, no damage to the reactor bullding or activity confine-
ment system would be expected. The exhaust fans would quickly
reduce the reactor room pressure to & hegatlve value and no re-
lease of activity would be expected, as discussed in Sectlon II,C.

Accumulation of dust on the molsture separators and particu-
late fllters causes an lncrease in their AP and reduces the total
ventilation system alr flow. Total alir flows of sbout 85,000 to
90,000 cfm have been experienced during normal operation. The
incressed resistance would not decrease significantly the vent
flow durlng an accident. Reduced air flow during normal operation
does not affect the sbility to maintain a negative pressure in
the process areas. A test in C Reactor showed that a total
exhaust system ailr flow of about 10,000 cfm can meintain the
process areas at & negatlve pressure.

Contaminated alr leakage 1s negligible between the exhaust
fans (903) and the base of the stack. Two heavy-duty flanged &
joints per fan are located between the fan dlscharge and the o
heavy-walled, concrete duct to the stack. Each exhaust fan (903) ‘
ig in a separate room and the flanges are within the rooms. An
alr flow of about 2000 cfm is drawn from the room through the
blast gates on the suctlon slde of the fans. Air also flows into
the fan rooms from the adjecent building corridor, During normal
operation, the differential pressure between the fan dlscharge
and the surroundings 1s less than 0.5 inch HyO. The reinforced
concrete duct leadling to the base of the stack 1ls 12 inches thick;
it is connected to the stack by steel plates embedded in both the
stack and the duct and covered with additional concrete.

E. EQUIPMENT OPERATION

The SRP filtration-adsorption system 1s continuously on-llne
during normal operation and requires no manual or automatle
operating action when an emergency occurs. Exhaust alr from .
process areas normally passes through the filters and adsorbers
and will continue to do so after an accident. In addition,
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certain fallures can occur but protection from a release of
particulate or halogen activity will be maintained without b
action by the operator. These include: i

e Tailure of one exhaust fan. Two fans operate con-
tinuocusly, but only one 1s required to malilntain a
satigfactory exhaust rate,

e Failure of process room seals, The large exhaust
air rate ensures that there wilill be inleskage of
air even if a large number of seals fail,

e TFailure of a source of electrical power. The
exhaust fesne can be operated by electrical power
from any of two or three sources of power from
outside the reactor bullding fed through either
of two substations (normally each operating
exhaust fan 1s fed from a different source of
power and a different substation), or from an
emergency, dlesel-powered AC generator within
the reactor bullding. 8Switching among the
various sources of power is automatic.

Following an accident, 1t is planned to operate the exhaust
ventilation system at full flow. Careful consideration was given
to the possibillity of reducing ventilation flow after an accldent
for the folleowlng reasons:

e To increase the decay time of noble gas actlvity
before it is discharged from the stack.

e To increaese the length of time during which noble
gas activity 1s released so that if the winds are
variable, the activity would be spread over a
wider area.

It was decided not to reduce the flow for the following
reasons:

e High flow provides more positive assurance of
negative pressure in the process areas.

e More cooling is provided for the carbon beds.

e A shorter fesidence time will minimize depositlon of
1lodine on surfaces and formation of methyl iodide.
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® There is additlonal margin for error at high flow
(a fan failure is not as serious).

# There 1ls less likelihood of a mistake being made
if no actien has to be taken.

A large number of additional actions can be taken by an
operator during an emergency to provide backup protection or to
counteract addlitional failures., Control is possible either 1n
the resctor building central-control room or in the remcte
control station locsated about 10 miles from the reactors.

Some of the possible emergency actions are descrlbed below.

The operator has avallable a large number of instruments and
alarms to provide him with the data needed to follow the proper

procedure.

For the ventilatlion system some of these located both

in the reactor bullding and in the remote control center are:

e TFan condition {on or off) - an alarm indlceates
fan failure

e Filter outlet damper position (open or shut)

® BStack total and Kanne activitles

e Activity of the effluent from each fillter compartment

e Activities on fllters and adsorbers

® Various water actlvities

e Outlet temperature for each filter compartment.

Ventilation system actions that the operator can take in
either the reactor building or in the remote control astatlon

include:

e Starting or stopping any of the main exhaust (903)
fans {one spare is normally avallable for starting
1f one of the two operating fans failg).

e Opening or closing the damper downstream of any of
the five filter compartments. If a high compartment
effluent actlvlity indicates breakthrough or 1f high
effluent temperature indicates fire, the downstream
démpers can be closed to prevent leoss of actlvity
on the filter or carbon beds.
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In addition to the above control actions that can be taken in
elther control location, any of the many system dampers, supply
fans, or other exhaust fans can be controlled from the reactor

building.

Tn addition to the speeiflc controls listed above, a master
incident swilteh in elther the reactor central control room or in
the remote control center can be manually activated when an
emergency occurs. This switeh does the following:

e Actuates the light water addition system to provide
emergency cooling to the fuel if needed to reduce
the likelilhood of excesslve heating of the ventlla-
tlon alr from fuel decay heat.

e Isolates purification water and gas systems to
prevent a spread of activity from the main reactor
piping complex. (This action also occurs automati-
cally whenever there is an indication of high
activity in the D0 or helium lines from purifi-
cation. )

e Stops the supply alr fans (902) to prevent an out-
leakage of air in case the exhaust fans should fall
and to provide better assurance of negatlve pressure
in the process areas. Thls function has not yet been
added, but 1s planned.

¢ Actuates various other actions assoclated with dispo-
sltion of contaminated water and sources of emergency
light water.

v

F. CONTAMINATED WATER RETENTION SYSTEM

Contaminated water could be discharged 1ntc the reactor
building from process line breaks, rupture of the reactor tank,
or addition of emergency light water. Most of the water released
above zero level in the reactor room flows through a floor draln
directly to the 50-million gallon basin. Other sources elther
drain directly or indirectly to the -40 foot level. When suffi-
.eient flooding of the reactor bullding has raised the water level
to the -5 foot level (6-7 million gallons for L, K, and C reactor
builldings and 15-16 million gallons for P), the water flows by ‘
gravity into the retention basin. One basin 1s located at each
reactor area and each basin covers about 4% acres. The drain
line 1s capable of handling 4000 gpm when only half filled.
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The purpose of the retentlon basin 1lsg twofold:

To retain part of the contaminants In the basin.

To delay the release of figsion products, so
that mesasures can be taken to prevent their
release to the ground water or river.

FIG. I1-1 SAVANNAH RIVER REACTOR
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11-8 ACTIVATED CARBON BED FRAME

FIG.
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fll. KINETICS OF IODINE COMPOUND FORMATION AND IODENE TRANSPORT

In tests at other sites several specles of radioclodine were
identifled in experiments that were designed to determlne the
chemical form of radiolodine that is released from irradiated
fuel under aceident conditions.f12s38s24) Radiciodine in exhaust
gases and on surfaces of equipment was identifted(12s13s15,16)
es both inorganic compounde, such as elemental lodine {Iz) and
hydrogen iodide (HI), and ag organic compounds, Several organic
compounds were detected, but methyl icdide was the chief organic
constituent (about 90%). The fraction of the iodine inventory
that appeared as methyl lodide was usually very small, but varied
widely under different conditions.

The inorganic species of radioiodine (I, and HI) are very
reactive and are removed and retained from alr streams by actlvated
carbon wlth extremely high efficlency, even under adverse condi=-
tions. On the other hand methyl liodide, which is less reactlve
than elemental iodine, 1s removed by activated carbon with less
efficlency than lodine, especially from wvery humld air streams,

No penetration of higher homologues of alkyl iodides has been
reported in the literature. A knowledge of methyl iodide behavior
1s necessary therefore for evaluating 1ts llkelihood of formation,

The formation and decomposition cof methyl lodide under reactor
accident conditlons are very complex problems. Four aspects of
this problem will be treated in greater detall in Sectlon III,A4,
"Kinetics of Formation of Iodine Compounds™:

¢ Formatlon of Iodine Compcounds in Fuel
¢ Formatlion of Joedine Compounds Upon Meltdown

¢ Formation of Iodine Compounds 1n the (as Phase Outsailde
Reactor Vessel

e Formatlon of Iodine Compounds on Surfaces Outside
Reactor Vesgsel

At present, the precise mechanism for the formatlon of methyl
lodide has yet to be demonstrated, but some experimental evidence
exists for the mechanism, This information was combined with
thermodynamic and kinetic data in the literature to evaluate the
formation of methyl lodide under different conditions. These
rates of formaticn are celculated for ideal conditions, The rates
probably would be significantly less under actual reactor condltions,

The information 1n Section III,A 18 a general presentation for
water-cooled reactors, but the Informatlon alsc has general appli-
cation for other types of reactors.
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Application to the SRP reactors of established theory, exlist~
ing experimental data, and a correlation developed by SRL for
surface reactions involving methane and lodlne is presented in
Section IIX,B., In Section III,C, analyses of flsslion product trans-
port and deposition are presented.

A. KINETICS OF FORMATION OF IODINE COMPOUNDS

1. Formation of lodine Compounds in Fuel

Uranium metal (V), uranium-aluminum alloy (U-Al), and uranium
oxlde (an) used as fuel in nuclear reactors contain trace amounts
of impurities. Two of the impurities, uranium hydride and uranium
carbide, produce some hydrogen gas and carbon durlng irradiation
which can react to form small amounts of organic compounds, such
a8 methane (CH4), ingide the fuel, These compounds can react with
iodine, formed during fission, to produce compounds of lodine, such
as methyl iodide (CHsI)., In uranium metal used at SRP, the
hydrogen content averaged about 1.3 ppm by welght and the carbon
averaged about 550 ppm. If all the hydrogen reacted with carbon,
5 ppm methane would form, In uranium oxide evaluated at SRP, the
hydrogen content averaged about 0.5 ppm by weight and the carbon
averaged 50 ppm. If all of the hydrogen (0.5 ppm) reacted with
carbon, 2 ppm methane would form, as follows:

C + 2H, = CH, (1)

Methane can exist thermodynamically at the condltions 1lnslde a
fuel element during irradiation. Methane was measured in flsslon
gases that were removed from UOp fuel after irrediation at SRP.
The methane asveraged 0.02 cc per kg U0y (0.014 ppm by weight ) and
ranged up to 0.05 cc per kg U0, (0.035 ppm by weight) depending
upon the irradiation conditions. These experiments demonstrated
that far less than 2 ppm methane would form as expected, because
of the immobility of the reactants and because other reactants
compete for the carbon and the hydrogen, for example:

C+ U= UC (2)
3H, + 2U =+ 2UHg (3)
Hy + 21 = 2HI (%)

The amount of hydrogen and carbon avallable to react to form
methane can be calculated with the knowledge of the various equi-
1libria and equilibrium constants. Methane was not measured in
uranium metal nor uranium-aluminum alloy, so the amount of
methane in these fuels was inferred from the U0, data, Methane

ITI-2




formation in metal fuel i1s probebly lower than in oxide fuel
because of reduced mobllity of carbon and hydrogen at the lower
temperature of 1irradilation.

Methane can react with radiolodine formed by fission to
produce methyl iodide (CHsI) and hydrogen iodide (HI) inside the
fuel.

CH, + Ip Ty CHgI + HI (5)
The reactlion wlll occur at & veloclty V; which is equal to the

product of the specific reactlon rate constant k; (a function of
temperature) and the concentrations of methane and iodine,

Vi = ky [CH4][Iz2] (6)
Brackets symbolize concentrations of the reactants. Methyl

iodide and the hydrogen lodide formed by reaction (5) also react
to form methane and lodine,

CHgI + HI _Y?»-CH,,, + Iy (7)

at a veloclty Vp that is equal to the product of the speclfic
reactlion rate constant, ks (a functlon of temperature), and the
concentrations of methyl iodide and hydrogen iodide:

V2 = ko [CHaI][HI] (8)

At a fixed temperature and at equilibrium, the forward and
reverse velocities will be egual,
Vi =Vz (9)
and
ky [CHel[Io] = ko [CHaI][HI] {10)

20,

k; [CHeI][HI]

ko [CH4l[I2] (11)
At a fixed temperature and at equilibrium, the concentratlon of
each of the reactants and products will be constant, and the
ratlio of the product of concentratiocns of preducts to the
concentrations of reactants will be & constant. The latter temrm
is called the equllibrium constant, K:
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[CHgI][HI]

K = —m—77 12
T, T1L,] (12)
Thus, with knowledge of the equililbrium constant over the tempera-
ture renge of interest, one can calculate the concentration of

methyl lodide for various concentrations of reactants:

K[CH ] [T.]

[CHaI] =

The equllibrium concentratlon of methyl lodlde was calculated
as a function of the average bulk temperature of uranium fuel for
a range of methane, lodine, and hydrogen lodide concentratlions

from measured equilibrium constants.(*7) In this calculation,

the effect of metals (uranium fuel end aluminum cladding) on the
equilibrium was neglected. The effect of metals such as uranium
would be to reduce the equilibrium concentration of methane,
because uranium metal reacts with carbon to form uranium carbide
which 1s & very stable compound at reactor fuel temperatures
(uranium carbide is used for nuclear reactor fuel). Direct com-
bination of carbon with hydrogen to form methane, and diffusion

of methene throughcout the fuel were asssumed. The data are summa-
rized in Figure IJI-1. The maximum amount of the iodine Inventory
that theoretically can be converted to methyl iodide based on total
conversion of hydrogen to methane is summarized as follows:

Avg Bulk CH,, (2) I, (e) CHoI,
Type Fuel Temp, °C ppm ppm 4 T, inventory
U-Al Alloy(b) 130 5 2400 0.035 }

Because of competing reactions (Equations 2, 3, and 4) and the
immobility of the reactants, a realistic estimate of methyl iodide
in SRP fuel, bhased on measurements at SRL, as discussed on page

IIT-2, is as follows:

Avg Bulk CH4,(a) 12,(a) CHSI,
Type Fuel Temp, °C ppm DPM % I, inventory
U-A1 Alloy(b) 130 0.035 2400 0.00067

(a) ppm, based on welght of core material,
(b) For conditlons applicable to the Savannah River high
Plux demonstration, as discussed in Reference 1.

The methyl lodide in fuel slso will be reduced by pyrolysis
and redioclysis., At high temperature and high radiation fields,
methyl iodide decomposes to ethylene, methane, and elemental
1odine, [18,18)

ITI-4




Radlation
LCHRI + or # CgH, + 2CH, + 2I, (14)
heat

Upon recombinatlion of these products, some of the lodine will
react to form ethylene dlliodide:

Io + Coliy = ColeI, (15)

This reaction not only reduces the methyl iodide concentration,
but 1t has a product that 1s less volatlle than methyl lodide and
is more easlily adsorbed on carbon. ‘

2. Formation of lodine Compounds upon Meltdown

The average bulk temperature of uranium fuel would increase
rapldly after coolant is lost in a nuclear accldent, and melting
would occur quickly. The aluminum sheath on the SRP fuel and
aluminum-uranium alloy would melt at about 660°C, For off-site
dose calculatlons, 1t is customaery to assume that about 50% of the
iodine inventory will be released from the fuel; however, 1t was
conservatively assumed in the analysis for methyl lodide formation
that all of the iodine wes released into the reactor vessel but
only 50% of the lodine invenftory was released from the reactor
vessel into the reactor building.

At the melting polnt of uranium, very reactlive chemical
gpecies exilst. These specles, free radicals and atoms, ordinarily
are only found at elevated temperatures, because a large amount of
energy is requlred to form them, The free radlcal 1s frequently

indicated as:

CHa+, methyl free radical
CoHe*, ethyl free radical

The dot symbolizes the unpalred electron of a free radical.

The atom 18 indicated as:

H, hydrogen atom

I, lodine atom

At elevated temperature, organic matter can be decomposed
into free radlcals and atoms. Intense llght and radlatlion also
produce free radicals. For example:

CH; + Energy — CHg* + H {16)

The lifetime of a free radical is very short, about 1072 second,
because 1t reacts so rapidly wlth its surroundings.
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CHa+ + Hz = CHg + H ’ (17)
CHg* + 12 # CHsL + 1 (18)
H+ Io=HL + 1T (19)
I+ Hy=HL +H { 20)

A free radical mechanism has been proposed by Atkins and
Eggleton(lz=l5’ for the formation of organic compounds of ilodine.
Free radlcals as well as 10dine atoms can be produced 1n the
vicinity of molten fuel. Although these specles could lead to
the formation of 1odine compounds, the probabllity 18 most unllkely
because of the low concentration of organic matter in the vicinity
of molten fuel and the much greater probability for the reactlon
of a free radical or lodine aftom with other materials (steam,
niltrogen, oXygen, or hydrogen) that are present in much higher
concentrations, In the presence of oxygen, oxldation of free
radicals is the predominant result of intense radietion, It 18
not necessary that oxygen be present in atolchiometric proportion;
as long as any appreciable gmount 1s present 1n the mixture,
oxidation 18 certain!z),

Attempts to prepare methyl iodide by the free radical mech-
anism were unsuccessful.t ®Y  Irradiation at 200°C with a 10,000-
curie cobalt source formed free radicals, but only trace quantities
of methyl lodide were formed.

The equilibrium

CHy + Ip = CHeI + HI (21)

1g strongly in favor of methane and elemental iodine. In fact,
hydrogen iodide reacts rapidly with methyl iodide to form methane
and elemental lodine. 22) 7o a lesser extent, nydrogen iodide
reacts with metal which would shift the equilibriumltoward the

right.

Upon meltdown, most (if not all) of any methyl lodide formed
in the fuel would pe decomposed DY chemical reactlon, radiolysis,
and pyrolysis. TIn water-cooled reactors, the steam resulting from
the contact of hot metal and water hydrolyses methyl iodlde as
follows:

CHgI + Hga0 (steam) = CHgOH + HI (22)

Large excesses of steam will tend to force this eguilibrium to
the right. Hydrogen produced by the reaction of hot metal and
water will ‘also decompose methyl lodide:

CHgI + Hp = CHy + HI (23)
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A small amount of the molten fuel will react with water
inside the reactor tank to produce hydrogen (deuterium) gas.

U + 2H,0 = U0, + 2H, (24)

Uranlum oxide does not react with water to form hydrogen; however,
aluminum, zirconium, or stainless steel cladding will produce
hydrogen by reactlon with water. The hydrogen reacts rapidly
with molecular iodine to form hydrogen iodide, From published
kinetic dataf22), 1t is calculated that the entire inventory of
iodine would react with an equivalent amcunt of hydrogen in about
0.1 second at the temperature of 700°C that is estimated for the
‘atmosphere inside the reactor tank following a major accident
with urenlum-aluminum fuel, The intense radiation field inside
the tank should accelerate Equation 25 so that equilibrium would
be attained in even less time than that reguired for the thermal
reaction., Hydrogen, generated by the reaction of less than
0.01% of the metal with water, 1s sufficient to convert almost

all of the iodlne inventory tc hydrogen lodide,

H; + I, & 2HI (25)

At conditlons inside the reactor vessel this equilibrium 1s shifted
far to the right so that the environment is rich in hydrogen ilodide,
About 95% of the iodine was calculated to form hydrogen iodide.

The equillbrium constant for Equation 25, shown in Flgure III-2,

was calculated by:

_ _[HI]?
K = ThITT2] (26) '

The hydrogen alsc reacts repldly with atomic lodine to form HI:
I, = 2T (27)
H, + IT=HI + H (28)

The rate of formation of methyl iodide by the reaction of
methane with icdline in a reactor vessel is shown in Figure III-3.
The methane concentration was chosen on the conservative assump-
tion that ©,001% of the carbon in the molten U-Al alloy and other
components reacted with hydrogen formed by chemical reaction of
water with fuel or cladding. The lcdine concentration was based
on conversion of 95% of the iodine inventory to hydrogen iodide by
reaction with hydrogen. Only 5% of the lodine inventory is
avallable to react with methane to form methyl lodide, Under SRP
condlitions, about 20% of the lodine inventory would be required
to convert almost all of the methane in the reactor vessel to
methyl lodide. However, as discussed later, the intense rediation
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fleld wlll decompose essentially all of the wethyl iodide, The
specific rate constant for the methane-ifodine reasction 1s shown
in Figure III-4,

If the concentration of methyl lodlde released from the fuel
Inte the tank is greater than the egullibrium concentration,
methyl lodide will decompose until the equilibrium concentration
is reached. On the other hand, i1f the methyl lodide concentration
is less than the equilibrium concentration methyl lodide will form.
These condlticns are true provided that the reactants and reaction
products (Equation 21) do not change, which would slter the
equilibrium relationship, as discussed later.

Hydrogen lodlde produced by the above reactions reacts very
rapldly and quantitatively with methyl lodide to form methane
and elemental iodline. The overall rate constant for the reaction
1s 1.89 x 10-2 liter/(mole)(sec), {22} at 320°C. This reaction 1s
catalyzed by lodine atoms and involves a free radical, The rate
of decomposition of methyl lodide by reaction with hydrogen
jodide i1s shown in Figure III-5.

The rates shown in Figure III-5 were calculated from data
reported 1n the literature. (24} The proposed mechanism 1s:

P

Tz + 2l (27)
1

I + CHel & CHg+ + I (29)
2

CHg+ + HI g CH, + I : (30)
3y

where, under most conditions step 4 of Egquation 30 is negligible.
The rate equation for this mechanism (neglecting the reverse of
Equation 30) 1is:

AlCHaI]  dlTe]  ykekPlomaII(HII[1,)%

- = = 31
dt at kg[Iz] + kg[HI] (31
where:
- d[CgtI = rate of decomposition of methyl iodide, moles/(1)(sec)
Eléfl = rate of formation of iodine, moles/(1)(sec)
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20,000 rate constant for step 1, Equatlon 29,

1 k = ]1.2 - !
og ky © - W71 1/(mole)( sec)

log ks = 10,00 = iigggﬁ’ rate constant for step 2, Equation 29,
: " 1/(mole)(sec)
2300 ‘ .
log kg = 9.50 = ﬁ‘%?gf’ rate constant for step 3, Equation 30,

1/{mole)(sec)

KI = dissoclatlon constant for iodine, moles/l, The
2 terms enclosed by brackets are the concentrations
of' the compounds.

T = absolute temperature, °K

The effect of a hydrogen atmosphere on the formetlon of methyl
iodide has been demonstrated experimentally, (13s14,25,28) 1, 4ne
group of experiments, steam was passed over an inductively heated
sample of 1rradiated uranium metal or uranium dioxide. Released
fission products and steam passed through a condenser and a series
of liquid absorbents, The chemical state of lodine released was
determined by chemical analysis of the different liguids. The
methyl iodlide released from uranium metal (where the metal-water
reaction produces a hydrogen-rich atmosphere) was less than 0.3
of that!24} from uranium dioxide (hydrogen-deficient atmosphere ).

Methyl iodide slso is decomposed very rapldly by radistilon.
The course of radiolysis(®) is similar to that for pyrolysis
that 1s discussed below,

ACH,I + Readiation = C,H, + 2CH, + 2I, - (32)
Because one of the products is ethylene, the usual equilibrium
CH, + I, & CHoI + HI {21)

will be shifted toward greater decomposition of methyl iodide,
Methyl iodide decays exponentially in a combined oxidizing and
rediation environment. The extent of decomposition is independent
of the dose rate, but is proportional to the total absorbed dose.
Experiments {27} with methyl fodide concentration of 10™® to 10~°
moles/liter (10°-10% pg/m®) in dry air at 15°C showed that over
99% of the methyl iodide was decomposed at a total absorbed

dose of 8 x 10® rads. The radiolysis products observed in these
experiments were methyl nitrate and methyl nitrite., The formation
of products such as methyl nitrate and nitrite will decrease the
equllibrium concentration of methyl icdide, At the high
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temperature inside the reactor tank these radlolysis products
probably will react with each other and form other new products,
These reactions will also shift the equilibrium in the direction
of lower methyl lodide concentrations., It 1s also possible that
some materlals may slightly reduce the rate of decomposition of
methyl iodide in & radistion fleld. The radlation field from
fission products at shutdown is usually greater than 4x10® rads/hr
per megewatt of thermal power at saturation. Hence, the radiation
can be expected to decompose over 99% of the methyl iodide per
second per 1000 MW of thermal power,

Methyl lodide 1s alsc decomposed by heat. From 300-400°C,
saturated alkyl iodides (such as CHgI) appear to pyrolyze with
moderately rapld rates.®8! 4 study of literature data on the
kinetics of the pyrolysis of CHgl 1s underway at SRL.,

Although no detailed study of the pyrolysis of methyl lodide
has been reported, some predictions on this decomposition can be
made from recent work by Benson.‘la) The important steps should

be:

1

I + CHgI % CHs+ + Io (29)

GHS. + CHaI §' CH4 + CHEI' (33)
4

CHoI« + Ip s CHoIp + I (34)
5

2CHoI- '6’ (CzHaIz) 7 CoHy + I (35)

The overall reaction would cccur in two stages:
DCHGT v+ CHpI, + CHg (36)
2CH,Ip — CpHy + 21, (37)

Reactions 36 and 37 will reduce the concentration of methyl lodide,
The initial rate of production of CHpIp would have a rate law:

d[CHRTo) _ % Hal]®
——————dt KIE kaKl.g L[I_EE;‘ (38)
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where, in consistent units:

d
~£Eg§£§l = the rate of formation of CHZI,
KIa = the equilibrium constant for the dissoecilation

of iodine

ka = the specific reaction rate constant for
reactlon Equation 33

Ki.2 = the equilibrium constant for Equation 2§

[CHaI] and [I,] are concentrations of methyl iodide
and elemental 1odine,

At 400°C, this reaction would have a half life of about 3 hours
when the methyl iodide concentration is 5 x 1072 mole/liter

(7 x 10® pg/m®). The reaction is expected to be much faster at
elevated temperatures, because the rate usually doubles for a
10°C rise in temperature. The activation energy would be about
Lk kcal.

The second process would be about one-tenth as fast, and
would have an activatlon energy of about 67 keal, Tts rate law
would be of the form:

2 2
) d[CHpIg] _ 2k8K5.4 KIE{CHEIE] (39)

at " [Ta]

and would have a half life of 3 hours at about 450°C. Again, the
rate would be much more rapid at higher temperatures. .

The literature contains data that indicate much higher amounts
of methyl lodide present (up to 10%) either in the fuel or upon
meltdown than would be expected from the above discussions., Some
of these data are summarized 1n Table ITI-1,

The high yields of methyl icdide reported can be attributed
to poor analytical techniques (discussed in Section III,A,4),
Impurities that are known to be present in UQ;, and to impuritles
in the atmosphere of the test apparatus. In certain experiments,
methane was added directly to the apparatus., In additlion, some
U0, fuels may contain more than 0,014 ppm methane (measured for
high quality UOp fuel irradiated at SRP) which can react with
radloiodine to form methyl iodide., UQ, fuels also may contain
more than 0.5 ppm hydrogen, which upon release from the melted
fuel could form methane by reaction with graphite that was used
in the test apparatus to support the U0, sample. A minor source
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of organic matter is the compressed alr used in the experiments.
This air was dried with megneslum perchlorate and filtered through
absolute fillters before use, but removel of organic matter was
omitted. Finelly, the experiments were not conducted in an intense
rediation field which 1s expected to decompose essentlally all of
the methyl iodide as discussed previously.

Experiments in the TREAT(28) rac1lity to study the release .
of fission products from the fuel during a reactor accldent in
which the fuel melts rapidly as the result of a reactor transient
add further confirmetion to the insignificant amounts of CHaI
formed., "Stalnless-steel and Zircaloy-clad UO, fuel pellets
were melted under water by transient fission-heat input of
approximately 510 cal per gram of UOp. Most of the water boiled
out of the fuel-containing autoclave (about 1.5 inches in diameter
by about 7.5 inches long) in 1 minute to simulate a ruptured
reactor pressure vessel system, followed by slow bolling to dryness
in 10 minutes. Approximately 60% of the '3'I was released from
the melted fuel-cladding mixture. About 15% of the total lodine
was carried out of the fuel autoclave with the escaping steam,
About 40% of the iodine was collected later in distilled-water
rinses of the walls of the disassembled fuel autoclave. The
following mechanism for transport of lodine was proposed., First,
the portion (~15%) that escaped from the fuel autoclave was carried
conly by steam which was formed at the heated fuel surface and
moved out of the autoclave wlthout belng condensed. Second, the
iocdine which entered the liquld water elther directly or by
entrainment in condensing steam was essentlally permanently
trapped by chemical reactiocns to form mostly nonvolatile water |
goluble compounds such as metal iodides., ZLess than 0,01% of the
total 21T was found in penetrating forms such as CHgI."'2®

1

3. Formation of lodine Compounds in the Gas Phase
Outside Reactor Vessel

Most of the iodine escapes from the reasctor tank as hydrogen
iodide, because of the rapid reactlion of hydrogen and lodine,
Equation 25, and the large equilibrium constant as mentloned
previously. As hydrogen lodide escapes, 1t should react rapidly
with oxygen in the air to form elemental lodine.

4HI + 0p = 2I, + Hg0 {40)

The literature does not contain sufficlent information to calculate
rates or equilibrium data for this reaction. In the followling
discussion, i1t was assumed conservatively that elemental lodine
exlists in the gas phase outside the resctor vessel.
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Although 1t appears in some experiments‘ao’ that radlolodine
has reacted directly 1in some way with alrberne organic matter, the
kinetlcs of the reactlon of icdine with hydrocarbons are not
favorable because the carbon-hydrogen bond strength (102 keal/mole)
1g greater than the carbon-iodine bond strength (54 kecal/mole).
However, at trace concentrations (<1 pg/m®) iodine may exist in a
form that reacts differently from icdine at macrocencentratlons.

The reaction between methane and lodide was studled quanti-
tatively by Benson.(al) The following mechanism was confirmed by
extensive kinetic measurements for the gaseous system CH, + I, &
CHgI + HI (Equation 21},

I, +#2I (27)
4
T + CH, 2 CHs- + HI (31)
3
2
CHas + Io @ CHaI + I (18)
1

The rate equation for this mechanism is:

d[HI] d[CHsI 3 ) _ [HT][CHaT]
at “”L‘djt‘i = ke K7 [I2]% [CH] 2 [HI]eq[CHil]eq (42)

where, in consistent units:

nggill = the rate of formatlcon of methyl iodide

k, = the specific rate constant for the forward
reaction 41, shown in Figure ITI-4

KI = the equilibrium constant for the dissociation of
2  iodine in Figure III-2

[I-] = the concentration of iodine
[CHy] = the concentration of methane
[HI] = the concentration of hydrogen lodide

[CHzI] = the concentration of methyl iodide
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The righthand term inside the braces can be neglected when calcu-
lating the maximum rate of formation of methyl iodide. The rate
constant (k,) and the equilibrium constant (K } vary exponentially
with temperature; the effect of temperature ofi®these constants

can be calculated by the Arrhenius equation:

log Ki = 15,06 - %Iggggy equilibrium constant for Equation 27,
2 ) moles/1

3400

T.5757 rate constant for step 4, Equation 41,

1/{mole)( sec)

log k, = 11.T70 -

The maximum rate of formation of methyl lodide by the above
mechanism in the gas phase was calculated for the following
concentrations:

Io: 1 and 10 ppm (vol}
CHg: 2 and 20 ppm (vol)

The kinetic datal®!) showed a slow rate of reactlon between I,
and simple hydrocarbons to form methyl ilodide. Calculated rates
of formastion are summarized in Flgure TII-6. These extremely
low rates of reaction limit the formation of organic compounds
to insignificant concentrations. At a temperature of 100°¢,

20 ppm methane, and 10 ppm lodine, the rate of formatlion of
methyl lodide would be negligible, <1 X 107%* pg/(m®)(min). A
temperature of about 400°C in the gas phase and at the same con-
centrations would be required to form about 1% methyl iodlde per
day. The equilibrium concentration of methyl lodide in the gas
phase, shown in Figure III-7, would limit the maxlimum possible
amount of methyl lodide to less than 0.005% of the lodine
inventory for the above concentrations and at 100°C. The
equilibrium concentration was calculated from the following
equation:

_ [CHI][HI]
K = [cH, 1[ To] (43)

4. Formation of lodine Compounds on Surfaces Outside Reactor Vessel

The preceding discussions show that 1t is very unlikely that
a significant quantity of methyl iodide will be released from the
reactor vessel of most water cooled reactors. Other investigators
have reported that the indicated formation of methyl lodide
involves an adsorption-desorption activation or local reaction of
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fodine with organic materials on surfaces. (32232} For such a

reaction to occur, the iodine vapor must be transferred from the
bulk gas to surfaces of the contaimment structure. The rate of
deposition, which is discussed in Section III,C, 1s a function of
the aerodynamic conditions, Once the iodine vapor reaches the
gurface it may &) chemically react with the surface or with
materials on the surface, or b) it may be physically adsorbed.
If the first mechanism controls, & layer of reactlon product
accumulates on the surface:; thus, the concentration of lodlne on
the surface may become much greater than that in the gas phase.
If the chemical reaction product of the sorbed meolecule has
sufficient vapor pressure, the iodine compound {such as methyl
iodide) may be desorbed., If the second mechanlsm controls,
physical adsorption of ilodine can alsc lead to concentrations

on the surface that exceed that In the gas phase.

The deposition of iodine 1is repid on metals such as copper
and sllver because metal ilodides are formed by chemical reaction.
Deposition on bare ferrous metals 1s enhanced by corrosive oxldation
especially in a humid atmosphere. Todine depositlion on painted
surfaces 1s generally much slower than on metals, because the
protective coating is much less reactlve than the bare metal
surface.

Unfortunately, there is no information in the literature on
the catalytic effect of a glven surface on methyl iodlde formation.
SRL therefore undertook s comprehensive review and analysis of
the data in the literature on methyl iodide formation in reactor
containment test facilitles. The pertinent data from this review
are summarized 1n Table III-2.

As shown in Table III-2, the amount of methyl lodide formed
in the test facilities varied significantly. Consideration of
the differences in the condltions of the tests and the kinetics
of the methyl iodide reaction show that the followlng conditilons
promote the fraction of iodine that may be converted to methyl
lodide:

® Bare ferrous metal surfaces

e Hligh deposgitlion rates

e Long aging periods

e High surface to volume ratlios

e Low gas-phase lodine concentration

e Moderately high temperatures
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e Organic Impurities
e (0/CO, atmospheres

In order to determine more quantitatively the effects of the
above conditions on methyl lodide formation, the avalilable data
were correlated. Analysis of the data indicated that the methyl
iodide formation varied as the square root of the lodine concen-
tration on the surface, as would be predicted from the gas-phase
kineticg. By analogy wilth the gas phase equation of Benson,
discussed in Section III,A,3, a simllar expression was developed
for the overall reactlon on a surface

CHy + I §E§§%§§ CHoI + HI (4%)

for the mechanlsm:

T
surface (45)

surface (46)

T + CH, CHs+ + HI

surface (47)

and the rate equatlon for this mechanlsm is

d[CHaI] [HD] [CHaI]

1 1
o =K (KIE)S (T35 Mg §1- [HI], [CHsIl, (48)
eq eq

An approximate expresglon of Equation 48 when conversion to CHsI
is relatively small (less than 30%) is:

[ACHST] N . [ACHSI]?

- 2 2 - ——— E ’

ar -~ Ky (KIE)S [I.15 (Ml 41 [ACH, 112 (49)
eq
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where
[ACHGI]S

i = gpecific reaction rate of CHaI on a given surface,

pg/ (m?) (min)

k = gpeclific reaction rate constant for a given
surface at & glven temperature, m2/{ug)(min)

(KI ) = equllibrium constant for Equation 45 at a glven
2/8  temperature, pg/m2.

[To]s = concentration of I, on surface, pg/m2.
[M] = concentration of CH, on surface, pug/m2.

[ACHSI]S = equllibrium concentration of CH,I on a glven
eq surface, ug/(m®).

Unfortunately, sufficient information is not available from
the literature and from the data summarized in Table III-2 to derive
accurate values for the specific reaction rate constant (k_} of
Equation 49 for various surfaces, Most data give only the final
quantity of methyl lodide formed and iodine deposition on the
surface after many hours of aging. In addition, information was
not available on the methane concentration [M] on the surfaces
(although no significant differences between tests facilitles
are expected) or on the effect of a given surface on the equi-
librium constant (KIz)S for Equation 45, Consequently, the three

parameters k_, (KI ) , and [M] » Which are constants for any given
2/fs

system at a glven temperature, were combined into & single. constant,
and Equation 49 reduces to the following equation for calculating
the average rate of formation of methyl lodide:

[ACE,I]

1
AT [1,13 (50)

where,

3

L (”52
_ 2
K, = overall rate constant [ks X (FIQ)S X [M]s}’ (m) (min)

The terms within the braces in Equation 49 were deleted from
Equation 50 because of lack of sufficient data. This does not
have a significant effect on the overall rate constant for the

experimental data.
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A1l deta on methyl lodide formatlon summarized in Table ITII-2
were reduced and anaslyzed in terms of the parameters 1ln Equatlon 50.
This information is shown in Table IIT-3. In Table III-4, average
overall rate constants (Kg) are shown for each surface, atmosphere,
aging time, and temperature,

The rate constants (KS), and therefore the rate of formation
of methyl iodide, are one to two decades lower for painted
surfaces than for bare stainless steel [paint equivalent to that
used in the Battelle Northwest Laboratory (BNWL) Aerosol Develop-
ment Facility and the United Kingdom Atomic Energy Authority (UKAEA)
Zenith Resctor]. However, the combination of & surface with a
graphite-base paint coating and an atmosphere of CO~CO,-air (UKAEA
data) produced the highest rate constant, and therefore the maximum
rate of formation of methyl iodide, of any surface and environment
studled. The rates of formation of methyl lodide in alr at 20 to
259C versus the square root of iodine concentration on painted
(nonreactive type) concrete, painted (nonreactive type) steel, and
bare stainless steel surfaces are shown in Figure ITI-8,

The rate constants (Kg) for steam-air mixtures were also about
two decades lower for painted surfaces than for bare stalnless
steel. The rate constants are not silgnificantly different for
painted surfaces (BNWL data) in air at 20°C or steam-air at 80°C.
However, the rate constant for bare stalnless steel [Cak Ridge
National Laboratory (ORNL) data] in a steam-alr mixture at an
average temperature of 50°C 1s about 5 times higher than in air
at about 25°C. As discussed previously, information is not
evailable in the llterature for determining the equilibrium
constant for dissociation of lodine on a surface., Hence, the
data cannot be normalized for temperature, However, the equilibrium
constant (KIE)S and the specific rate constant (ké) would be

expected to increase exponentially with temperature in accordance
with the Arrhenius equation for gas phase reactions.(al’

The ORNL data for bare stainless steel in a steam-air mixture
indicate that the average rate constant (Kg) increases by a factor
of about five for an increase of about 20°C (Table ITII-3). These
results indicate that the rate of formation of methyl iodide 1n
steam would be significantly less than in air at the same temper-
ature,

Although appreciable hydrolysis of methyl lodide 1n the gas
phase would not be expected, hydrolysis of methyl lodide in the
liquid film on surfaces may be & significant factor in decreasing
the rate of formation of methyl lodide in steam-alr mixtures. In
the BNWL steam-air tests, the quantity of methyl lodide {fraction
of 1odine inventory) in the gas phase lncreased to a maximum value
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in about one hour, and after five hours decreased to 40-85% of
the maximum value, The BNWL tests provide further evidence that ;
the methyl iodide 1s hydrolyzed 1n the liquid film from condensing

steam on surfaces. The liquld film also probably depletes the

surface of methane and iodine which would further reduce formation

of methyl iodide. The rates of formation of methyl icdide in

steam-alr mixtures at 50 to B0°C versus the square root of icdine

concentration on painted steel and bare stalnless steel surfaces

are shown in Figure IIT-9.

Data were only available from the BNWL(ADF) and ORNL{NSPP)
tests throughout the entire test periocd. Only the BNWL data have
been analyzed to date. The rate constants (Kg) for formation of
methyl lodide during the first 20 mlnutes of these tests are
shown in Table III-3, and the average rate for all the tests is
shown in Table ITI-4, A comparison of these figures shows that
the rate constants for the first 20 minutes was about one decade
higher than the rates for the 300-minute period. In the alr tests,
formation of methyl lodide was 50 to 95% completed in one hour and
almost 100% completed in five hours. As discussed above, the
methyl iodide fraction decreased after one hour in steam-air
mixtures.

The data and correlation demonstrate that formation of methyl
iodide by active surfaces 1s negligible for most reactor confine-
ment systems in which fresh air flow continuously replenishes the
confined air gpace in structures with a nonreactive-type paint
coating. Application of this analysis to the SRP confinement
system, discussed in Section III,B, shows that methyl lodlde
formation on the building surfaces 1s about 10 %% of the iodine
inventeory in the fuel.

Care must be taken when appiying the rate constants %o
reactors with contalnment dome structures 1n which the filssion
products are confined for relatively long periods of time. For
painted (nonreactive—type) surfaces.and for ambient air, the
average rate constant derived from the first 20 minutes of
exposure in the BNWL tests should be substituted in Equations 48
or 49 and the equation 1lntegrated as a function of time. For
steam-air mixtures, the rate constant for 20 minutes should be
applled over a time interval of one hour. Approprilate rate
constants for use in Equations 48 or 49 for bare ferrcus metal
surfaces are not available as yet, and the rate constants in
Table III-4 should nct be applied for periocds longer than indi-
cated in the table. The rate constants give only the rate of
formation of methyl lodide and not the flnal amount formed when
equilibrium ccnditions are reached. Sighificantly greater con-
centrations cf methyl lodide can form cn surfaces than 1n the
gas phase. Because methyl lodide rapidly desorbs from surfaces
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and because the rate of decomposition of methyl iodide to satisfy
the equilibrium gas phase relationship 1s very slow, the gas
phase concentration of methyl lodide can exceed the final equl-
librium value from one to several hours, depending upon the
actual gas phase conditions. However, no significant formation
of methyl iodide would be expected in containment domes in which .
the air is at relatively low temperature and ls rapidly recirculated - .
through particulate filters and carbon beds. -

0f interest are the data from the UKAEA test facility (Highly
Active Test Rig) in CO/CO, &t #00°C for a perlod of 30 minutes
(Table IITI-3). At such high temperatures, one would expect that
the rate of methyl icdide formatlon would be controlled by the
gas phase reaction. The sagreement 1ls good between the indicated
rate of formation of methyl iodide in the experiment (about
0.2 pg/(m®)(min) and with an initial iodine concentration in the
gas phase of 4 ppm (vol), ¥ x 10* pg/m®) with that predicted from
Figure III-6 for a methane concentration of 2 ppm (vol).

It was assumed conservatively in this analysis that all of
the indicated methyl iodlde was formed on surfaces of the contain-
ment test facilities and subsequently released to the gas phase.
Some fraction of the compounds could have been released from the
cooled irradiated fuel used in some of the experiments and/or
formed on surfaces in the test furnaces or In the gas phase within
the furnaces during the melting operation. Rate constants were
based on reported values of iodine deposited on surfaces of the
test facillities. Application of Equaticn 50, including mechanlsms
that control mass transfer of iodine to surfaces, 1s discussed in |
Sections III,B and C,

Additionally, all of the data in Table III-3 on methyl iocdide
formation involved the use of & May Pack sampling device. Some of
the ambigulties that could arise from the use of thls devlce were
discussed by Collins, {32:32) et al, In general, analyses involving
May Pack sampling devices are more likely to show higher methyl
lodide formation than probably exists. Recent experiments by
Col1insf®2) showed that methyl iodide formation indicated from
May Pack data was about & times greater on the average than
measured by sensitive gag chromatographlic techniques (Table III-1),
Consequently, the rate constants (Kgq) in Tables III-3 and III-%
are probably very conservative (higher than actually exists).
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UKAEA Estimates of Methyl Todide c

TABLE III-1

Releaged from Cooled Irredlated U0z

Percent of Iodine

Percent Inventory Released
U0 of Todine as Methyl Todide
. Fuel, Released Gas
Experiment Gas Compesition MWD/T from Fuel May Pack Chromsatograph
0. 21 544 €0z, 35% CO 150 2.8 - 3 1 0.2
plus air, Hz, Hz0,
200 ppm CHy
No, 22 C0g/CO 150 y - g 2 0.5
No. 23 C0s/CO 150 4Q 4 5.0
Sat., HpO
a{ No, 24 C0,/C0 150 33 20 1.0
plus CH, (1000 ppm)
No. 25 C0,/CO 150 27 ~ 35 10 Not done
No. 26 CO,/air 100 25 - LT 2 0.7
No, 27 COg /5% CHg 150 13 - 27 0.7 0.1
. [Table 3 sSteam-air 0.5 6.2 0.02 -
Table 3 Steam-air 0.5 6.8 0.02 -
Table 3 Steam-air 1.0 2.4 0.01 -
Table 3 Steam-air 2,0 2.4 0.02 - t
Table 3 Steam-air 5.0 2.9 ¢.001 -
Table 3 Steam-alr 1.0 13.7 0.1 .-
Table -3 Steam-air 2,0 5.4 0.003 -
Table 3 Steam-air 7.0 40,5 0.03 -

’ Table % Steam 100 28 0.0% -
Table L Steam 100 35 0.5 -
Table 4 Steam 100 34 3 -
Table % Steam 100 9 2 -
Table 4 Steam 100 27 0.08 -
| Table b Steam-air 100 60 0.2 -

a - Reference 32.
*b - Reference 34.
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TABLE III-2

Summary of Literature Data on Methyl Icdide Formation

Surface
(e}

to Volume

Ratlo, Cone., Temp. ,
m /m3 pg/m3 ¢

Test(a)

Facllity Surface

ADF Painted

ADF Sfeel

CMF

CMF Bare
Steinlees

CMF Steel

NSPP

Zenith Painted
Concrete

Zenith & Steel

HATR Falnted
Steel

NOTES:

{v) Aging
Depogition,% Time, hr.
20-95 5
5Q 5
25-G0 34
8-60 4.-18
20 5-16
36-48
90 5
1 Ventilated
10 0.5
95 20

|

5.2 0.03-630 20

0.2-640 8o

5=2200 25

9.1 2000~ 30-
8000 110

2000 30-

110

1.4 2600-25000 30
1.4 0.4-0.8 25
0.8 25

11 40, 000 400
7.8 1300 25

{(a) ADF - Aerosol Development Facllity, Battelle - Northwess!o¥!
CMF -~ Containment Mockup Faellity, Oak Ridge Natlonal Lab,(®1,36,37)

NSPP - Nuclear Safety Pllot Plant, Oak Ridge National Lab,[#%)
Zenith - Resctor Facility, United Kingdom Atomic Energy Authority(2e!

HATR - Highly Active Test Facility, United Kingdom Atomle Energy Authority

Atmcephere

Aty
Steam-Alr

Alr
Steam-Alr

Steam-Alr-
0.3% CHy
Alr

Alr

Alr

CO~002
C0-COp-Alr

{aa)

{b) Valuee shown are maximur reported for test in terms of starting lodine
inventory and are not necessarily the final equilibrium value.

{¢) Maximum lodine concentratlon in ges phase at start of test.

(d) L1imit of experimental measurement.
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TABLE III-3

Average Rate Constants for Methyl Icdide Formatlon
on Surfaces of Containment Test Facllities

CHa 1] 13
& [12]5, KB‘.‘
Tast T At e (gglﬁ
Test Facility No. o€ min. (12 (man) n () (min)
' AIR  TESTS
Battelle-Northwest {881 16 20 2x10t 2.0x10~%  2.0x107%  1.ox107
18 20 2101 2.3x10-3  6.2x30 3.7x10~4
ferosol Development Facility {ADF} 20 20 2x10 1.1x10-3  &.8x10 1.3x1074
Painted (Phensline. 300) 6
Carbon Steel, 16 20 3x102 1.3%10°7  3.3x107%  3.9x10-
Volume/Surface Arsa = 1,9;1071m 18 20 %102 1.6x10~% 1.1x10r  1.5x10°3
20 20 3x10%2 1.5x10%  1.1x10 1.5x10-5
Isdine Release:
Testa 16 & 18 - Iz
Tests 20, 21, 23, & 28 - 1 +HI0n STEAM - AIR TESTS
Tests 26'% 33 - frradisted U0, o -
21 80 2x10% 5.3x20-3  7.8x10 6.8x10
23 80 2x10, 6.9x10-%  7.0xio0.  9.9x10-2
28 #0 2510, 1.0%10~%  1.0x10-1  1.0xl0-2
26 80 2x101 1.3x10-¢  3.6x10-2  3.6x10-7
13 80 2x101 3.9x10"0  6.0x10-2  &.5x1077
21 80 3x102 2.6x10-k  7.8x100  3.3x10-3
23 do Ix10° 1.0x10-%  7.0x100  1.kxl1073
28 80 3%102 3.2x10-8  1.4x10-1  2,3x10~3
26 80 3x10 1.1x10-7  516x10-2  2.5x1078
33 80 3x102 1.6x10~7  7.5x10-2  2,1x10"
AIR  TESTS
Oak Ridge National Laboratory (21,38, 37}
A 25 1.8x10% 1.3x10-%  5.3x10-1  2.5x107%
Contajnment Mockup Facility (CMF), B 25 1.8x10 141073 3.9x1061 3,6x10-7
Bare Stainleas Steel, c 25 1.8x102 4.0x10-3 Z.leo 5. 1xl0—h
Volume/Surface Area = 1,1x10°1 D 25 2.4%10 2.5x10"3  6.5x10]  3.9x10
E 25 2,.4x10% 2,6x10-3 A0 1.6x10-%
Iodine Release:
Test E = Iz
Tests A, B,&Dé 6325'13'36 12-9, STEAM - RIR  TESTS
222 & 3-25 - _
Tagt ¢ - Irradiated uﬁ}zg 6-25 L0 2.4x102 §6x1072  L1s101 h.2xl07h
4 0 1,1x102 2,4x10"2  9.1x10 3.8x1074
12-9 ) 3.3x202 3.3x202  1.7x10l  1.9xl0-
224, 60 3.0x208 2.1%10-2  1.1x1ck  1.9x1073
3-25 60 3,0x202 2,5x10-2  8.4x100 2.9x103
AIR STS
Nuclear Safety Pilot Planu{NgPE) {%*!
Bare Stainless Steel, N 5 30 2.9%x103 2.4x10-2 3-7x101 6, 5x10-4
Volume/Surface Arga = 7,0x107" m [ 30 2. 8x103 1.3x10-2  3.2x10Ll Lolx10D-%
7 a0 2.2x103 L Ax10-2  1,2x102  3.axio-b
Iodine Release:
Tests 5 & 6 - Iy
Teat 7 - IE+TJ'02
United Kingdom A.E.A, {14 AIR  TESTS
2 -7 ox101  1.4x107%
Zenith Reactor (ZR) 1 25 3.0x10 7.2x10_ 2. 0x10" 4x1077
Painted (chlorinéted mbger base) 2 25 3.0x102 7.5x10-7  7.1x10-1  1.1x10
Concrete and Carbon Steel, VENTILATED - A TEST
Volume/Surface Area = 7.2x107} m Do AR IEST
Todine Release - Iy (211 tests} 3 25 1.6x102 (5.#,(10-8 1.0x10°1  g5.4x10°7
Highl Acti\(re Test Rig (H.;.‘I'CR)T:ﬂ steol oon  TEST
Painted (graphite base arbon Stes co -
Volume/Surface Area: lax LOO 3., 0x10T 5.0)(16-1 - -
Furnace Vessel=9,3x107% m (Test ls)
System Loop = 1,3%10-1 m [Test 1b} 80 - COp - AIR  IEST
Iodine Release - Irradiated UOg+Ip 1b a5 1.2x103 6.8x10-2  1.3x101 5. 2x1073

ROTES:
= [BcHgT ]
® K [—‘32—}’/ [12],

vhere
K¢ = average overgll rate constant
indieated Af,
[acu,T] ‘
AT

;ks x [KIz]i x |:M]5 } s | pg)i/(m)(min), for

# = gpeeific reaction rate of CH3I on a given surface, pugf{n) (nin).

[IZ:L = concentration of I, on surface, pg/mz.

#* Reaction contrelled by gas phase. I concentration in gas phase was 4x10%  wg/md-4 ppn (vol.);

see Flgure IXI=-6,
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TABLE III-4

Summary of Average Rate Constants
for Methyl Todide Formation on Surfaces

hging Average Overall
Facility (@) Surface Atmosphere nr og ' hate Kons ant,
=]
ADF (BNWL) Painted Steel() air <0.5 20 2.0 x 10°%
ADF (BNWL) Painted Steel(c) Alr 5 20 1.3 x 1072
CMF & NSPP Bare Stainless AMr 5-48 25 3.0 X 107"
(ORNL) Steel
Zenith(UKAEA)  Palnted Con- (b) Alr 5 25 1.0 x 10°6
crete & Steel
(Estimated)(d) Painted Con-~ Steam- 5 80 <2 x 1076
crete & Steel(P) a1r
ADF (BNWL) Painted Stee1{®) steam- <0.5 80 5.8 x 107
Ar
ADF (BNWL) Painted Steel(c) Steam- 5 8o 1.5 x 1072
Alr
CMF {ORNL) Bare Stalnless Steam- 4-18 50 1.5 x 1072
Steel Alr
HATR (UKAEA) Painted stee1(®) CO-CO,-Alr 20 25 5.2 x 1077
|
(a) Description of test facilities 1s given in Table III-3.
(b) Chlorinated rubber base paint.(*® |
(¢) Vinyl base paint (Phenoline 300 ~ Carboline Co.)
(d) Rate constant estimated from Zenlth alr tests and steam
alr tests in ADF facllity.
(e) Graphite-loaded primer (Strathclyde PA-21)
2 1/2
m
k, ——— M EE
by Ko = ’ - K 193 3
(£) s pg-min IE. — mg
m g S
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B. SRP CONDITIONS WITH RESPECT TO IODINE COMPOUNDS

Discussed 1In Section III,A are factors which contribute to
the formatlon of iodine compounds. The factors are treated both
qualitatively and quantitatively for general application to many
reactor confinement applications, In thils sectlon, the same
information is applied specifically to SRP conditions, Calcu-~
lations are based on methyl lodide rather than lodline compounds
in general, because methyl iodide was reported as being the chief
constituent (about 90%) of the compounds assoclated with radio-
iodine releases and because other lodine compounds are adscrbed
readily by activated carbon even under molst condltions.

Shown in Table III-5 1s a qualitative comparison of conditions

that promote the fraction of lodine converted to methyl iodide and
SRP conditions,

TABLE III~5

Qualitative Compariscn of Conditions Affectling
Fraction of Todlne Converted to Methyl Todide

Conditions that Promote Fractlon of

Icdine Converted to Icdine Compounds SRP Conditions
In the fuel In the fuel
e Organic impuritles ¢ High purity fuel
e High temperatures e Low temperatures
e High hydrogen cenhient # Low hydrcgen content
_Upon meltdown Upon meltdown
e Low radiatlon fleld e High radiation fleld
e High temperatures ¢ High temperatures
e C0/C0, atmosphere ¢ BSteam and/or oxldizing atmosphere
In the reactor room (gas phase) In the reactor rocm (gas phase)
¢ Long residence time ¢ Short residence time
e High temperatures ¢ Low temperatures
e Organlc Impurities ¢ Relatively clean alr
s ILow gas phase iodine concentration ¢ High gas phase lodine concentration
On reactor rcom surfaces On reactor room surfaces
@ Bare ferrcus metal surfaces e Primarily palnted concrete surfaces
¢ High surface tc volume ratlo e Low surface to volume ratic

¢ Dry surfaces e Condensing steam on surfaces and/or dry
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The information in Table ITI-5 1s now treated quantitatively
in light of the discugsgion in Section IIT,A. Each of the factors
affecting the overall kinetic relationship 1ls comblned into a
single equation; then the individual factors are evaluated and
combined to yield the effective reaction rate for converting
elemental iodine to methyl icdide. Based on residence time, the
converslon rate is expressed as the fraction of initial
reactor lodine Ilnventory escaping the activity confilnement system

a8 methyl lodide.

Equation (51) is a generalized reaction rate expression for
the facters relevant to the SRP system.

Priocr to

Tneident

ACH,T _ [Acita I] ACHT
ot overall absorbed At fuel

radiation

Molten Fuel in Environment in Reactor Tank

. [Acgtaﬂ . [Acitax] . [Aczital] . [ACiIEtIJ
tank hydroly- chemical pyrolysis

sls reaction
wlith HI

Qutslde Reactor Tank

+ ACHAT + ACH-I ACHAT (51)
At At
surface absorbed
phase radiation
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1. Formation of Methyl ledide in Fuel

High purity fuel used at SRP and low metal temperatures do
not favor conversion of elemental lodine to methyl lodide. The
average impurity level for hydrogen and methane in uranlum-aluminum
alloy is 1.2 ppm Hp and 0.035 ppm CH,. These values are inferred
from measured values on uranium oxide fuel, From Figure III-1 and
the above methane concentrations, the following amounts of methyl
iodide in SRP fuel were determined:

CHo I

Avg Bulk CHe® 12,(&) 4 of Total
Type Fuel Temp, °C ppm ppm  Mass, ug Iodine Inventory
U-Al Alloy(b) 130 0.035 2400 8400 0.00067

(a.) ppm, based on weight of core material,
(b) For conditions applicable to the Savannah River high flux
demonstration, as discussed 1n Reference 1.
2. Formation of Methyl lodide Upon Meltdown
The following factors relating to formation and decomposition
were consldered in calculating the net methyl lodide that could
be released from the reactor tank following a full-core meltdown:
e methyl lodide release from the fuel
e gas-phase formation in tank
e surface reaction
e chemical reactlon with hydrogen icdilde
® hydreolysis
e pyrolysis
o radiclysis
Those factors which contribute to methyl lodide formation
include the materlal released from the fuel, gas-phase reaction
with impurities in the tank, and reaction catalyzed by metal
surfaces. Should an accldent occur involving a full-core melt-
down, most of the liquid water would be rapldly drained or ejected

from the tark. The remaining cooclant would be vaporized, and
molten fuel would collect in the bottom of the tank.
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TABLE III-6

Decomposition of Methyl Iocdide in
the Reactor Vessel by Radiolysis

Maximum Initial Remaining CHzI Net
Residence CHyI Concentration Concentration in CH,.I,
Time, sec 1in Reactor Vessel, ug/m® Reactor Vessel, ug/m® WE
1 Loo 9.4x10° 6.6x10%
2 4oo 2.2x1071 1.5x10%
3 Loo 5.4x107° 3.8x107%
4 oo 1,3x10™4 9.1x10"3
5 400 3.2x107% 2.2x107*

The net amount of methyl iodide that could escape the tank
after the effects of radiolysis is less than 1072 pg (10712¢ of
reactor iodine inventory) for & residence time of about 5 seconds.
Because there is little drliving force to rapldly remove vapor from
the tank prior to the addition of light water, most of the lodine
would remaln in the tank until water was added,

Radloclysis alone is sdequate to reduce the concentration of
methyl lodide to an inconsequential value in the reactor vessel,
Because of the effectiveness of the decompcosition mechanisms, the
initial concentration of methyl lodide in the tank would have no
bearing on the off-site ingestion dose.

3. Formation of Methyl lodide in Reactor Room

Formation of methyl lecdide in the resctor room was calcu-
lated for two cases: (1) formation in the gas phase, and (2)
formation on surfaces,

The gas phase reaction 1s controlled by the temperature in
the reactor room. Because the reactor room pressure is essentially
atmospheric, the highest temperature that might be expected would
be 100°C or less in the immedlate vicinity of the reactor tank
during the initial phase of a maJor accident, After light water
additlon has begun and steam genersetlion has stopped, the room
temperature would drop to about 25°C, During the first 30 minutes
of an accident, an average temperature of about 40°C was calcu-
lated. As shown in Figure III-6, at a temperature of sbout 40°C,
the rate of formation of methyl iodide in .the gas phase would be
about 1072° ug/(m®)(min), which is inconsequential.

II1-29

nle
o




The controlling mechanism for formetlon in the reactor room
would be reaction on surfaces, The reactlon rate for surfaces is
expressed by BEquation 49, 1In the SRP ventilated system, however,
the iodine concentration is continuously diminishing, as expressed
by Equation 52 in Section III,C,1l. Therefore a preclse deter-
mination of the reaction rate would be calculated by integrating
a combined form of Equations 49 and 52, 1In the interest of time,
the reaction rate 1s estimated conservatlvely (Equation 50) from
the maximum iodine concentration as determined by the procedure
deseribed in Section III,A,4. This maximum concentration
corresponds to a reaction rate of 5 x 107° pg/ (m2)(min)., If it
ig assumed that methyl ilodide desorbs upon formation, the total
amount reaching the adsorption beds 1s negligible, about 10784 of
total reactor iodine ilmventory in the first hour. Inconsequentlal
formaetion of methyl lodide on the surfaces would occur after one
hour because of desorption of elemental lodine as demonstrated by
the Zenlth reactor tests.

4. Decomposition of Methyl lodide Release to the Atmosphere

Although a radiation field in the order of 10% R/hour could
exlst on the beds, no credit was taken in the analysls for
decomposition of methyl iodide on the beds, because the retention
time of methyl icdide on SRP carbon 1s unknown, Teste are planned
to determine this value.

5. Summary of Methyl fodide Release to the Atmosphere

The net amount of methyl iodide that could be formed in the
SRP system 1f an accident should occur is ilnconsequential; it
would contribute less than 1 Rem to the off-site ingestion dose.
Although the lodine compound formatlion was caleculated to be
about 107 %% of total reactor {iodine inventory, & value of 107% is
used. This conservatism allows for possible differences between
methane concentration on surfaces at SRP, variation in results
from tests from which Ky was derived, precision of factors used
in deposition calculations, end conditicns on the surfaces, i.e.,
dry or condensing steam.

C. TRANSPORT AND DEPOSITION OF FISSION PRODUCTS IN THE SRP SYSTEM

Transport and depositlon of fisslon products within the
reactor building must be determined to permit calculation of the
disposition of the fission products, methyl iodide formatlion, and
heat loads on the filters and adsorbers. Transport of fission
products'was considered from two aspects: removal of material from
the reactor room through the exhaust ventilatlon gsyatem and
removal in water solution or suspensiocn to the 50-millicn-gallon
emergency basin.
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1. Transport and Deposition through Exhaust Ventilation System

In a once~through, high-volume ventilatlion system such as the
SRP system, removal of fission products from the proximity of the
reactor to the activity confinement system was designed to be very
rapid. Moat of the material is carried through the exhaust ducts
to the filter compartments; only a small part is deposited on the
surfaces of the reactor room and ventilation ducts. "The reductilon
in lcdine vapor activity in the reactor room and the amount of
material deposited on surfaces was calculated from an exponential
equation and deposition constants developed primarily by the
British,! 38,99

= 0, exp - [(%‘E + -5-) t] (52)

C = quantity of fission products in reactor room at time t

Q
I

Co, = dInitial quantity of fission products in reactor room at
time zero

= deposition velocity
= surface area
room volume

= exhaust alr flow

o H o od = o
]

= Lime after incident

The amount of materlal deposited on surfaces of the reactor
room and ventilation ducts was calculated with use of the IBM 704
computer as the difference between Equation 52 when the deposition
velocity was equal to zero, and when the deposition veloecity was
equal to the experimentally determined value. Instantaneous
release of fission products into the reactor room was assumed, An
air flow of 38,000 cfm through the reactor room and an effectlve
deposition velocity of 4.7 x 107° cm/sec were used in the
calculation, (@)

For SRP application, maximum lodine deposition of 1% of the
airborne inventory was calculated to occur on surfaces of the
reactor room and exhaust ducts, Compared to unventilated facil-
ities 1% deposition is low, but the SRP surface to volume ratio
and the residence time for deposiftion are very low. Also,
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"amercoat’ 33HB, which 1s the paint used on concrete at SRP, had
the lowest deposition of several palnts tested at ORNL‘al).
TID-14844 (4°) guggests a deposition of 50%, but for application
to resctors wlth containment shells this value may be low, and
higher deposition factors may be applicable. Although the 1nitial
mass of iodine celeculated to reach the carbon beds was almost

" doubled when 1% deposition was used rather than the suggested 50%,
the potential for iodine compound formatlon ls greatly reduced,
as discussed in Section III,B. The results of the transport and
deposition calculations are shown in Figures IIT-10 and IIT-11.
About 99% of the material would be removed from the process room
in 40 minutes at normal exhaust ventilatlon flow,

For practical purposes, iodine is the only fission product
of concern in the deposition determination., Noble gases deposit
on reactor room surfaces in negligible guantitles and then are
retained only temporarily. The amount of noble gas that dissolves
in the full reactor inventory of D,0 plus emergency light water
that might be added to the system is negligible. Likewise the
SRP activated carbon beds detaln noble gases for only a few
seconds, Therefore, no deposition is assumed, and 100% of the
noble gases leaving the reactor escape to the atmosphere.

Only one percent of the nonvolatile fission product activity
wag asgumed to escape the reactor{#l), Half of this amount was
estimated to settle out in the reactor room or deposit on surfaces.
Because of the small fraction released and the 99% efficlency of
the particulate filters, the off-site radiation and ingestion
doses are negligible.

2. Transport to Emergency Storage Basin

As dlscussed in Sectlon II-F, any waterborne fission products
would be transported to the 50-million-gallon storage basin. With
regard to rapid off-site contamlnation, the only group of fisslon
products of concern would be the halogens, some of which could
enter the basin and escape into the atmosphere, All noble gases
would be released to the ventllation system because of their high
volatility and low solubility, Nonvolatlle particulate matter
would either remain in the water, settle to the bottom of the
basin, or sosk into the soll. If the reactor iodine inventory
were transported to the storage basin, less than helf the 300 rem
stated in the 10 CFR 100 guidelines could be released to the

atmosphere.
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IV. FISSION PRODUCT COLLECTION

This sectlon 1s concerned primarily with the relationshlp of
the efficlency of the SRP activity collection system to the gulde-
lines in 10 CFR 100(42), Information presented 1s based on
operating conditions in the Savannah River high flux demonstra-
tion'?! and 1s summarized with respect to the type of fission
products released; partlculate matter, halogens, and noble gases.

A. PARTICULATE MATTER

Although the gamma radlation from particulate matter (the
relatively nonvolatile fisslion products) 1s approximately equal
to that from noble gases, the effect of particulate matter 1s of
small concern in relation to ingestion and whole body dose because
of the relatively small amount of material that would reach the
plant boundary. SL-1,!%1) British,%®) and ORNL'Z21,28:,36,44) expep;i._
ence indlcated that an assumption of 1% released from the reactor 1s
reasonable. About 50% of the material released was estimated to
deposit on building or containment surfaces prior to reaching the
particulate filters. Based on a design efficiency of 99% (in-
place DOP tests demonstrated an efficlency of 99.9+%, Sections
11,D,2 and V,{), the fraction of particulate metter which would
escape the reactor building even for the highly unlikely case of
full core meltdown would be less than 0.00005, which is inconse-
guential compared to noble gas release.

B. HALOGENS

The primary concern with halogen activity is thyroid inges-
tion. The criterion in 10 -CFR 100 is a dose of 300 rem at the
plant boundary integrated over the time of passage of the cloud.
In the highly unlikely event of a full core meltdown with a full
inventory of fission products and under adverse metecroclogical
conditions using conservative calculational methods, the average
efficlency of the adsorbers must be egual to or greater than
99.42% (maximum penetration of 0.58% of the material reaching
the banks) to remaln within the 10 CFR 100 guidelines.

1. Factors in Evaluating Adsorber Units

Four factors were considered in evaluating the effectiveness
of the iodine adsorption system.

e The efficiency of used carbon for removing elemental
icdine wvapor.

# Penetration of iodine in particulate matter not
retained by particulate filters.
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e Leak paths through the bed or gaskets.

e Todilne compound formation and retention,

The maximum and average penetrations that were measured OT
calculated to occur by the above mechanismsg are summarized in
Table IV-1. '

TABLE IV-1

Todine Penetration of Activated Carbon Beds‘a’

Ia(b) Gasket Methyl
Mechanism —+ Vapor particulates Leaks Iodidem) Total
average'C!
Todine Reaching
Beds, % of total
inventory 50 ¢0,0003 50 <0.0001 -
Penetration, % 0.0z 100 <0.03 100 -
Iogine Leaving
Beds, % of total
inventery 0.01 <0.0003 <0.015 <0,0001 <0.026
Maximum(C)
Todine Reaching
Beds, % of total
inventory 50 0,0025 50 <0.0001 -
penetration, % 0.04 100 0.05 100 -

Iodine Leaving
Beds, % of total ,
inventory 0.02 0.0025 0.025 <0,0001 <0.,048

(a) 50% of the 1odine was assumed to remain 1n the reactor.

(p) Assumes steam-air condlitions; penetration would be less for
sipr. Some of the lodine may reach the carbon beds as HI. As
discussed in gection III, A,3, ingufficient informaticon 1s
avallable to permlit determination of the rate of oxidation

of HI in alr. Because HT is as readlly adsorbed on activated
carbon as Iz, 1O attempt has been made to distingulsh between
the materials.

(c) Average pefers to a minimum of three banks on line; maximum
refers to a single bank.

The maximum penetration corresponds to an ingestion of 50
rem, well below the 10 CFR 100 guideline. The penetration was
baged on 50% of the 10dine inventory 1n the reactor pelng released
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into the reactor room as vapor and 0.5% in particulate matter.

A B50% release from the fuel was assumed as 1is customary in reactor
safety analysis{4®), and a review of literature indicated that 50%
was a typilcal value in experiments (22,28 that were conducted under
conditions favoring the release of lodlne vapor. Less than a

50% release would be expected at SRP because temperatures and
reaction times would be less favorable to iodine release than in
the experiments. No credit was taken for golubility of iodine in
D,0, although the entire reactor inventory of elemental lodine 1s
soluble in a small fraction of the D,0 in the reactor tank. Most
of the 1odine will appear in the reactor vessel, as hydrogen
iodide, which is much more soluble 1n water than elemental

jodine %%}, Solutions of hydrogen iodlde, like other solutlons
containing iocdide 1lon, can dlssolve large quantities of elemental
1odine. For example, a solution saturated with iodine at 25°C
contains 72.85% iocdine, 18.1% hydrogen lodlde, and 9.05% water,
with a specific gravity of 3.28'%®). Therefore the assumption

of 50% release is considered highly conservative.

The four mechanisms are discussed in more detail in the
following paragraphs.

a. FElemental Iodlne Efficiency of In-Service
Activated Carbon

The efficiency of new activeted carbon in steam-alr tests is
greater than 99,.99% for elemental lodine vapor'®), However, &as
discussed 1n Section V,D, the effliciency is reduced hy exposure
to atmospheric impurities. The minimum efficiency that was measured
on carbon from an operating reactor area was 99.96%(+7). The carbon
was removed from one of the original cadmium-plated frames of beds
from X Area. The average efficiency, though, was 99.98%., In alr
tests the minimum measured efficiency was greater than 99.99%.

Efficiencies lower than 99.06% were measured on one carbon bed
removed from a fllter bank in R-reactor ares after 14 months of
operation., The minimum measured efficiency was 99.89% in a steam-
air test. The R-reactor beds corroded (see Section V) much faster
than those in other reactor areag; hence, there appeared to be a
real dlfference between R reactor and the other areas in the
environment that the carbon beds were exposed to. Because R reactor
ig no longer operating, the R-reactor experience was not used in
calculating the maximum penetration for Table IV-1.
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b. Penetration of Carbon Beds by Icdine in
Particulate Matter

Todine can be assoclated with particulate matter in two
forms: physically or chemically adsorbed to the particle surface
after release from the reactor, or trapped in the particle at
the time the particle separates from the fuel, Based on 1% of
the mass of fuel released from the reactor as particles, only
about 5 x 10'7% of the iodlne released from the reactor as vapor
could adsorb on particulate surfaces as a monomolecular layer.
About 1000 times this amount would be required before this mecha-
nism would be of any consequence, If it is assumed that the
particulate matter escaping the reactor retains 50% of its initial
lodine content, the second mechanism becomes important in specl-
fying and maintaining high efficiencies for the particulste filters,
In this case, it ig assumed that half of the released particulates
would settle in the reactor room so that only 0.5% of the total
particulate matter (0.25% of the total iodine inventory) would
reach the particulate filters. At an efficlency of 99% (the
specified minimum), 0.0025% of the total iodine inventory woulg
pass through the filters; at an efficlency of 99.9% (average
measured) only 0.00025% would pass through. Because no filltering
benefits can be clalmed for the carbon beds, 100% penetration of
beds by particulates was assumed.

Although a much lower efficlency for the particulate filters
is required tc remove nonvolatiles released from the reactor, the
higher efficiency of 99% is specified to retaln 1lodine assoclated

with particulate matter.

¢. QGasket Leaks

Bypassing of the exhaust stream around the activated carhon
beds 1s detected by the in-place "Freon-112" test discussed in
Section VI,A. The average leakage flow in the five compartments
of ¢ reactor was less than 0.03% of the toctal air flow through
the compartments. A maximum leak of 0.2% was detected in one
compartment. Retesting of the compartment after bolts holding
the frames in place were tightened showed a leak of 0.04%. Com-
pariments € and 5 had leaks of less than 0.01%, Compartments 4,
3, and 2 had leaks of ©.0l, 0.04%, and 0.05%; respectively.

The maximum for Table IV-1 was taken as 0,05% penetration
and the average as 0.03%. The 0.2% value was not used because
it represents a cne-time situation that existed because of the
absence of a leak test when the carbon beds were installed. With
the recently developed "Frecn-112" leak test and with improved
installation and maintainence fechniques, 0.05# represents the
maximum for future use.
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d. Iodine Ccmpound Penetration

Details on iodine compound formation are presented in Section
IIT and are summarized here, The quantity of methyl lodide that
might be formed in the SRP system was conservatively determined
to pe equal to or less than 0,0001% of the total 1lodine inventory.
Because the first contaminated vapor to reach the carbon beds
probably would be in & steam-air environment; a zero efficlency
for icdine compounds was assumed. The emergency light-water addi-
tlion system 1n the reactor would rapldly stop steam generation;
however, no credit was taken for any increase in lodine compound
adsorpticn efficlency which might occur as the relative humidity
of the exhaust alr decreased. Additilional drying of the carbon
would occur from decay heat released from adsorbed iodine.

Under certain conditions, however, activated carbon has a
high efficiency for methyl icdide. Activated carbon removes
lodine compounds efficliently from a dry alr stream, Typical
tests that demonstrated this were run at Oak Ridge for 5 hours,
at an air velocity of 25 feet per minute on a 1.5-inch-deep bed
and at an lodine compound concentration of 0,05 milligram of
iocdine per cubice meter‘as). The efficlency was dependent also
upon the type of activated carbon used. Coconut carbon was more
effective than either bituminous coke carben or Whetlerite, a
carbon impregnated with salts of silver, chromium, and copper.
The coconut carbon had an efficiency of 99,89% for methyl lodide
at room temperature and 4% relative humidity. At 100°C and about
0.1% relative humidity, efficiencies ranged from 99.91—99.99%(48).

Under wet steam-air .conditions, the efficiency of activated
carton for removing methyl iodide was reduced., At room tempera-
ture and a relative humidity of 75%, the efficiency ranged from
50 to 97%, with coconut carbon being supericr to the other types
of carbon(48}. Under steam conditions at temperatures from 95 to
130°¢, the efficiency was reduced to 5 to 78%.

2. Removal of Decay Heat from Filter-Adsorber Units

Evaluation showed that the probability of igniting the carbon
in the unlikely event of a nuclear incident 1s acceptably low.
In the critical period after a possible incident, air flow less
than 10% of normal will remove the decay heat from fission products
trapped on the filters and adsorbers and mesintain the carbon
temperature below the ignition temperature of about 340°¢. (4o}
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Az explalned in Seection IT,D,2,d, two exhaust alr fans are
always operating and a third fan is awvailable. The ignition
temperature of the carbon could be approached only if all elec-
trical power to the fans is lost after several minutes of normal
operation following an accident. Power for the fans is fed in a
loop circult from two or three power plants that are widely
separated, In the very unlikéiy event that all power plants
should fail, power would be supplied by a diesel generator in each
reactor area to malntaln full system air flow. The exhaust fan
system has never experienced an unscheduled stoppage in over
10" years of operation.

C. NOBLE GASES

Flssion products 1In the fuel elements of nuclear reactors
include radiloactive noble gases (principally krypton and xenon).
The existing SRP activity confinement system has no provisions to
ccllect or attenuate noble gases. The only dose reduction credit
for the existing system arises from dispersion due to release of
the noble gases from 2 200-foot-hligh stack rather than at ground
level. Thus, 1in the very unlikely event of an accident in which
the entire core is melted, the total equillbrium noble gas con-
tent was assumed to be released from the reactor building to the

environs.
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V. OPERATING EXPERIENCE
A. FILTER COMPARTMENTS

After 3 years of service, operating experlence with the fi1-
ter compartment shell has been excellent.(5°} Only minor corrosion
on the aluminum walls of compartments in one reactor ares has been
observed. The maximum depth of pitting, resulting from trace
nitrogen compound attack,is about 0,005 inch and is of nc con-
sequence to the structural integrity of the compartments. Minor
electrical problems in the remote delatching mechanism were
experienced but were readily corrected.

B. MOISTURE SEPARATORS

Because the moisture separators are fabricated of stainless
steel and "Teflon", no corrosion from trace acidic compounds has
been observed. Also, no degradation of the "Tefion" has been
detected.

The only problem with the separators has been an accumulation
of an oily substance and particulate matter on the upstream face.
Units are cleaned with steam at a nozzle pressure of 15-20 pel
to restore flow-pressure drop characteristics to values equal to
those of new units without damaging the mat. The front face is
steam-cleaned for three minutes in a vertical pesition, and then
the back face 1s steam-cleaned by blowing steam downward onto the
back for three minutes with the separator in a horizontal position.
The separators are removed from the compartments for cleaning. {

No unilts have been replaced because of mechanical damage.
The stainless steel and "Teflon" mat is quite tough and flexible
and 1s not easily damaged from handling during installation or
maintenance,

With periodic steam-cleaning about once per year, an indef-
inite service life 1s expected.

C. PARTICULATE FILTERS

Partlculate filters have a relatlvely short life compared to
molsture separators because there is no practical method for
cleaning the medium; 1 to 2 years is typical, Wet fly ash from
the powerhouse stack 1s the primary constituent in the exhaust air
that accumulates.on the fillters, More efficient prefilters in the




supply ailr system currently are being installed to reduce the fly
ash loadlng on the particulate filters as well as the separators.
Although removal of the fly ash from the high-efficiency particu-
late filters is not practlcal, drying with electrical heaters at
reduced flow and use of more efficlent prefilters are expected to
prolong the filter life. Experimental heaters in C Area proved
the fedsibllity of drying the fllters, and permanent installation
of 80-kw heaters in each filter compartment has been authorized.
Other benefits from the heaters are discussed in Section VI,

Early models of the particulate filters had no protectlon
against puncture of the medium during installatlon, and the rejec-
tion rate was about one percent based on dloctylphthalate (DOP)
tests of each unilt after installaticn. To protect against punc-
ture, use of galvanized hardware cloth face guards!®l! 1s now
specified.

The ability of the particulate filtere to withstand the
severe conditions which might exist under emergency conditions
was demonstrated in typlcal tests on two filters that were exposed
for 13 months to flowlng, normally dust-laden exhaust air in the
P-Reactor Area ventilatlon system. Molsture separators had not
been installed in the reactor areas at the time of this test.
Tests at SRL showed that molsture separators remove at least 30%
of atmospheric dust; thus the 13 months cof service of the filters
in the reactor area was equlvalent to about 18 months of design
service with separators. The filters, wlth molsture separators
upstream, were sublJected to flowing fog. Although very minor
damage of one of the fllters was observed, the effilclency of each
filter for removing O.6-micron particles of DOP was 99.9+% after
12 days of exposure to the flowing fog.

A test was performed also with both a dusty separator and
two dusty particulate filters that were exposed for 34 weeks to
flowing air that contained normal atmospheric dust. After 10 days
of exposure to a fog mixture, both fllters had an efficlency of
99.94% for 0.6-micron DOP. Migration of the dust cake through the
medium was negllglble. Samples sectioned before and after the
test showed a penetration of about 10% of the medium thickness.

The required efficiency of the fillters for O0.3-micron¥* or
larger particles 1s 99%, although measured efficlencles are
greater than 99.9%(3’. The high rated efficiency can be main-

¥ Teats by the vendor and at the Oak Ridge Fllter Testing Pacility
are with 0.3-micron aercsols; the tests at SRP are with 0.6-
micron aercsols,




talned even though the fllters may contain a considerable number
of holes. For example, four banks of 128 clean particulate filters
(about 30,000 square feet total surface area) can contain about
1100 Z-inch-diameter holes, yet allow only 1% of the alyr stream

4
to pass through the holes (52! at normal flow.

D. ACTIVATED CARBON BEDS

The efficiency of activated carbon after more than 2% years of
continuous exposure to exhaust ventilation air from Savannah River
Plant reactor bulldings remains greater than the design obJective
of 99.9% for the removal of elemental iodine, Detalls of the
performance of the beds are presented in DP-1028 {47} gng are summa-
rized hereln, Shown in Table V-1 are the results of elemental
iodine tests on carbon exposed to reactor bullding exhsust venti-
lation air for about 2-1/2 years(5°0),

Although the beds continue to fulfill their function of pro-
viding protection from halogen actlvity, two problems have arisen,
The first 1s that the mild steel frames which contaln the carbon
are corroding from nitrogen and sulfur compounds that are in the
building exhaust alr in trace quantities., The corrosion is inter-
granular which results in severe embrlittlement of the metal. Both
the original cadmium-plated units and the later painted frames have
been attacked. Failure of the perforated metal screen of only two
units has been detected, and these fallures resulted in a negligible
loss of carbon. New units fabricated of Type 304L stainless steel
have been ordered,and replacement will begin during the summer of
1966. Details of the stainless steel units are in the Appendix.

The second problem is that of slow degradation of the carbon
from adsorption of impurities, primarily NO,. NOp ls formed by
radiolytic decomposition of atmospheric nitrogen and subsequent
reaction with oxygen in the space between the reactor tank and the
blological shield. The 200-Area seéparations plant and nearby '
industrial plants alsc contribute NO, to the atmosphere. Analysis
of used carbon shows only the presence of N0'47), so it is assumed
that because free NO would not normally exist in air, NO, oxidizes
the carbon and the residual NO sorbs on available sites. NO can
be removed from the carbon by drying the bed in-place at about
60°C. The drying operation partially restores the iodine adsorp-
tion efficiency to about 99.98%, and the service 1life of the
carbon will be improved. Less than 0.01 g Noz/g carbon would he
formed in the reactor during & major acclident. ©No effect on the
efflciency of the carbon for lodine would be expected for this
concentration.




Contaminants in the carbon that reduce efficiency migrate
through the bed even at room temperature. Initlally, the material
1s sorbed in greatest concentrations on the front face of the bed.
Although the efficlency at the front face may be low, the overall
efficlency of the bed stlll remains high. Thls was demonstrated
by tests on carbon beds from K Reactor Area, as shown 1n Table
v-1.

As would be expected, the efficlency cf used carbon in alr
tests was higher than in steam-air tests.

As mentloned above, all carbon beds are scheduled for
replacement starting in the summer of 1966. Tests of the carbon
will be made perlodically to ensure that beds wlll be replaced
when efficlencies beglin to fall below a satisfactory level.
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TABLE V-1

Todine Tests of Used Carbon Samples from SRP Reactor Areas

Test No,

113
114
115
117
119
122
123
124

111
112
118
164
187
189
202
203
204
205
206
133
134
135
136
137
138
139
185

140
141
143
1%%
LY
146
180
184

120
121
158
201
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Notes:

Bed

Area Serlal No.

2%
2%
=2
24
24
23
23
23

114

114
114

185

668
668
650
650

Montha
of Service Iype Test
14 Steam-air
1% Steam-alr
14 Air
14 Steam-alr
1% Steam-alr
1% Steam-air
14 Steam-air
14 Steam-air
15 Alr
15 Stesm-air
15 Steam-alr
15 Steam-air
28 Steam-air
28 Steam-air
28 Steam-air
28 Steam-air
28 Steam-air
28 Steam-air
28 Air
20 Steam-air
20 Steam-air
20 Steam-air
20 Steam-air
20 Steam-air
20 Steam-air
20 Steam-air
28 Steam-air
20 Steam-alr
20 Steam-air
20 Steam-air
20 Steam-alr
20 Steam-alir
20 Steam-air
28 Air
28 Stesm-alr
T Steam-alrp
T Steam-air
17 Steam-gir
i7 Alr

Efficiency Bed Loading
mg Iz/g carbon Notes

99.95 1.3 (1,2)
99.92 0.9 {1,2)
99.99 .8 (1,2)
99.89 0.6 (1,2}
99.99+ 0.5 (1,3)
99.98 0.5 {3,2)
99.98 0.4 {1,4%)
$9.98 0.4 {1,5)
99.9%+ 1.6 {1,2}
99.99+ 1.2 {1,2}
99.99%+ 1.2 {1,2)
99.99+ 0.6 {2,15)
99.97 0.4 (1,2)
99.96 0.3 {2,15)
99.98 0.6 {2,15)
99.92 0.4 (2,15)
99.98 0.5 (2,15)
99.98 0.5 (2,15)
99.98 0.7 (z,15)
99.97 0.4 (1,2)
99.99+ 0.5 (1,8)
99.99+ 0.5 (7,2)
99.99+ 0.6 (8,2)
99.99 0.6 (9,2)
99.94 0.6 (10,2)
95.99 0.6 (11,2)
95.96 0.5
99,99+ 0.6 {1,2)
99.89 0.7 (8,2)
99.60 0.4 (8,2,12)
99.93 0.6 (8y2,13,14)
95.96 0.6 (1,2)
99.92 0.6 {10,2)
99.99+ 0.7 (2,15)
95.98 0.5 (2,15)
99.39 0.6 (1,2)
99.99+ 0.7 {1,2)
99.98 05 (1,2}
99.59+ 0.9 (2,15)

(1) Test bed was packed with 3 layers of carbon taken frem the front, middle, and back

of the 1-in.-thick layer in the full-slze
Carbon was not dried
Carbon was dried for
Carbon was dried for

Test bed
Test bved
Tast bed
Test bed

E o e e e

)
)
)
)
)
) Test bed
)
)
)
)

HowoxlowmFwn

—
[

{(12) Carbon removed from

bed.

Conditions for air test:

Duration of test:
Face velocity:

Iactopie dilution:

Carborn was

was
was3
was
was
was

dried for

packed
packed
packed
packed
packed

20 hr at 95°C and 70
24 hr at 95°C and 70
Carbon was dried for 24 hr at 65°C and 70
16 hr at 65°C and 70

with
with
with
with
with

2-1/2 - 3 hr

70 £t/min
Temperature at test bed:

bed.

fom alr flow,
fpm air flew.
fpm ajir flow.
fpm alr flow.

carbon from the front 1/2" of full-size carbon bed.
carbon from the front 1/8" of full-size carbon bed.
carbon from the back 1/2" of full-size carbon bed.
carbon from the center 1/3" of full-size carbon bed.
carbon from the bvack 1/8" of full-size carbon bed.
full-size bed 1 wk after cerbon removed for test No. 141.
{13} Carbon for teats No, 143 and 1#4 identical.
{14) carbon was dried for 16 hr at 95°C and 70 fpm air flow,

(15) Test bed was packed with a thorcughly mixed carbon sample removed from full-size

Conditions for steam-air test:

35°C (95°F)
1.6 mC1, **'I per 100 mg '*7I

V-5

Duration of test: 2-1/2 - 3 nr
Face velocity: 70 ft/min
Steam flow: 1 £t°/min
Temperature of teat bed:
Isctoplie dilution:

68°¢ {155°F)
1.5 mCl *®'I per 100 mg **71L




VI. EXPERIMENTAL AND DEVELOPMENT PROGRAM
A. NONDESTRUCTIVE LEAK TEST OF CARBON BEDS

The efficiency of installed beds of carbon is determined by
a combination of two tests: 1) a nondestructive test to measure
the magnitude ¢f leaks past the carben in the entire bank of beds,
and 2) a destructive test of representative samples of the carbon
to ensure that the carbon has a high efficiency for adscorption of
iodine. The nondestructive leak tests are described in this sec-
tion and the destructive lodine tests are described in Section VI,B.

1. "Freon-12"" Leak Tests before Installation of Carbon Beds

The carbon beds of the SRP activity confinement system were
degigned to remove 99.9+% of elementsal iodine vapor. To achieve
this high efficiency, the units were carefully designed and tested,
as discussed in previous sections of this report. After manufac-
ture of the carbon bed unit and before installation in the con-
finement system, evaluation of the units for absence of leak paths
was desired. A nondestructive test was developed by srL{*1) to
detect leaks caused by settling or voids in the carbon beds.
"Freon-12" was used as a tracer to detect any leak paths,

The "FP-12" leak test was used to evaluate over 800 new carbon
beds before installation in the confinement systems. The average
leakage flow for all the beds was less than 0.01%. Only one bed
had a leak greater than 0,1%; inspection showed that the carbon
had either settled during shipment or was not completely packed
by the manufacturer during the loading operation., Carbon was
added to the bed, and an "P-12" retest showed that the leakage
flow was reduced to less than 0.01%., These "F-12" tests demon-
strated the adequacy of the SRL design of carben beds to prevent
leaks that cculd bypass the carbon and reduce the icdine adsorp-
tion efficiency of the bed to less than 99.9%. The tests showed
that "Freon-12" was satisfactory for new and relatively dry carbon
at alr veloclties to 20 feet per minute,

Measurement of any leaks in a carbon bed required knowledge
of three facts: 1) the concentration of the tracer in the flowing
air upstream of the test bed, 2) the concentration of the tracer
in the fleowing air downstream of the test bed, and 3) assurance
that the carbon at test conditions would remove essentially all
(about $9,99%) of the tracer if all the air flow passed through
the 1l-inch-thick bed of carbon. Therefore, any tracer that by-
passed the carbon bed would be caused by leaks in the bed and/or
around gasket seals. Numerous tests demonstrated that the "F-12"
technique would detect leaks less than 0,01% of the total air flow
through the beds. "F-12" downstream of the bed was measured by an
electron-capture-type detector with a gas chromatograph(ll’.
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"p.12" was readlly desorbed by normal exposure to the exhaust
air flow; however, tests showed that "F-12" adsorbed on the carbon
did not interfere with the lodine adsorption characteristice of
the carbon. The "Freon" compounds offer other desirable charac- i
teristics as a tracer, il.e., they are nontoxic, easy to handle, -
noncorrosive, and readlly avallable,

T T e e e SRR

2. “Freon-112"" In-Place Test of Installed Carbon Beds . .

During the design of the conflnement system, it was recog-
nized that a method of testing the carbon beds in-place would be
required to establish that air flow around gasket seals is Insig-
nificant. Although each carbon bed was evaluated before instsalla- .
tion, gaskets on the carbon beds that seal the units in mounting ce
racks of the compartment could be tested only in-place. The "po12" DR
technique discussed in the preceding section was unsatisfactory : i
for used carbon beds, because impurities and molsture adsorbed on
the carbon from continuous exposure to exhaust gir flow interfered
with "F-12" adsorption.

Because of the above limitations, the Savannah River lLabora-
tory developed a nondestructive test that is generally applicable
for in-place leak testing of installed carbon beds, both new and
used, The limitations on air velocity and sorbed water when
testing new carbon were reduced significantly by substituting the
less volatlle "F-112" (0012F-0012F)‘53:54:55’ for "F-12". This
work is belng sponsored by the AEC Divisicn of Operational Safety.

Techniques for in-place leak testing of a complete bank of
installed carbon beds with "F-112" were developed and demonstra-
ted.!58,57) mests of used carbon beds in five SRP filter com-
partments showed that the average leakage flow (flow that by-
passes the carbon) was less than 0.03% of the total alr flow
through the compartments. Compartments 6 and 5 had leaks of less
than 0.01%; compartments 4, 3, and 2 had leaks of 0.0l, 0.04, and
0.05%, respectively, in C reactor. The results of the tests are
shown in Figure VI-1. 1In compartment 3, an inltial leakage flow
of about 0.2% was reduced to the acceptable value of 0.04%, as
discussed on page IV-%. "F-112" leak testing of carbon beds in
all SRP reactors is in progress.

The average leakage flow for the five banks of carbon beds
corresponds to an average efficiency greater than 99.96% for
removal of elemental iodine vapor, because small-gscale tests {in
which there were no detectable leak paths) showed that the iodine
adsorption efficiency of representative samples of the carbon
from C-reactor was greater than 99.99%. The beds that were
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tested had been exposed continucusly for about 2 years to exhaust
air flow in the confinement system prior to the "F-112" and iodine

tests,

The "F-112" leak test required only one minor modification of
the compartment. A mixer was 1lnstalled downstream of the carbon
beds to adeguately milix the total compartment flow prior to sampling
for "F-112" detection. Adequate mixing was essentlal to prevent
possible channeling of any "F-112" from leak paths adjacent to the
compartment walls, The effectiveness of the mixer was demonstrated
by tests in one of the compartments. The device was removed before
returning the compartment to normal service. A schematic of an
SRP compartment and equipment used for the "F-112" leak test is
shown 1in Figure VI-2.

The in-place "F-112" test requires a minimum knowledge of the
actual conditions in the test system. The precise values of air
flow, "F-112" injection rate, and calibration of the "F-112"
detectors are not required, Only the relative sensitivities of
two detectors for "F-112" are required. Gas chromatographs with
electron-capture-type detectors are used for measuring "F-112"
concentrations in the alr samples. The detectors have a sensi-
tivity of 1 ppb (vol.) for "F-112" in air. Complete details on
the "FP-112" detectors are discussed in References 11 and k6.

New carbon 1s leak tested with "P-112" at air velocities to
70 feet per minute and with sorbed water to about 20%. When
testing used carbon beds in place, alr velocity and sorbed Hp0
are reduced for a quantitative leak test, Used carbon is dried
in place prior to the test by preheating the inlet air (at about |
1/10 normal flow) to about 60°¢C.

Exposure of carbon beds to normal exhaust air flow desorbs
over 95% of the "P-112" in about three weeks; however, tests
showed that at least 4 times the maximum concentration of "F-112"
adsorbed on the carbon does not affect its efficlency for iodine

removal,

The "F-112" test has been standardized for general applilca-
tion for ln-place testing of carbon beds in other reactors in
addition to those at SRp'S%),
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B. IODINE TESTS
1. Small-Scale Tests

Small-scale tests wlth elemental lodine are discussed in
detall in References 8 and 47. A photograph of the equipment 1s
shown in Figure VI-3. Elemental *27I, and tracer *°'I, (prepared
to avoid iodine compound f‘ormation(a)) are deposited on a fritted
glass tube, called a cold finger, and reduced in tenmperature wilth
dry lce to retard sublimation. After the cold finger 1s mounted
in the test apparatus, a small stream of warm alr vaporlzes the
iodine and carries it into a main stream of alr or steam and air.
The material then passes through a molsture separator, partlcu-
late filter, test carbon bed, a second particulate filter, and
three backup carbon beds. Condensate 18 removed at seven loca-
tions. The efficiency of a test carbon bed 1s calculated from
the 1211 disintegrations measured on the test bed compared with
the disintegrations measured on all units downstream.

This equipment currently 1s belng used for continuing tests
of the lodine removal efficiency of SRP carbon beds (47}, for
evaluation of high ignition temperature materials!3®), for deter-
mination of effects of "Freon" on iodine adsorption efficiency!®®’,

and for testing with methyl iodide.

2. Full-Size Tests

A method of determining the i1odine removal efficlency of
full-size carbon beds is being develcped. The primary purpose cf
the experiment ie to correlate the short term "F-112" adsorption
efficiency and the iodine adsorption efficiency of full-slze beds.
The test facllity (Figure VI-4) used for development of the "F-112"
in-place leak test will be used also for the iodine tests. The
proposed test method will use 127I (nonradioactive) as & tracer
to minimize safety hazards and utilize existing facilitles. The
1277 detection method will be activation analysis, as discussed
in Section VI,B,3, of lodine traps lcocated in sample lines upstream
and downstream of the test carbon bed. A gas chromatograph will
be used also to detect any methyl lodide that might be formed.

3. Analytical Techniques

The development of tests for lodine adsorption by full-size
carbon beds requires a sensitive analytical determination for
elemental iodine. Neutron activation analysis offers a rapid,
sensitive method,
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An existing procedure '¢°) will be used to determine iodine
in samples of activated carbon. Sealed capsules contalning known
amountg of HIO,; are embedded in the samples of lodine-containing
carbon that are to be analyzed. The samples are lrradiated for
1 hour at a flux of 2 x 10** n/{em®)(sec)., TIodine is leached from
the carbon with NH,OH-H,Op, separated from interfering radionuclides
by three cycles of oxldatlon-reduction and extractlon into CCl,,
and then precipitated as AgI. The induced '#2I is determined by
gamma pulse helght analysis of the AgI, and iodine in the carbon
is calculated on the basls of comparatlive counting of the lrradi-
ated encapsulated HIOz. The sensitivity 1s 1 microgram I, per 100
grams of carbon.

Any methyl lodide formed during tests of full-size carbon
beds will be detected by an electron capture detector used 1ln con-
Junction with a gas chromatograph., The detector has a sensitivity
of about 0.1 ppb (wt) for methyl iodide in air. Detalls are pre-
gented in References 11, 61, 62, and B63.

C. METHYL IODIDE TESTS

Testing of the efficiency of activated carbon for methyl
iodide is in progress at SRL. The same apparatus (Figure VI-3)
used for small-scale elemental iodine tests 1s being used. Initial
results are shown in Table VI-1.

Tests 178 and 194 confirmed that under dry conditions, the
efficiency of coconut shell activated carbon for methyl lodide is
in the order of 99% and is a functilon of lodine loading.

Tests 196 and 197 are significant because the results indicate
that for the test CHs 1°'I was subjected to both exchange reactions
anid chemical decomposition. Penetrations of the test bed by CHg %I
was not detected. The results confirm the reactions discussed
in Section III,A({Equation 22). About 8 times more 27I, and 12°I;
than 1%1I, would be released during an incident, and the iodine
may be released either in water or a condensing steam atmosphere
that would favor decomposition of CHy *®'I. Further testing with

methyl iodide 1s in progress,
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TABLE VI-1

S8mall-Scale Methyl Iodlde Tfsts of SRP
Activated Carbon!®

loading CHgI, loadling Ip, Efflclency,

No. Material and Quantity mg/g ¢ mg/g C %
178 CHg *°®*I 0.11 mc 0.06 0 93.4
CHs 1271 5.7 mg
194 CHg *®**I 0,002 mc 0.008 0 99.4
CHy *®*"1 0.5 mg
196 CHy *®'I  0.001 me - 1.0 99.99+
CHs 1271 0.5 mg
e 0.24 me
1271, 100 mg
197 CHe *3I  0.0013 mc - 0.8 99.99+

CHs *27I 10.0 mg
31T, 0,13 me
1271, 100 mg

(a) Test medlum: Air - precleaned by passage through a 2-foot-

deep bed of Type 416 carbon.

Face veloclity: 70 feet per minute,

Bed temperature: #0°C,

Test carbon: Barnebey-Cheney, Type 416, activated coconut
shell,

Relative humidity: 10%.

Iodine carrier: 13 milliliters water,

Time of test: 1 hour,
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D. IGNITION TEMPERATURE OF HALOGEN ADSORBERS

The temperature of the units of a filtration-adsorption system
will increase after a majJor accident because of heat generated by
radicactive decay of trapped fission products. The Increase
depends primarily upon:

e Temperature and air flow through the system
e Quantity of trapped fissicn products
e Heat loss from the system

The distribution of the fission products among the unlts and the
heat capacity of the system compeonents wlll also affect the
temperature of individual units, but to a lesser extent than the
above factors. If air flow stops, the carbon beds concelvably
might be heated to the ignition temperature in some confinement
applications,

Studles are being made at SRL on halogen adsorbers to reduce
the probability of 1gnition. (52,84) A standardized procedure 1s
being developed to measure ignitlon, to evaluate new adsorber
materials, and to determine the effects of such varlables as air
flow, particle glze, internal surface area, and catalysts on
ignition temperature. This work is being sponscred by the AEC
Division of Operatiocnal Safety.

1. Literature Survey of Adsorptive Materiols

Published data indicate that the iodine adsorptive properties
of existing types of noncombustible substitutes for activated
carbon are not satisfactory for most reactor confinement applica-
tions., Hence, work at SRL has been concentrated on raising the
ignition temperature of coconut shell activated carbon. Although
coconut shell carbon has a lcwer ignition temperature than carbon
prepared from ceal, the coconut shell carbon is preferred because
it 18 more adsorptive for elemental iodine and is more resistant
to erosion and abrasion.

Published ignition temperatures are inconsistent, apparently
because of variations in the measuring apparatus and procedures.
Conditions that affect the lgnition temperature have been
reviewed (89 )
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2. Small-Scale Ignition Temperature Apporatus

A small-scale apparatus was developed for measuring ignitlon
temperature of carbon beds with dlameters and depths up to 3
inches, as shown 1n Figure VI-5. The 3-inch diameter was chosen
to simulate a full-size bed.

An ignition temperature of 34%0-350°C was measured for a
l-inch-thick by 3-inch-dlameter bed packed with activated carbon
now used in the SRP confinement system (Type 416* coconut shell),
Air veloclty had little effect on the ignitlon temperature. Expo-
sure in the confinement system for 18-25 months increased the
ignition temperature about 60°C. This increase is attributed to
the increased concentration of iodine, chlorine, and phosphorous
in carbon, as shown by mass spectrescoplc analysis. These
materials (products of the combustion of coal in the vicinity)
inhibit the oxldation of carbon and increase the ignition temper-

ature.

An ignition temperature of about 550°C was measured for
Type 592,* a new high temperature coconut shell carbon, packed
in a l-ineh-thick bed. Detailed evaluation cf the icdine adsorp-
tion and the ignition characteristics of this promising new
carbon is in progress at SRL. Preliminary tests indicate that
Type 592 carbon meets SRP specifications ocutlined in Appendix C.
The ignition temperatures of several other commercial carbons
were measured also. Type BPL** (bituminous carbon) ignited at
470°C, and Type PCB** (coconut carbon) ignited at 34%0°C. An
ignition temperature cf 250°C was measured for Whetlerite carbon.

3. lgnition Tests of Full-Size Carbon Bed

The igniticn temperature of carbon was measured in tests at
the Lawrence Radiatlon Laboratory (LRL) in a prototype of the
new SRP bed (described in Reference 47) framed wilth stainless
steel. Figure VI-6 1s a schematic dlagram of the apparatus. The
mesgured ignition temperatures were 340°C for Type 416 carbon at
an alr velocity of 70 ft/min and 530°C for Type 592 carbon at an
air velocity of 105 ft/min. These values are in good agreement
wlth those obtained from the small-scale apparatus.

* Product of Barnebey-Cheney Company.
*# Product of Pittsburgh Activated Carbon Company.
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E. REMOVAL OF IODINE AND NOBLE GASES BY ISOTOPIC EXCHANGE

Experiments at ORNL'®®' showed that carbon impregnated with
iodine, potassium icdide, potassium bromide, or potasslum bromate
removed methyl iodide efficiently from moist alr. Isotople
exchange is the proposed mechanliam for the efficlent removal of
methyl iodide. However, carbon impregnated with potagslum lodide
removed five times more methyl iodide than would be expected by
an exchange mechanism., Furthermore, molecular sieve and alumina
tmpregnated with these salts removed methyl iodide from molst alr
at reduced efficlency. Therefore the mechanism is probably more
complex than simple isotopic exchange.

Isotople exchange of organlc iodides has been described in
the literature(©©,87,88,89,70,71) and has been applied in the
confinement of iodine. The kinetics have been studied in Iiquid
phase for the exchange of n-butyl and n-propyl icdilde wilth zinec
1odide (88): ethyl iodide!®7,©8) and isopropyl lodide‘®®) with
iodine; methyl iodide with silver lodlde7°'; and ethyl iodide
with aluminum triiodide'7*), 1In the work most nearly related to
confinement (871 ©8,88) the exchange proceeded more rapildly with
decreasing iodine concentration. The half-time of the exchange
was predicted to be 5 x 1072 second in 107** mole per liter of
solution but 5 x 10° seconds in 107° mole per liter of solution.
Additional study of the published literature 1s in progress.

The isctople exchange of noble gases with ncoble gas compounds
may have an application for confinement. No work has been re-
ported on this exchange in the literature. 1In preliminary work
at SR, the exchange of xenon with sodium perxenate was teated
at room temperature in a helium atmosphere. No exchange was
detected. '

The planned work on 1lsotoplc exchange at SRL Includes comple-
tion of the literature survey, selection and testing of promising
compoundg for exchange of lodine and noble gases, experiments
designed to clarify the mechanism of the retention of radiocicdine
atoms of methyl icdide on activated carbon, and an englineering
evaluation of the feasibllity of lmpregnating carbon beds wlth
xenon compounds. This work 1s being gponsored by the AEC Dlvision
of Operaticnal Safety.
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FIG. YI-1 "F-112" ADSORPTION EFFICIENCY OF BANKS OF
CARBON BEDS INSTALLED IN C REACTOR. The per
cent of flow bypassing the carbon beds {leak path) equals
100% minus the "'F -112"" absorption efficiency at zere

time.

VI-10




"F-112"

Heater Tube )
Air » — Plant Filter
Flow \‘ Compartment
Exhaqust - 4/
Nozzle T\ Moisture Separators
-~ . .
J FParticulate Filters
. s o
Multipoint Carbon Beds
Sampler ./
b
Y
-+ nF 1] ==
recn
Detectors e Dilution
Air
4

Y

O"
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APPENDIX A

SPECIFICATIONS FOR MOISTURE SEPARATORS FOR
REACTOR CONFINEMENT FACILITIES

I. GENERAL

1.1 DRAWINGS

Fabrication of the moisture separators shall be in accordance
with these specifications and drawing number W-234059, E. I,
du Pont de Nemours & Co.

1.2 APPLICATION

1.2.1

Moisture separators are installed 1in casings that are
erected in a process ventllatlon system to remove en-
trained liquld water particles from steam-air mixtures,
Separator efflciency shall be adequate, about 99%, to
prevent the blinding of a water repellent particulate
filter (described in Appendix B) by 1 to 5 micron
entrained water particles when exposed in series to
the standard steam-sir mixture test described in
Section IIT,

IT. CONSTRUCTION

2,1 SUPPCORT MECHANISM AND CASING

2.1.1

2.1.2

General

The units shall be bullt in accordance with the highest
standards of workmanship and finish and shall be free
from obscure and obviocus flaws,

Materials

2.1.2.1 Casing

Unless otherwise specified on drawing number
W-234059, all material shall be type 304
stainless steel. The support mechanism must
be capable of withstanding a AP of 12 in.
H,C across the separator.

o T ENR R



APPENDIX A (Continued) CE

2.1.,2.2 Separator Material . o

The separator material shall be fabricated from P
"Teflon"* yarn** and stainless steel wire woven o
into & mat. Separator material shall he com-
posed of a number of layers, each approximately .
24 x 24 inches. Minimum and maximum edge com-

pression of the material when installed in the S
case shall be 3/8 and 1/2 inch, respectively,

at each edge. The number of layers of material

used in each nominal 2-lnch-thick unit shall be -
determined by the number of layers necessary to

meet the flow resilstance reguirement. ILayers

shall be held together by 16 gauge (approximate)
stalnless-steel wire for adequate support when
separator is 1n vertical positlon for horl-

zontal air flow.

2.1.2.3 Gasgkets

Flange gasket on the upstream face of the : . f
separator case shall be 1/4% x 3/4 inch neoprene ‘ :
sponge (15-20 durometer). QGaskets shall have
tight-butted Joints at corners and shall be

firmly and continuously cemented to flange with

8 neoprene-base adhesive. Gasket material shall -
maintain its integrity and resililient properties }
when subJected to alr at 120°C (250°F).

2.1.2.% Adhesive ;

The adhesive used for the gasketing shall be o
neoprene base and cured, Tt shall be resilient, :
water resistant, and resistant to & minimum
temperature of 120°C for 8 hours when cured. -
If capable of ignition, 1t shall be self- S
extingulshling and shall meet all operating con-
ditions without change 1n physical properties
and without loss of seal or strength. Adhesive
shall not show cracks, checks, "alligatoring'”,
or separation.

* Registered trademark of E, I. du Pont de Nemours & Co,
** Ypafion" yaran or equal.




3.2

3.3

APPENDIX A (Continued )

ITT. TESTING AND INSPECTION

A1l units shall be inspected by purchaser's representative
for quality of construction and freedom from obvious and
obscure flaws, Particular attention will be directed to the
flow resistance test, 3,2,

Each assembled separator shall exhiblt a resistance to flow
of 0,95 £0.05 inch Hy 0, at an alr flow of 1600 cfm at 22 to
25°C, Each unit shall be individually tested by the
manufacturer.

In additlon to the test described in Section 3.2, the manu-
facturer must conduct a steam-air mixture test (at his own
expense) on one representative separator to qualify under
this specification. The test consists of exposing a dust-
loaded particulate filter {described in Appendix B) (with
the molsture separator upstream) to wet steam flowing at a
maximum rate of 8000 cfm for 30 seconds, following by 10
days continuous exposure to steam-air mlxtures at flows up
to 1000 cfm., Detalls of the equlpment and procedures for
conducting such a test are avallable on request.

IV. MARKING AND SHIPPING

Each unit shall have indellibly stamped on the installation
case the following information:

Model number

Serial number

Resistance to flow

Flow rate and conditions
Materisl run number

o o0 o
e N N e

Each unit shall be indlvldually packed for shipment in
substantial contalners completely enclosing and protecting
the units from physlcal damage during storage and shipping.
They shall be palletized for convenlence and economy in
handling and shipping.

A-3




APPENDIX B

SPECIFICATICNS FOR WATER-REPELIENT PARTICULATE
FILTERS FOR REACTOR CONFINEMENT FACILITIES

I. CONSTRUCTION

1.1 GENERAL

This specification is for high efficiency particulate filters
with & high strength, water-repellent medium. The filters
are used in confinement facilities for removing radiocactive
particles that might be released in the event of a reactor
accident, Under accident conditions, the filters could be
exposed to air at 120°C (250°F); wet steam at 100°C; or
mixtures of steam, alr, and entralned water particles,

Complete filter assembly sghall be of fire-resistant con-
struction for operating temperatures up to 120°C and shall
pass all tests described 1n Section II.

In addition to tests described in Section II, the manu-
facturer must conduct a steam and steam-air mixture test

(at his own expense) on one representative filter to

qualify under thls specification., The test conslists of
exposing & dust loaded filter (with a moisture separator
upstream) to wet steam flowing at & maximum rate of 8000 cfm
for 30 seccnds, followed by 10 days continuous exposure to
steam-air mixtures at flows up to 1000 cfm, Details of the
equipment and procedures for conducting such a test are
avallable on request.

The filter shall be constructed by pleating a contlnuous
sheet of filter medium into closely spaced pleats separsa-
ted by corrugated inserts. Pleated medium and separators
shall be enclosed in a flanged, steel box and fastened at
all boundaries with adhesive sc that under test and rated
conditions gas stream will pass through medium without
bypassing.

Filter shall be assembled in accordance with highest
workmanship standards to provide uniformity of materlals
and construction, finish, cleanllness, and freedom from
obscure or obvious flaws.




APPENDIX B (Continued)

1.2 FRAME

Cadmium-plated 16-gauge steel sheet with double turned
inlet and outlet flanges. Dlmensions, exclusive of geskets,
shall be 24 by 24 by 11-1/2 inches plus or minus 1/16 inch,
and square within 1/8 inch measured diagonally.

1.3 FILTER MEDIUM

Glass-asbestos fibers conteining & minimum of 7% asbestos
fibers, and wilth & minimum thickness of 18 mils. No
substitution allowed,

Filter medium shall contain not more than 5% combustible
matter and shall not contaln holes, cracks, slits, or
other physical imperfections. 1In completed fllter unit
the medium mey not contain more than one splice, All
splicing must be from same lot of filter medium. Splices
must conform in all respects to paragraphe 3.3.2 of
Military Standard MIL-F-51068A and 3.3 of MIL-F-51079.

Medium binder shall conform to Military Standards MIL-F-
51079 and shall withstand & minimum temperature of 120°C
for 8 hours.

Medium shall be treated with a maximum of 1% silicone-base
water-repellent material to achleve wet strength characteristics |
sufficient to pass tests of Sectlons 2.2.5 and 2,3.

Petching of medium not allowed,
1.4 SEPARATORS

Full-hardened aluminum with ©,0015 inch minimum thickness,
Ref: Military Standard MIL-F-51068A.

1.5 ADHESIVE

Neoprene base, cured, Adheslve shall be resilient and water
resistant and shall resist a minimum temperature of 120°C for

8 nours. If capable of ignition, it shall be self-extinguishing
and shell meet all general operating conditions wlthout change
in physical properties and without loss of seal or strength,
Adhesive shall not show cracks, checks, "alligatoring”,

or separsation.




1.6

1.7

2.1

APPENDIX B (Continued)

GASKETS

1/4 ineh thick by 3/4% inch wide, ozone-resistant neoprene,
15-20 durometer, in gasket pleces which shall be die-cut
for dovetall mating. Mating surface of die-cut ends shall
be coated with rubber-based adhesive and interlocked to
present & workmanlike appearance. Gaskets shall be attached
firmly and continucusly to upstream flange surface of frame
wlth adhesive and shall provide & continuous seal around
filter face,

FACE GUARDS

Fabricated from galvanized hardware cloth, 23 gage 4 x 4
mesh, l/ﬁ inch opening, shall be installed on hoth faces
of each fllter, Face guards shall be fltted flat agalnst
aluminum separators but shall not contact filter medium.

IT. TESTING

GENERAL

These tests control quality, reliability, uniformity, and
performance characteristics of fllters procured by this
specification.

Purchaser's representatlve shall witness all factory tests.
The vendor shall notify the purchaser when tests are to be

™an.

Each roll of medium 1s qualified by subJecting representative
samples to tests described in Sectlon 2.2. Acceptable rolls
shall be identifiled with a code legend and cross-referenced

to a document with the following information: (1) date and
results of tenslle tests, (2) serial numbers of filter
assembled from roll of medium, (3) signatures of tester and
witness, (4) medlum manufacturer's name, lot and order numbers,
and (5) any other pertinent background information describing
history of medium, Rolls that do not pass tests shall ke
rejected,

A group of filters shall be assembled from each roll of
medlum that successfully passed tests; each filter shall
be marked with appropriate code legend and serial number,
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APPENDIX B (Continued)

A sample filter shall be selected randomly by purchaser's
representative from each group. Sample filter shall be
destructively tested in accordance with sequence of tests
described in Section 2.3. HResults of these tests shall be
recorded on appropriate document, dated, and zlgned by tester
and witness. This filter may then be discarded. ReJect any
group of filters whose samples fall any tests.

Each unit of remaining groups of filters qualified for
production by passing sequence of tests, shall be subJected

in turn to Flow Resilstance Tests and Penetration Efficlency
Test (DOP), both witnessed, described in Section 2.4,

Reject any units that falil either test, Mark each filter

a8 directed 1n Section 3.3 and pack for shipment in accordance
with Section 3.2.

Test results shall be recorded on appropriate document adjacent
to respective serial number of each fllter, dated, and signed

by tester and witness,

2.2 MEDIUM TENSTLE STRENGTH

2.2,1 Samples of each roll of medium shall be prepared for
each of the followlng wiltness tests. Each test re-
sult shall be the average of three samples selected
across width of the medium at free end of roll.

2.2,2 Filter medium shall exhibit a minimum tensile
strength of 2.5 pounds per inch of width when tested
with tenslle force perpendicular to normal directlon
of fibers in medlum ("Across Machine Direction™).

2,2.3 After a flat fold is made 1n sample perpendlcular
to normal directlon of fibers in medium, sample
shall be subjected to a tensile test parallel with
normel direction of fibers in medium ("With Machine
Direction"); minimum tensile strength shall bhe
1.5 pounds per inch of width,

2.2, 4 Minimum elongation before rupture in both of above
tests shall be 1.0%.

2.2.5 BSoek samples of medlum for 2 hours in room tempera-
' ture water and repeat tests of Section 2.2.2 and
2,2,3, Wet medlum shall exhiblit minimum tensile
strengths of 60% of dry medium readings.
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2.3 SEQUENCE TESTS ON RANDOM SAMPLIE FILTERS

APPENDIX B (Continued)

2.3.1 Molsture Resistance

2.3.2

2.3.3

One random sample filter assembled from each roll of
filter medium shall be exposed to 2000 cfm of wet
steam at 14.7 psls (measured upstream of the filter)
and with water injected about 15 ft upsteam of the
filter, at a rate of 8 1b H,0 per minute.

Water shall be injected with nozzle No. 1/83-68¢ or
1/86G/65Q, manufactured by Spraying Systems Company,
3201 Randolph St., Bellwcod, Illineis., Only unen-
trained moisture shall be drained from test facility
upstream of filter, No devices for removing entrained
moisture or particulate matter from stream, such as
roughing filters, separators, etc,, shall be used 1in
test facility upstream of fillter,

Only one filter shall be tested in test facllity at

any one time. PFilter shall be exposed to these con-
ditions for 15 minutes and AP across fllter obtained
under these conditlions shall not exceed 4 inches H0,

Filters that successfully pass the above test shall
be dried with air between 20 and 25°C.

Flow Reslsastance

Dried samples from the test of Section 2.3.1 shall
be individually tested for alr-flow reslstance in
calibrated, standard DOP test apparatus wilthout
generatlion of DOP aercsol. Inltlal reslstance of
filters (when clean) shall not exceed 1.00 inch Hz0
when passing reted air flow of 1000 cfm,

Dust Capacity

A dust capacity test shall be conducted on sample
filters that passed moisture and flow reslstance
tests of Sections 2.3.1 and 2.3.2. Test shall be
conducted using NBS Standard Dust Loading Test with
NBS Cottrell Precipitate (without linters) while
air is flowing through filter at rated capaclity of
1000 cfm.
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Filter must hold
pefore inltial re
1000 cfm) doubles

s minimum of 4 1b dust per filter,
sistance (1,00 inch Hp0 or less at

2,34 Ultimate Strength

Semple filters that passed dust cepacity test shall
be subjected to a
ted dust still on
pe passed through

ten minutes a AP

n Ultimate Strength Test with deposi-
filter. A gufficient alr flow shall
f1lter to lncrease and maintain for

of 6 inches H0 across filter.

2.3.5 Efficlency-Penetration (DOP).

Vendor must perform an encapsulated-Type

dioctylphthalate

(DOP) test to detect frame,

gasket, or £ilter medlum leakage.

Sample filters that passed Ultimate Strength Test,

gti1ll carrying it
according to Mili
1956.

penetration shall
diameter homogene

2,4 PRODUCTION TESTS

For final acceptance, €&
scceptable (because the

gquelified by passing seq
the followling two tegte:

5.4.1 Flow Resistance T

s load of dust, ghall be tested
tary Standard MIL-STD-282, May 28,

not exceed 0.1% for 0.3-micron
ous particles of dioctylphthalate.

ch filter in the groups that are
sgmple from the group successfully
uence tests 5.3.1-2.3.5) shall pass

est

This test 1s iden
2.3.2.

2,42 Efficlency-Penetr

tical to that described in Section

etion Test (DOP})

This test is l1lden
5.3.5 except that
0.03%. Also filt
flow as well as 1

tical to that described in Section
DOP penetration shall not exceed
ers shall be tested at 20% of rated
00% of rated flow.




3.1

3.2

3.3

ITT, SHIPPING
PACKAGING

Each filter shall be packed for shipment Iin substantial
hardboard or wooden contsiners, completely enclosed wlth
extra protection for both open faces of the cell, Package
shall support and completely protect filter whether handled
in vertical or horizontal position, Container shall be
designed so that it may be opened and cell removed wlthout
damage to container or filter cell, so that contalner may be
reused for shipment to ultimate destinatlon,

PALLETIZING

Containers shall be shipped as individual units without
palletizing or fastening together in any multiple,

MARKTING

Results of test penetration, test resistance, test flow

rate, together with direction of test alr flow, manufacturer's
name, model number, serial number of the fllter cell, and code
legend of roll of medium used in production of cell shall he
reglgtered legibily and indelibly on the top of the frame of
the filter unit. Serial number of unit shall be so reglstered
by machine.

On top of frame opposite serlal number stencil FOR REACTOR
CONFINEMENT USE ONLY. Letters to be 3/4" high.
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APPENDIX C

SPECIFICATICONS FOR ACTIVATED CARBON BEDS
FOR REACTOR CONFINEMENT FACILITIES

I. GENERAL
1.1 DRAWINGS

Fabrication of the actlvated carbon beds shall be in accordance
with these specifications and drawling number ST5-10545

(Figure C-1). Savannah River Plant, E. I. du Pont de Nemours

& Co,

1.2 APPLICATION

1.2,1 Carbon beds are installed in casings that are erected
in process ventilatlion exhaust systems. They are
mounted with pleats horizontal on a vertical holding
frame which is arranged with supporting and clamping
devices so that 100% of the horizontal air stream
flows through the beds.

1,2.2 The carbon beds are used in confinement facllities for
radiocactive lodine vapor that might be released in the
event of a resctor accident, The units are to be con- '
structed with alrtight Jolnts so that all of the alr
contacts the one-inch-thick carbon beds, Sllght by-
passing of the beds, permissible in conventional appll-
cations for cdor control, ls unacceptable for the
subJect carbon units.

1.2.3 The assembled carbon unit, when fully charged wilth
activated carbon, shall pass 1000 sefm of alr with
a pressure drop of about 0.8 in. H,0. The direction
of flow shall be indelibly marked on one of the casing
members that 1s permanently welded to the pleated sec-
tion. Thils side will be designated TOF and so marked
for shipping and lnstallatlon.




2.1 CASING

2.1.1

2.1.3

2.

APPENDIX ¢ (Continued}

II. CONSTRUCTION

General

The units shall be built in accordance with the highest
standards of workmanship and finish and be free from
obscure and obviocus flaws, Welds at flange and gasket
surfaces shall be ground flush., Particular care shall
be taken when installing gaskets that are required to
prevent air from bypassing the carbon beds., BSpacers
shall not be installed within the carbon bed except

as shown on drawing ST5-10545 (Figure C-1).

Alrtight Seals

To prevent alr from bypassing the carbon beds, alrtight
seals shall be provided at all edges of the carbon bed
in contact with the enclosihg casing as follows:

Where the two end legs of the pleated carbon bed join
thelr respectlve casing surfaces, the bed walls shall
not be perforated., They shall be lapped lnto a flange
and spot welded to the casing surface before assembling
gaskets and neoprene sealing pads,

The two slde casing surfaces shall be furnished with
internal neoprene pads that are cemented to the casing
flanges with the specified adhesive. These pads shall
bear Joilntly on the flanged edges of the pleated carbon
bed walls and on the mating casing flanges such that
when assembled and bolted, compression of the pads will
form the required airtight seals.

Materlals

1.3.1 Casing

The casing shall be fabricated of elther type
3041 stainless steel or cold-rolled carbon steel,
whichever 1s speclfied on the purchase order,
Stainless steel should be specifled for use in
areas where NOm or S0, are present, even 1n
trace guantlties.
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2.1.3.2 Gasketing Materigls

Gasket materdsal shall maintain its integrity g i
and resillent propertlies when subjected to air S
at 120°¢ (250°F), The flange gasket shall be C

1/4-inch thick by 3/4%-inch wide, ozone-resistant
necprene sponge (15-20 durometer) of ldentical

material speciflied below for the sealing pads. L
It shall be formed from dle-cut gasket pieces . “é
for dovetail mating. Mating surfaces of dle- " [ﬁ

cut ends -shall be coated wlth the specifiled : }Q'
adhesive and interlocked to form & flawless ‘ i
Joint., Gaskets shall be firmly and con- R
tinuously cemented to the upstream flange T
surface wlth the speclfied adhesive. oo

The sealing pads, cemented to the 24 inch by 1
11-1/2 inch casing flanges, shall be fabricated :
of neoprene sponge 3/8-inch thick. They shall

be completely cemented to the inner surfaces of

their casing pleces with the speclfied adhesive.

2.1.3.3 Adhesive . i H,i

The adhesive used for the gasketing and seallng
pads shall be neoprene base, cured, It shall ’
be resilient, water resistant, and resistant to } A
a minimum temperature of 120°C for 8 hours when S
cured. If capable of ignition, it shall be self- . :}
extingulishing and shall meet &all operating condi- 3 o+
tions without change in physical properties and

without loss of seal or strength. Adhesive shall

not show cracks, checks, "alligatoring", or

separation.

2,1.3,4 PFinish

This sectlon is applicable only to carbon steel
units., Dip 21l subassemblles in phenolic
coating (Tithcoat LC24 or Hanna XB8081, or

equal), air dry, and then subsequently dry
parts in oven. All parts are then sprayed with
at least two coats of moisture-resistant paint
(Reliance 150-HB1-63 or Hanna XB-4357 Epon
Black, or equal) and baked in oven until dried.
{Exception: mask areas which are to be spot
welded of arc welded in subsequent operations.)
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After final assembly of parts, clean and "
neutralize welds, brush-coat bare spots with o
phenclic coating, and then apply at least two

additional coats of moisture resistant paint - i
and bake in oven until dried.

2.2 ADSORBENT MEDTA ‘ -

The adsorbent shall be new activated carbon made from coconut L
shells 1n accordance with the following: S S

2.2,1 Physicael Properties

a., Particle size*: 10-14 range, Tyler mesh size, as
per following distribution:

Mesgh Retention
8 0.1% Maximum
10 10.0% Maximum
14 88.9% Minimum
Through 14 1.0% Maximum .

b. Packing Density: 34 1b/ft® nominal, bone dry R
carbon based on apparent density measurement - %- wah
method (laboratory measurement, 32-36 1b/ft2 R T
"free fali'"), T

c. Charge per unit: 57 1b (actual filled welght .
based on bone dry carbon) minimum weight to be - T
adJusted for water content measured at time of PE
filling units - one test at the beginning of o
the use of each batch and repeated at the
beginning of each day when & batch 1s used that
was held over from the work the preceding day.

*As per methods described in Military Specification, MIL-C-13724A,
dated May 4, 1960,
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d. Flnes: After packing, carbon fines and dust
shall be blown from the unit with compressed
air at a minimum nozzle velocity of 5000 ft/min,
Compressed air supply shell he free of oil, dust,
and other contaminants. Nozzle orifice area shall
be 0.8-in? minimum, Nozzle shall be fishtail-
shaped and arranged sco that the upstream screen
surface of the entire pleated carbon bed,
including the crevice at the apex of each pleat,
can be blown with alr, The direction of flow
shall be the same as the installed air flow as
marked on the top of the unit and specifiled in
Section 1.2.3.

e. Hardness*: 97% minimum,

2,2,2 Chemical Propertieg*¥

a. Iodine number: Minimum of 1050 mg per gram of
carbon.

b. Activity for carbon tetrachloride: 50% by weight,
minimum.

c. Activity, Stendard Accelerated Chloropicrin Test:
50 minutes minimum,

d. Retentivity for carbon tetrachloride: 30% by
welght, miniwmum,

e, Ash content: 4% by welght, maximum,

2,2.3 Loading

The purposgse of this section is to ensure that each
carbon bed i1s packed firmly and with & uniform dis-
tribution of the carbon particles, The hopper used

for loading the carbon unit shall provide a mlnimum

of 3 ft of "free fall" for the carbon granules

(excluding the height of the unit)}, There shall be

at least three dispersal screens or baffles for
scattering the falling granules in this 3 ft "free fall”,

* As per methods described in Military Specification, MIL-C-13724A,
dated May 4, 1960,

**¥For definition of tests, see Adsorption, C. L. Mantell, McGraw-
H1i1l Book Co., New York, N. Y., 2nd Edition, 1951.
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The feed rate of the carbon through the hopper ghall
be as small as practically possible, Other loading
methods are acceptable provided that the new method is
proven %o purchaser's satisfaction to provide equal
or better distribution of the carbon particles
throughout the bed.

During the inltial filling operation, the unit shall
be completely filled but not vibrated. The final
step of the loading operation shall be vibration of
the carbon unit on a packing machine built in
accordance with MIL STD 282, Method 105.9. The
packing machine shell coperate at & frequency of 200
cycles/min with an amplitude of 3/4 inch and with the
lifting cams operated in phase. The carbon unit shall
be vibrated for 1.5 minutes while mounted rigidly

on the packing machine platform, During the complete
time of vibration, the unit must be kept full cof
carbon and 1n addlition, the uppermost layers of carbon
must be subjected to a packlng force equivalent to a
minimum helght of 6 inches of carbon that i1s mailn-
talned above the top carbon layers in the unit, As
an alternative, the packing force may be provided by
a spring loaded device (with & force equivalent to

6 inches of carbon) to force carbon into the unit
while it is vibrated. As stated in Section 4.1, this
operation shall be witnessed by purchaser's
representative,

I1TT. TESTING i

Physlcal and chemical tests gpecified in Sections 2.2.1 and
2.2,2 need not be witnessed by purchaser's representative.
Tests confirming the specified properties shall be performed
by the vendor on a representative gample from each 2000-1b
carbon lot, and the certified results submitted to purchaser,

The carbon must have a high effliciency for the removal of
iodine., The unlts are used in a confinement facillity for
removing radicactlve iodine that might be released during a
reactor lncident. Under incldent conditions, the carbon could
be exposed to alr at 120°C, wet steam at 100°C, or mixtures

of steam and air, In addition to the tests specifled in
Sectlons 2.2.1 and 2,2,2, the vendor shall submit a 5 1b
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representative sample of carbon to the purchaser for testing
of lodine removal effieciency and ignition temperature. This
carbon shall be certified as being representative of that
carbon which the vendor will use in the carbon beds. The
carbon shall remove 99,99+% of the iodine when exposed to a
steam-air mixture at 70°C and flowing at & face veloclty of
70 £t/min and with an iodine loading of 1 mg per gram of
carbon,

The carbon must have an ignition temperature greater than
330°%C {625°F) under the following conditions:

Air velocity: 70 fi/min

Rate of heating: 2-4°C/min

Bed thickness: 1 inch

Bed diameter: 3-1/2 inches with 1/4-inch-wide baffle on
front and back sides

Apparatus: Stainless steel construction

3.3 All units shall be tested for leaks with "Freon"*, or equal,
by the purchaser prior tc installation in the confilnement
gystem, Testing shall be in accordance with that specified
In AEC Research and Development Report, DP-870, "Nondestructive
Test of Carbon Beds fcr Reactor Containment Application,
Frogress Report, June 1962 - December 1963", Those units
which are not acceptable (leaks greater than 0.1% of total
bed flow) shall be returned to the vendor at the vendor's
expense, for repalr.

IV. SHIPPTING

Each carbon unit shall be packed for shipment in substantial con-
tainers completely enclosing and protecting the units from physical
damage during storage and shipping. They shall be palletized for
convenience and ecconomy in handling and shippling, and shall be
stored arid shipped with the TOP side up, as defined in Sectilon
1.2.3. The carbon weight, carbon lot number, and bed serial

number shall be indelibly marked on the casing.

4.1 INSPECTION

All units shall be inspected by purchaser's representative
for gquality construction and freedom from obvious and obscure
flaws, befere, during, and after charging. Particular
attention will be directed to construction details affecting
quality of airtight seals and the loading operation.

*¥ Du Pont's reglstered trademark for its fluorinated hydrocarbons.
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FIG. C-t ASSEMBLY AND SECTIONS OF SRP ACTIVATED CARBON BED FRAME




