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ABSTRACT

A prototype Lxuhly has been built at the Tdaho National Engincering Laboratory (INEL) to dispose
of 130 gal (0.68 m 3 of radioactively contaminated NaK (sodium-potassium) that have been stored on site

for 35 years.

The NaK was used as primary coolant for the Experimental Breeder Reactor T (EBR-1) at

the INEL and was contaminated during a meltdown of the Mark 11 core in November 1955, The Nuk then
was transferred to four containers for (emporary storage. The facility process will react the Nak with
clemental chiorine using a batch process to produce chemically stable sodium chloride and potassium
chloride salts. The first use of the facility will be on a prototype level to verify the method. 1f results are
favorable, the facility will be modified to eventually dispose of the EBR-T NaK., The design and intended

operation of the prototype facility are deseribed.

INTRODUCTION

The Decontamination and Decommissioning (D&D)
Program at the Idaho National Engincering Laboratory
(INEL) has the responsibility for disposing of 180 gal (0.68
o) of radioactively contaminated NaK (sodium-potas-
siur) that have been stored on site for 35 years, The NaK
was used as primary coolant for the Experimental Breeder
Reactor T(EBR-I) at the INEL and was radioactively con-
caminated duringa meltdown of the Mark-II core in Novem-
ber 1955, During the EBR-1 core replacement in 1955, the
Nallwas transferred from the reactor to four containers for
lemporary storage.

'I" 1 L&D project requirement for disposal is to change
the EBR-1NaK from a mixed hazardous waste to 2 radio-
active waste. Chemical engincering analysis and laboratory
testing indicuted that the preferred method to eliminate the
chemically hazardous waste component would be to react
the Nal< with elemental chlorine using a batch process to
produce chemically stable sodium chloride and potassium
chioride salts.

KMechunical engineering personnel were enlisted to de-
sign and head up the fabrication of a facility that would
provide sealed up hardware with respeet to that used in the
Labworatory testing. First use of the facility will be on a
prototype level to verify the proposed NaK/chlorine reac-
tion method, 1 the results of the prototype testing are
favorable, the Nactlity would be further modified to mect the
recuirements of handling the radioactive EBR-T NaK. Any
needed modifications identificd during the prototype test-

dso will be incorporated at that time. The emphasis of
e faclity would then change from that of rescarch and
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development to production for the disposal of the EBR-]
Mark-1I NaK.
The operation of the prototype NaK disposal facility
consists of the following phases:
1. Place a NaK container in the secondiry containment
vessel
2. Remove the NaK from the container, draining it in the
sccondary containment vessel to awuit final processing
3. Using a bateh process, transfer the NaK to the reaction
vessel and react the NaK with chlorine gas
4. Dissolve the reaction products (salt) with water in the
reaction vessel and transfer the saline solution to waste
drums
5. Solidify the saline solution in the waste diums using a
stabilization agent,
PROTOTYPE FACILITY PROCERS
DESCRIPTION
A simplified flow diagram of the prototype process
used to remove the chemical hazard associated with Nal s

shown in Fig. 1.

NuK Container Deseription

The EBR-ENal<is a cutectic mixture of approxinmtely
22% sodium (Na) and 78% potassium (K) .ond has been
stored since 1955 in two stainless steel SS-pai (021 m7) Mine
Safety Appliance (MSA) drums and in tvo carhon steel
containers fubricated from pipe scetions. The two faliri-

cated containers are right (mu] tr g)hmlw
of 10 and 00 gal (3.8 X 107 m? and 0,23 m™),
prpad and an

The four containers were internally
argon cover gas was provided after their il with Nukiin

voith capaciies
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of 'any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights, Reference herein 1o any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



SING NaK

N
)

OR PROCTE

h

FACILITY |

>

<

PROTOTYPL

Dufoe

.

~J¥N AL PIIRIOOSSY PIEZTH [EI1aYD) Y1 2A0Way 0] PIsy) $$22014 2CA101014 JO WEISEIT MO[ T Sy

INEateTLn T sz ..
= L L = —— \ll/(\ = Teszz
S .Uz — 7.
ST eTAnTo TunTTIas T
Seet eSS 22 e oe e ~ =i,
; ey e —
: VAN tmo
PR et 1
" P
: . . - - - p——
STz oz s lzZzTo R -
— )
~_~ I
R L iR Tt -
= T S0 Sar J =i ESaGEE R M :
] T —r
: ~ :
: T EIIST
” 3T M IEHET o~ 1,
; TATwA DT enIoT JTTennT H
! = VoLl T izl Aol - ] H
, Aromems i
! CINZOU S I
i i
: i
i i
! i
! 1
i

[S— -



Dafoc

PROTOTYPE FACILITY FOR PROCESSING NuK

1955, I 1974, the four NaK containers were placed inside
asheet metal dumpster and covered with sand to a depth of
approximately 12 in, (0.30 m) above the containers. The
dumpster and contents have been stored inside an under-
ground bunker since 1974,

A 30-gal ((),!10-1113) MSA drum of nonradioactive NaK
will be used to simulate a radioactive NaK containcr for the
prototype process phase.

Reaction Vessel, Secondary Containment Vessel, and
Associated MHardware

Figure 2 provides an clevation view of the reaction
vessel, secondary containment vessel, and associated hard-
ware that will be used to process the NaK. The vessels were
fabricated using 36-in, (0.91-m) stdnddrd plpmg compo-
nents, ¢.g. pipe caps, 1/2-in, (1.3 x 10° -m) wall pipe, 150-1b
weld neck anges, and 150-1b blind flanges. They were
designed and analyzed to comply with American Socicty of
Mechanical Engineers (ASME) Section VIIT Division 1
requirements and were qualified after fabrication using
magnetic Imrlmlp mxpcumn and pncumatically tested to
1259 (125 psw or 8 6 x 10° n/m%) of design pressure (100
psig or 6.9 x 10° n/m” )

Specially designed stands support the vessels in cradle
fashion and provide a three point attachment for lifting
purposcs, Three Nt arms extend from the cradle portion of
the stand and are used for attachment to three 10-ft (3.1-m)
wire ropes which in turn are attached to a lift fixture, The
attachment points on the lift arms arc above the center of
pravity of the vessels to prevent tip over durmb movement,
The lift fixture is made from 1/2-in. (1.3 x 10° m) thick plate
with one lilt car on top for the crance hook and three lift cars
on the bottom, The lift fixture also is used for removal and
installation of the reaction vessel blind {lange. Installation
and removal of the sccondary containment vessel blind
[Tange is accomplished using a chain that is permanently
attached to the drum penctration equipment support struc-
ture which is permanently attached to the secondary con-
tainment vesse! blind fange

When not on the vessels, the vessel blind flanges are
stored onstands at an clevated position. The elevated posi-
tion provides protection for and access to hardware located
on the underside of the [Tanges.

Mounted to the top of the secondary conlainment ves-
sel blind flanpe is a task specific drill press mechanism
called the drum penetration cquipment. The function of this
cquipmend is to drill holes vertically through the tops and
bottoms of the NaK containers while the containers are in
the contiolled internal atmosphere of the sccondary con-
tabnmenl vesael.

Three different clectric motors are used 1o opcralclhc
drum penctration cquipment. The first motor s the drill
maotor and attaches to a 72-in, (1.8-m)-long drill shaft. This

drill m()(m sits ona platform that translates on two 1-172-in.
(3.8x 10"2-m) steel ways. A slow-drive motor and a fast-drive
motor are mounted on the drum penctration equipment
support structure, These motors, independently but
through a common T-in. Acme threaded lead serevy, move
the drill motor up and down through its 48-in. (1.2-m) travel.
The change [rom one drive motor to the other is accom-
plished by removing or installing a connceeting collar to the
slow-drive-motor outpuf shaft. When the u)llm is installed,
the slow-drive motor is functional and the fust-diive motor
is turncd al the same rate as the slow-drive motor, The
slow-drive motor moves the drill motor at arate of 1in, (2.5
x 102 m) every Sminutes. This rate is used during the actual
drilling operation. The fast-drive motor drives the Acme
lead screw using a chain and a sprocket mounted on the
Acme screw below the connecting collar, This motor moves
the drill motor at a rate of 10 in, (0.25 m) every minute and
is used for quicker positioning than is possible with the
slow-drive motor.

A unique alignment bracket for cach NaK container
serves Lo position the container in the sccondary contain-
ment vessel and keep it from rotating during the drum
drilling operation. Only the 30-gal (0.11-m) NaK container
will be used during the prototype phase.

Mounted on top of the reaction vessel blind (lange are
the NuK metering cylinder, the chlorine injection tubing
drive mechanism and the ultrasonic level detection instru-
mcnl The NaK metering eylinder is made from 4-in. (0.10-
m) pipe und %lpb caps and has an internal volume of 1/2 pol
(1.9 x 103 m ). 1Cis used to measure the amount of NaK
transferred into the reaction vessel. The drive mechanism
provides a means for moving the injection tubing up and
down inside the reaction vessel to accommodate the (.Imngj
ing levels of NaK and reaction product. The ultrasonic level
instrument is used o indireetly determine the level of prod-
uct in the reaction vessel, thereby avoiding placement of a
sensor directly in the harsh environment caused by the
reactions in the vessel.

Clamped to the outside of both the reaction vessel and
the seccondary containment vessel are clectric band heaters,
These heaters are used during various process steps when
the temperatures inside the vesse!s must be clevated.

NaK Removal From the Containers

After the NaK container has been placed in the sccond-
ary containment vessel, the sccondary containment vessel
blind flange is installed using spiral-wound metal gaskets.
This will complete the pressure boundary protection be-
tween the NaK container and the atmosphere.

Prior to the drilling operation, u purge of the air in the
sccondary containment vessel is performed using nitrogen
gas drawn from a liquid nitrogen tank located jut outside

773
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PROTOTYPE FACILITY FOR PROCESSING Nak

the llluhly After purging, a vacuum of 20 in, Hy, (6.7 x 107
n/m) is drawn on the vessel, This provides a differential
pressure that keeps potential leakage Howing into the vesscel
and nol out to the atmosphere.

With uninert atmosphere in the secondary containment
vessel, a hole s then drilled through the top of the NaK
container using the drum penctration equipment. After the
top hole is made, the drum penctration equipment connect-
ing coltar will be removed and the fast-drive motor will be
U‘;Ld to ])Lm ion the dr utn penetration equipment diill head
to about 2 in, (5.1 x 1072 m) above the bottom of the NaK
container. The connecting collar will then be reinstalied and
the bottom hole drilled in the NaK container, The Nak will
then flow from the Nal container into the lower portion of
the secondary containment vessel. The secondary conlain-
ment vessel was designed Lo be intrinsically safe in contain-
ing the NaK prior to processing because there are no leak
paths in the lower portion of the vessel.

Nalk Transfer to the Reaction Vessel

The NaK/chlorine reaction occurs in the reaction ves-
sel. The dynamics of the NaK/chlorine reaction and the
system configuration limit the amount of NaK that can be
reactedin the reaction vessel at any onetime, The maximum
amount of NalC that can be reacted per eyele will be deter-
mined during this prototype testing. For protection against
the NaK/chlorine reaction, the reaction vessel is lined with
4in. (0,10 m) of high alumina refractory. The cap portion of
the vessel is filled with the refractory forming a horizontal
flat surface at the bottom of the vessel,

Prior (o mllinl) Nalin the reaction vessel, a nilrogcn
purge of the air in the vmd is puformud After purging, a
vacuum of 20in. Hg (6. 7x10% n/m* )m drawn on the metering
cylinder and the reaction vessel. The swondary umtdm-
ment vessel is then pressurized to 10 psig (69 x 10" n/m )
pushing the Nall through the 1/2-in, (1.3 x 10 -m) transfer
line to the metering eylinder inlet valve. The valve is opencd
and the NaKK ﬂuwx mqlo the metering eylinder equalizing at
10 psig (6.9 x 10T v/m?). A liquid level indicator is mounted
n (hu me tering ()hndc r and is activated when 1/2-gal (1.9 x
10w ) of NaK is inthe metering eylinder, The melering
eylinder inlet valve is closed and the outlet valve is opened
allowing the Na to flow into the reaction vessel, The size
of the metering eylinder limits the amount of Nd}\ llld[ can
e trane ’Lnul (1[ once time to 1/2-gal (1.9 x 102 m?). A 172
pal (1.9% 10 e ) of Nul\ in the reaction vessel will form a
layer 1/5 in (5.1 5 10 > m) deep.

Two lwluul chlorine eylinders are connected to two
350-gal (1.3-m”) chlorine gas tanks, Tubing from the gas
tanes passes through ascaled housing moum(,d in the center
of the reaction vessel blind flange. Inside the reaction vessel,

the main chlorine delivery tube branches into four cqually
spaced delivery tubes, The delivery tubes can be moved up
or down to position the chlorine exit point at the desired
position above the surface of the NaK, Prior to 4 reaction
ceycle, chlorine will be vdp(m/ul hom the 11(1md cylinders
into the gas tanks (o 40 psig (2.8 X 10° n/m* )

NaK/Clilorine Reaction Operations

The NaK/chlorine reaction is initiated by blowing down
chlorine gas from the gas tanks to the reaction vessel. The

- chlorine gas passing through the delivery tubes is direeted

very closely to the surface of the NaKin the reaction vessel.
After cach reaction cycle, a small amount of chlorine gas
will remain in the reaction vessel, This gas will be purged
from the reaction vessel using nitrogen gas. The purped
chlorine gas is sent through a scrubber vessel filled with a
solution of 30% sodium hydroxide in water. The reaction
between the chlorine and sodium hydroxide provides a
means ol preventing chlorine gas from escaping to the
atmosphere. The serubber vessel is made from 12-in.(0.31-
m) pipe and is 10 {t (3.1 m) long. Column packing in the
scrubber vessel is used to increase the residence time the
chlorine is in the scrubber vessel thus ensuring a complete
rcaction of the chlorine with the sodium hydroxide The
chlorine/nitrogen gas enters the serubber vessel from the
bottom and bubbles up to the top and exits through the olf
gas system, The off gas system includes a HEPA filier bank
through which all process gas cffluent passes belore exiting
the facility through the off gas stack. Although the HEPA
filters are not required during the prototype phase for
radioactive contamination control, their interaction with
the rest of the equipment requires their presence,

The products of the NaK/chlorine reaction form a salt
layer in the bottom of the reaction vessel. Subsequent reac-
tions will take place on the previously formed salt Layers,
The metering/reaction process continues until all the NaK
that will transfer from the sccondary containment vessel to
the reaction vessel has been reacted.

Steam/Nitrogen Operations

Residual NalK remaining in the seeondary containment
vessel and the empty NaK container is removed using a
steam/nitrogen process. Steam is generated using an clec-
tric stcam generator capable of producing between 2 and 8
b (0.91 and 3.6 Kg) of stcam an hour. The steam, at a
controlled rate, is injected into a heated nitrogen gas stream
that carrics it to the secondary containment vessel. Through
the use of the band heaters, the secondary containment
vessel internal temperature is raised (o at least 250°F
(121°C) to prevent steam condensation. The nitrogen is
heated using a 3 kW-rated Jow through heater.

The steam reacts with Nak producing hydrogen pas
and sodium hydroxide. The nitrogen gas stream that deliv-



Dafoe

ered the steam to the secondary containment vessel is used
to carry away the hydrogen gas through the off-gas system,
A hydrogen gas analyzer samples the off-gas stream and
determines the amount ol hydrogen present. Project per-
sonnel can use this information (o help determine steam
rates and determine when the NaK/steam reactions have
been completed, After steam cleaning, the secondary con-
tainment vessel will be {illed with demineralized water. The
waler will react with any small amounts of residual NaK and
ensure that no Nal< remains in the secondary containment
vesselar the empty NalK container, A diaphragm pump can
be used Lo cireulate the water in the secondary containment
vessel or nitrogen gas could be bubbled into the sccondary
containnient vessel o agitate the waler to ensure that any
residual NaK left in any crevices is contacted by water.,

Sult Dissolution Operations

- To meet the linal waste disposal criteria, itis nceessary
to certifly that no'NaK remains imbedded in the salt layers
formed in the reaction vessel. To accomplish this, the weak
hydroxide solution in the sccondary containment vesscl
generated from the steam/water cleaning phase is trans-
ferred to the reaction vessel through the NaK transfer line
and the metering eylinder reacting with any residual NaK
encountered on the way. The weak hydroxide solution and
subsequently added water will dissolve the salt in the reac-
tion vessel and react with any NaK that may have been
trapped in the salt layers, During this eatire phase, nitrogen
gas is owing through the reaction vessel to carry off any
hydrogen generated if the waler reacts with any NaK, The
hydrogen gas analyzer is used to delermine if any NaK is
found in the salt fayers. During this phasc it is possible to
increase the dissolulion rate by agitating the water/saline
solution using the recireulation pump or by bubbling nitro-
gen gas through the solution. Because of the limited reac-
tion-vessel volume and the amount of waler required to
dissolve the sally the dissolution process incorporates the
bateh method,

The waste acceptance criteria al the radivactive waste
[acility where the waste drums will be stored requires that
no free liquid exists in a waste drum. This requires that the
saline solution produced in the reaction vessel be mixed
with a stabilization agent in the waslte drums prior to ship-
ment from the NaK processing facilily,

Transfer of the suline solution to waste drums is made
alter the solution reaches a salinity of between 75 and %0%.
The reaction vessel is pressurized to 10 psig (6.9 x 103 n/m?)
using nitrogen gas and the saline solution is transferred to
S5-pal (0.21-m7) waste drums. This operation is done one
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drum at atime, A feed hopper mounted on a modilicd waste
drum lid is used to meter a given amount of stubilization
agent at a predetermined rate. The hopper filled with sta-
bilization agent (emporarily is placed on a waste drum,
Alter a predetermined amount of saline solution is added
to the waste drum, the stabilization agent is added, No post
mixing is required in the waste drum,

Equipment Dry Out Operations

After all the waste liquids have been removed from the
reaction vessel, the sccondary containment vessel, the NaK
metering cylinder, and the interconncecting tubing, these
components arc dried out. This is a requircment prior to
processing cach EBR-1 NaK container and prior to disposal
of the equipment after all processing has been completed,
The band heaters on the vessels and heat tape on the
remaining components are the source of heat used to boil
off any residual liquids, A nitrogen gas flow through the
various components is used to aid in carrying ofl the vapors,
The cffluent from this process also is filtered out through
the off gas system,

SUMDMARY

This paper has described a prototype facility that has
been built at the INEL to react NaK with chlorine. Radio-
active Nalis considered to be a mixed hazardous waste and
as stch cannot be disposed of at current radioactive waste
storage sites. The reacting of NaK with chlorine would
remove the chemical hazard and render the gencrated salts
as radioactive waste only. The salts could then be stored at
designated radioactive waste storage arcas. The prototype
facility will be used to react nonradioactive NaK with chlo-
rinc to determineifthe proposed reaction methodis aviable
process that can be used to dispose of the 180 gal (0.68 m3)
of highly radivactive EBR-1 NaK. The prototype facility is
task specific to the EBR-T1 NaK disposal. '
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