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MSRE DESIGN AND OPERATIONS REPORT

Part VII .

FUEL HANDLING AND PROCESSING PLANT

R. B. Lindauer
1. INTRODUCTION

This revision covers changes in equipment and in operating plans
over the paét 3 years as a result of the following:
(l) Experience during'Hg-HF treatment of flush salt-in‘April ,
. 1965. (Ref. 1)
(2) Use of fuel salt containing 230 kg of 33% enrlched uranium
instead of 60 kg of 93% enriched uranlum j
(3) Thg dec131on to process fuel salt after 30 .days instead of .
90 days decay. ' | -
(4) Volatilization of noble metdl fission products (Mo, Te, Ru, etc.)
/ ‘from the salt during reactor operation. \
(5) The decision to filter the salf after fluorination before re-
turning it to the reactor system.
Also, at the request of the Radiochemical Plants Committee, more
detailed information is provided on the maximum credible accident, moni-

tors and alarms and emergency or back-up services.

2. PROCESS DESCRIPTION

2.1 Ho-HF Treatment for Oxide Removal

2.1.1 Summary

Moisture or oxygen inleakage into thé reactor salt system or use of
helium cover gaslcontaining moisture or oxyéen could cause oxide accumu-
lation in the salt and, éventual;y,.precipitation of solids. In the flush
or coolant salts, the precipitatéd_solid would be BeO, which has a solu-
bility of approximdtély 290 ppm at l200°F’(see Fig. 2.1). Zircbnium
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tetrafluoride/was added to the fuel salt as an oxygen getter to pfevent
small amounts of oxygen from causing uranium precipitation. If the flush
salt is contaminated with fuel‘salt up to approximately 0.0l mole of zir-
conium per kg of salt (~ l%'fuei in flush salt), there would be insuf-
ficient zirconium present to exceed the solubility of ZrOzlét 1112°F,

and any precipitate would be BeO. Above this ziréonium concentration;
exceeding the'SOlubility limit would cause ZrOz precipitation. When
sufficient Zrbg has precipitated to reducé the Zr:U ratio to ~ 5, co-

~ precipitation of ZrOz and UOz will occur. The effect of 3% contamination
of the flush salt with fuel salt is shown in Fig. 2.1.

Oxides will be removed by treating the fuel or flush salt in the
fuel storage tank (see Fig. 2.2) with a mixture of Hz and HF gas. In
Jthe ‘treatment- process, HF will reaét with the oxide to form the fluoride
and water, the water will be evolved along with the hydrogen and excess
HF. The Hp will prevent excessive corrosion of the INOR-8 structural
material by maintaining a reducing condition iﬁ the‘salt. The gases will
pass through an NaF bed for decontamination before monitoring for water
determination. The gas stream will then pass through a caustic scrubber
for neutralization of the HF. The hydrogen will go to the offgas system.
The treatment will be termlnated when water 1s no longer detected in the

offgas stream, A final sparglng with helium will remove dlssolved HF.

2.1.2 Hydrofluorination

i Hydrogen fluoride will be. cbtained in 100-1b cylinders. One cylinder
will provide sufficient HF for 92 hr of processing at a flow rate of
9 liters/min (Hz:HF = 10:1). The HF cylinder will be partially submerged
in a water bath heated with low-pressure steam to provide sufficient
. pressure for thg required flow rate. "Sincé heating of the cyliﬁders.
above 125°F is hot recommended, there is a pressure alarm'on the exit
gas set at 22 psig. The HF gas‘will pass through an electric heater to
raise the temperature above 180°F and reduce the molecular weight to 20
fbr accurate flow metering. The hydrogen flow will be started before the
HF flow to minimize corrosion. The hjdrogen flow rate will be set at
the rotameter at the gas supply station west of the building. The hydro-
gen fluoride flow rate will be regulated by the controller on the
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Figure 2.2. MSRE Fuel-Processing System.
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panelboard in the high-bay area. The salt backup prevention valve must
be closed with the manual switch until flow is started at which time the
differential pressure sw1tch will maintain the valve in the closed po-
s1tlon unless the tank pressure exceeds the Ho-HF pressure.

The offgas stream leaving the fuel storage tank w1ll consist of hy-
drogen, water, excess hydrogen fluoride, and hellum Volatilization of-
fission and corrosion products is expected to be much lower than durlng
fluorlnatlon because of the reduclng effect of the hydrogen Fission
products that are partially volatllized as fluorides during fluorination,
1such as ruthenlum, niobium, and antimony, are expected to exist in the |
.metalllc state. Any chromlum 1n the salt from corr051on is expected to
be in the nonvolatlle +2 or +3 valence state The offgas stream will
'pass through -a heated line to the NaF trap. - The line will be heated to
200°F toaprevent condensation of'Hgo-HF. $ o

The salt temperature is not critical-during Ho-HF treatment since
corros1on and f1SS1on product volatilization are not 1mportant For
rap1d ox1de removal it is necessary that all the oxide 1s 1n solution,
The salt temperature should be adJusted about 50°F higher than that indi-
cated by the oxide analysis and solubllity curves. The temperature
‘should not be maintained hlgher than.necessary since' this lowers the HF
solubility and consequently the HF utilization. ' - '

The hydrogen fluoride and Hz flow will be stopped when no more water’
is detected in the offgas stream. The salt will then be sparged with
helium.to remove dissolved HF and to purge the:system of HF and hydrogen.
The gas stream will be checked for hydrogen before it enters -the offgas

duct by passing a small stream through -a hydrogen monitor. -

2,1.3 NaF Trapping

.A remotely<removable NaF bed is provided in the fuel-processing

: cell to remove small amounts of volatilized fission or corrosion products
from the offgas stream. The trap w1ll be malntalned at 750 F to prevent
adsorption of HF. Since the vapor pressure of HF over NaF is 1 atm at
532°F, the trap could be operated at a somewhat lower temperature but
750°F will be requlred to prevent UFg adsorption during flu0r1nat10n (see

Sect. 2.2. 3), and this temperature was selected for both operations.



2.1.4 Monitoring for Water

The removal of oxides from the salt will be followed by passing a
2 cc/min side stream of the gas‘stream from the NaF‘trap through a
water monitor (See Fig. 2.3). This monitor consists of an NaF trap for
- removal of HF from the sample stream before it is passed through an
electrolytic hygrometer. The part of the monitor through which the
radioactive sample passes is located .in the absorber cubicle for contain-
ment. Integration of the monitor readings indicates the total amount of
oxide removed. |

A more elaborate but less accurate method of determining the oxide
removal by cold-trapping, was installed before the water monitor was de-
veloped. Since the monitor performed very well during the flush salt
-processing, the cold trap serves only as a backup for the monitor and a
qualitative check on the end point.. As ofiginally conceived, several:
~ runs would have been required under steady operating conditions to ob-
tain data for‘éorrélation of cold trap volume with oxide content. Be-
cause of the excellent performance of.the monitor these runs have not
been made. However, the absence of water in the gas stream will be seen
in the cold trap system by the termination of condensation and reduced

heat load on the trép.

2.1.5 Offgas Handling » '

The hydrogen fluoride will be neutralized in a static caustic
scrﬁbber tank. Hydrogen and helium from the scrubber will pass through
an activated-charcoal trap and a flame arrester before entering the cell
ventilation duct. The cell ventilation air will pass through an absolute
filter, located in the spare cell, before going to the main filters and
stack. As mentioned before, little activity is expected in the offgas
stream during Ho-HF treatment. -

 Since the fluorine disposal system will not be. used during Ho-HF
treatment but will still be connected to the scrubber inlet line, the
system must be purged to prevent diffusion and condensation of Hz0-HF in
the disposal system. This will be done by connecting No cylindérs at

the SOz cylinder menifold. As an additional precaution, the SOz preheater
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should be heated, because the stainless steel preheater would be es-

pecially subject to corrosion by the wet HF.

) .
2.1.6 Ligquid Waste Disposal

The caustic scrubbef will be charged with 1300 liters - of 2 M KDH
prepared by dilution of a hé% KOH solﬁtion. Three 115-gal. batches of
E\M (10%) KOH will be prepared in a portable mix tank in the high-bay
area and charged through a line provided with a manual valve and a check
valve. Dilution to 2 M will be required because of the possibility of
gel formation in KF solutions of greater than 2 M.

At 9.1-liters/min HF flow, the KOH will have to be replaced every
L days when. the final concentration is 0.35 M. It will, therefore, be
necessary to jet the KOH solution to the liquid waste taﬁk and replace

it with fresh caustic when a 100-1b HF cylinder has been consumed.

2.2 Uranium Recovery

2.2.1 Summary:
The fuel or flush salt should be allowed to decay as long as possible

befdre.fluorination to minimize the discharge of the volatile fission-
product fluorides that will be formed by the oxidizing action of " the
fluorine. The most important volatile activities afe iodine, tellurium,
niobium, ruthenium, and antimony. However, sait samples during reactor
operation have shown only iodine remaining in the salt in large concen-
trations. .

After decay, the salt batch will be fluorinated in the fuel storage
tank., The offgas containing ﬁFg, excess fluorine, and volatile activity
will pass through a high—temperature NaF trap for decontamination and
chromium removal before absorption on low-temperature NaF absorbers.
Excess fluorine will be reacted with SO> to prevent damage to the Fiber-
glas filters. Before filtration the offgas will be further decontami—
nated by passage through an activated charcoal bed. g '

The absorbers will be'transported to another facility where they will
be desorbed and the UFg cold'trapped and collected in product cylinders.



2.2.2  Fluorination

Uranium will be recovered from the molten salt by sparging with
fluorine to convert the UF, to volafile UFs. The fluorine will be diluted
with an equal volume of helium when fluorine’is detectéd in the offgas
stream to reduce the numbe} of times the fluorine trailer must be changed.'
This should have little effect on the overall processing time, Since
utilization is expected to be low after most of the uranium has been
- volatilized, A total gas flow of about 50 liters/mih should provide good
agitation. The salt sample line will be purged with helium dufing
fluorination to prevent UFg diffusion and will be heated to prevent
condensétion. The temperature of the.melt will be maintained as low as
practical (~ 30 to S0°F above the liquidus of 813°F) to keep corrosion
and fission-product Yolatilization to a minimum. Boiling points of some
volatile fluorides are-listed in Table 2.2, The heaters on the upper
half and top of the tank will not be used during fluorination to reduce
salt entraimment but they will be turned onlafter fluorination to melt

down splatter and condensation.

Table 2.2
Boiling Points of Fluoride Salts

Salt Boiling Temperature

°F
rek %
e X - - 3

IF, , 39 (sublime)
.'MoFg - 95 .
UFs- , 130

TezF1o 138

PuFg ikl

IFs 212

CI‘F5 2)-1-3 .

SbFs 300

MoFs : 440

NbFs LLL

RuFs 518

TeF4 . . ’5)'|'3

SbF= ' 554

CI‘F4 . 567

RuFy 595

ZrF, 1658 (sublime)

CrFs ~2000
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There will'be an initial induction period before evolution of UFg
begins. The extent of this period will depend on the amount of uranium
in the salt and the degree of agitation of the salt. A minimum of
0.5 mole of fluorine per mole of urahium-will be required to convert all
the UF, to UFs. After this, UFg will begin to form and be evolved. At
50 liters/min of fluorine, UFg evolution can begin about 2 hr after the
start of fluorination. Since the vapor space between the salt and the
first absorber is ~ 1300 literé, another 15 min will probably be re-
quired before absorption begins. ,

leatility Pilot Plant data.show_that»essentially no fluorine is
evolved until at leaét 1 mole of fluorine per mole of uranium has been
added or the system has operated 6 hr at 50 liters/min. However, until
more is known about the sparging efficiency and the effect of the fuel.
storage tank geometry and salt compog&ition, ﬁhe fluorine disposal system
wilill be put in operation at the start of fluorine flow with sufficienﬁ
S0z to react with 50 liters of fluorine per.minute.‘ , .

Evolution of UFg will be followed by means of the absorber tempera-
tures. - Fluorine breakthrough should be detectable by temperature rise in
the fluorine reactor. When fluorine  breakthrough is detected, the fluorine
flow will be reduced to one~half and an equal flow of helium will be
started. This will maintain the necessary degree of mixing while pro-

viding sufficient fluorine to prevent the back reactlion
2 UFg —».2 UFs + Fa.

Corrosion can consume‘as mich as 3 liters of fluorine per minute
(0.2 mil/hr). ‘ '

With the 35%‘enriched uranium fuel salt, it will be necessary to
replacé the absorbers three times. Before.this can be done, the salt
must be sparged with helium to remove dissolved UFg and fluorine and to
purge the gas space of UFg. After sparging before absorber changes and
at /the end of fluorination, the salt will be sampled to check on the
uranium removal. V
| It will Dbe necessary tq replace the fluorine trailer every 3—1/2 hr

at a fluorine flow rate of 50 liters/min or every 7 hr with one-half flow.

L1}
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There is sufficient space at the gas supply station to have only one
trailer connected at a time.. Additional trailers will bé at thé site,
hqwevér, so downfime should not be long. ‘

| Corrosion wi;i be much more severe under the strongly oxidizing con-
diﬁions of fluorination than during the Ho-HF treatment. A corrosion
rate of O.S'mil/hr was experienced in the Volatility Pilot Plant in a
nickel vessel. - Flﬁorination of the high-uranium-content salt (fuel salt C)
may take as long as 50 hr, but recovery of small amounts of uranium from
the flush salt should require much less time. A 50-hr fluorination would
cause an average corrosion of approximately 3% of the fuel storage fank
wall at 0.2 mil/hr. Corrosion of the fuel storage tank may be less than
in the VPP because of the smaller surface—td-volume ratio, the use of
dilute fluorine, and the lower fluorination température;Valso corrosion

tests indicate that INOR-8 may be more corrosion resistant than nickel,

2.2.3 NaF Trapping

The NaF bed will be important during fluorination for uranium re-
covery because of the greater volatilization of fission aﬁd corrosion
products than during oxide removal. The bed will again be maintained at
T50°F, which is above the décomposition température of the UFg-2NaF -
cdmplex (702°F -at 1000 mm). Any volatilized PuFg will absorb on the NaF
and provide separation from.the uranium. Sodium fluoride at 750°F.will
remove essentially all of the niobium and ruthenium from the fluorinator
offgas stream, and these will be the principal activities that could cause
product contamination. More iodine will volétize but ﬁill not absorb on
hot 6r cold NaF. Eséentially all the chromium fluoride will be absorbed.
Chromium’is troublesome notjonlj because of the gamma activity of the ‘
S10r formed by neutron activation but also because of the inactive
chromium that will collect in valves and small lines and cause plugging
and seat leakage. All piping to and from the NaF bed must be heated to
-abo#e 200°F.to prevent UFg cohdensation. >Table‘2.3 shows the. expected

behavior of the volatile fluorides on NaF.
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Table 2.3

Fluoride Absorption on NaF -

Absorption Absorption
at TS0°F - at 200°F
Fluoride (NaF Trap)’ (UFg Absorbers)

Todine No No
Tellurium No A No
Molybdenum v No -Partial breakthrough
Uranium No Yes ‘
Neptunium No Yes
Technetium No v Yes
Zirconium Yes Less than at 750°F
Niobium - Yes Less than at 750°F
Antimony Yes - Less than at T50°F
Ruthenium Yes Less than at T750°F
Plutonium Yes Less than at 750°F
Chromium Yes Less than at T50°F

2.2.4 UFg Absorption

The decdntaminated_UFs gas from the 750°F NaF bed will flow to five
NaF absorbers in‘series, which are located in a sealed cubicle in the
high-bay area. These absorbers wiil be cooled with air, as required, to
prevént uranium losé. At 300°F the vapor pressure of UFg over the
UFg+2NaF complex will be 0.1 mm, and uranium losses will be significant
(2.4 g of U per hour with a flon of 50 liters/min). The capacity of NaF
for UFg varies inversely with the temperature, since the more rapid re-
action at higher temperatures inhibits penetration of the UFg by sealing
off the external pores with UF612NaF.? To obtain maximum capacity the
cooling air should therefore be tunned on as soon as a temperature rise
is indicated. The absorber temperatures should not exceed 250°F. Aléo,
with low fluorine concentration at elevated temperatures there could be
a réduction of UFg:2NaF to UFs+2NaF, which would remain with the NaF when
the UFg was desorbed from the NaF. The loading of the absorbers can be
followed by bed temperatures, and the air can bevadjusted as required.

The air will be discharged to the cell by a small blower in the cell.
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A portable alpha activity monitor will be used to detect leaks of
UFg in the cubicle., ~In the event of a.leak in the absorber cubicle, the
fluorine flow would be stopped and the cubicle would be purged,wifh air
and opened for repairs. The location of the leék should .be detéctable
elther visually or with an alpha probe. »

When fluorination has been completed,‘the absorbers will be discon-
nected and sent to another facility for desorption and cold trapping of
.the UFg. It will be necessary to stop fluorination when the absorbers.
are loaded and replace the absorbers as noted above., This will require

a complete purging of the system to remove all UFg from the connecting
. piping.

;
r

2.2.5 Excess- Fluorine Disposal

Since an average efficiéncy of less than 25% is.expected during
fluorination, there will be a large'exéess of fluorine. - If this fluorine
were allowed to flow through the offgas filters, damage to the Fiberglas
might result with release‘of any accumulated activity. To prevent this,
the excess fluorine will be reacted with an excess of éOé. Both the 502
and the Fo will be preheated electrically to 300 to LOO°F and then fed
into & Monel reactor wrapped with steam coils. The steam will serve the
dual purpose of keeping the reactor warm to initiate the reaction and of
cooling the reactof after the reacfion is started. The reaction is
stfongly exothefmié and proceéds Smoofhly at 4OO°F. The product is
SOgFé, a relatively inert gas. An activated alumina trap is installed
downstream of the Fg.reactbf for é ‘backup of the SC2 system. This trap
will disposé of ahy unreacted fluorine resulting from insufficient SOz

or other malfunction in the S0z systém.r

2.2.,6 Offgas Handling

The fluorination bffgas stream from the activated alumina trap will
then pass through the.empty‘caustic'scrubber'tank. Thevscrubber tank
,offgas will pass through the activated-charcoal traps for additional
fissioﬁ—product removal before enﬁering the cell ventilation duct just
upstream of the absolute filter in the spare cell. The cell air will then

go to the main filters and be discharged from the 100-ft containment stack.
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3. EQUIPMENT DESCRIPTION

3.1 Plant Layout

The main portion of the fuel-handling and -processing system is in
the fuel-processing éell, immediately north of the drain tank cell in
Building 7503, as shown in Figures 3.1 and 3.2. The gas supply station
is outside the bﬁilding, west of the drain tank cell. The offgas filter,
hydrogen flame arrester, activated-charcoal trap, and waste salt removal
line are in the spare cell east of the fuel-processing cell. The system
will be operated from the high-bay area over the cell, where a small instru-
ment panelboard.is located. Also in the high-bay area are the salt-
charging area, the UFg absorber cubicle the salt sampler for the fuel
storage tank, and an instrument cubicle. The instrument cubicle contains'
the 1nstrument transmltters and check and block valves connected directly
to process equipment, and it is sealed and monitored. Figures 3.3 and
3.4 are photographs of thevfuel-processing cell and the operating ares,

respectively.

3.2 Maintenance

Since corrosion is expected td be very low during Hg;HF treatment
and only four fluorinations are planned, maintenance problems are not ex-
pected to be severe. Thé system, ﬁith a few exceptions, has therefore
been designed for direct maintenance, with savings in cost and complexity
of equipment. The exceptions are the NaF trap, activated alumina trap,
salf filter, and fwo air-operated valves. The NaF trap may become
plugged by volatilized chromium fluoride during fluorination. In this
case it would be moved to one side and a new trap installed. Tt is
therefore flanged into the system and has disconnects for thermocouples
and electrical power. - The alumina trap and salt filter is also flanged
for replacement., The valves have flanges with vertical bolts and dis-
connects for the air lines. The valves, filter and traps are located
under roof plugs sized to pass through the portable maintenance shield.
This shield can also be used for viewing and for external decontaminétion
- of equipment should this be required because of a leak., All heaters in

the cell have duplicate spares installed.

-
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If a serious biping or equipment leak occurs before processing has
been completed, or if'eﬁtrance into the cell is required for other
reasons after irradiated fuel has been processed, aqueous deconfamination
may -be required. The recommended method is described in Report ORNL-2550
(Ref. 3) and consists of (1) barren salt flushes to displace as much as
possible of the irradiated salt, (2) aquéous,ammonium oxalate flushes to
remove the salt film, (3) nitric acid-aluminum nitrate flushes to remove
metallié scale from the surfaces, and (4) sodium hydroxide-hydrogen

peroxide-sodium tartrate flushes for gas line decontamination.

-~ 3.3 In-Cell Equipment

3.3.1 Fuel Storage Tank

The fuel storage tank in which chemical processing will take place is
‘similar to the reactor drain tanks. The tank is shown in Figure 3.5,
and design data are given in Table 3.1.

The height of the storage tank was increased by 30 in. over the
height of the drain and flush tanks to minimize salt carryover due to
sparging during chemical ﬁrbcessing. About 38% freeboard is providéd
above the normal liquid level. .

The tankkis heated by four sets of heaters in the bottom, the lower 7
half, the upper half, and the top of the tank., Fach set of heaters is
controlled sepafately with powerstats. "Every heater has a duplicate in-
stalled spare with leads outside the.éell. The heéters are mounted on a
frame that is supported from the fléor to minimize the tare weight on the
weigh cells, ) _

The tank has two dip tubes, one.fOr gas sparging andlthe other for
charging and discharging salt. The sparge line is a 1l-in. pipe that is
closed at the bottom and has four 1/2-in. holes 90° apart near the bottom.
The salt dip tube lies on the bottom of fhe tank at the center to mini-
mize hoidup (approximately 0.1% of a full batch). ILiguid level is deter-
mined by weighing the tank with two pneumatic weigh cells. The weigh
cell calibration cah be checked by an uitrasonic single,pbint pfobe. When
the tank is not beiﬂg pressurized for éalt transfer, the sparge dip tube
and PAI-694 provide another continuous salt level indicator. Other instru--
ments provided are 13 surface-mouhted thermocouples and a pressure-recorder

alarm.
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Table 3.1
Fuel Storage Tank Design Data

Construction material INOR-8
Height, in. / C , ~ 116 -
Diameter, in, , 50
Wall thickness, in,
Vessel : 1/2
Dished heads o 3/4
Volume at 1250°F, ft> - | )
Total : L 117.5
Fuel (min, normal fill conditions) 73.2
Gas blanket (max, normal fill conditions) Lk, 3
Salt transfer heel, max 0.1
Design temperature °F ’ 4 1300
Design pressure, psig ‘ 50

Heater capacity,-kw‘

Bottom (flat ceramic) 5.8
Lower half (tubular) ' o 11.6
Upper half (tubular) ‘ 5.8
Top (tubular) ' 6
Insulation, in. . . 6

Reference drawings

Tank assembly D-FF-A
Tank support . : E-NN-D
Tank housing E-NN-D-55433
Tank heaters E E-NN-E
Tank heater details . E-NN-E
Thermocouple locations D-HH-B

An interlock is provided that prevents salt backup in the gas sparge
line in case the tank pressure exceeds the sparge-gas pressuré. Another
interlock prevents backup of tank offgas (UFe, HF,\Fg, or fission gases)
into the sample line, which is also connected to the pressurization —
pressure recorder line-in the high-bay area. This is done by closing the
HF-Fo valve if the tank pressure exceeds the helium purge pressure, The

vent valve in the offgas line opens if the tank pressure exceeds the design
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pressure of 50 psi. The tank pressure will alafm above the normal pressure
- of 5 psi to indicate any plugging in the offgas line,. trap, valves, ab-

sorbers, or caustic scrubber,

3.3.2 NaF Trap

The NaF trap will be required mainly during fluorination to provide
additional decontamination of the UFg gas and to remove volatile chromium
fluorides from the gas stream; "A kilogram or more of chromium fluoride
could be volatilized during fluorination, and it would collect in lines
and valves and eventually cause plugging. The trap is shown in Figure 3.6

-and design data are given in Table 3.2.

Table 3.2
NaF Trap Design Data

Construction material Inconel
‘Height, in. - 18
Diasmeter, in. ' ) 20
Wall thickness, in. |

Sides 1/8

Dished heads - - 1/k
Loading, kg of NaF pellets : ‘ 70
‘Design temperature, °F 750
Design pressure, psig _ - 50

Heater capacity, kw

Center ' 2.25

Outer surface 9
Insulation, in. . ‘ " b
Approximate loaded weight, 1b . " 500

Reference drawings

Tank details . D-FF-~
Heater details ' ‘E
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The gas enters on the outside of an internal cylindrical baffle and’
leaves inside the baffle, and thus the gas path is almost 2 ft for a
-12-in. depth éf pellets. Cas velocities are kept below L ft/min to pre-
vent carryover of fines conteining absorbed fission-product . fluorides.

- The trap has thermowells—at the inlet, centef, and exit. Heat is
controlled by separate variacs for the center and the outside of the bed.
Spare heaters are installed. '

Since there is a possibility of plugging of this trap with chromium
during fluorinétion, it is designed for remote replacement, The inlet |
and exit lines are provided with’ring-joint flanges at the trap and some
distance away to permit removal of sections of the lines for ‘access to
the trap. Thermocouple and electrical disconnects are prqvided on the
trap, and a standard .lifting bail is mounted on a strap:ovéf the trap.

Heat generation in the NaF trap at the end of fluorination could be>
as high as 4000 Btu/hr-if all the 9SNb after 30-d decay re@ains in the
. salt during reactor operation and colleéts in the trap during processing.
Of this heat, 1100 Btu/hr will be removed by the process gas stream and
~_2000‘B£u/hr through the insulation with the heaters off. To remove the
remaining 900 Btu/hr and ensure that the exit half of the bed (internalA
annulus) does not exceed 800°F, air cobling is provided .in the center
pipe. A heat transfer coefficient of l:B£ﬁ/hr9ft2-°F wili remove ~
1000 Btu/hr with 8 cfm of air.

The trap will be by-passed if aqueous decontamination is necessary
to permit direct maintenance on cell components. In this case the trap
ﬁill be replaced with a jumper lihe to permit flow of solutiohs through

the entire system.

3.3.3 Cold Trap

The extent of oxide removal from the salt during Ho-HF treatment will
be ‘determined by cold trapping the offgas stream and measuriﬁg the vdlume
of water and HF condensed. The cold trap is shown ih Figure 3.7, and
design data are given in Table 3.3, The inlet end of the trap is in the
northwest corner of the cell and the'trap extendé eastward with a 3°
slope. The inlet and outlet brine connections are reducing tgeé at each -
end of the jacket.
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Table 3.3
Cold Trap and Siphon Pot Design Data . -

Construction material ' Monel )
Cold trap

Maximum vapor velocity, ft/min 1800

Maximum expected heat load, Btu/hr 2500

Heat transfer surface area, t2 2.3
Siphon pot volume, cm” - , ' 55
Brine system 7 )

Brine : Freon-11

Brine flow rate, gpm 5

Brine head, ft (max) _ Lo
Brine Volume, gal (min) 2.5
Reference drawing ‘ ' E-NN-D-55439

3.3.4 Siphon Pot

The condensate from the cold trap coliects in a pot that auto- -
maﬁically siphons when full. The pot is shown in Fig. 3.7, and.design
data are given in Table 3.3. The exit gas passes over a thermowell for
accurate determihation of the offgas temperature. The pot is cooled
by the brine' before the brine enters the cold-trap jacket. The siphon ’
tube has a surface thermocouple outsidé of the thermal insulation to de-

H

tect each siphoning.: , ‘ ' .

3.3.5 Caustic Scrubber

The caustic scrubber is shown in Fig. 3.8, and design data are given
in Table 3.4, The tank is provided with coils enclosed in a heat-transfer
‘medium. During Ho-HF treatment, cooling water wiil be circulated through ’
the coils to remove the heat of HF neﬁtralization. During fluorination, -
the tank will be drained. ' -
The tank is provided with a thermoﬁell, a liquid-level bubbler tube,
and a jet suction line. The used caustic is jetted to the‘liquid—waste -
tank when the molarity has been reduced from 2.0 to approximately

. 0.3 M KOH. A caustic charging line is provided from the high-bay area.
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Table 3.l

- Caustic Scrubber Design Data

Cbnstrucfion material - | Inconel
Height, in. ' 8l
Diameter, in. " he
' Wall thickness, in.
Vessel : l 3/8
Dished heads _ 3/8
Volume, liters'
Total - 1600
Normal A 1300
Design temperature, °F 200 _
Design pressure, psig - - 50
Heat transfer area, ftZ o L5
Iiquid head, psi 2.15
Reference drawing E-FF—C-SShhl

The offgas'from the scrubBer tahk 1s routed to the spare cell where
it passes through an activated-charcoal trap and a flame arrester before
ldischarge into the cell.ventilation duct. The gas should be free of air
or oxygen up to this point, since all purges are made with helium. A
sensitive pressure indicator will show any restriction 1n the offgas 11ne

or flame arrested.

3.3.6 NaF Absorbers

The absorbers for colleéting UFg on NaF pellets are made of carbon
 steel, which is sufficiently resistant to fluorine for the short exposures
\involved. The absorbers will be used for processing only one batch and
will then be discarded_to_the burial ground. The absorbers are shown in
Fig. 3.9 and design data are given in Table 3.5. ‘A bed depth of 10 in.
(24 kg of NaF) will be used. o ,

Fach absorber is mounted in an open top container wifh an air dis;
tributor pipe in the bottom. Cooling air flows around the outside and up
through the open 2-in, center pipé. Air can be controlled separately to

each absorber.
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Table 3.5
NaF Absorber Design Data

Construction material Carbon steel

Height, in, . - 12
Diameter, in. . , -1k
Wall thickness, in.

'Sides Y

Dished heads _ . 3/8
Design temperature, °F ‘ 750
Design pressure, psig ’ 50
Loading, kg of NaF pellets 2L
Bed depth, in. 6 -9
Reference drawings |

Absorber details - D-FF-C-5544T

Absorber container details D-FF-C-55448

B

Fach absorber is provided with a -thermowell immersed in the NaF
pellets'near the gas inlet. Since absorption of UFg to form UFg-:2NaF
. liberates 23.9 kecal per mole, the start of UFg absorption and the break-
through to the succeeding absorber in the train can be followed by ob-
serving the ;émperature fise. ‘

The absorbers are connected with jumper lines having ring-joint
flanges with pigﬁails for local leak detection before éealing fhe cubicle.
The lines in the cubicle all have tubular.heaters to prevent UFg conden-
sation. Norspafes are installed because the cubicle is accessible to the

high-bay area when processing is stopped.

3.3.7 Fluorine Disposal System

The excess fluorine is disposed‘bf by reacting it with SOz to form
S0zF2, which is a relatively inert gas and can be safely passed through
the Fiberglas filters in the offgaslsystem. Designiof the system is
based on the system in use at the Goodyear Atomic Corporation at Ports-
mouth, Ohio., ©Since the gquantity of fluorine to be disposed of is similar,

the same size equipment is used, except for the fduorine preheater. The

)
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fluorine at Portsmouth is diluted to about 10%, while the fluorination
offgas will be'nearly 100% fluorine toward the end of the processing. The
fluorine‘preheater can thereforé be the same size as the SOs preheaier.
Some construction details have been changed to adapt the equipment to
remote radioactive service. |

The equipment.is shown in Fig. 3.10, and the design data for the sys-
tem are given in Table 3.6. Both gas streams are preheated to LOO°F
before contacting in the fluorine reactor. Each preheater has three sepa-
rate heaters with installed spares. Each heater is controlled separately
by an off-on switch. The law-pressure steam coil on the inlet half of the
fluorine reactor supplies heat at the start to initiate the reaction and
acts as a coolant to remove the heat of reaction after the reaction
begins, It is desired to keep the temperature below 1000°F to minimize
- corrosion. '

An activated alumina trap, Fig. 3.11, is installed downstream of the
Fo reactor as mentioned in Section 2.2.5. The trap is installed with
- ring-joint flanges and located in an accessible position to facilitate
replacement in case of plugging. The trap is constructed of 6-in. inconel
pipe and contains ~ 3 ft° of activated alumina, enough to contain 1 '
. trailer of fluorine. Two thermowells are provided near the inlet to indi-
cate fluoriné breakthrough from the SOz system., The flanges are connected

to the leak detector system outside the cell.

3.3.8 Cubicle Exhauster

The air in the absorber cubicle is maintained at a negativé preséure
with respect to the high-bay area by an exhauster located in the fuel-
processing cell, This is an exhauster with a capacity of 250 cfm at
-10.5 in, Hz0. It is driven by a 3/L-hp 3L50-rpm 4Lho-v 3-phase motor.
_The suction side is connected to the cubicle by a L-in. steel pipe routed
through the space west of the cell. The discharge is.open'to the cell
without any connecting piping. A L4-in. plug cock is provided in the
suction line in the cubicle, with an access flange on the cubicle, to

permit closing the valve with the gasketed top in place for leak checking.
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Table 3.6 -
Flucrine Disposal System Design Data

4

" Construction material

SOz preheater - Type 304L stainless steel
F» preheater and reactor Monel
Length, in. .
Preheaters ’ 30
Reactof
. Overall ) 112
Reaction zone , 96

Diameter, in. IPS

Preheaters 2
Reactor o 5
Design fluorine flow, liters/min 100

Design temperature, °F

Preheaters - ' 600
Reactor : 750
Design pressure, psig 50

Heat caﬁacity of heaters on each
' preheater, kw 1.5

Insulation, in.

Ref'erence drawings

SO= preheater D-FF-C-55k445
Fo preheater , : D-FF-C-5544L
.Fo reactor ' : D-FF-C-55442
Preheater heaters E-NN-E-56410

~ The blower is controlled by a manual switch with an interlock to a
solenoid valve in the cooling air supply to the absorbers. This ensures
that the cooling air cannot be turned on inadvertently with the blower

off' and thereby pressurize the cubicle.
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3.4 Out-of-Cell Equipment

3.h.1 Activated-Charcoal Traps

An activated-charcoal trap is located in the offgas line in the spare
cell, The main function of this trap is the removal of iodine from the
offgas stream. The trap consists of two 2-3/8—in.—diam, 10-1/2—in.—long
canisters in series, each with a charcoal depth:of 3/4 in, The canisters
are installed in a flanged»6—in,.Monei pipe so that they can be replaced
if necessary. ZEach canister contains. 1.5 1b of 6-1k mesh.charcoal and is
‘rated to process air at a maximum of 25 ft3/min, ’Each’canister'has an
exposed surface of 1 £t2, The pressure drop through one canister at
25 £t7 /min 1is 0.15-in. Hs0. | '

A deep-bed back-up charcoal trap is installed downstream of the
‘2-canister trap. This second trap contains ~ 3 ft> of. Cheney-T27 1mpreg-
nated charcoal which has a high efficiency for removal of organic iodides
evenbunder conditions of high moisture. This trap is constructed of 6-in.
monel pipe with qonstruction similar to the activated aluﬁiné trap

(Figure 3.11).

3.4.2 Flame Arrester

Since the system will be completely purged of air before processing
begins and all purge and sparge gases will be helium or nitrogen, there
is no possibility of producing an explosive mixture with hydrogén in the
equipment. The only location involving an explosion hazard should be the
point of discharge of the offgas into the offgas :duct. At this point the
maximum concentration of hydrogen in the air is 1.4% with a hydrogen flow
rate of 50 liters/min and a cell air exhaust of 125 c¢fm. This is well
below the lower explosi?e limit of hydrogen in air of 4%. The cell ex-
haust flow rate will be checked at the time of processing to confirm that
there is sufficient dilution.

As an added precaution, a flame arrester is installed in the offgas
line between the activated-charcoal trap and the cell exhaust duct in the
spare cell with a ﬁnion downstream for remova; for cleaning or replacement.
~The unit is a Varac Model 51A and consists of copper gauze and disk

laminations.



3.4.3 Offgas Filters

The fuel-proceSsing cell ventilation air and the vessel offgas will
pass through a 2-in.-deep 24- by 2L-in. Fiberglas prefilter and a 11-1/2—in.
deep 24- by 24-in. Fiberglas absolute filter before passing through the
main filters and contaimment stack. There are three 12-in.-diam butterfly
valves for isolation and for bypassing of the filters for replacement. A
' 'locally mounted differential-pressure transmitter indicates the pressure
drop across the filters on the fuel-processing system panel bbard. The
caustic scrubber offgas, after passing through the charcoal trap and the
flame arrester, discharges inﬁd the duct just upstream of the bypass tee.

This equipment is located in the spare cell with sufficient space
allowed for the addition of 2 ft of shielding (for a total of 3-1/2 ft)
between the filters and the fuel-processing cell.  This'should be sufficient
shielding to permlt filter changing with an irradiated fuel batch in the

storage tank.

3.4.4 HF Trap

The fluorine uéed‘will contain up to 5% HF; which could cause plugging
of the UFg absorbers by formation of NaF-2HF, NaF-:3HF, etc.) if not re-
moved.‘ Therefore the trap shown in Fig; 3.12 and described in Table 3.7
" 1is provided in the fluorlne llne at the gas supply statlon.

The inlet of the trap is maintained at 212°F by steam to prevent
plugging (by prevention of the formation of the higher hydrogen fluoride
complekes) because of the high partial pressure of HF. Farther into the
NaF bed, the HF partial pressure i1s lower and the higher complexes are
not formed even at the lower teﬁperatﬁre. The exit of the trap is water
cooled to about 100°F, which is below the operating temperature of the
UFg absorbers, and the trap should therefore remove any HF that could
. otherwise collect in the absorbers. The reaction is exothermic and 7
liberates 16.4 keal per mole of HF absorbed.

‘ With a fluorine flow of 50 liters/min . a procéssing time of 20 hr,
and an HF content of 5% the trap has sufflclent capacity for the fluorl-
natlon of five batches if only 50% of the NaF is complexed to NaF-HF,
Since the average HF content is less than 5%, one loading should have suf-
ficient'cépacity for allithe fluorinations planned at the MSRE, If

necessary, the NaF can be discarded and recharged.



37

ORNL-DWG 65-2516

FLUORINE FLUORINE
IN , OouT.

AY

) § —— T T

STEAM IN, : /J:E] WATER OUT

| ——

=

e — 0 32in,
STEAM OUT [ — ] WATER IN

8-in. IPS PIPE

\/ | | I_y

c— - ——

Figure 3.12. HF Trap filled with NaF Pellets.
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Table 3.7

HF Trap Design Data

Construction material =~ Nickel-plated carbon steel
Height, in. . 32 '
Diameter, in. IPS ’ : 8

Design temperature, °F : 250 °

Design pressure, psig ‘ ' T5

Operating temperatures, °F

Inlet . - B v 212
Outlet . : 100
NaF capacity, ft> - ' 1.9
Design flow rate, liters/min 100
Reference drawing D-FF-C-55L4L43

3.4.5 HF Heater

The HF heater is inStalled in the gas line from the HF cylinder
after the flow control valve. The purpose of this heater is to dissociate
the HF gas to the mohomolecular form for accurate flow metering. This
© requires the addition of approximately 1.2 Btu/liter of gas or approxi-
mately 20 Btu/min at the maximum HF flow rate anticipated (17 liters/min).
Another 1 Btu/min of sensible heat is requifed to heat the gas from 120°F,
the temperature of fhe gas at 25 psig leaving the cylindér, to 180°F, the
temperature required'to reach the mcnomolecular form. This 21 Btu/min is
equivalent to 370 w. Two tubular heaters are used to provide a total of
1120 w. ' A | : _

The heqter is étrappéd to the cutside of a 2-in, Monel pipe about
22 in. long packed with nickel wool fop heat transfer. The wool is con-
fined af_the.ends by 6-mesh Monel cloth. A thermowell isvprévided near
the outlet. - \ |

]
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3.4.6 Salt Sampler

The salt sampler in the fuel-proceésing syétem is mounted on the
roof plugs over the fuel-processing cell and is connected directly to
the top of the fuel storage tank by a vertical l—l/E—in. pipe. The sam- '
pler is the original fuel-pump sampler-enricher mockup shown in Fig. 3.13.
If is the same as the fuel-pump sampler, with the followinglexceptions:,

-l. It is designed for a:maximum of 14 psig instead of 50 psig.
Area 1C is protected from overpressure by a pressure relief valve that
vents to Area 2B which is vented to the cell through the spaée around the
1-1/2—in. sampling line.

2. No maintenance valve is required, since the system can be shut
down and purged if maintenance on the sampler is required.

3. 'Area 2B will contain the vacuum pumps in addition to the opera-
tibnal valve. | |

b, A bellows is installed between the operational valve and the
sample line instead of between the valves and Area 1C. '

The sampler will not be used during processing. The fuel storage
fank will be purged with helium before the operationai valve is opened
’for sampling. The main purpose of the sampler is to verify that the salt
is satisfactory for return to the drain tank after processing. After
Hs-HF treatment the sample will be analyzed to determine that- HF has'been
reduced to satisfactory levels. After fluorination the sample will %erify
the complete removal of uranium. Also, sampling of flush salt before pro-
cessiné will indicate the amount of\fuel salt pickup.

The sampler will have, in general, the same instrumentation as the

fuel-pump sampler and will be operated in the same manner , %

3.5 Electrical System

Electrical power for the fuel-processing system is supplied by a
T5-kva U80/120 - 208-v 3¢ transformer feeding a load center on the east
side of the remote maintenance practice cell on the 840-ft level. This

supply feeds two power panels, CP-A and CP-B. The starter and switch

for the cubicle blower are located at the load center but have a separate
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supply since the b10wer,requireé'hh0-v. Most of the equipmént and pipe
heaters are controlled by switches or powerstats loéated at two hgater
control panels, HCV-12 and HCP-13, at the south end of the‘héater control
area on the 8LO-ft level east of the cell block. The pipe heaters in the
absorber cubicle are controlled by & switch at the cubicle in the high-bay
area., The line and equipment heaters are listed ‘in Tables 3.8 and 3.9.

The pipe line and equipment heater, blower motor, and motorized
damper leads are routed from the heater control panels through a junction
box on the west side of the decontamination cell on the 840-ft level. At
this junction box the spare heaters can be connected to the control panels
if necessary. Eaéh.control may have from one to nine separate heaters,
Leads from each group of heaters are brought out to a junction'bok. De-
fective heaters can—be replaced only by entering the cell, After the
cell becomes radioactivé; only an entire group can be feplaced unless the
cell is decontaminated to permit direct maintenance. |

In case of loss of TVA powér:

1. Al]l equipment and line heaters and the cubicle blower will be

inoperative.

2. Helium will be available for sparging, purging, and salt
transfer. . |

3. Diesel generatbr power will provide absorber cboling'and instru-

ment air and standby supply for instrument power.

3.6 Helium Supply System

The helium sﬁpply to‘the fuel—proéessing system is frém the 250-psig
helium header in the diesel house where it is reduced from 250:psig to
Lo psig. At éhe fuel-processing panelboérd in the high-bay area, this
supply is reduced at a 20-psig transfer header and a l3.5—psig'purge and
sparge header. The transfer header has an air-operated block valve that
cannot be openea unless freeze valve and drain tank vent valve positions-
are correct to receive a salt batch from the fuel storage tank. The pur-
rose of this interlock is to prevent accidental filling of the reactor

or transfer to & tank already containing a salt batch.



Table 3.8 Line Heaters .

: Heat Heat Maximum  Maximum
Heater per Heated per - Voltage Current
No. Location Control Length Foot  Setting Setting
(w) (£t) (w) (v) (amp)
H-110-5 Cell wall penetration 1020 5.1 200 120 8.5
H-110-6 Cell wall to Line 111 . 4584 25 187 140 32.8
H-110-7 Freeze Valve 11lto fuel storage tank 1496 8 187 140 - 10.7
H-110-L4 End of penetration ‘ 270 90 3
H-111-1 Freeze Valve 111 to cell wall- 3743 20 - 187 140 26.7
H-111-2 ~ Cell wall to high bay 2620 14 187 140 18.7
H-112-1 . - Line 110 to spare cell 2432 13 187 '1bo 17.4
H-690-1, -2 Fuel storage tank to Valve HCV-69k ' ‘
H-694-2 Fuel storage tank to cell wall 2620 , 1h 187 140- 18.7
H-691-1, -2. Fuel storage tank to NaF trap | , ,
H-692-1 to 4 NaF trap to absorber cubicle 1245 60 21 120 10.4
H-692-V Valve HCV-692
H-692-5 to 12  Absorber cubicle 390 21 19. 120 . 3.3
H-69L4-1 Valve HCV-69L to Line 9ol L a .
H-994-1, -2 Fuel storage tank to roof plug f 320 16 20 120 2.7

8Switeh coﬁtrolled; all others controlled by Powerstat.

cn
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Table 3.9

Equipment Heaters"

Maximum

: Number Voltage Heat
. Type of of Setting Rating
- Equipment Control Elements (v) (w)
Fuel storage ﬁank‘ -
Top ‘ Powerstat by 120 2,000
Upper side Powerstat 6 236 5,800
Lower side Powerstat 12 .236 11,600
Bottom Powerstat 8 226 5,800
NaF trap
Side " Powerstat 2 2ko 9,000
Center Powerstat 1 120 2,250
S0z preheater
No. 1 Switch 1 120 500
No. 2 Switch 1 120 500
No. 3 Switch 1 120 500
Fo preheater »
No. 1 Switch 1 - 120 500
No., 2 .Switch "1l 120 500 .
No. 3 Switch 1 ‘1204 500
HF in-line heater Switch 2 208 1,120
Freeze Valve 110 :
Valve Powerstat 4 - 115 1,200
Pots Powerstat b 110 2,210
Freeze Valve 111 ,
Valve Powerstat L 115 1,200
Pots Powerstat 2 115 1,200
Freeze Valve 112
Valve Powerstat iy 115, 1,200
Pots Powerstat 2 115 1,200

aAll heaters are tubular except those on freeze valves and fuel

storage tank bottom, which are ceramic.’

Duplicate spares are installed

on all equipment except the HF heater. Heater controls are on Panels

HCP-12 and HCP-13 on the 8L40-ft level.
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The purge and sparge header has .sufficient pressure (13.5 psig) to
permit sparging a salt batch at 100 liters/min but has insufficient pres-

sure to force salt over the loop in Line 110 (14.6 psig, min). This
header is prov1ded w1th a pressure-relief valve set at lh 0 ps1g, which
will reseal at 12.6 psig. Should this valve'st1ck open or the helium
supply pressure be lost for any other reason, ah 1nterlock on the helium
purge flow to the system will close the Ho-HE-Fpo supply block valve, stop
the evolution ofvfission-product gases, and prevent the possiblespressur-
izing of corrosive or radioactive gases up the sample line to the high-
bay area. | ' ‘

Other functlons of the low- pressure header are to supply gas for
instrument- and sample-line purging, for purging the salt charging line
above the freeze valve prior to salt transfer, and for .purging the HF

and Fo lines from the gas supply station to the fuel storage tank.

3.7 Instrumentation

3.7.1 Thermocouples

ALl the temperature-measuring points in the fuel—processing system
are listed in Table 3.10. Two 12-point recorders (0 - 250°F and O - 1000°F)
and one 24-point recorder (0 - 300°F) are installed at the fuel-processing
system panelboard and will record all measurements normally' re‘quired for
processing. l

The readings of the 46 thermocouples installed cn the fuel storage

tank, salt lines, and freeze valves will be recorded only in the main
control room, since they will be required. primarily for salt transfer.
The fuel storage tank temperatures will be checked occas1onally during

processing, but changes should be slow

-

3.7.2 Annunciators

The fuel-processing system annunciator points are listed in Table 3.11.
There are 11 annunc1ators on the chemlcal plant panelboard In addition
‘there are 3 radlatlon alarms that indicate hlgh gamma activity in the

charcoal absorbers, a high gamma activity in the instrument cubicle, and a
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Table 3.10

Temperature—MeaSuring Points

Number Operating
of Temperature
Location Points (°F) Recorder
From brine 5 10 - 13 3001
Siphon pot 1 140. 0 - 250°F
Siphon line 1 40 - 100 |
Caustic scrubberﬂ 1 - .80
Activated alumina trap 2 .. 100 *
HF flowmeters 2 ECQ
UFg flowmeters 2 200
Cold trap inlet 1 200
‘Switch-12 Misc. points 1 20 --1000 - 3002
HF heater - 1 250 0 - 1000°F
Fz> disposal system T 400 ' '
Sodium fluoride trap 3 BOQ
Absorber cubicle 1 100 3003 N
Charcoal trap 1 - 100 0 - 300°F
Sodium fluoride absorbers 5 100 - 300 | |
. Process gas lines 17 200
Fuel Storage Tank 13 900 - 1200 _ Temporary
Line 110 8 j’9oo - 1200 recorder in
Tine 111 7 900 - 1200 - reactor control
Line 112 3 ‘900 411200 - rQombfof '
Freeze Valve 110 -5 80 - 1000 | salt
Freeze Valve 111 5 80 - 1000 ‘transfer
Freeze Valve 112 5 80 - 1000




Table 3.11 Annunciators

RIA-AC

Alarm

Instrument

No.? Service Type Setting
'PdIA—AC Absérber cubicle to high‘bay Low differential pressure- 1l in, H20
PIA-CS Caustic scrubber vent o High pressure 1 psig
PATA-FPC Fuel-processing cell to high bay Low differential preséure 0
PIA-530 Helium\supply Low pressure 17 psig
PIA-604 Helium purge header Low pressure 12.psig
PRA-608 ’ Fuel storage tank vent High pressure 30 psig
PICA-690 Fluorine supply / Low'pressuré ‘ | 25 psig
PATA-69k4 Purge. to HF-Fo supply Low differential pressure 1 psig
PIA-£96 ﬁF supply High pressure 25 peig
FIA-608 Helium purge Low flow - "3 liters/min
TA-HFH HF heater | Low temperature 200°F |
RIA-99k4 Sample line gamma activity High activitf‘ -
RIA-IC Instrument cubicle gamma activity High activity
RIA-9LO Cell exhaust air gamma activity High activity

Absorber cubicle air monitor . High activity

8The 1k instruments above the line acroés the table have panel-mouhted annunciators;
the other has an alarm on the instrument.

on
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The panel-mounted annunciators will serve the following purposes:

Annunciator
Designation
PATA-AC

PIA-CS
PAIA-FEC

PIA-530
PIA-60L4
~ PRA-608

PTCA-690

PATA-694
PIA-696

FIA-608

TA-HFH

RTA-99L
RIA-IC
RIA-940

"RIA-AC

Purpose

Indicate lack of negative pressure in the absorber cubi-
cle, possibly due to blower failure or excessive ab-
sorber cooling air. )

Indicate positive preséure in the scrubber vent, possibly
due to plugging of the flame arrester or activated-
charcoal traps.

Indicate lack of negative bressure in the fuel-processing
cell, possibly due to fan failure, filter plugging, or
excessive air inleakage. )

Indicate a failure in the helium supply system or PCV-530.
Indicate a failure in “the helium supply system or FCV-60Lk.

Indicate high pressure in the fuel storage tank vapor
space; this could be caused by plugging in the offgas
line, NaF trap, Valve HCV-692, absorber train, or
scrubber inlet.

Indicate the gas pressure in the fluorine trailer; with a
full trailer pressure of 55 psig, an alarm at 20 psig
will indicate the consumption of about 12,000 standard
liters of fluorine and that replacement of the trailer
is required. '

Tndicate that the Ho-HF-Fs gas pressure has been reduced
to within 1 psig of the pressure in the fuel storage
tank vapor space and there is danger of a back up of
salt into Gas Supply Line 690.

Indicate that the HF gas pressure in the cylinder is

reaching a dangerous level; this could be caused by
failure of the temperature control valve regulating the
steam to the hot-water drum around the cylinder.

Indicate a lack of purge flow to the fuel storage tank and
the possibility of backup of gaseous activity to the
instrument cubicle; this could be caused by lack of
helium pressure or flowmeter plugging or incorrect -

~

setting. .

Indicate insufficient heating of the HF gas, which could
result in incorrect flow metering.

Indicate insufficient helium purge down Sample Line 9Ok,

Indicate backup of activity in Line 609, 690, or 99L.

" Indicate activity leak (probably iodine) into cell or ex-

cessive iodine passing through charcoal traps.

Indicate activity leak in absorber cubicle.
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high gamma activity in the cell exhaust air. A portable alpha air moni-
tor will alarm ca high air activity in the absorber cubicle and there

will be a nigh gamma level alarm on the fuel storage tank sampler line.

3,7.3 Instrument Power

Tnstrument power is supplied from Instrument Power Panel No. 2 and
No. 3. The normal supply for these panels is the 62.5-kva inverter.
If there is a loss of the inverter power, there will be an automatic
transfer to the standby feéder.- Through another automatic transfer

switch, TVA or a diesel generator will supply the standby feeder,

3.8 Brine System

The siphon pot'an& cold trap aré cooled by circulating freon brine

(trlchloromonofluoromethane) The maximum cooling loads are approxi-

" mately 2500 Btu/hr in the cold trap and an approximately 1200 Btu/hr heat

loss from the piping and equipment. A 1-1/2—hp water- cooled refrigeration

unit should provide sufficient ecapacity for brine temperatures as low as
-20°F. Brine is circulated by a canned-motor pump through insulated

3/h—in.-OD copper tubing. The refrigeration unit and circulating pump

‘are located on the 8L40-ft level west of the cell.
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L,. SAFETY ANALYSIS

4,1 Summary and Conclusions

The maximum credible accident is a gas leak during fluorination. A
minimum of 4 minutes is available to stop fluorine flow between detection
.of 31T in the cell ventilation duct and before leakage of sufficient
iodine to produce a l-rem dose at the nearest point outside tbe controlled
area,

During fluorination of fuel salt, less than 0.3 curies of 17T will
pass through the charcoal traps under the most severe condltlons
) Because of the high loss of noble metal fission products (Te Mo,
Ru; etc.) during reactor operation, the maximum Qossible release of these _
isotopes is well w1th1n perm1551ble limits.,’ ' ._

The greatest penetratlng radlatlon level in the operatlng area will
be from 7T passing through the gas space in the UFg absorbers. This
can be easlly shielded to reasonable levels. :

Loss of TVA electrical power (described in Section 3.5) Would _cause
no hazard and would only require suspension of processing until power

is regained.

k.2 Bases for Calculations.

4,2,1 Diffusion Factor

- Gaseous activity concentrations were calculated using Sutton's equa-

tion for diffusion from a continuous point source:?
2Q 4 —h2/02 2 n
X = 2. 2-n ?
(VI Gl '
where
X = diffusion factor, }
- Q = release rate, curies/sec,
x = distance downwind of stack, meters, :
.h =

effective stack height, meters,
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¢ = diffusion constant,
T = wind velocity, meters/sec,
n = stability parameter.

- The following EGCR site diffusion parameters were used as recommended by
the U, S. Weather Bureau:® '

_ Inversion Normel
- Parameter- Conditions Conditions
- : 2 ~ 0.01 0.09
T 1.5 2.3
| 0.35 0.23

As indicated in Table 4,1, the diffusion factor for a stack release
under normal conditions is at a maximum at a distance of 325 meters from
the stack, and the ground concentfation is a factor of 20 less at the
nearest point outside the restricted area, as ‘shown in Fig. L.1.

The MSRE stack is 100 ft high and has a flow capability of 20,000
£t7/min. An effective stack height of 163 ft, or 50 meters, was calcu-
lated:> ' ' ‘

Lot Qv
By max = T u “Tw T 63 £t ,
, 1+ 0.43 5
. Vs
where
v mex = plume height above stack, ft,
u = mean wind speed, 7.3 ft/sec
V. = stack velocity, 47 ft/sec
Q = stack flow, 333 ft/sec.

Thus the effective height is 100 ft + 63 £t = 163 ft = 50 m.

h.2,2 Maximum Permissible Exposures

For normal bperation, the maximum exposure from gaseous activity is
limited to 10% of the MPC for each isotope. Since processing will be
done no more frequently than once per year, exposures are averagéd'per
quarter for occupational workers and per year for persons outside the
controlled area. The limit for occupational WOrkers\is, therefore,

130 mrem/isbtope. Persons outside the controlled area have a total
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Table 4.1

. 7
Diffusion Factor, X, Versus Distance Downwind '
Distance ' X, Diffusion Factor’
Downwind Inversion Conditions Normal Conditions
(m) Ground Release  Stack Release Ground Release  Stack Release
100 2,1 x 1072 <10-10 . 8.0 x 107* 2,9 x 1077
160 9.8 x 10-> S <1071° 3.5 X 1074 1.1 X 107>
200 - 6.3 x 10~2 <1070 2.3 x 1074 2.3 X 10-°
325 3.0 X 1073 <10-1° 1.0 X 10™% 3.7 X 1075
500 1.5 X 10-3 2.1 x 1077 4,7 x 1075 ° 3,0x107°
750 7.7 x 1074 8.2 x 106 2.3x 107° 1.8 x 1075
1,000 4.8 x 1074 3.5 X 107° 1.k x 107° 1.2 x 107°
1,200 3.5 X 107* k.5 x 107> 1.0 x 1075 9.1 x 1078
2,000 1.5 x 10°% 6.2 x 1075 4.0 x 1076 3.8 x 10~
3,000 7.7 X 1075 4.9 x 107° 2.0 x 1076 2.0 x 1078
I, 000 4.8 x 1075 3.6 x 1073 1.2 x 1078 1.2 x.107®
5,000 3.3 x 107° 2.7 x 107> 8.0 x 1077 8.0 x 1077
10,000 1.1 1075 1.0 x 1078 2.3 x 1077 2.3 %x 1077

a s e . . s . .
X X release rate (curies/sec) = concentration of activity in air

(uc/cc).

_exposure limit of 520 mrem per year so the limit is therefore 52 mrem/isotope.
The release of 7T is limited further to 0.3 curies from any one facility.?
For the maximum credible accident, the maximum exposure is limited
to 10 rem for occupational workérs and 1 rem for persons outside the con-

trolled area.
Normal atmospheric conditions arexassumed to prevail dufiﬁg normal
operation while an inversion is consgidered possible duriﬁg’the maximum

credible accident.
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4.3 Gaseous Activity

4.3.1 Activity Release from the Contaimment Stack -

4,3.1.1 Activity Released When Not Processing. A fully irradiated
fuel batch will be held in the fuel drain tank, with the offgas passed to

a charcoal bed, until the xenon emission cannot cause a radiation level

in excess of 2.5 mr/hr at the point of maximum ground concentration., From
Fig. 4.2 it can be seen that an approximately four-day decay period is
required before transfer to the fuel storage tank, which is not venfed
through a charcoal bed. Since there is about 50 ft> of gas space in the
proceséing equipment, an irradiated fuel batch will not be transferred to
the fuel storage tank for 10 days at which time'the decay rate will equgl
the production rate and xenon accumulated in the gas space could not re-
sult in excessive release when purging is started.

4,3,1.2 Activity Released During Ho-HF Treatment. Although there

has been no work done on fission-product behavior under the highly re-
ducing conditions of the Hg—HFAtreatment; very little if any fission-
product volatilization is éxpected, All the fission products that could
form volatile fluorides are more noble than the structural metals,
chromium, iron, and nickel. Nickel, ﬁhich is the most noble of the
structural metals will be limited to less than 1 ppm as NiFs with a
10:1 Ho-to-HF ratio. Therefore, although no equilibrium qubtients are
available for the fission-product fluorides, it is unlikely that any
niobium, ruthenium; antimony, tellurium, or iodine will exist in the salt
as the fluoride. However, it is pbssible fhat HI could form and become
volatile. The activated charcoal trap will provide good decontamination
for HI. | o

4,3.1.3 Activity Released During Fluorination. Recent '"freeze
valve'" samples of fuel salt have shown >99% removal of noble metal (Te;
Ru, Nb, Mo) fission products during reactor operation. Table L.2 shows
exposures from Te, Nb, énd Ru to be below the MEC. Removailof 99% of the
Nb and Ru in the NaF trap is expected while no deéontamination of Te is
allowed for. The charcoal traps will be.tested By jodine injection and
sampling to demonstraté‘a removal of at least 99.998%., This removal effici-

ency limits. the 1311 felease to less than 300 millicuries with 30 days decay.
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Table L.2-
Exposures from Volatile Activities in Fuel Salt

A

129m 95 103p
1311 Te Nb ©3R,
Curies at 30 days decay 11,400 150 4800 1500
Normal Operation T
Curies released over 40 hr 0.28 150 48 15
% of MPC to occupational
workers , .0.25 . Lo 3.8 1.5
% of MPC outside controlled 4 : }
ares 0.23 36 k.o 1.2
- Maximum Credible Accident
Curies released in 6.3 min, 30 0.4 12.6 L.,o
Maximum dose outside con- ' :
trolled area mrad 1000 0. 3.4 0.6

4.3.1.4 Activity Released by Equipment Failure. The maximum credi-

ble accident is believed to be a leak during fluorination in the gas
space of the fuel st&rage tank or in the piping between the FST and the
charcoal traps. Thié could be caused by unusually high localized cor-
rosion. Such.a leak would be detected first by the duct 940 radiation
monitor. Figure 4.3 shows the time available to turn off the fluorine
'flow and stop the processing after the alarm has sounded. At the maximum
possible leak rate (at the volatilization rate of 4.75 curies of 1311 per
minute) the monitor would reach alarm in 2 minutes. At the nearest
point outside the controlled area (3200 m), the accumulated dose would be
1 rad if 30 curies of 11T were released. This would require 6.3 min or
4.3 minutes after the alarm. This should be ample time'to react to the
alarm and turn off the fluorine flow. Any leak smaller than this would
result in a 1onge£ time to reach,ﬁhe alarm point but the allowable re-
- action time ié much greater.
Table 4.2 indicates that the dosages from the other volatile fission

products are very small compared with iodine.
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4.3.2 Activity Release to the Operating Area

The high-bay area above the fuel-processing cell will be used for
operation of the fuel-processing system. The possible release of gaseous
activity into this area during fuel'processing through the roof plugs,
from the absorber cubicle, from the salt sampler, and from lines pene-
trating the cell walls was considered. '

4.3,2.1 "Activity Released Through the Roof Plugs. Leakage of ac-

tivity from the fuel-processing cell to the operating area is not con-
sidered credible for the following reasons: \

1.~ The cell isitightly sealed. All penetrations, piping, and.
wiring are groutéd and sealed with mastic or pass through seaied boxes.

2, A negative pressure will be mainﬁained'during processing.

3. Processing can be quickly stopped. This would be done auto-
matically in case of a powef failure, which would close the shutoff valve
" on the gas supply (Feo, HF, and Hz).  The power failure would also stop
the flow of cooling air to thé cubicle. This,airﬁexhausts to the cell
and is the only positive'gas flow to the cell. A loss of ventilation
not caused by a général power failure is highly.improbable since there is.
a épare stack fan and the fans can be run with diesel power. '

4.3.2.2 Activity Released from the Absorber Cubicle. The absorber
cubicle is a sealed box of 3/16-in.—thick steel located near the instru-

ment panel board in the high-bay area. Tt is located in the high?bay

area to facilitate handling of the portable absorbers following flﬁori-L
nation. By means of the cubicle blower, the cubicle will be maintained
at a negative pressure_with respect to the cell, which will~be negative
to the‘high-bay area. Failure~of power to the blower will close the
solenoid valve in the air supply to the cubicle to avoid pressurization,
The maximum cubicle pfessure with lOO—ftB/miﬁ air flow will be
checked to demonstrate that a pressure greater than 1 psig cannot be ob-
tained with the blower off. If necessary, the maximum air flow will be
feduced below 100 ft3/min to prevent exceeding 1 psig. Prior to’fluori-
nation the vent valve will bé closed, ‘the cubicle pressﬁre will be raised
to 1 psig, and the leak rate will be dé%ermined;’ Leakage must be less

than 75 cc/min.' This rate of iodine.leakage would allow 10 min of working
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time in the high-bay ares without masks. This is.sufficient time to shut
down and to evacuate the high-bay area, since the reactor will not be
operating during fuel processing. '

' The presence of gaseous activity in the absorber cubicle will be de- .
tected by a monitor that will be continuously sampling'the cubiqle air
during processing. If a ieak occurs,-processing can be suspended. The
cubicle will then be purged with air to the cell, the cubicle top will
be removed, and éll joints will be checked for tightness. Smears from
each joint should indicaté the location of the leak. _ ‘ :

4,3.4%.3 Activity Released from the Cell Penetrations., All cell

penetrations connected directly to process equipment are provided with
check valves, most of which are located in a sealed instrument cubicle
along ﬁith the instrument transmitters. A backup of activity td the
cheék valves would be detected by a radiation monitor in the cubicle and
possibly by the aresa monitois in the high-bay area. ’
- In addition to the lines routed through the instrument cubicle,
thefe are three other penetrations from the cell to the high-bay area:
the salt sampler; which is discussed in the next section, the salt- .
charging line, and the caustic-charging line. The salt-charging line
will be sealed with at least one freeze valve and capped when not charging
salt., The caustic-charging line to the caustic scrubber is provided with
two manual valves, Caustic will not be charged during processing, which
- would be the only time that pressure or activity could be found in the
charging line, , ‘ |
‘ The waste-salt line to the spare cell will be sealed by a freeze
valve in the processing cell. The method of waste-salt disposal has not

yet been determined.

k.3.2.4% Activity Released from the Salt Sampler.  The fuel-processing
system sampler as méntioned in Section 3.4.6, is similar to the fuel-pump
sampler~enficher. Both samblers have similar instrumentation and will be
used with similar operating. procedures. - The fuel-étorage tank will not
be sampled during processing. Before sampling,'the sampling line and fuel
storage tank will be purged of gaseous activity. The sample capsule con-
taining the solid éample will be moved from the primary containment area,

1C (see Fig. 3.13) to & secondary containment area, 3A, where the sample
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will be sealed inside a transport container tube before being removed from

the sampier to a shielded carrier,

4.4 Penetrating Radiation

L,4,1 Normal Levels

h.h,1.1 Operatinngrea, The radiation level in the high-bay area
over the fuel-processing'cell will be less than 10 mr/hr through the
i-ft-thick high-density-concrete rocf plugs under the most severe con-

ditions with a fully irradiated, four day- decayed fuel salt batch in the

fuel storage tank. Since proceSS1ng would not be started until the batch

had decayed for at least a few weeks, this level above the cell should
cause no concern. Operations will be planned to limit exposure of indi-
viduals to less thaﬁ 100 mr/week, and signs will be posted indicating
radiation levels at various points in the high-bay area. )

The salt sampler will be shielded with L4 in. of leéd which should
reduce the radiation level from a fuel salt sample to less than 10 mr/hr.

Tt will be necessary to shleld the absorber cublcle during processing
of s fully irradiated fuel batch. Since "freeze-valve" salt samples have
shown that only ~ 1% of the calculated Mo is in the_ circulating salt
stream, absorbed activity is expected to be very low and shielding of the
absorbers should not be required. However °1I in the gas space in the
absorbefs will require that the absorber cubicle be shielded with 1/2-in,

to 1-in. of lead. The radiation levels will bé monitored during pro-

‘cessing and additional shielding and radiation signs will be posted as

required.
L.4.1.2 Switch House. The only fuel-processing cell wall adjacent

tc an occupied area is the west wall bordering the switch house. The

L-ft area between the switch house and the cell will be filled with
stacked concrete blocks., When a fully 1rrad1ated fuel bateh is in the
storage tank the level at the east wall of the switech house should be
less than 5 mr/hr.
- h.h,1.3 Spare Cell. The east wall of the fuel-processing cell ad-

joins the spare cell where the activated-charcoal trap, offgas filters,
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dampers, differential-preséure transmitter, and hydrogen flame arrester
are located. A blanked waste salt linebextends into this cell for future
removal of waste salt., Two feet of stacked concrete block shielding is
provided between the cell wall and the above equipment. This will ‘provide X .
sufficient shielding-(a total of 3-1/2 ft) to permit replacing the offgas
filters without exceeding planned exposures., The dose rate should be °
less than 50 mr/hr.

The charcoal beds.will be shielded with 16 in., of baryteé-concrete.“
This will reduce the radiation level at the filters to <3O mrem/hr with
all the iodine from a fuel Batch on the beds after 30 days decay. _

L,4.,1.4 Decontamination Cell. The l8-iﬁ{‘north wall of the fuel-

processing cell/borders the decontamination cell. There would probably
be a limited working time over the decontamination cell with the roof
plugs off and a fully irradiated batch in the fuel storage tank,.

4.&.1.5' Area Surrounding the Waste Ceil. The meximum activity ex-

pected in the caustic solution from the hydrofluorination of a 28-day-

decayed fuel batch is 11,000 curies of iddine, assuming complete removal

in the scrubber. During the time this activity is in the liquid waste .
tank, theré must be limited access to the areas above and around the

“waste cell, and radiation warning signs must be posted.

4.4,2 Unusual Radiation Levels

L.h.2.1 From Irradiated Salt. There are two dip tubes in the fuel

Sstorage tank into which salt could accidéntally back up: the salt-trahsfer
line and the gas-sparging line. 'The salt-transfer line is connected to
the spare cell by the waste salt line and to the high-bay area by the
salt-charging line. Both lines have freeze valves that are normally
frozen. In addition, the end of each line will be capped when not in
use, ' .
The gas-sparging line passes through the area west of the cell to
the iﬁstrument cubicle and then to the gas supply station. An dir valve .
located in the instrument cubicie actuates a valve in the cell which-opens
if the tank pressure exceeds the purge pressure and vents the line to the -

~ top of the tank to prevent salt backup. If a plug should occur, it could

be thawed with installed electric heaters without entering the cell.
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4.4.22 From Caustic Solution. Most of the iodine in the salt may

be volatilized as HI during Hé-HF treatment. There will probably be'some

deposition on metal surfaces before the HI reaches the caustic_scrubber
but most of the iodine reaching the scrubber will be collected there.
The maximum iodine concentration in the scrubber solution will be 2 c/gal
from flush salt processing and 40 c/gal from fuel salt processing. The
caustic.solution can either be diluted to 5 c/gal or allowed to decay for
an additional 24 days before transferring to the intermediate level waste
system collection tank. The piéing and pump containing the radioactive
scrubber ‘solution-is shielded but masks, protective clothing, and Health
Physics surveillance are required for the sampling operation:

The solution could possibly get int¢ unshielded lines in the
following wéys: /

1. Pressuring of the scrubber tank during processing and plugging
of the vent line or flame arrester could force some solution up the jet

steam lihe, but this line is shielded to approximately 25 ft from the

.Jet and backup this far into a closed line 1is unlikely. The pressure

‘alarms on both the fuel storage tank and the caustic scrubber would pro-

vide sufficient warning to stop processing before a dangerous pressure
was reached. ' R | -
2. Pressuring of the scrubber tank durlng Jjetting plus plugglng
of the vent line or flame arrester and plugging of the Jet discharge
line to the waste tank could cause steam to back up through the caustic

solution. Considerable time would be required to build up sufficient

- pressure (7 psig) to force solution up the sparge line to the absorber

cubicle. Pressure alarms and radiation monitors would provide warning
fér in advance of any hazard. F

3. A vacuum in tﬁé/jet line could pull solution into the steam
line, If the jet discharge line should plug and jetting should stop,
condensing steam cbuld create such & vacuum. A check valve tees into
the steam line and will prevent a vecuum from forming in this line.

L, Cooling of the fuel storage tank without gas purges to the
tank could causé a vacuum in the tank and offgas piping to the scrubber.

A power failure could cause cooling of the tank but would not stop the

’
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helium purges. In the -event of .a prolonged power failure and cooling of
the fuel storage tanlk, the caustic scrubber would be jetted to the waste
tank. . |

4.4,2,3 From Radioactive Gas. The sampling line is the only gas . .
line from. the fuel storage tank to the operating area. Steps will bé
taken as indicated in Section 4.3.2.4 to keep gaseous activity out of the
sampler, Sparging for 1 hr with helium should reduce the activity in the
gas space by a factor of 10°. Complete filling of the sampler access
chamber with atmosphere from the fﬁel—storage tank woﬁld result in a
radiation level 10° times less than that froﬁ a fully irradiated fuel

salt sample.

’
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