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ABSTRACT

Slurries of radicactive waste carrying up to
20 vol % undissolved solids can be pumped through
extensive horizontal runs of 2-inch pipe, if the
bulk velocity is at least 1.6 ft/sec. A vertical
submerged pump with an overhung shaft and a special

casing 1s used.
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SHOTCRET

INTRODUCTION

At the Savannah River Plant (SRP} the liquid waste from
processing radioactive fuel elements is stored as alkaline solu-
tions with dissolved solids content of 30-35 wt % in carbon steel
underground tanks of 3/4 to 1-1/3 million gallon capacity.®
The stored wastes are: 'high level waste' which contains suffi-
cient radicactive fission products to generate decay heat at 0.5
to 5 Btu/(hr)(gal); and "low level waste' whose fission product
content is only 1/1000 to 1/100,000 that of the high level waste,
but still too high to discard to a seepage pond or to streams and
rivers. The low level waste contains principally sodium aluminate
from the caustic dissolution of the aluminum jackets of the
irradiated fuel elements. The high level waste, principally
sodium nitrate with some sulfate and carbonate, contains the
residues from the dissolving, solvent extraction, and ion exchange
operations. Both wastes separate into a sludge layer and a
relatively clear supernatant liquid in the storage tanks.

Cost is reduced in the long-term storage of radioactive
waste solutions at SRP by transferring supernatant liquid wastes
(after decay of the short-lived fission products) from storage
tanks containing cooling coils (Fig. 1) to less expensive uncooled
tanks (Fig. 2). The tanks with coils are then reused for fresh

waste.
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FIG. 1 COOLED STORAGE TANK (750,000 gallons, 75-ft diameter)
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Recent tests at the Savannah River Laboratory? have shown
that the aged supernatant liquid waste can be reduced by one or
more successive evaporations to an amorphous solid with practi-
cally no free water. This concentration significantly reduces
the probability that the contained radioactivity might be in-
advertently released, and also reduces the volume and the storage
cost to 1/2 or 1/3 the present figure. Solidification of the
concentrated aged supernate is a principal objective of the SRP
waste storage program. General information on the interim
handling of liquid radioactive wastes and on the removal of
sludge from tanks has been reported previously.®**

An evaporator, shown in Fig. 3, was installed in F Area in
1960 and in H Area in 1963. Each evaporator, centrally located
to four large uncooled storage tanks, has cperated satisfactorily
since installation. The need for additional storage space for
salt cake raised the question as to whether the evaporators
could be used with more distant tanks, some of which are at a
higher elevation than the evaporator. The evaporators were
designed originally to concentrate the supernatant solution from
~35 to ~70 wt % "solids™ (total solute plus solid phase); at
present the concentrated waste is discharged by steam lift and
flows by gravity to the uncooled tanks. Transfer of this slurry
over distances of several hundred feet is required to utilize
tanks other than the adjacent four.




VAPGR QUILED i IO
WATER SPRAYS WATER SPRAYS BUSBLE CAP DETAIL
26A 5.5 BAPGIATOR \ I’ ‘ﬁ
- N\

= THERMOWELL

INSULATION DETAIL.
FOAMSIL ﬁ
INSULATION | i
FNSTRUMENT &
FEED MNOZZLES

CONCENTRATE
QUTLET

DE-ENTRAINMENT
TRAYS, 20 BUBBLE CAPS
PER TRAY

DILUTION WATER

REMOVADLE AND ANTIFOAM LINE
BIP TUBES

‘ MAIN SUPPORT SRACE )

STEAM INLET MAIN TUBE BUNDLE
229 374 IN. X 14 BWG BOWED TURES SONDEMSATE

OULET

STEAM CHESY
THERMOWELL

WARMING COIL
BAFFLE
STEAM LANCE

TYPICAL TUBE DETAIL

%EVAFOIAI’OR
UPPORT STAND
P

I vl

FIG. 3 TANK FARM EVAPORATOR (8-ft diameter)




Laboratory and pilot plant tests defined the physical prop-
erties of the waste and the hydraulic conditions required to
transfer the concentrated wastes from the evaporators to the
distant tanks without lime pluggage. This report summarizes
these data and discusses the operational tests of the plant
equipment.

SUMMARY

A 2-inch transfer loop simulating a proposed plant waste
transfer facility was successfully operated at the semiworks.
Nonradioactive synthetic waste slurries containing at least 20
vol % undissolved solids were transferred satisfactorily, pro-
vided the bulk velocity was at least 1.6 ft/sec; both the waste
pump and the drawoff valve selected for use in the transfer
system gave satisfactory service.

Test of a mockup of the steam lift originally installed in
the tank farm evaporator showed that: (1)} the pumping rate of
the 1ift was not greatly affected by changes in the waste concen-
tration, (2} the steam 1ift operated satisfactorily at rates of
11 to 32 gpm, and (3) the steam lift failed when the total
(dissolved and nondissolved) solids content exceeded ~75 wt %.

Following these tests with synthetic waste, a concentrate
transfer loop was installed in the plant to transfer aged
alkaline waste (after concentration in the tank farm evapcrator)
to four distant underground waste storage tanks with a circulatiocn
velocity of 3 to 5 ft/sec; two or three times the velocity
corresponding to the onset of pluggage. This system has operated
satisfactorily on full-level radiocactive waste since startup in
July 18567.

EQUIPMENT DESCRIPTION AND TEST PROCEDURES

To transfer solids-bearing concentrated waste, the flow
rate must be sufficient to keep all segments of the pipe full;
to ensure against settling of the precipitated material, the
velocity, as recommended in the literature, should be about 3
ft/sec for a 2-inch pipe. 1In addition,the heat loss should be
small. The minimum pipe diameter needed to prevent pluggage by
solid particles in this particular waste stream, and that would
provide sufficient volumetric flow to prevent a large decrease
in the waste temperature, proved to be 2 inches. However, the
required volumetric flow in a 2-inch pipe is at least 20 gpm, or
about six times the average rate at which concentrate is produced
by the evaporator. The proposed method for matching flow rates
from the evaporator with the rate in the circulating loop 1is
illustrated in Fig. 4.
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FIG. 4 PROPOSED PLANT CONCENTRATE TRANSFER SYSTEM (2-inch pipe)

The concentrated waste is transferred by steam 1ift from
the present evaporator to a pump tank. The steam lift is
operated at maximum flow to prevent plugging, and the excess of
waste removed relative to the volume being produced in the
evaporator is returned to the evaporator by a variable speed pump.
The concentrate is simultaneously recirculated by a constant
speed pump between the pump tank and the waste storage tanks
through an insulated loop of 2Z-inch pipe, at velocities between
3 and 5 ft/sec (30 to 50 gpm). An average flow, equal to the
concentrate produced by the evaporator (about 3 gpm}, is diverted
from the loop to one of four waste storage tanks through a
drawoff valve,

Both pilot and full-scale equipment was assembled and
operated at the semiworks to study the flow characteristics of
the waste in the various components of the proposed system.




PILOT SCALE TRANSFER LOOP

A pilot scale transfer loop (Fig. 5} of l-inch pipe was used
to define the permissible extent of evaporation, the effect of
cooling in the transfer lines, and the flow velocity required to
avoid pluggage. This loop had a steam-jacketed, 10-inch section
of pipe as the evaporator, and a gear pump to transfer the waste
through ~250 feet of insulated l-inch pipe,

© - @ Water

FH *JE‘ Pyrex Section
‘ —20'4—»\
—1 P~
i |
| -

Gear D — | =
Pump @ [ = S F
|| @
- [P]
Evaporator
{10-inch pipe .
with steam jocket) Approximately 250 ft of Insulated [ Pipe

@ Temperature Measurement
[P] Pressure Measurement

FIG. 5 WASTE TRANSFER TEST LOOP (1-inch pipe)

PLANT SCALE TRANSFER LOOP

Based on successful results obtained with the pilot scale
transfer loop, a second transfer loop simulating the proposed
plant facility was installed at the semiworks to confirm the
proposed design. This loop, shown in Fig. 6, had a submerged
pump, 2-inch transfer lines, diaphragm valves to simulate pressure
drop in the plant system, and an all metal drawoff valve.

The transfer loop used 2-inch carbon steel pipe covered with
1 inch of glass fiber insulation. A Z4-inch section of Z-inch
glass pipe permitted visual observation of the flowing waste.
The 3-inch return line from the drawoff drum to the pump tank
(Fig. 6) also contained a section of glass pipe to allow observa-
tion of flow leaving the drawoff valve,

The 8-ft by 4-ft by 5-ft-high rectangular, stainless steel
waste pump tank was equipped with two agitators with a combined
power input of 3.5 hp. Steam coils maintained the 825 gallons
of solution in the tank at 10°C below the boiling point of the

solution.
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FiG. 6 WASTE TRANSFER TEST LOOP (2-inch pipe)

Pressure-sensing and control instrumentation was provided on
the waste transfer loop at several points: (1) The pump discharge
pressure controlled flow from the pump by operation of a diaphragm
control valve in the pump discharge (steam was used as the
pressure-transmitting f£luid). (2) Pressure control in the loop
immediately upstream from the drawoff valve was maintained by
operation of a diaphragm control valve on the return line {(steam
was used to transmit pressure). (3) The pressure drop over a
36-ft length of 2-inch pipe was recorded; here the pressure-
transmitting fluid was water, bled in at 0.0Z gpm. {4) Differen-
tial pressure between two dip tubes in the waste pump tank
indicated specific gravity. Air was used to transmit pressure in
this application; however, frequent pluggage would have been
eliminated if either water or steam had been used.
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During the waste tests, pluggage was prevented by moving the
collector ring down into the casing and by using a single small
diameter pipe for discharge from the collector ring (Fig. 8).

The original three pipes now only supported the casing.

Three identical pumps were purchased (one as a spare) for
the plant facility. A constant speed motor was supplied for the
pump in the waste transfer loop, and variable speed (high slip)
motors were supplied for the pump in the evaporator loop and for
the spare. '

Collector
Ring

Discharge

Supports

| 1 / \
\ N
N 7 I\
) - \ N
7\
f 2\ N
# L’
/ ~ N i ALY
< : ST~ Pump
Casing
Collector Ring Impeliler
Suction Plate Intake

FIG. 8 MODIFIED PUMP CASING FOR WASTE PUMP
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The pumps were characterized on water and various concen-
trations of synthetic waste solution during the test program.
The following variables were measured:

Solution Temperature: measured at the pump suction.

Discharge Head: measured with a pressure gage and corrected
- Tor solution specific gravity and height of gage above the
liquid surface.

Flow: time required to collect a given volume in drum.

Voltage:
These measurements were made with an
Amperage: electrical power analyzer and were
internally consistent; to simplify
Power Factor: presentation only voltage and power
are reported.
Power:

Pump Speed: measured with a stroboscopic light.

Temperature Rise of Motor: thermocouple on outside of
motor housing.

Cavitation: indicated by abrupt drop in flow and power.

Valves

Originally, Grinnell-Saunders diaphragm valves (Fig. 9) were
installed in the waste transfer loop: one-inch valves in the
2-inch line were used for throttling, and a 1/2-inch valve was
used for drawoff. The 1l-inch valves were required to control
pressures and flows in the test loop and are not used in the
plant installation.

FIG. 9 GRINNELL -SAUNDERS DIAPHRAGM VALVE

- 14 -




Although tests showed that diaphragm valves would probably
be usable in the plant loop, an all metal, flush-bottom tank
valve was demonstrated in the test loop (Fig. 10). The valve
seat is flush with the inside of the pipe, thus eliminating the
usual stagnant volume betwesen pipe and valve {which is suscepti-
ble to pluggage when waste is not being drawn off). The absence
of wear on the pump impeller indicated that the metal valve parts
would wear well in plant service.

K 7
NN
=1 & Pneumaotic

Operator

FIG. 10 FLUSH-BOTTOM TANK VALVE

STEAM LIFT

The steam 1ift installed in the tank farm evaporator is
part of the system for transferring radiocactive siurries; there-
fore, a full-scale mockup of the steam lift was tested in the
facility shown in Fig. 1l. The level of waste in the test
vessel was maintained 105 inches above the bottom of the steam
lift, as in normal plant operation.

- 15 -
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FIG. 11 STEAM LIFT TEST FACILITY
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SIMULATED PROCESS SCGLUTIONS

The "high-nitrate” type of waste? (NaNOj;, Na,CO;, Na,S0.,
NaCH) was tested, but the 0.5M NaAlQO; was deleted for ease of feed
makeup. The physical properties of this waste are shown in Fig. 12
and 13 (boildown ratio is the feed volume at 25°C divided by the
concentrate volume at the boiling peint}.

‘ Note =sam represents volume %
! | solid phagse
|
Average Specific Gravity of Mixture
1.80 L 4~ Based on Volume and . Weight ... .
' - * — 1 | . Wt % )
; = - ‘ 90 | Eogllpg gﬁjlsds Boildown
\ . 80 | — _:___?':l-\'\- Solute Ratio
.70 fgs s o - S T (38)
g-) \ - -r'- —
i 73 (3.3
[=]
thﬁo IO F—
e
< 69 (2.8)
? 150 ey B - -
= " (2.5)
|40 37O | 7
Q
=
Q
8 ;
0 10—t b (1.5} - .
— Feed to qupo',arm' H
.20 e — —— ,,L,, S . S
3 (1.0}
1
110 1 :
20 40 60 80 100 120 140 160

Temperature, °C

FIG. 12 PHYSICAL PROPERTIES OF AVERAGE PUREX SUPERNATE
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FIG. 13 VISCOSITY OF AVERAGE PUREX SUPERNATE

TEST RESULTS

PILOT SCALE TRANSFER LOOP

Data from the initial l-inch-pipe test loop are summarized
in Fig. 14, Waste solution can be transferred at velocities as
low as 1.4 ft/sec in a l-inch line, if the undissolved solids
concentration is <60-70 wt %. Flow velocities lower than
~1.4 ft/sec permitted settling of the solids in the line. This
critical-deposit velocity agrees with the value of .2 ft/sec
reported in the literature® 7 for a l-inch pipe using densities
comparable to the waste solid and transport media, and the
viscosity of water (normally 1 centipoise). The quantitative
effect of viscosity was not in the literature; however, settling v
tests in the laboratory at room temperature showed that the ;
discrepancy between the observed velocity of ~1.4 ft/sec and the
reported value of 2.0 ft/sec can probably be attributed to the
high viscosity of the waste concentrate (Fig. 13}, which at a
boildown ratio of 2.8 is 7 centipoises at 23°C.

- 18 -
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§_ Only |
1.30 42 (1.5)
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. eed 1o Evaporator
1.2
3 (LO)
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Temperature, °C

FIG. 14 PLUGGAGE OF 1-INCH-PIPE TEST FACILITY

PLANT SCALE TRANSFER LOOP

Operation with the high nitrate waste demonstrated that
solutions containing at least 20 vol % undissolved solids can be
successfully pumped through the waste loop. Visual observation
of the solution flowing through the 2-inch glass pipe showed
settling of the solids when flow rates were lower than about 16
gal/min (1.6 ft/sec). This observed critical-deposit velocity
is not much greater than the critical velocity observed in the
1-inch test loop (1.4 ft/sec), although in theory the deposition
velecity should vary as the square root of the pipe diameter.
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The discrepancy is probably due to the smaller-size particles in
the 2-inch loop that resulted from attrition while the loop was
operated as a continuously recirculating system over extended

periods; the l-inch loop was operated for periods of only 1 to 2

days.

Measured pressure drop at various rates of flow across a
36-ft section of 2-inch pipe is shown in Fig. 15. The pressure
drop is unaccountably lower than that calculated from the
viscosity and density of the waste solutions.

= e e (Calculated |Pressure drop
— Measured Pressure Driop

1.0 57'
Boitdowp Rcfio—--(Z.B)\/’/l o / 2.35)
2.65) '
0% : [ rr( / / /

)Q\(Water,
Calculated and
measured)

Pressure Drop, inches of water/foot of pipe

0 10 20 30 40 80 60 70
Flow Rate, gpm

FIG. 15 PRESSURE DROP IN TRANSFER LOOP
(36-feet of 2~ inch pipe, differential pressure
measured as shown in Fig. 6)
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Pumps

Initial tests with the pump showed that movement of slurries
through the three parallel discharge lines caused an unstable
condition in which one line became plugged and the resulting
unsymmetrical discharge deflected the pump shaft against the pump
casing. This problem was resolved by bringing the collector ring
down into the casing. The pump impeller was weighed and measured
before the tests were started, and again after 380, 570, and 1550
hours of operation; no wear was observed.

During tests of the pumps for the plant facility, the three
pipes that support the pump casing partially filled with the
synthetic waste solution. Because this would trap radicactive
solutions and hinder maintenance operations in the plant, the
pumps were disassembled and the joints of the support pipes were
gasketed to prevent in-leakage. Data obtained with both the
constant speed and variable speed pumps are described below.

Constant Speed Pump

This pump was tested on both cold and hot (95°C) water, and
on 1.4-fold and 2,7-fold evaporated synthetic waste solutions.
The discharge head was varied by adjusting the valve in the dis-
charge line. The discharge head (expressed as feet of solution)
for this constant speed centrifugal pump is independent of the
solution being pumped, as shown in Fig. 16. Measurements con-
firmed that the speed of the pump was practically constant for
the conditiens tested; the maximum range measured was 1700 to
1725 rpm, a variation within the error of measurement.

I ] I | |

Specitic 7 52 —1&5
_grovily_ j,é?
L0
— 20

90
80

70

1
o>
Kilowatts Input /sp qr

60

Head and flow varied
50— by throttling valve ~io
40 -

Solutions Tested

30—  Water ot 25°C, LO spgr
1.4 Boildown Waste at 100°C, .27 spgr —os
2.7 Boildown Waste ot 112°C, 1.52 spgr -

Discharge Heod, feet of solution

20—

l l | L I !
% 10 20 30 40 50 80 ©

Flow, gpm

FIG. 16 DISCHARGE HEAD AND POWER VERSUS FLOW FOR CONSTANT SPEED PUMP
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VAT

Because the required pumping power 1s approximately propor-
tional to solution density, the observed power input was divided
by the specific gravity of the solution before plotting against
flow in Fig. 16. This compresses the data considerably, but
does not completely eliminate the differences between solutions. _
The curves for kw/sp gr are identified by the specific gravity E
of the solution.

' The measured temperature rise on the motor while pumping
2.7-fold boildown waste at 40 gpm was 35°C.

The pump was tested for cavitation while transferring con- )
centrated waste (2.7 boildown) at 50 gpm. The pump began to ‘
cavitate (indicated by drop in flow and power} when the solution
was within 1°C of its boiling point.

TR

Variable Speed Pump .

This pump was tested with both hot water and 1.4- and 2.8- :
fold boildown synthetic waste solutions. Pump characteristics C
were obtained at 460, 340, 220, and 160 volts by changing the i
setting of the discharge valve.

Fig. 17 shows that, at constant voltage, the pump discharge
head decreases as the specific gravity of the solution being
pumped increases. Because this pump is driven by a high slip
motor (variable speed), higher specific gravities increase the
load on the motor and reduce its speed. To simulate plant
conditions where motor voltages will be varied to adjust pumping
rate, tests were made at reduced voltages (340, 220, and 160
volts). These curves have the same characteristics as those
obtained at full-rated voltage (460 volts). Fig. 18 shows the
effect of reduced voltage on pump speed for the variable speed
drive while pumping three solutions of different density.
Because the required pumping power 1s approximately proportional
to solution density, the observed power was again divided by
specific gravity before plotting against speed, again to compress
the data., Tests were made at reduced voltages (340, 220, and
160 volts) as well as full-rated voltage (460 volts). The power
requirements at various flows, solutions, and voltages are shown

in Fig. 19.
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FIG. 17 DISCHARGE HEAD VERSUS FLOW FOR VARIABLE SPEED PUMP

I I | T |
1800— —
i i
460 Volts *gtif,‘,’,,-,"
16004 — £
127
Lo 56
1400 — 340V 127 i
.56
E
g
y 12001— 127 .
E 220 v
& L2z
» 156
(=9
E 1000F— 180V Lo _
2 Le7
a
56
800 }— -
Sotutions Tested
Water at 95°C, 1.O spgr
800— 1.4 Boildown Waste ot 100°C, 1.27 sp gr -
2.8 Boildown Waste ot |13°C, 1.56 spgr
| | | i |
4QGO 0.4 0.8 1.2 1.6 2.0 2.4

Kilowatts input/sp gr
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Valves

The diaphragm valve that was installed originally in the
test loop to control the pump discharge pressure produced a
pressure drop of 15 to 25 psi; the drawoff valve and the loop

pressure control valve produced pressure drops of 3 to 12 psi.

Normal operating temperature was 100 to 111°C,

2.8 | ! T T T
Solutions Tested Specitic
T aner 1 i}
| Water at 95°C, 1,0sp gr ;
2.4 1.4 Boildown Waste at 100°C, 1.27 sp gr _gravity —
2.8 Boildown Waste at |13°C, 1.56 sp gr .o

Kilowatts, input/sp gr

o | | | | |

0 10 20 30 40 50 60 7o
Flow, gpm

FIG. 19 INPUT POWER VERSUS FLOW FOR VARIABLE SPEED PUMP
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The high operating temperature permitted the abrasive waste
solids to cut through the "Teflon"# diaphragms. Successive
diaphragms in the pump discharge valve failed after 270, 115,
and 40 hours of service; whereas diaphragms in the loop pressure
control valve failed after 790 and 1320 hours. The 1/2-inch
drawoff valve was replaced with a l-inch valve after 575 hours of
service; the "Teflen" diaphragm in the 1/2-inch valve showed
wear, but had not failed. A new and a failed 1l-inch diaphragm
are shown in Fig. 20.

Two high temperature butyl rubber diaphragms, recommended
by the valve manufacturer, were unsatisfactory in pump discharge
valve service. Although neither diaphragm failed completely,
each was cut severely after operating 560 and 420 hours.

FIG. 20 “TEFLON” DIAPHRAGMS FOR 1-INCH GRINNELL--SAUNDERS VALVE

An experimental diaphragm of ethylene-propylene rubber,
supplied by the valve manufacturer, was also cut severely in
service. A photdgraph of this diaphragm after 370 hours of
service 1s shown in Fig., 21.

F1G. 21 ETHYLENE-PROPYLENE RUBBER DIAPHRAGM
FOR 1-INCH GRINNELL -SAUNDERS VALVE
{370 hours of operation)

* Registered Du Pont Trademark for its fluorocarbon resin.
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As previously mentioned, an all metal flush-bottom tank valve
was installed in the test loop. Extended, trouble-free operation
indicated that it would be satisfactory for plant use. Informa-
tion obtained during operation with this valve is summarized

below.

1.

There is probably no valve that will provide a constant
slurry drawoff of 3 gpm, at 3-to 12 psi pressure drop,
without a buildup of solids in the valve seat or between
the valve plug and seat. With the plug in the test
valve positioned for a 3 gpm drawoff rate, solids
accumulated and the flow decreased slowly until complete
blockage occurred. This buildup of solids does not
result in permanent pluggage, however, because either
opening or closing the valve flushes the solids away.
With the test valve shown in Fig. 10 (3/4-inch seat),
the minimum flow that could be maintained without
blockage was about 9 gpm.

Flow through valve seats with 1/4- and 3/8-inch openings
at several loop pressures was measured, and is shown

in Fig. 22. Pressures in the plant transfer loop at

the drawoff valve are expected to vary between 1 and 12
psi, depending on elevation and the distance to the
tank where the drawoff valve is located.

The test data indicate that the plant transfer loop should
be provided with drawoff valves of such a size that the drawoff
rate at the expected operating pressure is equal to the maximum
rate at which concentrate can be discharged from the evaporator
(~10 gpm). The valve can then be operated essentially "on-off"
to give an average drawoff rate equal to the volume of concen-
trate that is being produced in the evaporator.

/
8 =7 //‘ -

/

2]

1/4 - inch

seat \

Drawoff Rate, gpm
BH

—

\

q} 2 4 6 8 s} 12 14
Loop Pressure, psi

FIG. 22 LOOP PRESSURE VERSUS DRAWOFF RATE (Drawoff ond return

valves wide open, loop pressure varied with pump discharge valves)
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STEAM LIFT

Steam lift rates as a function of steam pressure for five
boildown concentrations are shown in Fig. 23; concentration has
little effect on the lift rate. The 1ift would not operate at
boildown ratios in excess of 3.3 (73 wt % dissolved plus un-
dissolved solids), nor would it operate at any of the boildown
ratios tested with steam pressures lower than the 5 to 6 psig
that corresponded to the 1ift submergence. When the waste was
concentrated to a boildown ratio of 3.6 (77 wt % solids plus
solute) 1ift operation was intermittent and erratic, and could
not be relied upon for sustained operation.

At the completion of the tests (3.6 boildown ratio), the
1ift assembly was removed and the steam lift and the vessel were
inspected. Fig. 24 is a photograph of the steam lift at this
time, and Fig. 25 shows the large deposits of solids above the
liquid level in the vessel interior. Fig. 26 shows the inside
of the vessel after draining, but before cleaning. The heavy
solids deposited on the coils and the sides and bottom of the
vessel, and the solids 'caked" on the steam supply line to the 1lift
were analyzed. The solids on the lower portions of the vessel were
enriched in €032~ and S042". Similar experience in the plant with
the gravity drain system indicated that these solids can be removed
readily with a hot water flush.

35
30
25
£
a
on
@ 20
[=]
g
- 15 Wt %
Boil- Solids
g down Plus Soln
0_3’ Symbol  Ratie Solute Temp, °C
0 o o 1.6 44 12
ju] 20 53 115
F2Y 28 69 119
® 305 Il 22
a 33 73 127
5 b e ——— —]
Q
o] 4 8 12 153 20 24 26

Steam Pressure, psi

FIG. 23 CHARACTERISTICS OF STEAM LIFT
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FIG.

24 STEAM LIFT AFTER REMOVAL FROM VESSEL
(Note solids on steam supply line)
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FIG. 26 VESSEL AFTER DRAINING (Ambient temperature)
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PLANT OPERATION

A waste transfer system incorporating the results of this
test program (Fig. 27) was installed in the F-Area Separations
Plant to transfer aged alkaline waste to four underground waste
storage tanks at distances ranging from 300 to 600 ft from the
pump pit. This system uses the all-metal, flush-bottom tank
valve or modification of this valve to control the flow of solu-
tion within the transfer system, Cleanout facilities allow
insertion of flexible tubes into the plant transfer lines to
flush out any blockage that might occur. The facility was de-
signed to handie concentrated wastes with a maximum of 100 Ci/gal
of gamma radiation at 0.75 Mev (principally '*7Cs), with shield-
ing to limit the radiation intensity in all operating areas to a
maximum of 10 mR/hr at the surface. This system has operated
satisfacterily on full-level radiocactive waste since startup in

July 1967.

E'?'?m Evaporator
]
V4 " Enclosure
—
I/ Drawoff
Valve
v Drowoeff Valve
¥ to Feed Tonk
\ilu?sh
'B% ater
L Waste Tanks
T\w/g;v\.;ny ~ > 1D-np > )\— 2-inch Recirculating Line
* Agitator i
Block Valve 2 o M ol&e—r Block Valve
Hot Water Coils 0 )
$ =— Transfer Pit
=]
3
Variable Speed Pump i Constant Speed Pump

FIG. 27 PLANT CONCENTRATE TRANSFER SYSTEM (Notes: Cleanouts every 100 feet or
every 2 bends. All lines jacketed; jockets drain to sump in transfer pit.
All lines sloped to prevent pockets.)

(See pages 32 through 34 for details of the system.)
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