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ABSTRACT

Adqueous redicactive wastes from the separations processes
at the Savannah River Plant are stored underground in large,
carbon steel tanks, and cooled by water flowlng through a net-
work of vertical and horilzontal cooling colls., To conserve
space, the supernatant solutions are removed perlodically from
the tanks, concentrated by evaporation, and transferred to other
tanks for long-term storage, During storage of the wastes prior
te concentration, preclpitated sludge accumulates in the bottom
of the tanks. Equipment and techniques that have been developed
for removal of sludge from waste tanks are described in this
report. High velocity jets of water are used to disperse the
gludge into & slurry that can be removed with centrifugal pumps.
The development program culminated in removal of sludge from
two waste tanks., The second test, incorporatlng the results of
experlence gained 1n the first, was the more successful; greater
than 95% of a 1.5-Toot layer of sludge was removed durlng five
hours of operation,.
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REMOVAL OF SLUDGE FROM HIGH ACTIVITY WASTE TANKS

INTRODUCTION

During the storage of agueous radicactive wastes in
cooled, underground tanks, a layer of sludge accumulates at the
bottom of the tanks., After several years, the sludge occupies
about 10% of the working volume of the tank. To defer the need
for additional tanks, the supernatant solutlons are removed from
the tanks, concentrated by evaporation, and transferred to other
tanks for long-term storage in immobile, semisolid form,

Although 1t has not been necessary to remove sludge before,
a feasible method of removal may be needed to (1) transfer the
sludge to permanent storage in a bedrock vault, (2) uncover the
bottom heorizontal coollng colls before adding fresh waste,
(3) redistribute the sludge among the tanks, or (%) remove the
sludge from a leaking tank.

The removal of sludge 1s made difficult by a network of
horizontal cooling colls located close to the bottom of the
tanks.

SUMMARY

One promising methad for removing sludge from a high gctiv-
ity waste tank is the use of high velcclity Jets of water to
suspend the sludge for & sufficient time to allow the slurry
to be pumped from the tank. The development program described
in this report proved the feasibility of the method. The
experimental work also provided the necessary data on the size,
arrangement, and angle of the discharge nozzles, the pressure
required for the jet action tc reach all of the bottom area of
the tanks, the arrangement and capaclty of centrifugal pumps
to remove the slurry, and the methods of operation needed to
obtain the desired results with minimum volume cf water.

The experimental program was concluded with two trlals
in plant weste tanks. In the first, approximately 90% (43,000
gallons) of intensely radioactive sludge was transferred
from one high activity waste tank to another. More of the
sludge could have been transferred, but the test was terminated
to save time and to avold the use of an excesslve vclume of

water.




After the removal of the sludge from the first tank,
improvements in the egquipment and techniques were developed and
were demonstrated 1n a semlworks test with nonradiocactive
material, These lmprovements allowed the transfer of nearly all
of the radloactlve sludge from a second tank,

Sludge can now be removed from high activity waste tanks
as needed and the procedures that were developed are acceptable
for plant use.

DISCUSSION

HIGH ACTIVITY WASTE STORAGE TANKS

Aqueous high activity wastes from the separations processes

are stored 1n two types of carbon steel tanks, The first type
is a 7H0,000-gallon vessel, 75 feet in diameter by 24 feet high,
containing 12 support columns and horizontal and vertical cool-
ing colls. The second type is similar to the first except that
it 18 85 feet in diameter, has a capaclty of one million gallons,
and has only one support column located 1n the center. A plan
view and sectional elevation of the 7T5-foot-dlameter tank are
shown in Figure 1,

The horizontel colls are two sets of 2-inch carbon steel
pipes, arranged at right angles to each other (Figure 28). The
centerline of the bottom set 1s 2 inches from the bottom of the
tank (clearance less than one inch) and the other is 5 inches,
Pairs of 2-inch vertical colls, hung from the top of the tank, }
loop up and down in rows 4 feet apart and diasgonal to the bot-
tom colls (Figure 2b). The bottom lecops of the vertical coills
are fastened to the bottom of the tank and are within an inch
of the upper rows of horizontal coils. The supply and return
lines of all the colls are 1ln a vertical cluster under a valve
house on top of each tank. The cooling system in each tank
comprises nearly four miles of pipe.

HIGH ACTIVITY WASTE SLUDGE

The sludge that precipitates 1n a tank during aging of
high activity waste normally amounts to about 100,000 gallcons
and occupies about one-tenth of the tank volume. About three-
fourths of the sludge i1s compacted into a dark brown, sticky
mass; and one-fourth ls loosely settled, finely divided material
of essentlally the same composition. The compacted sludge is
generally quite moblle but tends to adhere strongly to obJects,
such as lnserted samplers. The adherling sludge usually 1s not
removed by ralsing an object through the supernate, but can be
removed readlily by flowing water.

-6 -
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The sclids comprise a mixture of oxides and hydroxides of
manganese, iron, and some aluminum, plus uranium, plutonium,
end mixed fission products. The exact composlition and radio-
active content of sludge in any tank depends upcn the process
history of materials in the waste, and upon the age of the sludge.

EXPERIMENTAL. FACILITIES

Preliminary tests were made in an open steel tank, 8 feet
in diameter, with a mixture of fine sand and clay as a stand-1n
for radiocactlve sludge. These tests showed that 1t should be
feagible to slurry sludge with high velocity jets of water dis-
charged horizontally from nozzles of small diameter located
underwater close to the bottom of the tank. Slow rotation of
the nozzles provided the sweeping action needed to clean the
bottom. Efforts to pump out the slurry were not successful
because the force of the jet stream in the confinement of the
small tank drove the slurry away from the pump. Discharging
the nozzles downward from above the surface of the llquid was
not sultable because most of the impact of the jet streams was
dissipated at, or near, the surface.

A mockup representing one-half of the bottom of a T5-foot-
diameter waste tank was constructed of a wall of cement blocks
32 inches high on a concrete slab. The mockup included hori-
zontal cocling coils of 2-inch-dlameter pipe and simulated
bases of six of the twelve supporting columns of a waste tank
{(Figure 3). Portable platforms with movable catwalks were

FIG. 3 CONCRETE TEST TANK
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used to pesiticon the nozzles and portable sludge pumps at
appropriate locations to correspond tce available access ports
or risers in the top cof the waste tanks. Wet, settled clay
{kaolin) was used to simulate radiocactive sludge.

In the first four tests, a cluster of angle-iron supports
for the platforms surrounded the nozzles and caused interfer-
ences very close to the nozzles. The interferences were greater
than those anticipated in the actual waste tanks. In the next
two tests, the catwalks and platforms were supported on poles
that bridged the test tank (Figure 4).

FIG. 4 PLATFORMS FOR PUMP AND NOZZLE ASSEMBLIES
SUPPORTED ON POLES OVER THE TEST TANK

EXPERIMENTAL RESULTS

Raonge of Jets

The ranges of jets from submerged nozzles of 1/8-, 3/16-,
and 1/4-inch dlameter were determined in 8 inches of wet clay
at pressures from 500 to 3000 psig. The nozzles were posi-

tioned to discharge horizontally 1/2 to 3/4% inch above the
kottom of the tank, and elther were braced against a wall of

the tank for individual testing or were mounted in pairs dis-
charging in opposite directions {(to balance the thrust). With
no horizontal pipes in front of the jet streams, the clay was

- 10 =




=

cleaned completely from the path of the jets to distances from

6 feet (1/8-inch nozzle at 500 psig) to about 30 feet (1/4-inch
nozzle at 3000 psig). Superficial mixing of the clay was evi-

dent for an additional 25 to 30 feet, but the clay on the bot-

tom of the tank was not disturbed in thils region.

When the jets were directed under the upper rows of horil-
zontal pipes and parallel to the pilpes close to the bottom,
the effective ranges were not significantly reduced from those
opserved without the pilpes. W1lth the jets directed under the
bottom rows of pipes, the ranges of the 1/8- or 3/16-inch
nozzles were not reduced significantly, but the maximum range
of the 1/%-inch nozzles was reduced by about half. However,
these tests showed nozzles with orifices less than 3/16 inch
in diameter would not provide the range, even at 4000-psig
pressure, to reach the walls of the tank from locatlons avail-
able for introcducing the nozzles inte the waste tanks.

Further tests with 1/4-inch nozzles under 10 inches of
wet clay, and at pressures of 500 to 4000 psig, were made to
define the range with respect to the angle between the jet
discharge and the two sets of horizontal pipes. As indlcated
in the preliminary tests, the maximum effective range is
obtalned when the jet stream is parallel to the bottom set of
pipes and the flow is channeled between the bottom plpes. The
range 1s reduced somewhat when the jet is directed under and
perpendicular to the bottom pipes, although a broader area 1s
covered because the bottom pipes flatten the stream. The area
1s broadest with the jet streams diagonal to the pilpes, but the
range is shortest.

As shown in Figure 5, the effective range in wet cléy

40 T T T T

Turbulence
Above Cloy

30 -

Distance Cleored
at Bottom

Effective Range of Water Jet, ft

Pressure, psig
o %o K00 2000 2500 3000 4000
20 30 40 50 60 70

{Water Pressure, psig) /2

FIG. 5 RANGE OF WATER JETS FROM 1/4-INCH NOZZLES IN WET CLAY
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Inereased from about 8 feet at 500 psig to 20 feet at 3000

psilg. The range at which turbulence was evident above the clay
increased from about 10 feet at 500 psilg to 25 feet at 3000
psig. Higher pressure, to 4000 psig, did not extend the bottom-
cleaning range, but markedly increased the range of surface
turbulence; apparently, the jet of water rides up over the clay
at about 20 feet and continues on the surface.

Pumps

For the experiments conducted in the concrete test tank,
air-powered multivane sump pumps of 250-gpm capacity were used.
Pumpout tests with clay slurry showed that the intake grills of
the pumps prevented reduction of the fluid level to less than
3 to 4 inches; air was sucked in even when the pumps were throt-
tled a8 much as possible. Conseguently, "skirts" were attached
around the intake section of the base of the pumps (Figure 6 )
to allow reduction of the level in the tank to about 1 inch.

FIG. 6 AIR-OPERATED SUMP PUMP WITH SKIRT ATTACHED
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The alr-powered pumps used 1n the test tank could not pro-
vide the 1lift required to remove sludge from a waste tank; 25-hp
totally submerged centrifugal pumps were selected. Semlworks
tests with water confirmed that the performance of the centri-
fugal pumps was as speclfled by the manufacturer. As with the
sump pumps, the inlet screen of the centrifugal pumps was about
6 inches high, so a skirt was added to the pumps to extend the
suction to within 1 inch of the bottom. The measured capaclty of
the pumpg was not significantly reduced by fthe skirt {Figure 7).

1000 T T T T T l |
€ 800
G
o
£ soof—
=2
g Semiworks T h Sk
- emiworks Test wit irt”’

© "0‘-{;( on Pump
O 400(— ~
2 Manufacturer’s -
fh’ Data
S 200}—

o | | I | |

i00 11O 120 130 140 150 160 |70 180

Head, ft
FIG. 7 CHARACTERISTICS OF SLUDGE TRANSFER PUMP

Pumpout tests showed quite clearly that the best location
for a pump was adjacent to the nozzle, where the clrculatilion
induced by the Jjet could carry slurry back to the pump. When
the pump was located away from the nozzles, considerable time
was reguired (even at high pressure) for the jet streams to
penetrate the clay between the nozzle and the pump. Before
penetration was achleved, the pump recelved only slurry travel-
ing over undisturbed clay on the bottom. Thus a cleared area
was pushed up around the nozzles and drawn down for a few feet
around the pump, but a rildge was left between the nozzles and
the pump. Considerably more time was required at high pressure
to reduce the ridge, and consequently a larger volume of water
than was needed to clear an equlvalent area with the pump adjacent

to a set of Jet nozzles.
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Arrangement of Nozzles

In early tests, an arrangement of four 1/8-inch nozzles 90°
apart proved to be significantly more effectlve in slurrying
clay than a pair of nozzles discharging in opposite directicns.
With slurry returning between the four nozzles, a cloverleafl
pattérn was established that produced very effective mixing.
However, similar arrangements with the large nozzles needed for
greater range (such as four 3/16-inch nozzles, or twe 1/4-inch
with two 1/8-inch nozzles) were not as effective as two 3/16-
or 1/4-inch nozzles discharging in opposite directions. With
two large nozzles, slurry flowed raplidly back to the nozzles in
a directlion normal to the discharge streams and good mixing was
ocbtained. With four large nozzles at 90° or even with two large
and two small nozzles, the return pattern was not well defined
and the ocutward flow was large enough to cause a marked depres-
sion in fluid depth adjacent to the nozzles. The decresased
depth allowed the pumps to draw in air, resulting in loss of
efficilency.

Rotation of Nozzles

In mecst of the experimental program and in the first
plant test, the nozzles were rotated manually by turning the
vertical water supply pipe. Unifcrm rotation of the Jets by
a simple sprocket-and-chain drive powered by an electric mctor
and simple gear reducer (Figure 8) proved to be more effective
both in slurrying clay and subsequently in the remcval of sludge
in the second plant test. Mechanization of the jets reduces
the manpower required to remove sludge from a tank and hence
reduces the potential for radiation exposure of personnel per-
forming such cperations.

Periods of rotation shorter than 2 minutes were clearly

less effective than longer periods, even with only 500-psig
water pressure. Best results were obtained with rotational

periods of about 5 minufes for longer ranges and higher pres-
sures. These rates are within the range of the variable gear
drive without change of sprocket, At all pressures, the action
of the jet streams 1in clearing clay from the bottom of the test
tank and in returning slurry to the pump adjacent to the jet
nozzles was much more effective In tests with the continuous,
steady, mechanical rotation than in tests where the nozzles were
rotated manually.

Durilng a pumpout test, with only one pair of nozzles (2800
psig), the nozzles were rotated In one direction until about 1
slurry-volume (17,600 gallons) of clay had been pumped and 1lt-

- 14 -
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tie further change was occurring in the total area cleared by
the jet streams. An estimated 60-70% of the original volume of
clay was removed under these conditions. When the direction of
rotation was reversed and an additional 10,000 gallons of water
was used, the area cleared was extended by several feef, to about
75% removal of the original clay. The greatest effect was evi-
dent in areas behind the simulated bases of ¢columns, where the
change in the direction of the approaching jet streams removed
¢lay that had been washed over behind one slde of the column
during the previcus period. Periodlic reversal in the direction
of rotation was recommended for routine operation.

The bottoms of the waste tanks are 35 to 40 feet belew
ground level. To be sure that the thrust cof the jets could be
satisfactorlily handled by pairs of Jets back-to-back, and that
local obstruction close to one nozzle or operation 1n and cut
of water would not upset thls balance, a test was conducted with
a pair of nozzles connected to a 40-foot length of 1-1/2-inch
heavy-duty water supply plpe suspended vertically from a tempo-
rary scaffold (Figure 9). At 3000 psig in clay-water slurry

FIG. 9 JET SUSPENDED FROM 40-FOOT TOWER

there was ne violent displacement of the nozzles whether dis-
charging in air, in clay, or in clay-water slurry, =ven when
there was an obstruction near the nozzle. There was an ccea-
sional slow, gentle displacement of the pipe for 3 or 4 inches

in a direction normal to the discharge of the nozzles, but each
time the pipe returned to a steady state 1n the original positilon.
Nevertheless for the plant trials the 1-1/2-1inch pipes to the
nozzles were filtted with a collar that was fastened to the 3-

- 16 -
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inch vertical discharge line from the centrifugal pumps; this
arrangement expedited handling of the long, slender plpe assem-
blies with a boom crane and assured the proper relative posltions
of the pump and nozzles In the waste tanks,

TESTS IN PLANT WASTE TANKS
Equipment and Arrangement

In the first plant test, approximately 90% of the original
48,700 gallons of sludge in Tank 2 in one of the waste storage
areas was transferred to Tank 7 (Figure 10a) by the high-velocity
Jet technique., 8ix high pressure pumps were rented from Dow
Industrial Service to provide water Tor the jJets.

Underground Waste L.ines

Q0
OlO

o
) )
)
(3

a. Waste Tanks in F Area b. Special Connections at Tank 2

Dischargs Lines High Presaurs
e Tank 7 Manifold ta Jafs

c. Jets ond Pumps
in Tank 2

FIG. 10 ARRANGEMENT FOR SLUDGE REMOVAL
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A pair of 1/4-inch nozzles, arranged to discharge in oppo-
site directions varallel to the bottom of the tank and very clcse
to it, was inserted in each of four access riser pipes, numbers
1, 3, 5, and 8, in Tank 2 (Figure 10b}. During the sludge removal
operation, the nozzles were rotated horizontally at an overall
rate of one-half turn per hour -- by manually turning the verti-
cal water supply pipe to each pair of nozzles in increments of
15 degrees every 5 minutes.

A 25-hp centrifugal pump was also installed through each
of the risers along with the nozzles (Figure 11), and was sus-
pended approximately 3 inches above the bottom of the tank to
avoid interference with the Jet streams from the nozzles, The
discharge line from the pump at Riser 5 was connected directly
to the existing shielded header from Tank 2 to Tank 7. The
discharge lines from the other three pumps were combined in a
manifocld from which two pipes were connected to existing ehielded
headers from other tanks (4 and 6) to Tank 7.

FIG. 11a. CENTRIFUGAL PUMP AND HIGH PRESSURE NOZZLE ASSEMBLY
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FIG. 11b. INSTALLATION OF CENTRIFUGAL PUMP AND NOZZLE ASSEMBLY

A1l discharge lines from the sludge pumps were shlelded
with concrete blocks in the vicinity of the tank (Figure 12},
except at the point of exit from the riser cover plates, where
lead was used to conserve space.

Water for the six high pressure pumps was obtained at 125-1b
pressure from a manifold of 4-inch pipe that was fed by a fire
hydrant through 250 feet of two 2-1/2-inch fire hoses.

Connection from the manifold to each pump was also made with fire
hose. The high pressure discharge lines from the six pumps

Joined in a 4-inch pipe manifold leadlng directly to the top of
Tank 2. Connections from this manifold to each of the four ver-
tical pipes in the tank were made with two flexible high pres-

sure hoses {Figure 13). All valves were.operated manually on the
water lines and on the waste discharge lines from the sludge pumps.

- 19 -
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Sludge Transfer Operation

For the test, the high pressure Jets were started 10 min-
utes before the centrifugal pumps were turned on, to avold the
pessibility of plugging the vertical section of the discharge
pipes with undiluted sludge, According to procedures established
at the semlworks, the water pressure to the Jet nozzles was
maintained at 500 psig for 1 hour and then increased in 500 psig
steps, of 1 hour each, to 2000 psig.

The initial liquid level of 29.5 inches (80,000 gallons)
of total sludge and supernatant solution in Tank 2 was main-
tained during the first 3 hours of operation by adjustment of
the valves on the discharge lines from the sludge pumps. During
the fourth hour the liquid level in the tank was reduced from
29,5 to ~20 incheg and held at 20 inches during the fifth hour
while the Jets were operated at 3000 psig. The liguid level was
then reduced to 8 inches (21,600 gallons).

After 1-1/4% hours of additicnal jetting at 2500-3000 psig,
the sludge transfer operation was shut down, and the centrifugal
pump at Riser 5 was lowered to the bottom of the tank so that the
residual water and sludge mlxture could be pumped to a final
depth of ~3 inches,

Figure 14 summarizes the schedule for nozzle pressure,
the total volume of fluid pumped from Tank 2, and the changes in
1iquid level in the tank.

About 43,000 gallons (90%) of the original sludge, was
removed with 230,000 gallons of water in 6 hours and 45 minutes
of pumpout time. The volume ratioc of the water used to the
sludge removed was 5.3, An additicnal 65,000 gallons of residual
supernatant llquid from Tank 2 was also transferred with the sludge,
8o that the overall veolume pumped to Tank 7 was 305,000 gallons.
In Tank 7, the sludge settled rapidly to about 34 iInches in 5
days, and to 28 inches in 2 weeks. This volume is approximately
twice the original volume in Tank 2, and corresponds to that
observed wlth slurried clay In the semiworks tests. The Ilncrease
ig attributed to aeration and some shearing of agglomerated solid
material by the high veloclty Jets.

The operations were observed wilth a televisglon camera in
the center riser pipe, by measurements of liquid level Iin the
tanks, radiation surveys of the discharge lines, and samples of
slurry from one line from the discharge manifold. The 1nitial
sample of slurry was taken after 3 hours of operation, when 76,000
gallons had been transferred, and contained 14 vol % sludge after
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FIG. 14 SLUDGE TRANSFER DATA

centrifugation. The second sample, taken after 5 hours with
156,000 gallons transferred, contained 25 vol % sludge. The final
sample, taken just before shutdown with 286,000 gallons trans-
ferred, contained 11 vol % sludge.

The radiation from the discharge lines was 8 to 12 R/hr
at the start of sludge removal, and decreased gradually to 2 R/hr
during the first 3 hours. When the sludge pumps were turned off,
the radliation from the dlscharge lines dropped promptly to 40-
60 mR/hr. After the discharge lines were flushed with water at
the completion of sludge removal, the radiation was 8-10 mR/hr.
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The bottom area of the tank arcund Riser 2 was surveyed
visually and photographically through a periscope, The survey
showed that only 3 inches of liquid remained in the tank (Fig—
ure 15). This liquid volume and the final 11% solid content of
the pumped slurry correspcnd to less than 1 inch of settled
sludge on the general area of the tank. However, areas with
sludge up to 4 inches deep were observed between the columns at
the center of the tank, and some sludge was also seen behind
other columns nearer to the wall., Thus the "equivalent average"
depth of sludge was estimated to be less than 2 inches, which
corresponds to 90% removal, The total sludge removed could have
been Increased to 95-99% by additional slurrying with water and
continued pumping.

FIG. 15 BOTTOM AREA OF TANK AFTER SLUDGE REMOVAL

Following completion of the slurrying and pumpout cpera-
tions, the Jet and pump assemblies were removed from the tank,
bagged in plastic (Figure 16), covered with tarpaulins, and
stored pending further use. During removal from the tank, the
assemblies were decontaminated by a ring of eight 1/16-1nch high
pressure jets. One of the high pressure pumps was retalned to
asslist in the decontamination. Only low contamination was
encountered on the vertical pipes down to approximately 6 feet
from the bottom., The contamination inereased down to the pump
and Jet assemblies, where the radiation was 20 R at contact.

At 500-psig pressure on the spray ring, the radiation was reduced
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FIG. 16 REMOVAL OF NOZZLE AND PUMP ASSEMBLY

by only a factor of 2, but at 2000 psig an additional factor of
10 was obtained for a total of 20. Even with the spray ring,
~3 hours was required tec remove, decontaminate, and bag each of
the first two pump and jet assemblies.

The third and fourth assemblies were removed in only 1 hour
each by the use of a high pressure hand-held lance, cperated at
500 to 1500 psig, to supplement the spray ring; the ring d4id not
provide complete coverage cof the external contaminated surfaces,
The lance had a special fail-safe valve and a 1/16-inch nozzle,
The maximum radiation from the bottom of the pumps after decon-
tamination was 10 rads befcre enclosure in plastic and 3.5 rads
after enclosure, No environmental contamination occurred during
the removal cof sludge or subsequent removal of the eguipment.

After some additional experimental work with clay in the

test tank, a second plant test was made in which nearly all of
the sludge in Tank 9 was transferred to Tank 13. Several minor
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changes were made to increase the effilclency and effectiliveness
of the operatlion.

e A fif'th high pressure Jjet assembly was installed and oper-
ated intermittently in the center riser of the tank to
clear this area of the bottom quickly. The experiments
conducted in the experimental tank after the first plant
test showed that less water would be needed with inter-
mittent operation of a Jet in the center than with Jjets
cnily in the surrounding positions, since the bases of
nearby columns Interfered with passage of the jet streams
through the center area.

e The rctation of the five jet assemblles was mechanized
with reversible drive systems.

e The number of hoses from the water supply hydrant to the
low pressure manifold was doubled, and more connectlons
were installed on the manifold sc that two supply hoses
could be run to the larger pumps for smocther operation.
The capacity of the pumping units ranged from 80 to 300
gpm at 3000 psig.

o Alr-operated valves were used on the pump discharge llnes
30 that exposure of personnel to radlation while opening
and closing the valves was eliminated.

About #2,000 gallons of bottom sludge (15-1/2 inches} and
110,000 gallons of supernatant liquid waste were slurried with
the high pressure jet streams and pumped from Tank 9 to Tank 13.
Jet rotation rate was set by a variable speed drive at 1/5
rpm at low water pressures where jet penetratlon was short. At
water pressures greater than 1000 psig, rotation rate was reduced
to 1/12 rpm. Durlng the final three hours, the dlrectlon of Jet
rotation was reversed every half hour.

The volume of water jetted into the tank was 240,000 gal-
lons or 5.7 times the sludge veolume, and the final liquld level
after pumpdown was 2-3/4 inches. After settling in the receiving
tank for two weeks, the transferred sludge occupled 1.5 times
the volume occupled before transfer. This behavior iIs typical
of that observed In the earlier plant test and in the experl-
ments with clay, and is attributed to the shearing action of
the jets on the sludge and to aeration.

Periscopic examination of %the tank through Riser 6 follow-
ing sludge removal revealed no visible sludge. Flush and
decontamination water had increased the liquid level from 2-3/4
to 5-3/% inches, masking whatever sludge may have remained in
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the tank. No sludge was seen above the surface of the liguld.
In a limited area under the periscope, where the incident angle
of view was high, submsrged colls free of sludge were clearly
visible and no sludge accumulations could be seen.

Closed Circuit Television

For the first plant test, a small television camera mounted
on an adjustable mast wilth a remotely operated pan-and-tilt
mechanism was installed in the center riser of Tank 2 (Flgure
17) . The camera was protected from melsture and contaminatlon
by a plastie cover. Two spobtlights on a separate mast adjacent
to the camera provided illuminatlon. In preliminary surveys of
the tank, the plastic cover was removed because 1t interfered
with the lens of the camera.

Although some difficulty was experilenced in coordinating
the movement of the lights with the camera to scan various areas
of the tank bottom, the television proved to bhe very valuable
as a gulde to progress during a sludge removal. A short clrcult
in the camera prevented inspectlon of the bottom of the tank
after the sludge remcval operation was completed: water vapor
condensed on the mast and ran into the high voltage clrculit at
the back of the camera.

For the second test, a camera was completely enclcsed in a
water-tight aluminum box wilth a clear plastic window in front of
the camera lens (Figure 17d), TFour lights were mounted on brac-
kets on the slde of the contalnment box near the front and were
focused along the viewing axls of the camera. Although no prob-
lem was encountered with condensation, heat from the spotlights
raised the temperature in the camera high encugh to cause exces-
sive distortion of the picture. Tests conducted in advance
showed that the camera alone would not generate enough heat 1in
the box to disturb the picture. In future installations, the
contalinment box will be alr cooled.
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FIG. 17 TELEVISION CAMERAS AND LIGHTS

ic Containment for F

a. Comera on Pan-Tilt Mount

Plant Test

c. Lights in Plast




