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1. INTRODUCTION

During studies made at Oak Ridge National Laboratory to develop and

evaluate a process for decontaminating the post-accident contaminated

water at Three Mile Island-2, various methods of filtration were tested

for removal of a flocculent precipitate which contained a significant

amount of sub-micron size particles. These studies led to an efficient

and practical filtration method, similar to sand-bed filtration, which

utilizes a deep bed of specially-sized diatomaceous earths to trap and

hold the sub-micron size particulates.

The deposition of particles of insoluble fission products inside a

bed of diatomaceous earths is shown in Slide 1, which is a 3000-fold

enlargement of the results from one of our test applications that will

be described later.

The filtration process is especially advantageous for removal of

radioactive waste particulates because the materials are deposited

Inside a stable, inorganic medium that is appropriate for direct dispo-

sal or conversion to a vitrified or cement-type waste form.

In the following discussion, the filtration studies that were made

on simulated TMI-2 Containment Building sump water will be described,

and the advantages of the deep-bed method will be shown. Also, two

other applications of the filtration method to obtain significantly

improved results in nuclear facilities will be described. One of these



uses is in the clarification of dissolver solutions from light-watar

reactor and breeder reactor fuel reprocessing studies, and the other is

in the clarification of the highly viscous zinc bromide solutions used

in shielding windows for hot cells. Finally, potential applications and

advantages will be discussed.

2. FILTRATION STUDIES ON SYNTHETIC TMI-2 WATER

The radioactive properties and chemical composition of solids that

had settled onto the floor of the TMI-2 Containment Building are shown

in Slide 2.

90

The predominant radioactive contaminant was Sr, xfhile the chemi-

cal content was primarily copper, nickel, aluminum, and iron. The

copper and iron were observed, by the color of the solids, to be In

their chemically reduced states. The water in which the solids was

present was alkaline, with pH about 8. Thus, the solids were most

likely metal hydroxides or carbonates. Finely divided metal hydroxides

are known to be very difficult to filter because they tend to form a

slimy, compressible cake.

Early samples of the TMI slurry were of limited volume and were not

sufficiently large for clarification studies. Thus, after the chemical

analyses of the solids and water had been made, a large volume of

synthetic slurry was prepared and then used to evaluate a variety of

filter media and filtration methods. Care was taken to ensure that the

synthetic slurry was formulated in such a way that the settling charac-

teristics were similar to those observ* I for the actual slurry.

Scouting tests initially were made using glass frit filters. The

results, summarized in Slide 3, showed that the coarse filter, with a



40- to 60-um rating, did not remove the solids efficiently unless It was

precoated with a filter aid. The medium-grade filter, with a 10- to

15-um rating, did remove the solids but only at a slow flow rate. When

either filter was precoated with a diatomaceous earth filter aid, the

solids removal efficiency and flow rate were satisfactory.

The pertinent characteristics of several grades of filter aids that

were used in the study are shown in Slide 4. The chemical composition

of all of these diatomaceous earth filter aids Is approximately 90% Si02

with small amounts of the oxides of aluminum, iron, sodium, potassium,

and calcium.

The Standard Super Cel, when used alone, was found to cause slow

flow rates and a high pressure drop. Best results were obtained with

Celite 535. In precoating applications, good results were obtained by

covering the Celite 535 with a thin layer of Standard or Hyflo Super

Cel.

Quantitative filtration data were obtained using the synthetic

slurry and sintered metal filters that had ratings of 5, 10, 20, or 40

ym. The experimental equipment arrangement is shown In Slide 5. The

mixed slurry was pumped either upflow through the filter housing, with

the filter located in the top of the housing, or downflow with the

filter at the bottom of the housing. The housing size and filter sur-

face area were the same in all cases. The tests were made at constant

flow rate and were terminated when the pressure drop exceeded 35 psi.

Flow rates ranging from 1.6 to 5.3 mL/min-cm (0.4 to 1.3 gal/min-ft )

were tested. The turbidity of the filtrate solution was compared to the

turbidity of the feed slurry to provide a measure of filtration

efficiency.



The nature of the cake formed on both the bare sintered metal

filter and the precoated filter was classic for compressible solids, as

indicated in Slide 6. This plot shows that, after formation of the

cake, the filtration flow rate could not be increased further by

increasing the pressure on the cake.

The filtration performance of a 20-um-rated, sintered metal filter

when used bare, or with a thin precoat, or when covered with a deep bed

of diatomaceous earth, is illustrated In Slide 7. In each of these

tests, the flow rate was constant at 1.6 mL/min-cm . The effect of the

cumulative throughput of slurry on the pressure drop across the filter

and cake is shown on the left of the slide, and the effect on the

corresponding efficiency of filtration, as indicated by filtrate tur-

bidity, is shown at the right. The cumulative throughput of slurry can

also be described as the buildup of filter cake.

These results show that a greater throughput was possible when

using the bare filter than when using the precoated filter. However,

most of the solids passed through the bare filter, while essentially

none passed through the precoated filter. A much greater throughput

could be made through the deep-bed filter, without any significant

passage of solids through the bed.

The wavelike increase of pressure through the deep bed was observed

to be caused by a periodic fluidization and shifting of the bed

following a period of increasing pressure gradient, even though the flow

was in a downward direction. Thus, the deposition of solids was not

layered but was dispersed within the interstices of the diatomaceous

earths, due to the periodic shifting of the bed. The net effect was



that a greater loading of solids within the filtsr housing was possible,

even though the housing contained a significantly greater volume of

diatomaceous earths.

Slide 8 shows a similar plot of pressure drop versus cumulative

throughput for several deep-bed filter tests. In each case, the

filtrate turbidity was less than 0.5% of the feed slurry turbidity.

These results show that, for the synthetic TMI slurry, the larger

porosity fili_er could be used efficiently for a greater throughput (or

greater solids loading).

The results indicate that the largest porosity filter adequately

retaining the diatomaceous earth particles should be used. When the

empty filter housing is loaded with the diatomaceous earths, some

bleedthrough of particles occurs, but this ceases after a reasonable

washing of the bed.

3. FILTRATION OF REPROCESSING DISSOLVER SOLUTIONS

The deep-bed, diatomaceous earth filters have been used success-

fully to clarify dissolver solutions from light-water and fast-breeder

reactor fuel reprocessing studies. Following dissolution of the heavy

metals (uranium and plutonium) and the fission products from high-burnup

spent fuels, approximately 0.2 to 0.6 wt % of the metals remains insol-

uble in nitric acid. Slide 9 shows that the insolubles are principally

ruthenium, molybdenum, and the noble metals, platinum and palladium.

They are generally present as small particles, <4 nm in size.

Usually, it is desirable to clarify the dissolver solutions prior

to solvent extraction operations to prevent the formation and accumula-

tion of solids and emulsions within the solvent extraction contactors.



Centrifugation has be«?ri used with some success in the past, but filtra-

tion methods have not been developed because the finely divided solids

tend to blind filter surfaces quickly, and reasonable flow rates cannot

be maintained•

Prior to the recent pilot plant operations, a series of clarifica-

tion tests were made using a high-efficiency, 1-um-rated, etched disc

filter, both with and without precoating or the addition of coagulants.

These tests indicated that precoating was necessary to achieve a reason-

able filtration rate. The specific cake resistance and filter medium

resistance were derived from the test data and were used to predict the

filtration time for bench-scale pilot plant batches.

For reactor fuel dissolver solutions, the predicted value of

2.6 min/mL-cm was obtained on the average for filtration of 15-L

batches using a 1-um-rated, precoated, etched disc filter. However, the

filtration time increased rapidly with throughput, as shown in Slide 10,

requiring periodic backflushing of the filter and the application of a

new filter aid precoat.

Later filtrations of the reactor fuel dissolver solutions were made

using the filter aid as a deep bed supported by sintered metal filter

tubes. Bed depths were ~8 cm.

The marked reduction in filtration time and the increase in

throughput when using the deep-bed filter versus the precoated, etched

disc filter is shown in Slide 10. In both cases, the same size filter

housing was used. However, ~20 times more filter aid was used in the

deep-bed filter. The pilot plant batches were too small to reach the

limiting throughput of the deep-bed filter that was used.



The efficiency of clarification could only be measured by obser-

vation. No solids were observed in the filtrates from either clarifica-

tion. However, the filtrate from the deep-bed filter was lighter in

color. Also, the solids-forming tendency during the subsequent extrac-

tion step appeared to be reduced when the feed solution had been

clarified by means of the deep-bed filter.

4. FILTRATION OF ZINC BROMIDE SOLUTIONS

The deep-bed filter used for clarifying the fuel reprocessing solu-

tions and the zinc bromide solutions from hot-cell shielding windows is

shown in Slide 11. The filter was constructed from a piece of glass

pipe and two stainless steel end plates, which were held onto the glass

pipe by means of a center bolt. The filter used for the fuel reproc-

essing solutions had a diameter of 8 cm and was ~15 cm high; the filter

used for the zinc bromide solutions had a diameter of 15 cm and was ~25

cm high. The top end plate contained a gas vent port and the slurry

inlet line, which was connected to a distribution ring. The bed of

diatomaceous earth usually occupied about half the height of the filter

housing and was retained by several sintered metal filter elements

located in the bottom plate. The inside of each filter element was

channeled into the liquid outlet plenum In the bottom plate.

The zinc bromide solutions which had accumulated a haze of iron

floe, due to corrosion of the hot-cell shielding windows, were clarified

by the technique shown in Slide 12. The solutions contained about

70 wt £ zinc bromide and were extremely viscous, having a measured

viscosity of about 25 cp. A large quantity of the solution, which had

become so hazy that it had to be replaced, had been accumulated because



there was no satisfactory method for clarification. Using the deep-bed

filter and a tubing pump for transfer of solution, filtration rates of

2-4 mL/s (2—4 gal/h) were obtained for 50-gal quantities. The specific

cake resistance during these filtrations was about 10° m/kg, which is

typical for the filter aid alone. The resulting filtrate had an

excellent optical clarity and was stored for subsequent reuse in

shielding windows.

5. SUMMARY

Previous study and application of deep-bed filtration for clarifi-

cation of reactor coolants in water-cooled power reactors has been

described by Cohen. The beds were particularly effective at high

influent crud concentrations. The applicability of ion exchange beds as

filters as well as ion exchangers was indicated. However, conventional

filter media were recommended for use when heavy burdens of filterable

material exist.

Conclusions reached in our studies, summarized in Slide 13, are

that deep beds of diatomaceous earths are especially attractive for

clarification of radioactive solutions, or slurries containing insoluble

radioactive material, because the diatomaceous material provides a non-

compressible medium that is retentive for a wide variety of particle

sizes. Also, the diatomaceous material, because of its inorganic com-

position, is resistant to degradation by radiation from the retained

particulate matter. Its silicious character is especially appropriate

for conversion to vitrified or cement-type waste forms.
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11 SLIDE 2

COMPOSITION OF SOLIDS IN TMI-2 WATER

RADIOACTIVE COMC.
MUCLI/IE PC

38

4-7

1.5

I ^ C E 1-4

13^Cs 0-82

l°6Ry 0-76

0.07

AMEASURED IN JULY 1980.

CHEMICAL
ELEMENT

Cu

Nl

A L

FE

SI

CA

ZN

COMC.
UG/ML

7500

2500

1450

850

650

450

400
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FILTRATION SCOUTING TESTS
SYNTHETIC TMI SLURRY
GLASS FRIT FILTERS

FILTER TYPE

COARSE

MEDIUM

FINE

COARSE (PRECOATED8)

MEDIUM (PRECOATED6)

PORE SIZE
MM

40-60

10-15

4-5-5

FLOW RATE

FAST

SLOW

SLOW

FAST

FASTC

RELATIVE
TURBIDITY

OF FILTRATEA

46

2-5

2-1

3-3

1-2

ARELATIVE TURBIDITY OF DEMIMERALIZED WATER = 0-15-

BAPPROXIMATELY 0-6-CM THICKNESS OF CELITE 535-

GAPPROXIHATELY 20 ML/MIN-CM 2 (5 GAL/MIM-FT2).
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DIATOMACEOUS EARTH FILTER AIDSA

STANDARD HYFLO CELITE
SUPER CEL SUPER CEL 535

MEDTAM PARTICLE SIZE, yM 14 18 25

RELATIVE FLOW RATE 200 500 1350

BULK DENSITY, LBS/FT3

DRY 8-0 9-0 12-0

WET 18-0 17.8 18-7

ADATA FROM JOHNS-MANVILLE, FILTRATION AMD MINERALS DIVISION.
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ORNL DWG 82-17213e
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ORNL DWG 82-17211
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ORNL DWG 82-17212
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FUEL REPROCESSING DISSOLVER SOLUTION CLARIFICATION

INSOLUBLE MATERIAL Ru, Mo, PD, PT

CONCENTRATION 0.5-2 s/L

PARTICLE SIZE </, m
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ORNL DWG 8 2 - 1 / 2 1 5
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SUMMARY

• DEEP BED FILTERS ARE EFFECTIVE FOR RETENTION OF SMALL-

SIZE PARTICIPATE MATTER

• DIATOMACEOUS EARTHS:

- ARE RETENTIVE AND PROVIDE INCOMPRESSIBLE BEDS

- HAVE INORGANIC COMPOSITION RESISTANT TO RADIATION

DAMAGE

- ARE COMPATIBLE WITH CONVENTIONAL WASTE FORMS


