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CROSS FLOW FILTRATION OF OAK RIDGE NATIONAL LABORATORY 
LIQUID LOW-LEVEL WASTE 

V. L. Fowler 
J. D. Hewitt 

ABSTRACT 

A new method for disposal of  Oak Ridge National 
Laboratory liquid low-level radioactive waste is being 
developed as an alternative to hydrofracture. The 
acceptability of the final waste form rests in part on the 
presence or absence of transuranic (TRU) isotopes. 

Inertial cross flow filtration was used in this study to 
determine the potential of this method for separation of  the 
TRU isotopes from the bulk liquid stored in the Melton Valley 
Storage Tanks. These studies indicate that the filtrate 
produced by cross flow filtration, using filter elements of  
0.5- and 2.0-pin nominal porosity, contains less then 1 nCi/mL 
of TRU isotopes. 

1. INTRODUCTION 

The evolving Underground Injection Control Regulations (Chap. 1200-4 -  

6) o f  the Rules of the Water Quality Board for the State of  Tennessee 

(first issued May 22, 1985) have led to the discontinuation o f  the 

hydrofracture process, which was used at Oak Ridge National Laboratory 

(ORNL) t o  dispose of liquid low-level radioactive waste (LLLW) fro111 the 

mid-1960s until late 1984. Since hydrofracture is no longer authorized, 

an alternative means for disposal of LLLW concentrate must be imple~iiented. 

Currently, the eight 190-m3 Melton Valley Storage Tanks (MVST) that s t o r e  

the LLLW have limited capacity. A method for solidifying and disposing of 

LLLW is being developed to prevent shutdown of  the LLLW system at ORNL. 

The eight tanks, identified as W-24 through W-31, contain varying 

quantities of LLLW and precipitated sludge. The supernate contains 

various beta- and gamma-emitting radionuclides, primarily "Sr and 137Cs. 

1 
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The transuranic (TKU) content of the liquid is generally less than 

100 n C i / r n L .  The solids contain the same radionuclides, but the TRU 

content (by gross alpha analyses) ranges up to -6000 nCi/g. Data exi.st 

indicating that the TRU contaminants are present as preci-pitates The 

sodium concentrati-on o f  the supernate is -4 M. Other cations are present, 

such as Ca, Mg, K, A l ,  and Fe, in concentrations up to -0.25 u .  Nitrates 

are present in quantities of about 3 mol/L. The pH of the supernate 

ranges from -12 to -14. 

One proposed flow sheet for processing this waste includes inertial 

cross Elow filtration of the bulk liquid f o r  TRU isotope rejection. Since 

tlie TRU contaminants are probably present as particulates, this separation 

method to remove t:he radionuclides from the bulk liquid was studied. This 

should ultimately produce a lower-activity, non-TRU waste f o r  final 

disposal. ( A s  defined by the  Departmen'c of Energy, non-TRU waste i s  

radioactive waste that contains 4 0 0  nCi/mL of  alpha einitters that have a 

half-life of  >20 years.) 

'These separation studies were performed in two phases: (a) filtration 

of simulated wastes and (b) filtration of actual MVST wastes. Initial 

scouting tests were performed with nonradioactive (cold) simulated wastes 

t o  select appropriate filters for consideration in tests using MVST 

Based on these initial studies, inertial cross flow filtrati.on 

was the filter of choice for stxidies with MVST waste. This report: 

describes the second phase of these studies. 
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2. BACKGROUND: OPERATING PRINCIPLES OF 
INERTIAL CROSS FLOW FILTRATION 

Inertial cross flow filtration is a nonclogging cross flow type of 

filtration designed for particulate or sludge concentration and liquid 

recovery. This contrasts with dead-end filtration, in which the process 

stream passes perpendicular to the plane of the filter medium and the 

particles accumulate on the filter medium surface. Two types of  cross 

flow filters were used in this study: bare-tube and membrane. Both types 

were formed from sintered stainless steel. The membrane filter w a s  pre- 

treated by the manufacturer to form a subsurface layer of fine 

particulates, and the bare-tube filters were not pretreated. During 

operation with a bare-tube filter element, fine particulates penetrate a 

short distance into the porous media, creating a subsurface membrane. A s  

a result, chis membrane becomes a finer filter than the porous media 

itself and rejects or prevents fines from passing through the porous wall. 

At: the beginning of operation with a clean bare-tube filter element, 

It will begin to decline with the filtrate rate will be relatively high. 

time as the subsurface membrane develops within the porous tube structure, 

and this decline will continue until a steady state flow is achieved. 

This steady state filtrate flow will be a small percentage of the total 

flow capacity of the porous tube. Therefore, a periodic back flush is 

used to dislodge the membrane that develops and increase the filtrate flow 

accordingly. 

Operation with a filter element that contains R preformed membrane 

does not exhibit this decline in filtrate rate. Thus ,  steady state flow 

i s  achieved at startup and back flushing is unnecessary. 
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The feed  stream t o  be concentrated i s  pumped through the  i n s i d e  

diameter o€ t he  f i l t e r  tube a t  l i n e a r  ve loc i t i - e s  i n  the range of 1 . 5  t o  

6 . 0  m / s .  A high-veloci. ty i n e r t i a l  e f f e c t  causes p a r t i c u l a t e  deple t ion  a t  

t he  tube wal.1 because of a "pinch e f f e c t . "  The k i n e t i c  energy of the 

f l u i d  i s  s u f f i c i e n t  t o  cause the p a r t i c l e s  t:o pass s t r a i g h t  through the  

tube because of t h e i r  i n a b i l i t y  t o  t u rn  i n t o  the  porous w a l l .  This 

prevents  g ross  amounts of  the  p a r t i c u l a t e  mat te r  from pene t r a t ing  the  

porous media. A valve o r  r e s t r i c t i o n  placed on the downstream s i d e  of the  

f i l t e r  tube c r e a t e s  a d i f f e r e n t i a l  p ressure  across  the  porous f i l t e r  tube.  

Because o f  t h i s  pressure  d i f f e r e n t i a l ,  a por t ion  of the  1iqui.d phase of 

the  feed stream flows through the porous w a l l  as c l e a r  f i l t r a t e ,  f r e e  of 

p a r t i c u l a t e s ,  and e x i t s  from the f i l t r a t e  o u t l e t .  The f i l t r a t e  ra te  i s  

d i r e c t l y  proportional. t o  the f i l t r a t i o n  pressure  arid inve r se ly  

propor t iona l  t o  the  vi-scosi ty  of  the f i l t r a t e .  

..l . 
h i l t e r s  a r e  evaluated i n  terms of f l u x  o r  permeabi l i ty .  Fliux i s  

def ined  as the  amount of f i l t r a t e  c o l l e c t e d  i n  a given t i m e  d ivided by the  

sur face  a r e a  of the  f i l t e r  tube.  Permeabili ty i s  def ined as the  f l u x  

through the f i l t e r  tube w a l l  d ivided by the  pressure  drop across  the  

f i l t e r  tube w a l l .  A7.1 da t a  and discussions presented i n  t h i s  s tudy w i l l .  

be i n  terms of  f l u x  and w i l l  have the  u n i t s  IA/min.mZ. 

3 .  EQUIPMENT DESCRIPTION 

A hot c e l l  L e s t  l oop  (HCTL), diagrammed i n  F i g .  1, w a s  consEructed t o  

t e s t  f i l t r a t i o n  and ion exchange decontamination methods. The system 

cons i s t ed  o f  feed and c o l l e c t i o n  tanks ,  an a i r - o p e r a t e d ,  double diaphragm 

feed  pump, connections f o r  two c ross  flow f i l t e r  elements,  a sand bed 
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A low-shear, air-operated, double diaphragm pump (P-1), equipped with 

teflon diaphragms, was used as a slurry feed pump to reduce the 

possibility of shearing the particulates. 

(T-1) was pumped to either of the two cross flow filters, and the 

concentrate was returned to T-1. The feed line was equipped with a 

flowmeter to monitor feed flow rates, The concentrate line was equipped 

with an automatic pressure control valve (PCV-100) that controlled the 

filtration pressure. During these studies, filtrate from the units was 

returned to T-1 when operating in a total recycle mode to maintain a 

constant total suspended solids (TSS) content. The filtrate was collected 

in T-2 for volume reduction tests. The filtrate piping was equipped with 

timer-controlled solenoid valves (HV-230 and HV-240) and a backwash 

reservoir to enable periodic backwashing of  the filters. Two flowmeters 

were installed in the filtrate line to continuously monitor the filtrate 

flow rate. These flowmeters became unreliable shortly after startup 

because of trapped air under the floats, so they were not used in this 

study. Air, as the driving force for liquid backwashing, was introduced 

into the line during the periodic backwashes. To accurately measure the 

filtrate flow, it became necessary to collect the filtrate in the filtrate 

collection tank (T-2) periodically and to determine the filtrate rate by 

tank level depletion and increase ( T - 1  and T - 2 ,  respectively). After 

determining the flow rate, the filtrate in T-2 was returned to T - 1  via 

pump P - 3 .  For future decontamination studies, this collected filtrate 

could be pumped to T-3 as feed for C - 1 .  

Feed from an agitated feed tank 

Each of  the feed and collection tanks was equipped with air bubblers 

and magnehelic gauges for liquid level determination. Each tank also 
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contained a thermocouple f o r  l i q u i d  temperature measurement. Pressure 

gauges were placed a t  var ious  locat,ions throughout the  system. S a m p l e  

va lves  placed a t  s t r a t e g i c  loca t ions  enabled sampling o f  t he  var ious  

s t reams,  and these  valves  could a l s o  be used as "decontamination va lves"  

( i * e . ,  water e n t r y  and e x i t  po in t s  through indiv idua l  system components). 

With the except ion o f  P C V - 1 0 0 ,  H V - 2 3 0 ,  and H V - 2 4 0 ,  a l l  va lves  i n  the  

system were manually operated b a l l  va lves .  

A € L e r  cons t ruc t ion  and i n i t i a l  checkout,  t he  HCTL w a s  i n s t a l l e d  i n  

the  equipment assembly room (mock-up c e l l )  i n  Bldg. 2026 f o r  v e r i f i c a t i o n  

t h a t  the  system w a s  adequate f o r  remote opera t ion  with manipulators .  

Af te r  placement i n  the mock-up c e l l ,  t he  completed t e s t  loop,  a long with 

the  con t ro l  panel  f o r  remote opera t ions ,  i s  shown i n  Fig.  2 .  Af te r  

v e r i f y i n g  the  i n t e g r i t y  o f  the  t e s t  loop ,  the  system was placed i n  a 

Bldg. 2026 h o t  c e l l ,  and se rv ices  were connected. 

4 .  EXPERIMENTAL RESULTS 

F i l t r a t i o n  studi.es were begun by running a s e r i e s  o f  s h o r t  scout ing 

t e s t s  t o  determine tAie  p o t e n t i a l  of  c ross  flow f i l t r a t i o n  f o r  gross  a lpha  

r e j e c t i o n .  These test::; were performed i n  a t o t a l  recyc le  mode ( i . e . ,  

cons tan t  TSS c o n t e n t ) ,  Operating parameters were based on the  r e s u l t s  

obtained i n  e a r l i e r  si.iiiulated waste s t u d i e s .  These s t u d i e s  w e r e  followed 

by a long-term t e s t  (1000 h)  t o  determine the  expected se rv ice  l i f e  o f  the 

f i l t e r  that: exhib i ted  the g r e a t e s t  p o t e n t i a l  f o r  accomplishing tihe 

ob jec t ives .  Baseline datra using process  water w a s  obtained on each new 

f i l t e r  element.  Addit ional  c lean  w a t : e r  tes ts  were p e r i o d i c a l l y  performed 

on each f i l txr t o  determine the  ex ten t  o f  f i l t e r  element fouli .ng.  
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All of the filtration tests were performed using a sample o f  MVST 

waste obtained from tank W-29 (on August 13, 1987) at the liquid and 

solids interface. The composition is presented in Table 1. 

Table 1. Characterization of  Melton Valley Storage Tanks W-29 
waste used as feed material f o r  cross flow filtration studies 

Parameter Analyses Units 

Gross alpha 

Gross beta 

Gross  gamma 

233u 

2 3 8 ~ ~  

239Pu, 24OPu 

2 4h (.,* 
6Oco 

1 3 4 ~ ~  

1 3 . 7 ~ ~  

I5*Eu 

154Eu 

155Eu 

1. 82E+04a 

3.4GE+05 

2.20E+OG 

3" 73E+03 

5 ~ 81E403 

1.7 5E+03 

6.92E+Q3 

2.06Et-04 

7.07E+03 

2.25E+05 

1. QlE+04 

6.00E+03 

1.91E+03 

9 Q ~ r  8 I 06Ec04 Bq/mL 

Na'+ 8 75Et01 m g / m L  

NO3 - 2.50E+02 mg/mT, 

PH 13.3 

Specific gravity 1.2466 

Total solids 3 8 4  m g / m L  

T o t a l  dissolved solids 379 ng/mL 
___ 

aEquivalent to 492 nCi/mI.. 
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N o  cations other than sodium are reported in the table. Because of  the 

high dilution factors necessary for cation analysis by the Inductively 

Coupled Plasma procedure (ICP) in a "cold" laboratory, a11 other cation 

assays resulted in concentrations at or below the detection limits. 

Radiation readings using a "cutie-pie" were obtained at various 

points on the feed tank after charging with 11 L of the MVST waste. The 

radiation readings and a schematic drawing of the tank are shown in 

Fig. 3 .  

Temperature changes o f  the feed, in the range o f  20 to 3 0 " C ,  were 

encountered because of  heat input from the feed pump and varying air 

temperatures within the cell. Because of  the inverse relationship between 

viscosity and flux, a l l  flux data reported in this study were normalized 

to a liquid viscosity consistent with 25°C through use of the following 

equation: 314 

p = AeB(l/T), (1) 

where 

p = absolute viscosity, g/cm*s; 

A = a function of the density o f  the fluid specific f o r  

momentum transfer; 

B = an energy function related to the latent heat of 

vaporization, assumed to be the same for viscosity; 

T = filtrate temperature, K. 

Since Elow is inversely proportional to the viscosity, 

Qip2 = Q 2 p i  . 
Substituting E q .  (1) into E q .  (2) then becomes 

Q2 = (21e B[  (1/T*) - (l/T1) 1 , 



1 2  

QRNL DWG 88-374R 

430 

620 

ITEM A: 1Q-il.s. 364-k SS PIP 
ITEM 6: 0.125-in. 304L  SS PLATE 

F i g .  3 .  Hot c e l l  t e s t  l o o p  feed  tdnk schematic with r a d i a t i o n  l e v e l s  
r e s u l t i n g  f rom 1 1 . 0  L o f  Mel t~on  Valley Storage Tanks W-79 w a s t e .  
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where 

Q1 = f l u x  a t  T 2 ,  L/min*m2; 

Q2 = f l u x  co r rec t ed  t o  298 K ,  L/min.rn2; 

B = 2500; 

T i  = 298 K ;  

T2 = a c t u a l  l i q u i d  temperature,  K .  

The value of B in E q .  ( 3 )  was determined from absolu te  v i s c o s i t y  

measurements of  t he  f i l t r a t e  a t  24 and 3 0 " C ,  which were 0.0135 and 

0.0113 g/cm.s, r e spec t ive ly .  

4 . 1  SCOUTING TESTS 

Several  scout ing  tes t s ,  each of -6-h du ra t ion ,  were performed with 

the  Mot t  and CARRE, I n c . ,  f i l t e r s  t o  determine optimum opera t ing  

condi t ions  with r e spec t  t o  f i l t r a t e  r a t e  and TRU i so tope  ( o r  gross  a lpha)  

r e j e c t i o n .  Parameters evaluated were the  feed  flow r a t e  ( l i n e a r  v e l o c i t y  

through the  f i l t e r  tube)  and f i l t r a t i o n  p res su re .  These tes ts  were 

performed wi th  the  system opera t ing  i n  t o t a l  recyc le  mode. 

Five scout ing  t e s t s  were conducted with M o t t  0 . 5 - p i  f i l t e r s ,  one t e s t  

with a Mott 2.0-pm f i l t e r ,  and th ree  t e s t s  with the  C h R K E ,  I n c . ,  ZOSS 

membrane f i l t e r .  Cycl ic  backwashing of the  Mott f i l t e r  elements during 

opera t ion  was employed. Backwashirig occurred a t  15-min i n t e r v a l s  f o r  a 

du ra t ion  o f  0 .4  s using a i r  a t  90 ps ig .  The a i r  pressure  provided the  

d r i v i n g  fo rce  f o r  fo rc ing  a po r t ion  of the  f i l t r a t e  from the  backwash 

r e s e r v o i r  back through the  f i l t e r  tube wa l l .  No backwashirig o f  t he  CARRE 

f i l t e r  occurred.  The opera t ing  condi t ions  and the  r e s u l t i n g  f i l t r a t e  

rates f o r  a l l  t h ree  f i l t e r s  a r e  shown i n  Table 2 ,  as i s  the gross  a lpha 
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Table 2 .  F i l t r a t e  r a t e s  as a func t ion  of feed r a t e s  
and f i l t r a t i o n  pressures  obtained with the c ros s  f l o w  f i l t e r s  

Fee da F i l t r a t i o n  F i 1 t r a te  F i  1 1: r a t e  
v e l o c i t y  pressure  f luxb alpha conc. 

( m / s )  ( KPa 1 (L/min*mZ) (nCi./mT,) 

1 . 5  

3 . 0  

1.5 

3 . 0  

1.5 

1.5 

1 . 5  

3 . 0  

1. . 5 

Mot t  f i l t e r .  0 . 5  fim bare  tube 
1.40 4 . 1  

140 3 . 2  

280 7 . 0  

280 5.0 

140 3 .7  

bfO.t t_f i l ter ,  2 . 0  um bare- tube  

280 6 . 0  

C A K K E  f i l t e r .  0 .  5 f i m  membr-ane. 

140 0 .14  

240 0 .27  

280 0 . 3 2  

0 . 7 2  

0 . 3 2  

0 . 0 7  

0 . 0 2  

0 . 1 4  

0.17 

0.01 

0.39 

0.12 

aFeed gross alpha content  = 492 nCi/mL. 
'The reported values  f o r  f l u x  and grass  alpha content  a r e  

averages f o r  the dura t ion  of  each t e s t .  

content  of the  f i l t r a t e .  The reported alpha concentrat ions a r e  a t  

e s s e n t i a l l y  background l e v e l s .  The l o w  gross a lpha concentrat ion 

prevented analyses  of the  f i l t r a t e  f o r  TRU i so topes ,  bu t  i t  1.s obvious 

from the  reported assays t h a t  >99% o f  these  i so topes  were r e j e c t e d  by t h e  

three  f i l t  <'r elements.  

The f i l t r a t e  samples were a l s o  analyzed f o r  beta-gamma-emit:ti.ng 

i.sotopes. The radionucl ide concentrar ions o f  the  feed and f i l t r a t e  o f  

samples obtained during the f i r s t :  Mot t  f i l t e r  t e s t  a r e  shown i n  Table 3 .  
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Beta-gamma assays of  samples obtained during tes ts  with all t h ree  f i l t e r s  

were 5% of  these  values  

Table 3 .  Typical beta-ganuna assays of feed and f i l t r a t e  samples 
________ 

Feed Filtrate 
Const i tuent  ( B q / m l )  ( B q / m l )  

~ 

Gross b e t a  

G r o s s  gamma 

9 0 ~ r  

134cs 

137cs 

6OCO 
152Eu 

154Eu 

155Eu 

3.4SEt-05 

2 .  20E+06a 

8 05E+04 

7.07E+04 

2.256405 

2.OGEt-04  

1,01E+04 

6.OOE-t03  

1 . 9 1 E + O 3  

2.02E+05 

1.76E+O6" 

1.53Ec03 

6 .  h9E+03  

2.21E+O5 

1.llE+O3 

N . D . b  

N . D .  

N . D .  

"Reported as Ci/min/mL. 
b N .  D .  denotes isotope not  de t ec t ed ,  

T h e  above da ta  ind ica t e  t h a t  295% o f  the  G°Co 

f i l t r a t i o n .  Essen t i a l ly  a l l  of  the  europium 

and "Sr a r e  removed by 

sotopes are also removec . 

These da t a  ind ica t e  t h a t  o f  the  isotopes de tec ted  i r '  MVST W-29,  only 137Cs 

e x i s t s  almost e n t i r e l y  i n  the so luble  s t a t e .  

Based on the  da t a  presented i n  Table 2 ,  t he  optimum feed  v e l o c i t y  

with the  M o t t  0.5-pm bare- tube f i l t e r  element appears t o  be -1.5 m/s with 

r e spec t  t o  f i l t r a t e  f l u x ,  which is  cons i s t en t  with the results obtained 

during f i l t r a t i o n  o f  the  simulated waste.  Increas ing  the f i l t r a t i o n  

pressure  from 140 t o  280 KPa r e s u l t e d  i n  an average increase  i n  f l u x  of  

-808 a t  a feed v e l o c i t y  of  1 . 5  m/s .  A t  the  condi t ions  t e s t e d ,  t he  

f i l t r a t e  r a t e s  produced by the  Mot t  0 .5 -pm bare- tube  f i l t e r  were i n  the  

range of -10 t o  -20 times g rea t e r  than t h a t  produced by the  CARRE ZOSS 
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f i l t e r .  The average f i l t r a t e  r a t e  obtained with the  2.0-pm Mottz f i . l t e r  

was 14% l e s s  than the  f l u x  obtained i n  e a r l i e r  t e s t s  with the  0.5-pm K o t t  

f i l t e r  a t  the  same condi t ions .  These da t a  a r e  compared i n  F ig .  4 .  

F i l t r a t e  assays were e s s e n t i a l l y  i d e n t i c a l  t o  those of a l l  e a r l i e r  t e s t s  

with the  Mott 0.5-pm f i l t e r .  The f l u x  da ta  ind ica t e  t h a t  the  MVST s o l i d s  

pene t r a t e  deeper i n t o  the  2.0-pm pores than i n t o  the 0.5-pm pores and a r e  

inore d i f f i c u l t  t o  remove a t  the  backwash condi t ions used i n  these  t e s t s .  

The end r e s u l t  is t h a t  the  average f i l t r a t e  r a t e  i s  lower f o r  the  I.arger 

pore diameter f i l t e r .  Based on t h i s  d a t a ,  the 2.0-pm Mott f i l t e r  was not  

t e s t e d  f u r t h e r .  

All of the  da t a  ( f i l t r a t e  r a t e s )  c o l l e c t e d  during the  scout ing 

with the  0.5-pm Mott and CARRE f i l t e r s  i.s shown i n  F i g s .  5 and 6 ,  

r e spec t ive ly .  A s  can be seen i n  Fig.  5 ,  the  f i l t r a t e  r a t e s  obtainec 

t e s t s  

w i th 

the 0.5-pm Mott f i l t e r  element appear t o  be inverse ly  proportional. t o  the 

feed v e l o c i t y  a t  a given f i l t r a t i o n  pressure .  Xowever, because o f  the  

l imi t ed  d a t a ,  110 absolute  co r re l a t ions  can be made. 

F i l t r a t e  samples obtained durj-ng f i . l . t ra t ion  t e s t s  with the  CARRE 

membrane f i l t e r  ind ica ted  t h a t  the  ZOSS membrane may have been 

compromised. During the  MVST f i l t r a t i o n  t e s t s  with the  M ~ t t  f i l t e r  (-30 h 

t o t a l  t ime) ,  al.1 o f  the  30 f i . l t r a t e  samples were f r e e  of any 

d i sco lo ra t ion .  The f i r s t  f i - l t r a t e  sample obtained 30 min a f t e r  s t a r t u p  

with the  CARRE f i l t e r  w a s  a l s o  c l e a r .  The second f i l t r a t e  sample, 

obtained 2 . 5  h l a t e r ,  was yellowish i n  co lor  a s  were a l l  subsequent 

samples from the remainder of  the CARRE s t u d i e s .  This sudden appearance 

of  co lor  was a poss ib le  ind ica t ion  of some d i s s o l u t i o n  o f  the  ZOSS 

membrane; t he re fo re ,  only th ree  f i l t r a t i o n  t e s t s  with the  CARRE f i l t e r  
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ORNL D W G  80-378 

10 

8 

2 

-- 

I 115 r~r/s, 140 kPa 3.0 m/s, 280 kPa 
3.6 m/s, 140 kPa 1.5 m/s, 148 kPa 
1.5 m/s, 280 kPa 

Q 
0 66 12Q 1 ao 2 4 0  300 360 

TIME (min) 

Fig. 5 .  Scouiing studies: filtration of Melton Valley S t o r a g e  Tanks 
waste w i t h  a Mott 0.5-mm filter element; flux as a function of flow raie 
and pressure with respect to time. 
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O R N L  DWG 88-375 
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0 1.5 m/s, 140 kPa 
A 3.0 m/s, 240 kPa 

0.4 1.5 m/s, 280 kPa 

.G 
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W 
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X 
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l- a a 
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LL 
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60 120 180 240 300 360 Q 

TIME ( m i d  

Fig, 6. Scouting studies: filtration of Mel ton  Valley Storage Tanks 
waste with a CARRE, Inc., ZOSS membrane filter element; flux as a function 
of flow rate and pressure with respect to time. 
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w e r e  made. Disso lu t ion  o f  t he  membrane was expected a t  t he  pH of  t he  MVST 

feed  (-13),  whj.cch d id  occur diiring the si.niulated waste s tud . ies ,2  bu t  i.t i s  

s u r p r i s i n g  t h a t  the  a t t a c k  occiirred wi th in  3 h of opera t ion .  Earl.i.er 

p ro j ec t ions  of the  expected l i f e  o f  the  ZOSS membrane i n  the NVST 

environment w a s  on the  order  of  s i x  m o ~ l t h s . ~  

does i n d i c a t e  t h a t  by incrensi-rig the  f i l t r a t i o n  pressure  from 140 t o  280 

KPa ( a t  1..5 m / s  feed v e l o c i t y ) ,  an increase  i n  f l u x  o f  1 2 9 %  was r e a l i z e d .  

No c o r r e l a t i o n s  between feed  v e l o c i t y  and f i l t r a t e  r a t e s  can be drawn from 

these  d a t a .  

The l i ini ted da t a  obtained 

Following the CARRE s t u d i e s ,  one add i t iona l  t e s t  was made with the  

Mott 0.5-pm f i l t e r .  The f i l t r a t e  sainples obtained during t h i s  run also 

contained the yellow c o l o r ,  bu t  the f i l t r a t e  r a t e  and gross  a lpha 

r e j e c t i o n  were e s s e n t i a l l y  the  same as those obtained i n  a l l  o f  the 

ea r l  i.er Mott f i l t e r  t e s t s  ~ 

Since the  average f i l t r a t e  r a t e  f o r  the  0.5-pm Mott f i l t e r  w a s  h igher  

than  t h a t  obtained with the  Mott 2.0-pm and the CARRE, I n c . ,  f i l t e r s ,  and 

because the  s t a b i l i t y  o f  C h e  CARRE membrane i n  the  MVST environment i s  

ques t ionable ,  t he  0.5-pm Mott f i l t e r  w a s  s e l e c t e d  f o r  a d d i t i o n a l  t e s t i n g .  

4 . 2  LONG - TEE4 TEST 

A long-term f i l i - r a t i o n  of  MVST waste was undertaken t o  determine the 

rxpected se rv ice  l i f e  of a new 0.5-pm M O L L  ba re - tube  f i l t e r  element.  

Baseline c lean  water  da t a  ind ica ted  that  the new f i l t e r  element w a s  

e s s c n l i a l l y  i d e n t i c a l  (with respec t  t o  f l u x )  t o  the  0.5-,um f i l t e r  used i n  

the scout ing t e s t s .  I n i t i a l  opera t ing  condi t ions were as f o l l o w s :  
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F i l t r a t i o n  pressure :  140 KPa 

Linear feed  v e l o c i t y :  1 . 5  m / s  

Backwash condi t ions :  15-min i n t e r v a l s  

0 . 4 - s  dura t ion  

90-ps ig  a i r  p ressure  

The system was operated cont inuously f o r  575 h a t  these  condi t ions  and i n  

a t o t a l  recycle mode ( i . e . ,  cons tan t  feed  TSS con ten t ) .  A t  t h i s  t ime,  the  

f i l t r a t i o n  p res su re  w a s  increased  t o  280 KPa, and ope ra t ion  continued f o r  

an a d d i t i o n a l  425 h.  The f i l t r a t e  f l u x  da ta  i s  shown i n  Table 4 .  

T h e  d a t a  shown i n  Table 4 i nd ica t e  that  the  f lux a t  140 KPa 

f i l t r a t i o n  pressure  was e s s e n t i a l l y  cons tan t  through the  f i r s t  73. h of 

opera t ion .  The f l u x  dec l ine  evidenced through the  next  504 h of opera t ion  

i n d i c a t e s  t he  probable formation of a subsurface meifibrane. Immediately 

a f t e r  i nc reas ing  the f i l t r a t i o n  pressure  t o  280 KPa, t he  f l u x  began t o  

inc rease  and reached a maximum of 5.03 L/min-m2 af ter  76 h a t  t h i s  

p re s su re .  The f l u x  remained e s s e n t i a l l y  cons tan t  f o r  t he  remainder of  the 

run.  F i l t r z t e  assays i n d i c a t e  background l e v e l s  of  gross  a lpha f o r  the  

du ra t ion  o f  t h e  t e s t .  The r e j e c t i o n  and f i l t r a t e  f l u x  da ta  a r e  shown i n  

F ig .  7 .  

The d a t a  obtained a t  a f i l t r a t i o n  pressure  of 140 KPa i n d i c a t e  t h a t  a 

f i l t r a t i o n  a rea  of 3 . 7  m2 (40  f t 2 )  could produce 378,500 1.. (100,000 ga l )  

of f i l t r a t e  over a 682-h per iod .  A t  a f i l t r a t i o n  pressure  of  280 K P a ,  

400 h would be requi red  t o  produce the  s:tme volume of f i l t r a t e .  These 

d a t a  i n d i c a t e  t h a t  t he  f l u x  decay t h a t  occ-urs a t  a f i l t r a t i o n  pressure  of 

280 KPa is less  severe  than a t  140 KPa. Therefore ,  based on t h i s  s tudy ,  

280 KPa i s  the  recoinmended f i l t r a t i o n  pressure  I 
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Table 4 .  F i l t r a t x  flux as a func t ion  of  time 
a t  f i l t r a t i o n  pressures o f  140 and 2 8 0  KPa 

Time Flux 
(L/min-m 2 ) (h) 

140 KPa fi1trat.i.o.n iiressure 

2 4 5.55 

71 5.63 

95 3 .83  

170 2 .91  

215 2 . 1 8  

315 1 .76  

48h 1 . 3 5  

575 1 . 0 1  

Average 2.50 

280 KPa f i l t r a t i o n  pressure 

576 2.52 

604 3 .63  

651 5 . 0 3  

6 7 1  4 .50  

1000 4.30 

Average 4.30 
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F i g .  7 .  Long-term t e s t :  filtration o f  Melton Valley Storage Tanks 
waste w i t h  a Mort 0.5-mm f i l t e r  element; f l u x  and r e j e c t i o n  as a function 
of f i l t r a t i o r !  pressure with respec t  t o  t i m e .  
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A f t e r  1000 h of opera t ion ,  the  system w a s  pl-aced i n  a volume 

reduct ion  mode t o  determine f i l t r a t i o n  e f f i c i e n c y  with r e spec t  i o  an 

increase  i n  TSS content  of the  feed. Operating parameters were not  

changed. No problems were encountered i n  achieving a volume reduct ion  o f  

85% over a time span  of 4 h .  The average f l u x  obtained during t h i s  tiiiic 

span w a s  4 . 3 6  L / m i r i . m 2  ( da t a  shown i n  Fig.  8 ) .  

increased the  TSS content  of the  feed from 0 . 5  i o  3 . 3  w t  % and the  gross 

alpha conten t  from 4 9 0  i o  3 2 5 0  nCi/mL. Based on  s t u d i e s  w i t ; )  s imulated 

waste ,  no problems would be encount-ered with c ros s  f l o w  f i l t i a t i o n  of a 

s l u r r y  conta in ing  u p  t o  50 w t  % TSS. '  

the gross alpha content  of one coiiiposite f i l t r a t e  s s q l e  was a t  

background leve l  s ind ica t ing  e s s e n t i a l l y  100% r e j e c t i o n .  

This volume reduct ion  

A t  t he  tcrminat ion o f  t h i s  t e s i ,  

4 . 3  CLEAN WATEK TESTS 

Clean water t es t s  (us ing  process water a i  the  i i a tura l ly  occurr ing pH 

of 1 . b )  were performed on each new f i l t e r  t o  ob ta in  base l ine  filtr.2i.e 

r a t e s .  Aiddi-tional c lean  water t e s t s  were performed p e r i o d i c a l l y  to 

determine the  ex ten t  o f  f i l t e r  element fou l ing .  A d i spe r san t  dye (0.2-pin 

nominal s i z e )  was added t o  the water as an ind ica to r  o f  f i l t r a t e  q u a l i t y  

i n  s eve ra l  t e s t s .  

4 .  3 . 1  B.aseline Data 

The CAKKE, I n c . ,  f i l t e r  was operated f o r  7-00 min a t  a f i l t r a t i o n  

pressure o.E 2 7 0  K P a  and with a l i n e a r  feed v e l o c i t y  of 2 . 8  m / s  through 

tlic tube.  The average f i l t r a t e  Flux f o r  t h i s  per iod  w a s  0 . 5 2  L/min.m2. 

Backwashirig o f  t he  f i l t e r  tube w a s  no t  empl.oyed as t h e r e  was no evidence 

o f  a dec l ine  i n  f l u x .  
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The 0 . 5 - p m  Mott fi.1-tier used i n  the  scout ing  t e s t s  was operated f o r  

135 min a t  a f i l t r a - t i o n  pressure of 180 KPa and wi . th  a l i n e a r  feed 

v e l o c i t y  o f  1 . 5  m / s .  Rackwashing occurred a t  1 5 - m i . n  i n t e r v a l s  f o r  a 

dura t ion  o f  0 . 4  s using a i r  a t  90 p s i g .  The average f i l t r a t e  f l u x  was 

1.3.4 L/min*m 2 . 

f i l t r a t e  f l u x  f o r  t h i s  time per iod was 1.3.2 L/rnin.m 2 . 

The 0.5-pm Mot t  f i l t e r  used f o r  the  long-term t e s t  was 

operated a t  the  same condi t ions but  f o r  a 75-rnin per iod .  The average 

A f i l t r a t i o n  pressure of 280 KPa was used t o  ob ta in  base1.i-ne da t a  f o r  

the 2.0-pm Mot t  f i l t e r .  The l i n e a r  feed v e l o c i t y  remained a t  1 . 5  m/s. 

The f i l t r a t e  f l u x  14 min a f t e r  start:up was 49 L/min.m2, a faccor  of 2 . 1  

times g rea t e r  than t h a t  produced by the 0.5-yrn f i l t e r  f o r  the  same time 

per iod .  

During the  f i n a l  30 m i n  of opera t ion ,  the  average f l u x  f o r  the  2 . 0 -  and 

0.5-pm f i l t e r s  was 11~ L/min-nr2. 

This r a t e  decreased t o  1 3  L/min.rn2 during the next 15 min. 

These da ta  a r e  compared i n  F i g .  9 and 

ind ica t e  t h a t  suspended p a r t i c l e s  i n  the  process water penet ra te  the  

f i l t e r  tube wal ls  t o  form a subsurface membrane t h a t  e f f e c t i v e l y  reduces 

the  nominal pore s i z e  o f  both fili:r?rs t o  50.5 pm. Average dye r e j e c t i o n  

values  were 9 1  and 11%, r e spec t ive ly ,  f o r  the  0 . 5 -  an3 2.0-pm f i l t e r s .  

4 . 3 . 2  F.inal C l - e a n B t e r  Tests  

Clean water testis o f  -2-h dura t ion  with 110th the  0.5-prn M o t t  and 

C M E  f i l t e r s  followed the MVST f i l . t r a t i o n  scout ing s t u d i e s .  A dispersant_ 

dye of 0.2-pm nominal p a r t i c l e  s i z e  was added t o  the  water L o  quant i fy  the  

f i l t r a t e  q u a l i t y  with respec t  t o  dye concent ra t ion .  Operating condi t ions 

were cons i s t en t  with the  i n i t i a l  c lean water t e s t s .  Both f i . l . ters  were 

t e s t e d  w i t h  process wat:er a t  a pH of  7 . 6 ,  the  natural. pl1 of the  water ,  

which was a l s o  consi-s tent  with the i n i t i a l  t e s t s .  Then N a O H  was used t;o 
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a d j u s t  the  pH t o  13 .9 ,and  che w a t s r  was r e t e s t e d .  This pH adjustment w a s  

made t o  determine the  f i l t r a t e  flux and dye reject:i.on a s  a func t ion  o f  pH. 

The f l u x  da ta  i s  compared t o  the i - r r i t i a l  base l ine  data i n  F ig .  10 .  These 

da t a  ind ica t e  that the  flux i s  not  a f f ec t ed  by pH a t  the  t w o  pH values  

t e s t e d .  The CARRE f l u x  da ta  ind ica t e  essentia1l.y no change from the  a s -  

recei-ved fi.1.ter. The M o t t  data  from the  p o s t f i l t r a t i o n  test:s i-ndicate a 

f l u x  decrease t o  -20% o f  t h a t  obtained with the  a s - r ece ived  f i l t e r .  A s  

discussed e a r l i e r ,  tihis i s  cons i s t en t  with the formation o f  a subsurface 

mem::>rarre i n  a bare-t:ulje f i l t e r  e1ernen.t:. Rased on the f l u x  d a t a ,  i t  is  not  

evident  t h a t  any d i s so lu t ion  of  t he  C A N E  ZOSS membrane occurred during 

the scout ing s tud ie s  . 

The effect of water pW with  respec t  t o  dye re jec t ion  was s i g n i f i c a n t .  

Analysis o f  the f i l t r a t e  by spectrophotometer f o r  dye content  i nd ica t e s  a 

r e j e c t i o n  of  86 and 91% f o r  the  CARRE and Mott filters? respec t ive ly ,  at a 

pH of 7 . 6 .  Reject ion decreased t o  38 and 298 C o r  the  Mot t  and CARRE 

f i l t e r s ,  r e spec t ive ly ,  a t  a ppf of 1 3 . 9 .  These data a r e  shown i.n F i g .  11. 

Unfortunately,  dye w a s  not  used i n  the i n i t i a l  c lean  water t e s t s ,  so this 

data  does nor pe r in i t  evaluat ion wit% respec t  to  dye r e j e c t i o n  o f  the  as- 

received f i l t e r s .  'This re ject . ion da ta  i.s a l s o  incoricl.usive as t o  the 

ex ten t  of  d i s so lu t ion  o f  t he  CARRE ZOSS iiieinbrane. There i s  no 

incon t rove r t ib l e  explanatZion f o r  the i.ncreased passage o f  the dye through 

the  f i l t e r s  a t  pI1 13 .9 ;  abnormally l.ow f i l t r a t i o n  rate:; a r e  normally 

assoc ia ted  wit11 iiriproved p a r t i c l e  r e j e c t i o n .  It can only be assumed that 

the  menlj-rane o r  subsurface layers  are pH s e n s i t i v e .  Resoluci.on of  the  

mechanisms behind these system behaviors is l i k e l y  t o  requi re  a major 
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e f f o r t ,  and t h i s  is d i f f i c u l t  t o  j u s t i f y  when a l l  opera t ing  condi t ions  t o  

d a t e  have produced f i l t r a t e  with gross  alpha concent ra t ions  o€ 41 nCi/mL. 

Clean water t e s t s ,  ac id  c leaning ,  and f i n a l  c l ean  water t e s t s  were 

performed with the  2.0-pm Mott f i l t e r  element used i n  t:tie 6-h scout ing 

test and the  0,5-pm M o t t  f i l t e r  used i n  the  long-term t e s t .  A d i spe r san t  

dye (50 mg/L, 0.2-pm nominal p a r t i c l e  diameter) was added t o  the water f o r  

these  t e s t s  t o  determine f i l t r a t e  q u a l i t y .  

The following opera t ing  parameters were used f o r  these  t e s t s :  

Mot t  f i l t e r  element 

0 , 5  pm 2 . 0  pm 

Linear feed 1 . 5  
v e l o c i t y  ( m / s )  

F i l t r a t i o n  180 
pressure  (KPa)  

1.5 

280 

The elements were backwashed as i n  a l l  previous t e s t s :  15-min i n t e r v a l s ,  

0 . 4 - s  dura t ion ,  and 90-psig pressure .  The run time f o r  each of  the  c lean  

water tests was 7 5  min. 

Following t:he previously ctescri’ised c lean  water t e s t s  n i t r i c  ac id  w a s  

added t o  the feed  tank t o  produce a Eeed water o f  1 . 7  Hf concent ra t ion .  

Both f i l t e r s  were then operated a t  the condi t ions  l i s t e d  f o r  the 2.0-pm 

Mott f i l t e r  element i.n the preceding spot  t a b l e  f o r  a per iod o f  -8 h .  

Following the ac id-c leaning  s t e p ,  samples o f  the  aci.d were analyzed f o r  

gross  a c t i v i t i e s ,  and the  assays ind ica ted  t h a t  the  nci.d snl .ut ion 

contained 0 . 3 %  of  the  gross a lpha ,  l . S %  of  the  gross  b e t a ,  and 2 . 1 %  o f  the  

gross  gamma a c t i v i t i e s  t h a t  were contained i n  the  o r i g i n a l  MVST feed 
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s o l u t i o n .  I t  cannot bc determined from t h i s  da t a  i f  the  ac id-c leaning  

s t e p  removed a l l  the  a c t i v i t y  trapped wi th in  t i e  porous f i l t e r  tube wa l l s ,  

bu t  i t  i s  c l e a r  t h a t  1. 7-bJ n i t r i c  ac id  w i l l  d i s so lve  at l e a s t  a port-ion of 

the  p a r t i c u l a t e  a c t i v i t i e s .  The c lean  water test;s (as i n  the  preceding 

s p o t  t ab l e )  were repeated a f t e r  the  acid-washing t e s t s ,  the  average f l u x  

and dye r e j e c t i o n  values  obtained a r e  shown i n  Table 5 .  The data f rom the  

base l ine  c lean  water t e s t s  are included f o r  compari-son. 

Table 5 .  Average f l u x  and r e j e c t i o n  values  obtained with the 
K o t l :  f i l t e r  elements using process water and 1 . 7  E €I+ as feed 

F i 1 t e I- e . . . . . . . . . 
2 . 0 /Ill1 0 . 5 /Jill 

F i l t e r  condi t ion  Fluxa Rej ec c ion Fluxa Rej ecLion6 ,'-- 
. . . _. 

( L/m i n .  m' ) (1Jmi.n. m 2 ) 

Pr e :E i I. t r a t  i onc 1 3 . 2  0 .91 2 1 . 2  0.11 

i'o s t f i 1 t r a t i o  nc 2 . 9  0 . 8 4  6 . 5  0.56 

- _ - -  260.9 - _ _ _  Acid clcaning d 1 9 1 . 1  

P o s  t a c  idc 101.9 0.11 2 4 9 . 8  0.07 

"blux values  a r e  averages f o r  the dura t ion  of  the t e s t s .  
bReject ion values  a r e  reported as f r a c t i o n  of  dye removed by 

CProccss water a t  t h e  normally occurr ing p1-I o f  7 . 6 .  
d P r ~ c e s ~  water ad jus ted  with IHNO3 i o  1 . 7  !f. 

F i l t r a t i o n  and a r e  averages f o r  the durat-ioii of the  t e s t s .  

A s  shown i n  Table 5 ,  the  f l u x  rat.es obtained during the  pos tac id  t e s t s  

were f a c t o r s  o f  -8 and -1.2 h igher  ( f o r  the 0 . 5 -  and 2.O-,uin f i l t e r s ,  

r e spec t ive ly )  than were obi-ained wi[ih the  as - rece ived  f i l t e r s .  The dye 

r e j e c t i o n  c a p a b i l i t i e s  o f  the  0 . 5 -  and 2.0-pm f i l t e r s  w e r e  reduced t o  6 3  

and 1 2 8 ,  respecti .vely (following ac id  cleaning)  ~ compared t o  the r e j e c t i o n  

values  o f  the  as-recei-ved f i l t e r s .  
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The d a t a  presented  in  Table 5 suggest  t h a t  metal  oxides  or o the r  

materials i n  the  M o t t  f i l t e r  tube matr ix  were d isso lved  during the a c i d -  

c leaning  procedure,  thus e f f e c t i v e l y  inc reas ing  the  pore s i z e .  This 

i nc rease  i n  pore s i z e  then  r e s u l t e d  i n  extremely h igh  f i l t r a t e  r a t e s  and 

l o w  r e j e c t i o n  of t he  d i spe r san t  dye.  One re ference  r e p o r t s  t h a t  a se t  of  

plugged (20-25% o f  t he  o r i g i n a l  f i l t r a t e  r a t e )  0.5-pm Mott f i l t e r  elements 

w a s  soaked i n  a nonagi ta ted 15% n i t r i c  a c i d  (2.6-bf)  ba th  f o r  60 h . 6  mien 

re turned  t o  s e r v i c e ,  approximately 75% o f  t h e  o r i g i n a l  f i l t r a t e  flow r a t e  

w a s  recovered.  The c leaning  procedure recommended by Mott Meta l lurg ica l  

personnel  i s  t o  soak the  f i l t e r  tubes i n  a n  unae i t a t ed  s o l u t i o n  of 5% HNO3 

for 20 t o  30 min. 7 

To determine the  metals  d i sso lved  from the  f i l t e r  by c leaning  with 

s t rong  n i t r i c  a c i d ,  the fol lowing tes t  w a s  conducted. Three l i t e r s  of 

2.0-M n i t r i c  a c i d  w a s  prepared using deionized water .  This a c i d  s o l u t i o n  

w a s  c i r c u l a t e d  through the tube w a l l s  of  a new 0.2-pnt nominal poros i ty  

Mot t  bare- tube  f i l t e r  element f o r  48 h.  A l l  components o f  t h i s  

c i r c u l a t i o n  loop were of p l a s t i c  ma te r i a l s  t o  prevent inadver ten t  

i n t roduc t ion  of  any metals  t o  the  a c i d  s o l u t i o n .  S m p l e s  o f  the i n i t i a l  

and f inal .  a c i d  s o l u t i o n s  were submitted f o r  I C P  ana lyses .  The r e s u l t s  o f  

t hese  assays i n d i c a t e  t h a t  69 mg Fe, 11 mg C r ,  12 mg N i ,  and l.l+ mg Mo 

w e r e  d i sso lved  from the  f i l t e r  element. These  assays a r e  cons i s t en t  with 

the  composition of the  ma te r i a l  of f i l t e r  f a b r i c a t i o n  ( i . e . ,  type 316L  

powdered s t a i n l e s s  s t e e l ) ,  s o  these da t a  c l e a r l y  i n d i c a t e  t h a t  p a r t i a l  

d i s s o l u t i o n  of t he  Mott f i l t e r  element d i d  occur under the  condi t ions  used 

f o r  t h i s  c leaning  tes t .  I t  i s  reasonable t o  assume t h a t  t he  f i l t e r  
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nominal pore s i z e  was enlargcd and caused an increased I l u x  with a 

corresponding decreasc i n  r e j e c t i o n  c a p a b i l i t i e s ,  as shown i n  Table 5 .  

Any f u t u r e  c leaning  e f f o r t s  should be conLined t o  the  use of  HNO3 i n  

concent ra t ions  not  t o  exceed 5%. The recommended procedure f o r  f i l t e r  

clearring i n  the HCTL i s  t o  pump only thc  voluiie of a c i d  (5% s t r eng th )  

requi red  t o  f i l l  t he  in s ide  diameter o f  the f i l t e r  tul3e-not t o  fo rce  the 

a c i d  through the  w a l l s  o f  the tube,  as was done i n  t h i s  t e s t .  Af te r  a 30-  

mtn contaci- pe r iod ,  iise process water t o  f l u s h  the  ac id  from the  system 

before  reus ing  the  I i l t e r .  

Three c ros s  flow f i l t e r  elements (0.5- and 2.O-pm Mott bare- tube  

f i l - t e r s  and a 0.5-pm CARRE, h c . ,  ZOSS membrane f i l t e r )  were used t o  

f i l t e r  a s a i n p l e  of MVST W-29 waste containing 0.5 w t  % s o l i d s  and 

492 nCi/mJ.. of gross  alpha contaniriants.  A l l  th ree  f i l t e r  txlies t e s t e d  i n  

t h i s  s tudy produced f i l t r a t e  containing <1 nCi/mL s f  g ross  a lpha f o r  ari 

a lpha r e j e c t i o n  > 9 9 . 8 % .  The three  f i l t e r s  al.so r e j e c t e d  >95% of the 60Co, 

9 0 S r ,  and europium isotopes i : h L  w e r e  contained i n  the  feed. Based on the 

alpha r e j e c t i o n  va lues ,  the  alpha p a r t i c l e s  a r e  apparent ly  l a r g e r  than 2.0 

pm. Thesefcre ,  a bare- tube  f i l t e r  element o f  .<2 . O - y m  nomj~nal po ros i ty  i s  

adequate t o  produce f i l t r a t e  e s s e n t i a l l y  f r e e  o f  TRU i so topes .  

E ' i l - t ra t ion pressures  used i n  these  studj.es were i n  the  range o f  140 

t o  280 KPa .  Linear feed ve loc i - t i e s  through the f i l t s r  tube ranged From 

1..5 t o  3.0 m / s .  The average f i l t r a t e  f l u x  obtained w i t h  the  Mot t  0.5-pm 

f i l t e r  w a s  a f a c t o r  oE 30 grea te r  than t h a t  obtained with i:he CARRE ZOSS 

rneiiil:)rane f i l t e r  and 1 . 4  times g r e a t e r  than the 2 . O - p r n  Mott f i l t e r  element.  
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Optimum opera t ing  condi t ions for the  Matt 0.5-pm f i l t e r  appear t o  be a t  a 

f i l t r a t i o n  pressure  of 280 KPa and a l i n e a r  feed v e l o c i t y  of 1 . 5  m / s .  

f i l t r a t e  f lux a t  these  condi t ions  was 72% g r e a t e r  t h a n  a t  140 KPa. 

The 

Tes ts  were n o t  c a r r i e d  out  t o  determine the  exac.t s e rv i ce  l i f e  of the 

Mott 0.5-pm f i l t e r ,  although they d i d  show t h a t  t.he servi-ce l i . f e  i s  

c e r t a i n l y  g r e a t e r  than 1000 h .  Assuming a 1000-h se rv ice  l i f e  f o r  a 

f i l t e r  with a f i l t r a t i o n  a rea  of 3 . 7  m 2 ,  these  s t u d i e s  i n d i c a t e  t h a t  

-1.1 mil l ion  L of MVST waste could be processed during t h i s  time span ,  

producing -950,000 L of “non-TRUt3 f i l t r a t e  (a  volume reduct ion  of -86%) 

before  the  f i l t e r  must be cleaned o r  replaced.  This c a l c u l a t i o n  assumes 

t h a t  feed  with an increased s o l i d s  concent ra t ion  does not  reduce the  

f i l t r a t i o n  r a t e  s ign i f i . can t ly .  This stsudy ind ica t e s  t h a t  a 0.5-pm ba re -  

tube f i l t e r  i s  adequate t o  t r e a t  the LLLW c u r r e n t l y  s t o r e d  i n  the blVSTs. 

Because the  composition of the  waste i n  the  e i g h t  W S T s  v a r i e s  

widely,  i t  i s  recoinmended t h a t  add i t iona l  s t u d i e s  be conducted t o  

determine the  alpha reject i .on and se rv ice  l i f e  of these  f i l t e r s  with waste 

from each of the  tanks. Tests  i n  t h i s  study were conducted with waste 

from W-29,  which contained only -500 nCi/mI, of gross  a lpha and -0.5 wt % 

TSS. Other tanks a r e  repor ted  t o  conta in  u p  t o  -6000 nCi/g gross  a lpha .  

Tes ts  should a l s o  be conducted with a s t a r t i n g  TSS conten t  of  -100 rng/mL, 

which would r e s u l t  i n  a hi.gher gross  alpha content  of the  feed .  These 

t e s t s  should be u s e d  t o  eva lua te  the  e f f e c t  of  a higher  TSS c-ontent ,  

p a r t i c u l a r l y  du r ing  volume reduct ion s t u d i e s ,  with respec t  to f i l t r a t e  

f l u x  and gross  a lpha r e j e c t i o n .  

1 
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