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FOREWORD 

T h i s  r e p o r t  i s  issued as one o f '  a ' se r i es  on i esea rch  and develop- 

. ment i n  'connect  i on  w i t h  +he des ign o f  Pa th f i nde r  Atomic Power 'p lant . .  

Th i  s p a r t  i c u  l ,ar r e p o r t  descr ibes '  t h e  t e s t  program t h a t  was conducted . . 

t o  determi ne t h e  most su i tab1  e f 'i l t e r  f o r  t h e  r e a c t o r  water pur i f i - 

c a t  i pn  system i n Pathf  i nder . 

The Path f  i nder Atomic power P l  a n t  w i l  l be loca ted  a t  a s i t d  near 

Sioux F a l l s ,  South Dakota and i s  scheduled f o r  o p e r a t i o n  i n  dune, 1962. 

Owners and ope ra to r s  o f  t h e  p l a n t  w i  l l be Nor thern  S ta tes  Power Company 

o f  Minneapol is ,  Minnesota.  A l l i s -Cha lmers  i s  per fo rming  t h e  research, 

development, and design, and i s  r espons ib l e  f o r  p l a n t  c o n s t r u c t i o n . '  

The U.  S .  Atomic Energy Commission, th rough  C o n t r a c t  No. AT(1 l - I ) -589 

w i t h  Nor thern  States. Power Company and Cen t ra l  U t i l i t i e s  Atomic Power 
,4'- 

,-. . 

Assoc ia tes  (CUAPA), a r e  sponsors o f  t h e  research  and development 

program. 

The p l a n t ' s  r e a c t o r  i s  des ignated t h e  C o n t r o l l e d  R e c i r c u l a t i o n  
C 

B o i l i n g  Reactor  w i t h  i n t e g r a l  n'uclear superheater .  
.. : 
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F i l t e r  t e s t s  were conducted t o  determine t h e  most s u i t a b l e  
f i l t e r  f o r  removing l a rge  q u a n t i t i e s  o f  aluminum c o r r o s i o n  p roduc t  
(boehmite) f rom r e a c t o r  wa te r .  F i l t e r s  t e s t e d  inc luded  t h e  f o l l o w i n g :  
wire-wound, s i n t e r e d  f i l t e r  elements, s i n t e r e d  ceramic f i l t e r  elements, 
c o t t o n  s t r ing-wound f i l t e r  elements, f e l t e d - c o t t o n  f i l t e r  elements, 
c a t i o n  r e s i n ,  adso rp t i on  r e s i n ,  d iatoma ceous e a r t h  p recoa t  f i l t e r ,  
and a wood-ce l lu lose  p recoa t  f i l t e r .  

Parameters measured were f l o w  r a t e ,  f i l t e r - i n f l u e n t  and - e f f l u e n t  
boehmite concen t ra t i on ,  p ressure  drop, and f i n a l  f i l t e r  load. The 
p ressure  drop and e f f i c i e n c y  o f  t h e  f i l t e r s  was t h e n  c o r r e l a t e d  w i t h  
boehmite load. 

Boehmite depos i t s  on f i l t e r s  as a. non-porous g e l a t i n o u s  cake, 
which causes a r a p i d l y  i nc reas ing  p ressure  d rop .  Tes t s  i n d i c a t e  t h a t  
t h e  optimum load w i t h  F i l t e r  e lements and p recoa t  f i l t e r s  i s  ach ieved 
a t  a p ressure  drop o f  25 p s i .  Very l i t t l e  a d d i t i o n a l  load can be 
ob ta i ned  by o p e r a t i n g  t o  a h i ghe r  p ressure  drop.  

O f  t h e  f i l t e r s  t es ted ,  t h e  p recoa t  f i l t e r  and 40-60 mesh c a t i o n  
r e s i n  were t h e  more e f f e c t i v e  i n  removing boehmite. The e f f i c i e n c y  
o f  t h e  p recoa t  f i l t e r  was i n  excess o f  99 per cent ,  and t h e  e f f i c i e n c y  
o f  t h e  c a t i o n  r e s i n  was f o r  t h e  most p a r t  i n  excess o f  95 per c e n t .  
For  v a r i o u s  reasons, t h e  o t h e r  f i l t e r s  were e l i m i n a t e d  from f i n a l  
cons i d e r a t  i-on. 

The t e s t  program and a v a i l a b l e  l i t e r a t u r e  i n d i c a t e d  t h a t  an element 
t y p e  p recoa t '  f  i l  t e r  u s i n g  wood c e  l  I  u lose as t h e  ' p recoa t  med i a wou I  d be 
most s u i t a b l e  f o r  t h e  proposed a p p l i c a t i o n .  
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I . INTRODUCTION 

Reference des,ign, f o r  t h e  Pa th f  i nder Atomic Power PI a n t  i nc l udes a blow- 

down p u r i f i c a f i o n  system t o  m a i n t a i n  h i g h - p u r i t y  r e a c t o r  wa te r .  The 

f l o w  r a t e  o f  water t o  t h e  f i l t e r i n g  s e c t i o n  o f  t h e  system may vary  

from, 60 t o  25.0 gpm. The b lovido\*!n f  low r a t e  dur i ng norma l  r e a c t o r  oper-  

a t i o n  i s  100 gpm. 

W i t h  an.aluminum-clad core,  t h e  major suspended i m p u r i t y  i n  t h e  

r e a c t o r  water-  i s  boehmite, ' 2 2 3 3  

A p r e l  iminary.  e s t i m a t e  i n d i c a t e s  t h a t  i n  e x c e s s ' o f  1800 I b / y ~ -  of t h i s  

r e l a t i v e l y  i n s o l u b l e  c o r r o s i o n  p roduc t  viould be formed d u r i n g  o p e r a t i o n  

o f  a  P a t h f i n d e r  aluminum-clad c o r e  

C o t t o n  s t r ing-wound c a r t r i d g e  f i l t e r s  a r e  used i n  t h e  Exper imenta l  

B o i l i n g  Water Reactor  and o t h e r  s i m i l a r  i n s t a l l a t i o n s t o  remove f e r r o u s  

c o r r o s i o n  p roduc ts .  P recoa t  f i l t e r s  a r e  a l s o  used t o  remove i r o n  and 

copper c o r r o $ i o n  p roduc ts  i n  systems p rocess ing  u l t r a - h i g h  p u r i t y  wa te r .  

Whether o r  no t  o p e r a t i n g  da ta  and exper ience  r e g a r d i n g  t hese  systems 

was a p p l i c a b l e  t o  a  system f i l t e r i n g  l a r g e  q u a n t i t i e s  o f  boehmite was - 
i n o t  known. A thorough search o f  i v a i l a b l e  l i t e r a t u r e  f a i l e d  t o  d i s -  

- . . ., ..,,, . -. 

c  l ose  any s i g n i  f i c a n t  i nforma.f ion on .the s u b j e c t .  
.. . 

T e s t s  were t h e r e f o r e  conducted t o  determine a s u i t a b l e  f.i l t e r  f o r  

t h e  P a t h f i n d e r  r e a c t o r  water p u r i f i c a t i o n  system. Appendix A c o n t a i n s  

d e f i n i t i o n s  o f  terms used i n  t h i s  r e p o r t .  

Be fo re  f u l  I - s c a l e  f i l t e r  t e s t i n g  was s t a r t e d ,  t h e  A l l i s - C h a l m e r s  

Research Labo ra to r y  cocducted p r e l i m i n a r y  t e s t s  t o  determine t h e  f i l t e r -  

a b i l i t y  o f  a  f i n e l y  d i v i d e d  o r  c o l l o i d a l  aluminum c o r r o s i o n  p roduc t .  A 



s t a b l e  boehmite s o l u t i o n  was prepared by t h e  r e a c t i o n  o f  d i s t i l l e d  water 

w i t h  aluminum amalgam a t  approx imate ly  95 C .  T h i s  so l ,  when s u f f i c i e n t l y  

d i l u t e  (0.3 ppm) remained d ispersed  f o r  as long as f o u r  months. However, 

none o f  t h e  s o l  p a r t i c l e s  would pass t h rough  a coarse paper such as 

Whatman No. 31 . The t e s t s  t h u s  showed t h a t  boehmite i s  f  i l  t e r a b  l  e .  

The e f f e c t  o f  va r i ous  e lec t ro ly . teson  t h e  f i l t e r a b i l i t y  o f  boehmite 
. 1 - 1  

was i n v e s t i g a t e d .   either hydrof  l  uor i c  nor phosphor i c  a c i d  caused any 

observable amount o f  c o a g u l a t i o n  when added t o  t h e  s o l .  However, smal l  

concen t ra t ions ,  I - to -3 .  ppm, o f  a c i d  caused less  o f  t h e  so l  p a r t i c l e s  t o  

pass th rough a coarse paper.  Grea te r  concen t ra t i ons  o f  phosphor ic  a c i d  

were no more e f f e c t i v e .  .The t u r b i d i t y  o f  t h e  s o l  t h a t  con ta ined  boehmite 

was found t o  be d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  boehmite. 

Th i s l  i near r e  l  a t  i onsh i p p e r m i t t e d  t h e  determi n a t i o n  o f  so l  concen t ra t i ons  

t o  be made r a p  i d l'y by t u r  b i d i metr i c methods. 

2.  TEST EQUIPMENT AND GENERAL PROCEDURES 

2.1 Tes t  Loop. The f i l t e r  t e s t  . loop as o r i g i n a l l y  assembled i s  shown 

i n F i gure I  . The loop cons i s t e d  bas i c a  l l  y o f  t h e  f o l  low i ng components:. - 

I )  two  36 - i n  d i a . . t a n k s  
2) a 14- in d i a .  f i l t e r  vessel  
3) a c i r c u l a t i n g  pump 
4) an i n t e g r a t i n g  f l o w  meter ( g a l )  
5 )  two  60- i n  Hg manometers 
6) two  Bourdon p ressure  gages 
7) p i p i ng ,  valves, sample cocks, f i t t i n g s ,  e t c .  

A l l  o f  t h e  t a n k s  i n c l u d i n g  t h e  f i l t e r  vessel  were f a b r i c a t e d  of  carbon 

s t e e l  and covered w i t h  t h r e e  c o a t s  o f  p r o t e c t i v e  p a i n t .  The two  36- in  

d i a .  t anks  were used as surge and c o l l e c t i o n  tanks,  w h i l e  t h e . 1 4 - i n  d i a .  

vessel  housed t h e  t e s t  f i l t e r  assembly. 



Figure  I .  F i l t e r  t e s t  loop as or ig ina l ly  assembled. 
(NP Photo 023-29) 
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. 
An All is-Chalmers r tE lec t r i fuga lu  pump ra ted  a t  80 gpm and 250-ft  

head was used f o r  c i r c u l a t i n g  water o r  twhmi te  s l u r r y  through t h e  system. 

This pump has a brass impeller mounted on a steel  shaf t  and a cast- i ron 

casing. The easing was spray-coated w i th  304 sta in less s tee l  t o  reduce 

t h e  quant i ty  o f  i r on  corrosion product introduced i n t o  t h e  sysfern. 

P ip ing and valves were i n i t i a l l y  connected so t h q t  the  c i r c v l a t i n g  

pump could take suction from e i ther  t h e  surge tank ar col . lect ion )ank, 

and discharge Ihrodgh any o f  t h e  th ree  possible f low paths. With these 

f low paths, t h e  f i l t e r  could be by-passed, backwashed, or  operated normally. 

Primary p ip ings consisted o f  2-in schedule 80 po l yv iny l ch lw ide  (PVC) 

pipe and some sta in less steel  f i t t i n g s .  Brass sampling cocks were in-  

s t a l l e d  i n  t he  f i l t e r  i n f l uen t  and e f f l uen t  fines, A l l  valves and cocks 

were made o f  brass. The cocks were designed fo r  grease lubr icat ion,  a l -  

though no grease was used. In  t he  in tegra t ing  flow meter, a l l  m e t a l l i c '  

pa r ts  i n  contact  w i t h  water were made o f  brass o r  s im i la r  mater ia l .  

Two mercury manamters were connected t o  t h e  f i l t e r  i n f l uen t  and 

e f f l u e n t  l i nes  t o  measure pressure drop through t h e  t e s t  f i l t e r  f o r  

f low i n  e i t he r  d i rec t ion .  Two Bourdon pressure gages were used t o  

measure pressure drops exceeding t h e  €0-in range o f  t he  manometers. 

Later i n  t he  test.program, t h e  loop was modif ied as shown i n  

F igure 2, Some PVC p ip ing  was replaced w i t h  s ta in less steel  pipe, 

because? bf leakage i n l asdi c-to-brass threaded j o i n t s .  The co l  l ec t  i on 

tank was removed from t h e  system. A by-pass l i n e  w i t h  - thro t t le  valve 

was i ns ta l l ed  between the  pump discharge and surge tank t o  enable f ine r  

con t ro l  of  l > w  f low ra tes  through t h e  t e s t  f i l t e r s ,  A copper coo l ing 

c o i l  was i ns ta l l ed  i n  t h e  main surge tank, so +h constant temperature 

could be maintained during res r lng .  A f low raTe rneTer was i ns ta l l ed  i n  

-16- 



The f i l t e r  i n l e t  l i n e .  With t h i s  meter, it was poss ib le  t o  accura te ly  

measure r e l a t i v e l y  low f l ow  ra tes .  

2.2 Simulated Corrosion Product. I n  most t e s t s ,  f i n e l y  ground boehmite 

powder obta ined from t h e  Aluminum Company o f  America was used. A p a r t i c l e  

s i z e  determinat ion was made using f i r s t  T y l e r  s e r i e s  s ieves and then an 

Andreasen p i o e t t e .  The r e s u l t s  a re  as fo l lows:  

P a r t i c l e  S ize  (ul 

Per Cent Passing 

7.3 ,. Boehmi t e  Cor c e n w  on -- -- Measurements. A "He l l i gel1 Tur b i d i meter was 

used t o  measure t h e  boehmite concentrat ion i n  t h e  loop water. I n  c a l i -  

b r a t i n g  t h e  tu rb id imeter ,  suspensions were made a t  var ious  concentrat ions 

us ing  t h e  boehmite powder. Chemical ana lys is  o f  each sample ~ a s ~ c o m p a r e d  

t o  tu rb id ime te r  readings t o  o b t a i n  a c a l i b r a t i o n  curve. 

2.4 Test Procedure. A general procedure app l i es  t o  a l l  t h e  t e s t i n g  

conducted a$ Al l is-Chalmers.  Significant v a r i a t i o n s  i n  t h e  procedure 

are described i n  t h e  app l i cab le  sect ions.  

The c lean t e s t  loop was f i l l e d  w i t h  water. The f i l t e r  was placed 

i n  t h e  adapter i n  t h e  f i l t e r  vessel.  The pump was then star ted,  and t h e  

desi red f low r a t e  was es tab l ished through t h e  f i l t e r .  Boehmite i n  I-gm 

q u a n t i t i e s  was dropped i n t o  t h e  surge tank.  P e r i o d i c a l l y ,  samples o f  

water were taken upstream and downstream o f  t h e  f i l t e r  vessel, and read- 

ings o f  i n f l u e n t  and e f f l u e n t  t u r b i d i t y  were recorded. Normally, in -  

f l u e n t  t u r b i d i t y  was maintained a t  about 5 ppm. Data such as f l ow  ra te ,  

time, pressure drop across f i l t e r ,  and temperature of water were recorded. 



F i g ~ r e  3. Metal I i c  wouna-wire -rype- lfw. MI-LL) Engtn~eri~g and 
Manuf actur i ng, S nc . 1 (W P h d ~  022-441 



A f t e r  a - c o o l e r  was i n s t a l l e d ,  a  cons tan t  tempera tu re  c o u l d  be main- 

t a i n e d .  I n  t h i s  manner, t h e  need f o r  pressure-drop and f l o w - r a t e  c o r r e c -  

t i o n s  was ei,iminat"ed; and t h e  possibility o f  any tempera tu re  e f f e c t . 0 ~  

boehmite c h a r a c t e r i s t i c s  was exc luded.  

3. W IRE -WOUND F I LTER CARTR l DGE 

The f i r s t  f i j t e r  s e l e c t e d  f o r  t e s t i n g  i n  t h i s  program was a m e t a l l i c  

wound-\a1 i r e  type, ob ta i ned  f rom HI -LO Eng inee r i ng  and Manufactur i ng, I nc. 

F i g u r e  3 shows a s l i g h t l y  en la rged  photograph of t h e  f i l t e r .  TI-1ouyh 

no rma l l y  used i n  gaseous systems, t h i s  f i l t e r  was s e l e c t e d  f o r  t e s t i n g  

on t h e  b a s i s  of i t s  apparent  p o t e n t i a l  f o r  backwashing. Such a f e a t u r e  

would f a c i l i t a t e  remote maintenance o f  t h e  f i l t e r  system. 

The f i l t e r  c o n s i s t s  o f  t w e l v e  s t a i n l e s s  s t e e l  wire-wound s j n t e r e d  

t ubes  s i l v e r - s o l d e r e d  t o  s t a i n l e s s  s t e e l  t u b e  shee ts .  The t w e l v e  t ubes  

p r o v i d e  a t o t a l  su r f ace  area o f  approx imate ly  50 sq. i n .  T h i s  f i l t e r  . . 

i s  r a t e d ' b y ; t h e  manufacturer  a t  10 p .  

3.1 P r e l i m i n a r y  T e s t i n q .  A f t e r  r educ ing  s o l i d s  c o n c e n t r a t i o n s  i n  t h e  

loop t o  0.5 ppm, t h e  1-li-LO f i l t e r  was i n s t a l l e d  i n  t h e  vesse l  aqd c l ean -  

t e s t e d .  Pressure  drop da ta  was recorded  f o r  f l o w  r a t e s  up t o  60 gpm. A 
. . 

s e t  o f  s i m i l a r  da ta  was t h e n  obt6i:ned w i t h  t h e  f i l t e r  removed, gnd w i t h  

o n l y  t h e  adapter  r ema in i ng  i n  t h e  loop. R e s u l t s  o f  t h e s e  t e s t s  a r e  i n d i -  

ca ted  on F i g u r e  4. Curve C i s  ob ta i ned  by s u b t r a c t i n g  Curve B f rom Curve 

D, and rep resen t s  approx imate p ressure  drop t h rough  t h e  f i l t e r  (p l y .  

W i t h  t h e  f i l t e r  i n s t a l l e d  and t h e  loop sampl ing a t  32 ppm Roehmite, a  

qu i ck  t e s t  was i n i t i a t e d  t o  load t h e  f i l t e r  and a t t emp t  a  backwash. A low 

f l o w  r a t e  was e s t a b l i s h e d  Ihrouc&the f i l t e r .  W i t h i n  a  few seconds be fo re  
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any da ta  c o u l d  be recorded,  ,the f i l t e r  plugged; p ressure  d i f f e r e n t i a l  i n -  

c reased t o  pump shu t -o f f  head (110 p s i g ) ,  and f l ow  t h rough  t h e  f i l t e r  , 

ceased. ' The l  oop was shutdown, and t h e  f i l  t e r  was ca re f  u  1 . 1  removed. 

Observa t ion  o f  t h e  f i l t e r  showed two  t h i n g s  o f  i n t e r e s t .  No s i g n i -  

f i c a n t  accumulat ion o f  boehmite appeared on t h e  element su ' r face.  S l i g h t  

t r a c e s  o f  p a r t i c l e s  were n o t i c e d  over  t h e  e n t i r e  o u t s i d e  s u r f a c e l o f  t h e  

f i l t e r  i n c l u d i n g  t h e  t o p  and adap te r .  There appeared t o  be no more boehmite 

on t h e  ac tua l  f i l  t e r  i ng area t h a n  on - t h e  non-f i l t e r  f ng members. Second l  y, 
: . .  

no t r a c e s  o f  boehmi t e  were .no t  iceab 1 6  i ns i de t h e  f  i l t e r  o r  f i l  .Per o u t  l e t  . 
The e lement  was t h e n  c leaned by washing w i t h  t a p  water, t h e n  d i s t i  l  l e d  

water,  and f i n a l l y  w i t h  h i g h - v e l o c i t y  a i r .  

Another c l e a n - t e s t  was made f o l l o w i n g  c l e a n i n g  o f  t h e  loop t o  determine 

t h e  e f f e c t i v e n e s s  o f  c l e a n i n g  t h e  f i l t e r . .  P ressure  drop da ta  was recorded  I 

w i t h  f l o w s  up t o  60 gpm. The r e s u l t s  a r e  p l o t t e d  as Curve E on F i g u r e  4 .  

A second attemp? t o  load t h e  f i l t e r  w i t h  an i n f l u e n t  c o n c e n t r a t i o n  o f  

o n l y  2 . 0  ppm was made. The r e s u l t s  o f  t h i s  r u n  were a lmost  i d e n t i c a l  t o  

t h e  f i r s t  t e s t .  P l ugg ing  d i d  n o t  occur  q u i t e  as f a s t .  

I '  

3 .2  F i n a l  Tes t s .  I n  v iew o f  t h e  d i f f i c u l t i e s  exper ienced i n  t h e  i n i t i a l  

t e s t s ,  t h e  f i n a l  t e s t s  were performed u s i n g  a  d i f f e r e n t  procedure.  A 

cons tan t  p ressure  drop ac ross  t h e  f i l t e r  was ma in ta ined  r a t h e r  t h a n  a  

cons tan t  f l o w  r a t e .  Two t e s t s  were per formed i n  t h i s  manner. The f i r s t  

and most success fu l  o f  t hese  t e s t s  w i l l  be descr ibed  i n  d e t a i l .  

W i t h  a boehmite conccntraTTon i r i  t h e  loop water  o f  1.0 ppm, t h e  
C 

f i l t e r  was i n s t a l l e d  and a  c l ean - run  was made. Pressure drop was main- 

t a i n e d  cons tan t  by a d j u s t i n g  t h e  pump d i scha rge  v a l v e .  A t  a  cons tan t  

p ressure  drop o f  9.85 p s i ,  a  f low-meter r e a d i n g  was recorded  ve ry  15 sec 
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f o r  a p e r i o d  o f  3 min.  Flow r a t e  i s  p l o t t e d  as a f u n c t i o n  o f  t i m e  

f o r  t h e  f i r s t  3-min p e r i o d  i n  F i g u r e  5 .  

The load-tip r u n  was performed a f t e r  ,the boehmite concen i . ra t ion  

had been increased t o  s i i g h . t l y  above 2 .0  ppm. Flow ra ' t e  d a i a  was 

aga in  recorded  f o r  approx imate ly  3 min (F ' igurc  6 ) .  By f h i s  t i rne t h e  

f i l C e r  was plugged, and f i o w  r a t e  had dropped c l o s e  -I-o ze ro .  Because 

of  .the l imi . fed t i m e  a v a i l a b l e ,  only. ope sample o f  f i l t e r  i ! i l l u e n t  and 

e f f l uen i -  was ob ta i ned .  Bo th  samples i n d i c a t e d  2.0 ppm of. boehmi.1-e. I t  

was obvious, however, t h a t  t h e  f i l t e r  was removing some o f  i h e  boehmite. 

W i t h  t h e + f i l t e r  removed, t h e  boehmii'e c o n c e n t r a t i o n  i n  t h e  loop 

was reduced t o  1.0 ppm. The f i l t e r  was .?hen i n s - t a i l e d  and backwashed, 

a t  l  I 0  p s i  f o r  3$ rnin. 

The t e s t  f i l t e r  was removed again ,  and t h e  loop c leaned  t o  0.75 

ppm. A f i n a l  c lean- run  was made t o  determine t h e  e f f e c t i v e n e s s  of 

backwashing. The r e s u i t s  o f  t h i s  l a s t  r u n  a r e  p l o t t e d  on F i g u r e  7 .  

3 . 3  Summary. Da ta  o t t a i n e d  f rom ?he H i - L O  t e s t s  i s  nof- s u f f i c i e n t  

t o  enab le  t h e  performance of t h i s  i y p e  o f  f i l f ' e r  3.0 be p r e d i c i e d  w i t h  

accuracy shou ld  if be used jn a 1a r . y~ -sca le  s\js.tem si lch as P a f h f i n d e r .  

- iho, f i i i . e r  can be backwashed; b u t  to 'whai-  degr-ee ? h i s  can be accompl ished 

ove r  lo i lg- term opet-at ion ! s n o f  known,. 

Opera t ion  a t  lower f l e w  ra . tes  would undoubted!y exfend o p e r a t i n g  

t i m e .  However, cons i dor i ng -tihe r a p i d  p i  ugg f :'~y, it was though'F +ha+ 

any such i mpr.~vernenf wou l a n o t  be su f  f i c  i er1.t. t o  warrant. f ur.t.her t e s t  i ng. 

T e s t i n g  o f  t h e  Hi-LO fi1.t.w was . f n e r e f o r e  ferminaf 'ad.  
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F i gure. 6. W ire-wound f i I t e r .  c a r t r  i dge. l oad-up r u n .  I nf I uent 
. .  . 

concenY-ration of boehmite was greater  than 2.0 ppm. Pressure . . 
was constant  a t  9.85 p s i .  (AC Dwg 43-024-432). . . 
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F i gure 7. W i re-wound f j  I t e r  c a r t r  i dge ..post-Ioadup run;  
. I  n f  1.uen-t' concent ra t ion  bf boehmite was less  than 0; 75 ppm; 
Pressure drop was constant  a t  9.85 ps i  . (AC Dwg 43-024-433) 
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4. SINTERED CERAMIC FILTER ELEMENTS 

Commercial F i l t e r s  C o r p o r a t i o n  t e s t e d  a  c y l i n d r i c a l  ceramic  f i i t e r  element 

2 . 5  i n .  0.d. x 2 i n ,  i . d .  Length v a r i e s  w i t h  t h e  a p p l i c a t i o n .  The p o r o s i t y  

i s  v a r i e d  t o  o b t a i n  d i f f e r e n ?  f i1. t -er  ra, f - lnys.  

A sample o f  boehrnite was sen t  t o  Comrnercjal F i l t e r s  Co rpo ra t i on .  The 

f i l t e r s  were t e s t e d  at I gpm/sq. f t .  t o  a  p ressure  drop o f  25 p s i .  The 

f o i l o w i n g  load-up va lues  were ob ta i ned .  

An a t tempt  was made t o  backwash t h e  

f i l t e r s  and r e t u r n  them t o  s e r v i c e .  Back- 5 2 
i 0  10 

washing was n o t  success fu l .  25 12 

S ince  such poor r e s i r l t a  wer-e obta ined,  another  25-p element was 

t r i e d  w i t h  a diatomaceous e a r t h  p recoa t .  Under 'the same condi-t, ions as 

above a  much h i ghe r  load-up was ob ta i ned .  Backwashing was comp le te l y  suc- 

cess fu  l  . 

4.1 Summary. The r e s u l t s  show t h a t  a  bare s i n t e r e d  ceramic  f i l t e r  would 

n o t  be s u i t a b l e  f o r  t h e  f i l t r a t i o n  o f  any a p p r e c i a b l e  quan t i f - y  o f  boehmite. 

The r a p i d  p l ugg ing  and low load-up a r e  undes i r ab le .  The wgrk d i d  show t h a t  

a  p recoa t  f i l f ' e r  m igh t  be s u i t a b l e  f o r  t h e  fl1.i-ra-t.ion of boehmite. More w i l l  

be s a i d  o f  p recoa t  f i l f r a t i o n  i n  Sec t i on  7. 

5. COTTON CARTR i DGE REPLACEABLE F l LTERS 

Two t y p e s  o f  c o t t o n  ca r -? . r idge  f i l t e r s  were . tes ted .  One i s  manufactured by 

t h e  Commercial F i l - f e r s  C o r p o r a t i o n  and i s  s o l d  urlder +he F u l f l o  t rademark.  

The second t y p e  i s  s u p p l i e d  by Cuno Eng inee r i ng  and i s  c a l l e d  .the Micro-Klean 

f i l t e r .  B o t h  c a r t r i d g e s  a r e  9 i  i n .  long by 2-3/4 I n .  d i a .  and a r e  in terchange-  

a b l e .  Two f i l t e r  c a r t r i d g e s  o f  t h e  same ra t - i ng  were dry-weighed and i n s t a l l e d  



w i t h  an adapter i n  t h e  f i l t e r  vessel.  The f i l t e r s  were dry-weighed. 

w e r  t e s t s  t o  determi ne f i na I l oad. The dry-weight was obta i ned by 

laboratory balance a f t e r  d r i v i n g  o f f  moisture from t h e  f i l t e r  by oven 

d ry ing  a t  80%. The elements were pe r iod i ca l  l y  weig hed u n t  I I no tur rhe i  

weight loss was noted. 

The method used f o r  c o r r e l a t i n g  and present ing t e s t  data f o r  these 

+ests i s  g iven i n  Appendix A .  

5.1 F u l f l o  Car t r idges.  A F u l f l o  string-wound f i l t e r  c a r t r i d g e  i s  shown 

i n  F igure  8. The element cons is t s  o f  c o t t o n  s t r i n g  wound t i g h t l y  around 

a w i r e  mesh o r  screen core. F i l t e r s  o f  t h r e e  r a t i n g s  were tes ted:  

F i l t e r  F i  I t e r  
Type 19 x 20-2CV. A sho r t  3-hr t e s t  run  was made Rat ing  TY pe 

(~. r  
w i t h  t h i s  f i l t e r .  The temperature was maintained 

5 19 x 20-2CV 
a t  150 t o  160 F throughout t h e  t e s t .  The i n i t i a l  10 27R I OCV 

25 39R I CCV 
pressure drop across t h e  f i l t e r  was about 1.8 p s i .  

A t  a f low r a t e  o f  2 gpm/element f o r  t h e  f i r s t  2 h r  o f  t e s t i n g .  I n i t i a l  ly ,  

t h e  i n f l u e n t  concent ra t ion  was 10.5 ppm and no add i t i ona l  boehmite was 

added t o  t h e  c i r c u l a t i n g  water dur ing  t h e  t e s t  run.  The f i l t e r  e f f i c i e n c y  

was about 50 per cent  i n i t i a l  l  y, but  rap  i d l  y decreased t o  0 per cent  as 

t h e  t e s t  cont inu  

F igu re  8. Cotton-string-wound f i l t e r  c a r t r i d g e  ( F u l t t o ) .  (NP ~ h o T o  035-27) 



After  2 hr  o f  t e s t i  ng, ,the Table I. Test Results w i t h  ,I9 x 10-ZV. 
F i  l t e r s '  (2 E lements) 

f low r a t e  and pressure drop were 

doubled t o  determine if the  in-  

creases would affec+. f i l t e r  

e f f i c iency .  The flow r a t e  and 

pressure drop were again doubled 

a f t e r  ha l f  an hour o f  tes t ing .  

No e f f ec t s  on f i l t e r  e f f i c i ency  

were observed. Data for fhe  .. 

t e s t  i s  given i n  Table I .  Re- . 

s u l t s  are p lo t t ed  i n  Figure 9. 

Time b l o w  bP across Tu rb id i t y  
Rate F i I t e r  l n f  1 uent 1 E f  f 1 vent' 
(gpm). ( in.Hg) (ppm) ( P P ~ )  

0:OO 4 3.7 10.5 4.5 
0:X) 4 4.05 8.0 1 5.7 
0:55 .4 4.15 8.0 1 7.5 
1:20 4 4.05 6.0 7.2 
1:50 4 4.25 5.4 5 .O 

Stop f o r  n igh t  

2:02 7 6.9 6.2 5.5 ' 

2:23 7 7.1 5.7 5.7 
2:58 . 15 20 .O 5;O 5.0' 
3: 18 I5  20.2 5 .O 5.0 . 

Tvpe 27RIOCV. A t e s t  was run 

w i t h  two type 27RIOCV elements 

a t  a constant flow r a t e  o f  2 gpm/ 

element and w i t h  t h e  system 

water temperature varying from 

80 t o  130 F. Resul ts are given 

i n  Table 2. Pressure drop w i t h  

e f f i c i ency  are p l o t t e d  as a 

func t ion  of load i n  Figure 10. L 41 EFFLUENT 
The average i n f l uen t  t u r b i d i t y  . 1 3 

dur ing the tesP was 3 ppm. 8 21 

I 

I n i t i a l  pressure drop was 4.9 
I 

I 
0. - - L  I - 5 -  1 

ps i .  TIME FROM START GF TEST - HOtJ-RS 
Figure 9. 19 x 10 2CV i n f l uen t  F i l t e r  e f f i c i ency  decreased 

- 1 ,  -- . and e f  f l uent boehmite concentra-T, . 
i n i t i a l l y  w i t h  increasing load. t ion; (AC Dwg 43-024-444). 
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I ~ a b  1 e: 2 .  T e s t  Data , for  Type 27R IOCV F i l+er  E l emenf s , 

. . 



W i t h  a .  load .o+ 6 gm/elei?~eni-, -the efficient\/ begzn t o  r i s e  con-t i  nuous l  y  
' 

w i i h  f u r t h e r  i n c r i a s e  i n  load. T h i s  la f f -e r  phase tori-esponds 1-0 t h e  
,:' .- ' 

i ncr-easi ng i-h i c1:ness o f  +he s u r f  ace c o a t  ofe.boehrni te.  
. .- . . 

., . . .. 

The p ressure  drop reached 25 p s i  by t h e  t i m e  a  r easonab l y  h i g h  
4 

e f f i c i e n c y  was obta ined,  and t h e  t e s t  was d i scon t i nued .  The average f i l t e r  . . 

e f f i c i e n c y  d u r i n g  t h e  t e s t  r u n  was 45 per c e n t .  Tes t  da ta  showed no s i g n i L -  

. . 
f i c a n t  change i n  f i l t e r  e f f i c i e n c y  wheri t h e  i n f l u e n t  c o n c e n t r a t i o n . i . s  v a r i e d .  

P ressure  drop ac ross  t h e  f i l t e r  remained, e s s e n t i a l l y  cons+ant u n t i l  t h e  

I f i l  t e r  load reached .50 per  c e n t  o f  .capac i l - y .  A yt-aduai i nc rease  i n  e f f  i - . ' 

c i e n c y  was noted t i ' n t i l  load-tip reached 85 per c e n t  o f  c a p a c i t y .  The pres.- 

su re  d r o p  r o s e  r a p i d  l  y. as load, increased f rom 85 t o  I00  per c e n t  o f  c a p a c i t y .  

The boehmite deposi f e d  as a  t h i n ,  ge l  a t  inous 'non-porous c o a t i  ng, . . 

~ c c o u n t s  f o r  t h e  r a p i d l y  increas i ,ng p ressure  drop.  The s t r i n g  w ind ing  

p a t t e r n  was s t i l l  ve r y  obv ious .  The Doehmi-l-e'load was.13 t o  15 gm/elernent. 

I I I - L  L..1.--... . I - -  -I_.-_1. .- .J- ..1.. .I-.. . L L 0 
' 0  1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 I5 

LOAD UP - GRAMS BOEHMITE 

~ : i  y r -6  1 0 1  273 IOCV c o t t o n  c a r t r  i dge p ressure  drop and e i f  i c  i ency  a s  a  
f u n c t i o n  o f  boehrnite load.  F low r a t e  d u r i n g  t h e  t e s t  was 2  gpm/elernent. 

(AC Dwg 43-024-438) 



I 
. . 

Type 39R I %\I F i l  t e r  . Two 39R I  OC\I elements were t e s t e d  a t  a  ' f  low r a t e  . 'of 
.. . 

2 gpm/e l  ement a t  temperature; f rom 80 t o  130F.. ~ v ~ r a g e  i nf.1 uen t  'con-  

. . 
c e n t r a t  i bn  was ma i n t a  i ned a t ,  2 ppm. The average e f  f i c  i ency o f  t h e  f i l  t e r  ., 

Y . .  . was 73 per c e n t .  The max imuh load' was 15 t o  16 gm'/e l  ement. The i n- 

it i a  l  p ressure  drop was 9 . 5  p s i  . The e f  f  i c  iency and p ressure  drop f o r  . '  . , 

t h e  f i I t e r s  were p l o t t e d  as a  f u n c t i o n  o f  load i n  ~ . i g u r e  I  I  . D e t a i l e d  ' ' ' 

' 

r e s u  I t s  a re  g i ven  i n  ~ a b i e  3 ;  

D u r i n g  p rev i ous  t e s t  runs, t h e  t e s t  loop uas shutdown each evening, 
I ' 
I .  . and d i t f e r e n c e s  i n p ressure  drop and boehmi t e  c o n c e n t r a t  i o n  w e r e  noted . . , 

P 
. . 

on s t a r t u p  t h e  ' nex t  day. l n ' o r d e r  t o  determine i f  these  d i s c o n t i n u i t i e s  ' . . . 
. . 

. . 

i n  ope ra t  i o n  had any e f f e c t  on t h e  f  i na l  r esu  l t s ,  a  con t inuous  t e s t '  r u n  , 

was made t o  maximum pressure  drop w i t h o u t  shu t t . i  ng down t h e  loop . '  . . 

8 !. 1.. , .. 1 . .  -. -l.... . -.I- 1 .- - L - - . L L . . I ~ _ - L  I 1, - I I d-L-J~ 

0 1 2  3 4. 5 6 7 8 9 10 1 1  1 2 1 3 1 4 1 5  6 1 7  
' . LOAD UP -,GRAMS BOEHMITE 

. .  . 
. . F i g u r e  I I .  Pressure drop and e f f i c i e n c y  o f  39RIOCV c o t t o n .  c a r t r i d g e s  

, as  a  f u n c t i o n  o f  boehmite load. Flow r a t e  was ma in ta ined  a t : 2  gpm/ 
. . e  l  ement . (AC Dwg 43-024-435) 

. . 





The t e ' s t  was conducted a t  a  temperature o f  125 t o  1 3 1 '  F  a t  .an average 

. . 
. f l oh r a t e  of. 2 gpm/e ! ement . The, e f  f  1 uent  c o n c e n t r a t i o n  was 5nmewha-k ' , 

. . . . 
. h i g h e r  a t  t h e  beg inn ing  o f  t h e  t e s t  t h a n  i n  p rev i ous  t e s t s ,  because t h e  . ' ,  . . . 

. . . . 

loop had n o t  been c  leaned be fo re  t e s t i n g .  . . .  . 

Tes t  r e ' s u l t s  a r e  g i ven  i n  Tab le  4. Pressuredrop and e f f i c i e n c y ' a r e  . . 
. . 

p l o t t e d  as a  f u n c t i o n  o f  load i n  F i g u r e  12. A l though  t h e ' a v e r a g e  e f f i c i e n c y '  
1 '. 

o f  t h e . f ' i  l t e r s  i n  t h e  t e s t  was iomewhat lower, r e s u l t s ' d i d  no t  d i f f e r  ; 

g r e a t l y  f rom p rev i ous  'non-cont i nuous t e s t  r uns .  I t  was concluded, . t he re - .  , ' 

f o r e ,  t h a t  shutdown and s t a r t u p  d i d  no t  s i g n i f i c a n t l y  af.fe6-t t e s t s  o f  

c a r t r ' i  dge f i 1 t e r s .  

The t h i r d  t e s t  o f .  39R iOC\l f i l t e r s '  was made t o  determi  ne t h e  e f  feet ' ' 

o f  lower f l ow  r a t e s .  ,4 f l ow o f  4. gpm/element was ma in ta ined  th rough-  

Tab le  4. Test .  Data f o r  39R l ocv [ i l  t e r  E l  ements dur i ng Cpnt i nuous T e s t  Run ' 
. e 



- F i g u r e  12. Pressure drop and e f f i . c i eocy  o f  39RIOCV c o t t c n  card-ridge 
: as a func t i on  of load i n  a cont inuous t e s t  r u n  a t  a 2gprn/cartridge 

f l ow r a t e .  .(AC Dwg 43-024-437) . 
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Figure 13. Pressure drop and efficiency, of 39RiOCV cotton c a r t r i d g e  .as a 
f clnct ion of ' l oad a t  a ' i  gprn'l/cartr i dge f. l ow r a t e .  (AC ~ w g  43-024-434) . 

. . 
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I .  
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Tab l e 5 .  Test D 3 t a  for  34R IOC\! F i l t e r  lvii th Flow Rate of $ gpmie l ement. 



o u t  t h e  t e s t  r u n .  The tempera tu re  was ma in ta ined  a t  about 130 F :  

Because l  oad was i nc reas i  ng t o o  s  low l  y, t h e  i nf  I  uen t  concenftrat  i o n  

was increased dur. i  ng t h e  l a t t e r  h a l f  o f  t h e  t e s t .  

The e f f i c i e n c y  and p ressure  drop a re  p l o t t e d  as a  f u n c t i o n  o f  load 

i n  F i g u r e  13. D e t a i l e d  da ta  f o r  t h i s  t e s t  i s  g i v e n  i n  Tab le  5 .  

The i n i t i a l  pressure drop o f  1.8 p s i  was;as expected, cons ide rab l y  

lower t h a n  i n  t e s t s  conducted w i t h  a  f l ow r a t e  o f  2  gpm/elernent. The .  

p ressure  drop inc rease  f o l l o w e d  t h e  same p a t t e r n  as i n  p r e v i o u s  t e s t s ,  

b u t  t h e  average e f f i c i e n c y  was cons ide rab l y  lower .  The maximum load 

was 1 1 . 5  gm/element, which was a t s o  lower t h a n  i n  p rev i ous  t e s t s .  

5 .2  M ic ro -K !ean  C a r t r i d q e s .  The Micro-Klean c o t t o n  f ' i l t e r  c a r t r i d g e  i s  - 

c o n s t r u c t e d  o f  smal l  c o t t o n  f i b e r s  f e l t e d  w i t h  a  r e s i n  b i n d e r .  The. 

d e n s i t y  o f  t h e  f i l t e r  i s  h i ghe r  toward  t h e  cen te r  o f  t h e  c a r t r i d g e .  

A f i l t e r  r a t e d  a t  5 p (Micro-Klean 2278-82) was s e l e c t e d  f o r  t e s t i n g .  

The t e s t s  were conducted i n  t h e  same manner as t h e  t e s t s  w i t h  t h e , c o t t o n  

s t r ing-wound f i l t e r s .  

The p ressure  drop ac ross  a c  I ean f  i l t e r  as a f u n c t i o n  of ,  f low r a f e  

i s  shown i n  F i g u r e  14. A r e p r o d u c i b l e  p ressure  drop f o r  a  g i v e n  f low 

r a t e  was n o t  ob ta ined ,  because o f  d i f f i c u l t i e s  encountered w i t h  equ ip -  

ment. However, 'a genera l  p ressure  drop p a t t e r n  was e s t a b l i s h e d .  

I n  t h e  f i r s t  t e s t  w i t h  boehmite, it was n o t  p o s s i b l e  t o  m a i n t a i n  a  

2  gpm/element f l o l ? ~  r a t e .  The pump was disassembled and a  p i e c e  o f  rubber  

. : 
was found lodged i n  t h e  i m p e l l e r .  When t h e  t e s t  was resumed, t h e  p ressure  :. 

drop ac ross  t h e  f i l t e r s  r ose  t o  25 p s i  i n  1/2 h r ,  and t h e  i n f l u e n t  con- 

c e n t r a t i o n  became t o o  h i g h  t o  determine.  R e s t o r i n g  t h e  f l o w  t h rough  t h e  

pump t o  f u  1 l  c a p a c i t y  cou l  d  have caused a  l  arge quant  i t y  o f  doetimite 
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FLO\/V RATE - G PM/CARTRlDGE . 

P ressure  drop as a  f u n c t i o n  o f .  f  lo,^ 

_ _ I  
7 

r a t e  f.or a  c l e a n  M ic ro -  
K l  ean 2270-82 f i I t e r  c a r t r  i dge. (AC Dwg 43-324-440) . 

t h a t  had s e t t l e d  o u t  t o . b e  p u t  back.' i n  suspension. Data f o r  t h e  t e s t  

i s .  gi.ven i n  Tab le  6. . . 

A I./ 16-i n. coa t  o f  boehr.ni t e  was found on f  i l t e r s  a f t e r .  the.  t e s t :  T h i s  
. . 

c o a t  was removed f rom t h e  f  i l t e r  su r f ace  and weighed. The we igh t  o f  t h e  

, boehm i te .w i t h ' i n  t h e  f i . l t e r s  was de te r i x ined , l j y  dry-weigh.ing. The we igh t  
. I 

o f .  t h e  b'oehmite c o a t i  ng was. ',14.4 and 13.9 gm, r e s p e c t i v e l y  f o r  t h e  two  '.. 

el.ements,. The t0 t .a  I  ' load .on t h e  f i l t e r  was, 36.4 and 39.9 gm, r e s p e c t i  ve1.y. 

Data f o r  a. second t e s t  r u n  i s  g i v e n  i n  Tab le  7 .  The t e s t  v/,,a:! r u n  

dur i.ng a  s  i ng le.. day. ,1 pressure ,  drop o f  16 p s i  was reached a t  t h e  end . , 

o f  The. day. The s l ope  o f  . . the  p ressy re  drop cu rve  o f  t hese  t . e s t s  i n d i c a t e s  

t h a t  t h e r e  would be l i t t l e  add . i t i ona l  load-up i.f t h e  t e s t  had con t i nued  

t o  .a p ressure  drop o f  25 p s i  . 
. ! Some. t e s t s  were made t o  determ.i ne t h e  . feas i b  i l  i t y  o f  c  lean i ng t h e  

. .  . 

Micro-K lean f  i l  t e r s  and us.i ng ?!:em aga in .  . The f i l  t e r s  'used i.n t h e  second 



Table 6. Test Data f o r  Micro-Klean F i l t e r  2278-62 Car t r idge 

Time 

Hr s 

0 
1 :  15 
1 :30 
1 :45 
2: 20 
2: 45 
3: 15 
4: 00 
5: 25 
6: 10 
6:40 

Flow 
Rate 
(Llpm) 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 I  

Water 
Temp. 

(F) 

1 20 
12 1 
122 
123 
126 
129 
1 28 
1 28 
127 
127 
126 

A P  across 
F i  l t e r  

( i n .  Hg) 

0 .5  
0 .6  
0 . 6  
0.6 
0 .6  
0 .6  
0.65 
0.65 
0 .6  
0.65 
0.65 

0 .8  
0 .8  

Stop f o r  Night  

20 t 

- 

6: 45 
7: 10 
7: 55 
8: 30 
8:40 
9: 15 
9: 50 

10.40 
I I : 10 
1 1  :50 
12:20 

53 

Shut Down f o r  Pump repa i r  2 days 

0.0 

- 

l nf l uent 
( P P ~ )  

2 .O 
1.75 
6.5 
6.5 
3.5 
4.75 
4.5 
3.75 
2.25 
2.5 
4 .O 

4.0 
4.75 

107 
I I I  
117 
1 22 
122 
1 28 
I 23 
127 
1 30 
13 1 
126 

I 

12: 20 
12: 50 
Stop 

T u r b ~ d ~ t y  
~f f l uent- 

( P P ~ )  

1 .25 
1.25 
1.75 
1.75 
1.5 

.. 1 .3 
1.5 
1.25 
I .O 
0.5 
0.5 

0.5 
0.25 

3.5 
2.5 
7 .0  
2.0 
2.0 
1.5 
2 .O 
2 .0  
4.0 

2 
2 
2 
2 
2 
2 
2 
2 
2 

S t a r t  no readings 
12 1 

0 . 9  
0 85 
0.85 
0.85 
0 .9  
1.9 
0 . 9  
0 .9  
0.95 

0.25 
0 .0  
0.0 
0.0 
o.o 
0.25 
0 .O 
0 . 0  
0 .0  

, 

' 

j 



Tab le  7.  Tes t  Data f o r  Micro-Klean F i l t e r  2278-B2 C a r t r i d g e  a t  Flow 
Rate o f  2 gpm/element. 

t e s t  r u n  were c leaned and rep laced  i n  t h e  loop t h r e e  success ive t imes .  .' . 

A f t e r  t h e  f i r s t  o f  t hese  t e s t s ,  a p o r t i o n  o f  t h e  o u t s i d e  su r f ace  o f  t h e  

f i l t e r  was found f r e e  o f  a boehmitecoat.  The area found f r e e  o f  boehmite 

c o a t  a f t e r  t h e  second t e s t  was l a r g e r .  A f t e r  t h e  t h i r d  t e s t ,  a lmost  no 

1 

- 

boehmite c o a t  was found on t h e  f i l t e r .  I t  was concluded, t h e r e f o r e ,  

t h a t  c l e a n i n g  t h e  f i l t e r  would extend t h e  u s e f u l  l i f e  o f  t h e  f i l t e r  

somewhat. Data f o r  t hese  t e s t s  i s  g i ven  i n  Tab les  8, 9, and 10. 

9.- 
AP across 

F i  l t e r  
( i n .  Hg) 

0 . 4  
0.4 
0 .4  
0 .6  
0.5 
0 .,5 

0 .5  
0.5 
0 .6  
0.75 

1 .05 
3 .9  
8 .2  

1 1 . 1  
17.6 
19.9 
23 .2  
28 .O 
31 .8 
34 .O 

Time 

\$!F.S; 

0 
0 :30  
I :05 
2: 0 
5:O 
5:35 

Stop 

6: 30 
9:05 

12:05 
11:55 
Stop 

12:25 
13: 55 
14: 55 
15: 55 
16:55 
17:25 
18: 10 
19: 10 
20: 15 
20 : 45 
Stop 

Ilnf l  uen t  
( P P ~ )  

4 
3 .O 
7 .O 
4.75 
5 .O 
5.75 

3.0 
7 .O 
3.5 
2.0 

6 .0  
6.0 
3.0 
5.5 
4.75 
4 .0  
3 '25 
6.75, 
3.25 
2.75 

T u r b i d i t y  
E f  f l  uent  

( P P ~ )  

I .O 
2.0 
2.5 
2.5 
2.25 
2.5 

2.5 
2.5 
1.5 
0 . 5  

0.5 
0.5 
0.25 
0.25 
0.25 
0 .O 
0 .O 
0 .0  
0 .0 
0 .O 

Water 
Temp. 

(F) 

95 
128 
1 30 
127 
127 
127 

119 
1 34 
129 
1 30 

103 
114 
118 
123 
122 
121 
12 1 
121 
121 
121 

F low 
Rate 
(gpm) 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



-- - 

Table 8 .  Tes t  Data f o r  Micro-Klean F i l t e r  a f t e r  F i r s t  C lean ing  

(, . . 
, ' 

Table 9.  Tes t  Data f o r  Micro-Klean F i l t e r  a f t e r  Second C lean ing  
.. . .. L.: ' .. ' . .  . 

'. ' '' , ,! 

I 

Tab le  10. Tes t  Data f o r  Micro-Klean F i l t e r  a f t e r  T h i r d  C lean ing  

T i  me 

Mr.s) 

0 
1 :30 
2:  45 
Stop 

3: 45 
4:45 . 

5:45 

Time 

Hrs  ', . . 

0 
0:45 

1 :45 
2:45 
3: 45 
4: 45 
5:45 
6: 45 
7:OO 

I 7:O / 8:O 
9: 30 

1 1  :30 

Water 
Temp. 

( F )  

118 
1 24 
1 22 

1 04 
117 
118 

Water 
Temp. 

(F)  

90 
106 
117 
1 20 
1 22 
1 20 
121 
121 
1 24 

' 1  19 
119 
I I 9  
119 

T i  me 

Hrs  
t%. :, ' * .  : 

0 
I 
2 
3 
4 
5 
6 
7 
8 
8 :  10 

-, ' 

Flow 
Rate 
(gPm) 

2 
2 
2 

2 
2 
2 

F i ow 
Rate 
' (  gpm) 

2 
2 
2 
2 
2 
2 
2 
2 
2 

T u r b i d i t y  

2 
2 
2 
2 

I n f l u e n t  
( PPm) 

8.25 
4 .0  
4.5 
4 .O 
2.5 
5 .O 
5 .O 
4 .5 
5.0 
.-- 

.... ...-- ..- . 
AP across 

F i  l t e r  
( i n . '  Hg) 

0.35 
I .8 
9.95 

11.5 
23.5 
27.5 

4 P  across 
F i  l t e r  

( i n .  Hg) 

' 0.75 
0.5 
0 .6  . 

3.0 
12.4 
22;o 
33.9 
44.8 
45.7 

AP across 
F i  l t e r  

( i n .  Hg) 

0 .7  
0 . 6  
0 . 6  
1.3 
8 .7  

17.5 
27.9 
35.7 
46.5 
21.5 

Water 
Temp. 

( F j  

1 20 
118 
1 20 
1 22 

" 121 
1 20 
121 
122 
1 20 
1 20 

E f f l u e n t  
( P P ~ )  

0 .0  
0.25 
0 .0  
0.25 
0 .O 
0 . 0  
0 .O 
0 ,o 
0 .O 
--- 

32.3 
33.7 
38.8 
47.5 

Flow 
Rate 
(gPm) 

2 
2 
2 
2 
2 
2 
2 
2 
2 
I 

T u r h i d i t y  - 

T u r b i d i t y  

Influ-ent 
( ppm) ' 

2.5 
5.5 
2 .O 

0.25 
3.5 
4.5 

1 3.5  
2.5 
0.75 
2.5 

I n f l u e n t  
( PPm) 

6.0 
3: 25 
4.5 
2.0 
4.75 
4.75 
'5.5 
4.5 
5.5 

E f f l u e n t  
(PPm) 

0 . 5 ,  
0.25 
0.25 

0 .O 
0 .0 

, 0.0' 
0 . 0  
0 . 0  
0.0.  
0 . 0  

E f f l u e n t  
( P P ~ )  

0:5 
0.0 
0 .0 
0.0 
0 .O 
0 . 0  
0.25 
0,O 
0 . 0  



5.3 i ron-Boehmi t e  Cornpar i son, Test-6. To ob ta  i n add it i ona l  .i nforrnat i o n  f o r  

purposes o f  cornpar i son, bo th  ' ~ i  cro-K l  ean and Fu l f l o  c a r t r  i dges were i n- 

s t a l l e d  i n  a  by-pass on a t e s t  loop a t  Greendale L .abora io r ies .  Rust  had 

become q u i t e  a  problem i n  t h i s  t e s t  loop. The f i l t e r s  were used u n t i l  

+hey c o u l d  no longer ma in ta i n  t h e  des i r ed  c l a r i f y  a t  a  p ressure  drs,op o f  

25 p s i .  Flow r a t e  i s  n o t  known. Load-up was determined as be fo re .  The 

Micro-Klean 2278-82 c a r t r i d g e s  r e t a i n e d  an average of  230 gm o f  r u s t .  

The Fu l f l o  39R IOCV c a r t r  i dge r e t a i n e d  an average o f  8 1 gm. F i g u r e  15 

shows a comparison o f  t h e  f i l t e r s  used w i t h  boehmite and w i t h  i i o n  

c o r r o s i o n  p roduc t .  

5.4 Summary. A comparison o f  r e s u l t s  obra ined  w i t h  39RIOCV F u l f l o  

f i l t e r s  and t h e  2278-82 Micro-Klean f i l t e r s  i s  made i n  F i g u r e  16. The 

graph shows t h a t  t h e  p ressure  drop characteristic f o r  t h e  Micro-Klean 
. \ 

f i l t e r  i s  s i g n i f i c a n t l y  more d e s i r a b l e  t h a n  t h o  p ressure  drop cha rac te r -  

i s t i c  f o r  t h e  F t i l f l o  f i l t e r  when f i l t e r i n g  boehrnite. The e f f i c i e n c y  of  

t h e  Micro-Klean f i  i t e r  a l s o  e x h i b i t s  a  more das i rabke  characSe,- is t ic  t h a n  
I 

t h e  F u l f l o  f i l t . e r  i n  t ha?  e f f i c i e n c y  s t e a d i l y  increases Prom f h e  beg inn ing  

o f  t h e  t e s t .  The l oad ing  acnieved a.t a  p ressure  drop o f  25 p s i  f o r  t h e  

F u l f l o  c a r t r i d g e  was 15 t o  16 gm/element; f o r  t h e  Micro-Klean f i l t e r ,  

t h e  load ing  was 36 t o  40 gm/elernent. 

Tes t s  showed t h a t  t h e  19 x  20-CV and 27RIOCV F u l f l o  c a r t r i d g e s  were 

n o t  e f f i c i e n t  i n  rernoviag boehrnite. Whi le  t hese  f i l t e r s  may.remove t h e  

l a r g e r  boehmite p a r t i c l e s ,  r e s i d u a l  f i n e  p a r t i c l e s  c o n t i n u e  t o  pass th rough 

them u n t i l  a  cake b u i l d s  up. 

The r e s u l t s  i n d i c a f e d  that. boehmite forms a g e l a t i n o u s  non-porous 

f i l t e r  cake. Very t h i n  c o a t s  (approx.  1/16 i n . )  a r e  s u f f i c i e n t  t o  p ro -  



Figure 15. Comparison o f  f i l t e r s  loaded w i t h  i r o n  corrosion product 
and boehmite. The two f i l t e r s  on t h e  l e f t  are F w l f l o  39RIOCV car t r idges  
loaded w i t h  boehmite ( l e f t )  and i ron  corrosion product ( r i g h t ) .  The 
two f i l t e r s  on t h e  r i g h t  loaded s i m i l a r l y  are Micro-Klean 2278-82 F i l t e r s .  
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Figure 16. Comparison of performance o f  t he  F u l f l o  39RIOCV and Micro- 
Klean 2278-02 Cartr idges (AC Dwg 43-024-436) 



dace a 25 psi  pressure drop. I f  Flgwre 16 i s  rsviewed it w i l l  be noted 
. . 

that the increase i n  pressure drop becomes very rap id  as .the e l  w e n t  

reaches i t s  load-tqg point .  There seems t o  be l i t t l e  pdvantage i n  using 
\ 

+he f i l t e r s  t o  a higher pressare drop. 

A comparison @f the  resu l t s  using i r s n  a ~ d  the r()sults using 

b h d i t e  i nd i certes t h a t  1 oad-up 'data ga i tied thrtmgh the  .use'of cstlron . 

element f i l t e r 9  i n  an i ron at steel system does not ngcessarily apply t o  
I 

an a 1 mi n a  sy=tem. The f l l t e r  chwacTer l s t  ios  of t h q  boob1 t e  i nd l c b t e  

tha* any media used fo r  t h i s  corrosion product w i l l  r ~ q u i r e  frequent 

renewing or replacing. With t h i s  thought i n  mind, t h e  selectiok of  a 

f i l te r  t h a t  can be backwashed becomes much more desirpble. 

A res in  bed f i l t e r  i s  sf in te res t  since corrosion p r d u c f s  that '  are c o l ~  

I e e d  on t he  bed can be removed by backwashing, The'resin can be in-: 

s ta l l ed  and removed by sluic ing. A cat ion r e s i n  w f l l  not only act as.8. 

f i l t e r  but w i l l  also remove m t a l l i c  ions, a var ie ty  6 f  which may be 

expected i n  reactor water. 

The f e a s i b i l i t y  o f  using a cat ion res in  bed f f l t g r  i n  the  Pathfinder 

reactor water pu r i f i ca t i on  system was Jnvestigated. Several reports 

l i s t  ion exchange res in  as an e f fec t i ve  f i l t e r  f o r  t he  rmcwal @f I ron 

and copper corrosion products ; 4 
A res in  holder was fabrfcated t o  f i t  inside the  f i l t e r  vessel o f  

the  f i l t e r  t e s t  loop. An l8- in deep by 6-in d ia .  bed was obtained. 

fi l n i t l a l l y  a 200 mesh screen was used fo r  t h e U a d d r a l n  and res in  sup- 
, 

por t .  ~ d n s i  derab l e  d i  f f  icu 1 t y  was encountered w i th  plugging of t h l  s 

screen. A sheet of  Weva-Clog was substituted fo r  the  screen wi th  p a r t i a l  



e l i m i n a t i o n  o f  t h e  p l ugg ing .  The Weva-Clog was rep laced  w i t h  a  P u r o l a t o r  

I meia l  edge d.isk y i t h  0 .005- in  spacing, which comp le te ly  e l  im ina ted  -i't~e 

problem. A 60-40 mesh screen was f - i t t e d  t o  t h e  t o p  o f  t h e  r e s i n  ho lder  

t o  r e t a i n  t h e  r e s i n  d u r i n g  backwashing. 

The load was determined by washing a  known volume o f  r e s i n  t o  remove 

t h e  c o l  l e c t e d  boehmite, d i  l u t i n g  t h e  wash water ,  and de te rmin ing  t h e  con- 

.: .. . .. 
c en t ra , t i on  t u r b i d i m e t r i c a l  l y .  The niaximum load was t h e  load a t  t h e  . b reak-  . .... ' .  ' " .  . . 

. . .'.I.. . . 
. . . . .  _.. . . . . . 

t h rough  p o i n t ,  i . e .  when a  d e f i n i t e  increase o f  boehmite was no ted , i n '  

t h e  f i l t e r  e f f l u e n t .  

Two t y p e s  o f  r e s i n  were t e s t e d :  a  c a t i o n  r e s i n  s o l d  under t h e  t r a d e -  
... . . .  . . ... . . '. . , 

mark, Na l c i t e  HC'R-W, and an a d s o r p t i v e  r e s i n  so l  d  under t h e  trademzik., ..,:.::::..:.:.. 
.... ,., . ... . . 

D u o l i t e  S-30. The pressure drop f o r  t hese  m a t e r i a l s  a t  v a r i o u s  f l ow  

r a t e s  i s  shown i n  F i g u r e  17. 

6.1 N a l c i t e  HCR-W. 12-40 Mesh S i z e s t a n d a r d )  Resin,:.' Three t e s t s  o f  : '  

. . .  

s tandard Na l c  i t e  HCR-W were conducted t o  derl-ermi ne optimum ' f  low r a t e ,  .:. . . .  . .  . . 
:. . , . ': 

. :  

e f f i c i e n c y ,  and maximum load.  The f i r s t  t e s t  was performed a t  ..f low r a t e s .  ".. 
. .. . .  . .  ... . .  .. . .  : . : .  . 

o f  9 t o  50 gpm/sq . f t .  Data f o r  t h i s  t e s t ' : i  ~ " ~ ' i v e n  i n  Tab le  I I  . . T h e .  . .  
,. . :T-:.. . ,.. . 

. . . . . . . . 

f i l t e r  was n o t  e f f i c i e n t  a t  t h e s e , f l o w  r a t e s ,  and.:~,became"progressiveIy' 
. . 
. . 

l e ss  e f f i c i e n t  as t h e  boehmite load increased.  d f . t e r  t e s t i n g ,  boehmite 

was found d i s t r i b u t e d  th roughou t  t h e  bed. Loading o f  t h e  bed was as 

f o l l o w s :  45 gm/cu . f t .  i n  t h e  t o p  6  i n . ;  30 gm/cu . f t .  i n  t h e  m idd le  6 in . ;  

and 15 gm/cu . f t .  i n  t h e  b o t t o m , 6  i n .  M i c roscop i c  examina t ion  o f  t h e  

r e s i n  showed.the boehmite a t t ached  t o  t h e  beads. 
. . 

The second t e s t  was conducted a t  a  f  low r a t e  o f  2 .5  t o  7 .'5 gpti(. iq. . . f t - .  
'. . .  

The r e s i n  removed t h e  boehmite s a t i s f a c t o r i l y ' w h e n  t h e  f l o w  was h e l d  , ' 

. . 

c ons tan t .  When t h e  f l o w  r a t e  f l u c t u a t e d ,  boehmite was. c a r r i e d  through.'  . . ' 
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F  i gure 17. Pressure drop o f  var i ous r e s i n s  as a  f u n c t i o n  o f  f low r a t e .  
(AC Dwg 43-024-447) . 
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Tab le  I I .  T e s t  Data f o r  12-40 Mesh Na l c ' i t e  HCR-W at. H igh  Flow Rates 
. . . .  1, 

,. 

. .  

I \  
I 

, 

T i  me. 

,: -= 

b.\ v+=+ 

0  
0: 10 
0:  30 

1 : 35 
1 :45 
4: 00 
4: 15 
4: 30 
. 

.F low 
Rate 

.gpm/sq . f t .  

4  5 
45' 
50 
45 
45 
30 
10 
9  

---- 

Water. 
Temp. 

(F) : 

1 32 
1 32 
1 33 
135 
135 

, 138 
1 38 
139 

T u . r b i d i t y  - influent - I E f f l u e n t  
( P P ~ )  

38 
24 
15.8 ' 

9.7 
4.7 

1 1 . 5 .  
16.3 
7.7 

17 
20 
12.3 
9 .7  
6.8 
7.8 
9 ..8 
4.5 



Tab le  12. Tes t  Data f o r  12-40 Mesh N a l c i t e  HCR-W a t  a Flow Rate  o f  
5 q p m / q q . f t .  

Flow irmse 1 '~~~~~ 1 Ra-fe 

! l ' a r b i d i i - y  I 

1 ' 
1 n f  l  uerlt  ; E f  f  l uen t : '  ----------.-..-- 

I 
--.-. 

g p m / ~ q . f t .  (PPm i 
i 

0 :oo  
0: 15 

1 :oo 
I :30 
Stop 

t h e  bed. T h i s  became more e v i d e n t  as t h e  amount o f  boehmite i n  t h e  bed 

inc reased .  The t e s t  i n d i c a t e d  t h a t  f i l t e r i n g  e f f i c i e n c y  decreased s i g -  

n i f i c a n t l y  when f l ow  was increased above 5 gprn/sq. f t .  The e f f i c i e n c y  

was no t  improved a t  f l ows  below 5 gpm/sq. f t .  

A t h i r d  t e s t  was conducted a t  a  f l o w  r a t e  o f  5  gpm/sq. f t .  w i t h  an 1 
i n f l u e n t  boehmite c o n c e n t r a t i o n  o f  about 5 ppm. The e f f i c i e n c y  o f  t.he 

f i l t e r  was about 85 per c e n t  o r  b e t t e r  th roughou t  t h e  t e s t .  No i nc rease  

i n  p ressure  drop ac ross  t h e  bed was noted.  T e s t  da ta  i s  g i v e n  i n  

Tab le  12. The boehmite load as a  f u n c t i o n  o f  bed depth i s ' shown i n  

F i g u r e  18. 



The s e r i s i t i  l.!ii-y o f  ioaded r e s i n  2r)r,--.. . -  . , --. ... , , .-7.--.T-.-r.--. 
1 . -  ' 

t o  f i o w - r a t e  inc rezses  i n d i c a t e d  t h e  

ease w i t h  which t h e  boekmite c o u l d  be 

rellioved by wash i ncj. Th i  s  \:ash i ng 

was p o s s i b l e  w i t h o u t  d i f f i c u l t y  even 

a f t e r  t h e  loaded res im  was undi  s- 

t u r h e d  f o r  pro longed pe r i ods .  F i v e  

t e s t  r u n s  were t h e r e f o r e  made t o  

f u r t h e r  eva lua te  backwashing o f  t h i s  

r e s i n .  

Backwashing was very  success fu i ,  

b u t  due t o  t h e  l i m i t e d  space a v a i l a b l e  

ve r y  l i t t l e  bed expansion was p o s s i b l e .  

v, IP; 5 6: 
[I. 7 
0 6 k  

1 1 1 1 1 1 1 1 1 1 1  0 2 . 4  6 8 10 12 14 16 18 2p 

AXIAL DISTANCE FROM TOP CF BED INCHES 

F i g u r e  18. Boehmite load i n  
A s e r i e s  o f  s h o r t  f a s t  f l o w s  upward 12-40 mesh N a l c i t e  HCR-W as a  

f u n c t i o n  o f  bed depth.  
t h rough  t h e  bed e f f e c t i v e l y  removed (AC Dwg 43-024-442) 

t h e  boehmite. Du r i ng  t hese  f l o w s  t h e  r e s i n  was l i f e d  up a g a i n s t  t h e  

r e t e n t i o n  screen.  When t h e  r e s i n  was l i f t e d  a g a i n s t  t h e  screen, i t  

c o u l d  have ac ted  as a  f i l t e r  i n  t h e  r e v e r s e  d i r e c t i d n  e x p l a i n i n g  why 

s a t i s f a c t o r y  bacltwastiing c o u l d  n o t  be accompl ished w i t h  one con t inuous  

f l o w .  Observa t ions  i .nd ica te  t h a t  some form of  i?ac!twash i n v o l v i n g  a  

sc rubb ing  a c t i o n  w i t h  t h e  r e s i n  would g i v e  bes t  r e s u l t s .  

A f t e r  backwashing, t h e  r e s i n  c o u l d  be r e t u r n e d  t o  s e r v i c e  w i t h  t h e  

same r e s u l t s  as new r e s i n .  F i g u r e  19 shows t h e  performance o f  t h e  r e s i n  

b e i n g  r e t u r n e d  t o  s e r v i c e  a f t e r  backwashing. T h i s  cu r ve  i s  t y p i c a l  f o r  

f i v e  r uns .  The f i r s t  water  removed f rom t h e  bed i s  backwashing water,  

-46- 
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. . . . 

w h i c h ~ ~ ~ ~ l d ,  account f o r  t h e h i g h  i n i t i a l  concentrat ion' ;  . I n  a l  l  cases, 
. ' ' - .  ' ' 

: 
. . 

. . .  . . . . .  . . . . .  . 
. ,  . . . 

r n - l x i m ~ ~ m  porfor.rnance was r e 8 r h s i  - i 'n  f . ive minutes ., 1 .  . .. . . . 
. . 

. . . . ... 
. .. . . 

4 0 - 6 0 ~ e k h  S.ized N a l c i t e  HCR-W. Tests o f  40-60 mesh Na, lc i te  HCR-W were . .:. . , 
. . 

. r  - .  . . . . . 

c~nducte 'd  t o  determi n e  i f  t h e  sma 1 l  e r  bead r e s i  " wo" l  d be. l e s s  sensi t i "e .. . ' . . '. . 
. .  . . . 

. . . . . . 
. . to f low r a t e  changes. A t  a  .f low r a t e  o f  5 .gpm/sq . f t . .  , and an average. 

., , ' . , . . .  ' . . ' 

. . 
. . 

i n f  l  uent concentrat  i on  o f  4 ppm, t h e  r e s i  n  was over 95 per cent  e f  f i c i ' e n t  '. . ' ' 

. ' TIbIE FRCM START OF TEST - MINUTES . . . . . . . . . . 

. . 
. . . . . .  . 

. .  . . I 
' 

. . $ i  gure 1 9 .  . perfo;ma"'ce o f  12-40 mesh Na l c  i f e  HCR-w res in '  a f t e r  being .. 
. . . 

backwashed. (AC.  Dwg. 43-024-439) . . 
. . , . ,  . .  . . .. , 
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i. . EFFLUENT. CONCENTRATION -I 
. . 1 J .  oL ....- . c I--& ---_1,-- 2 . . -: . I 

0 5 ' 1 0  t5 20 2 5 .30 
T IME 'AFTER' START OF. TEST RUN ' - HOURS . 

F igure.  20.. performance o f  40-60 . 

Mesh N a l c i t e  HCR-W'Resin i n  t e s t  
a t  f I  ow r a t e  o f  5 gpmjsq. f t  . 

(AC Dwg 43-024-445). 
. . 

shows an .i *crease i,n pressure drop 

f as t h e  load. i ncreases. , F low r a t e  

I... . . _ - 1.0 
35 , 40 

m i t e  concent ra t ion  i s  h igh  i n  3 t 
I 

. . - * :  

t loci 
changes had l  itt !e e f f  ect. .on . ' .  , ec: . 

' .c, ~ , . . ' 60- . ' 
- .  . . 

carry- through o f  boehmite i n  50- -. 

, - -  
F i g u r e  21. K h m i t e  l o a s  as 
a  f u n c t i o n  o f  bed depth f o r  / AXIAL DISTANCE FROM TOP OF BED 

t i 1, ; 8 
-2. I 

40-60 Na l c  i t e  HCR-W r e s  i n  . 1 0 1 1  d u  
(AC Dwg . 43-024-443) . -48 - 

$ 40- 
these t e s t s .  . De+a i l  ed resu.1 t s  . .  . E m -  . ~n 

a r e  g. iven,. in Table 13;: 5."- 
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The load as' a  ' func , t ibn  o f  
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6 bed depth f o r  ' t h i s  res. i  n  . is  (3 

4 ' .  :: shown i n  F igu re  21. The boeh- 4 
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li 

t h e  t o p  2 i n .  o f  t h e  bed. Expressed i n  terms o f  f i l t e r i n g  su r f ace  area, 

I> 
t h e  load was;250 gm/sq. f t .  The t e s t  i n d i c a t e s  t h a t  a r e s i n  bed deeper 

- z  . 

t h a n  18 Tn. would p robab ly  n o t  be r e q u i r e d .  

Tab le  13. T e s t  Data f?r 40-60 Mesh N a l c i t e  HCR-W Res in  a t  5-gpm/sq.f t .  
/ f l o w  r a t e .  

Time 

Hcs 

0 
1 :00 
3: 15 
5: 15 
6: 15 
7: 30 
Stop 

8:  00 
8:45 

10:45 
13: 00  
14:OO 
15:OO 
Stop 

1O:OO 
17:OO 
18: 15 
19:35 
20 : 40 
21 :50 
22: 45 
Stop 

23: 15 
24: 15 
25 : 20 
26: 20 
27: 30 
29: 05 
29: 30 
Stop 

Flow 
Rate  

gpm/sq. f t .  

5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 

Water - 
l emp . 
(F) 

118 
118 
107 
106 
116 
109 

106 
106 
102 
1 04  
109 
100 

l I 0  
106 
99 
9 7 
98 
98 

1 00 

97 
98 
99 

100 
102 
102 
102 

T u r b i d i t y  
l nf  l uen t  I E f  f l uen t  

( P P ~  

6.0 
3.75 
4 .O 
3.5 
7 .O 
2 .O 

10 
6.5 
4.75 
4.35 
6.5 
2 .O 

7.5 
3.25 
3.3  
4 .O 
3 .0  
3 .0  
4.5 

8.25 
3.5 
6.5 
5.75 
5 .O 
4 .O 
3.5 

1.5 
I .O 
0 .O 
0 .O 
0 .O 
0 .O 

0 .0  
0 .O 
0 .O 
0 .0  
0.25 
0.25 

0.25 
0 .O 
0 .O 
0.25 
0.0 
0 .O 
0.25 

0 .O 
0 .O 
0 .0  
0 .O 
0.25 
I  .O 
1.5 



6.3 D u o l i t e  S-30. Two t e s t s  o f  D u o l i t e  S-30 were conducted. '  T e s t  

da ta  i s  g i ven  i n  Tab les  14 and 15. The r e s i n  was n o t  e f f e c t i v e  i n  

f i l t e r i n g  boehmite. 

Tab le  14. T e s t  Data f o r  D u o l i t e  S-30 Res in  a t  H igh  Flow Rates 

Tab le  15. T e s t  Data f o r  D u o l i t e  S-30 Res in  a t  5-gpm/sq.ft.  Flow Rate 

Time 

k ~ s  
0: 00 
0: 30 

1 :00 
1 :40 
1 :50 

2: 00 
2: 10 
2: 20 
2: 30 
2: 40 
2: 50 

6.3 Summary. Resins t e s t e d  inc luded  N a l c i t e  HCR-W and D u o l i t e  S-30. 

The N a l c i t e  HCR-W was e f f e c t i v e  i n  f i l t e r i n g  boehmite. The D u o l i t e  

S-30 was n o t  e f f e c t i v e .  

Water 
Temp. 
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Tes t s  w i t h  12-40 mesh N a l c i t e  HCR-W showed t h a t  t h e  18- in r e s i n  bed 
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f l o w  r a t e  was about 5 gpm f o r  t h e  6 - i n  d i a .  b e d . '  F i l t e r  e f f i c i e n c y  de- 

creased s i g n i f i c a n t l y  a t  h i ghe r  f l o w  r a t e s , . b u t  was n o t  improved a t  lower 

f l o w  ra tes ,  The f i l t e r  e f f i c i e n c y  was s e n s i t i v e  t o  f l o w  r a t e  f l u c t u a t i o n s  

r esu  I t  i ng i n  boehmite ca r r y - t h rough  .. T h i s  s e n s i t i v i t y  o f  f  l  ow-pate 
C 

f l u c t u a t i o n s  increased w i t h  load. Average s teady -s ta te  e f f i c i e n c y  o f  

t h e  bed was 85 per c e n t .  

Tests-showed t h a t  t h e  12-40 mesh N a l c i t e  HCR-W can be e f f e c t i v e l y  

backwashed and re-used w i t h  t h e  same r e s u l t s  as new r e s i n .  

The 40-60 mesh r e s i n  had an i n i t i a l  e f f i c i e n c y  o f  75 per c e n t .  

T h i s  e f f i c - i e n c y  increased a f t e r  2 h r  o f  o p e r a t i o n  t o  b e t t e r  t h a n  95 per  

c e n t .  ~ h i k  h i g h  e f f i c i e n c y  was ma in ta ined  q u i t e  c o n s i s t e n t l y  u n t i  l  t h e  
E 

maximum load was reached, a t  which p o i n t  e f f i c i e n c y  r a p i d l y  deqreased. 

F i l t e r  e f f i c i e n c y  was r e l a t i v e l y  u n a f f e c t e d  by f l o w  r a t e  f l u c t u a t i o n s  

f o r  f l o w  r a t e s  n o t  exceeding 6  gpm. 

The uke o f  f i n e  head r e s i n  e l  im ina ted  many o f  t h e  problems o f  

t h e  s tandard  r e s i n .  From t e s t  i n d i c a t i o n s  i t was deemed n o t  a d v i s a b l e  t o  

r a i s e  t h e  jf low r a t e .  F low r a t e s  o f  5  t o  6  gpm/sq . f t .  wou l  d  be t h e  

maximum ad)isable des ign  f l o w .  

The goehmite load i n  t h e  40-60 me'sh r e s i n  bed was concen t ra ted  i n  
f 

t h e  t o p  2 i n .  o f  t h e  bed. Based on t h e  su r f ace  area o f  t h e  f i l t e r ,  t h e  

maximum ld'ad was 250 gm/sq . f t .  Data on bed load ing  i n d i c a t e s  +ha t  a bed 

18 i n .  degp i s  adequate f o r  removing t h e  boehmite.  
i 

Thereh' i s  a  wide v a r i e t y  o f  i o n  exchange r e s i n s  a v a i l a b l e ,  and a  

program t o  e v a l u a t e  them would be e x c e s s i v e l y  long and c o s t l y .  I t  was 

dec ided t o  e v a l u a t e  t h e  use o f  a  r e s i n  bed f i l t e r  on t h e  b a s i s  o f  t h e  

i n f o r m a t i o n  ob ta i ned  t o  t h i s  t i m e .  



7.  PRECOAT FILTERS 

Precoat  f i l t e r s  a re  used i n  removing i r o n  and copper c o r r o s i o n  p roduc ts  

t o  o b t a i n  u l t r a - h i g h  p u r i t y  water,  and cons ide rab le  da ta  has been pub- 

l  i shed on t h e  v a r i o u s  types .5  I  n  i n v e s t i g a t i n g  t h e i r  usef u  l  ness f o r  
I .  

removing boehmite, bo-th l ea f  t y p e  and element t y p e  f i l t e r s  were a t  

f i r s t  cons idered.  A f t e r  c o n s u l t i n g  w i t h  severa l  manufacturers  o f  l ea f -  

t y p e  f i l t e r s ,  it was concluded t h a t  t h i s  t y p e  c o u l d  n o t  be s a t i s f a c t o r i l y  

bacltwashed w l t h o u f  a  water s l u i c i n g  j e t  o r  v i b r a t o r .  S ince  t h i s  m igh t  

s u b s t a n t i a l l y  inc rease  maintenance problems, o n l y  element t y p e  p recoa t  

f i l t e r s  were i nves t i ga ted ,  

As was p r e v i o u s l y  s ta ted ,  t h e  a d d i t i o n  o f  a  diatomaceous e a r t h  p re -  

.coat  t o  a  s i n t e r e d  ceramic element, g r e a t l y  improved i t s  f i l t e r i n g , a b i l i t y .  

There i s  t h e  p o s s i b i l i t y  o f  leach ing  s i l i c a  and o t h e r  m a t e r i a l s  from 

diatomaceous ear th ,  so  o n l y  Solka-F loc was se lec ted  f o r  f u r t h e r  s tudy .  

T h i s  m a t e r i a l  i s  p r e s e n t l y  be ing  used f o r  f i l t r a t i o n  o f  condensate. 

Several  companies have r e p o r t e d  on ex tens i ve  development work and have 

shown t h a t  So l ka -F loc i s  e f f e c t i v e  f o r  removal o f  f i n e  p a r t i c l e s  and i s  I 

backwashed e f f e c t i v e l y .  

I n  v iew o f  t h e  e x t e n s i v e  development work done by o t h e r s  it was 
I 

n o t  deemed necessary TO i n i t i a t e  a  pro longed i n v e s t i g a t i o n .  Some e x p e r i -  

ments were ca rq ied  o u t  by all is-Chalmers and severa l  f i l t e r  s u p p l i e r s .  

7.1 C e l l u l o s e  Precoat  F i l t e r .  A p u r i f i e d ,  f i n e l y  d i v i d e d  wood c e l l u l o s e ,  

p recoa t  f i l t e r  s o l d  u n d e r i t h e  trademark, Solka-F loc by Brown Company was 

t e s t e d  w i t h  va r i ous  baci-up elements t o  determine i t s  e f f i c i e n c y  i n  

f i  l t e r i n g  boehmite. 



,... 
-s.. 

_ .  - Two Micr:o-K lean 2278-C.l f  i l  t e r  c a r t r  i dges were used f o r  back-up, ^. d'' 

1 elemen*;. A:$short i n i t i a l  r u n  a t  2  gpm/element and an i n f l u e n t  c o n c e n t r a t i o n  

o f  6.5 ppm q u i c k l y  e s t a b l i s h e d  t h a t  t h e  back-up f i l t e r  was a lmost  comple te ly  

i n e f f e c y i v e  i f o r  t h e  removal o f  boehmite. Some BW-100 Solka-F loc was added 

t o  t h e  water:. The boehmite c o n c e n t r a t i o n  i n  t h e  e f t l u e n t  q u i c k l y  dropped 
. . . . 

t o  ze ro  showi~ng a lmost  a  100 per c e n t  f i l t e r  e f f i c i e n c y .  The water became 
. . 

t o o  c o l o r e d  due t o  leach ing  f rom t h e  f i l t e r  element t o  con t i nue  i n f l u e n t  

and e f f l u e n t  read ings .  The t e s t  was con t inued  u n t i l  a  p ressure  drop o f  

25 p s i  was rdachcd. 
. . . ., . . .. -. .. . . 

The elements were examined and a 1 / 16- t o  1 /8- i n c o a t i n g  o f  boehmite 

was observed on t h e  o u t s i d e  o f  t h e  Solka-Floc p recoa t .  Accurate loadup da ta  

was n o t  ob ta ined .  However, a  1/16- in cake corresponds t o ,  approx imate ly  

A 6 - i n  piiece o f  Neva-Clog was p laced  i n  t h e  under d r a i n  o f  t h e  r e s i n  

suppor t  column and precoated w i t h  Solka-F loc.  Res in  was n o t  p resen t  i n  

t h e  column. .A s h o r t  r u n  i n d i c a t e d  t h a t  t h e  Solka-Floc p recoa t  was almost 

100 per  c e n t  e f f e c t i v e  f o r  .removing boehmite. S ince it was imposs ib le  t o  

o b t a i n  any load-up in fo rmat ion ,  t h e  r u n  was d iscont i ,nued a f t e r  es+ab l i sh ing .  

t h e  i n i t i a l  f i l t e r  e f f i c i e n c y .  

7.2 I n d u s t r i a l  F i l t e r  and Pump Mfg. Tes t s .  I n d u s t r i a l  F i l t e r  & Pump M f g . ,  

Company was con tac ted  w i t h  r ega rd  t o  t h e  f i l t r a t i o n  o f  boehmite u s i n g  a : ,  
? 

So lka-F loc p recoa t .  A sample o f  boehmite was f u r n i s h e d  them. They r a n  ,.;. 

t e s t s  a t  a cons tan t  p ressure  drop ins tead  o f  a  cons tan t  f l o w  r a t e .  For  . 

t h i s  reason much o f  t h e i r  i n f o r m a t i o n  cannot be compared,to A l l i s -Cha lmers  
.__-.'. --- .. . 

t e s t s .  A comp l  e t e  r e p o r t  i s  n o t  ava i l ab l  e  ,,o.iiY.?he i '7'7 ..work. However, t h e y  
_ .  .. 

i nd i ca ted  t h a t  t h e  f  i l t e r  was approx i mate.1 y '  100 per  c e n t  e f  f Ec i en+ w i t h  

8 load-up o f  I / I C - - i n .  



.' 7.3 Commercial F i l t e r s  Corpora-!'ion Tests.  Commes-cia! F i l - f e r s  Corpora t ion  

a l s o  agreed t o  run  some t e s t s  i n  t h e i r  labora tory .  The i n i t i a l  work w i t h  

uncoated ceramic elements has been p rev ious l y  discussed. A considerable 

amount o f  work was done us ing  t h e  25-u earamie elemerit psecoa-bed. Dia-  

tomaceous e a r t h  was f i r s t  used as t h e  p r e c c a t ~ w l t h  a l l  l a t e r  work us ing  

BW- 100 So I  ka-F I  oc . F i i t e r  e f  f i c  i ency was dete.rmi ned by quant i t a t  i ve 

ana lys i s  of i n f l u e n t  and e f f l u e n t  samples. Fil;.t.er e f f i c i e n c y  i n  a l l  of 

t h e i r  t e s t s  was i n  excess o f  99 per cent .  

Load-up was ,d,e.termi ned by us i ng t h e  i n f  1 rse4.f. and e f  f  l uent  c'oncen- 
. ... . . . . . ,.,. .. , , . ,  , 

,, .. :...,:. -2. , 

+ ra t i ons  t b  det.@?:min'e.fhe amount o f  boehmia?e r e i a i n e d  by The f i l t e r .  

The i r  resu l t s  i nd i ca ted  t h a f  load-up, a t  25 ps! pressure drop and 3 gpm/ 

s q . f t .  f low r a t e  was i n  excess o f  65 gm/sq.f t .  'This in fo rmat ion  was no t  

cons i s ten t  w i t h  t h e  o ther  r e s u l t s .  

Evaluat, ion showed, however, t h a t  due t o  t h e  h igh  i n f ! u e n t  concen- 

t r a t i o n  Capprox. 200 ppm) used i n  these -fes.ts a major- p o r t i o n  o f  t h e  

boehmite s e t t l e d  ou t  i n  t h e  f i l t e r  vessel and never- reached t h e  f i l t e r .  

Actual  load-up was a cake approximately 1/16,-in +h ick .  . A complete r e p o r t  

i s  n o t  a v a i l a b l e  on t h e  work done by Commercial F i l ? . e r s  Corporation;'' 
... , 

7 . 4  Summary. The n e t  r e s u l t  f o r  %he precoat  f i l T e r  t e s t i n g  was t o  f i r m l y  - - 
$: 

' /. 

e s t a b l i s h  t h a t .  Solka-Floc preceat. was e s s e n t i a l l y  100 per cerd-e f fec t ive  
\, '. 

, . 
f o r  t h e  f i l t r a t i o r ,  c f  . the ,  $urchased boehmi-fe. Approximately 30 gm/sq.ft. 

i s a reasonable load-up. Vary i  ng' f low r a t e s  from 0.'-69' t o  approx imatel  y 

3 gpm/sq.f t .  d i d  nof  appear ,to a l t e r  t h e  r e s u l t s  s i g n i f i c a n t l y .  T h i s  

i s  con t ra ry  t o  what might  be expected. However, it must be r e a l i z e d  .that 
d 

accurate 1 oad-up i nfdrmat io; wds no* bb ta  i ned due t.o t h e  d i f f i c u  l s t y  of  
I 
'j, 

sepai&i ng boehmi t e  and Sol ka-F l  uc. 



A p recoa t  f i l t e r  combines backwash c a p a b i l i t y  w i t h  an e a s i l y  r e -  . . 

p l aceab le  f i l t e r  media. The f i l t e r  can be opera ted  remo te l y  and t h e  . . ._.. 
. . . . . . . . . . 

. . .. 
waste s  l u  i ced t o  d  i sposa l . S i nce su f  f  i c  i e n t  performance da ta  on p recoa t  . .. 

. . 

f i l t e r  systems has been pub l i shed  t o  enable  des ign o f  a  system f o r  Path-  

\ .  , f i n d e r ,  no f u r t h e r  t e s t s  were conducted. 

. a 

.I n  a  l  I ,  f i ve Pypes o f  f i l  t e r s  were eva l uate.d-;.--'..-Resu I t s  o f  each i nd i v  i dual  
, .. ,.-' 

t e s t  have been d  i scussed i n  p a r t  ,... i'" connec t ion  w i t h  t h e  t e s t  d e ~ c r  i p t  i ons . 
A summary o f  t h e  p e r t i  "enf'"'resu I t s ,  and a  compar i s  '0" o f  each f i l t e r  t y p e  

w i l l  enable  a  conc lus i on  t o  be made r e g a r d i n g  t h e  t y p e  o f  f i l t e r  bes t  

s u i t e d  t o  t h e  in tended a p p l i c a t i o n ,  i . e . ,  t h a t  o f  removing r e l a t i v e l y  

l a r g e  q u a n t i t i e s  o f  aluminum c o r r o s i o n  p roduc t  (boehmite) f rom a  r e a c t o r  

p r  i mary system. 

The Hi-Lo, wound-wire t y p e  element p l u g s  r a p i d l y  w i t h  i n f l u e n t  con- 

c e n t r a t i o n s  o f  2 .0  ppm and a  f l o w  r a t e  s t a r t i n g  a t  approx imate ly  20 gpm. 

No e f f i c i e n c y  o r  load-up da ta  was ob ta i ned .  Observa t ion  o f  t h e  f i l t e r  

showed no b u i l d u p  o f  a  boehmite cake.  I t  would appear t h a t  t h e  r a p i d  

p l ugg ing  was caused by d i s c r e t e  p a r t i c l e s  o f  boehmite lodg ing  i n  t h e  

i n d i v i d u a l  f i l t e r  pores.  

Backwashing o f  t h e  f i l t e r  was somewhat e f f e c t i v e  when compared t o  

t h e  c l e a n  f i l t e r ;  and 100 per c e n t  e f f e c t i v e  when compared t o  t h e  s t a r t  

o f  t h e  f i r s t  r u n .  The i n f o r m a t i o n  i s  i n s u f f i c i e n t  t o  p r e d i c t  backwashing 

e f f e c t i v e n e s s  f o r  long t e r m  o p e r a t i o n .  

Lower f l o w  r a t e s  would undoubted ly  p r o l o n g  t h e  o p e r a t i n g  c y c l e  between 

one backwash and t h e  n e x t .  The c o s t  o f  t h e  necessary f i l t e r  e lemenfs 



r e q u i r e d  t o  extend t h i s  c y c l e  t o  a p r a c t i c a l  l i m i t ,  f o r  use i n  t h e  i n -  
. . 

tended system, would be p r o h i b i t i v e .  

R e s u l t s  ob ta i ned  w i t h  t h e  un-precoated ceramic  elaments c l o s e l y  

approximafed t hose  o f  t h e  H i - Lo  f i l t e r .  The p l ugg ing  mechanism appears 

t o  be t h e  same. Backwashing, however, proved t o  be i n e f f e c t i v e .  When 

compared t o  o t h e r  f i l t e r s  t es ted ,  performance o f  bo th  t h e  wound-wire 

and ceramic t y p e  f i l t e r s  i s  poor when removing boehmite f rom a water system. 

Tes t  i ng o f  c o t t o n  c a r . t r  i dge f i ti-ers was e x t e n s i v e  .' The f i l t e r  

u t i l i z e s  b o t h  t h e  element depth and su r f ace  cake f o r  removing p a r t i c l e s ,  

as compared t o  t h e  wound-wire element, which employs o n l y  a su r f ace  

mechanism. 

Tes t s  showed t y p e  19x10 - 2CV F ' u l f l o  elements . to be t o o  coarse  t o  

e f f e c t i v e l y  remove boehmiie.  The f i n e r  27RIOCV element o f f e r s  some i m -  

provement hav ing  an average e f f i c i e n c y  o f  45 pc r  c c n t .  I t  i s  seen, 

however, t h a t  a load-up o f  o n l y  15 gm/element o f  boehmite i s  ach ieved 

be fo re  t h e  p ressure  drop becomes excess ive .  An average e f f i c i e n c y  o f  

62 per  c e n t  was e v e n t u a l l y  ach ieved f o r  -the f i n e s f  c o t t o n  wound element 

(39RIOCV), b u t  a s l i g h t  r e d u c t i o n  i n  ioad-up i s  a l s o  observed. 

I t .  i s  o f  i n t e r e s t  t o  no te  t h a t  a r e d u c f i o n  o f  f l o w  r a t e  t o  1/2 gprn/ 

e lement f rom 2 gpm/elemant r e s u l t s  i n  no improvement o f  e i t h e r  f i l t e r  

e f f i c i e n c y  o r  f i n a l  l oad- i~p  on a per  element b a s i s .  

Subs tan t i a l  improvement i s  seen i n  t h e  performance o f  t h e  Cuno, 

f e l t e d - t y p e  e lement .  T e s f s  show' thaf " the fe l t -ed  f i l f e r  r e t a i n s  i n  excess 

o f  35 gm/element b e f o r e  p ressure  drop becomes excess ive .  T h i s  i s  more 

t h a n  t w i c e  t h e  load-up on t h e  c o t t o n  wound e lement .  



i 
Com$arison o f  t y p i c a l  c o t t o n  wound and f e l l - ed  elements when loaded 

t o  c a p a c i t y : w i t h  boehmite and when loaded w i t h  r u s t  p roduc ts  f rom a 

f e r r o u s  sys-@m 5 h3w that. ft. l t e d  e ! zrnents removes 230,-.gm of  r u s t  per  e  l  ement 

compared t o - t h e  35 gm o f  boehmite per  element removed by t h e  same t y p e  

e l  ement . 

One o f  t h e  most s i g n  i f i c a n t  obse rva t i ons  made i n  t h e  t e s t  program 

i s  b rough t  o u t  by t h i s  comparison, i . e . ,  t h e r e  i s  ve ry  l i t t l e  p o r o s i t y  

assoc ia ted  w i t h  a boehmite cake.  l  ns tead o f  deve lop ing  t o  a  t h i ' c k  porous 

layer ,  as r u s t  does, boehmite forms a t h i n  g e l a t i n o u s  f i l m  which q u i c k l y  

becomes a f  low b a r r  i e r  . 

As i s  shown i n  a l l  o f  t h e  p ressure  drop vs .  load-up curves,  l i t t l e  

can be ga i ne,d by a  l  l obir i ng p ressure  drop t o  inc rease  above 25 p s i  . I n  

t h i s  range a ve ry  l a r g e  inc rease  i n  p ressure  drop i s  accompanied by 

l i t t l e  inc rease  i n  load-up. 

I n  view, 0-1 Tllese I-esu I t s  it may be s t a t e d  t h a t  exper ience  v i t h  

c o t t o n  c a r t r ~ i d g e  t y p e  f i l t e r s  i n  p r i m a r i l y  f e r r o u s  systems i s  n g t  

comp le te l y  a p p l i c a b l e  t o  aluminum systerr~s. 

Consi  de'rab l e  success was ob ta i ned  u s i n g  i'on exchange r e s i n  as a  

f i l t e r  f o r  boehmite.  The c o l l e c t e d  boehmite c o u l d  be removed f r om t h e  

i o n  exchange, r e s i n  by backwashing. Standard s i z e  r e s i n  was ve ry  s e n s i t i v e  

t o  f l o w  r a t e  and/or changes i n  f l o w  r a t e .  T h i s  problem was a l l e v i a t e d  

by a  change t o  a  f i n e  (40-60) mesh r e s i n .  Maximum des ign  f l o w  f o r  a  
i 

r e s i n  bed f i l t e r  was found t o  be 5-6 gpm/sq . f t .  The boehmite c o l l e c t e d  

by t h e  s tandard  r e s i n  was d i s t r i b u t e d  t h rough  some depth o f  t h e  bed where- 

as t h e  f i n e  r e s i n  ac ted  more as a  su r f ace  f i l t e r .  F i l t e r  e f f i c i e n c y  i s  

seen t o  be e x c e l l e n t  u n t i l  b reak- through of  t h e  boehmite.  



Backwashing o f  t h e  s tandard r e s i n  was success fu l .  The f i n e  r e s i n  

backwashed much t h e  same as t h e  s tandard r e s i n .  Some development work 

migh t  be necessary t o  f i n d  t h e  optimum procedure f c r  backwashing t h e  f i n e  

r e s i n .  

The q u a n t i t y  o f  backwash water and t h e  l a rge  f i  I t r a t i o n  area r e -  1 
q u i r e d  a r e  two drawbacks t o  t h e  use o f  t h i s  t y p e  o f  f i l t e r ;  e s p e c i a l l y  1 
w i t h  a  system t h a t  has h i g h  f l ows  (approx imafe ly  250 gpm), For  a  

r e l a t i v e l y  c l e a n  system an i o n  exchange f i l t e r  would be very  s a t i s f a c t o r y .  

However, f o r  t h e  system under c o n s i d e r a t i o n  it woil ld b5 a  second cho i ce  

i f  we cons ider  a  low f l ow  system w i t h  a  l i g h t  f i l t r a t i o n  load, t h e  

r e s i n  bed f i l t e r  becomes more d e s i r a b l e ,  A l o g i c a l  development f o r  a  

system a l s o  c o n t a i n i n g  an i o n  exchanger would be t h e  e l i m i n a t i o n  o f  t h e  

f i l t e r  and u s i n g  t h e  i o n  exchanger as a f i l t e r  a l s o .  

I n i t i a l l y ,  t h e  precoaf  f i l t e r  was n o t  cons idered .  However, as t e s t i n g  

proceeded, it became obv ious +ha? an element t y p e  f i l t e r ,  i f  used, would 

r e q u i r e  f r equen t  renewal o r  rep lacement .  A p recoa t  f i l t e r  pe rm i t s  t h i s  

change o f  f i l t e r  media t o  be accomplished q u i c k l y  and remote ly ,  which 

i s  p a r t i c u l a r l y  d e s i r a b l e  f o r  a  r a d i o a c t i v e  wafer p u r i f i c a t i o n  system. 

Solka-Floc was se lec ted  as a  p recoa t  media f o r  t es . t i ng .  Work w i t h  

t h i s  ma te r i a l  e s t a b l i s h e d  t h a t  it was e s s e n t i a l l y  100 per c e n t  e f f i c i e n t  

f o r  t h e  removal o f  boehmite f rom water .  'This e f f i c i e n c y  was con f i rmed by 

o t h e r s  . 
Considerable exper imenta l  work u s i n g  p recoa t  f i l f e r s  w i t h  h i g h  

p u r i t y  water has been r e p o r t e d .  it was no t  deemed necessary t o  i n -  

ves t  i gate t h e  mechanics of  o p e r a t i  on o f  t h i  s  t y p e  o f .  f i l t e r  . 



Load-up f o r  a  p recoa t  f i l t e r  was ob ta i ned  i n d i r e c t l y  t h rough  e x t r a -  

p o l a t i o n  o f  da ta  f rom c o t t o n  f i l t e r  t e s t s ,  and was e s t a b l i s h e d  a t  ap- 

p rox ima te l y  30 gm/sq . f t .  a t  25 p s i  p ressure  drop.  Flow r a t e  was v a r i e d  

from' I t o  4 gm/sq . f t .  T h i s  load-up corresponds t o  approx imate ly  a  

1 /16- in  t h i c k  c o a t .  I n  a  p recoa t  f i l t e r  a  low load-up i s  no t  as c r i t i c a l  

as w i t h  c o t t o n  c a r t r i d g e s  s i n c e  t h e  p recoa t  may be changed e a s i l y  and 

q u i c k l y .  -' 

The f'f ow r a t e  i n  a  p recoa t  f i l  t e r  may be var  i ed over  a  IV i de range 

w i t h  l i t t l k ' l o s s  i n  f i l t e r  e f f i c i e n c y .  However, f l o w  must be ma' intained 
, . . 

a t  some mihimum r a t e  t o  h o l d  t h e  p recoa t  i n  p o s i t i o n .  
I 

A l l  f a c t o r s  cons idered,  t h e  p recoa t  f i l t e r  seems most d e s i r a b l e  f o r  

use i n  a  r e a c t o r  water pur i f  i c a t  i on system where c0ns.i derab l  e  f lows and, 

a  h i g h  f i l  t r a t  ior i  load a r e  expected'. Care f  u l  des ign  w i l  l  p r o v i  de a  

f  i l t e r  i n s t a  l  l  a t  i on  t h a t  i s  dependable and r e q u i r e s  l  itt l e  mai ntenance. 

A l l  ope ra t i ons  can be accompl ished remote ly ,  m i n i m i z i n g  personal  exposure 

t o  r e a c t o r  wa te r .  



APPENDIX A CALCUIAT! ONS AND DEFBh $71 ON OF TERMS 

I . Cot ton  Cartr- i dqe Tests  - Out I i ne of' Method Used f o r  Corre I a t  i ng 

F i l t e r  L.oad w i t h  E f f l c i e ~ c y  and Pressure Drop. 

1 . 1  Nomenclature 

AP Pressure drop ( p s i )  

Denotes t h e  p a r t i c u l a r  t i m e  segment being considered 

A,, Measured area i n  p a r t i c u l a r  t i m e  segment 

2 K Conversion f a c t o r  from measured ( i n  ) To (ppmLhours) 

Pr Grams load up a t  any Time (hours) f o l l o w i n g  s t a r t  o f  t e s t  

5 Time i n  hours a f t e r  s t a r t  o f  t e s t  

fi,, Average f i i f-er e f  f i c i ency thr-oilghout a r b i t r a r y  t i me segment ($) 

6, Average inf1uen.t concent ra t ion  (ppm) 

- . . qUtAverage e f  f 1 uent  concent ra t ion  (ppm) 

As,., ~vet-age di f fe.rer lce between i n f l u e n t  and e f f ! u e n t  concent ra t ion  

i n  any t i m e  segment ('7 1 .  

~ r /  Maximum load up i n  grams - as determined from weight measurements 

1.2 Pressure Drops vs. Load-Up - Procedure. P l o t  a l l recorded data 

(concentrat.ion i n  and out ,  pressure drop) vs.  runn ing  t i m e  i n  hours. 

For a r b i t r a r l y  se lec fed  t ime  i n t e r v a l s ,  g r a p h i c a l l y  i n t e g r a t e  t h e  

area between i n f l u e n t  and e f f l u e n t  t u r b i d i t y  curves. T h i s  g ives 

va l ues f o r  (An) . Determi ne t o t a  l area from T - o : t o  T = end o f  t e s t .  

beta I where .re . . = f o t a l  runn ing  t ime  o f  t e s t .  
T: 0 

Assume ' tha t  ATota I i s  p ropo r t i ona l  t o  maximum load up (GI) 

A t o t a  l a W or Atoial, = F b l  where F i s  a p r o p o r t i o n a l i t y  constant .  



Determine load up i n  grams ( P t  ) f o r  each hour ( t  ) .  
r .- 

Wi th  v ~ l u e s  o f  (lair) from above; AP p o i n t s  from curves i n  t h e  f i r s t  

s tep can be c o r r e l a t e d  f o r .  each value o f  ( t ) . 
A P may then be p l o t t e d  vs.Pt,, i.e., pressure drop vs. load up. 

, . . . .  . 
1.3 E f f i c i e n c y  vs. Load Up - Procedure 

~ e f  ine '  f i l t e r  e f f i c i e n c y  ( 0 )  = 

Determ'i ne average va I ues f o r  f i l  t e r  e f  f i c i ency f o r  each hour l  g 

segment from data p l o t s  as f o l  lows: 

. <  

where A t O  = * 
I f AT 

S i  nce values f o r  Pr have a l ready been estab l  i shed.. 9' may now be Po 

p l o t t e d  vs. 

q,., p o i n t s  a r e  a c t u a l l y  considered t o  fa1 I  h a l f  way through each hou r l y  

segment so as t o  represent  an average f o r  t h a t  segment. 

2. D e f i n i t i o n  o f  Terms 

Backwash - A reverse  f l ow  through a f i l t e r  t h e  purpose of  yh i ch  i s  t o  

remove any c o l l e c t e d  s o l i d s  o r  a combinat ion o f  precoat  and 

sol  ids. 

E f f i c i e n c y  ( F i l t e r )  - i n f l u e n t  concent ra t ion  - e f f l u e n t  concent ra t ion  X'lOO 
. . .. . . 

i n f l u e n t  concent ra t ion  



or ,  t h e  percentage of t h e  s o l i d s  i n  t h e  

fl1.tra.t.e which I s  removed as 1 t  passes 

through t h e  f Y i i e r .  

Load.. Up (maximum) - Q u a n t i t y  of so l . ids T h a F  have been r e t a i n e d  by 

a  f i l t e r  when shu-f o f f  cond i t i ons  a re  reached. 

Load Up (Per Cent) - . . Load U p . a t  any Time X i O O  
maximum Load u p  

Precoat F i l t e r  - One which uses a porous back-up mater ia l ,  coated 

w i t h  a second ma te r ia l  +ha+ a c f s  as a  f i l t e r .  The 

back up ma te r ia l  i s  reused, whi  l e  t h e  coa t i ng  ma te r ia l  

i s  p e r i o d i c a l  ly replaced.  
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