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Abstract

DESIGN AND OPERATION OF A LARGE SAND BED FOR AIR FILTRATION. Large sand beds to filter 
exhaust air from rad ioch em ica l separation plants have perform ed satisfactorily for 13 years at the Savannah 
River Plant. The beds are 100 X 240 X 8  feet deep  and are m ade from layers o f  sized sands and gravels. 
A ctiv ity  penetrates on ly  to the sm allest-m esh (30-50) sand; about 1000 curies o f  gam m a a ctiv ity  is estim ated 
to be in the bed. Filtering e f fic ie n cy  has rem ained at 99%. Resistance to air flow  has increased m  the beds 
throughout the years o f  operation . Som e increased pressure drop resulted from  groundwater leaking into the 
sand. Air flows have generally been m aintained in excess o f  115 000 ft3 /m in .  Filter differential pressures 
currently are in the range o f  8 to 1 0  inches o f  water.

IN TRO D U CTIO N

Tw o chemical separations facilities at the Savannah River Plant (SR P ) are used to separate 
and purify  the products o f  the SR P  reactors. These processes are 1) recovery o f  unconsum ed 
uranium , 2) separation o f  plutonium , and 3) separation o f  special isotopes O perations are 
carried out in two large fuel reprocessing “ can yon”  buildings, located m F  and H Areas Figure 
1 show s a cross section o f  the reprocessing building, and that portion  o f  the exhaust air system  
that goes to the sand filter The initial steps o f  the separations process are perform ed in the hot 
canyon, steps involving low er radiation levels are in the warm canyon

Separate air supply and exhaust system s are provided for the canyons, the center sections 
(occupied by personnel), and the plutonium  finishing areas. Exh aust air from  the canyons goes 
through a sand filter to  rem ove particulate radioactivity  and then to a 200-foot stack. Part o f  
the air from  the center sections goes directly to high-efficiency filters and then to the stack, 
the other part passes through process areas and com bines with the canyon air V essels in the 
canyons are ventilated by a process vessel vent system  that exhausts through a dehum idifier, 
heater and fiberglass filter before entering the sand filter. A ir from  the plutonium  finishing 
areas is triple filtered through high-efficiency filters and part is exhausted directly , the 
rem ainder enters the sand filter for additional activity removal

SUM M ARY

Large sand beds, one each for F  and H A reas, have satisfactorily  filtered exhaust air for 13 
years Filtering efficiency has rem ained greater than 99% with acceptable increases in 
differential pressure

*  Inform ation in this artic le  was developed  during the course o f  work under Contract A T  (0 7 -2 )-1  
with the US A tom ic  Energy C om m ission .
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A ctivity  has penetrated only to  the sm allest mesh (30-50) sand, about 1000 cunes o f  
gam m a activity is estim ated to  be in the bed. Filtering efficiency has gradually im proved, 
probably  because dust accum ulation has created a finer filter m edium  A ir flow  has ranged 
from  100 ,000  to  130 ,000  cubic feet per m inute throughout the years o f  operation  F ilter 
differential pressures have increased slightly because o f  dust accum ulation and occasionally 
because o f  water inleakage.

SA N D  F IL T E R  D ESIG N

The sand filters are 100 feet wide, 240 feet long, and 8 feet deep. Only the ro o f section is 
above ground level, and it is supported by colum ns that extend through the filter bed The 
sides are w aterproofed concrete. General construction o f  a filter is shown in figure 2.

The bed is m ade from  layers o f  sands and gravels in graduated sizes The largest rocks 
(1 -1 /4 ”  to  3 ”  diam eter) are supported on special tiles (shown in detail on figure 2) which 
distribute the air from  12 tunnels connecting to  the m am  supply tunnel. Progressing from  the

FIG. 2 , Sectional view  o f  sand filter .
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FIG. 3 . Filter differential pressure changes.

bottom  to top , the air passes through layers o f  successively smaller particle-size until the 
prim ary filter m edium  (30-50  mesh sand, 3 feet deep) is reached Coarser sand and gravel top 
the bed to  prevent loss o f  sand through entram m ent. A ir passes through ex it ports into an 
exhaust tunnel and then to  a 200-foot stack A filter bypass tunnel is provided, bu t has never 
been used. Sum ps are provided in the supply and exhaust tunnels to collect any condensed 
moisture.

O PER A TIN G  E X P ER IE N C E

The sand filter in F  A rea has been in continuous operation  since 1954 and in H Area since 
1955 at a nearly constant superficial velocity o f  4 .7  ft/m in.

O peration and Problems

There have been variations m  air flow rates from  about 100 ,000  to 130 ,000  cu ft/m in 
which are attributed to changes in differential pressure. Figure 3 shows the change in
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differential pressure through the F  Area filter since 1960 Increased differential pressure is 
attributed to two causes 1) ground water inleakage which m ay have resulted in som e 
perm anent com paction o f  the bed, and 2) dust accum ulation

A relatively abrupt increase in pressure drop across the filter m F  Area prom pted 
com prehensive investigation in 1966-1967 F low  m easurem ents were refined, pressure 
differentials checked, and dew point instrum ents em ployed to determ ine m oisture content 
Excessive m oisture was indicated, so the filter was inspected Cracks were found in the 
concrete side walls above the bed (above the 1/4 inch gravel) through which ground water 
could enter, and stains on the walls indicated that seepage had occurred The bed had settled 
about 3 inches Earth was excavated from  around the walls and all cracks were repaired, the 
space was not backfilled, thus preventing further inleakage An effort was m ade to dry the 
sand by heating the incom ing air but the tem perature attainable was limited by process 
restrictions in the separations plant A bout 15% less pressure drop was realized in several 
m onths A plot o f  the time versus flow per inch o f  differential pressuie, figure 4, shows the 
recovery in 1968 after drying

Sam pling o f  the filter input air indicated dust accum ulates at about 2 lb/day routinely, the 
dust m ay well function as a filter aid D ust is present because som e escapes the canyon inlet air 
filters, over the years it has accum ulated on process equipm ent Higher dust loading rates to 
the sand filter occur when extensive equipm ent m ovem ent disturbs the dust deposits in the 
canyon and when other special work is perform ed, e g ,  m the ex it air tunnels Slow  
deterioration o f  concrete also contributes No steps have been taken to change the dust 
accum ulation rate.

R adioactivity  Filtration

R adiation  from  the gam m a em itters deposited in thè sand is m easured routinely by 
inserting an ion cham ber into m onitor tubes which pass through the bed A  typical radiation 
survey is shown in figure 5 , intensity has ranged to  twice that shown The intensity varies with 
cooling tim e and type o f  m aterial processed as well as processing rate
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FIG. 6 . Beta-gam m a activ ity  input and leakage. F IG .7 . Alpha activ ity  input and leakage.
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FIG. 8 . Beta-gam m a activ ity  filtration im provem ent.

The air entering and leaving the filter is m onitored constantly to determ ine the input and 
output o f  radioactivity Annual input o f  gam m a em itters is about 1000 to 200 0  curies G am m a 
pulse height analyses indicate that the em itters are fission product Ce, R u , and Zr-Nb The 
nuclides present will vary depending upon the m aterial being processed Figures 6 and 7 show 
activity input and leakage for nonvolatile beta and alpha em itters from  1962 through 1967 
These data indicate that the filter efficiency im proves with time The relation between input 
and leakage o f  the nonvolatile beta em itters better em phasizes the filtration im provem ent, 
figure 8 illustrates this with tw o years’ data selected to show best correlation Release is a
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function o f  two variables, filter inventory and instantaneous input High instantaneous input 
gives a low er percentage release while high inventory gives a m ore constant release This 
indicates that inventory is the prime contributor to  activity release.

Figure 8 further indicates that data  from  an operating filter should not be used for 
predicting the release from  a new filter A  new filter should be tested for release and, if 
necessary, steps taken to  im prove filtration before active operation begins.

D I S C U S S I O N

C. C H E E V E R : W ere  the ind iv idu al sand gra in s re g u la r  o r  ir re g u la r  
in  sh ap e ’

G. H. SYKES: We on ly  w ashed  the sand; we did not shape it . I a ssu m e 
that the gra in s w e re  ir r e g u la r .

C. C H E E V E R : H ave you  any re co m m e n d a tio n s  fo r  im p ro v in g  the 
e f f ic ie n c y  o f  new sa n d -b e d  f i l t e r s ’

G. H. SYKES: I think th ey  shou ld  be p r e - lo a d e d  w ith  dust.
R . I. NEW M AN: Why w e re  on ly  so m e  o f the e x it -g a s  s tre a m s  p a sse d  

th rough  the f i lt e r s  and on what b a s is  w as y ou r  s e le c t io n  m a d e?  Has any 
study been  m ade o f r e la t iv e  c o s ts  (in itia l and op eratin g ) o f  sand v e rs u s  
H E P A  g la ss  f i lt e r s ?

G. H. SYKES: R eg a rd in g  the ex it g a se s , som e  o f  th ose  w hich  do not 
p a ss  through  the f i l t e r s  show  m e r e ly  t r a c e  le v e ls  o f contam inants; in  any 
c a s e , they do pa ss th rough  oth er  f i l t e r s .  In another c a s e , a ir  fr o m  the 
p luton ium  fin ish in g  a re a s  is  p a sse d  through  sep a ra te , h ig h -e f f ic ie n c y  f i lt e r s  
th re e  t im e s . A ir  fr o m  w o rk  a re a s  o c cu p ie d  by p e rso n n e l a lso  has an e x ­
tr e m e ly  low  a ctiv ity  not n e ce ss ita tin g  sand filtra tio n . A ir  is  not p a sse d  
through  the sand f i lt e r s  u n le ss  th is is  r e a lly  n e ce s s a r y , s in ce  lo w e r  a ir  
v e lo c i t ie s  and v o lu m es m ean  b e tte r  filtra tio n .

I do not know o f  any co m p a r is o n  o f  f i lt e r  c o s ts .
H. A , M O R E W IT Z : How did you d e c id e  on the num ber and th ick n e sse s  

o f  the sand la y e r s , type o f  m ed iu m , e tc . in o r d e r  to  p re d ic t  that they w ould 
p e r fo r m  the fu nction s a llo tted  to  th em ?

G. H. SYKES: O ur f i lt e r  w as co n s tru cte d  m any y e a rs  ago and I do not 
know a ll d eta ils  o f  the d es ig n  stu d ies . Du Pont had a lrea d y  co n s tru cte d  a 
f i lt e r  at H anford, b a sed  on data in its  p o s s e s s io n , and I b e lie v e  that our 
f i l t e r  w as ba sed  to  a la rg e  extent on  the d es ign  o f  th is one.


