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1. INTRODUCTION

The f a i l u r e  o f  s e p t ic  ta n k s  in  tre a tm e n t o f  w as tew a te r has been 

re s p o n s ib le  f o r  ca u s in g  h e a lth  hazards due to  c o n ta m in a tio n  and p o l lu t io n  

o f  g roundw ate r and s u rfa c e  w a te rs  used f o r  d r in k in g  w a te r s u p p lie s .  Most 

o f  the se  f a i lu r e s  have been in  th e  a b s o rp t io n  f i e l d .  L i t t l e  o r  no a c tu a l 

re s e a rc h  has been perfo rm ed  to  e s ta b l is h  d e s ig n  c r i t e r i a  f o r  s e p t ic  ta n k  

a b s o rp t io n  f i e ld s  to  be used by lo c a l ,  s ta te  o r  fe d e ra l H e a lth  Agencies 

o r  P o l lu t io n  C o n tro l A ge n c ie s .

H is t o r i c a l l y ,  a lm o s t a l l  d e s ig n  c r i t e r i a  has beed based on a p e rc o la t io n  

t e s t  and th e  number o f  bedrooms to  be se rve d . Both  o f  these  methods have 

re p e a te d ly  been shown to  have l i t t l e  o r  no r e la t io n s h ip  to  e f f i c i e n t  absorp

t io n  f i e l d  p e rfo rm an ce .

T h is  s tu d y  was conducted  to  t e s t  th e  th e o ry  th a t  f a i lu r e s  can be 

c o r re c te d  w ith  r e la t i v e l y  in e x p e n s iv e  changes in  a b s o rp t io n  f i e l d  d e s ig n .

R eported  he re  a re  th e  r e s u l t s  o f  an in v e s t ig a t io n  o f  th e  s e p t ic  ta n k  

e f f lu e n t  tre a tm e n t c a p a c ity  o f  g ra v e l fro m  lo c a l  s tream s. The e f f lu e n t  

was p e rc o la te d  th ro u g h  ly s im e te rs  c o n ta in in g  v a r io u s  dep ths  and s iz e s  o f 

g ra v e l.  The g ra v e l was v a r ie d  as to  i t s  p h y s ic a l c h a r a c te r is t ic s ,  co

e f f i c i e n t  o f  u n i fo r m ity  and e f f e c t iv e  p a r t i c le  s iz e  as w e l l  as dep th  and 

s iz e .  The f in d in g s  may le a d  to  th e  m o d if ic a t io n  o f  a b s o rp t io n  f ie ld s  

f o r  more e f f i c i e n t  w aste  tre a tm e n t.
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2. PURPOSE AND SCOPE

T h is  s tu d y  had a tw o fo ld  o b je c t iv e ,  w h ich  was examined in  two phases 

The o b je c t iv e  was:

1) To d e te rm in e  th e  b io d e g ra d a t io n  e f f ic ie n c y  o f  v a r io u s  s iz e s  and 

d ep ths  o f  washed r i v e r  g ra v e l.

2 ) To e s ta b l is h  from  th e  d a ta  o b ta in e d  in  th e  p re ce d in g  s tep  some 

d e s ig n  pa ram ete rs  f o r  th e  in c o rp o ra t io n  o f  an a r t i f i c i a l  s o i l  in to  the  

s o i l  a b s o rp t io n  p o r t io n  o f  a s e p t ic  ta n k  w aste d is p o s a l system .

These g o a ls  were met in  two phases. The f i r s t  was the  e s ta b lis h m e n t 

o f  ly s im e te rs  o f  v a r io u s  s iz e s  and dep ths  o f  washed r i v e r  g ra v e l.  These 

ly s im e te rs  were in t e r m i t t e n t ly  d o s e d -tw ic e  a d a y -w ith  a c o n s ta n t amount 

o f  s e p t ic  ta n k  e f f lu e n t .

Phase two encompassed th e  a d ju s tm e n t o f  dosage s iz e s  to  produce more 

e f f i c i e n t  b io d e g ra d a t io n  o f  th e  w a s te .

Dosage o f  th e  ly s im e te rs  and c o l le c t io n  o f  ly s im e te r  e f f lu e n t  was 

begun in  November, 1975, and co n tin u e d  u n t i l  M arch, 1976. The samples 

c o l le c te d  were examined tw ic e  a week f o r  COD and once a week f o r  ammonia 

n i t r o g e n ,  n i t r a t e  n it r o g e n ,  pH and phosphate .
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3. PRESENTATION OF RESULTS

I n f lu e n t  and e f f lu e n t  ch e m ica l a n a ly s is  d a ta  c o l le c te d  d u r in g  t h is  

in v e s t ig a t io n  a re  p re se n te d  in  ta b u la r  fo rm  in  Append ix B. G ra p h ic a l 

F ig u re s  1 th ro u g h  F ig u re s  74 p re se n te d  in  t h i s  s e c t io n  were d e r iv e d  from  

t h is  d a ta .

Maximum, minimum, and average ch e m ica l c h a r a c te r is t ic s  o f  th e  in 

f lu e n t  s e p t ic  ta n k  w a s tew a te r f o r  th e  p e r io d  o f  in v e s t ig a t io n  a re  

p re se n te d  in  T a b le  I I .

The r e la t io n s  between COD re m o v a l, t im e , dosage r a te ,  COD lo a d in g  

r a te  and th e  s iz e  and d e p th  o f  th e  s o i l  colum n m a te r ia l  a re  p re sen ted  in  

g ra p h ic a l fo rm . O the r f ig u r e s  d em on s tra te  phosphate  rem ova l as a f fe c te d  

by t im e , phospha te  lo a d in g ,  in f lu e n t  pH, e f f lu e n t  pH and th e  s iz e  and 

d ep th  o f  ly s im e te r  m a te r ia l .  A n o th e r s e t  o f  f ig u r e s  shows th e  r e la t io n 

s h ip  between th e  r a t i o  o f  e f f lu e n t  in o rg a n ic  n it ro g e n  to  in f lu e n t  in o r 

g a n ic  n it r o g e n  and t im e .

When r e f e r r in g  to  a p a r t i c u la r  ly s im e te r  fro m  he re  on i t  w i l l  be 

id e n t i f ie d  as shown in  th e  fo l lo w in g  exam ple. L y s im e te r 3 w h ich  con

ta in s  24 in ch e s  o f  m a te r ia l  p a s s in g  a 1 /2  in c h  s ie v e  w i l l  be re fe r re d  

to  as ly s im e te r  3 . (24 i n . :  1 /2  i n . ) .

3.1 COD Removal

F ig u re  1 th ro u g h  F ig u re s  10 show th e  r e la t io n s h ip  o f  p e r ce n t 

COD rem ova l to  t im e  f o r  each ly s im e te r .  The v a r ia t io n s  in  dosage ra te  

a p p l ic a t io n  in  g a l lo n s  pe r day p e r square  fo o t  a re  a ls o  d is p la y e d  on
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TABLE I I

CHARACTERISTICS OF INFLUENT SEPTIC TANK SEWAGE

C o n c e n tra tio n  (m g/l )

C o n s titu e n t Maximum Minimum Average

PH 7.5 7 .1 7.3

COD 2566 272 964

Phosphate (AsP) 17.25 8.25 12.86

T o ta l In o rg a n ic  
N itro g e n  As(N)

107 34 67

Ammonia N itro g e n  
As (N)

61 7 .5 41

N it r a te  N itro g e n  
As (N)

46 4 27
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the se  f ig u r e s .

F ig u re  1 shows the  COD rem ova l ove r a s ix t y - t h r e e  day p e r io d  f o r  

ly s im e te r  3 (24 i n . :  1 /2  i n . ) .  A c o n s ta n t dosage o f  1 .29  G P D /s q .ft. was 

a p p lie d  to  t h i s  co lum n. The i n i t i a l  COD a n a ly s is  on th e  e f f lu e n t  was 

done n in e  days a f t e r  d os ing  began. COD rem ova l in c re a se d  from  87% to  

97% d u r in g  th e  f i r s t  week o f  a n a ly s is ,  then  s ta b i l iz e d  a t  a p p ro x im a te ly  

97% u n t i l  the  la s t  a n a ly s is ,  a t  w h ich  tim e  th e  rem ova l dropped to  94%.

F ig u re  2 is  a graph  o f  COD rem ova l f o r  ly s im e te r  11 id e n t ic a l  to  

ly s im e te r  3 in  d ep th  and s ie v e  s iz e  o f  m a te r ia l  b u t whose c o e f f ic ie n t  o f 

u n i fo r m it y ,  Cu is  3 .3  and e f f e c t iv e  s iz e ,  D10 is  4 .2  mm. compared to  

a Cu o f  30 and D10 o f  0 .4  mm. in  ly s im e te r  3 . COD a na lyse s  were begun 

t h i r t e e n  days a f t e r  th e  i n i t i a l  dosage. A tem pora ry  in c re a s e  in  COD 

rem ova l up to  95% was observed f o r  seven days; how ever, a g ra d u a l 

decrease  to  33% o ccu rre d  o ve r th e  n e x t f o r t y - s i x  days. A s ig n i f ic a n t  

in c re a s e  re s u lte d  a f t e r  t h a t .  On day 92 th e  dosage r a te  was decreased 

fro m  1 .29  G P D /s q .ft .  to  0 .97  G P D /s q . f t . ,  r e s u l t in g  in  a s ig n i f ic a n t  

in c re a s e  f o r  th e  n e x t tw e n ty -o n e  days .

The COD rem ova l in  r e la t io n  to  tim e  f o r  ly s im e te r  13 (6 i n . :  3 /8  i n . )  

i s  p re se n te d  in  F ig u re  3 . The i n i t i a l  39% COD rem ova l e s ta b lis h e d  

t h i r t e e n  days a f t e r  th e  f i r s t  dosage a p p l ic a t io n  im proved to  90% by the  

tw e n t ie th  day . The ly s im e te r  ponded a t  day 24, how ever, and was sub

s e q u e n tly  re s te d  f o r  two weeks. In  th e  fo l lo w in g  f i f t y  days COD rem ovals 

ro se  fro m  45% to  a peak o f  81% and the n  dropped to  41%. A t t h i s  tim e  

th e  dosage r a te  was decreased fro m  1 .29  G P D /s q .ft .  to  0 .65  G P D /s q .ft.

T h is  dosage re d u c t io n  le d  to  a tem po ra ry  in c re a s e  in  re m o v a l, b u t in  

g e n e ra l,  COD rem ova l decreased u n t i l  d o s in g  was d is c o n tin u e d  on day 113.

The COD rem ova l a b i l i t y  o f  ly s im e te r  14 (12 i n . :  3 /8  i n . )  in  tim e



FIGURE 1 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 3 (D e p th : 24 in c h e s , 
S iz e : passed 1 /2  in c h  s ie v e )

-
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FIGURE 2 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 11 (D e p th : 24 in c h e s , 
S iz e : passed 1 /2  in c h  s ie v e )
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FIGURE 3 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 13 (D e p th : 6 in c h e s , 
S iz e : passed 3 /8  in c h  s ie v e )

-
8

-



- 9 -

i s  re p re se n te d  in  F ig u re  4 . I t  was dosed w ith  1 .29  GPD/sq. f t .  u n t i l  

day 92 a t  w h ich  tim e  the  dosage was decreased to  0 .97 G P D /s q .ft. The 

COD rem ova l was e r r a t i c  th ro u g h o u t th e  113 days o f  dosage a p p lic a t io n s ;  

how ever, an a pp a re n t s m a ll in c re a s e  in  rem ova l e f f ic ie n c y  re s u lte d  w ith  

th e  decrease  in  dosage r a te .  Removal ranged fro m  16% to  84% f o r  the  

d o s in g  p e r io d .

The COD rem ova l in  ly s im e te r  16 (18 i n . :  3 /8  i n . )  ranged from  37% 

to  100% as shown in  F ig u re  5 . A f te r  119 days o f  th e  1 .29  G P D /s q .ft. 

dosage r a te ,  the  dosage was decreased to  1 .13  G P D /s q .ft. No obv ious 

changes in  rem ova l were d e te c te d . F ig u re  6 shows COD rem ova l w ith  

tim e  f o r  ly s im e te r  15 (24 i n . :  3 /8  i n . ) .  O v e ra l l COD rem ova l i s  b e t te r  

f o r  th e  24 in c h  dep th  tha n  th e  18, 12 and 6 in c h  dep ths o f  th e  same s ie ve

s iz e ,  how ever, i t  appears th a t  a p e r io d ic  decrease in  rem ova l e f f i 

c ie n c y  o ccu rs  in  th e  24 in c h  d e p th . The in c re a s e  in  dosage r a te  from

1.29  G P D /s q .ft .  to  1 .89  G P D /s q .ft .  on day 92 le d  to  a decrease in  o v e r a l l  

rem ova l e f f ic ie n c y .

F ig u re  7 dem onstra tes  th e  a b i l i t y  o f  s ix  in ch es  o f  m a te r ia l pass ing  

a number 4 s ie v e  in  ly s im e te r  5 to  remove COD. A f a i r l y  c o n s is te n t  

rem ova l range from  95% to  100% is  m a in ta in e d  w ith  the  e x c e p tio n  o f  one 

tim e  on day 45. O nly a 64% rem ova l was ach ieved  th a t  day, b u t rem ovals 

rose  back to  p re v io u s  le v e ls  in  th e  n e x t fo u r te e n  days a t  w h ich  tim e  i t  was 

d is c o n t in u e d . T h is  d rop  in  e f f ic ie n c y  o ccu rre d  s ix te e n  days a f t e r  the  

dosage r a te  was in c re a se d  from  1 .29  G P D /s q .ft .  to  1 .89  G P D /s q .ft.

F ig u re  8 d e p ic t in g  COD rem ova l in  ly s im e te r  6 (12 i n . :  no . 4) 

co ve rs  a p e r io d  o f  s e v e n ty - fo u r  days w ith  dosage a p p lic a t io n s  o f

1 .29  G P D /s q . f t . ,  1 .89  G P D /s q . f t . ,  and 2 .58  G P D /s q .ft .  The v a r ia t io n  

in  COD rem ova l was much le s s  pronounced f o r  the  tw e lv e  in c h  dep th  in



FIGURE 4 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 14 (D ep th : 12 in c h e s , 
S iz e : passed 3 /8  in c h  s ie v e )
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FIGURE 5 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 16 (D e p th : 18 in c h e s , 
S iz e : passed 3 /8  in c h  s ie v e )

-
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FIGURE 6 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 15 (D e p th : 24 in c h e s , 
S iz e : passed 3 /8  in c h  s ie v e )
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FIGURE 7 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 5 (D e p th : 6 in c h e s , S iz e : 
passed number 4 s ie v e )
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FIGURE 8 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 6 (D e p th : 12 in c h e s , S iz e : 
passed number 4 s ie v e )
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t h is  ly s im e te r  tha n  f o r  th e  s ix  in c h  d e p th  o f  ly s im e te r  5 .

F ig u re  9 shows COD rem ova l f o r  ly s im e te r  8 (18 i n . :  n o . 4) f o r  a 

p e r io d  o f  74 days . The dosage r a te  was in c re a s e d  fro m  1 .2 9  G P D /s q .ft .  

to  1 .89  G P D /s q .ft .  The f i n a l  decrease  in  dosage was due to  th e  s lo w  p e r c o la t io n  

r a te  fo l lo w in g  th e  in c re a s e  in  dosage on day 29. A f i n a l  COD a n a ly s is  

on day 74 was a lo w  o f  80% f o r  t h i s  ly s im e te r .

The COD rem ova l f o r  th e  24 in c h  d e p th  o f  m a te r ia l  p a ss in g  a number 4 

s ie v e  ( ly s im e te r  7) i s  re co rd e d  in  F ig u re  10. A ga in  th e  rem ova l v a r ie s  

o n ly  between 92% and 100%. An i n s ig n i f i c a n t  decrease  o ccu rs  d u r in g  th e  

second dosage a p p l ic a t io n  r a te .  Dosage v a r ie d  fro m  1 .29  G P D /s q .ft .  to  

1 .89  G P D /s q .ft .  to  2 .58  G P D /s q .ft .  d u r in g  th e  s e v e n ty - fo u r  days o f  s e p t ic  

ta n k  e f f lu e n t  d o s in g .

The second s e t  o f  f ig u r e s  shows COD lo a d in g  in  p ou n ds /d ay /sq u a re  fo o t  

in  r e la t io n  to  COD rem ova l in  p e r c e n t.  The l i n e  p lo t te d  th ro u g h  th e  

p o in ts  on each f ig u r e  i s  a v is u a l  b e s t f i t  o f  th e  re co rd ed  rem ova ls .

F ig u re  11 re p re s e n ts  th e  COD lo a d in g s  v e rs u s  COD rem ova l f o r  ly s im e te r  

3 (24 i n . :  1 /2  i n . ) .  The lo a d in g  ranged fro m  0 .0038  lb s /d a y /s q .  f t .  to  

0 .0278 lb s /d a y /s q .  f t .  The p o in ts  f e l l  c lo s e ly  to  a l i n e  in d ic a t in g  

in c re a s in g  COD rem ova l w ith  in c re a s in g  lo a d in g  r a te .  The lo w e s t rem ova l 

reco rded  was 87%.

COD rem ova l v e rsu s  COD lo a d in g  f o r  ly s im e te r  11 (24 i n . :  1 /2  i n . )

i s  shown in  F ig u re  12. A ga in  th e re  is  a g e n e ra l tendency f o r  in c re a se d  

COD rem ova l w ith  in c re a s e d  lo a d in g .  However, th e  o v e r a l l  rem ova l f o r  

ly s im e te r  11 i s  le s s  tha n  th a t  f o r  ly s im e te r  3 . Load ing  v a r ie d  from

0.0023 lb s /d a y /s q .  f t .  to  0 .0208 lb s / d a y / s q . f t .  w h ile  rem ova l ranged fro m  

30% to  95%.

An in c re a s e  o f  COD rem ova l fro m  16% a t  a COD lo a d in g  o f  0 .0018



FIGURE 9 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 8 (D e p th : 18 in c h e s , S iz e : 
passed number 4 s ie v e )
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FIGURE 10 RELATIONSHIP BETWEEN TIME AND COD REMOVAL FOR LYSIMETER 7 (D epth: 24 in c h e s , S ize : 
passed number 4 s ie v e )
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FIGURE 11 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 3 (Depth: 24 in c h e s , S ize : 
passed 1 /2  in c h  s ie v e )

18-



FIGURE 12 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 11 (Depth: 24 in c h e s , S ize : 
passed 1 /2  in c h  s ie v e )
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lb s /d a y /s q . f t .  is  demonstrated fo r  ly s im e te r  13 (6 in . :  3/8 in . )  in  

F igu re  13.

In  F ig u re  14 a genera l in c rease  in  COD removal w ith  an increase  in  

COD lo a d in g  is  dem onstrated fo r  ly s im e te r  14 a lthough  the  removal is  

low er than th a t  fo r  ly s im e te r  13. Lys im e te r 14 (12 in . :  3 /8  in . )  was 

loaded a t  ra te s  v a ry in g  from 0.0024 lb s /d a y /s q .  f t .  to  0.0208 lb s /d a y /s q .  f t . , 

and i t  a tta in e d  removals rang ing  from  16% to  83%.

F ig u re  15 shows a s ig n i f ic a n t  inprovem ent in  COD removal fo r  ly s im e te r 

16 (18 in . :  3 /8  in . )  over COD removal fo r  ly s im e te rs  13 and 14 which con

ta in  s ix  inches and tw e lve  inches o f  the same s ieve  s iz e . Loading 

v a r ie s  from  0.0028 lb s /d a y /s q .  f t .  to  0.0275 lb s /d a y /s q .  f t .  w h ile  removals 

were from  38% to  100%.

F u rth e r rem oval e f f ic ie n c y  fo r  ly s im e te r  15 is  i l lu s t r a te d  in  F igu re  

16. Lys im e te r 15 co n ta in s  tw e n ty - fo u r inches o f m a te r ia l passing a 3/8 

in ch  s ie v e . The tendency o f in c re a s in g  COD removal fo r  increased lo ad ing  

is  no t n e a r ly  so pronounced fo r  the  tw e n ty - fo u r  in c h  dep th . Removals 

range from  65% to  100% fo r  lo a d in g s  o f 0.001 lb s /d a y /s q . f t .  to  0.0382 

lb s /d a y /s q .  f t .

F ig u re  17 shows COD removal in  r e la t io n  to  COD lo a d in g  fo r  s ix  inches 

o f m a te r ia l passing a number 4 s ie ve  ( ly s im e te r  5 ) .  Loading ranges from 

0.0038 lb s /d a y /s q .  f t .  to  0.040 lb s /d a y /s q .  f t .  b u t the  COD removals have a 

narrow range between 87% to  100% w ith  o n ly  one e xcep tion .

Lys im e te r 6 (12 i n . : no. 4) has an even more narrow range o f  rem oval- 

90% to  100%-with lo a d in g  s im ila r  to  the  p rev io us  one. This fa c t  is  i l l u s 

t ra te d  by F igu re  18.

F ig u re  19 and F igu re  20 which show COD removal in  r e la t io n  to  COD 

lo a d in g  fo r  e igh teen  inches and tw e n ty - fo u r inches o f m a te r ia l passing a



FIGURE 13  RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 13 (D epth : 6 in c h e s ,
S ize :  passed 3 /8  in c h  s ie v e )
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FIGURE 14 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 14 (Depth: 12 In ch e s , S ize : 
passed 3 /8  i nch s ie v e )
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FIGURE 15 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 16 (Depth: 18 in c h e s , S ize : 
passed 3 /8  in c h  s ie v e )
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FIGURE 16 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 15 (D epth: 24 in c h e s , S ize : 
passed 3 /8  in c h  s ie v e )
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FIGURE 17 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 5 (D epth : 6 in c h e s , S ize : 
passed number 4 s ie v e )
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FIGURE 18 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 6 (D epth : 12 in c h e s , S iz e : 
passed number 4 s ie v e )



FIGURE 19 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 8 (D e p th : 18 in c h e s , S iz e : 
passed number 4 s ie v e )
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FIGURE 20 RELATIONSHIP OF COD LOADING TO COD REMOVAL FOR LYSIMETER 7 (D e p th : 24 in c h e s , S iz e : 
passed number 4 s ie v e )
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number 4 s ie v e  r e s p e c t iv e ly ,  a g a in  dem on s tra te  an in c re a s e  in  rem ova l w ith  

an in c re a s e  in  lo a d in g  f o r  b o th  ly s im e te rs .  Removals f o r  each a re  between 

90% and 100% w ith  id e n t ic a l  lo a d in g  ra n g e s , 0 .0038 lb s /d a y /s q .  f t .  to  0 .040 

lb s /d a y /s q .  f t .  I t  appears fro m  these  la s t  fo u r  f ig u r e s  th a t  d ep th  p la y s  

a le s s  im p o r ta n t r o le  in  f i n e r  m a te r ia l  th a n  i t  does in  c o a rs e r m a te r ia l .

A v is u a l  com parison  o f  COD rem ova l w i th  tim e  f o r  ly s im e te rs  o f  equa l 

d e p th  b u t d i f f e r e n t  s ie v e  s iz e  m a te r ia l  i s  p re sen ted  in  F ig u re  21 th rough  

F ig u re  24.

The f i r s t  f ig u r e  in  t h i s  s e r ie s ,  F ig u re  21, shows a f a r  more e f f i c i e n t  

COD rem ova l c a p a c ity  f o r  ly s im e te r  5 tha n  ly s im e te r  13. Each ly s im e te r  

i s  s ix  in ch e s  deep b u t number 13 h o ld s  m a te r ia l  p a ss in g  a 3 /8  in c h  s ie v e  

and number 5 c o n ta in s  m a te r ia l  p a ss in g  a number 4 s ie v e . D osing  o f  l y s i 

m e te r 13 s ta r te d  lo n g  b e fo re  th a t  o f  ly s im e te r  5 ; c o n s e q u e n tly , more d a ta  

p o in ts  were a v a i la b le  f o r  i t .

A ga in  in  F ig u re  22, th e  s u p e r io r i t y  o f  th e  f i n e r  m a te r ia l  (p a ss in g  a 

number 4 s ie v e )  o ve r m a te r ia l  p a ss in g  a 3 /8  in c h  s ie v e  i s  dem onstra ted . 

L y s im e te r  6 and 14 w h ich  a re  each tw e lv e  in ch e s  deep a re  compared f o r  COD 

re m o va l. The ly s im e te r  c o n ta in in g  th e  f in e  m a te r ia l  was e s ta b lis h e d  la t e r  

th a n  th e  one c o n ta in in g  th e  co a rse  m a te r ia l .  Even so th e  i n i t i a l  rem ova ls 

a re  much g re a te r  f o r  th e  f i n e r  m a te r ia l  and rem a in  so f o r  th e  l i f e t im e  o f  

th e  ly s im e te rs .

F ig u re s  23 and F ig u re  24 dem on s tra te  th e  d e c re a s in g  im p o rta nce  o f 

m a te r ia l  s iz e  w ith  in c re a s in g  d e p th . The e ig h te e n  in c h  ly s im e te rs  in  

F ig u re  3 .3  have p e r c e n t COD rem ova ls  n e a re r to  one a n o th e r th a n  th e  s ix  

in c h  and tw e lv e  in c h  s o i l  co lum ns. However in  F ig u re  24 COD rem ova ls 

f o r  ly s im e te r  7 (24 i n . :  no . 4 ) ,  ly s im e te r  3 (24 i n . :  no . 4 ) and ly s im e te r  

15 (24 i n . :  no . 4) a re  q u i te  s im i la r  even though rem ova ls  f o r  number 15



FIGURE 21 RELATIONSHIP OF COD REMOVAL TO TIME FOR LYSIMETERS OF SIX INCH DEPTH
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FIGURE 22 RELATIONSHIP OF COD REMOVAL TO TIME FOR LYSIMETERS OF TWELVE INCH DEPTH
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FIGURE 23 RELATIONSHIP OF COD REMOVAL TO TIME FOR LYSIMETERS OF EIGHTEEN INCH DEPTH
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FIGURE 24 RELATIONSHIP OF COD REMOVAL TO TIME FOR LYSIMETER OF TWENTY-FOUR INCH DEPTH
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a re  s l i g h t l y  more e r r a t i c  than  those  o f  th e  o th e r  tw o. L y s im e te r 11, 

w h ich  has m a te r ia l the  same s ie v e  s iz e  and dep th  as ly s im e te r  3 , has a 

d i s t i n c t l y  lo w e r rem ova l than  th e  o th e r  tw e n ty - fo u r  in c h  s o i l  colum ns.
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4. DISCUSSION OF RESULTS

The purpose  o f  t h i s  s tu d y  was to  d e te rm in e  th e  b io d e g ra d a t io n  c a p a c ity  

o f  v a r io u s  s iz e s  and dep ths  o f  washed r i v e r  g ra v e l.  In  th e  fo l lo w in g  s e c tio n  

th e  r e s u l t s  o f  th e  la b o ra to ry  a n a ly s is  o f  in f lu e n t  and e f f lu e n t  w astew ate r 

i s  d is cu sse d  as i t  r e la te s  to  th e  e s ta b lis h m e n t o f  th e  m ost e f f i c i e n t  

b io d e g ra d a t io n  s iz e  and d ep th  o f  th e  co lum n. The b io d e g ra d a t io n  c a p a c ity  

o f  each ly s im e te r  was e v a lu a te d  in  te rm s o f  COD re m o va l, t o t a l  in o rg a n ic  

n it ro g e n  rem ova l and phosphate  rem ova l in  r e la t io n ,  to  dosage ra te s ,  lo a d in g  

ra te s  and pH. T h is  s e c t io n  g iv e s  an in t e r p r e t a t io n  o f  th e  r e s u l t s  o b ta in e d  

d u r in g  th e  s tu d y  as p re se n te d  in  th e  p re v io u s  s e c t io n .

4 .1  COD Removals

Comparing F ig u re s  1 and 2, w h ich  r e la t e  pe r c e n t COD rem ova l to

tim e  f o r  ly s im e te rs  3 and 11, i t  can be seen th a t  COD rem ova l by number 3

is  much more e f f i c i e n t  tha n  th a t  o f  number 11. These ly s im e te rs  c o n ta in

th e  same d ep th  and s ie v e  s iz e  m a te r ia l ,  b u t th e  m a te r ia l in  ly s im e te r  3 has a

Cu o f  30 and a D10 o f  0 .4  mm. w h ile  ly s im e te r  11 has a Cu o f  3 .3  and a

D10 o f  4 .2  mm. The m a te r ia l  in  ly s im e te r  3 came from  C le a r C reek and th e  

m a te r ia l  i n  ly s im e te r  11 came from  W e s tfo rk  W h ite  R iv e r .  A cco rd in g  to  

M atthews (5 ) th e  h ig h e r  COD rem ova ls  o ccu r in  s o i ls  w i th  h ig h e r  c o e f f ic ie n ts  

o f  u n i fo r m it y  and rem ova l p ro g re s s iv e ly  decreases w ith  d e c re a s in g  Cu .

G e n e ra lly ,  s o i ls  w i th  a h ig h e r  Cu have lo w e r p e r m e a b i l i t ie s  and th e re fo re  

o f f e r  a lo n g e r  c o n ta c t  t im e  f o r  th e  w a s te . The i n i t i a l  in c re a s e  in  rem ova l 

in  each ly s im e te r  p ro b a b ly  r e f le c t s  a b u i ld in g  up o f  o rg a n ic  m a te r ia l in
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the  upper p a r t  o f  the s o i l  column which in c rea ses  a d s o rp tiv e  c a p a c ity , 

c o n ta c t tim e and b io lo g ic a l a c t i v i t y .  However, i t  appears th a t ly s im e te r  

11 cou ld  no t m a in ta in  even an 80% COD rem oval f o r  a lo ng  p e rio d  o f tim e .

I t s  waste a s s im ila t iv e  c a p a c ity  was exceeded a t  the  1.29 G P D /sq .ft. dosing 

r a te .  The decrease in  dos ing  to  0.97 G P D /sq .ft. improved over a l l  COD 

rem oval b u t removal in  ly s im e te r  11 s t i l l  d id  n o t approach an accep tab le  

le v e l .

A s tep  l i k e  in c re a se  in  COD rem oval w ith  tim e  as depth o f s o i l  increases 

can be dem onstrated fo r  ly s im e te rs  13, 14, 15 and 16 in  F igu res  3,

4, 5 and 6 r e s p e c t iv e ly .  T h is  s o i l  in  a l l  fo u r  ly s im e te rs  is  the  same 

s iz e  and has the  same D10 and Cu ; th e re fo re ,  th e  improvement in  removal can 

b e s t be e xp la ined  by increased  c o n ta c t t im e . Each o f  these fo u r  ly s im e te rs  

d is p la y e d  an i n i t i a l  in c re a se  in  COD rem oval s im ila r  to  th e  two ly s im e te rs  

p re v io u s ly  d iscussed . The same e x p la n a tio n  is  a p p ro p r ia te . An accum ula tion  

o f  o rg a n ic  m a tte r in  the  top  p o r t io n  o f  th e  s o i l  columns increased  the 

c o n ta c t t im e , a d s o rp tiv e  c a p a c ity  and b io lo g ic a l a c t i v i t y .  Lys im e te r 13 

ponded a f te r  tw e n ty - fo u r  days p roba b ly  because o f an excess ive  accum ula tion  

o f  o rg a n ic  m a tte r , b u t a f t e r  a two week r e s t ,  aga in  e x h ib ite d  the  i n i t i a l  

in c re a se  in  rem ova l. However, the  rem oval c a p a c ity  o f  ly s im e te r  13 which 

was s ix  inches deep was g ra d u a lly  exhausted over th e  rem a in ing  p e r io d  o f 

tim e  even w ith  a decrease in  dosage ra te  from  1.29 G P D /sq .ft. to  0.65 

G P D /sq .ft. as seen in  F ig u re  3.

Removal in  ly s im e te r  14 w h ich  was tw e lve  inches deep was e r r a t ic  and 

never reached an acceptable le v e l.  The decrease in  dosage from  1.29 G P D /sq .ft. 

to  0.97 G P D /s q .ft. s l i g h t l y  improved rem oval even though i t  remained e r r a t ic .  

Twelve inches s t i l l  p rov id ed  in s u f f ic ie n t  c o n ta c t t im e .

The e igh te e n  in c h  ly s im e te r  in  th is  s e r ie s  shows b e t te r  rem ovals than
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th a t  le v e l necessary fo r  e f f i c ie n t  tre a tm e n t. A n a ly s is  was d iscon tinu ed  

too soon a f te r  an 88% dosage decrease to  de term ine i t s  e f fe c t  on rem oval.

A p e r io d ic  drop in  removal occurs in  F ig u re  6 fo r  ly s im e te r  15

(24 in . :  3 /8  i n . )  . The drop can p roba b ly  be a t t r ib u te d  to  a break

th rough  o r s lo ugh ing  o f the  o rg a n ic  m a tte r accumulated in  the  s o i l .  Th is

c y c le  is  repeated even a f te r  the  dosage ra te  is  ra is e d  from  1.29 G P D /sq .ft. 

to  1.89 G P D /sq .ft. Because o f t h is  in c rea se  in  ra te  on day 92, COD removals 

in  gen e ra l d e c lin e d .

COD rem oval w ith  tim e appears to  be le s s  dependent on depth in  ly s im e te rs  

5, 6 , 8 and 7 than in  ly s im e te rs  13, 14, 16 and 15. The s o i l  in  the  form er 

passed a number 4 s ie ve  and has a h ig h e r than the la t t e r .  T h is  means 

the  s o i l  i s  f in e r  and le s s  perm eable, the reby  o f fe r in g  more co n ta c t tim e 

w ith  le s s  dep th . No s ig n i f ic a n t  in c rea se  in  removal a f te r  the  i n i t i a l  

a n a ly s is  is  seen in  F igu res  7 th rough  10, in d ic a t in g  s u f f ic ie n t  co n ta c t 

tim e was p rov ided  by the  s o i l  i t s e l f  ra th e r  than  by an accum ula tion  o f 

o rg a n ic s .

The steep drop in  COD removal in  F ig u re  7 midway th rough the  second 

dosage ra te  p roba b ly  r e f le c t s  a breakth rough  fo llo w e d  by accum ula tion  o f 

o rg a n ic  m a te r ia l aga in .

No p a r t ic u la r  d if fe re n c e  in  COD rem oval w ith  tim e can be de tec ted  as 

dosage ra te  is  doubled in  F igu res  8 and 10. Removals remained above 

90% a l l  the  tim e . The decrease in  recorded removals in  F igu re  9 r e f le c ts  

a decrease in  p e rm e a b ility  in  ly s im e te r  8 as the  dosage ra te  was increased . 

For th is  reason the dosage was reduced from 1.89 G P D /sq .ft. to  the  o r ig in a l 

dosage ra te  o f 1.29 G P D /sq .ft. T h is  decrease o f  COD removal in  the  e igh teen 

in c h  depth  w ith o u t co rrespond ing  decrease in  the  tw e lve  in c h  depth in d ic a te s  

th a t  a dosage ra te  o f 2.58 G P D /sq .ft. may n o t be accepted a t  a l l  tim es.
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The r e la t io n  o f COD lo a d in g  to  COD removal is  i l lu s t r a te d  g ra p h ic a lly  

in  the second c o l le c t io n  o f f ig u re s . In  F igu res 11 and 12 ly s im e te r  3 

shows a s l ig h t  in c rease  in  removal w ith  an inc rease  in  lo a d in g  w h ile  l y s i 

m eter 11 shows a d e f in i t e  in c rease  in  removal w ith  lo a d in g  in c re a se . These 

two ly s im e te rs  are  id e n t ic a l in  s ie ve  s iz e  and dep th  o f m a te r ia l,  bu t aga in .

number 3 has a Cu o f 30 and a D10 o f 0 .4  mm. w h ile  number 11 has a Cu o f

3.3 and D10 o f 4 .2  mm. The over a l l  removal in  number 3 is  much g re a te r 

than th a t  o f number 11. The g re a te r p e rm e a b ility  o f  the  m a te r ia l in  ly s im e te r 

11 accounts fo r  the  d if fe re n c e  in  rem ovals. As o rg a n ic  m a tte r was added to  

the  s o i l  column number 11 p e rm e a b ility  decreased thereby in c re a s in g  t r e a t 

ment p o te n t ia l due to  increased b io lo g ic a l a c t iv i t y ,  a d s o rp tiv e  ca p a c ity  

and co n ta c t tim e .

Th is  same reason ing  can be used to  e x p la in  the  d i r e c t  r e la t io n  o f COD 

removal to  COD lo a d in g  in  F igu res  13, 14, 15 and 16 fo r  ly s im e te rs  

13, 14, 16 and 15 re s p e c t iv e ly .  As the depth o f m a te r ia l passing a 3/8 

in ch  s ie ve  in  th is  s e r ie s  o f  ly s im e te rs  in creases in  s ix  in ch  increm ents 

from  s ix  inches to  tw e n ty - fo u r in ches , the  COD removal in c rea ses . For 

t h is  reason the  in c rease  in  removal w ith  in c re a s in g  lo a d in g  is  le s s  d ram atic . 

Once aga in  th is  se t o f  f ig u re s  dem onstrates the  im portance o f  co n ta c t in  

COD rem oval. T h is  co n ta c t tim e can be p rov ided  by depth o r by decreased 

s o i l  p e rm e a b ility  from  accum ula tion  o f  p a r t ic le s  in  the s o i l  column.

The s o i l  th a t  passed a number 4 s ie ve  in  ly s im e te rs  5, 6, 8 and 7 

aga in  shows a genera l tren d  in  improved COD removal w ith  h ig h e r COD lo a d in g s .

F igu res  17, 18, 19 and 20 once more show COD removals o f good q u a li ty  

a t  a l l  lo a d in g s  and fo r  a l l  dep ths, s ix  inches through tw e n ty -fo u r inches.

F igu res  21, 22, 23 and 24 comparing COD removal tim e  fo r  ly s im e te rs  

o f the  same depth bu t d i f f e r e n t  s ie ve  s iz e  m a te r ia ls ,  reemphasize
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the  p reced ing  d is c u s s io n . F igu re  21 shows b e t te r  COD removal fo r  l y s i 

m eter 3 over ly s im e te r  11 due to  the  low er p e rm e a b ility  re f le c te d  by i t s  

low er Cu . The same can be sa id  about F ig u re  22 ly s im e te r  6 (12 in . :  n o .4) 

shows much h ig h e r and c o n s is te n t COD rem ovals than ly s im e te r  14 which has 

a h ig h e r p e rm e a b ility  because i t  co n ta in s  a coa rse r m a te r ia l passing a 

3 /8  in c h  s ie v e .

In  F ig u re  23 COD removals f o r  e igh teen  in c h  depth s o i l  columns are 

p resen ted . The rem ovals a re  somewhat c lo s e r  in  v a lu e . The lower permea

b i l i t y  w ith  consequent lo n g e r c o n ta c t tim e  and b e t te r  removal provided 

by the  f in e r  m a te r ia l in  the  s o i l  columns can be approached by in c re a s in g  

the  dep th  o f s o i l  columns c o n ta in in g  coarse r m a te r ia l.

The tw e n ty - fo u r  in c h  deep ly s im e te rs  co n firm  th a t  increased con tac t 

tim e  and decreased p e rm e a b ility  improve COD rem oval. Lys im ete r 11 w ith  

the  co a rse s t m a te r ia l and low es t Cu o f fe rs  the  low est p e rm e a b ility  and 

consequen tly  the  low es t COD rem oval, w h ile  ly s im e te r  7 w ith  the  f in e s t  

m a te r ia l and h ig h e s t Cu o f fe r s  the  bes t rem oval. Lys im e te r 15 con ta ins  

m a te r ia l f in e r  than th a t  o f  ly s im e te r  3 b u t a low er COD rem oval. T h is  is  

p roba b ly  because number 3 has a h ig h e r Cu o f  30 and D10 o f 0 .4  mm. compared 

to  a Cu o f 3 .3  and D10 o f 4 .2  mm. fo r  number 11.

4 .2  N itro g e n  Removal

F ig u re s  25 through 34  show the re la t io n s h ip  o f the r a t io  o f e f f lu e n t  

to  in f lu e n t  in o rg a n ic  n itro g e n  (NH3 + NO3) f o r  the  ten  ly s im e te rs  s tu d ie d .

A high ra te  o f n i t r i f ic a t io n  is  c h a ra c te r iz e d  by an increase  in  n i t r a te  n i t r o 

gen c o n c e n tra tio n  g re a te r  than one. Most o f  the  t o t a l  in o rg a n ic  n itro g e n  

measured was n i t r a t e  n itro g e n  in d ic a t in g  a e ro b ic  c o n d it io n s  and n i t r i f i c a t i o n .

I t  appears from  com parison o f F igu res  25 and 26 th a t  n i t r i f i c a t i o n
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5. CONCLUSIONS

Based on the  r e s u lts  o f  th is  s tu d y , the  fo llo w in g  conc lus ions  

can be made.

1. In  ly s im e te rs  c o n ta in in g  r iv e r  g ra v e l passing  a 3 /8  in ch  s ie v e , 

deg ra da tion  as measured by COD, phosphate and n itro g e n  removal 

v a r ie d  d i r e c t ly  w ith  in c re a s in g  dep th .

2. A h ig h e r deg ra da tion  e f f ic ie n c y  was achieved in  ly s im e te rs  con

ta in in g  r iv e r  g ra v e l passing a number 4 s ie v e . The v a r ia t io n  in  

COD removal in  ly s im e te rs  o f  in c re a s in g  depth is  le s s  pronounced 

fo r  t h is  f in e  m a te r ia l.

3. The s ig n i f ic a n t ly  h ig h e r removals in  ly s im e te r  3 w ith  a Cu o f 30 

and D10 o f 0 .4  mm. compared to  ly s im e te r  11 o f id e n t ic a l depth and 

m a te r ia l passing a 1/2 in ch  s ie ve  bu t hav ing  a Cu o f  3 .3  and a D10 

o f 4 .2  mm. emphasize the  im portance o f  s o i l  c h a ra c te r is t ic s  on 

waste a b s o rp tio n .

4. An a b s o rp tio n  f ie l d  w ith  an a d d it io n  o f tw e lve  inches o f g rave l

passing a number 4 s ie ve  w ith  a C o f 30 and a D o f 0 .4  mm.,

would p ro v id e  COD removal o f 90% o r above a t minimum dosage ra te s  

c a lc u la te d  acco rd ing  to  B u l le t in  No. 9 by the Arkansas S ta te  

Department o f  H e a lth .



6. RECOMMENDATIONS

C o n s is te n tly  h ig h e r COD removals a re  ob ta ined  by ly s im e te rs  having a

Cu o f 30 and a o f 0 .4  mm in  comparison w ith  those o f id e n t ic a l depth

and passing  the same s iz e  s ie ve  b u t having a Cu o f 3 .3  and a D10 o f 4 .2  mm.

A d d it io n a l in v e s t ig a t io n s  should be conducted to  de term ine the  o p tim a l and 

m in im a l Cu and D10 va lues  which would g iv e  c o n s is te n t ly  accep tab le  p o llu ta n t  

rem ovals.

An in v e s t ig a t io n  o f a c tu a l f i e l d  a b s o rp tio n  systems employing th is  

g ra v e l p e rc o la t io n  system should a ls o  be conducted.
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