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Abs t r ac t  

- - t h e  - work done a t  Brookhaven 
L 

Nat iona l  Laboratory i n  t h e  development of n a t u r a l  systems 

which produce p o t a b l e  wate r  from sewage- 

Conventional  t r ea tmen t  p l a n t  hardware beyond a e r a t i o n  

is n o t  used i n  t h e s e  p ro to type  rnarsh/pond and meadow/marsh/ 

pond systems and no s ludge  is  gene ra t ed .  

Experiments w i th  two p ro to type  systems a r e  desc r ibed  

and performance d a t a  a r e  p resen ted  i n  d e t a i l  f o r  t h e  marsh/ 

pond. 

Empir ica l  i n t e r p r e t a t i o n s  of r e s u l t s  achieved t o  d a t e  

a r e  suggested f o r  u s e  i n  t h e  des ign  of  marsh/ponds a s  

n a t u r a l  sewage r e c y c l i n g  systems.  

Cons t ruc t ion  and o p e r a t i n g  c o s t s  f o r  a proposed ' 

250,000 G.P .D., s t a t e - o f - t h e - a r t  p l a n t  a r e  p r e s e n t e d .  

- iii - 



" 1 
Natura l  Sewaqe Recyclinq Systems 

I n  1973, Brookhaven National  Laboratory began experiments 

with t h r e e  n a t u r a l  systems t o  determine t h e i r  e f f e c t i v e n e s s  i n  

t h e  t reatment  of domestic sewage. This  work i s  s t i l l  proceeding 

a s  a  coopera t ive  system development e f f o r t  between t h e  Town of 

Brookhaven, N . Y .  and t h e  Atomic Energy Commission, now t h e  

Energy Research and Development Administrat ion.  The Laboratory 

provides a  p a r t  of i t s  5500 a c r e  s i t e  and pays f o r  h a l f  p r o j e c t  

s t a f f  c o s t s ;  the,Town provides a l l  the  hardware and pays f o r  

t h e  o the r  h a l f  of the  opera t ing  and development s t a f f  c o s t s .  

The p r o j e c t  is  now i n  t h e  f i f t h  year of ca r ry ing  out  t h i s  

c o l l a b o r a t i v e  c o n t r a c t .  

C a p i t a l  expenses t o  d a t e  have been about $250,000 and 

opera t ion  and development expenses w i l l  have been almost $1,400,000 

by the  end of F i s c a l  Year 1977. These opera t ing  c o s t s  do not  

include t h e  c 'onsiderable expense f o r  labora tory  a n a l y s i s  incurred 

by the  ~ u f f o 1 k ' ~ o u n t ~  Water Authori ty  and not  b i l l e d  t o  t h e  p r o j e c t ,  

nor t h e  l abora to ry  a n a l y t i c a l  expense a l s o  cont r ibuted  from time 

t o  time by t h e  Suffo lk  County Heal th Department, and t h e  N.Y.  S t a t e  

Department of Environmental Conservation a t  Stony Brook. 

'presented a t  t h e  New York Water P o l l u t i o n  Control  Associa t ion  
Winter Meeting, New York City,  January 17, 1977. 



Under t h i s  ar rangement ;  t h r e e  n a t u r a l  sys tems have  been 

i n v e s t i g a t e d  a s  t o  t h e i r  r e l a t i v e  e f f e c t i v e n e s s  i n  r e n o v a t i n g  

a e r a t e d  sewage t o  d r i n k i n g  w a t e r  ' q u a l i t y .  For  t h e  f i r s t  two 

and a  h a l f  y e a r s  o f  t h e  p r o j e c t ,  a l l  t h r e e  sys tems w e r e  ope ra t ed  

i n  v a r i o u s  modes s i m u l t a n e o u s l y .  These w e r e  t h e  Upland Spray 

open si tes f o r  one;  and two d i f f e r e n t  lowland sp r ead  c l o s e d  

sy s t ems .  During t h e  second two and a  h a l f  y e a r s  of t h e  f i v e -  

y e a r  deve lopment ,  p e r i o d  , o n l y  t h e  lowland c lo sed  sys tems 

c o n t i n u e  t o  be i n v e s t i g a t e d .  

The open upland sys tems have been  d e s c r i b e d  and r e p o r t e d  

on p r e v i o u s l y ,  i n  some d e t a i l ,  by    rook haven N a t i o n a l  Labora to ry .  ( 1-4 

I n  b r i e f ,  t h i s  work confirmed t h a t  of  " o t h e r  e n g i n e e r i n g  i n v e s t i -  

g a t o r s ,  namely t h a t  g i v e n  s u f f i c i e n t  l and ,  s p r a y  i r r i y d k e d ,  

vegetated p l o t s  w i l l  r enova t e  sewage. P u t  the porous  soils nf 

Long I s l a n d ,  t h e i r  land requ i rement  o f  g r e a t e r  t h a n  130 acres 

p e r  MGD, s imply  p r i c e d  open sys tem s p r a y  i r r i g a t i o n  si tes o u t  

o f  t h e  r u n n i n g . .  Moreover, s i n c e  t h e r e  i s  a  f i n i t e  l i m i t  t o  t h e  

sewage f r a c t i o n s  which s a f e l y  can be accummulated i n  upland 

c r o p s  and s o i l s ,  it w a s  concluded (5)  t h a t  c o n t r o l l e d ,  open 

system., upland s p r a y i n g  is  bet ter  s u i t e d  t o  fa rming .  I n  c r o p  

p r o d u c t i o n ,  the r a t e . '  and s t r e n g t h  of  . n u t r i e n t ,  t o x i n s  and w a t e r  , 

a p p l i e d  t o  t h e  l and  a s  sewag,e need .  t o  be r e g u l a t e d  i n  o r d e r  t o  
. . 



g a i n  the  b e s t  ha rves t  and t h e  l e a s t  contamination of land.  

J These o b j e c t i v e s  and necessa ry ,  c o n t r o l s  a r e  not compatible with . , 

t h e  ' i n c i d e n t a l  use of land and vegeta t ion  simply a s  media f o r  , 

t he  renovat ion t o  dr inking  water  of sewage, no matter  i t s  

composition o r  r a t e  of d e l i v e r y .  ~ o n s e q u e n t l y ,  experiments 

with open spray a p p l i c a t i o n  systems stopped e a r l y  i n  1975 and 

s i n c e  t h a t  t ime, a l l  e f f o r t  a t  ENL has  been in  t h e  development 

of the  two closed lowland systems, which accept  sewage a s  it  

comes and is  applied by g u t t e r  spreading r a t h e r  than  by spraying .  

The t w o  closed lowland systems a l s o  have been descr ibed 

previou.sly,  .and some pre l iminary  r e s u l t s  f o r  both have been 

(1-7 1 repor ted  by BNL. B r i e f l y  reviewed, one system i s  a meadow/ 

m a r ~ h / ~ o n d  s e r i e s  prototype p l a n t .  The o the r  is a pro to type  

m a r ~ h / ~ o n d  s e r i e s .  Both experimental  systems accept  raw sewage 

blended with septage . Before a p p l i c a t i o n ,  the  blends a r e  

p r e t r e a t e d  by d e g r i t t i n g  f o r  removal of non-degradables, 

coiminuted, mixed, and a e r a t e d .  Figure 1 shows a schematic 

and flow s h e e t  of the  pretreatment  and experimental  t e s t  

f a c i l i t i e s .  sewage flow through p e t r e a t m e n t  genera l ly  

is  pumped i n t e r m i t t e n t l y .  Flow through t h e  experimental  a r e a  , + 

. . 

i s  imntinuous, by g r a v i t y ,  a f t e r  d e l i v e r y  from t h e  f i n a l  aera ted  

hold-up pond through the  marsh and pond t o  recharge of t h e  pond 

overf lows.  
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Figure 1. Brookhaveri National Lclbura t o r y  schematic 
lowland treatment systems. 



Each a e r a t i o n  pond has  a  60,000 g a l l o n  capac i ty .  During 

i- t h e  experimental  per iod,  flows through the  system have. increased 

from an i n i t i a l  12,000 GPD t o  the  p resen t  40,000 GPD,  Thus 

t h e o r e t i c a l  de ten t ion  time f o r  p reae ra t ion  and mixing have 

decreased from an i n i t i a l  15 days t o  t h e  presen.t 4 112 days.  

Because of the  physical. arrangement, i t  has not  been p o s s i b l e  

f u r t h e r  t o  reduce a e r a t i o n  time t o  the  one day which i s  bel ieved 

t o  be s u f f i c i e n t  f o r  odor c o n t r o l  and completely mixed s o l i d s  

suspension. Each aera ted  pond has  a  s i n g l e  5 hp f l o a t i n g  a e r a t o r  

which i s  more than adequate t o  supply a i r  bu t  is necessary t o  

assure  ice- f ree  mixing i n  t h e  w i n t e r .  

E.ach experimental  system has  received h a l f  t h e  d a i l y  sewage 

input  on a  24 hour,  7 day b a s i s  s i n c e  continuous opera t ion  began 

i n  A p r i l  1975. Severa l  blends of septage t o  raw sewage have 

been t r i e d  from 1 : 2  a t  t h e  o u t s e t ,  through 1:10 . for  a  6 month 

per iod ,  t o  1:5 from January 1 9 7 6  t o  t h e  p resen t .  Since one. 

ob jec t ive  i n  the  development of these  systems i s  t o  avoid sludge 

genera t ion  f o r  sepa ra te  d i sposa l ,  t he  r e l a t i v e  c a p a c i t i e s  of t h e  

two systems t o  accept  high s o l i d s  blends a t  high a p p l i c a t i o n  

r a t e s  h a s  been a  p r i n c i p a l  eva lua t ion  f a c t o r .  When operated 

a t  1:2 blend,  even a t  only 6,000 GPD (ha l f  the  12,000 GPD 

i n i t i a l  t o t a l  inpu t )  t h e  meadows clogged with a  2  week on/ 



2 week o f f  a l t e r n a t i n g  a p p l i c a t i o n  mode. The meadows produced 

a  s a t i s f a c t o r y  e f f l u e n t  a t  1:10 blends in  a  3 week a l t e r n a t i o n  

mode a t  10,000 GPD, b u t  do no t  appear capable of opera t ing  a t  

1:5 a t  10,000 GPD each i n  a  3 week a l t e r n a t i n g  mode. They 

became s e r i o u s l y  clogged by t h a t  a p p l i c a t i o n  r a t e  and s t r e n g t h  

when operated cont inuously (without a l t e r n a t i o n )  from A p r i l  

through August 1976. 

Despite meadow cloggirlg and i t s  coilsequent lower performance 

under high s o l i d s  a p p l i c a t i o n s ,  t h e  meado~/marsh/~ond system a s  

a  whole continued t o  d ischarge  s a t i s f a c t o r y  pond wa te r .  I n  f a c t ,  

t h e  pond water  discharged by both the  meado~/marsh/~ond and t h e  

m a r ~ h / ~ o n d  systems, under t h e  same r a t e  and s t r e n g t h  app l i ca t ions ,  

is  of about equa l  ' q u a l i t y .  Frum sL1~ese observations, it i s  

apparent  t h a t  a  n~arsh /~ond  s e r i e s  alone w i l l  renovate t h e  

e n t i r e  spectrum of appl ied sewage blends f i - o m  very weak meadow- 

f i l t e r e d  e f f l u e n t  through t h e  h i g h e s t  s t r e n g t h s  and r a t e s  t h a t  

we have appl ied t o  d a t e .  Since a marsh/porld s e r i e s  r e q u i r e s  

roughly h a l f  t h e  land needed f o r  a  mead~w/marsh/~ond s e r i e s ,  

the  former i s  t h e  more e f f i c i e n t  sewage treatment/water producing 

system of t h e  two. Because of i t s  domination i n  renovat ion,  the  

balance of t h i s  paper is devoted t o  a  more d e t a i l e d  examination 

of the  m a r ~ h / ~ o n d  only .  



A look a t  F i g u r e s  2 th rough  11 g i v e s  a  f e e l  f o r  a  marsh/ 

pond sys tem i n  o p e r a t i o n .  . 

F i g u r e  2 

F i g u r e  3 

F i g u r e  4 

F i g u r e  5 

F i g u r e  6  

--Septage b e i n g  d e l i v e r e d  by  Town 

t a n k e r  t o  t h e  p r e t r e a t m e n t  a r e a .  

--Aerat ioh and mixing i n  one of  t h e  

60,000 g a l .  p r e t r e a t m e n t  hold-up 

ponds : i n  summer. 

--Ditto--in w i n t e r ;  n o t e  open a r e a  i n  

c e n t e r  around c o n s i d e r a b l e .  ice fo rma t ion .  , 

. 
--Dit to-- the f i n a l  p r e t r e a t m e n t  pond i n  b 

summer w i t h  v i s i t o r s  anx ious  t o  d e t e c t  

some odor--no odor ,  no f l i e s ,  minimum . :' fi 

a e r o s o l s .  . s 

--The g u t t e r  f eed  t o  marsh--note no  

s p r a y ,  hence  no  a e r o s o l s .  

F i g u r e  7  - -B io log i s t  p l a n t i n g  c a t t a i l s  i n  t h e  

marsh--note membrane which under  i i es  . 

t h i s  and a l l  components o f  t h e s e  c l o s e d  

sy s t ems .  

F i g u r e  8 --Field t e c h n i c i a n  i n  marsh t h r e e  months 

a f t e r  r ep lan t ing- - June  1976. Note 

v o l u n t e e r  Lemna (Duckweed) which is  



Figure  10 

F igu re  11 

p r o l i f i c  i n  n u t r i e n t  up take  and is  a  

wate r  a e r i f i e r :  g r e a t  t o  have i n  t h e  

marsh--a nu isance  i n  t h e  pond. 

- - ~ a r s h / ~ o n d  s y s  tem i n  summer i n  pond 

w i t h  c a r p  stocked--no Lemna--they e a t  

i t .  

--Pond--withuut c a r p - - p r o l i f i c  Lemna 

which must be  ha rves t ed  weekly i n  

summer--mass w i l l  double i n  6 days .  

I f  n o t  ha rves t ed ,  pond w i l l  go anaerobic  

and k i l l  f i s h  f o r  l a c k  of  02. 

- -~arsh/pond system i n  win te r - -desp i te  s e r e  

v e y e l a t i o n  and i c e  c n v e r ,  if deep enough 

t h e  r enova t ion  w i l l  con t inue  and Lemna 

still i n  Llie marsh w i l l  conti.nue t o  

v e g e t a t e .  

The preced ing  i l l u s t r a t i o n s  show t h e  m a r ~ h / ~ o n d  system a s  

i t  h a s  lookea s i n c e  f i r s t  p u t  i n  o p e r a t i o n  i n  1973 a s  an 

expe r imen ta l  f a c i l i t y .  U n t i l  A p r i l  1975, it was opera ted  i n  

a weekly b a t c h  r e c y c l i n g  mode f o r  b a s i c  r e s e a r c h  i n  t h e  up take  

of  n u t r i e n t s  from sewage. A t  t h a t  t ime ,  it was decided t h a t  

s i n c e  no longer  were t h e r e  s u f f i c i e n t  funds  t o  suppor t  t h e  b a s i c  























research  necessary t o  understand t h e  m a r ~ h / ~ o n d  system, a  

pragmatic approach would be used t o  determine i ts  e f fec t iveness  

a s  a  sewage-to-water treatment p l a n t  . 
The system development design p lan  then was set under which 

t he  m a r ~ h / ~ o n d  would be operated i n  a  continuous, s t r a i g h t  through 

m0d.e. F i r s t ,  t h e  continuous hydraul ic  app l ica t ion  r a t e  gradual ly  

would be increased t o  t h a t  r a t e  a t  which t he  renovative capaci ty  

of t h e  m a r ~ h / ~ o n d  began t o  f a i l ,  thus e s t ab l i sh ing  an hydrau l ic  

upper l i m i t .  Next, a t  t h a t  hydraul ic  upper r a t e ,  t he  sewage 

blend s t reng th  gradual ly  would be increased t o  t h a t  s t r eng th  

a t  which t h e  renovative capac i ty  of t he  m a r ~ h / ~ o n d  began t o  

f a i l ,  thus e s t ab l i sh ing  an apparent upper t o t a l  loading l i m i t .  

Renovative f a i l u r e  was defzned a s  t h e  production of pond e f f l u e n t  

which, a f t e r  f i l t r a t i o n  through vegetated p l o t s ,  was not  potable .  

The m a r ~ h / ~ o n d  would be s a t i s f a c t o r y  i f ,  roughly a s  b u i l t ,  it 

would accept  domestic sewage and septage a s  it came and produce 

water  f o r  reuse  without hazardous o r  otherwise objec t ionable  

environmental e f f e c t s .  

This experimental plan has  progressed t o  the  po in t  of 

e s t ab l i sh ing  an hydraul ic  design upper l i m i t  of 100,000 GPD/ 

acre  of marsh o r  about 50,000  acr acre of marsh/pond. It has  

been demonstrated t h a t  performance can be maintained a t  t h a t  



d e s i g n  load ing  r a t e  increased  by 100% over load such a s  would 

occur  w i t h  4  i nches  of  r a i n  i n  24 hour s .  A g r e a t e r  h y d r a u l i c  

c a p a c i t y  is suspec ted  b u t  h a s  n o t  been demonstra ted.  Thus 

t h e  des ign  h y d r a u l i c  ra te  o f  2 , 3  GPD p e r  square  f o o t  each of  

marsh and pond, h a s  been set. 

S ince  A p r i l  1976, t h e  marsh h a s  been loaded a t  t h i s  

h y d r a u l i c  ra te  which w i l l  be cont inued wi thou t  i n c r e a s e  a t  . - 
least through A p r i l  1977. The marsh h-~ded w i t h  t h e  

s a m e  blend s t r e n g t h s  over t h e  s a m e  time p e r i o d s  mentioned 

earlier f o r  t h e  meadow system but, c o n t r a r y  t o  t h a t  expe r i ence ,  

w i t h o u t  any n o t  i c e a b l e  change i n  marsh performance w i t h  i n c r e a s e  

i n  s t r e n g t h .  It is concluded from t h e s e  r e s u l t s  t h a t  t h e  marsh 

s a f e l y  can be loaded w i t h  a blend of  5 p a r t s  sewage L o  1 p a r t  

s e p t a g e .  The marsh is suspec ted  capable  ol: a s s i m i l a t i n g  s t i l l  

h i g h e r  s t r e n g t h  load ing  b u t  t h i s  h a s  n o t  been demonstra ted.  

A t  t ha t  blend,  the i n f l u e n t  is a t  about  t h e  s t r e n g t h  o f  medium 

domes t ic  sewage. T h i s  s t r e n g t h  is n o w  being i n c r e a s e d .  

To avoid odors ,  it  i s  b e l i e v e d  t h a t  i n f l u e n t  must be 

d e l i v e r e d  t o  t h e  marsh i n  an a e r o b i c  s ta te .  An e x c e s s  o f  p re -  

t r e a t m e n t  a i r ,  i n  a d d i t i o n  t o  c o n t r o l l i n g  odor,  w i l l  produce a 

r e d u c t i o n  i n  BOD and t h e  h y d r o l y s i s  of  o rgan ic  n i t r o g e n  ( I3)  which 

is a l l  t o  t h e  good b u t  is  probably  a  luxury .  However, t h e  
F 
I 



probably much lower l i m i t  f o r  necessary a i r  h a s  no t  y e t  been 

determined f o r  f r e s h  sewage e n t e r i n g  a  marsh s i n c e  a l l  pre-  

t reatment  t o  d a t e  h a s  been of o ld ,  o f t e n  s e p t i c  b lends  of 

cesspool  pumpings and sewage. A conservat ive  minimum of . 3  hp 

of f l o a t i n g  a e r a t o r  per  1,000 gallon/day design r a t e  of marsh 

in£ luen t  is s e t  by BNL experience as t h e  design minimum f o r  

these  r e c i r c u l a t e d  sewage b lends .  BNL work has  demonstrated 

t h a t  t h i s  amount of a i r  a s su res  BOD and T o t a l  N r educ t ions  5 

on t h e  order  of 50% and 40% r e s p e c t i v e l y  i n  a  completely odor- 

f r e e  i n f l u e n t  which is acceptable  t o  t h e  marsh. 

Following t h e  pragmatic development p lan ,  a s  mentioned 

previous ly ,  sewage de l ivered  t o  t h e  p resen t  15 hp pre t rea tment  

a e r a t o r s  is now being s t rengthened.  Septage d e l i v e r i e s  were 

stopped and only domestic sewage s e t t l e d  raw s o l i d s  w e r e  

accepted i n  s tead  i ly - inc reas  ing q u a n t i t i e s  a f t e r  August 1976. 

Since then, pretreatment  BOD has  increased from t h e  previous ly  
5 

yea r ly  average of about 220 t o  2,000 ppm. Despi te  t h i s  s t r e n g t h  

inc rease  ahead of a e r a t i o n ,  the  subsequent BOD5 i n  appl ied marsh 

in£  l u e n t  h a s  continued t o  average below 100 ppm with no odor-- 

a  95% reduct ion  by p r e  a e r a t i o n .  Come t h i s  Spring, the  amount 

of pretreatment  a i r  w i l l  be  reduced i n  s t a g e s  u n t i l  odor is 

not iceable ,  and/or contaminant loading proves t o  be excess ive .  



Assuming renovat ion cont inues t o  be acceptable  up t o  t h a t  po in t ,  

a s  is a n t i c i p a t e d ,  it w i l l  then  be p o s s i b l e  t o  set t h e  l o w  

pre t rea tment  a i r  design l i m i t  a s  a funct ion  of sewage s t r eng th  

as w e l l  a s  flow. 

I r r e s p e c t i v e  of such optimism, however, it  is  p o s s i b l e  t o  

des ign  a m a r ~ h / ~ o n d  system now only on t h e  b a s i s  of p r e d i c t i o n s  

which s a f e l y  can be ext rapola ted  from medaurementa made t o  da te  - 

The Laboratory h a s  j u s t  published (8) t h e  f i r s t  marsh/pond d a t a  

r e p o r t  a s  a p r e s e n t a t i o n  of 32 parameter d a t a  tabula ted  and/or 

p l o t t e d  a f t e r  a n a l y s i s  of 53 weeks of sampling t h e  marsh i n f l u e n t  

and t h e  pond e f f l u e n t .  These repor ted  d a t a  were used a s  t h e  

(9) b a s i s  of  a proposed 250,000 GPD 111arsh/~ond system t o  se rve  

a new housing development u n d e ~  cons t ruc t ion  i n  t h e  T m n  of 

Brookhaven. The grcd i c  tcd performance of this proposed system 

i n  removing BOD and Nitrogen a r e  shows i n  Figurc 12. 

Based on t h e  experience of o the r s ,  (lo) t h e  BOD curve i n  

t h i s  f i g u r e  is p red ic ted  t o  begin a t  210 ppm (2,500 pop, x : 17 

#BOD 5/person = 425 #BOD 5/day. And 2,500 x 100 = -25 MGD so,  

'L 
4 2 5 / ( * 2 5  x 8.34)- 210 ppm): from genera l  experience,  2 4  hours 

of a e r a t i o n ,  w i l l  reduce BOD a t  l e a s t  by 50% r e s u l t i n g  i n  about 
5 

105 ppm e n t e r i n g  t h e  marsh: an  average d e t e n t i o n  time i n  t h e  

marsh w i l l  g ive  a 52 ppm BOD marsh e f f l u e n t  e n t e r i n g  t h e  pond: (8) 
5 



Figure 12. Predicted remaining BOD5 and EN 
marsh/pond proposal, Rustic Ridge. 



a n  average 18 day period i n  t h e  pond w i l l  produce a pond e f f l u e n t  

n o t  over 30 ppm. (8) F i n a l  recharge through a l i t t e r e d ,  mixed p ine  ml  
and deciduous f o r e s t  f l o o r  w i l l  r e s u l t  i n  f i n a l  e f f l u e n t  reaching 

t h e  water  t a b l e  conta in ing  not  over 15 ppm of BOD and probably 5 

less than  5 ppm (11) (I3) -a 98% t o t a l  removal. 

The Nitrogen curve begins  w i t h  an est imated (12) content  

of 40 ppm t o t a l  N i n  domestic sewage of medium s t r e n g t h .  From 

t h e  experience of o t h e r s  (13) and a t  BNL, (8) p r e a e r a t i o n  is 

expected t o  reduce t o t a l  N t o  about 25 ppm i n  t h e  i n f l u e n t  t o  

t h e  marsh. Passage of t h i s  blend through t h e  BNL e x i s t i n g  marsh/ 

pond prototype,  reduced t o t a l  N t o  an average of 10 ppm i n  

e f f l u e n t  from t h e  pond. By deepening t h e  marsh and r e t a i n i n g  

o 
a sewage temperature of 50 F through p r e a e r a t i o n  and app l i ca l ion ,  

a t o t a l  N removal of 80% is expected i n  t h e  proposed syatcm 

div ided  among t h e  components about a s  shown i n  Figure  12. 

Recharge experiments a t  BNL(5) showed a yea r ly  average t o t a l  N 

r educ t ion  of  about 40% when percola ted  through a f o r e s t  f l o o r .  

Thus i t  i s  predic ted  t h a t  recharging through t h e  f o r e s t e d  a r e a  

of t h e  proposed systeht w i l l  r c a u l t  i n  a remainder no t  averaging 

over  5 ppm i n  t h e  p e r c o l a t e  reaching t h e  water table-an 87.5% 

t o t a l  removal. 



It i s  noted  t h a t  t h e  BOD and t o t a l  N removals  c i t e d  above 

a r e  p r e d i c t e d  a t  t h e  w a t e r  t a b l e .  I t  is emphasized t h a t  a  

m a r ~ h / ~ o n d  s y s t e m  can n o t  be recommended f o r  r e c h a r g e  w i t h o u t  

p a s s a g e  o f  t h e  pond e f f l u e n t  th rough  or o v e r  a  v e g e t a t e d  s o i l  

i f  t h e  h i g h e s t  removals  a r e  t o  be g a i n e d .  I n f i l t r a t i o n  th rough  

a  mixed p i n e  and d e c i d u o u s  f o r e s t  h a s  proved t o  g i v e  t h e  most 

p o l i s h i n g  among t h e  s c r u b  p i n e ,  o l d  f i e l d ,  and Timothy f i e l d s  

t e s t e d  and r e p o r t e d  on b y  t h e  p r o j e c t  f o r  t h e  sandy loam on 

Long I s l a n d  !5)The p a s s a g e  o f  pond e f f l u e n t  t h r o u g h  o r  over  some 

v e g e t a t e d  s u r f a c e  b e f o r e  r e u s e  is d e s i r a b l e  t o  f i l t e r  o u t  t h e  

c o l i f o r m s  and t u r b i d i t y  due  t o  a l g a e  and d e t r i t u s  t h a t  f l o w  o u t  

o f  a  n a t u r a l  pond. I n  t i g h t  s o i l s ,  o v e r l a n d  f l o w  would p o l i s h  

pond e f f l u e n t  b u t  upwards o f  5  a c r e s  o f  r e c h a r g e  a r e a  a l o n e  

would be r e q u i r e d  (11) f o r  a  .25 MGD p l a n t  : t h e  p o r o u s  so i l ,  a s  

a t  t h e  Brookhaven r e c h a r g e  s i t e  r e q u i r e s  o n l y  .5  a c r e  f o r  .25 MGD.. 

The t a b l e  i n  F i g u r e  1 3  shows t h e  a v e r a g e ,  maximum and 

minirnum c o n c e n t r a t i o n s  o f  con taminan t s  i n  t h e  pond e f f l u e n t  

b e f o r e  it p e r c o l a t e s  th rough  t h e  f o r e s t  l i t t e r  and s o i l .  The 

a v e r a g e  l e v e l  of  e a c h  con taminan t  i s  a t  o r  below e s t a b l i s h e d  

e f f l u e n t  and d r i n k i n g  w a t e r  s t a n d a r d s  except.  f o r  t o t a l  c o l i -  

form, t o t a l  suspended s o l i d s  and t ~ ~ r b i d i t y  which w i l l  Le f i l -  

t e r e d  o u t  d u r i n g  p e r c o l a t i o n  and ,  f o r  i r o n ,  manganese and 

sodium which a r e  n o t  s i g n i f i c a n t l y  h i g h  n o r  i m p o r t a n t  t o  pub- 

l i c  h e a l t h .  



C h a r a c t e r i s t i c s  of E f f l u e n t  Water ' ~ r o m  Pond 
' ~ v e r a ~ e s  f o r  13 Month Study Per iod  8/75 - 8/76 

( i n  ppm = mg/l except  f o r  pH and as noted)  

Concentrat ion 

E f f l u e n t  
Parameter Ref. C r i t e r i a  Average Max. Min . 

T o t a l  So l id s  
T o t a l  V o l a t i l e  So l id s  
T n t a  1 Suspended S o l i d s  (11) 
T o t a l  V o l a t i l e  Sitspellcted So l id s  
T o t a l  Dissolved S o l i d s  (12) 
Biochemical Oxygen Demand (BOD5) (11) 
Chemical Oxygen Demand 
T o t a l  Ni t rogen  ( l i q u i d  + s o l i d )  (10) 
T o t a l  K je ldah l  Nitrogen ( l i q u i d  + s o l i d )  
Ammonia Nitrogen ( l i q u i d )  
T o t a l  (NO2 + NO3)-N(1iquid) (12) 
T o t a l  Phosphorous ( l i q u i d  + s o l i d )  
Orthophosphate-P ( l i q u i d )  
T o t a l  Coliform (#/100ml) (12) 
Feca l  Coliform (#/100ml) (11) 
PH 
Tu rb id i t y  ( J - U )  (12) 
Temperature (OC) 
S p e c i f i c  Conduct. (mhu) 
MBAS (ABS) (12) 
(:alcium (10) 
Chlor ide  ( 1 2 )  
Chromium (13) 
Copper ( 1  2)  
F l u o r i d e  (12) 
I r o n  (12) 
Magnesium 
Manganese (12) 
Potassium 
Sodium (10) 
Zinc (12) 

.5 
S a t .  
250 

. n5 
1, U 

.6 

.3 

*Geom. mean / / / 100d  



References t o  published s tandards  a r e  c i t e d  t o  demonstrate 

compliance of t h e  system f o r  those contaminants which were 

measured. 

Areal  requirements f o r  a  m a r ~ h / ~ o n d  system design t o  

renovate medium s t r e n g t h  domestic sewage t o  a t  l e a s t  t h e  

water q u a l i t y  s tandards  c i t e d  i n  Figure 13, can be determined 

by expanding t h e  Brookhaven t e s t  s i t e  dimensions. It appears 

from d a t a  obtained t o  d a t e  t h a t  t o t a l  N i s  t h e  l i m i t i n g  parameter 

f o r  these  n a t u r a l  systems. I n  o t h e r  words, most o the r  contam- 

i n a n t s  appear t o  be removed s a t i s f a c t o r i l y  t o  t h e  e x t e n t  t h a t  

Nitrogen is  removed. Based on the  Brookhaven experiments,  a  

conservat ive ly  designed recharge system which w i l l  reduce t o t a l  N 

from 40 ppm i n  raw sewage t o  5 ppm a t  the  water tab le , ,  f o r  a  raw 

sewage flow of .25 MGD, one should allow: 

Pretreatment a r e a  .5 Acres 
Marsh I I 2.5 " 
Pond I1 2.0 " 
Recharge I I .5 " 
Access I I 1 . 5  " 

Tota l  system " 7 . 0  " 

Since the  ~ i v o t a l  component i n  t h e  m a r ~ h / ~ o n d  system i s  

t h e  marsh, wi th  t h e  o t h e r  components scaled t o  it  a s  above, a  

u s e f u l  design u n i t  may be t h e  square f e e t  of marsh requi red  

per  pound of t o t a l  N i n  the  raw sewage t o  be renovated.  For 



t h e  C N removal c i t e d  i n  F igu re  12, t h i s  works o u t  t o  be 

It i s  of  i n t e r e s t  t o  compare t h e  performance of marsh/ 

pond systems wi th  t h a t  of  a  contemporary A .W .T.  p l a n t .  Perhaps 

a  good comparison i s  t h e  Brookhaven 20,000 GPD exper imenta l  and 

250,000 GPD proposed on- l ine  systems,  w i t h  t h e  Blue P l a i n s  

100,000 GPD th ree-s ludge ,  suspended growth p i l o t  p l a n t .  (13) 

F i g u r e s  14 through 17 are p l o t s  of fou r  s i g n i f i c a n t  parameters  

f o r  t h e s e  t h r e e  p l a n t s ,  showing t h e  pe rcen tages  of  contaminants  

remaining a f t e r  t h e  s e v e r a l  p r o c e s s  s t e p s .  

From F igu re  14, it is seen  t h a t  T o t a l  Ni t rogen remaining 

a f t e x  p r e a e r a t i o n  i n  t h e  Brookhaven p roces s  is about t h e  same 

as  t h a t  fo l lowing  h i g h  r a t e  o r g a n i c  s y n t h e s i s  i n  t h e  Blue P l a i n s  

p i l o t .  Ni t rogen removal p r i o r  t o  f i n a l .  sand f i l t r a t i o n  i s  b e t t e r  

f o r  B l u e  Plains. ,  b u t  because of t h e  vege ta ted  sand f i l t e r ,  t h e  

Brookhaven 20,000 GPD t e s t  managed 85% removal and t h e  250,000 

GPD proposed p l a n t  is p r e d i c t e d  t o  remove 88% a g a i n s t  90% f o r  

t h e  Blue P l a i n s  p i  l o t .  

BOD and COD removals f o r  bo th  Brookhaven p l a n t s  a r e  96% 
5 

a g a i n s t  88% f o r  Blue P l a i n s  as shown i n  F igu re  15.  F i g u r e s  1 G  -1- 17 

i n d i c a t e  t h a t  t h e  m a r ~ h / ~ o n d  components a r e  about a s  e f f e c t i v e  

a s  Blue P l a i n s  i n  removing bo th  phosphorous and t o t a l  suspended 

s o l i d s .  



Figu re  1 4 .  Tota l  n i t r o g e n .  





Figure 16. Total phosphorus. 
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Figure 17. Total suspended solids. 
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Despite t h i s  favorable  performance comparison wi th .  a  c e n t r a l  

p l a n t  p i l o t ,  i t  is not suggested t h a t  marsh/~onds be considered 

a s  s i n g l e  systems a l t e r n a t i v e  t o  l a rge  c e n t r a l  t reatment  p l a n t s  

+ 
such a s  the  Washington, D . C .  Blue P la ins  300 MGD p l a n t  o r  the  

now-building Bergen Po in t  30 MGD p l a n t  f o r  t h e  Suffo lk  County, 

N.Y.,  Southwest Sewer D i s t r i c t .  . Rather,  it i s  suggested t h a t  

marsh/ponds .be considered a s  a l t e r n a t i v e s  t o  so-called package 

t reatment  p1ant.s t o  handle i n  the  range of .1 t o  1 MGD f lows.  

I n  those circumstances where t h e  use  of small  p l a n t s  i n  t h a t  

flow range provides an economical a l t e r n a t i v e  t o  a  c e n t r a l  p l a n t ,  

mul t ip le  marsh/ponds should provide an a l t e r n a t i v e  s t i l l  more 

c o s t - a t t r a c t i v e  than o the r  small  systems. Furthermore, i n  

regions  such a s  e a s t e r n  Long I s l and ,  where scavenger wastes 

a r e  a  problem, a  m a r ~ h / ~ o n d  provides an economical method of 

s ludge-free t reatment ,  not  poss ib le  with package systems. 

A c o s t  comparison of m a r ~ h / ~ o n d  systems with o the r  smai l  

t reatment  p l a n t s  t h a t  w i l l  produce an e f f l u e n t  s u i t a b l e  f o r  

groundwater recharge is d i f f i c u l t ,  s i n c e  one has  n o t  y e t  been 

put  on l i n e  i n  t h a t  s e r v i c e .  The 250,000 GPD system proposed 

f o r  Brookhaven Town a s  an a l t e r n a t i v e  t o  an extended a e r a t i o n  

p l a n t  complete with deep bed d e n i t r i f i c a t i o n  f i l t e r  and recharge 

t o  groundwater through sumps, h a s  been est imated by o t h e r s  (17) 

t o  o f f e r  a  f i r s t  c o s t  saving of approximately $150,000 and lower 



annual  c o s t s  s i n c e  chemicals and sludge removal a r e  not  r equ i red .  

This pre l iminary  es t imate .  comparison is  appropr ia t e ly  conservat ive  ' 

a s  b e f i t s  t h e  f i r s t  commercial a p p l i c a t i o n  of a  new system. For 

i t s  ownpurposes,  t h e  p r o j e c t  e s t ima tes  a  f i r s t  c o s t  f o r  a  

M/P system, without  land, f o r  a . 25  MGD flow, t o  be around 

$1 per  gallon-day; opera t ing  and maintenance expense, without  

t h e  c o s t  of money, is  est imated a t  about 50$/1000 g a l l o n s .  
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