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T h e  B i o - A c t i v a t i o n  p r o c e s s  i s  a  c o m 

b i n a t i o n  in  t w o  s t a g e s  o f  t r i c k l i n g  f i l t e r  
a n d  a c t i v a t e d  s l u d g e  i n  s u c h  a  m a n n e r  
t h a t  e a c h  s t a g e  o p e r a t e s  u n d e r  f a v o r a b l e  
c o n d i t i o n s  a n d  a t  i t s  g r e a t e s t  e f f i c i e n c y .

A  t r i c k l i n g  f i l t e r  i s  a  “ t o u g h ”  t r e a t 
m e n t  a g e n t  a n d  i s  c a p a b l e  o f  h a n d l i n g  
s h o c k  l o a d s ,  h i g h  s t r e n g t h  w a s t e s ,  a n d  
s e p t i c  s e w a g e  w i t h o u t  t h e  u p s e t t i n g  
t e n d e n c y  o f  a  s t r a i g h t  a c t i v a t e d  s l u d g e  
p r o c e s s .  W h e n  a  f i l t e r  i s  a b u s e d  o r  o v e r 
l o a d e d  i t  w i l l  a l w a y s  p r o d u c e  a n  e f f l u e n t  
o f  r e a s o n a b l y  g o o d  q u a l i t y  p r o v i d i n g  t h e  
f i l t e r  d o e s  n o t  p o n d .

T h e  a c t i v a t e d  s l u d g e  p r o c e s s  i s  h i g h l y  
e f f e c t i v e  b u t  r e s u l t s  a r e  a t  t i m e s  u n p r e 
d i c t a b l e .  D u r i n g  p e r i o d s  o f  d r y  w e a t h e r  
f l o w  o r  p e r i o d s  o f  u n u s u a l  i n d u s t r i a l  
w a s t e  d u m p s ,  t h e  p r o c e s s  i s  a p t  t o  “ f o l d  
u p ”  e n t i r e l y .  U n d e r  i d e a l  c o n d i t i o n s ,  
w h e n  i t  i s  h a n d l i n g  a  w e a k  d i l u t e  s e w a g e

c o n t a i n i n g  d i s s o l v e d  o x y g e n  w i t h  n o  
t r a c e  o f  c e p t i c i t i y  i t  w i l l  d e l i v e r  a  h i g h  
q u a l i t y  s t a b l e  e f f l u e n t .

I n  t h e  B i o - A c t i v a t i o n  p r o c e s s ,  t h e  b e s t  
q u a l i t i e s  o f  b o t h  t h e  t r i c k l i n g  f i l t e r  a n d  
t h e  a c t i v a t e d  s l u d g e  p r o c e s s  a r e  c o m 
b i n e d  in  s u c h  a  m a n n e r  t h a t  t h e y  w o r k  
s y m b i o t i c a l l y  i n  o r d e r  t o  o b t a i n  t h e  
b e s t  r e s u l t s  f r o m  e a c h .  T h e  p r o c e s s  u s e s  
a  s m a l l  a m o u n t  o f  m e d i a  in  t h e  t r i c k l i n g  
f i l t e r  t o  o b t a i n  t h e  i n i t i a l  h i g h  e f f i c i e n c y  
o f  B .  O . D . r e m o v a l .  N o  a t t e m p t  i s  m a d e  
t o w a r d  c o m p l e t e  t r e a t m e n t  in  t h i s  u n i t .  
T h e  p a r t i a l l y  o x i d i z e d  a n d  f r e s h  e f f l u e n t  
f r o m  t h e  t r i c k l i n g  f i l t e r  i s  p a s s e d  i n t o  
t h e  a e r a t i o n  t a n k .  H e r e  u n d e r  i d e a l  c o n 
d i t i o n s  t h e  a c t i v a t e d  s l u d g e  p r o c e s s  i s  
a b s o l u t e l y  d e p e n d a b l e .

T h e  B i o - A c t i v a t i o n  P r o c e s s  p r o d u c e s  
a  c o m p l e t e l y  s t a b l e  e f f l u e n t  h a v i n g  a  l o w  
B .  O . D . a n d  c a r r y i n g  n i t r a t e s .
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R. D. W ood Co. offers 
IMPROVED PRODUCTS FOR 

SEWAGE PLANTS

PIPIN G: Every form of cast iron p ip e —plain  end, raised end, b e ll and  
sp igot end, flanged, or m ech an ica l joint. It can  b e  provided  with  
cem en t or tar lin ing, or the h igh ly  and perm anently im pervious 
H i-Co L ining. R. D. W ood p ip e is centrifugally  cast in  sand-lined  
m olds for lightness, strength, flexibility, and  uniformity.

FITTINGS: Every sized  p ipe, from 3” to 30 ” ca n  b e  accom pan ied  b y  
its ow n com p lete lin e  of fittings, products of on e  of A m erica's  
oldest and best eq u ip p ed  foundries. S p ec ia l fittings m ake possi
b le  com p licated  p ip in g  arrangem ents in  a m inimum  of sp ace.

VALVES: r . d  . W ood g a te  va lves are u n iq ue in  the sim plicity of their 
construction and the d ep en dab ility  of their operation. T hey use  
only three m oving parts. W e provide them  in  all sizes for m anual 
or pow er operation, as w ell a s ch eck  valves, foot valves, etc .

FLOOR STANDS and A CCESSO RIES: A ccesso r ies  n e c e s 
sary to the p ip in g  and  control of sew a g e , water, or gas. O ur  
E ngineering D epartm ent w ill g lad ly  g iv e  information, ad vice , 
suggestions, prices, and  other assistance.

R. D. WOOD COMPANY
400 CHESTNUT STREET, PHILADELPHIA, PA. • ESTABLISHED 1803
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C H E C K  B I O F I L T R A T I O N  w

Biofiltration—proven by results 
from nearly 200 installations—mer
its careful consideration by munici
palities planning sewage treatment 
plants for the post war period.

A Biofiltration plant em ploying 
Dorr equipment will produce a 
uniform final effluent despite wide 
fluctuations in the volume and com
position of the feed. The basic Bio
filtration recirculation principle, 
coupled with the use of shallow 
filter beds, allows loadings up to 10 
times those possible with standard 
trickling filters. B.O.D. and sus
pended solids removals will average 
85 to 90%—-depending upon the 
type of flowsheet employed.

These”are facts—backed by the per
formance records of nearly 200 Bio
filtration installations operating 
under widely varying conditions. 
We would like to tell you more 
about it—and show you specifically 
how Biofiltration can fit into your 
own post war plant.

A Dorr Engineer will call at your 
request—or as a starter we’ll send 
you a copy of “The Biofiltration  
System,” 24 pages of factual infor
mation.

The photo above is o f a Two-Stage Biofilter 
P lant model, built fo r  the Corps o f Engineers 
o f the A rm y , Construction D ivision, Repairs 
and U tilities Branch.

IRESEARCH[ ■ H E N G IN E E R IN G B B E Q U IP M E N T M I

A D D R E S S  A l l  I N Q U I R I E S  TO OUR NE ARES T OFFI CE
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tj o u  t e  f e l a w U n y  n o w  . .  .

"pen 'P 'U ttu vu f, P ia z f a t e a t

D o r r c o -M e c h a n ic a lly  C le a n e d  lia r  
S cre en —for the removal of trash and 
coarse solids.

D orr D e tr ito r  for the removal and 
washing of grit and inorganic matter.

D orrco V a c u a to r  for the removal of 
grease and scum from sewage or trade 
wastes.

D orr C larifier for the primary sedi
mentation of raw sewage.

B a r n e s -D o r r c o  S lu d g e  P u m p  for
handling the thickened sludge from 
clarifiers.

D o r r c o  F lo c c u la t o r  for improving 
floe structure in chemical precipitation 
treatment.

D orr C larifier for the final sedimenta
tion of treated sewage.

*p<yi S ic td y e  'Dcdfcodai

D orr M u ltd ig e s t io n  S y s te m  for the
efficient two-stage reduction of sewage 
solids.

C -E  R a y m o n d  S y s te m  for the drying 
and/or incineration of filtered sludge.

p o x  “7 W  S te fid  i*t O ne 7i*U t

“p a r  P 'ie a fa tw .t
D o rrco  C la r if lo c c u la to r , combining 
preflocculation and sedimentation.

D orrco D is tr ib u to r  for applying sew
age evenly over circular trickling 
filters.

B io filtr a tio n  S y s te m  for improved 
trickling filter performance.

D orr C la r ig ester , combining primary 
sedimentation and sludge digestion.

C u r r ie  C la r a e to r ,  combining acti
vated sludge treatment and final sedi
mentation.

RESEARCH
AND

TESTING
LABORATORIES
WESTPORT,
CONN.

T H E  D O R R  C O M P A N Y ,  E N G I N E E R S

N E W  YORK, N.Y. . 570 LEXINGTON AVE. 
ATLANTA. GA. . . CANDLER BUILDING 
TORONTO, ONT. . 80 RICHMOND ST. W.

CHICAGO, ILL. . 221 NO. LA SALLE ST.

DENVER, COLO. . . COOPER BUILDING 
LOS ANGELES, CAL. . 811 WEST 7TH ST.

SUOAR
PROCESSING
PETREE & DORR 

ENGINEERS, INC. 570 LEXINGTON AVE., 
NEW YORK
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You can get

CHAPM AN SLUICE GATES
in many types and s izes ............
with any type of operating control

T„he standard line o f Chapman Sluice  

Gates covers such a w ide range o f types and 

sizes that average needs can be readily met 

w ithout the cost and delay o f specially  

built equipm ent. T hat’s your first saving, 

when you check w ith  Chapman. Y our  

second saving com es w ith installation , 

where interchangeability  o f  parts speeds  

the w ork  because stem s and cou p lin gs  

d on ’t have to be m atch-m arked. A s for 

operating control, you can get any type d e

sired . . . manual, hydraulic cylinder, or by 

Chapman M otor U nit. For com plete in 

form ation, d im en sion s, and specifications, 

send today for a copy o f the Chapman  

Sluice Gate H andbook .

C H A P M A N  M O T O R  U N I T S  
r e l ie v e  w a r t im e  l a b o r  p r o b 
le m s  . . . b e c a u s e  it  ta k e s  o n ly  

o n e  f in g e r  t o  o p e r a t e  th e  m o s t  
w id e s p r e a d  n e t w o r k  o f  e q u ip 

m e n t. C a n  b e  in s ta lle d  in  a n y  
p o s i t io n ,  o u t d o o r s  o r  c o m 

p le t e ly  s u b m e r g e d .

THE CHAPMAN VALVE MFG. CO.
I N D I A N  O R C H A R D ,  M A S S .
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T W O  M A N U A L S  F O R  O P E R A T O R S

published  by

T h e  A m e r i c a n  W a t e r  W o r k s  A s s o c i a t i o n

THE MANUAL O F W ATER W ORKS ACCOUNTING

T h e  M a n u a l  o f  W a t e r  W o r k s  A c c o u n t i n g  w a s  p r e p a r e d  

j o in t ly  b y  t h e  A m e r ic a n  W a ter  W ork s A s s o c ia t io n  a n d  t h e  
M u n ic ip a l  F in a n c e  O fficers A s s o c ia t io n .  I t  c o v e r s  s u c h  

p r o b le m s  a s c r e d it  a n d  p la n t  e q u i t i e s ,  c u s t o m e r  b i l l in g ,  

d e p r e c ia t io n , m a te r ia ls  a n d  s u p p lie s  a c c o u n t s ,  p a y r o ll  a c 
c o u n t in g ,  p la n t  a c c o u n t in g ,  p u r c h a s e s ,  a n d  t a x e s .  I t  
c o n s t i t u t e s  a  g u id e  to  b u s in e s s  a n d  f in a n c e  fo r  e v e r y o n e  

c o n t r o l l in g  or o p e r a t in g  t h e  p la n t .  500 p a g e s ,  $4 .00 .

THE MANUAL O F W ATER QUALITY  

AND TREATMENT

T h e  M a n u a l  o f  W a t e r  Q u a l i t y  a n d  T r e a t m e n t  h a s  b e e n  

d e v e lo p e d  fr o m  t h e  c o -o p e r a t iv e  e ffo r ts  o f  a  c o m m it t e e  o f  

49 le a d in g  w a te r  w o rk s m e n  w h o  b e g a n  t h e  w o rk  in  1930 
u n d e r  t h e  le a d e r s h ip  o f  P a u l  H a n s e n .  I n  1936, L e w is  Y . 
C a r p e n te r  w a s a p p o in te d  V ic e -C h a ir m a n  o f  t h e  C o m 

m it t e e  a n d  a s s i s te d  in  e d it in g  t h e  M a n u a l .  T h e  b o o k  
c o v e rs :  c h a r a c t e r is t ic s  o f  s o u r c e s , o r g a n is m s  in  w a te r ,  

s ta n d a r d s  o f  q u a l i t y ,  p a r t ia l  a n d  c o m p le t e  t r e a t m e n t s  o f  

a ll  k in d s ,  a n d  t r e a t m e n t  p la n t  c o n t r o l .  294 p a g e s —  
c o m p le t e  w i t h  i l l u s t r a t i o n s ,  t a b le s ,  b ib l io g r a p h y  a n d  

in d e x . $3 .00 .

THE AMERICAN W ATER W ORKS ASSOCIATION
5 0 0  Fifth Avenue New York 18, N. Y.
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Dedicated to a Great Task 
f T hat Lies Before Us

W O R L D ’S  L A R G 
E S T  A C T I V A T E D  
S L U D G E  P L A N T ,
S o u t h w e s t  S e w a g e  
T r e a t m e n t  W o r k s ,  
S a n ita r y  D is t r ic t  o f  
C h ic a g o , is  e q u ip 
p ed  w it h  L i n k - B e l t  
S t r a ig h t l in e  s lu d g e  
c o lle c to rs  fo r  p r i
m a ry  a n d  c o n c e n t r a 
tio n  t a n k s ; s t r a ig h t-  
lin e  m e c h a n ic a l l y -  
c le a n e d  b a r  s c re e n s ; 
m ix ers , s c re w  c o n 
v e y o r s ,  a n d  b e l t  
c o n v e y o rs  fo r  h a n 
d l in g  f i l t e r  c a k e ;  
w a te r  in ta k  e s c r e e n s ; 
coa l h a n d lin g  c o n 
v e y o r s , a s  w e ll  as 
p o w er t ra n s m is s io n  
e q u ip m e n t, su c h  as 
v a r i a b l e  s p e e d  
tra n sm issio n s, s p e e d  
r e d u c e r s ,  g e a r s ,  
b e a rin g s , e tc .

LINK-BELT looks ahead w ith  engineers  
w ho plan for better sanitation
O  L i n k - B e l t ,  a  c o m p a n y  t h a t  h a s  d e v e lo p e d  m e c h a n ic a l  e q u ip m e n t  fo r  m a n y  o f  t h e  

w o r l d ’s m o s t  e f f ic ie n t  s e w a g e  a n d  w a t e r  t r e a t m e n t  p la n t s ,  n o w  lo o k s  a h e a d  t o  th e  

g r e a t  t a s k  o f  k e e p in g  A m e r i c a  t h e  c le a n e s t ,  h e a l t h ie s t  c o u n t r y  in  a  w o r ld  a t  p e a c e . 

T h e  p o s t - w a r  p la n n in g  o f  e v e r y  c o m m u n it y  s h o u ld  a n d  w i l l  in c lu d e  f a c i l i t ie s  fo r  

t h e  p r o p e r  h a n d li n g  o f  i t s  s e w a g e  a n d  in d u s t r i a l  w a s te s .

W i t h  a  h is t o r y  o f  o u t s t a n d in g  a c h ie v e m e n t s  in  th e  d e v e lo p m e n t  a n d  m a n u f a c 

t u r e  o f  m e c h a n ic a l  h a n d lin g ,  s c r e e n in g , a e r a t io n  a n d  m ix in g  e q u ip m e n t ,  w e  o ffe r  o u r  

e x p e r ie n c e  a n d  f a c i l i t ie s  t o  t h e  e n g in e e r s  a n d  o p e r a t o r s  o f  A m e r i c a ’s s e w a g e  a n d  

w a t e r  t r e a t m e n t  p la n t s  in  t h e  a c c o m p l is h m e n t  o f  t h e  g r e a t  t a s k  t h a t  lie s  b e fo r e  th e m .

LINK-BELT COMPANY
S p e c ia li s ts  i n  t h e  M a n u f a c t u r e  o f  E q u ip m e n t  f o r  W a t e r  a n d  S e w a g e  T r e a t m e n t  P la n t s  
P h i la d e lp h ia  40  C h i c a g o  9 C le v e la n d  1 3  I n d ia n a p o lis  6 L o s  A n g e le s  33  T o r o n t o  8 

O ffice s  in  p r in c ip a l  c it ie s

U N K - B F L T
SCREEN S - COLLECTORS • AERATORS «GRIT CHAM BERS • MIXERS
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It Does The Job As A PROVEN SEWAGE COAGULANT!
War industry  waste, heavy dom estic flows, increased solids, intense 
color, h ig h  effluent tu rb id ity —all these may be m aking  heavy de
m ands upon  your sewage treatm ent p lan t! W h e th e r your p rob lem  
is reducing such an increased flow of industria l and  dom estic wastes, 
rem oving extra suspended solids and  color, o r reducing the  B .O .D ., 
rely on General Chemical Aluminum Sulfate to help you pet the 
job done right!

Why General Chemical "Alum” Is Preferred!
For Sewage Clarification 

"A: C o a g u la te s  o v e r  w id e  p H  ran ge. 

■A- T h e  g e la tin o u s  flo e  en m esh es fine 
s o lid s , c a u s in g  ra p id  settlin g .

■At S p a r k lin g  effluents are p o ssib le .

■A’ S u sp en d ed  so lid s  an d  B .O .D . are 
red u ced .

■A’ C le a n , easy  to h a n d le , and eco
n o m ic a l to  u se

For Sludge Drying
tA ’ C uts d ry in g  tim e  u p  to  7 5 % .

•jf E ffe c t iv e ly  in creases san d  b e d  ca 
p acity .

■A" O d o rs  are red u ced  b ecau se  o f 
faster d ry in g .

★  S lu d g e  b rea k s d e a n  from  th e sand. 

A r P o n d in g  is e lim in a ted .

Do You Have A Sewage Problem?
I f  y o u  h a v e  a s e w a g e  p ro b le m  — call 
o n  G e n e r a l  C h e m ic a l  C o m p a n y ’ s 
tech n ica l serv ice  en g in eers  to  h e lp

y o u !  Your problems concerning the 
use o f A lum inum  Sulfate are ours. 
Please write to :

G E N E R A L  C H E M I C A L  C O M P A N Y
40 RECTOR STREET, NEW YORK, N. Y.

Technical Service Offices: A t la n ta  • B a lt im o re  • B o s to n  • B r id g e p o rt  ( C o n n .)  
B u ffa lo  •  C h a r lo t te  ( N .  C . )  • C h ic a g o  •  C le v e la n d  •  D e n v e r  •  D e tr o it
H o u sto n K a n sa s  C ity M ilw a u k e e M in n e a p o lis N e w  Y ork  

U t ic a  ( N . Y . )  
L o s A n g e le s

P h ila d e lp h ia  • P itts b u rg h  •  P ro v id e n c e  ( R . I. ) • S t. L o u is  Pacific Coast Technical Service Offices: San  F ra n c isc o  •Pacific Northwest Technical Service Offices:
W en atch ee  ( W a s h .)  • Y a k im a  ( W a s h .)In Canada: T h e  N ic h o ls  C h e m ic a l C o . ,  L td . •  M o n tre a l  « T o r o n to  « V a n c o u v er



SEWAGE WORKS JOURNAL 11

T y p ic a l  S u r fa ce s  P r o te c te d  
by B i tu m a s tic  N o .  5 0  

C h a n n e l C o v e r S e d im e n ta tio n
S u p p o rts  T a n k s

C o n d u its  S lu d g e  a n d
F e rr ic  C h lo r id e  G re a s e  P ip e  

T a n k s  L ines
F ilte r  B eds S lu d g e  M ixing
F lo c c u la to r  T a n k s

S tru c tu re s  T ide  G a te s
F lo o r G ra tin g s  V en tu r i F lu m es

A ll U n d e rw a te r  S u rfa c e s

PLAY SAFE
DON'T gam ble with the ravages of 

corrosion on your sew a g e  plant's 
stru ctu re an d  eq u ip m en t. P o w erfu l 
forces m ay be at work right now, eat
ing into steel parts that m ay be almost 
irreplaceable.
The safe w a y  is to protect them with 
Bitumastic No. 50 —the unique coating 
which stands up under constant expo
sure to fum es and direct contact with 
sew age.
Bitumastic No. 50 is a  black, h eavy
bodied coating that m ay be easily  ap 
plied by brush to a thickness, in mul
tiple coats, of 1/16 of an inch.

Folder 941 gives a lull de
scription and photographs 
of typical applications.

No. 5 0
WAILES DOVE-HERMISTON CORP.

WESTFIELD, N. J.

New York* • Philadelphia • Cleveland • Chicago 
Houston • Tulsa • Miami • San Francisco • Los Angeles

Prevent Wear and Cutting of Rods, 
Plungers, Shafts and Valve Stems

b y  u s in g

MABBS RAWHIDE PACKING
Trade Mark

R e * . U . S . P a t. O ff.

In Your Water Works and Sewage Plants
I t  la s t s  lo n g e r , is  a n t ifr ic t io n a l ,  s a v e s  
p o w e r , la b o r  a n d  r e p a ir s . W il l  p r o v e  th e  
m o s t  e c o n o m ic a l p a c k in g  t h a t  c a n  b e  
b o u g h t. T h e s e  a r e  t h e  r e a s o n s  w h y  th e  
U n ite d  S t a t e s  G o v e r n m e n t  h a s  b e e n  
u s in g  M a b b s  R a w h id e  P a c k in g  o n  th e ir  
h y d r a u l ic  d r e d g e s  fo r  m o r e  th a n  35  y e a r s .

It Would PAY YOU to Use It on Your Water 
Works and Sewage Pumps and Valves.

Mabbs Hydraulic Packing Co.
I n c .  1892

431 S. Dearborn St. Chicago, III.

“ O u r  Fifty Eighth Year ”  
S e r v i n g  A m e r i c a
D oing The Things We Know Best

B u ild e r s  o f  

G A R B A G E  

D I S P O S A L  

S H R E D D E R S  

fo r  B a t t le s h ip s ,

M e r c h a n t  

M a r in e  

an d  

M u n ic ip a l 

P la n t s

SANITARY ENGINEERS
Send for Facte on Lateet

G r u e n d l e r  S e w a g e  S h r e d d e r s
for Municipal Sewage Plante

F o r  d is in t e g r a t io n  o f  R a g  S t o c k , G a r b a g e , 
F lo a ta b le s ,  a n d  F ib r o u s  M a t e r ia ls  w it h  o u t  
C h o k e  D o w n  s o  a s  t o  p a s s  S c r e e n  B a r —  

S e le c t  a  G R U E N D L E R  S H R E D D E R .

G R U E N D L E R
C R U S H E R  &  P U L V E R I Z E R  C O .  

29 2 9  N .  M a r k e t  S t .  S t .  L o u is , M o .
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Serving each of the thirteen below-ground stations of 
Chicago’s State Street Subway are two Yeomans Shone- 
Type “SDV” Pneumatic Sewage Ejectors. Each ejector unit 
is capable of pumping 50 gallons per minute against a 25- 
foot head . . . These dependable, trouble-free ejectors are 
good news to subway maintenance men. They mean no 
bother with screens or shredders, no wet well, and no danger 
of sewer gas explosions . . . Compressed air for operation 
is provided by a Yeomans air-cooled Rotary Air Compressor 
installed at each station well away from the pit . . . For full 
details, write for Bulletin 4003.

Y E O M A N S  B R O T H E R S  C O M P A N Y
1436 North Dayton Street •  Chicago 22, Illinois
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CURRENT AERATION PROBLEMS? 
POSTWAR PLANNING?

Carborundum Service on Aloxite Brand Diffusers is yours for the asking

These are som e o f the things we can 
do for you:

•  Calculate diffuser requirements for 
any given condition.

•  Review experiences under similar 
conditions.

•  Outline m ethods o f design or in
stallation.

•  Provide specification data.
•  Quote prices for estimating.
•  And o f course Engineering Bulletin N o . 1 is still available for your 

reference if not already in your files.

Service o f this character by trained sanitary engineers compares with 
the qualities and resultant benefits provided by Aloxite Brand Diffusers. 
Am ong such benefits, long life and econom ical operation as established  
in over 200 installations throughout the world are important.

3 0 ---------------------------------

THE CA R B O R U N D U M  C O M P A N Y , N I A G A R A  FA LLS, N . Y .
REG . U. S .P A T . OFF.

( C a r b o r u n d u m  a n d  A lo x ite  a r e  r e g is te r e d  t r a d e - m a r k s  o f  a n d  in d ic a te  m a n u f a c tu r e  b y  T h e  C a r b o r u n d u m  C o m p a n y )
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Augustus Hall 
couldn’t have a 
better reason for 
going

I t  w o u l d  b e  d i f f ic u lt  t o  f in d  a  m a n  w h o  r e 
a l i z e s —  b e t t e r  t h a n  A u g u s t u s  H a l l  d o e s —  
t h e  i m p o r t a n c e  o f  a l l - o u t  w a r  p r o d u c t i o n .

H i m s e l f  a  v e t e r a n  o f  t h e  f ir s t  W o r l d  
W a r ,  " G u s ”  h a s  o n l y  t o  t h i n k  o f  h i s  s o n ,  
A r t h u r ,  U .  S . A r m y  A i r  C o r p s  . . .

T h i s  H a l l  f a t h e r - s o n  " i n c e n t i v e ”  i s n ’ t 
a t  a l l  u n i q u e  a t  A m e r i c a n  B r a s s .  F o r  
t h o u s a n d s  o f  o t h e r  w o r k e r s  h e r e  h a v e  a  
s i m i l a r  a d d e d  stim ulus  t o  p r o d u c e ,  q u i c k 
ly ,  t h e  f in e s t  p o s s i b l e  c o p p e r  a n d  b r a s s  
w a r  m a t e r i a l  f o r  t h e i r  s o n s ,  b r o t h e r s ,  
r e l a t i v e s  a n d  f e l l o w  w o r k e r s  . . .  t o  h e l p  
them  w i n  t h e i r  b a t t le s  . . .  s o  they  c a n  
c o m e  h o m e  s o o n e r .  T h a t ’ s t h e  m o t i v a t i n g  
s p i r i t  i n  e v e r y  p l a n t  o p e r a t e d  b y  
T h e  A m e r i c a n  B r a s s  C o m p a n y  —  a l l  ANA
U .  S . p la n t s  fly  t h e  A r m y - N a v y  " E ” .

Everdur Metal in War and Peace
A n d  w e  c a n  a l l  h a v e  t h e  s a t i s f a c t i o n  o f  
k n o w i n g  t h a t  t h e  r e s t r i c t i o n s  a n d  s a c r i 
f ic e s  o f  t o d a y  h e l p  m a k e  p o s s i b l e  t o 
m o r r o w ’ s v i c t o r y .  F o r  e x a m p l e ,  E v e r d u r *  
M e t a l ,  A n a c o n d a ’ s s t r o n g ,  c o r r o s i o n -  
r e s i s t a n t  c o p p e r - s i l i c o n  a l l o y ,  i s  b e i n g  
p r o d u c e d  i n  l a r g e  q u a n t i t i e s — n o t  f o r  
w a t e r  w o r k s  o r  s e w e r a g e  t r e a t m e n t  c o n 
s t r u c t i o n — b u t  f o r  t o u g h  w a r  j o b s  l i k e  
s c r e w  f a s t e n i n g s  i n  P T  b o a t s  a n d  h y 
d r a u l i c  l i n e s  i n  a i r p l a n e s .  4343s
•Regr- U. S. P at. Off.

THE AMERICAN BRASS COMPANY
G e n e r a l  O f f ic e s :  W a te r  b u ry  8 8 , C o n n . 

: o > id A  Subsidiary o f  Anaconda Copper M ining  
Company . . . In  C a n a d a :  A n a c o n d a  
A m erican  B rass  L td ., N ew  Toronto, Ont.

c ^ H a c o H c ta



SEWAGE WORKS JOURNAL 15

S E W A G E  W O R K S  E N G I N E E R I N G

C o n g r a t u l a t e s

T h e
F e d e r a t i o n  o f  S e w a g e  

W o r k s  A s s o c i a t i o n s

u p o n

the splendid work it has been doing in promoting 
the interests of the sanitation field—a job in which
S E W A G E  W O R K S  E N G I N E E R I N G

is proud also to play its part.

W e invite Federation members who are not already 
familiar w ith the editorial character o f this publication  
(the only independent journal devoted exclusively to 
this field) to enter a T ria l S u b scrip tion — 6 m onths, 
including the big O ctober Federation C onvention  
Num ber, for only one dollar. Address SEW AGE  
W O R K S  E N G IN E E R IN G , 24 W est 40th  Street, 

N ew  York 18, N . Y.



QUICK FACTS ON TRANSITE SEWER PIPE
F a st in s ta l la t io n  . . . T h e  lo n g  le n g t h s  o f  T r a n s i t e  

P i p e  r e d u c e  t h e  n u m b e r  o f  j o i n t s  n e e d e d  in  t h e  l in e  
. . .  i t s  l i g h t  w e i g h t  p e r m i t s  e a s ie r ,  f a s t e r ,  m o r e  

e c o n o m i c a l  h a n d li n g .

L ess in fi l tr a t io n  . . . F e w e r ,  t i g h t e r  j o i n t s  a r e  r e 

q u ir e d  . . . m i n im iz in g  le a k a g e ,  c u t t i n g  d o w n  o n  t h e  

lo a d  a t  t h e  d is p o s a l  p la n t .

H igh  d e l i v e r y  c a p a c i ty  . . . T h i s  a d v a n t a g e  o f  

T r a n s i t e  P i p e  f r e q u e n t l y  p e r m i t s  s m a ll e r  p ip e  o r  
f l a t t e r  g r a d e s ,  r e s u l t i n g  in  s h a l lo w e r  t r e n c h e s .

A v a i la b le  b o th  fo r  fo r c e  m a in s  a n d  g r a v i t y  
l in e s .  C o m p l e t e  in f o r m a t i o n  is  g iv e n  in  b r o c h u r e  
T R - 2 1 A .  A n d  f o r  d e t a i ls  o n  l o w e r - c o s t  w a t e r  t r a n s 

p o r t a t i o n ,  s e n d  f o r  b r o c h u r e  T R - 1 1 A .  J o h n s - M a n -  

v i l l e ,  22 E a s t  4 0 t h  S t r e e t ,  N e w  Y o r k ,  16 , N .  Y .

| 2J  
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IN YOUR 
POST WAR PLANNING

T h e  I N F IL C O  E q u i p p e d  

S e w a g e  T r e a t m e n t  P l a n t  

C e n t r a l i z e s  E q u i p m e n t  R e s p o n s i b i l i t y  

A n d  A s s u r e s  C o o r d i n a t e d  R e s u l t s

Y o u  a r e  in v it e d  t o  o b t a in  r e c o m m e n d a t io n s  a n d  s u g g e s t io n s  fr o m  
I N F I L C O  S a n i t a r y  E n g in e e r s  w i t h  m a n y  y e a r s  o f  e x p e r ie n c e  in  
t h e  d e s ig n  o f  e q u ip m e n t  a n d  i t s  a p p lic a t io n  t o  s e w a g e  tr e a t m e n t  
p ro c e s s e s .

I n  fu r n is h in g  e v e r y  t y p e  o f  e q u ip m e n t  r e q u ir e d  fo r  a  m o d e rn  
s e w a g e  t r e a t m e n t  p la n t  fr o m  F lo w  M e t e r s  t o  F in a l  C la r if ie r s  w ith  
E f f lu e n t  S a n d  F i l t e r s ,  I N F I L C O  o ffe r s  t h e  im p o r t a n t  a d v a n t a g e  
o f  u n d iv id e d  r e s p o n s ib i l i t y  f o r  s u c c e s s fu l e q u ip m e n t  o p e r a tio n .

A n d — y o u r  p la n t  w i l l  b e  in  s t e p  w i t h  m o d e r n  d e v e lo p m e n ts , 
b e c a u s e  I N F I L C O  h a s  a l w a y s  b e e n  t h e  f ir s t  t o  in tr o d u c e  a n d  
a d o p t  w o r t h w h ile  im p r o v e m e n t s , a s  w e ll  a s  f ir s t  t o  d is c a r d  a n y 
t h in g  p r o v in g  t o  b e  a  h in d r a n c e  t o  p ro g re s s .

I f  a  h ig h  B . O . D .  r e d u c t io n  is  in d ic a t e d , in v e s t ig a t e  I N F I L C O  
A c c e lo - B io x  P r o c e s s  ( A c c e le r a t e d  B io - o x id a t io n ) , a  n e w  h ig h  
r a te  a c t i v a t e d  s lu d g e  p ro c e s s .

C D
IN C O R P O R A T E D

3 2 5  W. 2 5TH P L AC E ,  C H I C A G O ,  I LL.

SEWAGE
T R E A T M E N T
E Q U I P M E N T
Accelo-Filters 
Accelo Biox 

Process 
Aerators 
Automatic 

Controls 
Chemical 

Feeders 
Clarifiers 
Coagulators 
Digesters 
Dosing Siphons 
Effluent Filters 
Filter Equipment 
Flow Controllers 
Flow Gauges 
Gravity Filters 
Lime Slakers 
Mixing

Equipment
Proportioners
Rotary

Distributors 
Sewage 

Samplers 
Sewage 

Activators 
Sewage 

Griductors 
Venturi Tubes
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F E R R I C

C H L O R I D E
35-47%  SOLUTION
S h i p p e d  in T a n k  C a r s

60%  CRYSTALS
P a c k e d  in 3 0 0  or 5 0 0  

lb. Ba rre ls

★  SLUDGE CONDITIONING

★  SEW AGE CO A GU LA TIO N

★  W ATER PURIFICATION  

T H E  D O W  C H E M I C A L  C O M P A N Y
M I D L A N D M I C H I G A N

Where all depends upon the Pump
Make it DE LAVAL!

1 A l l  p a r t s  o f  D e  L a v a l  p u m p s  s u b je c t  t o  w e a r  
a r e  r e n e w a b le ,  in c lu d in g  im p e lle r ,  w e a r in g  
r in g s , s h a f t  s le e v e s  a n d  g la n d s .

2 T h e  l a b y r i n t h  w e a r in g  r in g s , w h ic h  p r o t e c t  
im p e lle r  a n d  c a s in g  a g a in s t  w e a r ,  l a s t  m u c h  
lo n g e r  t h a n  d o  p l a in  r in g s , a n d  in s u r e  a n d  
s u s t a in  h ig h  e f f i c ie n c y  w h i l e  p e r m i t t i n g  
a m p le  r u n n in g  c le a r a n c e .

3 T h e  h o r i z o n t a l l y  s p l i t  c a s in g  r e n d e r s  a l l  
p a r t s  e a s i ly  a c c e s s ib le .

Write for ’Publication P. 2537

DE LAVAL STEAM TURBINE CO.
TRENTON, NEW JER SEY

LaMotte-Enslow 
Chlorine Comparator

E sp ecia lly  recom m ended for 
control in ch lorination  o f  sew 
age and industrial w astes, pre
ch lorination  o f  w ater and in 
sterilization  o f  sw im m ing pool 
water.

R esu lts are given  in parts o f  
C h lorin e per m illio n  p arts  
water. A ccurate and reliable.

Errors due to color or turbid
ity  are elim inated  as in La- 
M o tte  B lock  C om parators.

C om plete O utfit $12.50 f.o.b. 
Our Laboratory.

LaMotte Chemical Products Co.
Dept. SW Towson-4, Baltimore, Md.

Inertol Coatings D O N ’T  P R O C R A S T I N A T E !

Make Reservations today to 
attend the C O N V E N T IO N

For B e t t e r  P la n t  M a in te n a n c e
‘Bring the W ife an d  Family

I N E R T O L  C O . ,  I N C .
NEWARK, N. J. and SAN FRANCISCO, CAL.

Chicago, Illinois— October 21, 22, 23
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P R E V E N T I O N  O F  I N D U S T R I A L  W A S T E

GALE INTERCEPTOR AND SEPARATOR SYSTEM being constructed for the Netc York, New Haven and Hartford Railroad, Cedar Hill, New Haven, Connecticut, for Pollution Prevention

E v e ry  C o m m u n ity  an d  In d u s tr ia l P la n t has w aste  d isposal p ro b 
lem s to  solve— p rim arily  o f oils, g reases an d  acids.

G ale  E ng ineers  design  an d  in s ta ll system s for th e  sa lvag ing  of 
oils an d  greases an d  th e  p rev en tio n  o f in d u s tria l po llu tion .

5 G .P .M . to  50,000 G .P .M . in  a  single G ale System .

G A L E
I n te r c e p ts  a n d  S e p a r a te s  

b y
N a tu r e ’s E n g in e e r in g  P r in c ip le

G R A V I T Y
w ith

N o M o v a b le  P a rts

G A L E  O I L  S E P A R A T O R  C O M P A N Y ,  I N C .
52 VANDERBILT AVENUE - NEW YORK, NEW YORK

MURRAY HILL u— 1890
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! !

EQUIPMENT

AND SERVICE 
POST-WAR

SW IN G  DIFFUSERS 
D illu se r T u b e s  M ay  b e  R a ise d  to T ank  W alk  W ith o u t 

In te r ru p t in g  O p e ra tio n .

STATIONARY DIFFUSERS 
A ir M ain  a n d  T u b e  H o ld e r C o m b in ed  in  a  S in g le  P ip e .

T i m e - T e s t e d  a n d  

b y  S e v e r e

C o m p le t e  p r e l im in a r y  

reports on rational applica

tion of equipm ent, in clu d 

in g  c o s t  a n d  o p e r a t io n  

estim ates and schem atic  

layouts.

Based on  10 y ea rs exp eri

en c e  in furnishing p rocess  

eq u ipm en t for 238 com 

p lete  treatm ent plants.

COM BIN A TIO N  AERATOR-CLARIFIER 
F o r H o u s in g  P ro jec ts , In s titu tio n s  a n d  S m all T ow ns.

H U D
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C O M M IN U T O R  

A u t o m a t ic  S c r e e n i n g  a n d  C u t t in g  o f  A l l  
C o a r s e  S e w a g e  M a tte r .

FOR YOUR  
SEWAGE PLANTS
F u r t h e r  P r o v e d  

W a r - T i m e  U s e

A ctual operation records 

of ex isting  installations.

Supervision  of installation  

and operation in sures su c
cessfu l operation of plant 

and equipm ent.

Our district sanitary en g in 
eers w ill b e  glad  to rev iew  
your post-war problem s 
with you . W rite today.

S C R U -P E L L E R  

C e n t r i f u g a l  P u m p  W ith  C u t t in g  S c r e w  F e e d .

©  Sew age flows through inlet pipe.

©  Coarse sew age matter is retained by 
strainer.

®  Strained sew age flows through idle 
pump to basin.

®  Special check valve closes; sew age and 
coarse matter are pumped to sew ers.

CHICAGO PUMP COMPANY
S E W A G E  E Q U I P M E N T  D I V I S I O N

. 2 3 0 0  WOLFRAM STREET

E le c tr ic  P u m p s ;  C i r c u l a t in g ,  B i lg e ,  
S c r u - P e l l e r ,  F l u s h - K l e e n ,  P l u n g e r ,  

F ir e ,  H o u s e ,  C o n d e n s a t io n ,  V a c u u m .

CHICAGO 18, ILLINOIS

S w i n g  D if f u s e r s ,  S t a t io n a r y  D if fu s e r s .  

M e c h a n ic a l  A e r a t o r s ,  C o m b in a t io n  
A e r a t o r - C l a r i f i e r s ,  C o m m i n u t o r s .

F L U S H -K L E E N S

C a n 't  C l o g .  S o l id s  D o  N o t P a s s  T h r o u g h  th e  
I m p e lle r s .
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of the NttJe annoyances 
that add up to big money I

T h ey’re routine jobs for your m ain
tenance men; often, you  don’t  even  

get a report on them . B u t it  takes 
a lot o f paint to  keep rust under 

cover. And m aterials that have to  
be replaced regardless o f your care, 
and the labor required, all add up 

to  real m oney in a year’s tim e.
I f  you had used alum inum  parts 

and fittings wherever feasible, 
you’d be spared a lot o f those an
noyances and expenses. Of course, 
you can’t  replace them  w ith alum i
num now— aluminum is going 
100%  into war work— but make 

some notes for postwar reference.

Plan on using alum inum  for the 
little  jobs as well as the big ones.

Alum inum  will be available in 
every form  after the war. M anu
facturers and workm en are accus
tom ed to  working w ith it. So, when  

you say, “ M ake those pipe hangers 
o f Alcoa A lum inum ,” you ’ll get 

your favorite product m ade of 
alum inum ; n on ru stin g , strong, 
light in w eight, good looking. Then  

you ’ll see your m aintenance costs  
dropping off.

Aluminum Company of Amer
ica, 2111 G ulf Building, P itts 
burgh, Pennsylvania.

ALCOA W ALUMINUM
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on th e  b a s is  o f  t h e ir  p e rfo rm a n ce  

you’ll g e t  lo w e r c o s t s  and  m o re  dependable pow er w ith  . . .

C l i m a x  @ 1  E n g i n e s

re c o rd s ,

TYPICAL INSTALLATIONS
•  T hese photographs show Climax 
Engines at w ork in typical sewerage 
plants, giving superior pçrform ance 
w hile operating on  b y-product gas.

R i g h t  N o w , y o u r  p la n t  c a n  p r o d u c e  fro m  s e w a g e  g a s  a n  a v e r a g e  

o f  1 h o rs e p o w e r  h o u r  fo r  e v e r y  1 7  p e rso n s  s e r v e d . F o r  a  c i t y  o f  

50,000 y o u  c a n  p r o d u c e  2,900 h p -h r . e v e r y  d a y .  I f  y o u  a re  

s e r v in g  100,000 p e o p le  y o u r  s e w a g e  g a s  h a s  a  c a s h  v a lu e  o f  

$ 17 ,0 0 0  p e r  y e a r ,  i f  c o n v e r te d  in to  e n e r g y  b y  C l im a x  S e w a g e  

G a s  E n g in e s .

H ere A re Additional Facts to C o n sid er. . .
YOU CAN MAKE POWER in  y o u r  
p la n t  a t  le ss  c o s t  t h a n  y o u  
c a n  b u y  it .

G e t  a l l  t h e  e n e r g y  y o u  n e e d  
fr o m  s e w a g e  g a s  t o  p u m p  s e w 
a g e — illu m in a t e  b u ild in g s  a n d  
g r o u n d s — fu rn is h  h e a t  fo r  
b u ild in g s  a n d  d ig e s te r s — a n d  
o p e r a te  a u x i l ia r y  m e c h a n ism s .

YOU CAN END STOPPAGES d u e  to  
o u ts id e  p o w e r  fa i lu r e . R e c o r d s  
s h o w  2 4 -h o u r o p e r a tio n  y e a r  
a f t e r  y e a r  w i t h o u t  fa i lu r e .

YOU CAN GET SAFE POWER. H a z 
a r d s  fr o m  e x p lo s io n s  a r e  r e 
m o v e d  w it h  s ta n d a r d  fla m e  
tr a p s , s h u t  o f f  v a lv e s ,  e tc . 
A m p le  v e n t i la t io n  p r e v e n t s  
a c c u m u la t io n  o f  m e th a n e .

YOU CAN MODERNIZE o ld  p la n ts  
w i t h  C lim a x  E n g in e s  in  p la c e  
o f  e le c tr ic  m o to r s , a n d  im -

INSTALLATION S...
J . A  4 3  h p .  C l im a x  S e w a g e  G a s  
E n g in e  d ir e c t - c o n n e c te d  t o  a  C o n -  
n e r s v i l le  B lo w e r  a t  T w o  R iv e r s ,  W is .

2. T w o  50 h p .  C l im a x  S e w a g e  G a s  
E n g in e s  c o n n e c t e d  t o  D C  g e n e r 
a t o r s  a n d  t w o  C l im a x  7 5  h p .  E n 
g in e s  c o n n e c t e d  t o  p u m p s  a t  A u r o 
r a ,  111.

3. T w o  75  h p . C l im a x  S e w a g e  G a s  
E n g in e s  d i r e c t - c o n n e c te d  t o  C o n -  
n e r s v i l le  B lo w e r s  a t  M a r io n ,  I n d .

4. A  10 0  h p .  C l im a x  S e w a g e  G a s  
E n g in e  d ir e c t - c o n n e c te d  t o  b lo w e r  
a t  B e l le v i l le ,  111.

p r o v e m e n ts  p a y  fo r  th e m , 
s e lv e s  in  a  s h o r t  t im e .

B y  h a rn e s s in g  p o w e r  fro m  
w a s te  y o u  c r e a t e  a n  a d d i
t io n a l  n a t io n a l  a s s e t  o f  p a r 
t ic u la r  im p o r ta n c e  u n d e r  p re s 
e n t  c o n d it io n s .

A n o t h e r  g a in , o f te n  e v a lu 
a t e d  h ig h e r  t h a n  t h e  d o lla rs  
s a v e d , is  t h e  lo c a l  g o o d w ill  in 
s p ire d  a n d  t h e  c r e d it  y o u  e a r n  
a s  a n  a le r t ,  p u b lic -m in d e d  e n 
g in e e r.

A t  p r e s e n t , th e  b u lk  o f  
C lim a x  E n g in e s  is  fu rn is h e d  
to  t h e  a r m e d  fo rc e s , a n d  h ig h  
p r io r itie s  a r e  r e q u ir e d  fo r  p u r 
ch a se . I t  is  s u g g e s te d  t h a t  y o u  
w r ite  t o  D e p t .  Y ,  C lim a x  E n 
g in e e r in g  C o . ,  C lin t o n ,  I o w a , 
a n d  s t a t e  y o u r  r e q u ir e m e n ts .

S e n d  f o r  C l i m a x  E n g in e  
B u l le t in s

Each covers a single 
Climax Engine —  
u ses, ratings, design, 
construction, main- - 

lenancc, spccifica-
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S  ft& JCLAßnA.

,uperior workmanship and 
Heavy Duty Construct.on.

Complete Design and En
gineering Service.

Eimco Assumes Responsi
bility of Complete Filter 
installations.

Preliminary Estimates and 
Layouts available without 
obligation.

Backed by Nation Wide 
P*oerience.

Eimco Sewage Engineering includes research, design, 
construction and installations of Filter Stations.

Long established supremacy in the Sewage field is due 
primarily to Eimco's careful investigation of local conditions 
so that all equipment is custom built to predetermined 
specfications.

Accessories such as conveyors, sludge-conditioning 
equipment, vacuum systems, elevators and mix tanks are 
carefully designed and built to take up a minimum of floor 
space and to complete a compact effcient and attractive 
filter station.

Eimco Engineers welcome an opportunity to aid in 
planning post-war sewage treatments plants. Why not call 
bn them for assistance nowl

E I M C O )
T H E  E IM C O  C O R P O R A T I O N . S a l t  L a k e  C i t y  8 U t a h
NEW YORK. 120 Broadway SACRAMENTO. 1217 7th St
CHICAGO. 1 1 I W. Washington St. EL PASO. Mills Building
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P i p e  L i n e s  i n  t h e  E a g l e ' s  N e s L

F u ELING our fighters and bombers 
at hom e and at our advanced bases 
involves a multitude of small p ipe  
lines.

From underground fuel caches, 
usually far rem oved from the flying  
line, h igh octane gas travels via p ipe  
line to the field loading facilities.

In Newfoundland, Iceland, A las
ka, the Caribbean, on far-flung Pa
cific isles and in remote aerial out
posts, Dresser speed, simplicity and 
flexibility make possib le the fast in
stallation of these "life-lines."

Dresser clam ps and sleeves hasten 
their repair in the event of damage 
by enem y attack.

This Air Corps insignia is substantially the 
same form adopted by the Army during 
World War I. The same design is also used 
for aviation cadets' garrison caps.

There are also many different army avi
ation badges. All of these utilize the wings 
but the center design differs, there being 
specific insignia for Command Pilots, Sen
ior Pilots, Liaison Pilots, Observers, Bom
bardiers, Navigators, Flight Surgeons, etc.

Thus, the Dresser products which  
have contributed so materially to 
peace-tim e transportation of gas, 
water and oil, are proving equally  
essential in keeping our eagles aloft. 
D ie s s e r  M a n u f a c t u r in g  C o ., B r a d fo r d , P a .

 D R E S S E R -----
Pipe C ouplings, Repair D evices, R ings, W heels, and Forgings for War
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Plans made NOW 
mean jobs ready THEN
E v e ry b o d y  k n o w s  t h a t  w ar h a s  
m a d e  i t  n e c e s s a r y  to  p o s tp o n e  r e 
p a ir s , r e p la c e m e n t s  a n d  e x t e n 
s io n s  to  t h e  w a te r  s u p p ly ,  g a s  a n d  
se w e r a g e  s y s t e m s  o f  t h is  c o u n tr y .  
T h is  g r o w in g  b a c k lo g  o f  d e fer red  
c o n s t r u c t io n  a lr e a d y  r e p r e s e n t s  
m il l io n s  o f  m a n - h o u r s  o f  e m p lo y 
m e n t  fo r  r e tu r n in g  so ld ie r s  a n d  
la id - o f f  w a r  w o rk er s .

I t  is  t h e  p a tr io t ic  o b lig a t io n  o f  t h e  
m a n a g e r s  o f  t h e s e  p u b lic  u t i l i t i e s  
to  s e e  t h a t  d e ta ile d  p la n s  a re  p r e 
p a red  n o w  so  t h a t  t h e  w o rk  c a n  
s t a r t  w it h o u t  d e la y  w h e n  t h e  w ar  
is  over . E very  c o n s u lt in g  e n g in e e r  
a n d  e n g i n e e r i n g  d e p a r t m e n t  
s h o u ld  b e  w o r k in g  o v e r t im e  i f  
n e c e s sa r y  u n t i l  t h e  la s t  p la n  is  
r e a d y . N o b o d y  q u e s t i o n s  t h a t  
t h e s e  in d is p e n s a b le  p u b lic  se r v 
ic e s  s h o u l d  s t a r t  n e e d e d  c o n 
s t r u c t io n  a t  t h e  e a r lie s t  p o s s ib le  
m o m e n t .

W a ter  s u p p ly ,  g a s  a n d  s e w a g e  
w ork s c o n s t r u c t io n  g iv e s  q u ic k  
e m p lo y m e n t  to  m a n y  th o u s a n d s  
o f  m e n ,  lo c a l ly  a n d  e ls e w h e r e . I t  
w ill h e lp  I n d u s tr y  g e t  c l ic k in g  a t  
a t im e  w h e n  m a n y  p la n t s  w ill  
h a v e  t o  c o n v e r t  to  p e a c e t im e  p r o 
d u c t io n .  S e v e n  in d u s t r ie s — la r g e  
e m p lo y e r s  o f  la b o r — a re  in v o lv e d

in  t h e  p r o d u c t io n ,  t r a n s p o r ta t io n  
a n d  la y in g  o f  c a s t  ir o n  p ip e  a lo n e .

P r e p a r in g  w o r k i n g  p l a n s  a n d  
s p e c if ic a t io n s  n o w  w ill  n o t  in t e r 
fe r e  w it h  t h e  w in n in g  o f  t h e  w ar. 
B u t  i t  w ill  g o  a lo n g  w a y  to w a r d s  
t h e  r ig h t  so r t  o f  w e lc o m e  fo r  o u r  
r e t u r n in g  so ld ie r s . V ic to r y  a r c h e s  
a n d  a b a n d  a t  t h e  s t a t io n ,  y e s —  
b u t  a ls o ,  j o b s .

A n y  o f  t h e  m e m b e r s  o f  t h i s  A s
s o c ia t io n  w ill  f u r n is h  p r o m p t ly  
in f o r m a t io n  a n d  a d v ic e  in  t h e  
p r e p a r a t io n  o f  s p e c if ic a t io n s  t a k 
in g  f u l l  a d v a n ta g e  o f  t h e  g r e a te r  
e c o n o m y  a n d  e f f ic ie n c y  o f  c a s t  
ir o n  p ip e  m a d e  in  a c c o r d a n c e  w ith  
t h e  n e w  A . S . A . L a w  o f  D e s ig n *  
— p ip e  s c ie n t i f ic a l ly  d e s ig n e d  for  
y o u r  sp e c if ic  s e r v ic e  r e q u ir e m e n ts .

* Send for booklet entitled “Manual For 
The Computation Of Strength And 
Thickness Of Cast Iron Pipe—Approved 
by American Standards Association” ex
plaining the principles and methods 
which are the basis of the new A. S. A. 
Law of Design.

OAST IR O N  P IP E
R E S E A R C H  A S S O C I A T I O N , C H IC A G O
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Plant Operation

R O T A R Y  V A C U U M  F I L T R A T I O N  O F  S L U D G E  A N D  T H E  
E F F E C T  O F  W A R  O N  O P E R A T I O N  *

B y  J a m e s  T. L y n c h

Supt. Auburn, N . Y ., Sewage Plant

a n d  U h l  T . M a n n

Supt. Cortland, N . Y ., Sewage Plant

The purpose of this paper is to present the experiences with vacuum  
filtration of sludge at tw o plants, one at Auburn, N . Y., using raw sludge 
and one at Cortland, N . Y ., handling digested sludge. It would be unfair 
to attem pt to  compare m ethods or costs of operation of these plants, as 
there are m any factors which have a decided effect on mechanical dewater
ing. The nature and am ount of sludge varies with the type of sewage 
treatm ent. The m ethod of disposal after drying effects the continuity of 
filter operation. Industrial wastes at Auburn interfere to a certain degree 
with good operation while at Cortland the presence of iron waste from a 
steel mill is beneficial to vacuum  filtration. This paper will not discuss 
the reasons or the cure for these factors or the m any others but will confine 
itself to  vacuum  filtration of sludge.

D e s c r i p t i o n  o f  t h e  V a c u u m  F i l t e r

The rotary vacuum  filter consists of a filter drum w ith variable-speed 
drive, suspended in a container or trough for holding the conditioned sludge 
to be filtered. The periphery of the drum is divided into a number of shallow  
com partm ents, each of which is in reality a separate filter being separated  
from the adjacent sections by division strips. Each section has its own 
vacuum  and air lines connecting to the main filter valve which moves with  
the filter drum and revolves against a stationary valve cap to which are 
connected the two main section lines and the air pressure line. The 
stationary valve cap has recesses which provide the following cycles:

1. Vacuum to the sections submerged in the sludge for the purpose of 
forming the cake.

2. Vacuum  to the sections exposed to the air for the purpose of drying 
the cake formed in the previous cycle.

3. Air blow and no vacuum  at the point of cake discharge. Air dis
lodges cake and tends to clean cloth at same time.

4. After passing point of cake discharge there is no action until section  
submerges into sludge again.

* P r e s e n t e d  a t  t h e  S p r in g  M e e t in g  o f  t h e  N e w  Y o r k  S t a t e  S e w a g e  W o r k s  A s s o c ia t io n , 
R o c h e s t e r ,  N .  Y . ,  J u n e  4, 19 4 3 .
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The cycles are autom atic as the ports of each section turn into position  
with the recesses of the stationary va lve cap. The tim ing of these cycles 
on th e C onkey filters, which are used at both Auburn and Cortland, m ay  
be changed by m oving the va lve cap by m eans of an adjusting bar or rod.

On the surface of the filter drum are supporting strips, wire screen and 
filter cloth in successive layers. The filter cloth is held in place by a 
spirally wound single length of wire spaced on 134 in. centers across the  
face of the drum. A gitation  in the C onkey filter is of the swing type. 
M ost sludges require agitation to  keep chem icals well mixed w ith  sludge 
and to prevent solids and water from separating. Cake rem oval is ac
com plished m ostly by gravity  w ith  the aid of the air blow and a scraper 
set so as not to  rub on the cloth or wire.

Forced filtration as practised in vacuum  filters speeds up the rate of 
dewatering of sludge m any hundred tim es. This is accom plished by  
suction operating through the valve cap and the ports of the individual 
pipe lines as they  come into position w ith the recesses in the va lve cap as a 
result of the rotation of the drum. The suction causes the liquor to be 
drawn through the filter cloth, pipe lines and the valve cap to the filtrate 
receiving tank, from whence it is continuously discharged by the filtrate 
pum ps. In these particular installations the suction is created by dry- 
vacuum  pum ps which first exhaust the moisture trap and then the receiv
ing tank in creating the suction in the va lve cap recesses. As the liquid or 
filtrate is drawn through the pipe lines, the solids are left deposited upon  
the surface of the filter drum in a layer or cake. As the drum revolves, the 
solids are partially  dried by the air which is drawn through the cake.

A u b u r n  a n d  C o r t l a n d  E q u i p m e n t

Filters: B oth  plants equipped w ith 2 C onkey R otary Vacuum  Con
tinuous Filters. Size— Auburn, 10 ft. diam eter by 10 ft. long, 32 com 
partm ents, total filter area, 637 sq. ft. Cortland— 534 ft- diam eter by  
8 ft. long, 16 com partm ents, total filter area, 260 sq. ft.

Vacuum  Pum ps: Two units each of the horizontal reciprocating type  
with a displacem ent of 2 cu. ft. per m inute per sq. ft. of filter area furnish
ing a vacuum  of 26 inches of mercury against shut-off.

F iltrate Pum ps: Two units each of the horizontal single-stage, centri
fugal type designed for pum ping filtrate from a receiver under vacuum .

Blowers: Auburn uses air from com pression tank supplied by two  
single-stage air compressors. Cortland— Tw o units of the rotary positive  
displacem ent type, air being used direct from blowers.

Sludge Pum ps: Tw o units each, duplex plunger type, 10-in. plungers. 
A t Cortland sludge flow from digesters to m ixing tank is by gravity. 
Pum ps used only to increase flow when necessary.

M ixing Tanks: Auburn— Four batch-m ix tanks w ith agitators. Cort
land— Two batch-m ix tanks with agitators and variable speed bucket 
elevator, one continuous mix tank w ith agitator.

Chemical Feeders: Cortland— One variable-feed proportioning pum p of 
the diaphragm type, for feeding ferric chloride; one variable capacity  
dry-lime feeder supplying a lim e-slaking device. Auburn: D ry lime fed
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by dum ping of bag lots. Carboy lots of ferric chloride fed by water- 
operated ejector.

Conveyors: Auburn— Screw conveyor to incinerator. Cortland— Two  
belt conveyors carrying sludge cake to truck.

C h e m i c a l s

Both plants began operations using hydrated lime but have changed to 
the fine-ground high calcium type of lime with a decided improvem ent 
being noted in both cases. W ith this lime the nuisance of dust is reduced 
and drying is faster with a better cake. High calcium lime seems to 
shorten the life of the filter cloth but not enough to be a serious factor.

At Cortland, when the change was made from hydrated to high calcium  
lime, five different brands of practically the same CaO content (95 to 97 
per cent) were tried for conditioning. All tests were made on a plant scale 
using the lime in both dry and slaked form. In each case the per cent of 
lime used, m ethod of mixing and mixing tim e were varied while the per cent 
of ferric chloride used was held constant. The pH , per cent solids and 
tem perature of the digested sludge used in these tests were practically  
constant. Each run was for a duration of 2 hours and the results were 
recorded as lb. yield per sq. ft. of filter area per hour. From these tests of 
5 high calcium limes the following was observed:

1. One brand gave excellent results, yield— 10.5 lb. dry solids per sq. ft. 
of filter area per hour.

2. One brand produced yield of 9.9 lb. dry solids per sq. ft./hour.
3. Two brands produced yield of 8.7 lb. dry solids per sq. ft./hour.
4. One brand produced yield of 6.4 lb. dry solids per sq. ft./hour.

During these tests the am ount of lime used was carefully checked and 
the filter cake produced was weighed on scales. It is quite possible that 
the physical characteristics, freshness and the ability of each to slake 
m ight have had some influence on the above results. The results on the 
Cortland filters showed that for this particular digested sludge the CaO 
content of the high calcium lime was not the only factor affecting the ability  
of the lim e to coagulate solids for dewatering on vacuum filters.

An article by W. Rudolfs (1) shows that the CaO content of hydrated  
lime is not the only factor effecting its sewage coagulation power. A study  
of limes by Clark, Bernays and Tordella points out that particle shape 
affects some physical characteristics of lime (2).

B oth  plants at the present tim e are using liquid ferric chloride. Au
burn originally used the anhydrous form which was not dissolved but fed 
in dry form by merely dumping into the mixing tank. This proved to be 
a highly dangerous and disagreeable task as well as uneconomical. The 
change to liquid has shown a 1 2 per cent saving in cost with much better 
results. The 45 per cent solution of ferric chloride is fed by means of a 
water-operated ejector which dilutes the ferric chloride while impelling it
into the mixing tank.

A t Cortland, liquid ferric chloride of 45 per cent strength is fed by a 
motor-driven proportioning pump direct from carboys to mixing tank. At
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first the solution was diluted to  10 per cent strength. A fter a few  w eeks’ 
operation the am ount and the per cent dilution of the ferric chloride were 
gradually reduced until the solution was being fed at full strength (45 
per cent). D uring this change practically no change was noted  in the  
quality  of the conditioned sludge or the am ount of ferric chloride used  
when figured on a dry basis.

M i x i n g  o f  C h e m i c a l s

A t Auburn, 300 to 400 cu. ft. of raw sludge is m ixed in a batch, adding  
ferric chloride first, followed by lime. L ittle difference was noted in the  
order of adding chem icals. E ach batch lasts from l ^  to 2 hours w ith  
agitation  being continued throughout the run. D ifficulty in filtering the 
last part of the batch is often experienced and in these instances more 
sludge is pum ped to the m ixing tank and the conditioning process repeated. 
Variations in dose are accom plished by varying the quantity  of sludge 
rather than the quantity  of chem icals. B atch  m ix provides a more accu
rate control of the am ount of chem icals used for conditioning but has the 
disadvantage of the breaking up of the floe due to  the length of tim e the 
batch m ust be held.

A t Cortland, digested sludge flows by gravity  to the quick m ix tank  
where slaked lim e is added, followed by ferric chloride. If the order of 
adding chem icals is reversed the cake has a stick y characteristic which  
tends to blind filter cloths. M ixing tim es of 5, 10, and 15 m inutes have 
been tried but best results seem to be obtained w ith the shortest possible 
m ix tim e. The depth of sludge in the quick m ix tank is usually about 1 ft. 
and it is continually m oving due to action of gravity  and the slow  m oving  
paddles. W ith quick mix tank and variable capacity chem ical feeders it is 
a sim ple m atter to  vary the am ount of the conditioning agents being used. 
This com bined w ith the short m ixing tim e gives the operator a very close 
control over conditioning.

D e t e r m i n a t i o n  o f  C h e m i c a l  D o s e

An attem pt has been m ade at Auburn to  establish a relationship be
tw een per cent dry solids and specific gravity. This relationship seem s to 
vary considerably, however, due to differences in the character of the sludge 
caused by heavy runoff, chem ical treatm ent and industrial wastes. Charts 
have been made showing per cent of chem icals used for various specific 
gravities. Since the determ ination of specific gravity  can be m ade quickly, 
this m ethod is used. U sing the per cent shown by the chart, the sludge 
and chem icals are mixed for 5 m inutes and then a sam ple is tested  on a 
Buchner funnel before being adm itted to the filter. In m aking the Buch
ner funnel test previous experience w ith the test is im portant. There 
seem s to be no particular standard as to how fast the sludge should dry on 
the funnel; but the operator can tell, after a few trials, how fast the cake 
m ust form and dry in the laboratory in order to have it work well on the  
plant filter. The appearance of the filtrate also serves as a guide. A pale 
pink clear filtrate from the funnel test indicates the best results for the
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usual sludge at the Auburn plant. If the funnel tests are unsatisfactory  
a batch m ay be reconditioned by the addition of more chemicals and the  
procedure repeated.

At C ortland, during the first m onths of filtering, much tim e was given  
to the testing of sm all trial batches using a Buchner funnel, noting the 
tim e required for cake to crack, and the amount and color of the filtrate. 
The pH studies showed that filtering qualities improved w ith each rise up 
to about 10.0. A ny pH  above 10 and up to 13 failed to affect the filtrabil- 
ity  of the sludge to  any great extent. Some laboratory work has been  
devoted  to the filtering of elutriated sludge with excellent results; however 
this m ethod has not been tried on a plant scale. The problem of chemical 
doses for Cortland sludge is quite negligible as the demand remains rather 
constant. The nature of the sludge varies very little from month to  
month and there is iron present in the sludge before conditioning. The 
iron is a result of steel mill waste consisting of ferrous and ferric sulfates 
and ferric hydroxide. Iron content of the sewage has run as high as 120 
p.p.m . A t the present tim e, past records are relied on to a great extent 
for the quantities of chemicals used in conditioning. After operation is 
under w ay the quantities are gradually reduced to a point which still 
m aintains a good cake on the filter.

F i l t e r  O p e r a t i o n

Cortland filters using cotton cloths are operated at a drum speed of 13 
revolutions per hour w ith a low level of sludge in the trough. A t lower 
drum speeds the cake picked up is too heavy for good drying. W ith too 
heavy a cake there is a tendency for water to be discharged at the blow off 
cycle. This is caused m ainly by the inability of enough air to pass through  
the filter cake to sweep the water out of the filtrate piping. Cake is 
rem oved by means of the air blow, gravity and aid of the scraper. It is 
not necessary to have the scraper scrubbing against the wire or cloth. 
Discharged cake drops onto a belt conveyor which carries the sludge cake 
to a dump truck. Filters are operated two days per week with the 8-hour 
daily run usually being com pleted w ithout shutdown.

Auburn filters operate in much the same procedure except that a high 
level of sludge is carried in the trough and the drum speed is reduced to  
five revolutions per hour. Continuous operation at Auburn is sometimes 
handicapped by lack of sufficient incinerator capacity. One filter usually  
produces more cake than can be burned; as a result attem pts are made to  
hold down cake production. One common practice is to shut down the 
filter at end of each batch to allow the incinerator to catch up. In this 
typ e of system  it is of the greatest importance to have these two units well 
co-ordinated. Filter cake drops into a V-shaped hopper and is m oved to  
the incinerator by a screw conveyor. Surplus sludge cake piles up in 
the hopper and m ust be sliced down into the screw by hand.

F i l t e r  C l o t h s

Auburn to  date has tried several types of cotton cloths and has found 
that the N o. 1 type gives the best results on a basis of cost per hour’s use.
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The slightly  better results given by som e of the more expensive typ es did 
not ju stify  the additional cost. A sm all section of glass cloth was tried by  
sewing it into a hole cut in one of the cotton  cloths. The results w ith  the 
small section of glass cloth were only fair and probably th is was not a fair 
test for th is type of filter m edium . Auburn has not tried wool because of 
the prohibitive cost. Follow ing is a history of three N o. 1 typ e cotton  
cloths used at A uburn:

D uring summer of 1940, w ith quite continuous operation, cloth gave 
600 hours service.

Y early average w ith same typ e cloth purchased before the war—  
300 to 400 hours.

Present average w ith wartim e cloth of the same type— 150 to  200 hours.

Cortland has used only one type of cotton filter cloth, the trade name 
being, “ Clearflow Filter Cloth N o. 105 H D .” This is the cloth th at the 
filters were equipped w ith when installed and were used for the first year 
of operation. F ilters were operated 16 hours per week giving a tota l of 
approxim ately 800 hours service for the original cloths. The same type  
cloth purchased to replace the original covers gave about 600 hours’ service. 
Those purchased since the war fail to give more than 350 to 400 hours’ use.

T he cleaning of filter cloths at both Auburn and Cortland has proved  
unsuccessful. If a mild solution of inhibited acid was used the cleaning 
effect was negligible. W hen a solution of sufficient strength to do a thor
ough cleaning job was used the cloth w ent to pieces shortly after. K. L. 
M ick (3) of St. Paul reports successful cleaning of filter cloths increasing  
service from 350 hours to 500 and 600 hours. A t p lants where operation is 
more continuous than at Auburn and Cortland, 300 to  400 hours is prob
ably a m atter of weeks and the cloths still have p lenty  of life to  stand acid 
baths. Failure of pre-war cloths at Auburn and Cortland seem s to be a 
m atter of age rather than of hours service. From an econom ic view point 
it will usually be found cheaper to clean blinded cloths or apply new ones 
rather than to  use increased quantities of chem icals.

R e c o r d s

The im portance of com plete operating records for a vacuum  filtration  
installation should not be overlooked. Such data provides inform ation as 
to performance, costs, need for changes and inform ation valuable to  consu lt
ing engineers engaged to design a new plant or m ake additions to  the present 
plant. Operators of new plants find com plete records of certain operations 
of established plants valuable in getting their operating procedure estab
lished. Follow ing is a list of filtering records kept at both plants:

1. Cu. ft. sludge filtered each run.
2. Per cent solids in unconditioned sludge.
3. Per cent volatile solids in unconditioned sludge.
4. Pounds lime (CaO) per 100 lb. of dry solids.
5. Pounds ferric chloride (dry) per 100 lb. dry solids.
6. Specific gravity  of unconditioned sludge.
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7. pH  of sludge before and after conditioning.
8. T im e of each daily run in hours and minutes.
9. Num ber of hours’ service for each accessory unit.

10. Per cent solids in filter cake.
11. Per cent vo latile solids in filter cake.
12. Pounds of filter cake and pounds of dry solids.
13. Y ield in pounds per sq. ft. of filter area per hour.

P r o b l e m s

Since the Auburn sewerage system  is of the combined type, the raw 
primary sludge varies with the seasons and the am ount of rainfall. Failure 
of the grit chambers is found in the fact that while the average velocity is 
about 1 ft. per second the detention period is less than 10 seconds, and the 
grit does not have tim e to settle. During tim es of high flow, the high grit 
content of the sludge makes pum ping to batch tanks very difficult, in
creases demand for chemicals and tends to blind filter cloths quite readily. 
During the spring m onths there is also a tendency for the sludge to slough 
off the filter drum as it is being picked up in the trough. This accum ula
tion of partly dewatered sludge has caused the filter trough contents to 
overflow onto the floor at times.

Failure of filtrate pum ps at Auburn has caused some trouble of late. 
Since this trouble has developed after several years of operation, it is 
probably due to chipping of carbonate scale which has been built up on 
the inside of the pipes of the filtrate system . These chips of carbonate are 
drawn into the filtrate pump and the present remedy is to clean the unit. 
An article by K. L. M ick (3) of St. Paul describes the successful practice of 
cleaning filter equipm ent and piping with inhibited muriatic and hydro
chloric acid.

Other problems which are likely to arise after years of operation are the 
decrease in efficiency of vacuum  pumps, making it difficult to hold the 
vacuum  constant, and the loss of vacuum  in the drum due to the shrinking 
action of ferric chloride on the wooden decks supporting the filter medium. 
Because of the destructive effect of ferric chloride, filter troughs and mixing 
tanks made of steel should be treated with an acid-resistant paint or their 
life will be short.

To replace filter cloth at Auburn it used to be necessary to remove and 
replace 33 half round bars of brass which were used in the grooves of the 
division strips between each section of the filter. The purpose of these 
bars is to insure a tight fit of the filter cloth between each com partment of 
the filter. Each bar was held in place by 17 brass screws which when 
removed left a hole which had to be filled before a new screw would hold. 
Brass bars have been replaced by half-round soft wood strips of moulding 
held in place by 6 finishing nails. The change netted a saving of $3.00 
in cost of brass screws and 20 man-hours of labor for each change of filter 
cloth.

A t Cortland, a muffler of 1 ft. diameter and 6 ft. long set horizontally  
on the discharge of the vacuum  pumps rusted through in about 6 months 
due to the condensate draining to the lower side of the m etal housing.
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A replacem ent muffler set in a vertical position, so th at m oisture could  
drain back into the exhaust pipe, seem s to  have elim inated th is trouble.

On the Cortland filters the valve cap was designed to  provide suction  
to the sections as th ey  subm erged into a high level of sludge in the trough. 
Since a low level of sludge is used in the trough, a part of the recess in the 
valve cap providing vacuum  for the cake-form ing cycle was blocked off by  
means of wood and rubber cem ent. This blocking off of a part of the  
recess delayed the beginning of the cake-form ing cycle and prevented loss 
of vacuum  during the tim e each section was m oving from the point of cake 
discharge to point of subm ergence in the low level of sludge.

B etter slaking of lim e was provided at Cortland by the use of a sm all 
m ixing tank made from the parts of a washing m achine. T he purpose of 
th is device was to provide more tim e for the lim e to slake.

O p e r a t o r ’s  L i s t  o f  A d v a n t a g e s  o f  V a c u u m  F i l t r a t i o n

1. Quick disposal of sludge.
2. Space requirem ents reduced.
3. E ffect of weather on sludge drying elim inated.
4. D igestion  space can be reduced, in fact, elim inated as at Auburn.
5. E lim inates cleaning of drying beds.
6. P lants more flexible, especially w ith  digestion.
7. Successful dewatering of all types of sludge.

F a c t s  o f  A u b u r n  a n d  C o r t l a n d  P l a n t s

A u b u r n  C o r t la n d

P o p u la t io n  s e r v e d   4 1 , 3 1 5  17 ,0 0 0

T y p e  o f  s e w e r  s y s t e m    C o m b in e d  S e p a r a t e

A v e r a g e  d a i ly  f lo w  fo r  y e a r .......................................................................................... 5 .8 0  5 .9 2 *

N u m b e r  o f  m e n  e m p l o y e d ............................................................................................  1 3  5

T y p e  o f  s lu d g e  f i l t e r e d ..................................................................................................... R a w  D ig e s t e d

D is p o s a l  o f  s lu d g e  c a k e  a f t e r  f i l t r a t i o n ................................................................  I n c in e r a t io n  F i l l

N u m b e r  o f  f i l t e r s   2  2

N u m b e r  o f  f i l te r s  u s e d  a t  o n e  t i m e   1 1

T o t a l  f i l te r  a r e a  in  s q . f t .................................................................................................  6 3 7  260

T y p e  o f  c lo t h  g e n e r a l ly  u s e d ....................................................................................... C o t t o n  C o t t o n

A v e r a g e  h o u r s ’ u s e  o f  p r e - w a r  f i l te r  c l o t h ........................................................  300 600

A v e r a g e  h o u r s ’ u s e  o f  w a r - t im e  f i l te r  c l o t h .....................................................  1 6 0  35 0

T y p e  o f  w ir e  u s e d  fo r  w in d in g  d r u m .....................................................................  S t e e l  S t e e l

T im e  in  m in u t e s  fo r  o n e  r e v o lu t io n  o f  d r u m ...................................................  1 2 .5  4 .6

A v e r a g e  h o u r s ’ u s e  p e r  w e e k ....................................................................................... 3 3  16

A v e r a g e  p H  o f  c o n d it io n e d  s l u d g e ..........................................................................  1 0 .5  10 .0

P o u n d s  o f  lim e  ( C a O )  p e r  100 lb . d r y  s o l i d s .................................................... 1 3 .4 6  8 .9 8

P o u n d s  o f  fe r r ic  ( d r y )  p e r  100 lb . d r y  s o l id s .................................................... 4 .3 5  1 .6 8

C o s t  o f  c h e m ic a ls  p e r  t o n  o f  d r y  s o l id s   $ 6 .0 6  $ 3.04

A v e r a g e  p e r  c e n t  s o lid s  o f  s lu d g e  t o  b e  f i l t e r e d .............................................  6 .1 3  1 0 .1

A v e r a g e  p e r  c e n t  s o lid s  o f  s lu d g e  c a k e .................................................................  3 3 .4  4 2 .3

A v e r a g e  th ic k n e s s  o f  s lu d g e  c a k e  in  in c h e s .  . .  ...............................................  3/8 1/2

Y i e ld  in  p o u n d s  p e r  s q . f t .  o f  f i l t e r  a r e a  p e r  h o u r   2 .8 1  9 .5 1

* High flow caused by infiltration; present water consumption of 93 gallons per capita accounts 
for less than 25 per cent of sewage flow.
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E f f e c t  o f  W a r  o n  O p e r a t i o n

1. Increased load on treatm ent plant due to war tim e industry.
2. Loss of personnel.
A t Auburn, filtering operations are on a 24-hour schedule until the job is 

com pleted for the week, usually 2 to 3 days per week. Loss of personnel 
m ay necessitate changing to a 16-hour day for filtering, thus increasing the 
number of days to  do the w eek’s job. This change will considerably re
duce the num ber of man-hours available for maintenance. The chem ist 
of the Auburn plant is now serving in the Sanitary Corps of the U. S. 
Army, which has m eant a curtailm ent of laboratory work.

3. D ifficulty in obtaining equipm ent and repair parts and the restrict
ing of new work on planned im provem ents, such as grit chambers for the 
Auburn plant.

4. Increased cost for lower grade filter cloths.
5. Increased cost of chemicals for filter operation.
Cortland, being a sm all user of chemicals, is unable to purchase in 

carload lots due to O .D .T . regulations concerning minimum weights of 
cars. Sm allest car of lime that can now be shipped is 35 tons which is 
more than a year’s supply. High calcium lime is difficult to keep over the 
summer m onths because it air-slakes and breaks paper bags. Since metal 
containers, in which the lime can be stored safely, are no longer available, 
it is necessary for the Cortland plant to purchase in small quantities, which  
increases the cost considerably. War conditions prohibit holding of ferric 
chloride carboys for a period of six to seven m onths as was formerly done. 
This means that the Cortland plant m ust build a ferric storage tank or turn 
to the use of anhydrous or crystal ferric chloride.

C o n c l u s i o n s

1. The sim plicity of operation of a vacuum  filter installation depends 
to a large degree on the type of sludge treatm ent and the method of disposal 
of cake after filtration.

2. The m ost im portant step in vacuum  filtration is the conditioning of 
sludge.

3. The continuous-flow method of conditioning sludge is faster, re
quires less attention  and is usually more economical than batch-mix.

4. The efficiency of vacuum  filtration of sludge can be improved by the 
application of laboratory results.

5. Filters require close supervision while in operation.
6. Vacuum  filtration, a relatively com plicated mechanical process, re

quires considerable care.
7. Com plete operating records are of the greatest importance.
8. In these two plants the use of liquid ferric chloride and high calcium  

lime has simplified operation with better results at a lower cost than with  
dry ferric and hydrated lime.

9. Per cent of chemicals used, methods of applying and mixing are a 
m atter of local conditions.
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10. D ep th  of sludge in trough and drum speeds are determ ined by  
local conditions.

11. In these plants the optim um  pH  of conditioned sludge is about 10.0.
12. The tabulation  of the facts given for the tw o plants is m erely for 

inform ation as there are too m any variables to  m ake a just comparison.

R e f e r e n c e s

1. W. Rudolfs, “ Effect of Lime in Coagulation of Sewage.” Public W orks, 7 3 , 11, 15 (1942).
2. G. L. Clark, P. M. Bernays and J. P. Tordella, “Progress in Lime Investigation with X-Rays

and the Electron Microscope.” Special Publication, N ational Lime Association, March 
(1942).

3. K. L. Mick, “ Cleaning Encrusted Pipe Lines and Vacuum Filters.” W ater W orks and Sewer
age, 89, 314 (1942).



S T A N D A R D  R A T E  F I L T E R  O P E R A T I O N  E X P E R I E N C E S  A T
W E S T F I E L D ,  N .  Y . *

B y  J o s e p h  T. H o w s o n

Operator, Sewage Treatment Plant, Westfield, N . Y .

One of the m ost notew orthy advances in the held of sewage treatm ent 
in Southwestern N ew  York State during the past decade was the construc
tion of a m odern-type sewage treatm ent plant to serve the Village of W est- 
held. This was made possible through a P.W .A. loan and grant at a total 
approxim ate cost of $125,000. This plant superseded the original plant, 
which consisted of a septic tank and contact beds, both of which had out
lived their usefulness.

The new plant is com posed of a m anually cleaned bar screen and grit 
channel, a double rectangular primary settling tank with mechanical sludge 
collection m echanism , tw o circular trickling hlters with rotary distributors, 
and a rectangular hnal settling tank, m echanically cleaned. Sludge is 
treated in tw o separate digestion tanks, operated in series, one of which has 
provision for heating and gas collection. A glass-covered sludge drying 
bed is provided. There is a solution feed chlorinator, of 200 lb. per 24 
hours capacity. P iping is arranged to make possible prechlorination 10 ft. 
ahead of the primary settling tank, 100 ft. ahead of the filter dosing tank, 
and, for post-chlorination, 10 ft. ahead of the final settling tank.

The population of W estfield is approxim ately 3,600, but the plant is 
designed for a B .O .D . population equivalent of 10,000 because of the food- 
processing industries in the village. A lthough there are five processors in 
the village, at the present tim e only two discharge their wastes into the  
sewer system . The sewer system  is for sanitary wastes only, but because 
of its condition, the flow of sewage will double or even triple after a hard 
rain. The flow of sewage fluctuates between 0.6 m.g.d. in dry weather to  
as much as 3.0 m .g.d. in the spring of the year. Last August, after a severe 
local cloudburst, there was a flow of approxim ately 12.0 m.g.d. entering the 
plant, about 8.0 m .g.d. of which overflowed the various tanks and m an
holes. The nominal designed capacity of the plant is 1.5 m .g.d. During  
a typ ical day, the flow will vary between 0.7 m.g.d. at about 6 A .M ., and 
about 1.0 m .g.d. between 10 and 11 A .M . A t this rate, the per capita flow 
is nearly 200 gallons, showing excessive infiltration, as well as industrial 
waste.

T he war has had little or no effect on plant operation, with the exception  
of increased difficulty in obtaining parts and labor. In fact, there has been 
a decrease in population, due to the nearly 250 men who have joined the 
armed services, while the fruit processors have continued to run near 
capacity.

T he tw o trickling filters are of the slow rate, so called, or as has been 
suggested by Mr. J. A. M ontgom ery, high rate of application, low capacity,

* P r e s e n t e d  a t  t h e  S p r in g  M e e t in g  o f  t h e  N e w  Y o r k  S t a t e  S e w a g e  W o r k s  A s s o c ia t io n , 
R o c h e s t e r ,  N .  Y . ,  J u n e  9, 19 4 3 .
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type. T hey  have four-arm rotary distributors, w ith  valves on tw o arms, 
so that either tw o or four arms can be used. E ach four-arm distributor  
has 80 orifices, 34 in. by 1 ^  to 234 in. long, w ith  spreader p late underneath. 
The distributors turn about 1 r.p.m ., although the speed varies greatly  w ith  
changing wind conditions. T he beds are 110 ft. in diam eter, w ith 8 ft. of 
lim estone, laid on a concrete bottom  having slotted  tile  on 4 ft. centers. 
There are concrete walls, and an outlet gate, which allows flooding of the  
beds to a depth of about 3 in. over the stone surface. T he area of the two  
filters is 0.436 acre, the volum e, 3.6 acre feet, approxim ately.

W hen the filters were built, the north bed was filled w ith  stone re
claim ed from the contact beds of the preceding plant, which was con
structed in 1910. This stone was washed and screened over a z/± -m . mesh 
screen, before placing in the new filter bed. T he south filter bed was filled 
w ith new lim estone, specified as being betw een 1 and 234 in. in size. This 
stone was unloaded from gondola cars into trucks, driven 1 m ile to  the 
plant, and dum ped on the bed.

T he m ajority of operating problems in the plant, especially in connec
tion w ith the filters, have been of m echanical, rather than of chem ical or 
biological origin.

From a chronological standpoint, the first operating problem  experi
enced was the continued clogging of the distributor nozzles b y  leaves, in 
the late summer and fall. This was partially  overcom e by constructing  
a screen of 34-in - mesh, placed over the prim ary settling  tank effluent. 
E ven  with the screen, the nozzles have to  be cleaned 3 or 4 tim es a week 
when the leaves are falling or blowing about.

After spending a couple of hours digging leaves out of filter nozzles, it is 
difficult to appreciate the beauty of the num erous trees which surround the 
plant. B y  the tim e leaves are skim m ed from the tw o settling  tanks, and 
rem oved from the greenhouse eaves troughs, and a few panes of glass 
replaced, where falling branches have broken them , it is hard for the  
operator to  share the sentim ent of the verse— “ W oodm an— Spare T hat 
T ree.”

The second problem arising in connection w ith the filters was the great 
number of filter flies, in evidence from about April until late fall. Their 
control came about as a by-product of the control of ponding.

Some ponding of the south filter, the one w ith  the new stone, occurred  
in the summer of 1940. In the late fall and winter of 1940-41 , ponds 
covered a good proportion of the surface. T o get rid of the ponds, a hose 
was run from the chlorinator, and chlorine solution, w ith  the chlorinator 
running at 200 lb. per 24 hours, was sprayed directly on the surface of the 
filter. This rem oved the ponds, but it also inactivated  the filter for about 
five weeks. The north filter, containing the reclaimed stone, was not 
ponding at th is time.

K now ing that flooding of filters had effected control of ponding in other 
plants, th is was tried next, but it m et w ith little  success. Our next attem pt 
was to chlorinate the flooding water, holding a concentration of 10.0 p.p.m . 
residual chlorine after a 20-m inute contact period. This elim inated the  
ponds for about tw o weeks, but it also apparently inhibited the biological
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a ctiv ity  of the filter, as it effected little improvem ent in the applied sewage 
for about three weeks. A fter a series of experim ents, it was found that by  
flooding the filter at m onthly intervals, and adding chlorine to the top  
three or four feet of water, w ith a residual chlorine content of from 5.0 to
8.0 p .p .m ., the ponds were kept more or less under control, w ith no appar
ent harm to  the filter activ ity .

W hile this system  of chlorination and flooding kept ponding under 
control, from the standpoint of econom y it left som ething to be desired. 
Each application of chlorine took from 100 to 300 lb., at a cost of 87 to $20. 
One beneficial side result, in addition to filter fly control m entioned before, 
was the cleaning out of the dosing tank piping. This cannot be cleaned  
with a hose, as there is no hydrant near enough for the supply of hose to  
reach.

W hile chlorination and flooding kept the ponds under control, or at 
least out of sight, it was difficult to  reconcile the suggested theory that the  
filters were overloaded, w ith the fact that only the south filter, with new  
stone, ponded, while the north filter, with old stone, had no trouble. 
During the winter of 1942-43, w ith the aid of a spading fork, it was found  
that where there had been ponding, at a depth of six to eight in., the stone  
size was J/g to  in. Inasm uch as there was no small stone on the filter 
surface, it is possible that the stone was placed in that condition, and 
covered w ith stone of the proper size. Possibly if the original specifica
tions had called for screening and washing of the stone im m ediately before 
placing, this condition would not exist.

The properly graded stone over smaller sizes was som ewhat similar 
to a condition found in the sludge bed. After our first sludge had been 
carted away, while raking the sand surface sm ooth, a veritable mine of 
bolt ends, broken glass and wood, wire, etc., was found about 2 in. beneath  
the top of the sand. It was apparently cheaper to  spread a couple of extra 
loads of sand than to  pick up the scrap.

Our next problem in connection w ith the filters was the slowing down 
and eventual stopping of rotation of the distributors, accompanied by 
grating noises in the pedestal bearings. As the races had been flushed, and 
the oil changed at frequent intervals, we were at a loss to  explain the 
condition. The balls were all p itted  deeply, worn oval, and some broken. 
The manufacturer furnished us with new balls and races, which were 
installed. In another six m onths, the same thing occurred. This time, 
we had the original engineers check the mechanism level. The north 
distributor was 9 in. out of level in the 110 ft. diameter, and the south, 
3 in. After some investigation, it was found that when the distributors 
were leveled during construction, a carpenter’s level was used, and nuts and 
washers were used as shims, instead of using the adjustm ent nuts furnished  
by the equipm ent manufacturer.

Since the distributor on the north filter was repaired, eight months ago, 
we have had no more trouble with it. The manufacturer’s field engineer 
who supervised the job felt confident that as the machine was leveled to  
within hs in. in the 110 ft. diameter, we would have no further trouble, and 
while we still have our fingers crossed, it is beginning to look as though he 
was right.
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A problem  resulting in bad odors has been in connection w ith  the filter 
underdrain collection troughs. These troughs extend 65 ft. either side of 
the outlet, are 10 ft. wide, have flat bottom s, and pitch on ly  1 ft. in the 65. 
As there is not quite enough fall through the plant, the bottom  of the  
trough has about 12 in. of water in it, at the low point, at all tim es. The  
filter underdrain tiles discharge above the water level.

As a result of the wide flat bottom  and flat pitch, the v elocity  of the  
water in the troughs is low. Because of the low velocity , m any of the  
solids carried by the filter effluent are deposited on the trough floor. T hey  
collect, decom pose, and as they  gas, lighten, and are carried to the final 
settlin g  tank. Here th ey  float in clum ps on the surface of the tank, and 
are probably distributed through the various depths of the water, resulting  
in a high B .O .D . at tim es. A natural question would be w hy the troughs are 
not hosed out to keep the trough bottom s clean. W e have 300 ft. of hose, 
and from the nearest hydrant to  the south filter is 300 ft., and to  the north, 
is some 450 ft. W hen the troughs are cleaned, the accum ulated solids are 
broomed and washed to the outlet, carried to  the final settling  tank, pum ped  
to the prim ary settling tank and then to the digestors. I t  is a 6-hour job 
for tw o men to clean the tw o troughs.

Another contributing factor to a poor final effluent was discovered  
while rem oving a layer of 18 in. of mud, stones, etc., that was washed into 
the final tank during a flood in the spring of 1942. This was the first tim e  
the tanks had been em ptied, as the pum ps built in the p lant would not 
em pty more than 4 ft. of the 9 ft. of water in the tank.

It was found that the floor of the tank had cracked, from the corners 
to the center; along the approxim ate center line it had raised about two  
inches. This resulted in the sludge scrapers scraping only one side, while 
the other side has a layer of sludge m ost of the tim e, up to 4 in. thick. 
D uring the past year, this was stirred up w ith a hose and pipe, apparently  
effecting some im provem ent in the final effluent.

B .O .D . analyses were first made in August, 1940. For this reason, the 
results in Table I are for the period from A ugust 1 to  January 1, in order 
that a 3-year period m ay be covered. This 5-m onth period covers the 
tom ato and grape processing seasons, which are responsible for the greatest 
load on the plant. Of the five fruit processing p lants in the village, only 
one handling all fruits, and one handling nothing but tom atoes, discharge 
into the sewer system . These fruit processors lim e the w aste so that the 
pH  is over 9.6 at all tim es as it leaves their plants.

There is one machine shop in the village, th at m akes rubber bushed  
flexible couplings. In order to  bind the rubber bushing to the m etal flange, 
they found that the cem ent would hold much better if the rubber were 
pickled in concentrated sulfuric acid for a certain length of tim e. In their 
process, th ey  soak the bushings in acid, using the acid over and over until 
the effect on the rubber slows up, when the acid is discarded. Form erly  
they dum ped the acid over a bank. H owever, last year, the plum bing was 
changed in the plant, w ithout benefit of plum bing perm it, so th at the acid 
sink em ptied into the sewer. The am ount was about 8 gallons per day, in 
4-gallon batches. W e had a good deal of trouble finding the source of the
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acid, as the front office disclaim ed any knowledge of such a possibility. 
H owever, by judicious use of the back-door grapevine, the condition was 
discovered and stopped in a hurry. W hen the slug of acid reached the 
plant, the pH  of the raw sewage dropped from its normal 6.9 to 7.0, down 
to less than 4.0. E ven w ith tw o lime feed machines running, little could 
be done to raise the pH  to normal. The influent to the filters at this tim e 
ran about 4.5, and the filter effluent about 5.0, as compared with the normal
7.1 to 7.2.

In T able I, it will be noted that the m axim um  B .O .D . of the raw sewage 
in 1940 was m uch higher than in the tw o years following. In 1940, one 
tom ato processor collected all the trim mings, stem s, etc., and put them  
through a cyclone, or extractor. The resulting dry product was carted 
away, am ounting to about 2 truckloads a day. The liquid discharge from  
the extractor, am ounting to a low grade of tom ato juice, was em ptied into  
the sewer.

T a b l e  I . — 5 Day B.O.D. in  p.p.m .

A v e r a g e — A u g . 1 t o  J a n . 1

Y e a r

R a w  S e w a g e
F ilte r

In f lu e n t
F il te r

E f flu e n t
F in a l

E fflu e n t

A v g .  o f  %  B .O .D .  R e m o v a ls  
b y  F il te r  A lo n e

A v g . M a x . M in . H ig h L o w

1 9 4 0 2 5 7 1 0 9 5 4 6 1 2 0 . 5 1 8 . 5 1 2 . 4 7 5 . 5 9 6 3 7

1 9 4 1 2 7 5 7 9 2 3 2 1 4 3 1 6 . 6 1 8 . 7 8 5 . 9 9 6 6 3

1 9 4 2 1 5 0 2 7 1 1 9 1 1 4 1 2 . 8 1 2 . 1 8 1 . 0 9 8 .5 6 6

After a heart-to-heart talk between the plant operator and the canner, 
the trim m ings, etc., from the 1941 pack were all hauled away in a tank  
truck, w ith a marked decrease in the strength of the sewage. Although  
this m ethod of handling the waste made it necessary for a 500-gallon tank  
truck to  work 18 to 20 hours a day, the canner voiced no objections. So 
far, this is the only tim e we have requested cooperation from a user of the 
sewer system , and no trouble was experienced. Perhaps the fact that, 
under the existing village ordinances, the use of the sewer could have been 
denied for industrial waste, m ay have had som ething to do with the willing
ness of the canner to cooperate, although, of course, this was not mentioned  
in the talk.

In 1940, when the waste juice was being discharged into the sewer sys
tem , the average B .O .D . of the waste from this one plant was 1600 p.p.m. 
In 1941, when the waste was trucked away, and only wash water was dis
charged into the system , the average B .O .D . was 243 p.p.m ., representing 
a decrease in strength of 85 per cent.

In the 5-day B .O .D . analyses, the m ethod of sampling adm ittedly  
leaves much to be desired. Grab samples are taken, and so tim ed that 
the same batch of sewage is sampled at the various stages of plant opera
tion. The Rideal-Stewart modification of the W inkler M ethod is used 
for D.O . determinations.
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A lthough com posite sam ples would be a great im provem ent, it is rather 
difficult for one man to operate the plant, make all the necessary repairs, 
and carry out num erous other duties, and still have tim e to  com posite 
sam ples and analyze them . The thought was that even though errors 
were made, if th ey  were consistent w ith  all sam ples, a fair com parison and 
check of p lant operation could be carried out.

Several tim es, hourly B .O .D . analyses were m ade throughout the day. 
During the period when the fruit processors were operating there was very 
little  change throughout the day. A t the tim es when the factories were 
shut down, there were expected peaks at about 11 A.A1. and 3 P .M . The 
B .O .D . of sewage entering the p lant from 8:30 to  9:00 A .M . seem ed to be 
about average for the day.

Referring to Table I, it will be observed that the B .O .D . values of the 
raw sewage do not correlate w ith the above-m entioned decrease in strength  
from the one cannery effluent. H ow ever, the flow in 1941 was 71 per cent 
of that in 1940, and the tonnage of tom atoes packed was greater in 1941 
by 20 per cent. In addition, there was no change in the sew age from the 
remaining cannery. The considerable drop in strength betw een 1942 and 
1941, from 275 to 150 p .p .m ., was caused by the flow in 1942 being 210 
per cent of the flow in 1941, and a to ta l tonnage of tom atoes packed 36 
per cent less than in 1941. A greater drop in B .O .D . was not observed  
because the fruit in 1941 was of good quality, requiring com paratively little  
trim m ing, while in 1942 there was a great deal of trim m ing and wash water. 
Other B .O .D . data on filter influent and effluents are also show n in T able I.

The rate of application in 1940 was 2.32 m .g.a.d., 1.80 in 1941, and 2.78  
in 1942. B .O .D . loadings were, in pounds per acre-foot per day, in 1940, 
308; in 1941, 180; and in 1942, 259.

T he im proved rem oval in 1941 over 1940 m ay have been due to  de
creased loading and the regularly scheduled flooding and chlorination of 
the filters, m entioned before. The loss betw een 1941 and 1942 probably  
can be explained by the increased filter loading in sp ite of decreased sewage 
strength. In w eekly tests, it appeared th at the efficiency of the filters 
varied as the strength of the applied sewage; the higher the B .O .D . of the  
influent to  the filters, the greater was the percentage of B .O .D . rem oval.

In exam ining the rem ovals by the final tank alone, it would appear that 
the before-m entioned crack in the final tank bottom  occurred in the winter 
of 1940-41, as the average B .O .D . rem oval in 1940 was 6.0 p .p .m ., while in 
1941, 2.0 p.p.m . were added.

U nfortunately, we are not equipped to analyze for nitrates, so th at the  
degree of nitrification by the filters cannot be given. N either can wTe 
determ ine suspended solids w ith any sem blance of accuracy.

In an effort to im prove filter operation, in 1941, a part of the final efflu
ent was returned to the influent of the prim ary settling tank, and the filters 
so regulated th at the south filter ran norm ally, w ith about a 5-m inute rest 
between dosings, while the north filter ran continuously. Very little , if 
any, difference betw een operation of the tw o filters was noted. In 1942, 
the same procedure was follow ed, except th at recirculation was taken from  
the sludge hoppers of the final tank. Again no definite im provem ent was 
noted.
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Recirculation was at the rate of 300 g.p.m ., making the rate of applica
tion on the north filter between 3.7 and 4.5 m .g.a.d., while the south filter 
remained about 1.8 and 2.8 m .g.a.d. in 1941 and 1942.

W e had hoped to install piping this year so that recirculation to the 
dosing tank could be accomplished, thus m aintaining the longer detention  
period in the primary settling tank, but for obvious reasons, this has been 
postponed indefinitely.

It m ay seem  from this recital of troubles that the filters are not doing 
so well. In reality, the B .O .D . rem oval is as good as can be expected; 
outside observers agree w ith this statem ent.

These data were collected over too short a period of tim e to be con
clusive, but rather serve to point out possible operational procedures which 
m ight be productive of im provem ent in plant operation at W estfield. It  
m ay seem  th at fault was found with the design and construction of the  
plant. Probably alm ost any operator new to the business could find fault 
with his plant. Perhaps as years of experience are accum ulated, reasons 
m ay appear for certain things the tyro deems unnecessary or incorrect; 
things that he, daring to rush in where angels fear to tread, would have 
changed, had it not been for the restraining influence of his controlling 
board.

W hen explaining plant operation to a local taxpayer, B .O .D . reduction  
means less than nothing. H owever, when he is shown samples of sewage 
at various stages of treatm ent, the effect of the filters is more spectacular 
than any other stage. In fact, at tim es, the final effluent has a better 
appearance than our drinking water. A dem onstration of this kind, 
coupled with a clean plant w ith well-kept grounds, makes for a well- 
satisfied taxpayer who, after all, is the employer. Such taxpayer satisfac
tion is a goal toward which all sewage treatm ent plants m ust work, if 
th ey  are to be accorded their rightful place in the m unicipality, rather than  
being considered as a more or less necessary evil, as has so often been the 
case heretofore.

D iscussion

B y  C a r l  J. B e r n h a r d t

Jamestown, New York

I believe that we are all in accord with the fact that the paper which 
Mr. H owson has just presented is of interest not only to  the operator but 
also to the sewage treatm ent field in general. H e has been confronted  
with not only the run-of-mine type of problems that are experienced by a 
good m any operators but also with one or two unusual ones.

W e should be impressed by his statem ent regarding B .O .D . reduction  
and its significance, or rather, lack of significance, to the layman. Our 
experience w ith this valuable control test has been that it is often over
looked by some operators who could use it to good advantage and improve 
plant operation. An example of this can best be related by experiences 
gained in the operation of a sewage treatm ent plant serving one of the 
neighboring com munities, having an environm ent similar to that of W est
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field. This com m unity has several fruit and vegetable processing p lants  
and the wastes from each p lant are pretreated to rem ove som e of the solid  
m aterial before discharge into the sanitary sewer system . T he sewage, 
including the industrial wastes, is treated in a sewage treatm ent p lant that 
includes secondary treatm ent w ith  trickling filters. T he p lant effluent is 
discharged into a watercourse that occasionally has a low flow during the 
late summer and fall m onths or during the canning season. A lthough  
every ordinary precaution is used in the operation of th is treatm ent plant, 
including pre- and post-chlorination and the effluent has a relatively  clear 
appearance, there are tim es during periods of low stream  flow where putre
factive conditions are created and are m aintained in the receiving water 
course for a distance of over tw o m iles below the treatm ent plant. In all 
probability, the low dilution factor of this stream  is not sufficient to  satisfy  
the oxygen dem and of the sewage indicating th at the latter is not satis
factorily treated. In this case, it is evident th at the B .O .D . test could be 
used to advantage. Perhaps the present treatm ent facilities are over
loaded and should be modified or a greater degree of treatm ent of the  
industrial w aste required before discharge into the sanitary sewer system  
to result in a properly treated effluent having a lower oxygen dem and so 
that putrefactive conditions in the receiving watercourse would be allevi
ated. W e are pleased to report th at the B .O .D . test is being established  
and will be em ployed at this treatm ent p lant during the com ing season  
and some interesting data should be obtained to guide the local officials 
in the solution of their problem.

Another point that should not be overlooked in Air. H ow son’s paper is 
the cordial relationship that is m aintained betw een the village and in
dustry. Som etim es it requires considerable effort and very diplom atic 
salesm anship to prom ote and establish a feeling of com m on understanding. 
T hat such relationships be established and m aintained is of u tm ost im 
portance. Our experience has shown that the developm ent and accom 
plishm ent of co-operative spirit betw een the operator and industry when  
w aste treatm ent problem s are involved  is simplified if representatives of 
industry are invited  by sewage treatm ent officials to share an interest in 
problems which are com mon to both. The sewage treatm ent p lant official 
should not fail to and be ready to  assist and advise local industries in the 
solution of w aste treatm ent problems. Y ou will find th at in an atm os
phere of m utual understanding both industry and com m unity will benefit 
and operating difficulties influenced by industrial w astes will be held to  a 
minimum.

A problem that has becom e very grave, but th at has not y et com pletely  
vexed the operator, is the failure of w aste treatm ent facilities in industrial 
plants to  function principally due to  physical breakdown and corrosion. 
Concerning the canning plants in particular, we have made a recent survey  
of all w aste treatm ent devices in Chautauqua C ounty and found that, none 
of them  have available sufficient replacem ent parts. For instance, m ost 
of the screening devices consist of a copper bronze alloy. As you know, 
this material is not readily available at the present tim e due to  its high  
position on the critical m aterials list. Steel screens are not desirable
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because of their lim ited life when used in connection with certain cannery 
wastes and a satisfactory substitute has not yet been found. Another 
difficulty is bearing failure and because of the fact that the alloy used in 
casting bearings is difficult to obtain, ordinary breakdowns which formerly 
could be prom ptly repaired, m ay be extended considerably.

These are just a few of the exam ples of what we anticipate happening 
during the present season. However, we are fortunate in having estab
lished a M utual Aid Plan for W ater Service and are carrying this co
operative service into the sewerage and sewage treatm ent field in the form 
of the M utual Aid Plan for Sewer Service in which every one of us has a 
part. One suggestion along this line would be broaden our program to 
include representatives of industry who have any connection whatsoever 
w ith w aste treatm ent and disposal and to render advice and service as 
outlined in the M utual Aid Plan. W ith this thought carried through to 
com pletion, the prospects of the continuance of a high standard of sewage 
plant operation are bright.

Discussion

B y  N .  L. N u s s b a u m e r

Commissioner o f Public W orks, Buffalo, New York

Mr. H owson has ably described the operation of a treatm ent plant not 
affected by the war. In contrast, it m ight be interesting to relate som e
thing about the Town of Cheektowaga, D istrict No. 5 Plant, in which town  
two large war industries are located, the Curtiss-W right Corp. and the 
Spencer Lens Co., both new plants, and the Buffalo Airport. In addition  
there has been one large Federal H ousing D evelopm ent constructed with  
1,080 units and m any privately  built housing developm ents. The popula
tion has increased from about 9,000 to over 25,000 in less than two years. 
The population equivalent treated at the plant is about 33,000 persons. 
The daytim e dry weather flow averages about 4 m.g.d. now and will 
probably drop to about 3 m.g.d. during the summer. During peak flows 
in heavy rains more than 32 m.g.d. has been received at the plant, and a 
relief pum ping station located nearby.

The original plant had tw o rectangular sprinkling filters, about 100 ft. 
square, each equipped with fixed nozzles. The new construction included  
tw o 88-ft. diam eter, 6-ft. deep filters equipped with Aero distributors, 
with a design capacity of 7.7 m.g.d. A distribution chamber diverts flow 
now in excess of 4.0 m.g.d. to the standard filters, which have a capacity  
of 1.2 m.g.d. During the winter, it was difficult and unnecessary to use 
the standard filters interm ittently. It is planned to do so this summer and 
then to drop the point of diversion to 3.0 m.g.d.

The B .O .D . of the sewage this spring has been about 90-100 p.p.m ., 
although normal dry weather domestic sewage has been in the past about 
175-200 p.p.m . On one day in February when the influent had a B .O .D . 
of 90 the effluent showed 40. At this tim e one primary tank was out of 
service for repairs to the sludge removal mechanism so that the flow re
ceived only a one-hour period of sedim entation. A t a later time, tests
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showed a B .O .D . of 108 for the influent and 35 for the effluent. N o  tests  
have been made when the p lant m ay be considered to  be under normal 
operation for the design flow. These tests were made b y  M r. Sanderson  
of the N ew  York State D epartm ent of H ealth.

D ue to labor shortage at the p lant, the Chief Operator has not been  
able to  do m uch laboratory work. C onsequently few results are available  
for comparison.

Trouble was experienced this winter during cold spells below 10° F. w ith  
the filter nozzles freezing when the flow dropped below about 1.5 m .g.d. 
The re-circulating pum ps were stepped up so as to have a m inim um  flow of 
about 2 m .g.d. during such tim es. It was also found th at the arms got 
out of alignm ent during the winter, one arm sagging so it was necessary  
to  again level the arms this spring.

This p lant did not experience trouble w ith fines being placed in the  
filter along w ith the approved size stone. W hen the filter was built, the 
filter m aterial was first dum ped on a platform  adjacent to the filters, and 
then deposited by a crane and bucket in the filters. The fines were all left 
on the platform .

In this plant the sewage is pum ped to the treating structures. Two- 
speed pum ps are used. The smaller— 350 to 500 g.p .m .— handles the  
m inim um  night flows nicely, and the larger— 1800 to 3000 g .p .m .— handles 
the day flow, of course, during dry weather flow. W hen these pum ps are 
placed in operation, th ey  will run for hours alternating from low to 
high speed w ithout dropping out com pletely or throwing in a second  
pum p. These com paratively steady flows contribute to  satisfactory plant 
operation.

It will be noticed that these filters are 2 ft. less in depth than those at 
W estfield, and that filters of less diam eter here are handling flows about six 
tim es the dry weather flow at W estfield. W hile the results above quoted  
for B .O .D . rem oval are not high, th ey  were m ade under unfavorable 
conditions. It is expected w ith a B .O .D . of about 185 p.p.m . in the in
com ing sewage that the final effluent will not show over 30 p.p.m . for design  
capacities. Chlorination during the summer is used at the rate of about 
70 lb. per m .g. for pre-chlorination and 30 lb. per m.g. for post-chlorination. 
This com bination controls odors and gives a satisfactory residual. In the  
winter, only post-chlorination is used.

W hen the war is over, it is probable that there will be a considerable 
reduction in the dry weather flow to the plant.

In M r. Bernhardt’s discussion, he has particularly stressed the rela
tionships between a sewage plant operator and industries in the contribut
ing area. This gives me an opportunity to m ake a few  com m ents upon  
engineer and operator relationships to  which reference is m ade in the final 
paragraphs of Mr. H ow son’s paper.

It is certainly true th at m istakes which engineers make in designing a 
plant or deficiencies occasioned by a poor construction job fall to  the lot of 
the operator for correction. H owever, some of the difficulties which  
operators have result from a different line of reasoning than that used  
by the engineer when designing the plant. Som etim es one m ay be right
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and som etim es the other. There are other things, too, which enter into  
the problem.

TV hen an engineer designs a plant, he m ay assume that the m unicipalitj’ 
is in a position to staff the plant adequately w ith men who have received  
prior training in this class of work. H e m ay also assume that adequate  
funds are available for repairs, replacem ents and general upkeep. Fre
quently it is found th at the m unicipality desires to econom ize in their 
budget by putting on fewer men than the job really requires, or setting  
the salaries at such a point that good men are not attracted to the position. 
In addition ,.the first year’s budget is made up w ithout the benefit of ex
perience from former operation and some item s of expense are quite 
naturally left out.

Operators frequently complain, and justly  so, that upon the com pletion  
of the job they  do not have com plete records of the plant as built, particu
larly where there have been changes from the original plans, that they  are 
not instructed in the operation of mechanical equipm ent and that they  
have difficulty w ith repairs and adjustm ent to equipm ent, particularly  
while placing it in operation during the first year of the plant operation. 
M uch of th is could be overcome if the engineer’s contract for the design  
and supervision of the construction of the plant also contained a provision  
for consultation during the first year of operation so that the engineer 
and the operator could get together, discuss the problems that arise, and 
attem pt to  overcome them  in a w ay which the treating structures would 
best perm it. Frequently an engineer is also able to get a better response 
from manufacturers on data pertaining to the operation of their equipm ent 
than the operators them selves. The best designed plants, and those which 
give the least trouble after being placed in operation, are those which are 
designed by engineers who give full consideration to  operating require
m ents. Certainly in the case of a remodelling job or additions to an exist
ing plant, advice from the operator is very valuable. Both the engineer 
and the operator desire a plant which will operate with minimum expense 
and unnecessary effort to give maximum results. Since their objectives 
are the sam e, their co-operation is essential.

Before closing this circle of co-operation which has been indicated to 
include: industries, m unicipal boards, operators, and engineers, one must 
surely include the N ew  York State Departm ent of H ealth representatives. 
Carl Bernhardt, Ralph B ates and George Moore, who are active in the 
western section, are only typical of others who give great help to all 
concerned in sewage matters.



O P E R A T I O N  O F  F R E E P O R T ,  L O N G  I S L A N D ,  S E W A G E  
T R E A T M E N T  P L A N T  B E F O R E  A N D  A F T E R  

I M P R O V E M E N T S  *

B y  E . C. M c K e e m a n

M anager Department o f Sanita tion

This paper will not entirely com ply w ith its  title, which was assigned to 
me when the difficulties and delays of wartim e construction work were not 
fully appreciated. The contract for im provem ents to  the Freeport Sewage 
Treatm ent W orks, started in 1941, has not been entirely com pleted. For
tunately , the work was started before the war and the village was able to  
obtain the required priorities, and v ita l equipm ent was finally obtained. 
The tim e consumed in getting priorities in the early days of the W .P .B . was 
considerable and required several trips to  W ashington.

W hile I cannot therefore give before and after results at th is tim e, I 
trust that a description of our p lant and the im provem ents m ade, together 
with some of our operating problem s and procedures, will be of interest.

T h e  V i l l a g e  o f  F r e e p o r t

The Village of Freeport is one of a chain of residential com m unities 
along the south shore of Long Island. It is near the w ell-known State  
Park of Jones B each; in fact one of the boulevards from the m ainland to  
Jones Beach passes in close proxim ity to the sewage treatm ent works. 
Freeport is largely residential in character but includes a large propellor 
works and shipyards and other v ita l defense activities.

T ypical of the south shore of Long Island, the Village is very flat with  
elevations ranging from 4 to 40 ft. above mean low tide. T he to ta l area of 
the Village is 4.82 square m iles or 3,085 acres. This area is m ade up of 
4.27 square m iles or 2,730 acres of land and .55 square m iles or 355 acres 
of water. The Village is 3.56 m iles long in a north and south direction and 
1.89 m iles wide in an east and w est direction. The southern portion of the  
Village is indented by several inlets of the bay providing 17 m iles of 
navigable water frontage.

S e w e r a g e  S y s t e m

The pum ping station , original treatm ent p lant and a portion of the  
trunk sewers were constructed in 1927 and 1928 from plans prepared by  
N . S. Hill, Jr. The com prehensive design of sewers was revised in 1929 
by Baldw in & Cornelius Co., Inc. V illage Engineers, and Clyde P otts, 
Consulting Engineer. T he village was then divided into seven lateral 
districts. These were modified som ew hat from tim e to  tim e in accordance 
with the desires of the residents for sewerage. Sewers in any lateral dis
trict are constructed when application by petition  is m ade by the residents.

* Presented a t the Spring Meeting of the New York State Sewage Works Association, 
Rochester, N. Y., June 4, 1943.
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A large part of the village is now sewered, with 3,384 connections to 68.5 
m iles of sewers. The population of the village has increased steadily as 
shown by the following figures:

1 9 0 0 ..........................................................................................  2 ,6 10

1 9 1 0 ..........................................................................................  4 ,8 36

1 9 2 0 ..........................................................................................  8 ,59 9

1 9 3 0 ........................................................................................... 1 5 ,4 6 7

1 9 4 0 ........................................................................................... 20 ,369

N o t all of the village is connected to the sewer system , particularly the  
southern portion which was annexed in 1930. This area includes the 
water frontage, is generally low, and the use of cesspools in this section is 
difficult. Sewers were planned for this area in 1942 and it is hoped some 
sewers will be constructed as soon as conditions permit. In addition to 
sewage from the houses connected, we receive a considerable additional 
contribution from theatres, schools and business houses. A recent new 
connection from a war plant added 600 to  our contributing population.

On our applications for sewer connections, the applicant states the 
number of persons that will use the connection. The total figure from  
these applications is 22,798 as of M arch 1, 1943. E vidently  the applicants 
figure high, as a more probable estim ate for the equivalent full tim e con
nected population is approxim ately 15,000.

T he average flows are as follows:

1 9 4  0 ..................................................................................... 1,460,000

1 9 4  1 ..................................................................................... 1,464,00 0

19 4  2 ..................................................................................... 1,500,000

The average for 1943 through April is 1,638,000 m.g.d.
The trunk lines, of 10- to 27-in. pipe, total 10 miles in length. The 

trunks were designed for an ultim ate population of 42,000 with maximum  
rate of 250 gallons per capita. The lateral sewers of 8 in. pipe total 58.5 
miles in the six districts that have been constructed.

A ll of the sewage is pum ped and is carried to the pumping station on 
R ay Street and Sportsman Avenue. The two largest trunks are 27 in. 
and 24 in. where they  connect w ith the pumping station.

The pum ping station as originally constructed included bar screens 
preceding a 30,000 gallon wet well, and three 1.5 m.g.d. pumps in a dry well 
autom atically  controlled. The station is of attractive design and has re
ceived favorable com m ent from visitors. Pumps discharge into 4,100 feet 
of force main which carries the sewage to the sewage treatm ent works in 
the southeasterly portion of the village. The original force main was 
24-in. concrete and a duplicate force main of 30-in. cast iron pipe was 
constructed through the W .P.A. in 1936.

S e w a g e  T r e a t m e n t  W o r k s

Vol. 15, No. 5 FREEPORT, L. I., SEWAGE TREATMENT PLANT 8 2 9

The original plant was designed for capacity of 1 m.g.d. The plan  
included sedim entation tanks with hopper bottom s in two units, four 
sludge digestion tanks, and two glass-covered sludge drying beds, each
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divided into three units. A  head house was provided for the sludge 
pum ps and chlorine apparatus.

A number of im provem ents were m ade to  the original p lant b y  the  
operators at a cost to the village for m aterials only. These included re
m odelling of the head house to provide a laboratory over the sludge pump  
room, the installation  of a Y -notch weir and recorder, the addition of a 
plunger sludge pum p and a sludge grinder. M uch work was also done to 
im prove the appearance of the p lant by landscaping.

1935 I m p r o v e m e n t s

W hen the sewage flow reached and exceeded the design capacity  of the  
plant operating difficulties were increased and stu d y  was given to various 
m ethods for increasing the plant capacity. In 1933 Mr. Lawrence Luther, 
M anager of the D epartm ent of Sanitation in itiated  some experim ents on 
chem ical treatm ent. These were very successful and showed th at the 
capacity of the plant could be increased by the use of chem ical treatm ent, 
and that the B .O .D . load on the receiving waters could be so reduced that 
secondary treatm ent would not be required for som e tim e. B ids were 
taken in January, 1935, on additions to  the p lant, including a new chemical 
house and other units. As bids were higher than available funds, this 
plan was not carried out. Plans for m odifications to  the sewage treatm ent 
plant were then revised to include a smaller chem ical house placed over 
one end of the sedim entation tanks, alterations to  sedim entation  tanks, 
m ixing basin equipm ent, alterations to sludge digestion tanks, vacuum  
filter and other im provem ents. B ids were taken on th is work in N ovem - 
.ber, 1935, and the im provem ents were installed  the follow ing year. Under 
this contract a com m inutor was installed in the pum ping station  together 
w ith a ventilating system  for the w et well. A t the sewage treatm ent 
works, m ixing basins were provided by separating the first part of each of 
the tw o sedim entation tanks by walls. This m ade each unit approxi
m ately 20 ft. square w ith a hopper bottom . A pparatus for slow  m ixing  
consisted of a vertical shaft in the center of each m ixing basin, w ith  hori
zontal bevelled paddles operated by direct connected reduction gear and 
motor. An air blower connected to  a pipe grid in the entrance channel to  
the slow m ixing basin was also included for the purpose of rapid m ixing, 
after addition of the chem ical to  the sewage. Tw o autom atic W allace 
and Tiernan dry feeders and a rubber lined tank were installed  in the  
chem ical house.

T he sedim entation tanks were modified by the addition of baffles and 
by providing long weirs at the effluent end of the tanks. T he sludge diges
tion tanks were modified to allow the collection of gas and the heating of 
the sludge. The open covers were replaced by fixed concrete covers w ith  
a welded steel lining on the inner side to insure gas tightness. A  gas holder 
was included in one of the four tanks. A gas water heater, connected w ith  
a circulating pum p to  cast iron heating pipes in the digestion tanks, was 
installed in the lower floor of the head house. Another gas water heater 
was provided to  provide hot water for the laboratory, lavatory and a new  
shower that was added in the head house. A portion of one of the glass-



c o v e r e d  s lu d g e  d r y i n g  b e d s  w a s  c lo s e d  o ff b y  t r a n s i t e  s id in g  t o  p r o v i d e  
a  r o o m  f o r  t h e  v a c u u m  f i l t e r .  T h e  f i l t e r  i s  a n  O l iv e r  r o t a r y  d r u m  t y p e ,  
5  f t .  4  in .  b y  8  f t .  lo n g ,  a n d  h a s  t h e  u s u a l  a u x i l i a r y  e q u i p m e n t  o f  d r y  v a c 
u u m  p u m p ,  f i l t r a t e  p u m p ,  v a c u u m  r e c e i v e r ,  m o i s t u r e  t r a p ,  a i r  c o m p r e s s o r .  
D i g e s t e d  s lu d g e  is  d r a w n  f r o m  t h e  d ig e s t i o n  t a n k s  t o  a  c o n c r e t e  s lu d g e  t a n k  
b e lo w  t h e  f lo o r  in  t h e  f i l t e r  r o o m . T h e  s lu d g e  is  r a i s e d  b y  b u c k e t  c o n v e y o r s  
f r o m  t h i s  t a n k  t o  t h e  f i l t e r  u n i t  w h e r e  i t  p a s s e s  t h r o u g h  a  m ix in g  b a s i n  w i t h  
a i r  a g i t a t i o n .  F e r r i c  c h lo r id e  a n d  l im e  a r e  u s e d  f o r  c o n d i t io n i n g .  T h e  
f i l t e r  c a k e  d r o p s  o n  t o  a  b e l t  c o n v e y o r  w h ic h  c a r r i e s  c a k e  t h r o u g h  a n  o p e n 
in g  in  t h e  w a l l  a n d  i n t o  t h e  a d j o i n i n g  r o o m .  H e r e  t h e  c a k e  d r o p s  f r o m  
t h e  b e l t  c o n v e y o r  i n t o  a  R o y e r  s lu d g e  g r i n d e r  w h ic h  t h r o w s  t h e  g r o u n d  
c a k e  i n t o  a  c o n c r e t e  r e c e i v in g  p i t .

1 9 4 2 - 1 9 4 3  I m p r o v e m e n t s

T h e s e  im p r o v e m e n t s  h a d  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  e f f e c t iv e  c a p a c i t y  
o f  t h e  p l a n t  a n d  a  g o o d  e f f lu e n t  r e s u l t e d .  A s  t h e  f lo w  c o n t i n u e d  t o  i n 
c r e a s e ,  t h e  d i f f ic u l t i e s  o f  t u r n i n g  o u t  a  g o o d  e f f lu e n t  in c r e a s e d .  T h e  w o r s t  
p r o b l e m  w a s  t h e  h a n d l i n g  o f  t h e  s lu d g e .  I n  o r d e r  t o  r e m o v e  t h e  s lu d g e  
f r o m  t h e  s e d i m e n t a t i o n  t a n k s ,  w h ic h  h a v e  h o p p e r  b o t t o m s ,  i t  w a s  n e c e s 
s a r y  t o  p u m p  f o r  a  lo n g  p e r i o d .  T h i s  r e q u i r e d  o n e  m a n ’s  a t t e n t i o n  f o r  
p r a c t i c a l l y  t h e  e n t i r e  d a y .  T h e  p r o c e d u r e  a ls o  h a d  t h e  e f f e c t  o f  a d d i n g  a n  
e x c e s s iv e  a m o u n t  o f  s e w a g e  t o  t h e  d ig e s t i o n  t a n k  so  t h a t  i t  w a s  n o t  p o s s ib le  
t o  m a i n t a i n  t h e  p r o p e r  t e m p e r a t u r e  d u r i n g  t h e  w in te r .  T h e  c o n t i n u e d  
a n d  e x c e s s iv e  p u m p i n g  a ls o  g a v e  a  c o n t i n u o u s  d i s c h a r g e  o f  s u p e r n a t a n t  
f r o m  t h e  d ig e s t i o n  t a n k s  b a c k  t o  t h e  r a w  s e w a g e ,  w h ic h  d id  n o t  im p r o v e  
t h e  c h a r a c t e r  o f  t h e  e f f lu e n t .  A  f u r t h e r  r e s u l t  o f  t h e  lo w  t e m p e r a t u r e s  in  
t h e  d ig e s t i o n  t a n k s  w a s  a  p o o r  q u a l i t y  o f  s lu d g e  w h ic h  m a d e  t h e  o p e r a t i o n  
o f  t h e  v a c u u m  f i l t e r  d i f f ic u l t .

I n  1 9 4 0  a n o t h e r  r e p o r t  o n  t h e  s e w e r  s y s t e m  a s  a  w h o le ,  a n d  t h e  s e w a g e  
t r e a t m e n t  w o r k s ,  w a s  m a d e  b y  H e r b e r t  M . W o o d  o f  B a ld w in  a n d  C o r 
n e l iu s ,  V i l l a g e  E n g in e e r s ,  a n d  W e s t o n  G a v e t t ,  S a n i t a r y - H y d r a u l i c  E n 
g in e e r .  S e w e r  g a u g in g s  w e r e  m a d e  t h r o u g h o u t  t h e  s y s t e m  t o  c h e c k  o n  t h e  
c a p a c i t y  o f  t h e  t r u n k s .  T w o  p l a n s  f o r  t h e  i m p r o v e m e n t  o f  t h e  p l a n t  w e re  
p r o p o s e d ,  o n e  a  l o n g - t i m e  i m p r o v e m e n t  w h ic h  in c l u d e d  a  n e w  a n d  l a r g e r  
c h e m ic a l  h o u s e ,  a d d i t i o n a l  m ix in g  a n d  s e d i m e n t a t i o n  b a s i n s  a n d  t h e  c o n 
v e r s io n  o f  t h e  p r e s e n t  s e d i m e n t a t i o n  t a n k  i n t o  s l u d g e - d ig e s t i o n  t a n k s ,  a n d  
o t h e r  i t e m s .  A s  t h e  p r o s p e c t  o f  t h e  w a r  w a s  t h e n  o n  t h e  h o r i z o n ,  i t  w a s  
a ls o  s u g g e s t e d  t h a t  t h e  o p e r a t i o n  o f  t h e  p l a n t  c o u ld  b e  i m p r o v e d  f o r  a  
s h o r t e r  p e r i o d  b y  le s s  e x p e n s iv e  a l t e r a t i o n s .  W h e n  t h e  p l a n  w a s  p r e s e n t e d  
t o  t h e  v o t e r s  t h e  S e w e r  C o m m is s io n  r e c o m m e n d e d  t h e  le s s  e x p e n s iv e  p la n .  
T h i s  w o r k  h a s  n o w  b e e n  p r a c t i c a l l y  c o m p l e te d  a n d  t h e  p l a n t  is  r a p i d l y  
g e t t i n g  i n t o  n o r m a l  o p e r a t i o n .

A n  i m p o r t a n t  p a r t  o f  t h e  n e w  w o r k  w a s  t h e  i n c r e a s i n g  o f  t h e  c a p a c i t y  
o f  t h e  p u m p s  in  t h e  p u m p i n g  s t a t i o n .  W h i le  t h e  o r ig in a l  p u m p s  h a d  
s u f f ic i e n t  c a p a c i t y  f o r  n o r m a l  f lo w s , t h e i r  c a p a c i t y  w a s  s e v e r e ly  t a x e d  o n  a  
f e w  o c c a s io n s  o f  e x t r e m e  h ig h  t i d e  a n d  h e a v y  r a i n .  U n d e r  t h e s e  c o n d i t io n s  
m a n y  o f  t h e  s t r e e t s  n e a r  t h e  w a t e r f r o n t  a r e  u n d e r  w a t e r  a n d  a  l a r g e  f lo w  
r e s u l t s .  T w o  o f  t h e  o r i g in a l  p u m p s  w e re  r e p l a c e d  b y  tw o  n e w  p u m p s ,
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e a c h  w i t h  c a p a c i t y  o f  4 .7 5  m .g .d .  T h e s e  p u m p s  h a v e  s l i p - r in g  m o t o r s  a n d  
v a r i a b l e  s p e e d  c o n t r o l  so  t h a t  t h e  f lo w  t h a t  r e a c h e s  t h e  p l a n t  is  s o m e w h a t  
m o r e  u n i f o r m  t h a n  f o r m e r l y  w i t h  t h e  s m a l l  u n i t s .  O n e  o f  t h e  n e w  p u m p s  
h a s  a  c o m b i n a t i o n  e l e c t r i c  m o t o r  a n d  g a s o l in e  e n g in e  d r i v e .  T h e  m o t o r  
is  v e r t i c a l  a n d  e n g in e  h o r i z o n t a l ,  c o n n e c t e d  b y  J o h n s o n  r i g h t - a n g l e  g e a r  
d r i v e ,  s o  t h a t  t h e  p u m p  m a y  b e  d r i v e n  b y  e i t h e r  e n g in e  o r  m o t o r .  T h e  1 .5  
m .g .d .  p u m p  a ls o  h a s  a  s i m i l a r  c o m b i n a t i o n  d r i v e ,  s o  t h a t  w e  c a n  k e e p  t h e  
p u m p  s t a t i o n  o p e r a t i n g  in  c a s e  o f  p o w e r  f a i l u r e .  A l l  p u m p s  a r e  F a i r b a n k s -  
M o r s e .

T h e  n e w  p u m p s  h a v e  a l r e a d y  s h o w n  t h e i r  u s e f u ln e s s  in  a  r e c e n t  p e r i o d  
o f  h ig h  w a t e r  w h e n  t h e  r e c o r d e d  f lo w  f o r  a  t i m e  w a s  o v e r  5  m .g .d .  A s  t h e  
o r i g in a l  c o m m i n u t o r  w a s  r e a c h i n g  i t s  c a p a c i t y  a  n e w  a n d  l a r g e r  c o m m in u -  
t o r  w a s  i n s t a l l e d .  A  s m a l l  a d d i t i o n  w a s  a d d e d  t o  t h e  p u m p i n g  s t a t i o n  t o  
h o u s e  t h e  c h lo r in e  f e e d  a p p a r a t u s  w h ic h  is  u s e d  f o r  p r e - c h l o r i n a t i o n  a t  t h e  
p u m p i n g  s t a t i o n .  T h i s  c h l o r i n a t o r  h a d  b e e n  i n s t a l l e d  i n  a  s m a l l  c lo s e t  in  
t h e  m o t o r  r o o m  b u t  w e  w e r e  a lw a y s  a f r a i d  o f  p o s s ib l e  d a m a g e  t o  m o t o r s  
a n d  s w i t c h b o a r d  in  c a s e  o f  a n y  l e a k a g e  o f  c h lo r in e .  T h i s  d a n g e r  is  n o w  
e l i m i n a t e d  b y  h a v i n g  t h e  c h l o r i n a t o r  in  a n  e n t i r e l y  s e p a r a t e  r o o m .  N e w  
t r a n s f o r m e r s  r e q u i r e d  f o r  t h e  n e w  p u m p s  w e r e  p l a c e d  o n  a  p l a t f o r m  a t  o n e  
s id e  o f  t h e  c h lo r in e  h o u s e  a n d  c h lo r in e  c y l i n d e r s  a r e  s t o r e d  o n  t h e  p l a t f o r m  
a t  t h e  o t h e r  s id e  o f  t h e  c h lo r in e  h o u s e .  W ir e  f e n c e  w a s  p l a c e d  a r o u n d  
t h e s e  p l a t f o r m s .  A  n e w  r o a d w a y  t o  a l lo w  c y l i n d e r s  t o  b e  b r o u g h t  t o  t h e  
c h lo r in e  p l a t f o r m  b y  t r u c k  w a s  i n s t a l l e d  t o  h e lp  o p e r a t i o n .

A t  t h e  s e w a g e  t r e a t m e n t  w o r k s  t h e  m a i n  i m p r o v e m e n t s  i n c l u d e d  t h e  
i n s t a l l a t i o n  o f  a  s lu d g e  c o n c e n t r a t i o n  t a n k  a m i  t h e  i n s t a l l a t i o n  o f  a  c l a r i 
f y i n g  f i l t e r  f o l lo w in g  t h e  s e d i m e n t a t i o n  t a n k s .  T h e  s l u d g e  c o n c e n t r a t i o n  
t a n k  is  19 f t .  in  d i a m e t e r  a n d  2 4  f t .  h ig h ,  w i t h  a  c a p a c i t y  o f  5 0 ,0 0 0  g a l lo n s .  
I t  is  o f  s t e e l  o n  a  c o n c r e t e  f o u n d a t i o n  a n d  h a s  a  s t e e l  r o o f .  A n  a c t i v a t e d  
c a r b o n  o d o r  a b s o r p t i o n  u n i t  is  p l a c e d  o n  t o p  o f  t h e  r o o f  t o  s e r v e  a s  a  v e n t  
a n d  p r e v e n t  p o s s i b i l i t y  o f  o d o r  w h e n  s l u d g e  is  p u m p e d  i n t o  t h e  t a n k  a n d  
a i r  f o r c e d  o u t .  W i t h  n e w  p ip e  c o n n e c t io n s  t o  t h i s  t a n k ,  f r e s h  s l u d g e  m a y  
b e  p u m p e d  f r o m  t h e  s e d i m e n t a t i o n  t a n k s  i n t o  t h e  c o n c e n t r a t i o n  t a n k .  
A f t e r  c o n c e n t r a t i o n ,  s u p e r n a t a n t  l i q u o r  m a y  b e  d r a w n  o ff  t h r o u g h  s w in g  
p ip e  c o n t r o l l e d  b y  a  w in c h  a n d  v a l v e  t o  r e g u l a t e  t h e  l o c a t i o n  a n d  s p e e d  o f 
d r a w - o f f .  C o n c e n t r a t e d  s lu d g e  is  t a k e n  f r o m  t h e  h o p p e r  b o t t o m  o f  t h e  
t a n k  a n d  t r a n s f e r r e d  t o  t h e  s l u d g e  d i g e s t i o n  t a n k s .

T o  a s s i s t  in  r e m o v i n g  f r e s h  s lu d g e  f r o m  t h e  h o p p e r s  o f  t h e  s e d i m e n t a 
t i o n  t a n k s ,  le a d  w a t e r  p ip e s  w e r e  i n s t a l l e d  in  e a c h  h o p p e r .  T h e  w a t e r  
s e r v ic e  t o  t h e s e  p ip e s ,  a n d  o t h e r  p ip e s  w h e r e  t h e r e  w o u ld  b e  a n y  p o s s i b i l i t y  
o f  c o n t a c t  w i t h  s e w a g e ,  is  s u p p l i e d  f r o m  a  s e p a r a t e  l i n e  w h ic h  w a s  c o n 
n e c t e d  t o  a  v a c u u m  r e l i e f  v a l v e  l o c a t e d  a b o v e  t h e  e l e v a t i o n  o f  a l l  s e w a g e  
t a n k s  in  t h e  h e a d  h o u s e .  T h i s  v a l v e  w ill  o p e n  if  t h e  p r e s s u r e  is  le s s  t h a n  
a t m o s p h e r i c  a n d  p r e v e n t  a n y  p o s s i b i l i t y  o f  s e w a g e  g e t t i n g  i n t o  t h e  w a t e r  
s u p p l y  p ip e s .  D o u b l e  c h e c k  v a lv e s  w e r e  a l s o  i n s t a l l e d  o n  t h e  m a i n  4 - in  
w a t e r  s u p p l y  l in e  a s  a n  a d d i t i o n a l  s a f e g u a r d .  T h e  s e d i m e n t a t i o n  t a n k s  
w e r e  a l s o  i m p r o v e d  b y  a d d i n g  n e w  e f f lu e n t  w e ir s .  E a c h  o f  t h e  tw o  s e d i 
m e n t a t i o n  t a n k s  n o w  h a s  t h r e e  n e w  w e i r s  c o n n e c t e d  w i t h  t h e  e f f l u e n t
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t r o u g h  a n d  p r o j e c t i n g  i n t o  t h e  t a n k  p a r a l l e l  t o  t h e  f lo w . T h e s e  w e ir s  
w e r e  m a d e  o f  3 ^ - in .  C h e m s t o n e  s l a b s  s u p p o r t e d  in  a n g le  i r o n  f r a m e s  a n d  
h u n g  f r o m  t h e  c o n c r e t e  ro o f .  T h e y  p r o v i d e  a p p r o x i m a t e l y  100  f t .  o f 
a d d i t i o n a l  e f f lu e n t  w e ir  a n d  w e re  p l a n n e d  t o  d e c r e a s e  t h e  v e lo c i ty  o v e r  t h e  
w e i r  a n d  r e d u c e  t h e  a m o u n t  o f  s o l id s  in  t h e  e f f lu e n t .

I n  t h e  1 9 3 5  c o n s t r u c t i o n  a  b lo w e r  w a s  in c l u d e d ,  t o  f e e d  a i r  in  t h e  
e n t r a n c e  c h a n n e l  t o  t h e  m ix in g  b a s i n s ,  t o  g iv e  a n  i n i t i a l  r a p i d  m ix  t o  t h e  
c h e m i c a l l y  t r e a t e d  s e w a g e .  I t  w a s  f o u n d  t h a t  t h i s  i n i t i a l  m ix  d id  m o r e  
h a r m  t h a n  g o o d  a n d  t e n d e d  t o  b r e a k  u p  t h e  f lo e , a n d  t h i s  p r o c e d u r e  w a s  
a b a n d o n e d .  I n  o r d e r  t o  m a k e  u s e  o f  t h e  e x i s t i n g  b lo w e r ,  a i r  l i f t s  w e re  
i n s t a l l e d  in  t h e  tw o  s lo w - m ix in g  b a s i n s .  T h e s e  h a v e  p r o v e n  u s e f u l  in  
c l e a n in g  o u t  t h e  s e d i m e n t  w h ic h  s e t t l e s  in  t h e  h o p p e r  b o t t o m s  o f  t h e s e  
t a n k s  a n d  w h ic h  is  n o t  k e p t  in  s u s p e n s io n  b y  t h e  e x i s t i n g  m ix in g  p a d d le s .

C o n n e c t i o n s  a r e  m a d e  t o  t h e  e f f lu e n t  t r o u g h  in  t h e  s e d i m e n t a t i o n  t a n k s  
t o  c a r r y  t h e  t a n k  e f f lu e n t  t o  t h e  n e w  c la r i f y in g  f i l t e r .  T h e  f i l t e r  e f f lu e n t  is  
r e t u r n e d  t o  a n  e x i s t i n g  c h lo r in e  d e t e n t i o n  t a n k ,  w h e r e  c h lo r in e  is  a p p l i e d  
b e f o r e  t h e  f in a l  e f f lu e n t  d i s c h a r g e s  t o  t h e  o u t f a l l  t o  t h e  c r e e k .  T h e  f i l t e r  
is  o f  t h e  m a g n e t i t e  t y p e ,  f u r n i s h e d  b y  t h e  D o r r  C o m p a n y ,  a n d  m a n u f a c 
t u r e d  b y  F r a s e r - B r a c e  M a n u f a c t u r i n g  C o m p a n y .  I t  is  c i r c u l a r  in  t y p e  
w i t h  a n n u l a r  f i l t e r  b e d  8  f t .  4  i n . ,  w id e  w i th  a  m e a n  d i a m e t e r  4 5  f t .  8  in .  
T h e  i n f l u e n t  c h a n n e l  is  o n  t h e  o u t s i d e  o f  a  p o r t i o n  o f  t h e  f i l t e r  a n d  t h e  
e f f lu e n t  w e i r  i n s id e  t h e  f i l t e r .  T h e  f i l t e r  b e d  is  c o m p o s e d  o f  3 in .  o f  m a g 
n e t i t e  s u p p o r t e d  o n  a  b r a s s  s c r e e n .  T h e  f i l t e r  is  d iv i d e d  i n t o  s e g m e n t s  b y  
r u b b e r  b a f f le s  s o  t h a t  t h e r e  is  n o  s h o r t - c i r c u i t i n g  o f  w a s h  w a t e r  w h e n  t h e  
c le a n e r  is  p a s s in g  o v e r  in  o p e r a t i o n  o f  t h e  b e d .  T h e  f i l t e r  is  r a t e d  a t  a n  
a v e r a g e  r a t e  o f  2 .3  m .g .d .  w i t h  a  m a x i m u m  r a t e  f o r  a  4 - h o u r  p e r i o d  o f
4 .5  m .g .d .  I n c l u d e d  w i t h  t h e  r e c e n t  c o n s t r u c t i o n  w e re  m i s c e l l a n e o u s  i m 
p r o v e m e n t s  a t  t h e  p l a n t  s u c h  a s  a n  a d d i t i o n  t o  t h e  h e a d  h o u s e  t o  p r o v i d e  
a  s e p a r a t e  r o o m  f o r  t h e  c h l o r i n a t o r  a n d  a n o t h e r  s e p a r a t e  ro o m  f o r  t h e  g a s  
a p p u r t e n a n c e s .  A  l a r g e r  g a s  w a t e r  h e a t e r  w a s  i n s t a l l e d  f o r  h e a t i n g  t h e  
s lu d g e  d ig e s t i o n  t a n k s  a n d  o n e  o f  t h e  o ld  c e n t r i f u g a l  s l u d g e  p u m p s  w a s  
r e p l a c e d  b y  a  4 - in .  d u p le x  p lu n g e r  s lu d g e  p u m p .

I m p r o v e m e n t s  M a d e  b y  O p e r a t o r s

I m p r o v e m e n t s  m a d e  t o  t h e  o r ig in a l  p l a n t  b y  t h e  o p e r a t o r s  h a v e  b e e n  
d e s c r ib e d .  A f t e r  t h e  1 9 3 5  im p r o v e m e n t s  w e r e  c o m p l e t e d  w e  c o n t i n u e d  
t o  f in d  w o r k  t o  d o  t o  i m p r o v e  t h e  o p e r a t i o n  o f  t h e  p l a n t .  O u r  o p e r a t o r s  
a r e  s k i l l e d  m e c h a n ic s  a n d  t h e r e  a r e  fe w  jo b s  t h a t  w e  c a n n o t  d o  a s  w e ll  a s  
o r  b e t t e r  t h a n  a  c o n t r a c t o r  w o u ld  d o  th e m .

I n  c o n n e c t io n  w i t h  t h e  v a c u u m  f i l t e r  f o r  s lu d g e  d e w a te r i n g  w e  h a v e  
d o n e  c o n s i d e r a b l e  w o rk .

A  s a m p le  p ip e  w e  in s t a l l e d  o n  t h e  d i s c h a r g e  s id e  o f  t h e  f i l t r a t e  p u m p  is  
u s e f u l  in  c h e c k in g  t h e  q u a l i t y  o f  t h e  f i l t r a t e .  W e  b u i l t  a  r i g  f o r  r e e l in g  t h e  
w ir e  w h e n  c h a n g in g  f i l t e r  c lo th s .

A n  a i r - p r e s s u r e  g a u g e  w a s  i n s t a l l e d  o n  t h e  a i r  l in e  f o r  c a k e  d is c h a r g e .
A n  a l a r m  b e l l  c o n n e c t e d  w i th  t h e  f i l t r a t e  p u m p  g iv e s  a l a r m  in  c a s e  t h e  

p u m p  m o t o r  s t o p s  a n d  t h e  v a c u u m  p u m p  p ic k s  u p  t h e  f i l t r a t e .
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I n  M a r c h ,  1 9 3 8 , w e  r e p l a c e d  t h e  c a r b o r u n d u m  a i r  d i f f u s e r s  in  t h e  m i x 
in g  t a n k  p r e c e d i n g  t h e  v a c u u m  f i l t e r  w i t h  l / ^ - i n .  g a l v a n i z e d  p i p e  d r i l l e d  
w i t h  1 4 - 5 / 3 2 - in .  h o le s .  T h i s  h a s  w o r k e d  s a t i s f a c t o r i l y  t o  d a t e .

W h e n  t h e  v a c u u m  f i l t e r  w a s  f i r s t  i n s t a l l e d ,  a  r u b b e r  l i n e d  m e t a l  d r u m  
in  w h ic h  f e r r i c  c h lo r id e  w a s  s h i p p e d  w a s  u s e d  a s  a  f e r r i c  c h l o r i d e  t a n k .  T o  
r e p l a c e  t h i s  w e  c o n s t r u c t e d  a  c o n c r e t e  t a n k  3  f t .  s q u a r e  a n d  3  f t .  d e e p  w i t h
4 - in .  w a l ls .  T h i s  t a n k  w a s  l i n e d  w i t h  B i t u m a s t i c  N o .  5 0  a n d  h a s  g iv e n  
g o o d  s e r v ic e .

W e  h a v e  a  c o n v e n i e n t  l a y o u t  f o r  h a n d l i n g  s l u d g e  c a k e  f r o m  t h e  f i l t e r ,  
a s  a  b e l t  c o n v e y o r  c a r r i e s  t h e  c a k e  f r o m  t h e  f i l t e r  a n d  d r o p s  i t  i n t o  t h e  
R o y e r  g r i n d e r .  W e  h a v e  a d d e d  a  g r o u n d  s lu d g e  b i n  t o  h o ld  t h e  g r o u n d  
s l u d g e .  T h i s  b in  is  2 2  f t .  3  in .  b y  8  f t .  2  in .  in  p l a n  a n d  3  f t .  3  in .  h ig h .  W e  
b u i l t  i t  o f  c o n c r e t e  b lo c k  p l a s t e r e d  w i t h  c e m e n t .

G e n e r a l  p l a n t  i m p r o v e m e n t s  w e  h a v e  i n s t a l l e d  o u r s e lv e s  i n c l u d e  t h e  
i n s t a l l a t i o n  o f  a  6 - in .  c a s t  i r o n  p ip e  f o r  c a r r y i n g  s u p e r n a t a n t  l i q u o r  t o  t h e  
r a w  s e w a g e  a n d  t h e  s u b s t i t u t i o n  o f  2 - in .  r u b b e r  h o s e  in  3 - in .  g a l v a n i z e d  
e l e c t r i c  c o n d u i t  f o r  t h e  c h e m i c a l  s t o n e w a r e  p ip e  t h a t  c a r r i e d  t h e  f e r r i c  
s u l f a t e  s o l u t i o n  t o  t h e  r a w  s e w a g e .  T h i s  l in e  is  a b o u t  5 0  f t .  lo n g  w i t h  
s e v e r a l  b e n d s  a n d  w e  h a v e  le s s  t r o u b l e  w i t h  t h e  r u b b e r  h o s e  t h a n  w i t h  t h e  
s t o n e w a r e  p ip e .

S a f e t y  P r o v i s i o n s

E v e r y  e f f o r t  i s  m a d e  t o  p r e v e n t  a c c i d e n t s  a n d  t o  p r o v i d e  f o r  a n y  
e m e r g e n c y .

A t  t h e  p u m p i n g  s t a t i o n ,  t h e  w e t  w e ll  a n d  n e w  c h lo r in e  r o o m  a r e  v e n t i 
l a t e d  b y  f a n s .  A t  t h e  p l a n t ,  t h e  c h lo r in e  f e e d  a n d  g a s  t r a p  a n d  e q u i p m e n t  
a r e  in  s e p a r a t e  r o o m s .  T h e s e  r o o m s  a n d  a ls o  t h e  f u r n a c e  r o o m  a r e  v e n t i 
l a t e d  b y  a  f a n .  T o  g a in  a c c e s s  t o  t h e  t o p  o f  t h e  s lu d g e  d i g e s t i o n  t a n k  a n d  
t h e  s l u d g e  c o n c e n t r a t i o n  t a n k  i t  i s  n e c e s s a r y  t o  g o  u p  a  s t a i r w a y  c lo s e d  
w i t h  a  g a t e .  T h i s  i s  p o s t e d  w i t h  “ D a n g e r ,  N o  S m o k i n g ”  s ig n s  a n d  t h i s  
r u l e  is  r i g i d l y  e n f o r c e d  b y  t h e  o p e r a t o r s .

I n  t h e  h e a d  h o u s e ,  in  a d d i t i o n  t o  v e n t i l a t i o n ,  w e  h a v e  a n  a u t o m a t i c  
c a r b o n  m o n o x id e  a l a r m .  W e  a ls o  h a v e  a  f i r s t - a i d  k i t  a n d  g a s  m a s k .  
S e v e r a l  o f  t h e  o p e r a t o r s  a r e  m e m b e r s  o f  C iv i l i a n  D e f e n s e  a n d  t h e  v i l l a g e  
V o l u n t e e r  F i r e  D e p a r t m e n t  s o  h a v e  a m p l e  t a l e n t  t o  h a n d l e  e m e r g e n c ie s  
a n d  f i r s t  a id .  T h e  p l a n t  i s  a t t e n d e d  2 4  h o u r s ,  a n d  t h e r e  is  o n ly  o n e  o f 
t h e  t h r e e  s h i f t s  w h e n  o n e  m a n  a lo n e  is  o n  d u t y .  A s  a  s a f e g u a r d  a g a i n s t  
a c c i d e n t ,  t h i s  m a n  c a l l s  t h e  v i l l a g e  p o l i c e  s t a t i o n  a t  c e r t a i n  t i m e s .

P l a n t  O r g a n i z a t i o n

A s  L a r r y  L u t h e r ,  t h e  M a n a g e r  o f  t h e  D e p a r t m e n t  o f  S a n i t a t i o n ,  i s  n o w  
in  E n g l a n d  w i t h  t h e  R e d  C r o s s ,  I  h a v e  a c c u m u l a t e d  h i s  v a r i o u s  d u t i e s  
w h ic h  in c l u d e  s u p e r v i s i o n  o f  s e w e r s ,  s e w e r  c le a n in g ,  h o u s e  c o n n e c t i o n s  a n d  
a l l  w o r k  c o n n e c t e d  w i t h  t h e  s e w e r  s y s t e m  a n d  p l a n t .  I n  a d d i t i o n  t o  t h i s ,  
t h e  o p e r a t i o n  o f  t h e  g a r b a g e  c o l l e c t i o n  a n d  i n c i n e r a t i o n  h a s  r e c e n t l y  b e e n  
d u m p e d  in  m y  la p .  T h i s  r e d u c e s  t h e  t i m e  a v a i l a b l e  f o r  p l a n t  o p e r a t i o n  
a n d  m a k e s  a n  o p e r a t i n g  s c h e d u l e  e s s e n t i a l .  T h i s  s c h e d u l e  l i s t s  t h e  d u t i e s
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o f  e a c h  m a n  a n d  is  p l a n n e d  t o  d iv i d e  t h e  w o r k  b e tw e e n  t h e  o p e r a t o r s ,  t o  
m a k e  s u r e  t h a t  n o  n e c e s s a r y  w o r k  is  f o r g o t t e n .

I n  g e n e r a l ,  t h e r e  a r e  a lw a y s  tw o  m e n  o n  d u t y  o n  t h e  8  A .M .  t o  4  P .M .  
s h i f t ,  o n e  o f  w h o m  s p e n d s  m o s t  o f  h is  t i m e  in  o p e r a t i n g  t h e  v a c u u m  s lu d g e  
f i l t e r  a n d  t h e  o t h e r  is  b u s y  w i th  p l a n t  o p e r a t i o n  w o r k .  T h e  m a i n t e n a n c e  
m a n  is  u s u a l l y  o n  t h i s  s h i f t  a n d  h a s  p l e n t y  t o  d o . O n  t h e  4  t o  12  s h i f t  
t h e r e  a r e  u s u a l l y  tw o  m e n  o n  d u t y ,  b u t  o n e  a c t s  a s  a  r e l ie f  o p e r a t o r .  A s  
e a c h  m a n  h a s  o n e  d a y  o ff  a  w e e k ,  m u c h  o f  t h e  t i m e  t h e  r e l ie f  m a n  is  f i l l in g  
in  f o r  t h e  m a n  w i t h  t h e  d a y  o ff . V a c a t i o n s  a ls o  c h a n g e  t h e  s c h e d u le .

W e  t a k e  c o m p o s i t e  s a m p le s  t h r o u g h  t h e  p l a n t .  W e  h a v e  f o u n d  t h a t  
t h e  b e s t  p l a c e  t o  s a m p le  t h e  r a w  s e w a g e  is  a t  t h e  p u m p i n g  s t a t i o n  a t  t h e  
o u t l e t  o f  t h e  c o m m i n u t o r  w h e r e  t h e  s e w a g e  is  w e ll  a g i t a t e d .  T h e  o p e r a t o r s  
t a k e  t h i s  s a m p l e  o n  t h e i r  i n s p e c t i o n  t r i p s  t o  t h e  p u m p i n g  s t a t i o n .

A s  t h e  s c h e d u l e  m a y  b e  o f  i n t e r e s t  t o  o t h e r  o p e r a t o r s ,  i t  is  i n c l u d e d :

1. Operation of vacuum filter (4 days) and laboratory work (2 days).

2. Pumping sludge from settling tanks to concentration tank.
Pumping sludge from concentration tanks to digestion tank.
Washing and skimming settling tanks, valve chamber and magnetite filter.
Hosing digestion tanks.
Running chemical feeder.

3. Greasing, checking and changing oil of blowers, chemical feeders, paddles, magnetite filter,
sludge pumps, circulating pump, vacuum filter, compressor, Marlow circulation pump, 
floating cover and gas valves at plant.

Trash pumps, auxiliary motors, comminutors and blowers at pumping station.
Repack all pumps and valves.
Replace cutters on comminutor.
Oil and adjust dash pots on control board.
Wash float tubes and replace cable when necessary.
Clean and adjust chlorine machines.
Clean water traps on gas lines.
Clean grit chamber and wet well.
Open and close all pump and force main valves.
Install new cover on vacuum filter when necessary.
Check radiators for water.
Painting of buildings and equipment.
Cutting grass and upkeep of grounds.
Carting Ferrisul from store room to chemical house.
Miscellaneous repairs.

4. Carting of filtered sludge.
Mixing chemical for next run.
Carting lime and cleaning feeder, conveyor and grinder for next run.
Filling in on regular shifts as relief man and to assist 4-12 operator when possible.

5. Duties of operator on at 4:00 P.M. to 12 midnight.
To be responsible for the upkeep of the pumping station, filter room, shop, tool house, 

digestion tank and drying bed as follows:
P u m p i n g  station, filter r o o m  a n d  shop:

Keep interior and windows clean and all brass polished.
Tool house and drying bed:

Keep all brass polished.
Digestion tank:

Keep the top, stairs and room under stairs clean and all brass polished.
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He is to see that the chemical feeder is kept filled and to turn same off at 11:30 P.M.
He is to inspect valves to determine whether same should be closed or open.
He is to lower the setting on both chlorine machines.
He is to make three inspections at the pumping station; the said inspections shall be made 

at 5:00, 8:00 and 11:00 P.M. and shall cover the grounds, pump room, chlorine room 
and wet well. While in the wet well he shall hose grit chamber and walls of well.

He is to change chlorine cylinders when necessary.
During the winter in the event of snow he shall keep all walks clear or spread sand in the 

event of sleet.

6 . Duties of operator on at 12 midnight to 8:00 A.M.
Be responsible for the upkeep of the chemical house and head house as follows:
Keep the interior and windows clean and all brass polished.
He is to clean the chemical feeder and start same in the morning.
He is to change the pump at the pumping station.
He is to raise the setting on each chlorine machine.
He is to read all meters and change the flow chart.
He is to make three inspections at the pumping station; said inspections shall be made at 

2:00, 5:00 and 7:00 A.M. and shall cover the grounds, pump room, chlorine room and 
wet well.

While in the wet well he shall hose grit chamber and walls of well.
He is to change chlorine cylinders when necessary.
He is to inspect valves and determine whether same should be closed or open.
During the winter, in the event of snow, he shall keep all walks clear or spread sand 

if it sleets.

I t  w il l  b e  n o t e d  t h a t  c l e a n in g  is  n o t  f o r g o t t e n .  I n  F r e e p o r t ,  w e  a r e  
m o r e  o r  le s s  s e a f a r in g  m e n  a n d  m o s t  o f  u s  e i t h e r  h a v e  o r  u s e  b o a t s .  A  g o o d  
s a i l o r  k e e p s  h i s  b o a t  s h i p s h a p e ,  w i t h  p a i n t  s c r u b b e d  a n d  b r a s s  p o l i s h e d .  
I t  i s  t h e r e f o r e  n o  h a r d s h i p  f o r  u s  t o  k e e p  o u r  p l a n t  t h e  s a m e  w a y ,  a n d  a f t e r  
a  c o n t r a c t o r  h a s  b e e n  a r o u n d  m e s s in g  u p  t h e  p l a n t ,  w e  d o n ’t  f e e l  h a p p y  
u n t i l  a l l  t h e  s c a r s  h a v e  b e e n  r e m o v e d .

O p e r a t i n g  E x p e r i e n c e s

A s  t h e  p l a n t  h a s  g r o w n  a n d  c h a n g e s  h a v e  b e e n  m a d e  w e  h a v e  l e a r n e d  
q u i t e  a  b i t  a b o u t  h o w  v a r i o u s  t h i n g s  w o r k .  A t  t h e  p u m p i n g  s t a t i o n  w e  
h a v e  n o  d i f f i c u l ty  w i t h  c lo g g in g  n o w  t h a t  w e  h a v e  c o m m i n u t o r s .  W h e n  
t h e  p u m p s  s t a r t ,  t h e  le v e l  i n  t h e  w e t  w e ll  i s  a b o v e  t h e  p u m p ,  b u t  w h e n
p u m p i n g  s t o p s  t h e  w e t  w e ll  h a s  b e e n  p u m p e d  d o w n  b e lo w  t h e  p u m p .  T o
p r e v e n t  a n y  c h a n c e  o f  p u m p s  lo s in g  t h e i r  p r i m e  f r o m  a i r  g e t t i n g  i n t o  s u c -  
t i o m  p u m p s ,  t h e  o p e r a t o r s  o p e n  v a l v e s  o n  s u c t i o n  p i p e s  w h e n  t h e  w e t  w e ll  
is  f u l l .  T h e  s tu f f in g  b o x e s  a r e  w a t e r  s e a l e d ,  w h ic h  a l s o  h e lp s .

I n  t h e  r e c e n t  c o n s t r u c t i o n  a  s m a l l  v e r t i c a l - f l o w  g r i t  c h a m b e r  w a s  
i n s t a l l e d  a h e a d  o f  t h e  c o m m i n u t o r s .  I t  a p p e a r s  t h a t  w h i le  t h i s  c o l l e c t s  
l i t t l e  m a t e r i a l ,  i t  d o e s  c a t c h  l a r g e  s o l id s  l i k e  p e a c h  p i t s ,  a n d  i t  s e e m s  t o  
h a v e  r e d u c e d  t h e  w e a r  o n  t h e  c o m m i n u t o r  k n iv e s .  T h e  c o m m i n u t o r s  a r e  
a p p r e c i a t e d  a f t e r  u s i n g  h a n d - r a k e d  b a r  s c r e e n s .

T h e  t w o  f o r c e  m a i n s  a r e  u s e d  a l t e r n a t e l y  t o  k e e p  t h e m  c le a n .  T h e  
c a s t - i r o n  m a i n  c o n s t r u c t e d  i n  1 9 3 6  h a s  r e d u c e d  o u r  w o r r i e s  c a u s e d  b y  
o c c a s i o n a l  b r e a k s  a n d  l e a k s  in  t h e  o ld  c o n c r e t e  l in e .

C h e m i c a l  t r e a t m e n t  h a s  w o r k e d  w e ll  f o r  u s .  W e  u s e  F e r r i s u l  w i t h o u t  
l im e ,  w i t h  W a l l a c e  a n d  T i e r n a n  a u t o m a t i c  f e e d e r s .
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W e  f o u n d  t h a t  t h e  i n i t i a l  r a p i d  m ix  b y  a i r  w a s  n o t  h e lp f u l  a n d  w e  g e t  
b e t t e r  r e s u l t s  b y  o m i t t i n g  i t  a n d  u s i n g  s lo w  m ix in g  o n ly .

I n  o p e r a t i n g  o u r  v a c u u m  f i l t e r  w e  d id  n o t  u s e  l im e  a t  f i r s t  b u t  f o u n d  
t h a t  w i t h  o u r  s lu d g e  s o m e  l im e  w a s  n e e d e d .  W e  k e e p  o u r  l im e  d o s e  a s  
lo w  a s  p o s s ib le .  W e  h a v e  h a d  c o n s i d e r a b l e  t r o u b l e  g e t t i n g  a  f i l t e r  c lo th  
t h a t  w o u ld  g iv e  a n y  l e n g t h  o f  s e r v ic e  w i t h o u t  s e a l in g .  W e  n o w  u s e  a  
c o a r s e r  c lo t h  t h a n  f o r m e r l y ,  a n d  r e c e n t l y  h i t  o n  a  s c h e m e  t h a t  p r o m is e s  
t o  l e n g t h e n  o u r  r u n s  c o n s i d e r a b l y .  W h e n  a  c lo t h  s e e m e d  a b o u t  r e a d y  f o r  
r e p l a c e m e n t ,  w e  t r i e d  b r u s h i n g  i t  w i th  a  w ir e  b r u s h .  I t  d id  t h e  w o r k  a s  
t h e  c lo t h  w o r k e d  a s  g o o d  a s  n e w  a n d  d id  n o t  s e e m  to  b e  d a m a g e d  b y  t h e  
b r u s h in g .

O p e r a t i o n  A f t e r  I m p r o v e m e n t s

A  s a t i s f a c t o r y  r e p o r t  o n  t h e  o p e r a t i o n  o f  t h e  p l a n t  w i th  t h e  n e w  im 
p r o v e m e n t s  c a n n o t  b e  m a d e  u n t i l  t h e  w o r k  is  e n t i r e l y  c o m p l e t e d  a n d  
w o r k m e n  a n d  m e c h a n ic s  g o n e  a n d  t h e  p l a n t  o p e r a t e d  f o r  s o m e  t i m e  u n d e r  
n o r m a l  o p e r a t i n g  c o n d i t io n s .

S o m e  o f  t h e  b e n e f i t s  o f  t h e  im p r o v e m e n t s  h a v e  b e e n  m e n t io n e d .  T h e  
b e n e f i t  o f  t h e  s l u d g e  c o n c e n t r a t i o n  t a n k  h a s  b e e n  d e m o n s t r a t e d .  W h i le  
b e f o r e  t h e  im p r o v e m e n t s  t h e  t e m p e r a t u r e  in  d ig e s t i o n  t a n k s  w a s  o n ly  6 0 ° F .  
o r  le s s  d u r i n g  t h e  w i n t e r ,  t h e  f o l lo w in g  t e m p e r a t u r e s  w e re  m a i n t a i n e d  
l a s t  w i n t e r .  H e a t i n g  w a s  s t a r t e d  in  O c to b e r  w h e n  t h e  t e m p e r a t u r e  in  
t a n k s  w a s  6 6 °  F .

T e m p e r a t u r e s  

Deg. F.
Sludge
T a n k s  Air

November, 1942...................................  76 45
December, 1942.................................... 82 30
January, 1943........................................ 83 29
February, 1943..................................... 81 21
March, 1943.......................................... 81 35
April, 1943............................................  80 41

I n  o p e r a t i o n ,  f r e s h  s lu d g e  is  p u m p e d  t o  t h e  c o n c e n t r a t i o n  t a n k .  A f t e r  
s e t t l e m e n t ,  t h e  s u p e r n a t a n t  is  r e t u r n e d  a t  a  lo w  r a t e  t o  t h e  r a w  s e w a g e  a n d  
c o n c e n t r a t e d  s lu d g e  is  d i s c h a r g e d  t o  d ig e s t i o n  t a n k s .  T h e  a m o u n t  o f 
s u p e r n a t a n t  d i s c h a r g e d  f r o m  t h e  d ig e s t e r s  is  g r e a t l y  r e d u c e d .  A s  t h e  
s lu d g e  w i t h d r a w n  f r o m  t h e  d ig e s t e r s  t o  t h e  v a c u u m  f i l t e r  is  m o r e  c o n c e n 
t r a t e d  t h a n  t h e  s lu d g e  d r a w n  f r o m  c o n c e n t r a t i o n  t a n k ,  s o m e  s u p e r n a t a n t  
m u s t  b e  t a k e n  f r o m  t h e  d ig e s t i o n  t a n k s .  T h e s e  a r e  a r r a n g e d  so  t h a t  b y  
f i l l in g  a  t r a p  w i th  w a t e r  t h r o u g h  w h ic h  t h e  g a s  p a s s e s ,  t h e  g a s  f o r c e s  o u t  
t h e  s u p e r n a t a n t  a t  a  lo w  r a t e .  B y  r e m o v in g  w a t e r  f r o m  t h e  t r a p ,  t h e  g a s  
p r e s s u r e  is  r e d u c e d ,  so  s lu d g e  f r o m  c o n c e n t r a t i o n  t a n k  c a n  b e  r u n  in t o  
d ig e s t e r s  w i t h o u t  a n y  d i s c h a r g e  o f  s u p e r n a t a n t .  T h e  in c o m in g  s lu d g e  
d i s p l a c e s  t h e  g a s  a n d  f o r c e s  i t  i n t o  t h e  g a s  h o ld e r .

T h e  p u r p o s e  o f  t h e  m a g n e t i t e  f i l t e r  w a s  t o  s u p p l e m e n t  t h e  s e d i m e n t a 
t i o n  t a n k s  a n d  m a k e  u p  f o r  t h e i r  s m a l l  c a p a c i t y .  W i t h  t h i s  c o m b i n a t i o n ,  
a  m u c h  b e t t e r  e f f lu e n t  c a n  b e  o b t a i n e d  t h a n  w o u ld  b e  g iv e n  b y  s e d i m e n t a 
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t i o n  a l o n e .  W h i l e  a n a l y s e s  m a y  n o t  s h o w  i t ,  o p e r a t o r s  k n o w  t h a t  w i t h  
t h e  b e s t  o f  t a n k s  o c c a s i o n a l  g o b s  o f  s o l id s  g o  o u t  w i t h  t h e  e f f lu e n t .  T h e  
f i l t e r  a c t s  a s  a  s a f e g u a r d  t o  c a t c h  a n y  s u c h  c h a n c e  d i s c h a r g e  o f  s o l id s  a n d  
a ls o  b y  f u r t h e r  r e d u c t i o n  o f  s o l id s  g iv e s  a n  e f f lu e n t  t h a t  is  m u c h  m o r e  
a t t r a c t i v e  in  a p p e a r a n c e  t h a n  t h e  t a n k  e f f lu e n t ,  w i t h  le s s  c h lo r in e  d e m a n d  
a n d  r e d u c e d  lo a d  o n  t h e  r e c e i v in g  w a t e r s .

W e  a r e  n o w  r u n n i n g  o u r  v a c u u m  s l u d g e  f i l t e r  w i t h  g o o d  r e s u l t s  a n d  
c a n  d e w a t e r  a s  m u c h  a s  6 2 0  c u .  f t .  o f  d i g e s t e d  s l u d g e  o n  o n e  s h i f t .

T h e  w a t e r  i n  t h e  c r e e k  a t  t h e  o u t f a l l  is  m u c h  i m p r o v e d  a n d  t h e  p r e s e n c e  
o f  f i s h  i n d i c a t e s  t h e y  h a v e  110 o b j e c t i o n  t o  o u r  e f f lu e n t .  A  c h lo r in e  r e s i d u a l  
is  m a i n t a i n e d  a n d  w e  f e e l  t h a t  t h e  p l a n t  is  p e r f o r m i n g  i t s  f u n c t i o n  in  t r e a t 
i n g  t h e  s e w a g e  so  t h a t  i t  h a s  n o  h a r m f u l  e f f e c ts  o n  t h e  c r e e k  w a t e r s  i n t o  
w h ic h  i t  d i s c h a r g e s .



SEWAGE TREATMENT AT MILITARY INSTALLATIONS*

By Lt. C o l o n e l  B. F. H a t c h

Corps of Engineers, Fifth Service Command

I n t r o d u c t io n

A t  t h e  i n c e p t i o n  o f  t h e  p r e s e n t  n a t i o n a l  e m e r g e n c y ,  t h e  W a r  D e p a r t 
m e n t  r e c o g n i z e d  t h e  n e c e s s i t y  f o r  p r o v i d i n g  a d e q u a t e  s a n i t a t i o n  f a c i l i t i e s  
in  c o n n e c t io n  w i t h  a  w a r  c o n s t r u c t i o n  p r o g r a m ,  w h ic h  in  m a g n i t u d e  a n d  
s p e e d  o f  f u l f i l lm e n t  h a s  n o  p a r a l l e l  in  t h e  h i s t o r y  o f  o u r  c o u n t r y .  C o n 
s u l t a n t s  o f  n a t i o n a l  r e p u t a t i o n  in  s a n i t a r y  e n g in e e r in g  w e re  e n g a g e d  t o  
i n v e s t i g a t e  t h e  s a n i t a t i o n  p r o b l e m s  i n v o l v e d  a n d  t o  r e c o m m e n d  a  p r o g r a m  
o f  c o n s t r u c t i o n  o f  w a t e r  a n d  s e w a g e  t r e a t m e n t  p l a n t s  w h ic h  w o u ld  s a f e 
g u a r d  t h e  h e a l t h ,  c o m f o r t  a n d  w e l f a r e  o f  b o t h  o u r  m i l i t a r y  a n d  c iv i l i a n  
p o p u l a t i o n .  O n  D e c e m b e r  1 6 , 1 9 4 1 , t h e  r e s p o n s i b i l i t y  f o r  d i r e c t i o n  o f  t h e  
e n t i r e  c o n s t r u c t i o n  p r o g r a m  f o r  t h e  A r m y ,  in c l u d in g  t h e  r e p a i r  a n d  m a i n 
t e n a n c e  o f  r e a l  p r o p e r t y  a n d  o p e r a t i o n  o f  u t i l i t i e s ,  w a s  t r a n s f e r r e d  f r o m  
t h e  Q u a r t e r m a s t e r  G e n e r a l  t o  t h e  C h ie f  o f  E n g in e e r s  b y  S e c t io n  I ,  A c t  o f  
C o n g r e s s ,  D e c e m b e r  1, 1941  (5 5  S t a t .  7 8 7 ) .  T h r o u g h o u t  t h e  e a r l y  s t a g e s  
o f  t h i s  c o n s t r u c t i o n  p r o g r a m ,  t h e  e x p e r i e n c e  a n d  k n o w le d g e  o f  s t a t e  d e 
p a r t m e n t s  o f  h e a l t h  w a s  s o u g h t  a n d  u t i l i z e d  in  d e t e r m i n i n g  a v a i l a b l e  
s o u r c e s  o f  w a t e r  s u p p l y ,  n e c e s s i t y  f o r  w a t e r  a n d  s e w a g e  t r e a t m e n t  a n d  t h e  
d e g r e e  o f  t r e a t m e n t  w h ic h  s h o u l d  b e  p r o v i d e d .

I n  s e w a g e  t r e a t m e n t  p r a c t i c e ,  i n t e n s i v e  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  
a t  s e w a g e  p l a n t s  a t  a r m y  p o s t s  in  a l l  s e c t i o n s  o f  t h e  c o u n t r y .  A s  a  r e s u l t ,  
d e s ig n  f a c t o r s  h a v e  b e e n  p e r f e c t e d ,  c o n s t r u c t i o n  m e t h o d s  i m p r o v e d  a n d  
o p e r a t i o n  s im p l i f i e d  t o  t h e  e n d  t h a t  t h e  s c ie n c e  o f  s e w a g e  d i s p o s a l  a t  a r m y  
i n s t a l l a t i o n s  is  n o w  c o n d u c t e d  o n  t h e  s a m e  h ig h  p l a n e  a s  in  m u n i c ip a l  
p r a c t i c e .  M a n y  o f  t h e  e a r l y  p r o b l e m s  e n c o u n t e r e d  h a v e  b e e n  o v e r c o m e ,  
w h i le  o t h e r s  a r e  s t i l l  b e in g  s t u d i e d .  T h e  d e s ig n  a n d  c o n s t r u c t i o n  o f  s u c h  
p l a n t s  i n  t h i s  c o u n t r y  h a s  n o w  b e e n  l a r g e ly  c o m p l e te d .  A  m a i n t e n a n c e ,  
r e p a i r  a n d  o p e r a t i o n  p r o g r a m  w ill  c o n t i n u e  f o r  a  c o n s id e r a b l e  p e r i o d  a f t e r  
t h e  p r e s e n t  e m e r g e n c y  is  o v e r .

P r i n c i p l e s  o f  D e s ig n

O p e r a t i n g  e x p e r i e n c e  d u r i n g  t h e  p a s t  tw o  y e a r s  h a s  s h o w n  t h a t  t h e  
d e s i g n  o f  s e w a g e  t r e a t m e n t  p l a n t s  f o r  i n s t a l l a t i o n s  o f  t h e  A r m y  s h o u l d  b e  
p r e d i c a t e d  u p o n  t h e  f o l lo w in g  b a s i c  c o n s i d e r a t i o n s :

(1 ) T h e  d e g r e e  o f  t r e a t m e n t  r e q u i r e d  is  e s t a b l i s h e d  b y  t h e  n e c e s s i t y  fo r  
s a f e g u a r d in g  t h e  p u b l i c  h e a l t h ,  p r e v e n t i n g  n u i s a n c e  c o n d i t i o n s  a n d  p r o 
t e c t i n g  t h e  r i g h t s  o f  r i p a r i a n  o w n e r s  in  t h e  i m m e d i a t e  l o c a l i t y .

(2 ) T h e  t y p e  o f  t r e a t m e n t  p r o c e s s  u t i l i z e d  d e p e n d s  u p o n  t h e  d e g r e e  o f  
t r e a t m e n t  r e q u i r e d ,  t h e  a v a i l a b i l i t y  o f  m a t e r i a l s  a n d  e q u i p m e n t ,  t h e  s u p 
p l y  o f  o p e r a t i n g  l a b o r  a n d  c l i m a t i c  c o n d i t io n s .

* Presented Before the Ohio Conference on Sewage Treatment, Mansfield, Ohio, June 23, 1943.
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(3 )  V a r i a t i o n s  in  r a t e  o f  f lo w  in  t e r m s  o f  t h e  d a i l y  a v e r a g e  a r e  m o r e  
p r o n o u n c e d  a t  a r m y  i n s t a l l a t i o n s  t h a n  in  m u n i c i p a l  p l a n t s .

(4 )  I n d u s t r i a l  w a s t e s  o t h e r  t h a n  l a u n d r y  w a s t e s  a r e  n o t  a  f a c t o r .  A t  
t h o s e  o r d n a n c e  a n d  c h e m i c a l  w a r f a r e  s e r v i c e  m a n u f a c t u r i n g  p l a n t s  w h e r e  
i n d u s t r i a l  w a s t e s  a r e  p r o d u c e d ,  t r e a t m e n t  s e p a r a t e  f r o m  d o m e s t i c  s e w a g e  
is  g e n e r a l l y  n e c e s s a r y  b e c a u s e  o f  t h e  c h a r a c t e r  o f  t h e  c h e m i c a l  w a s t e s .

(5 )  G r e a s e  r e m o v a l  is  a  m a j o r  p r o b l e m .
(6 )  S u d d e n  f l u c t u a t i o n s  in  p o p u l a t i o n  n e c e s s i t a t e  l i b e r a l  d e s i g n  a n d  

p r o v i s i o n  f o r  o p e r a t i n g  f l e x ib i l i t y  b y  u s e  o f  m u l t i p l e  u n i t s .
(7 )  C o n c e n t r a t i o n  o f  o r g a n i c  m a t t e r  e x p r e s s e d  in  t e r m s  o f  s u s p e n d e d  

s o l id s ,  5 - d a y  b io c h e m ic a l  o x y g e n  d e m a n d  a n d  e t h e r  s o l u b le  m a t t e r  i s  s o m e 
w h a t  h i g h e r  p e r  c a p i t a  t h a n  in  a v e r a g e  m u n i c i p a l  s e w a g e .

(8 )  S i m p l i c i t y  o f  d e s ig n  a n d  o p e r a t i o n  is  a  v i r t u e .  D e s ig n s  w h ic h  
c o n t e m p l a t e  t h e  u s e  o f  c o m p l i c a t e d  m e c h a n i s m s ,  a n  e x c e s s iv e  a m o u n t  o f  
c r i t i c a l  m a t e r i a l s ,  o r  w h ic h  r e q u i r e  a n  a b u n d a n c e  o f  h i g h l y  s k i l l e d  o p e r a t i n g  
l a b o r ,  s h o u l d  b e  a v o id e d .

(9 )  P r o v i s i o n  f o r  i n f i l t r a t i o n  o f  g r o u n d  w a t e r  i n t o  t h e  s e w e r a g e  s y s t e m  
is  n e c e s s a r y  u n d e r  u n u s u a l  s o i l  c o n d i t i o n s ,  b u t  i n c r e a s e d  f lo w  c a u s e d  b y  
s u r f a c e  r u n o f f  a n d  r o o f  d r a i n a g e  is  o r d i n a r i l y  n o t  a  p r o b l e m .

(1 0 )  O r d i n a r i l y  s e w a g e  a r r i v e s  a t  t h e  p l a n t  i n  a  f r e s h  c o n d i t i o n .

B a s e s  o f  D e s i g n

T h e  a v e r a g e  2 4 - h o u r  p e r  c a p i t a  f lo w  a n d  s t r e n g t h  m u l t i p l i e d  b y  t h e  
n o r m a l  h o u s i n g  c a p a c i t y  is  u s e d  a s  t h e  b a s i s  o f  d e s ig n .  H o w e v e r ,  i n  o r d e r  
t o  p r o v i d e  f o r  v a r i a t i o n s  in  r a t e  o f  f lo w  a n d  f o r  f l u c t u a t i o n s  i n  p o p u l a t i o n  
a b o v e  n o r m a l  h o u s i n g  c a p a c i t y ,  i t  is  n e c e s s a r y  t o  a p p l y  a  c a p a c i t y  f a c t o r  
t o  t h i s  b a s i c  f ig u r e .  T h i s  c a p a c i t y  f a c t o r  v a r i e s  i n v e r s e l y  w i t h  t h e  n o r m a l  
h o u s i n g  c a p a c i t y  o f  t h e  c a m p .  T a b l e s  I  a n d  I I  s h o w  b a s i c  d e s i g n  f a c t o r s  
a n d  c a p a c i t y  f a c t o r s  r e s p e c t i v e l y .

T a b l e  I . — Basic Design Data for Sewage Plants

S tren g th , L b. per C ap . per D ay

In s ta lla tio n
Flow

G .p .c.d .
Susp.
Solids B .O .D . E th e r

Soluble

Camps and Cantonments....................................................... 70 0.27 0.20 0.09
Permanent Posts and Hospitals........................................... 100 0.27 0.20 0.09

30* 0.13 0 .10 1.05
Plant, Port and Storage Projects......................................... 100 0.27 0.20 0.09

30* 0.13 0.10 0.05
Airfields...................................................................................... 100 0.27 0 .20 0.09

* Non-resident population per 8  hour shift.

F r o m  a  h y d r a u l i c  s t a n d p o i n t ,  p r o v i s i o n  m u s t  b e  m a d e  f o r  p a s s a g e  o f  
p e a k  f lo w s  o f  3 0 0  p e r  c e n t  o f  t h e  a v e r a g e  2 4 - h r .  f lo w  t h r o u g h  c o n d u i t s ,  p ip e s  
a n d  e q u i p m e n t .  C a p a c i t i e s  o f  v a r i o u s  u n i t s  a r e  d e s i g n e d  f o r  a  1 6 -h r .  
a v e r a g e  f lo w  e q u a l  t o  1 2 5  p e r  c e n t  o f  t h e  a v e r a g e  2 4 - h r .  f lo w . T h e  d e s i g n  is  
f u r t h e r  c h e c k e d  t o  i n s u r e  t h a t  t h e  d e t e n t i o n  p e r i o d s  a r e  a d e q u a t e  f o r
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T a b l e  II .— Capacity Factors

P opu la tio n  of C am p C ap ac ity  F ac to r

10,000 or less...................................
'2 0 ,0 0 0 .........................................
30,000..............................................
40,000................................................
50,000 and over.............................. .....................................  1.00

a v e r a g e  4 - h r .  f lo w s  o f  17 5  p e r  c e n t  o f  t h e  a v e r a g e  2 4 - h r .  f lo w . A ll  s t r u c 
t u r e s  a n d  e q u i p m e n t  m u s t  b e  d e s ig n e d  f o r  m i n i m u m  flo w s  o f  4 0  p e r  c e n t  
o f  t h e  a v e r a g e  2 4 - h r .  f lo w .

P r im a r y  S e d i m e n t a t i o n  T a n k s

B o t h  o n e -  a n d  t w o - s t o r y  t y p e s  a r e  u s e d .  P l a i n  s e d i m e n t a t i o n  t y p e s  
a r e  o r d i n a r i l y  p r o v i d e d  w i t h  e q u i p m e n t  f o r  m e c h a n ic a l  r e m o v a l  o f  s e t t l e d  
s o l id s .  D i s p l a c e m e n t  c a p a c i t i e s  p r o v i d e  d e t e n t i o n  p e r i o d s  a s  s h o w n  in  
T a b l e  I I I .  I m h o f f  t a n k s  a r e  so  d e s ig n e d  t h a t  m a x i m u m  l i n e a r  v e lo c i t i e s  
w ill  n o t  e x c e e d  1 .0  f t .  p e r  m in .  a t  m a x i m u m  p e a k  f lo w s . B .O .D .  r e m o v a l  
o f  4 0  p e r  c e n t  o f  t h e  t o t a l  is  c o n t e m p l a t e d  a s  a  r e s u l t  o f  p l a i n  s e d i m e n t a t i o n .  
F o r  i n d u s t r i a l  p l a n t ,  p o s t  a n d  s t o r a g e  p r o j e c t s  i n v o l v in g  n o n - r e s i d e n t  
c iv i l i a n  p o p u l a t i o n ,  a  d e t e n t i o n  p e r i o d  o f  2  h o u r s  is  p r o v i d e d ,  b a s e d  u p o n  
t h e  a v e r a g e  h o u r l y  r a t e  f o r  t h e  8 - h r .  p e r i o d  o f  m a x i m u m  p o p u la t i o n .

T a b l e  III .— Primary Tank Detention Periods

D eten tio n  Period in H ours— B ased Upon

T v p e  of 16 H r. Average 24 H r. Average
T re a tm e n t W orks R ate  of Flow R a te  of Flow

Plain Sedimentation............................. ...........................  2.0 2.5
Standard Trickling Filter.................... ...........................  2.0 2.5
High Capacity Filters.......................... ........................... 2.0 2.5
Activated Sludge................................... ........................... 1.2 1.5

T r i c k l in g  F il t e r s

Low Capacity .— A n  o r g a n ic  lo a d in g  o f  6 0 0  lb .  o f  a p p l i e d  B .O .D .  (5  d a y )  
p e r  a c r e  f o o t  u p  to  6  f t .  d e p t h  is  u s e d  in  s o u t h e r n  c l i m a t e s  w i th  a  2 0  p e r  
c e n t  r e d u c t i o n  in  t h i s  lo a d  f o r  n o r t h e r n  c l im a te s .  C o r r e s p o n d in g  l i q u id  
lo a d i n g s  a r e  2 .1  a n d  1 .6 8  m .g .d . ,  r e s p e c t i v e ly .  D i s t r i b u t i o n  b y  e i t h e r  n o z 
z le s  o r  r o t a r y  m e c h a n i s m  m a y  b e  u s e d .  T h e  p r e p o n d e r a n c e  o f  p l a n t s  u s e  
d i s t r i b u t i o n  e q u i p m e n t  o f  t h e  r o t a r y  t y p e .

High Capacity. O r g a n ic  lo a d in g s  o f  n o t  t o  e x c e e d  3 ,0 0 0  lb .  o f  a p p l i e d  
B .O .D .  p e r  a c r e  f o o t  a r e  u s e d  f o r  p l a n t s  i n  s o u t h e r n  c l i m a t e s  f o r  b o t h  s in g le  
a n d  tw o  s t a g e  t y p e s .  T h i s  lo a d in g  is  r e d u c e d  b y  2 0  p e r  c e n t  f o r  n o r t h e r n  
c l i m a t e s .  L o a d in g  a n d  r e c i r c u l a t i o n  r a t e s  fo l lo w  m a n u f a c t u r e r s ’ r e c o m 
m e n d a t i o n s .  W h i l e  a p p l i e d  lo a d in g s  m a y  b e  t h e  s a m e ,  s in g le - s t a g e  a n d  
t w o - s t a g e  h ig h  c a p a c i t y  f i l t e r s  a r e  c r e d i t e d  w i th  a b i l i t y  t o  p r o v i d e  o v e r a l l  
t r e a t m e n t  o f  f r o m  6 0  t o  8 0  p e r  c e n t  a n d  f r o m  8 5  to  9 5  p e r  c e n t ,  r e s p e c t i v e ly .
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A c t i v a t e d  S l u d g e

D e s ig n s  o f  a e r a t i o n  t a n k s  a r e  b a s e d  u p o n  d e t e n t i o n  p e r i o d s  o f  8 .0  h r .  
f o r  c o m p r e s s e d ,  d i f f u s e d  a i r  a n d  1 2 .0  h r .  f o r  m e c h a n i c a l  a e r a t i o n ,  u s i n g  
t h e  1 6 -h r .  a v e r a g e  r a t e  o f  f lo w .

F i n a l  S e t t l i n g  T a n k s

F i n a l  s e t t l i n g  t a n k s  a r e  d e s i g n e d  t o  p r o v i d e  d e t e n t i o n  p e r i o d s  o f  2 .0  a n d
2 .5  h o u r s ,  b a s e d  o n  t h e  2 4 - h r .  a v e r a g e  a n d  m a x i m u m  1 6 -h r .  a v e r a g e  f lo w s . 
F lo w  r a t e s  a r e  b a s e d  o n  a c t u a l  f lo w s , i n c l u d i n g  r e c i r c u l a t i o n  o f  s e w a g e  o r  
s lu d g e .  W h e r e  t w o - s t a g e  f i l t r a t i o n  is  u s e d ,  f i n a l  s e t t l i n g  t a n k  c a p a c i t y  is  
e x c lu s iv e  o f  a n y  i n t e r m e d i a t e  s e t t l i n g  b e t w e e n  s t a g e s .  W a t e r  d e p t h s  
s h o u l d  b e  f r o m  8  t o  10  f t .  a n d  o v e r f lo w  r a t e s  s h o u l d  n o t  e x c e e d  8 0 0  g a l .  
p e r  s q .  f t .  o f  t a n k  a r e a  p e r  d a y ,  b a s e d  u p o n  t h e  a v e r a g e  2 4 - h r .  r a t e  o f  f lo w .

S l u d g e  D i g e s t i o n  T a n k s

T h e  d e s ig n  c a p a c i t i e s  o f  s l u d g e  d i g e s t i o n  t a n k s  a r e  s h o w n  in  T a b l e  I V .  
I t  s h o u l d  b e  n o t e d  t h a t  t h e s e  c a p a c i t i e s  m u s t  b e  m u l t i p l i e d  b y  t h e  p r o p e r  
c a p a c i t y  f a c t o r  a s  w e ll  a s  t h e  n o r m a l  h o u s i n g  c a p a c i t y  t o  a r r i v e  a t  t h e  
a c t u a l  c u b ic a l  c o n t e n t s .  A d j u s t m e n t s  in  c a p a c i t y  m u s t  a l s o  b e  m a d e  
w h e r e  c iv i l i a n  p o p u l a t i o n  is  n o n - r e s i d e n t  a n d  o n  a n  8 - h o u r  s h i f t  b a s i s .

T a b l e  IV .— Sludge Digestion Tank Capacity

C u. F t. pe r C ap . p e r D ay

T y p e  of T re a tm e n t W orks H e a ted U n h ea ted

Plain Sedimentation....................................................... ..  2.0 3.0
Plain Sedimentation with Chemical Precipitation.. . . 3.0 4.5
Standard Trickling Filter.............................................. . . 3.0 4.5
High Capacity Filter...................................................... . . 3.0 4.5
Activated Sludge............................................................. 4.0 6.0

T h e  c a p a c i t y  o f  I m h o f f  t a n k  s lu d g e  c o m p a r t m e n t s  is  f i g u r e d  f r o m  a  
p o i n t  18  in c h e s  b e lo w  t h e  i n t e r s e c t i o n  o f  t h e  s l o p in g  w a l l s  o f  t h e  f lo w  
t h r o u g h  c o m p a r t m e n t .  T h i s  c a p a c i t y  is  3 .0  c u .  f t .  p e r  c a p i t a  f o r  s o u t h e r n  
c l i m a t e s  a n d  3 .7 5  f o r  n o r t h e r n  c l i m a t e s .

S l u d g e  D i s p o s a l

I n  g e n e r a l ,  s l u d g e  is  d i s p o s e d  o f  b y  d ig e s t i o n  a n d  a i r  d r y i n g .  M e c h a n i 
c a l  d e w a t e r i n g  a n d  i n c i n e r a t i o n  a r e  n o t  u s e d  e x c e p t  i n  s p e c i a l  c a s e s  w h e r e  
i n d u s t r i a l  w a s t e s  a r e  i n v o l v e d .  O p e n  s l u d g e  d r y i n g  b e d s  h a v e  a r e a s  o f  
a p p r o x i m a t e l y  1 .0  s q .  f t .  p e r  c a p i t a .  C o v e r e d  b e d s  a r e  u s e d  o n ly  in  s p e 
c ia l  i n s t a n c e s  w h e r e  a r e a  is  l i m i t e d  o r  a d j a c e n t  i n s t a l l a t i o n s  m a k e  g r e e n 
h o u s e  c o n s t r u c t i o n  n e c e s s a r y .  S lu d g e  s t o r a g e  a n d  d r y i n g  o n  n a t u r a l l y  
d r a i n e d  a r e a s  is  f r e q u e n t l y  u s e d .  I n  t h i s  c a s e ,  a r e a s  o f  f r o m  2 .0  t o  3 .0  
s q .  f t .  p e r  c a p i t a  a r e  n e c e s s a r y .
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C h l o r i n a t i o n

W h e r e  r e q u i r e d ,  c h lo r in e  is  u s e d  f o r  s t e r i l i z a t i o n  o f  e f f lu e n t s  o r  c o n t r o l  
o f  o d o r s .  A  c o n t a c t  p e r i o d  o f  15 m i n u t e s  b a s e d  o n  t h e  4 - h r .  a v e r a g e  
m a x i m u m  f lo w  is  u s e d  a n d  e q u i p m e n t  i s  d e s ig n e d  t o  p r o v i d e  a  d o s a g e  o f 
8 0  lb .  p e r  m . g. b a s e d  o n  t h e  2 4 - h r .  a v e r a g e  flo w .

M i s c e l l a n e o u s  A d j u n c t s

S c r e e n s  e i t h e r  o f  t h e  s t a t i o n a r y ,  h a n d  r a k e d ,  b a r  t y p e ,  o r  o f  t h e  c o m 
m i n u t i n g  t y p e  a r e  i n s t a l l e d  a h e a d  o f  t h e  p r i m a r y  t a n k s .

F lo w  m e a s u r i n g  d e v ic e s  a r e  i n s t a l l e d  in  a l l  p l a n t s .  F o r  p l a n t s  s e r v in g  
p o p u l a t i o n s  i n  e x c e s s  o f  5 ,0 0 0  p e r s o n s ,  r e c o r d in g ,  i n d i c a t i n g  a n d  t o t a l i z i n g  
e q u i p m e n t  is  a ls o  p r o v i d e d .  M e a s u r i n g  d e v ic e s  s u c h  a s  P a r s h a l l  f lu m e s ,  
r e c t a n g u l a r  f lu m e s  ( P a l m e r - B o w lu s ) ,  v e n t u r i  m e t e r s  a n d  w e ir s  a r e  u s e d ,  
d e p e n d i n g  o n  lo c a l  c o n d i t io n s .

L a b o r a t o r y

E a c h  p l a n t  is  p r o v i d e d  w i t h  a  l a b o r a t o r y  a n d  s u p p l i e d  w i t h  f u r n i t u r e ,  
e q u i p m e n t  a n d  r e a g e n t s  r e q u i r e d  t o  m a k e  t h e  r o u t i n e  t e s t s  n e c e s s a r y  f o r  
p r o p e r  p l a n t  c o n t r o l .  P l a n t s  a r e  c la s s i f ie d  a s  s h o w n  in  T a b l e  V . L a b o r a 
to r i e s  a r e  e q u i p p e d  in  a c c o r d a n c e  w i t h  t h i s  c la s s i f ic a t io n .  C la s s  A  p l a n t s  
h a v e  c o m p l e t e  e q u i p m e n t  f o r  a l l  n e c e s s a r y  c h e m ic a l ,  b io lo g ic a l  a n d  b a c 
t e r io l o g ic a l  a n a ly s e s .

T able V.—Classifications of Sewage Treatment Plants

P er 1,000 P o p u la tio n  C apacity

38 an d  Over 12 to  38 6 to  12 1.5 to  6

Complete Treatment with Separate Sludge Digestion. 
Primary Tanks and Separate Digester Primary Treat

A A B c

ment O nly.......................................................................... A B C c
Imhoff Tank with Trickling Filter or Slow Sand Filter B B C c
Imhoff Tanks or Slow Sand Filter Only......................... — C D D

O p e r a t i o n

G e n e r a l l y  s p e a k i n g ,  t h e  o p e r a t i n g  p r o b l e m s  e n c o u n te r e d  a t  s e w a g e  
p l a n t s  a t  a r m y  i n s t a l l a t i o n s  a r e  n o  d i f f e r e n t  t h a n  th o s e  w i th  w h ic h  w e  a r e  
a l l  f a m i l i a r  a t  m u n i c ip a l  p l a n t s .  T h e  g r e a s e  p r o b l e m  c a n  b e  e l i m i n a t e d  
v e r y  l a r g e ly  b y  a d e q u a t e  a n d  f r e q u e n t  c le a n in g  o f  m e s s  h a l l  g r e a s e  t r a p s .  
R e c e n t l y  i m p r o v e d  d e s ig n s  o f  s u c h  t r a p s  w h ic h  p r o v i d e  g r e a t e r  c a p a c i t y  
a r e  m o r e  e f f ic i e n t  a n d  s in c e  t h i s  q u a l i t y  o f  g r e a s e  h a s  a  s a lv a g e  v a lu e  t h e r e  
is  l i t t l e  e x c u s e  f o r  e x c e s s iv e  a m o u n t s  o f  g r e a s e  r e a c h i n g  t h e  s e w a g e  p l a n t .  
E n f o r c e m e n t  o f  r e g u l a t i o n s  s u c h  a s  p r o p e r  c le a n in g  o f  g r e a s e  t r a p s  is  m o r e  
e a s i ly  e f f e c te d  u n d e r  m i l i t a r y  c o n t r o l  t h a n  is  p o s s ib le  in  m u n i c ip a l  p r a c t i c e .

L a u n d r y  w a s t e s  h a v e  p r o v e n  t o  b e  a  v e x in g  p r o b l e m  a t  s o m e  a r m y  
p o s t s .  W h e n e v e r  t h e  v o lu m e  o f  s u c h  w a s t e s  b e c o m e s  p r e d o m i n a n t ,  t r e a t 
m e n t  d i f f ic u l t i e s  a r i s e  a n d  o v e r a l l  p l a n t  e f f ic ie n c y  is  lo w e re d .  S tu d i e s  a r e
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n o w  b e in g  c o n d u c t e d  t o  d e v e lo p  m e t h o d s  o f  o v e r c o m in g  t h i s  p r o b l e m .  A t  
o n e  o f  t h e  l a r g e s t  i n s t a l l a t i o n s  i n  t h e  F i f t h  S e r v i c e  C o m m a n d ,  l a u n d r y  
w a s t e s  a r e  d i s c h a r g e d  t h r o u g h  a  r o c k  c r e v i c e  i n t o  u n d e r g r o u n d  l i m e s t o n e  
c a v e r n s .  T h i s  m e t h o d  o f  d i s p o s a l  h a s  b e e n  i n  u s e  f o r  a b o u t  t w o  y e a r s  a n d  
s o  f a r  h a s  w o r k e d  p e r f e c t l y .  N o  e v id e n c e  o f  c o n t a m i n a t i o n  o f  u n d e r 
g r o u n d  w a t e r  s u p p l i e s  o f  s u r r o u n d i n g  a r e a s ,  o r  o f  c r e a t i o n  o f  n u i s a n c e  
c o n d i t i o n s  h a s  b e e n  f o u n d .

C o m p a r i s o n  o f  D e s i g n  a n o  O p e r a t i o n  D a t a

D e s ig n  a n d  o p e r a t i o n  o f  s e w a g e  t r e a t m e n t  w o r k s  a r e  v e r y  c lo s e ly  a s s o 
c i a t e d .  T h e  d e s i g n in g  e n g in e e r  m u s t  c o n s t a n t l y  e v a l u a t e  h is  h a n d i w o r k

T a b l e  VI.—Sewage Treatment Works, Operating Results and Design Data,
35,000 Troop Capacity Ground Force Station

Type—Preaeration, plain sedimentation, separate digestion, low capacity trickling filters, 
secondary settling, chlorination

Operating Results

M o n th  (1943) Load in
Flow R aw  Sewage P r im a ry  E ff. F ilte r  Eff. F in a l Eff.

P ersons
m .g .d . g.p.c.d . B .O .D . S.S. B .O .D . S.S. B .O .D . S.S. B .O .D . S.S.

January.................
February...............
March...................
April......................
M ay.......................

33,924
34,074
31;444
31,912
25,905

2.13
2.63
2.60
2.50
2.20

62.8
77.2 
82.7
78.3 
84.9

260
240
347
331
256

373
294
301
325
269

179
172
205
187
140

189
160
117
139
128

75.9
49.0
70.0
59.0
46.0

165
93.0
51.0
67.0
68.0

56.8
40.0
51.0
38.0
28.0

70.2
50.0
32.0
30.0
22.0

Average (5 Mos.) 31,452 2.412 76.7 286.8 312.4 176.6 146.6 59.98 88.8 42.76 40.84

Pounds B.O.D. Based on Average Flow. 
Pounds S.S. Based on Average Flow. . . . 
Pounds B.O.D. per Capita (Average). . . 
Pounds S.S. per Capita (Average)..........

5,770
6,280
0.184
0.20

3,550
2,950
0.113
0.094

1,206
1,787
0.0384
0.0568

860
822
0.0274
0.0261

Per Cent Overall B.O.D. Reduction by
U nits...........................................................

Per Cent Overall S.S. Reduction by 
Units...........................................................

38.4

53.0

47.6

18.6

6.0

15.3

85.0

86.9
Per Cent Reduction of B.O.D. Applied

Load............................................................
Per Cent Reduction of S.S. Applied Load

38.4
53.0

77.3
39.5

28.7
54.0

Operation and Maintenance Cost per 
m.g. (Average 4 M os.)........................... $27.20

Design Data
Population............................................................................... 35,000 persons
Av. 24-Hour Flow .................................................................  2.45 m.g.
5-Day B.O.D..........................................................................  7,000 lb. per day
Suspended Solids...................................................................  9,450 lb. per day
Applied B.O.D. Load on Trickling Filters.....................  4,200 lb. per day
Residual B.O.D. Load in Plant Effluent......................... 700 lb. per day
Applied B.O.D. Loading on Filters  460 lb. per acre foot
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T able VII.— Sewage Treatment Works, Operating Results and Design Data,
6,000 Troop Capacity A ir Force Station

lyp e  Preaeration, Imhoff tank, high capacity trickling filters, secondary settling, chlorination

Operating Results

M o n th  (1943) L oad in 
Persons

Flow R aw  Sewage P rim a ry  Eff. F ilte r Eff. F in a l Eff.

m .g.d. g.p.c.d . B .O .D . s.s. B.O .D . S.S. B .O .D . S.S. B .O .D . S.S.

January................. 4,060 0.338 83 353 194 180 100 __ __ 27 31
February............... 3,983 0.333 84 290 219 165 110 — — 27 36
March................... 4,046 0.373 92 274 221 142 94 — — 44 42
April...................... 4,608 0.349 76 388 230 224 120 — — 57 36
M ay....................... 4,294 0.368 86 308 228 216 160 — — 34 27

Average (5 Mos.) 4,198 0.352 84 322.6 218.4 185.4 116.8 — — 37.8 34.4

Pounds B.O.D. Based on Average Flow. 947 545 __ 111
Pounds S.S. Based on Average F low ... . 642 343 - 101
Pounds B.O.D. per Capita (Average). . . 0.225 .013 — 0.0264
Pounds S.S. per Capita (Average) 0.153 .0082 —• 0.0241

Per Cent Overall B.O.D. Reduction by
Units................. 42.2 — — 87.3

Per Cent Overall S.S. Reduction by
Units................. 46.4 — 84.2

Design Data
Population................................................................................ 6,000 persons
Av. 24-Hour Flow ..................................................................  0.42 m.g.
5-Day B.O.D............................................................................ 1,200 lb. per day
Suspended Solids....................................................................  1,620 lb. per day
Applied B.O.D. Load on Filters.........................................  720 lb. per day
Residual B.O.D. in Final Effluent...................................... 240 lb. per day
Applied B.O.D. Loading on Filters.................................... 1,400 lb. per acre foot

b y  i t s  a b i l i t y  t o  p e r f o r m  u n d e r  lo a d .  L ik e w is e  t h e  o p e r a t o r  m u s t  u n d e r 
s t a n d  t h e  d e s ig n  p r i n c ip l e s  in v o l v e d  a n d  a d j u s t  h is  m e t h o d s  t o  t h e  f a c i l i t i e s  
a v a i l a b l e  s o  a s  t o  p r o d u c e  m a x i m u m  r e s u l t s .  W h e n e v e r  t h e  d e s ig n e r  a n d  
t h e  o p e r a t o r  s e e  e y e  t o  e y e  o n  t h e  o v e r a l l  p r o b l e m ,  g e n e r a l l y  e x c e l le n t  
r e s u l t s  a r e  a s s u r e d  in  s e w a g e  t r e a t m e n t .  (S e e  T a b le s  V I  a n d  V I I . )

T a b l e s  V I  a n d  V I I  p r o v i d e  a  m e a s u r e  o f  c o m p a r i s o n  b e tw e e n  d e s ig n  
f a c t o r s  a n d  p e r f o r m a n c e  u n d e r  a c t u a l  o p e r a t i n g  c o n d i t io n s  a t  a  l a r g e  
g r o u n d  f o r c e  s t a t i o n  a n d  a  s m a l l  a i r  f o r c e  s t a t i o n .  I t  is  p e r t i n e n t  t o  n o t e  
t h a t  t h e  s e w a g e  p l a n t  a t  t h e  g r o u n d  f o r c e  s t a t i o n  o p e r a t e s  b y  g r a v i t y  a n d  
r e c e iv e s  l a u n d r y  w a s t e s  w h i le  t h a t  a t  t h e  a i r  f o r c e  s t a t i o n  in c l u d e s  r a w  
s e w a g e  p u m p i n g ,  b u t  d o e s  n o t  r e c e iv e  l a u n d r y  w a s te s .  T h e  e f f e c t  o f  t h e  
l a u n d r y  w a s t e s  is  a p p a r e n t  in  t h e  d i f f e r e n c e  in  s u s p e n d e d  s o l id s  p e r  c a p i t a .  
U n f o r t u n a t e l y ,  n o  a n a l y t i c a l  d a t a  a r e  a v a i l a b l e  f o r  t h e  f i l t e r  e f f lu e n t  a t  t h e  
a i r  f o r c e  s t a t i o n ,  so  t h a t  a  d i r e c t  c o m p a r i s o n  o f  p e r f o r m a n c e  b e tw e e n  a  lo w  
c a p a c i t y  a n d  a  h ig h  c a p a c i t y  f i l t e r  c a n n o t  b e  m a d e .  W h i le  t h e  o p e r a t i n g  
d a t a  a n d  t h e  d e s ig n  f a c t o r s  u s e d  a r e  n o t  in  e x a c t  a g r e e m e n t  in  e i t h e r  c a s e ,
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i t  i s  b e l i e v e d  t h a t  t h e s e  v a r i a n c e s  w il l  b e c o m e  s m a l l e r  a s  t h e  p l a n t s  r e a c h  
f u l l  l o a d  a n d  t h e  e f f e c t  o f  s e a s o n a l  v a r i a t i o n s  is  m o r e  f u l l y  r e f l e c t e d  in  t h e  
o p e r a t i n g  d a t a .

D i s p o s a l  T h r o u g h  M u n i c i p a l  S e w e r s

O n ly  a  s m a l l  p a r t  ( a b o u t  10  p e r  c e n t )  o f  t h e  s e w a g e  f r o m  m i l i t a r y  
i n s t a l l a t i o n s  in  t h i s  S e r v i c e  C o m m a n d  is  d i s c h a r g e d  t o  m u n i c i p a l  s e w e r a g e  
s y s t e m s .  P o s t s  w h ic h  u t i l i z e  m u n i c i p a l  s e w e r s  a r e  s m a l l ,  t h e  l a r g e s t  h a v 
i n g  a  p o p u l a t i o n  o f  a b o u t  5 ,0 0 0 .  I n  m o s t  c a s e s  l a u n d r y  w a s t e s  a r e  n o t  
i n c l u d e d .  H e n c e ,  i f  p r o p e r  a t t e n t i o n  is  g iv e n  t o  c l e a n in g  o f  g r e a s e  t r a p s ,  
t h e  s e w a g e  f r o m  s u c h  i n s t a l l a t i o n s  s h o u l d  h a v e  n o  e f f e c t  o n  m u n i c i p a l  
t r e a t m e n t  p l a n t s  o t h e r  t h a n  t o  i n c r e a s e  t h e  lo a d .

O p e r a t i n g  P e r s o n n e l

I n  a  p a p e r  p r e s e n t e d  b e f o r e  t h i s  C o n f e r e n c e  i n  1 9 4 1  t h e  w r i t e r  p o i n t e d  
o u t  t h a t  t h e r e  w a s  a p t  t o  b e  a  d e a r t h  o f  q u a l i f i e d  s e w a g e  p l a n t  o p e r a t o r s .  
T h e  s c a r c i t y  o f  t r a i n e d  a n d  e x p e r i e n c e d  o p e r a t o r s  h a s  n o w  r e a c h e d  a  
c r i t i c a l  s t a g e .  E v e r y  e f f o r t  m u s t  b e  m a d e  t o  t r a i n  a s s i s t a n t  o p e r a t o r s  i f  
w e  a r e  t o  k e e p  o u r  s e w a g e  p l a n t s ,  b o t h  c iv i l i a n  a n d  m i l i t a r y ,  o p e r a t i n g  a t  
t o p  p e r f o r m a n c e .  T h e  A r m y  is  u s i n g  t h e  u n d e r s t u d y  m e t h o d  i n  t h i s  
t r a i n i n g  p r o g r a m  t o  t h e  f u l l e s t  e x t e n t  p o s s ib le .  I t  i s  h i g h l y  i m p o r t a n t  
t h a t  m u n i c i p a l i t i e s  fo l lo w  t h e  s a m e  p r a c t i c e .

S u m m a r y

I n  c o n c lu s io n  I  w is h  t o  e m p h a s i z e  j u s t  t w o  p o i n t s  i n  c o n n e c t i o n  w i th  
s e w a g e  t r e a t m e n t  f o r  a r m y  i n s t a l l a t i o n s .

1. T h e  d e s i g n in g  e n g in e e r  m u s t  p r o v i d e  f o r  a  m a x i m u m  o f  f l e x ib i l i t y  in  
p l a n t  o p e r a t i o n  b y  p r o v i d i n g  m u l t i p l e  u n i t s  a n d  a d e q u a t e  c a p a c i t i e s  f o r  
s u d d e n  p o p u l a t i o n  c h a n g e s .

2 . T h e  t y p e  o f  t r e a t m e n t  p r o c e s s  a n d  t h e  m e c h a n i c a l  e q u i p m e n t  
u t i l i z e d  s h o u l d  b e  a s  s i m p l e  a s  p o s s ib le  in  o r d e r  t h a t  t h e  n e e d  f o r  h i g h l y  
s k i l l e d  m a n p o w e r  m a y  b e  h e ld  t o  a  m i n i m u m  a n d  t h a t  c o n s t r u c t i o n  a n d  
o p e r a t i o n  d e l a y s  a n d  i n t e r r u p t i o n s  c a u s e d  b y  i n a b i l i t y  t o  o b t a i n  m e c h a n i 
c a l  e q u i p m e n t  a n d  r e p a i r  p a r t s  m a y  b e  o v e r c o m e .
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I n s t r u c t i o n

T h e  f i r s t  a n d  p r i m a r y  u s e  o f  c h lo r in e  t r e a t m e n t  in  s e w a g e  h a s  b e e n  f o r  
p u r p o s e s  o f  d i s in f e c t io n  t o  r e d u c e  t h e  b a c t e r i a  in  t h e  s e w a g e  e f f lu e n t .  
S u b s e q u e n t  i m p o r t a n t  u s e s  o f  c h lo r in e  w e re  in  c o n n e c t io n  w i th  t h e  c o n t r o l  
o f  o d o r s  a r i s in g  f r o m  s e w e r a g e  s y s t e m s  a n d  s e w a g e  t r e a t m e n t  p l a n t s .  I n  
m o r e  r e c e n t  y e a r s  i t s  u s e  h a s  b e e n  e x t e n d e d  in  c e r t a i n  i n s t a n c e s  t o  t h e  
r e d u c t i o n  o f  t h e  B .O .D .  o f  s e w a g e .

C o n s id e r a b l e  i n f o r m a t i o n  c a n  b e  f o u n d  in  t h e  l i t e r a t u r e  c o n c e rn in g  l a b o 
r a t o r y  a n d  p l a n t - s c a l e  e x p e r i m e n t s  o n  t h e  e f f e c t  o f  c h lo r in a t io n  o n  t h e  
B .O .D .  o f  s e w a g e .  A ll  o f  t h e s e  h a v e  b e e n  m a d e  o n  c o m p a r a t i v e l y  lo w  c o n 
c e n t r a t i o n s  o f  c h lo r in e .  T h e  g e n e r a l  t r e n d  o f  t h e  r e s u l t s  r e p o r t e d  s e e m s  to  
i n d i c a t e  t h a t  w h e n  s u f f ic ie n t  c h lo r in e  is  a p p l i e d  t o  p r o d u c e  a  r e s id u a l  o f  
a b o u t  0 .2  p .p .m .  a f t e r  10  m i n u t e s ’ c o n t a c t  t i m e  a  r e d u c t i o n  in  B .O .D .  o f  
f r o m  2 5  t o  4 0  p e r  c e n t  c a n  b e  e x p e c t e d .  S o m e  a u t h o r s  (1 ) s t a t e  t h a t  t h e
B .O .D .  r e d u c t i o n  o f  t h e  s e w a g e  w ill  b e  f r o m  2 .3  t o  5  p a r t s  f o r  e v e r y  p a r t  o f 
c h lo r in e  a d d e d .

T h e  f i r s t  e x p e r i m e n t a l  w o r k  r e p o r t e d  o n  B .O .D .  r e d u c t i o n  w a s  m a d e  
b y  H .  G . B a i t y  a n d  F .  M .  B e l l  (2 ) w i th  t h e  f o l lo w in g  r e s u l t s :

C hlorine
Dose

R esidual C hlorine 
10 M in.

B .O .D . of 
U nch lo rinated  Sewage

B .O .D . of 
C hlo rinated  Sewage

P er C en t 
R eduction

5-7.5 0 77 71.1 7.4
8-9 Trace 94.3 79.6 15.5

10-15 .2 to .5 85.2 48.9 42.7
all samples 85.8 58.6 31.7

T h e  a u t h o r s  r e p o r t e d  t h a t  d o s a g e s  g r e a t e r  t h a n  t h i s  g a v e  n o  f u r t h e r  
i n c r e a s e  in  B .O .D .  r e d u c t i o n .  I n  t h e i r  c o n c lu s io n s  t h e y  s t a t e  t h a t  “ in  
f u l l y  c h l o r i n a t e d  s e w a g e  t h e r e  is  a  r e t a r d i n g  a c t i o n  o n  b io lo g ic a l  a c t i v i t y  a s  
i n d i c a t e d  b y  t h e  1 - d a y  B .O .D .  b e in g  l o w ”  a n d  t h a t  “  t h e  B .O .D .  r e d u c t i o n s  
a r e  p e r m a n e n t ,  a s  1 5 - d a y  i n c u b a t i o n s  s h o w e d  r e l a t i v e l y  t h e  s a m e  e f f e c t  a s  
t h e  5 - d a y  s a m p l e s . ”

M o h l m a n ,  H u r w i t z ,  a n d  R u c h h o f t  (3 ) in  d a t a  c o l l e c te d  a t  t h e  C h ic a g o  
S a n i t a r y  D i s t r i c t  r e p o r t e d  t h e  f o l lo w in g  r e s u l t s :  W h e n  a n  a v e r a g e  o f  1 0 .9

* Extract from thesis submitted in partial fulfillment of degree in Master of Public Health, 
1942, in Department of Public Health Engineering, University of Michigan, Ann Arbor, Michigan.
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p .p .m .  c h lo r in e  w a s  a d d e d  t o  s e w a g e  t o  p r o d u c e  a  r e s i d u a l  o f  0 .2  p .p .m .  
c h lo r in e ,  t h e  2 - d a y  B .O .D .  w a s  r e d u c e d  a b o u t  2 5  p e r  c e n t  w h e r e a s  t h e  
2 0 - d a y  B .O .D .  w a s  r e d u c e d  17  p e r  c e n t .  T h e  a v e r a g e  r e d u c t i o n  o f  t h e  
5 - d a y  B .O .D .  o b t a i n e d  o n  a  n u m b e r  o f  s a m p le s  w a s  2 4 .7  p e r  c e n t .

C . E .  K e e f e r  a n d  G . K .  A r m e l i n g  (4 )  r e p o r t  t h e  f o l lo w in g  r e s u l t s  w h e n  
3 .6 9  p .p .m .  o f  c h lo r in e  w a s  a d d e d  t o  s e t t l e d  a n d  o x id i z e d  s e w a g e  e f f lu e n t :

T e st No. T e m p era tu re
In cu b a ted

R esidua l Cl., 
P .p .m .

5-day  B .O .D . 20-day B .O .D .

C h lo rin a ted U n ch lo rin a ted C h lo rin a ted U n ch lo rinated

1 20 1.0 23 40
2 20 0.7 17 58
3 20 0.5 25 44
4 20 0.5 48 54 87 98
5 20 0.4 59 58 102 120

I t  is  t h e  g e n e r a l  o p in i o n  o f  t h e s e  v a r i o u s  i n v e s t i g a t i o n s  t h a t  t h e  B .O .D .  
r e d u c t i o n  e f f e c te d  b y  t h e  c h lo r in e  is  a c c o m p l i s h e d  b y  tw o  p r o c e s s e s :

1. A  r e t a r d a t i o n  o f  b io lo g ic a l  a c t i v i t y .
2 . D i r e c t  o x i d a t i o n  o f  o r g a n i c  m a t e r i a l .

T h e  f i r s t  e f f e c t  w o u ld  b e  l o s t  i m m e d i a t e l y  w h e n  t h e  s e w a g e  e n t e r e d  a  
s t r e a m  s in c e  t h e  a d d i t i o n a l  o r g a n i c  m a t e r i a l  a n d  d i l u t i o n  w a t e r  w o u ld  
r e d u c e  t h e  a v a i l a b l e  c h lo r in e  b e lo w  t h e  e f f e c t iv e  d o s e .  T h u s  i n  o r d e r  t o  
p r o d u c e  a  p e r m a n e n t  r e d u c t i o n  w h ic h  w o u ld  b e  e f f e c t iv e  i n  a l l  s i t u a t i o n s  
t h e  s e c o n d  a c t i o n  (o f  o x i d a t i o n )  w o u ld  b e  t h e  s i g n i f i c a n t  f a c t o r .

A  t y p e  o f  c h lo r in e  t r e a t m e n t  k n o w n  a s  “  b r e a k - p o i n t  ”  c h l o r i n a t i o n  h a s  
b e e n  e m p l o y e d  i n  t h e  w a t e r  p u r i f i c a t i o n  f ie ld  f o r  t h e  r e m o v a l  o f  t a s t e s  a n d  
o d o r s  a n d  f o r  t h e  r e d u c t i o n  o f  e x c e s s iv e  b a c t e r i a l  l o a d s .  I n  t h i s  t r e a t m e n t  
o n  w a t e r s  c o n t a i n i n g  o r g a n i c  m a t e r i a l  t h e r e  is  a  p o i n t  a t  w h ic h  a  s l i g h t  
a d d i t i o n  o f  c h lo r in e  w il l  p r o d u c e  a  g r e a t l y  d i m i n i s h e d  c h lo r in e  r e s id u a l .  
B e y o n d  t h i s  d o s a g e  t h e  r e s i d u a l  in c r e a s e  is  e q u a l  t o  t h e  d o s e  a p p l i e d .  
I t  h a s  a ls o  b e e n  o b s e r v e d  t h a t  i t  is  b e y o n d  t h i s  p o i n t  t h a t  t h e  o d o r s  a n d  
t a s t e s  a r e  r e m o v e d .

F r o m  t h e  w o r k  o f  M a i l m a n  a n d  A r d l e y  (5 ) i t  w a s  o b s e r v e d  t h a t  c h lo 
r i n a t e d  w a t e r  c o n t a i n i n g  o r g a n i c  m a t t e r  s h o w e d  n o  i m m e d i a t e  g e r m ic i d a l  
e f f e c t  u n le s s  t h e  a m o u n t  o f  c h lo r in e  a d d e d  w a s  s l i g h t l y  i n  e x c e s s  o f  t h a t  
r e q u i r e d  t o  p r o d u c e  “ b r e a k - p o i n t . ”  B e y o n d  t h i s  p o i n t  t h e  g e r m ic i d a l  
e f f e c t  i n c r e a s e d  d i r e c t l y  w i t h  t h e  a m o u n t  o f  c h lo r in e  a d d e d .

T h e y  a ls o  s h o w e d  t h a t  t h e  o x i d a t i o n  p o t e n t i a l  w a s  c o n s t a n t  a n d  e q u a l  
t o  t h a t  o f  w a t e r  f o r  a l l  c o n c e n t r a t i o n s  o f  c h lo r in e  u p  t o  t h a t  r e q u i r e d  t o  
p r o d u c e  t h i s  “ b r e a k ”  in  t h e  c h lo r in e  r e s i d u a l  c u r v e .  B e y o n d  t h i s  c o n 
c e n t r a t i o n  t h e  o x i d a t i o n  p o t e n t i a l  w a s  i n c r e a s e d  i n  p r o p o r t i o n  t o  t h e  
c h lo r in e  a d d e d .

F r o m  t h e  f o r e g o in g  e v id e n c e  i t  m a y  b e  a s s u m e d  t h a t  t h e  c h lo r in e  is  
p r e s e n t  in  a  h y p o c h l o r i t e  o r  c h e m i c a l l y  c o m b i n e d  s t a t e  u p  t o  t h e  “ b r e a k 
p o i n t ”  a n d  t h a t  b e y o n d  t h i s  p o i n t  t h e  r e s i d u a l  is  f r e e  c h lo r in e .  I t  w o u ld  
t h e n  s e e m  lo g ic a l  t o  b e l i e v e  t h a t  t h e  r e d u c t i o n  o f  B .O .D .  in  c h l o r i n a t e d
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s e w a g e  w o u ld  b e  m a t e r i a l l y  a f f e c te d  b y  t h e  c o n c e n t r a t i o n  o f  c h lo r in e  
a p p l i e d  i n a s m u c h  a s  t h e  B .O .D .  is  d e p e n d e n t  u p o n  t h e  a m o u n t  o f  b i o c h e m 
ic a l ly  o x id i z a b le  m a t e r i a l  p r e s e n t  i n  t h e  s e w a g e .

I t  w a s  t h e  p u r p o s e  o f  t h i s  s t u d y  t o  d e t e r m i n e  t h e  a p p l i c a b i l i t y  o f  t h i s  
t y p e  o f  s u p e r c h l o r i n a t i o n  t o  s e w a g e  t r e a t m e n t  a n d  t o  d e t e r m i n e  t h e  e f f e c t  
o f  c h lo r in e  in  e x c e s s  o f  t h a t  p r e v i o u s l y  i n v e s t i g a t e d  o r  c o n s id e r e d  p r a c t i c a l  
o n  t h e  B .O .D .  o f  b o t h  o x id i z e d  a n d  s e t t l e d  s e w a g e .

G e n e r a l  M e t h o d  o f  S t u d y

T h e  g e n e r a l  p r o c e d u r e  f o l lo w e d  in  t h i s  s t u d y  w a s  t o  a d d  v a r y i n g  
a m o u n t s  o f  c h lo r in e  t o  s a m p le s  o f  s e w a g e  in  s u c h  q u a n t i t i e s  t h a t  t h e  
c h lo r in e  c o n c e n t r a t i o n s  i n  t h e  s a m p le s  w o u ld  c o v e r  a  r a n g e  g r e a t  e n o u g h  
t o  i n c lu d e  t h e  “ b r e a k - p o i n t . ”  A f t e r  a  p r e - d e t e r m i n e d  c o n t a c t  t i m e  t h e  
r e s id u a l  c h lo r in e  in  e a c h  s a m p le  w a s  m e a s u r e d  a n d  t h e  s e w a g e  d e - c h lo r i -  
n a t e d .  F i v e - d a y  B .O .D .  t e s t s ,  2 0 - m in u t e  o x y g e n  d e m a n d  t e s t s ,  a n d  
o x y g e n  c o n s u m e d  t e s t s  w e re  t h e n  m a d e  o n  e a c h  s a m p le .  I n  a d d i t i o n ,  
d e o x y g e n a t io n  r a t e s  w e re  d e t e r m i n e d  f o r  t h e  s a m p le s  in  w h ic h  t h e  c h lo r in e  
a p p l i e d  h a d  p r o d u c e d  s i g n i f i c a n t  c h a n g e s  in  t h e  c h lo r in e  r e s i d u a l  c u r v e .

T h e  s e w a g e  u s e d  w a s  f r o m  a n  i n s t i t u t i o n a l  s e w a g e  t r e a t m e n t  p l a n t  t h a t  
r e c e iv e d  s t r i c t l y  d o m e s t i c  s e w a g e .  T h e  p l a n t  c o n s i s t e d  o f  I m h o f f  t a n k s  
a n d  t r i c k l i n g  f i l t e r s .  T h e  a v e r a g e  d a i l y  f lo w  t o  t h e  p l a n t  w a s  a b o u t  
6 0 0 ,0 0 0  g a l .  p e r  d a y .

T h e  tw o  t y p e s  o f  s e w a g e  i n v e s t i g a t e d  w e re  (1 ) s e t t l e d  s e w a g e  t a k e n  
f r o m  t h e  e f f lu e n t  e n d  o f  t h e  I m h o f f  t a n k ,  (2 ) o x id iz e d  s e w a g e  t a k e n  f r o m  
t h e  t r i c k l i n g  f i l t e r  e f f lu e n t  c h a n n e l .

S p e c i f i c  P r o c e d u r e s

Chlorination .— S a t u r a t e d  c h lo r in e  w a t e r  w a s  a d d e d  t o  l i t e r  s a m p le s  o f 
s e w a g e  t o  m a k e  u p  t h e  d e s i r e d  c o n c e n t r a t i o n s .  C o r r e c t io n s  w e re  m a d e  
f o r  t h e  c h a n g e  in  v o lu m e .  T h e  u n a c id i f i e d  s t a r c h - i o d id e  m e t h o d  (6 ) w a s  
u s e d  in  t h e  d e t e r m i n a t i o n  o f  t h e  r e s i d u a l  c h lo r in e .  A  s l i g h t  e x c e s s  o f  
s o d iu m  th i o s u l f a t e  w a s  u s e d  t o  n e u t r a l i z e  t h e  c h l o r i n a t e d  s e w a g e ,  b e f o r e  
t h e  B .O .D .  s a m p le s  w e r e  p r e p a r e d .

Oxygen Consumed .— T h e  S t a n d a r d  M e t h o d s  (6 ) p r o c e d u r e  o f  b o i l in g  t h e  
s e w a g e  t w e n t y  m i n u t e s  w i t h  K M n 0 4 w a s  u s e d  i n  d e t e r m i n i n g  t h e  o x y g e n  
c o n s u m e d .

B.O .D .— T h e  B .O .D . ’s  o f  s e w a g e  s a m p le s  w e re  m a d e  b y  i n c u b a t i n g  a  
n u m b e r  o f  b o t t l e s  o f  t h e  s a m e  d i l u t i o n  a n d  d e t e r m i n i n g  t h e  d is s o lv e d  
o x y g e n  a t  i n t e r v a l s  o f  t i m e .  W h e n  t h e  o x y g e n  c o n t e n t  o f  t h e  s a m p le s  
h a d  b e e n  d e p l e t e d  t o  a b o u t  2  o r  3  p . p .m . ,  a l l  t h e  r e m a in i n g  b o t t l e s  f o r  e a c h  
s a m p le  w e re  c o m b in e d  a n d  r e a e r a t e d  a n d  a g a in  p u t  i n t o  b o t t l e s  a n d  i n c u 
b a t e d .  I t  h a s  b e e n  o b s e r v e d  b y  t h e  a u t h o r s  o n  p r e v i o u s  B .O .D .  s tu d i e s ,  
t h a t  m o r e  c o n s i s t a n t  r e s u l t s  c o u ld  b e  o b t a i n e d  b y  s e t t i n g  u p  d i l u t i o n s  lo w  
e n o u g h  t o  m a i n t a i n  o x y g e n  f o r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t .  C o n 
c e n t r a t i o n s  w e r e  m a d e  s u c h  t h a t  r e a e r a t i o n  w o u ld  b e  r e q u i r e d  a t  s o m e  t i m e  
b e tw e e n  t h e  s e v e n t h  a n d  t h e  t e n t h  d a y s .

T h e  R id e a l  S t e w a r t  m o d i f i c a t i o n  o f  t h e  W in k l e r  M e t h o d  (6 ) w a s  u s e d
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in  d e t e r m i n i n g  t h e  d i s s o lv e d  o x y g e n .  T h e  s a m p le s  w e r e  i n c u b a t e d  a t  
r o o m  t e m p e r a t u r e  i n  a  t h e r m o s t a t i c a l l y  c o n t r o l l e d  r o o m ,  t h e  t e m p e r a t u r e  
o f  w h ic h  r e m a i n e d  a t  2 3 °  C . ± 1 °  f o r  t h e  e n t i r e  c o u r s e  o f  t h e  e x p e r i m e n t .  
T h e  2 0 - m i n u t e  o x y g e n  d e m a n d  w a s  o b t a i n e d  b y  a d d i n g  d e f i n i t e  v o l u m e s  o f  
s e w a g e  t o  b o t t l e s  o f  k n o w n  o x y g e n  c o n t e n t  w a t e r .  A f t e r  t w e n t y  m i n u t e s  
t h e  d i s s o lv e d  o x y g e n  w a s  d e t e r m i n e d  a n d  t h e  d e m a n d  c a l c u l a t e d  f r o m  t h e  
d i l u t i o n .

S am ple, n o . \.

P.P. m. Ch\orK\e Added 
FlGl.A -  OXVOIZED SEW A G E A P T E S . Ô  
HOUCS tONT\cT WITH CHLORINE

s a m p l e , m o . a-

32. &-V 9b '28 '92.
PPM. CtoVorme Added 

FIG 3 -  SETTLED 3EWAGE AFTER.
3  VAOdiS CONTACT vnTH Cvkl.OS.ME

F'G.Z. - OfclOVEED SEWAGE AFTER. fi>
houR-s  contact w it h  csav.oc.ivie

SAMPLE NO.Z.

FiG A - SETT CEO SEWAGE AFTER. -5 
VAOOC.S CONTACT WITH CVACOR,\ME

Graph I.—Effect of “ break-point ” chlorination of the biochemical oxygen demand of settled
and oxidized sewage.
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R e s u l t s  o f  S t u d y

1  h e  r e s u l t s  o f  t h i s  s t u d y  a r e  s h o w n  in  t h e  a c c o m p a n y in g  f ig u re s .  
F ig u r e s  1 a n d  2 , a n d  G r a p h  I  s h o w  t h e  e f f e c t  o f  v a r y i n g  c o n c e n t r a t i o n s  o f  
c h lo r in e  o n  t h e  5 - d a y  B .O .D . ,  t h e  o x y g e n  c o n s u m e d ,  t h e  t o t a l  f i r s t - s t a g e  
B .O .D . ,  t h e  t o t a l  B .O .D . ,  a n d  t h e  c h lo r in e  r e s id u a l  o f  tw o  s a m p le s  o f  
t r i c k l i n g  f i l t e r  o x id i z e d  s e w a g e .

F i g u r e s  3 a n d  4 , a n d  G r a p h  I  g iv e  t h e  r e s u l t s  o n  tw o  s a m p le s  o f  s e t t l e d  
s e w a g e .

S a m p l e  m o . 4 -

Flù.fe. FILTER EFFLUENT AFTER S 
HOURS CONTACT vsXTW CVXLOftXNE

S A M P L E  M O .  Z

Z ’j o

ZOO

wo

9‘, * *_+■—

V / _ %

y  '%<
r r

/
L' ik-* Î-

/,*
/A/
(

Oais> In c u b aV e i 
FXG.T. SETTLED SE W A O E  AFTER. 'S 
VIOUIRS CONTACT VJVTV4 CvXLORXFtE.

? xo if zo z f  30 
O a'fS \n c o b a \e a  

FXG. 6 SETTLED SEWAGE AFTER X) 
POORS CONTACT VNXTP CPLORxNE

Graph II.—Deoxygenation curves showing effect of chlorine before and after “ break-point.” 
Samples dechlorinated after contact time.

S a m p l e  w o . v .

a  -lb

? 10 If zo Z1
Oa-(5 I n t u b a l e d  

FXG.f . FILTER EFFLUENT AFTER 8 
VAOuRS CONTACT VNXTH CVXLOftxNE
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F i g u r e s  2  a n d  3  s h o w  t h e  B .O .D .  w i t h  a n d  w i t h o u t  t h e  2 0 - m i n u t e  
i m m e d i a t e  o x y g e n  d e m a n d  i n c l u d e d .  T h e  2 0 - m i n u t e  o x y g e n  d e m a n d s  o f  
s a m p le s  i n  F ig s .  1 a n d  4  w e r e  n o t  d e t e r m i n e d  s e p a r a t e l y ,  b u t  a r e  i n c l u d e d  
in  t h e  B .O .D .

F i g u r e s  5 , 6 , 7 , a n d  8 , a n d  G r a p h  I I  s h o w  t h e  e f f e c t  o f  v a r i o u s  d o s a g e s  
o f  c h lo r in e  o n  t h e  d e o x y g e n a t i o n  r a t e s  o f  t h e  f o u r  s a m p le s  o f  s e w a g e ,  tw o  
s e t t l e d  a n d  t w o  o x id i z e d .  S e v e r a l  s i g n i f i c a n t  p o i n t s  o n  t h e  c h lo r in e  r e s i d 
u a l  c u r v e s  f o r  e a c h  s a m p le  o f  s e w a g e  w e r e  s e l e c t e d  f o r  t h e s e  d e t e r m i n a t i o n s .

D i s c u s s i o n

Sewage “ Break-Point. ” — T h e s e  d a t a  s h o w  t h a t  a  d e f i n i t e  c h lo r in e  
“ b r e a k - p o i n t ”  e x i s t s  o n  e i t h e r  u n o x id i z e d  o r  o x id i z e d  s e w a g e .  T h e  
a m o u n t  o f  c h lo r in e  r e q u i r e d  t o  p r o d u c e  t h e  b r e a k  is ,  h o w e v e r ,  h i g h  in  
c o m p a r i s o n  t o  t h e  d o s a g e s  c o m m o n ly  u s e d  in  s e w a g e  t r e a t m e n t .  T h e  
a m o u n t s  o f  c h lo r in e  r e q u i r e d  f o r  t h e  tw o  s a m p le s  o f  s e t t l e d  s e w a g e  u s e d  in  
t h i s  c a s e  w e r e  1 0 6  a n d  1 5 7  p .p .m .  T h e  tw o  o x id i z e d  s e w a g e s  r e q u i r e d  
2 7  a n d  5 8  p .p .m .  r e s p e c t i v e l y .  T h e  m a x i m u m  d o s a g e  u s u a l l y  r e p o r t e d  
f o r  B .O .D .  r e d u c t i o n  b y  c h l o r i n a t i o n  is  f r o m  15  t o  2 0  p .p .m .  o f  a p p l i e d  
c h lo r in e .

T h e  d i f f e r e n c e s  i n  c h lo r in e  r e q u i r e d  t o  c a u s e  t h e  b r e a k  f o r  t h e  o x id i z e d  
a n d  s e t t l e d  s e w a g e  is  p r o b a b l y  d u e  t o  t h e  g r e a t e r  c o n c e n t r a t i o n  o f  u n o x i 
d iz e d  o r g a n i c  m a t t e r  p r e s e n t  in  t h e  s e t t l e d  s e w a g e .  T h e  v a r i a t i o n  in  
a m o u n t s  o f  c h lo r in e  r e q u i r e d  t o  c a u s e  t h e  b r e a k  o n  t h e  s a m e  s e w a g e  w a s  
p r o b a b l y  c a u s e d  b y  t h e  v a r i a t i o n  o f  t h e  s e w a g e  t h a t  r e s u l t e d  f r o m  u s i n g  
g r a b  s a m p le s  i n s t e a d  o f  c o m p o s i t e d  s a m p le s .

T h e  t i m e  o f  c o n t a c t  n e c e s s a r y  f o r  t h e  b r e a k  t o  d e v e lo p  w a s  1 .5  h o u r s  
f o r  t h e  s e t t l e d  s e w a g e .  F o r  t h e  o x id i z e d  s e w a g e  t h e  r e q u i r e d  t i m e  w a s  
7  h o u r s .  S l i g h t l y  h i g h e r  t e m p e r a t u r e s ,  a  lo w e r  p H  d u e  t o  a n  i n c r e a s e  i n  
t h e  c h lo r in e  c o n c e n t r a t i o n ,  a s  w e ll  a s  a  d i f f e r e n c e  i n  s t a b i l i t y  o f  t h e  s e w a g e ,  
p r o b a b l y  e x p la i n  t h i s  d i f f e r e n c e  i n  t h e  t i m e  o f  c o n t a c t  n e c e s s a r y .

T h e  f o l lo w in g  t a b u l a t i o n  o f  d a t a  t a k e n  f r o m  t h e  t a b l e s  a n d  g r a p h s  o f  
t h i s  s t u d y  s h o w s  t h a t  t h e r e  is  a  c o r r e l a t i o n  b e t w e e n  t h e  c h lo r in e  d o s a g e  
r e q u i r e d  t o  p r o d u c e  t h e  “ b r e a k - p o i n t ”  a n d  t h e  t o t a l  s e c o n d - s t a g e  B .O .D .  
o f  e a c h  s e w a g e .  T h e  a v e r a g e  o f  f o u r  s a m p le s  i n d i c a t e s  t h a t  1 .0  p . p .m .  
c h lo r in e  f o r  e v e r y  0 .9 0  p .p .m .  o f  s e c o n d - s t a g e  B .O .D .  is  r e q u i r e d  t o  p r o d u c e  
a  “ b r e a k - p o i n t . ”

S am ple
N um ber

C hlorine 
A dded  for 
" B r e a k ”

N H j

B .O .D . of Sewage C hlorine per P .p .m .

5-D ay F irs t
S tage

Second
Stage T o ta l N H j Second S tage 

B .O .D .

1 58 54 63 66 129 .88
2 106 14 150 not run 7.56
3 27 32 60 30 90 .90
4 154 17 196 239 161 398 9.05 .96
5 187 155 173 217 390 .86

Average .90
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L i t t l e  c o r r e l a t i o n  is  s e e n  b e tw e e n  t h e  c h lo r in e  r e q u i r e d  a n d  t h e  5 - d a y  
B .O .D . ,  t h e  f i r s t - s t a g e  B .O .D .  o r  t h e  N H 3 c o n c e n t r a t i o n .  S e v e r a l  i n v e s t i 
g a t o r s  (7 , 8 )  h a v e  r e p o r t e d  t h a t  t h e  d o s a g e  o f  c h lo r in e  r e q u i r e d  is  a  f u n c t i o n  
o f  t h e  N H 3 c o n c e n t r a t i o n .  T h i s  w a s  o b s e r v e d  o n  s u r f a c e  w a t e r s  a n d  w e ll  
w a t e r s ,  wyh e r e  t h e  N H 3 c o n c e n t r a t i o n  m a y  h a v e  b e e n  g r e a t e r  i n  p r o p o r t i o n  
t o  t h e  s e c o n d - s t a g e  B .O .D .  t h a n  in  t h e  s e w a g e .  I f  t h e  c h lo r in e  r e a c t s  w i th  
a l l  t h e  n i t r o g e n e o u s  m a t e r i a l ,  t h e  a m m o n ia  m a y  h a v e  b e e n  t h e  p r e d o m i n a t 
in g  c h lo r in e - d e m a n d  f a c t o r  i n  t h e s e  w a te r s .

Effect of Super chlorination on Biochemical Oxygen Demands. A n  
a n a l y s i s  o f  t h e  d a t a  w i t h  r e s p e c t  t o  t h e  e f f e c t  o f  c h l o r i n a t i o n  o n  t h e  o x y g e n  
d e m a n d  o f  s e w a g e ,  u p  t o  a n d  b e y o n d  t h e  “ b r e a k - p o i n t , ”  s h o w s  s o m e  i n t e r 
e s t i n g  f a c t s  w h ic h  h a v e  n o t  b e e n  n o t i c e a b le  w i t h  t h e  u s e  o f  lo w e r  c h lo r in e  
d o s a g e s  a s  r e p o r t e d  in  t h e  s t u d i e s  b y  p r e v i o u s  i n v e s t i g a t o r s  (2 , 3 a n d  4 ) .  
T h e  m o s t  i n t e r e s t i n g  o b s e r v a t i o n  is  t h a t ,  in  g e n e r a l ,  w i th  t h e  h i g h e r  c h lo 
r i n e  d o s a g e s ,  t h e  B .O .D .  c u r v e s  o n  t h e  c h l o r i n a t e d  s e w a g e s  fo l lo w  v e r y  
c lo s e ly  in  t r e n d  t h e  c h lo r in e  r e s i d u a l  i n  t h e  s e w a g e . T h e  e x c e p t io n  t o  t h i s  
is  in  t h e  lo w  d o s a g e s  o f  a d d e d  c h lo r in e ,  w h e r e  a  B .O .D .  r e d u c t i o n  d o e s  o c c u r  
in  c lo s e  c o n f o r m i t y  w i th  t h e  r e d u c t i o n  r e p o r t e d  b y  u s e r s  o f  t h e  lo w e r  
c h lo r in e  d o s a g e s .

T h e  o x id i z e d  s e w a g e s  s h o w e d  t h e  s a m e  t r e n d  in  B .O .D .  c h a n g e s  a s  t h e  
s e t t l e d  s e w a g e  e x c e p t  t h a t  n o  in c r e a s e  o v e r  t h a t  o f  t h e  u n c h l o r i n a t e d  
s a m p le  w a s  o b s e r v e d  a t  o r  p r i o r  t o  t h e  b r e a k .  A t  t h e  “ b r e a k - p o i n t ”  t h e  
B .O .D .  w a s  r e d u c e d  t o  a b o u t  t h e  s a m e  a s  t h a t  o b t a i n e d  w i t h  o n e  o f  t h e  
lo w  c o n c e n t r a t i o n s  o f  c h lo r in e .  F u r t h e r  a d d i t i o n s  o f  c h lo r in e  b e y o n d  t h e  
“ b r e a k ”  in c r e a s e d  t h e  5 - d a y  B .O .D .  o f  a l l  t h e  s e w a g e  s a m p le s  in  p r o p o r 
t i o n  t o  t h e  r e s i d u a l  c h lo r in e .

T h e  i m m e d i a t e  o x y g e n  d e m a n d  o f  a l l  o f  t h e  c h l o r i n a t e d  s e w a g e s  c lo s e ly  
p a r a l l e l e d  t h e  a m o u n t  o f  c h lo r in e  a p p l i e d  u p  t o  t h e  “ b r e a k - p o i n t . ”  A t  
t h a t  p o i n t  t h e  d e m a n d  d e c r e a s e d  t o  p r a c t i c a l l y  z e ro .  W i t h  f u r t h e r  a d d i 
t i o n s  o f  c h lo r in e ,  t h e  d e m a n d  a g a in  c o r r e s p o n d in g l y  in c r e a s e d .  T h i s  t r e n d  
w a s  s i m i l a r  t o  t h a t  o b t a i n e d  in  t h e  5 - d a y  B .O .D .  c u r v e s .

F r o m  a n  a n a ly s i s  o f  t h e  d e o x y g e n a t io n  c u r v e s ,  F ig s .  5 , 6 , 7 , a n d  8 , i t  
is  e v i d e n t  t h a t  t h e  t o t a l  B .O .D .  o f  t h e  s e w a g e  is  l ik e w is e  a f f e c te d  b y  t h e  
c o n c e n t r a t i o n  o f  a p p l i e d  c h lo r in e ,  a l t h o u g h  u n l i k e  t h e  5 - d a y  B .O .D .  t h e r e  
is  n o  r e d u c t i o n  w i th  lo w  c h lo r in e  d o s a g e s .  A t  t h e  “ b r e a k - p o i n t , ”  h o w 
e v e r ,  a  p e r m a n e n t  r e d u c t i o n  in  B .O .D .  w a s  o b s e r v e d  f o r  a l l  s a m p le s ,  t h e  
r e d u c t i o n  v a r y i n g  f r o m  13 t o  3 5  p e r  c e n t .  W i t h  d o s a g e s  j u s t  s h o r t  o f  a n d  
b e y o n d  t h e  “ b r e a k - p o i n t ”  t h e  t o t a l  B .O .D .  o f  t h e  s e w a g e  in c r e a s e d .

T h e  B .O .D .  r e d u c t i o n  o f  t h e  c h l o r i n a t e d  s a m p le s  d id  n o t  c h a n g e  s ig 
n i f i c a n t l y  f r o m  t h a t  o f  t h e  5 - d a y  B .O .D .  u n t i l  t h e  s e c o n d  s t a g e  o f  d e o x y 
g e n a t i o n  w a s  r e a c h e d .  H e r e ,  d u e  t o  a  c h a n g e  in  t h e  t i m e  a t  w h ic h  t h e  
s e c o n d  s t a g e  s t a r t e d  t h e  p e r c e n t a g e  r e d u c t i o n s  v a r i e d  c o n s i d e r a b l y .  F r o m  
t h e  b e g in n i n g  o f  t h e  s e c o n d  s t a g e ,  t h e  B .O .D .  r e d u c t i o n s  o f  a l l  t h e  s a m p le s  
e x c e p t  t h o s e  c h l o r i n a t e d  t o  t h e  “ b r e a k - p o i n t ”  w e re  r e d u c e d  t o  n e a r l y  z e ro  
o r  s h o w e d  a n  in c r e a s e  in  B .O .D .  a f t e r  17  t o  2 8  d a y s  o f  i n c u b a t i o n .

M o h l m a n ,  H u r w i t z ,  R u c h h o f t  (4 ) ,  a n d  B a i t y ,  a n d  B e l l  (7 ) ,  in  t h e i r  
i n v e s t i g a t i o n s  o n  c h l o r i n a t e d  s e w a g e ,  c o n c lu d e d  t h a t  t h e  r e d u c t i o n  o f  
B .O .D .  b y  c h l o r i n a t i n g  t o  a  s l i g h t  r e s id u a l  w a s  p e r m a n e n t .  T h e y  b a s e d



8 5 4 SEWAGE WORKS JOURNAL September, 1943

t h e i r  c o n c lu s io n s  o n  t h e  f a c t  t h a t  t h e r e  w a s  l i t t l e  c h a n g e  i n  t h e  B .O .D .  
r e d u c t i o n  f r o m  t h e  f i f t h  t o  t h e  f i f t e e n t h  a n d  t w e n t i e t h  d a y  o f  i n c u b a t i o n .  
T h e s e  r e s u l t s  c o u ld ,  h o w e v e r ,  b e  in  a c c o r d  w i t h  o u r  f i n d in g s  s in c e  f o r  m o s t  
d o m e s t i c  s e w a g e s ,  i n c u b a t e d  a t  2 0  d e g r e e s  C e n t i g r a d e ,  t h e  s e c o n d - s t a g e  
d e o x y g e n a t i o n  d o e s  n o t  b e g in  u n t i l  t h e  f i f t e e n t h  o r  t w e n t i e t h  d a y  a n d  
w o u ld  t h u s  g iv e  a p p r o x i m a t e l y  t h e  s a m e  p e r c e n t a g e  r e d u c t i o n  a s  t h e  5 - d a y  
B .O .D .

T h e  o x y g e n  c o n s u m e d  c u r v e s  fo l lo w  t h e  s a m e  g e n e r a l  t r e n d  a s  t h e  5 - d a y  
B .O .D .  a n d  c h lo r in e  r e s i d u a l  c u r v e s ,  e x c e p t  t h a t  n o  r e d u c t i o n  w a s  e v i d e n t  
w i t h  lo w  c o n c e n t r a t i o n s  o f  c h lo r in e .  I n  f a c t  t h e  o x y g e n  c o n s u m e d  w a s  n o t  
r e d u c e d  b e lo w  t h a t  o f  t h e  u n c h l o r i n a t e d  s e w a g e  f o r  a n y  c o n c e n t r a t i o n  o f  
c h lo r in e  a p p l i e d ,  b u t  w a s  i n c r e a s e d  i n  p r o p o r t i o n  t o  t h e  a m o u n t  o f  r e s i d u a l  
c h lo r in e  p r e s e n t .  J u s t  b e f o r e  t h e  " b r e a k - p o i n t ”  is  r e a c h e d  a  4 0 0  p e r  c e n t  
i n c r e a s e  in  o x y g e n  c o n s u m e d  v a l u e s  o c c u r r e d .  A t  t h e  " b r e a k - p o i n t ”  t h i s  
w a s  r e d u c e d  b y  a  c o n s i d e r a b l e  a m o u n t ,  b u t  s t i l l  r e m a i n e d  i n  e x c e s s  o f  t h e  
v a l u e  f o r  t h e  u n c h l o r i n a t e d  s a m p le .

T h e s e  o x y g e n  c o n s u m e d  v a l u e s  i n d i c a t e  t h a t  t h e  r e d u c t i o n  o f  B .O .D .  
w i t h  lo w  c o n c e n t r a t i o n s  o f  c h lo r in e  w a s  d u e  t o  a n  i n h i b i t i o n  o f  b io lo g ic a l  
a c t i v i t y  a n d  t h a t  t h e  v a r i a t i o n  i n  t h e  B .O .D .  b e y o n d  t h i s  d o s a g e  o f  c h lo r in e  
w a s  d u e  t o  a  c h a n g e  in  t h e  s t a b i l i t y  o f  t h e  m a t e r i a l s  i n  t h e  s e w a g e .

I n  g e n e r a l ,  i t  w o u ld  s e e m  f r o m  t h e s e  d a t a  t h a t  a l t h o u g h  a  m o r e  p e r m a 
n e n t  r e d u c t i o n  o f  B .O .D .  is  o b t a i n e d  b y  c h l o r i n a t i n g  t o  t h e  " b r e a k - p o i n t , ”  
t h e  b e n e f i t s  d e r i v e d  w o u ld  n o t  w a r r a n t  t h e  g r e a t l y  i n c r e a s e d  q u a n t i t i e s  o f  
c h lo r in e  r e q u i r e d .  F o r  e x a m p l e ,  f r o m  t h e  d a t a  o n  a  f i f t h  s a m p l e  o f  s e w a g e  
s h o w n  in  F ig .  9 , c h l o r i n a t i o n  t o  1 4  p .p .m .  g a v e  a p p r o x i m a t e l y  t h e  s a m e

4- 8 VZ. IG ¿0 L4
\r\cobaVed

F \<b . 9  . P eR . C E N T  R.E.\>UCT\OH VN ft.O  O.
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r e d u c t i o n  u p  t o  11 d a y s  o f  i n c u b a t i o n  a s  t h e  s a m p le  c h l o r i n a t e d  t o  t h e  
" b r e a k - p o i n t . ”  F o r  m o s t  d o m e s t i c  s e w a g e s ,  t h i s  w o u ld  p r o b a b l y  c o n 
t i n u e  u p  t o  15  o r  2 0  d a y s .  A t  t h e  e n d  o f  17  d a y s  t h e  e f f e c t  o f  t h e  lo w e r  
d o s a g e  w a s  r e d u c e d  t o  p r a c t i c a l l y  z e r o ,  w h i le  a  p e r m a n e n t  r e d u c t i o n  o f  
3 7  p e r  c e n t  w a s  o b s e r v e d  f o r  t h e  " b r e a k - p o i n t ”  c h l o r i n a t i o n .  T h u s ,  in  
o r d e r  t o  c o n t i n u e  t h e  e f f e c t  o f  c h l o r i n a t i o n  b e y o n d  11 t o  2 0  d a y s ,  1 7 3 .5  
p .p .m .  o f  c h lo r in e  w o u ld  b e  r e q u i r e d .
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T h e  v a r i a t i o n  i n  t h e  s t r e n g t h  o f  s e w a g e  d u r i n g  t h e  c o u r s e  o f  a  d a y  w o u ld  
m a k e  i t  v e r y  d i f f ic u l t  t o  c o n t r o l  t h e  a p p l i c a t i o n  o f  “  b r e a k - p o i n t  ”  c h lo r in a 
t i o n .  A n  u n d e r d o s e  o f  5  p . p .m .  o r  le s s  w o u ld  r e s u l t  in  a n  a c t u a l  in c r e a s e  
in  5 - d a y  B .O .D .  o f  a b o u t  3 6  p e r  c e n t .  A ls o  a n  o v e r d o s e  w o u ld  m a t e r i a l l y  
r e d u c e  b o t h  t h e  a m o u n t  a n d  p e r m a n e n c y  o f  t h e  B .O .D .  r e d u c t i o n .  H o w 
e v e r ,  in  a n y  m e t h o d  o f  s e w a g e  c h l o r i n a t i o n ,  i t  is  i m p o r t a n t  t o  k e e p  t h e  
c h lo r in e  r e s i d u a l  a s  lo w  a s  p o s s ib le  if  t h e  o x y g e n  r e q u i r e m e n t s  o f  t h e  s e w a g e  
a r e  t o  b e  m a i n t a i n e d  a s  lo w  a s  p o s s ib le .

S u m m a r y

S t u d i e s  a s  t o  t h e  e f f e c t  o f  s u p e r c h l o r i n a t i o n  o n  t h e  r e d u c t i o n  o f  t h e  
B .O .D .  o f  s e t t l e d  a n d  o x id i z e d  s e w a g e s  w e r e  m a d e  b y  c h l o r i n a t i n g  in  
v a r i o u s  a m o u n t s  u p  t o  a n d  b e y o n d  t h e  " b r e a k - p o i n t . ”  I t  w a s  f o u n d  t h a t  
t h e  q u a n t i t y  o f  c h lo r in e  r e q u i r e d  t o  o b t a i n  t h e  " b r e a k ”  w a s  d e p e n d e n t  
u p o n  t h e  n i t r o g e n o u s  m a t e r i a l  p r e s e n t .  T h e  a m o u n t  o f  c h lo r in e  r e q u i r e d  
w a s  m e a s u r e d  b y  t h e  t o t a l  s e c o n d - s t a g e  B .O .D .  o f  t h e  s e w a g e .

T h e  r e s u l t s  i n d i c a t e  t h a t  a t  t h e  e n d  o f  t h e  c o n t r o l  p e r i o d ,  t h e  5 - d a y  
B .O .D .  o f  t h e  s e w a g e  v a r i e d  d i r e c t l y  w i t h  t h e  r e s i d u a l  c h lo r in e  p r e s e n t ,  
w i t h  t h e  e x c e p t io n  o f  t h e  f i r s t  f e w  p a r t s  o f  c h lo r in e  a d d e d .  I n  t h i s  i n i t i a l  
r a n g e  a  s h a r p  r e d u c t i o n  o f  B .O .D .  o c c u r r e d .  T h i s  r e d u c t i o n  is  n o t  p e r m a 
n e n t  b u t  d i s a p p e a r s  s h o r t l y  a f t e r  t h e  s e c o n d  s t a g e  o f  d e o x y g e n a t io n  b e g in s .  
C o i n c i d e n t a l l y  w i t h  t h e  d r o p  in  r e s i d u a l  c h lo r in e  a t  t h e  " b r e a k - p o i n t ”  
t h e r e  w a s  a ls o  a  s h a r p  d r o p  in  t h e  B .O .D .  A t  t h i s  d o s a g e  o f  c h lo r in e  t h e  
B .O .D .  r e d u c t i o n  w a s  a b o u t  e q u a l  t o  t h a t  o b t a i n e d  w i t h  t h e  lo w e r  d o s a g e  
o f  c h lo r in e .  T h e  r e d u c t i o n  a p p e a r e d  p e r m a n e n t  i n  t h i s  i n s t a n c e  in  c o n 
t r a s t  t o  a  t e m p o r a r y  r e d u c t i o n  in  t h e  i n i t i a l  r a n g e  o f  s m a l l e r  d o s a g e s .

C o n c l u s i o n s

T h e  r e s u l t s  o f  t h i s  s t u d y  m i g h t  a l lo w  t h e  f o l lo w in g  c o n c lu s io n s  t o  b e  
d r a w n :

1. S e w a g e s  c a n  b e  c h l o r i n a t e d  t o  a  " b r e a k - p o i n t . ”  T h e  q u a n t i t y  o f  
c h lo r in e  r e q u i r e d  is  d e p e n d e n t  u p o n  t h e  t o t a l  s e c o n d - s ta g e  B .O .D .  o f  t h e  
s e w a g e .

2 . C h l o r i n a t i o n  t o  t h e  " b r e a k - p o i n t ”  d id  n o t  r e s u l t  in  a n  i n c r e a s e d
5 - d a y  B .O .D .  r e d u c t i o n  o v e r  t h a t  o b t a i n e d  b y  t h e  lo w  d o s a g e s  o f  c h lo r in e  
c o m m o n ly  u s e d ,  b u t  t h e  r e d u c t i o n  w a s  p e r m a n e n t .

3 . T h e  B .O .D .  o f  a  c h l o r i n a t e d  s e w a g e  v a r i e d  d i r e c t l y  w i t h  t h e  r e s id u a l  
c h lo r in e  b e y o n d  t h e  f i r s t  fe w  p .p .m .  o f  c h lo r in e  a d d e d .

4 . T h e  B .O .D .  r e d u c t i o n  o b t a i n e d  w i t h  lo w  d o s a g e s  o f  c h lo r in e  in  
a m o u n t s  s u f f ic ie n t  t o  g iv e  a  s l i g h t  r e s i d u a l  w a s  n o t  p e r m a n e n t  b u t  l a s t e d  
o n ly  s h o r t l y  a f t e r  t h e  b e g in n i n g  o f  t h e  s e c o n d  s t a g e  o f  d e o x y g e n a t io n .
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B y  C o n r a d  P .  S t r a u b

Assistant Sanitary Engineer (R ), U. S. Public Health Service, New York, New York

T h e  c o m m o n  p r a c t i c e  o f  d i s c h a r g in g  w a s te s  f r o m  p u l p  a n d  p a p e r  m i l l s  
i n t o  n e a r b y  s t r e a m s  h a s  r e s u l t e d  in  t h e  s e r io u s  p o l l u t i o n  o f  m a n y  w a t e r 
c o u r s e s ,  a n d  t h e  s a t i s f a c t o r y  d i s p o s a l  o f  t h e s e  w a s te s  h a s  lo n g  b e e n  a  
p r o b l e m  f o r  t h e  s a n i t a r y  e n g in e e r .  T h e  p a p e r  f ib e r  is  d i s c h a r g e d  w i th  t h e  
w h i t e  w a t e r  a n d  a s  m i l l  lo s s e s  a t  v a r i o u s  p o i n t s  in  t h e  p r o c e s s  o f  p a p e r  
m a n u f a c t u r e .  D u r i n g  r e c e n t  y e a r s ,  m e t h o d s  h a v e  b e e n  d e v i s e d  t o  r e d u c e  
t h e  lo s s  o f  p a p e r  f ib e r .  T h i s  h a s  b e e n  a c c o m p l i s h e d  t h r o u g h  r e - u s e  a n d  
r e c i r c u l a t i o n  o f  t h e  f i b e r - c o n t a in i n g  w h i t e  w a t e r .  V a c u u m - d e c k e r  s a v e -  
a l l s  h a v e  b e e n  i n s t a l l e d  in  c e r t a i n  m i l l s  w h ic h  a r e  c a p a b l e  o f  d i s c h a r g in g  
s u l f i t e  w h i t e  w a t e r  w i th  a  s o l id s  c o n t e n t  o f  le s s  t h a n  0 .1 5  lb .  p e r  1 ,0 0 0  
g a l lo n s  ( l ) . f  T h e  n e w s  m i l l  p r a c t i c e  f i l t r a t e  f r o m  t h e  s u l f i t e  d e c k e r  s a v e -  
a l l  c o n t a i n e d  le s s  t h a n  0 .3 5  lb .  t o t a l  s o l id s  p e r  1 0 0 0  g a l lo n s  (1 ) .

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  t r e a t m e n t  o f  p a p e r  o r  p u lp  m i l l  w a s te s  
w i t h  d o m e s t i c  s e w a g e  m i g h t  b e  a n  e c o n o m ic a l  m e t h o d  o f  d is p o s a l .  I f  
p a p e r  p u l p  c o u ld  b e  a d d e d  t o  f r e s h  s e w a g e  s lu d g e  a n d  d i g e s t e d  w i th  i t ,  i t  
w o u ld  b e  p o s s ib le  t o  e l i m i n a t e  t h e  d i s c h a r g e  o f  p a p e r  p u l p  f ib e r  i n t o  t h e  
s t r e a m s  a n d  t h u s  r e d u c e  t h e  p o l l u t i o n a l  lo a d  o n  t h e  s t r e a m .  H i l l  (2 ) d id  
s o m e  w o r k  in  1 9 3 7  o n  t h e  d ig e s t i o n  o f  p a p e r  p u lp  w h e n  m ix e d  w i th  v a r y i n g  
p r o p o r t i o n s  o f  s e w a g e  s lu d g e  s o  a s  t o  g iv e  v a r y i n g  c a r b o n  t o  n i t r o g e n  r a t i o s .  
T h i s  w o r k  e x t e n d e d  o v e r  a  p e r i o d  o f  3 ^  m o n t h s  ( t im e  d u r i n g  w h ic h  p a p e r  
p u l p  w a s  a d d e d  t o  t a n k s )  a n d  i n c l u d e d  c a r b o n  t o  n i t r o g e n  r a t i o s  v a r y i n g  
f r o m  2 0  t o  5 2 .6 . H is  c o n c lu s io n s  w e re  a s  fo l lo w s :

“ 1. Mixtures of paper pulp and fresh sludge when added to well-seeded sludge in 
separate sludge digestion tanks digested satisfactorily with a ratio of volatile pulp solids 
to the volatile solids in the undigested sewage sludge as high as 2.13.

“ 2. No noticeable deleterious effects upon digestion were noted when the ratio of 
carbon to nitrogen of the sludge (mixture of paper pulp and fresh raw sludge) f added 
to the tanks daily ranged from 20 to 52.6.

“ 3. The volatile solids in paper pulp digested more rapidly or produced more gas 
than the volatile solids in the undigested domestic sewage sludge.

“ 4. Mixtures of paper pulp and fresh domestic sewage sludge, in which the ratio of 
the volatile solids in the pulp to the volatile solids in the fresh sludge ranged from 0.38 
to 2.13 digested in well-seeded sludge digestion tanks without affecting the pH of the 
sludge during digestion.

“ 5. The addition of paper pulp to fresh domestic sewage sludge increased the carbon 
dioxide content of the gas produced by digestion.”

T h e  p r e s e n t  s t u d y  w a s  c a r r i e d  o n  b y  t h e  w r i t e r  a t  C o r n e l l  U n i v e r s i t y  
f r o m  O c to b e r ,  1 9 3 9 , t o  A u g u s t ,  1 9 4 0 , a s  a  M c M u l l e n  R e s e a r c h  S c h o la r  in  
S a n i t a r y  E n g in e e r in g .  P a p e r  p u l p  w a s  f e d  t o  t h e  t a n k s  d a i l y  ( e x c e p t  
S u n d a y s )  f o r  a  p e r i o d  o f  s ix  m o n t h s .

* This is the second of a series of papers based on two years’ research at Cornell University. 
The first paper appeared in the July, 1943, issue of This Journal, page 658.

t Numbers in parentheses refer to bibliography at end of paper.
I Material in parentheses added by the writer.
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E q u i p m e n t  a n d  M a t e r i a l s

T h i r t e e n  e x p e r i m e n t a l  d ig e s t i o n  u n i t s  o f  a  b a t t e r y  o f  s i x t e e n  w e r e  u s e d ,  
e a c h  u n i t  c o n s i s t i n g  o f  tw o  5 5 - g a l lo n  s t e e l  d r u m s .  T h e s e  u n i t s  w e r e  i l l u s 
t r a t e d  a n d  h a d  b e e n  u s e d  p r e v i o u s l y  a s  r e p o r t e d  i n  t h e  f i r s t  p a p e r  o f  t h i s  
s e r ie s  (3 ) .

A n  a v e r a g e  t e m p e r a t u r e  o f  8 0 °  F .  w a s  m a i n t a i n e d  in  t h e  l a b o r a t o r y  
w h e r e  t h e  d i g e s t e r s  w e r e  k e p t ,  b y  m e a n s  o f  a  t h e r m o s t a t i c a l l y  c o n t r o l l e d  
B u f f a lo  s t e a m  u n i t  h e a t e r .  T e m p e r a t u r e s  w e r e  r e a d  a t  t h e  n o r t h  e n d ,  
c e n t e r ,  a n d  s o u t h  e n d  o f  t h e  l a b o r a t o r y ;  t h e  t e m p e r a t u r e  d i f f e r e n c e s  w e r e  
a p p r o x i m a t e l y  1 t o  1 0 °  F .

T h e  f r e s h  a n d  d ig e s t e d  s lu d g e s  w e r e  o b t a i n e d  f r o m  t h e  c i t y  o f  I t h a c a  
s e w a g e  t r e a t m e n t  p l a n t .  T h e  f r e s h  s l u d g e  w a s  d r a w n  f r o m  t h e  p r i m a r y  
s e t t l i n g  t a n k s  t h r o u g h  a  v a l v e  o n  t h e  s l u d g e  l i n e  l e a d i n g  t o  t h e  d i g e s t e r  
a n d  t h e  d i g e s t e d  s lu d g e  u s e d  f o r  s e e d in g  w a s  t a k e n  f r o m  t h e  d i g e s t i o n  t a n k .  
F r e s h  s lu d g e  w a s  d e l i v e r e d  t o  t h e  U n i v e r s i t y  l a b o r a t o r y  i n  4 0 - q t .  m i l k  c a n s  
t h r e e  d a y s  e a c h  w e e k .  T h e  p a p e r  p u l p  w a s  r e c e i v e d  in  t h e  f o r m  o f  l a p  
s t o c k  m a d e  b y  t h e  s u l f i t e  p r o c e s s  a n d  w a s  c h e m i c a l l y  f r e e  o f  a l l  s u l f i t e  
l i q u o r ,  b l e a c h  w a t e r ,  a n d  o t h e r  i m p u r i t i e s .

P r o c e d u r e

B e f o r e  t h e  e x p e r i m e n t a l  w o r k  w a s  b e g u n ,  i t  w a s  n e c e s s a r y  t o  e x a m i n e  
a l l  t a n k s  f o r  le a k a g e .  T h i s  w a s  d o n e  b y  a d d i n g  s o m e  w a t e r  t o  t h e  t a n k s  
w i t h  a l l  f i t t i n g s  a n d  v a l v e s  c lo s e d  t h e r e b y  c o m p r e s s i n g  t h e  a i r  i n  t h e  t a n k  
c a u s i n g  t h e  w a t e r  i n  t h e  g a g e  g la s s  t o  r i s e .  I f  t h e r e  w e r e  n o  l e a k s  i n  t h e  
t a n k ,  t h e  w a t e r  l e v e l  i n  t h e  g a g e  g la s s  w o u ld  r e m a i n  c o n s t a n t ; i f  t h e  le v e l  
f e l l ,  t h e  t a n k  l e a k e d  a n d  i t  w a s  n e c e s s a r y  t o  f in d  a n d  r e p a i r  t h e  l e a k  o r  t o  
r e p l a c e  t h e  t a n k .  W h e n  t h e  u n i t  w a s  f o u n d  t o  b e  g a s  a n d  w a t e r  t i g h t ,  i t  
w a s  s e e d e d  w i t h  a p p r o x i m a t e l y  2 4 0  lb .  o f  d i g e s t e d  s lu d g e .

M e a s u r e d  q u a n t i t i e s  o f  f r e s h  s l u d g e  w e r e  a d d e d  t o  t h e  t a n k s  u n t i l  t h e y  
f u n c t i o n e d  n o r m a l l y ,  a t  w h ic h  t i m e  t h e  f r e s h  s l u d g e  f e e d s  w e r e  r e p l a c e d  
w i t h  m i x t u r e s  o f  f r e s h  s lu d g e  a n d  p a p e r  p u l p  o r  p a p e r  p u l p  a lo n e .  B e f o r e  
l o a d in g ,  t h e  p a p e r  p u l p  w a s  g r o u n d  i n  a  G e n e r a l  E l e c t r i c  k i t c h e n  g r i n d e r ,  
t h e  e x c e s s  w a t e r  w a s  s q u e e z e d  o u t  b y  h a n d ,  a n d  t h e  r e q u i r e d  a m o u n t  o f  
p u l p  w a s  w e ig h e d  o u t  f o r  l o a d in g .  W a t e r  w a s  a d d e d  t o  t h e  m i x t u r e  o f  
s e w a g e  a n d  p u l p  o r  p u l p  a lo n e  t o  f a c i l i t a t e  lo a d in g .  F o r  a  w h i le ,  s u p e r 
n a t a n t  l i q u o r  w a s  s i p h o n e d  f r o m  t h e  t a n k s  a n d  w a s  u s e d  a s  a  d i l u t i n g  
m e d i u m  b u t  t h i s  m e t h o d  w a s  d i s c o n t i n u e d  s in c e  i t  d i d  n o t  a g r e e  w i t h  
p r a c t i c e  w h e r e ,  i n  a l l  p r o b a b i l i t y ,  w a t e r  w o u ld  b e  t h e  d i l u t i n g  m e d i u m .

S u p e r n a t a n t  l i q u o r  w a s  s i p h o n e d  f r o m  t h e  d i g e s t e r  t h r o u g h  t h e  g a g e  
g la s s .

D i g e s t e d  s lu d g e  w a s  w i t h d r a w n  t h r o u g h  a  g a t e  v a l v e  p r o v i d e d  f o r  t h i s  
p u r p o s e  i n  t h e  b o t t o m  o f  t h e  t a n k .  S in c e  t h e  t a n k  h a d  a  f l a t  b o t t o m  a n d  
t h e  v o lu m e  o f  t h e  s lu d g e  r e m o v e d  w a s  i n  t h e  s h a p e  o f  a n  i n v e r t e d  c o n e ,  
s u p e r n a t a n t  l i q u o r  w a s  f r e q u e n t l y  d i s c h a r g e d  w i t h  t h e  s l u d g e  w h e n  t h e  
r a t e  o f  w i t h d r a w a l  w a s  e x c e s s iv e .  A s  a  r e s u l t ,  t h e  s o l id s  c o n t e n t  o f  t h e  
s lu d g e  w a s  r e d u c e d  a s  l a r g e r  q u a n t i t i e s  o f  s lu d g e  w e r e  w i t h d r a w n .  T o  
c o r r e c t  t h i s  c o n d i t i o n ,  h o p p e r - b o t t o m e d  t a n k s  s h o u l d  b e  i n s t a l l e d .
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G a s  w a s  w i t h d r a w n  f r o m  t h e  t a n k s  b y  f i l l in g  t h e m  w i t h  w a t e r  a f t e r  
m e a s u r i n g  t h e  v o lu m e  o f  t h e  g a s  u n d e r  a t m o s p h e r i c  c o n d i t i o n s  (0 °  C . a n d  
7 6 0  m m .) .  G a s  s a m p le s  w e r e  c o l l e c te d  a t  v a r i o u s  t i m e s  d u r i n g  t h e  in v e s 
t i g a t i o n  a n d  w e r e  t e s t e d  f o r  m e t h a n e ,  c a r b o n  d io x id e ,  c a r b o n  m o n o x id e ,  
h y d r o g e n ,  a n d  o x y g e n .  T h e  H e m p e l  a n d  O r s a t  g a s  t e s t i n g  o u t f i t s  w e re  
u s e d  in  m a k i n g  t h e  a n a ly s e s .  N i t r o g e n  w a s  d e t e r m i n e d  b y  d i f f e r e n c e .

U p o n  c o m p l e t i o n  o f  t h e  s t u d y ,  t h e  t a n k  c o n t e n t s  w e re  r e m o v e d ,  a n d  
w a t e r  w a s  a d d e d  t o  w a s h  o u t  a l l  s o l id  m a t e r i a l .

E a c h  d a y ’s f e e d  ( s lu d g e  o r  p a p e r  p u l p )  w a s  t e s t e d  t o  d e t e r m i n e  t h e  t o t a l  
s o l id s  a n d  v o l a t i l e  s o l id s  in  o r d e r  t o  d e t e r m i n e  t h e  a m o u n t  o f  v o l a t i l e  
m a t e r i a l  ( w e t  s o l id s  b a s i s )  a d d e d  t o  t a n k s .  T h e s e  s a m e  t e s t s  w e r e  m a d e  
o n  a l l  s u p e r n a t a n t  l i q u o r s  a n d  d ig e s t e d  s lu d g e s  r e m o v e d  f r o m  t h e  t a n k s .  
A ll  v o l a t i l e  m a t e r i a l s  c o n s u m e d  o r  u n a c c o u n t e d  f o r  w e re  a s s u m e d  t o  h a v e  
g o n e  i n t o  t h e  p r o d u c t i o n  o f  g a s .

T h e  t a n k s  w e r e  s e e d e d  w i th  v a r y i n g  q u a n t i t i e s  o f  d ig e s t e d  s lu d g e  a s  
g iv e n  in  T a b l e  I .  I n  c o m p u t i n g  t h e  q u a n t i t y  o f  f r e s h  s lu d g e  o r  p a p e r  p u l p

T ab le I .— Date and Amount of Seed

A m oun t D igested  Sludge 
D a te  Seeded U sed for Seed,

T a n k  1939 Lb.

16......................................................Oct. 11...........................................................235.08
15......................................................Oct. 11........................................................... 234.00
14......................................................Oct. 11...........................................................257.90
13..................................................... Oct. 11........................................................... 237.73
12......................................................Oct. 11........................................................... 247.52
1 1 ......................................................Oct. 12...........................................................242.85
10......................................................Oct. 1 2 ........................................................... 247.97
9 ......................................................Oct. 12........................................................... 233.87
8 ......................................................Oct. 1 2 . .   .....................................................232.42
7 ......................................................Oct. 12........................................................... 240.28
6 ......................................................Oct. 13........................................................... 242.98
5 ..................................................... Oct. 13........................................................... 240.39
3 .......................  ........................... Oct, 13 .......................................................... 237.83

t o  b e  m ix e d  f o r  a  p a r t i c u l a r  c a r b o n  to  n i t r o g e n  r a t i o ,  t h e  f o l lo w in g  f o r m u la e
w e r e  u s e d :

S s# X  S ,%  X  Cs ~b Ps# X  P s %  X  Cp _  Caludge Cpulp _  G_

S.*  X  Ss%  X  N s +  Ps* X  Ps%  X  Np ~  A^sludge ~ N ’

w h e r e  S s* = s l u d g e  s o l id s  in  p o u n d s ,
S s%  =  p e r  c e n t  t o t a l  s o l id s  i n  s lu d g e ,
Cs =  p e r  c e n t  c a r b o n  i n  s lu d g e ,
P s# = p u l p  s o l id s  i n  p o u n d s ,
P s%  =  P e r  c e n t  t o t a l  s o l id s  in  p u lp ,
Cp = p e r  c e n t  c a r b o n  in  p u lp ,
N s =  p e r  c e n t  n i t r o g e n  in  s lu d g e ,  a n d
N p =  p e r  c e n t  n i t r o g e n  in  p u l p  ( in  t h i s  c a s e  z e ro ) .

A s s u m in g  3 .5  c u .  f t .  a v a i l a b l e  f o r  s o l id s  a n d  lo a d i n g  a t  r a t e  o f  2 .5  lb .  s o l id s
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p e r  c u .  f t .  o f  t a n k  s p a c e  p e r  m o n t h ,  t h e n

S s* +  P s* =  3 .5  X  2 .5  =  8 .7 5 ,  (2 )

w h e r e  S s a n d  P s h a v e  t h e  s a m e  s i g n i f i c a n c e  a s  a b o v e .

T h e  f e e d i n g  s c h e d u l e  f o r  f r e s h  s lu d g e  a n d  p a p e r  p u l p  is  g iv e n  in  T a b l e
I I .  F r o m  t h i s  t a b l e  i t  w il l  b e  n o t e d  t h a t  t h e  p a p e r  p u l p  l o a d i n g s  w e r e  
d i s c o n t i n u e d  a f t e r  D e c e m b e r  6 . L o a d i n g  w a s  d i s c o n t i n u e d  b e c a u s e  t h e  
p H  in  a l l  t a n k s  b e g a n  t o  d r o p ,  d e c r e a s in g  t o  a s  lo w  a s  6 .7  i n  s o m e  o f  t h e  
t a n k s .  A l l  t a n k s  r e c e i v e d  s e w a g e  s lu d g e  a f t e r  t h i s  p e r i o d  in  o r d e r  t o  g e t  
t h e  p H  b a c k  t o  7 .0 . I t  w a s  n e c e s s a r y  t o  a d d  l im e  t o  s o m e  o f  t h e  t a n k s  t o  
b r i n g  u p  t h e  p H .  S lu d g e  a n d  p u l p  l o a d i n g s  v a r i e d  b e t w e e n  t h e  t w o  s e t s  o f  
v a lu e s  g iv e n  in  t h e  l a s t  f o u r  c o lu m n s  o f  T a b l e  I I ,  d e p e n d i n g  u p o n  w h e t h e r  
d r y  o r  w e t  p u l p  w a s  a d d e d .

T h e  t a n k s  w e r e  l o a d e d  s o  a s  t o  g iv e  t h e  a p p r o x i m a t e  c a r b o n  t o  n i t r o g e n  
r a t i o s  s h o w n  in  T a b l e  I I .  A c t u a l  c a r b o n  t o  n i t r o g e n  r a t i o s  a r e  g iv e n  in  
t h i s  t a b l e ,  a n d  w e r e  c o m p u t e d  o n  t h e  b a s i s  o f  a n  a p p r o x i m a t e  l o a d i n g  o f
2 .5  lb .  t o t a l  s o l id s  p e r  c u .  f t .  o f  t a n k  s p a c e  p e r  m o n t h .  T a n k s  3 , 5 , a n d  6  
w e r e  lo a d e d  a t  t h e  r a t e  ©f 2 .0 ,  1 .0 , a n d  0 .5  lb .  t o t a l  s o l id s  p e r  c u .  f t .  t a n k  
s p a c e  p e r  m o n t h ,  r e s p e c t i v e l y .

T a b l e  I I I  g iv e s  t h e  p o u n d s  o f  m a t e r i a l  ( w e t  w e ig h t )  a d d e d  t o  o r  r e 
m o v e d  f r o m  t h e  t a n k s  a n d  t h e  v o l a t i l e  m a t e r i a l  ( w e t  s o l id s  b a s i s )  a d d e d  t o  
o r  r e m o v e d  f r o m  t h e  t a n k s  d u r i n g  t h e  f e e d i n g  p e r i o d ,  w h ic h  e x t e n d e d  f r o m  
O c t o b e r  1 4 , 1 9 3 9 , t o  J u l y  6 , 1 9 4 0 .

A ll  t a n k s  w e r e  o p e r a t e d  f r o m  J u l y  6  t o  A u g u s t  2 1 , 2 4 ,  1 9 4 0 , d u r i n g  
w h ic h  t i m e  t h e  g a s  w a s  m e a s u r e d  a n d  w i t h d r a w n  a s  d u r i n g  t h e  f e e d i n g  
p e r i o d  a l t h o u g h  n o  m a t e r i a l  w a s  a d d e d .

R e s u l t s  o f  T e s t s

Carbon to Nitrogen Ratios .— H i l l  (2 )  h a d  s o m e  t e s t s  m a d e  t o  d e t e r m i n e  
t h e  c a r b o n  a n d  n i t r o g e n  c o n t e n t  o f  t h e  f r e s h  r a w  s l u d g e  a n d  p a p e r  p u l p .  
T h e s e  v a lu e s  a r e  g iv e n  in  T a b l e  I V  a lo n g  w i t h  v a l u e s  d e t e r m i n e d  b y  t h e  
w r i t e r .

T ab le  IV .— Per Cent Carbon and Nitrogen in  Sludge and Pulp

H ill S traub*

C arbon N itrogen C arb o n N itrogen

Fresh Raw Sewage Sludge.....................................................
Paper Pulp ................................................................................

43.637
43.96

2.167
0

41.09
38.86

1.967
0

* Number of samples tested—Carbon-Sludge.............. 20
Carbon-Pulp................... 8
N itrogen-Sludge  3

F r o m  t h e  d a t a  c o n t a i n e d  i n  T a b l e  I V ,  i t  w a s  p o s s ib le  t o  c o m p u t e  t h e  
c a r b o n  t o  n i t r o g e n  r a t i o s  o f  t h e  v a r i o u s  s l u d g e  a n d  p a p e r  p u l p  m i x t u r e s .  
T h e s e  v a lu e s  a r e  g iv e n  i n  T a b l e s  I I  a n d  I I I .
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Solids Characteristics.— A  s u m m a r y  o f  t h e  f r e s h  s lu d g e  a n d  p a p e r  p u l p  
c h a r a c t e r i s t i c s  is  g iv e n  in  T a b l e  V  a n d  in d i c a t e s  c o n s i d e r a b l e  v a r i a t i o n  in  
t h e  p e r  c e n t  t o t a l  s o l id s  ( w e t  s o l id s  b a s i s )  a n d  in  t h e  p e r  c e n t  v o l a t i l e  
m a t t e r  ( d r y  s o l id s  b a s i s )  o f  f r e s h  s lu d g e  a d d e d  t o  t h e  d ig e s te r s .  I t  w a s

T ab le  V .— Characteristics of Materials Added to Tanks

T ank M ati.* No.
S am p .f

T o ta l Solids 
(P er C en t 

W et Basis)

V olatile Solids 
(Per C en t 

D ry  Basis)

V olatile  Solids 
(Per C en t 

W et Basis)

pH Lb. Solids/ 
C .F . T ank  
Space/M o.

C /N
R atioAv. M ax. M in.

16 Raw 212 3.42 76.84 2.647 5.78 7.2 5.2|
16 Pulp 1 24.44 99.45 24.31

15 Raw 212 3.42 76.84 2.647 5.78 7.2 5.2

14 1-S 29 3.74 82.25 3.071 5.82 6.1 5.2 20.9
14 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
14 2-P 13 30.18 99.66 30.080 2.61 34.5
14 3-S 25 3.18 78.69 2.499 6.01 7.2 5.5 20.9
14 4-S 144 3.40 75.16 2.582 5.73 6.2 5.2
14 4-P 144 43.15 99.60 42.980 2.61 32.4

13 1-S 29 3.74 82.25 3.071 5.82 6.1 5.2 20.9
13 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
13 2-P 13 30.18 99.66 30.080 46.8
13 3-S 25 3.18 78.69 2.499 6.01 7.2 5.5
13 4-S 144 3.40 75.03 2.578 5.73 6.2 5.2
13 4-P 144 43.15 99.60 42.980 2.28 43.9

12 1-S 29 3.74 82.25 . 3.071 5.82 6.1 5.2 20.9
12 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
12 2-P 13 30.18 99.66 30.080 60.2
12 3-S 25 3.18 78.69 2.499 6.01 7.2 5.5
12 4-S 144 3.40 75.03 2.578 5.73 6.2 5.2
12 4-P 144 43.15 99.60 42.980 2.26 54.9

11 1-S 29 3.74 82.25 3.071 5.82 6.1 5.2 20.9
11 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
11 2-P 13 30.18 99.66 30.080 72.9
11 3-S 26 3.18 78.69 2.499 6.01 7.2 5.5
11 4-S 144 3.40 75.03 2.578 5.73 6.2 5.2
11 4-P 144 43.15 99.60 42.980 2.28 67.9

10 1-S 29 3.74 82.25 3.071 5.82 6.1 5.2 20.9
10 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
10 2-P 13 30.18 99.66 30.080 86.0

10 3-S 25 3.23 78.84 2.542 6.01 7.2 5.5
10 4-S 144 3.40 75.03 2.578 5.73 6.2 5.2
10 4-P 144 43.15 99.60 42.980 2.25 77.9

9 1-S 29 3.74 82.25 3.071 5.82 6.1 5.2 20.9
9 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
9 2-P 13 30.18 99.66 30.080 99.7
9 3-S 25 3.29 79.14 2.600 6.01 6.2 5.5
9 4-S 144 3.40 75.03 2.578 5.73 6.2 5.2
9 4-P 144 43.15 99.60 42.980 Í 2.25 89.3
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T a b l e  V.— Characteristics of Materials Added to Tanks—Continued

T a n k M a tl* No.
S am p .f

T o ta l Solids 
(P er G en t 

W e t Basis)

V olatile Solids 
(P er C e n t 

D ry  Basis)

V olatile Solids 
(P er C en t 

W e t Basis)

• pH Lb. S o lids/ 
C .F . T a n k  
S pace/M o.

C /N
R atioAv. M ax. M in.

8 1-S 29 3.73 81.94 3.058 5.83 6.1 5.2
8 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
8 2-P 13 30.18 99.66 30.080 112.8
8 3-S 25 3.45 78.84 2.711 6.10 9.0+ 5.5
8 4-S 144 3.40 75.03 2.578 5.73 6.2 5.2
8 4-P 144 43.15 99.60 42.980 2.31 101.5

7 1-S 29 3.73 81.94 3.058 5.83 6.1 5.2 20.9
7 2-S 13 3.27 80.81 2.634 5.87 5.9 5.7
7 2-P 13 30.18 99.66 30.080 249.6
7 3-S 25 3.45 78.84 2.711 6.10 9.0+ 5.5
7 4-S 144 3.40 75.03 2.578 5.73 6.2 5.2
7 4-P 143 43.41 99.60 42.594 2.29 111.2

6 1-S 29 3.60 81.90 2.955 5.84 6.10 5.2#
6 2-P 13 30.18 99.66 30.135
6 3-S 25 3.45 78.84 2.710 6.10 9.05 5.5
6 4-P 145 43.06 99.59 42.883

5 1-S 29 3.60 81.90 2.955 5.84 6.10 5.2#
5 2-P 13 30.18 99.66 30.135
5 3-S 25 3.45 78.84 2.710 6.10 9.05 5.5
5 4-P 145 43.06 99.59 42.883

3 1-S 29 3.60 81.90 2.955 5.84 6.10 5.2
3 2-P 13 30.18 99.66 30.135
3 3-S 25 3.45 78.84 2.710 6.10 9.05 5.5
3 4-S I 3.91 79.75 3.118 5.9
3 4-P 144 43.34 99.59 42.513

* S—sewage, P—pulp, 1—October 14-November 20, 2—November 21-December 6 , 3— 
December 7-January 7, 4—January 8-end.

f No. of samples tested. J 208 tests for pH. # 28 tests for pH.

n e c e s s a r y  t o  a d d  l im e  t o  m a i n t a i n  o p t i m u m  p H  c o n d i t i o n s .  T h e  a m o u n t  
o f  l im e  u s e d  is  s h o w n  in  T a b l e  I I I .  T h e r e  w a s  le s s  v a r i a t i o n  in  t h e  p a p e r  
p u l p  t h a n  i n  t h e  f r e s h  r a w  s lu d g e .

T a b l e  V I  p r e s e n t s  a  s u m m a r y  o f  t h e  s u p e r n a t a n t  l i q u o r  c h a r a c t e r i s t i c s  
o f  a l l  t h e  t a n k s  r e c e i v in g  m i x t u r e s  o f  s e w a g e  s l u d g e  a n d  p a p e r  p u l p  a n d  
th o s e  r e c e i v in g  e i t h e r  s e w a g e  s lu d g e  o r  p a p e r  p u l p .  T h e r e  w a s  s o m e  d i f 
f e r e n c e  in  t h e  p e r  c e n t  t o t a l  s o l id s  i n  t h e  v a r i o u s  t a n k s .  T h e  p e r  c e n t  
v o l a t i l e  s o l id s  ( d r y  s o l id s  b a s i s )  w a s  h i g h e r  in  a l l  t a n k s  r e c e i v in g  p a p e r  p u l p  
a lo n e ,  o r  in  a d d i t i o n  t o  t h e  r a w  s lu d g e ,  t h a n  in  t h e  c o n t r o l  t a n k s .  T h i s  
w a s  e x p e c t e d ,  a s  m o r e  v o l a t i l e  m a t e r i a l  w a s  a d d e d  t o  t h e s e  t a n k s  a n d  
p o s s i b l y  m o r e  f in e  p a p e r  p u l p  f i b e r s  w e r e  i n  s u s p e n s io n .

T h e r e  w a s  l i t t l e  v a r i a t i o n  in  t h e  p H  o f  t h e  s u p e r n a t a n t  l i q u o r  r e m o v e d  
d u e  t o  t h e  f a c t  t h a t  l im e  w a s  a d d e d  t o  a l l  t a n k s  r e c e i v in g  p a p e r  p u l p ,  in  
o r d e r  t o  m a i n t a i n  s a t i s f a c t o r y  p H  c o n d i t i o n s .  I n  a l l  c a s e s ,  h o w e v e r ,  t h e  
p H  in  t h e  t a n k s  t o  w h ic h  p u l p  w a s  a d d e d  w a s  lo w e r  t h a n  t h a t  i n  t h e  c o n t r o l  
t a n k s .  (S e e  T a b l e  I I I  f o r  t h e  a m o u n t  o f  l im e  a d d e d  t o  e a c h  t a n k . )
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T ab le VI.— Supernatant Characteristics

Tank No.
Tests

Total Solids 
(Per Cent Wet Basis)

Volatile Solids 
(Per Cent Dry Basis)

Volatile Solids 
(Per Cent Wet Basis) pH

Av. Max. Min. Av. Max. Min. Av. Max. Min. Av. Max. Min.

16 26 0.48 2.22 0.10 47.15 64.40 8.00 0.199 0.997 0.041 7.04 7.5 6.9
15 25 0.56 2.54 0.06 47.10 63.94 3.94 0.307 1.540 0.007 7.04 7.4+ 6.9*

14 3 0.59 0.87 0.27 53.08 57.41 49.29 0.279 0.371 0.130 7.1 7.3 7.0
14f 19 0.45 1.35 0.21 50.32 65.59 31.98 0.237 0.804 0.093 7.05 7.9 6.8ÿ

13 3 0.26 0.29 0.25 46.77 52.48 42.61 0.123 0.131 0.107 7.07 7.2 6.9+
13f 21 0.52 2.07 0.20 55.40 74.97 35.66 0.299 1.240 0.119 6.88 7 .0+ 6.8

12 3 0.35 0.44 0.28 50.59 55.08 44.12 0.179 0.242 0.124 7.05 7.2 6.9
12t 17 0.32 0.59 0.22 49.34 63.49 37.39 0.160 0.375 0.090 6.83 6.9+ 6.7

11 3 0.28 0.30 0.26 48.93 53.05 42.96 0.129 0.140 0.116 7.05 7.2+ 6.9 +
l i t 19 0.56 2.14 0.11 56.71 91.34 45.34 0.320 1.289 0.100 6.86 7.1 + 6.6

10 3 0.32 0.38 0.24 47.67 53.03 39.16 0.155 0.202 0.094 7.0 7.2 6.9
lo t 16 0.48 2.17 0.26 55.88 93.14 45.14 0.314 2.021 0.117 6.78 6.9 6.6

9 3 0.32 0.41 0.24 48.23 56.08 39.02 0.176 0.203 0.146 7.02 7.2 6 .9 -
9t 16 0.53 1.54 0.19 58.53 94.96 46.02 0.318 0.983 0.113 6.84 7.1 6.6

8 3 0.35 0.38 0.31 49.66 57.29 44.37 0.171 0.210 0.138 7.03 7.2 6 .9 -
8t 16 0.54 1.68 0.23 55.14 63.99 44.81 0.306 1.031 0.116 6.78 6.9 6.5

7 3 0.40 0.61 0.28 54.83 60.82 50.23 0.226 0.371 0.150 7.02 7.2 6.9
7t 14 0.46 1.13 0.26 56.89 63.59 52.78 0.264 0.690 0.143 6.81 7.0 6.6

6 3 0.27 0.30 0.24 46.80 50.57 43.60 0.125 0.139 0.105 7.08 7.2 6.95
6t 11 0.42 1.29 0.24 51.24 65.98 31.14 0.229 0.711 0.122 7.00 7.4 6.7ft

5 3 0.45 0.69 0.30 55.42 57.56 51.81 0.254 0.397 0.160 7.03 7.2 6.95
5t 12 0.34 0.59 0.16 55.81 87.16 34.28 0.192 0.335 0.055 6.91 7.1 6.65**

3 3 0.34 0.57 0.24 47.85 56.28 45.05 0.177 0.293 0.108 7.03 7.2 + 6.9
3t 12 0.41 0.85 0.26 55.24 64.64 42.59 0.226 0.369 0.111 6.89 7.5 6.6

t After addition of paper pulp. # 17 tests for pH. ft  9 tests for pH.
* 23 tests for pH. **11 tests for pH.

T a b l e  V I I  g iv e s  t h e  d i g e s t e d  s lu d g e  c h a r a c t e r i s t i c s  o f  a l l  t a n k s .  T h e  
v a l u e s  s h o w n  f o r  t o t a l  s o l id s  a r e  v a r i a b l e  a n d  d e p e n d e n t  u p o n  t h e  q u a n t i t y  
o f  s l u d g e  w i t h d r a w n  f r o m  t h e  t a n k  a n d  t h e  m a n n e r  in  w h ic h  i t  w a s  w i t h 
d r a w n .  T h e r e  w a s  l i t t l e  d i f f e r e n c e  in  t h e  p e r  c e n t  v o l a t i l e  s o l id s  ( d r y  
s o l id s  b a s i s )  o f  t h e  d ig e s t e d  s lu d g e  r e m o v e d  f r o m  e i t h e r  t h e  t a n k s  c o n t a i n 
in g  p a p e r  p u l p  o r  s e w a g e  s lu d g e  a lo n e  o r  p u lp - s lu d g e  m i x tu r e s .  T h e r e  w a s  
l i t t l e  v a r i a t i o n  in  t h e  p H  s in c e  l im e  w a s  a d d e d  t o  a l l  t a n k s  r e c e i v in g  p a p e r  
p i d p .

T a b l e  V I I I  g iv e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  f in a l  s l u d g e s  d r a w n  f r o m  t h e  
t a n k .  I t  w a s  q u i t e  im p o s s ib le  t o  c o m p a r e  t h e s e  s lu d g e s  a s  t h e  v a lu e s
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T a b l e  V II.— Digested Sludge Characteristics

T a n k
N o.
of

T ests

T o ta l Solids 
(P er C e n t W e t Basis)

V olatile Solids 
(P er C en t D ry  Basis)

V olatile  Solids 
(P er C en t W et Basis) pH

M ade Av. M ax. M in. A v. M ax. M in. A v. M ax. M in. Av. M ax. M in.

16 12 6.06 9.69 3.66 58.91 74.92 53.96 3.627 7.26 2.071 7.00 7 .3 - 6.9
15 8 6.69 7.89 5.49 56.46 57.59 54.27 3.779 4.493 3.103 7.09 7 .3 - 7 .0 -

14 2 9.28 11.94 6.63 61.48 66.24 56.73 5.836 7.91 3.761 7.2 7.2 7.2
14* 9 5.71 7.38 1.55 58.21 61.77 54.88 3.307 4.477 0.957 7.03 7.2 6.9

13 2 6.94 8.09 5.79 57.36 57.56 57.15 3.976 4.62 3.333 7.2 7.2 7.2
13* 8 6.47 8.17 5.15 57.18 60.48 53.63 3.720 4.941 2.762 6.98 7.0 6.95

12 2 8.00 9.44 6.56 58.78 59.94 57.62 4.719 '5.658 3.780 7.2 7.2 7.2
12* 10 4.87 7.73 1.19 59.22 61.29 57.43 2.890 4.474 0.694 6.98 7.1 6.85

11 2 7.59 9.14 6.04 57.66 57.75 57.58 4.376 5.263 3.488 7.2 7.25 7.2
11* 8 6.05 7.50 4.83 57.81 59.73 56.67 3.509 4.338 2.748 6.95.

10 2 8.29 9.31 7.27 56.76 57.85 55.67 4.693 5.180 4.206 7.2 7.2 7.2
10* 9 5.95 7.24 4.31 56.51 61.00 42.01 3.403 4.416 1.811 6.87 6.9 6.8

9 2 6.12 8.06 4.17 56.84 56.96 56.71 3.472 4.570 2.373 7.2 7.2 7.2
9* 7 6.23 7.43 4.35 59.20 64.22 57.55 3.676 4.393 2.670 6.92 6.95 6.9

8 2 8.56 9.71 7.40 55.64 55.96 55.32 4.762 5.430 4.094 7.2 7.3 7.1
8* 9 6.00 7.63 3.14 58.19 60.27 56.84 3.500 4.599 1.817 6.93 6.95 6.9

7 2 8.08 8.70 7.47 58.62 59.41 57.84 4.746 5.170 4.321 7.2 7.2 7.2
7* 8 7.71 8.64 7.04 58.16 62.26 56.74 4.511 5.093 3.994 6.90 6.95 6.8

6 2 8.76 10.48 7.04 54.87 59.67 50.07 4.726 5.250 4.201 7.15 7.2 7.1
6* 3 7.12 7.73 6.53 54.00 56.05 50.21 3.831 3.952 3.660 7.03 7.15 6.95

5 2 9.00 12.09 5.90 49.63 58.14 41.12 4.200 4.970 3.430 7.15 7.2 7.1
5* 3 7.32 8.52 5.91 57.56 58.83 56.24 4.217 5.012 3.405 7.05 7.2 6.95

3 2 6.58 6.60 6.56 52.10 57.19 47.02 3.626 3.752 3.500 7.15 7.2 7.1
3* 5 7.19 9.86 5.46 55.81 61.67 45.20 4.011 5.419 2.798 6.90 7.1 6.7#

* After addition of paper pulp. # 4 tests for pH.

o b t a i n e d  d e p e n d e d  u p o n  t h e  a m o u n t  o f  w a t e r  r e q u i r e d  t o  w a s h  o u t  t h e  
s o l id s  in  t h e  t a n k s .  T h e r e  w a s  l i t t l e  v a r i a t i o n ,  h o w e v e r ,  i n  t h e  p e r  c e n t  
v o l a t i l e  s o l id s  ( d r y  s o l id s  b a s i s ) .  A s  e x p e c t e d ,  t h e  p H  w a s  s u b s t a n t i a l l y  
c o n s t a n t  b e c a u s e  o f  t h e  l im e  a d d i t i o n s .

T a b l e  I X  i n c l u d e s  d a t a  t a k e n  f r o m  T a b l e  I I I  w h ic h  p e r m i t s  t h e  c o m 
p u t a t i o n  o f  t h e  r e d u c t i o n  i n  t h e  w e i g h t  o f  v o l a t i l e  m a t e r i a l  in  e a c h  t a n k .  
F r o m  t h i s  t a b l e  i t  is  s e e n  t h a t  t h e  m a x i m u m  r e d u c t i o n  o f  v o l a t i l e  m a t e r i a l ,  
a m o u n t i n g  t o  9 0 .5  p e r  c e n t ,  o c c u r r e d  i n  T a n k  8 . T h e  r e d u c t i o n  i n  a l l  
o t h e r  t a n k s  r e c e i v in g  m i x t u r e s  o f  p a p e r  p u l p  a n d  s e w a g e  w a s  a b o v e  
8 5  p e r  c e n t ,  w i t h  t h e  e x c e p t io n  o f  T a n k  1 4 . T h o s e  t a n k s  r e c e i v i n g  p a p e r  
p u l p  a lo n e  h a d  r e d u c t i o n s  p r o p o r t i o n a l  t o  t h e  a m o u n t  o f  f e e d ,  t h a t  is ,
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T able VIII.— Characteristics of Material Removed from Tanks at End of Test

T a n k
No.
of

T ests

T o ta l Solids 
(P er C en t W e t Basis)

V olatile Solids 
(P er C en t D ry  Basis)

V olatile Solids 
(P er C en t W et Basis) pH

Av. M ax. M in. Av. M ax. M in. Av. M ax. M in. Av. M ax. M in.

16 5 4.86 8.93 0.35 47.85 53.87 42.32 2.368 4.514 0.167 7.08 7.2 6.9
15 7 4.40 9.58 0.35 48.52 53.93 43.73 2.252 5.127 0.169 7.07 7.1 6.95

14 4 5.48 9.62 2.15 50.99 55.81 46.90 2.760 4.515 1.168 7.18 7.2 + 7.1
13 4 4.54 9.73 2.15 52.80 58.99 45.30 2.352 4.965 1.201 7.11 7 .2 - 7.1
12 5 2.56 7.05 0.53 54.26 56.82 50.99 1.393 3.895 0.279 7.14 7.2 7.0
11 5 2.78 8.46 0.29 55.21 58.99 50.83 1.548 4.694 0.147 7.06 7.1 7.0+
10 5 3.26 7.82 0.42 53.99 57.58 49.29 1.781 4.126 0.207 7.23 7.3 7 .2 -
9 6 2.65 6.83 0.36 53.17 57.37 48.25 1.395 3.820 0.190 7.16 7.2 + 7.1
8 6 2.21 7.83 0.32 53.37 56.06 48.95 1.199 4.269 0.157 7.24 7.3 7.2
7 6 2.57 7.80 0.30 50.96 59.66 38.49 1.348 4.245 0.115 7.23 7.3 7.1
6 7 1.89 7.76 0.22 54.21 56.32 51.75 1.027 4.230 0.118 7.16 7.3 7.1
5 9 1.92 7.94 0.24 50.09 67.33 49.38 1.048 4.383 0.156 7.11 7.4 6.9
3 5 2.92 6.80 1.09 63.93 77.52 56.47 1.784 3.855 0.616 6.95 7.0 6.9

T ab le IX .— Per Cent Reduction in  Weight of Volatile Sludge Solids

T ank a  — b — c* a  — b* a

P er C en t

a  ~  6 _  0 v  ion

deduction

a “ b ~ c y  loo
a  — b a

16 35.130 43.662 55.454 80.46— Control 63.30
15 36.391 48.096 55.743 75.66—Control 65.28
14 42.360 51.224 61.092 82.70 69.18
13 44.921 52.800 61.219 85.08 73.38
12 49.191 54.916 63.607 89.58 77.34
11 46.884 53.834 62.655 87.09 75.00
10 48.518 56.108 64.510 86.47 75.21
9 50.512 57.461 64.920 87.91 77.80
8 53.530 59.244 67.567 90.36 79.23
7 56.302 62.963 73.422 89.42 76.68
6 21.653 27.254 31.024 79.45 69.79
5 31.091 38.362 41.993 81.05 74.21
3 47.804 55.058 62.551 86.82 76.42

a = seed +  sewage sludge +  pulp added in lb. 
b =  digested sludge +  supernatant withdrawn in lb. 
c =  amount withdrawn at end in lb.
All weights are those of volatile dry solids.

T a n k  3 w h ic h  r e c e i v e d  t h e  g r e a t e s t  a m o u n t  o f  v o l a t i l e  m a t e r i a l  h a d  t h e  
h i g h e s t  r e d u c t i o n  a n d  T a n k  6 , w h ic h  r e c e i v e d  t h e  s m a l l e s t  a m o u n t ,  h a d  t h e  
lo w e s t  r e d u c t i o n .  I n  a l l  c a s e s ,  t h e  r e d u c t i o n  o f  v o l a t i l e  m a t e r i a l  w a s  
g r e a t e r  t h a n  in  t h e  c o n t r o l  t a n k s .  T h i s  w o u ld  i n d i c a t e  t h a t  t h e r e  w a s  a  
m o r e  r a p i d  b r e a k d o w n  o f  v o l a t i l e  m a t e r i a l  in  t h e  t a n k s  r e c e i v in g  p a p e r  
p u l p  t h a n  in  t h e  c o n t r o l  t a n k s .

Gas Characteristics.— I n  F ig s .  1 a n d  2 a r e  s h o w n  t h e  c u m u l a t i v e  g a s  
v o lu m e s  p r o d u c e d  d u r i n g  t h e  p e r i o d  o f  i n v e s t i g a t i o n .  I n  t h e s e  f ig u re s



8 6 8 SEWAGE WORKS JOURNAL September, 1943

5GO

52Û

450

440

400

360

5 320

¡5 230
<S

240

700

100

120

SO

40

- 1 1 1 . Tan* /O

• *

,y&
Ç° ¿¡T \ i/f ...

"'■/Sv*'//'* ° 
/>»« ;?/

f? À 
i / ß  

t U f  
f i r 'O *o

,k>
47/

/ • / /

W

£ £ C*S»S rS 
^  "S'S
■Si'S 
1-1 I: .

mH f/fA
M / Y "

v  i f
Â jT

§ 4-5 
Ts î; *i
r ç 'T
I PÖ O'■J -̂1

c\.

Ov
N-

I
f iT /S r
0 / T ■No sludge a 

City digester
dded /o Tank* 
out ofor der

O-
rr
s
k
'S
-Î
C

c
V
i;

M ;

•ftÊrîlmSflt
~v
OY

-  U  ̂ i* Î A.*9?f
!§•5;'
ÎÎ- -S' 5 £ *

1 JÎ  tw  
1 M

f

S -Ç

\ *  
î  Ï

mt

fc §
O  i
-?1!  â
^ ? s i

h
TOTAL GAS' PPODUCTION' 

DIGESTION LXPIP/MENTS 
COPNLLL UN/VLP5ITY Ocroere //, 1939 — August 24J940 

Lrauxo
Tonic /o' o—o Control- C/A/*Poho - 209 Toni 15 •—• Control ■ C/M Patio - 20 9 Tank 14 o—o Mature* - C/M Patio ■ 37 4 Tank 13 •—• Mu fur e - C/M yPaho - 43 9 Tonk 12 ■•■■■• Mixture - C/M patio - 34 9 Tank 1/ o-o Mixture ■> C/M Pot'O - 67 9 Tank 10- * • Mature.- C/M Paha - 779 Tank 9- o-o Mixture - C/M Patio - <993 Tank Ô- Mixture .- C/M Patna ' 101,5 Tank 7-o-o Mixture •• C/M Pa ho * II 1,2 
’ C/M - Carbon fo ■ mtrogen ratio.* Mixture - Mixture of Sewage Sludge 4 Paper Pulp
MOTE: AH gas volumes hcve been reduced to Standard Conditions.-(0*C ■ 700 mm) All tanks loaded ot 2’/ * so/ids/cu ft of tonk space per month| | | C PS H/23H!

's 1 $ f
* i tß l
$ w

M

/

56013c r (16) 56091 cf (10/
oJGcPcfat;54069cf(/3). '40 77c i (9) 535 30cf(i) 535 !6cf (S)532 51 eft15)5/0 86 c C (II) 
'50945c f (12)

40 SO 120 IGO
Time w Days

200 240 230 320
Figuce 1



Tot
al

 
Vo

lu
me

 
Ca

o 
Pb

od
uc

ed
-C

u
 Ft

Vol. 15, No. 5 DIGESTION STUDIES ON PA PER  PU LP 8 6 9

560

320

180

440

4 0 0

360

320

230

240

200

¡60

120

80

AO

;
/•
l A

"Tank JG 

— ~*TANKl5t ,
Ą  

/ 1

i

r
•••

y 1 ° iO 1 1 
/  1 
f TJaNK 3

i y tO? 6
f t  1  f  4 °
/  . ..

I I I
l$iü|

111
a/*f* i

l*

> /

/,oo

I l f
.SS'S'
I I I

ł  /6' ^
/  /0

to7

^cCily Dig 
No sIudg

1ester 
e adde

'j•>u
k

'■Of order

■V.
«S’

t c
t  ?r o 

/  p

s

ij
i

1
&
p .
A

9 O/  A& °Í 'f 9 T° . A
0

!
Tank 5' 

Tank C

-v
'S'

V
<S'

<í j

? f

u

1
s
A

1
*

t
í /
^  Z

■s

1
On

C*.
.S'
1
Na £

1
'O 1 f f

1M... *¿__

TOTAL CAS PRODUCT/ON 
DIGESTION EXPERIMENTS 
CORNELL UNIVERSITY OcroQEG / /1939• August 2411940

■Lea eng
Tank ¡6 Control-2'/245oltdsJcu.fi TankJpaca/Month Tank !5'°—° Control-2'A4 K . ~ " ' fc Tank G-°—° Paper Pulp-'A4 * - - • . * »- Tank 5 Paper pulp-1* • • - . X “ Tank 3- o—-o Pape/- Pulp -2* i- . _ 

/ ,NOTE:- AH pas volumes have teen reduced to Standard Conditions (O °C. *. 700 ¡rm)
| 1 1 C.Ps-lfl-41

1

/

560.93cF 

532.57c.F

4 4 8 .0 5  c  8

28821c f

265.22 cf

40 30 t?0 760
Time /a / Da ys

230 240 2 3 0  32)2
Fic.ue-t: 2



8 7 0 SEWAGE WORKS JOURNAL September, 1943

t o t a l  g a s  p r o d u c t i o n  in  c u b ic  f e e t  is  p l o t t e d  a g a i n s t  t i m e  in  d a y s .  B e f o r e  
p l o t t i n g  a l l  g a s  v o lu m e s  w e r e  r e d u c e d  t o  s t a n d a r d  c o n d i t i o n s  (0 °  C . a n d  
7 6 0  m m .) .  T h e  t o t a l  g a s  v o lu m e s  w e r e  lo w e r  t h a n  t h o s e  t h a t  w o u ld  h a v e  
b e e n  o b t a i n e d  in  p r a c t i c e  a s  t h e  g a s  w a s  c o l l e c t e d  o v e r  w a t e r .  C a r b o n  
d io x id e  a n d  o t h e r  g a s e s  t o  a  l e s s e r  e x t e n t  a r e  s o l u b le  in  w a t e r  a n d  lo s s e s ,  
t h e r e f o r e ,  r e s u l t .  A  t e s t  w a s  m a d e  o f  t h e  w a t e r  i n  t h e  g a s  c o l l e c t i o n  t a n k  
a n d  r e s u l t s  s h o w e d  t h a t  i t  w a s  s a t u r a t e d  w i t h  c a r b o n  d io x id e .  T h e r e  w a s  
m u c h  c o r r o s io n  in  t h e  g a s  c o l l e c t i n g  t a n k s  d u e  t o  t h e  f o r m a t i o n  o f  c a r b o n i c  
a c id .  T h e  a m o u n t  o f  g a s  p r o d u c e d  in  e a c h  t a n k  is  g iv e n  in  T a b l e  X  a lo n g  
w i t h  o t h e r  d a t a .

T able X .— Summary of Tank Results

T ank
A m t. of G as 

P roduced 
in  C u. F t .

C /N
Per C e n t G as 

U sing T a n k  16 
as B ase

V olatile  Solids 
C onsum ed  

in  L b .

C u. F t .  G as 
P e r Lb. 

V olatile  Solids 
C onsum ed

R a tio  P u lp  
to  Sewage 

O verall, O ct. 
14—J u ly  6

R a tio  P u lp  
to  Sewage 

(Jan . 8 -  
J u ly  6)

16 560.93 20.9 100 35.130 15.97
15 532.57 20.9 94.9 36.391 14.63
14 546.02 32.4 97.3 42.360 12.89 0.45 1 0.63 : 1
13 540.89 43.9 96.4 44.921 . 12.04 0.81 1 1.25 : 1
12 509.45 54.9 90.8 49.191 10.36 1.11 1 1.86 : 1
11 516.86 67.9 92.1 46.884 11.02 1.40 1 2.54 : 1
10 560.91 77.9 100.0 48.518 11.56 1.63 1 3.20 : 1
9 540.77 89.3 96.4 50.512 10.71 1.76 1 3.81 : 1
8 535.16 101.5 95.4 53.530 10.00 1.96 1 4.40 : 1
7 535.30 111.2 95.4 56.302 9.51 2.30 1 4.72 : 1
6 265.22 47.3* 21.653 12.35 0.98 1
5 288.21 51.4* 31.091 9.27 1.96 1
3 448.06 79.9* 47.804 9.37 3.79 1

* These have no significance since amount of loading is different.

F r o m  F ig s .  1 a n d  2  o n e  c a n  s e e  t h a t  g a s  p r o d u c t i o n  in  a l l  t a n k s  w a s  v e r y  
u n i f o r m ,  t h e r e  b e in g  o n ly  a b o u t  9  p e r  c e n t  d i f f e r e n c e  i n  t h e  t o t a l  g a s  p r o 
d u c t i o n  f o r  a l l  t a n k s  e x c e p t in g  t h o s e  r e c e i v in g  p a p e r  p u l p  a lo n e .  T h e  
o b v io u s  f l a t t e n i n g  i n  t h e  c u r v e s  b e t w e e n  t h e  1 9 0 th  a n d  2 0 1 s t  d a y s  m a y  b e  
e x p la i n e d  b y  t h e  f a c t  t h a t  t h e  d i g e s t e r  a t  t h e  I t h a c a  s e w a g e  t r e a t m e n t  
p l a n t  w a s  c lo g g e d  f r o m  A p r i l  18  t o  A p r i l  3 0 , 1 9 4 0 , a n d  n o  s l u d g e  w a s  
d e l i v e r e d  t o  t h e  e x p e r i m e n t a l  p l a n t  d u r i n g  t h i s  p e r i o d .  I t  t o o k  a b o u t  tw o  
w e e k s  f o r  t h e  t a n k s  t o  c o m e  b a c k  t o  n o r m a l  o p e r a t i o n ,  a s  c a n  b e  s e e n  f r o m  
t h e  c u r v e s .

F i g u r e  3  s h o w s  p l o t s  o f  c u .  f t .  o f  g a s  p e r  lb .  v o l a t i l e  s o l id s  c o n s u m e d  
a n d  t h e  r a t i o  o f  p u l p  t o  s lu d g e  a n d  c a r b o n  t o  n i t r o g e n  r a t i o .  I n  e x a m i n in g  
t h e  lo w e r  c u r v e  o f  F ig .  3 , t h e r e  w ill  b e  s e e n  a  t e n d e n c y  f o r  t h e  c u r v e s  t o  
s e p a r a t e  i n t o  tw o  s e c t io n s .  N o  d e f i n i t e  r e a s o n  c a n  b e  g iv e n  f o r  t h i s  
w i t h o u t  f u r t h e r  s t u d y .  I t  m a y  b e  t h a t  t h e  r e s u l t s  o b t a i n e d  f o r  c a r b o n  t o  
n i t r o g e n  r a t i o s ,  b e t w e e n  5 5  a n d  7 0 , a n d  t h e  c u .  f t .  o f  g a s  p r o d u c e d  p e r  lb .  
v o l a t i l e  s o l id s  c o n s u m e d  a r e  e r r a t i c .

F i g u r e s  4  a n d  5  s h o w  p l o t s  o f  t o t a l  g a s  p r o d u c e d  a s  p l o t t e d  a g a i n s t  
t h e  lb .  v o l a t i l e  m a t e r i a l  a d d e d ,  m i n u s  v o l a t i l e  m a t e r i a l  w i t h d r a w n  o r ,  in  
o t h e r  w o r d s ,  t h e  n e t  a m o u n t  o f  v o l a t i l e  m a t e r i a l  s u p p o s e d l y  c o n v e r t e d  i n t o
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g a s  o r  r e m a i n i n g  in  t h e  t a n k .  F r o m  t h e s e  f ig u r e s  o n e  c a n  s e e  t h a t  t h e  
l in e s  h a v e  a  f a i r l y  u n i f o r m  s lo p e  i f  t h e  j a g g e d  p o r t i o n s  a r e  d i s r e g a r d e d .  
T h e s e  j a g g e d  p o r t i o n s  a r e  d u e  t o  t h e  m a n n e r  in  w h ic h  t h e  c u r v e s  a r e  
p l o t t e d .  I t  w il l  b e  n o t e d  t h a t  t h e r e  a r e  m a n y  p o i n t s  w h e r e  t h e r e  is  a  
d e c r e a s e  in  v o l a t i l e  m a t e r i a l  w i th  a n  in c r e a s e  in  g a s  p r o d u c t i o n .  T h i s  w a s

F ig . 3.

d u e  t o  t h e  f a c t  t h a t  m o r e  s o l id s  w e r e  r e m o v e d  f r o m  t h e  t a n k  o n  t h a t  p a r 
t i c u l a r  d a y  t h a n  w e re  a d d e d  w i th  t h e  d a i l y  f e e d .  T h e  v o l a t i l e  s o l id s  
r e m o v e d  w e r e  c o n t a i n e d  in  e i t h e r  t h e  d ig e s t e d  s lu d g e  o r  in  t h e  s u p e r n a t a n t  
l i q u o r  w i t h d r a w n .  I n  o t h e r  p la c e s  t h e r e  w a s  a n  in c r e a s e  in  g a s  v o lu m e  
w i t h  n o  a p p a r e n t  i n c r e a s e  in  v o l a t i l e  s o l id s .  T h i s  m a y  b e  d u e  t o  tw o
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r e a s o n s :  t h e  f i r s t ,  t h a t  t h e  s o l id s  a d d e d  t o  t h e  t a n k  b a l a n c e d  t h e  s o l id s  
r e m o v e d  f r o m  t h e  t a n k  o n  t h a t  p a r t i c u l a r  d a y ,  a n d  t h e  s e c o n d ,  t h a t  t h e r e  
w a s  g a s  p r o d u c t i o n  w i t h o u t  a n y  a d d i t i o n  o f  v o l a t i l e  s o l id s .  T h i s  l a t t e r  
c o n d i t i o n  is  b e s t  i l l u s t r a t e d  a t  t h e  v e r y  e n d  o f  t h e  e x p e r i m e n t  w h e n  t h e  
t a n k s  w e r e  c o n t i n u e d  in  o p e r a t i o n  w i t h o u t  t h e  a d d i t i o n  o f  m o r e  v o l a t i l e  
s o l id s .

I f  t h e  l a s t  p l o t t e d  p o i n t  i s  c o n n e c t e d  w i t h  t h e  o r i g in  b y  a  l in e ,  t h e  s lo p e  
o f  t h i s  l in e  w il l  g iv e  t h e  a m o u n t  o f  g a s  p r o d u c e d  p e r  p o u n d  o f  v o l a t i l e  
s o l id s  u n a c c o u n t e d  f o r  o r  c o n s u m e d .  T h e s e  v a l u e s  w i l l  b e  f o u n d  in  T a b l e

T able X I .— Results of Gas Analyses

T a n k
No.

Sam ples
T ested

CH< C 0 2 Hs 02 CO n 2 C /N

16 20 68.8  a 26.6 1.1 0.2 0.2 3.2 20.9
15 17 69.5 b 25.9 1.6 0.3 0.2 2.5 20.9

14 3 66.4 c 23.5 7.8 1.5 ' 0.1 0.5 20.9
14* 15 65.9 d 30.2 1.8 0.2 0.2 2.2 32.4

13 5 68.5 e 23.1 1.4 0.4 0.2 6.4 20.9
13* 17 64.3 f 31.3 1.4 0.2 0.1 3.1 43.9

12 4 71.3 24.2 0.8 0.4 0.1 3.2 20.9
12* 14 63.8 g 33.0 0.7 0.3 0.2 2 .0 54.9

11 4 69.6 22.5 0.3 0.4 0.2 7.0 20.9
11* 18 61.9 h 33.7 0.6 0.3 0.2 3.2 67.9

10 4 69.0 23.2 0.6 0.4 0.3 6.7 20.9
10* 16 62.3 i 34.2 0 .8 0.4 0.2 2.2 77.9

9 5 65.4 j 23.4 2.0 0.5 0.1 9.7 20.9
9* 13 63.3 k 34.2 0 .8 0.4 0.1 1.7 89.3

8 4 65.9 24.0 0.6 0.2 0.2 9.1 20.9
8 * 16 63.5 m 34.2 0.2 0.3 0.2 1.6 101.5

7 4 69.9 21.9 0.3 0.8 0.1 7.1 20.9
7* 16 62.0 n 34.6 0 .8 0.3 0.1 1.9 111.2

6 3 64.4 24.3 2.8 0.7 0.1 7.8 20.9
6 * 10 66.5 p 29.4 0 0.2 0.2 3.3 Pulp alone

5 2 68.2 21.9 0 0.6 0.2 9.0 20.9
5* 13 62.0 q 33.9 0.1 0.3 0.1 3.1 Pulp alone

3 4 68.0 24.4 1.3 0.5 0.2 5.8 20.9
3* 15 60.8 r 35.7 0.7 0.3 0.1 3.1 Pulp alone

* After addition of paper pulp.
Letters after CH4 column give number of samples tested for CH4 and H 2 and are as follows:

a— 17, b— 14, c—2, d—11, e—4, f— 13, g— 10, h— 14, i— 13, j—4, k— 11, m— 12, n— 12, 
p—9, q—12, and r— 12.
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I I I  a n d  in  T a b l e  X .  I n  g e n e r a l ,  t h e r e  w a s  a  d e c r e a s e  in  t h e  c u . f t .  o f  g a s  
p r o d u c e d  p e r  lb .  v o l a t i l e  s o l id s  u n a c c o u n t e d  f o r  o r  c o n s u m e d ,  w i t h  a n  
in c r e a s e  in  t h e  c a r b o n  t o  n i t r o g e n  r a t i o .

I n  T a b l e  X I  a r e  g iv e n  a n a ly s e s  o f  t h e  g a s  s a m p le s  c o l l e c te d  a t  v a r i o u s  
i n t e r v a l s  d u r i n g  t h e  i n v e s t i g a t i o n .  F r o m  t h e s e  d a t a  o n e  c a n  s e e  t h a t  a s  
t h e  c a r b o n  t o  n i t r o g e n  r a t i o  i n c r e a s e d ,  t h e r e  w a s  a n  i n c r e a s e  i n  t h e  a m o u n t  
o f  c a r b o n  d io x id e  g a s  p r o d u c e d  w i t h  a  c o r r e s p o n d in g  d e c r e a s e  i n  t h e  
m e t h a n e  c o n t e n t .

A n  a t t e m p t  w a s  m a d e  t o  d e t e r m i n e  t h e  a m o u n t  o f  g a s  p r o d u c e d  p e r  
p o u n d  o f  p a p e r  p u l p  c o n s u m e d  b y  a s s u m in g  t h a t  a l l  t h e  m a t e r i a l  w i t h 
d r a w n  f r o m  t h e  t a n k s  a f t e r  p a p e r  p u lp  a d d i t i o n  h a d  b e g u n  w a s  c o m p o s e d  
o f  p a p e r  p u l p  a n d  s e w a g e  s lu d g e  in  t h e  r a t i o  e q u a l  t o  t h e  a m o u n t  o f  e a c h  
a d d e d  t o  t h e  t a n k  d u r i n g  t h e  e n t i r e  lo a d i n g  c y c le .  O n  t h e  b a s i s  o f  t h e s e  
a s s u m p t i o n s  a n d  c o m p u t a t i o n s ,  i t  w a s  f o u n d  t h a t  t h e  c u . f t .  o f  g a s  p r o d u c e d  
p e r  lb .  p a p e r  p u l p  c o n s u m e d  in  e a c h  t a n k  v a r i e d  a s  s h o w n  in  T a b l e  X I I

T ab le  X II .— Amount of Gas Produced in  Cu. Ft. per Lb. Paper Pulp Consumed

T a n k  C u. F t .  G as/L b . P u lp  C onsum ed

14............................................................................................... 6.34
13............................................................................................... 7.18
12. .  ......................................................................................  4.60
11............................................................................................... 7.24
1 0   8.60
9 ............................................................................................... 7.20
8 ............................................................................................... 6.24
7 ............................................................................................... 5.83
6 ............................................................................................... 6.85
5 ............................................................................................... 3.87
3 ............................................................................................... 6.82

Average....................................................................................  6.43

Effect of the Addition of Pure Paper P u lp  on the Nitrogen Content of 
Solids Removed from  Tanks.— N i t r o g e n  d e t e r m i n a t i o n s  w e re  m a d e  o n  c o m 
p o s i t e  s a m p le s  o f  t h e  f in a l  s o l id s  w i t h d r a w n  f r o m  T a n k s  3 , 5 , a n d  6 . 
T h e s e  s h o w e d  t h e  f o l lo w in g  n i t r o g e n  c o n t e n t s  a s  d e t e r m i n e d  b y  a m m o n ia  
a n d  o r g a n i c  n i t r o g e n  t e s t s  ( T a b l e  X I I I ) :

T able X III.— Nitrogen in Pulp Sludges

T ank Loading,
L b *

N H s— N , 
P.p.m.

O rganic N , 
P.p.m.

T o ta l N , 
P.p.m.

3 2 440.0 0.0 440.0
5 1 2,686.9 185.5 2,872.4
6 0.5 3,764.6 284.9 4,049.5

* Loading in lb. solids per cu. ft. of tank space per month.

T h e s e  f ig u r e s  s h o w  t h a t  t h e  a v a i l a b l e  s u p p l y  o f  n i t r o g e n  i n  T a n k  3 w a s  
r u n n i n g  o u t ,  w h ic h  m a y  b e  t h e  r e a s o n  f o r  t h e  r e d u c t i o n  in  t h e  r a t e  o f  g a s  
p r o d u c e d  in  F ig s .  2  a n d  5  a t  t h e  e n d  o f  t h e  2 0 0 th  d a y .
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O n  t h e  b a s i s  o f  t h e s e  t e s t s ,  i t  w a s  d e c id e d  t o  s t u d y  t h e  e f f e c t  o f  n i t r o g e n  
o n  t h e  d ig e s t i o n  o f  p u r e  p a p e r  p u l p .  N i t r o g e n  i n  s o m e  f o r m  w o u ld  b e  
a d d e d  a n d  t h e  e f f e c t  o f  t h i s  n i t r o g e n  o n  d i g e s t i o n  c o u ld  b e  d e t e r m i n e d  b y  
c o m p a r i n g  t h e  r e s u l t s  w i t h  t h o s e  o b t a i n e d  f r o m  t a n k s  t o  w h ic h  n o  n i t r o g e n  
w a s  a d d e d .  T h i s  w a s  m a d e  t h e  s u b j e c t  f o r  s t u d y  d u r i n g  t h e  y e a r  1 9 4 0 - 4 1 ,  
a n d  w il l  b e  r e p o r t e d  in  t h e  t h i r d  p a p e r  o f  t h i s  s e r ie s .

C o n c l u s i o n s

T h e  f o l lo w in g  c o n c lu s io n s  m a y  b e  d r a w n  f r o m  t h e  i n v e s t i g a t i o n  c o n 
d u c t e d  o n  t h e  d i g e s t i b i l i t y  o f  m i x t u r e s  o f  p a p e r  p u l p  a n d  s e w a g e  s l u d g e ,  
a t  v a r i a b l e  c a r b o n  t o  n i t r o g e n  r a t i o s ,  w h e n  f e d  a t  t h e  r a t e  o f  a p p r o x i m a t e l y
2 .5  lb .  t o t a l  s o l id s  p e r  c u .  f t .  o f  t a n k  s p a c e  p e r  m o n t h  a n d  p a p e r  p u l p  a lo n e  
w h e n  f e d  a t  v a r y i n g  r a t e s  o f  0 .5  t o  2 .0  lb .  t o t a l  s o l id s  p e r  c u .  f t .  o f  t a n k  
s p a c e  p e r  m o n t h ,  t o  h e a t e d ,  w e l l - s e e d e d  s e p a r a t e  s l u d g e  d i g e s t i o n  t a n k s  
o p e r a t e d  u n d e r  c o n d i t i o n s  d e s c r i b e d  a b o v e  :

1. M i x t u r e s  o f  s u l f i t e  p r e p a r e d  p a p e r  p u l p  a n d  f r e s h  r a w  s l u d g e  a n d  
p a p e r  p u l p  a lo n e  w h e n  a d d e d  t o  w e l l - s e e d e d  s l u d g e  in  s e p a r a t e  h e a t e d  
s l u d g e  d ig e s t i o n  t a n k s  d ig e s t e d  s a t i s f a c t o r i l y ,  a l t h o u g h  i t  w a s  n e c e s s a r y  t o  
a d d  l im e  t o  m a i n t a i n  s a t i s f a c t o r y  p H  c o n d i t i o n s  i n  t h e  t a n k s .

2 . N o  h a r m f u l  e f f e c ts  u p o n  d ig e s t i o n  w e r e  n o t e d  w h e n  t h e  c a r b o n  t o  
n i t r o g e n  r a t i o  o f  t h e  s e w a g e  s l u d g e - p a p e r  p u l p  m i x t u r e  a d d e d  t o  t h e  t a n k s  
r a n g e d  f r o m  2 0 .0  t o  1 1 1 .2  ( f o r  t h e  p e r i o d  f r o m  J a n u a r y  8  t o  J u l y  6 , 1 9 4 0 )  
o r  f r o m  2 0 .9  t o  5 0 .1  ( f o r  t h e  p e r i o d  f r o m  O c t o b e r  1 1 , 1 9 3 9 , t o  J u l y  6 , 1 9 4 0 ) .  
T h e  r a t i o  o f  s e w a g e  t o  p u l p  v a r i e d  f r o m  1 t o  0 .4 5  t o  1 t o  2 .3 0  ( f o r  t h e  s e c o n d  
p e r i o d  m e n t i o n e d  a b o v e )  o r  f r o m  1 t o  0 .6 3  t o  1 t o  4 .7 2  ( f o r  t h e  f i r s t  p e r i o d  
m e n t i o n e d  a b o v e ) .  H o w e v e r ,  t h e r e  s e e m e d  t o  b e  a  s lo w in g  u p  i n  t h e  r a t e  
o f  g a s  p r o d u c t i o n  a f t e r  t h e  2 0 0 t h  d a y  o f  o p e r a t i o n  i n  T a n k  3  w h ic h  r e 
c e iv e d  t h e  h e a v i e s t  d o s e  o f  p u r e  p u l p  (2  lb .  t o t a l  s o l id s  p e r  c u .  f t .  o f  t a n k  
s p a c e  p e r  m o n t h ) .

3 . T h e r e  w a s  a  g r e a t e r  lo s s  i n  w e i g h t  o f  v o l a t i l e  s o l id s  a d d e d  t o  t h e  
t a n k s  r e c e i v in g  p a p e r  p u l p  t h a n  in  t h e  c o n t r o l  t a n k s .

4 . T h e  p H  o f  t h e  t a n k s  r e c e i v in g  s e w a g e  s l u d g e - p a p e r  p u l p  m i x t u r e s  
a n d  p a p e r  p u l p  a lo n e  d e c r e a s e d  ( b e c a m e  m o r e  a c id )  i n  p r o p o r t i o n  t o  t h e  
a m o u n t  o f  p u l p  a d d e d  a n d  i t  w a s  n e c e s s a r y  t o  a d d  l im e  t o  t h e s e  t a n k s  t o  
m a i n t a i n  s a t i s f a c t o r y  p H  c o n d i t io n s .

5 . T h e  g a s  p r o d u c e d  i n  t h e  d i g e s t i o n  o f  s e w a g e  s l u d g e - p a p e r  p u l p  m i x 
t u r e s  a n d  p a p e r  p u l p  a lo n e  c o n t a i n e d  c o n s i d e r a b l y  m o r e  c a r b o n  d io x id e  
t h a n  t h e  g a s  p r o d u c e d  i n  t h e  t a n k s  r e c e i v i n g  s e w a g e  s l u d g e  a lo n e .  I n  
g e n e r a l ,  t h e  h i g h e r  t h e  c a r b o n  t o  n i t r o g e n  r a t i o ,  t h e  h i g h e r  t h e  c a r b o n  d io x 
id e  c o n t e n t ,  a n d  t h e  h i g h e r  t h e  r a t e  o f  p a p e r  p u l p  f e e d ,  t h e  h i g h e r  t h e  c a r 
b o n  d io x id e  c o n t e n t .

6 . L e s s  g a s  p e r  p o u n d  , o f  s o l id s  u n a c c o u n t e d  f o r  o r  c o n s u m e d  w a s  
p r o d u c e d  i n  t h e  s e w a g e  s l u d g e - p a p e r  p u l p  t a n k s  a n d  in  t h e  t a n k s  r e c e i v i n g  
p a p e r  p u l p  a lo n e  t h a n  in  t h e  c o n t r o l  t a n k s .  H e r e  a g a i n  t h e  a m o u n t  o f  
g a s  p r o d u c e d  p e r  lb .  v o l a t i l e  s o l id s  u n a c c o u n t e d  f o r  o r  c o n s u m e d  d e c r e a s e d  
a s  t h e  c a r b o n  t o  n i t r o g e n  r a t i o  i n c r e a s e d  i n d i c a t i n g ,  in  g e n e r a l ,  t h a t  f o r  
m a x i m u m  g a s  p r o d u c t i o n  a  c a r b o n  t o  n i t r o g e n  r a t i o  c o r r e s p o n d i n g  t o  o r  
le s s  t h a n  t h a t  o f  s e w a g e  s l u d g e  s h o u l d  b e  u s e d .
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7 . T h e  a m o u n t  o f  g a s  p r o d u c e d  p e r  lb .  o f  p a p e r  p u l p  c o n s u m e d  w a s  
le s s  t h a n  h a l f  o f  t h a t  p r o d u c e d  in  c o n s u m in g  1 lb .  o f  s e w a g e  s lu d g e ,  i n d i 
c a t i n g  t h e  p r e s e n c e  o f  m o r e  s a t i s f a c t o r y  c o n d i t i o n s  f o r  t h e  p r o d u c t i o n  o f  
g a s  b y  b a c t e r i a l  a c t i o n  i n  t h e  d ig e s t i o n  t a n k s  r e c e i v in g  s e w a g e  s lu d g e  
a lo n e .  I n  o t h e r  w o r d s ,  t h e r e  w a s  a  m o r e  v a r i e d  o r  m o r e  b a l a n c e d  d i e t  in  
t h e  c o n t r o l  t a n k s ,  c o n d u c iv e  t o  g r e a t e r  b a c t e r i a l  a c t i v i t y .

8 . O n  t h e  b a s i s  o f  a  s in g le  t e s t  o n  t h e  c o n t e n t s  o f  T a n k s  3 , 5 , a n d  6  fo r  
a m m o n i a  a n d  o r g a n i c  n i t r o g e n ,  i t  s e e m s  t h a t  g a s  p r o d u c t i o n  d e c r e a s e s  w i th  
a  d e c r e a s e  in  t h e  n i t r o g e n  c o n t e n t  o f  t h e  t a n k .

A c k n o w l e d g m e n t

T h e  a u t h o r  a c k n o w le d g e s  h i s  i n d e b t e d n e s s  t o  P r o f e s s o r  C . L . W a lk e r  
o f  C o r n e l l  U n i v e r s i t y  f o r  h is  c o n s u l t a t i o n  a n d  a s s i s t a n c e  in  t h i s  w o rk .
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OXID AT ION-RE DU CTIO N STUDIES

II. OXIDATION-REDUCTION POTENTIALS DEVELOPED 
IN SEWAGE AND SEWAGE-ACTIVATED 

SLUDGE MIXTURES

B y  W . A l l a n  M o o r e  a n d  C . C . R u c h h o f t

Stream Pollution Investigations, U . S . Public Health Service, Cincinnati, Ohio

A l t h o u g h  n u m e r o u s  s t u d i e s  h a v e  b e e n  m a d e  o f  t h e  o x i d a t i o n - r e d u c t i o n  
p o t e n t i a l  r e l a t i o n s h i p s  w i t h  t h e  g r o w t h  o f  b a c t e r i a  i n  p u r e  c u l t u r e ,  v e r y  
l i t t l e  w o r k  h a s  b e e n  r e p o r t e d  o n  t h e s e  s a m e  r e l a t i o n s h i p s  t h a t  e x i s t  in  
s e w a g e  a n d  s e w a g e - a c t i v a t e d  s lu d g e  m i x t u r e s .

I n  1 9 2 5 , C l a r k ,  C o h e n  a n d  G ib b s  (1 )  f o l lo w e d  t h e  c h a n g e  i n  E h w i t h  
t i m e  i n  d i l u t i o n s  o f  s e w a g e  b u f f e r e d  a t  v a r i o u s  p H  v a lu e s .  T h e y  c o n c lu d e d  
t h a t  a  v a r i a t i o n  i n  p H  w a s  o n e  o f  t h e  f a c t o r s  t h a t  a f f e c t e d  t h e  m e t h y l e n e  
b lu e  d e c o lo r i z a t i o n  t i m e  a n d  t h a t  g e n e r a l l y  n o  c h a r a c t e r i s t i c  o f  t h e  p o t e n 
t i a l - t i m e  c u r v e  i n d i c a t e d  t h e  p o i n t  o f  p a s s a g e  f r o m  a e r o b i c  t o  a n a e r o b i c  
c o n d i t i o n s .

D ic k in s o n  (2 ) a t t e m p t e d  t o  m e a s u r e  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  
d e v e lo p e d  w i t h i n  t h e  a c t i v a t e d  s lu d g e  f lo e  b y  d e v e lo p i n g  t h e  f lo e  u p o n  a  
p l a t i n u m  e l e c t r o d e .  T h e  d i f f e r e n c e  i n  p o t e n t i a l  b e t w e e n  t h i s  b i o - e l e c t r o d e  
a n d  a n o t h e r  p l a t i n u m  e l e c t r o d e  w h e n  b o t h  w e r e  im m e r s e d  i n  s e w a g e  w a s  
i n d i c a t e d  b y  g a l v a n o m e t e r  d e f l e c t i o n s .  T h e  m e a s u r e m e n t s  w e r e  o n ly  
q u a l i t a t i v e  b u t  i n d i c a t e d  t h a t  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  f e l l  d u r i n g  
t h e  a d s o r p t i v e  s t a g e  b u t  a l s o  r o s e  a g a i n  w h e n  t h e  a d s o r b e d  o r g a n i c  m a t e r i a l  
w a s  o x id iz e d .

J u s t  r e c e n t l y  R o h l i c h ,  S a r l e s  a n d  K e s s l e r  (3 )  h a v e  m a d e  a  s t u d y  o f  
o x i d a t i o n - r e d u c t i o n  p o t e n t i a l s  i n  a c t i v a t e d  s l u d g e  a n d  s e w a g e .  T h e y  
f o u n d  t h a t  w h e n  a e r a t i o n  w a s  s t o p p e d  t h e  d i s s o lv e d  o x y g e n  c o n t e n t  i m m e 
d i a t e l y  f e l l  b u t  t h a t  a  l a g  in  t h e  E h d r o p  o c c u r r e d  u n t i l  t h e  o x y g e n  c o n t e n t  
w a s  le s s  t h a n  1 p .p .m .

T h e  p r e s e n t  s t u d y  d e a l s  w i t h  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l - t i m e  
r e l a t i o n s h i p s  t h a t  o c c u r  d u r i n g  t h e  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  in  
s e w a g e  a n d  a c t i v a t e d  s l u d g e - s e w a g e  m i x t u r e s  u n d e r  lo w  r a t e s  o f  a e r a t i o n  
a n d  a ls o  u n d e r  e n t i r e l y  a n a e r o b i c  c o n d i t i o n s .  A ls o  t h e  c h a n g e  d u r i n g  t h e  
d ig e s t i o n  o f  s lu d g e  h a s  b e e n  f o l lo w e d  u n t i l  s t a b i l i z a t i o n  o f  t h e  o r g a n i c  
m a t e r i a l  w a s  l a r g e l y  c o m p l e t e d .

E x p e r i m e n t a l

T h e  s a m e  s e t - u p  o f  a p p a r a t u s  w a s  u s e d  in  t h i s  s t u d y  a s  i n  t h e  p u r e  
c u l t u r e  w o r k  r e p o r t e d  in  a n  e a r l i e r  p a p e r  (4 ) ,  e x c e p t  t h a t  i t  w a s  u n n e c e s 
s a r y  t o  o b s e r v e  a s e p t i c  c o n d i t i o n s .  T h e  s e w a g e  u s e d  w a s  o f  d o m e s t i c  
o r ig in  h a v i n g  a  5 - d a y  B .O .D .  o f  a p p r o x i m a t e l y  3 3 0  p .p .m .  T h e  a c t i v a t e d  
s lu d g e  w a s  o b t a i n e d  f r o m  t h e  e x p e r i m e n t a l  p l a n t  a t  t h i s  s t a t i o n .

880
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R e s u l t s

I n  F ig .  1 is  s h o w n  t h e  e f f e c t  o f  m a i n t a i n i n g  a e r o b ic  c o n d i t i o n s  in  s e w a g e  
u p o n  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  d e v e lo p e d .  O n ly  s u f f ic ie n t  a i r  w a s  
u s e d  t o  k e e p  t h e  s e w a g e  a e r o b ic  a s  s h o w n  b y  d is s o lv e d  o x j^ g e n  d e t e r m i n a 
t i o n s .  I f  v ig o r o u s  a e r a t i o n  h a d  b e e n  u s e d  t h e n  a  f a l l  in  p o t e n t i a l  w o u ld  n o t  
h a v e  o c c u r r e d  b u t  t h e  p o t e n t i a l  w o u ld  h a v e  r i s e n  t o  a p p r o x i m a t e l y  0 .4  
v o l t  a n d  r e m a i n e d  s t a t i o n a r y .  H o w e v e r ,  i t  is  n o t e d  t h a t  e v e n  w i th  a  lo w  
a e r a t i o n  r a t e  a  s t r o n g l y  r e d u c i n g  c o n d i t i o n  c a n n o t  b e  r e a c h e d  s u c h  a s  
o c c u r s  u n d e r  a n a e r o b i c  c o n d i t io n s .  T h e  m i n im u m  p o t e n t i a l  ( +  0 .2 4  v o l t )  
r e a c h e d  is  a t t a i n e d  a t  a p p r o x i m a t e l y  t h e  3 6 th  h o u r  a f t e r  w h ic h  a  g r a d u a l  
r i s e  o c c u r s  u n t i l  t h e  7 2 n d  h o u r  w h e r e  t h e  c u r v e  f l a t t e n s  o u t  a n d  r e m a in s  
f l a t  f o r  a b o u t  2 .5  d a y s .  A t  t h i s  p o i n t  t h e  E h r i s e s  s h a r p l y ,  w h ic h  s u g g e s t s

t h a t  a  l a r g e  p e r c e n t a g e  o f  t h e  u l t i m a t e  c a r b o n a c e o u s  d e m a n d  h a d  b e e n  
s a t i s f i e d .  I t  is  t o  b e  n o t e d  e s p e c i a l l y  t h a t  in  s p i t e  o f  a e r o b ic  c o n d i t io n s  
b e in g  m a i n t a i n e d  t h e  m e t a b o l i c  a c t i v i t i e s  o f  t h e  d iv e r s e  b a c t e r i a l  p o p u l a 
t i o n  p r e s e n t  in  s e w a g e  c a u s e s  a  d r o p  in  t h e  E h o f  t h e  m e d iu m .  H o w e v e r ,  
a s  s o o n  a s  t h e  l e a s t  s t a b l e  c o m p o u n d s  p r e s e n t  in  t h e  s e w a g e  a r e  o x id iz e d  
t h e n  t h e  r a t i o  o f  o x id iz e d  t o  r e d u c e d  m a t e r i a l  i n c r e a s e s  a n d  t h e  o x id a t io n -  
r e d u c t i o n  p o t e n t i a l  r i s e s .

T h e  e f f e c t  o f  i n t e r m i t t e n t  a e r a t i o n  u p o n  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n 
t i a l  d e v e lo p e d  in  f r e s h  s e w a g e  w a s  t r i e d  a n d  t h e  r e s u l t s  s h o w n  g r a p h i c a l l y  
i n  F ig .  2 . I n  t h i s  e x p e r i m e n t  t h e  s e w a g e  w a s  a l lo w e d  t o  r e m a i n  a n a e r o b i c  
f o r  1 h o u r  a n d  p o t e n t i a l  r e a d i n g s  m a d e .  I t  w a s  t h e n  a e r a t e d  f o r  0 .5  h o u r .  
T h i s  a l t e r n a t e  a e r a t i o n  a n d  q u ie s c e n c e  w a s  fo l lo w e d  f o r  13  h o u r s ,  t h e n  i t  
w a s  a l lo w e d  t o  r e m a i n  q u i e s c e n t  o v e r  n i g h t ,  a n d  t h e  s a m e  p r o c e d u r e  
f o l lo w e d  t h e  n e x t  d a y .
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T h e  p o t e n t i a l  o f  t h e  f r e s h  s e w a g e  w a s  0 .3 3  v o l t  a n d  u p o n  r e m a i n i n g  
q u i e s c e n t  f o r  1 h o u r  d r o p p e d  t o  0 .1 7  v o l t .  U p o n  a e r a t i o n  t h e  p o t e n t i a l  
d id  n o t  r e t u r n  t o  i t s  o r i g in a l  v a l u e  b u t  o n l y  t o  0 .2 9  v o l t ,  w h ic h  p o t e n t i a l  
w a s  a p p r o x i m a t e d  i n  a l l  s u b s e q u e n t  a e r a t i o n s  d u r i n g  t h e  f i r s t  d a y .  I t  w ill  
b e  n o t e d  t h a t  d u r i n g  e a c h  q u i e s c e n t  p e r i o d  t h e  d r o p  in  p o t e n t i a l  i n c r e a s e d  
u n t i l  t h e  5 t h  h o u r  a n d  t h e n  d e c r e a s e d ,  w h ic h  a p p a r e n t l y  i n d i c a t e s  f i r s t  a n  
a c c e l e r a t e d  r a t e  o f  o x i d a t i o n  f o l lo w e d  b y  a  s lo w in g  u p  o f  t h i s  r a t e .  W h e n  
t h e  s e w a g e  w a s  a l l o w e d  t o  r e m a i n  q u i e s c e n t  o v e r  n i g h t ,  a  d r o p  o f  p o t e n t i a l  
o f  0 .4 6  v o l t  o c c u r r e d  d u r i n g  t h e  t e n - h o u r  p e r i o d ,  w h ic h  i s  n o t  a t  a l l  o u t  o f  
l i n e  w i t h  t h e  d e c r e a s e s  in  p o t e n t i a l  r e g i s t e r e d  in  t h e  p r e v i o u s  f e w  h o u r s .

U p o n  a e r a t i n g  f o r  0 .5  h o u r  t h e  n e x t  m o r n i n g  t h e  p o t e n t i a l  d i d  n o t  r e t u r n  
t o  t h e  0 .2 9 - v o l t  l e v e l  o f  t h e  p r e c e d i n g  d a y  b u t  t o  0 .2 4  v o l t  a n d  t h e  d e c r e a s e s  
i n  p o t e n t i a l  r e g i s t e r e d  d u r i n g  q u ie s c e n c e  w e r e  a l l  a p p r o x i m a t e l y  t h e  s a m e ,  
b e in g  a b o u t  0 .0 4  v o l t .  H o w e v e r ,  o n  s t a n d i n g  q u i e s c e n t  f o r  17  h o u r s  t h e  
p o t e n t i a l  d r o p p e d  0 .4 0  v o l t  a n d  t h e  a e r o b i c  m e t a b o l i s m  c h a n g e d  t o  a n  
a n a e r o b i c  o n e .  A s  b e f o r e ,  u p o n  a e r a t i n g  f o r  0 .5  h o u r  t h e  E h r o s e  b u t  n o t  t o  
t h e  0 .2 4 - v o l t  l e v e l  b u t  t o  t h e  0 .2 0 - v o l t  le v e l ,  a n d  d u r i n g  t h e  s u b s e q u e n t  
q u i e s c e n t  p e r i o d  a  n e g l ig ib l e  c h a n g e  in  E h o c c u r r e d .

T h i s  s h o w s  t h a t  w i t h  f r e s h  s e w a g e  a f t e r  lo n g  p e r i o d s  o f  a n a e r o b i c  c o n d i 
t i o n s  t h e  E h c a n n o t  b e  b r o u g h t  b a c k  t o  i t s  o r i g in a l  v a l u e  b y  p e r i o d s  o f  
a e r a t i o n  s u f f ic i e n t  t o  m a k e  t h e  s e w a g e  a e r o b i c .  I t  i s  p o s s ib le  t h a t  t h i s  
f a i l u r e  t o  r e t u r n  t o  t h e  o r i g in a l  Eh u p o n  r e a e r a t i o n  is  t h e  r e s u l t  o f  a  c o n 
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s i d e r a b l e  c h a n g e  in  t h e  m ic r o f lo r a  o f  t h e  m e d i u m  a n d  o f  p r o d u c t s  i n  o r  
m e t a b o l i s m  o f  t h e  f lo r a  d u r i n g  t h e  lo n g e r  p e r i o d  o f  a n a e r o b i o s i s  w h ic h  
c a n n o t  e a s i ly  b e  r e a d j u s t e d  w i t h  a  s h o r t  p e r i o d  o f  a e r a t i o n .  I t  a ls o  s u g 
g e s t s  t h a t  a l l  o f  t h e  r e d u c i n g  m a t e r i a l  p r o d u c e d  b io c h e m ic a l ly  u n d e r  
a n a e r o b i c  c o n d i t i o n s  c a n n o t  b e  o x id iz e d  c h e m ic a l ly  b y  d i s s o lv e d  o x y g e n .  
H o w e v e r ,  i t  w ill  b e  s h o w n  l a t e r  t h a t  w h e n  t h e  s e w a g e  r e a c h e s  a  m o r e  
s t a b i l i z e d  s t a t e  t h e  p o t e n t i a l s  u p o n  a e r a t i o n  f o l lo w in g  a  q u i e s c e n t  p e r i o d  
a lw a y s  a t t a i n e d  t h e  o r ig in a l  le v e l .

T h e  e f f e c t  o f  p a r t i a l l y  o x id iz in g  t h e  u n s t a b l e  m a t e r i a l  i n  s e w a g e  u p o n  
t h e  E h is  s h o w n  g r a p h i c a l l y  i n  F ig .  3 . I n  t h i s  e x p e r i m e n t  t h r e e  p o r t i o n s

T/rr?e /n flours

U  5  P u d /jc  /- /e a //h  Service  
5 /r e a m  P o //u //o n  In v e s /z ^ o //o n s  5 /a  

Cincinnat/, 0h/o

o f  s e w a g e  w e re  t r e a t e d  a s  fo l lo w s :  O n e  p o r t i o n  w a s  h e a t e d  t o  8 0 °  C . a n d  
h e ld  a t  t h i s  t e m p e r a t u r e  f o r  t e n  m i n u t e s ,  c o o le d ,  d i l u t e d  5 0  p e r  c e n t  a n d  
r e s e e d e d  w i t h  1 m l .  p e r  l i t e r  o f  a e r a t e d  s e w a g e .  A  s e c o n d  p o r t i o n  w a s  
t r e a t e d  w i th  p o t a s s i u m  p e r m a n g a n a t e ,  a  5 0  p e r  c e n t  d i l u t i o n  w a s  m a d e ,  t h e  
p H  a d j u s t e d  a n d  r e s e e d e d .  A  t h i r d  p o r t i o n  o f  t h e  s a m e  s e w a g e  w a s  o n ly  
d i l u t e d .  T h e  c h a n g e  in  E h u n d e r  q u i e s c e n t  c o n d i t i o n s  w a s  t h e n  f o l lo w e d  
in  a l l  t h r e e  p o r t i o n s .

T h e  o n ly  d i f f e r e n c e  b e tw e e n  t h e  u n t r e a t e d  s a m p le  a n d  t h e  o n e  t h a t  
w a s  p a s t e u r i z e d  b y  h e a t  w a s  a  s l i g h t  l a g  in  t h e  l a t t e r  c a s e ,  b u t  b o t h  h a d  
r e a c h e d  t h e  s a m e  o x i d a t i o n - r e d u c t i o n  le v e l  ( — 0 .1  v o l t )  in  t e n  h o u r s .  
H o w e v e r ,  in  t h e  c a s e  o f  t h e  s a m p le  w h ic h  h a d  b e e n  t r e a t e d  w i t h  p o t a s s i u m  
p e r m a n g a n a t e  a  v e r y  s lo w  c h a n g e  is  n o t e d  i n  t h e  E h w h ic h  a t  t h e  e n d  o f
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t h i r t y  h o u r s  h a d  d r o p p e d  o n ly  t o  z e r o .  T h e s e  f a c t s  i n d i c a t e  t h a t  t h e  
r e a d i l y  o x id i z a b le  m a t e r i a l  p r e s e n t  i n  s e w a g e  a r e  f i r s t  u t i l i z e d  in  t h e  
m e t a b o l i c  a c t i v i t i e s  o f  t h e  o r g a n i s m s  a n d  t h i s  c a u s e s  a  r a p i d  c h a n g e  i n  t h e  
E h w h e n  a d d i t i o n a l  a i r  is  n o t  s u p p l i e d .  H o w e v e r ,  w h e n  t h e s e  s a m e  m a t e 
r i a l s  a r e  c o n v e r t e d  t o  a  m o r e  s t a b l e  s t a t e  b y  c h e m i c a l  o x i d a t i o n  w i t h  p o t a s 
s i u m  p e r m a n g a n a t e  t h e  m e t a b o l i c  a c t i v i t i e s  o f  t h e  o r g a n i s m s  a n d  t h e  
r e s u l t i n g  E h c h a n g e s  a r e  m u c h  r e d u c e d .

A s  p o i n t e d  o u t  e a r l i e r ,  t h e  w o r k  o f  C l a r k ,  C o h e n  a n d  G i b b s  w i t h  d i l u 
t i o n s  o f  s e w a g e  s h o w e d  n o  p o i n t  o n  t h e  A V t im e  c u r v e  t h a t  i n d i c a t e d  t h e

[ r _  
Relation between Eh and 

Dissolved Oxygen in 
Dom estic Sewage

E/, /00 % v/aqe 
P .O . JO O %  5 e w a q e  
Ê  20 % Oi/ofion 
D. 0. 20 % Pi/ufion 
Eg, 20 % Pi/u fieri + 

J3E ppm. NaNOj
P.O.

7.0 —

6.0-

b

I . ,

L

/.O—

'  O Z 4 6
T/me in Hours

B_______ A?_______A2_______I4_______
U. S  Pob/ic b/ea/tb Serv/ce 

Stream Po//utton Invest/fot/ons Sta
___________C/neinno // j O/i/o______________

m o m e n t  o f  d i s a p p e a r a n c e  o f  t h e  d i s s o lv e d  o x y g e n  p r e s e n t .  I t  w a s  d e c id e d ,  
h o w e v e r ,  t o  fo l lo w  t h e  c h a n g e  i n  E h w i t h  t i m e  a n d  a t  t h e  s a m e  t i m e  m a k e  a  
q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  d i s s o lv e d  o x y g e n  p r e s e n t .  I n  F ig .  4  a r e  
s h o w n  g r a p h i c a l l y  t h e  r e s u l t s  o b t a i n e d  w i t h  a  1 0 0  p e r  c e n t  s e w a g e ,  a  2 0  
p e r  c e n t  d i l u t i o n  a n d  a  2 0  p e r  c e n t  d i l u t i o n ,  p l u s  1 3 5  p .p .m .  o f  s o d i u m  
n i t r a t e .

I n  t h e  c a s e  o f  t h e  1 0 0  p e r  c e n t  s e w a g e  i t  is  n o t e d  t h a t  t h e  d i s s o lv e d  
o x y g e n  h a d  b e c o m e  d e p l e t e d  in  a b o u t  1 .5  h o u r s .  I t  i s  t r u e  t h a t  a t  t h i s  p o i n t  
t h e r e  o c c u r r e d  a n  a c c e l e r a t i o n  o f  t h e  r a t e  o f  c h a n g e  i n  E h, b u t  t h i s  c a n n o t  
n e c e s s a r i l y  b e  a c c o u n t e d  f o r  o n  t h e  b a s i s  o f  o x y g e n  d e p l e t i o n ,  f o r  i t  w il l  b e
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n o t i c e d  t h a t  a n o t h e r  a c c e l e r a t i o n  o c c u r r e d  s e v e r a l  h o u r s  a f t e r  a l l  o f  t h e  
o x y g e n  h a d  d i s a p p e a r e d .  W i t h  t h e  2 0  p e r  c e n t  d i l u t i o n ,  a  l a g  p e r i o d  in  t h e  
A + t i m e  c u r v e  o c c u r r e d  w h ic h  is  t o  b e  e x p e c t e d .  C o r r e s p o n d in g  t o  t h e  
e n d  o f  t h i s  la g  p e r i o d  a  s l i g h t  in c r e a s e  in  t h e  r a t e  o f  o x y g e n  u t i l i z a t i o n  is  
n o t e d .  B e tw e e n  t h e  2 n d  a n d  4 t h  h o u r s ,  a p p r o x i m a t e l y  6 4  p e r  c e n t  o f  t h e  
o x y g e n  w a s  u t i l i z e d  b u t  n o  p o i n t  o n  t h e  A + t h n e  c u r v e  d e n o te s  t h e  p o i n t  
o f  o x y g e n  d e p le t i o n .  I t  s h o u l d  a ls o  b e  p o i n t e d  o u t  t h a t  a t  t h e  e n d  o f  t h e  
l a g  p e r i o d  t h e r e  w a s  a b o u t  5  p .p .m .  o f  d is s o lv e d  o x y g e n  p r e s e n t .  F in a l ly ,  
in  t h e  c a s e  o f  2 0  p e r  c e n t  d i l u t i o n  c o n t a i n i n g  1 3 5  p .p .m .  o f  s o d i u m  n i t r a t e  
i t  is  n o t i c e d  t h a t  a  s l i g h t  a c c e l e r a t i o n  in  t h e  r a t e  o f  c h a n g e  o f  E h o c c u r r e d  
w h e n  t h e  d i s s o lv e d  o x y g e n  c o n t e n t  w a s  a b o u t  3 .5  p .p .m .  b u t  n o  p o i n t  o n

t h e  c u r v e  d e n o te s  t h e  a t t a i n m e n t  o f  o x y g e n  d e p le t i o n .  A s  w o u ld  b e  
e x p e c t e d ,  in  t h e  p r e s e n c e  o f  N a N C h  a  m u c h  h i g h e r  o x i d a t i o n - r e d u c t i o n  
p o t e n t i a l  le v e l  is  r e a c h e d  ( +  0 .1  v o l t )  a n d  m a i n t a i n e d .  A t  t h e  e n d  o f  12 
d a y s  t h i s  s e w a g e  w a s  s t i l l  a e r o b ic  a s  f a r  a s  t h e  d e c o lo r i z a t i o n  o f  m e t h y l e n e  
b lu e  w a s  c o n c e r n e d ,  a n d  h a d  n o  o d o r  d e n o t i n g  p u t r e f a c t i o n .

T h e s e  d a t a  f u r t h e r  c o n f i r m  H e u k e l e k i a n ’s  (5 ) f i n d in g s  o n  t h e  p r e v e n t i o n  
o f  s e p t i c i t y  in  s e w a g e  b y  t h e  a d d i t i o n  o f  s o d i u m  n i t r a t e .  T h e s e  e x p e r i 
m e n t s  i n d i c a t e  a g a in  t h a t  c o m p o u n d s  o f  o x y g e n  m a y  s e r v e  a s  h y d r o g e n  
a c c e p t o r s  in  t h e  b io c h e m ic a l  o x id a t io n  o f  s e w a g e .  A p p a r e n t l y  i t  is  t h e  
p r e s e n c e  o f  s u c h  c o m p o u n d s  in  s e w a g e  w h ic h  r e t a r d s  t h e  lo w e r in g  o f  t h e  
o x i d a t i o n - r e d u c t i o n  p o t e n t i a l s  a n d  p r e v e n t s  a n  a b r u p t  f a l l  in  t h e  p o t e n t i a l  
u p o n  t h e  e x h a u s t io n  o f  t h e  d i s s o lv e d  o x y g e n  s u p p l y .
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A c t i v a t e d  S l u d g e

A f t e r  h a v i n g  c a r r i e d  o u t  t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  w i t h  s e w a g e  
a lo n e ,  t h e  s y s t e m  s e w a g e - a c t i v a t e d  s l u d g e  w a s  s t u d i e d .  I n  t h e  b a c t e r i a l  
m e t a b o l i s m  o f  c o li  a n d  a e r o g e n e s  u n d e r  a n a e r o b i c  c o n d i t i o n s  (4 )  a  r e v e r s a l  
o f  p o t e n t i a l  w a s  f o u n d  w i t h i n  t e n  h o u r s  f r o m  t h e  s t a r t  o f  t h e  e x p e r i m e n t .  
H o w e v e r ,  w h e n  a c t i v a t e d  s lu d g e  w a s  a g i t a t e d  w i t h  p u r i f i e d  n i t r o g e n  n o  
s u c h  r e v e r s a l  o c c u r s  e v e n  u p  t o  9 0  h o u r s  o f  s u c h  a g i t a t i o n  a s  s h o w n  in  

F ig .  5 .
T h e  s lu d g e  w a s  a l l o w e d  t o  r e m a i n  q u i e s c e n t  o v e r  t h e  w e e k - e n d  b u t  n o  

a p p r e c i a b l e  c h a n g e  i n  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  t o o k  p l a c e .  D u r 

in g  t h e  f i r s t  5 h o u r s  o f  a g i t a t i o n  t h e  m o s t  r a p i d  c h a n g e  i n  E h o c c u r r e d .  I t  
w i l l  b e  s h o w n  i n  f o l lo w in g  g r a p h s  t h a t  t h e  c h a n g e  i n  E h w i t h  t i m e  is  v e r y  
m u c h  m o r e  r a p i d  w h e n  a n a e r o b i c  c o n d i t i o n s  a r e  m a i n t a i n e d  b y  m e a n s  o f  
n i t r o g e n  t h a n  w h e n  a n a e r o b i o s i s  fo l lo w s  t h e  n a t u r a l  c o u r s e .

I n  a n o t h e r  e x p e r i m e n t  a  s a m p le  o f  a c t i v a t e d  s l u d g e  w a s  a l l o w e d  t o  
b e c o m e  a n a e r o b i c  a n d  t h e  E h w a s  f o l lo w e d  a t  i n t e r v a l s  f o r  4 8  h o u r s .  A t  
e a c h  i n t e r v a l  a  p o r t i o n  o f  t h i s  s l u d g e  w a s  t a k e n  f o r  f u r t h e r  s t u d y .  E a c h  
p o r t i o n  o f  s lu d g e  t a k e n  w a s  t h e n  a e r a t e d  f o r  15  m i n u t e s  a f t e r  w h ic h  i t  w a s  
a l l o w e d  t o  s t a n d  q u i e s c e n t  f o r  1 h o u r ,  a n d  t h e  c h a n g e  i n  E h w a s  f o l lo w e d  
t h r o u g h o u t  t h e s e  i n t e r v a l s .  T h e  r e s u l t s  a r e  s h o w n  g r a p h i c a l l y  i n  F ig .  6 .

I t  w il l  b e  n o t e d  t h a t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  s a m p le  o f  f r e s h  s lu d g e ,
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t h e  E h d r o p p e d  o n  a e r a t i o n  a n d  c o n t i n u e d  t o  d r o p  d u r i n g  t h e  q u i e s c e n t  
p e r i o d .  H o w e v e r ,  in  t h e  2 3 -  a n d  4 8 - h o u r - o ld  s a m p le s  a  p o s i t i v e  d r i f t  
( C u r v e  N o .  5 ) o r  n o  c h a n g e  ( C u r v e  N o .  6 )  o c c u r r e d  d u r i n g  t h e  l a s t  15 
m i n u t e s .  I t  w il l  a ls o  b e  n o t e d  t h a t  t h e  i n i t i a l  E h v a lu e s  b e c o m e  m o r e  
n e g a t i v e  w i t h  i n c r e a s i n g  p e r i o d  o f  a n a e r o b i o s i s  u n t i l  t h e  2 3 - h o u r  s a m p le  
is  r e a c h e d .  H o w e v e r ,  t h e  i n i t i a l  o f  t h e  4 8 - h o u r  s a m p le  is  m o r e  p o s i t i v e  
t h a n  t h a t  o f  t h e  2 3 - h o u r  s a m p le .  T h i s  i s  s h o w n  o n  t h e  lo n g  c u r v e  in  F ig .  6 
w h e r e  t h e  i n i t i a l  E h v a lu e s  o f  t h e  v a r i o u s  s a m p le s  a r e  p l o t t e d  a g a i n s t  t h e  
t i m e  t h e y  w e r e  a n a e r o b i c .  A  c o m p a r i s o n  o f  t h i s  l a t t e r  c u r v e  w i t h  F ig .  5 
s h o w s  t h a t  t h e  r a t e  o f  d r o p  in  E h w i t h  i n c r e a s i n g  a n a e r o b i c  t i m e  a n d  t h e  
m i n im u m  E h v a lu e  r e a c h e d  is  m u c h  g r e a t e r  f o r  s lu d g e  a g i t a t e d  w i t h  n i t r o 

g e n  g a s  t h a n  f o r  s lu d g e  a l lo w e d  t o  b e c o m e  a n a e r o b i c  in  t h e  n o r m a l  w a y  
w i t h o u t  a g i t a t i o n .

F o l lo w in g  t h e  a b o v e  e x p e r i m e n t  i t  w a s  d e c id e d  t o  t a k e  o t h e r  s a m p le s  o f  
s lu d g e  a n d  a l lo w  t h e m  t o  r e m a i n  a n a e r o b i c  f o r  a  lo n g e r  p e r i o d  o f  t i m e  
( a p p r o x i m a t e l y  9 0  d a y s )  a n d  t o  fo l lo w  t h e  c h a n g e  in  E h u p o n  a e r a t i o n  a t  
v a r i o u s  i n t e r v a l s .  T h e  r e s u l t s  o b t a i n e d  a r e  s h o w n  g r a p h i c a l l y  i n  F ig s .  7 , 
8  a n d  9 . T h e  s a m p le  s t u d i e d  in  F ig .  9  w a s  t a k e n  f r o m  t h e  e x p e r i m e n t a l  
p l a n t  w h e n  t h e  s lu d g e  w a s  b u l k i n g  q u i t e  b a d l y ,  w h i le  t h o s e  in  F ig s .  7  a n d  8  
w e r e  n o r m a l  s e t t l i n g  s lu d g e s .

I n  t h e  c a s e  o f  t h e  s a m p le s  t h a t  w e r e  o b s e r v e d  in  F ig s .  7  a n d  8 , n o  d i r e c t  
s i m i l a r i t y  in  t h e  t y p e  o f  c u r v e s  o b t a i n e d  f o r  v a r i o u s  p e r i o d s  o f  a n a e r o b i c
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t i m e  is  n o t i c e a b le .  I t  c a n  b e  s e e n ,  h o w e v e r ,  w i t h  b o t h  s lu d g e s  t h a t  t h e  
i n i t i a l  E h v a lu e s  d r o p  w i t h  i n c r e a s i n g  t i m e  o f  a n a e r o b i o s i s ,  b u t  t h a t  a  
r e v e r s a l  o c c u r s  w i t h i n  4 8  h o u r s  a n d  t h e  e n d  o f  t h e  9 0 - d a y  p e r i o d .  W i t h  
t h e  s lu d g e  t h a t  w a s  b u l k i n g  b a d l y  ( F ig .  9 ) i t  is  s e e n  t h a t  t h e  i n i t i a l  E h 
c o n t i n u e s  t o  d r o p  a t  t h e  e n d  o f  t h e  4 8 - h o u r  p e r i o d  a n d  n o  r e v e r s a l  in  
p o t e n t i a l  o c c u r r e d  w i t h i n  t h i s  p e r io d .  H o w e v e r ,  i t  is  n o t e d  t h a t  t h e  n e x t  
s a m p le  (5  d a y s )  s h o w e d  a  m o r e  p o s i t i v e  p o t e n t i a l .  T h i s  s a m e  p h e n o m e n o n  
w a s  o b s e r v e d  in  o t h e r  s a m p le s  o f  b u l k i n g  s lu d g e  t h a t  w e re  s t u d i e d .  H o w 
e v e r ,  a t  t h e  e n d  o f  t h e  9 0 - d a y  p e r i o d  a l l  a c t i v a t e d  s lu d g e s  ( N o s .  1, 2 , 3 , 4  
a n d  5 a )  d ig e s t e d  a t  r o o m  t e m p e r a t u r e  g a v e  t h e  s a m e  t y p e  o f  E h c u r v e .

F i g u r e  10  s h o w s  t h e  r e l a t i o n  b e tw e e n  t h e  E h a t  v a r i o u s  p e r i o d s  o f  
a n a e r o b i o s i s  a n d  t i m e  u p  t o  4 8  h o u r s  f o r  f o u r  t y p i c a l  n o n - b u l k in g  s lu d g e s .  
I n  a l l  c a s e s  a  r e v e r s a l  o f  p o t e n t i a l  o c c u r r e d  w i t h i n  t h e  4 8 - h o u r  t i m e  p e r io d .  
D a t a  o n  t h e  i n i t i a l  E h o f  s e v e r a l  s lu d g e s  a t  v a r y i n g  t i m e  i n t e r v a l s  a r e  
g iv e n  in  T a b l e  I .

A s  p o i n t e d  o u t  p r e v i o u s ly ,  t h e  v a r i o u s  s lu d g e s  u p o n  a e r a t i o n  a t  d i f f e r 
e n t  p e r i o d s  o f  a n a e r o b i o s i s  d id  n o t  g iv e  n e c e s s a r i l y  t h e  s a m e  t y p e  o f  c u r v e .  
H o w e v e r ,  a s  s h o w n  in  F ig .  11 a t  t h e  e n d  o f  a  9 0 - d a y  a n a e r o b i c  d ig e s t i o n  
p e r i o d  a t  r o o m  t e m p e r a t u r e  a l l  s l u d g e s  ( N o s .  1, 2 , 3 , 4  a n d  5 a )  g a v e  t h e  
s a m e  t y p e  o f  c u r v e  u p o n  a e r a t i o n  r e g a r d l e s s  o f  t h e  t y p e s  o f  c u r v e s  o b t a i n e d  
a t  o t h e r  p e r i o d s  a n d  r e g a r d l e s s  o f  w h e t h e r  t h e  s lu d g e  w a s  n o r m a l  o r  b a d l y  
b u l k i n g  s lu d g e .
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T able I .— Initial Eh of Sludges at Different Periods of Anaerobiosis

Tim e
Anaerobic

Sludge N um ber

N o. 1 N o. 2 N o. 3 N o. 4 N o. 5 N o. 5a N o. 6

Fresh +  .157 +  .300 .388 .145 .103 - .0 1 4 .447
l j  hrs. +  .197
4 hours +  .179 .120 .019 - .1 3 3
5 hours .012
8 hours +  .037

24 hours +  .004 +  .016 .020 - .0 6 2 - .0 9 8 - .0 7 2
48 hours +  .032 +  .059 - .0 6 2 -.0 9 3 - .0 3 4

4 days +  .026 - .1 1 9 - .0 5 0
5 days - .0 7 5
6 days - .0 9 9
9 days +  .004 +.066

11 days +  .070 -.0 9 1 - .0 9 8
15 days - .0 7 6
23 days +  .007
36 days +  .059 -.0 5 7
38 days - . 1 1 0
41 days - .0 8 0
45 days - .0 8 4 - .0 2 6
Approx
90 days +  .009 +  .022 +  .013 +.191 +  .026 - .0 1 4 .428

D i s c u s s i o n

A s  w o u ld  b e  e x p e c t e d  t h e  m a i n t e n a n c e  o f  a e r o b i c  c o n d i t i o n s  d u r i n g  
t h e  d e c o m p o s i t i o n  o f  o r g a n ic  m a t e r i a l  p r e s e n t  in  s e w a g e  p r e v e n t s  t h e  
a t t a i n m e n t  o f  s t r o n g l y  r e d u c i n g  c o n d i t io n s .  H o w e v e r ,  i t  is  s h o w n  t h a t  
t h e  m e t a b o l i c  a c t i v i t i e s  o f  t h e  v a r i o u s  b a c t e r i a l  s p e c ie s  p r e s e n t  in  s e w a g e  
d o e s  e f f e c t  a  lo w e r in g  o f  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  ( f r o m  + 0 . 3 2  
t o  + 0 . 2 4  v o l t )  in  t h e  p r e s e n c e  o f  o x y g e n .  W h e n  a  p a s s a g e  f r o m  a e r o b ic  
t o  a n a e r o b i c  c o n d i t i o n s  is  a l lo w e d  t o  p r o c e e d  n a t u r a l l y ,  t h e n  m o r e  i n t e n s e  
r e d u c i n g  c o n d i t i o n s  a r e  s e t  u p  a s  e v id e n c e d  b y  a  lo w e r  o x i d a t i o n - r e d u c t i o n  
p o t e n t i a l  ( — 0 .2 2  v o l t  in  2 4  h o u r s ) .

F r o m  t h e  e f f e c t  o f  o x y g e n  in  p r e v e n t i n g  t h e  d e v e l o p m e n t  o f  s t r o n g l y  
r e d u c i n g  c o n d i t i o n s  in  t h e  s u b s t r a t e  a s  p o i n t e d  o u t  a b o v e  i t  w o u ld  s e e m  
t h a t  t h e  F V t i m e  c u r v e  s h o u l d  s h o w  a  p o i n t  c h a r a c t e r i s t i c  o f  t h e  m o m e n t  
o f  o x y g e n  d e p le t i o n .  H o w e v e r ,  a s  s h o w n  p r e v i o u s ly  n o  s u c h  c h a r a c t e r i s t i c  
i s  f o u n d ,  t h e  s y s t e m  p a s s in g  s m o o t h l y  f r o m  a n  a e r o b ic  s t a t e  t o  a n  a n a e r o b i c  
o n e  w i t h  n o  i n d i c a t i o n  o f  o x y g e n  d e p le t i o n .

T h e  p r e s e n c e  o f  o t h e r  h y d r o g e n  a c c e p t o r s  ( N 0 3, S 0 4, e t c . )  r e t a r d s  t h e  
d e v e l o p m e n t  o f  s t r o n g l y  r e d u c i n g  c o n d i t io n s .  I t  i s  s u g g e s t e d  t h a t  i t  is  
t h e  p r e s e n c e  o f  s u c h  c o m p o u n d s  in  s e w a g e  w h ic h  is  r e s p o n s ib l e  f o r  t h e  
a b s e n c e  o f  a n y  in d i c a t i o n  o f  t h e  p o i n t  o f  o x y g e n  d e p l e t i o n  o n  t h e  o x id a t io n -  
r e d u c t i o n  p o t e n t i a l  c u r v e .

A l t h o u g h  t h e  r a t e  o f  o x y g e n  u t i l i z a t i o n  w a s  n o t  d e t e r m i n e d  d i r e c t l y  
i n  t h e s e  e x p e r i m e n t s ,  a n  e x a m i n a t i o n  o f  t h e  d e o x y g e n a t io n  a n d  o x id a t io n -  
r e d u c t i o n  p o t e n t i a l  c u r v e s  i n  F ig .  4  i n d i c a t e s  t h a t  n o  c o r r e l a t i o n  b e tw e e n
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t h e  r a t e  o f  o x y g e n  u t i l i z a t i o n  a n d  t h e  p o t e n t i a l s  d e v e lo p e d  in  t h e  s y s t e m  
w o u ld  b e  e x p e c t e d .

I n  t h e  w o r k  w i t h  t h e  a c t i v a t e d  s l u d g e - s e w a g e  s y s t e m  i t  w a s  s h o w n  t h a t  
w h e n  a n a e r o b i c  c o n d i t i o n s  w e r e  b r o u g h t  a b o u t  b y  a g i t a t i o n  w i t h  n i t r o g e n  
g a s ,  t h e  d r o p  in  p o t e n t i a l  w a s  f a s t e r  t h a n  w h e n  a n a e r o b i o s i s  w a s  a l l o w e d  
t o  p r o c e e d  n a t u r a l l y .  I n  v ie w  o f  t h e  f a c t  t h a t  o x y g e n  d e p l e t i o n  h a s  
a p p a r e n t l y  l i t t l e  e f f e c t  o n  t h e  E + t i m e  c u r v e  a n d  t h a t  i n  s u c h  a  s y s t e m  
d e o x y g e n a t i o n  s h o u l d  b e  c o m p l e t e  w i t h i n  a n  h o u r ,  i t  s e e m s  h a r d l y  p o s s ib le  
t h a t  t h i s  d i f f e r e n c e  in  r a t e  c a n  b e  a s c r i b e d  t o  t h e  p r e s e n c e  o f  d i s s o lv e d  
o x y g e n .  T h e  o n ly  lo g ic a l  e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  is  t h e  a c c e l e r a t e d  
c o n t a c t  b e tw e e n  t h e  b a c t e r i a l  f lo e  a n d  t h e  s u b s t r a t e  l i q u o r  p r o v i d e d  b y  
a g i t a t i o n .  T h i s  a g i t a t i o n  a s  s h o w n  in  p r e v i o u s  o x i d a t i o n  s t u d i e s  (6 )  i n 
c r e a s e s  t h e  r e a c t i o n  v e l o c i t y  o v e r  t h a t  p o s s ib le  i n  t h e  q u i e s c e n t  s l u d g e  in  
r e s p o n s e  t o  d i f f u s io n  a lo n e ,  a n d  h a s t e n s  t h e  a t t a c k  o n  o t h e r  h y d r o g e n  
a c c e p t o r s  i n  t h e  l i q u o r .

I n  t h i s  s t u d y  o f  s e w a g e  a n d  t h e  a c t i v a t e d  s l u d g e  s y s t e m  i t  m u s t  b e  
b o r n e  in  m i n d  t h a t  o n ly  q u a l i t a t i v e  r e s u l t s  c a n  b e  o b t a i n e d  d u e  t o  t h e  
c o m p l e x i t i e s  o f  t h e  m a t e r i a l s  u n d e r  i n v e s t i g a t i o n .  T h i s  f a c t  is  b r o u g h t  
o u t  w h e n  o n e  c o n s id e r s  t h e  r e a c t i o n s  o n  a e r a t i o n  o f  v a r i o u s  s a m p le s  o f  
s lu d g e s  a t  d i f f e r e n t  p e r i o d s  o f  a n a e r o b i o s i s .  O n e  o f  t h e  tw o  s i m i l a r i t i e s  
b e t w e e n  t h e  n o r m a l  s lu d g e s  w a s  t h a t  a  r e v e r s a l  o f  p o t e n t i a l  o c c u r r e d  w i t h i n  
4 8  h o u r s .

T h e  s e c o n d  s i m i l a r i t y ,  a p p l y i n g  n o t  o n ly  t o  t h e  n o r m a l  s l u d g e  b u t  a ls o  
t o  t h e  b u l k i n g  s lu d g e s  a s  w e ll ,  w a s  t h e  t y p e  o f  c u r v e  o b t a i n e d  a f t e r  9 0  d a y s  
o f  a n a e r o b i o s i s .  A t  t h i s  p e r i o d  u p o n  a e r a t i o n  t h e  E h r o s e  s h a r p l y  t o  + 0 . 2 4  
t o  0 .2 6  v o l t  a n d  f l a t t e n e d  o u t ,  e v i d e n t l y  i n d i c a t i n g  t h a t  t h e  s l u d g e s  w e r e  
w e l l  s t a b i l i z e d .

S u m m a r y

1. T h e  f l o r a  o f  d o m e s t i c  s e w a g e  e f f e c t  a  lo w e r in g  o f  t h e  o x id a t i o n -  
r e d u c t i o n  p o t e n t i a l  f r o m  a b o u t  + 0 . 3  v o l t  t o  a b o u t  — 0 .2  v o l t  a s  q u i e s c e n t  
s e w a g e  b e c o m e s  a n a e r o b i c .  I f  t h e  s e w a g e  is  a e r a t e d  a t  a  lo w  r a t e  a  d e 
c r e a s e  i n  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  is  e f f e c te d ,  b u t  t o  a  m u c h  
s m a l l e r  d e g r e e .  T h e  a b o v e  c h a n g e s  a r e  e n t i r e l y  s i m i l a r  t o  t h o s e  p r e v i o u s l y  
f o u n d  f o r  p u r e  c u l t u r e s  in  s e w a g e  u n d e r  e q u i v a l e n t  c o n d i t i o n s .

2 . I f  t h e  e a s i l y  o x id i z a b le  m a t e r i a l  p r e s e n t  in  s e w a g e  is  f i r s t  o x id i z e d  
c h e m i c a l l y ,  t h e  r a t e  o f  c h a n g e  o f  E h w i t h  t i m e  is  g r e a t l y  d im in i s h e d ,  
w h e n  t h e  s e w a g e  is  a l l o w e d  t o  s t a n d  w i t h o u t  a e r a t i o n ,  a n d  i n t e n s e l y  
r e d u c i n g  c o n d i t i o n s  a r e  n o t  e s t a b l i s h e d .

3 . S t u d y  o f  t h e  c o r r e l a t i o n  b e t w e e n  d e o x y g e n a t i o n  o f  s e w a g e  a n d  t h e  
E h r e d u c t i o n  s h o w s  t h a t  n o  p o i n t  o n  t h e  E h c u r v e  i n d i c a t e s  p a s s a g e  f r o m  
a e r o b i c  t o  a n a e r o b i c  c o n d i t i o n s .  T h e r e  is  n o  b r e a k  a s  a n e r o b i c  c o n d i t i o n s  
s e t  in ,  b u t  t h e  E h c o n t i n u e s  t o  f a l l  i n  a  n o r m a l  m a n n e r .

4 . W h e n  a c t i v a t e d  s lu d g e  is  a l l o w e d  t o  b e c o m e  a n a e r o b i c ,  t h e  E h f a l l s  
t o  a b o u t  0  a n d ,  t h o u g h  a  r e v e r s a l  in  p o t e n t i a l  o c c u r s  w i t h i n  4 8  h o u r s ,  
r e m a i n s  lo w  f o r  t h e  n i n e t y - d a y  p e r i o d  o f  o b s e r v a t i o n .  W h e n  t h i s  s l u d g e  
i s  a l l o w e d  t o  b e c o m e  a n a e r o b i c  a n d  is  a g i t a t e d  w i t h  n i t r o g e n ,  t h e  r a t e  o f  
Eh f a l l  is  g r e a t e r  a n d  p o t e n t i a l s  o f  — 0 .3  v o l t  a r e  r e a c h e d .
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5. After intermediate periods of anaerobiosis activated sludges give 
various E h results upon reaeration.

6. Following a 90-day digestion period at room temperature all digested 
activated sludges upon reaeration show rising E h results having asymp
totic values of about +.25 volt after an hour.
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EFFECT OF TEMPERATURE ON SLUDGE 
CONCENTRATION *

B y  W i l l e m  R u d o l f s  a n d  R .  P .  L o g a n

Chief and Assistant, Dept. Water and Sewage Research, New Jersey Agricultural Experiment Station

Concentration of sludge is affected by several factors, among which 
time and temperature of compacting are of considerable importance. The 
practical significance of inducing increased sludge concentration is obvious 
for digestion, sand bed drying, vacuum dewatering and incineration.

The character of the sludge to be concentrated is of greatest general 
importance and is a factor which cannot be readily controlled, except by 
addition of chemicals. The effects of initial concentration, time of com
pacting and temperature during concentration vary for different types of 
sludges and can be controlled artificially to a more or less extent.

The work recorded pertains primarily to the effect of temperature on 
fresh solids and ripe sludge concentration and deals incidentally with the 
effect of initial concentration and time of compacting of the sludge for the 
purpose of indicating variations to be expected in handling fresh solids and 
digested sludges. Results on heat concentration of activated sludge and 
mixtures of activated sludge and fresh solids will be reported at a later date.

M a t e r ia l s  a n d  M e t h o d s

The materials used were fresh solids and ripe sludges collected at dif
ferent sewage treatment plants. The sludges used varied in initial con
centration from 0.5 to 6.2 per cent for fresh solids and from 0.5 to 7.9 
per cent for ripe sludge. The sludges were allowed to compact for periods 
up to 192 hours and kept at constant temperatures of 10, 20, 37 and 55° C.. 
The sludges were allowed to reach the required temperatures, then thor
oughly mixed and left quiescent for observation, measurement and anal
yses. The volume of sludge occupied was measured at frequent intervals 
and the location of the sludge indicated. At the higher temperatures the 
total volume of sludge and liquor expanded initially on account of em
bedded gases.

R e s u l t s

Fresh Solids.—Concentration of thin fresh solids is most rapid during 
the first 12 hours of storage. With the increase in initial concentration of 
sludge, time becomes an increasingly important factor. The effect of 
temperature increases with time. The effects of temperature on sludge 
concentration during the first 6 and 12 hours are illustrated in Fig. 1. 
Sludges having an initial concentration between 5 and 6 per cent are but 
slightly affected at temperatures from 10 to 20° C. during these few hours. 
When the temperature is raised its effect becomes more apparent. With 
increasing time the effect of temperature on sludges with higher initial

* Journal Series Paper, New Jersey Agricultural Experiment Station, Rutgers University 
New Brunswick, New Jersey.

894



Vol. 15, No. 5 EFFEC T OF TEMPERATURE 895

concentrations becomes more pronounced. The practical application for 
short time concentration is that, with sludges of any given initial concen
tration, the higher the temperature the greater the liquor separation. 
Liquor separation continues with time.

0  2  4  6 0  2 4  6

I N I T I A L  SLUDGE C O N C E N T R A T I O N

F i g . 1.— E ffect of tem perature on short tim e concentration of fresh solids.

Sludges with initial concentrations of 2 to 3 per cent solids require in 
practice most frequent thickening. Short-time concentration, with the aid 
of temperature, results in considerable separation of liquor, and the actual 
increase may be material. A few figures with initial sludge concentrations 
of 2, 3 and 4.5 per cent will illustrate this:

I n it ia l  In c re a s e  in  C o n c e n t r a t io n , P e r  C e n t
P e r  C e n t  A f te r  6  H o u r s  A f t e r  12  H o u rs

2   30-90 ....................................................... 50-150
 3......................................................... 12-40........................................................ 20- 65
4.5......................................................  2-15....................................................... 3 -3 0

The percentage increase in solids concentration varies with the tem
perature.

In order to obtain higher concentration the time required increases. 
The effect of temperature on fresh solids concentration after a period of 96 
hours is illustrated in Table I. The results are based upon sludge volume, 
regardless of its position (bottom or top). This is usually of importance 
in the early stages of compacting, when only a portion of the sludge may be 
floating. With time all fresh solids float, but compacting continues. 
From the results it is evident that the original concentration of the sludge 
is of importance in obtaining a certain concentration in a specified time, 
but temperature overbalances the effect of the initial concentration. 
Curves plotted from results obtained at frequent time intervals, especially 
those showing the volume of sludge occupied, show a regular pattern.
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T a b l e  I . — Effect of Temperature on Fresh Solids Concentration After 96 Hours 
(Expressed in  Per Cent Solids)

T e m p . ° C .

I n it ia l  C o n c e n t r a t io n ,  P e r  C e n t

0 .5 2.0 4 .5 6.0

10 3.12 4.02 5.15 6.30

20 3.33 4.04 5.94 6.63

37 6.25 10.50 11.50 11.70

55 5.00 7.40 8.60 9.25

The relation between the original sludge concentration and compacting at 
different temperatures after 96 hours is shown graphically in Fig. 2. Con-

0  2 4  6

<7» ORIGINAL C O N C E N T R A T I O N

F i g . 2.— R elation betw een original sludge concentration and com pacting a t different tem peratures, 
expressed in per cent solids concentration.

centration of sludge continues for a considerable period of time until a 
maximum concentration between 15 and 20 per cent solids is reached. 
The time required to reach a maximum concentration for a given type of 
fresh solids depends primarily upon temperature.

Attention is called to the degree of sludge concentration obtained at 
37° C. as compared with other temperatures. Whereas during the first 
few hours of concentration the compacting increases with rising tempera
tures, the degree of compacting accelerates at 37° C. with time. Study 
of the detailed data and plotted curves shows that the relative time neces
sary for the sludge to reach a certain concentration changes by continuous
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compacting at the higher temperatures. The time required for the sludge 
compacting at 37° C. decreases with decreasing concentration, as com
pared with sludge compacting at 55° C. For instance, the superiority of 
37° C. over other temperatures becomes evident after 48 hours, with 0.5 
per cent original concentration, but it requires about 80 hours before it 
becomes pronounced with an original sludge concentration of 6.2 per cent 
solids.

As might be expected the concentration reached after a given time of 
compacting at a definite temperature depends upon the initial concentra
tion of the solids. The lower the initial concentration the greater the 
percentage increase in concentration for a given time. Although the rela
tive increase in concentration during the first 120 hours is materially 
greater for the lower than for the higher initial concentration, it requires 
additional time to reach the same final concentration. The additional 
time required is in proportion to the initial concentration.

If the per cent initial concentration is plotted against the per cent in
crease in concentration after a definite time a set of curves is obtained, 
though differing in position for different temperatures; which are all of the 
same type. This is illustrated in Fig. 3. The shape of the curves indicate

F ig . 3.— R elation betw een percentage increase in concentration and initial sludge concentration  
a t different tem peratures after 96 hours.

that there is a certain definite relationship between the percentage increase 
in concentration and temperature. As can be expected the lower the 
initial concentration the greater the percentage increase. It is reasonable 
to assume that if compacting were allowed to continue for a long enough 
period, all of the various curves would approach the same value.
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If the percentage initial concentration is plotted against log per cent 
increase, approximately straight lines are obtained (Fig. 4).

From the previously shown curves it is evident that temperature is of 
considerable importance in the compacting of fresh solids. The impor
tance of temperature increases with time. It also appears that the maxi
mum effect of temperature is exerted in the neighborhood of 37° C. These 
two observations are more clearly shown by plotting the temperature

0  1 2  3  4  5  6

I N I T I A L  C O N C E N T R A T I O N  -  PER C E N T

F i g . 4.— E ffect of tem perature and initial concentration on th e  percentage increase in fresh
solids concentration (after 96 hours).

against per cent solids concentration at specific times of compacting (Fig. 
5). Examination of the curves shows that compacting is greatest at 
37° C., regardless of the initial concentration. After a period of 120 hours 
compacting the temperature effect is more pronounced than after 96 hours. 
Continued time of compacting does not increase appreciably the final 
concentration at the supposedly optimum temperature of 37° C. At dif
ferent temperatures compacting continues after 120 hours, but the sludge
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subjected to these different temperatures does not necessarily reach the 
same high solids concentration as at 37° C. Other factors, indicated by 
Hatfield (1), Babbitt and Caldwell (2), Rudolfs and West (3), exert their 
influences.

The compacting of the sludges takes place at the surface of the liquor. 
This floating and subsequent compacting appears to be related to the 
activities of gas-forming organisms. Evidence to support this suggestion 
is indicated by the fact that some time must elapse before the greater 
effect at 37° C. is evident, that short-time compaction is greatest at 55° C. 
and that the compacting at 20° C. requires longer time. It is further indi
cated by comparing compacting of fresh solids at this temperature with the 
increase in concentration of ripe sludge (see below).

0 2 0  4 0  0  2 0  4 0  6 0
T E M P É R A T U R E  -  ° C .

F i g . 5.— E ffect of tem perature on fresh solids concentration after specific tim es of com pacting.

With increasing temperatures the sludge is lifted more readily to the 
surface. Gas production (mainly C02) increases, aiding in flotation. The 
gases escape more readily when the sludge is at the surface than at the 
bottom. Disturbance of the layered sludge becomes less and the sludge 
continues to concentrate. After some time bacterial action has produced 
considerable acidic compounds which retards gas formation, leaving the 
sludge undisturbed. At lower temperatures the rate of gas production is 
slower, so that it takes longer before the sludge is lifted. Gas formation 
and acid production may be slow enough to cause only part of the sludge 
to rise to the surface. Continuous gas production takes place from the 
sludge at the bottom, which on rising may be trapped in or below the 
sludge layer at the top, resulting in a slower rate of compacting.

At a higher temperature gas production is so rapid that the sludge may 
actually expand during the first hours of storage. Escape of the gas is 
gradual and more time is required for concentration.



Naturally, if the temperature of the sludge is raised sufficiently (cook
ing) to change the physical character of the sludge a considerably greater 
degree of sludge concentration may be expected, but the disintegration of 
sludge particles, together with the separation of grease, produces a liquor 
entirely different from that obtained by relatively short-time compacting.

When the percentages increase in concentration is plotted against time 
on logarithmic scales, a number of points fall in a straight line. In general, 
the curves so obtained may be divided into three phases. The phases are 
illustrated in Fig. 6 for sludges of various initial concentrations stored at
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T I M E  IN H O U R S

F ig . 6.— Illustration of phases of compacting of fresh solids with different initial concentrations
and subjected to storage at 20° C.

20° C. During the first phase a rapid layering or settling of particles takes 
place, resulting in a greatly increased concentration. The second phase 
shows a reduced rate of compacting with all sludge on the surface. The 
third phase indicates the usual rapid rate of compacting of a layered sludge 
from which gas can be readily expelled and becomes acid enough to retard
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bacterial action. With increasing initial sludge concentrations the com
pacting continues but the percentage increase in concentration is slower.

The phenomena observed are not restricted to sludge subjected to 
20° C., but are similar at other temperatures. This is illustrated in Fig. 7,

2 5 10 2 0  3 0  5 0  100120
T I M E  IN H OU RS

F i g . 7.— B ehavior of fresh solids concentrating a t various temperatures.

where sections of curves constructed from some results for different sludge 
concentrations, subjected to various temperatures, are plotted on a 
logarithmic scale. These illustrations of single experiments do not neces
sarily represent the actual rates of layering and compacting encountered 
under all conditions, but are given to indicate the processes involved and 
the probability of a straight line phase of true compacting. If it is correct 
that compacting follows a straight line, definite mathematical formulae 
may be developed.

Ripe Sludge.—The physical character of the sludge is an important 
factor in compacting. Fresh solids have a jelly-like structure which is 
destroyed to a great extent by digestion. Although temperature changes 
the viscosity of the liquor, the character of fresh solids liquor is different
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from the ripe sludge liquor. One of the primary objects of digestion is to 
increase the drainability of the sludge, and it may be expected that ripe 
sludge with the same initial concentration and subjected to the same 
temperature as fresh solids should compact at different rates. Results 
obtained with ripe sludges of different initial concentrations stored at 
definite temperatures for varying lengths of time (Fig. 8) illustrate the

O 4 0  8 0  120 4 0  8 0  120

T I M E  IN H OU RS

F ig . 8.— E ffect of tem perature and initial concentration on com pacting of ripe sludge.

progress of compacting. There is a certain uniformity in the curves indi
cating the effect of initial concentration as well as the effect of tempera
ture. The first part of all curves shows a rather rapid rise similar to the 
increase in concentration observed for fresh solids, followed by a gradual 
increase of concentration or compacting.

The effect of temperature after 72 and 120 hours’ storage is graphically 
shown in Fig. 9. I t is evident that the most pronounced effect is exerted
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at 55° C. as compared to 37° C. for fresh solids. It is further of interest to 
note that the effect of the higher temperature is related to the initial sludge 
concentration. This is better shown when the increase in concentration is 
plotted against the initial concentration (Fig. 10). The rate of compacting 
in a given time is highest with the lowest initial concentration, gradually 
decreasing with increasing initial solids concentration. With increasing 
initial solids concentration the time factor increases in importance. It 
appears, therefore, that compacting of ripe sludge is affected by the initial 
concentration, time and temperature. In practice, where a given con
centration is reached in a definite time, temperature becomes a major 
factor in the rate of concentration or reduction in volume of sludge.

T E M P E R A T U R E  -  " C

F i g . 9.— E ffect of tem perature after 72 and 120 hours on com pacting of ripe sludge w ith different
initial concentrations.

Gasification of ripe sludge is less than of fresh solids during compacting. 
Moreover, the physical structure of the ripe sludge has changed, resulting 
in rapid release of entrained gas; no appreciable acid is formed, hence the 
mineralized sludge sinks to the bottom. Under such conditions the higher 
the temperature the greater the rate of compacting, so that ripe sludge will 
compact better and at a greater rate at 55° C. than fresh solids. This may 
indicate that the optimum temperature of compacting of ripe sludge is not 
necessarily at 55° C., but may be higher. Under all temperature condi
tions the initial concentration of the sludge and time allowed for compact
ing are important factors.

It is perhaps of greatest interest to the plant operator to know the 
volume of sludge which may be expected after a given time, when the 
initial sludge concentration is from 2 to 5 per cent solids and the sludge is 
held at a certain temperature. Results plotted logarithmically (Fig. 11) 
show the reduction in volume which may be expected after various times
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at different temperatures. The reduction in volume increases with tem
perature in a definite time. Because of the initial sludge concentration 
factor, sludge of 2 per cent concentration shows a greater volume reduction 
than a 5 per cent sludge when subjected at the same temperature, but 
requires additional time to reach the same high solids concentration as 
the sludge with a greater initial concentration. The actual volumes of 
sludge with an original concentration of 2 per cent are reduced to about 
one-quarter of the volume after 120 hours. The volume of sludge with an 
original concentration of 5 per cent solids is reduced to one-third to one- 
half in the same length of time, depending upon the storage temperature.

0  2  4  6  8
I N I T I A L  C O N C E N T R A T I O N  -  Tfe

F ig . 10.— Effect of initial concentration on sludge concentration after 
120 hours when subjected at 55° C.

D is c u s s io n

The rate of concentration of fresh solids and ripe sludge proceeds in 
related steps and appears to be continuous. Layering, compacting or 
concentration therefore are essentially the same phenomena as settling, 
namely, removal of free water. Theoretically there should be no limit to 
the concentration of solids as long as free water is present. The physical 
structure of the solids or the character of the material determines the 
quantity of water which is held, but the rate of water removal is affected 
by environmental factors. In the early stages of settling and compacting 
the original concentration of the solids is important, with increasing im
portance to be assigned to temperature as compacting proceeds. During 
the entire period of settling and compacting, the time factor is essential, 
hence the longer time is allowed the greater the settling and concentration. 
After a maximum concentration of solids, under practical time limits, the 
remaining free water must be removed by spreading the sludge in relatively 
thin layers over a porous medium. Temperature continues to play a role
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in dewatering. To increase the rate of water removal chemicals are used 
to bring the dispersed particles together and allow more water to drain. 
During the early stages of settling and compacting, dispersed particles also 
come together and it appears therefore that settling, layering, compacting 
and dewatering are terms indicating differences in rates of concentration. 
If this is correct, mathematical formulae for settling are applicable to 
concentration of sludge and formulae for compacting can be used for 
settling. All that is required is a change in the value expressing the rate 
or the magnitude of the constant.

I 2 4  6 10 2 0  3 0  4 0  50 6 0  8 0  100120
HOURS C OMP A CTI NG

F i g . 1 1 .— Com pacting of ripe sludge on storage.

The fact that fresh solids compact at a different rate than ripe sludge or 
activated sludge, is attributable to the character or water-holding capacity 
of the sludge. It can be expected therefore that the effect of temperature 
on ripe sludge concentration is less than on fresh solids or activated sludge. 
Since the nature and size of the ripe sludge particles are more uniform than 
fresh solids, the effect of temperature should be more uniform.

The effects of temperature, time of compacting and initial concentra
tion of sludge are similar for ripe sludge and fresh solids. Because the 
reduction in volume of sludge increases with temperature in a definite time, 
it may be expected that the volume of fresh solids retained in settling tanks 
for equal periods of time will be smaller in summer than in winter, unless



the storage time is prolonged to such a degree that gas expansion of the 
fresh solids takes place. The gas expansion will then result in floating of 
sludge. Floating of sludge may be a desirable method of compacting for 
ultimate sludge disposal, but becomes detrimental to purification of the 
liquor when allowed in settling tanks.

The rate of compacting of fresh solids under varying temperature 
conditions is different from the rate of compacting of ripe sludge. A 
comparison of compacting of ripe sludge and fresh solids at two different
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F i g . 12.— Com parison of fresh solids and ripe sludge concentration a t  tw o  
tem peratures after 96 hours storage.

temperatures (Fig. 12) illustrates this and also indicates what may be 
expected when fresh solids and ripe sludge are left quiescent.

Ripe sludge stored for compacting does not float like fresh solids, even 
on prolonged storage. Sludge digestion systems, where the sludge is di
gested in one tank and stored for after-digestion and compacting in an
other, will be able to produce denser sludge than single digestion storage 
units. Unfortunately, the digestion capacities required are frequently
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calculated on the total digestion and storage capacity available. This 
may lead to rather violent disturbance in the digester on account of gasi
fication and little if any separation of liquor from the sludge, so that a thin 
sludge is discharged to the secondary tank, requiring additional time for 
compacting.

Pre-heating of sludge before discharge into digesters as a method to 
increase the rate of digestion has been practiced. The possibility of 
pre-heating thin sludge to induce liquor separation may be of interest.

S u m m a r y

Studies were made to determine the effect of temperature on the 
compacting and concentration of fresh solids and ripe sludge. Sludge con
centration is considered to be the same phenomenon as settling, layering, 
compacting or dewatering. Sludge concentration is primarily affected by 
the character of the sludge, its initial concentration, time and temperature. 
With increasing temperatures the rate of compacting increases. Fresh 
solids compact at a different rate than ripe sludge. Gas formation during 
storage of fresh solids is a factor. Within the limits of temperature tried, 
the optimum temperature for fresh solids concentration appears to be in 
the neighborhood of 37° C. and for ripe sludge 55° C. The temperature 
effect is more uniform for ripe sludge than for fresh solids. Fresh solids 
float but continue to compact, whereas ripe sludge sinks.
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THE OPERATOR S CORNER
Conducted by W. H. W ISELY, Executive Secre tary*

Federation o f  Sewage Works Associations 

Box 18 • • Urbana, Illino is

THE SECOND WARTIME SANITATION CONFERENCE— 
AN ESSENTIAL MEETING

When the Fourth Annual Meeting of the Federation convenes at Chi
cago’s Hotel Sherman on October 21, what a difference there will be from 
the First Annual Meeting held at the same place in October, 1940—just 
three years ago ! The initial meeting was held in time of peace, at least in 
the U. S. ; the 1943 meeting will be pervaded by the theme of war, for this 
is to be a Wartime Sanitation Conference in every respect. Many old 
friends, away in military service, will be missed, while just as many new 
members will be attending and profiting by the 1943 Conference. Only in 
enthusiasm will there be a parallel between the two gatherings since the 
Federation is still advancing from the impetus of the revitalization which 
came from the 1940 meeting.

By this time, there has been opportunity for everyone to review the 
program, designed by Chairman Gilcreas and his committee to include the 
myriad of new problems that have confronted the sewage works field under 
the conditions of war. The timely topics and the array of recognized 
leaders who will present them offer more than adequate evidence that the 
1943 Wartime Sanitation Conference will be worth attending. All federal 
war agencies consider the provision of adequate sanitation service to be 
essential to the war effort—your attendance of the Conference will aid you 
in improving such service to your community in spite of the many difficul
ties of the times!

It is most apparent that much civilian travel today is non-essential in 
character. When you are enroute to the Conference at Chicago, you may 
certainly consider that there is real justification for the transportation 
space occupied. At the same time you will be co-operating with the
O.D.T. and will enhance your trip by making early space reservations, 
doing your traveling between Tuesday and Friday of each week, and by 
not carrying excessive baggage. The exchange of information, new knowl
edge and relaxation which will accrue from attendance of the Federation’s 
Second Wartime Conference will more than offset the minor traveling in
conveniences which may be involved.

* Also Engineer-Manager, Urbana and Champaign (111.) Sanitary District.

9 0 8
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SUMMARY OF EXPERIENCE IN DIFFUSED AIR ACTIVATED 
SLUDGE PLANT OPERATION

This review of activated sludge plant control practice is based upon 
data and comments furnished by some 25 hardy plant superintendents and 
chemists, who, even in these “ questionnaireable ” days, found the time to 
set forth their procedures in a most detailed blank form. The complete 
co-operation of the following contributors is gratefully acknowledged:

Adams, J. K., Superintendent, Tenafly, New Jersey
Ahrens, G. C., Superintendent, Omaha, Nebraska
Allen, Wm. A., Superintendent, Pasadena, California
Andersen, C. George, Superintendent, Rockville Centre, New York
Anderson, R. A., Superintendent, Muskegon Heights, Michigan
Barton, Ben H., Chief Operator, Findlay, Ohio
Berg, E. J. M., Superintendent, San Antonio, Texas
Bloodgood, Don E., Manager, Indianapolis, Indiana
Bolenius, R. M., Chemist, Lancaster, Pennsylvania
Brunner, Paul L., Chief Chemist, Fort Wayne, Indiana
Collier, J. R., Superintendent, Elyria, Ohio
Edwards, Gail P., Chief of Laboratories, (Wards Island), New York 

City
Froehde, F. C., City Engineer, Pomona, California 
Harris R. C., Commissioner of Works, Toronto, Ont., Canada 
Henry, B. F., Superintendent, Pomona, California 
Larson, C. C., Chemist-in-Charge, Springfield, Illinois 
Lehmann, A. F., Superintendent, Hackensack, New Jersey 
Montgomery, J. R., Chemist, Pontiac, Michigan 
Munroe, E. H., Superintendent, York Township, Canada 
Philhower, Sara K., City Chemist, Gastonia, North Carolina 
Rhoads, Edward J., Superintendent, Lancaster, Pennsylvania 
Smith, E. E., General Superintendent, Lima, Ohio 
Turner, J. R., Superintendent, Mansfield, Ohio
Wheeler, C. E., Jr., Engineer of Operation (Calumet Plant), Chicago, 

Illinois
It is with some trepidation that this topic is undertaken for study as 

part of the program of The Operator's Corner to review actual operation 
procedures in all sewage treatment processes, in the light of the recent 
comprehensive report on activated sludge plant operation and control 
compiled by Langdon Pearse, Chairman, and the Sewage Disposal Com
mittee of the American Public Health Association (see This .Journal, 14, 3 
(January, 1942). It is intended here to present additional data and com
ment on practical methods of controlling the principal operating variables, 
thus supplementing in modest fashion the elaborate Committee Report 
referred to above. Only diffused-air activated sludge plants are repre
sented in this study; practice in mechanical aeration plants is planned to 
be presented later.

Insofar as the operator is concerned, there are five primary variables 
over which control can be exercised in an activated sludge plant.
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1. Concentration of mixed liquor solids.
2. Rate of sludge return.
3. Rate of air application.
4. Aeration period.
5. Condition of the sludge.

These variables must be correlated into balance under the local condi
tions of load imposed upon each individual plant, and varied to meet 
seasonal and other fluctuations in load. Furthermore, the operator must 
view the variable factors as being interdependent, in the sense that any 
adjustment made in one of them may require manipulation of one or more 
of the others.

As a preliminary to the operation practices followed in the plants 
contributing to this summary, general data concerning each are given in 
Table I. It will be noted that a wide range in size, type, design and load
ing is represented.

T a b l e  I .—General Information Regarding Contributing Plants

P l a n t
A v e r a g e

F lo w
( M .G .D . )

A v e r a g e
P r i m a r y
S e d im e n 

t a t i o n
P e r i o d
( H r . )

A e r a t i o n A v e r a g e  
5 - D a y  
B .O .D .  

R a w  S e w a g e  
( p .p .m .)T y p e

A e r a t i o n
P e r i o d

( H r . )

Chicago (Calumet)............................ 85 0.25 Spiral 4.0 93
Elyria, Ohio........................................ 2.5 1.67 Spiral 5.5 353
Findlay, Ohio..................................... 2.3 3.1 Spiral 5.5 405
Ft. Wayne, Ind................................... 17.6 1.3 Spiral 8.6 199
Hackensack, New Jersey.................. 3.2 3.2 Comb. (1) 12.0 200
Indianapolis, Ind................................ 53.3 None Spiral 8.4 272
Lancaster, Pa. (North)..................... 3.3 2.9 Spiral 13.7 209
Lima, Ohio.......................................... 7.7 1.4 Spiral 4.8 134
Mansfield, Ohio.................................. 3.1 2.3 Comb. (1) 7.4 237
Muskegon Iits., Mich....................... 1.2 3.1 Comb. (1) 6.3 322
New York (Wards I . ) . . ................... 184 1.2 Spiral 4.5 167
North Toronto, Ont., Can............... 7.3 2.0 Spiral 6.0 280
Omaha, Nebr....................................... 3.3 2.0 Sw.D. (2) 7.5 241
Pasadena, Calif................................... 9.5 None Sp. & R.F. (3) 6.9 151
Pomona, Calif.. ................................. 1.7 — F.D. (4) 8.3 —

Pontiac, Mich..................................... 4.2 0.9 Spiral 5.0 208
Rockville Centre, N . Y ..................... 2.3 0.8 F.D. (4) 4.4 292
San Antonio, Tex............................... 22 0.5 Spiral 5.9 225
Springfield, 111..................................... 8 2.0 Spiral 8.7 165
Tenafly, New Jersey......................... 0.7 — Spiral 7.3 144
York Twp., Can................................. 3.1 None Spiral 4.3

(1) Combination diffused air and paddles. (3) Both spiral and ridge-and-furrow tanks.
(2) Swing diffusers. (4) Fixed diffuser tubes.

C o n c e n t r a t io n  o f  M i x e d  L iq u o r  S o l id s

Most authorities regard control of the mixed liquor solids concentration, 
accomplished by apportionment of the activated sludge from the final 
settling tank between return and waste, as the most important of all oper
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ating variables. Certainly the recognition of this fact in recent years, with 
the resulting trend toward reduction of mixed liquor solids from the very 
high values formerly carried, has marked a notable advance in control 
practice. •

Table II lists the average and range in mixed liquor solids carried in the 
aeration tanks of 21 plants. Thirteen of the plants reported show average

T a b l e  I I — Mixed Liquor and Return Sludge Control

P l a n t

M ix e d  L i q u o r  S o l id s  ( P . P . M . ) R e t u r n  S lu d g e
A v e r a g e
S lu d g e
I n d e x

A v e r a g e R a n g e A v e .  R e t u r n  
R a t e  ( % )

A v e .  S o lid s  
( P . P . M . )

Chicago (Calumet)............................ 2,850 1,720-3,870 22 15,700 45
Elyria, Ohio........................................ 2,270 700-3,600 29 11,600 52
Findlay, Ohio...................................... 1,500 500-4,000 26 5,000 150
Ft. Wayne, Ind................................... 2,320 1,400-4,100 27 9,700 111
Hackensack, N. J............................... 1,600 900-2,500 23 10,000 130
Indianapolis, Ind................................ 2,500 400-3,700 41 8,000 98
Lancaster, Pa. (North)..................... 3,100 2,700-3,600 31 13,800 49
Lima, Ohio.......................................... 1,720 1,140-3,110 33 7,200 92
Mansfield, Ohio.................................. 1,040 940-1,140 20 3,650 346
Muskegon Hts., Mich........................ 900 400-2,000 41 4,300 100
New York (Wards I . ) ....................... 1,770 1,075-3,050 45 4,775 170
North Toronto, Ont........................... 2,300 1,500-3,500 19 13,500 93
Omaha, Nebr....................................... 1,685 1,240-2,300 45 4,320 74
Pasadena, Calif................................... 1,100 980-1,340 12 6,700 189
Pomona, Calif........... ...................... — — —• — —

Pontiac, Mich..................................... 2,500 2,000-3,000 20 — 125
Rockville Centre, N . Y ..................... 730 410-1,084 3.5 26,700 40
San Antonio, Tex............................... 1,500 — 42 4,200 210
Springfield, 111..................................... 1,750 725-2,500 30 6,500 121
Tenafly, N. J....................................... 2,340 2,120-2,670 34 12,550 103
York Twp., Toronto, Can................ 570 370- 800 38 — —

concentrations of 1,500 to 2,500 p.p.m. to be used; at only three is the 
average less than 1,000 p.p.m. Four plants are also shown to average 
concentrations over 2,500 p.p.m., with the highest value (3,100 p.p.m.) at 
Lancaster, Pennsylvania. The variation in aeration solids carried, as indi
cated by the range in each plant, is interesting because the difficulty of 
close control is illustrated.

With the exception of one or two cases reported, it will be noted that 
lower sludge indices are achieved where mixed liquor solids in the higher 
ranges are carried and that higher sludge indices seem to accompany low 
mixed liquor solids values. This possibly indicates that sludge of better 
settling characteristics and higher density is usually obtained in the mixed 
liquor solids range of 2,000 to 3,000 p.p.m. than at lower concentrations, 
substantiating the general belief that more stable operation under shock 
loads is to be expected in the higher range.

At Calumet (Chicago), Wheeler endeavors to hold 2,500 to 3,000 p.p.m. 
of mixed liquor solids, although the upper limit is often exceeded during 
and following storms when the ash content of the sludge increases. It is
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considered desirable to hold the volatile solids content of the mixed liquor 
above 1,500 p.p.m. in this plant. Brunner at Fort Wayne is also primarily 
interested in the volatile content rather than the total suspended solids in 
the mixed liquor, reporting as follows:

“ C o n tro l of th e  m ixed liquor solids is m a in ta in ed  a t  1,500 p .p .m . vo la tile  solids 
ra th e r  th a n  an y  o p tim u m  v a lu e  of su spended  solids. I t  is n ecessary  to  ru n  on th is  basis 
because of freq u en t slugs of riv e r w ate r w hich b rin g  in  fine s ilt an d  th u s  ad d  w eigh t to  
th e  solids. I f  we w ere to  w aste  on  th e  basis of a  2,000 p .p .m . su sp en d ed  solids level 
du ring  these  periods, we w ould n o t h av e  m uch  ac tiv e  sludge in  th e  m ixed liq u o r.”

At Indianapolis, Bloodgood has found it desirable to carry the highest 
mixed liquor solids concentration possible with the amount of air available:

“ I t  is ou r belief th a t  m ore solids can  do m ore w ork if a d e q u a te ly  supp lied  w ith  air. 
E v e ry  effort is m ade to  keep th e  m ixed liquo r so lids a t  a  u n ifo rm  co n cen tra tio n  so as 
to  e lim inate  th e  piling up  of solids in  an y  p a r t ic u la r  p a r t  of th e  p la n t. T h e  solids are 
de te rm ined  da ily  from  com posite  sam ples an d  th e  a m o u n t of sludge to  be w asted is 
gaged from  th e  co n cen tra tio n  found  to  be p re se n t.”  -

Andersen at Rockville Centre, N. Y. (Fig. 1), at which plant the activated

F ig . 1.— View of aeration tanks at Rockville Centre, N . Y . Blower house a t right.

sludge treatment is followed by mechanical filtration of the effluent, defines 
the optimum mixed liquor concentration as “ only that quantity (of solids) 
requisite to purify properly the sewage, while also insuring an excess of 
oxygen to maintain the health of the biological life.” A very active sludge 
is present in this plant, averaging 88 per cent volatile solids. Operating 
conditions are also unusual in that an extremely dense return sludge 
(27,000 p.p.m. solids) prevails in normal operation. Under these condi
tions of balance, it has been possible to eliminate the effluent filtration for 
the past eight months with “ the sludge index, settling of solids and sludge 
production stabilized to an apparently foolproof extent.”

Larson (Springfield, 111.) and Lehmann (Hackensack, N. J.) refer to the 
common need for adjustment of the mixed liquor solids to seasonal varia
tions. Comparison of practice in these two plants, however, furnishes an 
excellent example of the effect of local conditions on plant control. Heavy
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loads received for treatment at Hackensack in summer months require 
about 2,000 p.p.m. of mixed liquor solids concentrations as against 1,600 
p.p.m. in winter. At Springfield, higher volatile matter percentages in 
summer permit some reduction in the suspended solids carried. Turner 
(Mansfield, Ohio) (Fig. 2) checks occasionally for varying trends by trying

F ig . 2.— Sewage treatment works at Mansfield, Ohio. Primary settling tank at right.

lower and higher concentrations but thus far has always returned to a value 
of about 1,000 p.p.m.

Physical features of plant design may limit the flexibility of solids 
control, as at Muskegon Heights, Michigan, where the air capacity and 
sludge return facilities are critical. Superintendent Anderson states:

“ T h e  solids concen tra tio n  is governed  b y  th e  load received from  th e  p rim ary  tan k s , 
dissolved oxygen in  th e  final se ttlin g  tan k s  in  com parison w ith  th a t  in th e  la s t ae ra tio n  
ta n k , n it ra te  p ro d u c tio n  an d  to  a  large ex ten t upon  our sludge w ith d raw al facilities. 
T he la t te r  hav e  never p e rm itted  carry ing  m ore th a n  2,000 p .p .m .”

Allen at Pasadena gives primary attention to the concentration of solids 
in the return sludge and finds that the mixed liquor solids concentration is 
controlled incidentally. His experience indicates 6,500 to 8,000 p.p.m. of 
return sludge solids results in best operation with about 1,200 p.p.m. of 
mixed liquor solids. Return sludge solids are estimated twice daily by 
centrifuge determinations.

Based on the experience represented here and some reference to the 
A.P.H.A. Committee Report noted previously, the following summarizing 
comments regarding mixed liquor solids control are offered :

1. Concentrations of 1,500 to 2,500 p.p.m. of suspended solids in the 
mixed liquor appear to constitute general practice, although values above 
or below this range are often encountered where plant limitations and 
unusual local conditions are involved.

2. There appears to be an increasing trend toward recognition of the 
volatile matter content of the mixed liquor solids as a control factor rather 
than the suspended solids. This appears logical since the volatile matter 
is actually the active constituent of the sludge. A minimum volatile solids 
concentration of 1,500 p.p.m. is recognized as a control threshold in two of 
the plants represented.

3. It is suggested that there be no hesitancy in varying the mixed liquor 
solids to meet seasonal variations in load and temperature.
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4. The importance of keeping the mixed liquor solids concentration 
within any limitations imposed by the air supply is emphasized. Proper 
operation cannot be obtained when the solids content is so high that the 
available air supply is inadequate to maintain an aerobic environment.

5. While low concentrations of solids may result in economy of power 
(for air supply) the volatile content and activity will be high whereas high 
solids concentrations usually yield less active but denser sludges which are 
more conducive to stable operation under shock loads and afford a some
what higher degree of purification.

6. The rate of activated sludge accumulation or build-up is usually 
greater when the mixed liquor solids concentration is in the low range; the 
resulting high volatile content is desirable from a fertilizer production 
standpoint but entails closer control in avoiding septicity during compac
tion in the final settling tank.

7. High mixed liquor solids concentrations are ordinarily advantageous 
from the sludge disposal standpoint, since part of the volatile matter is 
oxidized during the aeration process and the greater stability of the sludge 
permits it to be concentrated to a lower moisture content before waste to 
disposal facilities.

R a t e  o f  S l u d g e  R e t u r n

The rate at which the activated sludge is returned to the aeration tanks 
generally determines the condition of the sludge. Too low a rate of return 
may result in septicity and consequent bulking and other evils; too high a 
return rate may not allow sufficient time for concentration in the final 
settling tank and thus results in a light, voluminous sludge, creating prob
lems in disposal of the excess going to waste. Obviously, the rate of return 
is important as regards mixed liquor solids control and a balanced pro
cedure must be achieved.

Rates of return (expressed as percentages of the sewage flow), with 
return sludge suspended solids data, are listed in Table II. Of the 21 
plants listed, 8 employ return rates between 20 and 30 per cent, 10 employ 
rates between 30 and 45 per cent and only 3 return at rates under 20 per 
cent. The very low return rate of 3.5 per cent practiced at Rockville 
Centre is largely explained by the very high solids concentration of 26,700 
p.p.m. in the return sludge. In winter, the solids concentration becomes 
as high as 35,000 p.p.m.—a remarkable condition when the unusually high 
volatile content (88 per cent in mixed liquor) is considered.

Examination of the return sludge suspended solids data contained in 
Table II indicates that it is difficult to determine a ' ‘ normal ’ ’ range. Nine 
of the plants achieve return sludge concentrations of 4,000 to 8,000 p.p.m. 
and seven plants report average values between 10,000 and 15,000 p.p.m. 
As is to be expected, it will be noted that the concentration of return sludge 
solids is generally, although not alwaj^s, lower at the higher rates of return.

The A.P.H.A. Committee Report includes an interesting analysis of 
return sludge practice in the data showing the “ ratio of return solids to 
incoming solids at aeration tanks” (This Journal, 14, 23 (January, 1942)). 
Ratios between 10 : 1 and 39.6 : 1 are shown for eleven plants; however,
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seven of these plants reported ratios between 10 : 1 and 20 : 1. These 
figures may possibly be better visualized if regarded as “ pounds of sus
pended matter returned as activated sludge per pound of suspended matter 
in the sewage received for treatment at the aeration tank.”

In his regulation of the rate of sludge return, the operator is almost al
ways guided by the depth of accumulation or sludge blanket in the final 
settling tanks. Too deep a sludge blanket may result in septicity of the 
sludge and upset of the biological balance; too shallow or no blanket may 
yield a thin, poorly concentrated return sludge. Seasonal changes in tem
perature and volatile content of the sludge often necessitate variation in 
the return rate.

At Fort Wayne, Brunner gives much credit to the air-lift bubbler piping 
(Fig. 3) which affords a constant indication of the sludge depth in the final

F ig . 3.—Air-lift bubbler for sludge blanket determination in final settling tanks
a t Fort Wayne, Ind.

settling tanks at that plant. An excessively deep sludge blanket due to 
bulking or insufficient return is revealed immediately by the bubbler sys
tem and the return rate is increased accordingly. Automatic sludge level 
indicators utilizing photo-electric cells have been employed with varying 
degrees of success.

Lehmann at Hackensack considers the sludge blanket level as a most 
important control and makes hourly observations for the purpose of return 
sludge flow regulation. Particularly close supervision of the sludge 
blanket is also necessary at Pasadena, where generally high temperatures 
and high volatile matter content induce rapid septicity in the sludge ac
cumulation if held too long in the final settling tank for thickening. Simi
lar difficulty is experienced at Omaha, where packinghouse wastes and
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surges of septic sewage solids from the combined sewers after rains create 
a problem. Ahrens reports that increased rates of sludge return at such 
times maintain the sludge in better condition and are beneficial in 
freshening the mixed liquor. This not uncommon practice of returning 
sludge at very high rates to smooth out shock loads is suggestive of the 
recirculation theory as applied to modern trickling filter treatment—con
centration of the return sludge being sacrificed for the dilution effect of 
the effluent in which the sludge is suspended. The thin return sludge, 
however, introduces other problems in connection with waste and disposal.

Smith at Lima employs an increased sludge return rate at the apparent 
onset of bulking of sludge, which common operation difficulty will be dis
cussed in more detail later. A semi-automatic return sludge rate controller 
has been developed at the Lima plant, by adapting a weighted plug valve 
to the return sludge pump discharge piping. The arrangement is shown

F ig . 4.— Diagram of return and excess sludge control arrangement at Lima, Ohio. 
E. E. Smith, Superintendent.

diagrammatically in Fig. 4 and its operation is described by Smith as 
follows:

“ A 4-inch valve  in  th e  re tu rn  sludge p um p  h ead e r con tin u o u sly  d ischarges excess 
ac tiv a te d  sludge to  th e  p rim a ry  se ttlin g  ta n k  for rem oval from  th e  seco n d ary  sy stem . 
T h e  am o u n t of such  excess sludge is affected  im m ed ia te ly  b y  a b ack -p ressu re  p lug 
(F ig. 4) in  th e  d ischarge of re tu rn  sludge to  th e  m ixed liq u o r ch an n e l an d  ge ne r a l l y  by  
th e  se ttlin g  ra te  of a e ra ted  sludge in  th e  final se ttlin g  ta n k s  th ro u g h  con tro l of th e  su c tio n  
l i f t  of th e  re tu rn  sludge pum p . Specifically, ope ra tin g  d irec tions call for th e  in d iv id u a l 
sludge d ischarge valves betw een  th e  final se ttlin g  ta n k s  an d  th e  re tu rn  sludge well to  
be  th ro tt le d  a t  all tim es sufficiently  on ly  to  ho ld  th e  sludge line  in  th e  final se ttlin g  
ta n k s  a t  th e  edge of th e  v e rtica l side-w alls, m a in ta in in g  th e  th re e  fo o t cone in  th e  final 
ta n k s  full of sludge. I f  th e  ra te  of se ttlin g  increases (or, conversely , th e  h o u rly  p e r
cen tage se ttlin g  decreases) th e  m ore com pac t sludge will req u ire  less vo lum e in  th e  
re tu rn  and  excess flows, th e  opposite  cond itions o b ta in in g  w ith  a slow er se ttlin g  sludge.

“ T h e  back -p ressu re  p lug in  th e  re tu rn  sludge d ischarge, w ith  em p irica lly  d e te r
m ined  am o u n t of w eight will p ro p o rtio n  th e  excess flow accord ing  to  th e  r a te  of r e tu rn  
an d , ind irec tly , th e  sludge se ttlin g  ra te . O p era tin g  d irec tions also call fo r som e correc



Vol. 15, No. 5 ACTIVATED SLUDGE PLANT OPERATION 917

tio n  w hen th e  solids in  th e  ae ra tio n  effluent exceed a  se t figure. T hus, for th e  sum m er 
of 1941, w hen th e  solids in  th e  ae ra tio n  effluent exceeded 1,500 p a r ts  per m illion, th e
4 -inch re tu rn  sludge b leeder va lve  w as closed and  th e  50 g .p .m . excess sludge d iap h rag m  
p um p  opera ted  for th e  th ree -h o u r period  betw een  5:00 and  8:00 a .m . th e  d ay  follow ing 
th a t  on w hich th e  d e te rm in a tio n  of a e ra tio n  effluent suspended  solids was m ade. T h is 
th ree  h ou r pum ping  seem ed to  be sufficiently  in  excess of th e  no rm al p ro duc tion  of 
secondary  solids so th a t  no g rea t d ev ia tio n  from  th e  desired am o u n t of solids followed 
such  procedure.

“ T he  a rran g em en t m ay  be called sem i-au to m atic  con tro l of m ixed liquor solids, as 
th e  sy stem  involves no effort on th e  p a r t  of th e  su p e rin ten d e n t to  m ake an y  d e ta iled  
schedule of excess pum ping  as such. D u rin g  th e  earlier p a r t  of th e  y ea r w hen run-off 
p rov ided  a  w eaker com bined sewage, th e  se ttin g  of 1,000 p .p .m . for a e ra tio n  effluent 
was easily  o b ta in ed  b y  increasing  th e  w eights on th e  re tu rn  sludge d ischarge p lug. In  
a d d itio n  to  relieving th e  op era to rs  from  th e  necessity  of guessing a t  th e  nu m b er of hou rs 
of excess sludge pum ping , th is  sy s tem  has th e  follow ing ad v an tag es :

“ (1) N early  elim inates th e  o p era tion  of th e  excess sludge pum p, w ith  its  e igh t 
ru b b e r d iap h rag m s and  four ru b b e r ball valves, avo id ing  th e ir  m ain tenance .

“ (2) G rea tly  reduces pow er for d irec t excess sludge p um p  m o to r opera tion , sav ing  
ab o u t $10.00 p er m o n th .

“ (3) H as a n  a p p a re n t beneficial effect on p rim ary  se ttling , in  th a t  ac tin g  as a 
coagu lan t, th e  resu lts  from  add ing  con tinuously  sm all am o u n ts  of excess ac tiv a ted  
sludge a re  p referab le  to  add ing  th e  sam e volum e over sh o rte r periods.”

R a t e  o f  A i r  A p p l ic a t io n

Maintenance of aerobic conditions throughout the activated sludge 
process (aeration and final sedimentation) is essential to proper operation. 
Since the provision of an adequate air supply at suitable pressure almost 
always constitutes the principal operation cost item, the operator must 
exercise such control of air application that there is a sufficient quantity to 
afford stirring of the mixed liquor with a residual of dissolved oxygen in the 
mixed liquor during aeration, but to avoid the waste of power, undesirable 
changes in the activated sludge and over-nitrification of the effluent which 
occur when the air application is excessive.

The quantities of air applied in the plants represented in this review of 
operation practice are shown in Table III, and are expressed in cubic feet 
per gallon of sewage treated as well as cubic feet per pound of 5-day B.O.D. 
removed. The latter unit is rapidly gaining favor among operators as 
being most informative and more indicative of the manner of air utilization. 
Of the plants listed, nine show air requirements of 350 to 850 cu. ft. per 
pound B.O.D. removed and at only two, Omaha and Rockville Centre, is 
it found that more than 1,500 cu. ft. is required. The maximum applica
tion of 2,180 cu. ft. per pound B.O.D. removed at Rockville Centre may be 
explained by the intensely dense and active return sludge, which has been 
commented upon previously. In reviewing these data, it must be kept in 
mind that strict economy of air application is not so essential at plants 
equipped with sludge gas engine operated blowers such as at Findlay (Fig. 
5), Ft. Wayne, Omaha, Rockville Centre, Springfield and others, in which 
circumstances liberal quantities of air may be used.

On the basis of the sewage volume treated, the average air application 
values in Table III range from 0.35 to 2.0 cu. ft. per gallon, with fairly 
general distribution between these limits. The variation in applied air in
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T a b l e  I I I —Applied, A ir  Quantities and Mixed Liquor Oxygen Content

P l a n t

A p p l i e d  A i r  ( C u .  F t . ) D .O .  D u r i n g  A e r a t i o n  ( P . P . M . )

P e r  M .  G .
A v e .  P e r  L b .  

B .O .D .
R e m o v a l

I n l e t M i d p o i n t O u t l e t

A v e r a g e R a n g e

Chicago (Calumet)................... 0.35 0.22-0.52 500 — — 1.5-5.0
Elyria, Ohio............................... 0.94 0.65-1.55 1290 — — —
Findlay, Ohio............................ 0.70 0.30-1.00 840 0 1.0 3.0
Ft. Wayne, Ind......................... 0.99 0.49-1.65 835 0.8 2.0 5.2
Hackensack, N . J...................... 0.60 0.41-1.10 640 0-3.0 0.5-3.0 0.5-3.0
Indianapolis, Ind............ 1.78 0.83-4.80 1020 — — 2.0 +
Lancaster, Pa. (North)........... 0.70 0.50-0.90 830 1.8 — 5.2
Lima, Ohio................................ 0.99 0.45-1.52 1415 2.2 5.0 4.9
Mansfield, Ohio........................ 0.37 0.21-0.40 370 — — 2.9
Muskegon Hts., Mich.............. 0.47 0.29-0.57 345 0 1.0 2.3
New York (Wards I . ) ............. 0.57 0.38-0.75 470 — — 3.4
North Toronto, Ont................. 1.00 0.70-1.30 620 — — —
Omaha, Nebr............................. 1.36 1.02-1.86 1650 — — 3.2
Pasadena, Calif......................... 1.62 1.47-1.89 1450 — — 3.8
Pomona, Calif............................ 1.80 0.95-3.00 — — — 3.0
Pontiac, Mich............................ 1.10 — 1470 — — 5.0
Rockville Centre, N . Y ........... 2.00 1.70-2.30 2180 Tr. 1.5 2.5
San Antonio, Tex...................... 1.34 —  . 970 — — —
Springfield, 111............................ 0.75 0.43-1.10 950 2.0 4.0 6.0
Tenafly, N. J............................. 1.47 0.90-2.30 1295 — — —
York Twp., Toronto, Can....... 1.70 1.60-1.90 --- 4.6 2.7 2.7

each of the plants is not entirely due to manipulation by the operator be
cause the unit “ cubic feet per gallon” is subject to variations in the rate of 
sewage flow received for treatment. Comparison of the cubic feet per 
gallon values with the figures representing cubic feet per pound B.O.D. 
removed in the plants at Chicago Calumet, North Toronto, Omaha and 
San Antonio will indicate clearly how misleading the former basis of ex
pressing air application may be.

The concentration of dissolved oxygen in periodically collected samples 
of mixed liquor is the most commonly employed control for determination 
of the adequacy of air application (Table III). The frequency of such 
mixed liquor sampling and dissolved oxygen determinations varies from 1 
to 12 times daily, with most operators using a routine 4-hour schedule. 
From Table III it will be observed that many operators determine the 
mixed liquor dissolved oxygen content at the inlet and midpoint of aeration 
as routine control in addition to D.O. determination at the aeration tank 
outlet. Brunner at Ft. Wayne supplements his 12-hour aeration tank 
effluent sampling routine with a dissolved oxygen survey through each 
aeration tank at least once a month.

The mixed liquor dissolved oxygen data in Table III illustrate the pro
gressive increase in residual oxygen which is nearly always found to occur 
during aeration. Although it is not uncommon to find a complete absence 
of dissolved oxygen at the aeration tank inlet, it is generally held desirable
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for some residual to be present throughout the entire aeration period. 
Residual oxygen must certainly be present at the midpoint of the aeration 
period if normal results are to be obtained. The midpoint oxygen con
centration is considered the primary control at Toronto.

It has been demonstrated experimentally and in practice that a nor
mally active sludge uses, in the first two hours of aeration, about 50 per 
cent of the total amount of air it requires. This finding constitutes the 
basis for the practice of tapered aeration, whereby air application is heavi
est at the inlet end of the aeration units and gradually reduced to a mini
mum at the outlet end. Most of the larger plants do not employ tapered 
aeration although the principle has many enthusiastic supporters.

F ig . 5.— Activated sludge plant at Findlay, Ohio.

In controlling air application by means of the dissolved oxygen content 
of the aerated mixed liquor, Lehmann at Hackensack seeks to maintain 
from 1.0 to 2.0 p.p.m. and makes adjustment on the basis of observations 
every two hours. Such unusually close control appears to be required by 
a sensitive activated sludge which affords a narrow margin between under 
and over-aeration. At Omaha, Ahrens considers 1.5 p.p.m. as the lowest 
desirable dissolved oxygen limit. A minimum of 2.0 p.p.m. appears to be 
the most commonly recognized control value and is employed at Ft. Wayne, 
Indianapolis and other plants. Wheeler at Chicago (Calumet) encounters 
seasonal factors which lead to the use of a 1.5 p.p.m. control in summer and
2.0 p.p.m. in winter. At Wards Island Edwards finds it desirable to have 
about 5.0 p.p.m. at the aeration tank outlets at all times.

The dissolved oxygen content of the plant effluent is, of course, a most 
important item and is often recognized as the principal control, as at Lima, 
or is considered in conjunction with the mixed liquor oxygen concentration, 
as at Ft. Wayne, Wards Island and Omaha. At Lima, Smith attempts to
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maintain at least 3.0 p.p.m. of dissolved oxygen in the plant effluent and 
finds that 3.5 to 4.0 p.p.m. must be held in the aerated mixed liquor to 
achieve the desired end result.

Brunner (Ft. Wayne) and Turner (Mansfield) direct attention to the 
particular significance of mixed liquor dissolved oxygen determinations 
made at critical flow periods during the day. Turner is guided entirely 
in adjustment of air application by the decrease in dissolved oxygen which 
occurs during the peak load period of 10:30 A.M. to 2:00 P.M. If the 
dissolved oxygen drops as much as 75 per cent in this time, air application 
is increased; if the drop is as low as 50 per cent, less air is used. This proce
dure appears to have particular merit where shock loads are received.

Where there is poor flexibility of air supply, as at Elyria, or inadequate 
blower capacity as at Muskegon Heights, the mixed liquor oxygen content 
can be controlled only by variation of the concentration of mixed liquor 
solids carried. Barton (Findlay) and Rhoads (Lancaster) find it desirable 
to maintain a constant rate of air application and to make adjustment only 
by increasing or decreasing the mixed liquor solids, even though no design 
limitations affecting the air supply are involved in these plants.

An interesting observation is offered by Lehmann regarding use of the 
mechanical paddles used in combination with diffused air at Hackensack. 
It is found that a decrease in mixed liquor dissolved oxygen occurs when 
the paddles are started, apparently demonstrating their effectiveness as a 
mixing device. The paddles are operated only during the summer months 
of heaviest load.

At Tenafly, New Jersey, Adams finds that more air must be applied 
than is required for biological balance of the activated sludge in order to 
maintain proper admixture and circulation of the mixed liquor.

A e r a t io n  P e r io u

Although discussed here as an operating variable, the control of the 
aeration period by actually varying the detention time in aeration units is 
not common in practice, since few diffused air activated sludge plants have 
the excess aeration tank capacity necessary to make the procedure possible. 
It is feasible, however, for the operator to utilize the available aeration 
tank capacity in various ways, as by reaeration or by “ adjusted aeration” 
(used at Findlay, Ohio), both of which procedures are discussed below.

The aeration periods available in the plants represented in this study 
are shown in Table I. At ten of the plants listed, periods between 4 and 
6 hours are found; at five plants, the aeration periods are within the 6 to 
8 hour range and periods in excess of 8 hours are reported at the remaining 
six plants. In view of the wide variation in available plant capacity thus 
indicated, it is not surprising that there exists such a broad range in operat
ing practice in regard to mixed liquor solids concentration, rate of sludge 
return and rate of air application. All of these more readily controlled 
variables must be adapted to suit the less flexible aeration period.

Longer aeration periods usually yield a higher degree of purification 
with more advanced nitrification. At some plants, at which algae growth 
in the outlet watercourse may present a problem, such higher nitrification
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may be a disadvantage rather than desirable. Short aeration periods 
ordinarily require more “ high-pressured” operation, unless a weak sewage 
is received for treatment, and demand more care on the part of the operator 
in developing and maintaining a well-conditioned activated sludge. The 
plant having liberal aeration capacity is usually less subject to upset by 
shock loads, as at Lancaster, Pennsylvania, and Pontiac, Michigan. At 
Pontiac, the activated sludge plant is augmented by a separate trickling 
filter plant, hence a constant, controlled sewage flow is handled by the 
former works, greatly simplifying all phases of operation.

Lehmann at Hackensack suggests the desirability of plant design details 
permitting flexibility in aeration capacity. Faulty hydraulics apparently 
make it impossible to remove aeration tanks from service as may be 
desired.

Return Sludge Reaeration.—Routine, continuous reaeration of the re
turn activated sludge before admixture with the aeration influent sewage is 
practiced in only two of the plants contributing to this study, i.e., San 
Antonio and Pasadena. At the latter plant, a 45 to 80 minute reaeration 
period is utilized primarily as a means of return sludge distribution. Re
aeration is employed at Muskegon Heights on occasion “ to lighten a too 
heavy sludge and to relieve floating sludge conditions in some cases.” 
Anderson (Muskegon Heights) refers to the highly volatile activated 
sludge, particularly since packinghouse wastes have been received, and 
difficulty in properly conditioning the sludge with an inadequate air supply 
as being the causes for resorting to reaeration. When the sludge ap
proaches a septic condition, reaeration is accomplished by discharging a 
portion of the return sludge to the last aeration tank, at a point about 25 
feet from the outlet end. Air application to this unit is correspondingly 
increased.

The following local conditions justify the practice of return sludge 
reaeration by Berg at San Antonio:

1. A strong sewage containing industrial wastes, subjecting the plant 
to abrupt increases in load as when sudden flushing of sewers occurs.

2. High prevailing temperatures which induce septicity in the sewage 
and activated sludge solids.

3. Budgetary restrictions on power purchases, resulting in some limita
tion of air supply.

4. Unusually wide variation in rates of sewage flow, resulting in ex
tremely long final settling tank detention periods in the early 
morning hours.

A reaeration period of about 0.9 hour is employed at San Antonio, as 
compared to the mixed liquor aeration time of 5.9 hours. The reaerated 
sludge averages about 4,200 p.p.m. and settles to 88 per cent after 30 
minutes as compared to 1,500 p.p.m. and 33 per cent, respectively, for the 
mixed liquor. Air application was at the rate of 880 cu. ft. per pound of 
5-day B.O.D. in the aeration influent sewage although Berg concludes that
1,000 cu. ft. per pound applied B.O.D. is the minimum quantity which will 
maintain a well-conditioned sludge under San Antonio conditions.
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There are two fundamental principles in general acceptance which 
should be recognized when return sludge reaeration is considered: first, 
that the air application facilities must be of adequate capacity to maintain 
aerobic conditions in the reaeration unit and, second, that prolonged ab
sence of food is likely to render the sludge inactive and low in oxidizing 
capacity.

“Adjusted Aeration” {Findlay, Ohio Procedure) —An interesting rou
tine is employed by Barton at Findlay, Ohio, during low flow periods to 
reduce the aeration time and to minimize the effect of surge flows which 
result in disturbance of the final tank sludge blanket with loss of sludge 
floe at the weirs. The method involves alternating the operation of the 
two aeration units at eight-hour intervals by the simple expedient of 
closing the valve on the discharge pipe to the final settling tank, thus 
permitting the unit thus shut off to "idle.” The water level raises in the 
idling unit, creating an increased back pressure at the plates and diverting 
most of the air to the working unit. The resultant idling and working 
cycle actually effects a substantial measure of reaeration of the sludge and 
has apparently eliminated the surge influence at Findlay. In times of 
normal sewage flow, both aeration units are operated in parallel and in 
conventional fashion.

C o n d it i o n  o f  A c t iv a t e d  S l u d g e

The condition of the activated sludge at any time reflects the end-point 
of all manipulations by the operator, hence is his most important guide. 
Were it not for the lack of constancy of the character and quality of the 
sludge, the operation of an activated sludge plant would offer no compli
cations of consequence. The observations upon which most dependence 
is placed at this time in determining the condition of activated sludge are:

1. Appearance and odor.
2. Settling characteristics and density, observed by laboratory ob

servation of the rate of settling and computation of the sludge index.
3. "Activity,” as observed directly by measurements of the rate of 

oxygen utilization or as estimated indirectly from the proportion of 
volatile matter present.

4. Microscopical examination to ascertain the types and prevalence of 
the biological life present.

Other determinations of such factors as pH and dissolved oxygen afford 
information concerning the environment of the sludge.

Appearance and Odor.—When in good condition, activated sludge is 
ordinarily light to moderate brown in color, becoming dark brown to black 
as septicity may occur. The odor of well-conditioned sludge is sharply 
musty and not unpleasant but turns sour and disagreeable when in a very 
bad state. The floes making up good quality sludge are of moderate size 
and have clearly defined edges; a poor sludge usually appears to take the 
form of spongy, fluffy masses. During times of extreme low temperatures 
the floes may become quite small and dispersed.
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Settling Properties and Density.—The settling properties of activated 
sludge are the most significant indices of the sludge condition since efficient 
operation is dependent upon the ready separation of the sludge from the 
treated liquor in the final settling tank. Well-conditioned sludge normally 
occupies about 20 to 30 per cent of the mixed liquor sample volume after 
five minutes settling in a graduated cylinder. The most common mani
festation of poor sludge condition is “ bulking” (to be discussed in detail 
below), in which state the sludge particles become light, enlarged and 
difficult to remove by sedimentation. The sludge index is an expression 
of the density of the sludge and is more informative than the settling test 
alone since it takes into account the amount of sludge solids contained in 
the mixed liquor sample. Sludge index values below 100 are generally 
considered representative of well-conditioned sludge although satisfactory 
operation may be accomplished with sludges having indices in the order of 
200, as at Ward’s Island, Pasadena and San Antonio. It may be signifi
cant that the activated sludges in these plants are all of high volatile matter 
content. The effect of industrial wastes containing solids of high or low 
specific gravity should also be recognized in the interpretation of sludge 
index values and, particularly, in the determination of optimum operating 
ranges for a specific plant.

Sludge Activity.—The determination of sludge activity by measure
ments of oxygen utilization as developed by Bloodgood at Indianapolis 
has been adopted at a number of plants. By means of a machine devel
oped for the purpose (see This Journal, 10, 927 (November, 1938), the 
amount of oxygen, in p.p.m. per hour, used by samples of mixed liquor from 
each aeration tank, is determined daily. This rate of oxygen utilization is 
termed the “ sludge demand.” The samples are taken from the outlet end 
of the aeration tank and concentrated to a standard value of 0.5 per cent 
solids for the measurement. The sludge from this test is then fed with 
synthetic sewage to produce a 0.5 per cent mixture and the rate of oxygen 
utilization again determined by the machine. The last determined rate 
minus the sludge demand yields an oxygen utilization rate, expressed in 
p.p.m. per hour, denoted by Bloodgood as “ sludge activity.” For best 
operating results at Indianapolis, the sludge demand must be kept in the 
range of 25 to 50 and the sludge activity should not exceed 70 to 100 p.p.m. 
per hour. The procedure is found useful in controlling air, mixed liquor 
solids, rate of sludge return and in ascertaining the shock overloads from 
industrial wastes. Further details will be found in This Journal, 10, 26 
(January, 1938).

Other devices, including the Odeeomeler, have been used for determining 
rates of oxygen utilization by activated sludge and sewage-sludge mixtures.

In at least eight of the plants represented here, important significance 
is attached to the volatile matter content of the activated sludge as an 
operation control. Rhoads and Bolenius at Lancaster, however, find that 
there appears to be no uniform relationship between the volatile content 
and general characteristics of the sludge, but point out that this is probably 
due to industrial waste variations. At Chicago (Calumet) and Ft. Wayne, 
the primary concern appears to be maintenance of the volatile suspended
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solids content of the mixed liquor above a minimum of 1500 p.p.m., in 
order that a sufficiently active sludge will obtain. At Wards Island, 
Mansfield, Muskegon Heights and other plants, operating difficulties and 
increased air requirements are attributed largely to high volatile solids 
contents of the return sludge. Turner at Mansfield reports that the vola
tile content of the return sludge solids averages about 80 per cent, which 
may explain the high prevailing sludge index (346). Increased quantities 
of slaughterhouse wastes received at Muskegon Heights raised the volatile 
suspended solids in the influent sewage from 65 per cent to 80-85 per cent, 
adding complications in operation control. The industry has been re
quested to install adequate grease removal and rate-of-ffow control facili
ties in an effort to minimize the influence of the wastes.

Edwards, in comparing data from the New York Wards Island and 
Tallmans Island plants (This Journal, 12, 1077 (November, 1940), shows 
a marked relationship between the volatile solids content of the return 
sludge and the sludge index. The relatively high sludge index of 170 at 
Wards Island is held to be caused by the high volatile solids content of 76.1 
per cent. Edwards suggests the sludge index may be a relative figure as 
an indication of bulking and that the variance in sludge indices encoun
tered in comparing plant data may be explained by the differences in 
volatile matter content.

Edwards and Anderson (Muskegon Heights) both refer to the require
ment of additional air application when the volatile content of the sludge 
is high, indicating that another important operation control relation may 
exist. There appears to be considerable justification for greater emphasis 
on the volatile solids determination in the mixed liquor and return sludge 
as an operation control, as well as for extensive study of the significance, 
interpretation and application of such data.

Microscopic Examinations.—Determination of the activated sludge 
condition by microscopic observation of the number and types of organisms 
present is practiced at most of the plants contributing to this study, how
ever, the frequency of such examinations varies widely. At nine plants it 
is reported that the microscope is used "occasionally” ; weekly sludge 
examinations are made at Lancaster and Pontiac; Edwards reports that 
five to six observations are made weekly at Wards Island. The occasional 
examinations made at Mansfield, Pontiac and Springfield are augmented 
by daily checks when the sludge index is high or when the sludge condition 
is otherwise doubtful. Bloodgood states that microscopic observations 
are made seldom at Indianapolis "as it is believed that by the time there 
is a change in flora it is too late to make the necessary changes in operation 
procedure for maintenance of a good activated sludge.”

At Wards Island, Edwards considers protozoa and filamentous forms as 
of most importance and finds flagellates to be numerous with low dissolved 
oxygen conditions. Larson at Springfield considers a preponderance of 
rotifera with ciliates such as vorticella, carchesium, stentor, and paramoecium 
to be present when the sludge is in good condition, an unsatisfactory sludge 
being characterized by the presence of amoeba and filamentous types in
cluding Sphaerotilus natans. Most common practice, typified by the pro
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cedures at Lancaster, Mansfield and Pontiac, is to check primarily for the 
filamentous growths, as these forms are almost always prevalent in a poor 
sludge and are readily identified.

Other Measures of Sludge Condition.—Lehmann at Hackensack employs 
pH determinations on mixed liquor samples during aeration as an indica
tion of the degree of oxidation of the sludge. He finds that a drop in pH 
occurs during normal operation and that bulking occurs otherwise. Too 
low a pH, of course, is evidence of septicity and must be avoided by higher 
return rates. At Omaha, Ahrens also includes routine pH determinations 
on the mixed liquor and return sludge among his observations for sludge 
condition. Adams at Tenafly finds best operation to take place at a pH 
of 6.8 in the return sludge and includes the determination in his daily 
routine.

Determination of the ammonia, nitrite and nitrate nitrogen on the 
plant effluent are obviously informative regarding the oxidizing and nitri
fying properties of the activated sludge and are commonly performed as 
routine analyses. From 1 to 2 p.p.m. of nitrates in the plant effluent is 
generally considered to indicate a sufficiently nitrifying sludge. Effluent 
nitrate, contents of more than 5.0 p.p.m. are unusual since most operators 
consider it uneconomical to carry nitrification beyond this point. At 
Pasadena, where high temperatures entail constant vigilance against bulk
ing, Allen considers the presence of at least 1 to 2 p.p.m. of nitrates in the 
effluent as an important safety factor. Anderson at Muskegon Heights 
has found that methylene blue stability determination affords a quick and 
simple check on nitrate production and includes this test on the plant 
effluent in his routine. Immediate loss of color is considered to indicate a 
complete absence of nitrate nitrogen. Anderson also suggests that the 
turbidity determination may give indication of upset in sludge condition 
even though results of other determinations may appear satisfactory.

Bulking of Activated Sludge.—Well-conditioned activated sludge settles 
rapidly from the aerated mixed liquor leaving a sparkling, highly oxidized 
plant effluent. Loss of the rapid settling property and increase in the 
sludge index is usually an early indication of deteriorating sludge quality. 
As the floes increase in size and lose density, the sludge blanket in the final 
settling tank increases in depth until the natural currents in the tank carry 
some of the solids over the weirs with the plant effluent. Avoidance of 
such bulking of the sludge is the most common problem encountered in 
operation and activated sludge plants in which it has never occurred are 
indeed rare. Of the plants represented here, “ chronic” bulking is re
ported at four; one or more instances of bulking each summer are experi
enced at eight; at nine of the plants bulking is reported to occur infre
quently or only “ occasionally in mild form.” Included in the last group 
are the plants at Hackensack, where no bulking has occurred in the past 
two years, and at Rockville Centre, where there have been no such diffi
culties in the past eight years, improved operation control being credited 
for these records in both cases.

The reported causes of bulking are summarized as follows:
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1. Loss of ba lance  betw een  o p e ra tio n  v ariab les  due to  carelessness or re laxed  v ig il
ance in  con tro l is offered as th e  p rim a ry  cause in  six p lan ts . T oo  h igh  o r too  low m ixed 
liquor solids co n cen tra tio n  and  in a d e q u a te  a ir ap p lica tio n  a re  m en tio n ed  as specific 
reasons.

2. Shock loads from  in d u s tria l w astes a re  held  responsib le  for th e  bu lk in g  experi
enced a t  five p lan ts . T oxic w astes as from  p a in t m an u fac tu re  an d  m e ta l p la tin g  p lan ts , 
w astes of h igh o rgan ic  c o n te n t as from  packinghouses an d  distilleries, an d  w astes con
ta in in g  app reciab le  q u a n titie s  of oil an d  grease a re  considered  m ost likely  to  re su lt in  
in terfe rence . A t M uskegon  H eigh ts an d  L an caste r, th e  in d u s tr ia l w aste  influence has 
been  m inim ized b y  requ iring  such  in d u s trie s  to  effect rem oval of o b jec tionab le  com 
p o n en ts  an d  p rov ide  for un ifo rm  ra te s  of d ischarge to  th e  sew er sy stem .

3. A t four p lan ts , h igh  vo la tile  m a tte r  con cen tra tio n s, occurring  u sua lly  in  d ry  
sum m er m on ths w hen th e  raw  sew age solids a re  likely  to  be sep tic , a re  b lam ed  for a c ti
v a te d  sludge bu lk ing . O nset of bu lk ing  follow ing a ra in  w hich flushes o u t sep tic  solids 
from  com bined  sew ers a f te r  a  p rolonged d ry  period is com m on. S im ilar effects are 
rep o rted  w hen a co n cen tra ted  su p e rn a ta n t liquo r from  d igestion  ta n k s  is re tu rn ed  to  
th e  raw  sew age (O m aha an d  H ackensack) an d  w hen th e  p rim a ry  sed im en ta tio n  tan k s 
fail to  re ta in  com pletely  th e  w aste  a c tiv a te d  sludge solids d ischarged  th e re to  a t  high 
ra te s  (O m aha an d  Springfield).

4. C onsis ten tly  overloaded  p lan ts  a re  a lm o st a lw ays o p e ra tin g  u n d e r a  condition 
of chronic bu lk ing , a s itu a tio n  obviously  beyond  con tro l of th e  o p e ra to r. W ar tim e 
po p u la tio n  increases, to g e th e r w ith  boron  w astes from  c itru s  f ru it pack ing  industries, 
has b ro u g h t th is  cond ition  a t  P om ona, C al. C om m en ting  on  bu lk ing  experience a t  
L im a, S m ith  s ta te s , “ w hen an  ac tiv a te d  sludge p la n t is o p e ra ted  a t  full load  under 
sum m er conditions, as th e  L im a p la n t was in  1942 for over 50 per cen t of each day , 
bu lk ing  will occu r.” M an y  p lan ts  n o t now  tro u b led  w ith  b u lk ing  will u n d o u b ted ly  
experience th e  prob lem  as design loads are  app ro ach ed  an d  exceeded in  th e  fu tu re , 
unless p la n t expansion is accom plished in pace w ith  increases in dom estic  sew age and  
ind u stria l w aste flows.

Wheeler at Chicago (Calumet) considers the infrequency of bulking at 
this plant to be due to the relatively low volatile content of the sewage 
received. At Pasadena, Allen has been unable to associate any specific 
causes to the sludge bulking which occurs at irregular intervals, however, 
relatively high temperatures such as prevail in California are generally 
believed to accelerate bulking.

It will be evident that continuously careful and vigilant attention to the 
control of mixed liquor solids, return sludge rates and air application will 
prevent many instances of bulking. Industrial waste survey and control 
will minimize cases resulting from such sources. In other cases bulking 
may be prevented by improvement in supernatant liquor quality or by 
alternate methods of disposal. At Hackensack, elimination of a heavy 
supernatant liquor, together with a higher mixed liquor solids level (1,600 
p.p.m.) and improved dissolved oxygen control during aeration, have suc
cessfully prevented bulking for the past two years. Where shock loads 
from industries are likely to be received, it is desirable to have such knowl
edge early so that measures may be taken to prevent bulking. The 
industrial waste "slugs” received at Decatur, 111., and Lancaster, Pa., are 
of such nature that pH determinations on the raw sewage at intervals 
during the day are regular procedure. An abrupt change in pH signals 
that a "slug” has arrived and enables adjustment in air supply or return 
sludge rate to be made before damage to the activated sludge takes place. 
Barton at Findlay and Adams at Tenafly use the methylene blue stability
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test on samples of the primary effluent for the same purpose, immediate 
loss of color being taken as indication that air application and sludge return 
should be increased to meet a shock load. This determination is routine 
at 8-hour intervals at Findlay.

In the earliest stages of bulking, operators appear to be in general 
agreement that additional air application, increase in rate of sludge return 
and, if possible, reduction in the applied load to the aeration tanks, are the 
proper operating adjustments. Ahrens at Omaha supplements these con
trols with the return of plant effluent to the sewage entering the primary 
tanks during the low night flows, thus reducing detention periods and 
freshening the aeration influent sewage.

At five of the plants included in this review, i.e., Lancaster, Lima, 
Mansfield, Tenafly and Wards Island, chlorination of the return sludge has 
been found efficacious in destroying the filamentous organisms, such as 
Sphaerotilus, which usually infest bulking activated sludge, as well as in 
reducing the high initial oxygen requirements of the sludge. Return 
sludge chlorination is relied upon as a routine remedy for bulking at the 
above and many other plants although some instances have been reported 
in,which the treatment was not completely successful. For best results, it 
appears that the treatment should be instituted as soon as bulking becomes 
imminent with the chlorine applied at carefully controlled rates.

Probably the best information available on return sludge chlorination 
comes from Lima, Ohio, where Smith has employed the method since 1934, 
from which experience it has been concluded that it is the only uniformly 
successful remedy for bulking in this heavily loaded plant. Application 
of chlorine to the return sludge is begun when the aerated mixed liquor 
settling test shows the sludge to occupy more than 20 per cent of the sample 
volume after one hour settling. In arriving at the optimum chlorine 
dosages, Smith has recognized the concentration of solids in the return 
sludge as an important factor and expresses the chlorine dosages on this 
basis. Since 1936, chlorination of the return sludge has been required 
3 to 12 times a year, the dosages averaging about 8.5 p.p.m. chlorine for 
each per cent suspended solids in the return sludge and ranging from 3.9 
p.p.m. to 14.9 p.p.m. for each per cent solids. These dosages represent an 
average of 6.5 p.p.m. and a range of 3.0 to 11.7 p.p.m. of chlorine on the 
basis of the volume of return sludge flow. From the Lima experience, 
Smith concludes as follows:

“ 1. R e tu rn  sludge ch lo rina tion  for correction  of bu lk ing  has been p rac ticed  a t  
L im a for n ine  years w ith  success.

“ 2.  C hlorine should be used for correction  of bu lk ing  only, n o t for p reven tion .
“ 3. T he am o u n ts  observed a t  L im a to  be requ ired  for qu ick  resu lts  a re  n o t less 

th an  6 p .p .m . based on re tu rn  sludge flow or less th a n  8 p .p .m . for each per cen t of 
solids in re tu rn  sludge.

“ 4. N early  com plete recovery  from  bulk ing  m ay  be expected  a t  L im a w ith in  seven 
d ays a fte r  th e  beg inn ing  of ch lo rination  of re tu rn  sludge, and  recovery  has been effected 
on m any  occasions a fte r  as few as th ree  days chlorination .

“ 5. W ith  effective reliance upon  ch lo rination  as a corrective of bulking, pow er 
requ irem en ts  for a ir com pression m ay be reduced to  th e  m in im um , and  th e  com bination  
of th e  above considerations should resu lt in  m arked  econom y of o p e ra tio n .”



928 SEWAGE WORKS JOURNAL S ep tem b er, 1943

When bulking is beyond control, i.e., application of the above remedies 
fails to bring about restoration of a properly conditioned activated sludge, 
most operators agree that all or part of the bulky sludge must be wasted 
and a new sludge developed. At Indianapolis, waste sludge is readily 
disposed of by discharge to lagoons, hence all of the bad sludge is wasted. 
Where sludge wasting and disposal facilities may be limited, however, it is 
not always possible to effect complete wastage of the bulked sludge in a 
reasonable length of time and a part of the original mixed liquor solids may 
be retained. Ahrens at Omaha wastes the mixed liquor solids to about 
half the desired concentration and uses an increased rate of sludge return 
while the new sludge develops. Anderson (Muskegon Heights) retains 
about 300 p.p.m. of the bulked mixed liquor solids when redeveloping an 
activated sludge even though he is not restricted in waste sludge disposition 
facilities. At Findlay, Ohio, Barton notes marked improvement in the 
condition of the mixed liquor solids in 5 to 10 hours after purging of the 
final tank contents through the plant is commenced.

Edwards (Wards Island), Larson (Springfield) and Turner (Mansfield) 
refer to the benefits derived from a rain while sludge is bulking. This 
remedial effect is generally ascribed to the reduction of the volatile matter 
concentration in the sludge, resulting in better density and lower initial 
demand for oxygen.

Application to the mixed liquor of lime, copper sulfate and pulverized 
clay has been attempted as a corrective for bulking activated sludge but 
has not proven uniformly successful up to this time.

O t h e r  O p e r a t io n  P r o b l e m s

Rising Sludge at Final Settling Tanks.—At almost half of the plants 
represented here, difficulty has been experienced at some time or another 
with the rising of large masses of the sludge to the surface of the final 
settling tank. At Fort Wayne, Hackensack, Pasadena and Springfield, 
the condition has been noted to occur when nitrification is high as is com
mon when the sludge is over-aerated. The most common opinion on the 
cause of this condition is that the nitrates are reduced in the sludge blanket 
as the dissolved oxygen is depleted, resulting in the ebullition of nitrogen 
bubbles which carry the sludge masses to the surface. Correction is 
usually accomplished quickly by decreasing the air application. The plant 
at Hackensack appears to be particularly susceptible to this condition and 
the mixed liquor dissolved oxygen content must be held below 2.0 p.p.m. 
to avoid it. Bloodgood eliminates the condition by increasing the sewage 
load to the unit causing trouble, thus furnishing additional bacterial food. 
When increase in load is not feasible, he suggests that the mixed liquor 
solids be reduced.

Rising sludge masses may also occur with the onset of septicity in a 
final settling tank blanket of very dense sludge, as at Muskegon Heights, 
where reaeration of the return sludge is employed as the remedy. Smith 
at Lima increases the return rate and applies a fine spray of water at the 
tank surface to break up the sludge masses, on the rare occasions that the 
problem has been encountered.
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Munroe at the York Township, Toronto plant suggests that sludge 
rising due to septicity in hot weather may result from the failure of the 
sludge collectors to keep the tank bottom clean, directing attention to the 
desirability of care in maintaining proper adjustment of the plows or flights.

Oil and Grease.—In about a third of the plants contributing to this 
study, varying degrees of difficulty are reported to have resulted from the 
discharge of oils or grease to aeration units. Oils are usually received in 
"slugs” after accidental loss to the sewers or temporary breakdown of 
industrial separators. Grease is more likely to be a day-to-day problem 
since few industries provide adequate facilities and care in removing it 
from process wastes, particularly if the grease is in an emulsified state, 
difficult to separate.

Rapid and damaging reactions are reported to occur when a quantity of 
oil comes in contact with activated sludge, as experienced at Chicago Calu
met, Fort Wayne, Hackensack and Omaha. In every case, air require
ments were greatly increased and the clarifying and oxidizing capacity of 
the sludge immediately reduced, as evidenced by increase in the B.O.D. 
and suspended solids content of the plant effluent. Coating and impregna
tion of the activated sludge particles, interfering with the absorption of 
oxygen is believed to be the direct effect of the oil. At Fort Wayne, 
Brunner reports that a 3,000 gallon "sho t” of fuel oil necessitated increase 
in air application from about 1.0 to 1.75 cu. ft. per gal. to hold 2.0 p.p.m. 
of mixed liquor dissolved oxygen. Receipt of 8,000 gallons of fuel oil at 
the Omaha plant completely destroyed the activated sludge, entailing a 
new start. Several discharges of a petroleum-base oil have been received 
at Hackensack, and, although treatment efficiency is affected, the condi
tion has been correctible by increased air application while the oil is 
present.

Grease may to some extent affect the activated sludge in a manner 
similar to oil but is believed to exert its greatest influence in the form of an 
organic overload. A combination of industrial oil wastes with grease sol
vent wastes constitutes a real problem at Muskegon Heights. At Elyria, 
Collier reports averages of 105, 33 and 3 p.p.m. of grease in the raw sewage, 
primary effluent and final effluent, respectively, yet is more concerned with 
the grease disposal problem at the sludge digestion tanks than with the 
effect on the activated sludge. Adams at Tenafly states that determina
tions made several years ago revealed that the normal activated sludge at 
this plant contained about 20 per cent of ether-soluble grease but that 
attempts to correlate the grease content with the condition of the sludge 
were unsuccessful.

Chironomus Larvae.—In a few plants, a troublesome problem is created 
by the bloodworm or larvae of the chironomus fly. This insect has caused 
serious interference with operation of activated sludge units at Muskegon 
Heights and Findlay. Anderson (Muskegon Heights) furnishes an excel
lent commentary on the problem:

“ T h e  p ro d u c tio n  of b loodw orm s in  sewage is due p rim arily , I  believe, to  sta le  
sew age an d  w arm  tem p e ra tu re . W e have a considerable n um ber of fla t sew ers and  
w hen th e  te m p e ra tu re  of th e  sewage reaches ab o u t 70° F . th e  tr e a tm e n t p la n t usua lly
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becom es in fested  w ith  b loodw orm s w hich hav e  caused a g re a t deal of d ifficu lty  w ith  th e  
o p e ra tio n  of th e  ae ra tio n  p lan t.

“ T h e  w orm s form  cocoons of sludge, a b o u t one inch  in len g th  b y  one-e igh th  inch  
d iam eter, w hich ad h ere  to  th e  w alls of th e  ta n k s  an d  finally  b reak  loose an d  floa t on 
th e  surface of th e  final se ttlin g  tan k s , due to  e n tra in ed  a ir or because th e  p a rtic le s  of 
sludge hav e  becom e sep tic . T h e  sludge m ay  floa t in  th e  orig inal cocoon form  or a  very  
th in  film of sludge m ay  cover th e  en tire  ta n k  surface. Also, sm all m asses of sludge 
m ay  rise to  th e  surface causing v e ry  u n sig h tly  cond itions an d  a  loss of sludge. In 
variab ly , du ring  th e  period  of in fes ta tio n , th e  sludge is heavy , se ttle s  rap id ly , an d  is in 
a  sem i-septic s ta te .

“ W e finally  reached  th e  conclusion th a t  th e  b e s t rem ed y  w as to  rem ove all of th e  
sludge from  th e  final se ttlin g  ta n k  sum ps as rap id ly  as i t  w as deposited . H ow ever, th is  
requ ired  a  re tu rn  ra te  up  to  as h igh  as 70 per cen t an d , w hen d ischarged  to  th e  en trance  
of th e  ae ra tio n  u n it, i t  sho rtened  th e  ae ra tio n  period an d  reduced  efficiency. W e th en  
in s ta lled  a  shee t m e ta l pipe from  th e  re tu rn  sludge cham ber to  a  p o in t a b o u t 25 feet 
from  th e  d ischarge end of ad ju s ta b le  w eirs so th a t  th e  req u ired  p o rtio n  of re tu rn  ac ti
v a te d  sludge m ay  be d ischarged  to  th e  first a e ra tio n  ta n k  w ith  th e  rem ain in g  portion 
being d ischarged  to  th e  final ae ra tio n  ta n k . W e hav e  four ae ra tio n  ta n k s  and  larger 
am o u n ts  of a ir a re  app lied  a t  th e  first and  la s t ta n k s  du rin g  th is  m e th o d  of operation. 
T h e  m ethod  has p rev en ted  an y  sludge from  floating  on th e  final se ttlin g  ta n k s  during 
th e  p a s t six years and  a p p a ren tly  reduces th e  period  of in fe s ta tio n  to  th ree  to  four weeks. 
Sam ples are  collected for th e  lab o ra to ry  and  th e  ra te  of se ttlin g  is w atched  closely, for 
w hen th e  period of in festa tio n  ceases th e  sludge index  m ay  rise ra p id ly  and  cause bulking. 
W hen  th e  sludge index reaches a b o u t 150 we re tu rn  to  th e  no rm al m e th o d  of opera ting  
th e  aera tio n  u n it .”

At Findlay, Barton describes the effect of chironomidal infestation as 
“ devastating.” Copper sulfate has been found efficacious in preventing 
the adult fly from laying eggs but is valueless after the eggs are deposited. 
After the larvae are present, practice at Findlay is to waste all of the 
infested sludge and start anew.

M a in t e n a n c e  o f  A i r  D if f u s e r s

Among the most troublesome problems of physical maintenance of 
activated sludge plants is that of clogging and restoration of air diffusers. 
Diffuser clogging has become chronic in some plants after only a few 
months of operation; at others, no such difficulties have arisen in years. 
Among the latter are Pomona, Cal. (Fig. 6), where air diffuser tubes were 
used without being cleaned during a fifteen-year period; Springfield, 111. 
(Fig. 7), where no clogging of plates has been experienced in almost four
teen years; and the plants at Findlay and Muskegon Heights which have 
been operating five years or more without experiencing diffuser clogging. 
Probably typical of average experience is that at Fort Wayne, which plant 
has been operating about 2 ^  years and where it is now necessary to 
replace the plates in one aeration tank and to institute a general schedule 
and procedure for restoring clogged plates. At Pasadena, Allen finds that 
annual cleaning of the plates in the older ridge-and-furrow tanks is re
quired, usually after heavy rainy seasons, while some of the plates in the 
new spiral-flow tanks have not required cleaning in six years.

At some plants in which clogging is not a serious problem, a regular 
plate cleaning schedule is followed as a preventative. Harris at North 
Toronto drains the aeration tanks for plate cleaning operations once each
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year even though no appreciable increase in applied air pressure occurs in 
that interval. Diffuser plates at Omaha (in mixed liquor channels) and 
at Lancaster are occasionally “ flushed” by the application of large quanti
ties of air, this being the only attention required as yet in these relatively 
new plants.

Cause of Diffuser Clogging.—Although the direct cause of the diffuser 
clogging may not always be apparent, the following reported causes are 
typical of general experience:

1. Industrial wastes containing ferrous iron in sufficient concentration 
to form a hydrate as they are oxidized during aeration, which hydrate 
deposits on the top of the plate and penetrates into the surface pores. 
Clogging from this cause has been minimized at Chicago Calument by

F i g . 6.—Tri-city sewage treatm ent works a t Pomona, Calif. Serves cities at 

Claremont, La Herne and Pomona.

diversion of pickling liquors from the sewers; such wastes in an average 
concentration of 65 p.p.m. total Fe in the settled sewage at Elyria create 
a serious clogging problem.

2. Organic growths which accumulate on the plate surface and restrict 
the pore openings, experienced at Indianapolis, Wards Island and Tenafly 
(only in old tanks in which the plates are of low permeability—no trouble 
at more porous plates in new units).

3. Grease accumulations on top of plates, reported at Pasadena and 
Toronto.

4. Dirt and soot deposited on the underside of the plates by the applied 
air. Reported at Fort Wayne and Indianapolis. Recent examination 
at Fort Wayne also revealed an accumulation of paper fibers from the 
paper-cloth air filters.
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5. Sand and silt impregnations at the top surface of the plates has 
caused trouble at Pasadena, Fort Wayne and Toronto.

6. Hard water scale is held responsible for the diffuser clogging en
countered at Lima, Ohio.

Clogging of plates by activated sludge solids which subside to the bot
tom when the air supply may be interrupted by power failure or mechanical

F i g . 7.—Em pty aeration tank  a t Springfield, Illinois, showing air piping and plate containers.

break-down, is mentioned by several operators. When an aeration unit is 
to be removed from service for any reason, the application of air should 
be continued until the tank contents are drained to a level below the 
diffusers. Turner (Mansfield) and Adams (Tenafly) note that the diffuser 
plates clog more quickly when small quantities of air are being applied. 
Allen at Pasadena observes that the accumulation of grease deposits and 
silt at the plates increases rapidly whenThe plates become partially clogged.
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Methods of Cleaning.—Diffuser cleaning procedures reported are sum
marized herewith:

P l a n t  D i f f u s e r  C le a n i n g  P r o c e d u r e

Chicago Calumet Ferrous iron deposits. Plates cleaned in place 2 to 3 times yearly. Washing 
and brushing followed by application of solution of equal parts water and 
sulfuric acid, to which sodium dichromate is added. Acid left in contact 
several hours, sometimes overnight. Second application given if clogging 
severe.

Ferrous iron deposits. Plates cleaned in place annually. Deposits removed 
by application of hot flame which “ spalls off” plate surface. Blow-torch 
used on silica plates, oxy-acetylene flame on carborundum.
Organic growths, soot, dirt. Removable plates cleaned every 2 years. 
Plates are boiled in 6 per cent caustic solution for 5 hours, washed thoroughly 
and submerged in 10 per cent muriatic acid solution for 18 hours. No 
satisfactory method for cleaning plates grouted in place found as yet. 
Organic growths and deposits. Plates cleaned in place every 1 to 2 years. 
Tanks drained, plates washed with hose, swept with deck brushes and allowed 
to dry (Fig. 8). Solution of 25 per cent caustic soda applied and left in 
contact for 24 hours. Caustic treatm ent repeated on plates in first pass. 
Plates pu t into operation w ithout rinsing out caustic.

F ig . 8 .—Cleaning diffuser plates a t Wards Island plant, New York City.

Hackensack Organic deposits. Plates removed for cleaning annually. Soaked in 20
per cent caustic soda solution, rinsed freely and drained. Dipped into 
strong nitric acid solution and rinsed.

Elyria

Indianapolis

Wards Island
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D if f u s e r  C le a n i n g  P r o c e d u r e

Organic deposits. Plates removed for cleaning every 2 years. Boiling and 
strong caustic solution followed by rinsing gives 96 per cent recovery of 
permeability.

Grease accumulations. Plates cleaned in place annually. Four holders a t 
a time connected to low-pressure steam line and plate surfaces brushed 
vigorously with stiff-bristle brush. Thin, greasy scum removed thus.

Plates cleaned in place twice yearly. W ater je t a t 110 pounds pressure with 
vigorous sweeping with street brooms, while plates subjected to normal air 
pressure, removes sand and silt. Grease accumulations removed by low 
pressure steam application as a t N orth Toronto.

Grease and silt. Plates in old ridge-and-furrow units cleaned annually. 
F irst washed in place with high pressure nozzle, followed by application of 
acid and rinsing. Treatm ent usually successful bu t if not, plates are replaced.

Diffuser tubes cleaned in place weekly. Air valve on pipe to each diffusion 
unit closed and tem porary hose connection made to city water supply. 
Flushing by water in this fashion has maintained tubes in good condition 
for eleven years. (Probably involves cross-connection to  water supply, 
however.)

Hard water scale. Plates treated annually in place by application of weak 
muriatic acid solution.

Chicago swing diffusers. Raising of diffuser units (Fig. 9) to enable them 
to be washed off with hose once a month, has sufficed during first 18 months 
of operation of plant. Air pressure increase of about 0.5 lb. per sq. in. noted 
between cleanings.

F i g . 9.—“ Swing diffusers” raised for inspection and maintenance, Omaha, Nebraska.

P l a n t

Mansfield

N orth Toronto

Toronto

Pasadena

Rockville Centre

Lima

Omaha
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When replacement of diffuer plates becomes necessary Allen (Pasadena) 
recommends that all plates in the same row or holder be changed at the 
same time. Use of a new plate in a holder containing old ones has been 
observed to disrupt the uniformity of air distribution because of the higher 
permeability of the new plate.

It should be noted here that the Sewage Works Practice Committee of 
the Federation is undertaking a comprehensive study of the diffuser main
tenance problem, the topic having been assigned to a subcommittee headed 
by Superintendent John J. Wirts of the Easterly Sewage Treatment Plant 
at Cleveland, Ohio. An authoritative manual of practice on this widely 
experienced problem is anticipated.

W a s t e  A c t iv a t e d  S l u d g e  D is p o s a l

Because of the high moisture content of waste activated sludge, its 
disposition almost always involves some difficulties which often influence 
control of the entire plant. Some problem associated with waste sludge 
disposal is reported at all but five of the plants represented here.

The most common method of effecting concentration of the waste 
activated sludge is by discharge to the raw sewage so that the waste solids 
are removed with the raw solids at the primary settling tanks. That this 
procedure is not without shortcomings is indicated by the fact that of 
twelve plants employing the method, only three fail to report some diffi
culty. Concentration of the waste activated sludge at the primary tanks 
at San Antonio has been found definitely unsatisfactory, probably due to 
the high temperatures which induce rapid septicity, and the high activated 
sludge index which prevails in that plant. At Fort Wayne, Muskegon 
Heights and Springfield, primary sedimentation efficiency is reduced when 
the waste sludge is light or bulking and some of the waste sludge solids pass 
on to the aeration tanks, imposing a recirculating load. Since increased 
waste is usually desirable under bulking conditions, inability to remove 
and concentrate the waste sludge is a serious limitation in the restoration 
of proper conditions at the activated sludge units. Lehmann (Hacken
sack), Brunner (Fort Wayne) and Larson (Springfield) emphasize the 
importance of frequent removal of the waste activated-raw sludge mixture 
from the primary tanks to avoid rising of sludge masses from the sludge 
hoppers. The air-lift bubbler device (Fig. 4) used at Fort Wayne for 
observation of sludge blanket elevations in the final settling tanks, has also 
been installed at the primary tanks so that excessive and overlong sludge 
accumulation can be avoided. At Lancaster, Mansfield and North To
ronto, the waste activated-raw sludge mixture is high in moisture content, 
resulting in large quantities of digester supernatant as well as thin digested 
sludges. Alum is used to advantage in facilitating air drying of the thin 
digested sludge produced at North Toronto. Smith attributes the gen
erally satisfactory removal and concentration of waste activated sludge in 
the primary tanks at Lima to the semi-automatic arrangement (Fig. 5) 
employed to control the rates of waste and return flow. To summarize 
this experience, it would appear that concentration of waste activated 
sludge at the primary tanks is reasonably satisfactory when the waste
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sludge is of low index, and that waste at low, uniform rates with frequent 
sludge removals from the primary tanks are highly desirable.

Separate decantation or concentration units are used at Rockville 
Centre before mixing the thickened waste sludge with raw sludge prior 
to digestion. Andersen reports no difficulties. The waste sludge is chlo
rinated at Wards Island to expedite concentration in the four final settling 
tanks used expressly for this purpose; concentration to 3 per cent solids is 
difficult, however. The concentrated sludge at Wards Island is pumped 
into tankers and disposed of at sea about 35 miles from the plant. 
Prompted by the need for sludge concentration at Findlay, Barton has 
conducted laboratory experiments on the thickening of the raw-waste 
activated sludge mixtures after dilution with digester supernatant liquor. 
One interesting but unexplained finding is that a 50 per cent water separa
tion after settling occurs with a ratio of equal parts of supernatant and the 
mixed sludges, whereas a 40 per cent water separation is achieved when 
one part of supernatant is added to two parts of the sludge mixture. 
Plant scale facilities are not available at Findlay for further studies.

At Chicago Calumet, Tenafly and Toronto, the waste sludge is condi
tioned with chemicals and dewatered on vacuum filters. Adams at Tena
fly finds that the character of the waste sludge exerts an appreciable influ
ence on the dewatering operation; a light sludge giving poor filter yields 
while a heavy sludge will not cling properly at the bottom of the filter 
drum. The sludge index of the mixed liquor is adjusted to remedy these 
conditions.

The primary and waste activated sludges at Indianapolis are discharged 
to open lagoons for digestion and drying. The only problem as yet en
countered is in bringing about removal of the dried sludge from the plant. 
About 25,000 to 35,000 cubic yards per j^ear are sold and hauled away by 
local users but this is not quite up to the annual production.

Probably the best method of waste activated sludge disposal reported 
here is that emploi’ed at Pasadena. The sludge produced is pumped 
to the sewers of the Los Angeles County Sanitation District, whence it is 
treated and disposed of by that District. Allen (Pasadena) reports no 
difficulties!

BARK  FROM TH E D A ILY  LOG *

B y  B e n  H. B a r t o n

Guest Contributor, Chief Operator, Sewage Treatment Plant,  F indlay , Ohio

January 5— A  roving inm ate o f the C ounty Home slipped, unobserved, in to  
the o ffice  w here he enjoyed quan titie s  o f opera to r’s tobacco.

January 6— The digester o ve rflow  line frozen  a t 1 below. Thaw ed w ith  a 
kerosene torch.

January 7— Same frozen again a t 3 below. L e ft i t  th a t way.

* Excerpts from 1942 Annual Report of the Eindlay, Ohio, Sewage Treatment Plant.



January 8— Same burs t a t 7 below  zero. L e ft i t  th a t way.

January 9— Gasometer now  frozen. O il seal is used b u t m elted snow and 
condensation from  w arm  gas creep in to  freeze before there is tim e  fo r sepa
ration from  the o il in the seal. Thawed by steam hose.

January 13— Ohio Conference Executive C om m ittee  m eeting here. In terest 
m anifested in “ fu z z y ”  g row th  in our fina l e fflu e n t. Exam ination by Calkins 
in Toledo p lan t reveals “ about equal am ounts o f sphaerotilus and protozoa and 
p len ty  o f b o th .”

January 29— A ccum ulated  sludge in lagoon m aking gas; audib ly, v is ib ly  and 
odo rife rous ly ; tem perature max. 31. Lunar halo observed.

February 26— Discs and guides in sludge 8 -inch  valve from  No. 1 Primary 
Tank w orn  out. Some fancy m anipulations required to  open valve so tank 
could be drained. Guides rebrazed in valve body. Discs borrowed from  
another valve pending receipt o f new ones.

March 13— (Friday) Chevro let sedan in park lily  pool. D runk driver.

April 30— O ily  viscuous accum ulated waste from  local o il company recondi
tion ing  p lan t fo r used o il-d rum s, received in quantities and o f liverish con
sistency to p a rtia lly  plug the bar-screen openings.

June 1— Digester power w ir in g  “ shorted”  to conduit. Excessive moisture.

June 2— 1,500 gallons skimm ed m ilk  d id  no t a ffe c t the plant.

June 6— Caustic “ w h ite -w a s te ”  in sewage from  Cooper Corp. w ater tre a t
ment. Remonstrated against dum ping lime sludge in the only available space 
fo r our digester overflow . W e ’ ll need th a t space.
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F i g .  1 .— Sewage treatment works at Findlay, Ohio. Primary tanks at left background. Main 
building center. Screen-garbage building at right.
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June 8— Digester water-seal b low n repeatedly. Gas p roduction  too fas t fo r 
available pipe capacity. O il on aeration tanks.

June 19— Raw sewage pum p se lecto r-sw itch  o u t o f service. Float com 
p le te ly  d isin tegrated  by corrosion.

July 5— Shortened digester chain drive  w ith  o ffse t link , to  take up the ac
cum ula ted  wear o f ten years constant operation.

j u|y 18— W h ite  waste, pH 6.6, looks and smells like  sour m ilk , knocked re
tu rn  sludge fo r a loop. Purged fin a l and aeration tanks o f all sludge, insofar 
as possible.

July 21— M ore w h ite  waste, pH 6 .9 ; probably sk im  m ilk .

July 23— A n othe r epidem ic o f d igester seal b low ing. Bigger pipe needed.

August 3— C hironom id  f ly  cocoons observed in fin a l ta nk  launder ring. 
Started dosing w ith  copper su lphate so lu tion  in p rim ary e ff lu e n t flumes.

August 7— C hironom id  observed too late. A ll fin a l ta nk  sludge going over 
the weirs like  a cu rta in . Secondary un its  o u t o f service fo r  cleaning. P ri
mary trea tm en t on ly fo r sewage.

August 8— Cleaning fin a l tank. D ra in ing  aeration tanks fo r cleaning.

August 9— No. 1 aeration tank  clean and back in service. H o rrib le  odors 
from  tank  No. 2 in process o f cleaning.

August 10— Filled fin a l tank  from  No. 1 aeration tank. Started re tu rn  
sludge a fte r rigorous sump cleaning. B u ild ing  new sludge.

August 12— Primary tanks badly upset. Sludge on top. Feeding m ilk  o f
lim e fo r pH adjustm ent. Too many l i t t le  red w orm s from  secondary.

August 13— Plenty o f l i t t le  green ch ironom id  flies  com ing in fo r  landings on 
the fin a l tank  to  lay th e ir eggs. Feeding lim e a t screens fo r  p rim ary  tank 
acid correction and copper sulphate in p rim ary e ff lu e n t to  deter flies  from  
laying eggs.

August 15— Stopped lim e dosage. S u ffic ie n t sludge b u ilt  up to  waste.

August 18— Feeding H TH  so lu tion  in to  re tu rn  sludge hopper to  improve
activated sludge.

September 20— N ew  coil p u t in gas engine magneto. Th is seems the only 
source o f troub le  w ith  th is  engine.

September 25— O il-d rum  waste in sewage in m orning. W h ite  bo ile r waste 
in a fternoon. Both wastes are caustic. To neu tra lize  the caustic, the
q u ick lim e  o rd ina rily  applied to green garbage before g rind ing  is om itted .

September 28— M u ltitu d e s  o f fish  sw arm ing in to  the e ff lu e n t stream  from  
the sewage trea tm en t p lan t seeking v ita l dissolved oxygen w h ich  is low  in the 
river water. Carp are o f huge size and there are thousands o f them  as w e ll 
as ca tfish  and others.
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October 3— Cleaning and painting. Carnet c lo th  fo r sanding machines is 
q u ite  e fficacious fo r removing rust accum ulations on pipe railings. No. 2Vz 
g r it  seems to  f i t  the b ill best.

October 7— Receiving caustic w h ite  waste. Garbage fo rm erly  fed to  hogs 
brought to p lant. Hogs are sick. No wonder.

October 16— R ehab ilita ting  screen room. Steel sash came “ u ns tuck”  and 
were welded good as new w ith  W a te r W orks  portable welder. Steel galvan
ized door in w e t w e ll top also welded. More w h ite  caustic boiler waste from  
Cooper Corp.

October 17— D e trito r troubles from  here on. T raction  wheel w orn out. 
Delivery promised in February, 1943.

October 22— Leak in Rawson Park w ater line repaired. A  z ipper over this 
line w ou ld  be convenient to  save digging.

October 31— Rusty-red, caustic waste. Looks like  pa in t removed from  the 
“ M ara thon ”  o il-d rum s. This waste is readily settleable and w ou ld  be much 
easier to trea t at the source than in the sewage. Greatest d if f ic u lty  is its 
caustic nature, w h ich  m ust be neutra lized fo r op tim um  trea tm en t by a c ti
vated sludge. Q u ick lim e  o m itted  from  garbage to perm it needed n e u tra li
zation by garbage acids. This procedure seems to be largely w ish fu l th in k 
ing bu t is probably more he lp fu l than we know. Facilities fo r trea tm en t w ith  
exhaust from  the gas engine may be required fo r neu tra liza tion  o f the several 
caustic wastes a rriv ing  a t indeterm inate  periods.

F ig . 2 .— F in d la y ,  O h io  a e r a t io n  ta n k s  a t  r ig h t  r e a r , m a in  b u ild in g  a t  c e n te r .

November 11— Celebrated A rm is tice  Day by washing the pum p room walls. 
Grape seeds, crushed peach p its and g r it added to ord inary s ludge-draw ing
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troubles. Check valve in no rth  sump pum p w orn  out. Parts traded about 
to keep i t  d ry ing. D e tr ito r troub le  rather acute.

November 17— High rate sphaerotilus p roduction  re c tifie d  by rec ircu la tin g  
from  the bo ttom  o f the fin a l tank  back to  p rim ary trea tm en t. Th is involves
add itiona l pum ping  cost b u t results ju s t ify  it.

November 20— Floating sludge in p rim ary tanks due to  above rec ircu la tion  
was com plicated by the old fa m ilia r w h ite  caustic waste.

November 27— The spare cable fo r  the F irst S treet pum p flo a t mechanism 
was commandeered or confiscated by the w a te rw o rks  fo r  th e ir  sw itchboard  
mechanism. Th is is c r it ic a l m ateria l.

December 3— Fire hydran t frozen a t 3 above. Thaw ed w ith  wood fire  to
prevent bursting. D id the p a in t no good.

December 17— D e trito r inoperable. Garbage to dum p, w e ll limed.

December 21— Insta lled a Buckeye D itche r ca te rp illa r id le r wheel on de trito r. 
En tire ly  satisfactory. Can grind  garbage again.

December 25— Xmas. Approach ing  the end o f the year w ith  a good taste 
in the m outh. The M ayor d is tribu te d  his usual g if t  o f a box o f delicious 
candy to  each employee. A n  extra fo r th is  p lan t to  make up fo r  some o f the 
year’s troubles.

OBSERVATIONS OF A CONSULTING ENGINEER ON 
PLANT OPERATION *

B y  F r a n k  C. T o l l e s

Havens and Emerson, Consulting Sanitary Engineers, Cleveland, Ohio

In giving me an opportunity to talk in an operation meeting, your 
Program Committee may be conducting a psychological experiment— 
just to see what a non-operator has got to say upon the subject. At 
that, this may not be so dumb, because, unquestionably, the outsider sees 
things through different eyes. In any case, that is the viewpoint I am 
taking—that of the outsider.

Approaching this subject and in report of experiences in the field, 
I note that in conducting a stranger about, most plant operators begin at 
the beginning of the works, and continue on so that one sort of floats 
along with the sewage in its travel through the plant. This may appear 
obvious and a small matter, but it helps wonderfully as to geography, 
and it saves the visitor from complimenting you upon the appearance of 
what he thinks is the final effluent, while wondering, privately, why it is 
so dirty.

Beginning at the beginning then, I have to report that most of the 
plants visited in search of observations start off with a series of iron

* Presented at Annual Meeting of Ohio Conference on Sewage Treatment, Mansfield, Ohio 
June 23, 1943.
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slats stuck down into the sewage channel—racks or screens as they are 
called. In the first plants visited, these slats or screens were quite 
clean and thus prompted the thought that their function was that 
of streamlining the flow. Other operators, however, were found to cover 
the bars with a mat of miscellaneous material—material which I would 
be embarrassed to describe in any detail. I take it that these two pro
cedures—clean screens and dirty screens—reflect two schools of thought 
in the treatment of sewage. Be that as it may, this outsider’s viewpoint 
and observation is that the screens look much better when they are clean, 
even if the stuff does catch and has to be pushed through with the rake 
which is generally provided for that purpose. Speaking of rakes, I 
suggest an element of surprise to the visitor when he steps on one of these 
things which has been cunningly hidden in nearby grass. This form of 
practical joke may be alright for most visitors, but is doubtful if the 
visitor happens to be the Chairman of the Council Finance Committee.

Some plants I have seen include pumps. These pumps often appear 
to be dripping water all the time they are running. I heard someone 
say something about glands, but apart from the physiological fact that 
pumps have glands, subject, I presume, to mumps and other ailments, 
I was struck by the diversity of practice in handling the drippings. One 
very neat method is to conduct them into some sort of a channel, but, in 
many installations, arrangements are made to have the water spread over 
the floor and preferably with an undercoating of grease. I can see the 
advantage of this to the operator in ease of observation as to whether 
the water is running properly, and in discouragement of casual wanderers; 
to the layman, however, the reaction is unfavorable.

The pump room at many plants is at or close to what might be called 
the operator’s boudoir, and many men have done much to fit these places 
up for comfort. The results are particularly happy where the sewage 
plant is located close to the city dump for it is then quite possible, and 
not too laborious, to draw on the dump for at least one rocking chair, 
a lamp, or-even a brass bed, with other odds and ends. The effect is 
quite chummy and cozy, especially if allowed to accumulate a patina of 
aged dust.

Most works—at least of my acquaintance—include tanks. The 
names or the purposes are often confusing, but tanks they are. My 
chief observation of these was that some operators have evolved the 
practice of coating the surface of the water or sewage with a spread of 
oily and greasy material. Frankly, I do not think it looks very pretty, 
and it is apt to be smelly, but it must take a lot of labor to cover the tank 
in that fashion and so keep down the mosquitoes. From that health 
angle it may be worth looking into.

My favorite spot, however, is where they locate those stone beds with 
sprays on them—the sprays that come and go. I never tire of watching 
these, and particularly to observe the whimsical way some of the sprays 
are headed or how some of them spout and also the manner of locating 
pools. It is all reminiscent of the fountains one sees where mermaids 
and dolphins squirt water at each other. It is probably no secret, but
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I am told that remarkable effects can be obtained by inserting bits of 
matches or other items into the spray heads. However accomplished, 
it appears desirable to avoid any monotony in the spray pattern.

There are other things, plenty of them, that impress the lay visitor, 
but what I have said may give the general idea. In fact, after I had 
mentioned some of these matters to one of my operator friends, he said 
I was really talking about good housekeeping and without much point, 
for, said he, most of those operators are happily married and well trained 
in housekeeping. And it is true that as one wanders about, it is often 
possible to visualize an operator simply by looking at his plant. These 
fellows who must put everything away and even shelve their pipe fittings 
by size and kind—obviously they are prissy people who insist on running 
the plant. Some plants, you know, appear to run the operator.

But I do not want to be too dogmatic, as, doubtless, there is a reason 
for everything. These are war times which entail difficulties, and partic
ularly as coupled to the loss of personnel which many plants have sus
tained. Switching from the mechanics of operation to the economics, it 
is obvious that, in these days, deficiencies or breakages of plant and equip
ment cannot always be remedied by a quick call to the hardware store 
or the supply house. Taken by and large, operators—an ingenious 
people—have met their emergency needs in splendid fashion, in part by 
substitutions, but, more usually I believe, by using their wits. This, 
however, by its deferment of replacements serves to burden present 
equipment and implies a dependence upon the future.

Post-war planning or, better yet, just plain advance planning is rife 
and doubtless every operator is consciously or unconsciously formulating 
a list of needs which he expects to satisfy when the markets are open to 
him. From the manufacturer’s standpoint, there is no doubt that the 
opportunity will offer. In fact, the wartime development of substitute 
materials and devices will probably widen the choice for plant and equip
ment replacements. Some uncertainty, I believe, applies to the financing 
end, for the tax burden will continue to be heavy and the pay envelope 
smaller; accordingly, the local financing resources of municipalities may 
be curtailed. Those communities which are now upon a sewer rental 
basis will probably be in a better position if there be no marked deprecia
tion of the dollar.

Despite uncertainties—perhaps because of them—deliberate planning 
appears called for. In some cases this will involve only a listing of 
replacements, but in other instances major items of plant and equipment 
may be necessary. Considering the possibilities of federal aid in financing 
projects which are ready, it would be well could plant additions be carried 
to the blueprint stage. The operator should himself assume the re
sponsibility for initiating any such planning.

There is another phase of wartime disposal of wastes which operators 
will appreciate. I refer to the emergency conditions which have had the 
effect of lowering the standards of cleanliness which we seek to maintain 
in our streams. I do not mean that there has been any definite let-down 
of Health Department attitudes, but we cannot but be cognizant not
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only of overload, but that many temporary works of doubtful utility 
have been built, and even that the discharge of untreated wastes has been 
tolerated of necessity. I have no knowledge of how our own Health 
Department looks at this situation, but it would be only human to expect 
the pendulum to swing in the direction of standards higher and more 
rigid than usual. In fact, I know of at least one public agency that is 
biding its time to bear down. The moral, if any, in this is that we should 
anticipate and prepare for raising the performances of plant and to do 
our planning in the light of such a requirement.

Still another point I would bring up as applicable to sewage plants as 
well as to all other utilities. I refer to the development of the procedures 
which will be followed under conditions of emergency from any cause— 
whether act of war or just plain accident. Doubtless, most operators 
carry in their heads an instinctive knowledge of what resources avail when 
the unusual or the unexpected happens—what to do when main pumping 
breaks down or in the event of a power failure or a simple chain breakage, 
or even an explosion; what to do to safeguard lives, to protect equipment 
and to restore or substitute for plant functions. The forward thinking 
operator will be mentally prepared when the emergency arises, but how 
much better to work it out in advance by cool unhurried thinking and 
then to set it down in the operators’ manual where all may read. It is, 
of course, impossible to foretell in full detail what may occur, but it is 
very feasible to type both the accidents and the countermeasures and so 
to get the jump on the situation. Just planning, that is all.

This is a homely talk which pleads for high standards of plant main
tenance and forward planning which reflects an intelligent appraisal of 
the future in all its aspects. I make no apology for a presentation which 
is homely and concerned with routine. Great things can be achieved in 
the heat and exaltation of enthusiasm but—and particularly in these 
confusing times—it takes a rare degree of sticktoitiveness * and even 
courage to plug along effectively in the routine of the commonplace— 
which, after all, constitutes the greater part of our life and living. Gentle
men, I wish you well in your routines; and may these never grow dull 
but ever alert.

THE GADGET DEPARTMENT 

A STARCH DISPENSER FOR USE IN D. O. TITRATIONS * 
(A Convenience in D.O. and B.O.D. Determinations)

S u b m it t e d  b y  M in n e a p o l is - S a i n t  P a u l  Sa n i t a r y  D is t r ic t

When making the thiosulfate titration for dissolved oxygen, Standard 
Methods calls for the addition of 1 to 2 ml. of starch solution just before 
the end-point is reached. In this laboratory the starch solution is kept 
in a large bottle on a shelf and dispensed directly into the titration flask

* Entered in Gadget Contest at Fifteenth Annual Meeting of the Central States Sewage 
Works Association, held at Minneapolis, Minnesota, on June 18-19, 1942.
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through a semi-automatic pipette by a quick turn of a stopcock. A 
model of the apparatus is shown in the accompanying illustration, which 
is a view from the rear.

In this model a small bottle of starch solution is shown mounted on 
the support rod at the top right of the picture. The starch is siphoned 
through glass and rubber tubing and through a control stopcock (shown 
just below the double burette clamp and just to the left of the support 
rod) to the measuring tube shown just to the right of the titration burette 
at its center. On this measuring tube there is a mark at the 2 ml. point

F i g . 1 .— Starch dispenser for use in D.O. determination, Minneapolis-St. Paul Sanitary District.

(shows faintly in the picture). A quick twist of the control stopcock will 
fill the measuring tube to the mark and the measured portion of starch 
then automatically siphons over into the titration flask through the 
S-shaped piece of glass tubing, shown attached to the bottom of the 
measuring tube. The delivery tube is carried down and fastened close 
to the tip of the titration pipette.

With but little practice this operation can be done very rapidly and 
with practically no interference with the titration. Where a considerable 
number of D.O. titrations are made, this device speeds up the work. 
Besides, such a gadget is always fun to operate and takes some of the 
monotony out of life.
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INTERESTING EXTRACTS FROM OPERATION REPORTS
THE JO INT M EETING (NEW  JERSEY) SEWAGE TREATMENT W ORKS— 1942 

B y  E d w a r d  P. D e c h e r

Acting Chief Engineer

During the year 1942 the Joint Trunk Sewer and Sewage Treatment 
Plant (Elizabeth, N. J.) serving twelve municipalities in Essex and Union 
Counties, N. J., operated on full time service without interruption with 
the same satisfactory performance as in previous years.

Description of Plant.—The treatment plant (Fig. 1) is located in the 
southeast section of the City of Elizabeth, a short distance inland from

F ig . 1.—Artist’s reproduction of Joint Meeting (N. J.) Sewage Treatment Plant.

Arthur Kill (Staten Island Sound), which separates New Jersey and Staten 
Island. The present capacity of the plant is 100 m.g.d. at two hours set
tling tank detention. During the year the average daily flow handled was 
37.407 m.g.d., which was 9.407 m.g.d. more than was handled during the 
year of 1941 (Fig. 2). The increase in flow was due to the connection to 
our system of a portion of the sewage from the City of Elizabeth. The plant 
is provided with an unusual reserve for future growth and is constructed 
and operated in such a manner as to require only a small fraction of 
replacement cost.

The plant site is 28 acres in area, some 30 per cent finished to suitable 
grade and the balance meadow land allowing room for future expansion, 
and providing sufficient area for the disposal of grit for many years to 
come.

The sewage arrives at the plant by means of a twin influent flume, 
having a total capacity of 172.5 m.g. From this point sewage is directed
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into the desired channels by means of a swing gate. The sewage then 
passes through the stationary bar racks (3-in. spaces), which bar racks 
are manually cleaned. The material removed is disposed of by burying 
in the adjacent meadow land and covering with earth. The sewage then 
passes through mechanical screens in. spaces), screenings being re
moved by a metal belt conveyor and ejected pneumatically into a special 
receiving hopper from which the materials are then fed manually into 
the screenings grinder and returned to the sewage.

F ig . 2.— Pump room in administration building, Joint Meeting Sewage Treatment Plant.

The plant is equipped with four rectangular grit chambers. However, 
under present conditions and during times of normal flow, only two of 
the four grit chambers are used. The grit is removed mechanically, as 
the sewage flow passes through, by means of a continuous Straight Line 
chain scraper and an inclined screw conveyor which deposits it on a 
conveyor belt to pneumatic ejectors with final disposal as fill on our 
meadow land.

The sewage then flows to two, or more, as may be required, of the 
four rectangular settling tanks, each tank being 75 ft. in width and 280 ft. 
in length (Fig. 3). The average depth below high water is 13.85 ft., giving a 
detention period of approximately 2 hours and 20 minutes.

The clarified effluent from the settling tanks is measured by Venturi 
meters and then passes through the twin outfall sewer to the diffusion 
chamber, where it is diffused into the tidal waters of Arthur Kill approxi
mately 20 ft. below the surface.
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From our experience, we have found that the best results in the removal 
of suspended solids can be obtained when using two settling tanks instead 
of four. However, during certain times of the year we found that it was 
necessary to use three, and sometimes four tanks in order to maintain 
the percentage of efficiency on removal of suspended solids.

The fresh sludge is mechanically removed from the settling tanks by 
Mieder machines and pumped into two separate concrete storage tanks, 
each tank having a capacity of 626,000 gallons. During the storage 
period the concentration of sludge takes place by control décantation. 
We still find that the sludge in the storage tanks stratifies and the inter- 
natant liquor must be removed at different elevations in order to obtain 
the most satisfactory results.

F ig . 3.— Influent end of settling tanks showing Mieder sludge collecting machine in operation.
Joint Meeting Sewage Treatment Plant.

Sludge Disposal by Barging to Sea.—The loading of the sludge barge is 
dependent upon the state of the tide and weather conditions. Normally, 
the interval between bargings under the rate of flow now prevailing is 
every two weeks at which time the concentrated sludge is pumped into 
sea-going barges for final disposal at sea.

All sludge handling is done by pumping and the use of compressed air. 
However, we find that during certain periods of the year, mainly during 
the winter months, a certain amount of water must be added during 
barging operation in order to obtain efficient removal and to meet the 
tide condition, which is an important factor in casting off the barge when
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loaded. The water used for this purpose is the incoming sewage taken 
from the influent channel and adds no extra cost to the Joint .Meeting.

Only 22 bargings took place during the year 1941 which totaled 75,920 
tons, the average solid content being 7.84 per cent; whereas during the 
year of 1942, 26 barge loads were sent to sea, which totaled 89,050 tons, 
an increase of 13,130 tons, and the average solid content was 8.26 per cent. 
The increase in tonnage was brought about by the additional sewage from 
the City of Elizabeth, with some increase in flow contributed from the 
contracting municipalities.

All barging operations continued at night in accordance with govern
ment regulations. In other words, the barge was loaded during the night 
and taken out to sea and dumped during the daytime period.

Personnel Handling.—By request of the Joint Meeting several years 
ago, some of our employees had taken special courses under the able 
direction of Dr. Rudolfs at Rutgers University which consisted of labora
tory practice and routine in connection with sewage treatment. With 
the loss of our chemist to the armed forces and being unable to engage

T a b l e  1.—Summary of Operation Data (Joint Meeting Plant)
I t e m  1 9 4 2  A v e r a g e

Population served............................................................  360,000

Sewage flow.......................................................................  37.407 m.g.d.
Per capita daily............................................. 103 gal.

Screenings removal................................................ ........  136 c.f. per day
Per m.g. sewage............................................. 3.64 c.f.

Grit removal........................................................... 128.4 c.f. per day
Per m.g. sewage............................................. 3.43 c.f.

Primary sedimentation:
Detention period............................................ ........  2.27 lirs.
5-Day B.O.D.— Influent............................... ........  240 p.p.m.

Effluent.................................................... ........  143 p.p.m.
Removal.................................................. ........  40.5 %

Suspended solids— Influent.......................... ........  194 p.p.m.
Effluent.................................................... ........  64 p.p.m.
Removal.................................................. 67.0 %

Sludge concentration:
Sludge quantity from clarifiers................... ........  91,619 g.p.d.

Solids content......................................... ........  5.8 %
Decanted liquor quantity............................. ........  39,713 gp.d.
Concentrated sludge solids content............ 8.26 %

Sludge barging—quantity.................................... ........  226 tons per day
Per m.g. sewage treated............................... ........  6.04 tons
Cost for year, including wharfage.............. ........  $33,830.20

Per ton sludge barged........................... ........  $ 0.38
Sludge disposal cost per m.g. sewage........ $ 2.48

Total operation cost— per m.g............................. ........  $ 7.91
Per capita per year (1942)........................... ........  $ 0.30
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another chemist, it was necessary to place the assistant foreman on 
sewer maintenance in the laboratory to take over this work which was 
done without extra cost to the Joint Meeting, thus paying a dividend on 
the foresight which permitted the men to take these special courses.

Rotating of our employees at the treatment plant on all operations 
and the breaking in of the sewer maintenance men on treatment plant 
operations has proven very successful, and gives us more flexibility in 
times of emergency and sickness, or whenever anything occurs which is 
not predictable.

AURORA (ILLINOIS) SANITARY DISTRICT—1942

B y  W a l t e r  A. S p e r r y

Superintendent

Weed Control at Profit.—The use of alfalfa to cover the backfield 
portion of the grounds has been more than satisfactory in that it kept a 
good appearance and tended to control weed growth. However, the 
original seeding was six years old and was beginning to “ run out.” The 
fields were plowed, harrowed and planted with a hybrid corn, maturing 
in 105 days and well adapted to the Aurora area, which corn was planted 
on shares with a neighboring farmer. The corn was reported to be 
among the best fields roundabout for a considerable area, probably due 
to the alfalfa grown previously, as well as to being the first corn crop 
ever planted on this ground. As nearly as could be estimated, there was 
a yield of about 600 bushels from 7.5 acres, a rate of 80 bushels per acre. 
Many ears were a foot long or better. Primarily, sewage men are not 
necessarily good farmers. In these days of short labor we would not want 
to repeat this experience; however, it was as profitable a change-crop as 
could be planted and was necessary for the good of the alfalfa field, which 
will again be used. Since a portion of the corn is still in the crib, no 
figure is available for the plant’s share of money return.

Tractor Accessory.—Acquired a Stockland grader with a hitch for use 
behind the tractor. This machine has a six-foot blade and was manu
factured by the Foote Gear and Machine Works of Minneapolis. It 
fulfilled a long-felt need for maintenancing the roads, trimming the sludge 
pile and clearing snow from the plant drive in the winter time. Experience 
with a caterpillar type of tractor indicates that one drawback is the 
tendency of the roadway, over which it travels, to build-up, crown and 
pack hard due to dirt carried and deposited from the track system. 
From time to time these “ crowns” must be gone over with the scraper 
and cut down and the roads leveled.

Painting Experience.—Re-coated the walls of the screen house, clarifier 
house and the sludge meter room with a Federal government formula for 
preparing whitewash by the addition of salt, yellow soap and alum which 
tends to harden and make weatherproof. It was thought that this would 
be rather well suited to the constantly moist condition of these buildings



950 SEWAGE WORKS JOURNAL S ep tem b er, 1943

and would neither rub off or scale. The results, however, were disap
pointing since this material did not give as good service as such water 
paints as Modex, which have been used heretofore. The condition in 
the clarifier house, however, is severe since the walls are often frost-coated 
where exposed to the weather.

Lesson in Boiler Operation.—In July one section of gas boiler No. 1 
developed a crack. This was the first boiler difficulty of this type in 
four years. Welding proved a questionable method of repair due to the 
following or ‘'leading” of the crack so that a new section was purchased. 
After assembly, however, a small crack developed in an adjacent section, 
but this was taken care of satisfactorily by the use of an internal treatment 
of aluminum powder made for this purpose. It is possible the lesson from 
this incident is the need to maintain all the burners lit so as to get an 
even distribution of heat, rather than the use of fewer burners.

Wartime Maintenance.—Rebuilt the tipping bucket of the sludge 
meter. This meter is in much the same condition as the incinerator. 
It has given good service for several years but should be entirely rebuilt 
due to breaking and rusting of the parts. I t is hoped that it can be 
patched, as needed, until plate steel is more normally available.

The gas collecting dome of Digester No. 2 is approximately 56 in. in 
diameter and 15 in. high and sits in a water seal on top of the digester. 
During the year this dome corroded through and had to be either repaired 
or replaced. Due to metal shortage and because the pressure to which it 
is exposed is low, it was repaired by placing around it a sheet iron form 
with an annular space of about 2 ^  inches. This space was poured with 
a rich concrete, reinforced with metal lath. The dome was topped with 
the same concrete mixture, except for the clean-out manhole. The repair, 
to date, has been quite satisfactory. It is anticipated that it will last for 
many years and that the other domes can be similarly treated when 
necessary.

The piston in the Carter sludge pump developed grooves and holes 
and needed replacement. In this case, we were able to use the old piston 
as a pattern and have a new one cast in a local foundry—an example of 
the type of emergency repair which must be attempted in these days of 
priorities and scarce material.

Extra Sludge Beds Pay Dividends.—No unusual circumstances arose 
in 1942 in the operation of the sludge beds. It should be noted, however, 
that the dividends earned from the eight extra beds built in 1940-41 
fully justified the money invested. Due to the severe winter, the volume 
of sludge and the man shortage, it would have been practically impossible 
to operate without the additional bed space. In the winter of 1941-42 
we had plenty of men and at times as high as 10 to 12 men at work. In 
the winter of 1942-43 we did well to have four men at work and sometimes 
but two.

Filter Flies Controlled.—There was no appearance of the psychoda fly 
and there has been no observance of achorutes for the second or third 
year now. All during the winter time the stone near the surface is well 
coated with masses of lumbriculus. There is a distinct feeling that the
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presence of lumbriculus has something to do with the apparent disappear
ance of the achorutes and possibly the fly.

H 2S Removal by Flotation.—The river valve (for dilution) was not in 
use during the year in order to produce a maximum concentration of 
hydrogen sulfide in the raw sewage for the operation of the pilot plant 
erected the latter part of 1941 for the purpose of studying the effect of a 
flotation unit on the aeration and removal of the hydrogen sulfide content, 
also, its possible advantage in causing flocculation of raw sewage as a 
preliminary to settling. It was difficult to get conditions favorable for 
operating the plant so that the amount of data accumulated was rather 
small and not satisfactory. The hydrogen sulfide content of the raw 
sewage remained low despite the withdrawal of dilution water. It was 
probably offset by large volumes of ground water coming in from the 
Southeast Interceptor sewer system. There were, however, a sufficient 
number of results obtained to definitely indicate a 70 to 80 per cent re
duction in hydrogen sulfide content following the flotation treatment. 
It was disappointing not to get any evidence on the flocculation effect on 
suspended matter.

The equipment was dismantled in the fall of 1942 but evidence obtained 
by the pilot plant was sufficiently supported by experience at one or two 
other plants where the flotation process is used ahead of settling that it 
left no question but that it would be effective in reducing the hydrogen 
sulfide content of the sewage applied to the filters. The Engineering 
Department has prepared detailed drawings looking toward the installa
tion of four units of this equipment in a spare clarifier unit as an addition 
to the plant and for postwar consideration.

Metal Corrosion Experiments.—The relationship of hydrogen sulfide to 
materials of construction is one of definite importance to sewage plant op
eration. The experiment of a series of metals exposed to moist plant gas 
was begun in 1941 and continued throughout the year 1942. It will be 
recalled that 30 odd samples of metals of various composition were 
continuously exposed to plant gas under moist conditions and that a few 
were exposed to gas under dry conditions. Careful note is taken of the 
volume of gas passed, its water content in grams per cubic foot and an 
occasional weighing of the metals. Thus far no corrosion other than 
discoloration has occurred to the metals exposed to dry gas, as would be 
expected. In the case of the moist exposure of the metals—aluminum, 
lead, and zinc are consistently free from any evidence of corrosion. All 
copper-bearing metals show corrosion effects. Many of the special ferrous 
alloys show little effect. These metals have been exposed since about 
May, 1941. The experiment will probably be terminated about December 
31, 1943.

Gas Pipe Failure.—As a direct corollary to the metal study and the 
hydrogen sulfide content it was necessary to entirely replace all of the 
gas piping leading from the digesters to the distribution end at the meters 
in 1942. This piping was two inch Byers black wrought iron. It went 
into service December, 1929 and has been in service for more than twelve 
and one-half years. This pipe lost 44 per cent of its weight and dropped
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from 3.65 pounds per foot to about 2.0 pounds. It had begun to puncture 
slightly. It was not strong enough but that too vigorous use of pipe 
tongs would crush it. I t could no longer be rethreaded.

Consideration was given to replacing it with “ extra heavy” wrought 
iron pipe, galvanized. Extra heavy pipe weighs 5.0 lb. per foot but the 
cost increases from approximately 31 to 65 cents per foot. Galvanizing 
would have involved special processing and at a considerable added 
increase in cost. It did not appear, therefore, that the more than double 
cost, exclusive of galvanizing, would offer sufficient life to make the 
additional investment wise, although our metal experiment indicated 
that the galvanizing would have added materially to the life of the pipe 
since zinc showed no corrosion effects from hydrogen sulfide.

T a b l e  I.—Summary of Operation Data (Aurora, Illinois)
. I t e m  1 9 4 2  A v e r a g e

Tributary population............................   49,000

Sewage flow (daily).....................................................................  7.74 m.g.d.
Per capita.......................................................................  158 g.pd.

Screenings removal................................................................ 1-17 c.f. per m.g.

Grit removal........................................................................... 3.45 c.f. per m.g.
Volatile content..................................................................  43.9 %

5-Day B.O.D.:
Raw sewage....................................................................  123 p.p.m.
Primary effluent............................................................  74 p.p.m.

Removal—primary treatment.................................  39.8 %
Filter effluent.................................................................  22 p.p.m.
Final effluent.................................................................. 16 p.p.m.

Removal— complete treatment...............................  87.0 %

Suspended solids:
Raw sewage.................................................................... 175 p.p.m.
Primary effluent............................................................  78 p.p.m.

Removal— primary treatment.................................  55.2 %
Filter effluent.................................................................  48 p.p.m.
Final effluent..................................................................  28 p.p.m.

Removal— complete treatment................................ 83.8 %

Sludge digestion:
Raw sludge quantity per m.g. sewage * ...................  2,655 gal.

Solids content (primary sludge)...............................  4.9 %
Volatile content (primary sludge)........................... 72.5 %

Transfer sludge to second stage:
Solids content..............................................................  2.6 %
Volatile content..........................................................  55.7 %

Gas production (daily)................................................. 53,720 cu. ft.
Per m.g. sewage..................................................... 6,940 cu. ft.
Per capita daily 1.1 cu. ft.
Per lb. volatile solids added.................................  8.75 cu. ft.

Administration and operation costs:
Per m.g. treated................................................................  $11.97
Per capita per year...........................................................  $0 .69

* Primary sludge plus filter humus.
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Once or twice each year it was necessary to clean the piping of a 
deposit of iron-sulfur mixture which collected in hard masses. This 
accumulation could occasionally be washed out with some pounding on 
the pipe. At times it was necessary to take the pipes down to clean them. 
This material appeared to be an iron-sulfide mixture of varying composi
tion and apparently had a tendency to collect at elbows and other ob
structions. A chemical examination of three samples of this material 
indicated free sulfur ranging from 4.8 to 13.2 per cent, a total combined 
sulfur content ranging from 13.7 to 30.0 per cent, which was equivalent 
to 25.6 to 56.1 per cent of iron sulfide. This left an iron and dross content 
of from 35.2 to 69.6 per cent.

The drip traps on the gas lines were originally placed at the delivery 
end of the gas lines near the meters. These drip traps were found almost 
completely stopped up with a mass of this iron-sulfide mixture. Before 
placing the new gas line, the position of one of these traps was changed 
from the delivery end of the line to the head of the line at the digester. 
This was on the theory that if the bulk of the water were extracted from 
the gas quickly, the corrosion effects on the pipes would be somewhat 
reduced.

CORRECTIONS

Superintendent R. A. Anderson advises us that an erroneous statement 
in the 1942 Annual Report of the Muskegon Heights, Michigan, Sewage 
Treatment Plant, extracts from which were published in This Journal, 15, 
742-746 (July, 1943), should be corrected. Writes Mr. Anderson:

“ In  th e  1942 A nnual R ep o rt of th e  Sewage T re a tm e n t P lan t, M uskegon H eights, 
M ichigan, i t  was inco rrec tly  s ta te d  th a t  th e  G eneral C hem ical C om pany  had  advised 
against th e  use of a lum  on a sew age of h igh organic co n ten t. T he s ta te m e n t should 
have been to  th e  effect th a t  th e  req u irem en t of excessive am o u n ts  of a lum inum  su lfate  
for coagula tion  of th e  raw  sew age is due to  th e  sep tic  cond ition  of th e  sewage. If the  
p lan t is equ ipped  for th e  ad d itio n  of chlorine to  th e  raw  sewage before coagula tion , th e  
am o u n t of a lum  requ ired  w ould be g rea tly  red u ced .”

In regard to the operation data published for the Findlay, Ohio plant, 
also in the July, 1943 issue of This Journal, the Corner offers apologies to 
Superintendent Ben H. Barton and its readers for reporting erroneous 
values for gas production and operation cost. In the tabular summary 
on page 741, the gas production (waste not included) should have been 
reported as 9,413 cu. ft. per million gallons. The plant operation cost in 
the same summary should have read $8.66 per 1,000 pounds 5-day B.O.D. 
removed

TIPS AND QUIPS

A special bulletin (Number 11) on prevention of weight-lifting injuries, 
issued by the Labor Standards Division of the U. S. Department of Labor, 
will be worth reading by sewage plant workers. Weight-lifting injuries 
are exceedingly common and usually average 7 to 19 weeks of disability.
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The most common causes of injuries incurred while lifting and carrying 
heavy objects are listed in the bulletin as follows:

1. L ack  of lifting  an d  conveying  eq u ip m en t.
2. O vertax ing  physica lly  fit w orkers— th ro u g h  th e  w orker’s fa ilu re  to  use or th e  

su p erv iso r’s fa ilu re  to  requ ire  th e  use of av a ilab le  m echan ica l eq u ip m en t, o r th ro u g h  
m an ag e m en t’s fa ilu re  to  se t a  reasonable  lim it on th e  w eigh t of ob jec ts  to  be lifted  or 
carried , an d  to  con tro l th e  pace an d  d u ra tio n  of th e  w ork.

3. L ifting  th e  w rong w ay, w hich re su lts  in  u n d u e  s tra in  on ce rta in  m uscles an d  
ligam en ts— n o ta b ly  in  th e  back  an d  groin.

4. L ifting  b y  em ployees n o t physica lly  capab le  of h an d lin g  th e  job .
5. In  te am  lifting— lifting  by  tw o o r m ore w orkers— th e  u n co -o rd in a ted  efforts of 

th e  te a m  m em bers, resu lting  in  too  h eav y  a  b u rd en  up o n  one or m ore.
6. P oo r housekeeping, resu ltin g  in  in secure foo ting  an d  tr ip p in g  an d  slipp ing  

hazard s .
*  *  *

Bernard Rowntree, Assistant Secretary of the Carmel (California) 
Sanitary District, writes us regarding the “ pinched-nose” attitude of the 
general public toward the sewage works field as a profession. It appears 
that a sewer construction foreman happened to mention in Mr. Rowntree’s 
presence that his wife was ashamed to acknowledge his occupation as a 
“ sewer man.” Rowntree asked, “ Would your wife be ashamed if you 
were a doctor?” When the foreman responded with an emphatic nega
tive) Mr. Rowntree continued, “ All right, all most doctors are doing is 
trying to cure people after they get sick, but your occupation is most 
important in preventing people from getting sick and you should be proud 
of your work if it is well done!”

Which no one can deny.
*  *  *

Contrary to what appears obvious, Fig. 1 is not exhibited here to 
illustrate the surface cracking at a bed of air-dried sludge. According to

F ig . 1.—Well-dried sludge?
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C. C. Larson, Chemist and Assistant Superintendent of the Springfield 
(Illinois) Sanitary District, it is “ a bird’s-eye view of a sewage plant 
operator who is up to his ears in work.”

This is a pre-war photograph, of course. Nowadays, even the hat 
would be submerged in a welter of questionnaires, orders, forms, etc.!

*  *  *

Training of sewage treatment plant operators has always been given a 
leading place in Wisconsin, where the Annual Short Course given at the 
state university has become an institution. State Sanitary Engineer L. 
F. Warrick informs us that, as a war measure, the state-wide school is 
being replaced temporarily by several sectional schools. Says Mr. 
Warrick:

“ O u r o b je c tiv e  in  these s e c tio n a l schools has been to  t r a in  th e  new  o p e ra to rs  and  
‘ le n d  lease rs ’ th a t  are  ta k in g  o ve r o p e ra tio n s  d u r in g  th e  w a r p e rio d . O u r f i r s t  school, 
h e ld  a t  N e e n a h -M e n a s h a  in  M a y ,  was w e ll a tte n d e d  and  cons iderab le  in te re s t was show n 
in  th e  p la n  fo r  h o ld in g  se c tio n a l schools o f tw o  d a y ’s d u ra t io n , w ith  th e  in s tru c t io n a l . 
w o rk  c a rr ie d  o u t in  m u n ic ip a l sewage tre a tm e n t p la n ts  a d e q u a te ly  e q u ipp e d  fo r  d e m o n 
s tra tio n s  and  la b o ra to ry  c o n tro l te s ts .”

The man-power problem constitutes a shortage of properly-trained 
personnel. The activity in Wisconsin is one of the answers.

*  *  *

If a novel idea * of the City Council of Bismarck, Missouri takes hold 
elsewhere, there is likely to be a number of municipal sewer superintendents 
listed among our industrial leaders and moving picture actors as payers 
of huge income taxes. In an effort to reduce excessive wet weather flows, 
the Council has provided for a bonus of $1.00 to Sewer Superintendent 
Sloan for each roof downspout connection to the public sanitary sewer 
system that he locates and eliminates.

■ Thar’s gold in them thar tiles!
*  *  *

Some evidence of the effect of weathering in a sludge stock pile is 
contributed by Chemist Gordon C. Laidlaw of the Greater Winnipeg 
(Canada) Sanitary District, via the 1942 annual report of the District. 
Carefully collected samples of sludge cake (from vacuum filters) deposited 
on the pile in 1942 and in 1941 were taken for analysis, results of which 
are as follows:

1941 Sludge C ake 1942 Sludge C ake

p H .................................................................... .................... 6.65 7.10
Per cent vo la tile  in  d ry  so lids.................. .................... 41.0 49.5
Per cent d ry  solids....................................... ....................  55.4 39.9
Per cent of d ry  solids:

Free Am m onia (N a)........................... ............................ 002 .08
Organic N itrogen (N a )...................... .................... 1.49 1.82

Phosphate (P2O 6) ................................ ....................  1.49 1.85
Sulfide ( S - ) .......................................... ............................ 003 .011
Insoluble Iron  Oxide,
Alum inum  Oxide and S ilica ............ ....................  47.0 40.0
Calcium (C aO )..........................................................  6.55 5.99

* Bulletin of the M issouri W ater and Sewerage Conference, A p ril, 1943.
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I t would appear that, in the first year of storage, there is an appreciable 
change in the stocked sludge due to leaching and further decomposition.

*  *  *

What comes after September? Why October, of course, with the 
Second Wartime Conference (Fourth Annual Meeting) of the Federation. 
And the best tip of all is— do not fail to attend!

SECOND".WARTIME CONFERENCE 
FEDERATION OF SEWAGE WORKS ASSOCIATIONS 

HOTEL SHERMAN, CHICAGO, ILLINOIS 
OCTOBER 21-23, 1943



Editorial

PR E-V IEW  OF TH E CHICAGO WARTIME CONFERENCE

I  believe the  fe a tu re  o f  o u r Chicago W a r 
tim e  C onference w i l l  be, n o t the  discussion 
o f  w a r tim e  p rob lem s, n o t th e  te ch n ica l 
chem ical and eng ineering  papers, n o t the 
o p e ra to rs ’ rou n d ta b le , and n o t the e n te rta in 
m ent, b u t ra th e r  the  inconspicuous and u n 
fe a tu re d  p a p e r b y  D r . M a x c y  presented by  
D r. H ow e  a t 3 P .M . T hu rsd a y  on “ The 
R e la tio n  o f  Sewage T re a tm e n t to  the T ra n s 
m ission o f  V iru s  Diseases.”  T h is  t i t le  
h a rd ly  looks lik e  news, b u t i f  one substi
tu tes “  P o lio m y e lit is  ”  f o r  “  V iru s  D is 
eases,”  D r. M a x c y ’s p a p e r becomes im p o r
ta n t news. H is  p a p e r should be heard  by 
a ll o f  us in te rested  in  the d isposal o f  sew
age f o r  p ro te c tio n  o f  the p u b lic  health, 
because there  is  a g re a t deal o f  m is in fo r 
m a tio n  concern ing  the ro le  o f  sewage in  
d issem ination  o f  p o lio , and we need some 
p ra c tic a l advice on th is  sub jec t by  the  best 
m edical a u th o r ity  we can get.

I n  the J a n u a ry  issue o f This Journal,  the 
w r ite r  reviewed, as c a re fu lly  as h is lim ite d  
know ledge p e rm itte d , the h is to ry  o f re 
search on the e tio lo g y  o f  p o lio , and sug
gested th a t i t  was the d u ty  o f  the sewage 
w orks p ro fess ion  to  become b e tte r in fo rm e d  
on th is  sub ject, i f  necessary by  the  a p 
p o in tm e n t o f  a C om m ittee on the R e la tio n  
o f P o lio m ye litis  to  Sewage. I n  th is  same 
ed ito ria l, D r. M axcy  was m entioned as the 
ou tstand ing  ep idem io log is t on p o lio , and 
re c ip ie n t o f  the la rg e s t g ra n t, $300,000, 
fro m  the N a tio n a l P o lio m y e lit is  F o u n d a 
tion , fo r  the s tudy o f  the disease. I n  June, 
i t  was p lanned  to  ask h im  to  ap p ea r on the 
October p rog ram , and he k in d ly  consented 
to p repare  a paper, b u t stated i t  w o u ld  
have to be presented by  h is colleague, D r. 
H o w a rd  A . H ow e, as he (D r .  M a x c y ) w i l l  
be on a special m ission th a t w i l l  m ake i t  
im possible fo r  h im  to  a tte nd  the C o n fe r
ence. D r. H ow e has w orked  alongside D r. 
M axcy fo r  a num ber o f years and is  th o r 
oughly  fa m ilia r  w ith  the w o rk  th a t has 
been done a t The Johns H o p k in s  U n iv e r
s ity  and elsewhere on the ep idem io logy o f  
po lio . H e  can the re fo re  lead an active  d is 
cussion o f  the present theories re g a rd in g

sewage as a fa c to r  in  the transm ission  o f  
the disease.

A lth o u g h  the v iru s  o f p o lio  has been re 
covered f ro m  sewage a num ber o f  tim es in  
recent years, especia lly  d u rin g  epidemics, 
there  s t i l l  seems to  be l i t t le  progress in  the 
s tu d y  o f  the mode o f  entrance o f the v iru s  
in to  the hum an organism . I t  has been 
dem onstrated th a t the  v iru s  is  d ischarged 
in  the excreta, b u t the mode o f entrance is 
f a r  f r o m  clear— w hether b y  means o f flies, 
mosquitoes, w a te r, fo o d , or, m ore lik e ly , 
person to  person contact.

I t  is possible th a t fu r th e r  research m ay 
dem onstrate m ore c le a rly  w hether o r no t 
p o lio  m ust be regarded as a w ate r-bo rne  
disease, s im ila r  to  ty p h o id  fe ve r. I f  so, we 
m ust add another disease to  the l is t  o f  those 
f o r  w h ich  sewage trea tm e nt, and especially 
ch lo rin a tio n , p rov ides one means o f con tro l. 
The w o rk  a t the  U n iv e rs ity  o f  M ich ig a n  
b y  D r. R id e n o u r et al. has been d irected 
to w a rd  studies o f  the effic iency o f m ethods 
o f  sewage tre a tm e n t and w a te r p u rif ic a tio n  
in  rem ova l o f  the v iru s . W e  are fo r tu 
nate  to  have D r. R id e n o u r presen t to  d is 
cuss D r .  M axe y ’s paper.

There is  a la rge  burden  o f p ro o f on the 
m edica l research m en to  in d ica te  w hether 
secondary tre a tm e n t o r  c h lo rin a tio n  o f 
sewage effluents, f ly  and insect reduction , 
o r o th e r m ore com plex and expensive meas
ures are necessary f o r  c o n tro l o f  p o lio . 
U n t i l  i t  is m ore c le a rly  shown, however, 
th a t sewage is  the source o f  in fe c tio n  o r 
the rese rvo ir o f  v iru s  in  epidem ics o f  p o lio , 
the  in s ta lla tio n  o f  expensive a d d itio n a l 
sewage tre a tm e n t so le ly fo r  the  purpose  o f 
re n d e rin g  the v iru s  in e ffec tive  is f a r  f ro m  
ju s tif ia b le . W e believe D r . M a xcy  is  in  
accord w ith  th is  v ie w p o in t, b u t D r .  H ow e  
w i l l  be able to  p resen t h is  and D r . M a x c y ’s 
conclusions f ro m  the m edica l s ta n dp o in t.

O th e r in te nse ly  in te re s tin g  to p ics  are 
lis te d  on the  C onference p ro g ra m . M r. 
G reeley w i l l  discuss “ h igh-pressure  ”  b io 
lo g ic a l trea tm e n t, d ra w in g  analogies be
tw een f ilte rs  and ac tiva te d  sludge, and re 
fe r r in g  to  A rm y  experiences w ith  a ll types
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o f b io lo g ica l tre a tm e n t, in c lu d in g  the  H a y s  
Process. H e  has had un iq ue  o p p o r tu n ity  
to  s tu d y  th is  to p ic  and w i l l  g ive  in fo rm a 
t io n  o f  va lue. D r .  E liassen  w i l l  p resen t 
d a ta  on grease rem o va l a t A rm y  sewage 
tre a tm e n t p la n ts  and thus w i l l  th ro w  m ore 
lig h t  on th is  sp o t-lig h te d  question  o f  grease 
rem o va l f r o m  sewage. In d u s tr ia l wastes 
in  w a rtim e  w i l l  be discussed b y  the  w r ite r ,  
p a r t ic u la r ly  ce rta in  wastes p e c u lia r  to  the  
w a r e ffo rt and th e ir  e ffect on sewage w o rks  
o p e ra tio n  and stream  p o llu t io n  prob lem s.

A l l  d ay F r id a y  w i l l  be devoted to  w a r 
tim e  prob lem s, fe a tu re d  b y  the  le a d -o ff b y  
o u r rep re se n ta tive  in  the  W  P  B  a t W a sh 
in g to n , A . M . R aw n, fo llo w e d  b y  d iscus
sion b y  C. W . K lassen  o f  m an p o w e r re 
qu irem ents o f  the  A rm y , and w o u n d  u p  b y  
M o rr is  C ohn’s pane l on p o s t-w a r problem s. 
F o r tu n a te ly  we w i l l  have M r .  F ilb y  p resen t 
on th is  pane l, to  discuss “ B lu e p r in t  N o w  ”  
(see page 970).

S a tu rd a y  m o rn in g  the  o p e ra to rs  w i l l  
have a lo n g  and u n in te rru p te d  session 
f ro m  8 :45 u n t i l  1 1 :30, to  discuss to p ics  
assigned b y  Le a de r Jo h n  C. M a c k in , as 
w e ll as unassigned to p ics  dear to  the  hearts  
o f opera to rs.

The s ig n ific a n t and im p o r ta n t  address 
by  P ro f.  G ordon  M . F a ir  on “  The O u t
lo o k  fo r  Sewage D isposa l in  the  L a t in -  
A m e rica n  C o u n trie s  ”  is  scheduled fo r  the 
F e d e ra tio n  Luncheon, T h u rsd a y  noon.
W h a t cou ld  be m ore t im e ly  in  a W a rtim e  
Conference ?

F in a lly ,  the  e n te rta in m e n t need n o t be 
overlooked, even th o ug h  o f  m in o r  im p o r 
tance in  a W a rt im e  C onference. The
L ad ies ’ C om m ittee  has been especia lly  busy 
in  a rra n g in g  an in te re s tin g  and a ttra c tiv e  
p ro g ra m . F o r  the  men, the  sm oker w i l l  be 
he ld  T h u rsd a y  n ig h t and the d in n e r dance 
w il l  a ttra c t everyone F r id a y  evening.

H a r r y  Schlenz, C h a irm a n , says “ ju s t  re 
m em ber the  la s t Chicago C o n ve n tio n .”

F o r  m any, the  m a n u fa c tu re rs ’ e x h ib its  
w i l l  be o f  m ost in te re s t. T o  date, th i r t y -  
e ig h t booths have been assigned; in d ic a t in g  
a h ig h ly  successful show. R e a d ing  o f  the 
A d v e rtis e rs ’ C o n tr ib u tio n s  in  th is  issue 
(page  985) w i l l  p re p a re  th e  v is ito rs  f o r  
the in te re s tin g  deve lopm ents th a t are ta k 
in g  p lace in  m a n u fa c tu re rs ’ research and 
deve lopm en t d iv is ion s , desp ite  w a r  re 
s tr ic tio n s .

The L o c a l C om m ittee  has w o rke d  h a rd  to  
assure a successful co n vention , and W e l
l in g to n  G ilcreas has sp e n t a g re a t deal o f  
tim e  on and a p p lie d  e xce llen t ju d g m e n t 
to  the  te ch n ica l p ro g ra m .

F o r  a ll these reasons, the  Second C h i
cago C o n ve n tio n  prom ises to  exceed the 
F ir s t  o f  1940 in  in te re s t, s ign ificance  and 
im p o rta n ce . T h e re fo re  w e t ru s t  y o u r 
rese rva tio ns  are made, b o th  t r a in  and hotel. 
See y o u  a t the  S h e rm a n !

F . W . Mohlm an

Editor’s N ote:  W e  re g re t to  announce 
the death o f  P a u l M o lito r ,  S r., a t C hatham , 
N . J ., in  A u g u s t. S ince 1910 he had been 
S u p e rin te n d e n t o f  the  M ad ison -C hatham  
J o in t  P la n t, th u s  g iv in g  h im  one o f  the 
longest te rm s o f  service in  one c ity  o f  any 
o p e ra to r. M r .  M o li to r  w as b o rn  N ov. 6, 
1875 and liv e d  p ra c t ic a lly  a ll h is  l i f e  in  
C hatham . H e  was a C a p ta in  in  W o r ld  
W a r  I ,  and was one o f  the  fo u n d e rs  o f  the 
N ew  Je rsey A sso c ia tio n . H is  s ilv e ry  head 
was u s u a lly  seen a t the  F e d e ra tio n ’s con
ven tions, and  he w i l l  be m issed— even m ore 
so, u n d ou b te d ly , b y  the  N e w  Je rse y  Asso
c ia tio n . H is  son, E d w a rd  P., is  T re a su re r 
o f  the N ew  Je rsey Assn. and a D ire c to r  o f 
the F e d e ra tio n .



Proceedings of Local Associations

CALIFORNIA SEWAGE WORKS ASSOCIATION
Sixteenth Annual Convention— A W ar Conference 

Fresno, California 

June 10-13, 1943

Smoker and Get-together: President Carl M. Hoskinson called the con
vention to order at 8:00 P.M., June 10, in the Patio Room of the Hotel 
Californian by welcoming 107 members and guests to the Sixteenth Annual 
Convention of the California Sewage Works Association. He then turned 
the meeting over to Harold L. May and a highly successful and most 
enjoyable informal “ Smoker and Get-together” was under way. The 
attention of all present was focused at the buffet table on which was spread 
a plentiful supply of sandwiches, salad, relishes, beer, and soft drinks. 
These refreshments were furnished through the courtesy of five manufac
turers whose representatives are members of the Association. A new 
sound film “ Health and the Cycle of W ater” was presented by courtesy 
of the State Department of Public Health, Bureau of Sanitary Engineering. 
This picture was an excellent presentation of the history and need of water 
and sewage treatment. Diagrammatical sketches illustrated the various 
types of sewage plants and the principles of their operation. This sound 
picture was very timely in that it preceded the following two day program 
on plant operations, maintenance and control. After an hour or so of story
telling and getting acquainted, the meeting was adjourned at 10:30 P.M.

How to Operate the Plant: With 137 present, President Hoskinson opened 
the War Conference at 10:00 A.M., June 11. After distributing a four
teen-page syllabus containing the authors’ outline of papers to be pre
sented, he turned the meeting over to William A. Allen for the rest of 
the day.

“ How to Operate the P lan t” was the theme of all papers programmed 
for the day, and Mr. Allen explained that each formal presentation of 25 
minutes or so would be followed by 20 minutes of discussion. He also 
pointed out that the purpose of these papers was to offer basic instructions 
in the principles and application of certain of the processes in sewage 
treatment.

Henry J. Miles, Associate Professor of Civil Engineering, University of 
Southern California, presented a paper on “ Separate Sedimentation.” 
Harold L. May, Engineer for the Palo Alto Water and Sewer Division 
presented a paper on “ Separate Sludge Digestion.” A paper on “ Com
bined Sedimentation and Digestion,” prepared by Roy E. Ramseier, 
Senior Sanitary Engineer, and Gilbert C. Hanes, Associate Sanitary 
Engineer, both of the U. S. Engineer Department, Pacific Division, was 
given by Mr. Hanes. Frank S. Currie, Consulting Engineer, San Bernar
dino, talked, about trickling filters. Chlorination was discussed by R. T.
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Gardner, Division Engineer, Wallace and Tiernan Sales Corporation, Los 
Angeles. The last paper of the day, "Sludge Disposal,” prepared by G. A. 
Parks, Assistant Engineer, City of Los Angeles, was read by Wm. J. 
O’Connell, Jr. After taking time out for dinner, the meeting was recon
vened by Mr. Allen at 8:00 P.M. with 92 present. As the evening had 
been set aside for "Questions and Answers” many problems facing the 
operators were discussed.

How to Care for Plant Equipment: With F. Wayland Jones presiding, 
the Saturday morning session, based on the theme "How to Care for Plant 
Equipment,” got under way at 9:00 A.M., June 12, with 88 present. 
The purpose of the papers in this group was to offer instruction on selected 
subjects connected with operation of sewage plant equipment. The first 
paper was presented by A. B. Shearer, Manager of the Marine County 
Sanitary District No. 1, on the subject, "Pum ps and Pumping Stations.” 
Clyde C. Kennedy, Consulting Sanitary Engineer, San Francisco, gave a 
paper on "Sludge and Scum Removal Equipment.” A paper prepared by 
Vinton W. Bacon, Assistant Engineer with the Los Angeles County Sanita
tion Districts, on the subject, “ Digester Heating and Mixing Equipment” 
was read by H. K. Palmer, due to the fact that Mr. Bacon had been called 
to active service on June 10 with the U. S. Public Health Service Reserve 
as an Assistant Sanitary Engineer. A paper on “ Sewage Flow Meters 
and Registering Device” was presented by Ewald M. Lemcke, Maintenance 
Engineer, Orange County Joint Outfall Sewer. Two papers were pre
sented on the subject of motors and electrical equipment; one by Alonzo 
Hatch, California-Oregon Paper Mill and the other by J. P. Price, Electri
cal Engineer, General Electric Company, San Francisco. The last paper 
of this group was on "Paints and Painting” and was presented by H. W. 
Davey, Acting Chief Operator, of the Bakersfield sewage treatment plant.

The Saturday afternoon session was entirely devoted to the subject, 
"How is the Plant Working.” Richard D. Pomeroy, Consulting Chemist 
from Pasadena presented a three-hour demonstration and explanation of 
tests to use in control and in measurement of loadings and efficiencies of 
treatment plant units. Tests pertaining to sedimentation units were: set- 
tleable and suspended solids, and sludge concentration. Tests for diges
tion tanks were: pH, alkalinity, organic solids, and volatile acids. Tests 
for activated sludge units and trickling filters were: sludge settling, relative 
stability, dissolved oxygen, and bio-chemical oxygen demand. Miscella
neous tests presented were for sulfides, grease, and residual chlorine.

Annual Banquet: One hundred and twenty-three members and guests 
attended the annual banquet in the Ballroom of the Hotel Californian. 
Guest speakers for the evening were Dr. W. L. Halverson, Director, 
Department of Public Health for the State of California, and Homer 
Buckley, State Director of Civilian Protection. Other guests at the head 
table were Charles Gilman Hyde, University of California; Edward A. 
Reinke, Senior Sanitary Engineer for the State Health Department; Dr. 
Wm. F. Stein, Fresno County Health Officer; Dr. E. H. Coleman, City of 
Fresno Health Officer; W. Frank Rantsma, Chairman of Local Arrange
ments, Mrs. Rantsma, Mrs. Carl M. Hoskinson, Mrs. J. C. Albers, and all
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of the Association’s officers and directors. The spirit of the evening was 
immediately set off by community singing led by the irresistible singing of 
John B. Gill. Later in the evening, Mr. Gill favored the members by 
singing several solos accompanied at the piano by Mrs. Carl M. Hoskinson.

After dinner, Mr. Homer Buckley was introduced by President Hoskin
son and presented a brief but detailed review of the new War Powers Act 
recently passed by the State Legislature and explained how the State War 
Council under the direction of Willard Keith was planning to put into 
effect the measures necessary to insure civilian protection in times of 
emergency. The State is to be divided into a northern and southern 
section which in turn will be divided into six and four districts, respectively, 
and coordination and mutual aid will be effected through existing public 
agencies. Air. Buckley stressed the point that “ it can happen here” and 
that the greater the successes of our war effort, the greater would be the 
probability of an attack on this coast. Danger from sabotage, especially 
in the form of forest and watershed fires, was considered very important 
and probable. Air. Buckley considered that the small city will be of vital 
importance in helping the larger cities of military importance during times 
of emergency. Mr. Buckley praised the past work of the Association’s 
Committee on Emergency Sewerage Protection and requested that the 
Association evaluate the experience so gained and suggest to the War 
Council the most expedient means whereby the proposed plans may be 
put into immediate effect.

Dr. Wilton L. Halverson was then introduced by President Hoskinson 
and presented a very timely and interesting address on the subject “ Tropi
cal Diseases and War.” Tropical diseases were defined by Dr. Halverson 
as those diseases usually associated with areas subject to heat and humid
ity, where hoards of insects are present, where infection is known to exist 
and usually where living conditions are in a sub-economic status. Dis
eases in general can be segregated into those diseases found only in tem
perate zones, only in tropical zones, and those found in both tropic and 
temperate zones. Typhus fever is now endemic in the Alediterranean 
area and North Africa. Control by delousing has been simplified by use 
of pyrethium powder sprinkled on the body and clothes. Epidemic 
typhus with a mortality of 50 per cent is not a problem in the United 
States at present and will not be unless the entire economic system breaks 
down. Considerable progress has been made in the use of vaccines, how
ever, for protection from epidemic typhus. Plague is known to exist in 
20 counties in California as well as in eleven western states and the general 
belief is that plague had existed in this country prior to 1900 rather than 
being imported by foreign ships. Plague is present in the Mediterranean 
and North Africa area and rats are known to be plentiful in the Solomon 
Islands. The importance of malaria was pointed out by the fact that in 
India alone there existed 100 million cases annually with from three to ten 
million deaths. Less progress has been accomplished in the control of 
malaria than in any other disease. There are reported to be 180 varieties 
of anopheles mosquito, 160 of which are responsible for transmitting 
malaria. In California, only the anopheles maculipennis carries this dis
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ease. Present prophylactic methods of control call for one million pounds 
of atabrine for the U. S. Army alone and nine million to supply the whole 
world. Filariasis is now very important in the South Seas. I t  is one of 
twelve or so varieties of a group of diseases transmitted by the bite of 
mosquitoes and flies. Swelling of arms and legs typifies this disease which 
sometimes is delayed as long as eight months after infection. Dr. Halver
son ended his comprehensive summary with a brief review of the training 
programs now under way to teach medical personnel how to recognize 
and handle the tropical diseases.

Operators' Breakfast: With Harold L. May as toastmaster, 29 operators 
and other members met at a 7 :00 A.M. breakfast on June 13. After going 
through the informalities which have typified these breakfasts in the past, 
serious consideration was given to how the operators, through the Opera
tors Committee, could assist in future meetings. I t  was decided that sug
gestions could be made to the Program Committee as to the type of subject 
matter to be presented at future meetings.

How to Keep the Plant Running in War Time: With President Hoskinson 
presiding, the third day of the War Conference was opened at 9:00 A.M. 
with 85 present. Harold F. Gray, Sanitary and Hydraulic Engineer of 
Berkeley presented a very timely paper prepared in conjunction with 
Wm. J. O’Connell, Jr. and titled “ Emergency Land Disposal of Sewage.” 
The paper was illustrated with slides. A discussion, prepared by C. G. 
Gillespie, Chief, Bureau of Sanitary Engineering, State Health Depart
ment, was read by Arthur Reinhardt, Assistant Sanitary Engineer of the 
same department. W. L. Knowlton, Consulting Engineer for Los Angeles, 
and W. F. Rantsma, Deputy Commissioner of Public Works for the City 
of Fresno, also discussed the paper.

Emergency protection and mutual aid for sewerage works were dis
cussed. Charles Gilman Hyde, Professor of Sanitary Engineering at the 
University of California, opened the discussion on this subject by briefly 
discussing the importance of the State Senate Bill No. 1 which established 
the new State War Council. He also gave the history of the Association’s 
Sewerage Protection Committee and summarized what it has accomplished 
in its work with the old State Defense Council. Mr. Homer Buckley, 
State Director of Civilian Protection described how the new State War 
Council was designed to function and asked what the Association could do 
to re-activate the committee and to plan a method of cooperative effort 
with the War Council. Harold F. Gray, reviewed the conclusion arrived 
at by the Emergency Sewerage Protection Committee, and E. A. Reinke 
stated that the first necessary step is to find out where the large and small 
cities and towns need help. The whole subject was open to general dis
cussion and questions were brought up dealing with the guarding of sew
age plants, protection of large sewers by locking manhole covers, potential 
dangers from petroleum products entering the sewers by acts of untrained 
help, and many other questions on how the new War Council was going to 
reach and cooperate with the individual town.

A discussion was held on manpower and operation of sewerage works. 
Roy E. Ramseier, Sanitary Engineer, Pacific Division, U. S. Engineers
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Department, opened this discussion by reviewing the present program 
sponsored by the U. S. Engineers Department in Washington for the 
training of engineers in the specialized field of sanitary engineering with 
special emphasis on water and sewage treatment and disposal, waste dis
posal, and pest and rodent control. The training course is referred to by 
the initials E.S.M.W.T. which stand for Engineering, Science, and Manage
ment War Training. The course lasts four weeks with 8 hours a day and 
six days a week and is under the direction of Professor Hyde at the Uni
versity of California.. Twenty-two members of the present class attended 
this convention as a part of this training in sewage treatment and disposal 
problems. Mr. Ramseier also mentioned that they are considering a 
training course for sewage plant operators in cooperation with this Asso
ciation’s Committee on Emergency Training whereby inexperienced men 
hired to operate Army plants are first farmed out to the appropriate civilian 
plant for practical training.

Mr. Ramseier called on B. D. Phelps, Assistant City Engineer for the 
City of San Diego, and J. C. Albers, City Engineer for Glendale, for further 
discussion and then, in open discussion, the following points were brought 
out: Use of plant construction men to operate the plant; use of women and 
older men; reduce need for manpower by eliminating all possible unneces
sary work; providing living quarters at the plant; transportation difficul
ties to isolated sewage plants; vacation arrangements by double pay; use 
of one' chemist by a number of plants requiring laboratory control.

Priorities and Replacement of Sewage Works Equipment: As Mr. C. R. 
Compton, Assistant Chief Engineer of the Los Angeles Sanitation Dis
trict, was unable to be present, Mr. William A. Allen took over as discus
sion leader and read Mr. Compton’s prepared discussion on this most 
important subject. K. A. Keirn, Division Manager for Wallace and 
Tiernan Sales Corporation, and E. B. Besselievre, of the Dorr Company 
at Los Angeles, presented further discussion and stressed the importance 
of assigning the proper priority number to each order. Mr. John S. 
Moffat, War Production Board Branch Manager at Fresno, then presented 
a very understandable picture of the War Production Board’s regulations 
and interpretations as well as answering and clarifying many questions.

Business Meeting: President Carl M. Hoskinson called the business 
meeting to order at 3:00 P.M. with 33 members present. The following 
committee reports were presented:

Emergency Sewerage Protection . Harold F. Gray
Membership..................................Ray E. Ramseier
Legislative.....................................Harold Jeffrey
Journal.......................................... Jack H. Kimball
Committee on Certification K. W. Brown, read by Harold L. May
Publicity........................................Kenneth A. Keirn
Industrial W astes.........................W. T. Knowlton
Emergency Defense Training. . . William A. Allen 
Operators...................................... Harold L. May
The report of the Secretary-Treasurer was presented. The detailed 

financial report was referred to and the net worth of the Association as of



964 SEWAGE WORKS JOURNAL September, 1943

June 6, 1943 was revealed to be $226.64. Aside from expenditures for the 
Journal, the cost to operate the Association for the past term was a little 
over one dollar per member or just equal to the income per member. 
Attention was called to the fact that 43 members, or 16 per cent of the 
total membership are now in the military service, divided as follows: 
Army, 23; Navy, 12; and U. S. Public Health Service, 8. There are 22 
Army camps and 2 Naval Bases represented in the Association. The 
Secretary read a recent news release from the Federation’s Secretary, W. H. 
Wisely, announcing the Fourth Annual Meeting of the Federation. The 
meeting is to be the Second Annual Wartime Conference and is to be held 
in Chicago on October 21 to 23, 1943. All committees have been ap
pointed and the conference will keynote sanitation activities under war
time conditions. Mr. A. M. Rawn, recently appointed engineering con
sultant to the War Production Board, is scheduled to appear to define 
priorities procedures for those engaged in sewerage construction, operation, 
and maintenance. The Secretary also announced a membership drive 
sponsored by the Federation with a $25.00 War Bond reward to the mem
ber in any Association obtaining the most new members before Dec. 31, 
1943. By unanimous vote the members expressed their appreciation to 
Western City and especially to its Editor and Manager, Winston R. Upde- 
graff for his assistance and courtesy in publishing the last issue of the 
Journal.

Honorary Membership— Charles Gilman Hyde: President Hoskinson an
nounced that the Governing Board had received the following petition 
signed by thirty-four members requesting tha t the Board nominate Charles 
Gilman Hyde for Honorary Membership in the Federation of Sewage 
Works Associations. The Board had previously approved this petition 
and authorized William A. Allen, California’s representative on the Federa
tion Board of Control, to make the nomination at the appropriate time. 
The Board decided, however, to request the expression from the member
ship. On a motion by Harold F. Gray, seconded by E. B. Besselievre, the 
action of the Governing Board was unanimously approved.

Amendment to By-Laws: As required by the Constitution and By-Laws 
the members were notified by mail of the details of the proposed amend
ment, as follows:

Article I I —Dues, Section 1— Annual dues shall be as follows:
"for those members whose residence or chief place of business 
is in an area served by another Member Association of the 
Federation of Sewage Works Associations, who are members of 
such other Associations receiving all publications of the Federa
tion therethrough, and who do not desire to receive duplicate 
copies of the publications of the Federation, the sum of one 
dollar”

It is proposed to insert the above amendment between paragraphs (c) 
and (d) of Section 1.

On a motion by Marvin Anaya, seconded by Harold F. Gray, the 
proposed amendment was approved.
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Ehction of Officers: President Hoskinson called on Harold F. Gray, 
( hairman of the Nomination Committee for the following report:

President 1944..................................................Richard D. Pomeroy
First Vice-President—1944............................... Frank S. Currie
Second Vice-President—1944............................Keeno Fraschina
Secretary-Treasurer—1944................................ J. A. Harmon
Director.......................1945................................ Harold L. May
Director.......................1946................................ Grover L. Walters

Respectfully submitted,
H a r o l d  F. G r a y , Chairman,
E. A. Reinke,
R. T. Gardner,
B. D. Phelps.

On motion by Roy E. Ramseier, seconded by Thomas M. Gwin, the 
report of the Nominating Committee was accepted and the secretary 
instructed to cast a unanimous ballet for all the candidates nominated.

Since there was no further business, President Hoskinson turned the 
meeting over to the newly elected president. After acknowledging the 
gavel, President Pomeroy adjourned the meeting at 4:00 P.M.

J a c k  H. K i m b a l l  
P ast-Secretary-Treasurer

PENNSYLVANIA SEWAGE WORKS ASSOCIATION
S ixteen th  A n n u a l Conference 

H a rris b u rg , Pennsylvan ia  

June 9, 1943

The program opened with greetings to the Association by the mayor 
(in person) of the City of Harrisburg at 10 A.M. in Hotel Penn-Harris.

Ninety-four were registered at the meeting and 105 were at the 
luncheon, at which time Mr. A. S. Bedell, Past President of the Federa
tion, and Colonel W. A. Hardenburgh spoke. Mr. H. E. Moses was 
toastmaster.

The program for the meeting included “ Operating Experiences at 
Army Sewage Treatment P lan ts” by Major Rolf Eliassen; “ Govern
mental Regulations and Priorities on Sewerage” by A. M. Rawn; and 
“ Solving War Time Pollution Problems with Minimum Use of Strategic 
Material ” by C. L. Siebert and F. B. Milligan.

At the business session the following officers were elected:
President.................................................................... T. S. Bogardus
First Vice-President..................................................L. D. Matter
Second Vice-President...............................................Wm. J. Murdoch
Editor......................................................................... J. R. Hoffert
Director...................................................................... F. S. Friel
Secretary-Treasurer................................................... B. S. Bush

B e r n a r d  S. B u s h , Secretary
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FEDERATION FURNISHES PRIORITIES SERVICE

T h ro u g h  the co -o p e ra tio n  o f  D ire c to r  M a u ry  M a v e ric k , o f  the  G overnm ent R e
qu irem ents  B ra n c h  o f  W P B ;  H e n ry  M . E vans, C h ie f o f  th e  Sewerage and  S a n ita tio n  
Section, and A . M . R aw n, the  F e d e ra tio n ’s V ic e  P re s id e n t and co n su lta n t to  W P B , i t  
has been possib le  to  fu rn is h  a ll m em bers o f  the  F e d e ra tio n  w ith  a com ple te  file  o f  a ll 
c u rre n t p r io r it ie s  o rde rs  and re g u la tio n s  a p p ly in g  to  the  sewage w o rk s  fie ld . The m a
te r ia l was d is tr ib u te d  b y  d ire c t m a ilin g  to  the  m em bersh ip  e a rly  in  Septem ber.

C o m p ris in g  the  m a ilin g  were O rd e r P -1 4 1 , the genera l p re fe re nce  ra t in g  o rd e r; 
F o rm  2814, the  p re lim in a ry  a p p lic a tio n  f o r  new  co n s tru c tio n  ; F o rm  2814.3, the  o u tlin e  
o f  in fo rm a tio n  to  accom pany F o rm  2814 w hen a p p ly in g  f o r  a p ro je c t  p r io r i t y ;  C M P  
R e g u la tio n  5 -A ,  g o ve rn in g  m a te ria ls  and su p p lie s  f o r  m ain tenance  o f  s to rm  sewers; 
P r io r it ie s  R e g u la tio n  N o. 3 ; and B u lle t in  N o. 2, w h ich  o u tlin e s  the  procedures in vo lve d  
in  a p p ly in g  a ll o f  the  above orders. I f ,  f o r  a ny reason, a m em ber has fa ile d  to  receive 
th is  m a te ria l, a set o f  the  pam p h le ts  m ay be secured f ro m  the  E x e c u tiv e  S e cre ta ry  o f 
the F e d e ra tio n , B o x  18, U rb an a , I l l in o is .

F U N C T IO N S  O F G O V E R N M E N T  U N D E R  W A R  C O N T R O L S

P A M P H L E T  NO. 2 

S E W E R A G E  A N D  R E F U S E  D IS P O S A L

Government D ivision  

W ar P roduction B oard 

W ashington , D . C.

F oreword

The G overnm ent D iv is io n  o f  the W a r  P ro d u c tio n  B o a rd  is  an agency designed to  
assist a ll n o n -m ilita ry  u n its  o f  the g o ve rnm ent, fe d e ra l, state, co u n ty , m u n ic ip a l and  local, 
in  o b ta in in g  p r io r it ie s  and a llo c a tio n  assistance f o r  a ll m a te r ia l requ irem en ts .

C oup led  w ith  th is  is a n o th e r task, w h ich  is  the  basic d u ty  o f  the  e n tire  W a r  P ro d u c 
t io n  B oard , to  w i t :  th a t o f  conserv ing  a ll possib le  essentia l m a te ria ls  f o r  the  w a r  e ffo rt.

The G overnm ent D iv is io n  has made extensive studies o f  the  needs o f  governm ent, 
and is  in  a p o s itio n  to  advise a p p ro p r ia te  su b -d iv is ions o f  the  W a r  P ro d u c tio n  B o a rd  o f  
the  needs o f  loca l governm ent. C onverse ly  i t  is  p re p a re d  to  a p p ra ise  p u b lic  c iv ilia n  
agencies w h a t to  expect in  the  w a y  o f  c r it ic a l m a te r ia ls  f ro m  the  B o a rd .

T h is  p a m p h le t is a second in  a series o f  fa c tu a l re p o rts . O thers w i l l  be pub lish e d  
p ro m p tly  as the  sta tus o f  the  several g o ve rn m e n t fu n c tio n s  is  co m p le te ly  p ro g ra m e d .

M aury Maverick, Director,
Government Division

General S tatem ent op Contents

T h is  p a m p h le t discusses the  sewerage and re fu se  d isposa l fa c il it ie s  and  needs o f  
the  c iv ilia n  p o p u la tio n  o f  the n a tion . I t  re la tes how  to  p la n  f o r  new  co n s tru c tio n  f o r  
extension o f e x is tin g  systems and f o r  m ain tenance, o p e ra tio n , and re p a ir  to  the  end th a t 
n e ith e r effic iency n o r the  service w h ich  sewerage and re fuse  d isposa l fa c il it ie s  are  de
signed to  g ive  w i l l  be se rious ly  im p a ire d .
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Civilian  N eeds and F acilities

I n  co n tin e n ta l U n ite d  States there are about 6,500 sewage trea tm e n t p la n ts  serv ing  
a c iv ilia n  p o p u la tio n  in  excess o f  s ix ty  m ill io n  and thousands o f in d u s tr ia l establish
ments. I n  size, the  sewage tre a tm e n t p la n ts  range fro m  in d iv id u a l w orks  in  la rge  
cities tre a tin g  hundreds o f m illio n s  o f  ga llons o f sewage d a ily  to  sm all in s titu tio n a l 
p lan ts , each se rv in g  a couple o f  hundred  in d iv id u a ls . In  q u a lity  o f  w o rk  accomplished, 
the p la n ts  d if fe r  w ide ly , some effect a com plete separa tion  o f  the w a te r f ro m  the sub
stances w h ich  m ake i t  sewage, w h ile  others m ere ly  rem ove a sm all p o rt io n  o f the solids 
c a rr ie d  as suspended m a tte r  le a v in g  n a tu ra l p u r if ic a t io n  processes to  do the  rem a in d er 
o f the jo b . E v e ry  p la n t is designed to  accom plish w h a t is req u ire d  to  p re ve n t nuisance 
and menace to  hea lth  in  the area w h ich  i t  serves. T h a t th is  ob jec tive  is n o t a lways 
achieved is a ttr ib u ta b le  to  a w ide v a r ie ty  o f circum stances n o t discussed here.

The to ta l p o p u la tio n  served by  sewerage systems in  the U n ite d  States is nea rly  
one hu n dre d  m illio n . M ore  than  a m ill io n  m iles o f sewers in  sizes ra n g in g  f ro m  6 in . 
to  20 f t .  in  d iam ete r com prise  these g rea t service ne tw orks  w h ile  p u m p in g  s ta tions by  
tens o f  thousands serve to l i f t  sewage fro m  one leve l to  another. The n a tion a l invest
m ent in  sewerage and refuse d isposal exceeds ten b il l io n  do llars.

The pu rpose  o f  sewerage and refuse d isposal ju s tifie s  the vast investm ent. W ith 
ou t adequate waste disposal, u rb a n  p o p u la tio n  in  th is  o r  any o ther co u n try  su pp lied  
w ith  am ple  dom estic and in d u s tr ia l w a te r could n o t long  exist. In  o rd e r to  adequately 
p ro te c t h is l i fe  processes, m an m ust be rem oved fro m  close p ro x im ity  to  h is f i l th  and 
conversely the f i l th  m ust be moved fro m  his h a b ita t. Sewers accom plish th is  jo b  fo r  
liq u id  household and in d u s tr ia l waste. Refuse co llection  and d isposal do the t r ic k  fo r  
garbage, rubb ish , s tree t sweepings and the  like . D u r in g  periods o f g rea t n a tio n a l stress, 
i t  is d o u b ly  im p o r ta n t  th a t  sewage and re fu se  c o lle c tio n  systems f i l l  the  ro le  f o r  w h ich  
they are designed.

Development of S ewage T reatment P rocesses

D u r in g  the three decades p r io r  to  the p resent n a tio n a l emergency, sewage trea tm ent 
has been developed to  a h ig h  degree o f efficiency. D epending  upo n  the end desired, the 
means ava ilab le  w i l l  accom plish  a ny degree o f  trea tm e n t f ro m  the rem oval o f coarse sus
pended solids to  a lm ost com plete separa tion  o f w a te r fro m  its  suspended o r  dissolved 
solids. I n  a d d itio n  to  sewage tre a tm e n t p la n ts  b u ilt  to  correct p u b lic  hea lth  hazards a 
g rea t m any have been b u ilt  f o r  p u b lic  convenience to  p ro te c t aquatic  l i fe  in  r iv e rs  and 
lakes, reduce p o llu tio n  o f  p la y g ro u n d  and recrea tion  areas and e lim ina te  o le fa c to ry  and 
v isua l nuisances.

R estrictions I mposed by th e  N ational E mergency

The n a tion a l em ergency b rin g s  ano ther p ic tu re  o f  sewerage in to  focus. F o r  the 
d u ra tio n , a t least, co n s tru c tio n  o f  sewage tre a tm e n t and refuse disposal p la n ts  m ust be 
lim ite d  to  those w h ich  are  essential to  the w a r e ffo rt, o r to  p u b lic  hea lth  and safe ty. 
C onstruction  o f new sewers o r systems th e re o f m ust s a tis fy  the fo re g o in g  c r ite r ia  o r 
m ay under ce rta in  circum stances be constructed where there  exists a w e ll recognized 
p o te n tia l p u b lic  hea lth  hazard. F o r  every p ro je c t un d er considera tion  these re q u ire 
ments o f essen tia lity  m ust be fu lf i l le d  be fore  p r io r i t y  assistance w il l  be p ro ffe red .

The N a tio n a l emergency imposes o th e r re s tr ic tio n s  upon  construc tion  :

(а ) O n ly  m in im u m  requ irem ents sha ll be met.
(б ) Processes o r  means em ployed sha ll be those w hich w i l l  req u ire  a m in im u m  use o f

c r it ic a l m ateria ls  ( th a t is, i f  tw o  m ethods achieve the same ob jective , the one w hich 
requires the least c r it ic a l m a te ria l in  its  co n s tru c tio n  w i l l  be fa v o re d ).

(c ) T em pora ry  b u ild in g s  and s truc tu re s  m ust be used w herever possible.
( d ) A l l  possible so lutions shall be exp lo red  to  the end th a t the jo b  be accom plished w ith

the use o f as l i t t le  c r it ic a l m a te ria ls  as possible. S igh ts  w h ich  are d irected  a t 
p re w a r standards o f  co n s tru c tio n  m ust be considerab ly  low ered i f  p r io r i t y  assist
ance is to  be fo rth co m in g .
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A pplication  foe P riority A ssistance for Construction

H e re to fo re  p r io r i t y  assistance fo r  c o n s tru c tio n  o f  sewerage systems, in c lu d in g  sew
ers, p u m p in g  sta tions, and sewage tre a tm e n t p la n ts , as w e ll as f o r  re fuse  d isposa l p la n ts , 
has been g ra n te d  p u rs u a n t to  a p p lic a tio n  sub m itte d  to  the  G overnm ent D iv is io n , W P B , 
on F o rm  P D -2 0 0 , o r  in  some instances b y  le tte r  fu rn is h in g  s u b s ta n tia lly  the  same in 
fo rm a tio n  as P D -2 0 0 . I n  o rd e r to  com ple te  the  P D -2 0 0  a p p lic a tio n  i t  was necessary 
to  design the  p ro je c t so th a t m a te ria ls  b reakdow n m ig h t be c le a rly  in d ica te d , thus the 
a p p lic a n t was re q u ire d  to  go to  the  expense o f  d e s ig n in g  th e  p ro je c t  b e fo re  he knew  
w h e ther o r n o t i t  was to  be ju d g e d  essential. I f  i t  w ere ju d g e d  essentia l, no one was 
h u rt,  b u t i f  the  a p p lic a n t had gone to  the  expense o f  des ig n in g  and then  been refused 
p r io r i t y  assistance on the basis o f  no n -e sse n tia lity , he fe l t  ju s t ly  aggrieved  a t h a v in g  had 
to  spend h is fu n d s  unnecessarily. The fo llo w in g  s im p lif ie d  p rocedure  has now  been 

adopted  :

P D -2 0 0  has been redesignated W P B -6 1 7 , b u t is o therw ise  b a s ic a lly  unchanged. 
H ow ever, the  a p p lic a tio n  fo rm  comes to  the  a p p lic a n t accom panied b y  tw o  a d d itio n a l 
fo rm s  2814 and 2814.3. The tw o  2814 fo rm s  c o n ta in  in s tru c tio n s , d e fin itio n s  and ques
tio n s . A f t e r  re a d in g  the  in s tru c tio n s  and d e fin itio n s , b o th  the  a p p lic a n t and the  Sewerage 
and R efuse D isposa l B ra n c h  o f  the G overnm ent D iv is io n  o f  the  W P B  w i l l  have reached a 
m u tu a l u n d e rs ta n d in g  o f  genera l te rm s em ployed and genera l ru le s  re g a rd in g  design and 
p ro je c t lim ita t io n . B y  a nsw ering  the questions a p p ro p r ia te  to  the  p ro je c t  be ing  a p p lie d  
fo r ,  the  a p p lic a n t w i l l  s u p p ly  the W P B  w ith  enough in fo rm a tio n  to  p e rm it  the  la tte r  
to  de term ine  the p ro je c t ’s e sse n tia lity  o r  la ck  th e re o f.

The questions asked in  2814 and 2814.3 m ay be answered w ith o u t h a v in g  to  com
p le te ly  design the  p ro je c t. T he y  are questions basic to  the  p re lim in a ry  considera tion  
o f  a sewerage o r  re fuse  d isposal p ro je c t.

Response to  fo rm s  2814 and 2814.3 are in tended  to  be re tu rn e d  to  the  W a r  P ro d u c 
tio n  B o a rd  p r io r  to  subm ission o f  F o rm  W P B -6 1 7  ( fo rm e r ly  P D -2 0 0 )  b u t i f  the  a p p li
can t is  su ffic ie n tly  convinced o f  the  e sse n tia lity  o f  h is p ro je c t  to  r is k  the  cost o f  com
p le te ly  d e s ig n in g  th e  w o rk s  w ith o u t a w a it in g  adv ice  as to  e s s e n tia lity , he m a y  su b m it 
the W P B -6 1 7  w ith  the response to  fo rm s  2814 and 2814.3. D ire c t a ll re p lie s  to  W a r  
P ro d u c tio n  B o a rd , W a sh in g to n , D . C., a tte n t io n : G overnm ent D iv is io n , Sewerage and 
S a n ita tio n  B ranch .

W h e n  the  in fo rm a tio n  requested in  2814 and 2814.3 is  received in  the  W a s h in g to n  
office o f  W P B , the p ro je c t w i l l  be processed f o r  e sse n tia lity  and  the  a p p lic a n t n o tifie d  
o f  the B o a rd ’s decision. I f  fa vo ra b le , the  a p p lic a n t m a y  then  proceed to  design his 
p ro je c t and su b m it a p p lic a tio n  in  accordance w ith  the  req u ire m e n ts  o f  W P B -6 1 7  
( fo rm e r ly  P D -2 0 0 ) . I n  the  p re p a ra tio n  o f  the  f in a l p la n s  and specifica tions, the  ru les 
and re g u la tio n s  o f  w a r  tim e  design and c o n s tru c tio n  m u s t be observed.

L im it e d  Co n s t r u c t io n  U n d e r  P -1 4 1 , J u l y  5, 1943

M in o r  a d d itio n s  to  systems is p e rm itte d  u n d e r the  p ro v is io n s  o f  P -1 4 1 , J u ly  5, 1943. 
T h is  O rd e r w i l l  be discussed in  le n g th  h e re in a fte r. I t  is, how ever, p e r t in e n t a t th is  
p o in t  to  p o in t  o u t th a t “  o p e ra tin g  sup p lie s  ”  as defined in  P -1 4 1  inc ludes jo b  m a te ria ls  
u p  to  $1,500 f o r  u n d e rg ro u n d  a d d itio n s  and  expansions and $500 above g ro u n d , ex
ce p tin g  b u ild in g s , p ro v id e d  the  o p e ra to r  does n o t exceed im posed q u a n tity  re s tr ic tio n s  
in  in v e n to ry  w ith d ra w a ls  o r  m a te ria ls  acceptance w ith o u t specia l a u th o r ity .  P -1 4 1 , 
J u ly  5, 1943, also prescribes a m ethod o f  p ro ce d u re  f o r  co n s tru c tio n  and  extension  to  
serve ra te d  p ro je c ts .

P urchase of E qu ipm en t , W P B -5 4 1  (formerly P D - 1 A )

P r io r i t y  assistance f o r  the  purchase o f  c a p ita l eq u ipm e n t w here no c o n s tru c tio n  is 
in v o lv e d  m ay be ob ta ined  p u rs u a n t to  an a p p lic a tio n  on F o rm  W P B -5 4 1  ( fo rm e r ly  
P D - 1 A )  o r  such specia l fo rm  as m ay be a p p lica b le . T h is  inc ludes such ite m s as 
m achine tools, tren ch  p u m ps, p o rta b le  com pressors, etc., etc. The ru le s  o f  p re p a ra tio n  
are a ttached to  the fo rm s , b u t the a p p lic a n t w i l l  he w e ll advised to  s ta te  h is  needs in
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am ple  and conclusive term s in  o rd e r th a t the B o a rd  m ay fu l ly  ju s t i f y  w hatever action  i t  
takes. Such a p p lic a tio n s  should be filed  in  the W a r  P ro d u c tio n  B oard  fie ld  office o r in  
the case o f  specia l fo rm s  in  such p lace as m ay be prescribed.

P reference R ating Order P -141. M. R. & 0 .

P —141, J u ly  5, 1943, is  the p re fe rence  ra t in g  o rd e r fo r  m aintenance, re p a ir , and 
o p e ra tio n  (designated M R O ) o f  sewers bo th  separate and combined as w e ll as sewage 
p u m p in g  s ta tions and tre a tm e n t w orks. I t  excludes a ll transactions effected by  P -141 , 
J u ly  5, 1943, f ro m  the p ro v is io n s  o f  C M P -5  and C M P -5 A  (Ju n e  4, 1943). F o llo w in g  
are its  genera l p ro v is io n s :

(1 )  I t  assigns a p re fe rence  ra t in g  o f  A A -1  to  supp lies fo r  M R O  b u t w arns against
us in g  the ra t in g  to  o b ta in  scarce m ate ria ls  susceptib le o f  e lim in a tio n  w ith o u t se ri
ous loss o f  efficiency.

(2 ) I t  assigns the  low est ra t in g  g ive n  to  a ra te d  p ro je c t to  construc tion  o f  sewerage
fa c ilit ie s  to  serve such p ro je c t b u t qua lified  th is  w ith  the p ro v is ions th a t W P B  
a u th o r ity  is p re re q u is ite  to  commencement o f  cons truc tion  o f such fa c ilitie s .

(3 )  I t  p rescribes the m ethod fo r  o b ta in in g  con tro lled  m ateria ls , steel, copper, and
a lum inum .

(4 )  I t  prescribes the  ce rtif ic a tio n  f o r  use in  a p p ly in g  the A A - 1  ra t in g  and a llo tm en t
sym bol by  an o p e ra to r to  de liveries o f m a te ria l f o r  use in  m aintenance, re p a ir  and 
o p e ra tin g  supp lies. I t  p rov ides th a t the ra tin g s  assigned by the O rde r m ay be 
extended by  a s u p p lie r  by  use o f  the certifica te  prescribed in  P r io r it ie s  R egu la tion  
N o. 3, and the ra tin g s  assigned to  extensions o f systems to  serve ra ted  p ro je c ts  
m ay be a p p lie d  by  use o f the c e rtific a tio n  prescribed in  P r io r it ie s  R egu la tion  No. 3.

(5 ) I t  establishes the ye a r 1942 as the base ye a r f o r  M R O  costs and w ith  ce rta in  excep
tio n s  d iv ides the  ye a r in to  fo u r  q u a rte r ly  periods so th a t custom ary seasonal p ro 
cedure in  purchase and exp e nd itu re  m ay be fo llo w e d  b y  the opera to r.

(6 ) A l l  references to  “ classes”  o f  m a te ria l are e lim ina ted  excep ting  where i t  is desired
to  rep lace  m ate ria ls  sold f ro m  in v e n to ry .

(7 ) I t  p rov ides th a t an o p e ra to r whose cost fo r  supp lies in  M R O  in  1942 were $1,000 o r
less and w ho a n tic ip a te s  th a t th a t am ount w i l l  n o t be exceeded in  the yea r under 
considera tion, is exem pted fro m  the l im ita t io n  p rescribed in  c u rre n t q u a rte r ly  
periods, i.e., he can spend h is m oney a n y  tim e  he w ants d u rin g  the  w hole year, b u t 
n o t to  exceed $1,000. I f  h is a c tua l requ irem ents exceed th a t am ount, he m ust 
a p p ly  fo r  an increased quo ta  by  le tte r  in  tr ip lic a te  addressed to  the W a r  P roduc
tio n  B oard , W a sh in g to n , D. C., R e f:  P -141.

(8 ) I t  p rov ides f o r  an increase in  expend itu res  fo r  M R O  p ro p o rtio n a l to  increase in
d ry  w eather flo w  fro m  ye a r to  yea r and also f o r  e xpend itu re  fo r  re p a irs  in  ex
cess o f  o rd in a ry  allowances, fo llo w in g  ca lam itous circumstances. I t  p e rm its  re 
p lacem ent o f  m a te ria ls  sold f ro m  in v e n to ry  and fo r  the  reuse o f salvaged m a
te ria ls .

(9 ) I t  excludes chemicals and fu e l f ro m  M R O  supplies, i.e., the cost o f  these are n o t in 
cluded in  the base ye a r costs o r the c u rre n t yea r expenditures.

(10) I t  p rov ides fo r  exceeding q u a rte r ly  o r annual a llo tm ents o f  supp lies upon  spe
cific  a u th o r ity  f ro m  the B o a rd . T h is  p ro v is io n  is  o f  g re a t im po rta n ce  and value 
to  the o p e a rto r in  th a t i t  g ives h im  the o p p o r tu n ity  to  exceed the lim ita tio n s  o f 
the o rde r in  pursuance to  a le tte r, te legram , o r te lephone com m unication  to  the 
Sewerage and S a n ita tio n  B ra n ch , G overnm ent D iv is io n , W P B , W a sh ing ton , D . C., 
p rov ided  adequate show ing o f  need is made.

(11 ) The cost o f  the $1,500 and $500 lim ite d  extensions and expansions m ust be in 
cluded w ith  o ther expenses f o r  M R O  supplies, th e y  are n o t in  a d d itio n  thereto 
unless spec ifica lly  authorized.

(12) The re s tr ic tio n s  u pon  co n s tru c tio n  o f  extensions to  serve custom er premises (house
connections) have been e lim in a te d  f ro m  the O rder, p ro v id e d  th a t no iro n  o r steel 
p ip e  shall be used by  the  o p e ra to r except in  the  m in im u m  qua ntitie s  req u ire d  in  
m aking  necessary connections. T h a t p o rt io n  o f  a house connection w ith in  the
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p ro p e r ty  lin e  m ay be b u ilt  b y  the p ro p e r ty  ow ner, who, o f  course, m u s t co m p ly  
w ith  the  p ro v is io n s  o f  L -4 1 . P -1 4 1 -A , w h ich  d e a lt w ith  such extensions, was no
lo n g e r necessary in  v ie w  o f  the rev ised  O rd e r and has been revoked.

C M P  R egulation 5A  ( J une  4, 1943)

C M P  R e g u la tio n  5 A  p ro v id e s  a m ethod w hereby g o ve rn m e n ta l agencies m ay ob ta in  
m ain tenance, re p a ir  and o p e ra tin g  supp lies . T h is  R e g u la tio n  assigns an A A - 1  ra t in g  
and the M R O  sym bo l fo r  re fuse  and garbage co lle c tio n  and d isposa l and  an A A - 2  
ra t in g  fo r  s to rm  sewers. T h is  R e g u la tio n  prescribes a fo rm  o f  c e rtifica te  to  be used 
in  a p p ly in g  the ra t in g  and  sym bol. I t  also con ta ins  q u a n tity  re s tr ic tio n s  w h ich  are sub
s ta n tia lly  the same as the  q u a n tity  re s tr ic tio n s  in  P -1 4 1 , b u t w ith  c e rta in  d ifferences 
w h ich  should be c a re fu lly  s tud ied. I t  also con ta ins  a p ro v is io n  to  the  same effect as the 
p ro v is io n  in  P -1 4 1 , e xe m p tin g  users o f  less th a n  $1,000 w o r th  o f  M R O  p e r ye a r f ro m  
the q u a n tity  re s tr ic tio n s . I t  p ro v id e s  th a t re lie f  f ro m  the q u a n tity  re s tr ic tio n s  m ay be 
a p p lie d  fo r  b y  f i l in g  a le tte r  in  t r ip l ic a te  w ith  the  G overnm ent D iv is io n , W a r  P ro d u c 
t io n  B o a rd , W a s h in g to n , D . C. T h is  R e g u la tio n  m ay n o t be used to  o b ta in  M R O  fo r  
s a n ita ry  sewers o r  s to rm  sewers w h ich  are a p a r t  o f  a com bined system  because th is  is 
covered b y  P -1 4 1 , b u t the  R e g u la tio n  m ay  be used to  o b ta in  M R O  f o r  s to rm  sewers 
opera ted  as separate systems and fo r  re fuse  and garbage co lle c tio n  and d isposal. The 
ra tin g s  m ay n o t be used to  o b ta in  a ny ite m  on L is ts  A , B  o r  C o f  P r io r it ie s  R e g u la tio n  
N o. 3. I f  a ny  ite m  on L is t  B  cannot be ob ta ined  w ith o u t a p re fe re nce  ra t in g , a p p li
ca tio n  should  be made on W P B -5 4 1  ( fo rm e r ly  P D - 1 A )  file d  a t the  loca l W P B  fie ld  

office.
A pplication  and R ating F orms

Agencies engaged in  s u p p ly in g  p u b lic  sewerage services should  secure a co p y  o f 
p re fe rence  ra t in g  O rd e r P -1 4 1 , J u ly  5, 1943 ; those engaged in  re fu se  co lle c tio n  and 
d isposal and in  the o p e ra tio n  and m ain tenance o f  s to rm  sewers should  secure C M P -5 A  
(J u n e  4, 1943) and P R -3  ( J u ly  16, 1943) : those w ho desire to  purchase  equ ipm ent 
w here no c o n s tru c tio n  is  in v o lv e d  should secure and  m ake a p p lic a tio n  on F o rm  W P B -5 4 1  
( fo rm e r ly  P D - 1 A ) ,  and those w ho desire to  b u ild  sewers, sewage and s to rm  w a te r 
p u m p in g  sta tions, sewage tre a tm e n t p la n ts  and re fu se  in c in e ra to rs  should  secure F o rm  
W P B -6 1 7  ( fo rm e r ly  P D -2 0 0 )  and F o rm s  2814 and 2S14.3. A l l  o f  these m a y  be secured 
f ro m  the R e g io na l o r D is t r ic t  W P B  office o r f ro m  W P B , W a s h in g to n , D . C.

Changes in  Orders

Changes in  orders and in  o rd e r n u m b e rin g  w i l l  a p p e a r f ro m  tim e  to  tim e . Such 
changes are unavo idab le  and are designed to  keep o rde rs  c u rre n t w ith  chan g in g  cond i
tions. A l l  ava ilab le  sources o f  p u b lic ity  w i l l  be u tiliz e d  in  a p p ro s in g  in te res ted  in d iv id 
uals o f  such changes. The best source o f  such in fo rm a t io n  is the  D is t r ic t  W P B  office. 
In q u ir ie s  are in v ite d .

The Sewerage and S a n ita tio n  B ra n ch  o f  G ove rn m e nt D iv is io n , W P B , has been es
tab lished  to  re n d e r assistance in  p rob lem s im p lie d  b y  its  name. A l l  are in v ite d  to  use 
these fa c il it ie s  to  the  fu l le s t  extent.

' BLUEPRIN T NOW!

C O M M IT T E E  ON W A T E R  A N D  S E W A G E  W O R K S  D E V E L O P M E N T  

WATER AND SEWAGE WORKS DEVELOPMENT

E v e ry  c ity  in  N o r th  A m e ric a  is e n title d  to  have, and  w ith  good m anagem ent is  able 
to  p a y  f o r  an  adequate, safe and s a tis fa c to ry  w a te r s u p p ly — and as a good n e ig h b o r to  
o th e r c ities, likew ise , w ith  good m anagem ent is able to  dispose o f  its  wastes in  a m an n e r 
th a t o ffends n e ith e r its  ow n citizens n o r  its  ne ighbors ’ c itizens.
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T h is  is  the  broad  prem ise th a t has activa ted  fo u r  associations in  the fie ld  o f  m u n ic i
pa l sa n ita tio n  to  jo in  in  o rg a n iz in g  and fin a n c in g  a “  C om m ittee on W a te r  and Sewage 
W o rk s  D eve lopm ent.”  The associations a re :

N ew  E n g la n d  W a te r  W o rk s  A ssocia tion  
F e d e ra tio n  o f  Sewage W o rk s  Associations 
A m e ric a n  W a te r  W o rk s  A ssocia tion  
W a te r  and Sewage W o rk s  M a n u fa c tu re rs  Associa tion

M r. A b e l W o lm an , P ro fe sso r o f S a n ita ry  E n g in e e rin g  a t Johns H o p k in s  U n iv e rs ity , 
w il l  act as cha irm an  o f  the com m ittee. M r. W o lm an  is im m ediate past-p res iden t o f  the 
A .W .W .A . ; p a s t-p re s ide n t o f  the A .P .H .A . ;  C ha irm an  o f the W a r  M an p o w e r Com mis
sion’s C om m ittee  on S a n ita ry  E n g in e e rin g  P ersonne l; fo rm e r ly  cha irm an o f  the N a 
tio n a l Resources B o a rd ’s C om m ittee on W a te r  P o llu t io n ; etc., etc. The Com m ittee mem
bers in  a d d itio n  to  M r. W o lm a n  a re :

C. H . B ecker, M g r., H y d ra n t  & V a lve  D ept., R . D . W ood  Co., 400 C hestnut St., P h ila 
de lph ia , Pa.

E. S. Chase, Cons. E n g r., M e tc a lf &  E d d y , Cons. E n g rs ., 1300 S ta tle r  B ldg ., Boston, 
Mass.

C. A . Em erson, Cons. E n g r., H avens &  Em erson, 233 B roadw ay, N ew  Y o rk , N . Y .
R. W . E s ty , S up t., W a te r  D ept., 17 H o b a rt St., Danvers, Mass.
H . E . Jo rd a n , Secre tary, A m e rica n  W a te r  W o rk s  A ssocia tion, 500 F if t h  Avenue, New 

Y o rk  18, N . Y .
C. A . M cG inn is , Jo h n s -M a n v ille  Sales C orp., 22 E a s t 40th  St., N ew  Y o rk , N . Y .
S. B. M o rr is , Dean, S ta n fo rd  U n iv e rs ity , School o f  E n g in e e rin g , S ta n fo rd  U n iv e rs ity , 

C a lifo rn ia .
G. J . S chroepfer, C h ie f E n g r., M in n .-S t. P a u l San. D is t., B o x  3598, St. P au l, M innesota.

S ta ff a c tiv itie s  o f  the  C om m ittee w i l l  center a t the office o f  the A m erican  W a te r  
W o rks  A ssocia tion , 500 F i f t h  Avenue, N ew  Y o rk  18, N . Y . E . L . F ilb y  o f Kansas 
C ity , M o., has been secured on a leave o f  absence basis f ro m  his w o rk  in  the B lack  & 
Veatch o rg a n iza tio n  to  act as F ie ld  D ire c to r  o f the D eve lopm ent Com m ittee w o rk . The 
fie ld  contact service ( to  the e x ten t possible w ith  m anpow er and fu n d s  ava ilab le ) w il l  
deal w ith  state, reg io n a l and loca l g ro u p s  h a v in g  an in te re s t in  w a te r and sewage w orks 
p lann ing . The C om m ittee w i l l  also sponsor a b u lle tin  o r  p r in te d  p ro m o tio na l service 
(likew ise lim ite d  by  m anpow er and fu n d s ) to  p ro v id e  guidance in  c a rry in g  on the w o rk  
in  loca l com m unities.

B e lie v in g  th a t adequate w a te r s u p p ly  and in te llig e n t waste co llection  and disposal 
are w ith in  the reach o f  every c ity , the com m ittee on “ W a te r  and Sewage W o rk s  De
velopm ent ”  p lans to  s tim u la te  the fo llo w in g  a c tiv itie s  to  the cities o f  N o rth  A m e ric a :

1. A n  a p p ra isa l o f  the needs f o r  w a te r and sewage w orks im provem en t o r construc
tion .

2. The developm ent o f o rd e r ly  p rog ram s fo r  m eeting these needs in  the o rde r related
to  th e ir  va lue  to  the c ity  o r  the reg ion.

3. The p re p a ra tio n  o f  deta iled  p lans and specifications fo r  the needs o f f irs t im 
portance as soon as a rrangem ents can be made.

4. C onsideration  o f, and deve lopm ent o f  methods fo r  fu n d in g  the necessary con
s truc tio n .

5. R eappra isa l o f  a u th o r ity  u n d er w h ich  the contem pla ted p ro je c ts  can be carried
on as w e ll as the lega l basis fo r  fu n d in g  such opera tions. (P ro m o tio n  o f leg is
la tio n  whenever needed.)

6. D e fin ite  scheduling o f the co n s tru c tio n  p ro g ra m . (Im m e dia te  purchase o f  land
and rig h ts  o f w ay i f  p a r t  o f  the p ro je c ts .)

* * * .  * * * * * * * *

I t  is f u l ly  realized by  the C om m ittee th a t the w o rk  i t  proposes to  a tte m p t is b u t a 
p a rt o f  the general p a tte rn  o f  p u b lic  w orks  and th a t there are num erous o ther g roups 
and organizations, w e ll organ ized and financed, th a t w i l l  be fu r th e r in g  the general over-
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a ll p ro g ra m  o f  p u b lic  w orks. The A m e ric a n  S oc ie ty  o f  C iv i l  E ng in e e rs , U n ite d  S tates 
C onference o f  M a yo rs , the  A m e rica n  P u b lic  W o rk s  A ssoc ia tion , In te rn a t io n a l C ity  M a n 
agers’ A sso c ia tio n , the  U . S. C ham ber o f  Com merce and o th e r n o n -g o ve rn m e n ta l agen
cies are  p ro g re ss in g  in  th e ir  e ffo rts  to  have a cush ion o f  p u b lic  w o rk s  re a d y  f o r  p o s t
w a r days and are aggressive ly  p ro m o tin g  th e ir  p ro g ra m s. S ta te  g o v e rn m e n ta l agencies 
have been au tho rize d , financed and  are now  a c tiv e ly  fu n c t io n in g , as in  N e w  Y o rk , to  a t
ta in  s im ila r  ob jectives. To these and  o th e r g ro u p s  w ith  s im ila r  b ro a d  ob jectives, the 
C om m ittee  on W a te r  and Sewage W o rk s  D eve lopm ent, p ledges its  a c tive  co-opera tion  
and w illin g n e s s  to  w o rk  in  a ny and eve ry  w a y  possible. O u r slogan “ B lu e p r in t  N ow  ”  
m ay  be fre e ly  used. The w a te r  and sewage w o rks  sector, u p o n  w h ic h  w e w i l l  concentrate 
o u r  e ffo rts , is b u t one a long  the p o s tw a r b a t t le fro n t  and we are  m u tu a lly  dependent 
u p o n  a ll fo rces, th a t th is  w o r th w h ile  p ro g ra m  be successfu lly  accom plished.

F o r  the  C om m ittee  :

b y
A bel W olman, Chairman 

and
E . L . F ilby , Field Director
A u g u s t 15, 1943

FEDERATION OF SEW AGE WORKS ASSOCIATIONS

F O U R T H  A N N U A L  C O N V E N T IO N  

W artim e Conference on Sanitation

F ederation of S ewage W orks A ssociations 

I n  Co n ju n c tio n  W it h  

A n n ua l  Meeting  of Central S tates Sewage W orks A ssociation

O ctober 2 1 -2 2 -2 3 , 1943 

Chicago, I l l in o is  

Sherm an H o te l

Program

Wednesday Evening
P .M .

8 :30 P re -co n ve n tio n  G e t-T o g eth e r— L o u is  X V I  R oom
P re -co n ve n tio n  R e g is tra tio n — L o u is  X V I  R oom

Thursday Morning
A .M .

9 :00 R e g is tra tio n — E x h ib it  H a l l
In s p e c tio n  o f  E x h ib its — E x h ib it  H a l l

T E C H N IC A L  S E S S IO N S  

G ran d  B a llro o m  

P re s id in g : G eorge J . S chroepfer

10 :30 In tro d u c in g  the  F o u r th  A n n u a l C o n ve n tio n  o f  the  F e d e ra tio n  o f  Sewage W o rk s  
A ssocia tions— “  W a rt im e  C onference on S a n ita tio n  ”

George J . S chroepfer 
G ree tings f ro m  Chicago

H on . E dward J . K elly , M a y o r
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11:00

12:00

P .M .
1:30

2:00

2 :15

2:45

3:00

3:45

4 :00

4:30

4:45

5:15

5:30

8:30

A.M.
9:00

9:30

Business M ee tin g  F e d e ra tio n  o f  Sewage W o rk s  Associations 
R e p o rt o f  S ecre ta ry  
R e p o rt o f  Com m ittees 
G enera l Business

F e d e ra tio n  Luncheon— L o u is  X Y I  Room  
S p e a ke r: Gordon M . F air 

The O u tlo o k  fo r  Sewage D isposa l in  the L a tin -A m e ric a n  R epublics

Thursday Afternoon  

G ran d  B a llro o m  

P re s id in g : A . M . R awn

H ig h  R ate  B io lo g ic a l Sewage T rea tm en t 
Samuel A . Greeley

Discussion
F rank  A . M arston 
R . M . D ixon

In d u s tr ia l W astes in  W a rtim e
F . W . Mohlman

Discussion
L eR oy W . V an K leeck

R e la tion  o f  Sewage T re a tm e n t to  the T ransm ission o f  V iru s  Diseases
K en n eth  F . Maxcy, M .D . P a p e r to  be presented by  H oward A . H owe, 
M .D .

Discussion
G. M . R idenour

Grease R em oval a t A rm y  Sewage T re a tm e n t P la n ts  
R ole E liassen

Discussion
H arry W . Gehm  
R ichard D . P omeroy

E ffe c t o f  V a rio u s  T re a tm e n t Processes on the S u rv iv a l o f  H e lm in th  Ova and 
P ro tozoan  C ysts in  Sewage 

E loise B. Cram

Discussion
W . D . H atfield

A d jo u rn m e n t

Sm oker. B a l T a b a rin

Friday Morning 

G ran d  B a llro o m  

S Y M P O S IU M  O N  W A R T IM E  P R O B L E M S  

P re s id in g : K erw in  L . M ick

P rio r it ie s
A . M . R awn

Discussion
F rederick G. N elson 
Donald E . B loodgood
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9 :4 5 P ersonne l P rob lem s u n d e r W a rtim e  C o n d itio n s  
C. W . K lassen

10 :15 Discussion
W illiam  M . W allace

1 0 :30 M ain tenance  o f  Sewerage System s in  W a rtim e  
J o h n  H . B rooks, J r .

11 :00 D iscussion
R oy L . P h il l ips

1 1 :15 P rob lem s o f  Sewage T re a tm e n t P la n t O p e ra tio n  u n d e r W a rt im e  C o n d itio n s  
W illiam  W . Mathew s

11 :45 D iscussion
R oy S. L anphear

1 2 :00 A d jo u rn m e n t

1 2 :15 Luncheon  P e rio d — N o n -p ro g ra m m e d
Luncheon  o f  C e n tra l States Sewage W o rk s  A sso c ia tio n — L o u is  X V I  R oom

F riday Afternoon  

G ran d  B a llro o m  

P re s id in g : George J . S chroepfer

P .M .
1 :3 0  The C h lo r in a tio n  o f  Sewage and In d u s tr ia l W aste  

H arry A . F aber

2 :00 D iscussion

2 :30 S ym posium — P o s t-w a r P rob lem s 
L e a d e r: Morris M. Cohn

1. The C o n su ltin g  E n g in e e r and P o s t-w a r P la n n in g
C. A . E merson

2. The C anad ian  P o in t o f  V ie w  on P o s t-w a r P rob lem s
A . E . B erry

3. P o s t-w a r P ro je c ts  o f  Sewage W o rk s  E q u ip m e n t M a n u fa c tu re rs
W . B . Marshall

4. A im s and M ethods o f  O p e ra tio n  o f  the  C om m ittee  on W a te r  and  Sewage W o rk s  
D eve lopm ent

E . L . F il b y

5. A  M u n ic ip a l P o s t-w a r P ro je c t f o r  Sewerage D eve lopm ents
Clyde L . P almer

5 :3 0  A d jo u rn m e n t
A n n u a l M ee tin g — C e n tra l S tates Sewage W o rk s  A sso c ia tio n — G ran d  B a llro o m

7 :30 D in n e r Dance— G ran d  B a llro o m

Saturday Morning

A .M .

8 :00 O p e ra to rs ’ B re a k fa s t F o ru m — W  est R oom  
L e a d e r: J ohn  C. Mackin

8 :45 The Use o f  S ludge in  the  V ic to ry  G arden C am pa ign  
A . H . N iles 
H enry  A . R iedesel 
D avid B ackmeyer
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9:45

10:30

11:00

1 1 :30 

12:00 

12:30

Secondary T re a tm e n t— P resent and F u tu re  
Arthur S. B edell 
A. W . W est 
L in n  LI. E nslow

The Q uestion B ox

W a rtim e  O p e ra tin g  P rob lem s in  M u n ic ip a l and A rm y  Sewage T re a tm en t P la n ts  
R ole E liassen  
Martin A . M illing  
E dward C. Cardwell

B ro a d  C onservation  P ro g ra m — W a r  P ro d u c tio n  B oard
H . Lloyd N elson

A w a rd  o f  A ttendance  C up
A d jo u rn m e n t

Business M eeting , B o a rd  o f  C o n tro l, F ed e ra tio n  o f  Sewage W o rk s  Associations,
and D u tch  T re a t Luncheon— G ra y  Room



Reviews and Abstracts

T R E A T M E N T  O F S E W A G E  ON P E R C O L A T IN G  F IL T E R S  A T
H U D D E R S F I E L D

D is c u s s io n

The Surveyor, 101, 425-426 (December 11, 1942)

T re a tm e n t o f  sewage a t H u d d e rs fie ld  b y  p e rc o la tin g  f ilte rs  and a c tiva te d  sludge has 
become in c re a s in g ly  d iff ic u lt.  Sewage to  be trea te d  on the  f ilte rs  is s tro n g  and  contains 
to x ic  chem ical wastes. E fflu e n t f ro m  the p re lim in a ry  se d im en ta tion  ta n ks  con ta ins  220 
p .p .m . o f  B .O .D ., w ith  a b a c te r ia l coun t o f  o n ly  243,000 p e r m l.

E x p e rim e n ts  on m in ia tu re  u n its  w ith  ra p id  rates o f  f i l t ra t io n  p ro ve d  p ro m is in g  and 
led  to  the  c o n s tru c tio n  o f  tw o  18 f t .  d ia m e te r filte rs , one to  be used as a p r im a ry  u n it  and 
the  o th e r as a secondary, each u n it  be ing d iv id e d  in to  tw o  com ple te  u n its . The p r im a ry  
f i l te r  is  7 f t .  deep, one section o f  w h ich  con ta ins  m ed ia  tw o  to  fo u r  in . in  s iz e : m edia  in  
the o th e r section is tw o  to  fo u r  in . f o r  the  to p  fo o t,  % - in . to  1 % - in . m id -th re e  fee t, tw o  
in . to  fo u r  in . b o ttom  th ree  fee t. The secondary f i l te r  was b u il t  as fo l lo w s :

Section A Section B
Top 18 in. 4 in. to 6 in. %  in. to 1 in.
Mid 3 ft. IV2 in. to 3 in. 1%  in. to 3 in.
Bottom 18 in. 3 in. to 6 in. 3 in. to 6 in.

T w o  in te rm e d ia te  sed im en ta tion  ta n ks  were p ro v id e d  between th e  p r im a ry  and sec
o n d a ry  filte rs , each h a v in g  a ca p a c ity  o f  2,400 ga l. and p ro v id in g  3.3 h r. d isp lacem ent 
when the  p r im a ry  f i l te r  was dosed a t 6.0 M .G .A .D ., and tw o  ho u rs  d isp lacem ent a t
10.0 M .G .A .D

F ro m  December, 1938, th ro u g h o u t the sum m er o f  1939 m ore co n s is ten tly  sa tis fac
to ry  resu lts  w ere ob ta ined  b y  a p p ly in g  sewage to  the  p r im a ry  f i l te r  a t 603 g a l. p e r  cu. 
yd . p e r d ay and 290 ga l. p e r  cu. yd . p e r  day to  the  secondary, th a n  w ith  s ing le  f i l t ra t io n  
a t 90 ga l. p e r  cu. yd . p e r day.

The o u tb re a k  o f  w a r  in  Septem ber, 1939, b ro u g h t a change in  the  to x ic i ty  o f  the 
sewage. Rates o f dosage on a ll f ilte rs  had to  be reduced and the  ra t io  o f  the  ra tes  o f  f i l 
tra t io n , double to  s ing le, f e l l  f r o m  2y 2 to  1 %  gal- p e r  cu. yd . p e r  day.

K .  V .  H i l l

A CUBIC Y A R D  OF P E R C O L A T IN G  B E D  M A T E R IA L  A N D  A F E W  
A S S U M P T IO N S  B A S E D  O N E X P E R I M E N T A L  E V I D E N C E

By H. H. G old thorpe 

The Surveyor, 102, 177-179 (A pril 23, 1943)

The su rface  area and vo ids in  p e rc o la tin g  f ilte rs  c o n ta in in g  d iffe re n t size m edia, 
and the tim e  o f  con tact o f  sewage a p p lie d  a t va rio u s  ra tes  to  f ilte rs  c o n ta in in g  d iffe re n t 
m edia  is d iscussed; also the  effect o f  d is tr ib u t io n  u p o n  tim e  o f  co n tac t and  degree o f  
p u r if ic a t io n  obtained.

Tables are inc luded  p re se n tin g  the  surface  area p e r  cub ic  y a rd  and  th e  percentage 
o f  vo ids f o r  m edia ra n g in g  in  size f ro m  % - in . crushed stone to  s ta n d a rd  b r ic k . F o r  ex
am ple , 2 -in . crushed stone is  in d ica te d  as h a v in g  an area o f  60 sq. yd . p e r cu. yd . and  45

976
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p e r cent v o id s ; 4 -in . crushed stone has 30 sq. yd . o f  surface area p e r cu. yd . and 45 p e r 
cent voids. I f  su rface  area were the o n ly  fa c to r  in  p u rif ic a tio n , s im ila r  effluents should 
be p roduced  b y  tw ic e  as m uch 4 -in . stone as 2 -in . E x p e rim e n ts  b y  L e v in e  are  quo ted  
to  ind ica te  th a t th is  is n o t the case.

E ffic ie n cy  w ith  m ore con tinuous dosing a t lo w  rates should be h ig h er than  in te rm it
te n t dosage w ith  h ig h  rates.

A  le n g th y  tab le  in d ic a tin g  tim e  o f  con tact in  f ilte rs  c o n ta in in g  d iffe re n t size o f  m edia 
and dosed a t d iffe re n t rates is included. T im e o f  contact in  a p e rco la tin g  f i lte r  increases 
w ith  decreasing size o f  m edium , th ickness o f  g ro w th  o f the m edium , degree o f roughness 
o f the surface o f  the m edium , and fre q u e n cy  o f  deposing a p p lie d  to  the  surface. The 
fo llo w in g  tim es o f co n tac t' f o r  d iffe re n t size f i l te r  m edia and d iffe re n t cond itions o f 
cleanliness o f  the m edia is te n ta tiv e ly  suggested:

Size of Medium Clean Fair Heavy Growth
Above 1 inch 5%  10% 15%
Below 1 inch 8% 15%  25 to 30%

The a u th o r also discusses the oxygen demand exerted b y  solids in  filte rs  o f va rious  
degrees o f  cleanliness.

K .  V . H ill

CO N TA C T A E R A T IO N  FO R  S E W A G E  T R E A T M E N T

B y  J o h n  H u k le y  

The Surveyor, 102, 183-185 (April 30, 1943)

The a u th o r discusses an a rtic le  b y  L . B . G r if f ith  a p p e a rin g  in  Engineering News- 
Becord.

E x p e rim e n ta l w o rk  a t W aco, Texas, is  reviewed. D a ta  on the p e rfo rm ance  o f  the 
H a ys  Process p la n t a t E lg in , Texas, are presented. The a u tho r comments on use o f  the 
three h o u r m ax im um  flo w  co n d itio n  in  the basis o f the design. H e  p o in ts  o u t the  me
chanical advantage o f th is  ty p e  o f  a e ra to r as lik e ly  to  e lim ina te  s h o rt-c irc u itin g . A n a lys is  
o f  p la n ts  tre a tin g  m u n ic ip a l sewage ind icates the  ra te  o f  red u c tio n  o f B .O .D . to  be about 
0.0508 lb . p e r h o u r fo r  each 100 sq. f t .  o f  contact surface. A i r  s u p p ly  f o r  contact aera
to rs  is designed to  g ive  an even d is tr ib u tio n  o f  a ir  between contact p lates. T h is  is to  
assist in  m a in ta in in g  u n ifo rm ity  o f  v e rtic a l flo w  o f  aerated liq u id  between the plates, as 
w e ll as a id in g  in  the  con tinuous u n lo ad in g  o f  b io log ica l g row ths. A  p ro p e r ly  designed 
a ir  g r id  w i l l  g ive  adequate a e ra tion  w ith  about 0.33 cu. f t .  o f  fre e  a ir  p e r m in . f o r  each 
sq. f t .  o f  aerated w a te r surface. N o  sewage o r sludge need be rec ircu la ted .

Some o f  the fe a tu res  o f  a s a tis fa c to r ily  operated p la n t a re :

(1) An overloaded unit does not “ go out”  quickly— it merely spreads the first zone of coagu
lation through the plant, resulting in a one-stage treatment. In the case of an under
loaded plant, the organisms may crowd into' the first stage of aeration where all of the 
zones of purification will arrange themselves.

(2) Since in this treatment the flow, as in a natural stream, is continuous through the plant, 
successful operation is not dependent upon complicated recirculation of sewage or sludge.

(3) Each unit, including aeration tanks, serves as a settling unit.
(4) Eeduced short-circuiting within the aerators assures that every square foot of contact 

surface will be biologically effective.
(5) Practically no clogging occurs because of continuous unloading and air scrubbing.
(6) For small plants the operation is simple, and some plants have been operated by an un

trained operator with only four hours’ attention a day. Large plants have considerable 
mechanical equipment and require continuous and more skilled operation.

(7) No nuisance results from odor or filter flies.
(8) The degree of treatment is comparable with the best types of processes used today, and 

tests have shown the effluent to be very high in nitrates, indicating complete oxidation.
(9) The plant can be built as a one-stage treament i f  80 to 90 per cent reduction is adequate. 

This results in considerable saving in first cost and operation.
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(10) Loss of head through small plants need be only 6 in. to 2 ft.
(11) Total detention period for complete two-stage treatment of typical municipal sewage is 

(about four hours for average three-hour maximum flow rate, or six hours for average 
flow. Therefore, a compact and economical design can be made. Furthermore, the aera
tor depth can be adjusted to meet foundation conditions by using any desired plate 
depth between 4 and 8 ft.

(12) In typical plants approximately 0.9 cu. ft. of air per gallon treated is adequate against 
a total pressure of only 4%  lb. per sq. in., which costs about 33 per cent less than the 
same amount of air at a pressure of 7 lb. per sq. in. usually required in activated sludge 
plants. Recent designs of air distribution systems have tended to increase the aeration 
efficiency an appreciable amount.

The a u th o r  c ites p re v io u s  w o rk  done b y  m a n y  e xp e rim e n te rs  on c o n ta c t a e ra to rs  
and p o in ts  o u t th a t th e y  have th e ir  good and bad p o in ts . H e  sum m arizes b y  s ta tin g  th a t 
the H a y s  Process is an in te re s tin g  deve lopm ent o f k n o w n  processes and th a t  there  is  ev i
dence th a t i t  can p roduce  good resu lts. To com pete w ith  the im pro ve m e n ts  in  f ilte rs  and 
a c tiva te d  sludge techniques w h ich  are l ik e ly  to  be ava ilab le  a f te r  the w a r, the  H a y s  P ro c 
ess w i l l  need to  p ro ve  its e lf  m uch su p e rio r to  p re v io u s  ven tures in  con tact aerators.

K . V . H ill

SE W A G E  T R E A T M E N T  A T  A I R -T R A IN IN G  SC H O O L S IN  
W E S T E R N  C A N A D A

B v F l i g h t  L ie u t e n a n t  R. A. M c L e lla n  

Water and Sewage (Toronto), 81, 15 (May, 1943)

I t  is  o f  in te re s t to  rev ie w  the accom plishm ents in  th e  w a y  o f  sewage tre a tm e n t a t 
the  va rio u s  schools and s ta tions  operated u n d e r the  B r it is h  C om m onw ealth  A i r  T ra in in g  
P lan . T h is  discussion is confined ch ie fly  to  p ro je c ts  in  Saskatchew an and  A lb e rta , and 
a fe w  developm ents in  B r it is h  C o lum b ia  and the M a r it im e  P rovinces.

I n  the sum m er o f  1940, when engineers o f  the  R . C. A . F . to o k  o ve r fie ld  superv is ion , 
l i t t le  th o u g h t had been g iven  to  the  p ro b le m  o f sewage d isposal. Speed was re q u ire d  in  
p ro v id in g  sewage d isposal fa c il it ie s  as the schools had  to  be p laced in  o p e ra tio n  as soon 
as b u ild in g s  were s u ffic ie n tly  com pleted. Hence, designs w ere s im p lif ie d  as f a r  as pos
sible. A t  th a t tim e  l i t t le  in fo rm a tio n  was a t hand re g a rd in g  increases in  the  size o f  the 
stations.

W h e re ve r possible the services o f  an a d ja cen t m u n ic ip a l system w ere u tiliz e d , and 
in  a ll such eases the  c ities and tow ns w ere f u l l y  co -opera tive . F a c ilit ie s  a t e a rlie r in 
s ta lla tio n s  inc luded  coarse screens and s in g le -s to ry  s e ttlin g  tanks. W h e re  fu r th e r  tre a t
m ent was re q u ire d  con tact o r  f i l te r  beds were used, and in  some cases fa c il it ie s  fo r  
c h lo rin a tio n  were p ro v id e d . I t  was soon fo u n d  th a t  these in s ta lla tio n s  w o u ld  be u n 
sa tis fa c to ry , p a r t ic u la r ly  w here  the  establishm ents were to  be increased.

I n  the  design o f  p la n ts  f o r  p ro je c ts  s ta rte d  la te  in  1940 co n s id e ra tio n  was g ive n  to  
m ore e ffic ien t and m odern types. S tu d y  .o f the  prob lem s, p a r t ic u la r ly  as regards  the 
a v a ila b il ity  o f  equ ipm ent, led to  the  a d a p tio n  o f  a tw o -s to ry  m echanized ta n k  fo llo w e d  by  
a lo w -ra te  t r ic k l in g  f i l te r  w ith  re v o lv in g  d is tr ib u to r .  F o u rte e n  o f  these w ere a u tho rized  
la te  in  1940 and were p laced in  o p e ra tio n  e a rly  in  1941.

A  fig u re  o f  50 Im p . ga l. p e r day p e r person was used f o r  design. I t  was assumed 
th a t the  to ta l d a ily  flo w  w o u ld  take  p lace in  16 hours. These figures have since been 
revised, a fig u re  o f  60 Im p . ga l. p e r  day now  be ing  adopted. A lso , the  flo w  th ro u g h o u t 
the  24 hours is  m ore u n ifo rm  th a n  expected. A b n o rm a lly  h ig h  flow s w ere  no ted  w hen 
the f irs t  s ta tions were placed in  o p e ra tio n , in  some cases as h ig h  as 100 Im p . g a l. p e r 
person p e r day. T h is  was serious a t places where the  w a te r  s u p p ly  was lim ite d , and 
conserva tion  m ethods Avere in s titu te d  w ith  good resu lts.

The figures f o r  sewage characte ris tics  used in  design w ere 0.27, 0.17, and 0.09 lb . 
p e r ca p ita  p e r day, f o r  suspended solids, 5 -day B .O .D ., and e ther-so lub le  m a tte r, re 
spective ly .

D ig e s tion  ta n k  volum es were based on 1.5 to  2.0 cu. f t .  p e r person, assum ing diges
t io n  tem pera tu res  between 80 and  90 degrees. I n  some cases unforeseen increases in
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p o p u la tio n  resu lted  in  d igeste r volum es o f  about one cu. f t .  p e r person. D ig e s tion  has 
been s a tis fa c to ry  despite the reduced volum es. S ludge is heated w ith  coal, e le c tr ic ity  o r 
n a tu ra l gas, depend ing  on th e  size o f  the  in s ta lla t io n  and  the  lo c a tio n . I t  was n o t 
considered p ra c tic a l us ing  sludge gas in  such sm all p la n ts  w ith  the u n c e rta in ty  o f  a steady 
su p p ly .

The f irs t  lo w -ra te  f ilte rs  were designed fo r  a lo a d in g  o f  500,000 gal. p e r acre -foo t. 
A f te r  the f ilte rs  were placed in  o p e ra tio n  the  schools g re w  so ra p id ly  th a t the  capacities 
were inadequate. N ew  u n its  were added b u t the design basis was changed to  350,000 gal. 
p e r acre -foo t. The f ilte rs  are 5 %  to  6 f t .  in  dep th , w ith  ro ck  g raded between 2 in . and 
3x/2 in . to  4  in . in  size.

Coarse screens are p ro v id e d  a t a ll p la n ts  and th e y  have been fo u n d  to  be v e ry  im 
p o rta n t. G r it  chambers have n o t been fo u n d  necessary except in  one o r tw o  instances 
where too m uch sand entered the  d igester.

Grease tra p s  have been added f o r  k itch e n  wastes in  la te r  in s ta lla tio n s  b u t su ffic ien t 
a tte n tio n  is  n o t u s u a lly  g iven  them . A  new ty p e  o f  se p a ra to r is  now  be ing in s ta lle d  
w hich  m ust be cleaned to  p re ve n t ove rflow ing .

W h e n  p o p u la tio n s  over 2,000 are to  be p ro v id e d  f o r  the  cost o f  lo w  ra te  filte rs , 
p a r t ic u la r ly  i f  th e y  are to  be covered, adds m a te r ia lly  to  the cost o f  the  p ro je c t. A c 
c o rd in g ly , considera tion  is g iven  to  h ig h -ra te  filte rs  and b io filte rs  in  designs fo r  p ro je c ts  
where the  p o p u la tio n  goes over th a t figu re .

R esults ob ta ined thus f a r  in d ica te  the fo llo w in g  genera l guides f o r  p la n ts  o f  th is  
na tu re  :

(1) Single-story primary settling or septic tanks should not be considered for plants serv
ing more than 750 persons.

(2) For populations between 750 and 2,000 persons, two-story tanks, preferably mechanically 
equipped, should be used and followed where necessary by low-rate trickling filters.

(3) Biofilters should be considered for camps of over 2,000 persons and in some cases for as 
small as 1,500 persons.

(4) Primary clarification followed by chlorination should be used unless further treatment 
is indicated.

(5) Underground filter beds should not be considered in Western Canada.
(6) Wooden trough distributors are not satisfactory and should be used only in very small 

installations.
(7) Sludge digestion tanks should be heated for satisfactory operation.
(8) Small clarifiers do not require covering even in Western Canada, but sprinkling filters 

should be covered.
(9) Chlorination of raw sewage does not appear to serve any useful purpose in these plants.

(10) Coarse screening should always be used.
(11) Hangar floor drainage should not be allowed in the sewage.

T. L . H errick

T E X T IL E  M ILL W A S T E  T R E A T M E N T  A N D  R E C IR C U L A T IN G  
F IL T E R  FOR S L A U G H T E R -H O U S E  W A S T E S

B y  E. F. E ld rid g e

Michigan Engineering Experiment Station, Bulletin 96 (September, 1942), 21 pp.

Report of Experimental Studies and Recommendations for Waste Treatment at Yale 
Woolen Mills, p p . 1 -18 . W astes f ro m  th is  m ill  were derived  f ro m  five separate loca
tio n s  : the dye room , the w ash ing  and s h rin k in g  room , the  b o ile r room , to ile ts , w a te r 
softeners and filte rs . The dye and w ash ing  room s c o n trib u te d  the m a jo r  process wastes. 
A  to ta l o f  414,500 g.p .d. o f  waste req u ire d  trea tm e nt. Changes were made in  the m ill 
sewer system in  o rd e r to  segregate the wastes w h ich  req u ire d  trea tm e n t and a p ilo t  
tre a tm e n t p la n t was constructed. Since the d ilu t io n  in  the rece iv ing  stream  was ex
pected to  handle  a p o rt io n  o f  the p o llu tio n  load, e ffective solids rem ova l was deemed 
su ffic ien t trea tm ent. The B .O .D . o f  the  w ool dye wastes a p p ro x im a te d  th a t o f  dom estic 
sewage b u t was h ig h  in  suspended solids. The co tton  liq u o r  and co tton  rinse  had B .O .D . 
values ave rag ing  a p p ro x im a te ly  84,000 p .p .m . and 1,600 p .p .m ., respective ly , w ith  sus
pended solids o f  the o rd e r o f  50,000 and 8,000 p .p .m .
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The p i lo t  p la n t  consisted essentia lly  o f  an equa liz in g  ta n k , coa g u la tio n  and s e ttlin g  
tanks to g e th e r w ith  the necessary p u m p s and equ ipm e n t f o r  fe e d in g  a lum , fe r r ic  ch lo rid e  
and h y d ra te d  lim e . L im e  and fe r r ic  ch lo rid e  p roduced  the  best resu lts . Suspended 
solids rem ova l average 83.4 p e r cent and B .O .D ., 72.4 p e r cent. P i lo t  p la n t  test run s
made w ith o u t the e q u a liz in g  ta n k  dem onstrated the need f o r  one. E q u a liz a tio n  was nec
essary in  o rd e r to  sm ooth o u t te m p e ra tu re  and  co m p o s itio n  flu c tu a tio n s . R uns were 
made u s in g  b o th  the  co n tinuous flo w  and  ba tch  process m ethods.

S tud ies o f  sludge p ro d u c tio n  in d ica te d  th a t the  vo lum e o f  sludge w o u ld  be about 2.0 
to  2.5 p e r cent o f  the  vo lum e o f  waste trea te d  and th a t th is  sludge w o u ld  have about 2 
p e r cent solids. V a cu u m  f i l t ra t io n  appeared  to  be the  m ost s a tis fa c to ry  process o f  re 
d u c in g  the sludge vo lum e. F i l t r a t io n  studies m ade w ith  a f i l te r  test le a f showed th a t the 
sludge cou ld  be concentra ted  b y  th is  means to  a m o is tu re  co n ten t o f  75 to  77 p e r cent.

O n the basis o f  p i lo t  p la n t studies recom m endations f o r  a f u l l  scale tre a tm e n t p la n t 
were made. T re a tm e n t u n its  recom m ended w e re : screen, e q u a liz in g  ta n k , flash m ixe r, 
chem ical feed  machines, coa g u la tio n  ta n k  equ ipp e d  w ith  padd le  s t i r r in g  m echanism , 
s e ttlin g  ta n k , m agne tite  f i lte r ,  sludge ta n k , vacuum  f i l te r  and a b u ild in g  fo r  housing  
vacuum  f i l te r  and chem ical feed  equ ipm ent.

The Recirculating Filter for  the Treatment of Slaughter-House Wastes,  p p . 18-21. 
A  h ig h  ra te  re c irc u la tin g  t r ic k l in g  f i l te r  h a n d lin g  effluent f ro m  a sep tic  ta n k  was in s ta lle d  
to  serve the T e lfe r  P a c k in g  C om pany a t Owossa, M ich ig a n . The effluent f r o m  the septic 
ta n k  enters a h o ld in g  ta n k  w h ich  has a ca p a c ity  o f  4,200 ga l. equal to  the m axim um
d a ily  flo w  o f  waste a f te r  se p a ra tio n  o f  the  c lear w a te r. W aste  is  p u m p e d  to  the  f i lte r
fro m  the h o ld in g  ta n k  by  means o f  48.8 g .p .m . c e n tr ifu g a l p u m p . T h is  p u m p  is also 
used to  rem ove sludge fro m  the f in a l s e ttlin g  u n it .  The f i l te r  is  14 f t .  in  d ia m e te r and 
6 f t .  deep. The  waste is a p p lie d  b y  means o f  a ro ta ry  d is tr ib u to r .  The f i l te r  m edia  is 
ha rd  g ra n ite  ro ck  screened to  3 in . to  4 in . F i l te r  e ffluent d ischarges to  a h o p p e r b o t
tom , s e ttlin g  ta n k  h a v in g  a c a p a c ity  o f  abou t 2,000 ga llons  co rre sp o n d in g  to  a de ten tion  
tim e  o f  40 m inu tes  a t 48.8 g .p .m .

A s  a re s u lt o f  a tw o  da y  su rvey i t  was fo u n d  th a t the  o v e r-a ll B .O .D . rem o va l b y  the 
p la n t  was 99.2 and 96.6 p e r cent. F lo w s  w ere 4,200 and  3,070 g .p .d . and the  correspond
in g  ra w  waste 5 -d a y  B .O .D . values, 2,200 and 1,750 p .p .m , resp e c tive ly .

The cost o f  the f i l te r  and tanks, n o t in c lu d in g  the  sep tic  ta n k , was less th a n  $600. 
O p e ra tin g  costs are lim ite d  to  the  cost o f  p o w e r consumed b y  the  p u m p s p lu s  the  la b o r 
re q u ire d  in  connection  w ith  sludge d isposal. S ludge is hau led to  a fie ld  about once a 
week. The odor nuisance w h ich  fo rm e r ly  existed in  the rece iv in g  s tream  has been en
t ir e ly  e lim ina ted .

P a u l  D . H a n e y

T H E  ST R E A M  C O N T R O L  C O M M ISSIO N

S t a t e  of M i c h i g a n ,  S i x t h  B i e n n i a l  R e p o e t ,  1 9 4 1 - 1 9 4 2  ( 5 0  p p . )  (1942)

T h is  re p o r t  is a reco rd  o f  the a c tiv it ie s  o f  the  S tream  C o n tro l C om m ission in  the 
fie ld  o f  w a te r  p o llu t io n  c o n tro l in  th e  S ta te  o f  M ic h ig a n . O f p a r t ic u la r  in te re s t is  a 
b r ie f  rev ie w  o f  the  in d u s tr ia l waste co n tro l. I n  the  p u lp  and p a p e r m il l  in d u s try , the 
studies have shown th a t fib e r losses can be lim ite d  to  one p e r  cent o f  p a p e r p ro d u c tio n  
and the waste flow s to  20,000 ga l. p e r to n  o f  p ro d u c t. O il Wastes are  c o n tro lle d  suc
cess fu lly  a long  the lines la id  dow n b y  the  A m e ric a n  P e tro leu m  In s t itu te .  S e para to rs  
s im ila r  to  those a t re fineries  are in  service a t va rio u s  fo rg in g  w orks , and are  p roposed  fo r  
w a r  in d u s tr ie s  to  avo id  fire  hazards. C an n e ry  wastes are va rie d . U n d e r w a r  co n d itions, 
a new  tre a tm e n t p ro b le m  arises w ith  the wastes f ro m  d e h y d ra tin g  potatoes, f o r  w h ich  
fine  screening and g r i t  co llec tion  are  on t r ia l.

I n  the m ilk  in d u s try , the u t il iz a t io n  o f  concentra ted  wastes is the f irs t  step in  c o n tro l 
o f  p o llu t io n  f ro m  m ilk  processing p la n ts , such as re tu rn  o f  b u tte rm ilk  and cheese w hey to  
fa rm e rs  f o r  stock feed ing . I n  tw o  instances w hey is  d rie d  f o r  m a rk e t as p o u lt r y  fo o d . 
W h e re  tre a tm e n t o f  res id u a l wastes is req u ire d , the  re -c irc u la tin g  b io lo g ic a l f i l te r  has 
been tr ie d , and also a fo rm  o f  a c tiva te d  sludge.



Vol. 15, No. 5 REVIEW S AND ABSTRACTS 981

I n  the beet sugar in d u s try  the  re -c irc u la tio n  m ethod o f  co n tro l o f  s tra ig h t house 
wastes has been adopted b y  a m a jo r ity  o f  p lan ts . B y -p ro d u c t recovery o f  m ono-sodium  
g lu tam ate  fro m  Steffens wastes is used b y  5 o u t o f 6 p la n ts  us ing  the Steffens process.

I n  the chemical in d u s try  need has developed fo r  the co n tro l o f  b rin e  waste and acid 
discharges, th ro u g h  d e liv e ry  to  and d ispe rs ion  in  la rge  bodies o f w a ter. A  phenol waste 
trea tm e n t p la n t is be ing en larged w ith  su pp lem en ta l trea tm e n t o f  the filte re d  wastes by 
the activa ted  sludge process.

T an n e ry  wastes are u n d er s tudy, p a r t ic u la r ly  as to  sludge disposal.
C yanide wastes are s t i l l  troublesom e, and m any destroy fish l ife .  Im p o u n d in g  is 

inadequate. One m o to r com pany has in s ta lle d  trea tm e n t by  decom position  w ith  s u lfu r ic  
acid  fo llo w e d  by  ae ra tio n  to  handle  cyanide and chrom e acid wastes.

Research on the c o n tro l o f  w a te r itc h  is s t i l l  un d er w ay. In fe s te d  beaches have been 
g iven  chem ical trea tm e n t, f o r  te m p o ra ry  re lie f. The id e n tity  o f the n a tu ra l hosts o f the 
itc h  is be ing sought.

L a n gdon  P earse

N IN T H  B IE N N IA L  R E P O R T  O F T H E  ST A T E  W A T E R  COMMIS
SION, C O N N E C T IC U T , Y E A R S 1940-1942

The re p o r t ind icates the v a rie ty  o f  in d u s tr ia l wastes fo u n d  in  the state. A m o n g  the 
m ore im p o r ta n t are the  m e ta llu rg ica l, te x tile , p a p e r m ill,  sand and g ra ve l w ash ing and 
o il wastes. Specia l research has been conducted on the effect o f  te x tile  wastes on ch lo rine  
trea tm e n t o f  sewage.

I n  the  p a p e r in d u s try  one p la n t in  10 years has cu t the waste f ro m  100,000 to  15,000 
gal. p e r to n  o f  p ro d u c t and reduced the loss o f fib e r fro m  2,500 to  100 lb . p e r day, re p re 
sen ting  a recovery va lue o f about $100. The re v o lv in g  d ru m  ty p e  save-all w ith  60 to  80 
mesh w ire  has been longest in  use. W ith  80 mesh w ire , the fo llo w in g  resu lts  are e xpected :

Suspended Matter 
Type of Lb. per 1,000 Gal.
P r o d u c t  I n f lu e n t  E fflu en t

Facial tissue 4.0 0.7
Paper b o a r d  3.5 2.5
Insulating board 1.7 0.8

Adequate sed im entation  w i l l  u su a lly  remove about 75 p e r cent o f  the suspended solids.
I n  the m e ta llu rg ic a l fie ld , research is con tinued  to  develop a p ra c tic a l m ethod f o r  

recovery o f wasted m etal. I n  1941 a p p ro x im a te ly  3,130,000 lb . o f  copper and 2,280,000 
lb . zinc were d ischarged in  l iq u id  wastes. C yanide and acid m eta l wastes are s t i l l  under 
sc ru tin y . I n  chrom ium  p la tin g , the use o f  acid  b a riu m  sulfide and lim e has p roved  h e lp 
fu l  (see 8th B ie n n ia l R e p o rt) .  I n  C onnecticu t one p la n t recovers copperas f ro m  acid 
p ic k lin g  wastes f ro m  iro n  and steel w o rk .

The w ash ing o f sand and g ra ve l carries s ilt  and o th er wastes in to  the streams. In  
m any cases an abandoned g ra ve l p i t  serves as a s e ttlin g  basin. C lean ing  o f such basins 
is fre q u e n tly  neglected.

O il wastes o f ce rta in  types can be trea ted  by  separators. One p la n t recovered fro m
1,000 to  2,000 gal. o f  usable o il p e r week. G rin d in g  and c u tt in g  o ils req u ire  d iffe re n t 
trea tm ent, w ith  the use o f  chemicals and sedim entation.

Research w o rk  was ca rrie d  on a t W esleyan U n iv e rs ity  on chrom ium  p la t in g  wastes; 
the effect o f  s u lfu r  and v a t dyes on ch lo rine  demand (w h ich  led to  use o f  equa liz ing  tanks 
at the fa c to ry , and d o u b lin g  the c h lo rin a tin g  app ara tu s  a t the sewage w o r k s ) ; the d is 
posal o f wastes fro m  a casein fib e r te x tile  p la n t;  the trea tm e n t o f  wastes f ro m  soluble 
c u tt in g  and g r in d in g  o ils  (such wastes m ay ru n  an oxygen consumed as h ig h  as 11,000 
p .p .m .) by  the use o f  a lum  o r  fe r r ic  su lfa te  and lim e ; and the effect o f  copper on sludge 
d igestion  (c f. 8 th  B ie n n ia l Rep. C opper slows u p  the tim e fo r  deve lop ing  gas p ro d u c 
tio n , the greatest source o f  tro u b le  o c cu rrin g  in  s ta rt in g  new p la n t d igesto rs).

A t  Ya le , the research on m e ta llu rg ic a l wastes in  the brass in d u s try  d iv ided  the p ro b 
lem in to  (a)  concentra tion  o f  waste w ate rs and ( b ) tre a tm e n t o f  concentrated and spent 
s tron g  p ic k le  liq u o rs  to  recover the m etals, p re fe ra b ly  b y  ch rom ium  o x id a tio n , e ith e r
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e le c tro ly tic a lly  o r  chem ica lly . The p rocedure  is described in  d e ta il, b u t no recom m en
d a tio n  is  made on choice.

L astgdost P eaese

R E P O R T  O N A P O L L U T I O N  S U R V E Y  OF S A N T A  M O N IC A  BAY  
B E A C H E S  IN  1942— M A D E  TO C A L IF O R N IA  S T A T E  

B O A R D  OF H E A L T H

B y C. G. Gill e spie , 69 pp. (1943)

T h is  is  a de ta iled  re p o r t  on the  p o llu t io n  b y  sewage o f  beaches o f  S an ta  M o n ica  B a y  
to  de te rm ine  i f  areas existed f ro m  w h ich  the  p u b lic  should be excluded. A s  a re s u lt a 
q u a ra n tin e  was established in  1943 on the  beach fro m  14 th  S tre e t in  H erm osa  Beach to 
B ro o ks  A venue  n o rth  o f  the  V en ice  p ie r  in  Los Angeles, a s tre tch  a p p ro x im a te ly  10 m iles 

long.
Since 1894, Los A ngeles has disposed o f  sewage in  S anta  M o n ica  B a y  a t H y p e rio n . 

B y  1912, co m p la in ts  f ro m  beach c ities  to  the  south  became in tense, and have con tinued, 
e x te nd in g  to  V en ice  on the  n o rth . I n  1925 the  fine  screen ing p la n t  and a 5,000 f t .  sub
m a rin e  o u tfa l l  were in s ta lle d  a t H y p e r io n . N o  im provem en ts  w ere made in  the  la s t 18 
years. The p o p u la tio n  sew ering  to  the  o u tle t has g ro w n  fro m  500,000 in  1920 to  1,787,000 
in  1942. The d isposal system  is  inadequate  and the o u t fa l l  leaks ba d ly .

I n  1942 sewage flo w  averaged 143 m .g.d. w ith  a d ry -w e a th e r m ax im u m  o f  194 m .g.d. 
A b o u t 160 tons o f  d ry  suspended solids are d ischarged in to  the  b a y  d a ily , in c lu d in g  8 to  
10 tons o f  grease.

The cu rre n ts  in  the bay p re v e n t the  fo rm a tio n  o f  sludge banks on the  ocean floor, 
y e t the  surface  and w in d -in d u ce d  cu rre n ts  are p re d o m in a n tly  inshore  f ro m  the subm arine 
o u tfa ll,  p a r t ic u la r ly  in  the summ er.

The fine screens o n ly  rem ove 3 to  8 p e r cent o f  the suspended solids and  p ra c tic a lly  
no grease. Sewage debris and sewage o rgan ism s g ro ss ly  p o llu te  10 m iles o f  beach. B e
cause o f  co n d itions  chang ing  w ith  the w in d , no one can k n o w  w hen o r  w here the  beeches 
are safe w ith in  the  10 m ile  s tretch .

I t  is  estim ated th a t 40,000,000 people  v is it  the  beaches o f  S an ta  M o n ica  bay in  a 
yea r, and o f  these 20,000,000 fre q u e n t the  10 m ile  s tre tch  now  q u a ra n tin e d .

The re p o r t  covers in  d e ta il the  sewage d isposal fa c il it ie s  o f  L os Ange les c ity , in 
c lu d in g  fine  screens ( re v o lv in g  d ru m  ty p e , 14 f t .  d iam . 12 f t .  lo n g ; 6 u n its  w ith  146 by  
2 in . o p e n in g s ; 2 w ith  ¥32 b y  2 in . o p e n in g s ; 10 tons o f  d ry  screenings rem oved p e r  d a y ) 
and  the  ch ro n o lo g y  o f  events.

I n  the in ve s tig a tio n  b a c te ria l samples w ere collected eve ry  week f o r  the de te rm in a 
t io n  o f  Escherichia Coli ( re fe rre d  to  as E. Coli).  S a n ita ry  observa tions w ere m ade tw ice  
a week on the beaches and the sleek fie ld , as w e ll as the screen ing p la n t. W in d  m ove
m ents, num ber o f  bathers, r a in fa l l ,  etc., w ere checked.

The sleek fie lds were sketched and noted 74 tim es in  the  ye a r, w ith  d ire c tio n  o f  m ove
m ent.

M o s t o f  the beaches are g ive n  some fo rm  o f  c lean ing  b y  hand  o r tra c to r  rakes. On
a busy d ay in  J u ly ,  1942, one m ill io n  people  used the  beaches on the  bay, in c lu d in g
470,000 on the  q u a ra n tin e d  stre tch . N e a rly  40 p e r  cent are bathers.

A s  a l im it in g  s tandard , 10 E. Coli p e r  ce. was used f o r  assured s a fe ty  f o r  recrea
tio n a l use o f  s u r f  w a te r. A n  excess above the  s ta n da rd  20 p e r cent o f  the  tim e , is  a l
low ed be fore  d e c id ing  the le n g th  o f  beach w h ich  v io la te s  the standard .

Sewage grease passes th ro u g h  the  fine  screens. A b o u t 8 to  10 tons a d ay d ischarges 
in to  the  ocean, congea ling  re a d ily  in to  specks o r  f ro th .  I t  floa ts  and is  w in d  b lo w n . I t  
is  d if f ic u lt  to  rem ove fro m  the  bodies o f  bathers. Some ta ke  a “ gaso line  b a th .”  O th e r 
sewage debris inc ludes matches, feces, soap and  ru b b e r goods. The observa tions are  de
ta ile d  in  the  te x t, w ith  m o n th ly  d iag ram s o f  E. Coli and  grease bands.

S pec ia l b a c te rio lo g ica l studies were made o f  sa lt w a te r  fo rm s  o f  E. Coli, the  d e n s ity  o f  
E. Coli a t o u t fa l l  and a d ja cen t s ta tions, and s u rv iv a l tests. E. Coli w ere fo u n d  in  grease 
p a rtic le s  and in  the a ir  b e a rin g  ocean sp ra y . P a ra ty p h o id  A  and B  were iso la te d  in  N o 
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vember, 1942, w ith in  200 to  300 f t .  o f  the  o u t fa l l ;  in  the s u r f  and a long the beach, and in  
the ra w  sewage. One case o f  p a ra ty p h o id  was noted in  a life g u a rd , in ca p ac ita te d  fo r  
6 weeks.

The C a lifo rn ia  State B o a rd  o f  P u b lic  H e a lth  held the co n d itio n  a menace to  health. 
U n lik e  exp losive  epidem ics o r ig in a t in g  fro m  w a te r, m ilk  and foods, cases o f  sewage b o rn  
diseases fro m  p o llu te d  s u r f  o r beaches m ay scatter and the source be unsuspected. H o w 
ever, en te ric  diseases am ong people in  the area are “  three tim es as fre q u e n t in  p ro p o r 
t io n  to  p o p u la tio n  in  th is  area as th e y  are in  o ther p a rts  o f C a lifo rn ia .

Note .— The re p o r t  presents a c lear p ic tu re  o f a beach p o llu tio n  survey, in  conv inc ing  
de ta il, w h ich  should be w id e ly  read.

L angdon P earse

T H E  R O L E  OF H U M U S  IN SOIL F E R T IL IT Y  A N D  ITS M A IN T E 
N A N C E  BY T H E  U T IL IZ A T IO N  OF A G R IC U L T U R E  

A N D  H A B IT A T IO N  W A S T E S

B y A. R. P. W a lk er, Public Health (So. A frica), 7, 17-30 (1943)

The a u th o r sum m arizes b rie fly  the  p rob lem  o f  fe r t i l iz a t io n  o f  the  soil, the  need o f 
o rgan ic  m a te ria l o r  humus, and the la ck  o f  know ledge th e re o f a fe w  years ago b y  the  new 
settlers in  S outh  A fr ic a .  P ro m  the decay o f  o rgan ic  m a te ria l in  the soil, hum us results, 
w h ich  im proves the  p h ys ica l p ro p e rtie s  o f  the  soil, effects the o x id a tio n  o f  p ro te in  com
pounds to  am m onia (and  la te r  to  am m onium  n itra te )  and o ffers a h a b ita t f o r  m ic ro 
organism s, m in e ra l salts, and n itrogenous bodies. The ch ie f sources o f o rgan ic  m a tte r 
are the ro o t system o f crops le f t  in  the g round , green m a n u rin g  in  w h ich  a legum inous 
crop  is g ro w n  and tu rn e d  in , and fa rm y a rd  m anure, e ith e r n a tu ra l o r a rtif ic ia l.

I n  the w a rm e r clim ates where the average so il te m p e ra tu re  exceeds 77 deg. F ., 
hum us does n o t accum ulate in  the soil b u t is c o n tin u a lly  destroyed in  arable la n d  by  the 
grea te r a c t iv ity  o f  the m icro -o rgan ism s. F o llo w in g  a p lea  f o r  the  u t iliz a t io n  o f  o rgan ic  
wastes in  im p ro v in g  so il fe r t i l i t y ,  the a u th o r p o in ts  ou t th a t com post is n o t in tended  to  
supersede m in e ra l o r a r t if ic ia l fe rt iliz e rs . H u m us  and a rt if ic ia ls  supp lem en t one ano ther 
in  a balanced com bination.

Com post is defined as “ the p ro d u c t obta ined b y  the ro t t in g  o f o rg a n ic  m a te ria l, 
ch ie fly  vegetable in  o r ig in , by  the  action  o f  fu n g i and bacteria , w ith  the u ltim a te  fo rm a 
tio n  o f hum us.”  T h is  process goes on in  a state o f  N a tu re . The Chinese f o r  over 4,000 
years have p ra c tice d  in tensive  com posting. The Rom ans in  the second ce n tu ry  B .C . 
composted fa rm  residues, sewage, and s traw .

R ecently, H o w a rd  proposed a system a t In d o re , In d ia , f o r  com posting. On a p re 
pared  flo o r in  the com post p i t ,  6 inches o f waste vegetable m a tte r is  deposited. T h is  is 
covered w ith  2 inches o f fa rm y a rd  m anure, then sp rin k le d  w ith  earth  (u r in iz e d  i f  pos
s ib le ), and m ixed w ith  wood ashes, i f  ava ilab le . The p ro p o r t io n  o f m ixed  waste to  
fa rm y a rd  m anure should n o t exceed 3 : 1 by  volum e. Successive layers o f the sandwich 
are b u ilt  u p  u n t i l  the m a te ria l in  the  p i t  a fte r  fe rm e n ta tio n  is 3 fe e t th ic k . The layers 
should be k e p t m oist, b u t no t wet. A f te r  2 o r  3 weeks, the p i t  contents should be tu rn e d  
and w atered i f  necessary. A  second tu rn  and w a te rin g  fo llo w s  a t the end o f 6 weeks 
fro m  the s ta rt. The mass has then crum bled  and tu rn e d  black. I n  3 m onths fro m  the 
s ta rt, the carbon n itro g e n  ra tio  has fa lle n  fro m  fro m  3 3 :1  in  the o r ig in a l m ix  to  1 2 :1 .  
The hum us is then ready f o r  the land . I n  In d ia  such com post shows (on  an a ir  d ry  
basis) 20 p e r cent o rgan ic  m a tte r, 0.9 p e r cent n itro g e n , 0.5 p e r cent phosphate (P 20 5) 
and 2.2 p e r cent potash ( K 20 ) .  I n  Rhodesia the  content m ay be 0.8 p e r cent N ., 0.4 
p e r cent P 20 5, 1.0 p e r cent K 20 , and 1.9 p e r cent lim e. O f th is  a dressing o f  5 tons p e r 
acre is used, u su a lly  re in fo rc e d  w ith  phosphate.

Dom estic wastes m ay be handled in  a s im ila r  m anner, in  special p its . A  la y e r o f 
re fuse 3 to  4 inches th ic k  is  p laced in  the p i t  (2  fe e t deep, 500 cu. f t .  ca p a c ity ). A n o th e r 
la y e r is p laced on a slope, then n ig h t so il is added and raked  in . Successive layers are 
added to  a dep th  o f  2 f t .  in  2 days. T w o inches o f  re fuse are le f t  on to p . A f te r  5 days, 
the contents o f  the p i t  are tu rn e d  w ith  d ra g  rakes. A f te r  10 days m ore, the m ix  is  again
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tu rn e d ; a f te r  1 m on th  fro m  s ta r t the m a te ria l is rem oved and stacked in  heaps 4 f t .  h ig h  
f o r  r ip e n in g . A f te r  a n o th e r m o n th  i t  is  re a d y  to  use.

C om post has been made w ith  re fuse  (p ro b a b ly  garbage) and sewage sludge (a p 
p lie d  w e t) , in  the p ro p o r t io n  o f  2 p a rts  sludge to  1 p a r t  refuse. T h is  is  tu rn e d  2 days, 
6 days, and 10 days f ro m  s ta rt. A f te r  14 days the m ix  is rem oved and stacked to  r ip e n . 
A f te r  10 weeks m ore i t  is re a d y  f o r  use. A t  M aidenhead, 6 tons o f  hum us are recovered 
f ro m  25 tons o f  refuse. I n  E n g la n d , such m a te ria l sells f o r  9 s h illin g s  ($1 .80) p e r ton .

O th e r m ic ro -b io lo g ic a l m ethods have been a p p lie d  a t K e n s in g to n  and H a r ro w  (E n g 
la n d ) , where the re fuse  is  sp rayed  w ith  a b a c te ria l c u ltu re  and deposited in  cells h o ld in g  

180 tons each, w here  f o r  16 days i t  fe rm en ts .
W a rn in g  is g ive n  th a t household re fuse  m ay n o t be su itab le  fo r  com posting  unless 

p ro p e r ly  sorted.
Sewage sludge is  fre q u e n tly  used the w o r ld  ove r f o r  fe r t i l iz e r  w hen a ir-d r ie d . In  

Johannesburg, the  dem and exceeds the  su p p ly .
The a u th o r notes some differences o f  o p in io n  am ong a u th o ritie s  in  G re a t B r ita in ,  

S outh  A fr ic a ,  and  the  U n ite d  States on the  va lue  o f  sewage sludge as a fe r t i l iz e r .  H e  
urges th a t the p ro o f  o f  successful use over m an y  years is  w h a t counts.

I n  the  discussion, M cL a ch la n  p o in ts  o u t the  va lue  o f  com post to  gardeners near 
tow ns. W ils o n  p o in ts  o u t the  va lue  o f  d ige s tio n  o f  sewage sludge in  re d u c in g  the  grease 
con ten t. T im son  c la im s th a t in  S o u th e rn  R hodesia the  va lue  o f  co m posting  is  d e fin ite ly  
established.

L astgdon- P earse

N ote  by L. P.

Those interested in compost for garden purposes may refer to America’s Garden Boole by 
L. and J. Bush-Brown (Edn. 1941), pp. 7-16, in which compost making is described, with a 
method for hastening decomposition by adding 75 lb. ammonium sulfate, 50 lb. superphosphate, 
and 100 lb. ground limestone per ton of material. The pile should be kept moist and turned 
every few months. Similar artificial composts are recommended by various agricultural ex
periment stations (e.g., University of Florida, Agric. Expt. Sta. Press Bull. 517 (1938), “ The 
Production of Artificial Manure on the F arm ”  by F. B. Smith. He recommends per ton of 
litter or straw a mix of 67.5 lb. ammonium sulfate, 22.5 lb. superphosphate, and 60 lb. lime
stone. Another reagent would be a mix of equal parts eyanamid and ground rock phosphate). 
The reviewer has used the procedure in his garden for a number of years. Under present war 
conditions, sulfate of ammonia is not obtainable. For those with a permanent garden, 
manure or sludge can be tried as a substitute to hasten bacterial action. Smith suggests a 
layer of 4 to 6 in. of material to be composted, then 2 to 3 in. of manure on top, then wet 
thoroughly; continue building up the heap with alternate layers. This compost has the same 
value as ordinary farm manure. Smith states that the practice of making artificial farm 
manure cannot be recommended for general farm use.

LOCAL ASSOCIATION MEETINGS
Association Place Date

C anad ian  In s t itu te  on Sewage 
and S a n ita tio n

N ia g a ra  F a lls , O nt. 
(H o te l G enera l B ro c h )

O ct. 28 -29 , 1943

C e n tra l States Chicago, I l l in o is  
(H o te l S herm an)

O ct. 21 -2 3 , 1943

F e d e ra tio n  o f  Sewage W o rk s  
A ssocia tions

Chicago, I l l in o is  
(H o te l S herm an)

Oct. 21 -23 , 1943

G eorg ia A tla n ta , Ga. Oct. 7 -8 , 1943

N ew  E n g la n d B oston , M assachusetts 
(P a rk e r  H ouse)

S ept. 22, 1943

N o r th  C a ro lin a W in s to n -S a le m , N . C. 
(H o te l R o b e rt E . Lee)

N o v. 1 -3 , 1943

N o r th  D a ko ta G ran d  F o rk s , N . D . 
(R y a n  H o te l)

Oct. 5 -7 , 1943

S outh  D a k o ta M itc h e ll,  S. D . S ept. 15 -1 6 , 1943

R o c k y  M o u n ta in D enver, Colo. Sept. 16 -17 , 1943



A D V E R T IS E R S ’ CONTRIBUTIONS

A L U M IN U M  C O M PA N Y  OF A M ERICA  

Pittsburgh, Pa.

A L U M I N U M  I N  S E W A G E  D IS P O S A L  P L A N T S

Because of its resistance to corrosion, 
strength , and lightness, alum inum  had 
proved its m erit in  sewage disposal 
p lan ts  th roughout the country  before 
P earl H arbor. Large quantities of 
alum inum  were being used fo r such 
equipm ent as screen house racks, d if
fuser p late holders, sludge-handling 
equipm ent, grating , s tirrin g  arms, 
vents, valves, and other appara tus 
which is directly  in  contact w ith raw  
and partia lly -treated  sewage, and it  
also found m any arch itec tu ra l appli
cations on sewage disposal p lan t bu ild 
ings. Like m any other things, sewage

disposal p lan t equipm ent has now be
come one of the w ar casualties, since 
the governm ent is tak ing  the entire out
p u t of alum inum  to meet increased de
m ands for planes and other w ar equip
ment.

Engineers who are looking ahead to 
the peacetime uses of alum inum  will do 
well to consider the recent develop
ments in th is light-m etal industry . 
The w ar expansion program  has 
greatly  increased the production fa 
cilities available for m aking aluminum. 
In  1939 the to ta l ou tp u t of alum inum  
in the U nited States was 327,000,000

F ig. 1.— An aeration tank with aluminum diffuser plate holders at Southerly Plant,
Cleveland, O.

985
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Fig. 2.— Aluminum slide gates at Rutherford Sewage Plant, New Jersey.

pounds, b u t  i t  is conservatively esti
m ated th a t our country  will have the 
capacity  fo r p roducing 2,100,000,000 
pounds of the m etal by  the end of 1943. 
To accom pany th is  700 per cent in 
crease in  o u tp u t has been a 25 per cent 
reduction  in  the cost of alum inum  in 
got. The price  p e r ingot pound has 
been revised stead ily  dow nw ard from  
20 cents in  1939 to its p resen t all-tim e 
low of 15 cents.

There is also a g rea tly  increased 
num ber of workers who now possess 
the so-called “ know-how”  of m aking 
alum inum . To m eet w artim e quotas, 
thousands of additional workers have 
been tra in ed  in the various phases of 
alum inum  production . In  addition, 
im provem ents in  alloys and  m ethods of 
m anufac tu ring  will make alum inum

more usefu l in  post-w ar applications. 
M any of the alloys now being used for 
w artim e applications will be adapted  
to sewage disposal applications a fte r 
the w ar. A new ex trusion  process has 
been developed th a t tu rn s  ou t seamless 
hollow shapes, and  step extrusions are 
now possible in  m any s tru c tu ra l parts. 
Considerable progress in  to rch  and  f u r 
nace b razing  w ill fac ilita te  assembly 
operations on m any p a rts  and  s tru c 
tures.

A lum inum  conduits are  lig h t in 
w eight and  place less b u rd en  on the ir 
supports. C ast alum inum  diffuser 
p la te  holders of the B u rg er design 
sim plify  insta lla tion  and  m aintenance 
of diffuser p late  holders (F ig . 1). 
P lates are rem oved w ithou t the danger 
of breakage and  holders ca rry in g  a
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F ig . 3.— Aluminum floor grating, skylights, tread plate, conduit, and paint in Incinerator 
Building of Southerly Plant, Cleveland, O.

num ber of plates can be handled as 
units.

Stop gates of alum inum  do not x’ust 
or stick in the guides (F ig . 2 ). A lum i
num  gra ting  is not-slip, non-corrosive, 
and perm anently  high in strength  (Fig. 
3 ). Raw sewage passes through coarse 
screens and screening containers of 
alum inum  and any harm ful gases given 
off, such as hydrogen sulfide, do not 
harm  the metal.

A lum inum  p a in t has been invaluable 
as a means of re ta rd ing  corrosion and 
im proving appearance throughout sew
age p lants. The tin y  alum inum  flakes 
in the p a in t interlock so well w ith one 
another th a t the underly ing  m etal is 
well protected against corrosion, and 
the even m etallic surface sheen gives

the entire p lan t an appearance of 
cleanliness.

M aintenance cost of in te rio r and ex
terio r s tru c tu ra l p a rts  are minimized 
when alum inum  is used, as i t  resists 
the elements and the harm fu l gases 
which seriously a ttack  some of the 
other metals. F o r example by wash
ing A lum ilite finishes w ith m ild soap 
and water, m oisture-holding pockets of 
dust and d ir t are removed and the 
m etal rem ains b rig h t and shiny.

W hile no new developments in 
alum inum  have been forthcom ing for 
subm erged appara tus since pre-w ar 
days, nevertheless, the presen t applica
tions of alum inum  in sewage plants 
are being watched w ith an eye to the 
fu tu re . The presen t in-service uses
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will fu rn ish  fa ir ly  definite inform ation 
upon which to design w ith  confidence 
la rg er and  more com plicated ap p a
ra tus.

W hen the w ar ends, alum inum  will

also re tu rn  to the m any applications 
from  which i t  has been divorced fo r the 
du ra tion— ready  to m eet the  peace
tim e needs of the sewage disposal in 
dustry .

T H E  A M E R IC A N  W E L L  W O R K S  

Aurora, Illinois

M A N U F A C T U R E R S  O F  P U M P IN G ,  S E W A G E  T R E A T M E N T ,  A N D  
W A T E R  P U R IF I C A T I O N  E Q U IP M E N T

D IG E S T E R  S U P E R N A T A N T  T R E A T M E N T ;  I N D U S T R I A L  
W A S T E  T R E A T M E N T

M any sewage trea tm en t p lan ts, espe
cially those th a t are no t g rea tly  over 
designed, have a  problem  in  handling  
d igester superna tan t. I f  su p e rn a tan t 
liquor is applied  to the p lan t influent 
w ithout p rio r trea tm en t i t  upsets the 
norm al aerobic biological processes. 
A naerobic d igester su p ern a tan t has a 
trem endous ab ility  to  seed fresh  sew
age and  s ta r t  septicity . Consequently, 
when discharged into a  p rim ary  se tt
ling  tank , i t  m ay convert the  en tire  
flow from  fresh  to grossly stale sewage.

A ctivated  sludge and  high ra te  fil
ters are especially affected by  digester 
su p ern a tan t. W ith  strong  anaerobic 
su p e rn a tan t to trea t, these processes 
fa ll off in  efficiency. Effluents become 
tu rb id  and  high in  biochemical oxygen 
dem and.

The A m erican W ell W orks has de
veloped a high ra te  self-contained filter 
w hich is employed to aerate and  com
pletely stabilize anaerobic digester 
su p ern a tan t liquor. The filter consists 
of a  bed of graded  an th racite  media 
supported  by  a false bottom  which 
form s a  backw ashable u n d e rd ra in  sys
tem. S u p e rn a tan t is applied  to  the 
surface of the m edia b y  a ro ta ry  aera
to r  which gives un ifo rm  dosage over 
the en tire  area.

The ro ta ry  ae ra to r applies the su p er
n a ta n t in  th in , wide films, reducing  the 
in tensity  of u n it area loading to  a 
m inim um . The liquor trickles u n i

form ly  th roughou t the en tire  volume 
of the bed and  m ain tains an optim um  
contact between itself, the  atm osphere 
and  the surfaces of the  m edia. The 
height of ro ta ry  aera to r above the bed 
aids in  supp ly ing  the oxygen requ ire
m ents of the su p e rn a tan t liquid.

The su p e rn a tan t is recircu lated  
th rough  the u n it  a t a h igh ra te . A 
period of 60 m inutes recircu lation  is 
generally  enough to cause the liquid  to 
lose 90-95 p e r cent of its B.O.D. and 
to com pletely change the su p ern a tan t 
from  an  anaerobic to aerobic state. 
The effluent contains 5 -8  p.p.m . of dis
solved oxygen, and  is com pletely s ta 
bilized.

A n th racite  m edia is used because of 
its  smooth shiny surfaces w hich are 
easily backwashed free of the particles 
filtered from  the su p ern a tan t. Back
wash w ater is ob tained  from  final 
settling  tanks and  the w aste wash 
w ater is discharged to  p rim ary  settling  
tanks. One pum p serves bo th  rec ircu 
lation  and backw ashing functions. 
Backw ashing is in freq u en t and  keeps 
the filter a t its  peak efficiency.

The R ap id  R ate F ilte r  com pletely 
satisfies high av id ity  fo r  dissolved 
oxygen th rough  the efficient oxygena
tion resu lting  from  the th in  films of 
liqu id  trick ling  th rough  th e  fine con
ta c t m edia in  com bination w ith  the a ir 
circulation. F locculation  and  filtering
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takes place w ith in  the n n it giving a 
clear effluent.

The trea tm en t of these wastes can 
he accomplished on a batch  or con
tinuous basis, depending upon ind iv id
ual job requirem ents. In  e ither case the

waste is recircu lated  through the filter 
a t a high rate.

The R apid  Rate F ilte r  can be suc
cessfully used on indu stria l wastes th a t 
have high soluble B.O.D. trea tab le  by  
biological processes. L aundry  wastes,

CIRCULATING AND 
BACKWASH PUMP

INFLUENT FROM 
SETTLING TANK 
TO PROVIDE BACK-

DRAIN TO PRIMARY OR PUMPS DIGESTER
SUPERNATANT

WASTE WATER TO 
PRtMARY INFLUENT
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canning wastes low in solids and  high The following resu lts are from  the 
in  B.O.D., and  m any in d u stria l wastes trea tm en t of digester su p e rn a tan t and 
are successfully hand led  b y  th is u n it. lau n d ry  waste.

Supernatant T reatment

T e st U n tre a te d
S u p e rn a ta n t

T re a tm e n t P erio d

40 M in. 60 M in . 4 H rs.

D.O. (p.p.m.)

5-day B.O.D. (p.p.m.) 
*Putrescibility 
(20% additions)

0.0

1500 
1 Hour

Co

8.0
(85% Sat.) 

300 
4 Days 

ntrol sample rem

8.0

250 
4§ Days 

ained blue 4 f Di

8.0

250 
4 j Days

tys

* The putrescibility test is employed to measure the relative ability of anaerobic supernatants 
(treated and untreated) to cause putrescence in a given sample of fresh waste. A  control of 
organic waste was made up and seeded to simulate fresh sewage. To samples similar to the con
trol was added 20 per cent of supernatant in the raw and various stages of treatment. The time 
for bleaching of methylene blue was used as the measure of relative putrescibility.

L aundry Waste T reatment

T est
U n tre a te d
L a u n d ry

W aste

T re a tm e n t P eriod

15 M in. 30 M in. 45 M in. 1 H r. 2 H r. 3 H r.

D.O. (p.p.m.) 6.5 6.8 7.2 7.4 7.4 7.4
5-day B.O.D. 720 316 273 257 232 186 145
pH 11.0 10.0 9.0 9.0 9.0 8.5 8.0

C H A IN  B E L T  C O M P A N Y  

Milwaukee, Wis.

M A N U F A C T U R E R S  O F  R E X  C H A IN — R E X  C O N C R E T E  M IX E R S ,  R E X  
S P R O C K E T S — R E X  T R A V E L I N G  W A T E R  S C R E E N S , R E X  

E L E V A T O R S  A N D  R E X  C O N V E Y O R S ,
E S T A B L IS H E D  1891

T H E  R E X  U N I - F L O  C O N V E Y O R  F O R  M O V IN G  C H E M IC A L S

W here such chemicals as alum, fe r
ric  chloride, and lime are purchased in 
bu lk  by  large sewage trea tm en t p lants, 
a very  flexible, economical and dust- 
free means of handling  and  conveying 
them  is provided by  the continuous 
stream  ty p e  of conveyor-elevator. A 
u n it of th is type is the R E X  U N I-F L O  
Conveyor-Elevator which has been de
veloped by  Chain B elt Com pany of 
Milwaukee, W isconsin.

The R E X  U N I-F L O  conveyor com
bines in  a  single un it, the  functions 
of a feeder, conveyor and  elevator. 
The u n it can be used vertically , hori
zontally, a t any  degree of incline, and 
around  vertical curves. A  unique and 
distinguish ing  fea tu re  of the R E X  u n it 
is the use of a pivoted  flight on the  con
veyor chain, which a positively driven 
cam tips to a steep angle when the con
veyor is discharging. The chemicals
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E ig. 1 .

are conveyed in a continuous stream  in 
a dust-tigh t casing th a t takes up much 
less space than  other conventional 
types of conveyors.

The complete flexibility of layout 
th a t is possible w ith th is un it, together 
w ith the small space it  takes up, makes 
it  ju s t as adaptable to modernization 
of existing p lan ts as to installation in 
new construction.

The illustra tion  (F ig . 1) pictures the 
R E X  U N I-F L O  handling chemicals a t 
the Allison Engine Division of Gen
eral M otors Corporation, Indianapolis, 
Ind iana  (B urns & McDonnell, Kansas 
City, E ng ineers). The arrangem ent is 
typ ical of w hat can be accomplished by  
use of this type of equipm ent.

T H E  IM P R O V E D  R E X  R E V O L V IN G  
S K IM M IN G  P IP E

The design and construction of R E X  
Revolving Skim m ing P ipes have been 
im proved to a high degree which in 
sures ease of installation  and operation. 
O ther a ttrib u tes  so necessary to this 
type of equipm ent include a w ater
tig h t seal, no freeboard  lim itation, high 
s tru c tu ra l strength , and the ab ility  to 
operate m ultiple un its  independently.

There are three types of skimming 
pipes available, the difference being in  
the method of operation. F o r the aver
age size job, the pipe is sim ply p ro 
vided w ith an operating  lever. F o r 
the larger application, where consider
able weight is involved, there are two 
types available. The skimmer pipe 
m ay be operated either through a chain 
drive from  a small hand-operated gear 
reduction u n it (F ig . 2 ), or th rough a 
set of gears. In  any case, the out
standing fea tu re  of design is the p a t
ented, oil-resisting ru b b er seal.

The seal is of a  special extruded 
shape, w ith a spring  steel b a r insert, 
designed to insure an effective w ater
tigh t seal, b u t a t the same tim e to per
m it easy operation of the pipe. No ad
justm ent of the seal is necessary a fte r 
once properly  installed since a slight 
m isalignm ent of pipe and collar will 
no t im pair its  effectiveness. The seal is 
of long life, not being affected by oil, 
m ild acids, or alkalies found in  sewage, 
and, when ultim ately  necessary, is 
readily  renewed.

W hen accurate control of scum re
moval is essential, as is often the case 
in the trea tm en t of industria l wastes,
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F ig. 2.

t

the worm -gear operated  skim m ing p ipe bearings and  
is to be desired. on a bronze

A s shown in  the accom panying pho- pipe is thus
tog raph  (F ig . 3 ), a cast iron, cut-tooth worm wheel
worm wheel and  worm are rig id ly  m ent of the
m ounted on a s tru c tu ra l steel support, mesh of the
The worm  sh aft revolves in  b ab b itted  Recesses in

the worm wheel revolves 
bushing. The revolving 
free  to  float inside the 
so th a t sligh t m isalign- 
p ipe w ill no t affect the 
w orm  and  w orm  wheel, 

the w orm  wheel engage

F ig . 3.
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F ig. 4.

lugs, bolted to the pipe, to tu rn  the 
pipe as the  worm is tu rned . Sufficient 
mechanical advantage is provided so 
th a t only slight pressure on the hand 
operating  wheel is necessary to tu rn  
the pipe and allow easy, accurate ad
justm ent.

R E X  A E R O  F IL T E R  O P E R A T IO N

F igu re  4 shows a R E X  Aero-filter in 
operation a t a typical sewage trea tm ent 
p lan t serving a U.S. navy base. De
signed to receive a B.O.D. load of 3000

lb. per acre foot, recent analyses show 
the filter to be loaded a t 4345 lb. per 
acre foot. In  spite of this overload, the 
p lan t is accomplishing a removal of 
83.5 per cent. Suspended solids re
duction are in  line, averaging 82 per 
cent. This is a strik ing  example of 
the value of the R E X  Aero-filter, its 
ab ility  to take an overload w ithout ad
verse effect.

The design is conventional w ith pro
vision made to  recirculate p lan t effluent 
back to filter only a t low flows.

CHICAGO P U M P  C O M PA N Y  

2300 Wolfram Street, Chicago 18, Illinois

W I D E - B A N D  A IR  D IF F U S IO N  S Y S T E M S  W I T H  S W IN G  D IF F U S E R S  A N D  
S T A T IO N A R Y  D IF F U S E R S , C O M M IN U T O R S , S C R U -P E L L E R  P R IM A R Y  

S L U D G E  P U M P S , F L U S H - K L E E N  S E W A G E  L I F T  S T A T IO N S , 
C O M B IN A T IO N  A E R A T O R - C L A R IF IE R S ,  R A W  S L U D G E  

P U M P S , P L U N G E R  S L U D G E  P U M P S  A N D  W A T E R  
S E A L  P U M P IN G  U N IT S

C oncurrent w ith  Chicago Pum p 
C om pany’s policy of offering operation 
service as well as equipm ent for the 
activated sludge process, during  the 
last two years our san ita ry  engineers 
have been conducting research projects 
a t various arm y and navy establish
m ents where the type of wastes cre
a ted  certain  problem s no t o rd inarily  
encountered in norm al domestic wastes. 
Because of these special conditions i t  
was necessary to  determ ine new ca
pacity  factors and  operation procedures 
fo r the activated sludge process.

In  order to study  these unusual con
ditions, p ilo t p lan ts were set u p  in 
which the aeration period and other 
variable operational functions could 
be controlled. F rom  these pilot plants, 
data  were accum ulated which made it 
possible to select the p roper capacity 
factors and operation procedures for 
effecting the characteristic high degree 
of purification of the activated sludge 
process fo r these establishm ents under 
widely vary ing  sewage flows and 
strengths.

The w ar has also b rough t new p rob 
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lems in  trea tin g  various types of in 
d u stria l and  lau n d ry  wastes. In  co
operation w ith various industries and 
laundrys we set up  p ilo t p lan ts  to de
term ine the p ro p er m ethod of trea tin g  
these wastes. As a re su lt the Chicago 
W ide-B and A ir Diffusion System  lias 
been adap ted  to the trea tm en t of m any 
of these special wastes.

S W IN G  D IF F U S E R  F O R  C H A N N E L  
A E R A T IO N

O utstanding  among our new equip
m ent developm ents du rin g  the last 
year have been new models of the 
Sw ing Diffuser fo r channel aeration  in 
m edium  and  small size channels of 
activated  sludge sewage trea tm en t

p lan ts  (P ig . 1 ). The new models do 
no t have knee jo in ts  as does th e  s ta n d 
a rd  model, which is still used in  large 
channels.

C hannel aeration  keeps the re tu rn  
sludge fresh  and  active and  prevents 
se ttling  in  the channel. M aintenance 
of the fixed type diffuser m edia in 
channels has been a serious problem  in 
the past because the whole p lan t had 
to be shu t down in  o rder to clean the 
p lates or tubes. The new model Swing 
Diffuser fo r m edium  size channels can 
be raised com pletely ou t of the chan
nel fo r m aintenance of the  diffuser 
tubes w ithout in te rru p tin g  the flow in 
the channel or the operation of the 
p lan t. A  m anually  operated  portab le

F ig. 1.— New model Chicago Swing D iffuser fo r  medium size channel aeration and fo r  small
aeration tanks.
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hoist raises the Swing Diffuser to a 
horizontal position where the tubes are 
easily accessible from  the opposite wall 
of the channel.

This new model of the Swing D if
fuser is also suitable fo r use in small 
aeration tanks, such as are usually  re 
quired  in  indu stria l or laundry  waste 
trea tm en t p lants.

F o r  small channels a removable type 
of diffuser has been developed which 
does no t require a hoist. A union in 
the hanger pipe near the top of the 
channel wall perm its ra ising  of the 
aeration assembly by  hand. A n orifice 
is provided to control the am ount of 
a ir through each unit, as w ith all Chi
cago a ir  diffusion units.

A ll the  advantages of Chicago W ide- 
B and a ir  diffusion are m aintained in 
these new models.

T U B E  C L E A N IN G  R E S E A R C H

O ur engineers are conducting exten
sive research in co-operation w ith sew
age p lan t superin tendents to determ ine 
the cause of diffuser tube clogging so

th a t p roper cleaning methods m ay be 
applied. The type and m ethod of 
cleaning necessary to restore the ef
fectiveness of the tubes depends upon 
various factors peculiar to individual 
plants.

A ppara tus and procedure fo r testing  
tubes have been developed to deter
mine the effectiveness of various m eth
ods of cleaning.

F L O A T  O P E R A T E D  F L O W  M E T E R

An inexpensive, float-operated flow 
m eter has been perfected  fo r accu
ra te ly  recording the flow direct in 
m.g.d. through small p lants. I t  can be 
easily installed by the operator.

The flow is recorded on special 
charts developed by  the Chicago Pum p 
Company fo r 90° “ V ”  notch weirs 
and 3 in. and 6 in. Parshall Flum es.

A C T IV A T E D  S L U D G E  W I T H 
D R A W A L  C O N T R O L

Telescoping valves of various sizes 
have been designed by Chicago Pum p

P ig. 2.— New, harder metals are expected to  increase many times the l i fe  o f these cu tting  
members o f the Chicago Comminutor.
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Com pany engineers fo r contro lling  the 
w ithdraw al of activated  sludge from  
two or more final se ttling  tan k  hoppers.

A n ind ica to r on the m echanism 
simplifies its regulation  fo r control 
over a un iform  ra te  of w ithdraw al.

C O M M IN U T IO N  R E S E A R C H

As new, h a rd e r m etals are developed, 
our engineers experim ent w ith  the ir 
use in the cu ttin g  mem bers of Com- 
m inutors. R esults to date indicate th a t

the life of Com m inutor cu tte rs  can be 
increased m any times.

A lthough Com m inutor cu tte rs  have 
been known in the past to give efficient 
service fo r two or th ree years before 
requ iring  sharpening, experience has 
shown th a t the  life  of the  cu ttin g  p a rts  
decreases as the am ount of g r it  in  sew
age increases.

G rit will have considerably less ef
fect on Com m inutors th a t are  soon to 
be equipped w ith cu ttin g  m em bers of 
the new, h a rd e r m etals (F ig . 2 ).

C L IM A X  E N G IN E E R IN G  C O M P A N Y  

General Sales Offices, Chicago, 111.; Factory, Clinton, Iowa

B L U E  S T R E A K  E N G IN E S , G A S — G A S O L IN E — B U T A N E .  E L E C T R IC  G E N 
E R A T IN G  S E T S  A N D  S W IT C H B O A R D S . O I L  F I E L D  P U M P IN G  

A N D  D R I L L I N G  E N G IN E S . I N D U S T R I A L  P O W E R  
U N IT S .  G R E Y  IR O N  C A S T IN G S

G A S  E N G IN E S  F O R  S E W A G E  T R E A T M E N T  P L A N T S

The pioneer in  the early  30’s who 
had the courage to install or recom
m end a gas engine for operation  on 
sewage gas can now, in  the early  4 0 ’s, 
find am ple .justification fo r h is fore
sight in  hundreds of sewage trea tm en t 
p lan ts  th roughou t the U nited  States. 
There have been very  few failu res and 
such as have occurred have been 
largely  a resu lt of m isapplication. 
The sewage gas engine is today  ac
cepted by  engineers and operators as a 
dependable source of power (F ig . 1). 
The only danger we see ahead of us 
in th is  field is th a t there  m ay be too 
much confidence in  the gas engine to 
the end th a t not enough engineering- 
knowledge is em ployed before the en
gine is selected for the service. No two 
p lan ts  are exactly alike and success or 
fa ilu re  can depend en tire ly  on w hether 
or no t sound engineering has been em
ployed. By “ fa ilu re ”  we do no t nec
essarily mean an engine th a t will not 
operate or will no t be reasonably de
pendable. “ F a ilu re ”  is where the  in 
sta lla tion  does not effect the  m axim um

savings possible as a resu lt of economy 
of operation, which includes m ain te
nance cost.

In  most instances a p lan t serving an 
equivalent population  of 15,000 or 
more can ju s tify  the insta lla tion  of a 
gas engine. P la n ts  serving 30,000 or 
more definitely can effect considerable 
savings unless there  are some unusual 
local conditions which w ould m ilitate 
against the gas engine such as very 
favorable power rates, o ther uses- for 
the gas produced, p la n t layout, etc. 
The problem  w ith the sm aller p lan ts 
is th a t pum ps, blowers, etc., are  too 
small in power dem and to ju s tify  the 
d irec t application  of a gas engine and 
the only w ay a  gas engine can be u t i
lized is d irec t connected to a generator 
to fu rn ish  pow er fo r ind iv idual m otor 
drives. This means an unavoidable 
loss of a t least 25 per cent between 
the prim e mover and  the driven  un it. 
The generator m ust be oversize to p ro 
vide sufficient cu rren t fo r  m otor s ta r t
ing. A s the engine and  generator 
m ust be of sufficient size to take care
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Fig. 1.— New Climax 12-cylinder, V-type Sewage Gas Engine rated 205 hp. at 720 r.p.m., for 
driving pumps, blowers or generators.

of the m aximum demand, it  is difficult 
to m ain tain  a favorable load factor, 
w ith resu lting  lowered economy. F o r 
these reasons the sm aller p lan ts are 
handicapped in converting the gas to 
mechanical power.

P lan ts  serving equivalent popula
tions of 30,000 or more usually  have 
pum ps or blowers which require 25 or 
more horsepower. In  such instances 
an engine applied d irectly  to the u n it 
offers an opportun ity  for maximum

F ig. 2.
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economy as there  is no pow er loss 
th rough  transm ission (F ig . 2 ). I t  is 
obvious th a t as la rg e r p lan ts  are con
sidered, ind iv idual engine drives make 
possible the use of all the  gas produced 
in  the  m ost economical m anner. A 
separate  engine-driven generator can 
produce pow er fo r  ligh ting  and  for 
small m otors scattered  about the p lan t.

W here sewage trea tm en t p lan ts  are 
orig inally  equipped w ith  gas engines, 
as a resu lt of the wisdom of the de
signing engineer, the  owners are sel
dom conscious of the enormous savings 
th a t are being  m ade as com pared w ith 
the use of purchased power. The re 
sults are conspicuous, however, when a 
p lan t o rig inally  operated  by  means of 
purchased power is converted to gas 
engine power. Such a conversion was 
m ade by  the A uro ra  S an ita ry  D istrict, 
A urora , 111. (equivalent population 
approxim ately  50,000). In  the sp ring  
of 1936 two 75 hp. gas engines re 
placed electric m otors d irec t connected 
to cen trifugal pum ps. In  the fa ll of 
1940 the D istric t insta lled  two 35 kw. 
gas engine driven generators. The en
tire  p la n t load has since then  been 
carried  b y  the gas engines, w ithout 
any  connection fo r outside power and  
w ithout a single pow er in te rrup tion . 
The to ta l installed  cost of the two 75 
hp. engines was $8,521 and  the  earn 
ings (savings) credited  to them  d u r
ing 81 m onths of operation to the end

of 1942 was $27,570. The to ta l in 
stalled  cost of the engine-generator 
un its  was $9,800 and  the earn ings 
credited  to them  fo r 25 m onths was 
$3,645, or a  to ta l saving since the first 
engines were installed  of $31,215. 
C om parable resu lts  can be and  are  be
ing  ob tained  in  o ther p lan ts  e ither 
converted to o r o rig inally  equipped 
w ith  gas engines.

Savings ind ica ted  are no t su rp rising  
when we take in to  consideration th a t 
the  fuel used is a by-p roduct of sewage 
trea tm en t. Also th a t th e  gas engine, 
p roperly  selected and  applied, has a 
therm al efficiency of 25 p e r cent. 
F u rtherm ore , a t least 50 p e r cent of 
all the heat (pow er) of the gas con
sum ed in  the engine can be recovered 
from  the jacket w ate r and  exhaust and 
u tilized  in  the  p lan t. U nder w hat 
o ther conditions can a p rim e mover 
show an  overall therm al efficiency of 
75 per cent, using a fu e l th a t  costs 
no th ing  to produce ?

D urin g  the p resen t em ergency it  is 
difficult to ob tain  th e  necessary p rio ri
ties to im prove old p lan ts  or insta ll 
new ones, b u t  we know of th ree p lan ts  
which recently  have been able to  se
cure p rio rities and  they  are  adding 
ind iv idual gas engines to supplem ent 
engines previously installed . M any 
p lan ts  now using gas engines have ind i
cated a desire to add  additional un its 
as soon as they  are available.

T H E  D O R R  C O M P A N Y , IN C . 

570 L ex in g to n  Ave., N ew  Y ork , N . Y.

D uring  the past year we have had 
little  tim e to devote to new develop
m ents in  sewage trea tm en t tvork as 
most of our effort has been spent on the 
production  of a large am ount of equip
m ent fo r m ilita ry  camps, bases, and 
ordnance works. In  the in te rest of 
saving critical m aterials, a num ber of 
innovations have been in troduced  such 
as the  use of wooden scum baffles and

weirs on Clarifiers, wood walkways in 
stead of steel, and  even fab rica ted  
tim ber rake arm s on the  Clarifiers. 
The use of ligh tly  re inforced  concrete 
domes on digestion u n its  has resu lted  
in the saving of large am ounts of c r iti
cal m aterials, as fo rm erly  these were 
made of fab rica ted  steel plate. There 
is no doub t b u t th a t some of these 
economies will persist in  post-w ar
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F ig. 1.— Two-Stage Biofilter Plant Model, built for the Corps of Engineers of the Army, 
Construction Division, Repairs and Utilities Branch.

structu res showing the d irect benefit 
of w ar-tim e necessities.

B I O F I L T R A T I O N

B iofiltration continues to occupy the 
field and there are now a to ta l of u p 
w ards of 200 p lan ts in operation or 
u n d er construction. Designs have be
come more standardized as operating 
experience indicates (F ig . 1 ). The 
need for m ultiple un its  to take care of 
vary ing  load conditions has proven u n 
necessary, and  it  is even feasible to 
design a p lan t fo r the u ltim ate re
quirem ents and  operate it  a t reduced 
capacity  corresponding to lower in itia l 
load requirem ents. This is possible 
because septic conditions can be 
avoided du ring  times of low loading 
conditions. The operator need not be 
concerned about holding the sewage 
too long in  his p lan t b u t on the con
tra ry  it is benefited by g reater deten
tion and continued contact w ith the 
recirculated  sewage.

Single-stage B iofiltration seems to 
satisfy  most requirem ents, thus yield
ing to a simplified layout v irtua lly  
autom atic in operation. In  single-stage 
p lan ts  in  m any localities where oper
ating  loads do not exceed original de
sign assumptions, B.O.D. removals of 
well over 85 per cent have been ob
tained. One aspect found to be essen

tia l fo r satisfactory  operation is con
tinuous re tu rn  of the sludge from  the 
final or hum us tank. V ery long con
tac t between th is sludge and the liquor 
in  the final tank  causes a reduction in  
dissolved oxygen and  a rise in  the
B.O.D. of the effluent. F ortunate ly , i t  
is possible to re tu rn  this sludge in  com
paratively  large volumes regardless of 
dilution as the solids reen ter the P r i
m ary Clarifier and settle w ith the raw  
sludge.

V A C U A T O R

The use of vacuum  flotation for 
grease removal in sewage treatm en t 
p lan ts  has been applied in  several in 
stallations and the results fu lly  con
firm earlier expectations. The Vacua- 
to r has one advantage of doing w hat 
is o rd inarily  an unsightly , messy job 
under cover where it is no t visible to 
the casual visitor. I t  improves the 
general appearance of the p lan t where 
grease removal in  separate un its is re
quired. The V acuator consists of 
three elements, an aerator, de-aerator, 
and V acuator proper. The aera to r is 
for the purpose of in troducing into 
the feed, the m aximum am ount of 
finely divided a ir bubbles so im portan t 
in the flotation of grease. The de
aera to r is fo r the purpose of releasing 
any large a ir  bubbles which m ight be
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S E C T I O N A L  E L E V A T I O N

F ig. 2.—The Dorrco Vaeuator.

re ta ined  and  which serve no purpose in  
the  flotation process. D e-aeration takes 
place very  rap id ly , usually  in  a section 
of the channel feeding the Y acuator.

The Y acuato r p roper (F ig . 2) is a 
cylindrical dome-covered tank  opera t
ing  u n d er a vacuum  of about 9 in. of 
m ercury . Feed enters the tan k  th rough 
a center d ra f t  tube and  overflows a 
periphera l weir. Two or more skim
m ing blades a ttached  to a cen tral re 
volving sh a ft scrape the scum into a 
trough, w hich drops down a barom etric 
leg.

The to ta l loss of head th rough the 
system is seldom more th an  6 or 8 in. 
and  consists only of the  pipe friction , 
w eir losses and  miscellaneous entrance 
and  exit losses. Once the  flow th rough  
the V aeuator has been established, 
siphonic action causes continuous flow

as long as the a ir  is exhausted  from  the 
liqu id  in sufficient volume to prevent 
any  breakage.

Scum removed from  the V aeuator 
has a m oisture content of 90 to  92 per 
cent and  occasionally i t  is necessary to 
add  d ilu tion  w ater before pum ping  to 
the D igester.

The m ateria l is digested in  the  D i
gester w ith  the usual sludge solids a l
though large volum es of inorganic 
grease or oil requ ire  special considera
tion.

S L U D G E  D IG E S T IO N

The D orr M ultdigestor, w ith  all the 
advantages of two-stage digestion in  a 
single tank , has been insta lled  in  n u 
merous m ilita ry  trea tm en t works (F ig . 
3 ). In  th is u n it m echanical m ixing
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a tm t t f

Fig. 3.— Hammond, Indiana. The Hammond, Indiana sewage treatment plant went into 
operation late in 1941 with a design population of 100,000 and an average design flow of 40 
M.G.D. The architectural excellence of this plant is typified by the two primary tanks of the 
Dorr Multdigestion Systems, which are shown in the photo.

Each of these two Systems consists of a fixed steel dome primary, and a secondary with 
a steel gasometer. The side of one of these secondaries may be seen at the extreme right. 
Sludge is thickened prior to digestion in a special Dorr Thickener.

and vertical heat exchangers, both of 
which are removable, are provided in 
the p rim ary  stage. A utom atic sludge 
tran sfe r is provided and once the 
operator sets the levels, he has little  to 
concern him self about.

The visible sludge feeding arrange
m ent has proven very  p ractical as 
operators are now able to judge the 
density  of the m aterial they are pum p
ing into the D igester. Possibly one of

the greatest errors in trea tm en t p lan t 
operation is pum ping excessive quan ti
ties of w ater along w ith the sludge 
solids into the digestion tank. This 
can readily  be controlled w ith th is new 
arrangem ent.

F o r sm aller p lan ts or where stage d i
gestion is no t desired, a single-stage 
u n it w ith mechanical m ixing and heat 
exchangers has also found wide ap
plication in m ilita ry  p lants.

E V E R S O N  M A N U F A C T U R IN G  CO. 

214 W . Huron St., Chicago 10, 111.

The g reat advance made in  the field 
of chlorination by the entire industry  
is well dem onstrated in one of our in 
stallations.

The W ar D ep artm en t’s new P en ta 
gon B uild ing  a t A rlington, Va., across 
the Potomac from  W ashington, is the 
w o rld ’s largest office build ing  w ith fa 
cilities fo r about 60,000 persons. 
Among the other featu res is a complete 
sewage p lan t which has the problem  of 
extreme variations in  volume. They in 
stalled  a S te rE la to r w ith a capacity  of 
3 to 330 lbs. of chlorine per 24 hours, 
a  ra tio  of 110 to 1 w ithout changing

orifices. So perfect has th is operation 
been th a t the S te rE la to r B uild ing is 
rap id ly  becoming a special po in t of in 
terest in  W ashington fo r v isiting  engi
neers. A regu lar v isito rs’ register has 
been installed by Mr. John  T. MacMa- 
hon, the operating engineer, who gladly 
shows visitors the operations of this 
most m odern Sewage Disposal P lan t.

A special fea tu re  is the  visible in d i
cating solution m anifold which en
ables the operator to proportion  the 
solution to several points of application 
according to the volume and need at 
each point.
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C H L O R I N E  C O N T R O L  
A P P A R A T U S

a — water supply inlet
K — GAS SUPPLY INLET 
18 — SOLUTION OUTLET 
86 — VENT TO OUTSIDE 
I IB— EMERGENCY OVERFLOW

2 —CHLORINE CYLINDER VALVE 
W— AUXILIARY GAS VALVE 
T — GAS THROTTLING VALVE 
O—VISIBLE INDICATING METER 
40— HYDRAULIC REGULATING VaLVE 
50— VACUUM REGULATING VALVE
7 — EJECTOR
20— WATER PRESSURE KEGULATOR 
2 — POINT OF APPLICATION8 —VACUUM TOWER
9 — RESERVOIR
6 —CHLORINE CYLINDER
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F L E X I B L E  S E W E R  RO D  E Q U IP M E N T  CO.

9059 Venice Blvd., Los Angeles 34, Calif.

M A N U F A C T U R E R S  O F  A  C O M P L E T E  L I N E  O F  U N D E R G R O U N D  
P IP E - C L E A N IN G  T O O L S

To save tim e and labor in  these days 
when m anpower m ust be conserved, 
Flexible Sewer-Rod E quipm ent Co. of
fers a full line of m odern sewer clean
ing tools th a t make it  possible to con
tinue necessary pipe-cleaning opera
tions w ith fewer men and in faster 
time.

W ith  these m odern tools, it is u n 
necessary to dig up the town to clean 
underground pipe or to remove stop
pages. Three men can clean 2000 ft. of 
sewer per day and most emergency stop
pages can be removed in  half an hour. 
Thus, sewer-cleaning, so necessary to 
A m erican health  and morale, may be 
continued w ithout in te rru p tio n  in spite 
of present scarcity of tra ined  labor.

F L E X I B L E  P O W E R  D R IV E

The use of the improved Flexible 
Power Drive substitu tes mechanical 
power for m an power in  sewer-cleaning 
operations. O perations are on the 
same principle as when hand  tu rn in g  
with ra tche t tu rn in g  handles, b u t the 
power drive tu rn s  the rods into the 
line m echanically a t a continuous 
speed, approxim ately five times the

speed of hand  tu rn ing . I t  is ideal for 
use in  removing roots, scale, sand, 
mud, slime, sludge, rock and gravel. 
I t  is made of cast steel to combine 
streng th  w ith lightness and portability . 
E quipped  w ith a new type safety 
clutch, the Briggs and S tra tto n  motor 
applies power through two pulleys a t 
two speeds. F u rth e r  speed ad justm ent 
is possible by regulation of the throttle . 
One lever controls all operations.

W hen a universal drive shaft is 
added, the motor may also be used to 
operate winches.

E Z Y  R O D  L I N E  P U L L E R

The new rod line puller is another 
tim e and labor saving tool, used to re 
move rods from  the line a fte r  they 
have been worked to the fa rth est end. 
Sim ply set up  the rod line puller as 
shown in the illustration  (F ig . 1), 
fasten  the end of the rod to a rope tied 
to the truck  and move the truck  fo r
w ard  easily, applying the power slowly 
and steadily. The rods will be re 
moved in a fraction  of the tim e needed 
when they are pulled by hand.

F ig. 1.—Rod line puller.
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E Z Y  R O D  R E E L  A N D  S T A N D

The im proved E zy  rod  reel m ay be 
used either w ith the stan d  as shown for 
operation  from  the pavem ent (P ig . 2)

Fig. 2.—EZY rod reel and stand.

or i t  m ay be quickly and  easily m ounted 
on the side of service trucks. The new 
reel does away w ith the need fo r hook
ing and unhooking w hen w inding  or 
unw inding  Flexible rods.

W hen used w ith  the Ezy Reel S tand, 
the reel stands a t a 45 deg. angle w ith 
the pavem ent in  p erfec t balance. The 
stand  is m ade of rugged m aterial, care
fu lly  welded to assure the streng th  
needed for rough usage. The three 
legs of the trip o d  are quickly screwed 
or unscrew ed to the center spider, m ak
ing the en tire  assembly easily portable.

A  C O M P L E T E  L I N E

Flexible offers a complete line of all 
tools needed fo r underg round  pipe 
cleaning fo r all types of jobs.

G E N E R A L  C H E M IC A L  C O M P A N Y  

N ew  York, N. Y.

A L U M I N U M  S U L F A T E  F O R  S E W A G E  C L A R I F I C A T I O N  A N D  
S L U D G E  C O N D IT IO N IN G

Sewage p lan t operators are finding 
alum inum  su lfate  extrem ely useful for 
two trea tm en t jobs in  the ir plants, i.e. 
(1) fo r clarification of the raw  sewage, 
and (2) for conditioning sludge to fa 
cilitate dew atering.

S E W A G E  C L A R I F I C A T I O N

The chemical trea tm en t of sewage 
was extensively practiced during  the 
years p rio r to the tu rn  of the cen
tu ry . A lum inum  sulfate, or ju s t p lain  
‘ ‘ alum ’ ’ was used in m any of the p lan ts  
a t th a t time. Today our mechanized 
p lan ts employ chemical trea tm en t w ith 
fa r  g rea ter success th an  the p lan ts of 
1900. “ A lum ”  continues to be en
thusiastically  used as the coagulating 
chemical in  the p lan t of today.

W hen alum inum  su lfate  is added to 
sewage a chemical reaction takes place 
between the “ a lu m ”  and  the alkalin ity

presen t in  the sewage. A n insoluble 
alum inum  hydroxide is form ed which 
is b e tte r known as “ alum  floe.”  This 
hydroxide is a  gelatinous p rec ip ita te  
th a t enmeshes fine suspended solids and 
color in  the sewage, and  carries such 
m aterial w ith  i t  as i t  settles to the bot
tom of the settling  tank. This action 
in  a sense m ight be likened to a su p er
fine screen sweeping dow nw ard th rough  
the sewage and  tak ing  w ith  i t  the 
solids in  suspension. A ctually  the 
coagulant does more th an  th is  fo r it  
will remove colloidal m aterial, some of 
the soaps and  greases and  a portion  of 
the soluble m ateria l th a t is responsible 
for the B.O.D. of the w aste (F ig . 1).

S L U D G E  D E W A T E R IN G

Digested domestic sludge o rd inarily  
requires 2 to 3 weeks to  d ry  du rin g  the 
sum m er m onths and  4 to 8 weeks d u r
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F ig. 1.—Beaker at the left contains a turhid industrial waste. Center beaker illustrates the 
effect of alum coagulation. Right beaker demonstrates the remarkable clarification obtained 
by the treatment.

ing the w inter months in  a large sec
tion  of the country. O ther areas where 
seasonal rain-falls are experienced 
know the difficulties in removing sludge 
from  sand beds in a reasonable length 
of time. A lum inum  sulfate is being 
used to shorten the time required for 
d ry ing  sludge on sand beds. One m u
nicipality  actually  has been able to 
spade sludge from  the beds in 4 days 
a fte r trea ting  w ith “ alum .”

‘ ‘ Alum ’ ’ reacts w ith the bicarbonates 
of the sludge to produce alum inum  
hydroxide in the sludge. The soupy 
black sludge is converted to a “ cur
d led ”  mass. The bond between the 
w ater and the sludge solids is broken

by the reaction, and a copious rush  of 
w ater pours from  the underdra ins of 
the sand dry ing  bed. In  addition to 
the coagulation effect where the sewage 
solids are brought together in  clumps, 
the reaction w ith the bicarbonates re
leases large quantities of carbon d i
oxide gas. The gas tends to float the 
coagulated sludge particles. F lo tation  
of the solids prevents the ir sealing over 
the surface of the sand bed, thus p e r
m itting  even faster d ra in ing  away of 
the water. The carbon dioxide gas in 
rising through the sludge mass tends to 
make it  porous and therefore suscep
tible to faster d ry ing  through evapora
tion (F ig . 2). The porosity of the

F ig. 2.—Both beds were poured on the same date. Alum treatment has caused deep cracks to 
form in the one bed, compared to the smooth wet surface of the untreated bed.
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trea ted  sludge is not only evident on 
the sludge surface, b u t extends through 
the depth  of the sludge. This has been 
shown to he tru e  m any times by p lan ts  
where trea ted  and un trea ted  sludge of

the  same filling date - have been ex
posed to ra in . R ain  quickly percolates 
th rough the porous trea ted  bed b u t 
usually  ponds for days on th e  u n 
trea ted  sludge mass.

G R A V E R  T A N K .A N D  MFG. CO., INC.

East Chicago, Indiana

M A N U F A C T U R E R S  O F  S E W A G E  T R E A T M E N T ,  W A T E R  C O N 
D I T IO N I N G ,  A N D  C H E M IC A L  P R O C E S S  E Q U IP M E N T  

T H E  “ F L E X I D R I V E ”  C L A R I F I E R

A  R E C E N T  D E V E L O P M E N T  F O R  P R IM A R Y  A N D  S E C O N D A R Y  
S E T T L IN G  T A N K S

As the la test addition  to a complete 
line of clarifiers consisting of s ta tion 
ary  bridge type mechanisms, R eactiv
a to r Clarifiers, and  M ultitray  Settlers, 
G raver offers the new “ F lex id riv e”  
(F ig . 1 ). This equipm ent was de
signed to conserve critical m aterials 
and speed up the tim e required  for 
installa tion  w ith  unskilled labor for 
w artim e construction, b u t has since 
been im proved to  incorporate all pos
sible advantages engineers would look 
for in  a clarifier mechanism.

The construction embodies a cen tral

tu b u la r p ier serving as an in le t duct, 
scraper arm s and  drive bridge resting  
on a ball bearing  tu rn tab le , and an in 
le t well b u ilt in teg ra l w ith  the scraper 
arm  support. The equipm ent is driven 
by a th ru s t wheel, engaging the tank 
wall below the liquid  surface. The re
active forces are calculated so th a t 
ample power is available fo r all opera t
ing  conditions, ye t the equipm ent can
not be overloaded. The drive bridge is 
connected to the scraper arm s through 
a tru ss  member w ith  “ knee-action” 
arms, and all w orking p a rts  have heavy

F ig. 1.—Graver Flexidrive Clarifier.
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ELEVATION

F ig. 2.—-Automatic Skimmer for Graver Flexidrive Clarifier.

hinged connections so th a t the equip
m ent can easily follow irregu lar con
tours in  the tan k  construction, v e rti
cally as well as horizontally. The pe
ripheral drive avoids the use of heavy 
higli-reduction gears and operates w ith 
a low torque.

The basic principles of sludge collec
tion used in the “ F lex id rive”  clarifier 
are the same as on all of our other de
signs. Scraper speeds are held to 
“ stream line”  velocities, rare ly  exceed
ing 7 to 10 ft. per m inute in  large units, 
and  the sludge is brought to the central 
sump w ithin the average retention time 
of the tank. D epending upon the size 
of the tank, retention time, and natu re  
of the sediment, two, three, or four 
scraper arm s can be used, although two 
arm s are standard  for norm al san itary  
sewage applications.

Coinciding w ith the design of the

“ F lex id rive ,”  G raver developed a new 
autom atic skimmer (F ig . 2).

R ather than  scraping the scum into a 
trough  or rem oving it  mechanically, the 
scum is collected in  a large shallow pan. 
A t a fixed position a baffle is raised 
positively trap p in g  all scum, and the 
contents of the collecting pan  are 
transferred  by means of a non-clogging 
pum p into a scum trough, conveniently 
located inside the effluent launder or 
outside the tank. The en tire  scum re
moval device ro tates w ith the drive 
bridge of the clarifier and a fixed cam 
actuates the mechanism once every 
revolution. A  simple tim ing gear in 
stalled in  the clarifier tu rn tab le  as
sembly perm its ad justm ent from  once 
every revolution to once every tw enty 
revolutions so th a t scum removal can 
be varied  to su it the actual ra te  of 
form ation.

IN E R T O L  CO M PA N Y , INC.

General Office and Factory: 470 Frelinghuysen Ave., Newark, N. J.

P R O T E C T IN G  S E W A G E  W O R K S  S T R U C T U R E S  I N  W A R  T IM E

Corrosion and  deterioration, trad i- to-day are saboteurs a t work in  every 
tional foes of sewage works engineers, p lant. F o r p lan ts m ust ru n  smoothly,
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often  in  spite  of peak w artim e loads 
and in  spite of p riorities, which means 
getting  along w ith w hat equipm ent you 
have. The only solution is to protect 
your p lan t and equipm ent to the u t
most. W hile form erly  the pa in tin g  of 
essential m achinery and equipm ent 
could be deferred  u n til the original 
protective coating was completely gone, 
i t  is now advisable to rem em ber the old 
saying “ A  stitch  in  tim e saves n in e .”  
By touching up and repa in ting  as soon

as ru s t breaks th rough a t  more th a n  5 
p er cent of the surface, the necessity of 
tak ing  the equipm ent out of service for 
sandblasting or sim ilar tim e-consum ing 
and costly surface p repara tions will be 
avoided.

F o r the pro tection  of sewage works 
structu res, the  b itum inous grades of 
I nertol have always given o u tstand 
ing service and  are s till available a t 
p re-w ar quality  and  prices. I n  place 
of the colored Ram uc Enam els which

F ig. 1.—Activated Sludge Sewage Treatment Plant at Newark, N. Y. Designed by Glenn 
D. Holmes and Earl F. O’Brien, Syracuse, N. Y. Inertol Protective Coatings used on all con
crete and steel structures.

F ig. 2.—Mt. Clemens, Mich., Pumping Station. All pipes and pumps are protected with 
Inertol Standard. The floor of the Pumping Station is painted with Ramuc Enamel Gray 
No. 308.
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were based on rubber and have “ gone 
to w a r,”  I nertol chemists developed 
substitu te  grades which are available 
in  the same colors and are giving good 
service and  complete satisfaction u n 
der all b u t the most severe conditions. 
These substitu te  enamels, based on do
mestic resins, are identified by the le t
ters R E  (standing  for replacem ent) 
following the original trad e  marks. 
F o r purposes which m ay overtax the 
protective properties of these replace
m ent grades, operators and p lan t su
perin tendents are advised to sacrifice 
appearance to u tility  and call for 
I nertol bitum inous coatings.

By analyzing the p a rticu la r p rob
lems of each customer and  by keeping 
abreast of new developments, I nertol 
chemists w ith the ir in tim ate knowledge 
of m aintenance problems in  sewage 
p lan ts  may be depended upon to fu r 
nish satisfactory  coatings m eeting the 
special requirem ents of san ita ry  engi
neers and sewage p lan t operators. 
I nertol’s consultive service is free 
and entails no obligation on the in 
q u ire r’s p art. F o r fu ll particu lars 
w rite to Service D epartm ent, Inerto l 
Company, Inc., 470 Frelinghuysen 
Ave., Newark, New Jersey, or 64 South 
P ark , San Francisco, California.

IN FIL C O , INC.

325 W. 25th Place, Chicago, 111.

A C C E L O -F IL T E R S ,  A C C E L O  B IO X  P R O C E S S , A C T IV A T O R S ,  C L A R IF IE R S ,  
S K IM M E R S , R O T A R Y  D IS T R IB U T O R S , A U T O M A T IC  D O S IN G  

S IP H O N S , A U T O M A T IC  P R O P O R T IO N E R S , A C C E L A T O R S , 
C H E M IC A L  F E E D E R S , M IX E R S , C O A G U L A T O R S ,

V E N T U R I  T U B E S  A N D  C O N T R O L L E R S

N E W  D E V E L O P M E N T S

Activities directly  re la ted  to the war 
effort have prevented the continuation 
of our norm al development work. 
Some mechanical improvements have 
resulted from  these w ar installations 
which will be available for post-war 
sewage trea tm en t p lants. The Accelo 
Biox Process described below is a new 
Infilco offering for high ra te  activated 
sludge treatm ent.

A C C E L O  B IO X  P R O C E S S

T he'new  Infilco Accelo Biox Process 
(accelerated bio-oxidation) for which 
paten ts are pending, is a high rate  
activated sludge process developed as 
the resu lt of discoveries made by Mr. 
J . A. Logan a t the H arv a rd  San itary  
E ngineering  Laboratories.

P reviously work had been done at 
these laboratories under the direction 
of Professor Gordon M. F a ir  directed 
tow ard obtaining more uniform  utiliza-

tion of oxygen throughout the aeration 
period of the activated sludge process. 
The fact th a t most of the B.O.D. re 
duction occurs in  the first 30 to 60 
m inutes has long been known and lias 
perhaps been responsible for num erous 
attem pts to improve the efficiency of 
the process.

The development of the respirom eter 
showed th a t an in itia l high ra te  of 
oxygen utilization  corresponds w ith 
the peak B.O.D. reduction as related 
to the so-called “ clarification period .”  
Obviously increased efficiency would 
be accompanied by leveling and raising 
the oxygen utilization  or respiration 
curve so as to secure uniform  utiliza
tion of oxygen throughout the aeration 
basin. A ttem pts to stra igh ten  and 
level th is resp iration  curve were made 
during  1938 under the direction of 
Professor Gordon M. F a ir  and  were 
followed by the investigation of J . E.
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McKee du ring  1940-41 which resulted  
in  the developm ent of a load d is tribu 
tion method.

C onsidering the problem  in  the ligh t 
of th is previous work it occurred to 
Mr. Logan th a t it  could he possible to 
discover a b e tte r m ethod of increasing 
the efficiency which m ight resu lt in  a 
new high ra te  activated  sludge process. 
Several different methods were investi
gated. H e found th a t direct recircu la
tion resulted  in  ra ising  and  leveling 
the resp ira tion  curve ; the degree of 
stra igh ten ing  being dependent on the 
recirculation ratio . H e discovered th a t 
by d irect recirculation  of mixed liquor 
through the aeration  tank, the load was 
forced fa rth e r  back along the tan k  so 
as to create a tendency for those por
tions of the tank  nearest the outlet to 
do as much work as those nearest the 
tank  inlet. M oreover active aerobic 
organism s recycled in  th is m anner were 
im m ediately available for additional 
pollute adsorption during  the period 
required  for reactivation of re tu rn ed  
settled  sludge from  the final sedim enta
tion tank.

A series of bottle  experim ents were 
made in four-liter flasks using deten
tion periods of 1, 2, 3, 4, 5 and 6 hours 
w ith and  w ithout d irect recirculation. 
To obtain sim ultaneous reactivation 
and to obtain fu ll advantage of the 
“ clarification period ,”  it  was decided 
to use one-hour passes for the tests in 
volving recirculation. R esults of these 
experim ents were b etter th an  an tic i
pated. The d irect recirculation  seemed 
to provide uniform ly high B.O.D. re 

duction even a t a detention  period of 
one hour. The tests also ind icated  a 
tendency fo r the suspended solids in  a 
p a rticu la r flask operated  a t a given 
ra te  to become ad justed  to  the applied  
organic load. A n increased organic 
load caused an im m ediate increase in 
the suspended solids content. Sludge 
autolysis followed such organic over
load under norm al loading conditions 
but the suspended solids content de
creased slowly.

To avoid the general criticism  of 
bottle experim ents operated  on the fill 
and draw  basis, i t  was decided to re 
vam p an existing p ilo t p lan t for con
tinuous operation  (F ig . 1 ). I t  was 
hoped th a t a series of p ilo t p la n t runs 
would serve to  check the efficiency of 
d irect rec ircu lation  a t various deten
tion  periods and  to verify  or disprove 
theories developed by the excellent re
sults obtained in the flask experim ents.

Results of the p ilo t p lan t operation 
are sum m arized in  the accom panying 
Table I. These resu lts ind icate  in 
creased biological oxidation efficiency; 
the resu lts obtained by a 3-hour aera
tion  period w ith  a 1-hour pass being 
com parable to those obtained from  the 
conventional activated  sludge p lan t 
using 6 hours aeration.* The p ilo t 
p lan t operation also indicates th a t the 
activated  sludge system  m ay be em
ployed to obtain B.O.D. reductions

* E ditor’s N ote: Note, however, that no 
controls of the “ conventional”  type were run 
for comparison with the results shown in 
Table 1.

F ig. 1.—Accelo Biox (Accelerated Biological Oxidation). A High Rate Activated Sludge
Process (Patent Pending).
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T able 1.—Summary of Pilot Plant Results Averaged from the Daily Results

R u n
No.

Suspended Solids
Sludge
Index

5 D ay  20° C. B .O .D . %  R eduction-

P .p .in . %
Vol.

R aw
Sewage A* B* C* A* B* C*

6 3135 81.4 185 169 28.0 19.9 11.9 82.4 87.0 92.9
5 2226 80.9 123 160 21.5 12.3 8.3 85.8 91.6 94.5
1 3837 — 139 167 — 2 2 .8 13.0 — 85.2 92.1
4 1679 82.5 263 236 19.1 1 2 .8 6.9 92.8 93.9 97.3
3 1722 79.5 8 6 127 26.7 14.1 8 .1 71.8 89.4 92.9
2 1364 78.9 92 8 6 17.0 1 0 .8 5.1 85.5 84.1 92.7

R un No. 6— 1 hour detention, 30-m inute passes. R un No. 4— 3 hour detention, 60-m inute passes.
“  5— 2 hour detention, 60-m inute passes. “  3— 4 hour detention, 60-m inute passes.
“  1— 2 hour detention, 60-m inute passes. “  2— 4 hour detention, 2-hour passes.

(100 per cent sludge retu rn )
A *— 60-m inute settling  in  graduate.
B *— p ilo t p la n t effluent plus 30 m inutes add itiona l settling.
C *— p ilo t p lan t effluent filte red through coarse f ilte r  paper.
N.B. According to  Im ho ff (37) the overall B .O .D . reduction fo r an activa ted sludge p la n t 

varies from  85-95 per cent, including p rim a ry  and fina l settling basins. The p ilo t p la n t runs do 
no t include p rim ary  settling.

equivalent to those obtained from  other 
types of treatm ent, using shorter aera
tion periods w ithout the usual activated 
sludge p lan t upsets.

The Accelo Biox Process may be

used w ith either diffused a ir or me
chanical aeration (P ig . 2) a t a sub
stan tia l saving in  in itia l investm ent 
and in  addition a saving in  power cost 
of operation.

F ig. 2.—Infilco Activators at St. Johns, Overland, Mo.
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L A K E S I D E  E N G IN E E R IN G  C O R P O R A T IO N

222 W . Adams St., Chicago, 111. 

A E R O - F IL T E R S

U nquestionably the h igh capacity  
filters now being used in  sewage tre a t
m ent p lan ts  are today  a ttrac tin g  as 
much a tten tion  and  discussion as any 
o ther m ethod of sewage treatm en t. 
The Aero-filter, which makes use of 
low m om entary ra tes of sewage ap p li
cation to the filter surface, has been in 
commercial use since 1936. Some of 
the p lan ts  have been quite successful 
while other installations, fo r one reason 
or another, have failed  to produce high 
grade results. Experience w ith  a 
large num ber of installa tions has quite 
definitely shown th a t the Aero-filter 
will give B.O.D. reductions on a p ar 
w ith  s tan d ard  trick ling  filters and  th a t 
stable effluents can be produced when 
the p lan ts  are p roperly  designed and 
operated.

Some of the factors which have here
tofore caused in ferio r resu lts are : I n 
adequate settling  capacity, the use of 
filter stone of a size sm aller th an  th a t 
recommended by  the backers of the 
Aero-filter Process, im proper design of 
the u n d erd ra in  system  to provide 
p len ty  of room fo r the passage of air, 
fa ilu re  to keep the d is tribu to rs in con
tinuous operation, excessive quantities 
of oil in the sewage, filter loadings in  
excess of 2.5 lb. p er cu. yd. of rock 
(m axim um  filter loadings of 2 lb. per 
cu. yd. of rock are recom m ended), and 
the use of single stage where two-stage 
filters should have been used. Mul- 
tiple-stage trea tm en t is recommended 
fo r sewages w ith  a B.O.D. in  excess of 
250 p.p.m . w here a high degree of 
purification is desired and  in  the  case 
of sewage streng ths in  excess of 400 
p.p.m . B.O.D.

Disc d istribu to rs for filters 34 ft. 
and less in  diam eter and  m ultip le-arm  
d is tribu to rs equipped w ith cen trifugal 
type nozzles for la rger filters are rec
ommended. These provide a m axim um

of sewage aeration  and a m inim um  
ra te  of application  per square foot of 
filter surface p er m inute, two featu res 
which are  very  essential fo r good opera
tion.

R ecirculation of the final effluent 
back to the filter d u rin g  periods of low 
raw  sewage flow should be provided and 
should be autom atic in  operation 
ra th e r  th an  hand  controlled, in  order 
to insure u n in te rru p te d  flow of the 
liquor to the  filter surface. The rec ir
culation should be in  sufficient qu an tity  
to m ain ta in  a good sp ray  on the filter 
a t all times.

P ilfe r loadings as h igh as 18,000 lb. 
p e r acre foot have been used  w ith  Aero- 
filters. The resu lts from  these p lan ts 
show th a t w ith  filter loadings u p  to 2 
lb. per cu. yd. of rock the percentage 
rem oval by  the filters rem ains constant 
while above the 2 lb. loading the p e r
centage reduction  of the B.O.D. b y  the 
filter rap id ly  declines.

V arious pub lications dealing  w ith 
the resu lts p roduced by  high  capacity  
filters have shown the overall reduction  
of the B.O.D. w ithou t p ro p er em phasis 
upon  the efficiency of the p rim ary  
clarifier or the loadings app lied  to the 
filter. In  m aking com parisons of v a ri
ous types of tr ick ling  filters more em
phasis should be placed upon  the 
operation  of the filter itself, fo r  a fte r 
all the loading app lied  to the filter 
versus the loading rem oved by  the  fil
te r  provides a real basis fo r  m aking 
comparisons.

Some difficulty has been experienced 
by reason of m atches clogging th e  % 
in. orifices of the  d is tr ib u to r  nozzles. 
The backers of the A ero-filter are now 
p rep ared  to su pp ly  a nozzle w ith  a d if
fe ren t type  of cap in  which m atches 
will no t lodge. The elbow connection 
between the nozzle and  the ro ta ry  arm  
heretofore used has now been dis
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pensed w ith  and  the nozzle is d irectly  
connected to the arm  b y  means of a 
union, thereby  m aking it  possible to

rod the 1% in. th ro a t w ithout rem oving 
the nozzle, should an obstruction in the 
th ro a t occur.

L A M O T T E  C H EM IC A L  P R O D U C T S  C O M PA N Y  

Towson 4, Baltimore, Md.

L A M O T T E  P O M E R O Y  S U L F ID E  T E S T IN G  S E T

The LaM otte u n it fo r sulfide studies 
of both liquids and gases fulfills a long 
fe lt need in rou tine operations. This 
u n it m ay be used in  determ ining the 
follow ing: (1) to ta l sulfides, (2) hy
drogen sulfide, (3) dissolved sulfides,
(4) hydrogen sulfide in a ir and gases.

L A M O T T E  IM H O F F  C O N E  S U P 
P O R T  ( A L L  M E T A L  T Y P E )

A nother LaM otte developm ent is the 
new “ life-tim e”  type of Imhoff Cone 
Support. I t ’s design is based upon

F ig. 1.—LaMotte Pomeroy Sulfide Testing 
Set.

The ap p ara tu s  has been designed for 
use in  the field as well as in  the labora
to ry  and  m ain tains the same high de
gree of accuracy in  both instances. 
The development of the u n it was car
ried  out in cooperation w ith Dr. Rich
a rd  Pom eroy and has been produced 
for the purpose of providing complete 
facilities fo r these studies. The L a
M otte Pom eroy Sulfide Testing Outfit 
is fu rn ished  w ith or w ithout the ac
cessory kit, fo r studies in a ir and gases.

In  the determ ination of hydrogen 
sulfide, an im m ediate analysis is of the 
u tm ost im portance, and the ab ility  of 
the operator to make the determ ination 
a t the tim e of sam pling cannot be over 
estim ated. The entire procedure is 
simple and easy to perform .

F ig. 2.— LaMotte Imhoff Cone Support (A ll 
Metal Type).

the fam iliar laborato ry  tripod  and it  is 
of all m etal construction except for the 
special fiber ring  which prevents 
m etal-to-glass contact. I t  is light, 
s tu rd y  and much more easily kept in a 
san ita ry  condition than  the usual 
wooden type of support. A nother im 
p o rtan t factor is the fact th a t the cali
b ra ted  p a r t  of the cone, when sus
pended from  th is new support, is 
readily  visible from  any angle of ob
servation.

M IC R O  p H  D E T E R M IN A T IO N S

The new LaM otte Micro H ydrogen 
Ion Testing Set, Model B, is applicable 
for a wide field of useful pH  studies. 
The essential feature, of course, rests 
w ith the fac t th a t in conducting accu-
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ra te  pH  tests w ith th is model, less than  
0.5 ml. of sam ple is required . The p ro 
cedure is simple, accurate and  ex
trem ely  rap id . Sam ples m ay be 
h ighly  colored or tu rb id  and  not in te r
fere w ith the accuracy of the test, 
since the presence of such factors is 
com pensated for in the im proved La- 
M otte technic. A determ ination can be 
made in  one m inute or less.

F ig. 3.—Micro pH Outfit.

The s tan d ard  u n it is complete w ith 
buffer m ixtures, calib rated  glassware, 
LaM otte ind icator solutions (range 5 .2- 
8.4) special m atched glass cells, sam p
ling  pipettes and the LaM otte Micro 
Com parator Rack. The pH  range of 
the s tan d ard  u n it m ay be extended 
either on the alkaline or acid side by 
the simple addition  of the necessary 
buffers and  indicators. A ll items are 
fu rn ished  in  a  compact carry ing  case; 
hence, the u n it m ay be conveniently set 
up  at any desired location for a series 
of rap id  pH  studies.

L A M O T T E  P H O S P H A T E  C O M P A R A 
T O R . ( B O IL E R  F E E D  W A T E R )

LaM otte has im proved the m ethod 
fo r determ ining  phosphates in  trea ted  
feed w ater. The new com parator em
bodies several im p o rtan t featu res 
which con tribu te  g rea tly  to the  con
venience in  perfo rm ing  the test. In  
the first place the com parator is much 
reduced in  size over th a t of its p rede
cessor, and  is m uch easier to handle. 
In  the second place only two reagents 
are involved, one of w hich is in tab le t 
form , thereby  elim inating  a t least two 
volum etric m easurem ents, and  adding 
g rea tly  to the economy of the un it. 
The reagents w ill re ta in  th e ir  sensitiv
ity  u n til  en tire ly  consumed.

Eig. 4.—LaMotte Phosphate Comparator 
(Boiler Feed Water).

The u n it  comes com plete w ith  color 
stan d ard s fo r the ran g e  10 to  100 
p.p.m . P 0 4, com parator tubes, phos
phate  reagents A, and  BC, one m arked 
dilu tion  tube, two m easuring p ipettes, 
and instructions.

L IN K -B E L T  C O M P A N Y  

2045 W . H u n tin g  P a rk  Ave., P h ilad e lp h ia  40, P a .

IM P R O V E D  G R IT  W A S H IN G

A n im proved design of baffles has 
been added to the highly efficient Link- 
Belt G rit Collector and W asher, to in 
sure clean g r it under any conditions of 
flow.

In  the m odern g r it  cham ber, the 
mechanism employed has two objec
tives. The first is to collect the settled

m ateria l and  operate a t such a speed 
as will keep m ost of the organic m a
te ria l in  suspension so th a t i t  w ill be 
carried  ou t of the cham ber over the 
effluent weir. The second  is to wash 
the collected g r it  free of pu trescib le 
and organic m ateria l and  elevate the  
cleaned g r it  above the w ater level
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IN GUIDES

C O LLE C T O R  D R IV E  UNvt_

UP OVER SCREW.

SIDE ELEVATION ON-$.

F ig. 1.—Plan and Elevation Drawing of Link-Belt Straightline Grit Collector and Washer, 
showing arrangement of collector mechanism and screw conveyor washer.

ADJUSTABLE STEEL BAFFLE 
IN GUIDES

WATER CURRENT SET UP

LONGITUDINAL SECTION

F ig. 2.—Longitudinal Section of Link-Belt Grit Collector and Washer.

where it is discharged to a suitable 
container.

The Link-Belt S traigh tline Grit 
Cham ber mechanism was designed to 
perform  these two functions efficiently. 
The g r it  collector is provided with 
pitched flights th a t tu rn  the settled 
m aterial over and over while moving it  
to one side or to the center of chamber, 
where it is picked up  by the washing 
and dew atering screw. The screw ele
vates the g rit as it  is being washed and 
dewatered.

I t  was to insure the effective sweep
ing back into the flow, of all organic

and putrescible m atter washed out by  
the screw, th a t the ad justab le  and 
fixed baffles shown in  the two illu stra 
tions (Pigs. 1 and 2) were designed.

To obtain the best results under nor
mal flow conditions, g r it  should be re 
moved at periods of average flow. The 
ad justab le  baffle can be regulated  to 
d ivert sufficient sewage over the de
w atering screw to definitely control th.e 
quality  of g rit being removed.

In  several p lan ts where these baffles 
have been installed and operated for 
some time, the putrescible m atte r in
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the washed g r it  has averaged less than  
1 per cent. No wash w ater is re q u ire d ; 
only the sewage is used as a washing 
medium.

These baffles are p a rticu la rly  effec
tive in  p lan ts  w here the extrem e low 
n ig h t flows cause excessive se ttling  of 
organic m a tte r in  the g r it  cham ber.

M A B B S H Y D R A U L IC  P A C K IN G  C O M P A N Y  

431 S ou th  D earb o rn  St., Chicago, 111.

T H E  M A B B S  R A W H I D E  P A C K IN G  

P A C K IN G  S L U D G E  A N D  S E W A G E  P U M P S

The packing of sewage and sludge 
pum ps presents quite a problem  to the 
sewage p lan t operators. The n a tu re  of 
the m aterial handled  requires th a t a 
packing be used which does no t become 
h a rd  in  service; because if the packing 
hardens, the particles of g rit in  the 
sludge and sewage im bed themselves 
on the surface of the packing and  thus 
become im plem ents of destruction. 
They begin to cu t and  score the Shafts 
and in  a short tim e the operator has to 
shu t the pum p down to renew  or re 
place the shaft. This takes time, labor 
and expense, and  is som ething th a t the 
owner can ill afford under presen t con
ditions.

There is a packing on the m arket 
th a t th rough  m any years of actual 
service has proved itse lf to be a really  
desirable packing for sewage purposes, 
namely, the M abbs Rawhide Packing. 
This packing, if  kep t wet or damp, 
will never harden  in  service. I t  will 
always rem ain soft and  will no t hold 
any partic les of g r it  upon its  surface. 
They are either washed away or work 
back into the body of the  packing, thus 
preventing  the shafts  from  becoming 
cut or scored.

A b rie f description of how th is 
packing is made will quickly reveal 
why M abbs Rawhide Packing does not 
harden  in  service. The packing is

made of raw  cowhides which are cured 
b y  a m echanical process w hich perm its 
the hide to re ta in  its n a tu ra l oils and 
makes i t  very  soft, p liable and  durable. 
The hide is dressed down to  the correct 
thickness, cu t into s trip s  and  b ra ided  
into a square packing, w ith  the  excep
tion th a t sizes % in. and  sm aller are 
made of one solid s trip .

Rawhide packing needs no lu b rica 
tion, except w ater, and  when it is wet 
i t ’s as s lippery  as an eel and  praction- 
ally  frictionless. I t  is the  ideal pack
ing fo r sludge and  sewage pum ps.

The M abbs H y d rau lic  P ack ing  Com
pany, Chicago, o rig inators of Raw hide 
Packing, will be pleased to fu rn ish  
lite ra tu re  and samples free of charge.
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M U E L L E R  CO. 

Decatur, Illinois

P L U M B IN G , W A T E R  A N D  GAS PRODUCTS

A  m ost im p o rta n t item  in  the sewage 
p la n t  is  the slu ice  gate th a t contro ls 
the flow ( P ig .  1) .  These come w ith

P ig. 1.— Mueller-Columbian Sluice Gates 
with Non-rising Stem and Adjustable Wedges. 
Connected to hand operated floor stands by 
short extension stems.

flat or sp igo t fram e, the f irst  b e ing 
bolted onto the w a ll and the la tte r h a v
in g  a sp igo t th a t pro jects b a ck  into  the 
w all. I t  is  ab so lute ly  im p e rative  that 
in  the in sta lla t io n  these fram es be free 
fro m  d isto rtio n  or undue stra in . A n y  
im p ro p e r m o u n tin g  of the fram e to the 
w a ll th im b les or the concrete w ill 
s p r in g  the seat out o f line. T h is , w ith 
out doubt, w il l  cause the gate to leak, 
or create fu rth e r  d iff icu lty  in  opening 
an d  c lo sin g  the gate. T o  co rre ctly  in 
s ta ll a slu ice  gate a ll  w a ll th im bles and 
anchor bo lts to be im bedded in  con
crete should  be p laced  before the con
crete is  poured an d  be so braced  that 
they w il l  re m ain  in  p e rfe ct po sitio n  
u n t il a fte r the concrete has set. The  
gate sh ou ld  be com plete ly assem bled 
at the tim e of in sta lla t io n  so as to 
m ake ce rta in  th a t the fram e  w il l  not 
be sp ru n g  when b o lt in g  to the w a ll and 
the re b y throw  the gate seat out of line.

N um erou s p la n ts  req u ire  gate va lve s 
in  the co ntro l of sewage. H e re , as w ith  
s lu ice  gates, it  m eans lo n g  term  econ
om y to secure the best va lve s ava ilab le . 
D u e  to the fa c t  th a t the m echanism  is 
f u l ly  enclosed there is less like liho o d  
o f in co rre ct se ttin g  o f a gate valve . 
T h e  in n e r w o rk in g  p a rts, however, are 
v ita l to the p ro p er operation of the 
va lve . W h en  a v a lv e  fa ils  to close 
p ro p e rly , the tro ub le  can be tra ced  to 
several causes. T h e  discs have become 
sp ru n g , or im p ro p e r se atin g  has caused 
the d iscs to scrape over the seat r in g s , 
or in cru sta tio n  has fo rm ed on the discs. 
A n y  of these th in g s  can cause a va lve  
to le ak b a d ly  in  tim e, re q u ir in g  its 
replacem ent e ve n tu a lly . M u e lle r-C o 
lu m b ia n  gate va lve s have a u n iq u e  4- 
p o in t w e d g in g  m echanism  w h ich  a p 
p lie s pressure  at the outer edges o f the 
d iscs. I t  is  so constructed th a t the 
d iscs cannot scrape over the seats. 
L ik e w ise , precise clearances are a r 
ran ge d  fo r  so th a t in  o p en ing the gate 
a ll in cru sta tio n s are n e a tly  sheared off 
w ith ou t dam age to the seats or the 
discs. I f  se rv ic in g  is ever necessary 
the entire  m echanism  can be rem oved 
in  one piece b y  ta k in g  off the bonnet.

Too m uch stress cannot be placed 
upon the p ro p er se ttin g  of a ll floor 
stands i f  equipm ent is to la st m an y 
years. A n y  tw ist in g , d isto rtio n , or 
in co rre ct a lign m e n t is ce rta in  to in te r
fere w ith  the smooth operation of gates 
an d  va lves. In  m an y cases the stem 
w ill not be lo ng enough to reach the 
floor stand  and extension stems m ust 
be added to them. I t  is  good p ractice  
to have an adequate n u m b e r of stem 
gu id es as no stem sh ou ld  have an u n 
su ppo rted  le n gth  greater th a n  ten to 
tw elve feet. Stem  gu id es can be had 
p la in  b u t p re fe ra b ly  shou ld  be bronze 
bushed fo r  greater life .
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T h e  m atter of w h at typ e  of floor 
stan d  to use depends u p on in d iv id u a l 
co nd itio ns, b u t in  a n y  case the stan d  
sh o u ld  be the k in d  th a t can  be o iled

P i g . 2.— Mueller-Columbian Sluice Gate 
with Rising Stem Operated by Electric Floor 
Stand. Note hand wheel for operation of 
gate in the event of a power failure.

or serv iced  re a d ily  an d  be operated 
w ith  a m in im u m  of effort. M u eller- 
C o lu m b ia n  m akes m a n u a lly  operated 
floor stands of every  type. F o r  re 

mote co n tro l th e y  m ake e le ctric  an d  
h y d ra u lic  stan d s ( F ig .  2) .  T h e  h y 
d r a u lic  m odel can be m ounted d ire c t ly  
on the yoke of the v a lv e  or in sta lle d  
above it  b y  u s in g  an  extension  stem.

I f  yo u  are lo o k in g  to the fu tu re  in  
y o u r  p la n s do not fo rg e t th a t o rd in a ry  
iro n  p a rts  are su b je ct to w ear and 
chem ica l action. I t  is  essentia l that 
those p a rts  su b je ct to co nstant use 
sh ou ld  be o f bronze. A l l  M u e lle r-C o 
lu m b ia n  equ ip m ent has m ore th a n  the 
u su a l am ount of bronze. B u t  even 
such sm a ll th in g s  as ru stp ro o f cad
m iu m -p la te d  h o lts do not m ake u p  the 
w hole p ic tu re , im p o rta n t as th e y  are. 
Th e  re p u ta tio n  o f the firm  b e h in d  the 
p ro d u cts yo u  use sh ou ld  be considered. 
T h is  is y o u r  re a l assu ran ce  o f depend
able p e rfo rm an ce  o ver lo n g  periods. 
T h e  M u e lle r Co. w as fo u n d e d  in  1857. 
E ig h t y - s ix  ye a rs  of w o rk in g  in  the 
w ater an d  sew age fie ld  has re su lted  in  
a v a st  store o f kn ow led ge  on w h at is 
best u n d e r v a r io u s  co n d itio n s. T h is  
firm  offers the se rv ices o f th e ir  e n g i
n e e rin g  departm en t fo r  suggestions, 
sp ecificatio ns, or estim ates. T h e re  is  
no charge , o f course, fo r  these services.

PA C IF IC  F L U S H -T A N K  C O M PA N Y  

4241 Ravensw ood Ave., Chicago, 111.

SEW ER AG E T R E A T M E N T  A N D  SEW AG E E Q U IP M E N T  
E X C L U S IV E L Y  S IN C E  1893

T H E  P.F.T. S U P E R N A T A N T  L IQ U O R  T R E A T E R

D esp ite  the e xe rc is in g  o f care b y  
p la n t  operators to d raw  off o n ly  the 
best su p e rn a tan t liq u o r, i t  is  s t i l l  e x
tre m ely  h ig h  in  so lids, la rge  in  volum e, 
an d  it  im poses an  e xtrem ely  h e avy 
B .O .D . load on the p o rtio n  of the p la n t  
to w hich  it  is returned.

Th e  u p se ttin g  effect of re tu rn in g  u n 
treated su p e rn a tan t liq u o r e ve n tu a lly  
creates a co n d itio n  w here a b u lk ie r  
sludge  is  be in g  tra n sfe rre d  fro m  set
t lin g  u n its  to the digester. T h is  ne

cessitates the re tu rn  o f s t i l l  g re ate r 
volum es of su p e rn a ta n t liq u o r, th u s de
v e lo p in g  a s e lf -p y ra m id in g  cycle  of 
trouble.

D isp o s a l o f u n tre a te d  su p e rn a ta n t 
liq u o r on slu d ge  d r y in g  beds has not 
proved to be feasib le  as the sa n d  la y e r  
ra p id ly  becomes clo gged  an d  odors de
velop fro m  u n co m p le te ly  d igested m a 
te r ia l e n tra in ed  in  the sand.

A s  su fficient stream  flow  is ra re ly  
ava ila b le  to p e rm it d isp o sa l o f su p e r
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n a ta n t liq u o r b y  d ilu tio n , it  is  o bvi
o u sly  desirable  to su b je ct the liq u o r to 
a degree of treatm ent w hich  w ill allow  
its  re tu rn  to the m ain  p la n t w ith ou t 
h a rm fu l effect on the o ve r-a ll process.

F u ll- s c a le  o p e ratin g  u n its  a lre a d y  
in sta lle d  have dem onstrated th a t the 
P . F . T .  “ A to m iz in g ”  A e ra t io n -S e tt lin g  
u n it  effects s t r ik in g  reductio ns in  both 
the B .O .D . an d  suspended so lids con
tent of d igester su p e rn a tan t liqu or. 
S o lid s  rem oved are retu rn ed  in  g re a tly  
reduced volum e to the d igester, and 
the liq u id  effluent, co n ta in in g  ap p re c i
able am ounts o f d isso lved oxygen, is 
reduced to a stren gth  com parable to 
that of a no rm al ra w  sewage, w hich  
w il l  not upset sedim entation and 
seco ndary treatm ent processes. F u r 
therm ore a re ductio n  of volum e of m a
te ria l in  the d igester is  effected, p ro 
v id in g  a d d itio n a l space fo r raw  solids, 
thereby in cre a s in g  the effective ca
p a c ity  of d igestio n  un its.

F ig u r e  1 shows a ty p ic a l p la n  an d  sec
tio n  fo r a P . F . T .  Su p e rn a ta n t T re a te r 
in sta lla t io n  at M arie tta , G eorgia, to 
treat su p e rn a tan t fro m  two 50 ft . d i
am eter digesters.

B r ie f ly  the action of the u n it  is  as 
fo llo w s : Th e  fa n  exhausts a ir  fro m  the 
aerator box se ttin g  up  a vacuu m  of 
about 3 in . w ater colum n w ith in  the 
box. Th e  o n ly  source of a ir  fo r  the 
fa n  is  the open end of the tubes or 
“ tu y e re s”  in  the low er p late  of the 
aerator box. A i r  ru sh in g  through them 
draw s su p e rn a tan t liq u o r up w ith  it, 
g iv in g  the appearance of a m in ia tu re  
w ater spout un der the center of each 
o p e ratin g  tuyere. O n re ach in g  the 
top of the tuyeres, the liq u o r breaks 
u p  into  a s p ra y  of fin e ly  d iv id e d  p a r t i
cles in  in tim ate  contact w ith  the enter
in g  a ir . S e p a ra tio n  of the aerated 
liq u o r p a rtic le s  an d the a ir  takes place 
w ith in  the box, the liq u o r d ischarges 
th ro u g h  the ce n tra l bottom outlet, and 
the a ir  is  d raw n off th ro u g h  the take
off du ct an d fan . A f t e r  b e ing sub

jected to the b la st in g  actio n  of the 
tuyeres, the liq u o r passes dow n into  
the se ttlin g  p o rtio n  of the m ain  tan k, 
then u p w a rd  th ro u g h  the effluent take
off cups into  the effluent tro ugh , thence 
th ro u g h  a re tu rn  lin e  to the m ain  
p lan t.

A s  the aeration  box c ircu la te s liq u id  
at a m uch greater rate  of flow th a n  the 
in flu e n t rate  o f flow, the ra w  liq u o r is 
g ive n  several “ tu rn o v e rs”  or aeration 
cycles in  the process. Se ttle d  so lids 
are d raw n  fro m  the sludge  hopper of 
the ta n k  at in te rva ls , the fre q u e n cy 
an d  d u ratio n  of draw off periods be ing 
dependent upon the so lids content of 
the raw  liq u o r.

D u e  to the com pact n a tu re  of the 
u n it, v e ry  lit t le  space is  requ ired , even 
fo r the la rg e r p lants. Th e  a v a ila b ility  
of a series of sta n d a rd  u n its  adapted 
to va rio u s d igester cap acities pe rm its 
selection of the p ro p er size o f tre a t
m ent u n it  to allow  d a ily  h a n d lin g  of 
the su p e rn a tan t liq u o r w ith  o n ly  6 to 
8 hours o f operation. L iq u o r  is w ith 
d raw n  fro m  the d igester at a low  con
stan t rate d u r in g  the perio d  o f opera
tion of the u n it.

I n  the case of m u ltip le  digesters, one 
treatm ent u n it  can serve 2 or 3 d igest
ers b y  o p e ratin g  at 24 hours per d a y  
an d  w ith d ra w in g  su p e rn a tan t liq u o r 
fro m  the digesters on a staggered basis.

T y p ic a l re su lts obtained fro m  th is 
method of treatm ent of d igester su p e r
n a tan t liq u o r at an arm y cam p in s ta l
la tio n  are recorded in  T a b le  I ,  an d re 
su lts fro m  a m u n ic ip a l p la n t  are re
corded in  Tab le  I I .  A s  there were 
w ide v a ria tio n s in  stren gth  of the raw  
liq u o r, pe r cent re ductio n  figures are 
not p a rt ic u la r ly  s ign ifican t. O f  in te r
est, however, are the s t r ik in g  u n ifo rm 
it y  of va lu es fo r both so lids an d  B .O .D . 
in  the treated effluent, regard less of 
the raw  liq u o r stren gth , an d  the re 
du ctio ns dow n to the B .O .D . an d  su s
pended so lids stren gth  o f ra w  sewage. 
The  presence of d isso lved o xyge n  in
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•1— l— tiij.

Air Main-»

£ Air Header to 
Multiple Tanks

, ^  

Vertical Diffuser

LONGITUDINAL SECTION

R ET. C O M B IN A T IO N  A IR  MAIN AND 
V E R T IC A L  A ER ATIO N  P LA T E  HOLDER

INSTALLATION DETAILS

T a b l e  I .—Aeration Period, 10 Min.; Settling9Period, Min.

No. of 
T u rnovers

T o ta l Solids Suspended Solids 5 D a y  B .O .D . Effl. D.O. 
in  

P .p .m .Infl. Effl. %  Red. Infl. Effl. %  Red. Infl. Effl. %  Red.

4.0 13212 976 92.5 — — — 1500 255 83.0 _
3.7 1840 1140 38.0 912 412 55.0 205 115 44.0 1.0
3.7 3064 1240 60.0 2216 148 93.5 373 115 69.2 — .
3.7 1328 1180 11.2 480 353 26.5 202 110 45.6 1.6
3.7 2932 1182 59.7 1968 425 78.4 400 170 57.5 1.6
3.7 3282 1260 61.6 2208 445 79.9 318 120 62.3 1.6
2.8 1410 1132 19.7 440 336 23.7 173 140 19.1 1.0
2.8 2436 1144 53.0 1656 384 76.8 345 95 72.5 2.0
2.8 1320 1132 14.3 472 400 15.3 198 178 10.1 1.3

T a b l e  I I

A eration
Period

M inu tes
No. of 

T u rnovers
S ettling
Period
H ours

Suspended Solids 5 D ay  B .O .D .

Infl. 
P .p .m .

Effl.
P .p .m .

%
R ed.

Infl.
P .p .m .

Effl.
P .p .m .

%
R ed.

18 5.8 1.1 6192 200 96.8 1539 204 86.5
20 5.8 1.1 4212 204 95.0 1185 183 84.5
24 7.5 1.1 1804 182 89.8 672 169 74.7
36 11.2 1.1 2816 201 92.7 873 187 78.5
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the effluent is  im p o rta n t fro m  the 
sta n d p o in t o f its  benefit in  the m ain  
p la n t  process o f treatm ent.

A d va n ta g e s in h e re n t in  the P . F . T .  
“ A to m iz in g ”  A e ra t io n -S e tt lin g  u n it  
fo r  treatm ent of d ige ster su p e rn a tan t 
liq u o r  a re : ( 1 ) P ro d u ce s a treated  e f
fluent w h ich  m ay be re tu rn e d  to the 
m a in  p la n t  w ith o u t ca u sin g  o p e ratin g  
d ifficu ltie s; ( 2 ) s im p lic ity  o f operation 
an d  m ain ten a n ce ; ( 3) extre m ely  low 
o p e ratin g  co st; (4 ) increases effective 
ca p a c ity  of d igestio n  ta n ks b y  m a k in g  
possib le  red u ctio n  of liq u o r contents 
of d igester, a llo w in g  more space fo r 
sludge  a d d it io n s; ( 5 ) no chem icals re 
q u ire d ; ( 6 ) no odor nuisance.

P.F.T. V E R T IC A L  A E R A T IO N  
P L A T E  H O LD E R S

P .F .T .  v e rt ic a l aeration  p late  ho lder 
assem blies located a lo ng the lo n g itu d i
n a l center lin e  of a ctivate d  sludge  aera
tio n  ta n ks p ro v id e  effective a ir  d is 
tr ib u tio n  an d  e lim in ate  the “ dead 
co re”  often fo u n d  in  s p ira l flow aera
tio n  tan ks.

T h e  d e sign  of these u n its  has been 
adapted fro m  the in sta lla t io n s m ade b y  
W m . M. P ia t t  of D u rh a m , N o rth  C a ro 
lin a . These in sta lla tio n s, u s in g  v e rt ica l 
porous p lates of low  p e rm e a b ility  fo r 
efficiency of a ir  d iffusio n , have reported 
no d ifficu ltie s w ith  p late  c lo gg in g .

Th e  P .F .T .  v e rt ica l aeratio n  p late  
ho lders in  co m b inatio n  w ith  an  in te 
g r a lly  cast a ir  m a in  are m ade in  u n it  
sections fo r  8 s ta n d a rd  po ro us p lates. 
These p lates are in sta lle d  in  the h o ld 
ers in  a v e r t ic a l p o sitio n , 4 on each 
side o f the a ir  m ain , w h ich  is  located 
above an d  between the two row s of 
p lates. E a c h  section is  p ro v id e d  w ith  
flan ged end connections re q u ir in g  o n ly  
sim p le  assem bly to in s ta ll  the complete 
a ir  d is tr ib u tio n  system .

A  ty p ic a l in s ta lla t io n  of P . F . T .  
v e rt ica l p late  ho lders as show n in  F i g 
ure  2 w il l  co nsist o f one or m ore re la 
t iv e ly  lo n g  n a rro w  ta n k s o f su ch  d i
m ensions th a t the w id th  o f the ta n k  
does not exceed about 125 p e r cent of 
the effective w ater depth. A  row  of 
P . F . T .  v e rt ic a l p la te  ho lders a n d  in te 
g ra l a ir  m a in  assem blies is  p laced  on 
the lo n g itu d in a l center lin e  of the ta n k  
ad ja cen t to the ta n k  floor. A  s in g le  
connection to the P . F . T .  a ir  m a in  as
sem blies w il l  be m ade n e ar the in le t end 
of the aeratio n  tan k. T h e  size of the 
in te g ra l a ir  m a in  w il l  be dependent 
upon the le n gth  o f the ta n k  an d  the 
volum e of a ir  to be h andled . A t  p res
ent the u n it  sections are a va ila b le  w ith  
e ither 4 or 6 in . m ain . T w o  in s ta lla 
tio n s are su cce ssfu lly  o p e ra tin g  in 
co rp o ra tin g  ae ra tio n  ta n k s 200 ft . lo ng 
w ith  4 in . a ir  m a in  u n its  su p p lie d  b y  a 
s in g le  header connection.

F ig. 2.— Test Installation P.F.T. Aeration Plate Holders at Southwest Plant, Sanitary District
of Chicago.
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F ig. 3.— Installation of P.F.T. Aeration Plate Holder in Aeration Tank.

Th e  porous p lates of sta n d a rd  12 in . 
square size are e a s ily  rem ovable, be ing 
secured in  place b y  th ro u g h  bolts an d 
c lips. T h e  seal between the aeration 
plate and the holder m ay be made 
either w ith  a m astic com pound or a 
su itab le  gasket. T h is  rem ovable p late  
feature  allow s an easy in sta lla t io n  of 
new p lates or the rem oval o f clogged 
or broken p lates e ither fo r  sp ecia l 
c le a n in g  or replacem ent.

Th e  porous p lates in  a v e rtica l po si
tio n  in su re  u n ifo rm  a ir  d is trib u tio n  
throughout the fu l l  le n gth  of the ta n k  
regard less of rate of a ir  flow. S lig h t  
d iscrepancies in  the elevation of the 
plates w ill  have litt le  effect on the rate 
of a ir  d ischarge  of the in d iv id u a l v e r t i
cal plates. A n  increase or decrease in  
rate of a ir  flow w ill  au to m a tica lly  cause 
more or less of the p late  to become 
f u l ly  effective in  a ir  d iffusion. The  
plates b e ing in  a v e rt ica l po sitio n  and

s lig h t ly  off the floor of the aeration 
ta n k  e lim in ates the p o ss ib ility  of so lids 
se tt lin g  on the su rface  of the p lates 
e ither at tim es when the a ir  is off due 
to power or m echanica l fa ilu re  or at 
tim es w hen ta n k  m ay be dewatered. 
A c tu a l o p e ratin g  experience has shown 
that there are no “ b lin d  sp o ts”  or 
“ dead p la te s”  w hen s ta rt in g  up  a fte r 
the a ir  has been sh ut off or w hen tan ks 
are p u t back into  service  a fte r de
w atering.

Som e advantages of P .F .T .  v e rtica l 
p late  ho lders a re : ( 1) U n ifo rm  an d ef
fective  a ir  d is tr ib u tio n  th ro u gh o u t ta n k  
le n gth  regard less o f v a ria t io n  in  a ir  
flo w ; ( 2 ) sim p le  in sta lla t io n  due to 
in te g ra l a ir  m a in  co n stru ctio n ; ( 3) 
p lates re a d ily  rem ovable; (4 ) p lates 
be ing off the floor an d in  v e rt ica l po si
tio n  allow s no settlem ent on p late  s u r
face, thereby re d u c in g  c lo g g in g  and 
1 ‘ b lin d in g  ’ ’ d ifficu lties.

P IT T S B U R G H  E Q U IT A B L E  M E T E R  CO. 

Pittsburgh, Pa.

He Stubbed His Toe on an Idea Worth Millions!

Q ueer, how some in d u str ie s  get 
started. A  yo u n g  m in in g  engineer 
stum bled over a le a k y  p lu g  cock an d  it  
led to sales of m illio n s of d o llars w orth 
o f lu b rica te d  p lu g  valves. Sv e n  J .

N ordstrom , a m echanica l engineer, was 
d ire ctin g  the erection of a m ill  in  the 
Pueb lo  of Pach u ca , H id a lc o , M exico, 
back in  1914. A t  the p la n t  were sev
e ra l tan ks fo r a g ita t in g  gro u n d  ore
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F ig. 1.— Gear-operated EMCO-Nordstrom Valves handling concentrated sewage sludge.

in  cyan id e  so lution. M r. N o rd stro m  
stubbed h is toe ou one of the p lu g  
co cks; then noted the va lve  w as le a k 
in g . H e  co u ld n ’t tu rn  it. I t  w as 
frozen t ig h t. “ W h y ,”  m used N o rd 
strom , “ co u ld n ’t  a p lu g  cock be made 
w orkable  b y  a p p ly in g  some so rt of 
lu b ric a n t  w ith  h y d ra u lic  m eans w here
b y  pressure  w ou ld  ra ise  the p lu g  suffi
c ie n tly  to loosen i t ? ”

H e  pondered. F in a l ly  he h it  upon 
the idea of a pressure  lu b rica te d  p lu g  
cock. H e  conceived the N o rd stro m  
V a lv e .

N ow  m a n u factu re d  b y  the M erco 
N o rd stro m  V a lv e  C o m p a n y, a su b s id i
a ry  of the P itts b u rg h  E q u ita b le  M eter 
C o m p a n y, an d  d istr ib u te d  through  
th e ir  nation -w id e  fa c ilit ie s , the N o rd 
strom  V a lv e  is  m eeting w ith  the in-

c re as in g  acceptance of w aterw o rks and 
sa n ita ry  engineers ( F ig s .  1 a n d  2) .

C o m p a n y  spokesm en sa y  th a t b a s i
c a lly  th is  v a lv e  is  o f the sim p le  p lu g  
cock type, the h is to ry  o f w h ich  dates 
back to the d a ys of the P h a rao h s. 
C o m p rise d  e sse n tia lly  of a tap ered  p lu g  
an d  body, N o rd stro m s u t iliz e  a p r im a ry  
d y n a m ic  p r in c ip le — th a t of tu r n in g  a 
m em ber w ith in  a closed cham ber. B u t  
in  the N o rd stro m  design , the p lu g  is  
lu b rica n t-se a le d  u n d e r pressure. A  
mere tu rn  of the lu b r ic a n t  screw  on the 
top of the va lve  d istr ib u te s  the lu b r i
can t to a ll  in te rn a l su rface s th ro u g h  
grooves in  the bo d y an d  p lu g .

I t  is  stated th a t th is  lu b r ic a n t  serves 
a tr ip le  fu n ctio n . F ir s t ,  it  p ro v id e s a 
p la stic , v isco u s seal between the pluo' 
an d  the seat, p re v e n tin g  leakage. Se c
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Fig. 2.— Gas generated is measured by an EMCO Sewage Gas Meter, lines are controlled with
Nordstrom valves.

ond, it  protects the su rface s a ga in st 
corrosion an d erosion, ch a n n e lin g  and 
other w ea r-p ro d u cin g  hazard s. T h ird , 
it  provides a method fo r  h y d ra u lic a lly  
ja c k in g  the p lu g  free in  the event of 
stick in g .

The  m an u factu rers are p a rt ic u la r ly  
proud of the accom plishm ents of th is 
valve  in  h e lp in g  to produce v it a l m a
te ria l fo r w ar. P r a c t ic a lly  every new 
p la n t in  A m e rica  engaged in  syn thesis 
processes is sa id  to be u t il iz in g  N o rd 
strom  V a lve s. S p e c ia l a llo ys an d h ard  
fa c in g  of contact su rfaces have p ro 
vided h itherto  undream ed-of a p p lic a 

tions. One h u n d red  octane av ia tio n  
gasoline, butadiene, n itra te d  g lyce rin e  
an d  cellu lose fo r  exp losives, syn th e tic  
rubber— a ll are b e ing m an u factu red  
w ith  the help of these co ntro l m edium s.

N o rdstrom  V a lv e s  are made in  a 
complete ran ge  of sizes fro m  %  in- 
through  30 inches. O f especial in te r
est to the sa n ita tio n  fie ld  are the 3-w ay 
and 4-w ay m u ltip o rt typ e s where it  is 
sa id  th a t one N o rd stro m  can often do 
the w ork of two, three or even fo u r 
co nven tio nal va lve s acco rd in g  to the 
arran gem ent of flow -w ays, ports and 
degrees of tu rn .

R O Y ER  F O U N D R Y  A N D  M A C H IN E  CO.

176 Pringle St., K ingston, Pa.

R O YER  SLUD G E D IS IN T E G R A T O R  GOES ON W A R  BASIS

C h a n g in g  m achine co nstruction  to 
meet w ar-tim e co nditio ns is  e xe m p li
fied in  the R o y e r S lu d g e  D is in te g ra to r , 
w h ich  is  b e in g  used m ore exte n sive ly  
than  ever th is  y e a r to convert sewage 
slu d ge  cake into  fe rt ilize r .

Th e  two illu s tra t io n s  show the M odel 
“ N S O ”  p o rtab le  gaso line  R o y e r, an 
engine d r ive n  u n it  w ith  a ca p a c ity  of 
5 to 8 cu. yd . of sludge  p e r hour. P ig .  
1 shows th is  m achine before it  was. p u t 
on a w ar-tim e b a s is ; an d  the other
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( F ig .  2 ) w ith  a lteration s. R u b b e r 
tire s have g ive n  p lace  to steel wheels, 
w h ich  w il l  be used on a ll  R o y e r m od
els u n t il  ru b b e r tire s a g a in  are a v a il
able. C o n stru ctio n a l changes have 
been made fo r  the purpose of conserv
in g  c r it ic a l m eta ls an d re d u c in g  
w eight, w ith ou t a n y  sacrifice  o f r u g 
gedness o r o p e ratin g  efficiency. One 
o f these changes is  noticeable in  the i l 
lu stratio n s. T h e  m etal cab inet over 
the engine has been replaced b y  a hood, 
w hich  is so designed th a t d u st and 
loose m ate ria l w ill  not f a l l  on the en
gine. S im ila r  changes have been made 
in  a ll the tw elve R o y e r p o rtab le  and 
s ta tio n a ry  m odels.

Th e  R o y e r S lu d g e  D is in te g ra to r  is  
h e lp in g  an e ve r-in crea sin g  n u m b er of 
sewage d ispo sa l p la n ts  to p la y  an  im 
p ortant, though litt le  p u b lic ize d , role 
in  the w ar effort. A  sewage p la n t can
not m an u factu re  gun s, p lanes and 
ta n k s; b u t it  can produce va lu a b le  
fe rt ilize r , w h ich  is  needed ju s t  as 
u rg e n tly . Th e  c a ll fo r  increased food 
p rod uction  necessitates more fe rt ilize r . 
W ith  ce rta in  p re-w ar sources o f fe r 
t i l iz in g  m ate ria l cu t off, it  is  im p e rative  
that every possib le  source of fe r t iliz e r  
be u t ilize d  to the utm ost.

Sew age sludge  is co m p ara tive ly  r ich  
in  n itrogen, w ith  sm a ller q u an titie s of 
other p la n t foods. D igested  or a c ti
vated sludges not o n ly  contain  n itro 
gen, b u t phosphoric a c id  and potash 
as w ell, su rp a ss in g  in  fe r t il iz in g  va lu e  
most an im al m anures. W h ile  the ele
m ents fo r in cre a s in g  a ll  food crops are 
present, the sludge  cake as it  comes 
fro m  the d ry in g  beds is  h a rd ly  in  con
d itio n  fo r general use as a fe rt ilize r , 
a lthough it  m ay be m arketab le  to a 
lim ited  extent. T h e  slu d ge  m ust be 
p ro p e rly  p rep are d  in  an  assim ila b le  
fo rm  before its  fe r t il iz in g  va lu es can 
be realized. I t  w as fo r  th is  purpose 
that the com pact, ru gge d , e a s ily  oper
ated m achine know n as the R o y e r 
S lu d g e  D is in te g ra to r  w as developed.

T h e  o p e ratin g  m echanism  of the

R o y e r consists of an  endless b e lt o f 
tough, re s ilie n t com position, upon 
w hich  are m ounted row s o f steel teeth 
or sp r ig s  to acco m plish  the tho ro ugh 
sh red d in g, m ix in g  an d  ae ra tin g  of the 
s lu d ge  cake. T h e  b e lt tra ve ls  at an 
angle  of 45 degrees, an d  the teeth are 
so shaped an d  the row s so spaced that 
caked, lu m p y  an d  m atted m a te ria l does 
not become im p aled , b u t cascades an d 
ro lls  over an d  over on the r a p id ly  m ov
in g  teeth, where it  is reduced to pea 
size. Th e  m oisture  content o f the 
sludge  is  also reduced. S t ic k s , stones 
an d tra sh  g ra v ita te  to the bottom  of 
the belt, where th e y are re ta in ed  b y  a 
gate -which is  opened fro m  tim e to 
tim e to rem ove th is  trash .

Th e  d is in te grate d  slu d ge  is ca rrie d  
up  to the d isch arge  opening, w here it  
is  ejected in  such a m an ner th a t a ll 
p a rtic le s  f a l l  c lea r o f the m achine. 
Th e  arc  o f f a l l  can be re gu la te d  so th a t 
the d isch arged  m a te ria l is  loaded d i
re c t ly  onto t ru c k  or p ile .

T h is  m a te ria l is  an effective fe r t i
lize r, su itab le  fo r  com m ercial food 
crops o r V ic t o r y  gardens. I n  the la t 
ter, i t  has com pensated to a la rg e  de
gree fo r la ck  of experience on the p a rt 
o f m an y gardeners. A t  a n u m b er of 
sewage p la n ts, e n rich e n in g  chem icals, 
such as am m onium  su lphate, phosphate 
or lim e dust are m ixed  w ith  the sludge  
in  the R o y e r to produce a h ig h  stren gth  
fe r t iliz e r . Sew age d isp o sa l p la n ts  re
p o rt that fe r t iliz e r  p rep a re d  w ith  th is  
m achine is  re a d ily  m arketable . Som e 
of them p u t it  up  in  bags and se ll it  
u n d e r va rio u s trade  names. A n y  sea
sonal su rp lu s  find s use in  the c ity  
parks.

O peratio n  of the R o y e r is  extre m ely  
sim ple. T h e  operator tu rn s on the 
power, w h ich  m a y  be e le ctric  m otor, 
gaso line  engine or b e lt-to-tracto r, an d 
shovels the sludge  fro m  the d r y in g  
beds in to  the hopper, w h ich  is  located 
at a conven ient sh o ve lin g  height. 
Tw e lve  m odels of v a r y in g  c a p a c ity  are 
a va ilab le . T h e  m achine is  designed
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an d  b u ilt  to assure m in im u m  m ain te 
nance expense as w e ll as low  o p e ratin g  
cost.

T h e  n u m b er of R o y e rs  in  service  re 
ce n tly  passed the 5,000 m ark . W ith  
th is  m achine, m a n y  sewage d ispo sa l 
p la n ts  w h ich  fo rm e rly  b u rn e d  or 
b u rie d  th e ir slu d ge  have e lim in ated

th is  expense an d  are now  se llin g  the 
slu d ge  at a su b sta n tia l p ro fit, an d  at 
the same tim e are h e lp in g  to increase  
the n a t io n ’s food p ro d u ctio n .

A  recent b u lle t in , “ P ro fits  fro m  
Sew age S lu d g e ,”  w il l  be m a ile d  on re 
quest b y  the R o y e r  F o u n d r y  an d  M a
chine C o m p a n y , K in g s to n , P a .

W . A. T A Y L O R  & C O M PA N Y  

York Road & Stevenson Lane, Baltim ore 4, Md.

S P E C IA LIS T S  IN  C O L O R IM E T R IC  C O N T R O L E Q U IP M E N T  
pH — C H L O R IN E — P H O S P H A T E S — W A T E R  A N A L Y S IS

T A Y L O R  B O IL E R  W A T E R  C O M P A R A TO R

P re ve n tio n  of corrosion an d  scale 
fo rm atio n  in  bo ile rs is  of the utm ost 
im portance at th is  tim e. T h e  T a y lo r  
B o ile r  W a te r C o m p a ra to r is  designed 
to acco m plish  th is  b y  co ntro l o f p H  
and phosphates. I t  consists of a H ig h  
( 5-100 p .p .m .) or L o w  ( 0-25 p .p .m .) 
Pho sp hate  C o m p arato r, 3 p H  color 
sta n d a rd  slides, cresol red, p h th a le in  
red, a c y l red  ( p H  7.2- 11.6 ) an d  a ll ac
cessories necessary fo r  m a k in g  both 
tests. A l l  slid es w o rk on the same 
base. E a c h  slid e  co n ta in s n in e  sta n d 
ards. D ete rm in a tio n s are m ade b y  
m o v in g  the s lid e  in  fro n t  of the test 
sam ple u n t il  a color m atch is  obtained 
an d re a d in g  the p H  or phosphate con
tent d ire c t ly  fro m  the va lu es engraved  
on the slide. E it h e r  Pho sp hate  C om 
p a ra to r can be obtained se p arate ly .

T A Y L O R  W A T E R  A N A L Y Z E R S

D esign e d  fo r  the d e term in atio n  of 
am m onia, n itra te s, n itr ite s , ch lo rine , 
iro n , m anganese, s ilica , etc. I t  is  r u g 
ged in  co n stru ctio n  an d  in tro d u ce s a 
new  s im p lic ity  in  m ethods o f w ater 
a n a ly s is . E lim in a te s  the h a n d lin g  of 
cum bersom e, f r a g ile  an d  expensive  
N essler tube sta n d a rd s as a l l  sta n d a rd s 
are enclosed in  p la st ic  s lid e s on w h ich  
the v a rio u s  va lu e s are e n gra ve d  in  
w hite. T h is  o utfit w o rk s  on the same 
p r in c ip le  as the p H  an d  phosphate 
com parators.

T A Y L O R -E N S L O W  S L ID E  
C H L O R IM E T E R

T A Y L O R  M ID G E T  D A L IT E  L A M P

D iff ic u lty  is  o ften experienced in  
m a k in g  co lo rim e tric  d eterm inatio ns at 
n ig h t  an d in  d a rk  places. T h is  T a y lo r  
L a m p  g ives u n ifo rm  d a y lig h t  co n d i
tio n s an d th u s is  also id e a l fo r  ro u tin e  
te stin g  even in  d a y lig h t. I t  w o rks on 
a n y  110-V  c irc u it  an d  can be used w ith  
a n y  T a y lo r  C o m p arato rs. T h e  C o m 
p a ra to r s its  in  fro n t  of a d a lite  g lass 
at such an angle  th a t re a d in g s can 
re a d ily  be m ade b y  the operator.

C o n sists  of a base an d  slid e , 3 m olded 
P y r e x  ce lls  an d  2 v ia ls  o f o rth o to lid in e  
w ith  0.5 c.c. p ip ettes. E it h e r  o f 2
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slid es can be su p p lie d , 0.0- 1.0 or 0.0-  s im ila r  in  operation except that 5 c.c.
3.0 p.p .m . T a y lo r  S u p e r  C h lo r i-  test tubes are used instead  o f m olded
meter, w ith  ra n ge  o f 0.2- 8.0 p.p.m . is  P y r e x  cells.

U N IT E D  ST A T E S P IP E  A N D  F O U N D R Y  CO M PANY  

General Offices: Burlington, N. J.

CAST IR O N  P IP E  FOR SEWERS

Th e  use of cast iro n  p ip e  fo r sewers 
is  s te a d ily  in cre a s in g  th ro u g h o u t the 
co u n try . M a n y  new sewage treatm ent 
p la n ts are b e in g  b u ilt , some in  co n ju n c
tio n  w ith  a new  sewer system  and 
others to augm ent an a lre a d y  e x ist in g  
system . F u rth e rm o re , m a jo r re v isio n s 
are b e in g  made in  la rge  nu m b ers of 
e x is t in g  treatm ent p la n ts, not o n ly  to 
increase th e ir c a p a c ity  b u t to p rovide  
more complete treatm ent that w ill  p ro 
duce an effluent o f better q u a lity . 
Treatm en t costs m o n e y ; the am ount of 
m oney is alm ost d ire c t ly  p ro p o rtio n a l 
to the volum e treated. L o g ic a lly , 
therefore, every  g a llo n  of w ater that 
seeps into  the m ain s th ro u g h  le a k y  
jo in ts, cracked  p ip e  or fro m  other 
sources not o n ly  crow ds the sewer b u t 
costs good m oney to convey it  th ro u gh  
the va rio u s treatm ent stages.

C ast iro n  p ipe possesses three out
sta n d in g  prop erties th a t are m ost im 
po rtan t fo r  present d a y  sewer co nstruc
tion :

1. T ig h t  pressure  typ e  jo in ts  that 
prevent in filtra tio n , the re b y re
d u c in g  treatm ent costs and in c i
d e n ta lly  e lim in a tin g  tro ub le  w ith  
tree roots.

2. Com pressive stren gth  to resist 
heavy earth loads due to deep fills  
over the p ip e. B e am  stren gth  to 
w ith sta n d  stresses caused b y  earth 
movement. B u r s t in g  stren gth  to 
re sist in te rn a l pressure  w hen used 
as a fo rce  m ain  or when pressure  
m ig h t te m p o ra rily  occur due to 
floods.

3. L o n g  life  th a t has been proven b y  
years of sa tis fa cto ry  service, con
sequently  p e rm itt in g  a low an n u a l 
am o rtization  charge on the o r ig i
n a l investm ent.

Th e re  are m an y instances in  va rio u s 
p a rts  of the co u n try  where cast iro n  
p ip e  has been in sta lle d  in  sewage d is
posal system s fo r  flow m ains, force 
m ains, stream  cro ssings, o u tfa ll sewers 
an d in  treatm ent p lan ts.

C ast iro n  flow lines are g e n e ra lly  in 
sta lled  where the pipe are la id  in  w ater 
saturated  so il to e lim in ate  troublesom e 
an d  co stly  in filtra tio n .

C a st iro n  force m ain s are b e in g  in 
sta lled  at a s te a d ily  in cre a s in g  rate due 
to the g ro w in g  dem and fo r sewage 
treatm ent. T re atm en t p la n ts  are 
u s u a lly  located some distance aw ay 
fro m  the more densely po pu lated sec
tions of a com m unity. F re q u e n tly , it  
is  not possib le  to have g r a v ity  flow to 
the p la n t. In  those cases the sewage 
flows into  a sum p and is  then pum ped 
th ro u gh  a fo rce  m ain  to the treatm ent 
p la n t. Illu s tra te d  here is  a cast iro n  
flex ib le  jo in t  force m ain  b e in g  la id  on 
the bottom  of a r iv e r.

C a st iro n  o u tfa ll sewers have been 
w id e ly  an d sa t is fa c to r ily  used to con
ve y  sewage, in  m ost cases treated and 
in  some cases untreated , out into  a bo d y 
of w ater fo r  f in a l d isposal.

C a st iro n  p ip e  an d  f itt in g s  are used 
e xte n sive ly  to tra n sp o rt the sewage 
th ro u g h  the va rio u s treatm ent stages. 
One o f the illu s tra t io n s  show s these 
p ro d u cts in sta lle d  in  a  re ce n tly  com
pleted sewage treatm ent p la n t.
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Cast iron pipe and fittings installed in a sewage treatment plant.
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T H E  V A P O R  R E C O V E R Y  SY ST E M S C O M PA N Y  

2820 North Alameda St., Compton, California

C O N SU LTAN TS, DESIG NERS, A N D  M A N U FA C TU R E R S  OF GAS 
C O N TR O L A N D  T A N K  E Q U IP M E N T

Sew age d ispo sa l u n its  to day inco rpo 
rate o p e ratin g  gas contro l refinem ents 
com parable to the m ost h ig h ly  sp ecia l
ized process p la n t  in sta lla t io n s in  the 
w orld . W ith  m an y years experience 
in  the gas co ntro l an d sa fety  eq u ip 
m ent m an u factu re , T h e  V a p o r  R e co v
e ry  System s C o m p a n y has developed a 
lin e  of gas co ntro l sa fety  devices fo r 
sewage treatm ent p la n ts  th a t embody 
the latest e n g in e erin g  designs in  th is 
field ( F ig .  1).

I n  the M u ltip le  D ig e ste r Gas S y s 
tem, “ V a r e c ”  approved P re ssu re  R e 
lie f  an d  V a cu u m  B re a k e r V a lv e  w ith 
F la m e  A rre s te r  is  in sta lle d  on the d i
gesters an d  gas storage ta n ks to m a in 
ta in  system  o p e ratin g  pressure  an d  to 
protect the vessels in  case of fire  from  
w ithout. B e in g  constructed of a lu m i
num  throughout, th ey are noncorrosive, 
e a s ily  inspected, and m ain tained.

“ V a r e c ”  approved F la m e  T ra p s  are 
in sta lle d  throughou t w herever there is 
a p o ss ib ility  of fire  in sid e  the p la n t 
p ip in g . These u n its  are made of cor
rosion re s is t in g  a lu m in u m  an d afford 
a p o sitive  flame stop. A l l  “ V a r e c ”  
F la m e  A rre ste rs  are ap pro ved  b y  the 
U n d e rw rite rs ’ Lab o rato rie s.

T o  m a in ta in  system  pressure  at the 
w aste gas b u rn e r, a “ V a r e c ”  P ressu re  
R e lie f  an d  F la m e  T ra p  A sse m b ly  is  in 
sta lled . T h is  u n it  consists of a sensi
tive  d ia p h ragm — operated re g u la t in g  
va lve  in  co n ju n ctio n  w ith  a “ V a r e c ”  
F la m e  A rre ste r, in to  w hich  a th e rm a lly  
operated by-pass v a lv e  is  b u ilt . In  
case of fire in  the system , th is  by-pass 
va lve  au to m a tica lly  closes the re g u la t
in g  valve , p ro v id in g  a po sitive  flame 
check.

“ V a r e c ”  approved W aste  G as B u r n 
ers are m an u factu red  w ith  a w ide ca-

  VAREC APPROVED EQUIPMENT FOR --
M U LT IP LE  D IG ESTER  GAS S YS TE M

J j! ij IL.-r,= PRESSURE REUEF ANO VACUUM BRfAKER VALVE FOR PRESSURE GAS STORAGE. 
•VAREC" OG 280 A

! GAS HOLDER OR ;
DIGESTER DIGESTER I PRESSURE ; ' STORAGE '

- "VAREC" FIG. 450 FUME TRAP ASSEMBLY ^
- -VARCC- FIG. 187 OR 387 PRESSURE REDUCING REGULATOR
- "VAREC" RG. 186 OR 386 BACK PRESSURE REGUUTOR
- “VAREC" FIG. 245 OR 248 DRIP TRAP
- "VAREC" FIG. 70 EXPLOSION REUEF VALVE
■ “VAREC" FIG 230, .232 OR 233 SEDIMENT TRAP 
• "VAREC" FIG. 215 OR 216 SINGLE UNIT MANOMETER
- "VAREC"'FIG. 215A OR 216A 3UNIT MANOMETER

  “VAREC" FIG. 51A OR 52A FUME CHECK
  "VAREC" FIG. 211 OR 211» CHECK VALVE

k -- "VAREC" FIG. 236, 237 OR 238 WASTE GAS BURNER
- - “VAREC" FIG. 220A MANHOLE COVER*-- •VAREC" FIG. 42A OR 48 SAMPLING HATCH

"VAREC APPROVED EQUIPMENT FOR
S IN G L E  D IG E S T E R  G AS  S Y S T E M

f l  ŒEHI f n

F ig. 1.— Illustrating the simplicity of maintaining and inspecting “ Varec”  Vent Unit.
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p a c ity  ran ge  an d are fu rn ish e d  e ither 
w ith  or w ith o u t pedestal m o u n tin g , as 
requ ired . T h e  p ilo t  v a lv e  gas lin e  is 
protected b y  the in s ta lla t io n  of a 
“ V a r e c ”  ap pro ved  F la m e  Check.

T o  h andle  sudden su rges in  pressure  
due to exp losion s or m om entary p la n t 
flu ctu a tio n s a “ V a r e c ”  ap p ro ved  E x 
p lo sio n  R e lie f  V a lv e  is  in s ta lle d  in  the 
system . B e in g  dead w e igh t loaded, it  
in su re s a p o sitive  an d  fo o lp ro o f re lie f  
valve.

In  p la n ts w here the gas is used to 
operate bo ilers, engines or other e q u ip 
m ent, a “ V a r e c ”  ap pro ved  P re ssu re  
R e g u la t in g  V a lv e  is  in sta lle d  in  the gas 
lin e  to each piece of equipm ent. These 
va lve s are set to operate at a low er 
pressure  th a n  the “ V a r e c ”  P ressu re  
R e lie f  an d  F la m e  T r a p  U n it , thus m a k
in g  sure  th a t a ll  the gas re q u ire d  is 
a va ilab le  fo r u se fu l w o rk  before a n y  is 
a llow ed to go to the w aste gas b u rner.

“ V a r e c ”  ap pro ved  M anom eters are 
used th ro u g h  the p la n t  fo r  in d ic a t in g  
system  pressure. T h e y  are obtainable

F ig. 2.— Equipment for Multiple and Single 
Digester Gas Systems.

in  s in g le  or tr ip le  re a d in g  u n its  w ith  
or w ith o u t pu sh  bu tton  contro l. T h is  
la tte r  featu re  is  a b u ilt - in  p u sh  bu tto n

typ e  v a lv e  th a t keeps the m anom eter 
sh u t off u n t il  the bu tto n  is  pushed. I t  
is another “ V a r e c ”  engineered fea tu re  
in c o rp o ra t in g  sa fe ty  devices fo r  sh o u ld  
the m anom eter g lass break, no d a n g e r
ous gas is allow ed to escape fro m  the 
system .

F ig. 3.— Cutaway sectional view of new 
“ Varec”  approved Pressure Relief and 
Vacuum Breaker Valve.

One of the b asic  d e sig n  fu n d am e n ta ls  
in  gas p la n t  e n g in e e rin g  is  to keep the 
lin e s d ra in e d  an d  free  fro m  m oisture. 
A  f u l l  lin e  o f “ V a r e c ”  a p p ro ved  se d i
m ent tra p s  an d  condensate d r ip  tra p s 
is  ava ila b le  to meet th is  requirem ent.

T h e  “ V a r e c ”  a p p ro ved  C h e ck  V a lv e  
is re q u ire d  in  a system  o p e ra tin g  at low 
pressure. D e s ig n e d  fo r  th is  purpose, 
its  a lu m in u m  c la p p e r reduces the p res
sure  re q u ire d  to keep it  open.

“ V a r e c ”  n o n -s p a rk in g  an d  gas t ig h t  
m anhole covers, in s ta lle d  on a ll  tan ks, 
p ro v id e  a q u ic k  e n try  in to  the tan k.

“ V a r e c ”  G a u ge  an d  S a m p lin g  
M atches are also gas t ig h t  a n d  n o n 
s p a r k in g  an d  have a foot p e d a l d e sign  
to fa c ilita te  ta k in g  sam ples an d  gauges.

A l l  “ V a r e c ”  R e g u la t in g  an d  C o n 
tro l E q u ip m e n t  is  flow  tested in  the 
m ost m odern typ e  la b o ra to ry . C u rv e s 
are p u b lish e d  fro m  each piece o f e q u ip 
m ent an d  can be used to determ ine the 
m ost econom ical size  fo r  each sp ecific  
in sta lla t io n .

D u e  to the go vern m ent re str ict io n s 
on c r it ic a l m a te ria l, T h e  V a p o r  R e 
co ve ry  Syste m s C o m p a n y  has devel
oped a new  P re ssu re  R e lie f  an d  
V a cu u m  B re a k e r  V a lv e  illu s tra te d  in
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F ig u r e s  2 an d  3. These va lve s in 
corporate the sta n d a rd  features of the 
re g u la r  re lie f  va lve s p lu s m an y e n g i
n e erin g  features developed e sp e cia lly  
to meet w ar tim e needs, v iz :  h y p e r
b o lic  static-ba lance d  pa llets in su re  less 
“ b lo w -d o w n ”  ; p a lle t  gu id es are not ex
posed to corrosive  ta n k  v a p o r ; exp an d 
in g  stream lin ed  passagew ays e lim in ate  
d irectio n a l changes an d  e d d y in g  c u r
rents ; w in d  d r if t  is e lim in ate d  b y  
scien tific  d e s ig n ; m ate ria ls are used

h a v in g  best therm al, e lectrica l poten
t ia l, an d  noncorrosive  facto rs in  com
b in a tio n ; replaceable seats guarantee 
m in im u m  m aintenance expense.

A l l  “ V a r e c ”  equipm ent is pre-tested 
to actu al fie ld  in sta lla t io n  ; p a lle t g u id 
in g  system  p o s it iv e ly  prevents b in d in g  
or fre ezin g , d ra in a ge  throughou t the 
u n it  is complete— no condensate can 
accum ulate.

T w e n ty  y e a rs ’ experience is  b u ilt  
into  every  u n it.

W A L L A C E  & T IE R N A N  CO. INC.

Newark, N ew  Jersey

C H L O R IN E  C O N TR O L A N D  C H E M IC A L  FE E D  D EVIC ES 

C H L O R IN A T IO N  IN  A C T IV A T E D  SLUD G E PROCESS

D u r in g  the perio d  of u n u su a l con
d itio n s occasioned b y  the w ar, m uch 
can be learned that w ill  be ap p licab le  
to no rm al tim es. Th e  increased popu
latio n s in  vario u s centers of w ar ac
t iv it y  have often overloaded sewage 
treatm ent fa c ilit ie s , at a tim e when 
sim ple  expansion of the p la n t  cannot 
be accom plished due to shortage of both 
labor and m ateria ls. Th e  m easures 
taken to combat o p e ratin g  d ifficu lties 
w hich  have resu lted fro m  th is  overload 
are w o rth y  of consideration  w ith  a view  
tow ard im proved effluents and h igh er 
capacities even a fte r re tu rn  to no rm al 
times.

I n  p la in  sedim entation and t r ic k lin g  
filte r p la n ts the use of ch lo rin a tio n  fo r 
im proved p la n t efficiency is  w idespread. 
In  ad d itio n  to its fu n ctio n  of s te r iliz a 
tion of the effluent, ch lo rin a tio n  serves 
to contro l odors, increase sedim enta
tion, a id  in  grease rem oval, and reduce 
the B .O .D . U p  to the present the use 
of ch lo rin a tio n  as an  a d ju n c t to the 
activated  sludge  process has not had 
w ide ap p licatio n . H o w ever, the excel
lent re su lts obtained in  some p la n ts 
m ay he ra ld  a g re a tly  increased use in  
the fu tu re .

C h lo rin a t io n  has su cce ssfu lly  been 
used in  activate d  sludge p la n ts  fo r  ( 1 ) 
effluent ste riliza tio n , ( 2 ) sludge  th ic k 
ening, ( 3 ) contro l of b u lk in g , (4 ) a id  
to aeration.

E F F L U E N T  S T E R IL IZ A T IO N

T h e  use of ch lo rin a tio n  fo r  th is  p u r 
pose is too w ell kn ow n to m erit fu rth e r 
comment. Th e  ch lo rine  so lutio n  is  a p 
p lie d  to the effluent an d  sufficient con
tact tim e is  p ro v id e d  to in su re  the de
gree of b a cte ria l k i l l  required.

SLUD G E T H IC K E N IN G

A p p lic a t io n  of ch lo rin e  to the sludge 
th ickener has proved to be effective. 
In cre ased  concentration of the sludge 
be ing pum ped to the d igestors has the 
same effect as in cre a s in g  the d igestor 
ca p a c ity  b y  a percentage equal to the 
percentage increase o f the so lids con
centration. T h e  increased co ncen tra
tio n  can be a ttrib u te d  to more than  one 
facto r. T h e  chem ical action of the 
ch lo rine  on the am m onia an d  other 
sludge  co nstituents fa c ilita te s  separa
tio n  of the so lids fro m  the liq u o r. The  
re ductio n  of b a cte ria l action also has
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an im p o rta n t ro le  in  the th ic k e n in g  
process. W ith  a lessened b a cte ria l ac
tio n  the gas p ro d u ctio n  is  decreased. 
S in ce  gas acts to bu oy u p  the so lid s a 
re d u ctio n  of q u a n tity  w il l  increase the 
se tt lin g  ch a ra cte ris tics  of the sludge. 
L a s t ly ,  the re d u ctio n  in  se p tic ity  of the 
sludge  allow s it  to be held  in  the th ic k 
ener fo r  a lo n ge r p e rio d  w h ich  also re 
su lts  in  a greater slu d ge  concentration.

B U L K IN G  SLUD G E

Th e  su ccessfu l operation of an  a c t i
vate d  slu d ge  p la n t  depends u p on  a fine 
balance of m a n y  facto rs. W h e n  a n y  
one p a rt  becomes “ s ic k ”  there is  a 
tendency fo r  the  entire  p la n t  to a il. 
One a ilm ent, se em in g ly  comm on to a ll, 
is  “ b u lk in g  s lu d g e .’ ’ A m o n g  the m an y 
causes fo r  th is  “ d isease ”  is  the p re s
ence of a sm a ll filam entous o rgan ism  
kn ow n as sp haero tilus. W h e n  these o r
gan ism s reproduce too ra p id ly  they 
tend to c lum p together, tra p  gas in  
th e ir  masses an d  cause the sludge  to 
expand, som etim es to the extent th a t it  
a ll  comes to the su rface . I n  other 
w ords, the sludge becomes b u lk y  and 
w il l  not settle p ro p e rly . W h e n  such a 
sludge  is  pum ped to the aeratio n  tan ks, 
pro p er co agu lation  becomes im possible  
and the se ttlin g  p ro p e rty  of the sludge  
in  the fin a l ta n k s is  s t i l l  fu rth e r  im 
paired . W h ere  the trouble  is  due to 
sp haero tilus, the ad d itio n  of a sm all 
am ount of ch lo rin e  ( 3.0- 5.0 p .p .m .) to 
the re tu rn ed  slu d ge  has proven  to be 
an  effective co ntro l m easure.

I n  co ntro l of b u lk in g  sludge  b y  chlo
rin a t io n  it  is ju s t  as im p o rta n t to know  
when to d iscon tinue  ch lo rin a tio n  as 
w hen to sta rt  it. One operator has 
so lved th is  d iff icu lty  b y  w a tch in g  the 
le ve l o f the slu d ge  b la n ke t a n d  the 
M ohlm an slu d ge  in d ex. W h e n  the 
sludge  b la n ke t b e gins to l i f t  an d  the 
sludge  in d e x  rises above 70, ch lo rin e  is 
added at a rate  v a r y in g  between 6 and 
15 p.p.m . W ith  the re tu rn  of the in d e x  
to 70 an d  the sludge  b la n ke t to 9 or 10 
feet, ch lo rin a tio n  is  stopped an d  not

restarte d  u n t il  the com bined in d ice s 
a g a in  b e g in  to rise.

O th er operators depend u p o n  a p 
pearance alone, w hile  s t i l l  others have 
sp ecia lize d  an d  a r b it ra ry  ru le s fo r  the 
s ta rt  an d  stop o f ch lo rin a tio n . I n  a n y  
event the su cce ssfu l co n tro l o f b u lk in g  
depends u p o n  the s k i l l  an d  ju d g m e n t 
of the operator.

A ID  TO  A E R A T IO N

T h e  prob lem  of tre a t in g  sewage 
w ould  be g re a t ly  s im p lif ie d  i f  the q u an 
t it y  an d  stre n g th  o f the sew age to be 
treated  were u n ifo rm . T h e  p h y s ic a l 
set-up o f m ost p la n ts  is  such th a t lit t le  
or n o th in g  can  be done to co n tro l the 
q u a n tity  o f sewage. I n  connection 
w ith  a tte m p tin g  to m a in ta in  a more 
u n ifo rm  q u a lity  of sew age, p re-ch lo 
r in a t io n  is  o ften used. T h is  p ractice  
has been confined alm ost e x c lu s iv e ly  to 
typ e s of treatm ent other th a n  activated  
sludge, since an over dosage o f ch lo rine  
ahead o f an  activa te d  slu d ge  p la n t  u p 
sets its  o peration. H o w e ve r, b y  m eans 
o f re ce n tly  developed p o te n tia l co ntro l 
equipm ent, i t  is  now  po ssib le  to ch lo 
rin a te  to a su b -re s id u a l leve l. B y  
m eans o f th is  co ntro l, peaks o f h ig h  
dem and sew age can  be m a te r ia lly  
trim m ed  off, thu s m a k in g  fo r  sm oother 
p la n t  operation.

One p la n t  th a t has used th is  system  
qu ite  su c c e ssfu lly  is  the F o r t  W a yn e , 
In d ia n a  T re a tm e n t P la n t  ( F ig .  1) .  A t  
th is  lo catio n  c h lo rin a tio n  is  used fo r 
odor co n tro l an d  p re ve n tio n  o f sewer 
lin e  d is in te g ra t io n  a t a p o in t about two 
m iles fro m  the p la n t  itse lf . A s  the 
sewage enters the tre atm en t w o rks it  is 
fu rth e r  ch lo rin a te d  so th a t its  dem and 
a fte r ch lo rin a tio n  is  in  the n e igh b o r
hood of 3 p .p .m . T h e  rate  o f feed of 
th is  second e h lo rin a to r is  determ ined 
b y  p o te n tia l co n tro l equipm ent.

T h e  effect o f th is  p re -ch lo rin a tio n  
m a te r ia lly  assists in  a ch ie v in g  the re 
su lts  w h ich  have been aim ed fo r in  such 
methods as tap ered  aeration . I t  i s w ep  
kn ow n th a t a la rg e  percentage o f the
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F ig. 1.— Wallace and Tiernan Potential Control Chlorinator Equipment at Fort Wayne, Ind.,
Sewage Treatment Works.

o xygen  dem and occurs d u r in g  the firs t  
h a lf  hour of aeration. C h lo rin a tio n  re 
duces the am ount an d the le n gth  of 
tim e of the o xygen  deficiency in  the 
e a rly  stages of the aeration  chamber.

I n  conclusion it  appears th a t in 
creased know ledge and im pro ved

m ethod of contro l has m ade c h lo rin a 
tio n  a va lu ab le  asset at e x is t in g  p lan ts, 
and has dem onstrated the a d v isa b ility  
of its  design into  new activated  sludge 
p la n ts  fo r  the purpose of im p ro v in g  
the operation an d  in cre a s in g  the ca
p a c ity .

Y E O M A N S B R O T H E R S C O M PA N Y  

1433 D ayton Street, Chicago, 111.

M A N U FA C TU R E R S  OF Y EO M A N S  PUMPS, SH O N E SEW AG E EJECTORS, 
R O TA R Y  A IR  COMPRESSORS, V A C U U M  PUM PS A N D  

SEW AG E T R E A T M E N T  E Q U IP M E N T

T H E  Y E O M A N S  “ W A T E R -W H E E L ”  D IS T R IB U T O R

D esign ed  fo r  use in  connection w ith  com m unities, the Yeo m an s “ W a te r- 
sewage p u rif ica tio n  p la n ts  of sm a ll W h e e l”  d is tr ib u to r  ap p lie s settled sew-



1 0 3 6 SE W A G E  W O R K S JO U R N A L Septem ber, 1943

age to a t r ic k l in g  f ilte r. W o r k in g  in  
co m b inatio n  w ith  a n y  p r im a r y  sed i
m entation  tan k, it  w ill  h a n d le  the 
sewage fro m  a sm a ll co m m u n ity  or 
iso lated  schools, h o sp ita ls  or other in 
stitu tio n s an d  p ro v id e  p ro p e r p u r if i
cation. I t  is  e q u a lly  efficient in  open 
o r covered filte rs  ( F ig .  1) .

M echanism  consists of a ro ta t in g  d is
t r ib u t in g  arm  o f channe l sections fro m  
w hich  the sewage is  fe d  to the filte r 
bed b y  a series of V -notch es, w ith  
sp reader p lates spaced in  such a m an 
n e r th a t even d is tr ib u t io n  is  assured. 
T h e  ro ta tin g  tro u g h  is actuated b y  
m eans of a w ater w heel th ro u g h  bevel 
g e a rin g  an d  is  su p p o rte d  b y  a bo x- 
section beam  w h ich  also conveys the 
sewage to the center of the ro ta t in g  
tro u gh .

L iq u o r  fro m  the p r im a ry  sedim en
tatio n  ta n k  passes into  a sm a ll feed b o x 
in s id e  the w ater-w heel box. O verflow  
w e irs  are p ro v id e d  on the sides of the 
feed b o x  so th a t excess liq u o r not re 
q u ire d  to tu rn  the w heel w il l  be d i
verted  fro m  it  to the bottom  of the 
w heel box. T h is  feed contro l, com 
b in ed  w ith  p a rt ia l im m ersion of the 
low er p a rt  o f the w ater w heel as the 
inflow  increases, serves to h o ld  down 
the speed o f the ro ta t in g  tro u g h  so 
th a t u n ifo rm  d is tr ib u t io n  th ro u g h  the 
Y -n o tch e s w il l  be m a in ta in e d  u n d e r a ll 
co nd itio n s of flow. F re q u e n t c lo g g in g  
an d  c le a n in g  o f s p ra y  nozzles as occurs 
in  sm a ll reactio n-type  d is tr ib u to rs  are 
e lim in ated  b y  the V-notches.

S in ce  the w ater w heel is  o f the 
b u cket type, co ntinuo us d is tr ib u t io n  is  
assured at a ll  inflow s. C o n sequently , 
d o sin g  cham bers an d  sip h o n s are not 
req u ired . A l l  of the liq u o r passes fro m  
the w ater-w heel b o x  th ro u g h  the 
square-tube su p p o rt in g  beam  to an 
o utlet th ro u g h  w h ich  it  fa l ls  in to  the 
tro u gh . I t  is  obvious th a t w ith  the 
open tro u g h  instead  of a closed p ip e  
arm , w ith  la rg e  area V -notch es instead 
of the sm a ll area nozzles re q u ire d  in  
the reactio n-type  d is tr ib u to r , tro u b le

w ith  c lo g g in g  is  e lim in a te d  in  the 
“ W a te r-W h e e l”  d is tr ib u to r .

T h is  d is tr ib u to r  can be used w ith  
w hatever typ e  of p r im a r y  sed im enta
tio n ta n k  the s a n ita ry  engineer m ay 
p re fe r, an d  two or m ore “ W a te r- 
W h e e l”  u n it s  can  be connected to a 
p r im a r y  ta n k  to h a n d le  gre ate r flows. 
P re se n t d e sign s o f the ‘ ‘ W a te r-W h e e l ’ ’ 
d is tr ib u to r  can  be fu rn ish e d  fo r  filte r 
beds w ith  d iam eters fro m  5 to 25 feet. 
M a xim u m  c a p a c ity  is  about 65 g a l
lons p e r m in u te  w ith  a head o f 2 ft . 
fro m  filte r m ed ia  su rfa ce  to liq u o r 
level in  the se d im entatio n  ta n k . T h is  
volum e is  c o n sid e ra b ly  g re a te r than  
w ould  be a llo w ab le  w ith  a 25-ft . d ia m 
eter f ilte r  bed except in  cases o f v e ry  
w eak sewage, b u t  in  d e te rm in in g  the 
diam eter, it  sh o u ld  be noted th a t no 
center w e ll fo r  su p p o rt o f the d is
tr ib u to r  an d  in le t  p ip e  is  requ ired . 
T h e  entire  area o f the bed  is  effective 
fo r  treatm ent.

T h u s  a 25-ft . d iam eter bed, “ W ater- 
W h e e l”  equ ip ped , w il l  h a n d le  sewage 
fro m  a co m m u n ity  o f 270 o r 338 p e r
sons, based on a flow  o f 100 ga llo n s per 
ca p ita  per d a y  a n d  6 ft . stone depth 
of f ilte r m edia. T h e  f irs t  figu re , 270 
persons, is  d e rive d  fro m  the b a sis  of
4,000 p o p u la tio n  p e r acre fo o t ; the sec
ond, 338 persons, on 5,000 p o p u latio n  
per acre foot. In s ta lla t io n  w il l  re q u ire  
a p p ro x im a te ly  43 cu. y d . o f concrete, 
110 cu. y d . o f f ilte r m ed ia an d  466 sq. 
ft . of u n d e rd ra in .

S h ip p in g  w e ig h t of the 25-ft . d ia m 
eter “ W a te r-W h e e l”  d is tr ib u to r  u n it  
assem bled an d  cra ted  is  ab ou t 1,100 
pounds. I t  is  sh ip p e d  in  one piece i f  
desired. I t  is  o n ly  n e cessary  fo r  the 
co n tracto r to set the u n it  in  the filte r 
b e d ; le ve l the cross-beam  an d  the d is
tr ib u to r  tro u gh  b y  m eans o f le ve lin g  
screw s fu rn ish e d  w ith  i t ;  an d  connect 
the effluent p ip e  fro m  the sed im enta
tio n  ta n k  to the in le t  tee on the w heel 
box. M aintenan ce  is  easy. H o r iz o n 
ta l an d  v e rt ic a l sh a fts  are grease 
p acked  at the fa c to ry  an d  w il l  operate 
fo r  an  in d efin ite  p e rio d  w ith o u t atten 
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tion. A n y  in te llig e n t  m an can g ive  
the u n it  a ll  the care it  m ay  need.

SO U TH  ST. P A U L, M IN N ., P A C K IN G 
H O U SE W ASTES, P N E U M A T IC  

EJECTO R

I n  1941 the Yeo m an s B ro th e rs  Co. 
designed an d  b u ilt  fo r  the C it y  of 
So u th  S t . P a u l an autom atic P n e u 
m atic E je c to r  fo r  h a n d lin g  p a c k in g 
house w aste an d  sewage. T h e  ejector 
design  w as developed u n d e r specifica
tio ns o f Consoer, Tow nsend and Q u in 
lan , C o n su lt in g  E n g in e e rs , C h icago . 
Th e  ejector h a d  to be of such d e sign  to 
su cce ssfu lly  h andle  g r it  an d  settleable 
sewage so lids o rd in a r ily  rem oved in  30 
m inutes se ttlin g  o f dom estic sewage, 
p lu s g r it , g ra in , c ind ers, sand, u n d i
gested h a y  an d  other wastes fro m  the 
s la u g h te rin g  of cattle, hogs, an d  sheep 
and calves.

D u e  to the com plex an d b u lk y  n a 
ture of the m a te ria l to be h a n d le d  the 
conclusion w as reached th a t the use of 
ce n tr ifu g a l or d isp lacem ent pu m p s 
w ould  in vo lve  excessive m aintenance 
cost an d  also re su lt in  fre q u e n t in te r
ru p tio n  of service  due to c lo g g in g  d iffi
culties.

Th e  Yeo m an s P n e u m atic  E je c to r  
fu rn ish e d  consists of a com plete ly au 

tom atic system  w ith  f u l l  autom atic 
sequ en tia l co ntro l ( F ig .  2) .  T h e  re 
ce iv in g  ta n k  is of steel construction , 
c irc u la r  w ith  a co n ica l hopper bottom  
and lo n g -ra d iu s  d ischarge  ell. The  
d ischarge  p ip e  ru n s  u n d e rg ro u n d  a con
sid erab le  d istance and term inates at an 
overhead co ntro l tower. T h e  ejector is  
designed to h andle  30 cu. ft . o f wet m a
te r ia l per m inute.

A  u n iq u e  fea tu re  of the e jector is 
that no va lve s of a n y  k in d  are used or 
needed in  the d ischarge  lin e . A  large  
area autom atic in le t  flap p e r va lve  is 
located on the top o f the receiver. T h is  
v a lve  p e rm its free passage of a ll  m a
te r ia l w hen open an d is  operated b y  
g e a rin g  an d  a re versib le  a ir  m otor. A  
neoprene r in g  on the flap p e r insures 
p o sitive  se atin g  at each closure.

Th e  w aste m a te ria l is d e livered  into  
a hopper on top of the receiver b y  con
veyors. W h en  the leve l o f the m ate ria l 
reaches a pre-determ ined p o in t in  the 
receiver the p ilo t co ntro ls stop the con
veyo r an d  au to m a tica lly  close the in 
let fla p p e r va lve . W h en  th is  va lve  has 
seated, the m a in  a ir  s u p p ly  v a lv e  opens 
an d  ad m its com pressed a ir  an d  the 
m ate ria l is  ejected ( F ig .  3 ) .  T h e  com
pressed a ir  can be used e xp a n s iv e ly  fo r 
the e jection  cyc le  as the co ntro l is  ad
ju sta b le . W h en  the a ir  in  the receiver

F ig. 1.— Yeom ans W ater-W heel D istributor.
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F ig. 3.— Pneumatic Ejector Discharge at South St. Paul.
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has b lo w n the d isch arge  lin e  clear, the 
pressure  d rop s to atm osphere. A t  th is  
po in t the fla p p e r v a lv e  is  opened and 
the conveyor starte d  fo r  another cycle. 
E a c h  step in  the p ro gram  is  ad ju sta b le  
and u n d e r the co ntro l of the operator. 
M a n u a l attention re q u ired  is  o f a 
su p e rv iso ry  n ature  o nly.

A n  idea of the b u lk y  ch aracte r of

the waste m a te ria l h a n d le d  b y  the 
ejector can be had  fro m  the fa c t  th a t 
a fte r it  is  d isch arged  to the sludge  
lagoons, it  is  bu rned.

M r. W . I I .  C ro p se y, p la n t  su p e rin 
tendant, advises th a t the e jector oper
ates fo r  a perio d  o f 22 h o urs each d a y  
w ith  the rate o f d isch arge  v a r y in g  
fro m  e ight m inutes to th ir ty  m inutes.
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The P.F.T. Supernatant Selector 
for Digestion Tanks...............
P.F.T. now offers a thoroughly tested solution to one of the most troublesome 
problems associated with sewage digestion— the proper removal of super
natant liquor from digestion tanks. Effective selection was the key to this 
problem.
The P.F.T. Supernatant Selector provides a positive means of selecting and 
removing the best supernatant liquor at a slow, continuous rate from any 
type of digestion tank. It is equally effective regardless of where the liquid 
may be located in the tank. The vertical slotted tube of the selector ex
tends throughout the zones where strata of supernatant form. The slots are 
sufficiently narrow to hold back liquid containing large amounts of suspended 
solids, resulting in the withdrawal of the best available supernatant.
A minimum of operating attention and manual control is needed with the 
P.F.T. Selector. The installation provides a reduction in the amount of 
supernatant piping and valves required. The effective capacity of the tank 
for the reduction of solids is increased.

Ask for new Bulletin No. 143 containing full infor
mation.
Today 373 War Projects are served with P.F.T. Sew
age Treatment Equipment, and the list is growing con
stantly. The major operating units in service include: 

251 Floating Cover Digesters 
117 Rotary Distributors 
309 Sewage Siphons 

98 Sewage Sludge Pumps 
228 Boiler Room installations using: Flame

Traps, Pressure Relief Flame Traps, Waste 
Cas Burners, Pressure Indicating Cages, 
Drip Traps, etc.



SE W A G E W O R K S JO U R N A L

H E  M A K E S  S O L I D S  G O  .  .  .  W H E R E  

T H E Y  O U G H T  T O
handle any size solids —  discharge them 
at any desired height above the rack. The 
rake is rig id ly  mounted so that it  cannot 
slide over accumulated screenings.

Rex M. E.’s Bar Screens are in  use in 
many plants. Their reputation fo r success
ful service is w idely recognized. The uni
versal demand by consulting engineers 
fo r Rex M. E.’s services and equipment 
are the best recommendations that he 
can have.

Ele and his staff o f trained experts are 
always at your service. I f  you have a 
screening problem, see your Rex Man 
or write direct to Rex M. E., Chain Belt 
Company, 1606 West Bruce Street, M il
waukee 4, Wisconsin.

S A N I T A T I O N  E Q U I P M E N T
Triturators • Bar Screens • Tbw-Bro Sludge Removers • Slo-Mixers 
Aero-Filters • Rapid Mixers • Grit Collectors and Washers
CHAIN BELT C O M P A N Y  O F  M I L W A U K E E

M e m b e r  o f  the  W a t e r  a n d  Sewage W orks M a n u f a c t u r e r s  A s s o c ia t io n ,  Inc.

Rex Mechanical Engineering— Rex M. E. 
— has learned from years o f experience 
with screenings problems that to be effi
cient, a bar screen must provide a large 
area o f screening surface and a straight 
unobstructed channel ahead and behind 
the rack.

In  his design o f the M echanically 
Cleaned Bar Screen, Rex M. E. left no 
place fo r solids to accumulate except on 
the rack— chains are guarded, sprockets 
streamlined. Each passage o f the accu
rately-cut rake teeth cleans the bar rack 
positively and completely. The rake w ill
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M e m b e r s  e n g a g e d  in  S e tru g e  W o r k s  a c t iv i t ie s :

Allis-Chalmers Manufacturing Co.
Aluminum Company of America 
American Brass Co., The 
American Cast Iron Pipe Co. 
American City Magazine, The
American Rolling Mill Co. 
American Well Works
Builders-Providence, Inc. 
Byers Company, A. M.
Cambridge Instrument Company, Inc.
Carter Company, Ralph B. 
Central Foundry Co., The Chain Belt Company 
Chapman Valve Mfg. Co., The
Chicago Bridge & Iron Co. 
Chicago Pump Company 
Clayton Manufacturing Co. 
Crane Co.
Darling Valve & Mfg. Co. 
Dearborn Chemical Co. 
DeLaval Steam Turbine Co. 
Deming Co., The 
Dickey Clay Mfg Co., W. S. 
Door Company, Inc., The 
Dow Chemical Co., The
Eimco Corporation, The 
Engineering News-Record
Flexible Sewer Rod Equipment Co.
Foxboro Company, The
General Chemical Company 
General Electric Company 
General Paint Corporation Hill, Hubbel & Co. Div. 
Glamorgan Pipe & Foundry Co.

Graver Tank & Mfg. Co.,Inc.
Gruendler Crusher &Pulverizer Co.
Hersey Manufacturing Co. 
Homelite Corporation 
Hooker Electrochemical Company 
Hydraulic Development Corporation
Infilco, Incorporated 
Iowa Valve Co.
Jeffrey Manufacturing Co.,The
Johns-'Manville Corporation 
Keasby & Mattison Co. 
Lakeside Engineering Corp. 
Limestone Products Corp.of America 
Lin k-Be It Company 
Lock Joint Pipe Company 
Ludlow Valve Mfg Co., The 
Lynchburg Foundry Co.
McWane Cast Iron Pipe Co.
M. & H. Valve & Fittings Co. 
Mathieson Alkali Works,Inc., The 
Monsanto Chemical Co.Merrimac Division 
Mueller Brass Co.
Mueller Co.
National Tube Company 
National Water Main Cleaning Co.
Niagara Alkali Company

* A n d  there are m any m ore 
m em bers specia lizing  in  w ater  
w orks  eq u ip m en t and  supp lies. 
W rite  fo r  com ple te  m em ber
ship  list.

¿ v r s W j
M

Nichols Engineering & Research Corp.
Omega Machine Company
Pacific Flush-Tank Company
Pennsylvania Salt Mfg. Co.
Pittsburgh-Des Moines Steel Co.
Pittsburgh Equitable Meter Co.
Portland Cement Asso.
Proportioneers, Inc.
Public Works
Quigley Company, Inc.
Roberts Filter Manufacturing Co.
Royer Foundry & Machine Co.
Sewage Works Engineering
Simplex Valve & Meter Co.
Smith Mfg. Co., The A. P.
Stuart-Brumley Corp.
United States Pipe &

Foundry Co.
Vapor Recovery Systems Co., The
Vogt Manufacturing Co.
Wai les Dove-Hermiston Corp.
Wallace & Tiernan Co., Inc.
Warren Foundry & Pipe Corp.
Water Works & SewerageWestern City
Westinghouse Electric & Mfg. Co.
Wood Company, R. D.
Worthington Pump & Machinery Corp.
Yeomans Brothers Company

PLAN NO W TO ATTEND

THE WARTIME CONFERENCE OF THE 
FEDERATION OF SEWAGE WORKS ASSOCIATIONS 

SHERMAN HOTEL, CHICAGO, ILLINOIS 
OCTOBER 21 - 23, 1943

Visit the exhibits and become acquainted with the representatives of 
the leading manufacturers of Sewage Works equipment, who will be 
in attendance at this meeting.

HEADQUARTERS OFFICE • 12 E. 41st ST., NEW YORK 17, N.Y. •  ARTHUR T. CLARK, SECRETARY-MGR.



W o r I  l i v e r y \

S tack ed  o n  th e  sto ra g e  yards o f  our  
several p la n ts  are a m p le  s to ck s o f  ca st  
iron  p ip e  in  s izes  m o s t  co m m o n ly  
u sed , ready for im m e d ia te  delivery . 
S ta n d a r d  f i t t in g s  are a lso  q u ic k ly  
a v a ilab le . W here req u ir e m e n ts  c a n 
n o t b e  su p p lied  from  sto ck  o n  h a n d ,  
w e are in  p o sitio n  to  p roduce th em

p ro m p tly . In  c o n n e c t io n  w ith  p ost

war p la n s  yo u  ca n  rely  o n  securing  

S u p er-d e  L avaud or U . S. p it -c a s t  pipe 

w h e n  y o u  n e e d  i t ,  as ou r  fa c ilit ie s  for 

p ip e p r o d u c tio n  h ave n o t  b een  re

d u ced  in  sp ite  o f  ou r p ast an d  present 

c o n tr ib u tio n  to  th e  w ar effort.

P ip e  s to r a g e  a n d  s h ip p in g  y a r d  a t  o n e  o j o u r  p la n t s ,  d r a w n  b y  H u g h  F e r r is s .

U n i t e d  S t a t e s  P i p e  &  F o u n d r y  C o .
G en eral O ffices: B u r lin g to n , N ew  Jersey . P la n ts  a n d  S a les  O ffices th r o u g h o u t  th e  U .S .A .
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IN LARGE PLANTS, ok Small. . .

/o r a c tiv a te d  A /u d y e  A e u r a a e

NORTON POROUS PLATES am/TUBES

A eration is th e  heart o f  a c tiv a ted  slu d g e  sew age p la n ts  all over th e  
world—in  large p la n ts  and  sm a ll. And m ore N orton  P orous M ed iu m s  
are used  in  th is  o p eration  th a n  any o th er  m ak e. Over 54 years exp e
rience in  cera m ic  p rodu ct d ev e lo p m en t an d  th e  lo n g e st exp erien ce in 
th e  m a n u fa ctu re  o f  fu sed  a lu m in u m  oxide porous p ro d u cts 'sta n d  b e 
h in d  N orton  P la tes  and  T ub es. W hen y o u  desire  effic iency  o f  d iffuser  
o p eration , in s is t  on  N orton  P orous M ed iu m s for th ey  assure  u n ifo rm  
air d istr ib u tio n , great s tr e n g th , reg u la ted  w et pressu re lo ss  an d  lon g  
service.

N O R T O N  C O M P A N Y —W o r c e s t e r ,  M a s s

NORTON POROUS MEDIUMS
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T h e  “ S J r . ,”  electric pow ered ; 
a lso  ava ilab le  w ith  gasoline 
eng ine . T h e re  a re  12 s ta 
tionary  and  p o rtab le  R o y er 
m odels.

3 r a /$  ( 2 o v u l  to ~ W r iA . . . .  .

T h e  s e w a g e  t r e a t m e n t  p l a n t  h a s  b e c o m e  a  w a r  p r o d u c 
t i o n  c e n t e r  s in c e  t h e  d e m a n d  f o r  g r e a t e r  f o o d  p r o 
d u c t io n  h a s  c r e a t e d  t h e  n e e d  f o r  m o r e  f e r t i l i z e r  a n d  
c e r t a i n  f o r m e r ly  i m p o r t a n t  s o u r c e s  o f  f e r t i l i z e r  a r e  
“ f r o z e n .”  I n  e v e r y  s t a t e  in  t h e  U n io n ,  s e w a g e  t r e a t 
m e n t  p la n t s  a r e  r e s p o n d i n g  to  t h i s  n e e d  b y  c o n v e r t in g  
t h e i r  s l u d g e  in to  u s a b l e  f e r t i l i z e r ,  t h u s  d e f in i t e ly  h e lp 
in g  to  p r o d u c e  m o r e  f o o d .

W h i le  t h e  v a lu e  o f  t h e  f e r t i l i z i n g  e l e m e n t s  i n  s e w a g e  
s lu d g e  h a s  lo n g  b e e n  r e c o g n i z e d ,  t h e  s lu d g e  c a k e  a s  
i t  c o m e s  f r o m  t h e  d r y in g  b e d s  i s  n o t  s u i t a b l e  f o r  u s e  
a l t h o u g h  i t  c a n  r e a d i l y  a n d  i n e x p e n s iv e l y  b e  c o n v e r te d  
in to  a n  e x t r e m e l y  v a l u a b l e  f e r t i l i z e r .  H u n d r e d s  of 
s e w a g e  d is p o s a l  p l a n t s  a r e  d o in g  t h i s  a n d ,  i n  m a n y  
c a s e s ,  m a k in g  a  w o r th w h i l e  p r o f i t  w i th  a  R o y e r  S lu d g e  
D i s i n t e g r a t o r .

T h i s  r u g g e d ,  i n e x p e n s iv e  m a c h in e  t h o r o u g h l y  s h r e d s ,  
m ix e s ,  a e r a t e s  a n d  f u r t h e r  d r i e s  s lu d g e  f r o m  t h e  d ry 
in g  b e d s ;  r e d u c i n g  i t  to  p e a - s i z e  a n d  a t  t h e  s a m e  t im e  
r e m o v in g  s t i c k s ,  s t o n e s  a n d  d e b r i s .  T h e  R o y e r  d is 
c h a r g e s  o n to  a  p ile  o r  t r u c k  a  h ig h  g r a d e ,  m a r k e t a b l e  
f e r t i l i z e r  t h a t  i s  g r e a t l y  n e e d e d  b y  b o t h  c o m m e r c ia l  
a n d  V ic to ry  g a r d e n e r s .

R o y e r s  a r e  a v a i l a b l e  in  tw e lv e  s t a t i o n a r y  a n d  p o r t a b le  
m o d e ls ,  a n d  in  s i z e s  f o r  e v e r y  s e w a g e  p l a n t :  e l e c t r i c ,  
g a s o l in e  e n g in e  o r  b e l t - t o - t r a c t o r  d r iv e n .

T he  M odel “ S O ,”  one of 3 gaso
line engine pow ered m odels.

R w R ROYER FOUNDRY & MACHINE CO. 
176 Pringle St. Kingston, Pa.

M odel “ S K ,”  one of severa l 
m odels w ith pulley  fo r be lt- to - 
trac to r pow er or o ther availab le  
pow er. Send for com plete d a ta .

ROYER FOUNDRY &
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“ Last year sales of our 
‘ A p p c o lize r ’ F e r til iz e r  
and unfortified so il con
d itioner, both prep a red  
b y  th e  R o y e r ,  ra n  to  
$ 2 ,2 7 1 .6 0 .”

Superintendent, Sewage 
T r e a t m e n t  W o r k s ,  
Appleton, Wis.

“ The R oyer S ludge D is
integrator is operating satis
factorily, and we would be 
very glad to cooperate with 
you  in d e m o n stra tin g  i ts  
operation.”

Manager, Dept, of Public 
Works, Greenwich, Conn.

“ The indications are that 
the Royer Sludge D isinte
grator will give satisfac
tory service in the proper 
preparation o f sludge for  
use in the revegetating  
program a t this station.”

Executive Officer, Camp
Shelby, M iss.

“ A M odel ‘K ’ Royer does 
the entire jo b  of preparing 
sludge and compost fo r  the 
city parks and our exception
ally fine golf courses. It also 
m ixes the soil fo r  everything 
grown under glass, and pre
pares a mixture placed at the 
bases o f trees to hold m ois
ture.”

Superintendent of Parks,
Rockford, 111.

“ T h e  R o y e r  S e w a g e  
Sludge D isin tegra tor in 
use at this station is  oper
ating satisfactorily.”

P o st E n g in eer, San  
Angelo Army Air Field, 
San Angelo, Tex.

“ The R oyer Sludge D is
integrator has given com
p lete  satisfaction in opera
tion and service. It prepares 
the sludge cake into a con
d i t i o n  m o s t  e f f e c t i v e  f o r  
lawns and other park uses.”

Superintend^, Sewage Treat
m ent Plant, Kenosha, Wis.

MACHINE CO. k in g s to n , p a .
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W ARTIM E PUBLIC HEALTH CO NFERENCE  

AM ERICAN PUBLIC HEALTH A SSO C IA T IO N

O c t o b e r  1 2 - 1 4

H o t e l  P e n n s y l v a n i a  

N e w  Y o r k ,  N .  Y .

Public health workers within easy access of 

New York are invited to attend.

Consult the September issue of the American 

Journal of Public Health for scientific program 

details or address communications to

AM ERICAN PUBLIC HEALTH A SSO C IA T IO N

1790 Broadway 

New York 19, N. Y.



From to d a y9s research 
a n d  p la n n in g  w il l  come 
the P ittsburgh -N a tiona l 
W a te r  M e te r s , E M  CO 
Sewage Gas M eters, a n d  
N ordstrom  L u b r ic a te d  
P lug Valves o f  tom orrow

Generals Plan Tomorrow’s Battle While Winning Today’s

O N  the far-flung battle fronts o f the 
World, brave United States Soldiers, 

Sailors and Marines are being directed by 
military strategists in waging the most scien
tific war ever fought. This is a war o f men 
and machines. W eighted in our favor is the 
fact that our machines are products o f the 
same industrial ingenuity that has made 
America the greatest nation o f them all— 
the men w ho use them  
are those who, both by 
heritage and training, will 
provide the skilled hands 
to guide the way to ulti
mate victory.

Planning ahead is im
portant. Sooner or later 
the war will end and Se
wage Disposal Plants and 
the manufacturing firms 
who supply equipment 
must be prepared to meet

We’re Helping Win Today’s Battles,Too!
T h e  norm al peacetim e business o f  
this com pany and its subsidiaries 
is d esign in g  and b u ild in g  m eters, 
v a lv e s ,  r e g u la to r s  an d  s im ila r  
equipm ent for m easurem ent and 
c o n t r o l .  A t  p r e s e n t  th e  p r o 
duction  o f  o ur five factories is 
e n t ire ly  d e v o te d  to  d ir e c t  w a r  
go od s and h igh p rio rity  item s 
that con tribu te  to  essential m ili
tary, naval and c iv ilian  services.

the changed conditions and ensuingproblems 
that the cessation o f  hostilities will bring.

That we may keep to the forefront of 
progress, the research and development pro
gram o f the Pittsburgh Equitable Meter 
Company and Merco Nordstrom Valve Com
pany has been greatly accelerated. Our post
war planning is beyond the formulative 
stage. T o be sure, the war must first be won, 

and to this end the pro
ductive capacities o f  our 
plants are now devoted, 
but like generals, industry, 
to o , m u st p la n  for to 
m o r r o w ’s b a ttle  w h ile  
w in n in g  t o d a y ’s. W e  
all m ust take step s to  
insure that the th in g s  
for which we are fight
ing will be perpetuated 
in a b e tte r  p ea cetim e  
world to follow.

P I T T S B U R G H  E Q U I T A B L E  M E T E R  C O M P A N Y
MERCO NORDSTROM VALVE COM PANY PITTSBURGH

BBr r  HOUSTON Main Offices, Pittsburgh, Pa. “S Ä T
CHICAGO KANSAS c.TY  NATIONAL METER DIVISION, Brooklyn, N. Y. n e w  y o r k  t u l s a

m  ÇPWAftF N H D nCTD O M
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CIRCULAR 
CLARIFIERS

RECTANGULAR 
CLARIFIERS

DIGESTERS

H A R D I N  G  ECOMPANY, INCORPORATED - YORK, PENNSYL V 
M . M .  NEW YORK, CHICAGO. SAN FRANCISCO TORONTO
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LAKESIDE
N E W  C E N T R I F U G A L  N O Z Z L E  

F O R  A E R O - F I L T E R S

LAKESIDE'S new centrifugal nozzle consists of two pieces, body and 
cover. These are designed so that all threads for attaching cover to 
body are eliminated, it is only necessary to set the cover on the body 
outlet and give it a slight turn to the left to lock it in place.

The cover is also designed to prevent plugging of the orifice by 
matches and other accumulated material.

L et us coop era te  w ith  you  in  th e  d esign  o f  your sew 
age p la n t for p o st-w a r  c o n str u c tio n . A ero -filter  
p la n ts  h a v e  lo w e s t  in i t i a l  a n d  o p e r a t in g  c o s t .

Write for bulletin

L A K E S I D E  E N G I N E E R I N G  C O R P O R A T I O N
222 W. Adams St. CHICAGO, ILLINOIS

E C O N O M I C A L  A E R A T I O N

a t  V A R Y I N G  F l o w  R a t e s
Roots-Connersville Multi-Capacity Aerating Blow
ers, driven from constant speed motors, offer you 
the capacity advantages of THREE separate blow
ers, plus the economy advantages of a compact 
ONE-UNIT installation.

The blower housing is divided into two sections of 
different size, each having a set of impellers. By 
opening one of the by-pass valves, either set of 
impellers can be unloaded completely, thus giving 
three efficient capacity points for economical aera
tion at varying flow rates.

O ne of two M ulti-C apacity  Blow
ers at Lansing, M ich. Capacity 
4000/2667/1333 c.f.m .; 175 h .p ., 
575 r.p .m ., d irect m otor connection.

PLAN NOW— TO SAVE TIME, LATER

Even'though priorities may delay your immediate 
procurement of aerating blowers, we shall be glad 
to help you work out the details of your needs 
now— for future action. Send for bulletin.

R O O T S - C O N N E R S V I L L E  B L O W E R  C O R P .
IL L IN O IS  A N D  M O U N T  S T S . .  C O N N E R S V IL L E , IN D IA N A
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FLEXIBLE SEW ER-ROD EQUIPM ENT CO.
9 0 5 9  V E N I C E  B O U L E V A R D  L O S  A N G E L E S ,  C A L I F O R N I A
4 0 1  B R O A D W A Y ,  N E W  Y O R K ,  N.  Y .  •  P I C K W I C K  B L D G . ,  K A N S A S  C I T Y ,  MO.

LET M IN U T E S  O F  E A S Y  
W O R K  TA K E THE PL A C E  

O F  H O U R S O F TO IL

Here’s the modern way to 
clean sewers — Eliminate 
90% of your sewer dig-ups. 
Cut out the backbreaking 
toil of the old, out-moded 
methods.
Join the thousands of en
thusiastic FLEXIBLE users 
from Coast to Coast.
Write for special descriptive catalog and instruction manual explaining the Whys and Wherefores of FLEXIBLE’S big time- and money-saving record.

INCINERATION ENGINEERS

nrniois EnGinEERinc &
RESEARCH [ORPORdTIOII
60  WALL TOWER NEW YORK, N. Y.

Consultants • Designers • Constructors

F O R  S A T I S F A C T O R Y  S A L E S  R E S U L T S !
A D V E R T I S E  I N

S E W A G E  W O R K S  J O U R N A L
FOR RATE CARD AND OTHER RELEV AN T DATA W R IT E TO :

ARTHUR A. CLAY, A d v e r tis in g  M a n a g er— 40 W all S tr e e t, N ew  Y ork , N . Y.
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Constant contact with operators in the field has enabled 
us to design equipment that meets your every need: 
standardization; quick, economical installation; easy, 
dependable operation; and low upkeep costs. Eighty- 
six years of priceless experience and unequalled m anu
facturing facilities combine to make MUELLER- 
COLUMBIAN equipment the best that money can buy.

Floor stands for operating sluice 
gates, valves, etc., may be had in 
several styles: bench with hand
wheel, floor stand, either plain, gear, 
or power operated. Also made for 
rising or non-rising stems. Electric 
models for remote control (shown in 
photo at upper right) come com
pletely wired ready to attach power 
leads and control wires. Hand wheel 
attached for emergency operation in 
power failures.

Every MUELLER-COLUMBIAN mud
or drain valve has bronze seat, disc 
ring, and stem. Stem can be fur
nished with extension stem of any 
length. Either flat or spigot frame. 
Special lugs on disc guide its travel 
and eliminate binding of stem. Sizes 4" to 24".

MUELLER-COLUMBIAN flap valves
and shear gates are made in sizes 4" 
to 24". Fully bronze mounted to give 
greater life to moving parts. May be 
had in three styles of connections: 
flange, bell, and spigot. Two-foot 
handle furnished on shear gates un
less longer size is specified. Wall 
fastenings included.

Check valves are gravity type for either ver
tical or horizontal operation. Fully bronze 
mounted. Discs faced with bronze, rubber, or 
leather. Sizes 2 " to 18" . . . Foot valves,
stem guides, and brackets are  typical MUEL
LER quality.

T h e  M u e lle r .C o lu m b ia n  A -3 0 0  C a ta lo g  
gives n u m e ro u s  ty p ic a l in s ta lla t io n s ,  

d ia g ra m s , suggested la y o u ts , a n d  v a lu - 

ab le  s p e c ific a tio n s . W r ite  us f o r  y o u r  
c o p y  to day .

MUELLER-COLUMBIAN sluice gates come in all standard 
sizes up to 96", rectangular or circular, with rising or non
rising stem, and with or without adjustable wedges on top, 
bottom, or sides. May be operated manually, electrically, 
or hydraulically. Made of tough, even-grained iron prop
erly ribbed for extra strength. Disc, seat, and wedge fac
ings and other parts subject to wear are of everlasting 
bronze.

MUELLER-COLUMBIAN gate valves for low 
pressure are built in sizes from 2" to 72" 
with either rising or non-rising stem and with 
any type of connection. They are  built with 
extra heavy thickness of section to withstand 
hard usage, and the famous “ FOUR POINT 
CONTACT” principle insures a tight seat and 
prevents warping or scraping of discs. Valves 
can be operated manually or with electric or 
hydraulic operating mechanisms.

M UELLER CO . • C H A T T A N O O G A ,  T E N U .



FOR RAW SEWAGE, SEWAGE SLUDGE AND GENERAL SERVICES

SEWAGE GAS ENGINES DIESEL ENGINES 

CONVERTIBLE G A S-D IESEL ENGINES

STEAM A N D  POWER PUM PS  

TU R B IN E WELL, SU M P A N D  D R A IN A G E  PUM PS  

STEAM CONDENSERS A N D  ALL A U X IL IA R IE S  

FEEDWATER HEATERS  

VACUUM  PUMPS STEAM JET EJECTORS

M O O RE STEAM TU R B IN ES  

R ED U C IN G  A N D  IN C R E A S IN G  GEARS

STATIONARY A N D  PORTABLE A IR  COMPRESSORS  

ROCK DRILLS AND CONSTRUCTION AIR TOOLS  

M U L T I-V -B E L T  DRIVES A IR  LIFTS

•  D e scrip tive  l i te ra tu re  is a v a ila b le  on re q u e s t



C l *

f o r  S t

T is our aim that Worthington equipment, pro
duced during this difficult period, shall accomplish 
two purposes .. . first that it shall serve effectively, 
and without interruption, on the important jobs 
which it fills. . .  and second that, in so doing, it shall 
make new friends, and retain the confidence of 
old ones.

To those plants where Worthington equipment 
is now in use, we offer the services of our district 
office engineers, and our headquarters staff, in 
checking conditions and performance, with a view 
to assuring continued operation at top efficiency. 
The counsel of these specially qualified engineers 
is always available.

WORTHINGTON PUMP AND MACHINERY CORPORATION
G enera l Offices.  H A R R I S O N ,  N E W  JERSEY
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:  :  D I R E C T O R Y  O F  E N G I N E E R S  :  :

A L B R I G H T  8 c  F R I E L , I N C .
Consulting Engineers

Water, Sewerage, Industria l Waste, 
Garbage, Power P lant and 

Valuation Problems
1520 L O C U S T  S T . 

P H IL A D E L P H IA , P E N N A .

J o h n  W . A lv o r d  L o u is  R . H o w s o n  
C h a r l e s  B . B u r d ic k  D o n a ld  H . M a x w e ll
ALVORD, BUR DICK &  HOWSON

E n g in ee rs  
W a te r  W o r k s ,  W a te r  P u r i f i c a t i o n ,  
F lo o d  R e l ie f ,  S e w e r a g e ,  S e w a g e  
D is p o s a l ,  D r a in a g e ,  A p p r a i s a l s ,  

P o w e r  G e n e r a t io n  
C iv ic  O p e r a  B u i ld in g  C h ic a g o

B L A C K  &  V E A T C H
C onsulting Engineers  

4706 B r o a d w a y ,  K a n s a s  C i ty ,  M o.
S e w e ra g e , S ew a g e  D is p o s a l, W a te r  S u p p ly , W a te r  P u r i f ic a t i o n ,  E l e c t r i c  L ig h t in g ,  
P o w e r  P l a n t s ,  V a lu a t io n s ,  S p e c ia l I n v e s t i g a t io n s ,  R e p o r t s  a n d  L a b o r a to r y  S e rv ic e  
E . B . Black N . T . Vbatch, Jr. A . P .  Learned H . F .  L c t z  

F . M . Veatch J .  F .  Brown R . E . Lawrence E . L . Filby

B U C K , S E I F E R T  A N D  J O S T
C o n su ltin g  E n g in eers

(FORMERLY NICHOLAS S. HILL ASSOCIATES)
Specializing in  Sew erage and  Sewage D isposal, 

W a te r S upply  an d  W a te r P urification , 
V aluations an d  R epo rts

C hem ical and  Biological L aborato ries

112 E a s t  1 9 th  S t r e e t  N e w  Y o rk , N . Y.

T H E  C H E S T E R  E N G IN E E R S

Cam pbell, Davis &  Bankson
Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop
ment and Applications, Valuations and 
Rate Investigations.
210  E . P A R K  W A Y  A T  S A N D U S K Y  S T . 

P IT T S B U R G H , P A .

b u r n s  &  M cD o n n e l l  e n g i n e e r i n g  c o .
McDonnell-Smith-Baldwin-Timanus-McDonnell 

Consulting Engineers since 1897

W aterworks, L ig h t and Power, Sewerage, Reports, Designs, 
Appraisals, Rate Investigations.

KANSAS C ITY  2, MO. 107 WEST LIN W O O D  BLVD.

C0N S0ER , TOWNSEND &  QUINLAN
Water Supply— Sewerage— Flood Con
trol &  Drainage— Bridges— Ornamen
tal Street Lighting— Paving— Light 
and Power Plants. Appraisals.

C h ic a g o  T im e s  B Id g ., 211 W . W a c k e r  D riv e

F A Y , S P O F F O R D  &  T H O R N D IK E
E N G IN E E R S  B O S T O N , M A SS.
Frederic H. Fat Charles M. Spofford 
John Ayer Bion A. Bowman 
Carroll a. Farwell Ralph W. Horne 

W a te r  S u p p ly  a n d  D is tr ib u t io n  
S ew erage an d  S ew age T re a tm e n t  D ra in ag e

In v e s tig a tio n s  a n d  R e p o r ts  
D ecisions  V a lu a tio n s  

S up erv is io n  o f C o n s tru c tio n

F R A S E R -B R A C E  E N G IN E E R IN G  C O ., IN C . 
D e s ig n , c o n s t r u c t io n  a n d  i n s t a l l a 
t i o n  o f  c o m p le te  p l a n t s  a n d  p r o je c t s

M echanical, H eavy Industries, Shipbuilding, 
H ydro-Electric Developments, Power Plants, 
Chemical and Refining Plants, Process Indus
tries, M etallurgical Developments and Processes, 
Explosives, Plastics, W ater Supply and T reat
ment, Sewage and Industrial Wastes Treatm ent. 

REPO RTS —  APPRAISALS —  CO NSU LTIN G  
10 E a s t  4 0 th  S t r e e t ,  N ew  Y o r k  16, N . Yr.

G R E E L E Y  &  H A N S E N
E n g in e e r s

Samuel A. Greeley Paul Hansen
Paul E. Langdon Kenneth V. H ill 
Thomas M. Niles Samuel M. Clarke

W a te r  S u p p ly ,  W a te r  P u r i f i c a t i o n ,  
S e w e ra g e , S e w a g e  T r e a tm e n t ,  F lo o d  
C o n tro l ,  D r a in a g e ,  R e f u s e  D is p o s a l  

6 N . M ic h ig a n  A v e ., C h ic a g o
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D I R E C T O R Y  O F  E N G I N E E R S

G A N N E T T , E A S T M A N  & FL E M IN G , IN C .
HARRISBURG, PENNA.

E N G I N E E R S  ::
Preparation of

POST WAR REPORTS AND PLANS

W I L L I A M  A.  G O F F
C o n su ltin g  E n g in eer

P r iv a t e  a n d  M u n ic ip a l  E n g in e e r in g  
S e w e ra g e , S e w a g e  D is p o s a l  

W a te r  S u p p ly  a n d  T r e a tm e n t  
G a rb a g e ,  R e fu s e , I n d u s t r i a l  W a s te s  

D e s ig n , S u p e rv is io n ,  V a lu a t io n s ,  R e p o r t s

B ro a d  S t. S ta t io n  B ld g . ,  P h i l a d e lp h i a

H A V E N S  A N D  E M E R S O N
( f o r m e r ly  G a s c o ig n e  & A s s o c ia te s )  

W . L . H a v e n s  C. A. E m e r s o n  
A. A . B u r g e r  F . C. T o l le s  F .  W . J o n e s

W a te r ,  S e w a g e , G a rb a g e ,  I n d u s t r i a l  
W a s te s ,  V a lu a t io n s .— L a b o r a to r ie s  

L e a d e r  B ld g .  W o o lw o r th  B ld g .
C le v e la n d  N ew  Y o rk

MORRIS KNOWLES, Inc. 
E n gin eers

W a te r  S u p p ly  a n d  P u r i f i c a t i o n ,  S e w e r 
a g e  a n d  S e w a g e  D is p o s a l ,  V a lu a t io n s ,  

L a b o r a to r y ,  C ity  P la n n i n g .

1312 P a r k  B ld g . P i t t s b u r g h ,  P a .

M ETCALF & EDDY
E n gin eers

W a te r ,  S e w a g e , D r a in a g e ,  R e f u s e  a n d  
I n d u s t r i a l  W a s te s  P r o b le m s  

L a b o r a to r y  V a lu a t io n s
A ir f ie ld s

S ta t l e r  B u i ld in g  
B o s to n

Reeves New som  E . H . A ldrich

N E W S O M  & A L D R I C H
E ngin eer - C o n su lt a n ts

S e w e ra g e  a n d  S e w a g e  D is p o s a l  
W a te r  S u p p ly ,  P u r i f ic a t i o n  

a n d  D i s t r ib u t io n  
V a lu a t io n s  a n d  R e p o r t s  

500 F i f th  A ve. H a r r i s b u r g ,  P a .
N ew  Y o rk  W i l l i a m s b u r g ,  V a.

MALCOLM PIRNIE
Engineer

Water Supply, Treatment, Sewerage, 
Reports, Plans, Estimates, 
Supervision and Operation, 

Valuation and Rates.
2 5  W. 4 3 rd  St. New Y ork , N. Y.

ROBERT T. REGESTER
C o n su ltin g  E ngin eer

S e w e ra g e — S e w a g e  T r e a tm e n t  
W a te r  W o rk s — I n d u s t r i a l  W a s te s  

F lo o d  C o n tr o l— F i r e  P ro te c t io n

A d v iso ry  S e rv ic e , R e p o r t s  a n d  D e s ig n s

B a l t im o r e  L ife  B u i ld in g  
B a l t im o re ,  M d.

R U S S E L L  a n d  A X O N
C o n su ltin g  E n g in eers  

G eo. S. R u s s e l l  J o h n  C. P r i t c h a r d
J o e  W i l l i a m s o n , J r .  F .  E . W e n g e r
S e w e ra g e , S e w a g e  D is p o s a l ,  W a te r  S u p 
p ly ,  W a te r  P u r i f i c a t i o n ,  P o w e r  P l a n t s ,  
A p p r a i s a l s ,  R a t e  I n v e s t i g a t i o n s ,  R e p o r t s ,  
P la n s ,  S p e c i f ic a t io n s .
4903 D e lm a r  B lv d . S t.  L o u is

S T A N L E Y  EN GIN EE RIN G C O M P A N Y

S e w e ra g e  — W a te r w o r k s  
D ra in a g e  —  F lo o d  C o n tro l  

E le c t r i c  P o w e r

C e n t r a l  S ta te  B a n k  B u i ld in g  
M u sc a tin e , la .

W H IT M A N , R E Q U A R D T AND SM ITH
E n g in e e rs

Ezra B. W hitm an Norman D. Kenney
Gustav J . R equardt A. Russell Vollmer
Benjamin L. Smith Theodore W. Hacker

WATER WORKS—SEWERAGE—UTILITIES
B a l t im o r e ,  M d. A lb a n y ,  N . Y.
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TO THE WEN and WOMEN o f  R 3 CARTER SALES C0=

(HACKENSACK NJ)=

YOU HAVE PERFORMED a SERVICE OF GREAT VALUE TO AMERICAN FIGHTING 

MEN 3Y HELPING TO EQUIP SEVERAL RAILWAY BATTALIONS FOR OVERSEAS 

DUTY WITH T he MATERIALS COVERED BY WAR DEPARTMENT CONTRACT 

NUMBER W 2739 TC 861 AND TC ?35 PREVIOUSLY ACTIVATED RAILWAY 

3ATTALI0NS WHICH YOU HELPED TO SUPPLY HAVE BEEN THE BEST 

EQUIPPED IN THE WORLD t h e  TRANSPORTATION CORPS BELIEVES THESE 

LATEST UNITS WILL FARE EVEN BETTER BECAUSE OF YOUR GOOD WORK 

YOUR PRODUCTION IS A TRIBUTE TO YOUR PATRIOTISM AND YOUR 

A3I LI T Y=GROSS MAJOR GENERAL CHIEF OF TRANSPORTATION WASHN DC.

" o u r  fighting m en want  th e ir  e q u i p m e n t  ready, 
and th e y  also want  it r ig h t . . .

RALPH B. CARTER CO.
EQUIPMENT FOR SEWAGE TREATMENT AND WATER PURIFICATION

Main Office <&- Factory E n g in eer in g  Of f i c e

192 A tla n tic  S tre e t 5 3  ^ a r *< P iace

H ackensack, N . J .  N e w  Y o rk , N . Y.
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U N I T S  F O R  E F F I C I E N T  S E W A G E  

A N D  W A T E R  T R E A T M E N T

M any sewage and  w ater trea tm en t plants-— both municipal 
and V ictory pro jects— are using Jeffrey units of im proved 
design for efficient operation. W e list some of them  here . . .

MECHANICALLY-CLEANED BAR SCREENS 
FLOCTROLS (Controlled flocculation) CHEMICAL FEEDERS
GRIT W ASHERS GRIT COLLECTORS
SCUM REMOVERS SLUDGE ELEVATORS
SCREENINGS GRINDERS SLUDGE COLLECTORS

(All Patented)
C H AINS BEARINGS SPROCKETS

T H E  JEFFR EY  M A N U FA C T U R IN G  C O M PA N Y
(Established in 1877)

902-99 North Fourth Street, Columbus 16, Ohio
B a l tim o r e  C in c in n a t i  H o u s t o n  P it t s b u r g h
B ir m in g h a m  C l e v e l a n d  H u n t in g t o n  g T l o u is
B oston  D e n v e r  M il w a u k e e
B u f f a l o  D e t r o it  N e w  Y o r k  S a l t  L a k e  C it y
C hica g o  H a r l a n  P h il a d e l p h ia  S c r a n t o n

HOW DO YOU M AINTAIN

A c c u r a t e  p H ?

T h e  T a y l o r  L o n g  
R ange p H  C o m p ara 
to r  p e rm its  speedy , 
yet accurate  p H  d e 
te rm ina tions  .. .m eets 
the  req u irem en ts  o f  
e x a c t i n g  s e w a g e  
w o r k s  e n g i -

Model T-3 (recommended for sewage disposal 
plants) consists of Taylor pH Slide Comparator 
base, 3 color standard slides—pH range 5.2-8.4— 
indicator solutions, pipettes, test tubes, etc., all 
in carrying case. . . .  A portable laboratory. 
Only $42.00 F.O.B. Baltimore.

Accurate CHLORINE CONTENT?
With the Taylor-Enslow Slide Chlorimeter you 
can determine free or residual chlorine content 
quickly and accurately in accordance with seasonal 
variations, nature of sewage, etc. Price, $ 18.50 
F.O.B. Baltimore.

SEE Y O U R  D EALER

W. A. T A Y LO R  6* C O M P A N Y
York Road & Stevenson Lane Baltimore-4, Marylan

*  <TTAe ĆRCodern *
E V E R S O N  S te rß la to r s

. introduce *  New 

accuracy in metering 

C h lo r in e  G as. *  

Greater Precision in 

feeding Chlorine in 

s o lu tio n . *  Safe, 

autom atic operation, 

under a substantial 

vacuum. *  Astonish

ing capacity ratios 

up to 1 to 110.

Write for Bulletins

EVERSON M ANUFACTURING  CO.
207 W. Huron St. Chicago, Illinois



SIMPLE
E O U I P M E N

F O R  T H E

M O D E R N  S E W A G E  

T R E A T M E N T  P L A N T

TYPE "MO” RATE OF FLOW METERS

TYPE "MS” RATE OF FLOW METERS

AIR DIFFERENTIAL METERS

SEWAGE CONTROLLERS

SPECIAL SLUDGE CONTROLLERS

PROPORTIONAL CONTROLLERS

TYPE "S" FLUMES AIR RATIO GAUGES

PARSHALL FLUME METER SEWAGE AIR RELEASE VALVES

SEWAGE TYPE VENTURI TUBES

SEWAGE PUMP TAPS

SEWAGE AIR AND 

VACUUM VALVES

The name “ Simplex” is your guarantee of excellent basic engineering and con

struction, as well as maximum efficiency. Write today for further information regarding 

any of the equipment above— or if you have specific sewage equipment problems not 

herein covered, feel free to contact our engineering department.

SIMPLEX VALVE & METER COMPAI
6 7 1 9  U P L A N D  S T R E E T ,  P H I



NOW AVAILABLE o n
e a s y  t e r m s

SE W A G E W O RK S JO U R N A L 47

T HE hydraulic engineer’s own handbook—com
parable to the standard handbooks in other 

fields—to help you plan and design hydraulic works q u i c k e r— 
bel ter.

HANDBOOK OF 
APPLIED HYDRAULICS

C o m p i l e d  b y  S t a f f  o f  S p e c i a l i s t s

C a l v i n  V ic t o r  D a v i s , Editor-in-Chief
1 1 0 0  p a g e s , 6 x 9 ,  6 4 5  i l lu s tr a t io n s ,  $ 7 .5 0

HERE—in one big, usable manual—are the data you need to 
refer to constantly in planning and designing all types of 
hydraulic works—principles, up-to-date procedures, helpful 
pointers, details, time-saving formulas, tables, diagrams, etc.— 
all arranged conveniently for handy, quick reference. 23 big 

sections cover bydrol- 
-EASY PAYMENTS---------------  ogy, water supply, sew

erage, water power, hy
draulic structures, etc.. 
etc.

See book on approval; pay 
$1,50 in IO days and $3 .00  
monthly for 2 months if you 
keep it.

r
M a i l  t h e  c o u p o n

' “ 1McGraw-Hill Book Co., 330 W. 42d St., New York 18, N.Y.
Send me Davis’ Handbook of Applied Hydraulics for 10 . 
days’ examination on approval. In 10 days I will send I 
SI.50 plus few cents postage, and $3.00 monthly for 2 j 
months, or return book postpaid. (Postage paid on or- I 
ders accompanied by remittance of first installment.)

N am e...............
Address............
City and S tate.
Position.............
Company.......... . SW J. 9-43

HAVE YOU AN IDEA?
A prominent machinery manufacturer is look

ing for new devices which are marketable to the 
sewage field. If you have or know of any sal
able mechanical device of this type, please com
municate with the undersigned.

If the device or devices have been thoroughly 
tested and are in a position for marketing, we 
would consider employing a qualified person on 
a full or part time basis for the marketing of the 
product.

We have no definite ideas as to the way our 
mutual arrangements could be worked out, but 
this can be arranged on some mutually profitable 
basis after full discussion.

We would be interested in anything which 
could be produced in a very modern machine 
tool manufacturing plant with facilities for both 
light and heavy machinery.

If you know of any such device we will be 
glad to discuss a mutually profitable arrange
ment with you.

Address: Manufacture,
c/o Thomas Cr Associates,
IO O  W* M o n ro e  S t . ,
C h icag o , I llin o is

m aterial is the m ost powerful Sludge 
Coagulant that produces the best Sludge 
Floe for filtration when compared w eight 
for w eight w ith  other com m ercial coagu
lants and econom ical too?

a n s w e r — i  S C O  F e r r i- C L & r .

Chicago

I N N I S ,  S P E I D E N  &  C O M P A N Y
117 LIBERTY STREET, NEW YORK 6, N. Y.

C incinnati Cleveland
Philadelphia Gloversville, N. Y.

Boston
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G raver designs, builds and installs clarifica
tion  equipment fo r every type of problem 
arising in  connection w ith  sewage treatm ent, 
industria l waste disposal, water treatm ent, 
and chemical processing. Among the many 
types now in  successful 
operation are P rim ary and 
Secondary Sludge Collec
tors, M u lti- tra y  Clarifiers, 
and R eactivator Clarifiers.

G r a v e r  C L A R I F I E R S
Left: Graver Reaclivator Clarifier

Below: Graver Multi-Tray Clarifier

W hatever your needs 
in  this line, you ’l l  find i t  
to  your advantage to  con
sult Graver. W e’l l  gladly 
work w ith  you or your 
consulting engineer, and 
a request fo r consultation 
incurs no obligation. Graver Primary Clarifier

GRAVER TANK 6- M FG. C O ., INC.
4 8 0 9 - 4 1  T o d  A v e n u e ,  E a s t  C h i c a g o ,  I n d i a n a

N E W  Y O R K C A T A S A U Q U A . P A . C H IC A G O T U L S A

43- 41-W
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the utm ost im portance in  the field, as 
well as in  cam ps and d u rin g  troop tra n s
p o rtation . C h lo rin e  also serves as a b a c
tericide in  field and base h o sp ita ls— is 
used, too, as a bleach and sa n itiz in g  
agent b y  cam p laundries. A n d  foot 
baths containing chlorine protect soldiers’ 
feet aga in st com m on infections.

C h lo rin e ’s m ilita ry  duties m ake it  
im possib le  to su p p ly  in d u stry  w ith  

usual peace-tim e quotas. B u t  our exten
sive  experience in  pro d u cin g  for w ar 
m eans th a t we can serve yo u  and a ll our 
custom ers more effectively after V ic to ry .

A  chem ical a lly  
went ashore w ith  the first A m erican  
troops to set foot on N o rth  A fr ica . I t  
was chlorine— the soldiers’ first line  of 
defense against w ater-borne disease and 
sim ilar hazards.

Penn S a lt  provides the armed forces 
with th is " fig h tin ’ ”  chem ical to serve 
Uncle Sam ’s fighters in  m an y im p o r
tant ways.

It s  foremost function is, o f course, 
m aking water supply safe for d rin k in g , 
washing and other purposes. T h is  is  of

P E N N S Y L V A N I A  S A L T
M A N  U / F AA T U R I N G  C Q^M P A N Y

1000 WIDENER BUILDING, PHILADELPHIA 7 , P A .

New York • Chicago • St. Louis * Pittsburgh * Minneapolis * Wyandotte * Tacoma
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1 < V "  ' * 1 , »  *
volve* 9* I

C utaw ay section of “ V A R E C ” 
approved P ressu re  R elief and 
Vacuum B reaker Valve. Fully 
stream lined, w ith hyperbolic pa l
lets, this valve operates always 
a t its predeterm ined true  static  
pressure.

Illustrating  the  sim plicity of 
inspection and m aintenance of 
the Pressure Relief and Vacuum 
B re a k e r  V a lv e  w ith  F la m e  
Arrester.

T h e  Sa fe  V e n t in g  o f D ig e s te r  an d 
G a s  H o ld e r  D o m e s is  the  jo b  th is  v a lv e  
p erfo rm s, 24 h o u rs a d a y , y e a r in  an d  
y e a r out. I t s  e ffic ie n cy, p e rfo rm an ce , 
a n d  eco no m y are a tte ste d  b y  th o u 
sa n d s of in s ta lla t io n s  th ro u g h o u t the  
c o u n try  p lu s  ye a rs  o f re se arch  and 
la b o ra to ry  exp erim e n ts.

In  fu ll co o p era tio n  w ith  th e  w ar 
effort in  c o n se rv in g  c r it ic a l m a te ria ls ,

•  HYPERBOLIC 
STATIC-BALANCED PALLETS
insure less “ b low -d o w n .”

•  PALLET GUIDES
are not exposed to corrosive tank 
vapor.

•  GREATER FLOW CAPACITY
Expanding s t r e a m li n e d  passagew ays 
elim in ate directional changes and ed 
dying currents.

•  WIND DRIFT
is elim inated  by scie n tific  design.

•  NONCORROSIVE AND 
NONELECTROLYTIC ACTION
M aterials are used having best therm al, 
e lectrica l poten tia l, and noncorrosive 
factors in com bination.

•  GREATER DURABILITY
M aterials and design insure longer life .

•  REPLACEABLE SEATS
guaran tee m inim um  m aintenance e x 
pense.

•  FIELD PRE TEST
A ll V A R E C ”  eq u ip m en t is p re-tested  
to  actu al field  installations.

•  FOOL-PROOF
Pallet guiding system  p ositively p re
vents binding or freezin g .

•  NONFREEZING
D rainage th roughout the u n it is com 
plete— no condensate can accu m u late.

•  WEATHERPROOF
Properly p rotected  again st all kinds o f 
w ea th er, m ud-dobbers, birds, e tc .

•  TWENTY YEARS EXPERIENCE
Is built into every unit.

“ V A R E C ” V e n t  U n it s  are  a v a ila b le  
in  sem iste e l in  a ll  sizes. T r im  m a y  
be h a d  in  b ro n ze  or a lu m in u m , B a k e 
lite , or o th er n o n m e ta llic  m a te ria ls .

THE VAPOR RECOVERY SYSTEMS 
COMPANY

Consultants, Designers, and Manufacturers 
of Gas Control and Tank Equipment

Branch Offices and  Stocks Carried a t 
N ew  Y ork  C ity - N ew  O rlean s , La. - H o u sto n , Texas 

T u lsa , O k la .
A G E N C I E S  E V E R Y W H E R E



SEW A G E W O RK S JO U R N A L 51

T h e y  S a v e  
W i t h

Â .¿k
Ètr $ÿ

F E R R I - F L O C  is the fe rric  co agu la n t th a t is to day 
so lv in g  sew age treatm ent prob lem s th ro u gh o u t the 
U n ite d  State s. In  actu a l p la n t operations F E R R I -  
F L O C  is p ro v in g  m ost sa tisfa cto ry  for use under 
w id e ly  v a ry in g  conditions.

In sewage plants, F E R R I - F L O C  is be ing used at 
h igh  p H  va lu e s for tre atm ent of concentrated 
la u n d ry  w astes, a t e xtre m ely  low  p H  va lu es for 
s lau gh te r house w astes, and at p ra c t ic a lly  a ll in te r
m ediate p H ’s for treatm ent of dom estic sewage, 
m ilk  w astes, ca n n in g  p la n t w astes, ac id  w astes, and 
a  m u ltitu d e  of others.

T h e  p u r ity  of F E R R I - F L O C  has not o n ly  been 
m ain ta in e d  d u rin g  present adverse co n d itio n s b u t 
has a c tu a lly  been im proved.

T h e  fo llo w in g  tab le  g ive s a cross-section of the 
sew age p la n ts now  u sin g  F E R R I - F L O C ,  an d  an 
idea of the va rie d  problem s w hich  have  been su c
ce ssfu lly  so lved through  its  use.

PR O B LEM S S O LV E D  BY F E R R I-F L O C  IN 
S E W A G E  TREA TM EN T PLA N TS

ANNAPOLIS, ATLANTA, CELINA,MARYLAND GEORGIA OHIO
Sludge Sludge Cannery, milk,
filtration filtration acid and
costs were costs were domestic wastes
excessive. too high. — Raw BOD as
(These (These high as 1800

costs were costs were ppm— Very
cut about cut about small receiving
80%.) 60%.) stream.

ELWOOD,INDIANA
Cannery wastes 
and domestic 
sewage— Raw 
BOD often over

1000 ppm—
Very small re
ceiving stream.

HOUSTON.TEXAS
Concen
trated
brewery
wastes
grossly
polluting
small
stream.

Take advantage of modern plant research and findings: let 
FERRI-FLOC solve your sew age treatm ent difficulties. Ask  
Tennessee Corporation’s Technical Staff to help you solve  
your specific problem s, or write fo r case histories of plants 
with problem s sim ilar to yours.

TENNESSEE CORPORATION
A T L A N T A , G E O R G IA  L O C K L A N D , O H IO
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T h e  A x i s  W a n t s  Y o u r  

B u s i n e s s

T H IS  is  m ore th a n  a war o f  m ech a n ica l m o n 
sters c la sh in g  in  th e  n ig h t . . . m ore th a n  a 
war o f  p rod u ction .

I t  is  a war for m ark ets—y o u r  m ark ets! The 
Axis w an ts your b u sin ess—w an ts to  destroy it  
for once and all.

W ith so m u ch  a t stak e, th ere  is  no  d o u b t you  
w ill w an t to  do everyth in g  you  can  to  m e e t th is  
Axis th reat. Two w ays are op en: Speed pro
d u ctio n  and BUY BO NDS. T h e o n ly  answ er  
to  en em y tan k s and p lan es is  m o r e  A m erican  
tan k s and p lan es— and your regu lar, m o n th -  
b y -m o n th  pu rchases o f  D efen se  B onds w ill 
h elp  supply th em . B uy now  a n d  k eep  bu y in g .

HOW THE PAY-ROLL SAVINGS PLAN 
HELPS

W hen you  in sta ll th e  P ay-R oll Savings P lan  
(approved by organized  labor), you  n o t  on ly  
perform  a service for your cou n try  b u t for your  
em p lo yees .  S im p le  to  in s ta ll , th e  P lan  pro
vides for regular pu rchases o f  D efen se  B onds  
th rou gh  vo luntary  pay roll a llo tm en ts .

W rite for d e ta ils  to d a y!  T reasury D ep a r tm en t,
S ec tio n  R, 709 T w e lfth  S treet, N .W ., W a sh in g to n , D . C.

U .  S .  S A V I N G S

B o n d s  * S t a m p s

This space is a contribution to Victory by
FED ER A TIO N  O F  S E W A G E  W O R K S  A S S O C IA T IO N S
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L E T  U S  H E L P  Y O U  

W I T H  Y O U R  

P O S T  W A R  P L A N N I N G

Victory will bring unusual opportunities 
for water works and sewage treatm ent 
plants if plans are complete and ready.
W e shall be pleased to  recom m end 
adaptations of standard metering and 
controlling devices to m eet your special 
needs.

VENTURI METERS 

TYPE M, FLO-WATCH AND CHRONOFLO METERS 

VENTURI CONTROLLERS •  FILTER GAUGES 

L I QUI D LEVEL GAUGES  

RATIO GAUGES •  KENNISON NOZZLES 

CHRONOFLO LONG DISTANCE TELEMETERS 

TOLEDO CHRONOFLO CONVEYOR WEIGH METERS

mmmmaamrnrn

BIuldERSB U I L D E R S - P R O V I D E N C E .  I N C .
■ ™ „  "> » “ * • m<3m  stliufin>MS
A W A R D E D

'AUS.ljt.IMJ 9 CODDING STREET • PROVIDENCE. R. I.
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A lb r ig h t  & F r ie l ,  I n c ...........
A lu m in u m  Co. o f A m e ric a  
A lv o rd , B u r d ic k  & H o w son
A m e ric a n  B r a s s  C o ................
A m e ric a n  Jo u r n a l o f P u b lic

H e a l t h ....................................
A m e rica n  W a te r W o rk s  A s 

sociation, T h e .....................
A m e rica n  W e ll W o rk s

in s id e  fro n t cover
B la c k  & V e a t c h .....................
B u c k , S e ife rt  & J o s t ............
B u ild e rs  Ir o n  F o u n d r y  . . . 
B u rn s  & M cD o n n e ll E n g i 

n e e rin g  C o .............................
C a rb o ru n d u m  C o m p a n y ,

T h e ..........................................
C a rte r  C o m p an y, R a lp h  B .
C a st Iro n  P ip e  Research

A s s n ..........................................
C h a in  B e lt  C o m p a n y ..........
C h ap m an  V a lv e  M fg . Co. . 
C hester E n g in e e rs , T h e  . .  . 
C h icago  P u m p  C o m p a n y  20 & 21 
C lim a x  E n g in e e r in g  C o m 

p a n y  ...................................... 23
Consoer, Tow nsend & Q u in 

la n  ..........................................  42
D e L a v a l  Steam  T u rb in e

C o ..............................................  18
D o rr  C o m p an y, In c ., T h e  . . 4-5 
D o w  C h em ica l C om pany,

T h e ..........................................
D resse r M fg . C o ......................
E co n o m y P i p e s .....................
E im co  C o rp ., T h e ................
E v e rso n  M fg . C o ....................
F a y ,  Sp o ffo rd  & T h o rn d ik e  
F le x ib le  Se w e r-R o d  E q u ip 
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T h a n k  Y o u ,

M > i . ■ A & u e sU ii& i

f o r  y o u r  c o o p e r a t i o n  i n  m a k i n g  t h i s  

C O N V E N T I O N  N U M B E R  

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

« »

W e  tru s t  th a t  your confidence in S e w a g e  

W o r k s  J o u r n a l  as an  advertising m edium  

will be well repaid.

In  preparing  your advertising  budget for 

1944, we believe it  will be to  your benefit to  

continue to  use th is journal to  bring your 

p roducts and services to  th e  a tten tio n  of our 

th ree  thousand  subscribers. T he  A nnual 

C onvention N um ber is included in our regu

lar advertising co n trac t w ithou t ex tra  cost.

« »

A R T H U R  A .  C L A Y ,  A d v e r t i s i n g  M a n a g e r  

SEWAGE WORKS JOURNAL 

4 0  WALL STREET NEW YORK 5, N. Y.

LANCASTER PRESS. INC.. LANCASTER. PA.



N  L O O S E N  T H E  P I N C H

ON YOUR SEWAGE TREATMENT FACIIITIES

In  th e  m ajority  o f cases, sew a g e  d isp o sa l p lan ts m ust m ak e their  
p resen t eq u ip m en t suffice for th e  duration  o f th e  war. P erh ap s th e  
d em an d s on  your p lan t are becom in g  in creasin g ly  d ifficu lt to  
handle.

A lthough not a su b stitu te  for adeq u ate  p lan t capacity , ch lorina
tio n  can h elp  greatly  to  k eep  that cap acity  at an  effic ient m axim um .

C hlorine ap p lied  in  ad van ce  of. se ttlin g  w ill aid in  e lim in a tin g  
foam ing and scum , and p reven t ponding. It w ill h e lp  to  m ain ta in  
the fu ll e ffec tiv en ess o f filters, and insure a sa fe , u n o b jectio n a b le  
effluent.

Y our W allace  & T iern an  rep resen ta tiv e  w ill g lad ly  co o p era te  
w ith  y o u  on your sew age problem s, by  su ggestin g  w a y s by  w hich  
y o u  can u tilize  your presen t chlorinator in sta lla tio n  to  th e  u tm ost  
advantage.

SA-156

" The Only Safe Sewage is a Sterilized Sewage“

W A L L A C E  &  T I E R N A N  C O .
MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS 
N E W AR K  1 , N EW  JERSEY ♦ REPRESENTED IN PR IN C IPA L CITIES
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